
Summary of 

WTC 
2019 NIOSH Research Compendium 

DECEMBER 

Health Program Research 

Travis Kubale, PhD 
Alan Katruska, BPhil 
Eric Pierce Brown, AS, AA 
Robert Daniels, PhD 
RADM Dori B. Reissman, MD, MPH 

Centers for Disease Control 
and Prevention 
National Institute for Occupational 
Safety and Health 



This document is in the public domain and may be freely 
copied or reprinted.

Disclaimer 

Mention of any company or product does not constitute endorsement by the National 
Institute for Occupational Safety and Health (NIOSH). In addition, citations to websites 
external to NIOSH do not constitute NIOSH endorsement of the sponsoring 
organizations or their programs or products. Furthermore, NIOSH is not responsible for 
the content of these websites. All web addresses referenced in this document were 
accessible as of the publication date. 

Get More Information 

Find NIOSH products and get answers to workplace safety and health questions: 

1-800-CDC-INFO (1-800-232-4636) | TTY: 1-888-232-6348

CDC/NIOSH INFO: cdc.gov/info | cdc.gov/niosh 

Monthly NIOSH eNews: cdc.gov/niosh/eNews 

Suggested Citation 

Kubale T, Katruska A, Brown EP, Daniels RD, Reissman DB [2019]. Summary of 
World Trade Center health program research: NIOSH research compendium. 
Cincinnati, OH: U.S. Department of Health and Human Services, Public Health 
Service, Centers for Disease Control and Prevention, National Institute for 
Occupational Safety and Health:1–426. 

DOI 10.26616/NIOSHWTCHP20200001 

https://wwwn.cdc.gov/ResearchGateway/Publications/Compendium2019 

Access this document on the WTCHP Research Gateway 

December 2019

https://wwwn.cdc.gov/dcs/ContactUs/Form
https://www.cdc.gov/niosh/
https://www.cdc.gov/niosh/eNews/
http://doi.org/10.26616/NIOSHWTCHP20200001
https://wwwn.cdc.gov/ResearchGateway/Publications/CompendiumArchive
https://wwwn.cdc.gov/ResearchGateway/Publications/Compendium2019


Summary of World Trade Center Health Program Research

List of Common Abbreviations   
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CI 

DIAGNOSTIC TERMS 

CVD Cardiovascular Disease 

CRS Chronic Rhinosinusitis 

COPC Contaminants of Potential Concern 

CPAP Continuous Positive Airway Pressure 

GERS Gastroesophageal Reflux Symptom(s) 

LRS Lower Respiratory Symptom(s) 

OAD Obstructive Airway Disease 

OSA Obstructive Sleep Apnea 

PTSD Posttraumatic Stress Disorder 

SAID Systemic Autoimmune Diseases 

UMHCN Unmet Mental Health Care Need(s) 

SCIENTIFIC and TECHNICAL TERMS 

AOR Adjusted Odds Ratio 

ARR Adjusted Rate Ratio 

CBT Cognitive Behavioral Therapy 

Confidence Interval 

ERI Exposure Ranking Index 

MoCA Montreal Cognitive Assessment 

NPV Negative Predictive Value 

PPV Positive Predictive Value 

PCL Posttraumatic Stress Disorder Checklist 

RCT Randomized Control Trial 
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RDoC Research Domain Criteria 

SDQ Strengths and Dificulties Questionnaire 

W1 Wave 1 of World Trade Center Health Registry Enrollees (2003 to 2004) 

W2 Wave 2 of World Trade Center Health Registry Enrollees (2006 to 2007) 

W3 Wave 3 of World Trade Center Health Registry Enrollees (2011 to 2012) 

W4 Wave 4 of World Trade Center Health Registry Enrollees (2015 to 2016) 

INSTITUTIONS and LOCATIONS 

ATSDR Agency for Toxic Substances and Disease Registry 

FDNY Fire Department of the City of New York 

MSSM Icahn School of Medicine at Mount Sinai 

IARC International Agency for Research on Cancer 

NIOSH National Institute for Occupational Safety and Health 
NYC New York City 

NYC DOHMH New York City Department of Health and Mental Hygiene 

NYC HH New York City Health + Hospitals 
OEP Ofice of Extramural Programs (NIOSH) 
SPARCS Statewide Planning and Research Cooperative System 

TRP Treatment Referral Program (WTCHR) 

WTC World Trade Center 

WTC CCE(s) World Trade Center Clinical Centers of Excellence 

WTC EHC World Trade Center Environmental Health Center 

WTCHR World Trade Center Health Registry 

WTC MMTP World Trade Center Medical Monitoring and Treatment Program 

WTC MWG World Trade Center Medical Working Group 

WTC STAC World Trade Center Scientific and Technical Advisory Committee 

WTC SSC World Trade Center Survivor Steering Committee 
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Summary of WTC Health Program Research
The terrorist attacks of September 11, 2001 have caused an array of acute and chronic ad-
verse physical and mental health conditions in the exposed population. In all, nearly 400,000 
individuals are believed at increased risk of adverse health effects from their exposure to 
physical, psychological, and emotional stressors from the event [Murphy et al. 2007] . There 
is considerable comorbidity in 9/11-related illnesses, resulting in further reduction in the 
quality of life in some patients. 9/11-related illness has persisted in many survivors or has 
presented long after their exposure; therefore, long-term follow-up is needed. 

Shortly after the attacks, the Centers for Disease Control and Prevention (CDC) and the 
National Institute for Occupational Safety and Health (NIOSH) provided funding to sup-
port a variety of post-disaster activities including medical evaluation and monitoring, es-
tablishment of the WTC Health Registry, and published treatment guidelines for adults 
and children exposed to the disaster.  As  a result of the combined efforts of researchers, 
physicians, responders, survivors, local government, research institutions, and the com-
munity, the World Trade Center (WTC) Health Program was created by Congress with the 
passage of the James Zadroga 9/11 Health and Compensation Act of 2010. The program 
provides medical monitoring and treatment for specific symptoms and health conditions 
for people who worked in response and recovery operations at the World Trade Center, the 
Pentagon, and the passenger-jet crash site near Shanksville, Pennsylvania.  Furthermore, 
the Zadroga Act authorizes ongoing research activities and provides for the maintenance of 
the WTC Health Registry.  Facts and statistics about the WTC Health Program can be found at  
https://www.cdc.gov/wtc/ataglance.html . 

Summary of WTC Diseases and Disorders
The areas of WTC-related diseases and disorders reported soon after the disaster are: low-
er airway (e.g., asthma/bronchitis and GERD); upper airway (e.g., rhinosinusitis, vocal cord 
dysfunction);  mental health (e.g., PTSD, depression, and anxiety); and injuries and muscu-
loskeletal disorders (e.g., carpal tunnel, joints/fractures, low back pain).  Long-term effects 
include increased incidence of some cancers (e.g., prostate, lymphoma, thyroid), obstruc-
tive sleep apnea, additional respiratory illnesses (e.g., sarcoidosis, pulmonary fibrosis, per-
sistent lower respiratory symptoms).  There is substantial overlap in respiratory illnesses 
and mental health conditions. These conditions have persisted, although some specific 
symptoms (i.e., coughing) have improved over time with treatment. Other conditions, such 
as cognitive decline, autoimmune diseases (e.g., rheumatoid arthritis, Sjogren’s Syndrome, 
lupus, and psoriatic arthritis), hearing loss, and cardiovascular disease are being investigat-
ed as possible long-term consequences of WTC exposures.

The WTC Health Program provides treatment for a specific list of physical and mental health 
conditions that have been determined to be caused by exposure to the 9/11 terrorist at-
tacks. The program also covers medically associated health conditions, which are caused by 
the progression or treatment of a covered condition.  A listing of covered treatments can be 
found at https://www.cdc.gov/wtc/conditions.html .

https://www.cdc.gov/wtc/ataglance.html
https://www.cdc.gov/wtc/conditions.html
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Examples of Recent Research Findings
Cardiovascular Disease (CVD): A longitudinal study followed 9,796 male firefighters from the 
Fire Department of the City of New York (FDNY) between September 11, 2001, and December 
31, 2017. Multivariable Cox regression analyses revealed positive exposure-response asso-
ciations between cardiovascular disease and two different metrics of WTC exposure. These 
associations persisted after adjustment for age, race/ethnicity, BMI, hypertension, hyper-
cholesterolemia, diabetes, smoking, and probable PTSD. The findings demonstrate the im-
portance of long-term monitoring of the health of survivors of disasters.  Furthermore, in an 
aging cohort with frequent complaints of chest tightness from WTC-related respiratory ill-
nesses and/or GERD, this report highlights the need to also consider cardiovascular disease 
as a potential cause [Cohen et al. 2019]. 

Cognitive Function: Potential changes in cognitive function from WTC exposures were 
assessed in 7,875 firefighters and emergency medical services (EMS) workers actively em-
ployed by FDNY on 9/11/2001 and who completed a self-administered subjective measure 
of cognition in 2018-2019. WTC exposure was defined according to the time of initial arrival 
at the WTC site, which was used to assign participants to one of three exposure categories 
(high-intensity, moderate, and low exposure). In multivariable logistic regression, partici-
pants with high-intensity WTC exposure were more likely to report subjective cognitive con-
cerns than those with lower-level WTC exposure after controlling for age, race, gender, smok-
ing status, work assignment and mental health variables. However, it is unclear whether the 
modest association is attributable to WTC exposure directly  or to chronic exposure-related 
physical illnesses linked to WTC exposure. Highly WTC-exposed subgroups may benefit from 
additional cognitive evaluation and monitoring of cognition over time [Singh et al. 2019].

Stroke Risk: A longitudinal study of 42,527 WTC Health Registry enrollees aged 18 or older 
on 9/11 examined associations between WTC dust cloud exposure, 9/11-related PTSD, and 
self-reported incidence of stroke. Cox proportional hazards regression was used to examine 
the effects of PTSD and  intense dust cloud exposure, independently and jointly. In addition 
to PTSD and dust cloud exposure all models adjusted for age, smoking status, hyperten-
sion, diabetes, sex, race/ethnicity, education, marital status, and enrollees’ eligibility group. 
The study found both PTSD and intense dust cloud exposure were independently associated 
with increased risk of stroke. The risk was greatest among those reporting both PTSD and 
intense dust cloud exposure. The study also suggested that 9/11-related PTSD alone can 
increase stroke risk even in the absence of other well-established risk factors. Collectively, 
these findings indicate assessment of PTSD and dust cloud exposure for inclusion in stroke 
risk factor screening of 9/11 survivors  [Yu et al. 2018].

Pulmonary Fibrosis: This is the Registry’s first study exploring the association between 
the level of WTC dust exposure and pulmonary fibrosis (PF). The study included 19,300 
WTC responders  enrolled in the WTC Health Registry in 2003–2004 and followed for 11 years 
from 2004 to 2015. Exposure was defined by intensity and duration of exposure to WTC dust 
and work on the debris pile. Of study participants, 73 reported receiving this diagnosis from a 
physician during the observation period resulting in an incidence rate of 36.7 per 100,000 
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person-years.  Participants with medium or high exposure levels were at significantly in-
creased risk of IPF compared to those with low exposure, in Cox models controlling for age, 
gender, race, socioeconomic status, and smoking [Li et al. 2019].

Hearing Loss: A study of 8,623 FDNY firefighters and EMS workers examined hearing loss as-
sociated with WTC exposure. The participants included males who were actively employed 
during the 9/11 attacks and had at least one audiogram within 2 years prior to the attacks 
and another within 2 years after. Exposure was categorized multiple ways based on mea-
sures of arrival time and duration.  Hearing loss was defined as a 15-dB threshold shift (or 
greater) from baseline that was confirmed on the next test. Long term exposure-response 
was examined in piecewise exponential time-to-event regression models. All models con-
trolled for age at time of audiogram, race, and job title.  FDNY responders with high levels 
of exposure were at greater risk of reductions in hearing sensitivity. Time-to-event analyses 
indicated WTC exposures increased the risk of persistent reductions in hearing sensitivity 
over the observation period after adjusting for aging [Flamme et al. 2019].

Physical Aging: A study of 2,016 rescue and recovery workers sampled from the general 
responders cohort examined the association between PTSD and handgrip strength (HGS). 
This appears to be the first study examining the association between HGS and PTSD, with or 
without coexisting depressive symptoms, in a group of individuals who have been exposed 
to a severe traumatic event. The study found that WTC-related PTSD symptoms were as-
sociated with lower handgrip strength (HGS) observed 15 years after the disaster. HGS is a 
potential biophysical measure of accelerated aging; therefore, the study findings suggested 
that WTC-related PTSD may be associated with more rapid physical aging. The potential for 
developing interventions that might simultaneously improve physical and mental health in 
the aftermath of trauma should be considered [Mukherjee et al. 2019]. 

WTC Research Compendium Overview and Organization
This research compendium describes the World Trade Center Research Program and the 
extraordinary contribution of researchers, responders, and survivors in providing research 
information necessary to ensure excellence in the clinical care for the population affected 
by the 9/11 attacks. It is intended as a resource to assist the WTC Health Program staff with 
activities such as planning future research directions, assessing the impact of current studies, 
identifying gaps in the research, and coordinating external program reviews.  

THE COMPENDIUM, WHICH IS UPDATED REGULARLY, IS ORGANIZED INTO FIVE SECTIONS 
THAT INCLUDE: 

I) WTC Health Program Overview: This section provides a summary of the WTC Health Program authoriz-
ing legislation and a description of WTC Health Program enrollees, Data Centers, and Clinical Centers of Excel-
lence.

II) WTC Health Program Research Portfolio Overview: This section includes research funding by year
since creation of the World Trade Center Health Program, research projects awarded by focus area, and the
number of scientific publications for each focus area.



Introduction
Summary of World Trade Center Health Program Research 2019Page 4

III) WTC Health Registry Overview: This section includes a brief background description of the Registry
and a listing of scientific outputs.

IV) Research Advisory Groups: This section provides a listing of the advisory groups that provide research
recommendations to the WTC Health Program.

V) Appendices:  Documents contained in each of the three appendices provide additional detailed informa-
tion regarding the WTC Health Program research portfolio.

Appendix I: Includes a table listing research projects by focus area, brief descriptions of 
all portfolio studies, publications by study project, and a listing of the WTC Health Registry 
accomplishments.

Appendix II: Includes publication bibliographies for all portfolio research projects, the WTC 
Health Registry, and each of the three WTC Health Program Data Centers, Fire Department of 
New York (FDNY Responders), Icahn School of Medicine at Mount Sinai (General Responders), 
and NYC Health+Hospitals Corporation (NYC H+H) (Survivors). Publications prior to 2011 
are included for the WTC Health Registry (10%), the General Responder Data Center (31% ), 
the FDNY Data Center (31 %), and NYC H+H (20%).

Appendix III: Includes external research recommendations provided to the WTC Health 
Program. The recommendations include those made by the WTC Health Program Scientific 
and Technical Advisory Committee (WTC STAC), the WTC Survivor Steering Committee (WTC 
SSC), and the WTC Medical Working Group (WTC MWG)

Section I. World Trade Center Health Program Overview
The World Trade Center (WTC) Health Program was created when Congress passed the James 
Zadroga 9/11 Health and Compensation Act of 2010.The WTC Health Program provides med-
ical monitoring and treatment for specific symptoms and health conditions for people who 
worked in response and recovery operations at the World Trade Center, the Pentagon, and the 
passenger-jet crash site near Shanksville, Pennsylvania. 

The Zadroga Act also authorized ongoing research activities and the maintenance of the WTC 
Health Registry.  This research compendium documents CDC/NIOSH-funded disaster activities 
and published research beginning shortly after the attacks of September 11, 2001.

Authorizing legislation 

On January 2, 2011, President Obama signed Public Law No. 111-347, the James Zadroga 9/11 
Health and Compensation Act (“Zadroga Act”). Title I of the Zadroga Act amended the Public 
Health Service Act to add Title XXXIII, establishing a new federal health care program called the 
“World Trade Center Health Program” within the Department of Health and Human Services.

On December 18, 2015, the Zadroga Act was amended to provide authority and contin-
ued funding for the WTC Health Program through 2090. See Pub. L. 114–113 (Dec. 18, 2015), 
“Consolidated Appropriations Act, 2016,” Div. O, Title III (“James Zadroga 9/11 Health and 
Compensation Reauthorization Act”).
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For the complete text of the James Zadroga 9/11 Health and Compensation Act 
(2010) and the Zadroga Reauthorization Act (2015), please visit http://www.cdc.
gov/wtc/laws.html

SPECIFIC SECTIONS OF THE ZADROGA ACT MOST RELEVANT TO WTC HEALTH PROGRAM
RESEARCH ACTIVITIES

 

Subtitle A: Establishment of Program; Advisory Committee

Section 3302. Authorizes the establishment of the WTC Health Program Scientific and 
Technical Advisory Committee (STAC), and both a Responder and Survivor Steering 
Committee. Research recommendations provided by the STAC and the Survivor Steering 
Committee are provided in Appendix III.

Section. 3304. Authorizes the establishment of Clinical Centers of Excellence (CCEs) and 
Data Centers (DCs). Data Center research publications are provided in Appendix II.

 SUBTITLE C: RESEARCH INTO CONDITIONS

Section 3341. Authorizes research activities regarding certain health conditions related to 
September 11 terrorist attacks.

Section 3342. Authorizes the WTC Health Registry and ensures its ongoing maintenance.

Program Population (Enrollees)

As of September 30, 2019, the WTC Health Program had 99,768 members enrolled, includ-
ing 80,639 residing in the NYC area (16,425 FDNY responders, 47,780 general responders, 
and 16,434 survivors) and 19,129  responders and/or survivors in the Nationwide Provider 
Network.

The Program delivered monitoring or screening exams to an estimated 45,003  members, 
diagnostic services to approximately 27,888  members, and treatment services to 32,890  
members between October 1, 2018 and September 30,2019 .

For current WTC Health Program statistics and quarterly reports, please visit 
https://www.cdc.gov/wtc/reports.html

▶ NOTE: DATA PROVIDED BY THE WTC HEALTH PROGRAM STAFF.

WTC Health Program Data Centers and Clinical Centers of Excellence

The three WTC Health Program Data Centers are of primary importance to WTC Health Program 
research activities, providing researchers with approved datasets with information collected 
from the Clinical Centers of Excellence (CCEs). To-date, data center affiliated researchers have 
published 236 WTC-related articles in scientific journals (39 % were published prior to 2011). 

http://www.cdc.gov/wtc/laws.html
http://www.cdc.gov/wtc/laws.html
https://www.cdc.gov/wtc/reports.html
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The Clinical Centers of Excellence (CCEs) are authorized to provide medical monitoring eval-
uations, diagnostic and treatment services for qualifying conditions, social benefits coun-
seling, and limited outreach activities.

For an overview of the World Trade Center Health Program, including Data Centers 
and Clinical Centers of Excellence, please visit http://www.cdc.gov/wtc/ppm.html

WTC HEALTH PROGRAM DATA CENTERS AND ASSOCIATED CLINICAL CENTERS OF EXCELLENCE 

The FDNY Data Center serves FDNY responders and has produced 100 scientific publications.

Associated Clinical Centers: FDNY (Fire Department of New York) headquarters in Brooklyn 
with satellite centers at Brentwood, Fort Totten, Orange County, and Staten Island.

The General Responder Data Center serves non-FDNY responders and has produced 101 
scientific publications.

Associated Clinical Centers: MSSM (Icahn School of Medicine at Mount Sinai); Northwell 
Health System; New York University, Bellevue Hospital Center (NYU); State University of 
New York, Stony Brook (SUNY); Environmental and Occupational Health Sciences Institute 
at Rutgers University (EOHSI).

The Survivor Data Center serves WTC survivors and has produced 35 scientific publications.

Associated Clinical Centers: New York City Health + Hospitals (NYC H+H) Bellevue Hospital 
Center, Gouverneur Healthcare Services, and Elmhurst Hospital Center.

▶ NOTE:  APPENDIX II INCLUDES A PUBLICATION BIBLIOGRAPHY FOR EACH DATA CENTER.

Section II. WTC Health Program Research Portfolio Overview

NIOSH Office of Extramural Programs

NIOSH established the Office of Extramural Programs (OEP) to facilitate stewardship for, 
and management of, extramural grants and cooperative agreements. OEP is located with-
in the NIOSH Office of the Director. The NIOSH extramural research and training programs 
include diverse portfolios of investigator-initiated research, mentored research scientist 
awards, academic training programs, and small business innovation research (SBIR) proj-
ects. Multidisciplinary education and research centers, state surveillance programs, and fo-
cused worker training programs in mining and commercial fishing complement the breadth 
and depth of the extramural research and training portfolio.
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Peer review of applications is managed by OEP scientific review officers. Program manage-
ment and stewardship for extramural research and training portfolios is managed by OEP 
scientific program officials. The OEP also manages the extramural portfolio of cooperative 
agreements for the World Trade Center Health Program (WTCHP). This portfolio includes the 
WTCHP Registry and individual cooperative research agreements.

For information about the NIOSH extramural research and training program please 
visit https://www.cdc.gov/niosh/oep

WTC Health Program Research Solicitation and Funding
The WTC Health Program Research-to-Care model, the strategic framework for pri-
oritizing, conducts and assesses research that informs clinical care for the popula-
tion of responders and survivors affected by the 9/11 attacks. To review the current 
WTC Health Program research agenda and the Research-to-Care model, please 
visit  https://wwwn.cdc.gov/ResearchGateway/Home/ResearchAgenda   

Each year since late 2011, the World Trade Center (WTC) Health Program has solicited appli-
cations for scientifically rigorous research to help answer critical questions about physical 
and mental health conditions related to the September 2001 terrorist attacks. From 2011 to 
2019, a total of 254  research proposals (including the renewal of the WTC Health Registry) 
were reviewed and seventy-eight (31% ) projects were selected for funding. 

From 2011–2019, the WTC Health Program funded 77 research projects (excluding the WTC 
Health Registry) for a total of $111.6M. From July 2011–2019, the WTC Health Program contin-
ued to fund the WTC Health Registry project for a total of $59.7M. Prior to July 2011, Registry 
funding was provided by the Agency for Toxic Substances and Disease Registry (ATSDR), the 
National Center for Environmental Health (NCEH), and the New York City Department of 
Health and Mental Hygiene (NYC DOHMH). 

Total research funding from 2011 through 2019 for the 77 research projects and the WTC 
Health Registry is shown on the following page in Figure 1 . 

https://www.cdc.gov/niosh/oep
https://wwwn.cdc.gov/ResearchGateway/Home/ResearchAgenda
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FIGURE 1: RESEARCH FUNDING FOR 2011–2019 RESEARCH CONTRACTS, WTC HEALTH REGISTRY, AND 
RESEARCH COOPERATIVE AGREEMENTS

Cooperative Agreements ($ Millions)
Registry ($ Millions)

201920182017201620152014201320122011

3.7

1.8

6.8

4.0 3.8

7.1

10.5

7.2
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7.4
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7.0
8.1

7.0

15.6
16.3

13.1

Contracts ($ Millions)
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100.1 59.7

11.5

6.9
7.7 7.8

▶ NOTE: APPENDIX I PROVIDES A LISTING OF ALL FUNDED PROJECTS AWARDED,
CURRENT STATUS OF FUNDED PROJECTS (WTC HEALTH REGISTRY EXCLUDED)

2011–2019 

Of the 77 projects awarded since 2011, 36 (47%) are active and 41 (53%) are completed 
(closed).  Of the 41 completed projects, 30 (73%) have produced publications.   
See figure 2 on the following page.

For descriptions of all World Trade Center research projects, a listing of investiga-
tors, the current research agenda, the WTC Research-to-Care Logic Model, and the 
current funding opportunity announcement, please visit  
https://wwwn.cdc.gov/ResearchGateway 

https://wwwn.cdc.gov/ResearchGateway
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FIGURE 2: RESEARCH STUDIES AND PUBLICATIONS BY PRIMARY FOCUS AREA
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SOME PROJECTS INVOLVE MORE THAN ONE FOCUS AREA

▶ NOTE: APPENDIX I INCLUDES A TABLE LISTING OF ALL FUNDED PROJECTS, AND A LISTING
OF THOSE STUDIES WITH PUBLICATIONS. APPENDIX II INCLUDES A BIBLIOGRAPHY OF ALL
RESEARCH PORTFOLIO PUBLICATIONS (EXCLUDING WTC HEALTH REGISTRY PUBLICATIONS).

WTC Health Program Research by Study Population and Focus Area
Of the 77 projects funded to-date, 61 (79%) focus exclusively on responder populations and 
16 (21%) include survivor   populations. See Figure 3  

FIGURE 3: STUDY POPULATION (RESPONDER OR SURVIVOR) BY PRIMARY FOCUS AREA  

Survivors 
Responders
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*EMERGING CONDITIONS: AUTOIMMUNE DISEASE, ASSESSMENT OF BIAS IN WTC STUDIES, COGNITIVE FUNCTION, 
NEUROPATHIC SYMPTOMS, KIDNEY DISEASE, GENERAL RESPONDER MORTALITY, WTC EXPOSURE ASSESSMENT-
GLOBAL DNA METHYLATION, TRACE ELEMENTS IN AUTOPSY TISSUES FROM WTC DECEDENTS, DEVELOPMENT OF A 
COMPARISON WTC OCCUPATIONAL COHORT, AND HEPATITIS C.



Introduction
Summary of World Trade Center Health Program Research 2019Page 10

Section III. World Trade Center Health Registry
Mission and Services

Established in 2002, the WTC Health Registry follows a diverse cohort of 71,431 persons who 
experienced a range of direct exposures on the September 11 event and its aftermath. It is one 
of the longest running post-disaster registries worldwide. The WTC Registry, based in the New 
York City Department of Health and Mental Hygiene, is an essential public health resource for 
understanding of the long-term (20+ years) physical and mental health effects of the September 
11 disaster. Information provided to WTC responders, WTC survivors, researchers, and policy 
makers helps those affected by the 9/11 disaster make informed decisions about their health. 
Health resource information is disseminated by Registry staff via multiple channels, including 
a comprehensive website, annual reports, e-newsletters, brief research summaries, testimo-
nials from responders and survivors, informational videos, social media, targeted mailings, 
health information sheets, press announcements, and stakeholder meetings.  

Communications with enrollees are designed to keep them engaged with the Registry for the 
long term and to obtain enrollees’ updated contact information. This enhances enrollees’ 
participation periodical follow-up health surveys and nested studies to track and understand 
long-term changes in physical and mental health, quality of life, and gaps in care.  The Registry 
staff also helps link enrollees and their families with the WTC Health Program, where they can 
receive needed health care.

The Registry staff works with community, labor, and other stakeholders to keep them informed 
and to receive input on various research studies and surveys and other activities related to the 
9/11 community.  Registry researchers disseminate findings at scientific conferences and meet-
ings and through peer-reviewed journals.   More  information about this Registry can be found at  
https://www1.nyc.gov/site/911health/about/wtc-health-registry.page

Enrollment

The Registry enrollment is now closed  but includes 30,664 rescue and recovery workers and 
49,732 survivors who lived, worked, attended school, or were present in lower Manhattan 
on September 11, 2001. Nearly 9,000 enrollees are both survivors and rescue and recovery 
workers. Approximately 2,625 children under the age of eighteen were registered in 2003–
2004, and all are now adults 18 years of age or older.   Approximately 1,532 child enrollees 
who have aged into adulthood have consented to remain in the Registry as young adults, 
including 174 in 2019.   WTC Registry staff are conducting outreach to the remaining uncon-
sented new young adults. 

Scientific Outputs

As of June 30, 2019, the WTC Health Registry has a total of 485 scientific outputs (publica-
tions, presentations, published guidelines etc.). The distribution of outputs by type is pre-
sented on the following page in Figure 4 :

https://www1.nyc.gov/site/911health/about/wtc-health-registry.page
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FIGURE 4: WTC HEALTH REGISTRY KEY SCIENTIFIC OUTPUTS AS OF JUNE 2019  

 

Number Registry Outputs 2004 - 2019

Total

Other

Scientific Presentations

Publications

External Research Publications*

PhD and Master’s Theses

Technical Reports, Clinical Guidelines
and Public-Use Data Tools

External Research PhD and Master's Theses 8

26

42

123

261

485
7

Number of Publications and Presentations

18

*PUBLICATIONS RESULTING FROM REGISTRY-FACILITATED RECRUITMENT INTO EXTERNAL RESEARCH STUDIES OR 
REGISTRY PROVIDED DE-IDENTIFIED DATA 

▶ NOTE: APPENDIX I CONTAINS A LISTING OF THE WTC HEALTH REGISTRY KEY ACCOMPLISHMENTS AND
APPENDIX II INCLUDES A BIBLIOGRAPHY OF REGISTRY PUBLICATIONS.  Information Available on the
Registry Web Site

For summaries of the Registry Annual Reports, peer-reviewed scientific publications, tech-
nical reports, and clinical guidelines, please visit https://www1.nyc.gov/site/911health/
researchers/wtc-scientific-bibliography.page  The listing on this site will be updated peri-
odically by the Registry staff.

FOR THE GENERAL REGISTRY BIBLIOGRAPHY LIST, PLEASE VISIT:  
https://www1.nyc.gov/site/911health/researchers/wtc-scientific-bibliography.page

FOR REGISTRY HIGHLIGHTS AND OTHER 9/11 HEALTH INFORMATION, PLEASE VISIT  
http://www1.nyc.gov/site/911health/index.page

Section IV. WTC Health Program Research Advisory Groups

The World Trade Center Scientific and Technical Advisory Committee (STAC) was established 
by the James Zadroga 9/11 Health and Compensation Act of 2010  and specifies general ar-
eas of contributions to the WTC Health Program. The Act requires the Administrator of the 
WTC Health Program to seek advice from the STAC with   regard to determining eligibility cri-
teria for responder and survivor membership in the Program. Additionally, the Act requires 
the Administrator to seek advice from the STAC with regard to   identifying research needs for 
the Program, and the Act provides that the Administrator of the World Trade Center Health 
Program may consult with the STAC regarding whether a particular health condition should 
be added to the List of WTC-Related Health Conditions. 

https://www1.nyc.gov/site/911health/researchers/wtc-scientific-bibliography.page
https://www1.nyc.gov/site/911health/researchers/wtc-scientific-bibliography.page
https://www1.nyc.gov/site/911health/researchers/wtc-scientific-bibliography.page
http://www1.nyc.gov/site/911health/index.page
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The Administrator of the WTC Health Program determines when the STAC meetings will 
occur. For meeting agendas, presentation materials, and meeting archives, please visit 
https://www.cdc.gov/wtc/stac.html

RECOMMENDATIONS THE STAC PROVIDED RESEARCH RECOMMENDATIONS TO THE WTC 
HEALTH PROGRAM IN 2012 AND 2014. SPECIFIC RESEARCH RECOMMENDATIONS RELATED 
TO CHILDREN’S RESEARCH WERE MADE IN 2016 AND 2019. THE STAC RECOMMENDATIONS 
ARE PROVIDED IN APPENDIX III.

The World Trade Center Survivor Steering Committee (SSC) was established by the James 
Zadroga 9/11 Health and Compensation Act of 2010 for the purpose of receiving input from 
affected stakeholders and facilitating the coordination of initial health evaluations, moni-
toring, and treatment programs for screening-eligible and certified-eligible WTC survivors.

RECOMMENDATIONS THE SSC PROVIDED RESEARCH RECOMMENDATIONS TO THE WTC 
HEALTH PROGRAM IN 2014 IN A LETTER FROM CHAIR KIMBERLY FLYNN TO THE WTC 
HEALTH PROGRAM ADMINISTRATOR. PLEASE SEE APPENDIX III. 

The World Trade Center Medical Working Group of New York City (WTC MWG) was appoint-
ed by the Honorable Michael Bloomberg, Mayor of New York City, in June 2007. Members 
reviewed clinical and research findings on the health effects of WTC exposure, published 
annual reports, and reviewed the adequacy of physical and mental health services available 
to WTC-exposed individuals. The WTC MWG also advised city government on approaches to 
most effectively communicate the health risk related to WTC exposure. The group disband-
ed in 2011.

RECOMMENDATIONS THE WTC MEDICAL WORKING GROUP (WTC MWG) MADE A SERIES OF 
RECOMMENDATIONS RELATED TO SEPTEMBER 11 HEALTH TREATMENT AND SERVICES BE-
TWEEN 2007 AND 2011. THE RECOMMENDATIONS FALL INTO THREE BROAD CATEGORIES: 
FUNDING, RESEARCH AND EVALUATION, AND EDUCATION. THE RECOMMENDATIONS ARE 
OUTLINED IN THE GROUP’S FINAL ANNUAL REPORT RELEASED IN 2011. THE REPORT “2011 
ANNUAL REPORT ON 9/11 HEALTH” IS PROVIDED IN APPENDIX III.
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Section V. Documents Included in the Appendices  

Appendix I: Research Portfolio Overview 

TABLE LISTING OF PROJECTS

RESEARCH STUDY DESCRIPTIONS

PUBLICATIONS BY PROJECT

WORLD TRADE CENTER HEALTH REGISTRY KEY ACCOMPLISHMENTS 

(NIOSH grant years 2012 –June 2016)

WORLD TRADE CENTER HEALTH REGISTRY KEY ACCOMPLISHMENTS 

(NIOSH grant years July 2016 –June 2019)

Appendix II: Publication Bibliographies 

WTC HEALTH PROGRAM RESEARCH COOPERATIVE AGREEMENT PUBLICATIONS (2011–2019)         

(WTC Health Registry Publications not included)

WORLD TRADE CENTER HEALTH REGISTRY PUBLICATIONS (2006 – OCTOBER  2019)

WTC Health Program Data Center Publications

FDNY DATA CENTER BIBLIOGRAPHY 

GENERAL RESPONDER DATA CENTER BIBLIOGRAPHY

SURVIVOR DATA CENTER BIBLIOGRAPHY

WTC Researcher Recommendations

2012 WTC STAC RESEARCH RECOMMENDATIONS

2014 WTC STAC RESEARCH RECOMMENDATIONS

2016 WTC STAC CHILDREN’S RESEARCH RECOMMENDATIONS 

2019 WTC STAC CHILDREN'S RESEARCH FEASIBILITY RECOMMENDATIONS 

2014 WTC MWG RESEARCH RECOMMENDATIONS

2011 WTC SSC RESEARCH RECOMMENDATIONS
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Summary of Useful Links

http://www.cdc.gov/wtc/ppm.html
Overview of the World Trade Center Health Program, including Data Centers and 
Clinical Centers of Excellence

https://wwwn.cdc.gov/ResearchGateway/
World Trade Center research projects, a listing of investigators, the current re-
search agenda, the WTC Health Program Logic Model, and the current funding op-
portunity announcement

https://www.cdc.gov/wtc/reports.html
Current World Trade Center Health Program statistics and reports

https://www.cdc.gov/niosh/oep/
Information about NIOSH extramural research and training programs

https://www.cdc.gov/wtc/stac.html
Scientific Technical Advisory Committee meeting agendas, presentation materi-
als, and meeting archives

http://www.cdc.gov/wtc/laws.html
The complete text of the James Zadroga 9/11 Health and Compensation Act (2010) 
and the Zadroga Reauthorization Act (2015)

http://www1.nyc.gov/site/911health/researchers/published-re-
search-publications.page
Summaries of the Registry peer-reviewed scientific publications, annual reports, 
technical report, and clinical guidelines.

http://www1.nyc.gov/site/911health/researchers/wtc-scientific-bibli-
ography.page
The general World Trade Center Health Registry Bibliography List

http://www1.nyc.gov/site/911health/index.page
World Trade Center Health Registry Highlights and Home Page

http://www.cdc.gov/wtc/ppm.html
https://wwwn.cdc.gov/ResearchGateway/
https://www.cdc.gov/wtc/reports.html
https://www.cdc.gov/wtc/reports_portal.html 
https://www.cdc.gov/niosh/oep/
https://www.cdc.gov/wtc/stac.html
http://www.cdc.gov/wtc/laws.html
http://www1.nyc.gov/site/911health/researchers/published-research-publications.page
http://www1.nyc.gov/site/911health/researchers/published-research-publications.page
http://www1.nyc.gov/site/911health/researchers/wtc-scientific-bibliography.page
http://www1.nyc.gov/site/911health/researchers/wtc-scientific-bibliography.page
http://www1.nyc.gov/site/911health/index.page
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Project Table

Study Focus PI (Project) Title Institution Year Initiated

 Project 
Duration 

(Years) WTC Population Status     # Publications

Adult Mental Health BROMET  
(42057) Enhanced Smoking Cessation Intervention for WTC Responders 1 STATE UNIVERSITY NEW YORK STONY BROOK FY 11 3 Responders Completed 8

Adult Mental Health BROMET  
(39410)  Burden of Mental-Physical Comorbidity in World Trade Center Responders STATE UNIVERSITY NEW YORK STONY BROOK FY 11 3 Responders Completed 10

Adult Mental Health FEDER     
(41919)        

Trajectories of Psychological Risk and Resilience in World Trade Center 
Responders MOUNT SINAI SCHOOL OF MEDICINE FY 11 3 Responders Completed 6

Adult Mental Health FEDER     
(10407)

Biomarkers of Psychological Risk and Resilience in World Trade Center 
Responders MOUNT SINAI SCHOOL OF MEDICINE FY 12 4 Responders Completed

Adult Mental Health KIM           
(10399)

Health and Socioeconomic Sequelae of the WTC Disaster Among                  
Responders

FEINSTEIN INSTITUTE FOR MEDICAL 
RESEARCH [NORTH SHORE-LONG ISLAND 

JEWISH MEDICAL (LIJ)]
FY 12 2 Responders Completed 4

Adult Mental Health GONZALEZ   
(10524)

Mind Body Treatment for WTC Responders with Comorbid PTSD                   
and Respiratory Illness 1 STATE UNIVERSITY NEW YORK STONY BROOK FY 13 3 Responders Completed

Adult Mental Health KOTOV    
(10712)

The Daily Burden of PTSD and Respiratory Problems in World Trade Center 
Responders STATE UNIVERSITY NEW YORK STONY BROOK FY 14 2 Responders Completed 1

Adult Mental Health KUNG      
(10516)

Mental Health Impact and Service Use among Asian Survivors and Rescuers 
Exposed to the WTC Attack 2 FORDHAM UNIVERSITY FY 14 2 Responders & 

Survivors Completed 3

Adult Mental Health FEDER     
(10986)      

Gene Expression Profiles as Markers of PTSD Risk and Resilience in WTC 
Responders ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI FY 15 1 Responders Completed

Adult Mental Health FERRI       
(10996)

A Pilot Test of the Relaxation Response Resiliency Program (3RP) in Spanish 
Speaking World Trade Center Disaster Survivors with PTSD NEW YORK UNIVERSITY SCHOOL OF MEDICINE FY 15 1 Survivors Completed

Adult Mental Health FEDER     
(10729) Internet-Based Psychotherapies for PTSD Symptoms in WTC Responders ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI FY 16 3 Responders Active

1 Registry facilitated recruitment         2 Registry provided de-identified data            3 Registry co-investigator collaboration  
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Study Focus PI (Project) Title Institution Year Initiated

 Project 
Duration 

(Years) WTC Population Status     # Publications

Adult Mental Health KOTOV    
(11321) Personality-Informed Care Model for 9/11-Related Comorbid Conditions STATE UNIVERSITY NEW YORK STONY BROOK FY 16 5 Responders Active 2

Adult Mental Health LUCCHINI  
(11314)

Structural and Functional Neuroimaging of Post Traumatic Stress Disorder 
and Cognitive Impairment in World Trade Center Responders ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI FY 16 4 Responders Active

Adult Mental Health FEDER     
(11473)

Neuroimaging of Resilience in World Trade Center Responders: A Focus on 
Emotional Processing, Reward and Social Cognition ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI FY 17 4 Responders Active

Adult Mental Health KUAN       
(11478)

Longitudinal Genome-wide Transcriptome Study of PTSD  
Symptom Change in WTC Responders

THE RESEARCH FOUNDATION FOR THE 
STATE UNIVERSITY OF NEW YORK FY 17 3 Responders Active 2

Adult Mental Health WASZCZUK/ 
KOTOV (11864)

Polygenic prediction of PTSD trajectories and inflammation 
in 9/11 responders STATE UNIVERSITY NEW YORK STONY BROOK FY 19 2 Responders Active

Cancer BOFFETTA  
(41815)

Cancer Among WTC Responders: Enhanced Surveillance, Exposure                
Assessment, and Cancer Specific Risks 3 MOUNT SINAI SCHOOL OF MEDICINE FY 11 3 Responders Completed 2

Cancer PREZANT 
(39489)

Cohort Studies of Incident Cancers in the
FDNY WTC Responder Population ALBERT EINSTEIN COLLEGE OF MEDICINE FY 11 3 Responders Completed 1

Cancer TAIOLI     
(10396) Prostate Cancer Risk and Outcome in WTC Respondents MOUNT SINAI SCHOOL OF MEDICINE FY 13 2 Responders Completed 1

Cancer TAIOLI     
(10512) Biorepository of Cancer Tissue Samples from WTC Responders FEINSTEIN INSTITUTE FOR MEDICAL 

RESEARCH FY 14 2 Responders Completed 1

Cancer WEBBER  
(10728) Post-9/11 Cancer Incidence in FDNY Firefighters ALBERT EINSTEIN COL OF MED YESHIVA UNIV FY 14 2 Responders Completed 3

Cancer AARONSON 
(11328)

Impact of WTC Dust on Immune Functions and
Prostate Cancer Promotion ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI FY 16 5 Responders Active 1

1 Registry facilitated recruitment         2 Registry provided de-identified data            3 Registry co-investigator collaboration  
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Project Table

Study Focus PI (Project) Title Institution Year Initiated

 Project 
Duration 

(Years) WTC Population Status     # Publications

Cancer GRABER  
(11322)

Head and Neck Cancer in the World Trade Center Health Program Cohort; 
Elucidating Risk Factors to Reduce Incidence and Morbidity

RUTGERS, THE STATE UNIVERSITY OF 
NEW JERSEY FY 16 2 Responders Active 3

Cancer
HALL (11932)                         

(formerly 
11315)

Incidence, Latency, and Survival of Cancer Following World Trade Center 
Exposure2,3 ALBERT EINSTEIN COLLEGE OF MEDICINE, INC FY 16 4 Responders Active

Cancer TAIOLI     
(10984) Thyroid Cancer Risk in WTC Responders ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI FY 16 3 Responders Active 2

Cancer
WEBBER  
(11934)            

(formerly 11309)

Maintenance and Extension of a Cohort of Career Firefighters as a Non-WTC 
Exposed Comparison for the FDNY Firefighter Cohort ALBERT EINSTEIN COLLEGE OF MEDICINE, INC FY 16 5 Responders Active

Cancer BRANCH  
(11489)

Hepatotoxic Exposures, Progressive Fatty Liver Disease (NASH), and Liver 
Cancer Risk in the World Trade Center Health Program General Responder 

Cohort
ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI FY 17 4 Responders Active

Cancer VERMA (11933)      
(formerly 11475)

Early Detection of Hematologic Malignancies in New York City Firefighters 
Exposed To World Trade Center Dust After The 9/11 Attacks ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI FY 17 3 Responders Active 1

Cancer DIEFENBACH 
(11690)

Informed/Shared Decision Making for Prostate Cancer Screening Among 
Members of the World Trade Center Health Program

FEINSTEIN INSTITUTE FOR MEDICAL 
RESEARCH FY 18 3 Responders Active

Cancer SIGEL       
(11479)

Optimizing Lung Cancer Screening in World Trade Center Rescue and         
Recovery Workers ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI FY 18 3 Responders Active

Cancer TAIOLI     
(11704) World Trade Center Tissue Biobank ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI FY 18 3 Responders Active 1

Cancer
ZEIG-OWENS             

(11931)                    
(formerly 11681)

Detection and Incidence of Thyroid Cancer among Three Cohorts of WTC 
Exposed Rescue and Recovery Workers ALBERT EINSTEIN COL OF MED YESHIVA UNIV FY 18 2 Responders Active

Cancer TAIOLI     
(11849) Thyroid cancer aggressiveness in WTC responders ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI FY 19 2 Responders Active 1

1 Registry facilitated recruitment         2 Registry provided de-identified data            3 Registry co-investigator collaboration  
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Study Focus PI (Project) Title Institution Year Initiated

 Project 
Duration 

(Years) WTC Population Status     # Publications

Cardiovascular (CVD) McLAUGHLIN 
(39405)

Pulmonary Function Abnormalities, Diastolic Dysfunction and World Trade 
Center Exposure: Implications for Diagnosis and Treatment MOUNT SINAI SCHOOL OF MEDICINE FY 11 3 Responders Completed 

Cardiovascular (CVD) MORABIA  
(41826)

Cardiovascular Health Impact and Prediction of Incident (primary and     
subsequent) Cardiovascular Events among WTC Responders

CITY UNIVERSITY of NEW YORK QUEENS 
(CUNY-Queens) FY 11 3 Responders Completed 

Cardiovascular (CVD) McLAUGHLIN 
(10716)

Renal and Cardiovascular Impairment in WTC Responders:                                
Implications for Diagnosis and Treatment MOUNT SINAI SCHOOL OF MEDICINE FY 14 2 Responders Completed 

Cardiovascular (CVD) MORABIA   
(10722)

WTC-Heart: A Cohort Study of Heart Diseases
 in World Trade Center Responders

CITY UNIVERSITY of NEW YORK QUEENS 
(CUNY-Queens) FY 14 2 Responders Completed 1

Cardiovascular (CVD) COHEN    
(10921)

Role for WTC Dust and DEP Co-pollutant in                                                             
First Responder Cardiovascular Ailments

NEW YORK UNIVERSITY 
SCHOOL OF MEDICINE FY 16 4 Responders Active

Emerging Conditions MARMOR  
(10395) Trace Elements in Autopsy Tissues from World Trade Center Decedents 2,3 NEW YORK UNIVERSITY 

SCHOOL OF MEDICINE FY 13 2 Responders & 
Survivors Completed 2

Emerging Conditions WEBBER  
(10513)

Post-9/11 Incidence of Systemic Autoimmune                                                         
Diseases in the FDNY Cohort ALBERT EINSTEIN COL OF MED YESHIVA UNIV FY 13 2 Responders Completed 3

Emerging Conditions KIM           
(10730) Assessing the Impacts of Epidemiologic Biases in WTC Health Studies FEINSTEIN INSTITUTE FOR MEDICAL 

RESEARCH FY 14 2 Responders Completed 1

Emerging Conditions BOFFETTA  
(10987) Enhanced Assessment of WTC Exposure and Global DNA Methylation ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI FY 15 1 Responders Completed 1

1 Registry facilitated recruitment         2 Registry provided de-identified data            3 Registry co-investigator collaboration  
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Project Table

Study Focus PI (Project) Title Institution Year Initiated

 Project 
Duration 

(Years) WTC Population Status     # Publications

Emerging Conditions
STEIN/          

LUCCHINI 
(10988)

Cognitive Function among World Trade Center Rescue and               
Recovery Workers-Direct Effect or Mediation through Comorbidities NEW YORK UNIVERSITY SCHOOL OF MEDICINE FY 15 1 Responders Completed 

Emerging Conditions FACTOR  
(11307) Hepatitis C Virus Infection in WTC Responders ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI FY 16 2 Responders Active

Emerging Conditions MARMOR 
(11305)

World Trade Center Exposures, Neuropathic Symptoms  
and Nervous System Injury NEW YORK UNIVERSITY SCHOOL OF MEDICINE FY 16 2 Survivors Active 1

Emerging Conditions BOFFETTA  
(11480) Mortality among WTC Rescue and Recovery Workers2,3 NEW YORK UNIVERSITY SCHOOL OF MEDICINE FY 17 4 Responders Active

Emerging Conditions McLAUGHLIN  
(11326) Linking the Effects of 9/11 to Kidney Disease ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI FY 17 3 Responders Active

Emerging Conditions TEITELBAUM 
(11487) 

Development and implementation of a comparison occupational                 
cohort for the WTC General Responder Cohort (GRC) ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI FY 18 3 Responders Active

Respiratory Disease BERGER  
(39413)

Evaluation of Distal Airway Injury Following Exposure to
World Trade Center Dust 2,3 NEW YORK UNIVERSITY SCHOOL OF MEDICINE FY 11 3 Survivors Completed 9

Respiratory Disease ALDRICH  
(10411)

Bronchial Reactivity And The Course of Lung Function  
after WTC Exposure ALBERT EINSTEIN COL OF MED YESHIVA UNIV FY 12 2 Responders Completed 1

Respiratory Disease de la HOZ  
(10401)

Pulmonary Diseases in WTC Workers: Symptoms, Function,  
and Chest CT Correlates MOUNT SINAI SCHOOL OF MEDICINE FY 12 4 Responders Completed 4

1 Registry facilitated recruitment         2 Registry provided de-identified data            3 Registry co-investigator collaboration  
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Study Focus PI (Project) Title Institution Year Initiated

 Project 
Duration 

(Years) WTC Population Status     # Publications

Respiratory Disease HALL        
(10412)

For how long is WTC exposure associated with                                                           
incident airway obstruction ALBERT EINSTEIN COL OF MED YESHIVA UNIV FY 12 2 Responders Completed 2

Respiratory Disease LUFT        
(10416)

Epigenetic Linkage Between PTSD and Respiratory                                               
Disease in WTC Responders STATE UNIVERSITY NEW YORK STONY BROOK FY 12 2 Responders Completed 3

Respiratory Disease SUNDERRAM 
(10415) Obstructive Sleep Apnea in WTC Responders: Role of Nasal Pathology UNIV OF MED/DENT NJ-R W JOHNSON 

MEDICAL SCHOOL FY 12 4 Responders Completed 5

Respiratory Disease WISNIVESKY  
(10405)

Prognosis and Determinants of Asthma Morbidity in World Trade Center 
Rescue and Recovery Workers MOUNT SINAI SCHOOL OF MEDICINE FY 12 4 Responders Completed 5

Respiratory Disease REIBMAN  
(10404)

Uncontrolled Lower Respiratory Symptoms                                                                 
in the WTC Survivor Program NEW YORK UNIVERSITY SCHOOL OF MEDICINE FY 13 3 Survivors Completed 3

Respiratory Disease HALL        
(10711) For How Long is WTC Exposure Associated with Chronic Rhinosinusitis ALBERT EINSTEIN COLLEGE OF MEDICINE FY 14 2 Responders Completed 2

Respiratory Disease LUFT        
(10718)

Deciphering Biological Linkages between PTSD and                                            
Respiratory Disease in WTC Responders STATE UNIVERSITY NEW YORK STONY BROOK FY 14 2 Responders Completed 

Respiratory Disease WEIDEN  
(10726) Evolution of Risk Factors for Sinusitis in WTC Exposed Firefighters NEW YORK UNIVERSITY SCHOOL OF MEDICINE FY 14 2 Responders Completed 5

Respiratory Disease
ALDRICH/     
SPIVACK  
(10993)

Clinical characteristics and outcomes of WTC-associated Sarcoidosis ALBERT EINSTEIN COLLEGE OF MEDICINE FY 15 1 Responders Completed 2

1 Registry facilitated recruitment         2 Registry provided de-identified data            3 Registry co-investigator collaboration  
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Project Table

Study Focus PI (Project) Title Institution Year Initiated

 Project 
Duration 

(Years) WTC Population Status     # Publications

Respiratory Disease BERGER  
(11317) 

Small Airway Chronic Obstructive Disease Syndrome                                           
Following Exposure to WTC Dust NEW YORK UNIVERSITY SCHOOL OF MEDICINE FY 16 3 Survivors Active

Respiratory Disease WEIDEN  
(11302)

Evolution of Risk Factors for Lung Function Decline                                                 
in WTC Exposed Firefighters NEW YORK UNIVERSITY SCHOOL OF MEDICINE FY 16 3 Responders Active 3

Respiratory Disease WISNIVESKY 
(11312) 

Assessing Inflammatory and Behavioral Pathways Linking PTSD                       
to Increased Asthma Morbidity in WTC Workers ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI  FY 16 5 Responders Active

Respiratory Disease de la HOZ 
(10401-05) 

Pulmonary Diseases in WTC Workers: Symptoms, Function,                             
and Chest CT Correlates ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI  FY 17 4 Responders Active

Respiratory Disease NOLAN    
(11300) 

Metabolomics of World Trade Center-Lung Injury: Biomarker Validation, 
Longitudinal Assessment and Dietary Intervention NEW YORK UNIVERSITY SCHOOL OF MEDICINE FY 17 4 Responders Active 9

Respiratory Disease AYAPPA    
(11481)

Exploring Mechanisms of Obstructive Sleep Apnea (OSA)                                      
in WTC Responders ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI  FY 18 3 Responders Active

Respiratory Disease de la Hoz   
(11697)  

Chronic Obstructive Pulmonary Disease in WTC Workers - 
Diagnoses and Transitions ICAHN SCHOOL OF MEDICINE AT MOUNT SINAI  FY 18 3 Responders Active

Respiratory Disease WEIDEN  
(11682) Treatment response of WTC related airway injury NEW YORK UNIVERSITY SCHOOL OF MEDICINE FY 19 2 Responders Active

WTC Youth HOVEN    
(10413) Service Need and Use among Youth Exposed to the WTC Attack 2 NEW YORK STATE PSYCHIATRIC INSTITUTE 

(COLUMBIA UNIVERSITY) FY 12 2 Survivors (Youth) Completed 

1 Registry facilitated recruitment         2 Registry provided de-identified data            3 Registry co-investigator collaboration  
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(Years) WTC Population Status     # Publications

WTC Youth HOVEN    
(10414)

The Impact of 9/11 on Youth: Mental Health, Substance Use 
& Other Risk behaviors 1,2

NEW YORK STATE PSYCHIATRIC INSTITUTE 
(Columbia University) FY 12 4 Survivors (Youth) Completed 

WTC Youth TRASANDE  
(10394) Early Identification of World Trade Center Conditions in Adolescents 1, 2 NEW YORK UNIVERSITY SCHOOL OF MEDICINE FY 13 3 Survivors (Youth) Completed 3

WTC Youth HOVEN    
(10721) Context and Ethnic Diversity: Children’s Responses to 9/11 NEW YORK STATE PSYCHIATRIC INSTITUTE FY 15 1 Survivors (Youth) Completed 3

WTC Youth TRASANDE 
(10714)

Childhood Exposure to Persistent Organic Pollutants in the World Trade 
Center and  Cardiovascular Consequences NEW YORK UNIVERSITY SCHOOL OF MEDICINE FY 15 1 Survivors (Youth) Completed 3

WTC Youth HOVEN    
(11308)

9/11 Trauma and Toxicity in Childhood:
 Longitudinal Health and Behavioral Outcomes NEW YORK STATE PSYCHIATRIC INSTITUTE FY 16 5 Survivors (Youth) Active

WTC Youth HOVEN    
(11327)

Research Domain Criteria (RDoC) Domains Underlying Emotional Health 
and Trajectories of Psychopathology in Families of WTC First Responders 

and Evacuees: A Genome-Wide Gene Environment Interaction (Gx E) Study
NEW YORK STATE PSYCHIATRIC INSTITUTE FY 16 5 Survivors (Youth) Active

WTC Youth TRASANDE 
(11299)

Prenatal WTC Chemical Exposures, Birth Outcomes 
and Cardiometabolic  Risks NEW YORK UNIVERSITY SCHOOL OF MEDICINE FY 17 4 Survivors (Youth) Active 1

WTC Youth CYCOWICZ  
(11694)

Multimodal Neuroimaging of Cognitive and Emotional Networks
 in Young Adults Exposed to 9/11 as Children NEW YORK STATE PSYCHIATRIC INSTITUTE FY 18 3 Survivors (Youth) Active

124
1 Registry facilitated recruitment         2 Registry provided de-identified data            3 Registry co-investigator collaboration  
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Appendix 1, Section 2

WTC Health Program 
Research Portfolio Study Descriptions

 

WTC Health Program     
Research Portfolio
Study Descriptions  

WTC Research Contracts 
Awarded in FY 2011
Trajectories of Psychological Risk 
and Resilience in World Trade Center 
Responders 

Contract Number: 200-2011-41919

Institutions: Icahn School of Medicine at 
Mount Sinai School of Medicine and the 
Yale School of Medicine 

Principal Investigators:
Adriana Feder, MD, Robert Pietrzak, PhD, 
Steven Southwick, MD 

Phone Number: (212) 659-9145

Email: adriana.feder@mssm.edu

Project Duration: 3 years (Project Completed) 

Description: The objectives of this study 
are to (1) characterize longitudinal trajec-
tories of WTC-related PTSD and depressive 
symptoms in WTC responders; (2) examine 
specific risk and protective determinants of 
these trajectories; and (3) identify personal 
and psychosocial factors associated with  
resilience and recovery trajectories, with the 
ultimate goal of maximizing preparedness 

and improving mental health outcomes 
in disaster responders. The study shall 
make use of the unique dataset collected  
prospectively at the WTC Health Program, 
beginning in 2002, to study longitudinal tra-
jectories of WTC-related PTSD and depressive 
symptoms in 10,800 cohort members who  
completed three monitoring visits at the 
WTC Health Program, each approximately 
two years apart.

Cohort Studies of Incident Cancers in the 
FDNY WTC Responder Population

Contract Number: 200-2011-39489

ons

Institution: Fire Department of New York 

Principal Investigator: David Prezant, MD

Phone Number: (718) 999-2696

Email: prezand@fdny.nyc.gov

Project Duration: 3 years (Project Completed)

Description: The main objective of this 
three-year research project is to analyze 
the cohorts of FDNY firefighters and EMS 
workers, both WTC-exposed and non-WTC  
exposed in order to compare cancer in-
cidence by WTC-exposure status during 
the early post-9/11 years. To achieve this 
objective, we intend to conduct longitu-
dinal surveillance of cancer diagnoses in  
WTC-exposed and non-WTC-exposed in-
dividuals through 2008 and later, as data 
become available. Pulmonary Function 
Abnormalities, Diastolic Dysfunction and 
World Trade Center Exposure: Implications 
for Diagnosis and Treatment

mailto:adriana.feder%40mssm.edu?subject=WTCHP%20Contract%20200-2011-41919
mailto:prezand%40fdny.nyc.gov?subject=WTCHP%20Contract%20200-2011-39489
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Contract Number: 200-2011-39405

Institution: Icahn School of Medicine at 
Mount Sinai 

Principal Investigator:
Maryann McLaughlin, MD, MPH

Phone Number: (866) 537-7107

Email: cynara.maceda@mssm.edu

Project Duration: 3 years (Project Completed) 

Description: The present proposal seeks 
to determine the significance of the long-
term effect of particulate matter (PM) on 
pulmonary and cardiovascular risk, and to 
fully evaluate the relationship between PM  
exposure, pulmonary function, and  
cardiovascular health. We will evaluate the 
clinical and pathophysiologic outcomes 
of exposure including pulmonary function 
abnormalities, obstructive sleep apnea, 
imaging abnormalities, and risk factors for 
cardiopulmonary disease. This study will 
provide critical information regarding risk of  
exposure to PM, risk factors for disease and 
potential for improvements in diagnosis 
and treatment.

Burden of Mental-Physical Comorbidity 
in World Trade Center Responders

Contract Number: 200-2011-39410

Institution: State University of New York at 
Stony Brook

Principal Investigator: Evelyn Bromet, PhD

Phone Number: (631) 632-8853

Email: evelyn.bromet@stonybrook.edu

Project Duration: 3 years (Project Completed) 

Description: The study objective is to test 
mechanisms thought to be responsible 
for the comorbidity between psychiatric 
and medical sequelae of WTC exposures.  

We propose to study responders partici-
pating in the WTC Health Program. Of the 
entire cohort, approximately 16,000 com-
pleted the first two monitoring visits, about 
two years apart. In addition to routine 
questionnaires completed by respond-
ers at their monitoring visits, we conduct 
standard interviews designed to diagnose 

 

 
WTC-related PTSD. The longitudinal data 
will allow us to evaluate potential mecha-
nisms underlying the links between mental 
and physical disorders.

Enhanced Smoking Cessation for WTC 
Responders

Contract Number: 200-2011-42057 

Institution: State University of New York at 
Stony Brook

Principal Investigator: Evelyn Bromet, PhD

Phone Number: (631) 632-8853

Email: evelyn.bromet@stonybrook.edu

Project Duration: 3 years (Project Completed)

Description: The objective of this study 
is to adapt and test an enhanced smok-
ing cessation treatment for WTC respond-
ers burdened with PTSD symptoms. We 
will recruit 100 smokers who have signifi-
cant PTSD symptoms from the population  
monitored at the Long Island site of the WTC 
Health Program and other responders in 
the New York metropolitan area with PTSD 
symptoms. We will over-sample patients 
with lower respiratory illness to ensure 
that at least two-thirds have these symp-
toms. Participants are randomly assigned 
to either: (1) standard smoking cessation or  
(2) enhanced smoking cessation that ad-
dresses PTSD and other anxiety symptoms.
Nicotine replacement therapy is adminis-
tered to both groups.

mailto:cynara.maceda%40mssm.edu?subject=
mailto:evelyn.bromet@stonybrook.edu
mailto:evelyn.bromet@stonybrook.edu
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Evaluation of Distal Airway Injury 
Following Exposure to World Trade 
Center Dust

Contract Number: 200-2011-39413

Institution: New York University School of 
Medicine

Principal Investigator: Kenneth Berger, MD

Phone Number: (212) 263-6407, (212) 
562-3752

Email: kenneth.berger@nyumc.org

Project Duration: 3 years (Project Completed)

Description: The goal of the present pro-
posal is to enhance characterization of WTC-
related lung disease using lung function 
measurements that can detect lung injury in 
addition to abnormalities identified in stan-
dard spirometry. The proposed studies are 
based on the concept that spirometry may 
identify airway injury as a reduction in lung 
volume or air flow; however, spirometry 
can often be normal even in symptomatic  
patients, particularly when injury is located 
in the distal airways.

Cancer among WTC Responders: 
Enhanced Surveillance, Exposure 
Assessment, and Cancer-Specific Risks

Contract Number: 200-2011-41815 

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigator: Paolo Boffetta, MD

Phone Number: (212) 659-1474

Email: paolo.boffetta@mssm.edu

Project Duration: 3 years (Project Completed) 

Description: The overarching objective 
of the project is to define whether WTC 

responders included in the WTC Health 
Program experienced an increased risk 
of cancer, and whether or not such in-
crease can be associated with WTC-related  
exposures. The specific aims of the proj-
ect are to: 1) identify and confirm all cases 
of cancer occurring among WTC respond-
ers included in WTC Health Program, using 
multiple sources of information and devel-
oping algorithms for confirmation of cancer  
diagnosis; 2) develop and apply an expo-
sure assessment procedure to estimate ERIs 
for selected known and suspected carcino-
gens for all WTC Health Program respond-
ers, and to conduct a systematic analysis 
of exposure-cancer associations, based on 
ERIs; and 3) conduct in-depth analyses of 
exposure-cancer associations.

Cardiovascular Health Impact and 
Prediction of Incident (Primary and 
Subsequent) Cardiovascular Events

Contract Number: 200-2011-41826 

Institution: Center for the Biology of Natural 
Systems (CBNS) CUNY-Queens College

Principal Investigator: Alfredo Morabia, MD

Phone Number: (718) 670-4182

Email: alfredo.morabia@qc.cuny.edu

Project Duration: 3 years (Project Completed) 

Description: This cohort study will assess 
the conventional CVD determinants, 9/11-re-
lated dust exposure, and PTSD, of 6,503 
participants (of the Mt. Sinai and Northwell 
Health WTC Health Program) recruited  
between January 2012, and June 2013. 
We will follow the cohort for incident CVD 
during the subsequent two years, 2013 and 
2014. Cardiovascular risk has been obtained 

mailto:kenneth.berger@nyumc.org
mailto:paolo.boffetta@mssm.edu
mailto:alfredo.morabia@qc.cuny.edu
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from questionnaires and clinical exams. 
The on-going follow-up will track all inci-
dent events over two years by direct contact 
with the participants. Validation of events 
will be performed by obtaining hospital 
discharge and outpatient medical records, 
patient electronic databases (SPARCS), and 
death certificates. In addition to its direct 
relevance for the health surveillance of WTC 
workers, this project will accrue new knowl-
edge on the long-term effects of a major 
environmental disaster on the cardiovascu-
lar health of rescue, recovery, and clean-up 
workers.

WTC Research Cooperative 
Agreements Awarded in FY 2012

Bronchial Reactivity and the Course of 
Lung Function

Project Number: U01 OH010411 

Institution: Albert Einstein College of 
Medicine 

Principal Investigator: Thomas Aldrich, MD 

Phone Number: (718) 999-0734 (office)

Email: Rachel.Zeig-Owens@fdny.nyc.gov

Project Duration: 2 years (Project Completed)

Description: Persistent obstructive airways 
disease (an asthma-like condition) is com-
mon among WTC exposed firefighters, though 
rare in this population before September 11, 
2001. In about 30%, there is accompanying 
bronchial hyperreactivity (easily triggered 
airway narrowing). This study will re-ex-
amine a large number of firefighters who 
had bronchial reactivity soon after 9/11 to  
determine whether those with bronchial 
hyper-reactivity at onset have persistent 

hyperactivity more than ten years later, wheth-
er they have accelerated lung function decline, 
and whether those treated with anti-asth-
ma medications were more likely to show  
resolution of bronchial hyperactivity and/or 
show less rapid decline in lung function.

For How Long is WTC Exposure Associated 
with Incident Airway Obstruction

Project Number: U01  OH010412 

Institution: Albert Einstein College of 
Medicine 

Principal Investigator: Charles Hall, PhD 

Phone Number: (917) 974-4009

Email: charles.hall@einstein.yu.edu

Project Duration: 2 years (Project Completed)

Description: The study uses innovative 
statistical methods (parametric survival 
models with change points) to study the 
incidence of new onset OAD diagnoses and 
symptoms over the first ten years following 
WTC exposure, with the goal of determining 
the length of time that exposure response 
gradients are observed among exposed 
FDNY firefighters. This study will allow esti-
mation of the length of time that a relatively 
short-term, high intensity exposure may be 
associated with incident respiratory illness.

Pulmonary Diseases in WTC Workers: 
Symptoms, Function, and Chest CT 
Correlates

Project Number: U01  OH010401 

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigator: Rafael E. de la Hoz, MD

Phone Number: (212) 241-8871 

mailto:Rachel.Zeig-Owens%40fdny.nyc.gov?subject=WTCHP%20Project%2010411
mailto:charles.hall%40einstein.yu.edu?subject=WTCHP%20Project%2010412
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Email: Lilliam.Medina@mssm.edu

Project Duration: 4 years (Project Completed)

Description: The overall goal of this study is 
to identify the early manifestations of lung 
disease among the WTC workers and volun-
teers, as well as investigate their risk factors. 
The study team will perform standardized 
and computer-assisted readings of all chest 
CT scans received by WTC workers and vol-
unteers at the Mount Sinai Medical Center 
since January 2003; assess the findings in a 
systematic way; evaluate the correlation of 
findings with clinical, functional, and expo-
sure indicators; and develop a protocol for 
continued radiological surveillance of this 
cohort.

Biomarkers of Psychological Risk 
and Resilience in World Trade Center
Responders

 

Project Number: U01  OH010407 

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigators: Adriana 
Feder, MD; Robert Pietrzak, PhD; Steven 
Southwick, MD

Phone Number: (212) 659-9145 

Email: adriana.feder@mssm.edu

Project Duration: 4 years (Project Completed)

Description: This study will employ a 
multi-level approach to study clinical, 
psychosocial, neuroendocrine, genotypic, 
gene-environment interaction, and molec-
ular factors associated with PTSD risk and 
resilience in a sample of 500 WTC respond-
ers. The study will provide important infor-
mation about the risk and resilience factors 
for PTSD in disaster responders and make 
possible the development of improved 

preventive and treatment interventions for 
this disorder in disaster responders and 
trauma-exposed individuals in general.

Prognosis and Determinants of Asthma
Morbidity in WTC Rescue and Recovery 
Workers

 

Project Number: U01  OH010405

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigator:
Juan Wisnivesky, MD, DrPH

Phone Number: (212) 824-7567 

Email: juan.wisnivesky@mssm.edu

Project Duration: 4 years (Project Completed)

Description: Asthma is a common illness 
among WTC workers (nine-year cumulative 
incidence is about 28%) and is responsible 
for a high rate of morbidity and diminished 
quality of life in this population. However, 
there is limited data regarding the natural 
history or factors that contribute to asthma 
morbidity among WTC workers. The objec-
tive of this study is to examine the natural 
history, self-management, and impact of 
physical and mental health comorbidities 
on asthma morbidity among WTC rescue 
and recovery workers.The Impact of 9/11 on 
Youth: Mental 

Health, Substance Use & Other Risk
Behaviors

 

Project Number: U01  OH010414

Institution: New York State Psychiatric 
Institute at Columbia University

mailto:Lilliam.Medina@mssm.edu
mailto:adriana.feder@mssm.edu
mailto:juan.wisnivesky@mssm.edu
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Principal Investigator: 
Christina W. Hoven, DrPH, MPH

Phone Number: (646) 774-5800

Email: ch42@columbia.edu

Project Duration: 4 years (Project Completed)

Description: Worldwide Public Health  
concern about disaster and its long-term 
consequences on mental health remains an 
important but inadequately addressed is-
sue. This study examines the mental health, 
substance use and other risky behaviors, 
among children directly exposed to the 9/11 
attack—current ages 12-24. The study is de-
signed to obtain an-in depth assessment 
of these adolescents’ and emerging adults’ 
current level of need, with the intention of 
facilitating treatment, diagnosis and inter-
vention, as well as to inform public policy.

Service Need and Use Among Youth 
Exposed to the WTC Attack

Project Number: U01  OH010413

Institution: New York State Psychiatric 
Institute at Columbia University

Principal Investigator:
Christina W. Hoven, DrPH, MPH

Phone Number: (646) 774-5800

Email: ch42@columbia.edu

Project Duration: 2 years (Project Completed)

Description: This study will examine pat-
terns of mental health service utilization,  
barriers to mental health treatment services, 
and the factors associated with such use by 
youth who were exposed to the WTC attack.  
The study findings will provide guidance 
to the improvement of mental health in-
tervention for these youth and will help in 

preparedness efforts for future terrorist 
attacks.

Health and Socioeconomic Sequelae of 
the WTC Disaster Among Responders

Project Number: U01 OH010399 

Institution: Northwell Health

Principal Investigator: Hyun Kim, ScD 

Phone Number: (516) 465-2517

Email: hkim8@nshs.edu

Project Duration: 2 years (Project Completed)

Description: This study will comprehen-
sively describe the overall physical, men-
tal, and socioeconomic impact of the WTC  
disaster on responders, as well as identify the 
linkage between socioeconomic sequelae 
and health among WTC responders. Results 
from this study have the potential to make 
a significant public health impact through 
the identification of new diseases and high-
risk groups within the WTC cohort, and aid  
future development of new guidelines for 
the implementation of an occupational 
health surveillance system for disasters, 
which is essential for disaster preparedness

Epigenetic Linkage between PTSD and 
Respiratory Disease in WTC Responders

Project Number: U01 OH010416 

Institution: State University of New York at 
Stony Brook 

Principal Investigator: Benjamin Luft, MD 

Phone Number: (631) 855-1200

Email:
benjamin.luft@stonybrookmedicine.edu

Project Duration: 2 years (Project Completed) 

mailto:ch42@columbia.edu
mailto:ch42@columbia.edu
mailto:hkim8@nshs.edu
mailto:benjamin.luft%40stonybrookmedicine.edu?subject=WTCHP%20Project%2010416
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Description: WTC disaster responders ex-
hibit persistent symptoms of PTSD and re-
spiratory illness linked to the severity of 
their exposures. One-quarter of respond-
ers affected by these conditions suffer from 
both, resulting in increased disability and 
utilization of medical services. This study 
will examine the potential mechanisms 
underlying PTSD/respiratory co-morbidity 
that may facilitate the development of more 
effective, theory-driven interventions for 
these difficult to treat patients.

Obstructive Sleep Apnea in WTC 
Responders; Role of Nasal Pathology

Project Number: U01 OH010415 

Institution: Robert Wood Johnson Medical 
School at Rutgers University and NYU 
School of Medicine

Principal Investigators:                                
Jag Sunderram, MD and Indu Ayappa, PhD

Phone Number: (732) 235-7038 

Email: sunderja@rwjms.rutgers.edu

Project Duration: 4 years (Project Completed)

Description: Obstructive sleep apnea (OSA) 
is a highly prevalent disorder with significant 
morbidity and impact on quality of life that 
can be improved by treatment with CPAP. 
This study will examine the role of nasal pa-
thology in WTC responders in the develop-
ment of OSA and its impact on their ability 
to use CPAP. The present study contributes 
to understanding the relationship of nasal 
/upper airway mechanisms to the develop-
ment of sleep apnea in this population and 
explores the possibility of improving com-
fort and adherence to CPAP treatment by 
modifying how CPAP is delivered.

Extension of the World Trade Center 
Health Registry

Project Number: U50-OH009739

Institution: New York City Department of 
Health and Mental Hygiene

Principal Investigator: Mark Farfel, ScD

Phone Number: (646) 632-6649

Email: mfarfel@health.nyc.gov

Project Duration: 4 years (Project 
Completed)

Description: During the funding period, 
Registry staff will conduct priority epidemi-
ological analyses using data from the Wave 
1 (2003-04), Wave 2 (2006-08), and Wave 3 
(2011-12) surveys, including analyses to as-
sess risk factors for the development or per-
sistence of serious respiratory and mental 
health conditions over time. A Wave 4 sur-
vey will be conducted using multiple  survey 
modes to ascertain the health status and 
9/11-related healthcare needs of the cohort 
13-14 years after 9/11. The Registry will 
also extend the assessment of cancer and 
mortality incidence through 10 years post-
9/11, investigate potential emerging health 
conditions through public health surveil-
lance and follow-up studies (including col-
laborations with the WTC Health Program 
and other external researchers), and con-
tinue outreach to encourage enrollees to 
access monitoring and treatment through 
the WTC Health Program.

WTC Research Cooperative 
Agreements Awarded in FY 2013

Post-9/11 Incidence of Systemic 
Autoimmune Diseases in the FDNY 
Cohort

mailto:sunderja@rwjms.rutgers.edu
mailto:mfarfel@health.nyc.gov
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Project Number: U01 OH010513 

Institution: Albert Einstein College of 
Medicine 

Principal Investigator: Mayris Webber, DrPH 

Phone Number: (718) 999-2665

Email: webberm@fdny.nyc.gov

Project Duration: 2 years (Project Completed)

Description: The overall goal of this two-
year study is to calculate in 21,786 WTC-
exposed and unexposed firefighters and 
emergency medical service workers and to 
estimate the association between intense 
WTC exposure and SAID. If results suggest 
that SAID are increased in relation to WTC 
exposure, FDNY and other centers of excel-
lence could then incorporate active case 
finding into routine monitoring visits, facili-
tating early detection and treatment, which 
has been shown to reduce end-organ dam-
age and improve quality of life.

Trace Elements in Autopsy Tissue from 
World Trade Center Decedents

Project Number: U01 OH010395 

Institution: New York University School of 
Medicine

Principal Investigator: Michael Marmor, PhD 

Phone Number: (212) 263-6667

Email: michael.marmor@nyumc.org

Project Duration: 2 years (Project Completed)

Description: This study will determine if 
WTC-related trace elements can be identi-
fied in tissues of individuals at their times 
of death in 2007–2012. If signature trace el-
ements can be identified, this project will 
lay the foundation for future development 
of biomarkers indicative of cumulative ex-
posure to WTC contaminants among living 

individuals. Biomarkers reflective of WTC ex-
posures would be of value to research on the 
health effects of WTC exposures among first 
responders, residents and workers, includ-
ing members of the WTC Health Program. 
They would also be helpful for the investi-
gation and attribution of diseases among 
WTC-exposed individuals and may aid in the 
treatment of WTC-associated diseases.

Early Identification of World Trade 
Center Conditions in Adolescents

Project Number: U01 OH010394 

Institution: New York University School of 
Medicine

Principal Investigator:                      
Leonardo Trasande, MD, MPP

Phone Number: (646) 501-2520 

Email: leonardo.trasande@nyumc.org

Project Duration: 3 years (Project Completed) 

Description: This study builds on prelimi-
nary studies in self-selected populations to 
identify opportunities for early identifica-
tion of WTC-related health consequences in 
adolescents. If adverse health consequenc-
es are identified, proactive cardiometa-
bolic and pulmonary screening of exposed  
children may be indicated, with targeted 
interventions intended to prevent devel-
opment of chronic obstructive pulmonary 
disease, and adverse cardiometabolic out-
comes in adulthood.

Uncontrolled Lower Respiratory 
Symptoms in the WTC Survivor Program

Project Number: U01 OH010404

Institution: New York University School of 
Medicine

Principal Investigator: Joan Reibman, MD 

mailto:webberm@fdny.nyc.gov
mailto:michael.marmor@nyumc.org
mailto:leonardo.trasande@nyumc.org
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Phone Number: (212) 263-6479

Email: joan.reibman@nyumc.org

Project Duration: 3 years (Project 
Completed) 

Description: Many “survivors” (communi-
ty members) in the WTC clinical treatment 
program have persistent LRS, despite treat-
ment. This study will test the hypothesis that 
patients with uncontrolled LRS have (de-
spite aggressive medical therapy) increased 
rates of abnormal airway physiology, airway 
inflammation and co-morbid conditions 
when compared to those with controlled 
symptoms. Identifying these mechanisms 
for uncontrolled LRS is imperative to guide 
therapy with the important potential to re-
duce secondary adverse health outcomes.

Prostate Cancer Risk and Outcome in 
WTC Respondents

Project Number: U01 OH010396 

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigator:                     
Emanuela Taioli, MD, PhD

Phone Number: (516) 465-3093 

Email: emanuela.taioli@mssm.edu

Project Duration: 2 years (Project Completed)

Description: This study represents the first 
in-depth analysis of prostate cancer among 
WTC rescue and recovery workers. The 
study results will have practical implications 
on the surveillance and clinical manage-
ment of prostate cancer, which is the most 
common cancer among male WTC Health 
Program members. The study will generate 
novel data on biomarkers of prostate cancer 
aggressiveness that could be used to make 

decisions on clinical treatment.

Mind-Body Treatment for WTC 
Responders with Comorbid PTSD and 
Respiratory Illness

Project Number: U01 OH010524

Institution: State University of New York 
at Stony Brook 

Principal Investigator: Adam Gonzalez, PhD 

Phone Number: (631) 855-1233

Email: adam.gonzalez@stonybrook.edu

Project Duration: 3 years (Project Completed) 

Description: Comorbid PTSD and respi-
ratory illness continue to burden WTC 
responders over a decade post disaster, 
despite pharmaceutical and psychothera-
peutic treatment efforts. Mind-body treat-
ments have demonstrated promise for 
reducing both PTSD and respiratory symp-
toms, and potential biological markers un-
derlying these conditions; however no RCT 
has evaluated this treatment approach 
among patients with comorbid PTSD and 
respiratory illness. This study will be the 
first RCT to evaluate a novel mind-body 
treatment among WTC responders with 
these comorbidities and could have im-
portant implications for health care costs, 
quality of life and functioning, morbidity 
and possibly mortality.

WTC Research Cooperative 
Agreements Awarded in FY 2014

Post-9/11 Cancer Incidence in FDNY 
Firefighters

Project Number: U01 OH010728 

Institution: Albert Einstein College of 

mailto:Joan.reibman@nyumc.org
mailto:emanuela.taioli@mssm.edu
mailto:adam.gonzalez@stonybrook.edu
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Principal Investigator: Mayris Webber, DrPH 

Phone Number: (718) 999-2665 

Email: webberm@fdny.nyc.gov

Project Duration: 2 years (Project Completed)

Description: Modest elevations in cancer 
rates post-exposure to the WTC site have 
been reported in all three cohorts of rescue/
recovery workers. The overarching goal of 
this proposal is to improve understanding of 
the association between WTC exposure and 
cancer risk. We will: 1) Compare cancer rates 
in WTC-exposed NYC firefighters to rates in 
non-WTC-exposed firefighters; 2) develop a 
new exposure measure based on work re-
cords and model cancer incidence rates as 
a function of both time of first arrival at the 
WTC site and the new duration measure; 
and, 3) estimate the future cancer burden of 
WTC-exposed firefighters.

Biorepository of Cancer Tissue Samples
from WTC Responders

 

Project Number: U01 OH010512 

Institution: Feinstein Institute for Medical 
Research 

Principal Investigator:                       
Emanuela Taioli, MD, PhD 

Phone Number: (516) 465-3093

Email: etaioli@nshs.edu

Project Duration: 2 years (Project Completed)

Description: The current project aims to es-
tablish a biorepository of cancer tissue sam-
ples from WTC responders. This biorepos-
itory will consolidate tissue samples from 
all those in the WTC cohort that consent to 
participate. These samples will be stored 

in a centralized location, de-identified, and 
cataloged. This will allow for future research 
into WTC-specific mechanisms involved 
in cancer development, and will result in  
improved treatment options for WTC re-
sponders. Procedures will be implemented 
to review and grant/deny requests for use of 
samples in biomedical research based on a 
rigorous review.

Deciphering Biological Linkages between 
PTSD and Respiratory Disease in WTC 
Responders 

Project Number: U01OH010718 

Institution: State University of New York at 
Stony Brook 

Principal Investigator: Benjamin Luft, MD 

Phone Number: (631) 855-1200

Email:                                                                   
benjamin.luft@stonybrookmedicine.edu

Project Duration: 2 years (Project Completed)

Description: The September 11, 2001,  
terrorist attack on the WTC was an extraor-
dinary environmental disaster resulting in 
an unprecedented combination of physical 
and emotional trauma. As many as 60% of 
responders will experience clinically signifi-
cant symptoms, most prominently PTSD and 
LRS. Our group found that PTSD is not only 
associated with LRS but may contribute to 
the development of these symptoms as well 
as diminish their response to treatment.  
We have performed epigenetic studies and 
are beginning to untangle the genes respon-
sible for this association. The proposed study 
will extend these findings to identify the  
precise cell where these pathogenic relation-
ships are occurring. Ultimately, this knowl-
edge will lead to the development of better  
diagnostics and more specific treatment for 
this disease process.

mailto:webberm@fdny.nyc.gov
mailto:etaioli@nshs.edu
mailto:benjamin.luft@stonybrookmedicine.edu
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The Daily Burden of PTSD and 
Respiratory Problems in World Trade 
Center Responders 

Project Number: U01 OH010712 

Institution: State University of New York at 
Stony Brook 

Principal Investigator: Roman Kotov, PhD 

Phone Number: (631) 632-7763

Email: Roman.Kotov@stonybrook.edu

Project Duration: 2 years (Project Completed)

Description: Comorbid PTSD and LRS are 
among the most common and persistent 
health burdens faced by WTC responders 
following the attacks on 9/11. For the first 
time, the proposed study will use ecological 
momentary assessment approach to survey 
WTC responders in real time about the prev-
alence, burden and the sequence of PTSD 
and LRS, and to test biological processes 
involved.

Evolution of Risk Factors for Sinusitis in 
WTC Exposed Firefighters

Project Number: U01 OH010726

Institution: New York University School of 
Medicine

Principal Investigator: Michael Weiden, MD 

Phone Number: (212) 263-6479

Email: michael.weiden@nyumc.org

Project Duration: 2 years (Project Completed)

Description: Early neutrophil concentra-
tions in blood drawn within 6 months of 
exposure were a risk factor for progres-
sive sinusitis. Despite treatment, those 
affected continue to experience mor-
bidity and reduced quality of life, while 

screening continues to identify new cases. 
Development of models, using an inexpen-
sive, biomarker (complete blood count or 
CBC) that predicts disease severity and pro-
gression may enable earlier and more ag-
gressive interventions to improve the health 
of WTC-exposed subjects. This may improve 
the quality of life of those with high risk of 
proceeding to sinus surgery. This may also 
avoid radiation exposure to those at low 
risk.

For How Long is the WTC Exposure 
Associated with Chronic Rhinosinusitis

Project Number: U01 OH010711 

Institution: Albert Einstein College of 
Medicine 

Principal Investigator: Charles B. Hall, PhD 

Phone Number: (917) 803-5470

Email: charles.hall@einstein.yu.edu

Project Duration: 2 years (Project Completed)

Description: This study will use innovative 
statistical methods to examine the tem-
poral patterns in the association between 
the effects of rescue/recovery work at the 
WTC by FDNY firefighters on the incidence 
of physician-diagnosed CRS and on self-re-
ported persistent rhinosinusitis symptoms. 
Specifically, we will use parametric surviv-
al models with change points to determine 
whether the exposure-response relation-
ship persists for years after exposure or be-
comes attenuated after some time.

mailto:Roman.Kotov@stonybrook.edu
mailto:michael.weiden@nyumc.org
mailto:charles.hall%40einstein.yu.edu?subject=WTCHP%20Project%2010711
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Mental Health Impact and Service Use 
among Asian Survivors and Rescuers 
Exposed to the WTC Attack

Project Number: U01 OH010516 

Institution: Fordham University

Principal Investigator: Winnie Kung, PhD

Phone Number: (347) 239-1717 

Email: kung@fordham.edu

Project Duration: 2 years (Project Completed)

Description: This study attempts to assess 
the short-, medium-, and long-term mental 
health impact of the WTC attack on Asian 
Americans. The course of the psychological 
distress and its related risk factors will be ex-
plored, and the pattern is compared to that of 
whites. It also examines Asians’ mental health 
service use patterns and the facilitating factors 
and barriers to help seeking. It has important 
policy implications in improving treatment 
access to this sizable but understudied sub-
group affected by the attack, which has a his-
tory of being the lowest mental health service 
users compared to other races.

Assessing the Impacts of Epidemiologic 
Biases in WTC Health Studies

Project Number: U01 OH010730 

Institution: Feinstein Institute for Medical 
Research 

Principal Investigator: Hyun Kim, ScD 

Phone Number: (516) 465-2517

Email: kimx4804@umn.edu

Project Duration: 2 years (Project Completed)

Description: The main goal of the pro-
posed study is to assess the impacts 
of epidemiologic biases in WTC health 

studies by identifying the presence of bias 
and then by quantifying and adjusting for 
the bias effects. The successful completion 
of the proposed bias analysis will assist oth-
er researchers to draw plausible inference of 
WTC health effects and other future disaster 
studies by adjusting for bias.

WTC-Heart: A Cohort Study of Heart 
Diseases in Word Trade Center 
Responders

Project Number: U01 OH010722 

Institution: Center for the Biology of 
Natural Systems (CBNS) CUNY-Queens 
College

Principal Investigator: Alfredo Morabia, MD

Phone Number: (718) 670-4182

Email: alfredo.morabia@qc.cuny.edu

Project Duration: 2 years (Project Completed)

Description: Several research studies indi-
cate that people working or residing near 
Ground Zero in 2001-2002 are at increased 
risk of CVD. It is hypothesized that this  
increased risk is a result of exposure to the 
dust and gases liberated by the destruction 
of the twin towers and/ or the psychological 
stress of working in such a dramatic human 
and environmental disaster. WTC-Heart 
(n=6,481) is a rigorous cohort study com-
prised of responders and volunteers recruit-
ed at the WTC Health Program. WTC-Heart 
will provide unique evidence of observed 
CVD risk and predicted CVD risk in WTC re-
sponders to guide the implementation of 
preventive interventions.

Renal and Cardiovascular Impairment 
in WTC Responders: Implications for 
Diagnosis and Treatment

Contract Number: U01 OH010716 

mailto:kung@fordham.edu
mailto:kimx4804@umn.edu
mailto:alfredo.morabia@qc.cuny.edu
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Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigator:                            
Maryann McLaughlin, MD, MPH

Phone Number: 1 (866) 537-7107

Email: cynara.maceda@mssm.edu

Project Duration: 2 years (Project Completed)

Description: Environmental toxins ex-
ert damaging health effects in workers. 
Volunteers of the WTC rescue and recovery 
effort following WTC attacks may be at in-
creased risk for worsening health. The goal 
of this proposal is to quantify the risk of 
kidney damage among first responders to 
the WTC attack and determine its relation-
ship to particulate matter exposure. We hy-
pothesize that exposure to inhaled particu-
late matter causes systemic inflammation 
and endothelial dysfunction that result in 
chronic kidney and cardiovascular damage. 
Knowledge to be gained from this proposal 
can influence strategies to minimize the risk 
of chronic kidney and cardiovascular dis-
ease among first responders

WTC Research Cooperative 
Agreements Awarded in FY 2015

A Pilot Test of the Relaxation Response 
Resiliency Program (3RP) in Spanish 
Speaking World Trade Center Disaster 
Survivors with PTSD 

Project Number: U01 OH0 10996

Institution: New York University School of 
Medicine

Principal Investigator: Lucia Ferri, PhD

Phone Number: (212) 562-1735

Email: Lucia.Ferri@bellevue.nychhc.org

Project Duration: 1 year (Project Completed)

Description: Individuals directly exposed 
to 9/11 WTC disaster, including community 
members who lived or worked in the area, 
continue to experience significant psychi-
atric and physical health symptoms. At 
the WTC EHC, at least one-third of patients 
serviced are Hispanic with Spanish as their 
primary language. Unfortunately, there are 
limited, empirically-supported treatment 
protocols that are translated and available 
in Spanish for this population. This study 
will adapt and translate the Relaxation 
Response Resiliency Program (3RP), a 
comprehensive mind-body treatment, for 
Spanish-speaking WTC survivors. We will 
evaluate whether the treatment is accept-
able and feasible for this population.

Childhood Exposures to Persistent 
Organic Pollutants in the World Trade 
Center Disaster and Cardiovascular 
Consequences 

Project Number: U01 OH010714

Institution: New York University School of 
Medicine
Principal Investigator:                         
Leonardo Trasande, MD, MPP

Phone Number: (646) 501-2520 

Email: leonardo.trasande@nyumc.org

Project Duration: 1 year (Project Completed)

Description: The study builds upon a 
NOSH-supported study of WTC-exposed 
adolescents to assess whether persistent 
organic pollutant exposures are potentially 
contributors to cardiometabolic conditions 
in adolescents. If these exposures are asso-
ciated with cardiometabolic consequences 
and with reported exposure to the disaster, 

mailto:cynara.maceda@mssm.edu
mailto:Lucia.Ferri@bellevue.nychhc.org
mailto:leonardo.trasande@nyumc.org
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these findings will enhance understanding 
of WTC-associated conditions and guide 
proactive screening and management of fu-
ture disasters.

Clinical Characteristics and Outcomes of 
WTC-Associated Sarcoidosis

Project Number: U01 OH0 10993 

Institution: Albert Einstein College of 
Medicine 

Principal Investigator:                             
Simon Spivack, MD, MPH (Thomas Aldrich, MD) 

Phone Number: (718) 678-1040 (office); 

Email: simon.spivack@einstein.yu.edu

Project Duration: 1 year (Project Completed)

Description: Sarcoidosis, an inflammatory 
disease of unknown cause that can affect 
almost any organ, has been noted in un-
expectedly large numbers of WTC-exposed 
persons, including 76 FDNY firefighters. This 
project is a detailed re-examination of this 
group, to define their clinical patterns and 
genetic markers and compare them with 
those of previously reported non-WTC-ex-
posed sarcoidosis patients. We will also 
assess genetic differences with similarly 
WTC-exposed firefighters who did not de-
velop sarcoidosis. The results should help 
to determine the extent and severity of sar-
coidosis triggered by a unique occupational 
exposure.

Cognitive Function among World Trade 
Center Rescue and Recovery Workers—
Direct Effect or Mediation through 
Comorbidities 

Project Number: U01 OH0 10988 

Institution: New York University School of 
Medicine

Principal Investigator: Cheryl Stein, MD

Phone Number: (646) 754-4886

Email:  cheryl.stein@nyumc.org

Project Duration: 1 year (Project Completed)

Description: The main goal of the study is 
to use existing, longitudinal data from the 
New York City Region Clinical Centers of 
Excellence to examine the association be-
tween WTC exposure and cognitive function 
among the nearly 25,000 rescue and recov-
ery workers participating in the WTC Health 
Program. First we want to determine wheth-
er there is evidence of cognitive dysfunction 
among rescue and recovery workers. Then 
if there is evidence of cognitive dysfunction, 
we will try to tease apart whether the dys-
function is due to WTC exposure (e.g., dust, 
chemicals), WTC-related illness (e.g., CVD, 
depression), or both.

Context and Ethnic Diversity: Children’s 
Responses to 9/11

Project Number: U01 OH0 10721

Institution: New York State Psychiatric 
Institute at Columbia University
Principal Investigator:                        
Christina W. Hoven, DrPH, MPH

Phone Number: (646) 774-5800 

Email: ch42@columbia.edu

Project Duration: 1 year (Project Completed)

Description: The Trauma, Context and 
Outcome (TCO) study will identify the role 
that race/ethnicity, interacting with family 
and neighborhood contextual factors, had 
on the mental health outcomes of youth 
exposed to 9/11 and will contribute to the 
NIOSH WTC Health Program. This study 
will clarify the role that children’s context 

mailto:simon.spivack@einstein.yu.edu
mailto:cheryl.stein@nyumc.org
mailto:ch42@columbia.edu
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played in determining if they had a resilient, 
versus an adverse response to 9/11. This 
understanding is key to the development 
of improved and targeted prevention and 
treatment strategies, as well as public pol-
icies, for all children exposed to mass trau-
ma, but especially minority populations.

Enhanced Assessment of WTC Exposure 
and Global DNA Methylation

Project Number: U01 OH 010987 

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigator: Paolo Boffetta, MD

Phone Number: (212) 659-1474 

Email: paolo.boffetta@mssm.edu

Project Duration: 1 year (Project Completed)

Description: The project aims at correlating 
a detailed assessment of exposure of WTC 
responders enrolled at program at Stony 
Brook with alterations the mechanism of 
regulation of DNA called methylation, which 
may be relevant to cancer risk. The project 
is expected to contribute to understanding 
of the possible role of DNA methylation as 
marker of exposure to carcinogenic expo-
sure among WTC responders. If the results 
confirm a correlation between WTC ex-
posures, assessed through a high-quality 
methodology, and altered DNA methyla-
tion, they might lead to the development 
of strategies to identify WTC responders at 
increased risk of cancer and other chronic 
diseases.

Gene Expression Profiles as Markers 
of PTSD Risk and Resilience in WTC 
Responders

Project Number: U01 OH010986 

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigator: Adriana Feder, MD

Phone Number: (212) 659-9145

Email: adriana.feder@mssm.edu

Project Duration: 1 year (project completed)

Description: PTSD arising in response to the 
WTC disaster is one of the most prevalent 
and persistent psychiatric disorders among 
workers involved in rescue, recovery, and 
clean-up efforts, even over a decade after 
9/11. This study involves a comprehensive, 
multi-modal, and integrative assessment of 
biomarkers implicated in the pathophysiol-
ogy of PTSD, including measuring differenc-
es in whole-blood gene expression and oth-
er blood biomarkers of key neurobiological 
systems, an approach critical to informing 
risk and resilience prediction algorithms for 
PTSD, and to develop novel psychopharma-
cologic approaches for the treatment of this 
disabling condition in disaster responders 
and other trauma survivors.

WTC Research Cooperative 
Agreements Awarded in FY 2016

Extension of the World Trade Center 
Health Registry (U50)

Project Number: U50 OH009739-08 

Institution: New York City Department of 
Health and Mental Hygiene

Principal Investigator: Mark Farfel, ScD

Phone Number: (646) 632-6649 

Email: mfarfel@health.nyc.gov

Project Duration: 5 years

Description: The WTC Health Registry  

mailto:paolo.boffetta@mssm.edu
mailto:adriana.feder@mssm.edu
mailto:mfarfel@health.nyc.gov
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contributes to public health by identifying 
the longterm physical and mental health 
effects and health care needs of persons 
directly affected by the WTC disaster. The 
Registry follows a diverse cohort of over 
71,000 persons who performed 9/11-related 
rescue/recovery work, or who lived, worked 
or attended school in lower Manhattan on 
September 11, 2001. The Registry shares its 
health findings and recommendations with 
enrollees, the public, health care provid-
ers, scientists, policy makers, and the WTC 
Health Program. The Registry also provides 
information about 9/11-related services and 
offers enrollee referrals to the WTC Health 
Program.

Head and Neck Cancer in the World 
Trade Center Health Program Cohort; 
Elucidating Risk Factors to Reduce 
Incidence and Morbidity 

Project Number: U01 OH011322

Institution: Rutgers, The State University of 
New Jersey

Principal Investigator: Judith Graber, PhD

Phone Number: (848) 445-0190 

Email: graber@eohsi.rutgers.edu

Project Duration: 2 years

Description: The study will investigate 
whether exposure to pollution from the WTC 
9/11 attacks is associated with increased 
risk of head and neck cancer among WTC 
responders and remediation workers. It will 
further explore whether that exposure adds 
to known causes of head and neck cancer 
including tobacco and alcohol. The find-
ings from this study will help to build the 
evidence base for developing recommen-
dations for modifying risk factors for these 
devastating cancers among WTC respond-
ers, including tobacco and alcohol use.

Evolution of Risk Factors for Lung 
Function Decline in WTC Exposed 
Firefighters

Project Number: U01 OH011302

Institution: New York University School of 
Medicine

Principal Investigator: Michael Weiden, MD 

Phone Number: (212) 263-6479

Email: weidem01@nyumc.org

Project Duration: 3 years

Description: The study will utilize recently 
obtained serum to test if biomarkers such 
as IgE are persistently associated with en-
hanced-FEV1-decline testing the hypothesis 
that Eos, PMN, IgE are risk factors for en-
hanced-FEV1 decline using serum collected 
from 10/2001-2/2002 and serum collected 
2013-2015. This will allow for more inten-
sive monitoring and early treatment to be 
directed toward high risk individuals; mean-
while, avoided devoting costly resources 
to intensive screening individuals at low 
risk for severe disease. This investigation 
could rationalize anti-IgE in patients with 
enhanced-FEV1-decline refractory to stan-
dard therapy even when there is no other 
evidence of atopy.

Maintenance and Extension of a Cohort 
of Career Firefighters as a Non-WTC 
Exposed Comparison for the FDNY 
Firefighter Cohort

Project Number: U01 OH011934  (formerly 
U01 OH011309) 

Institution: Albert Einstein College of 
Medicine 

Principal Investigator: Mayris Webber, DrPH 

Phone Number: (718) 999-2665

mailto:graber@eohsi.rutgers.edu
mailto:weidem01@nyumc.org
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Email: MWebber@montefiore.org

Project Duration: 5 years

Description: Most studies of WTC-exposed 
populations have reported the occurrence 
of various conditions thought to present 
more commonly as a consequence of expo-
sure to the WTC disaster site. Because a non-
WTC-exposed comparison group has not yet 
been identified, the most critical question 
remains unanswered: to what extent are ap-
parent disease and symptom excesses asso-
ciated with WTC exposure? This 5-year proj-
ect will address this question through the 
ongoing study inclusion of an established 
comparison cohort of non-NYC-based urban 
firefighters who were not exposed to the  
disaster site to estimate disease risk in WTC-
exposed compared with risk in unexposed 
firefighters.

Small Airway Chronic Obstructive 
Disease Syndrome Following Exposure to 
WTC Dust 

Project Number: U01 OH011317

Institution: New York University School of 
Medicine

Principal Investigator: Kenneth Berger, MD 

Phone Number: (212) 263-6407

Email: bergek01@nyumc.org

Project Duration: 3 years

Description: Many “survivors” in the WTC 
clinical program have a clinical syndrome 
characterized by chronic obstruction in 
small airways and persistence of LRS de-
spite therapy. This study will test the hy-
pothesis that persistent symptoms in WTC 
“survivors” are associated with abnormal 
small airways whose dysfunction is ampli-
fied during exercise and is associated with 

biologic evidence of inflammation and re-
modeling. The results from this study will 
have important treatment implications for 
our WTC population with potential applica-
bility to larger populations with inhalational 
lung injury and/or airway diseases such as 
asthma and chronic obstructive pulmonary 
disease. 

World Trade Center Exposures, 
Neuropathic Symptoms and Nervous 
System Injury Symptoms, and Nervous 
System Injury

Project Number: U01 OH0 11305 

Institution: New York University School of 
Medicine

Principal Investigator: Michael Marmor, PhD 

Phone Number: (212) 263-6667

Email: michael.marmor@nyumc.org

Project Duration: 2 years

Description: Many survivors and first  
responders have complained of neuro-
pathic symptoms following exposure to the 
WTC attacks of September 11, 2001, or the 
subsequent clean-up activities. This study 
will investigate neuropathy among WTC  
survivors using interview data, neurolog-
ic examinations, skin biopsies to measure 
small fiber nerve densities, electromyo-
grams and nerve conduction velocity stud-
ies. Findings of associations between WTC 
exposures and neuropathic symptoms 
would advance the field of toxic neuropa-
thies and provide data that might affect the 
decision to include or exclude neuropathies 
in the list of WTC-Related Health Conditions 
covered in the WTC Health Program.

mailto:MWebber@montefiore.org
mailto:bergek01@nyumc.org
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Appendix One • Research Portfolio Study Descriptions   
Summary of World Trade Center Health Program Research 2019

Page 40
St

ud
y 

De
sc

rip
tio

ns

RDoC Domains Underlying 
Emotional Health and Trajectories of 
Psychopathology in Families of WTC First 
Responders and Evacuees: A Genome-
Wide GxE Study

Project Number: U01 OH011327 

Institution: New York State Psychiatric 
Institute at Columbia University

Principal Investigator: Christine Hoven, DrPH 

Phone Number: (646) 774-6068

Email: hoven@nyspi.columbia.edu

Project Duration: 5 years

Description: The Wave 3 WTC Family Study 
examines prospectively the consequences 
of parental 9/11 exposure to children and 
parents in a sample of first responders and 
WTC evacuees previously assessed in two 
waves of data collection, with non-exposed 
control families. The study examines the 
link between WTC exposure and a range 
of psychiatric disorders and explores the 
RDoC constructs of mental function and the 
gene-environment interactions that under-
lie them. The overall aim is to understand 
post-9/11 long-term psychiatric outcomes 
and emotional health through an exam-
ination of their associated RDoC dimen-
sions and underlying interactions among 
genome-wide genetic variation and direct/
indirect WTC exposure(s).

9/11 Trauma and Toxicity in Childhood: 
Longitudinal Health and Behavioral 
Outcomes

Project Number: U01 OH011308 

Institution: New York State Psychiatric 
Institute at Columbia University

Principal Investigator:                       
Christine Hoven, DrPH 

Phone Number: (646) 774-6068

Email: hoven@nyspi.columbia.edu

Project Duration: 5 years

Description: The 9/11 Trauma and Toxicity 
in Childhood: Longitudinal Health and 
Behavioral Outcomes Study aims to un-
derstand the longitudinal, lifetime effects 
of 9/11 traumatic and toxic exposures on 
children’s physical health and behavioral 
development, as they grow into adulthood. 
This study follows a cohort of children ex-
posed to 9/11 and assesses the longitudinal 
health effects of their toxic and traumatic 
exposures, and examines the interactions 
of these factors in their development. This 
will generate valuable information to guide 
both psychiatric and general medical care 
for children exposed to 9/11 while providing 
information relevant for youth exposed to 
other traumatic events.

Incidence, Latency, and Survival of 
Cancer Following World Trade Center 
Exposure

Project Number: U01 OH011932 (formerly 
U01 OH011315) 

Institutions: Albert Einstein College of 
Medicine, Icahn School of Medicine at 
Mount Sinai, New York City Department of 
Health, New York State Cancer Registry

Principal Investigators: Charles B. Hall, 
Ph.D.; Paolo Boffetta, M.D., M.P.H.

Phone Numbers: (917)-974-4009 (Dr. Hall); 
(212) 824-7378 (Dr. Boffetta).

Email: charles.hall@einstein.yu.edu

Project Duration: 4 years

Description: Combining follow-up from all 
three cohorts of WTC rescue/recovery work-
ers, this study will update estimates of the 
effect of WTC-exposure on cancer incidence, 
study in detail the latency period between 

mailto:hoven@nyspi.columbia.edu
mailto:hoven@nyspi.columbia.edu
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exposure and cancer incidence, and study 
the effect of WTC-exposure and other prog-
nostic factors on survival after cancer di-
agnosis in this population. This research 
will add to the understanding of long-term 
consequences of WTC-exposure, inform sur-
veillance efforts in future environmental di-
sasters, will stimulate further research into 
environmental risk factors for cancer in this 
and other cohorts, and will stimulate future 
work that would maximize survival of can-
cer patients among WTC-exposed workers.

Hepatitis C Virus Infection in WTC 
Responders

Project Number: U01 OH011307 

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigators: Stephanie Factor, MD,

MPH; Paolo Boffetta, MD, MPH Phone 
Number: (212) 824-7385 

Email: stephanie.factor@mssm.edu

Project Duration: 2 years

Description: This study provides hepatitis 
C virus (HCV) screening to members of the 
WTC cohort followed at the Icahn School 
of Medicine at Mount Sinai (WTC Health 
Program) born during 1945–1965, and link-
age to care for those found infected. In addi-
tion to identifying and treating HCV-infected 
individuals within the WTC Health Program, 
the study aims to identify undetermined 
risk factors for HCV infection experienced 
by WTC Health Program members, and fac-
tors associated with improved linkage to 
HCV care. These findings would be relevant 
to the larger US population, especially to  
persons born during 1945–1965 who are at 
high risk of HCV infection.

Structural and Functional Neuroimaging 
of Post-Traumatic Stress Disorder and 
Cognitive Impairment in World Trade 
Center Responders 

Project Number: U01 OH011314 

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigator: Roberto Lucchini, MD

Phone Number: (212) 824-7052 

Email: roberto.lucchini@mssm.edu

Project Duration: 4 years

Description: The Stony Brook arm of 
the WTC Health Program screened 2,400  
responders with the MoCA, observing a 2.6% 
moderate-to-severe Cognitive Impairment 
(scores <20), with significant association 
with WTC-PTSD. We will use functional MRI 
and PET/MRI imaging to examine these 
brain patterns among 120 SBU-WTC re-
sponders, including 30 with CI (MoCA <20, 
and PTSD; 30 with Cognitive Impairment 
without PTSD; 30 with normal cognitive 
functioning (MoCA>26) and PTSD; and 30 
with normal cognitive functioning without 
PTSD. All responders will be matched on 
age and occupation as well as 30 non-WTC 
exposed, matched controls.

Thyroid Cancer Risk in WTC Responders 

Project Number: U01 OH010984

Institutions: Icahn School of Medicine 
at Mount Sinai, Johns Hopkins School of 
Medicine 

Principal Investigators: Emanuela Taioli, 
MD, PhD and Gregory Riggins, MD, PhD

Phone Number: (212) 659-9590 

Email: emanuela.taioli@mountsinai.org

mailto:stephanie.factor%40mssm.edu?subject=
mailto:roberto.lucchini@mssm.edu
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Project Duration: 3 years

Description: A statistically significant ex-
cess of thyroid cancer has been identified 
among WTC rescue and recovery workers 
included in the WTC Health Program at 
Mount Sinai in New York, and in two other 
cohorts, the WTC-exposed firefighters and 
the NYC Department of Health exposed res-
idents. The objectives of this project are to 
elucidate the reasons for the increased inci-
dence of thyroid cancer among WTC Health 
Program participants, and to explore the 
behavior of these cancers. This project will 
investigate whether thyroid cancers among 
WTC Health Program participants differ 
from a clinical, epidemiologic and molecu-
lar viewpoint from thyroid cancers in WTC-
unrelated patients.

Assessing Inflammatory and Behavioral 
Pathways Linking PTSD to Increased 
Asthma Morbidity in WTC Workers

Project Number: U01 OH0 11312 

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigator:                               
Juan Wisnivesky, MD, DrPH

Phone Number: (212) 824-7567 

Email: Juan.wisnivesky@mssm.edu

Project Duration: 5 years

Description: Asthma and PTSD are the most 
common conditions in WTC rescue and re-
covery workers. In this study, we will evalu-
ate the interplay of biological and behavior-
al mechanisms explaining the relationship 
of PTSD with increase asthma morbidity and 
adapt and pilot test a novel intervention to 
improve outcomes of WTC workers.

Impact of WTC Dust on Immune
Functions and Prostate Cancer 
Promotion

 

Project Number: U01 OH011328 

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigator: Stuart Aaronson, MD

Phone Number: (212) 659-5400 

Email: stuart.aaronson@mssm.edu

Project Duration: 5 years

Description: This project addresses ad-
verse health effects to WTC rescue and re-
covery workers of exposure to dust contain-
ing asbestos and other toxic components. 
Proposed studies would test mechanisms 
that may be responsible for the increased 
incidence of prostate cancer in exposed 
individuals using mouse genetic models. 
Immune and/ or other biomarkers identified 
would also be applied in correlative studies 
with prostate tumors from WTC workers.

Roles for WTC Dust and DEP Co-pollutant 
in First Responder Cardiovascular 
Ailments

Project Number: R01 OH010921

Institution: New York University School of 
Medicine

Principal Investigator: Mitchell Cohen, PhD 

Phone Number: (845) 731 3527 

E-mail: cohenm01@nyumc.org

Project Duration: 4 years

Description: There is an elevated risk for 
development of atherosclerosis/CVD among 
first responders who were present at Ground 
Zero over the first 72 hours. It has yet to be 
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established if WTC dusts were causative 
agents to alter heart/vascular functions 
or caused damage in situ, modulating the 
impact of other pollutants that were also 
present at high levels at Ground Zero. These 
rodent model studies — using relevant ex-
posure scenarios mimicking mouth-breath-
ing exposures/pollutant levels in that criti-
cal period — will help us better understand 
the bases for the still-increasing incidence 
of cardiovascular anomalies reported in first 
responders.

Internet-Based Psychotherapies for PTSD 
Symptoms in WTC Responders

Project Number: U01 OH010729 

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigator: Adriana Feder, MD

Phone Number: (212) 659-9145 

Email: adriana.feder@mssm.edu

Project Duration: 3 years

Description: While CBT is the most effective 
and empirically supported of PTSD treat-
ments, its provision to WTC workers who 
still suffer from clinically significant WTC-
related PTSD is often limited by geographi-
cal distance, reduced availability of expertly 
trained therapists, and stigma associated 
with seeking mental health treatment. We 
will conduct a randomized controlled trial to 
assess the efficacy of Internet-based, thera-
pist-assisted CBT in WTC rescue and recov-
ery workers with clinically-significant PTSD 
symptoms, compared to a control interven-
tion of Internet-based, therapist-assisted 
supportive counseling, and will evaluate ge-
netic and epigenetic biomarker predictors 
and correlates of treatment response.

Personality-Informed Care Model for 
9/11-Related Comorbid Conditions

Project Number: U01 OH011321 

Institution: State University of New York at 
Stony Brook

Principal Investigator: Roman Kotov, PhD

Phone Number: (631) 638-1923 

Email: roman.kotov@stonybrookmedicine.edu

Project Duration: 5 years

Description: Co-occurrence of medical and 
psychiatric illness is very persistent and 
prevalent in WTC responders following the 
attacks of 9/11, impairing their daily func-
tioning and treatment outcomes. For the 
first time, the proposed study will identify 
modifiable personality-informed risk fac-
tors, resilience characteristics, and mecha-
nisms for maintenance of comorbid condi-
tions, as well as propose, and test, using a 
proof-of-concept randomized control trial, 
a system of personality-informed interven-
tions to improve care of vulnerable indi-
viduals. This study will inform planning of 
WTC Health Program services and patient 
care, and will advance science by help-
ing to illuminate the etiology of complex 
comorbidities.  

WTC Research Cooperative 
Agreements Awarded in FY 2017

Neuroimaging of Resilience in World 
Trade Center Responders: A Focus on 
Emotional Processing, Reward and 
Social Cognition

Project Number: U01 OH011473

Institution: Icahn School of Medicine at 
Mount Sinai

mailto:adriana.feder@mssm.edu
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Principal Investigator: Adriana Feder, MD

Phone Number: (212)659-9145

Email: adriana.feder@mssm.edu

Project Duration: 4 years

Description: The ultimate goal of this study 
is to develop an integrative, data-driven 
model to examine how patterns of brain acti-
vation across functional domains give rise to 
distinct mechanisms underlying resilience, 
and how these neural mechanisms interre-
late with behavioral (e.g., emotion regula-
tion, reward responses, social cognition) and 
psychosocial (e.g., coping self-efficacy, posi-
tive emotions, social connectedness) factors 
implicated in resilience. Results of this study 
will be used to inform personalized and tar-
geted prevention and treatment approaches 
that bolster function of specific neural circuits 
and help promote psychological resilience in 
WTC and other disaster responders, as well 
as other populations of trauma survivors.

Linking the Effects of 9/11 to Kidney 
Disease

Project Number: U01 OH011326

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigator:                               
Mary Ann McLaughlin, MD,  MPH

Phone Number: (212) 241-3340

Email: MaryAnn.McLaughlin@mountsinai.org

Project Duration: 3 years

Description: This study focuses on the 
prevalence and identification of kidney 
disease among WTC Health Program pa-
tients and assessment of kidney disease 
in a multi-factorial manner. The first aim is 
to correlate kidney dysfunction with 9/11 
exposure. Secondly, we propose that a 

well-established WTC-related condition, 
obstructive sleep apnea, is independent-
ly associated with kidney disease. Lastly, 
we would explore potential mechanisms 
and phenotypes of kidney disease in WTC 
Health program participants. Successful 
completion of the research would address a 
critical knowledge gap regarding risk of kid-
ney damage among this group, and would 
inform future mechanistic studies with the 
potential to impact prevention.

Hepatotoxic Exposures, Progressive 
Fatty Liver Disease (NASH), and Liver 
Cancer Risk in the World Trade Center 
Health Program General Responder 
Cohort

Project Number: U01 OH011489

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigator: Andrea Branch, PhD 

Phone Number: (212) 659-8371

Email: mandrea.branch@mssm.edu

Project Duration: 4 years

Description: This project will develop and 
use innovative and enabling digital tech-
nologies to provide the first systematic 
investigation of liver disease in a large co-
hort of WTC responders. WTC responders 
were exposed to many substances known 
to cause serious progressive liver disease 
in other populations and in animal models; 
and it is thus highly likely that the WTC at-
tack exposed responders to hepatotoxins 
that caused liver damage. By uncovering 
previously unrecognized liver disease and 
by introducing new digital technology, this 
project is expected to improve the health of 
WTC responders and rescue workers and to 
advance computational methods for ana-
lyzing medical data.

mailto:adriana.feder@mssm.edu
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Prenatal WTC Chemical Exposures, Birth 
Outcomes and Cardiometabolic Risks

Project Number: U01 OH011299

Institution: New York University School of 
Medicine

Principal Investigator: Leonardo Trasande, MD 

Phone Number: (646) 501-2520

Email: trasal01@nyumc.org

Project Duration: 4 years

Description: Effects of perinatal exposures 
to the World Trade Center (WTC) disaster 
have identified increases in adverse birth 
outcomes. The disaster also released large 
amounts of particulate matter, heavy met-
als and persistent organic pollutants, which 
have been associated with adverse birth 
outcomes and cardiometabolic risks later 
in life. If WTC exposures, chemical and psy-
chological, are associated with these out-
comes, the study findings could facilitate 
proactive interventions such as treatment 
with antihypertensive medications, which 
have been documented to prolong survival 
among adults with suboptimal cardiovascu-
lar profile.

Mortality among WTC Rescue and 
Recovery Workers 

Project Number: U01 OH011480

Institution: Icahn School of Medicine at 
Mount Sinai 

Principal Investigator: Paolo Boffetta, MD 

Phone Number: (212) 824-7378

Email: paolo.boffetta@mssm.edu

Project Duration: 4 years

Description: Preliminary analyses based on 
comparisons with the general population 
showed a reduced mortality among WTC 

rescue and recovery workers, which may be 
due to selection of healthy workers in the 
cohorts. We plan to perform a number of 
analyses of a combined database compris-
ing three WTC cohorts to address the possi-
ble ‘healthy worker effect’ and to investigate 
whether there is any indication of a possible 
effect of WTC exposure on mortality of these 
workers. The proposed research will provide 
strong evidence on the presence or absence 
of an association of WTC exposure and mor-
tality among WTC workers, and will inform 
on the best methodology to quantitative as-
sess the effects of disasters on mortality of 
exposed individuals.

Metabolomics of World Trade Center-
Lung Injury: Biomarker Validation, 
Longitudinal Assessment and Dietary 
Intervention

Project Number: U01 OH011300

Institution: New York University School of 
Medicine

Principal Investigator: Anna Nolan, MD, MS

Phone Number: (212) 263-7283

Email:  Anna.Nolan@nyumc.org

Project Duration: 4 years

Description: The adverse impact on quality 
of life and sizable cost of WTC-lung injury 
(WTC-LI) are public health concerns. We 
propose to Identify and Validate metabolic 
contributors of WTC-LI through comprehen-
sive metabolomics profiling and integration 
of relevant clinical, environmental, and se-
rum biomarkers. We propose to investigate 
targeted behavioral dietary modification to 
alter modifiable risk factors and metabolo-
mic (scientific study of chemical processes 
involving metabolites) biomarkers that 
may mitigate disease severity and improve 
the health and well-being of WTC exposed 
patients.

mailto:trasal01%40nyumc.org?subject=
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Longitudinal Genome-wide 
Transcriptome Study of PTSD Symptom 
Change in WTC Responders

Project Number: U01 OH011478

Institution: The Research Foundation for 
the State University of New York

Principal Investigator: Pei Fen Kuan, PhD

Phone Number: (631) 632-1419

Email: peifen.kuan@stonybrook.edu

Project Duration: 3 years

Description: The 9/11 World Trade Center 
terrorist attack was a massive disaster, re-
sulting in long-term physical and psycholog-
ical symptoms among responders,in partic-
ular PTSD and lower respiratory symptoms 
(LRS). The proposed study builds on an ex-
tensive pilot study by evaluating the asso-
ciation between change in gene expression 
and changes in PTSD and LRS symptom se-
verity across an 18-month period, using cut-
ting edge RNA-sequencing. By characterizing 
the transcriptome patterns and pathways for 
these symptoms, our goal is to shed light on 
the biological mechanisms underlying this 
comorbidity, which can help prevent the ex-
acerbation of physical symptoms by inter-
vening at the level of etiological pathway.

Early Detection of Hematologic 
Malignancies in New York City 
Firefighters Exposed To World Trade 
Center Dust after the 9/11 Attacks

Project Number: UU01 OH011933 (former-
ly U01 OH011475)

Institution: Albert Einstein College of 
Medicine, INC. 

Principal Investigator: Amit Verma, MD

Phone Number: (718) 430-8761

Email: amit.verma@einstein.yu.edu

Project Duration: 3 years

Description: The overall goal of this project 
is early detection of blood cancers using 
a large repository of blood and serum 
samples from firefighters exposed to WTC 
disaster. Specifically, we will use proteomic 
analysis, flow cytometry and genomic  
sequencing to detect early signs of myelo-
ma, chronic lymphocytic leukemia and  
myelodysplastic syndromes in these cases, 
toenable potentially disease altering thera-
peutic interventions for these cancers.

Pulmonary Diseases in WTC Workers: 
Symptoms, Function, and Chest CT 
Correlates

Project Number: U01 OH010401

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigator: Rafael de la Hoz, MD

Phone Number: (212)241-7996 

Email: rafael.delahoz@mssm.edu

Project Duration: 4 years

Description: The overall goal of this ongo-
ing study is to characterize the WTC-related 
lower airway disorders, to investigate 
newly developed obesity-related imaging 
markers that may be associated with unfa-
vorable disease expression and function-
al outcomes, and assess their interaction 
with WTC occupational exposure level. The 
WTC Pulmonary Evaluation Unit Chest CT 
Imaging Archive, a large database with more 
than 3000 chest CT images on 1700 WTC 
workers, operational since February 2016, 
will be utilized for this study. This study will 
characterize the WTC-related lower airway 

mailto:peifen.kuan%40stonybrook.edu?subject=WTCHP%20Project%20OH011478
mailto:%20amit.verma%40einstein.yu.edu?subject=WTCHP%20Project%2011475
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diseases and their most important adverse 
prognostic risk factors, and evaluate lung 
function and imaging longitudinal trajecto-
ries. WTC Research Cooperative Agreements 

WTC Research Cooperative 
Agreements Awarded in FY 2018

Optimizing Lung Cancer Screening in 
World Trade Center Rescue and Recovery 
Workers 

Project Number: U01 OH011479

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigators: Keith Sigel, MD, 
PhD, and Juan Wisnivesky, MD, DrPH

Phone Number: (212)824-7558

Email: keith.sigel@mssm.edu   

Project Duration: 3 years

Description: The goal of this study is to 
use simulation modeling to determine the 
best and most cost-effective screening and  
work-up regimens implementing low-dose 
computed tomography screening for lung 
cancer in WTC responders. The study find-
ings will have direct implications on the 
adoption and implementation of this poten-
tially lifesaving intervention in a population 
exposed to multiple carcinogens during the 
recovery efforts following the WTC attack.

Exploring Mechanisms of Obstructive 
Sleep Apnea (OSA) in WTC Responders  

Project Number: U01 OH011481

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigators: Indu Ayappa, PhD 
and Jag Sunderram, MD

Phone Number: (212)241-1967

Email: Indu.Ayappa@mssm.edu   

Project Duration: 3 years

Description: There is a high prevalence of 
obstructive sleep apnea (OSA) in the WTC 
responder population with an increased 
risk for OSA in subjects with chronic rhinosi-
nusitis. This study will examine the impact 
of upper airway sensory impairment from 
chronic rhinosinusitis as a potential mech-
anism for development of OSA in WTC re-
sponders. The study will also examine the 
contribution of other pathophysiologic 
mechanisms (impaired upper airway mus-
cle responsiveness, low arousal threshold 
and loop gain) in the development of OSA 
that may be used to target therapeutic in-
terventions in the future in this population.

Detection and Incidence of Thyroid 
Cancer among Three Cohorts of WTC 
Exposed Rescue and Recovery Workers 

Project Number: U01 OH011931 (formerly 
U01 OH011681)

Institution: Albert Einstein College of 
Medicine, INC. 

Principal Investigator:                            
Rachel Zeig-Owens, DrPH

Phone Number: (718)999-0734

Email: Rachel.Zeig-Owens@fdny.nyc.gov       

Project Duration: 2 years

Description: World Trade Center (WTC)-
exposed rescue/recovery workers have an 
elevated risk of thyroid cancer compared 
with the general United States population 
but to-date none of the compounds found 
at the WTC disaster site has been proven to 
be associated with thyroid cancer. Instead 
the elevated rate might be the result of in-
cidental detection due to increased medical 
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surveillance provided to the WTC-exposed 
rescue/recovery workers. This study will in-
vestigate the method of detection of thy-
roid cancer among WTC-exposed rescue/
recovery workers and a non-WTC exposed 
reference population to determine the rate 
of thyroid cancer cases diagnosed inciden-
tally and to identify reasons for the elevated 
risk of thyroid cancer among WTC-exposed 
populations.

Informed/Shared Decision Making 
for Prostate Cancer Screening Among 
Members of the World Trade Center 
Health Program 

Project Number: U01 OH011690 

Institution: Feinstein Institute for Medical 
Research 

Principal Investigator:                           
Michael Diefenbach, PhD 

Phone Number: (516)600-1440

Email: Mdiefenbach@northwell.edu  

Project Duration: 3 years

Description: Members of the WTCHP pro-
gram are characterized by multiple physical 
and psychiatric comorbidities and are at an 
increased risk for cancer, especially for pros-
tate cancer. Screening for prostate cancer is 
not part of the routine annual monitoring 
visit and thus the current study proposes to 
a) explore and develop a stepped approach 
to informed/shared decision making (SDM) 
about prostate cancer screening; b) evalu-
ate the uptake of screening after informed/
shared decision making during members’ 
annual monitoring visits; c) evaluate factors 
related to uptake/rejection of screening and 
d) evaluate costs associated with screening. 
Results from this study have the potential to 
change clinical care for all members of the 
WTC Health Program by introducing and 
evaluating an informed/shared approach to 

decision making for cancer screening and to 
ultimately reduce the cancer burden of this 
vulnerable population.

Chronic Obstructive Pulmonary Disease 
in WTC Workers – Diagnoses and 
Transitions  

Project Number: U01 OH011697

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigator: Rafael de la Hoz, MD

Phone Number: (212)241-7996

Email: rafael.delahoz@mssm.edu

Project Duration: 3 years

Description: Utilizing an extensive amount 
of qualitative and quantitative imaging, clin-
ical, and functional data, the overall goal of 
this study is to characterize the transitions 
over time into chronic obstructive pulmo-
nary disease (COPD) among former workers 
and volunteers at the WTC disaster site, and 
examine the progression of the diagnosis, 
their radiographic imaging correlates, and 
the contribution of work-related exposures 
to disease causation.

World Trade Center Tissue Biobank

Project Number: U01 OH011704 

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigator:                            
Emanuela Taioli, MD, PhD

Phone Number: (212)659-9590 

Email: emanuela.taioli@mountsinai.org   

Project Duration: 3 years 

Description: There has been concern about 
the increase cancer incidence among the 
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World Trade Center (WTC) responders; this 
project will update the WTC tissue bank sys-
tem with the newly diagnosed cancers (2010-
2014), and to add the banking of organs and 
tissues from animal studies exposed to the 
WTC dust. The biobank will provide the nec-
essary infrastructure for addressing ques-
tions such as the link between specific car-
cinogens exposures and certain cancer sites, 
molecular signatures of exposure that could 
be linked to cancer, specific markers oftumor 
aggressiveness among WTC responders.

Development and Implementation of a 
Comparison Occupational Cohort for the 
WTC GRC

Project Number: U01 OH011487

Institution: Icahn School of Medicine at 
Mount Sinai

Principal Investigator:                                                  
Susan Teitelbaum, PhD

Phone Number: (212)824-7105 

Email: susan.teitelbaum@mssm.edu    

Project Duration: 3 years 

Description: This project arises from the 
need to have a valid occupational com-
parator cohort against which the health 
data from the WTC first responders might 
be measured. To date, very few analyses 
have utilized occupational cohorts as com-
parison groups when estimating the risk 
of exposure to 9/11 toxins and stressors.  
The goal is to create a cohort that is as sim-
ilar as possible to the first responders with 
the exception of 9/11 exposure. At a mini-
mum, the similarities would include occu-
pation, age, sex, and race/ethnicity that will 
result in more accurate and valid estimates 
of disease risk amongst the first responders.

Multimodal Neuroimaging of Cognitive 
and Emotional Networks in Young Adults 
Exposed to 9/11 as Children

Project Number: 1 U01 OH011694

Institution: New York State Psychiatric 
Institute

Principal Investigator: Yael Cycowicz, PhD

Phone Number: (646)-774-5837

Email: Yael.Cycowicz@nyspi.columbia.edu 

Project Duration: 3 years

Description: Understanding the patterns of 
brain functioning of individuals exposed to 
9/11 as children is essential to safeguarding 
their mental health. This study will assess 
brain structure and function in 3 adult groups 
who were children at 9/11: 1) Highly Exposed 
to 9/11 with Anxiety Disorders; 2) Highly 
Exposed to 9/11 without Anxiety Disorders; 3) 
No Exposed and No Mental Disorders. These 
findings will improve our understanding of 
emotional, memory and cognitive systems, 
which are sensitive to traumatic stress during 
development, and will inform the trajectory 
of psychiatric disorders and could guide pre-
ventative and treatment strategies for chil-
dren exposed to trauma.

WTC Research Cooperative 
Agreements Awarded in FY 2019
Treatment Response of WTC Related 
Airway Injury

Project Number: 1 U01 OH011682

Institution: New York University School of 
Medicine

Principal Investigator: Michael D. Weiden, MD 

Phone Number: (212)263-6479 

Email: Michael.Weiden@nyulangone.org 

mailto:susan.teitelbaum@mssm.edu
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Project Duration: 2 Years 

Description: Exposure to dust and smoke 
at the WTC collapse site has caused ongo-
ing loss of lung function and reducedquality 
of life. The effectiveness of medications in 
treating accelerated decline in lung function 
is unclear. This grant will define how effec-
tive current treatments are, information es-
sential to direct future therapy. 

Thyroid Cancer Aggressiveness in WTC 
Responders

Project Number: 1 U01 OH011849

Institution:  ICAHN School of Medicine at 
Mount Sinai

Principal Investigator:                       
Emanuela Taioli, MD, PhD

Phone Number: (212)824-7077 

Email: emanuela.taioli@mountsinai.org  

Project Duration: 2 Years

Description: There is an excess of thyroid 
cancer risk in World Trade Center first re-
sponders that our previous research has 
confirmed to be true malignancies and not 
the result of over diagnosis from heightened 
screening. Understanding the aggressiveness 
of these cancers has implications for treat-
ment; if these tumors arise from a microenvi-
ronment characterized by high inflammation 
and immune depression, and have a higher 
mutational burden and/or mutations known 
to be associated with poor prognostic out-
comes, then it may be that more aggressive 
treatments such as total thyroidectomy are 
most appropriate. Additionally, whole ex-
ome sequencing of these tumors may illumi-
nate novel mutations that are useful targets 
for immunotherapy or chemotherapy.

Polygenic Prediction of PTSD Trajectories 
and Inflammation in 9/11 Responders

Project Number: 1 U01 OH011864

Institution:  State University of New York 
Stony Brook

Principal Investigator:                           
Monika Aldona Waszczuk, PhD

Phone Number: (631)638-1921

Email:                                                                    
monika.waszczuk@stonybrookmedicine.edu 

Project Duration: 2 Years

Description: Recent discoveries in genetics 
promise to revolutionize our understand-
ing of posttraumatic stress disorder. We will 
test whether these genetic vulnerabilities 
can predict course of this disorder in 8,000 
responders to World Trade Center disaster. 
We also will use powerful genetic models to 
investigate whether systemic inflammation 
is responsible for worsening of posttrau-
matic stress symptoms, knowledge that can 
lead to development of new treatments.

mailto:emanuela.taioli%40mountsinai.org?subject=WTCHP%20Project%2011849
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Publications by Project

Appendix 1, Section 3 

WTC Health Program 
Research Publications by Project

WTC Health Program
Research Publications
by Project

2011 Summary
Eight Research Projects Awarded

Eight Research Projects Completed

Six Research Projects Have Published

Thirty-Six Publications

Trajectories of Psychological Risk
and Resilience in World Trade Center 
Responders

Institutions: Icahn School of Medicine at 
Mount Sinai and Yale School of Medicine 

Contract Number: 200-2011-41919

Principal Investigators: Adriana Feder, 
MD; Robert Pietrzak, PhD, MPH; Steven 
Southwick, MD

Pietrzak R, Feder A, Singh R, et al. 2014. Tra-
jectories of PTSD risk and resilience in World 
Trade Center responders: An 8-year pro-
spective cohort study. Psychological Medi-
cine. 44(1):205–219. 

https://doi.org/10.1017/s0033291713000597

Pietrzak R, Feder A, Schechter C, et al. 
2014. Dimensional structure and course of 

 

 
 

  

 

Publications

post-traumatic stress symptomatology in 
World Trade Center responders: An 8-year 
prospective cohort study. Psychological 
Medicine. 44(10):2085–2098. 

https://doi.org/10.1017/S0033291713002924

Feder A, Mota N, Salim M, et al. 2016. Risk, 
coping and PTSD symptom trajectories in 
World Trade Center responders. Journal of 
Psychiatric Research. 83:151–159. 

https://doi.org/10.1016/j.jpsychires.2016.07.003

Horn S, Pietrzak R, Schechter C, et al. 2016. 
Latent typologies of posttraumatic stress 
disorder in World Trade Center responders. 
Journal of Psychiatric Research. 83:151–159.

https://doi.org/10.1016/j.jpsychires.2016.08.018

Uchida M, Feng H, Feder A, et al. 2018. Paren-
tal posttraumatic stress and child behavioral 
problems in world trade center responders. 
American Journal of Industrial Medicine 
61(6): 449-544.

https://doi.org/10.1002/ajim.22838 

Diab O, DePierro J, Cancelmo L, et al. 2019 
Mental Healthcare Needs in World Trade 
Center Responders: Results from a Large, 
Population-Based Health Monitoring Cohort. 
Adm Policy Ment Health. [Epub ahead of 
print] 2019 Nov 27

https://doi.org/10.1007/s10488-019-00998-z

https://doi.org/10.1017/s0033291713000597
https://doi.org/10.1017/S0033291713002924
https://doi.org/10.1016/j.jpsychires.2016.07.003
https://doi.org/10.1016/j.jpsychires.2016.08.018
https://doi.org/10.1002/ajim.22838
https://doi.org/10.1007/s10488-019-00998-z
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Cohort Studies of Incident Cancers in
the FDNY WTC Responder Population

 

Institution: Fire Department of New York 

Contract Number: 200-2011-39489 

Principal Investigator: David Prezant, MD

Publication 

Zeig-Owens R, Webber M, Hall C, et al. 2011. 
Early assessment of cancer outcomes in 
New York City firefighters after the 9/11 
attacks: An observational cohort study.  
Lancet. 378(9794):898–905. 

https://doi.org/10.1016/S0140-6736(11)60989-6

Evaluation of Distal Airway Injury
Following Exposure to World Trade
Center Dust

 
 

Institution: New York University School of 
Medicine 

Contract Number: 200-2011-39413

Principal Investigator: Kenneth Berger, MD

Publications

Caplan-Shaw CE, Yee H, Rogers L, et al. 2011. 
Lung pathologic findings in a local residen-
tial and working community exposed to 
World Trade Center dust, gas and fumes. J 
Occup Environ Med. 53(9):981–91.

https://doi.org/10.1097/JOM.0b013e31822fff60 

Friedman SM, Maslow CB, Reibman J, et aI. 
2011. Case-control study of lung function 
in World Trade Center Health Registry area 
residents and workers. Am J Respir Crit Care 
Med. 184(5):582–589.

https://doi.org/10.1164/rccm.201011-1909OC

Liu M, Qian M, Chen Q, et al. 2012. Longitu-
dinal spirometry among patients in a treat-
ment program for community members 
with World Trade Center-related illness. 
Journal of Occupational and Environmental 
Medicine. 54(10):1208–13. 

https://doi.org/10.1097/JOM.0b013e31826bb78e

Berger K, Reibman J, Oppenheimer B, et al. 
2013. Lessons from the World Trade Center 
disaster: Airway disease presenting as re-
strictive dysfunction Chest. 144(1):249–257. 

https://doi.org/10.1378/chest.12-1411

Kazeros A, Maa M, Patrawalla P, et al. 2013. 
Elevated peripheral eosinophils are associ-
ated with new-onset and persistent wheeze 
and airflow obstruction in World Trade Cen-
ter-exposed individuals. Journal of Asthma. 
50(1):25–32. 

https://doi.org/10.3109/02770903.2012.743149

Kazeros A, Zhang E, Cheng X, et al. 2015. Sys-
temic inflammation associated with World 
Trade Center dust exposures and airway ab-
normalities in the local community. Journal 
of Occupational and Environmental Medi-
cine. 57(6):610–616. 

https://doi.org/10.1097/JOM.000000000000 0458

Berger K, Turetz M, Liu M, et al. 2015 Dec.
Oscillometry complements spirometry in 
evaluation of subjects  following  toxic inha-
lation. European Respiratory Journal Open 
Research. 1(2) pii:00043-2015. 

https://doi.org/10.1183/23120541.00043-2015

http://Publication
https://doi.org/10.1016/S0140-6736(11)60989-6
https://doi.org/10.1097/JOM.0b013e31822fff60  
https://doi.org/10.1164/rccm.201011-1909OC
https://doi.org/10.1097/JOM.0b013e31826bb78e
https://doi.org/10.1378/chest.12-1411
https://doi.org/10.3109/02770903.2012.743149
https://doi.org/10.1097/JOM.0000000000000458
https://doi.org/10.1183/23120541.00043-2015
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Berger K, Kalish S, Shao Y, et al. 2016.  
Isolated small airway reactivity during 
bronchoprovocation as a mechanism for  
respiratory symptoms in WTC dust exposed 
community members. American Journal of 
Industrial Medicine.59:767–776. 

https://doi.org/10.1002/ajim.22639

Pradhan D, Xu N, Reibman J, et al. 2019. 
Bronchodilator response predicts longitudi-
nal improvement in small airway function in 
world trade center dust exposed community 
members. International journal of environ-
mental research and public health. 16(8). 

https://doi.org/10.3390/ijerph16081421  

Cancer among WTC Responders: 
Enhanced Surveillance, Exposure As-
sessment, and Cancer Specific Risks

 

Institution: Icahn School of Medicine at 
Mount Sinai

Contract Number: 200-2011-41815 

Principal Investigator: Paolo Boffetta, MD

Publications

Solan S, Wallenstein S, Shapiro M, et al. 
2013. Cancer incidence in World Trade 
Center rescue and recovery workers, 2001–
2008. Environmental Health Perspectives. 
121(6):699–704. 

https://doi.org/10.1289/ehp.1205894

Boffetta, P, Zeig-Owens R, Wallenstein S, 
et al. 2016. Cancer in World Trade Center  
responders: Findings from multiple 

cohorts and options for future study. Am J 
Ind Med 59(2):96–105. 

https://doi.org/10.1002/ajim.22555

Enhanced Smoking Cessation Interven-
tion for WTC Responders

Institution: State University of New York 
at Stony Brook

Contract Number: 200-2011-42057 

Principal Investigator: Evelyn Bromet, PhD

Publications

Zvolensky M, Farris S, Kotov R, et al. 2015. 
Posttraumatic stress symptoms and mok-
ing among World Trade Center disaster 
responders: A longitudinal investigation 
Comprehensive Psychiatry. 63:46–54.

https://doi.org/10.1016/j.comppsych.2015.08.006

Farris S, Paulus D, Gonzalez A, et al. 2015. 
Anxiety sensitivity mediates the associa-
tion between post-traumatic stress symp-
tom severity and interoceptive threat-re-
lated smoking abstinence expectancies 
among World Trade Center disaster-ex-
posed smokers. Addictive Behaviors. 
51:204–210. 

https://doi.org/10.1016/j.addbeh.2015.07.031

Farris S, Paulus D, Gonzalez A, et al. 2016. 
Posttraumatic stress symptoms and body 
mass index among World Trade Center di-
saster-exposed smokers: A preliminary ex-
amination of the role of anxiety sensitivity. 
Psychiatry Research. 241:135–140. 

https://doi.org/10.1016/j.psychres.2016.04.074

https://doi.org/10.1002/ajim.22639
https://doi.org/10.3390/ijerph16081421
https://doi.org/10.1289/ehp.1205894
https://doi.org/10.1002/ajim.22555
https://doi.org/10.1016/j.comppsych.2015.08.006
https://doi.org/10.1016/j.addbeh.2015.07.031
https://doi.org/10.1016/j.psychres.2016.04.074
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Mahaffey B, Gonzalez A, Farris S, et al. 
2016. Smoking to regulate negative af-
fect: Disentangling the relationship be-
tween posttraumatic stress and emotional  
disorder symptoms, nicotine dependence, 
and cessation-related problems. Nicotine 
& Tobacco Research. 18(6):1471–1478. 

https://doi.org/10.1093/ntr/ntv175

Mahaffey B, Gonzalez A, Farris S, et al. 2017. 
Understanding the connection between 
posttraumatic stress symptoms and respi-
ratory problems: Contributions of anxiety 
sensitivity. Journal of Traumatic Stress. 
30(1):71–79. 

https://dx.doi.org/10.1002/jts.22159

Waszczuk M, Li X, Bromet E, et al. 2017. 
Pathway from PTSD to respiratory health: 
Longitudinal evidence from a psycho-
social intervention. Health Psychology. 
36(5):429–437. 

http://dx.doi.org/10.1037/hea0000472

Gonzalez A, Friedberg F, Li X, et al. 2017. 
Trauma-focused smoking cessation for 
smokers exposed to the World Trade Center 
Disaster: a randomized clinical trial. Nico-
tine & Tobacco Research. 

http://dx.doi.org/10.1093/ntr/ntw384

Zvolensky, M., Rodríguez-Canoa, R.,  
Pauluset, D., et al. 2017. Respiratory prob-
lems and anxiety sensitivity in smoking 
lapse among treatment seeking smokers. 
Addict Behav 75:25–29. 

https://doi.org/10.1016/j.addbeh.2017.06.015

Burden of Mental-Physical Comorbidity 
in World Trade Center Responders

Institution: State University of New York at Stony 
Brook 

Contract Number: 200-2011-39410 

Principal Investigator: Evelyn Bromet, PhD

Publications

Ruggero C, Kotov R, Callahan J, et al. 2013. PTSD 
symptom dimensions and their relationship to 
functioning in World Trade Center responders. 
Psychiatry Research. 120(3):1049–1055. 

https://doi.org/10.1016/j.psychres.2013.08.052 

Litcher-Kelly L, Lam Y, Broihier J, et al. 2014. 
Longitudinal study of the impact of psycho-
logical distress symptoms on new-onset 
upper gastrointestinal symptoms in World 
Trade Center responders. Psychosomatic 
Medicine. 76(9):686–693. 

https://doi.org/10.1097/PSY.0000000000000116

Kotov R, Bromet E, Schechter C, et al. 2015. 
Posttraumatic stress disorder and the risk of 
respiratory problems in World Trade Center 
responders: Longitudinal test of a pathway. 
Psychosomatic Medicine. 77(4):438–48. 

https://doi.org/10.1097/PSY.0000000000000179

Zvolensky M, Farris S, Kotov R, et al. 2015. 
World Trade Center disaster and sensitiza-
tion to subsequent life stress: A longitudi-
nal study of disaster responders. Preventive 
Medicine. 75:70–74. 

https://doi.org/10.1016/j.ypmed.2015.03.017 

https://doi.org/10.1093/ntr/ntv175
https://dx.doi.org/10.1002/jts.22159
http://dx.doi.org/10.1037/hea0000472
http://dx.doi.org/10.1093/ntr/ntw384
https://doi.org/10.1016/j.addbeh.2017.06.015
https://doi.org/10.1016/j.psychres.2013.08.052
https://doi.org/10.1097/PSY.0000000000000116
https://doi.org/10.1097/PSY.0000000000000179
https://doi.org/10.1016/j.ypmed.2015.03.017
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Zvolensky M, Kotov R, Schechter C, et al. 
2015. Post-disaster stressful life events and 
WTC-related posttraumatic stress, depres-
sive symptoms, and overall functioning 
among responders to the World Trade Cen-
ter disaster. Journal of Psychiatric Research. 
61:97–105. 

https://doi.org/10.1016/j.jpsychires.2014.11.010 

Bromet E, Hobbs M, Clouston S, et al. 
2016. DSM-IV post-traumatic stress disor-
der among World Trade Center responders 
11–13 years after the disaster of 11 Sep-
tember 2001 (9/11)Psychological Medicine. 
46(4):771–783. 

https://doi.org/10.1017/S0033291715002184

Clouston S, Kotov R, Pietrzak R, et al. 2016. 
Cognitive impairment among World Trade 
Center responders: Long-term implications 
of re-experiencing the 9/11 terrorist attacks. 
Alzheimer’s & Dementia: Diagnosis, Assess-
ment & Disease Monitoring. 4:67–75. 

https://doi.org/10.1016/j.dadm.2016.08.001 

Friedberg F, Adamowicz J, Caikauskaite I, et 
al. 2016. Fatigue severity in World Trade Cen-
ter (9/11) responders: a preliminary study. 
Fatigue: Biomedicine, Health & Behavior. 
4(2):70–79. 

http://dx.doi.org/10.1080/21641846.2016.1169726

Bromet E, Clouston S, Gonzalez A, et al. 
2017. Hurricane Sandy exposure and the 
mental health of World Trade Center re-
sponders. Journal of Traumatic Stress, 30, 
107–114. 

https://doi.org/10.1002/jts.221782

Waszczuk MA, Li K, Ruggero CJ, et al 2018.  
Maladaptive Personality Traits and 10-Year 
Course of Psychiatric and Medical Symp-
toms  and Functional Impairment Follow-
ing Trauma. Annals of Behavioral Medicine: 
52(8): 697–712. 

https://doi.org/10.1093/abm/kax030

2012 Summary
Ten Research Projects Awarded 

Ten Research Projects Completed 

Seven Research Projects Have Published

Twenty-four Publications

Bronchial Reactivity and the Course of 
Lung Function

Institution: Albert Einstein College of 
Medicine 

Project Number: 1U01 OH010411  (Completed) 

Principal Investigator: Thomas Aldrich, MD

Publication

Aldrich T, Weakley J, Dhar S, et al. 2016. 
Bronchial reactivity and lung function  
after World Trade Center exposure. Chest. 
150(6):1333–1340. 

https://doi.org/10.1016/j.chest.2016.07.005

For How Long is WTC Exposure Associat-
ed with Incident Airway Obstruction

Institution: Albert Einstein College of 
Medicine 

Project Number: 1U01 OH010412  (Completed) 

Principal Investigator: Charles Hall, PhD

https://doi.org/10.1016/j.jpsychires.2014.11.010
https://doi.org/10.1017/S0033291715002184
https://doi.org/10.1016/j.dadm.2016.08.001
http://dx.doi.org/10.1080/21641846.2016.1169726
https://doi.org/10.1002/jts.22178
https://doi.org/10.1093/abm/kax030
http://Publication
https://doi.org/10.1016/j.chest.2016.07.005
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Publications

Glaser M, Webber M, Zeig-Owens R, et al. 
2014. Estimating the time interval between 
exposure to the World Trade Center disaster 
and incident diagnoses of obstructive air-
way disease. American Journal of Epidemi-
ology. 180(3):272–9.

https://doi.org/10.1093/aje/kwu137

Hall C, Liu X, Zeig-Owens R, et al. 2015 May. 
The duration of an exposure response gra-
dient between incident obstructive airways 
disease and work at the World Trade Center 
site: 2001–2011. PLoS Currents. 20:7. 

https://www.ncbi.nlm.nih.gov/pmc/
articles/PMC4449208/

Prognosis and Determinants of Asthma 
Morbidity in WTC Rescue and Recovery 
Workers

Institution: Icahn School of Medicine at 
Mount Sinai 

Project Number: 1U01 OH010405  (Completed)  

Principal Investigator: Juan Wisnivesky, 
MD, DrPH

Publications

Xu K, Goodman E, Goswami R, et al. 2016. 
Determinants of asthma morbidity in World 
Trade Center rescue and recovery workers. 
Annals of Allergy, Asthma & Immunology. 
117(5):568–570. 

https://doi.org/10.1016/j.anai.2016.08.033

Mindlis I, Morales-Raveendran E, Goodman 
E, et al. 2017. Post-traumatic stress disorder 
dimensions and asthma morbidity in WTC 

Publications

rescue and recovery workers. Journal of Asth-
ma. 54 (7): 723-731 

https://doi.org/10.1080/02770903.2016.1263650

Morales-Raveendran E, Goodman E, West 
E, et al. 2018. Associations between asthma 
trigger reports, mental health conditions, 
and asthma morbidity among World Trade 
Center rescue and recovery workers. J Asth-
ma. Aug 3:1-21. Journal of Asthma. 54(7): 
723–731.

https://doi.org/10.1080/02770903.2018.1502300

Rojano B, West E, Goodman E, et al. 2018. 
Self-management behaviors in World Trade 
Center rescue and recovery workers with 
asthma. J Asthma.  56(4):411-421.

https://doi.org/10.1080/02770903.2018.1462377

Rojano B, West E, Ferdermann E, et al. 2019.   
Allergen Sensitization and Asthma Out-
comes among World Trade Center Rescue 
and Recovery Workers.  16(5): 1. [epub ahead 
of press]

https://doi.org/10.3390/ijerph16050737

Epigenetic Linkage between PTSD and
Respiratory Disease in WTC Responders

 

Institution: State University New York Stony 
Brook

Project Number: 1U01 OH010416  (Completed) 

Principal Investigator:  Benjamin J. Luft, MD 

Kuan P, Waszczuk  M, Kotov R, et al. 2017.  
An epigenome-wide DNA methylation study 

https://doi.org/10.1093/aje/kwu137
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4449208/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4449208/
https://doi.org/10.1016/j.anai.2016.08.033
https://doi.org/10.1080/02770903.2016.1263650
https://doi.org/10.1080/02770903.2018.1502300
https://doi.org/10.1080/02770903.2018.1462377
https://doi.org/10.3390/ijerph16050737
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of PTSD and depression in World Trade Cen-
ter responders. Transl Psychiatry 7(6):e1158.  

http://doi.org/10.1038/tp.2017.130

Kuan PF, Waszczuk MA, Kotov R, et al. 
2017. Gene expression associated with 
PTSD in World Trade Center responders: An 
RNA sequencing study. Transl Psychiatry. 
7(12):1297. 

http://doi.org/10.1038/s41398-017-0050-1

Clouston SAP, Edelman NH, Abraham A, 
et al. 2019. Shortened leukocyte telomere 
length is associated with reduced pulmo-
nary function and greater subsequent de-
cline in function in a sample of World Trade 
Center responders.  Scientific Reports (Na-
ture Publisher Group). 9:1-7.  [epub ahead of 
press].

http://dx.doi.org/10.1038/s41598-019-44625-1 

Pulmonary Diseases in WTC Workers:
Symptoms, Function, and Chest CT
Correlates

Institution: Icahn School of Medicine at 
Mount Sinai

Project Number: 1U01 OH010401 (Completed)

Principal Investigator: Rafael E. de la Hoz, MD

Publications

 
 

de la Hoz RE, Jeon Y, Miller GE, et al. 2016. 
Post-traumatic Stress Disorder, Broncho-
dilator Response, and Incident Asthma 
in World Trade Center Rescue and Recov-
ery Workers. Am J Respir Crit Care Med. 
194(11):1383-1391.

http://www.ncbi.nlm.nih.gov/pubmed/27548615

de la Hoz RE, Liu X, Doucette JT et al. 2018. 
Increased Airway Wall Thickness is Associat-
ed with Adverse Longitudinal First-Second 
Forced Expiratory Volume Trajectories of 
Former World Trade Center workers. Lung. 
196(4):481-489. 

https://doi.org/10.1007/s00408-018-0125-7.

de la Hoz RE, Weber J, Xu D, et al. 2018. 
Chest CT scan findings in World Trade Cen-
ter workers. Archives of Environmental & 
Occupational Health. 12: 1–20.

https://doi.org/10.1080/19338244.2018.1452712 

de la Hoz RE, Liu X, Celedón JC, et al. 2019. 
Association of Obesity with Quantitative 
Chest CT Measured Airway Wall Thickness 
in WTC Workers with Lower Airway Disease. 
Occupational Lung Disease.  197(4):517–522. 

https://doi.org/10.1007/s00408-019-00246-z

Obstructive Sleep Apnea in WTC           
Responders; Role of Nasal Pathology

Institution: Robert Wood Johnson Medi-
cal School at Rutgers University and NYU 
School of Medicine

Project Number: 1U01 OH010415  
(Completed)

Principal Investigators: Jag Sunderram, MD; 
Indu Ayappa, PhD

Publications

Gumb T, Twumasi A, Alimokhtari S, t al. 
2017. Comparison of two home sleep test-
ing devices with different strategies for  
diagnosis of OSA. Sleep Breath. Published 
online August 2017

https://doi.org/10.1007/s11325-017-1547-9

http://doi.org/10.1038/tp.2017.130
https://www.ncbi.nlm.nih.gov/pubmed/29249826
https://www.ncbi.nlm.nih.gov/pubmed/29249826
https://www.ncbi.nlm.nih.gov/pubmed/29249826
http://doi.org/10.1038/s41398-017-0050-1
http://dx.doi.org/10.1038/s41598-019-44625-1
http://www.ncbi.nlm.nih.gov/pubmed/27548615
https://doi.org/10.1007/s00408-018-0125-7
https://doi.org/10.1080/19338244.2018.1452712 
https://doi.org/10.1007/s00408-019-00246-z
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Ayappa I*, Sunderram J*, Black K, Twuma-
si A, Udasin I, Harrison D, CarsonJL, Lu S-E 
and Rapoport DM. 2015. A comparison of 
CPAP and CPAPFLEX in the treatment of ob-
structive sleep apnea in World Trade Center  
responders: study protocol for a randomized  
ontrolled trial. Trials. 16:403. *Contributed 
equally

https://doi.org/10.1186/s13063-015-0907-7

Wu BG, Sulaiman I, Wang J, et al. 2018.  
Severe obstructive sleep apnea is  
associated with alterations in the nasal  
microbiome and increase in inflammation.  
American Journal of Respiratory and Criti-
cal Care Medicine. 
https://www.ncbi.nlm.nih.gov/pubmed/29969291

Sunderram J, Weintraub M, Black K, et al. 
2018. Chronic Rhinosinusitis is an indepen-
dent risk factor for Obstructive Sleep Apnea 
in World Trade Center Responders.  Chest.  
55(2):375-383.  

https://doi.org/10.1016/j.chest.2018.10.015

Ayappa I, Chen Y, Bagchi N, et al. 2019. 
The association between health condi-
tions in World Trade Center respond-
ers and sleep-related quality of life and 
sleep complaints. International Journal of  
Environmental Research and Public Health. 
16(7):1229.

https://doi.org/10.3390/ijerph16071229  

Health and Socioeconomic Sequelae of
the WTC Disaster Among Responders 

 

Institution: Northwell Health

Project Number: 1U01 OH010399  
(Completed)

Principal Investigator: Hyun Kim, ScD

Publications

Kim H, Baron S, Baidwan NK, et al. 2017. New 
Onset of Asthma and Job Status Change 
among World Trade Center Responders and 
Workers. American Journal of Industrial 
Medicine. 

http://doi.org/10.1002/ajim.22774

Liu B, Tarigan LH, Bromet EJ, and Kim H. 
2014. World Trade Center Disaster Expo-
sure-Related Probable Posttraumatic Stress 
Disorder among Responders and Civilians: A 
Meta-Analysis. PLoS ONE 9(7): e101491. 

https://doi.org/10.1371/journal.pone.0101491

Kim H, Kriebel D, Liu B, et al. 2018.  
Standardized morbidity ratios of four chron-
ic health conditions among World Trade 
Center responders: Comparison to the na-
tional health interview survey. Am J Ind 
Med. 61(5): 359–448.

https://doi.org/10.1002/ajim.22825

Kim H, Baidwan NK, Kriebel D, et al. 2018.   
Asthma among World Trade Center First  
Responders: A Qualitative Synthesis and 
Bias Assessment. International Journal of 
Environmental Research and Public Health.  
15(6), 1053. 

https://doi.org/10.3390/ijerph15061053

2013 Summary
Six Research Projects Awarded 

Six Research Projects Completed 

Five Research Projects Published

Eleven Publications and 

One PhD Dissertation

https://doi.org/10.1186/s13063-015-0907-7
https://www.ncbi.nlm.nih.gov/pubmed/29969291
https://doi.org/10.1016/j.chest.2018.10.015
https://doi.org/10.3390/ijerph16071229
http://doi.org/10.1002/ajim.22774
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Post-9/11 Incidence of Systemic Autoim-
mune Diseases in the FDNY Cohort

Institution: Albert Einstein College of 
Medicine 
Project Number: 1U01-OH010513 
(Completed) 

Principal Investigator: Mayris Webber, 
DrPH 

Publications

Loupasakis K, Berman J, Jaber N, et al. 2015. 
Refractory sarcoid arthritis in World Trade 
Center-exposed New York City firefighters: 
A case series. Journal of Clinical Rheuma-
tology: Practical Reports on Rheumatic &  
Musculoskeletal Diseases. 21(1):19–23. 

https://doi.org/10.1097RHU.0000000000000185

Webber M, Moir W, Crowson C, et al. 2016. 
Post-September 11, 2001, incidence of  
systemic autoimmune diseases in World 
Trade Center-exposed firefighters and emer-
gency medical service workers. Mayo Clinic 
Proceedings. 91(1):23–32. 

https://doi.org/10.1016/j.mayocp.2015.09.019

Webber M, Moir W, Zeig-Owens R, et al. 2015. 
Nested case-control study of selected sys-
temic autoimmune diseases in World Trade 
Center rescue/recovery workers. Arthritis & 
Rheumatology. 67(5):1369–76. 

https://doi.org/10.1002/art.39059

Trace  Elements  in  Autopsy Tissues from 
World Trade Center Decedents

Institution: New York University School of 
Medicine 

Project Number: 1U01-OH010395 
(Completed) 

Principal Investigator: Michael Marmor, PhD

Publications

(One dissertation and one peer-reviewed 
article)

Lin I. 2017. Associations of major and trace 
elements in lung tissues with world trade 
center exposures and subsequent respirato-
ry symptoms. Dissertation Abstracts Inter-
national: Section B: The Sciences and Engi-
neering 77(7-B(E)):No Pagination Specified.

no web link

Thawani S, Wang B, Shao Y, et al. 2019. Time 
to onset of paresthesia among community 
members exposed to the world trade center 
disaster. International journal of environ-
mental research and public health. 16(8). 

https://doi.org/10.3390/ijerph16081429

Early Identification of World Trade Cen-
ter Conditions in Adolescents

Institution: New York University School of 
Medicine 

Project Number: 1U01-OH010394 (Completed) 

Principal Investigator: Leonardo Trasande, 
MD, MPP

Publications

Kahn LG, Han X, Koshy TT, et al. 2018.  
Adolescents exposed to the World Trade 
Center collapse have elevated serum diox-
in and furan concentrations more than 12 
years later. Environ Int. 111: 268–278.

https://doi.org/10.1016/j.envint.2017.11.026

https://doi.org/10.1097/RHU.0000000000000185
https://doi.org/10.1016/j.mayocp.2015.09.019
https://doi.org/10.1002/art.39059
https://doi.org/10.3390/ijerph16081429
https://doi.org/10.1016/j.envint.2017.11.026
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Trasande L, Koshy TT, Gilberta J, et al. 2017. 
Serum perfluoroalkyl substances in children 
exposed to the World Trade Center disas-
ter. Environmental Research. 154:212–221. 
(Note: funding support also provided by 
Project #10714)

https://doi.org/10.1016/j.envres.2017.01.008

Trasande L, Koshy TT, Gilberta J, et al. 
2017. Cardiometabolic profiles of adoles-
cents and young adults exposed to the 
World Trade Center Disaster. Environmental  
Research. 160:107–114. (Note: funding sup-
port also provided by Project #10714)

http://dx.doi.org/10.1016/j.envres.2017.09.026

Uncontrolled Lower Respiratory Symp-
toms in the WTC Survivor Program

Institution: New York University School of 
Medicine 

Project Number: 1U01-OH010404 
(Completed) 

Principal Investigator: Joan Reibman, MD

Publications

Rosen R, Levy-Carrick N, Reibman J, et al. 2017. 
Elevated C-reactive protein and posttraumatic 
stress pathology among survivors of the 9/11 
World Trade Center attacks. Journal of Psychi-
atric Research. 89:14–21. 

https://doi.org/10.1016/j.jpsychires.2017.01.007

Caplan-Shaw C, Kazeros A, Pradhan D, et al. 
2016. Improvement in severe lower respira-
tory symptoms and small airway function in 
World Trade Center dust exposed communi-
ty members. American Journal of Industrial 

Medicine. 59(9):777-787. 

https://doi.org/10.1002/ajim.22642

Reibman J, Levy-Carrick N, Miles T, et al. 
2016. Destruction of the World Trade Center 
Towers. Lessons Learned from an Envi-
ronmental Health Disaster. Annals of the 
American Thoracic Society. 13:577-83.

https://doi.org/10.1513/AnnalsATS.201509-572PS

Prostate Cancer Risk and Outcome in
WTC Respondents

 

Institution: Icahn School of Medicine at 
Mount Sinai

Project Number: 1U01-OH010396 
(Completed) 

Principal Investigator: Emanuela Taioli, 
MD, PhD

Publications

Hashim D, Boffetta P, Galsky M, et al. 2016. 
Prostate cancer characteristics in the world 
trade center cohort, 2002-2013. Eur J Can-
cer Prev. 27(4): 347-354. 

http://doi.org/10.1097/CEJ.0000000000000315

2014 Summary
Ten Research Projects Awarded 

Ten Research Projects Completed 

Eight Research Projects Have Published

Seventeen Publications 

For  How  Long  is  WTC Exposure Associ-
ated with Chronic Rhinosinusitis?
Institution: Albert Einstein College of 

https://doi.org/10.1016/j.envres.2017.01.008
http://dx.doi.org/10.1016/j.envres.2017.09.026
https://doi.org/10.1016/j.jpsychires.2017.01.007
https://doi.org/10.1002/ajim.22642
https://doi.org/10.1513/AnnalsATS.201509-572PS
http://doi.org/10.1097/CEJ.0000000000000315
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Publications by Project

Medicine 

Project Number: 1U01 OH010711  (Completed) 

Principal Investigator: Charles B. Hall, PhD 

Publications

Weakley J, Hall C, Liu X, et al. 2016. The ef-
fect of World Trade Center exposure on the 
latencyy of chronic rhinosinusitis diagno-
ses in New York City firefighters: 2001–2011. 
Occupational and Environmental Medicine. 
73(4):280–3. 

https://doi.org/10.1136/oemed-2015-103094

Liu X, Yip J, Zeig-Owens R, et al. 2017. The 
effect of World Trade Center exposure on the 
timing of diagnoses of obstructive airway 
disease, chronic rhinosinusitis, and gas-
troesophageal reflux disease. Front Public 
Health. 5:2. (Note: funding support also pro-
vided by Project #10726)

https://doi.org/10.3389/fpubh.2017.00002

The Daily Burden of PTSD and Respiratory
Problems in World Trade Center Responders

 

Project Number: U01 OH010712

Institution: State University of New York at 
Stony Brook

Principal Investigator: Roman Kotov, PhD

Publication

Dietch JR, Ruggero CJ, Schuler K, et al. 2019. 
Posttraumatic stress disorder symptoms 
and sleep in the daily lives of world trade 
center responders. Journal of occupational 
health psychology. 24(6): 689-702. 

https://doi.org/10.1037/ocp0000158

Post-9/11 Cancer Incidence in FDNY Fire-
fighters

Project Number: 1U01-OH010728 
(Completed)  

Institution: Albert Einstein College of 
Medicine 

Principal Investigator: Mayris Webber, DrPH

Publications

Zeig-Owens R, Kablanian A, Webber M, et al. 
2016. Agreement between self-reported and 
confirmed cancer diagnoses in New York 
City firefighters and EMS workers, 2001–
2011. Public Health Reports. 131(1):153–9. 

https://doi.org/10.1177/003335491613100122

Moir W, Zeig-Owens R, Daniels R, et al. 2016. 
Post-9/11 cancer incidence in World Trade 
Center-exposed New York City firefighters as 
compared to a pooled cohort of firefighters 
from San Francisco, Chicago and Philadel-
phia (9/11/2001–2009). American Journal of 
Industrial Medicine. 59(9):722–30. 

https://doi.org/10.1002/ajim.22635 

Singh A, Zeig-Owens R, Moir W, et al. 2018. 
Estimation of Future Cancer Burden Among 
Rescue and Recovery Workers Exposed to 
the World Trade Center Disaster. JAMA On-
col. 4(6):828–831.  

https://doi.org/10.1001/jamaoncol.2018.0504

Assessing the Impacts of Epidemiologic 
Biases in WTC Health Studies 

Institution: Northwell Health 

Project Number: 1U01 OH010730 
(Completed) 

https://doi.org/10.1136/oemed-2015-103094
https://doi.org/10.3389/fpubh.2017.00002
https://doi.org/10.1037/ocp0000158 
https://doi.org/10.1177/003335491613100122
https://doi.org/10.1002/ajim.22635
https://doi.org/10.1001/jamaoncol.2018.0504
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Principal Investigator: Hyun Kim, ScD 

Publication

Jurek A, Maldonado G. 2016. Quantitative 
bias analysis in an asthma study of res-
cue-recovery workers and volunteers from 
the 9/11 World Trade Center attacks. Annals 
of Epidemiology. 26(11):794–801. 

https://doi.org/10.1016/j.annepidem.2016.09.002

Evolution of Risk Factors for Sinusitis in 
WTC Exposed Firefighters

Institution: New York University School of 
Medicine 

Project Number: 1U01 OH010726  
(Completed) 

Principal Investigator: Michael Weiden, MD

Publications

Kwon S, Putman B, Weakley J, et al. 2016. 
Blood eosinophils and World Trade Cen-
ter exposure predict surgery in chronic rhi-
nosinusitis. A 13.5-year longitudinal study. 
Annals of the American Thoracic Society. 
13(8):1253–61. 

https://doi.org/10.1513/AnnalsATS.201511-742OC

Weiden M, Kwon S, Caraher E, et al. 2016. 
Biomarkers of World Trade Center partic-
ulate matter exposure: Physiology of distal 
airway and blood biomarkers that predict 
FEV(1) decline. Seminars in Respiratory and 
Critical Care Medicine. 36(3):323–333. 

https://dx.doi.org/10.1055%2Fs-0035-1547349

Zeig-Owens R, Nolan A, Putman B, et al. 
2016. [review] Biomarkers of patient intrin-
sic risk for upper and lower airway injury 

after exposure to the World Trade Center 
atrocity. American Journal of Industrial 
Medicine. 59(9):788–894. 

https://doi.org/10.1002/ajim.22643

Zeig-Owens R, Singh A, Aldrich TK, et al. 
2018. Blood Leukocyte Concentrations, 
FEV1 Decline, and Airflow Limitation: A 15-
Year Longitudinal Study of WTC-Exposed 
Firefighters. Annals of the American Thorac-
ic Society. Annals  of the American Thoracic 
Society. 15(2):173–183.

http://doi.org/10.1513/AnnalsATS.201703 -276OC 

Putman B, Zeig-Owens R, Singh A, et al. 
2018. Risk factors for post-9/11 chronic rhi-
nosinusitis in Fire Department of the City 
of New York workers. Occup Environ Med. 
75(12):884-889. 

https://doi.org/10.1136/emed-2018-105297

WTC-Heart: a Cohort Study of Heart Dis-
eases in World Trade Center Responders

Institution: City University of New York 
Queens (CUNY-Queens)

Project Number: 1 U01 OH010722 (completed)

Principal Investigator: Alfredo Morabia, MD

Publication 

Remch M, Laskaris Z, Flory J, et al. 2018. 
Post-Traumatic Stress Disorder and Cardio-
vascular Diseases: A Cohort Study of Men 
and Women Involved in Cleaning the Debris 
of the World Trade Center Complex. Circ 
Cardiovasc Qual Outcomes. 11(7): e004572.

https://doi.org/10.1161/CIRCOUTCOMES.117.004572

https://doi.org/10.1016/j.annepidem.2016.09.002
https://doi.org/10.1513/AnnalsATS.201511-742OC
https://dx.doi.org/10.1055%2Fs-0035-1547349
https://doi.org/10.1002/ajim.22643
http://doi.org/10.1513/AnnalsATS.201703-276OC
https://doi.org/10.1136/emed-2018-105297
https://doi.org/10.1161/CIRCOUTCOMES.117.004572
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Publications by Project

Mental Health Impact and Service Use
among Asian Survivors and Rescuers Ex-
posed to the WTC Attack

 

Institution: Fordham University

Project Number: 1U01 OH010516 
(Completed) 

Principal Investigator: Winnie W. Kung, PhD

Publications

Kung WW, Liu X,  Huang D, et al. 2018.  Fac-
tors Related to the Probable PTSD after the 
9/11 World Trade Center Attack among Asian 
Americans.  J. Urban Health. 95(2):255–266. 

https://doi.org/10.1007/s11524-017-0223-5

Kung WW, Liu X, Goldmann E, et al. 2018. 
Posttraumatic stress disorder in the short 
and medium term following the world trade 
center attack among asian americans. Jour-
nal of Community Psychology: No Pagina-
tion Specified. 46(8):1075-1091.

https://doi.org/10.1002/jcop.22092

Kung WW, Xiaoran W, Xinhua L, et al.  2019.  
Unmet Mental Health Care Needs among 
Asian Americans 10–11 Years After Exposure 
to the World Trade Center Attack.  Int J En-
viron Res Public Health. 2019 Apr 11;16(7). 
pii: E1302. 

https://doi.org/10.3390/ijerph16071302 

Biorepository of Cancer Tissue Sam-
ples from WTC Responders Institution:
Albert 

 

Institution: Feinstein Institute for Medical 
Research 

Project Number: 1U01 OH010512 
(Completed) 

Principal Investigator: Emanuala Taioli, PhD

Publication

Lieberman-Cribbin W, Tuminello S, Gillezeau 
C, et al 2018. The development of a bio-bank 
of cancer tissue samples from World Trade 
Center responders.  J Transl Med 16(280). 

https://doi.org/10.1186/s12967-018-1661-x

2015 Summary
Seven Research Projects Awarded

Seven Research Projects Completed

Four Research Projects Have Published

Nine Publications

Context and Ethnic Diversity: Children’s 
Responses to 9/11

Institution: New York State Psychiatric 
Institute at Columbia University

Project Number: 1U01-OH0 10721 
(Completed)

Principal Investigator: Christina W. Hoven, 
DrPH, MPH

Publications

Guffanti G, Geronazzo-Alman L, Fan B,  
Duarte CS, Musa GJ, Hoven CW. (2016).  
Homogeneity of Severe Posttraumat-
ic Stress Disorder Symptom Profiles in  
Children and Adolescents Across Gender, 
Age, and Traumatic Experiences Related 
to 9/11. Journal of Traumatic Stress, 29(5), 
430-439.

https://doi.org/10.1002/jts.22134  

https://doi.org/10.1007/s11524-017-0223-5
https://doi.org/10.1002/jcop.22092
https://doi.org/10.3390/ijerph16071302
https://doi.org/10.1186/s12967-018-1661-x
https://doi.org/10.1002/jts.22134
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Geronazzo-Alman L, Guffanti G, Eisenberg 
R, et al. 2017. Comorbidity classes and as-
sociated impairment, demographics and 
9/11-exposures in 8,236 children and ado-
lescents. J Psychiatr Res 96: 171-177.

http://doi.org/10.1016/j.jpsychires.2017.10.012

Geronazzo-Alman L, Fan B, Duarte CS, et al. 
2019. The Distinctiveness of Grief, Depres-
sion, and Posttraumatic Stress: Lessons 
from Children After 9/11.  J Am Acad Child 
Adolesc Psychiatry.58(10): 943-944.

https://doi.org/10.1016/j.jaac.2018.12.012

Childhood Exposures to Persistent 
Organic Pollutants in the World Trade 
Center Disaster and Cardiovascular 
Consequences 

Institution: New York University School of 
Medicine

Project Number: 1U01-OH010714 
(Completed)

Principal Investigator: Leonardo Trasande, 
MD, MPP

Publications

Koshy TT, Attina TM, Ghassabian A, et al. 
2017.  Serum perfluoroalkyl substances and 
cardiometabolic consequences in adoles-
cents exposed to the World Trade Center 
disaster and a matched comparison group. 
Environ Int. (Note: funding support also pro-
vided by Project #10390)

http://www.ncbi.nlm.nih.gov/pubmed/28890218

Trye A, Berger KI, Naidu M, et al. 2018.  
Respiratory Health and Lung Function in-
Children Exposed to the World Trade Cen-
ter Disaster. J Pediatr. 201:134-140.e6.

https://doi.org/10.1016/j.jpeds.2018.06.009

Gaylord A, Berger KI, Naidu M, et al. 2019.  
Serum perfluoroalkyl substances and lung 
function in adolescents exposed to the 
World Trade Center disaster.  Environmental 
Research. 172: 266-272

https://doi.org/10.1016/j.envres.2019.02.024

Clinical Characteristics and Outcomes of 
WTC-Associated Sarcoidosis

Institution: Albert Einstein College of 
Medicine 

Project Number: 1U01-OH0 10993 
(completed)

Principal Investigator: Simon Spivack, 
MD, MPH/Thomas Aldrich, MD 

Hena KM, Yip J, Jaber N, et al. 2018. Clinical 
Course of Sarcoidosis in World Trade Center 
Exposed Firefighters. Chest. 153(1):114-123.

https://doi.org/10.1016/j.chest.2017.10.014 

Publication

Cleven KL, Ye K, Zeig-Owens R, et al. 2019.  
Genetic Variants Associated with FDNY 
WTC-Related Sarcoidosis.  International 
journal of environmental research and pub-
lic health. 16(10):1830.

http://dx.doi.org/10.3390/ijerph16101830 

http://doi.org/10.1016/j.jpsychires.2017.10.012
https://doi.org/10.1016/j.jaac.2018.12.012 
http://www.ncbi.nlm.nih.gov/pubmed/28890218
https://doi.org/10.1016/j.jpeds.2018.06.009
https://doi.org/10.1016/j.envres.2019.02.024
https://doi.org/10.1016/j.chest.2017.10.014
http://dx.doi.org/10.3390/ijerph16101830
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Publications by Project

Enhanced Assessment of WTC Exposure
and Global DNA Methylation 

 

Institution: Icahn School of Medicine at 
Mount Sinai 

Project Number: 1 U01-OH010987 
(completed)

Principal Investigator:  Paolo Bofetta, MD 

Publication 

Kuan, PF, Mi Z, Georgopoulos P, et al. 2018. 
Enhanced exposure assessment and ge-
nome-wide DNA methylation in World Trade 
Center disaster responders. Eur J Cancer 
Prev. [epub ahad of print] July 11, 2018.

https://doi.org/10.1097/CEJ.0000000000000460

2016 Summary
Sixteen Research Projects Awarded 

No Research Projects Completed 

Six Research Projects Have Published

Twelve Publications

Thyroid Cancer Risk in WTC Responders 

Institutions: Icahn School of Medicine 
at Mount Sinai, Johns Hopkins School of 
Medicine 

Project Number: U01 OH010984 

Principal Investigators: Emanuela Taioli, 
MD, PhD, Gregory Riggins, MD, PhD

Publications

Geronazzo-Alman LG, G.; Eisenberg, R.; Fan, 
B.; Musa, G. J.; Wicks, J.; Bresnahan, M.; Du-
arte, C. S.; Hoven, C. Molecular Study of Thy-
roid Cancer in World Trade Center Respond-

ers Int J Environ Res Public Health. 2019 
May; 16(9): 1600. 

https://doi.org/10.3390/ijerph16091600

Tuminello S, van Gerwen MAG, Genden E, 
et al. 2019. Increased incidence of thyroid 
cancer among world trade center first re-
sponders: A descriptive epidemiological as-
sessment. International journal of environ-
mental research and public health. 16(7): 
1258. 

https://doi.org/10.3390/ijerph16071258

World Trade Center Exposures, Neuro-
pathic Symptoms and Nervous System 
Injury

Institution: New York University School of 
Medicine 

Project Number: 1U01-OH0 11305

Principal Investigator: Michael Marmor, PhD

Publication

Marmor M, Shao Y, Bhatt H, et al. 2017. Par-
esthesias among community members ex-
posed to the World Trade Center disaster. 
Journal of Occupational and Environmental 
Medicine. 59(4):389–396.

https://doi.org/10.1097/JOM.0000000000000966 

Evolution of Risk Factors for Lung Func-
tion Decline in WTC Exposed Firefighters

Institution: New York University School of 
Medicine

Project Number: 1U01 OH0 11302

Principal Investigator: Michael Weiden, MD

https://doi.org/10.3390/ijerph16091600 
https://doi.org/10.3390/ijerph16071258 
https://doi.org/10.1097/JOM.0000000000000966
https://doi.org/10.1097/CEJ.0000000000000460
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Publication

Singh A, Liu C, Putnam B, et al. 2018. Pre-
dictors of asthma/COPD overlap in FDNY 
firefighterswith World Trade Center dust 
exposure: a longitudinal study. Chest. 54(6): 
1301-1310.

https://doi.org/10.1016/j.chest.2018.07.002

Liu C, Putman B, Singh A, et al. 2019. Ab-
normalities on chest computed tomogra-
phy and lung function following an intense 
dust exposure: A 17-year longitudinal study. 
International Journal of Environmental Re-
search and Public Health. 16(9). 

https://doi.org/10.3390/ijerph16091655 

Liu C, Putman B, Singh A, et al. 2019. Low 
serum IgA and airway injury in World Trade 
Center-exposed firefighters: A 17-year longi-
tudinal study Thorax. 74(12):1182-1184.

https://doi.org/10.1136/thoraxjnl-2019-213715

Personality-Informed Care Model for
9/11-Related Comorbid Conditions

 

Project Number: U01 OH011321-01

Institution: State University of New York at 
Stony Brook

Principal Investigator: Roman Kotov, PhD

Publications

Wasczcuk MA, Ruggero C, Li K, et al. 2018. 
The role of modifiable health-related be-
haviors in the association between PTSD 
and respiratory illness Behav Res Ther. 2019 
Apr;115:64-72.

https://doi.org/10.1016/j.brat.2018.10.018

Dornbach-Bender A, Ruggero CJ, Schuler K, 
et al. 2019. Positive and negative affect in 
the daily life of world trade center respond-
ers with PTSD: An ecological momentary 
assessment study. Psychological trauma : 
theory, research, practice and policy. 12(1): 
75–83.

https://doi.org/10.1037/tra0000429

Head and Neck Cancer in the World 
Trade Center Health Program Cohort; 
Elucidating Risk Factors to Reduce 
Incidence and Morbidity

 

Institution: Rutgers, The State University 
of New Jersey

Project Number: 1U01-OH011322 

Principal Investigator: Judith Graber, PhD

Publication

Graber J M, Chuang CT, Ward CL, et al. 
2018. Head and Neck Cancer in World Trade  
Center Responders: A Case Series. J Occup  
Environ Med. 60(9):e439–e444. 

https://doi.org/10.1097/JOM.0000000000001386

Graber J, Harris G, Black K, et al. 2019.   
Excess HPV-related head and neck cancer 
in the World Trade Center Health Program 
General Responder cohort.  International 
Journal of Cancer. 45(6):1504-1509.

https://doi.org/10.1002/ijc.32070

Lieberman-Cribbin W, Tuminello S, Gillezeau 
C, et al. 2019. Complementary biobank of 
rodent tissue samples to study the effect of 
world trade center exposure on cancer de-

https://doi.org/10.1016/j.chest.2018.07.002
https://doi.org/10.3390/ijerph16091655
https://doi.org/10.1136/thoraxjnl-2019-213715 
https://doi.org/10.1136/thoraxjnl-2019-213715 
https://doi.org/10.1136/thoraxjnl-2019-213715 
https://doi.org/10.1136/thoraxjnl-2019-213715 
https://doi.org/10.1136/thoraxjnl-2019-213715 
https://doi.org/10.1136/thoraxjnl-2019-213715 
https://doi.org/10.1136/thoraxjnl-2019-213715 
https://doi.org/10.1136/thoraxjnl-2019-213715 
https://doi.org/10.1136/thoraxjnl-2019-213715 
https://doi.org/10.1136/thoraxjnl-2019-213715 
https://doi.org/10.1136/thoraxjnl-2019-213715 
https://doi.org/10.1136/thoraxjnl-2019-213715 
https://doi.org/10.1136/thoraxjnl-2019-213715 
https://doi.org/10.1016/j.brat.2018.10.018 
https://doi.org/10.1037/tra0000429 
https://doi.org/10.1097/JOM.0000000000001386
https://doi.org/10.1002/ijc.32070
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Publications by Project

velopment. J Transl Med. 17(1): 342. 

https://doi.org/10.1186/s12967-019-2089-7

Impact of WTC Dust on Immune Func-
tions and Prostate Cancer Promotion

Institution: Icahn School of Medicine at-
Mount Sinai

Project Number: U01 OH011328-01

Principal Investigator: Stuart Aaronson, MD

Publication

Gong Y, Wang L, Yu H, et al. 2019. Prostate 
cancer in world trade center responders 
demonstrates evidence of an inflammatory 
cascade. Molecular Cancer Research. 17(8): 
1605-1612. 

https://doi.org /doi:10.1158/1541-7786.
MCR-19-0115

 2017 Summary
Nine Research Projects Awarded

No Research Projects Completed

Four Research Projects Have Published

Thirteen  Publications

Prenatal WTC Chemical Exposures, Birth
Outcomes and Cardiometabolic Risks

 

Institution: New York University School of 
Medicine

Project Number: U01 OH011299

Principal Investigator: Leonardo Trasande, MD

 Publication

Spratlen MJ, Perera FP, Lederman SA, et al. 
2019. Cord blood perfluoroalkyl substances 
in mothers exposed to the world trade cen-
ter disaster during pregnancy. Environ Pol-
lut. 246: 482-490. 

https://doi.org/10.1016/j.envpol.2018.12.018

Metabolomics of World Trade Cen-
ter-Lung Injury: Biomarker Validation, 
Longitudinal Assessment and Dietary
Intervention

 
 

Institution: New York University School of 
Medicine 

Project Number: 1U01-OH0 11300  

Principal Investigator: Anna Nolan, PhD

Publications

Haider SH, Kwon S, Lam R, et al. 2018.  
Predictive Biomarkers of Gastroesophage-
al Reflux Disease and Barrett’s Esophagus 
in World Trade Center Exposed Firefighters: 
A 15 Year Longitudinal Study. Scientific Re-
ports, 8 (1), art. no. 3106.

https://doi.org/10.1038/s41598-018-21334-9

Crowley G, Kwon S, Haider SH, et al. 2018. 
Metabolomics of World Trade Center-Lung 
Injury: a machine learning approach. BMJ 
Open Respiratory Research. 5(1):e000274.

https://doi.org/10.1136/bmjresp-2017-000274

de la Hoz RE, Jeon Y, Reeves AP, et al. 2019. 
Increased pulmonary artery diameter is as-
sociated with reduced fev1 in former world 
trade center workers. The clinical respirato-

https://doi.org/10.1016/j.envpol.2018.12.018
https://doi.org/10.1038/s41598-018-21334-9
https://doi.org/10.1136/bmjresp-2017-000274
https://doi.org/10.1186/s12967-019-2089-7 
https://doi.org/doi:10.1158/1541-7786.MCR-19-0115 
https://doi.org/doi:10.1158/1541-7786.MCR-19-0115 
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ry journal. 13(10): 614-623. 

https://doi.org/10.1111/crj.13067

Crowley G, Kwon S, Ostrofsky DF, et al. 2019.  
Assessing the Protective Metabolome Us-
ing Machine Learning in World Trade Center 
Particulate Exposed Firefighters at Risk for 
Lung injury.  Scientific Reports. 9:11939 

https://doi.org/10.1038/s41598-019-48458-w 

Haider SH, Oskuei A, Crowley G, et al. 2019.  
Receptor for advanced glycation end-prod-
ucts and environmental exposure related 
obstructive airways disease: a systematic 
review.  Eur Respir Rev. 28: 180096.

https://doi.org/10.1183/16000617.0096-2018

 

Clementi E, Talusan A , Vaidyanathan S, et al. 
2019. Metabolic syndrome and air pollution: 
a narrative review of their cardiopulmonary 
effects. Toxics. 2019 Jan 30;7(1). pii: E6. 

https://doi.org/10.3390/toxics7010006  

Kwon S, Crowley G, Mikhail M, et al.  2019. 

Metabolic syndrome biomarkers of World 
Trade Center airway hyperreactivity: A 16-
year prospective cohort study.  Int. J. Envi-
ron. Res. Public Health. 16:1486. 

http://dx.doi.org/10.3390/ijerph16091486 

Kwon S, Crowley G, Caraher E, et al. 2019.  
Validation of Predictive Metabolic Syn-
drome Biomarkers of World Trade Center 
Lung Injury: a 16-Year Longitudinal Study.  

Chest. March 2, 2019. 56(3):486-496.

https://doi.org/10.1016/j.chest.2019.02.019 

Citron J, Willcocks E, Crowley G, et al. 2019.  
Genomics of particulate matter exposure 
associated cardiopulmonary disease: a 
narrative review. Int. J. Environ. Res. Public 
Health. 16:4335.  

https://doi.org/10.3390/ijerph16224335 

Early Detection of hematologic malignan-
cies in New York City Firefighters Exposed 
to World Trade Center Dust after the 9/11 
Attacks

Institution: Albert Einstein college of 
Medicine

Project Number: 1 U01-OH011933 (formerly 
11475) 

Principal Investigator: Amit Verma, MD

Publication

Landgren O, Zeig-Owens R, Giricz O, et al. 
2018. Multiple Myeloma and Its Precursor 
Disease Among Firefighters Exposed to the 
World Trade Center Disaster. JAMA Oncol. 
4(6):821-827.

https://doi.org/10.1001/jamaoncol.2018.0509

Longitudinal Genome-wide Transcriptome 
Study of PTSD Symptom Change in WTC 
Responders

Project Number: U01 OH011478

Institution: The Research Foundation for 

https://doi.org/10.1111/crj.13067 
https://doi.org/10.1038/s41598-019-48458-w 
https://doi.org/10.1183/16000617.0096-2018
https://doi.org/10.3390/toxics7010006
http://dx.doi.org/10.3390/ijerph16091486
https://doi.org/10.1016/j.chest.2019.02.019
https://doi.org/10.3390/ijerph16224335
https://doi.org/10.1001/jamaoncol.2018.0509
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the State University of New York

Principal Investigator: Pei Fen Kuan, PhD

Uddin M, Ratanatharathorn A, Armstrong D, 
et al. 2018.  Epigenetic meta-analysis across 
three civilian cohorts identifies NRG1 and HGS 
as blood-based biomarkers for post-traumat-
ic stress disorder.  Epigenomics. 10(12): 1585-
1601. 

https://doi.org/10.2217/epi-2018-0049 

Kuan PF, Yang X, Clouston S, et al. 2019.   Cell 
type-specific gene expression patterns as-
sociated with posttraumatic stress disorder 
in World Trade Center responders.  Transla-
tional Psychiatry 9:1. 

https://doi.org/10.1038/s41398-018-0355-8 

2018 Summary
Eight Research Projects Awarded

No Research Projects Completed

One Research Projects Has Published

One Publication

World Trade Center tissue Biobank

Institution: Icahn School of Medicine at 
Mount Sinai

Project Number: U01 OH011704-01

Principal Investigator: Emanuela Taioli, 
MD, PhD

Publication

Lieberman-Cribbin W, Tuminello S, Gillezeau 
C, et al. 2019. Complementary biobank of 
rodent tissue samples to study the effect of 
world trade center exposure on cancer de-
velopment. J Transl Med. 17(1): 342. 

https://doi.org/10.1186/s12967-019-2089-7

2019 Summary
Three Research Projects Awarded

No Research Projects Completed

No Research Projects Have Published

END OF SECTION (no publications)

https://doi.org/10.1186/s12967-019-2089-7
https://doi.org/10.2217/epi-2018-0049
https://doi.org/10.1038/s41398-018-0355-8  
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Registry  2012 – 2016

Appendix 1, Section 4 

WTC Health Registry
Key Accomplishments April 2012–June 2016

WTC Health Registry
Key Accomplishments 
April 2012–June 2016 
Final Document:  
NIOSH Grant Years 04-07 

This study is currently supported by Coop-
erative Agreement U50/OH009739 from the 
National Institute for Occupational Safety 
and Health (NIOSH) of the U.S. Centers for 
Disease Control and Prevention (CDC) and 
the New York City Department of Health and 
Mental Hygiene (NYC DOHMH).

Support prior to April 2009 was provided 
by Cooperative Agreement U50/ATU272750 
from the Agency for Toxic Substances and 
Disease Registry (ATSDR), which included 
support from the National Center for Envi-
ronmental Health (NCEH), and the New York 
City Department of Health and Mental Hy-
giene (NYC DOHMH).

Specific Aim 1:  Maintain the Registry as
a valuable public health resource to al-
low health professionals to track and in-
vestigate possible trends in illness and
recovery 

 

 

1a: Maximize the number of enrollees 
with valid, updated contact information 
through ongoing communications and
tracing activities to locate enrollees lost 
to follow-up

 

•	 Registry enrollees remain committed 
and engaged with the Registry nearly fif-
teen years after 9/11

o Nearly 160,000 enrollee contact in-
formation updates received since 
June 2009

o Relatively few withdrawals (about 
1,024; or about 1.43 percent of all 
enrollees)   

o LexisNexis used to trace approxi-
mately 2,000 to 5,000 enrollees per 
year with missing or invalid contact 
information

o Very few enrollees currently lost to 
follow-up (about 55) 

o High participation rates in follow-up 
and in-depth surveys

1b: Maintain timely, accurate and pro-
fessional communications and feedback 
with enrollees to address      concerns and 
keep them engaged and interested in par-
ticipating in future research

•	 Respond to approximately 50 calls, 
emails and letters from enrollees and 
the public per day

•	 All key communications prepared in 
English, Spanish, and traditional and 
simplified Chinese languages; English, 
Spanish, Mandarin and Cantonese 
speaking staff available to speak with 
enrollees and the public 

•	 Provide core communications to all en-
rollees, including an Annual Report  and 
Annual Card

•	 Maintain an active website to report Reg-
istry and other 9/11 research findings 
and resources with approximately five 
thousand unique visitors per month at 
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https://www1.nyc.gov/site/911health/
index.page 

•	 Disseminate quarterly e-newsletter 
with 9/11-related news to approximate-
ly 50,000, including enrollees and the 
public

•	 Collaborated with the federal 9/11 Vic-
tim’s Compensation Fund to identify 
applicants who are enrollees; provided 
1,358 enrollees to-date with their Wave 
1 survey as documentation for their VCF 
applications.

•	 Secured a signed NYC Mayor’s letter of 
support for 9/11 Environmental Action 
WTC Health Program outreach. The let-
ter was translated into 9 languages and 
directed by the NYC Dept of Education to 
be sent home as a “backpack” letter to 
all approximately 1.1 million NYC public 
high school students

1c: Conduct outreach to boost response
to Registry surveys and studies 

 

•	 Key communications were sent, includ-
ing multiple surveys, email invitations 
and postcard reminders 

•	 Conducted social media outreach, 
door-to-door outreach and telephone 
reminders 

Specific Aim 2:  Expand knowledge about 
the long-term health effects of the 9/11 
disaster by facilitating medical, pub-
lic health or emergency preparedness 
research, or other scientific research 
relevant to the WTC Health Program 
(WTCHP) 
2a: Describe the health of enrollees and 
risk factors by analyzing periodic Registry 
health surveys and assessing the course of 
health conditions and unmet healthcare 
needs

•	 Made a substantial scientific contribu-
tion to the 9/11 physical and mental 
health literature  
o Seventy publications (including six-

ty articles, four letters, and five con-
ference abstracts in peer-reviewed 
journals and one book chapter)

o 147 presentations at scientific con-
ferences and meetings 

o Nine technical reports, three  collab-
orative WTC-related clinical guide-
lines, and four public use data tools

•	 Conducted periodic multi-mode health 
surveys 
o Initial Wave 1 survey (2003-4) con-

ducted to enroll participants
o Wave 2 survey (2006-8) included 

adults, parents/guardian of minors, 
and adolescents.  The adult survey 
had a common core of questions and 
three exposure-specific modules. 

o Staten Island landfill and barge 
workers survey (2010-11)

o Wave 3 survey (2011-12) assessed 
current physical and mental health 
status of enrollees, including func-
tioning and disability, unmet health 
care needs, barriers to health care 
access, and for the first time depres-
sion and anxiety

o Hurricane Sandy survey (2013)
o Autoimmune Diseases survey (en-

rollee survey 2014-16; physician ver-
ification ongoing)

2b: Develop and conduct a Wave 4 survey 
to ascertain cohort health status 13-14 
years after 9/11 
•	 Wave 4 core survey (Mar 2015-Jan 2016) 

sent to about 67,503 adult enrollees, in-
cluding young adults

https://www1.nyc.gov/site/911health/index.page
https://www1.nyc.gov/site/911health/index.page
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o Approximately 36,348 enrollees 
completed the survey (with about 
a fifty-four percent response rate, 
RR; and about an eighty percent 
RR among “longitudinal” enrollees, 
those who completed all Wave 1-4 
surveys)     

•	 Wave 4 asthma survey (Sept 2015-Mar 
2016) sent to all approximately 14,983 
enrollees who ever reported asthma on 
a Registry survey
o About 8,482 enrollees completed the 

survey (about a fifty-seven percent 
RR)

o Analyses in process

2c:  Conduct assessment of cancer and
mortality incidence 

 

•	 Conducted periodic links to NYC Vital 
Statistics death files, the National Death 
Index, NYS SPARCS hospitalization re-
cords, and eleven state cancer registries 

•	 Published initial mortality findings in 
Lancet based on six to eight years of fol-
low-up post 9/11
o Jordan HT, Brackbill RM, Cone JE, 

Debchoudhury I, Farfel MR, Greene 
CM, Hadler JL, Kennedy J, Li J, Liff 
J, Stayner L, Stellman SD. Mortali-
ty among survivors of the Sept 11, 
2001, World Trade Center disaster: 
results from the World Trade Cen-
ter Health Registry cohort. Lancet 
2011;378:879-887.

o h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 /
S0140-6736(11)60966-5 

•	 Published initial cancer findings in JAMA 
based on seven to eight years of fol-
low-up post 9/11
o Li J, Cone JE, Kahn AR, Brackbill RM, 

Farfel MR, Greene CM, Hadler JL, 

Stayner LT, Stellman SD. 2012. Asso-
ciation between World Trade Cen-
ter exposure and excess cancer risk. 
JAMA. 308: 2479-2488. https://doi.
org/10.1001/jama.2012.110980 

•	 Cancer incidence ten years post-
9/11 (manuscript in preparation as of 
06/30/2016) 

•	 Mortality incidence ten years post-9/11 
(data linkages completed; manuscript in 
preparation as of 6/30/2016) 

•	 Collaborated or collaborating with FDNY 
and Mount Sinai WTC researchers on:
o A WTCHP-funded review of cancer in 

WTC rescue/recovery workers from 
the Registry, FDNY and Mt. Sinai 
cohorts 
 Boffetta P, Zeig-Owens R, Wal-

lenstein S, Li J, Brackbill R, Cone 
J, Farfel M, Holden W, Lucchini 
R, Webber MP, Prezant D, Stell-
man SD. 2016. Cancer in World 
Trade Center Responders: Find-
ings from Multiple Cohorts and 
Options for Future Study. Am 
J Ind Med. 59(2):96-105. doi: 
10.1002/ajim.22555. https://doi.
org/10.1002/ajim.22555 

o A WTCHP-funded study to conduct a 
pooled analysis of cancer incidence, 
latency and survival across WTC res-
cue/recovery worker cohorts  
 

2d: Conduct surveillance activities to
identify and investigate potential emerg-
ing health conditions in collaboration
with a network of WTCHP and other clini-
cal colleagues 

 

 

•	 Respiratory studies in collaboration with 
NYU/Bellevue: Completed first study 
(2008-10); 785 enrollees completed 

https://doi.org/10.1016/S0140-6736(11)60966-5
https://doi.org/10.1016/S0140-6736(11)60966-5
https://doi.org/10.1001/jama.2012.110980
https://doi.org/10.1001/jama.2012.110980
https://doi.org/10.1002/ajim.22555
https://doi.org/10.1002/ajim.22555
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interviews and pulmonary function tests 
(PFTs).  Completed a follow-up study 
(2013-14; 545 enrollees completed inter-
views and PFTs; approximately a seven-
ty-four percent RR) to assess longer-term 
persistent lower respiratory symptoms. 
Published first study findings. 
o Friedman SM, Maslow CB, Reib-

man J, Pillai PS, Goldring RM, Farfel 
MR, Stellman SD, Berger KI. 2011. 
Case-control study of lung function 
in World Trade Center Health Reg-
istry area residents and workers. 
Am J Respir Crit Care Med. 184:582-
589. https://doi.org/10.1164/
rccm.201011-1909OC 

o Maslow CB, Friedman SM, Pillai PS, 
Reibman J, Berger KI, Goldring R, 
Stellman SD, Farfel M. 2012. Chron-
ic and acute exposures to the World 
Trade Center disaster and lower 
respiratory symptoms: area res-
idents and workers. Am J Public 
Health. 102:1186-1194. https://doi.
org/10.2015/AJPH.2011.300561 

•	 Sarcoidosis: Completed in-depth study, 
including medical record review 
o Jordan HT, Stellman SD, Prezant D, 

Teirstein A, Osahan SS, Cone JE. 2011. 
Sarcoidosis diagnosed after Septem-
ber 11, 2001, among adults exposed 
to the World Trade Center disaster. 
J Occup Environ Med 2011;53:966-
9 7 4 . h t t p s : / /d o i . o r g / 1 0 . 1 0 9 7 /
JOM.0b013e31822a3596 

•	 Post-Hurricane Sandy: Completed nest-
ed study in 2013 to assess mental and 
physical health effects among nearly 
4,400 enrollees living in flooded zones in 
NY, NJ, and CT and a sample of anoth-
er almost 4,400 enrollees in non-flood 
zones in these areas. 4,558 surveys 

completed (with nearly a fifty-one per-
cent RR).
o Brackbill RB, Caramanica K, Malin-

iaki M, Stellman SD, Fairclough MA, 
Farfel MR, Turner L, Maslow CB, Moy 
AJ, Wu D, Yu S, Welch AE, Cone JE, 
Walker DJ. 2014. Nonfatal injuries 1 
week after Hurricane Sandy – New 
York City Metropolitan Area, October 
2012. MMWR Morb Mortal Wkly Rep. 
63(42):950-954. https://www.cdc.
gov/mmwr/preview/mmwrhtml/
mm6342a4.htm

o Brown S, Gargano LM, Parton H, Car-
amanica K, Farfel MR, Stellman SD, 
Brackbill RM. 2016. Hurricane San-
dy Evacuation among World Trade 
Center Health Registry (WTCHR) 
Enrollees in New York City. Disas-
ter Med Public Health Prep. 10(3): 
411-419. https://doi.org/10.1017/
dmp.2016.57 

o Caramanica K, Brackbill RM, Stell-
man SD, Farfel MR. 2015. Posttrau-
matic stress disorder after Hurricane 
Sandy among persons exposed to 
the 9/11 disaster. Int J Emerg Ment 
Health. 17(1): 356-62. https://www.
ncbi.nlm.nih.gov/pmc/articles/
PMC4424196/ 

o Gargano LM, Caramanica K, Sisco 
S, Brackbill RM, Stellman SD. 2015. 
Exposure to the World Trade Center 
Disaster and 9/11-Related Post-Trau-
matic Stress Disorder and House-
hold Disaster Preparedness. Disaster 
Med Public Health Prep. 9(6):625-
6 3 3 . h t t p s : / /d o i . o r g / 1 0 . 1 0 1 7 /
dmp.2015.71 

•	 Staten Island landfill and barge workers:  
Completed data collection, qualitative 
analysis (Ekenga et al 2011), and quan-
titative analysis (Fairclough et al 2015).

https://doi.org/10.1164/rccm.201011-1909OC
https://doi.org/10.1164/rccm.201011-1909OC
https://doi.org/10.2105/AJPH.2011.300561
https://doi.org/10.2105/AJPH.2011.300561
https://doi.org/10.1097/JOM.0b013e31822a3596
https://doi.org/10.1097/JOM.0b013e31822a3596
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6342a4.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6342a4.htm
https://www.cdc.gov/mmwr/preview/mmwrhtml/mm6342a4.htm
https://www.ncbi.nlm.nih.gov/pubmed/27098725
https://www.ncbi.nlm.nih.gov/pubmed/27098725
https://doi.org/10.1017/dmp.2016.57
https://doi.org/10.1017/dmp.2016.57
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4424196/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4424196/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4424196/
https://doi.org/10.1017/dmp.2015.71
https://doi.org/10.1017/dmp.2015.71
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o Ekenga CC, Scheu KE, Cone JE, 
Stellman SD, Farfel MR. 2011. 
9/11-Related experiences and tasks 
of landfill and barge workers: qual-
itative analysis from the World 
Trade Center Health Registry. BMC 
Public Health. 11:321. https://doi.
org/10.1186/1471-2458-11-321

o Fairclough MA, Miller-Archie SA, 
Cone JE, Dechen T, Ekenga CC, 
Osahan S, Perlman SE, Gargano 
LM, Imasuen J, Farfel MR. 2015. 
Relationship between persistent 
post-traumatic stress disorder 
and human remains exposure for 
Staten Island Barge and Landfill 
recovery and clean-up workers af-
ter 9/11. Int J Emerg Ment Health. 
17(3): 661-663. https://dx.doi.
org/10.4172/1522-4821.1000261

•	 Autoimmune disease survey:  Launched 
study to assess incidence of physician 
verified rheumatoid arthritis and oth-
er autoimmune diseases among en-
rollees who reported an autoimmune 
disease at Wave 3 and to examine po-
tential 9/11-risk factors. A total of 2,042 
enrollee surveys completed, for an ap-
proximate seventy-three percent RR. 
Physician verification surveys ongoing.  
Physician surveys or medical records 
received to-date for 627 enrollees; 
about a sixty percent RR of the 1,043 
enrollees who provided authorization 
to contact their physician.

•	 Health and Quality of Life (Injury) Study:  
Completed in 2015 Phase I: qualitative 
interviews with thirty-nine enrollees 
who sustained a 9/11 injury (manu-
script in prep as 6/30/2016).  Analysis 
underway to inform development of a 
Phase II quantitative survey to better 
understand the long-term mental and 

physical health consequences of 9/11 
injuries. Phase II survey to be launched 
to approximately 6,000 enrollees in ear-
ly 2017.  

2e: Conduct and/or facilitate collabora-
tive in-depth studies with researchers 
at the WTCHP Centers of Excellence and 
qualified academic researchers on topics 
of importance to the WTCHP

•	 Published twelve manuscripts with 
WTCHP co-authors 

•	 Co-authored ten publications with other 
external researchers to whom we provid-
ed de-identified data

•	 Co-authored eighteen publications with 
additional researchers outside of NYC 
DOHMH 

•	 At least another twenty-two publications 
authored by principal investigators from 
external research studies facilitated by 
the Registry

•	 Responded to nearly 120 data requests 
from potential external researchers

•	 Approved and implemented 25 applica-
tions from external researchers (eighteen 
external studies completed)

•	 Facilitated recruitment of thousands of 
Registry enrollees into nine external re-
search studies 

•	 Provided de-identified data to fifteen ex-
ternal research studies and will provide 
to another approved study 

•	 Worked with nine federally funded 
WTCHP external studies, including two 
active studies (Hoven, Marmor)

•	 Working with seven active approved ex-
ternal research projects, including two 
with federal WTCHP funding (Hoven, 

https://doi.org/10.1186/1471-2458-11-321
https://doi.org/10.1186/1471-2458-11-321
https://dx.doi.org/10.4172/1522-4821.1000261
https://dx.doi.org/10.4172/1522-4821.1000261
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Marmor), two other CDC projects (Antao, 
Pearson), and three others (Bowler, Wyka 
(n=2)).

•	 Posted informational brochure for po-
tential external researchers on www.
nyc.gov/9-11HealthInfo 

2f and g:  Registry education and training

•	 Twelve MPH degrees completed using 
Registry data under the guidance of Reg-
istry senior staff in a mentored research 
environment during this time period 

•	 Eleven medical residents, six medical 
students, and seventeen graduate/un-
dergraduate interns/college aides or vol-
unteers participated in Registry research 
in a mentored environment during this 
time period

Specific Aims 3 and 4 below are the 
research translation components of the 
Registry.

Specific Aim 3:  Conduct community ac-
tivities to respond to the physical and 
mental health concerns and specific 
health care needs of enrollees and others 
exposed to 9/11

3a: Disseminate Registry findings and
recommendations to enrollees, the pub-
lic, WTC Health Program leadership and 
policy makers

 

•	 Employed multiple dissemination chan-
nels, including the Registry- 9/11health-
info website, sixteen YouTube videos, 
annual reports, press announcements, 
media interviews; 

•	 Made 147 presentations at scientific 
conferences; meetings of the WTCHP 
STAC, Responder and Survivor steering 
committees, and Outreach committee; 

and to community groups, hospitals, 
and local health departments 

3b:  Develop and provide Registry data 
resources for enrollees, the public, and 
researchers 

•	 Posted  Wave 1, 2 and 3 survey materi-
als, including the Data File Users’ Manu-
als (DFUMs), the questionnaires and the 
public use datasets for each survey on 
www.nyc.gov/9/11-HealthInfo

•	 Also posted the Hurricane Sandy, Staten 
Island landfill and barge worker, and the 
Wave 4 questionnaires and DFUM.  Com-
pleted the Wave 4 public use dataset; 
pending posting.

•	 Provided an interactive 9/11 Health On-
line Data Tool to permit users to query 
de-identified Wave 1 survey data; this 
tool has been accessed by over 2,140 us-
ers outside of NYC DOHMH

•	 Responded to approximately 329 data 
requests from advisors, researchers, 
media and others since May 2007 

3c:  Conduct health promotion activities
 

•	 Completed two smoking cessation proj-
ects targeted to all enrollees who report-
ed smoking; Sent no-cost NRT kits or 
smoking cessation services to over 800 
enrollees or their household members

•	 Created condition-specific physical and 
mental health fact sheets which repre-
sent current scientific information and 
provides answers to common questions 
received from enrollees and the public.  
Current fact sheets include: asthma, 
bronchiectasis, anxiety, and gastro-
esophageal reflux disease

http://www.nyc.gov/9-11HealthInfo
http://www.nyc.gov/9-11HealthInfo
http://www.nyc.gov/9/11-HealthInfo
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o In May 2016, sent asthma fact to ap-
proximately 7,000 enrollees who re-
ported asthma on their Wave 4 survey 

Specific Aim 4: Develop and maintain the
9/11 Treatment Referral Program (TRP)
to help enrollees and others find care for
9/11-related health problems 

 
 
 

4a:  Inform enrollees of 9/11-related ser-
vices and resources
•	 Conducted six focus groups with diverse 

enrollee survivors to identify barriers to 
9/11-related health care 

•	 TRP staff trained in motivational inter-
viewing techniques which helps to iden-
tify and address barriers to  applying to 
and utilizing 9/11-related health services  

•	 TRP informational brochures sent to all 
enrollees

•	 TRP I: In 2009-2011, conducted person-
alized outreach to approximately 8,500 
enrollees (or parents/guardians).

•	 Personalized communications, including 
a TRP brochure, sent in English, Spanish 
and Chinese

•	 Over 1,100 survivor enrollees in the NYC 
area scheduled a first-time appointment 
at the WTC Environmental Health Center 
at Bellevue Hospital. 

•	 TRP was the largest source of survivor 
applications.   

4b: Expand TRP in collaboration with the 
WTCHP to offer health care referrals to 
rescue/recovery workers as well as sur-
vivors based on health updates from the 
Wave 3 survey

•	 TRP II: Launched in July 2013 with out-
reach expanded to rescue/recovery 
workers and survivors residing in and 
outside of the NYC area

•	 Phone outreach expanded to include En-
glish, Spanish, Mandarin and Cantonese

•	 Staff identified approximately 23,000 
enrollees for outreach based on Wave 3 
symptoms and unmet health care needs 

•	 Outreach conducted to-date to nearly 
19,000 enrollees, including groups un-
der-represented in the WTCHP such as 
NYC Department of Sanitation workers 
and Chinese language enrollees

•	 On average, two to three contacts with 
staff were needed before an enrollee 
completed the outreach process

•	 Approximately 6,000 enrollees to-date 
have requested applications 

•	 Since 2013, over 3,600 Registry-branded 
applications have been received by the 
WTCHP, making the Registry the major 
source of new applications for both res-
cue/recovery workers and survivors

•	 Provided over 4,400 enrollees to-date 
with their Wave 1 survey report as doc-
umentation of their presence near 
the WTC site on 9/11 for their WTCHP 
application   

4c:  Conduct qualitative research with 
healthcare providers to inform future 
efforts

•	 Conducted in-depth telephone inter-
views with twenty NYC providers to 
understand how they engage patients 
in 9/11-related health care.  Most were 
knowledgeable about 9/11-associat-
ed respiratory and psychological con-
ditions, but less informed about other 
9/11-related health conditions.  Most 
providers were interested in learning 
more about 9/11-related health pro-
grams and conditions.  
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o Welch AE, Caramanica K, Yip J, Petr-
soric LJ, Cone JE. 2015. A Qualitative 
Analysis of New York City Based Pri-
mary Care and Specialty Providers’ 
Knowledge of 9/11-Related Health 
Conditions and Health Care Services. 
Austin J Emergency and Crit Care 
Med. 2(5):1029. http://austinpub-
lishinggroup.com/emergency-criti-
cal-care-medicine/fulltext/ajeccm-
v2-id1029.php 

4d:  Evaluate effectiveness of TRP and 
share findings with the WTCHP

•	 TRP-I evaluation completed; TRP shown 

to be effective 
o Welch AE, Debchoudhury I, Jordan 

HT, Petrsoric LJ, Farfel MR, Cone 
JE. 2014. Translating research into 
action: An evaluation of the World 
Trade Center Health Registry’s 
Treatment Referral Program. Disas-
ter Health. 2(1):97-105  https://doi.
org/10.4161/dish.28219

•	 TRP-II evaluation is in progress, includ-
ing analysis on pre- and post-applica-
tion submission outcomes 

http://austinpublishinggroup.com/emergency-critical-care-medicine/fulltext/ajeccm-v2-id1029.php
http://austinpublishinggroup.com/emergency-critical-care-medicine/fulltext/ajeccm-v2-id1029.php
http://austinpublishinggroup.com/emergency-critical-care-medicine/fulltext/ajeccm-v2-id1029.php
http://austinpublishinggroup.com/emergency-critical-care-medicine/fulltext/ajeccm-v2-id1029.php
https://doi.org/10.4161/dish.28219
https://doi.org/10.4161/dish.28219
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Appendix 1, Section 5 

WTC Health Registry
Key Accomplishments July 2016–June 

WTC Health Registry
Key Accomplishments 
July 2016–June 2017 
NIOSH Grant Years 08

This study is currently supported by Coop-
erative Agreement U50/OH009739 from the 
National Institute for Occupational Safety 
and Health (NIOSH) of the U.S. Centers for 
Disease Control and Prevention (CDC) and 
the New York City Department of Health and 
Mental Hygiene (NYC DOHMH).

Support prior to April 2009 was provided 
by Cooperative Agreement U50/ATU272750 
from the Agency for Toxic Substances and 
Disease Registry (ATSDR), which included 
support from the National Center for Envi-
ronmental Health (NCEH), and the New York 
City Department of Health and Mental Hy-
giene (NYC DOHMH).

Specific Aim 1:  Maintain the Registry 
as a valuable public health resource to al-
low health professionals to track and inves-
tigate possible trends in illness and recovery 

1a: Maximize the number of enrollees
with valid, updated contact information
through ongoing communications with
enrollees and conduct tracing to locate
enrollees with invalid or missing contact
information 

 
 
 
 
 

•	 Maintained multiple communication 
channels (i.e., phone, fax, email, mail, 
secure web app) for enrollees to use to 
contact the Registry with questions or to 

provide updated contact information

•	 Obtained consent from new young adults 
- child enrollees who have aged into 
adulthood  
o Children: approximately 2,625 chil-

dren were under age 18 years at time 
of enrollment in 2003-2004; about 377 
enrollees are children as of June 2017    

•	 Among new young adults, approximate-
ly 1,192 have consented to remain in the 
Registry as adults (including 144 in Year 
8), sixty-two have withdrawn and approx-
imately nine are deceased.  Staff is con-
ducting outreach to the remaining new 
young adults 

•	 Registry enrollees remain committed and 
engaged with the Registry nearly sixteen 
years after 9/11
o Over 9,700 enrollee contact informa-

tion updates received in Year 8
o Few withdrawals (thirty-five in Year 8; 

a total of 1,059, or about 1.48 percent 
of all enrollees)   

o LexisNexis used to trace approxi-
mately 2,000 to 5,000 enrollees per 
year with missing or invalid contact 
information

o Very few enrollees currently lost to 
follow-up (about 54) 

1b: Keep enrollees engaged and inter-
ested in participating in future research 
by maintaining timely, accurate and pro-
fessional communications and providing 
feedback to address enrollee concerns

•	 Responded to approximately 50 
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incoming communications from enroll-
ees and the public per day

•	 Prepared all key written communica-
tions in English, Spanish, and traditional 
and simplified Chinese

•	 Staff available to speak with enrollees 
and the public in English, Spanish, Man-
darin and Cantonese 

•	 Provided core communications to all 
enrollees, including an Annual Report of 
findings and Annual Card

•	 Maintained an active website to report 
Registry and other 9/11 research findings 
and resources with approximately three 
thousand unique visitors per month 
from about forty-nine countries at: 
http://www1.nyc.gov/site/911health/
index.page.  The Research Videos page 
receives nearly eight thousand views 
per month at: http://www1.nyc.gov/
site/911health/updates/news-videos.
page 

•	 Disseminated quarterly e-newsletter 
with 9/11-related news to approximate-
ly 50,000, including enrollees and the 
public

•	 Collaborated with the federal 9/11 Vic-
tim’s Compensation Fund (VCF) to iden-
tify applicants who are enrollees.  Pro-
vided 1,380 enrollees to-date, including 
twenty-two in Year 8, with their Wave 1 
survey report as supporting eligibility 
documentation for their VCF application

•	 High enrollee participation rates in fol-
low-up and in-depth surveys

•	 In May 2017, conducted 10 focus groups 
with targeted groups of enrollees includ-
ing: young adults (four groups); sepa-
rate groups for Mandarin, Cantonese 
and Spanish language speakers; a group 

of enrollees who completed all W1-4 
survey waves; and a group of enrollees 
who completed only a W1 survey and 
an external or in-depth survey. A total 
of seventy-eight enrollees participated 
in these focus groups.  Findings will be 
used to enhance our communication 
strategies to better engage and inform 
enrollees of findings and resources 

1c: Conduct outreach to boost response 
to Registry studies, as needed 

•	 Sent key communications including 
multiple paper surveys, email invita-
tions with a link to an online survey, and 
email and postcard reminders 

•	 Conducted social media outreach, 
door-to-door outreach and telephone 
reminders 

Specific Aim 2:  Expand knowledge 
about the long-term health effects of 9/11 by 
facilitating medical, public health or emer-
gency preparedness research, or other sci-
entific research relevant to the WTC Health 
Program (WTCHP) – with special emphasis 
on impacts to those who lived, worked or 
attended school in the disaster area (i.e., 
non-“responders”) 

2a: Assess the contribution of 9/11 expo-
sure and other risk factors to the course 
of health conditions and unmet health-
care needs 15 years post-9/11 by analyz-
ing the 2015-16 Wave 4 survey, other Reg-
istry surveys and hospital discharge and 
other data linked to the Registry 

•	 Made a substantial scientific contribu-
tion to the 9/11 physical and mental 
health literature    

http://www1.nyc.gov/site/911health/index.page
http://www1.nyc.gov/site/911health/index.page
http://www1.nyc.gov/site/911health/updates/news-videos.page
http://www1.nyc.gov/site/911health/updates/news-videos.page
http://www1.nyc.gov/site/911health/updates/news-videos.page
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o Twenty-three publications, includ-
ing fourteen articles, two letters, and 
two conference abstracts in peer-re-
viewed journals and five publica-
tions in-press  

o Forty-three  presentations at scien-
tific conferences and meetings 

•	 Conducted public health training
o Two MPH degrees completed using 

Registry data under the guidance of 
Registry senior staff 

•	 Conducted periodic multi-mode health 
surveys 
o See section 2c below

2b: Extend assessment of cancer and
mortality incidence through 15 years
post-9/11 

 
 

•	 Conduct periodic links to NYC Vital Sta-
tistics death files, the National Death 
Index (NDI), NYS SPARCS hospitaliza-
tion records, and eleven state cancer 
registries

•	 Cancer incidence completed through 10 
years post-9/11 
o Li J, Brackbill RM, Liao TS, Qiao B, 

Cone JE, Farfel MR, Hadler JL, Kahn 
AR, Konty KJ, Stayner LT, Stellman 
SD. Ten-year cancer incidence in 
rescue/recovery workers and ci-
vilians exposed to the September 
11, 2001 terrorist attacks on the 
World Trade Center. Am J Ind Med. 
2016 Sep;59(9):709-721. https://doi.
org/10.1002/ajim.22638 

•	 Mortality incidence through ten years 
post-9/11 (manuscript under clearance 
as of 6/30/2017)

2c: Conduct independent or collabora-
ive surveillance and in-depth studies to 
dentify and investigate potential emerg-
ng health conditions and treatment out-
omes on topics important to the WTCHP 

t
i
i
c

•	 Staten Island landfill and barge work-
ers:  Published additional quantitative 
analysis findings  
o Cone JE, Osahan S, Ekenga CC, Mill-

er-Archie SA, Stellman SD, Fairclough 
M, Friedman SM, Farfel MR. Asth-
ma among Staten Island fresh kills 
landfill and barge workers follow-
ing the September 11, 2001 World 
Trade Center terrorist attacks. Am 
J Ind Med. 2016 Sep;59(9):795-804. 
https://doi.org/10.1002/ajim.22645 

•	 Autoimmune disease survey:  
(2014-2017)
o Phase I:  Assess incidence of physi-

cian verified rheumatoid arthritis 
and other autoimmune diseases (AD) 
among enrollees who reported post-
9/11 autoimmune disease at Wave 3 
and examine 9/11-risk factors; 2,042 
enrollee surveys completed; with 
about a seventy-three percent re-
sponse rate (RR).  Physician surveys 
or medical records received for 732 
enrollees, with about a seventy per-
cent RR out of the 1,042 enrollees 
who provided authorization to con-
tact their physician.  Medical record 
vendor to obtain these remaining 
medical records.

o Phase II:  Assess incidence of physi-
cian verified MS and ALS among ap-
proximately 580 additional enrollees 
who reported post-9/11 MS or ALS 
at Waves 3 or 4 and examine 9/11-
risk factors.  Received 394 enrollee 
surveys to-date; for an approximate 

https://doi.org/10.1002/ajim.22638
https://doi.org/10.1002/ajim.22638
https://doi.org/10.1002/ajim.22645
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sixty-eight percent RR to-date.  Phy-
sician verification/medical record re-
view pending.

•	 Health and quality of life (Injury) 
study:  
o Phase I (Qualitative):  In 2015, com-

pleted qualitative interviews with 
thirty-nine enrollees who sustained 
a 9/11 injury. Findings published in 
Year 08. Analysis informed develop-
ment of a Phase II survey
 Gargano LM, Gershon RR, Brack-

bill RM. Quality of life of persons 
injured on 9/11: Qualitative anal-
ysis from the World Trade Center 
Health Registry. PLOS Currents 
Disasters. 2016 Oct 27. Edition 
1. http://doi.org/10.1371/cur-
rents.dis.7c70f66c1e6c5f41b43c-
797cb2a04793 

o Phase II (Quantitative): Launched 
in March 2017 to approximately 
8,500 enrollees to better understand 
the long-term mental and physical 
health consequences of 9/11 injuries. 
Data collection to end in mid-July 
2017.  Preliminary: About 6,000 sur-
veys received to-date; for an approx-
imate seventy-one percent RR.

•	 Early Labor Force Exit Study:
o Analysis of W1-W3 findings (Yu et al., 

2016) informed the development of 
this in-depth study.
 Yu S, Brackbill RM, Locke S, Stell-

man SD, Gargano LM. Impact of 
9/11-related chronic conditions 
and PTSD comorbidity on early 
retirement and job loss among 
World Trade Center disaster res-
cue and recovery workers. Am J 
Ind Med. 2016 Sep;59(9):731-741. 

https://doi.org/10.1002/ajim.22640 
o Finalized content and developed pa-

per and web surveys in Year 8. Sur-
vey planned to launch August 2017. 
The study will examine the impact 
of 9/11-related health on early re-
tirement and job loss among ap-
proximately 24,500 responders and 
survivors and further investigate the 
interrelationship of income, health, 
and premature labor force exit

2d. Develop and conduct a Wave 5 survey 
to ascertain cohort health status 18-19 
years after 9/11 

•	 Conducted planning for a Request for 
Proposal (RFP) to select a Wave 5 survey 
vendor to be released later in 2017

2e. Develop new research resources by 
assessing the feasibility of matching to 
additional administrative databases and 
establishing a sub-cohort of enrollees
willing to participate in “rapid research” 
to provide rapid turnaround of brief, di-
rected surveys implemented with greater 
frequency

 

•	 We discussed the proposal to establish 
a sub-cohort of enrollees for rapid re-
search with the NYC DOHMH IRB chair.  
The IRB chair advised the Registry that 
she was not receptive to approving this 
proposal because of potential bias in 
the research outcomes if enrollees with 
less rapid survey response times were 
excluded.  No further steps are planned 

•	 Conducted an initial assessment of 
NYC DOHMH or NYC Dept of Education 
(DoE) administrative databases that 
may provide: (1) information about the 
health effects of 9/11 on children; and/
or (2) a sampling frame to establish a 
new children’s cohort. Registry staff 

http://doi.org/10.1371/currents.dis.7c70f66c1e6c5f41b43c797cb2a04793
http://doi.org/10.1371/currents.dis.7c70f66c1e6c5f41b43c797cb2a04793
http://doi.org/10.1371/currents.dis.7c70f66c1e6c5f41b43c797cb2a04793
https://doi.org/10.1002/ajim.22640
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recommended focus on using adminis-
trative databases for expanded research 
on children because it is likely to be 
more feasible, timely and cost-effective 
than establishing a new cohort. Present-
ed to the Survivor Steering Committee 
and sent NIOSH an initial briefing pa-
per on the assessment. Discussions are 
ongoing

Specific Aims 3 and 4 below are the 
research translation components
of the Registry.

 

Specific Aim 3:  Conduct communi-
ty activities to respond to the physical and 
mental health concerns and specific health-
care needs of enrollees and others exposed 
to 9/11

3a: Disseminate Registry findings and 
recommendations to enrollees, the pub-
lic, WTCHP leadership and policy makers, 
using formats such as video, social me-
dia, and websites

•	 Employed multiple dissemination chan-
nels, including the Registry’s 9/11health-
info website, annual reports, press an-
nouncements, media interviews, and 
YouTube videos, including ten research 
videos and nine testimonial videos 
http://www1.nyc.gov/site/911health/
enrollees/testimonial-videos.page  (five 
of the videos were posted in Year 8 and 
two more are in production)

•	 Made forty-three presentations at sci-

entific conferences; meetings of the 
WTCHP STAC, Survivor steering commit-
tee and Outreach committee meeting; 
and to community groups, hospitals, and 
local health departments 

•	 Completed a redesign of the 9/11health-
info website to better organize the con-
tent with the goal to enhance user en-
gagement and to ensure that it was 
mobile friendly

•	 Conducted ten focus groups (see section 
1b above)

3b:  Provide Registry data resources and 
other resources to enrollees, the general 
public, external researchers and WTCHP 
entities 

•	 Posted Wave 4 survey materials, includ-
ing the Data File Users’ Manual (DFUM) 
and the questionnaires for the Wave 4 
Core and Asthma Surveys.  The Wave 4 
public use dataset with codebook is com-
plete and pending posting on the 9/11 
website 
http://www1.nyc.gov/site/911health/re-
searchers/health-data-tools.page

•	 Our interactive 9/11 Health Online Data 
Tool that permits users to query de-iden-
tified Wave 1 survey data has been ac-
cessed by over 800 unique users outside 
of NYC DOHMH in Year 8

•	 Responded to approximately sixteen 
data requests from advisors, researchers, 
media and others in Year 8

3c:  Continue to conduct health promo-
tion activities, including health education 

•	 Create condition-specific physical and 
mental health fact sheets which repre-
sent current scientific information and 
provide answers to common questions 
received from enrollees and the public.  
All fact sheets are available in English, 
Spanish, and traditional and simplified 
Chinese
o In April 2017, sent GERD Fact Sheet 

to nearly 25,000 enrollees who 

http://www1.nyc.gov/site/911health/enrollees/testimonial-videos.page
http://www1.nyc.gov/site/911health/enrollees/testimonial-videos.page
http://www1.nyc.gov/site/911health/researchers/health-data-tools.page
http://www1.nyc.gov/site/911health/researchers/health-data-tools.page
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reported GERD on their W4 survey
o Fact sheets in-preparation: sleep ap-

nea, sinusitis, hearing loss, anxiety, 
PTSD and others

o Posted related health educational 
materials on 
www.nyc.gov/9-11HealthInfo

Specific Aim 4:  Maintain the 9/11 Treat-
ment Referral Program (TRP) to help enroll-
ees and others find care for 9/11-related 
health problems 

4a:  Inform enrollees of 9/11-related ser-
vices and resources

•	 TRP staff trained in motivational inter-
viewing techniques which helps to iden-
tify and address barriers to  applying to 
and utilizing 9/11-related health service;  
TRP informational brochures sent to all 
enrollees

•	 Personalized communications sent in 
English, Spanish and traditional and 
simplified Chinese 

•	 Updated TRP III brochures created and 
printed in 2017

•	 Posted TRP, VCF and other resource in-
formation on the Registry’s 9-11Health-
Info website

4b: In coordination with the WTCHP, con-
duct outreach to potentially eligible en-
rollees in English, Spanish, and Chinese 
to encourage them to apply to the WTCHP

•	 TRP II:  Identified approximately 23,000 
enrollees for outreach; conducted out-
reach to nearly all of these enrollees. 
TRP staff made contact with about 7,417 
enrollees with nearly 6,000 requesting a 
WTCHP application

•	 TRP II ended on 12/31/2016.  By then, 

approximately 4,351 Registry-branded 
applications had been received by the 
WTCHP, and approximately 5,257 enroll-
ees had been provided with their Wave 
1 report as documentation of their pres-
ence near the WTC site on 9/11 for their 
WTCHP application

•	 On average, three to five contacts with 
staff were needed before an enrollee 
completed the outreach process

•	 TRP III: Launched in January 2017 to en-
rollees residing in and outside of the NYC 
area, including English (approximately 
15,000), Spanish, Mandarin and Can-
tonese (together about 500) language 
speakers    

•	 The outreach sample was drawn from 
responder and survivor enrollees who 
reported no prior access to the WTCHP 
on their Wave 4 survey.  Survivors also 
needed to report least one of the follow-
ing symptoms (uncontrolled asthma, 
COPD, RADS, GERS, probable 9/11-relat-
ed PTSD, or depression on their Wave 4 
survey or generalized anxiety disorder 
on their Wave 3 survey) to be included in 
the sample targeted for TRP III outreach

•	 In Year 8, approximately 1,121 enrollees 
requested a WTCHP application, all un-
der TRP III outreach

•	 In Year 8, over 880 Registry-branded 
applications had been received by the 
WTCHP including 517 under TRP II.  In 
May 2017, TRP received the highest 
number of applications ever in a month 
(212), which was 40 percent of all WTCHP 
applications received that month   

•	 In Year 8, provided approximately 2,235 
enrollees with their Wave 1 survey report 
as documentation of their presence near 
the WTC site on 9/11 for their WTCHP 

http://www.nyc.gov/9-11HealthInfo
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application, with 1,595 reports provided 
under TRP III

4c:  Conduct targeted outreach to enroll-
ees with specific conditions or unmet
healthcare needs (e.g., poorly controlled 
asthma, current smokers, or those ac-
cepted to the WTCHP but never seen

 

•	 Targeted outreach based on specific 
medical conditions is planned to begin 
with uncontrolled asthma

4d:  Evaluate impact of TRP and share 
findings with the WTCHP

•	 TRP-II evaluation under analysis, includ-
ing two manuscripts in-prep: analysis on 
pre- and post-application submission 
outcomes

Specific Aim 5:  Collaborate with other 
WTCHP entities (Data Centers, Clinical Cen-
ters of Excellence) to explore surveillance 
signals and treatment outcomes as follows: 
9/11 linkage with uncommon health condi-
tions, such as cancer and autoimmune and 
neurological disease (including age at diag-
nosis), and treatment outcomes for selected 
conditions related to 9/11

5a. Continue communications and collab-
orations with WTCHP clinical/data cen-
ters, including attending Responder and 
Survivor Steering Committee, NIOSH sci-
entific advisory and NIOSH PI meetings

•	 Published four manuscripts with WTCHP 
co-authors 

•	 Respiratory studies in collaboration 
with NYU/Bellevue: Completed the fol-
low-up study (2013-14; 545 enrollees 
completed interviews and PFTs; with 
about a seventy-four percent RR) to as-
sess longer-term persistent lower respi-
ratory symptoms. Published follow-up 

findings in Year 8.
o Jordan HT, Friedman SM, Reibman J, 

Goldring RM, Miller-Archie SA, Ortega 
F, Alper H, Yongzhao S, Maslow CB, 
Cone JE, Farfel MR, Berger KI. Risk 
factors for persistence of lower respi-
ratory symptoms among community 
members exposed to the 2001 World 
Trade Center terrorist attacks. Occup 
Environ Med. 2017 March; 74(6): 449-
455.                
h t t p : / / d o i . o r g / 1 0 . 1 1 3 6 /
oemed-2016-104157 

•	 Hearing loss study in collaboration 
with FDNY:
o Using existing, longitudinal FDNY au-

diometric surveillance data, we are 
examining the role of 9/11-related 
exposures on change in hearing over 
time among approximately 15,000 
FDNY personnel active on 9/11. In 
collaboration with FDNY, audiometric 
data has been recovered and cleaned 
and we are in the process of defining 
change in hearing status

•	 Collaborated or collaborating with 
FDNY, Einstein and Mount Sinai WTC 
researchers on WTCHP-funded studies, 
including:
o A review of cancer in WTC rescue/

recovery workers from the Registry, 
FDNY and Mount Sinai cohorts:
 Boffeta, P, Zeig-Owens R, Wallen-

stein S, Li J, Brackbill RM, Cone 
JE, Farfel MR, Holden W, Lucchini 
R, Webber MP, Prezant D, Stell-
man SD, Hall CB. Response to 
Soskolne [2017]. Am J Ind Med. 
2017 April; 60(5): 512. https://doi.
org/10.1002/ajim.22713 [Letter]

o A study to conduct a pooled analysis 

http://doi.org/10.1136/oemed-2016-104157
http://doi.org/10.1136/oemed-2016-104157
https://doi.org/10.1002/ajim.22713
https://doi.org/10.1002/ajim.22713
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of cancer incidence, latency and sur-
vival across three cohorts of WTC 
rescue/recovery workers from the 
Registry, FDNY and Mount Sinai. 
 Developed and executed NYC 

DOHMH Data Use Agreements 
(DUAs) or a Memo of Understand-
ing (MOU) with study partners 
(Mount Sinai, FDNY, NYS Cancer 
Registry) and six of the targeted 
thirteen state cancer registries 
(CA,CT,MA,NC,NJ, and NY)

 Submitted a National Death In-
dex (NDI) application for the joint 
cancer project. Approval pending

 Will continue to outreach to the 
remaining seven state cancer 
registries to obtain DUAs

o Participated in an application for a 
WTCHP-funded study to conduct a 
pooled analysis of overall, cause-spe-
cific and occupational-specific mor-
tality in a combined dataset from 
these three WTC rescue/recovery 
workers cohorts

•	 Continued to attend and participate 
in the WTCHP Responder and Survi-
vor Steering Committee meetings, the 
NIOSH scientific advisory meeting, the 
NIOSH PI meetings and the NIOSH Sci-
entific Forum meetings.

5b. Serve as a platform for external re-
search by providing facilitated recruit-
ment of enrollees and de-identified survey 
data
•	 Co-authored another six publications 

with researchers outside of NYC DOHMH 
•	 At least another four publications au-

thored by principal investigators from ex-
ternal research studies facilitated by the 
Registry

•	 Responded to thirteen data requests from 
potential external researchers

•	 Reviewed applications from six external 
researchers; approved five applications 
and provided de-identified data to four 
external researchers (one data release 
pending implementation of a DUA)  

•	 In August 2016, completed facilitated 
recruitment of Registry enrollees into a 
WTCHP-funded study of the mental health 
of children and young adults (Hoven, 
Columbia) 

•	 Under the guidance of an external re-
searcher using Registry data, one gradu-
ate degree (MPH) completed 

•	 Worked with nine active approved exter-
nal research projects, including two with 
federal WTCHP funding (Kung, Marmor), 
one other CDC project (Pallos), and six 
others (Bowler, Mancini, Shen, Wyka (n=2) 
and Todd)
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WTC Health Registry
Key Accomplishments 
July 1, 2017 – June 30, 2018 
NIOSH Grant Year 09 

This study is currently supported by Coop-
erative Agreement U50/OH009739 from the 
National Institute for Occupational Safety 
and Health (NIOSH) of the U.S. Centers for 
Disease Control and Prevention (CDC) and 
the New York City Department of Health and 
Mental Hygiene (NYC DOHMH).

Support prior to April 2009 was provided 
by Cooperative Agreement U50/ATU272750 
from the Agency for Toxic Substances and 
Disease Registry (ATSDR), which included 
support from the National Center for Envi-
ronmental Health (NCEH), and the New York 
City Department of Health and Mental Hy-
giene (NYC DOHMH).

Specific Aim 1:  Maintain the Registry as 
a valuable public health resource to allow 
health professionals to track and investigate 
possible trends in illness and recovery 

1a: Maximize the number of enrollees
with valid, updated contact information 
through ongoing communications with
enrollees and conduct tracing to locate
enrollees with invalid or missing contact 
information 

 

 
 

•	 Maintained multiple communication 
channels (i.e., phone, fax, email, mail, 
secure web app) for enrollees to use to 
contact the Registry with questions or to 
provide updated contact information

•	 Obtained consent from new young adults 
- child enrollees who have aged into 
adulthood  

o Children: about 2,625 children were 
under age 18 years at time of enroll-
ment in 2003-2004; about 203 enroll-
ees are children as of June 2018.    

•	 Since 2013, 93% of the new adults suc-
cessfully contacted have consented to re-
main in the Registry, 97 have withdrawn 
and nine are deceased. Among new young 
adults, 1,358 have consented to remain in 
the Registry as adults (including 152 in 
Year 09)  Staff are conducting outreach to 
the remaining unconsented new young 
adults 

•	 Registry enrollees remain committed and 
engaged with the Registry over sixteen 
years after 9/11
o Over 14,315 enrollee contact informa-

tion updates received in Year 09
o Few withdrawals (39 in Year 09; a 

total of 1,104, or about 1.55% of all 
enrollees)   

o Traced over 6,000 enrollees with miss-
ing or invalid contact information us-
ing LexisNexis.  

o Very few enrollees currently lost to 
follow-up (about 49) 

1b: Keep enrollees engaged and inter-
ested in participating in future research 
by maintaining timely, accurate and pro-
fessional communications and providing 
feedback to address enrollee concerns

•	 Responded to about 40 incoming com-
munications from enrollees and the pub-
lic per day

•	 Prepared all key written communications 
in English, Spanish, and traditional and 
simplified Chinese

•	 Staff available to speak with enrollees 
and the public in English, Spanish, Man-
darin and Cantonese 
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•	 Provided core communications to all en-
rollees, including an Annual Report of 
findings and Annual Card

•	 Maintained an active website to report 
Registry and other 9/11 research findings 
and resources with an average of over 
4,200 unique visitors per month from 
about 57 countries at: http://www1.nyc.
gov/site/911health/index.page. The Re-
search Videos Page (with 18 videos post-
ed to-date) receives on average about 167 
views per month at: http://www1.nyc.
gov/site/911health/updates/news-vid-
eos.page. The Registry’s Research and 
Testimonial videos have been viewed 
over 10,400 times since they were placed 
on YouTube in May 2014.

•	 Disseminated quarterly e-newsletter 
with 9/11-related news to approximately 
50,000, including enrollees and the public

•	 Collaborated with the federal 9/11 Vic-
tim’s Compensation Fund (VCF) to identi-
fy applicants who are enrollees. Provided 
1,425 enrollees to-date, including 49 in 
Year 9, with their Wave 1 survey report as 
supporting eligibility documentation for 
their VCF application

•	 High enrollee participation rates in fol-
low-up and in-depth surveys

1c: Conduct outreach to boost response 
to Registry studies, as needed 

•	 Sent key communications including mul-
tiple paper surveys, email invitations with 
a link to an online survey, and email and 
postcard reminders 

•	 Conducted social media outreach, 
door-to-door outreach and telephone 
reminders 

Specific Aim 2:  Expand knowledge about 
the long-term health effects of 9/11 by facil-
itating medical, public health or emergency 
preparedness research, or other scientific re-
search relevant to the WTC Health Program 
(WTCHP) – with special emphasis on impacts 
to those who lived, worked or attended school 
in the disaster area (i.e., non-“responders”)

2a: Assess the contribution of 9/11 expo-
sure and other risk factors to the course 
of health conditions and unmet health-
care needs 16 years post-9/11 by analyz-
ing the 2015-16 Wave 4 survey, other Reg-
istry surveys and hospital discharge and 
other data linked to the Registry

•	 Made a substantial scientific contribution 
to the 9/11 physical and mental health 
literature    
o 19 publications, including 13 articles, 

one conference abstract and 5 publi-
cations in-press.  

o 36 presentations at scientific confer-
ences and meetings 

•	 Conducted periodic multi-mode health 
surveys 
o See section 2c below

•	 Conducted public health training
o One MPH degree completed using 

Registry data under the guidance of 
senior staff

http://www1.nyc.gov/site/911health/index.page
http://www1.nyc.gov/site/911health/index.page
http://www1.nyc.gov/site/911health/updates/news-videos.page
http://www1.nyc.gov/site/911health/updates/news-videos.page
http://www1.nyc.gov/site/911health/updates/news-videos.page


Appendix One • WTC Health Registry Key Accomplishments 2016 – 2019      
Summary of World Trade Center Health Program Research 2019 Page 89

Registry  2016 – 2019

2b: Extend assessment of cancer and 
mortality incidence through 16 years
post-9/11 

 

•	 Conduct periodic links to NYC Vital Sta-
tistics death files, the National Death In-
dex (NDI), NYS SPARCS hospitalization 
records, and eleven state cancer registries
o Conducted a linkage with NDI for the 

years 2015 and 2016
o Conducted a linkage with NYC DOHMH 

Vital Records for the year of 2016

•	 Mortality incidence through ten years 
post-9/11 
o The manuscript titled “Mortality 

among rescue and recovery workers 
and community members exposed to 
the September 11, 2001 World Trade 
Center terrorist attacks, 2003-2014” 
has been published in the Journal of 
“Environmental Research”.

2c: Conduct independent or collabora-
tive surveillance and in-depth studies to 
identify and investigate potential emerg-
ing health conditions and treatment out-
comes on topics important to the WTCHP 

•	 Autoimmune disease survey:  (2014-2018)
o Phase I:  Assess incidence of physician 

verified rheumatoid arthritis and oth-
er autoimmune diseases (AD) among 
enrollees who reported post-9/11 au-
toimmune disease at Wave 3 and ex-
amine 9/11-risk factors; 2,042 enrollee 
surveys completed; with about a 73% 
response rate (RR).  Physician surveys 
or medical records received for 817 
enrollees, with a 78.4% percent RR 
out of the 1,042 enrollees who provid-
ed authorization to contact their phy-
sician.  Medical record vendor to ob-
tain these remaining medical records.

o Phase II:  Assess incidence of 

physician verified MS and ALS among 
approximately 580 additional enroll-
ees who reported post-9/11 MS or ALS 
at Waves 3 or 4 and examine 9/11-risk 
factors.  Received 415 enrollee sur-
veys to-date; for a 71.5% response 
rate. Total of 6 self-reported cases of 
ALS. Two of these returned signed re-
lease of medical information forms. 
Physician verification/medical record 
review pending.

•	 PTSD and Lower Respiratory Symptoms: 
A qualitative study:
o We conducted in-depth qualitative 

interviews to gain an understand-
ing of enrollees’ perceptions of how 
their lower respiratory symptoms 
and PTSD are related. An IRB applica-
tion was submitted to DOHMH IRB for 
approval.  Interview questions were 
developed. Two consultants, a pul-
monologist (Dr. de la Hoz, Mt. Sinai), 
and a psychologist (Dr. Bromet, Stony 
Brook) were recruited to assist with 
this project. The services of an expert 
in conducting interviews for qualita-
tive research studies was procured. 
In March 2018, interviews with 34 en-
rollees were completed. All interviews 
have been transcribed and analysis is 
currently underway.

•	 Health and quality of life (Injury) study:  
o Phase I (Qualitative):  In 2015, com-

pleted qualitative interviews with 39 
enrollees who sustained a 9/11 injury. 
Analysis informed development of a 
Phase II survey. Findings published in 
Year 8 (citation below).

•	 Gargano LM, Gershon RR, Brack-
bill RM. Quality of life of persons 
injured on 9/11: Qualitative anal-
ysis from the World Trade Center 
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Health Registry. PLOS Currents 
Disasters. 2016 Oct 27. Edition 
1.http://doi.org /10.1371/cur-
rents.dis.7c70f66c1e6c5f41b43c-
797cb2a04793

o Phase II (Quantitative): Launched in 
March 2017 to 8,575 enrollees to bet-
ter understand the long-term mental 
and physical health consequences of 
9/11 injuries. Data collection ended 
in July 2017 with a final response rate 
of 76%, and 6,544 surveys received. 
Posters about the study have been 
presented at 2 scientific conferences: 

•	 Brackbill RM, et. al. Quality of Life 
15 Years after 9/11 of Persons who 
Sustained an Injury on the Day of 
the Attacks who have not Exhib-
ited Symptoms of Post-traumatic 
Stress Disorder (PTSD). APHA An-
nual Meeting and Expo, November 
4-8, 2017, Atlanta, GA. [Poster]

•	 Brackbill R, Gargano L, Jacobson 
M, Alper H, Garrey S. Comparison 
of quality of life 15 years after 9/11 
of persons who did or did not sus-
tain an injury on the day of the 
attacks. Society for Epidemiolog-
ic Research, Annual Meeting SER. 
June 19-22, 2018. Baltimore, MD. 
[Poster]

•	 Early Labor Force Exit Study:
o Analysis of W1-W3 findings informed 

the development of this in-depth 
study. The findings were published in 
Year 8 (citation below).

•	 Yu S, Brackbill RM, Locke S, Stell-
man SD, Gargano LM. Impact of 
9/11-related chronic conditions 
and PTSD comorbidity on early 
retirement and job loss among 

World Trade Center disaster res-
cue and recovery workers. Am 
J Ind Med. 2016 Sep;59(9):731-
741. https://doi.org/10.1002/
ajim.22640

o The study will examine the impact 
of 9-11 related health on early retire-
ment and job loss. Paper and web 
surveys were launched in September 
2017 to 23,036 responders and survi-
vors. Data collection for “9/11 Health 
and Employment Study” ended on 
March 31 2018. Data cleaning is being 
completed and the dataset will soon 
be ready for data analysis. In total, we 
received 7,406 Web surveys and 7,481 
paper surveys, and the response rate 
is 65%. Multiple research analyses will 
be conducted using data collected 
from this survey in the coming year(s).

2d: Develop and conduct a Wave 5 survey 
to ascertain cohort health status 18-19 
years after 9/11 

•	 A draft Request for Proposal (RFP) for a 
Wave 5 Survey vendor was completed in 
October 2017 and submitted to DOHMH 
Office of the Agency Chief Contracting Of-
ficer (ACCO). The RFP is currently at the 
Mayor’s Office of Contracts (MOCS) for re-
view. The RFP is expected to be released 
in the summer of 2018, and the survey 
vendor is expected to be selected in 2019. 
The Registry research group is propos-
ing topics to cover in the Wave 5 survey 
and will make decisions on topics and 
then the actual questions for the survey 
instrument.

2e: Develop new research resources by 
assessing the feasibility of matching to 
additional administrative databases and 
establishing a sub-cohort of enrollees 
willing to participate in “rapid research” 

http://doi.org/10.1371/currents.dis.7c70f66c1e6c5f41b43c797cb2a04793
http://doi.org/10.1371/currents.dis.7c70f66c1e6c5f41b43c797cb2a04793
http://doi.org/10.1371/currents.dis.7c70f66c1e6c5f41b43c797cb2a04793
https://doi.org/10.1002/ajim.22640
https://doi.org/10.1002/ajim.22640
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to provide rapid turnaround of brief, di-
rected surveys implemented with greater 
frequency

•	 In Year 8, we discussed the proposal to de-
velop a sub-cohort of enrollees for rapid 
research with the NYC DOHMH IRB chair.  
The IRB chair advised the Registry that 
she was not receptive to approving this 
proposal because of the potential bias in 
the research outcomes if enrollees with 
less rapid survey response times were ex-
cluded.  No further steps are planned.

•	 Conducted an initial assessment of NYC 
DOHMH and NYC Department of Educa-
tion (DoE) administrative databases that 
may provide: (1) information about the 
health/educational effects of 9/11 on chil-
dren; and/or (2) a sampling frame to es-
tablish a new children’s cohort. Present-
ed to the Survivor Steering Committee 
and sent NIOSH an initial briefing paper 
on the assessment. Submitted a request 
to DoE in October 2017 for directory in-
formation on children in exposed and 
unexposed school districts at the time of 
9/11 and their parent/guardians, which 
includes names and contact information. 

•	 Attended August 2017 meeting with rep-
resentatives of DoE, NYC DOHMH, NIOSH, 
City Hall and 9/11 Health Watch to dis-
cuss collaboration on establishing a new 
cohort of children for expanded research.

•	 DoE confirmed the availability of the re-
quested administrative directory infor-
mation and has shared some aggregate 
data with the Registry.

•	 Met with DoE in March 2018 to discuss po-
tential for matching of directory informa-
tion with administrative databases.

•	 Participated in monthly conference calls 
with representatives of DoE, NYC DOHMH, 

City Hall and Labor to report on progress 
and next steps. Participated in several 
calls with DoE and Registry staff regard-
ing work now underway to: 1) establish 
a Data Use Agreement between DoE and 
NYC DOHMH; 2) draft DoE’s public notifi-
cation regarding sharing directory infor-
mation with NYC DOHMH that will pro-
vide people with an opt-out option; 3) 
prepare a protocol for NYC DOHMH IRB 
approval related to assessing the feasi-
bility of establishing a new cohort based 
on the ability to trace and contact a sam-
ple of people and their level of interest in 
participating in a new cohort for research 
on 9/11-related health outcomes; and 4) 
have DoE pull electronic directory data 
requested by NYCDOHMH.  

•	 On a related but separate track, the Reg-
istry submitted an on-line application in 
December 2017, requesting de-identified 
administrative/testing data for assessing 
the impact of 9/11 on educational out-
comes among children. The Registry re-
ceived the DoE data in June 2018 and we 
are in the process of reviewing and stan-
dardizing it.

Specific Aims 3 and 4 below are the 
research translation components
of the Registry.

 

Specific Aim 3:  Conduct community ac-
tivities to respond to the physical and men-
tal health concerns and specific healthcare 
needs of enrollees and others exposed to 9/11

3a: Disseminate Registry findings and 
recommendations to enrollees, the pub-
lic, WTCHP leadership and policy makers, 
using formats such as video, social me-
dia, and websites
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•	 Employed multiple dissemination chan-
nels, including the Registry’s 9/11health-
info website, annual reports, press an-
nouncements, media interviews, and 
YouTube videos, including 18 research 
videos (including , a Treatment Refer-
ral Program and Victim’s Compensation 
Fund informational video) and nine tes-
timonial videos. http://www1.nyc.gov/
site/911health/enrollees/testimoni-
al-videos.page  (Of the 27 videos, three 
were posted in Year 09.)

•	 Made 36 presentations at scientific con-
ferences; meetings of the WTCHP STAC, 
Survivor steering committee and Out-
reach committee meeting; and to com-
munity groups, hospitals, and local health 
departments 

3b:  Provide Registry data resources and 
other resources to enrollees, the general 
public, external researchers and WTCHP 
entities 

•	 Our interactive 9/11 Health Online Data 
Tool that permits users to query de-iden-
tified Wave 1 survey data has been ac-
cessed by about 740 unique users outside 
of NYC DOHMH to-date in Year 09.

•	 Responded to about 31 data requests 
from advisors, researchers, media and 
others in Year 09.

3c:  Continue to conduct health promo-
tion activities, including health education 

•	 Create condition-specific physical and 
mental health fact sheets which represent 
current scientific information and provide 
answers to common questions received 
from enrollees and the public. All fact 
sheets are available in English, Spanish, 
and traditional and simplified Chinese.

o Completed 3 fact sheets in Year 9 that  

are planned to be mailed in 2018 after 
translations are completed: obstruc-
tive sleep apnea, obstructive sleep 
apnea treatment and chronic sinusitis

o Fact sheets in preparation: hearing 
loss, malignant melanoma, social iso-
lation and others

o Posted related health education-
al materials on http://www.nyc.
gov/9-11HealthInfo

Specific Aim 4:  Maintain the 9/11 Treat-
ment Referral Program (TRP) to help enroll-
ees and others find care for 9/11-related 
health problems 

4a:  Inform enrollees of 9/11-related ser-
vices and resources

•	 TRP staff trained in motivational inter-
viewing techniques which helps to identi-
fy and address barriers to applying to and 
utilizing 9/11-related health service.

•	 Personalized communications sent in En-
glish, Spanish and traditional and simpli-
fied Chinese 

•	 Updated TRP III informational brochures 
are sent to enrollees who request a 
WTCHP application.

•	 Posted TRP, VCF and other resource infor-
mation on the Registry’s 9-11HealthInfo 
website

4b: In coordination with the WTCHP, con-
duct outreach to potentially eligible en-
rollees in English, Spanish, and Chinese 
to encourage them to apply to the WTCHP

•	 TRP III: Launched in February 2017 to 
enrollees residing in and outside of the 
NYC area, including English (approxi-
mately 15,000), Spanish, Mandarin and 

http://www1.nyc.gov/site/911health/enrollees/testimonial-videos.page
http://www1.nyc.gov/site/911health/enrollees/testimonial-videos.page
http://www1.nyc.gov/site/911health/enrollees/testimonial-videos.page
http://www.nyc.gov/9-11HealthInfo 
http://www.nyc.gov/9-11HealthInfo 
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Cantonese (together about 500) lan-
guage speakers. The outreach sample 
was drawn from responder and survivor 
enrollees who reported no prior access to 
the WTCHP on their Wave 4 survey.  Sur-
vivors also needed to report at least one 
of the following symptoms (uncontrolled 
asthma, COPD, RADS, GERS, probable 
9/11-related PTSD, or depression on their 
Wave 4 survey or generalized anxiety dis-
order on their Wave 3 survey) to be in-
cluded in the sample targeted for TRP III 
outreach.

•	 In Year 09, TRP sent out over 2,400 
applications.

•	 In Year 09, TRP provided 2,942 Registry 
enrollees with their Wave 1 survey report 
as documentation of their presence near 
the WTC site on 9/11 for their WTCHP.

•	 In Year 09, over 1600 Registry-branded 
WTCHP applications were received by the 
WTCHP.

4c:  Conduct targeted outreach to enroll-
ees with specific conditions or unmet
healthcare needs (e.g., poorly controlled 
asthma, current smokers, or those ac-
cepted to the WTCHP but never seen

 

•	 A smoking cessation intervention pro-
gram is being planned. The sample will 
include ~1,800 NYC or New York State resi-
dents who reported being smokers on the 
Registry’s Wave 4 survey. 

4d:  Evaluate impact of TRP and share
findings with the WTCHP  

 

•	 TRP-II evaluation is under analysis. A 
manuscript based on the TRP-II process 
was published in the journal of Disaster 
Management and Prevention. A second 
manuscript on post submission outcomes 
is underway. 

o Petrsoric L, Welch AE, Miller-Archie SA, 
Cone JE, Farfel MR. Considerations for 
Future Disaster Registries: Effective-
ness of Treatment Referral Outreach 
in Addressing Long-Term Unmet 9/11 
Disaster Needs. Disaster Preven-
tion and Management. 2018; 27(3): 
321-333.https://doi.org /10.1108/
DPM-01-2018-0026

Specific Aim 5:  Collaborate with other 
WTCHP entities (Data Centers, Clinical Cen-
ters of Excellence) to explore surveillance sig-
nals and treatment outcomes as follows: 9/11 
linkage with uncommon health conditions, 
such as cancer and autoimmune and neuro-
logical disease (including age at diagnosis), 
and treatment outcomes for selected condi-
tions related to 9/11

5a: Continue communications and collab-
orations with WTCHP clinical/data cen-
ters, including attending Responder and 
Survivor Steering Committee, NIOSH sci-
entific advisory and NIOSH PI meetings
•	 Published one manuscript with WTCHP 

co-authors.
•	 Hearing loss study in collaboration with 

FDNY:
o Using existing, longitudinal FDNY au-

diometric surveillance data, we are 
examining the role of 9/11-related 
exposures on change in hearing over 
time among approximately 15,000 
FDNY personnel active on 9/11. In 
collaboration with FDNY, audiometric 
data has been recovered and cleaned 
and we are in the process of analyzing 
change in hearing status.

•	 Collaborated or collaborating with FDNY, 
Einstein and Mount Sinai WTC research-
ers on WTCHP-funded studies, including:
o A study to conduct a pooled analy-

sis of cancer incidence, latency and 
survival across three cohorts of WTC 

https://doi.org/10.1108/DPM-01-2018-0026
https://doi.org/10.1108/DPM-01-2018-0026
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rescue/recovery workers from the 
Registry, FDNY and Mount Sinai. 
•	 Developed and executed NYC 

DOHMH Data Use Agreements 
(DUAs) or a Memo of Understand-
ing (MOU) with study partners 
(Mount Sinai, FDNY, NYS Cancer 
Registry) and 11 of the target-
ed 13 state cancer registries (AZ, 
CA,CT,MA,NC,NJ, NY, OH, PA, TX 
and VA)

•	 Submitted a National Death Index 
(NDI) application for the joint can-
cer project. Official approval letter 
pending

•	 Will continue to outreach to the 
remaining 2 state cancer registries 
(FL, WA) to obtain DUAs

o A study to conduct a pooled analysis 
of overall, cause-specific and occu-
pational-specific mortality in a com-
bined dataset of WTC rescue /recov-
ery workers from the Registry, FDNY 
and Mount Sinai cohort. 
•	 Began work on an amendment to 

our joint NDI application. 
•	 Evaluated the algorithm used by 

the State Cancer Registries, for 
processing NDI return outputs, by 
comparing it with the Registry’s al-
gorithm and determined that the 
NYS Cancer Registry’s algorithm is 
the best one for the Registry and 
the WTCHP to use.

•	 Continued to attend and participate 
in the WTCHP Responder and Survivor 
Steering Committee meetings, the NIOSH 
scientific advisory meeting, the NIOSH PI 
meetings and the NIOSH Scientific Forum 
meetings.

5b: Serve as a platform for external re-
search by providing facilitated recruit-
ment of enrollees and de-identified sur-
vey data
•	 Co-authored another 4 publications with 

researchers outside of NYC DOHMH
•	 At least 5 publication authored by princi-

pal investigators from external research 
studies facilitated by the Registry

•	 Responded to 11 data requests from po-
tential external researchers

•	 Reviewed applications from 5 external 
researchers; approved 3 applications and 
provided de-identified data to 4 external 
researchers 

•	 Worked with 10 active approved external 
research projects, including two with fed-
eral WTCHP funding (Feder, Marmor), one 
other CDC project (Pallos), and seven oth-
ers (Berger, Bowler, Mancini, Shen, Wyka 
(n=2) and Todd) 
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WTC Health Registry
Key Accomplishments 
July 1, 2018 – June 30, 2019 
NIOSH Grant Year 10 

This study is currently supported by Coop-
erative Agreement U50/OH009739 from the 
National Institute for Occupational Safety 
and Health (NIOSH) of the U.S. Centers for 
Disease Control and Prevention (CDC) and 
the New York City Department of Health and 
Mental Hygiene (NYC DOHMH).

Support prior to April 2009 was provided 
by Cooperative Agreement U50/ATU272750 
from the Agency for Toxic Substances and 
Disease Registry (ATSDR), which included 
support from the National Center for Envi-
ronmental Health (NCEH), and the New York 
City Department of Health and Mental Hy-
giene (NYC DOHMH).

Specific Aim 1: Maintain the Registry as 
a valuable public health resource to allow 
health professionals to track and investi-
gate possible trends in illness and recovery
 
1a: Maximize the number of enrollees 
with valid, updated contact information 
through ongoing communications with 
enrollees and conduct tracing to locate 
enrollees with invalid or missing contact 
information 

 ▶ Maintained multiple communication 
channels (i.e., phone, fax, email, 
mail, secure web app) for enrollees 
to use to contact the Registry with 
questions or to provide updated con-
tact information

 ▶ Obtained consent from new young 
adults - child enrollees who have 
aged into adulthood  

 ȧ Children: about 2,625 children 
were under age 18 years at 
time of enrollment in 2003-
2004; about 37 enrollees are 
children as of July 2019.    

 ▶ Since 2013, 93% of the new adults 
successfully contacted have consent-
ed to remain in the Registry, 114  
have withdrawn and 12 are  
deceased. Among new young adults, 
1,476 have consented to remain in 
the Registry as adults (including 75 in 
Year 10).  Staff are conducting out-
reach to the remaining unconsented 
new young adults 
 

 ▶ Registry enrollees remain committed 
and engaged with the Registry over 
seventeen years after 9/11

 ȧ Over 15,390 enrollee contact 
information updates received  
in Year 10 

 ȧ Few withdrawals (19 in Year 10; 
a total of 1,122; about 1.6% of 
all enrollees)  
  
 ȧ Traced over 1,480 enrollees  
(in Year 10) with missing or  
invalid contact information 
using LexisNexis, along with 
phone call and email attempts; 
totaling over 3,500 tracing 
attempts.
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 ȧ Contracted with a vendor to 
conduct batch tracing of 4,100 
enrollees with bad phone 
numbers. Received at least 1 
updated phone number for 
3,554 enrollees (a total of 
4,841 updated phone num-
bers).  

 ȧ Very few enrollees currently 
lost to follow-up (about 49) 

1b: Keep enrollees engaged and inter-
ested in participating in future research 
by maintaining timely, accurate and
professional communications and pro-
viding feedback to address enrollee
concerns

 

 

 ▶ Responded to about 35 incoming 
communications from enrollees 
and the public per day 

 ▶ Prepared all key written commu-
nications in English, Spanish, and 
traditional and simplified Chinese 

 ▶ Staff available to speak with en-
rollees and the public in English, 
Spanish, Mandarin and Cantonese 
 

 ▶ Provided core communications to 
all enrollees, including the Regis-
try’s Annual Card, Annual Report 
and Time-to-Update Your Contact 
Information Reply card

 ▶ Maintained an active website to re-
port Registry and other 9/11 research 
findings and resources with an aver-
age of over 2,900 unique visitors per 
month from about 78 countries at: 
http://www1.nyc.gov/site/911health/
index.page.  

 ȧ The Research Videos Page 
(with 16 videos posted to-date) 
receives on average about 243 
views per month at: http://
www1.nyc.gov/site/911health/
updates/news-videos.page 
Four additional videos are 
posted at: https://www1.nyc.
gov/site/911health/updates/
announcements.page 

 ȧ The Registry’s Research and 
Testimonial videos have been 
viewed over 13,494 times since 
they were placed on YouTube 
in May 2014. 

 ȧ Redesigned the Registry’s  
webpages which allow enroll-
ees to update their contact 
information, to give it a better 
user experience.

 ▶ Collaborated with the federal 9/11 
Victim’s Compensation Fund (VCF) 
to identify applicants who are 
enrollees. Provided 1,460 enrollees 
to-date, including 35 in Year 10, with 
their Wave 1 survey report as sup-
porting eligibility documentation 
for their VCF application.

http://www1.nyc.gov/site/911health/index.page
http://www1.nyc.gov/site/911health/index.page
http://www1.nyc.gov/site/911health/updates/news-videos.page
http://www1.nyc.gov/site/911health/updates/news-videos.page
http://www1.nyc.gov/site/911health/updates/news-videos.page
 https://www1.nyc.gov/site/911health/updates/announcements.page 
 https://www1.nyc.gov/site/911health/updates/announcements.page 
 https://www1.nyc.gov/site/911health/updates/announcements.page 
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▶ 1c: Conduct outreach to boost 
response to Registry studies, as 
needed  

 ▶ Conducted social media outreach to 
keep enrollees engaged with the Reg-
istry in between surveys and studies, 
and door-to-door outreach to con-
sent new adults.  

 ▶ Developed two quarterly e-news-
letters that were sent to almost 
43,000 enrollees who provided email 
addresses and posted them on the 
9/11healthinfo website (https://
www1.nyc.gov/site/911health/re-
searchers/published-research-publi-
cations.page).

Specific Aim 2:  Expand knowledge about 
the long-term health effects of 9/11 by facil-
itating medical, public health or emergency 
preparedness research, or other scientific re-
search relevant to the WTC Health Program 
(WTCHP) – with special emphasis on impacts 
to those who lived, worked or attended school 
in the disaster area (i.e., non-“responders”)
 
2a: Assess the contribution of 9/11 expo-
sure and other risk factors to the course 
of health conditions and unmet health-
care needs 17 years post-9/11 by  
analyzing the 2015-16 Wave 4 survey, 
other Registry surveys and hospital 
discharge and other data linked to the 
Registry

Made a substantial scientific contribution 
to the 9/11 physical and mental health 
literature    

 ȧ 20 publications, including 1 
conference abstract 
 ȧ 28 presentations at scientific 
conferences and meetings
 ȧ More than 25 manuscripts in 
progress 

 ▶ Conducted periodic multi-mode 
health surveys 

 ȧ See section 2c below

2b: Extend assessment of cancer and 
mortality incidence through 16 years
post-9/11 

 

 ▶ Conduct periodic links to NYC Vital 
Statistics death files, the National 
Death Index (NDI), NYS SPARCS hos-
pitalization records, and eleven state 
cancer registries 

 ȧ Plan to conduct a linkage with 
NYC DOHMH Vital Records for 
the years of 2017 and 2018 in 
July 2019. 

 ȧ Completed cancer linkage with 
9 state cancer registries (TX, 
OH, CA, NC, MA, CT, PA, NY and 
WA), in Year 10, for cancer data 
to the end of 2015. 
 
 ȧ Cancer linkage is planned for 
Year 11 for the remaining 2 
state cancer registries (NJ and 
FL).
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 ȧ 2c: Conduct independent or 
collaborative surveillance 
and in-depth studies to iden-
tify and investigate potential 
emerging health conditions 
and treatment outcomes 
on topics important to the 
WTCHP 

 ▶ Autoimmune disease survey:  
(2014-2018)
 ȧ Phase I:  Assess incidence of 
physician verified rheumatoid 
arthritis and other autoimmune 
diseases (AD) among enrollees 
who reported post-9/11 AD at 
Wave 3 and examine 9/11-risk 
factors; 2,042  
enrollee surveys completed; with 
about a 73% response rate (RR).  
Physician surveys and/or medical 
records received for 906 enroll-
ees, an 87% RR out of the 1,042 
enrollees who provided authori-
zation to contact their physician 
 

◊ In Year 10, medical record 
collection was completed in 
Dec 2018, with records for 
an additional 89 enrollees 
obtained.  Medical record 
review was completed for 
about 60-65 enrollee re-
cords (including 29 of the 
new records obtained in 
Year 10 plus the remaining 
records from Year 9).   
Review of the medical 

records for the remaining 

60 enrollees was completed 

in Year 10 and the database 

finalized. A manuscript of 

initial findings was sub-

mitted to a journal, and is 

undergoing revision and 

resubmission to the same 

journal. 

 ȧ Phase II:  Assess incidence of 
self-reported MS and ALS among 
580 additional enrollees who 
reported post-9/11 MS or ALS 
at Waves 3 or 4 and examine 
9/11-risk factors.  Received 419 
enrollee surveys; a 72% RR rate.  
A total of 76 MS cases and 6 ALS 
cases were self-reported. Medical 
records releases were requested 
for the 6 enrollees who reported 
ALS; two provided signed releas-
es. Review of medical records for 
these 2 enrollees did not confirm 
ALS.  With such small numbers of 
self-reported MS and ALS cases, 
we are unlikely to conduct further 
medical record review.  Instead 
we will examine the MS and ALS 
cases self-reported at the Wave 5 
survey to determine whether to 
conduct a new follow-up in-depth 
study with medical record review.



Appendix One • WTC Health Registry Key Accomplishments 2016 – 2019      
Summary of World Trade Center Health Program Research 2019 Page 99

Registry  2016 – 2019

 ▶ PTSD and Lower Respiratory Symp-
toms: A qualitative study:

 ȧ We conducted in-depth quali-
tative interviews to understand 
enrollees’ perceptions of how 
their lower respiratory symptoms 
and PTSD are related. Two con-
sultants, a pulmonologist (Dr. de 
la Hoz, Mt. Sinai), and a psycholo-
gist (Dr. Bromet, Stony Brook) as-
sisted with this project.  In March 
2018, interviews with 34 enrollees 
were completed. All interviews 
have been transcribed.

 ȧ A manuscript with findings has 
been submitted to a journal and 
is under review. 
 

 ▶ Health and quality of life (Injury) 
study:  
 
 ȧ Phase I (Qualitative):  In 2015, 
completed qualitative interviews 
with 39 enrollees who sustained 
a 9/11 injury. Analysis informed 
development of a Phase II survey.

◊ Gargano LM, Gershon RR, 
Brackbill RM. Quality of life 
of persons injured on 9/11: 
Qualitative analysis from 
the World Trade Center 
Health Registry. PLOS Cur-
rents Disasters. 2016 Oct 27. 
Edition 1.  

http://doi.org/10.1371/
currents.dis.7c70f66c1e-
6c5f41b43c797cb2a04793. 
(Publication #80)

 ȧ Phase II (Quantitative): 
Launched in March 2017 to 8,575 
enrollees to better understand 
the long-term mental and physi-
cal health consequences of 9/11 
injuries. Data collection ended 
in July 2017 with 6,544 surveys 
received, a 76% RR.  

 ȧ Posters about the study have 
been presented at 3 scientific 
conferences, including one in 
Year 10. 
 
 ȧ The following manuscripts have 
been published based on these 
data:

◊ Jacobson MH, Brackbill 
RM, Frazier P, Gargano LM.  
Conducting a study to as-
sess the long-term impacts 
of injury after 9/11: Partici-
pation, recall, and descrip-
tion. Inj Epidemiol 2019 
March; 6(1):8. https://doi.
org/10.1186/s40621-019-
0186-y. (Publication #118) 

◊ Brackbill RM, Alper HE, 
Frazier P, Gargano LM, 
Jacobson MH, Solomon A. 
An assessment of long-term 

http://doi.org/10.1371/currents.dis.7c70f66c1e6c5f41b43c797cb2a04793
http://doi.org/10.1371/currents.dis.7c70f66c1e6c5f41b43c797cb2a04793
http://doi.org/10.1371/currents.dis.7c70f66c1e6c5f41b43c797cb2a04793
https://doi.org/10.1186/s40621-019-0186-y
https://doi.org/10.1186/s40621-019-0186-y
https://doi.org/10.1186/s40621-019-0186-y
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physical and emotional 
quality of life of person 
injured on 9/11/2001. Int. J. 
Environ. Res. Public Health 
2019 March; 16(6):1054. 
https://doi.org/10.3390/
ijerph16061054  (Publica-
tion #119) 

◊ Gargano LM, Mok HK, 
Jacobson MH, Frazier P, 
Garrey SK, Petrsoric LJ, 
Brackbill RM. Compar-
ing Life Satisfaction and 
Functioning 15 years after 
September 11, 2001 among 
survivors with and without 
injuries: a mixed-meth-
od study. Qual Life Res. 
2019 May. https://doi.
org/10.1007/s11136-019-
02194-w. (Publication #122)

▶ Early Labor Force Exit/Health and 
Employment Survey (HES) Study: 

 ȧ Analysis of W1-W3 findings in-
formed the development of this 
in-depth study. 

◊ Yu S, Brackbill RM, Locke 
S, Stellman SD, Gargano 
LM. Impact of 9/11-related 
chronic conditions and PTSD 
comorbidity on early retire-
ment and job loss among 

World Trade Center disaster 
rescue and recovery work-
ers. Am J Ind Med. 2016 Sep; 
59(9):731-741. doi: 10.1002/
ajim.22640. https://doi.
org/10.1002/ajim.22640 
(Publication #74) 

 ȧ The study examines the impact 
of 9-11 related health on early 
retirement and job loss. Data 
collection ended in April 2018 
with 14,887 surveys received, a 
65% RR. Data cleaning has been 
completed and the HES dataset is 
ready for analysis. A paper focus-
ing on residents/area workers 
was presented at 2018 APHA and 
published (see citation below). 
 

◊ Yu, S, Seil, K, Maqsood, J. 
Impact of Health on Early 
Retirement and Post-Retire-
ment Income Loss among 
Survivors of the 11 Septem-
ber 2001 World Trade Center 
Disaster. International 
Journal of Environmental 
Research and Public Health. 
2019 April, 16(7), 1177. 
https://doi.org/10.3390/
ijerph16071177 (Publica-
tion #120) 

 ȧ A few other research studies us-
ing HES data are in progress. One 
study focuses on the effects of 
9/11-related injury on retirement 

https://doi.org/10.3390/ijerph16061054
http://doi.org/10.3390/ijerph16061054
http://doi.org/10.3390/ijerph16061054
https://doi.org/10.1007/s11136-019-02194-w
https://doi.org/10.1007/s11136-019-02194-w
https://doi.org/10.1007/s11136-019-02194-w
https://doi.org/10.1002/ajim.22640 
https://doi.org/10.1002/ajim.22640 
https://doi.org/10.3390/ijerph16071177
https://doi.org/10.3390/ijerph16071177
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patterns; another uses survival 
analysis to assess risk of early 
retirement and evaluate post- 
retirement health-related quality 
of life; and another study com-
pares early retirement patterns 
by employment group and ex-
amines the likelihood of having a 
post-retirement income-generat-
ing job. 

2d: Develop and conduct a Wave 5 survey 
to ascertain cohort health status 18-19 
years after 9/11  

 ▶ The Wave 5 (W5) Request for Pro-
posal (RFP) was released in Septem-
ber 2018. Evaluation of the pro-
posals from potential vendors was 
completed in December 2018. The 
survey vendor was selected in early 
2019. The contract with the vendor 
is being registered and is expected 
to be fully executed in August 2019 
when work with the vendor may 
begin. 

 ▶ The W5 survey development team 
has been working on the contents 
of Wave 5. New questions were 
proposed, and some old questions 
were proposed to be removed or 
revised. A mock questionnaire was 
developed. A meeting with advisors 
to discuss W5 was held in early 2019.  
Input from advisors and external 
researchers were incorporated 

into the revised questionnaire. The 
finalization of survey content will be 
completed by the end of 2019, with 
an anticipated W5 survey launch in 
early 2020.  

2e: Develop new research resources by 
assessing the feasibility of matching to 
additional administrative databases and 
establishing a sub-cohort of enrollees 
willing to participate in “rapid research” 
to provide rapid turnaround of brief, di-
rected surveys implemented with great-
er frequency

 ▶ In Year 10, Registry staff have 
worked in coordination with NIOSH 
to plan for a late 2019 scientific 
symposium focused on exploring 
new data sources and methods for 
linkages to existing administrative 
and other databases to further 
research on WTC-related health con-
ditions.  To date, we have obtained 
input from WTCHP clinics and data 
centers, developed the agenda, and 
identified most of the symposium 
speakers and the scope of work for 
the planned white papers.  We also 
continue to investigate the feasibili-
ty of matching to new data resourc-
es available within DOHMH. 

 ▶ In Year 10, the Registry continued 
work on the feasibility study to 
create a new cohort of 9/11-exposed 
children for research based on 
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historical records from the NYC De-
partment of Education (DOE).  Key 
accomplishments include: 

 ȧ Obtained DOHMH IRB approval 
on the feasibility study protocol 
in November 2018. 

 ȧ Released an RFP in November 
2018 for a tracing vendor for 
the feasibility study. Completed 
evaluation of vendor proposals 
and selected vendor in December 
2018.  The selected vendor began 
work in late-February 2019 and 
developed a tracing protocol 
which has been approved by the 
DOHMH IRB.

 ȧ Continued monthly Registry/
DOH planning calls with DOE’s 
privacy officer, research director, 
and Chancellor’s Office represen-
tative with a focus on complet-
ing the DOE’s mandatory public 
notice and developing the data 
use agreement between DOE 
and DOHMH.  Provided periodic 
updates to NIOSH and members 
of the Responder and Survivor 
Steering Committees.

 ȧ Finalized DOE public notice with 
opt-out of sharing of directory 
information with DOHMH and 
developed a coordinated plan 
approved by the DOHMH IRB for 
DOE’s release of the public notice 
via the DOE website, social media 

posts, and ads in local English, 
Spanish and Chinese language 
local newspapers.  DOE released 
the public notice the weeks of 
January 10 and January 28, 2019.  
DOE collected about a dozen opt 
out forms by the February 15, 
2019 deadline.  The completion of 
the public notice process enabled 
DOE to share directory data with 
DOHMH.

 ȧ Executed the data use agreement 
between DOE and DOHMH in May 
2019.

 ȧ Registry staff developed a proto-
col and STATA program for select-
ing a stratified random sample 
of ~1,000 former students who 
attended school in exposed and 
“unexposed” areas.  DOE used 
the STATA program to select the 
sample and then transferred di-
rectory data for the sample to the 
Registry in May 2019.  The Regis-
try cleaned the data and worked 
with DOE to finalize the dataset 
in a format that would facilitate 
the next step of initiating tracing 
activities by the vendor. 

 ▶ On a related but separate track in 
Year 10, the Registry has a) devel-
oped an analytical plan for assess-
ing the impact of 9/11 on education-
al outcomes using de-identified DOE 
data on NYC public school students 
acquired from DOE in June of 2018 
that cover school years 2000-01 
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through 2016-2017; b) acquired 
additional de-identified data for 
1998-99 and 1999-00 to allow for 
an assessment of pre 9/11 trends in 
outcomes of interest; and c) cleaned 
the data and began analysis after 
consulting with university-based 
researchers. 

Specific Aims 3 and 4 below are the 
research translation components
of the Registry.

 

Specific Aim 3: Conduct community 
activities to respond to the physical and men-
tal health concerns and specific healthcare 
needs of enrollees and others exposed to  9/11 
 
3a: Disseminate Registry findings and
recommendations to enrollees, the pub-
lic, WTCHP leadership and policy makers, 
using formats such as video, social me-
dia, and websites

 

 ▶ Employed multiple dissemination 
channels, including the Registry’s 
9/11healthinfo website, annual 
reports, e-newsletters, press an-
nouncements, media interviews, 
and YouTube videos, including 19 re-
search videos, 9 testimonial videos, 
and a Treatment Referral Program 
and a Victim’s Compensation Fund 
informational videos. http://www1.
nyc.gov/site/911health/enrollees/
testimonial-videos.page  (Of the 30 
videos, two were posted in Year 10.

 ▶ Made 28 presentations at scien-
tific conferences, including at two 
WTCHP NIOSH PI meetings, a Na-
tional Academy of Sciences work-
shop and a presentation at a UN 
Roundtable Event. 

 ▶ Maintain a 9/11healthinfo website 
that is mobile friendly and has bet-
ter organized content with the goal 
to enhance user engagement. (see 
section 1b above)

3b:  Provide Registry data resources and 
other resources to enrollees, the general 
public, external researchers and WTCHP 
entities 

 ▶ Our  9/11 website provides access 
to all four Waves of survey mate-
rials including the Data File Users’ 
Manual (DFUM), questionnaires, and 
public use datasets with codebooks. 
 

 ▶ http://www1.nyc.gov/
site/911health/researchers/health-
data-tools.page. The website has 
had over 1,110 visits in Year 10. 

 ▶ Our interactive 9/11 Health Online 
Data Tool, that permits users to que-
ry de-identified Wave 1 survey data, 
has been accessed by about 730 
unique users outside of NYC DOHMH 
in Year 10.

http://www1.nyc.gov/site/911health/researchers/health-data-tools.page
http://www1.nyc.gov/site/911health/researchers/health-data-tools.page
http://www1.nyc.gov/site/911health/researchers/health-data-tools.page
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 ▶ Responded to about 30 data re-
quests from advisors, researchers, 
media and others in Year 10. 

3c:  Continue to conduct health promo-
tion activities, including health education

 ▶ Create condition-specific physi-
cal and mental health fact sheets 
which represent current scientific 
information and provide answers 
to common questions received 
from enrollees and the public. All 
fact sheets are available in English, 
Spanish, and traditional and simpli-
fied Chinese.

 ȧ Fact sheets posted to the Reg-

istry website in 2019 to-date: 
obstructive sleep apnea, obstruc-
tive sleep apnea treatment and 
chronic sinusitis. A fact sheet on 
chronic sinusitis was mailed to 
over 38,000 enrollees in March 
2019. Fact sheets were mailed in 
English, Spanish, Traditional Chi-
nese and Simplified Chinese.  

 ȧ Fact sheets in preparation: hear-

ing loss, COPD, malignant mela-
noma, and others.

 ȧ Posted health educational ma-
terials on https://www1.nyc.
gov/site/911health/researchers/
health-materials.page

Specific Aim 4: Maintain the 9/11 Treat-
ment Referral Program (TRP) to help en-
rollees and others find care for 9/11-related 
health problems 
 
4a:  Inform enrollees of 9/11-related ser-
vices and resources 

 ▶ TRP staff trained in motivational in-
terviewing techniques which helps 
to identify and address barriers to 
applying to and utilizing 9/11-relat-
ed health service.

 ▶ Personalized communications sent 
in English, Spanish and traditional 
and simplified Chinese. 

 ▶ Updated TRP III informational 
brochures are sent to enrollees who 
request a WTCHP application.

 ▶ Posted TRP, VCF and other resource 
information on the Registry’s 
9-11HealthInfo website.

4b: In coordination with the WTCHP, con-
duct outreach to potentially eligible en-
rollees in English, Spanish, and Chinese 
to encourage them to apply to the WTCHP

 ▶ TRP III: Launched in February 2017 
to enrollees residing in and outside 
of the NYC area, including English 
(approximately 15,000), Spanish, 
Mandarin and Cantonese (together 
about 500) language speakers. The 
outreach sample was drawn from 
responder and survivor enrollees 

https://www1.nyc.gov/site/911health/researchers/health-materials.page
https://www1.nyc.gov/site/911health/researchers/health-materials.page
https://www1.nyc.gov/site/911health/researchers/health-materials.page
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who reported no prior access to 
the WTCHP on their Wave 4 survey.  
Survivors also needed to report at 
least one of the following symptoms 
(uncontrolled asthma, COPD, RADS, 
GERS, probable 9/11-related PTSD, 
or depression on their Wave 4 sur-
vey or generalized anxiety disorder 
on their Wave 3 survey) to be includ-
ed in the sample targeted for TRP III 
outreach. 

 ▶ In Year 10, TRP sent out 798 applica-
tions. 

 ▶ In Year 10, TRP provided 721 Reg-
istry enrollees with their Wave 1 
survey report as documentation of 
their presence near the WTC site on 
9/11 for their WTCHP applications. 

 ▶ In Year 10, 586 Registry-branded 
WTCHP applications were received 
by the WTCHP. 

4c:  Conduct targeted outreach to en-
rollees with specific conditions or un-
met healthcare needs (e.g., poorly con-
trolled asthma, current smokers, or those  
accepted to the WTCHP but never seen

 ▶ A smoking  cessation intervention 
was launched in October 2018 
to approximately 1,800 NYC/NYS 
residents.

 ▶ In Year 10, a letter informing them 
about the NYS Smokers’ Quit line 
has been sent to over 1,800 enroll-
ees. 

 ȧ  Intervention staff have spoken 
with about 1,100 enrollees who 
were mailed a letter, with over 
160 enrollees successfully being 
referred to the NYS Quit Line 

 ȧ In Year 10, intervention staff have 
completed follow-up calls with 
over 100 of the enrollees who 
were referred to the NYS Quit 
Line to track their usage of the 
nicotine replacement therapy. 
Remaining calls will be made by 
September 2019. 

 ▶ The baseline phase of an emergency 
preparedness intervention targeting 
1,000 enrollees who completed a 
Wave 4 survey and live in NYC was 
approved by the DOHMH IRB in 
November 2018. The intervention 
will assess if emergency prepared-
ness increases based on a mail or 
enhanced phone intervention. The 
baseline assessment began Febru-
ary 2019.

 ȧ In Year 10, intervention staff have 
completed over 300 emergency 
preparedness baseline assess-
ment calls, 61 phone intervention 
calls, and mailings of interven-
tion materials to 92 enrollees.
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 ▶ Using existing, longitudinal FDNY 
audiometric surveillance data, we are 
examining the role of 9/11-related 
exposures on change in hearing over 
time among 11,627 active-duty male 
firefighters and EMS workers who 
were FDNY employees on September 
11, 2001. Analysis is completed and a 
manuscript has been submitted to a 
journal. 

 ▶ Collaborated or collaborating with 
FDNY, Einstein and Mount Sinai WTC 
researchers on WTCHP-funded stud-
ies, including:

 ȧ A study to conduct a pooled anal-
ysis of cancer incidence,  
latency and survival across three 
cohorts of WTC rescue/ 
recovery workers from the Regis-
try, FDNY and Mount Sinai. 

◊ Developed and execut-
ed NYC DOHMH Data Use 
Agreements (DUAs) or a 
Memo of Understanding 
(MOU) with study partners 
(Mount Sinai, FDNY, NYS 
Cancer Registry) and 12 
of the targeted 13 state 
cancer registries (AZ, 
CA,CT,MA,NC,NJ, NY, OH, 
PA, TX, VA and WA). Con-
tinued outreach to the one 
remaining state cancer 
registry (FL).

4d: Evaluate impact of TRP and share
findings with the WTCHP

 

 ▶ TRP-II evaluation is in process. A 
manuscript based on the TRP-II pro-
cess was published (see below).  A 
second manuscript on post submis-
sion outcomes is underway.

 ȧ Petrsoric L, Welch AE, Miller-Ar-
chie SA, Cone JE, Farfel MR. 
Considerations for Future Disas-
ter Registries: Effectiveness of 
Treatment Referral Outreach in 
Addressing Long-Term Unmet 
9/11 Disaster Needs. Disaster 
Prevention and Management. 
2018; 27(3): 321-333.  https://doi.
org/10.1108/DPM-01-2018-0026  
(Publication #105)

Specific Aim 5: Collaborate with other 
WTCHP entities (Data Centers, Clinical 
Centers of Excellence) to explore surveil-
lance signals and treatment outcomes 
as follows: 9/11 linkage with uncommon 
health conditions, such as cancer and 
autoimmune and neurological disease (in-
cluding age at diagnosis), and treatment 
outcomes for selected conditions related 
to 9/11 

5a: Continue communications and col-
laborations with WTCHP clinical/data
centers, including attending Responder 
and Survivor Steering Committee, NIOSH  
scientific advisory and NIOSH PI meetings

 

 ▶ Hearing loss study in collaboration 
with FDNY:

https://doi.org/10.1108/DPM-01-2018-0026  
https://doi.org/10.1108/DPM-01-2018-0026  
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◊ Submitted a National Death 
Index (NDI) application for 
the joint cancer project. The 
application was approved 
by NDI in August 2018. 

◊ Analysts became proficient 
with SEER*STAT software in 
order to begin performing 
data analysis comparisons 
of cancer incidence within 
the Registry population and 
the general population.

 ȧ A study to conduct a pooled 
analysis of overall, cause-specific 
and occupational-specific mortal-
ity in a combined dataset of WTC 
rescue/recovery workers from the 
Registry, FDNY and Mount Sinai 
cohort.  

◊ Developed NYC DOHMH 
Data Use Agreements 
(DUAs) or a Memo of Under-
standing (MOU) with study 
partners (Mount Sinai, 
FDNY, NYS Cancer Regis-
try). Executed the MOU with 
FDNY.  Execution pending 
for Mt. Sinai and NYSCR 
DUA’s.

◊ Evaluated the NPCR’s (Na-
tional Program of Can-
cer Registries) algorithm 
used by the state cancer 

registries, for processing 
NDI return outputs, by com-
paring it with the Registry’s 
algorithm using our most 
recent NDI search results, 
and determined that the 
NPCR’s algorithm is the 
better one for the Registry 
to use. 

◊ We shared our evaluation 
results with collaborators 
from FDNY and Mount Sinai, 
which led to an agreement 
to use the NPCR algorithm 
on NDI search results by all 
collaborators.

◊ Submitted a manuscript re-
garding this evaluation and 
results for publication. 

◊ Prepared a National Death 
Index (NDI) application for 
the joint mortality project to 
be submitted to NDI in Year 
11. (Update: submitted in 
July 2019)

 ȧ Continued to attend and partic-
ipate in the WTCHP Responder 
and Survivor Steering Committee 
meetings, the NIOSH scientific 
advisory meeting, the NIOSH PI 
meetings and the NIOSH Scientif-
ic Forum meetings.
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5b: Serve as a platform for external  
research by providing facilitated 
recruitment of enrollees and de-iden-
tified survey data

 ▶ Co-authored another 7 publications 
with researchers outside of NYC 
DOHMH

 ▶ Responded to 2 data requests from 
potential external researchers

 ▶ Reviewed and approved applications 
from 2 external researchers (Adams, 
Sembajwe);  provided de-identified 
data to 4 active external researchers, 
and facilitated recruitment into 1  
approved external research study 
(Feder) 

 ▶ Worked with 17 active approved 
external research projects, including 
5 with federal WTCHP funding (Feder, 
Marmor, Hall, Boffetta, Zeig-Owens), 
2 with DOHMH’s Division of Epidemiol-
ogy (Lim, Liu), and 10 others (Adams, 
Bowler, Mancini, Sembajwe, Shen 
(n=2), Wyka (n=3), and Todd)
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Appendix 2, Section 1 

WTC Health Program 
Research Portfolio Project Publications

WTC Health Program 
Research Portfolio 
Project Publications

2011 (3)
Caplan-Shaw CE, Yee H, Rogers L, et al. 
2011. Lung pathologic findings in a local res-
idential and working community exposed to 
World Trade Center dust, gas, and fumes.  J 
Occup Environ Med. 53(9): 981-91.

https://doi.org/ 10.1097/JOM.0b013e31822fff60

OBJECTIVE: To describe pathologic findings 
in symptomatic World Trade Center-ex-
posed local workers, residents, and cleanup 
workers enrolled in a treatment program.

METHODS: Twelve patients underwent 
surgical lung biopsy for suspected inter-
stitial lung disease (group 1, n = 6) or ab-
normal pulmonary function tests (group 
2, n = 6). High-resolution computed axial 
tomography and pathologic findings were 
coded. Scanning electron microscopy with 
energy-dispersive x-ray spectroscopy was 
performed.

RESULTS: High-resolution computed axi-
al tomography showed reticular findings 
(group 1) or normal or airway-related find-
ings (group 2). Pulmonary function tests 
were predominantly restrictive. Interstitial 
fibrosis, emphysematous change, and small 
airway abnormalities were seen. All cas-
es had opaque and birefringent particles 

within macrophages, and examined parti-
cles contained silica, aluminum silicates, 
titanium dioxide, talc, and metals.

CONCLUSIONS: In symptomatic World Trade 
Center-exposed individuals, pathologic 
findings suggest a common exposure result-
ing in alveolar loss and a diverse response 
to injury.

Friedman SM, Maslow CB, Reibman J, et 
al. 2011. Case-control study of lung func-
tion in World Trade Center Health Registry 
area residents and workers. Am J Respir Crit 
Care Med. 184(5):582-9. 

https://doi.org/doi: 10.1164/rccm.201011-1909OC 

RATIONALE: Residents and area workers 
who inhaled dust and fumes from the World 
Trade Center disaster reported lower respi-
ratory symptoms in two World Trade Cen-
ter Health Registry surveys (2003-2004 and 
2006-2007), but lung function data were 
lacking.

OBJECTIVES: To examine the relationship 
between persistent respiratory symp-
toms and pulmonary function in a nested 
case-control study of exposed adult resi-
dents and area workers 7-8 years after Sep-
tember 11, 2001.

METHODS:  Registrants reporting post Sep-
tember 11th onset of a lower respiratory 
symptom in the first survey and the same 
symptom in the second survey were solic-
ited as potential cases. Registrants with-
out lower respiratory symptoms in either 
Registry survey were solicited as potential 

https://doi.org/10.1097/JOM.0b013e31822fff60
https://doi.org/10.1164/rccm.201011-1909OC
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control subjects. Final case-control status 
was determined by lower respiratory symp-
toms at a third interview (the study), when 
spirometry and impulse oscillometry were 
also performed.

MEASUREMENTS AND MAIN RESULTS: We 
identified 180 cases and 473 control sub-
jects. Cases were more likely than control 
subjects to have abnormal spirometry (19% 
vs. 11%; P < 0.05), and impulse oscillometry 
measurements of elevated airway resistance 
(R5; 68% vs. 27%; P < 0.0001) and frequen-
cy dependence of resistance (R₅-₂₀; 36% vs. 
7%; P < 0.0001). When spirometry was nor-
mal, cases were more likely than control 
subjects to have elevated R₅ and R₅-₂₀ (62% 
vs. 25% and 27% vs. 6%, respectively; both P 
< 0.0001). Associations between symptoms 
and oscillometry held when factors signifi-
cant in bivariate comparisons (body mass 
index, spirometry, and exposures) were an-
alyzed using logistic regression.

CONCLUSIONS: This study links persistent 
respiratory symptoms and oscillometric ab-
normalities in World Trade Center-exposed 
residents and area workers. Elevated R₅ 
and R₅-₂₀ in cases despite normal spirome-
try suggested distal airway dysfunction as a 
mechanism for symptoms.

Zeig-Owens R, Webber M, Hall C, et al. 
2011. Early assessment of cancer outcomes 
in New York City firefighters after the 9/11 
attacks: An observational cohort study. Lan-
cet. 378(9794):898–905.

https://doi.org/10.1016/S0140–6736(11)60989–6

BACKGROUND: The attacks on the WTC on 
September 11, 2001, created the potential 
for occupational exposure to known and 
suspected carcinogens. We examined cancer 

incidence and its potential association with 
exposure in the first seven years after 9/11 in 
firefighters with health information, before 
9/11, and minimal loss to follow-up.

METHODS: We assessed 9853 men who were 
employed as firefighters on Jan 1, 1996. On 
and after 9/11, person-time for 8927 firefight-
ers was classified as WTC-exposed; all per-
son-time before 9/11, and person-time after 
9/11 for 926 non-WTC-exposed firefighters, 
was classified as non-WTC-exposed. Can-
cer cases were confirmed by matches with 
state tumor registries or through appropri-
ate documentation. We estimated the ratio 
of incidence rates in WTC-exposed firefight-
ers to non-exposed firefighters, adjusted 
for age, race and ethnic origin, and secular 
trends, with the US National Cancer Institute 
Surveillance Epidemiology and End Results 
(SEER) reference population. CIs were esti-
mated with over-dispersed Poisson models. 
Additional analyses included corrections for 
potential surveillance bias and modified co-
hort inclusion criteria. 

FINDINGS: Compared with the general 
male population in the USA with a similar 
demographic mix, the standardized inci-
dence ratios (SIRs) of the cancer incidence 
in WTC-exposed firefighters was 1.10 (95% 
CI 0.98–1.25). When compared with non-ex-
posed firefighters, the SIR of cancer inci-
dence in WTC-exposed firefighters was 1.19 
(95% CI 0.96–1.47) corrected for possible 
surveillance bias and 1.32 (1.07–1.62) with-
out correction for surveillance bias. Second-
ary analyses showed similar effect sizes. 

INTERPRETATION: We reported a modest 
excess of cancer cases in the WTC-exposed 
cohort. We remain cautious in our interpre-
tation of this finding because the time since 
9/11 is short for cancer outcomes, and the 

https://doi.org/10.1016/S0140-6736(11)60989-6
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reported excess of cancers is not limited to 
specific organ types. As in any observation-
al study, we cannot rule out the possibility 
that effects in the exposed group might be 
due to unidentified confounders. Contin-
ued follow-up will be important and should 
include cancer screening and prevention 
strategies. 

FUNDING: NIOSH.

2013 (4)

Liu M, Qian M, Chen Q, et al. 2012. Longitu-
dinal spirometry among patients in a treat-
ment program for community members 
with World Trade Center-related illness. 
Journal of Occupational and Environmental 
Medicine. 54(10):1208–13.

https://doi.org/10.1097/JOM.0b013e31826bb78e

OBJECTIVE: The course of lung function in 
community members exposed to WTC dust 
and fumes remains undefined. We, studied 
longitudinal spirometry among patients in 
the WTC EHC treatment program.

METHODS: Observational study of 946 WTC 
EHC patients with repeated spirometry 
measures analyzed on the population as a 
whole and stratified by smoking status, ini-
tial spirometry pattern, and WTC-related ex-
posure category.

RESULTS: Improvement in forced vital ca-
pacity (54.4 mL/yr; 95% confidence interval, 
45.0 to 63.8) and forced expiratory volume 
in 1 second (36.8 mL/yr; 95% confidence in-
terval, 29.3 to 44.3) was noted for the pop-
ulation as a whole. Heavy smokers did not 
improve. Spirometry changes differed de-
pending on initial spirometry pattern and 
exposure category.

CONCLUSION: These data demonstrate spi-
rometry improvement in select populations 
suggesting reversibility in airway injury and 
reinforcing the importance of continued 
treatment.

2013 (4)

Berger K, Reibman J, Oppenheimer B, et 
al. 2013. Lessons from the World Trade Cen-
ter disaster: Airway disease presenting as re-
strictive dysfunction. Chest. 144(1):249–257. 

https://doi.org/10.1378/chest.12–1411

BACKGROUND: The present study (1) char-
acterizes a physiologic phenotype of restric-
tive dysfunction due to airway injury and (2) 
compares this phenotype to the phenotype 
of interstitial lung disease (ILD).

METHODS: This is a retrospective study of 
54 persistently symptomatic subjects fol-
lowing WTC dust exposure. Inclusion crite-
ria were reduced vital capacity (VC), FEV1/
VC>77%, and normal chest roentgenogram. 
Measurements included spirometry, pleth-
ysmography, diffusing capacity of lung for 
carbon monoxide (Dlco), impulse oscillom-
etry (IOS), inspiratory/expiratory CT scan, 
and lung compliance (n=16).

RESULTS: VC was reduced (46% to 83% pre-
dicted) because of the reduction of expira-
tory reserve volume (43%+/-26% predicted) 
with preservation of inspiratory capacity (IC) 
(85%+/-16% predicted). Total lung capacity 
(TLC) was reduced, confirming restriction 
(73%+/-8% predicted); however, elevated 
residual volume-to-TLC ratio (0.35+/-0.08) 
suggested air trapping (AT). Dlco was re-
duced (78%+/-15% predicted) with elevated 
Dlco/alveolar volume (5.3+/-0.8 [mL/mm Hg/ 
min]/L). IOS demonstrated abnormalities in 

https://doi.org/10.1097/JOM.0b013e31826bb78e 
https://doi.org/10.1378/chest.12-1411
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resistance and/or reactance in 50 of 54 sub-
jects. CT scan demonstrated bronchial wall 
thickening and/ or AT in 40 of 54 subjects; 
parenchymal disease was not evident in any 
subject. Specific compliance at function-
al residual capacity (FRC) (0.07+/-0.02 [L/
cm H2O]/L) and recoil pressure (Pel) at TLC 
(27+/-7 cm H2O) were normal. In contrast to 
patients with ILD, lung expansion was not 
limited, since IC, Pel, and inspiratory muscle 
pressure were normal. Reduced TLC was at-
tributable to reduced FRC, compatible with 
airway closure in the tidal range.

CONCLUSIONS: This study describes a dis-
tinct physiologic phenotype of restriction 
due to airway dysfunction. This pattern was 
observed following WTC dust exposure, has 
been reported in other clinical settings (e.g., 
asthma), and should be incorporated into 
the definition of restrictive dysfunction.

Kazeros A, Maa M, Patrawalla P, et al. 
2013. Elevated peripheral eosinophils are 
associated with new-onset and persistent 
wheeze and airflow obstruction in World 
Trade Center-exposed individuals. Journal 
of Asthma.50(1):25–32.

https://doi.org/10.3109/02770903.2012.743149

BACKGROUND: Exposure to WTC dust and 
fumes is associated with the onset of asth-
ma-like respiratory symptoms in rescue and 
recovery workers and exposed community 
members. Eosinophilic inflammation with 
increased lung and peripheral eosinophils 
has been described in subpopulations with 
asthma. We hypothesized that persistent 
asthma-like symptoms in WTC-exposed in-
dividuals would be associated with system-
ic inflammation characterized by peripheral 
eosinophils.

METHODS: The WTC EHC is a treatment pro-
gram for local residents, local workers, and 
cleanup workers with presumed WTC-relat-
ed symptoms. Patients undergo a standard-
ized evaluation, including questionnaires 
and complete blood count. Between Sep-
tember 2005 and March 2009, 2462 indi-
viduals enrolled in the program and were 
available for analysis. Individuals with pre-
existing respiratory symptoms or lung dis-
ease diagnoses prior to September 2001, 
and current or significant tobacco use were 
excluded.

RESULTS: One thousand five hundred and 
seventeen individuals met the inclusion cri-
teria. Patients had a mean age of 47 years, 
were mostly female (51%), and had a di-
verse race/ethnicity. Respiratory symptoms 
that developed after WTC dust/fume expo-
sure and remained persistent included dys-
pnea on exertion (68%), cough (57%), chest 
tightness (47%), and wheeze (33%). A larg-
er percentage of patients with wheeze had 
elevated peripheral eosinophils compared 
with those without wheeze (21% vs. 13%, p 
< .0001). Individuals with elevated peripher-
al eosinophils were more likely to have air-
flow obstruction on spirometry (16% vs. 7%, 
p=.0003).

CONCLUSION: Peripheral eosinophils were 
associated with wheeze and airflow ob-
struction in a diverse WTC-exposed popu-
lation. These data suggest that eosinophils 
may participate in lung inflammation in this 
population with symptoms consistent with 
WTC-related asthma.

Ruggero C, Kotov R, Callahan J, et al. 
2013. PTSD symptom dimensions and 
their relationship to functioning in World 
Trade Center responders. Psychiatry 
Research.120(3):1049–1055.

https://doi.org/10.1016/j.psychres.2013.08.052
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PTSD symptoms are common among re-
sponders to the 9/11 attacks on the WTC 
and can lead to impairment, yet it is unclear 
which symptom dimensions are responsible 
for poorer functioning. Moreover, how best 
to classify PTSD symptoms remains a top-
ic of controversy. The present study tested 
competing models of PTSD dimensions and 
then assessed which were most strongly as-
sociated with social/ occupational impair-
ment, depression, and alcohol abuse. WTC 
responders (n=954) enrolled in the Long Is-
land site of the WTCHP between 2005 and 
2006 were administered standard self-report 
measures. Confirmatory factor analysis con-
firmed the superiority of four-factor models 
of PTSD over the DSM-IV three-factor mod-
el. In selecting between four-factor mod-
els, evidence was mixed, but some support 
emerged for a broad dysphoria dimension 
mapping closely onto depression and con-
tributing strongly to functional impairment. 
This study confirmed in a new population 
the need to revise PTSD symptom classifi-
cation to reflect four dimensions, but raises 
questions about how symptoms are cate-
gorized. Results suggest that targeted treat-
ment of symptoms may provide the most 
benefit, and that treatment of dysphoria-re-
lated symptoms in disaster relief workers 
may have the most benefit for social and 
occupational functioning.

Solan S, Wallenstein S, Shapiro M, et al. 
2013. Cancer incidence in World Trade 
Center rescue and recovery workers, 2001–
2008. Environmental Health Perspectives. 
121(6):699–704.

https://doi.org/10.1289/ehp.1205894

BACKGROUND: WTC rescue and recovery 
workers were exposed to a complex mix of 
pollutants and carcinogens. 

OBJECTIVE: The purpose of this investiga-
tion was to evaluate cancer incidence in re-
sponders during the first seven years after 
September 11, 2001.

METHODS: Cancers among 20,984 consent-
ed participants in the WTCHP were identi-
fied through linkage to state tumor registries 
in New York, New Jersey, Connecticut, and 
Pennsylvania. Standardized incidence ra-
tios (SIRs) were calculated to compare can-
cers diagnosed in responders to predicted 
numbers for the general population. Multi-
variate regression models were used to esti-
mate associations with degree of exposure.

RESULTS: A total of 575 cancers were diag-
nosed in 552 individuals. Increases above 
registry-based expectations were noted for 
all cancer sites combined (SIR=1.15; 95% CI: 
1.06, 1.25), thyroid cancer (SIR=2.39; 95% CI: 
1.70, 3.27), prostate cancer (SIR=1.21; 95% 
CI: 1.01, 1.44), combined hematopoietic and 
lymphoid cancers (SIR=1.36; 95% CI: 1.07, 
1.71), and soft tissue cancers (SIR=2.26; 
95% CI: 1.13, 4.05). When restricted to 302 
cancers diagnosed >/= 6 months after en-
rollment, the SIR for all cancers decreased 
to 1.06 (95% CI: 0.94, 1.18), but thyroid and 
prostate cancer diagnoses remained greater 
than expected. All cancers combined were 
increased in very highly-exposed respond-
ers and among those exposed to significant 
amounts of dust, compared with respond-
ers who reported lower levels of exposure.

CONCLUSION: Estimates should be inter-
preted with caution, given the short fol-
low-up and long latency period for most 
cancers, the intensive medical surveillance 
of this cohort, and the small numbers of 
cancers at specific sites. However, our find-
ings highlight the need for continued fol-
low-up and surveillance of WTC responders.
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2014 (5)

Glaser M, Webber M, Zeig-Owens R, et al. 
2014. Estimating the time interval between 
exposure to the World Trade Center disaster 
and incident diagnoses of obstructive air-
way disease American Journal of Epidemi-
ology. 180(3):272–9.

https://doi.org/10.1093/aje/kwu137

Respiratory disorders are associated with 
occupational and environmental expo-
sures. The latency period between exposure 
and disease onset remains uncertain. The 
WTC disaster presents a unique opportu-
nity to describe the latency period for OAD 
diagnoses. This prospective cohort study of 
NYC firefighters compared the timing and 
incidence of physician-diagnosed OAD rel-
ative to WTC exposure. Exposure was cate-
gorized by WTC arrival time as high (on the 
morning of September 11, 2001), moderate 
(after noon on September 11, 2001, or on 
September 12, 2001), or low (during Sep-
tember 13–24, 2001). We modeled relative 
rates and 95% confidence intervals of OAD 
incidence by exposure over the first five 
years after September 11, 2001, estimat-
ing the times of change in the relative rate 
with change point models. We observed a 
change point at 15 months after September 
11, 2001. Before 15 months, the relative rate 
for the high versus low-exposure group was 
3.96 (95% confidence interval: 2.51, 6.26) 
and thereafter, it was 1.76 (95% confidence 
interval: 1.26, 2.46). Incident OAD was as-
sociated with WTC exposure for at least 
five years after September 11, 2001. There 
were higher rates of new-onset OAD among 
the high-exposure group during the first 15 
months and, to a lesser extent, throughout 
follow-up. This difference in relative rate 
by exposure occurred despite full and free 

access to health care for all WTC-exposed 
firefighters, demonstrating the persistence 
of WTC-associated OAD risk.

Litcher-Kelly L, Lam Y, Broihier J, et al. 
2014. Longitudinal study of the impact of 
psychological distress symptoms on new 
onset upper gastrointestinal symptoms in 
World Trade Center responders. Psychoso-
matic Medicine. 76(9):686–693. 

https://doi.org/10.1097/PSY.0000000000000116 
 
OBJECTIVES: Research on the health of 
workers involved in the cleanup after the 
attack on the WTC on September 11, 2001, 
has documented high rates of psychologi-
cal distress and upper gastrointestinal (GI) 
symptoms. The current article examines the 
concurrent and longitudinal associations 
of psychological distress with development 
of new-onset upper GI symptoms in a large 
sample of WTC responders.

METHODS: A cohort of 10,953 WTC respond-
ers monitored by the WTCHP participat-
ed in the study. Two occupational groups 
were examined: police and nontraditional 
responders. The cohort was free of upper 
GI symptoms or diagnoses at their first vis-
it (three years after September 11, 2001). 
Logistic regression was used to analyze the 
relationships between concurrent and pre-
ceding psychological distress symptoms 
of depression, generalized anxiety, panic, 
and probable PTSD with the development 
of new-onset upper GI symptoms at three-
year follow-up (six years after September 
11, 2001).

RESULTS: Across both occupation groups, 
psychological distress symptoms at Visit 1 
were significantly related to the develop-
ment of GI symptoms by Visit 2 (odd ratios 
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ranging from 1.9 to 5.4). The results for the 
concurrent relationships were similar. In ad-
dition, there were significant dose-response 
relationships between the number of co-oc-
curring psychological distress symptoms at 
Visits 1 and 2, and increased new-onset up-
per GI symptoms at Visit 2.

CONCLUSIONS: In this large sample of WTC 
responders, psychological distress symp-
toms assessed at three years after 9/11 are 
related to reporting upper GI symptoms six 
years after 9/11.

Liu B, Tarigan LH, Bromet EJ, Kim H. 2014. 
World Trade Center Disaster Exposure-Re-
lated Probable Posttraumatic Stress Disor-
der among Responders and Civilians: A Me-
ta-Analysis. PLoS ONE 9(7): e101491. 

https://doi.org/10.1371/journal.pone.0101491

The World Trade Center (WTC) disaster on 
September 11, 2001 was an unprecedent-
ed traumatic event with long-lasting health 
consequences among the affected popu-
lations in the New York metropolitan area. 
This meta-analysis aimed to estimate the 
risk of probable posttraumatic stress dis-
order (PTSD) associated with specific types 
of WTC exposures. Meta-analytical findings 
from 10 studies of 3,271 to 20,294 partici-
pants yielded 37 relevant associations. The 
pooled summary odds ratio (OR) was 2.05 
(95% confidence interval (CI): 1.82, 2.32), 
with substantial heterogeneity linked to 
exposure classification, cohort type, data 
source, PTSD assessment instrument/crite-
ria, and lapse time since 9/11. In general, re-
sponders (e.g. police, firefighters, rescue/re-
covery workers and volunteers) had a lower 
probable PTSD risk (OR = 1.61; 95% CI: 1.39, 
1.87) compared to civilians (e.g. residents, 
office workers, and passersby; OR = 2.71, 
95% CI: 2.35, 3.12). The differences in ORs 

between responders and civilians were larg-
er for physical compared to psychosocial 
exposure types. We also found that injury, 
lost someone, and witnessed horror were 
the three (out of six) most pernicious ex-
posures. These findings suggest that these 
three exposures should be a particular focus 
in psychological evaluation and treatment 
programs in WTC intervention and future 
emergency preparedness efforts.

Pietrzak R, Feder A, Schechter C, et al. 
2014. Dimensional structure and course of 
post-traumatic stress symptomatology in 
World Trade Center responders: An 8–year 
prospective cohort study. Psychological 
Medicine. 44(10):2085–2098.

https://doi.org/10.1017/S0033291713002924

BACKGROUND: PTSD in response to the WTC 
disaster of September 11, 2001, is one of the 
most prevalent and persistent health con-
ditions among both professional (e.g. po-
lice) and non-traditional (e.g. construction 
worker) WTC responders, even several years 
after 9/11. However, little is known about 
the dimensionality and natural course of 
WTC-related PTSD symptomatology in these 
populations.

METHOD: Data were analyzed from 10,835 
WTC responders, including 4035 police and 
6800 non-traditional responders who were 
evaluated as part of the WTCHP, a clinic net-
work in the New York area established by the 
NIOSH. Confirmatory factor analyses (CFAs) 
were used to evaluate structural models of 
PTSD symptom dimensionality; and autore-
gressive cross-lagged (ARCL) panel regres-
sions were used to examine the prospective 
interrelationships among PTSD symptom 
clusters at three, six, and eight years after 
9/11.

https://doi.org/10.1371/journal.pone.0101491
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RESULTS: CFAs suggested that five stable 
symptom clusters best represent PTSD 
symptom dimensionality in both police 
and non-traditional WTC responders. This 
five-factor model was also invariant over 
time with respect to factor loadings and 
structural parameters, thereby demonstrat-
ing its longitudinal stability. ARCL panel 
regression analyzes revealed that hyper 
arousal symptoms had a prominent role in 
predicting other symptom clusters of PTSD, 
with anxious arousal symptoms primarily 
driving re-experiencing symptoms, and dys-
phoric arousal symptoms primarily driving 
emotional numbing symptoms over time.

CONCLUSIONS: Results of this study suggest 
that disaster-related PTSD symptomatology 
in WTC responders is best represented by 
five symptom dimensions. Anxious arousal 
symptoms, which are characterized by hy-
pervigilance and exaggerated startle, may 
primarily drive re-experiencing symptoms, 
while dysphoric arousal symptoms, which 
are characterized by sleep disturbance, ir-
ritability/anger and concentration difficul-
ties, may primarily drive emotional numb-
ing symptoms over time. These results 
underscore the importance of assessment, 
monitoring, and early intervention of hyper-
arousal symptoms in WTC and other disas-
ter responders.

Pietrzak R, Feder A, Singh R, et al. 2014. 
Trajectories of PTSD risk and resilience in 
World Trade Center responders: An 8–year 
prospective cohort study. Psychological 
Medicine. 44(1):205–219. 

https://doi.org/10.1017/S0033291713000597

BACKGROUND: Longitudinal symptoms 
of PTSD are often characterized by het-
erogeneous trajectories, which may have 
unique pre-, peri-, and post-trauma risk 

and protective factors. To date, however, 
no study has evaluated the nature and de-
terminants of predominant trajectories of 
PTSD symptoms in WTC responders.

METHOD: A total of 10,835 WTC responders, 
including 4035 professional police respond-
ers and 6800 non-traditional responders 
(e.g. construction workers), who participat-
ed in the WTCHP, were evaluated an average 
of three, six, and eight years after the WTC 
attacks.

RESULTS: Among police responders, lon-
gitudinal PTSD symptoms were best char-
acterized by four classes, with the majority 
(77.8%) in a resistant/resilient trajectory and 
the remainder exhibiting chronic (5.3%), re-
covering (8.4%), or delayed-onset (8.5%) 
symptom trajectories. Among non-tradi-
tional responders, a six class solution was 
optimal, with fewer responders in a resis-
tant/resilient trajectory (58.0%) and the 
remainder exhibiting recovering (12.3%), 
severe chronic (9.5%), subsyndromal in-
creasing (7.3%), delayed-onset (6.7%), and 
moderate chronic (6.2%) trajectories. Prior 
psychiatric history, Hispanic ethnicity, se-
verity of WTC exposure, and WTC-related 
medical conditions were most strongly as-
sociated with symptomatic trajectories of 
PTSD symptoms in both groups of respond-
ers, whereas greater education and family 
and work support while working at the WTC 
site were protective against several of these 
trajectories.

CONCLUSIONS: Trajectories of PTSD symp-
toms in WTC responders are heterogeneous 
and associated uniquely with pre-, peri-and 
post-trauma risk and protective factors. 
Police responders were more likely than 
non-traditional responders to exhibit a re-
sistant/resilient trajectory. These results 

https://doi.org/10.1017/S0033291713000597 
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underscore the importance of prevention, 
screening, and treatment efforts that target 
high-risk disaster responders, particular-
ly those with prior psychiatric history, high 
levels of trauma exposure, and work-related 
medical morbidities.

2015 (10)

Ayappa I, Sunderram J, Black K, et al. 
2015.  A comparison of CPAP and CPAPFLEX 
in the treatment of obstructive sleep apnea 
in World Trade Center responders: study 
protocol for a randomized controlled trial. 
Trials 16: 403.

https://doi.org/10.1186/s13063-015-0907-7 

BACKGROUND: Following the World Trade 
Center disaster, a large number of individ-
uals involved in rescue and recovery activ-
ity were exposed to significant amounts of 
dust, and reported symptoms of chronic 
nasal and sinus inflammation. An unusually 
high prevalence of obstructive sleep apnea 
(OSA) has also been observed in this World 
Trade Center Responder population. This 
project aims to examine the relationship 
between nasal pathology and OSA. Our hy-
pothesis is that increased nasal resistance 
due to nasal inflammation predisposes to 
OSA in this population. Continuous Positive 
Airway Pressure (CPAP) is the standard ther-
apy for OSA but despite its efficacy has poor 
adherence. Subjects with high nasal resis-
tance may have greater difficulty in tolerat-
ing this therapy than those who do not have 
high nasal resistance. Reduction of excess 
expiratory positive pressure by the modality 
known as Cflex() during Continuous Positive 
Airway Pressure therapy (CPAP(Flex)) has 
been suggested to improve comfort with-
out compromising efficacy. We will compare 
CPAP to CPAP(Flex) in subjects with OSA.

STUDY DESIGN: Subjects with new onset 
habitual snoring will be screened for OSA 
using home sleep studies and rhinoma-
nometry will be used to determine nasal 
resistance. In 400 subjects with OSA we will 
perform a randomized double blind cross-
over study comparing CPAP to CPAP(flex), 
and relate nasal resistance to adherence to 
CPAP therapy.

DISCUSSION: This is the first multicenter 
trial designed to test the hypothesis that 
adherence to CPAP therapy relates to nasal 
resistance and CPAP(Flex) will improve ad-
herence to CPAP in those subjects with high 
nasal resistance. We anticipate the follow-
ing results from this trial: 1. Increased na-
sal resistance is associated with decreased 
adherence to CPAP therapy. 2. Use of CPA-
P(Flex) improves adherence with CPAP ther-
apy in subjects with high nasal resistance, 
but not in those with low nasal resistance. 
3. The benefit of CPAP(Flex) on adherence is 
greatest when offered at CPAP therapy ini-
tiation rather than as a “rescue” therapy in 
subjects with high nasal resistance.

Berger K, Turetz M, Liu M, et al. 2015. Oscil-
lometry complements spirometry in evalu-
ation of subjects following toxic inhalation. 
European Respiratory Journal Open Re-
search. 1(2) pii: 00043–2015. 

https://doi.org/10.1183/23120541.00043–2015

The WTC destruction released dust and 
fumes into the environment. Although many 
community members developed respiratory 
symptoms, screening spirometry was usu-
ally normal. We hypothesized that forced 
oscillation testing would identify function-
al abnormalities undetected by spirometry 
and that symptom severity would relate to 
magnitude of abnormalities measured by 
oscillometry. A symptomatic cohort (n=848) 

https://doi.org/10.1186/s13063-015-0907-7
https://doi.org/10.1183/23120541.00043-2015 


Appendix Two • WTC Health Program Research Portfolio Publications    
Summary of World Trade Center Health Program Research 2019Page 118

Po
rtf

ol
io

 O
ut

pu
ts

from the Bellevue Hospital WTC EHC was 
evaluated and compared to an asymptom-
atic cohort (n=475) from the NYC DOHMH 
WTCHR. Spirometry and oscillometry were 
performed. Oscillometry measurements 
included resistance (R5) and frequency de-
pendence of resistance (R5–20). Spirome-
try was normal for the majority of subjects 
(73.2% symptomatic versus 87.6% asymp-
tomatic, p<0.0001). In subjects with normal 
spirometry, R5 and R5–20 were higher in 
symptomatic versus asymptomatic sub-
jects (median (interquartile range) R5 0.436 
(0.206) versus 0.314 (0.129) kPa.L-1.s-1, 
p<0.001; R5–20 0.075 (0.085) versus 0.004 
(0.042) kPa.L-1.s-1, p<0.0001). In symptom-
atic subjects, R5 and R5–20 increased with 
increasing severity and frequency of wheeze 
(p<0.05). Measurement of R5–20 correlated 
with the presence and severity of symptoms 
even when spirometry was within normal 
limits. These findings are in accord with 
small airway abnormalities as a potential 
explanation of the respiratory symptoms.

Farris S, Paulus D, Gonzalez A, et al. 2015. 
Anxiety sensitivity mediates the association 
between post-traumatic stress symptom 
severity and interoceptive threat-related 
smoking abstinence expectancies among 
World Trade Center disaster-exposed smok-
ers. Addictive Behaviors. 51: 204–210. 

https://doi.org/10.1016/j.addbeh.2015.07.031

INTRODUCTION: Anxiety sensitivity (fear of 
internal anxiety-relevant bodily sensations) 
is an individual difference variable that is 
associated with the development and main-
tenance of PTSD and is also involved in the 
maintenance/relapse of smoking. Absti-
nence expectancies are crucial to smok-
ing maintenance; yet, past work has not 
explored how PTSD symptom severity and 
anxiety sensitivity contribute to them.

METHOD: Participants were 122 treat-
ment-seeking daily smokers (36.1% female; 
Mage=49.2, SD=9.7; cigarettes per day: 
M=18.3, SD=15.2) who were exposed to the 
WTC disaster on September 11, 2001, and 
responded to an advertisement for a clinical 
smoking cessation trial. The indirect effect 
of anxiety sensitivity was tested in terms 
of the effect of PTSD symptom severity on 
smoking abstinence expectancies (i.e., anxi-
ety sensitivity as a statistical mediator).

RESULTS: PTSD symptom severity was 
positively associated with interoceptive 
threat-related smoking abstinence expec-
tancies: expecting harmful consequences 
(beta=.33, p<.001) and somatic symptoms 
(beta=.26, p=.007). PTSD symptom severity 
was also significantly associated with anxiety 
sensitivity (beta=.27, p=.003). Anxiety sen-
sitivity mediated the association between 
PTSD symptom severity and expectancies 
about the harmful consequences (beta=.09, 
CI95%=.02–.21; DeltaR(2)=.076) and somat-
ic symptoms (beta=.11, CI95%=.02–.24; Del-
taR(2)=.123) from smoking abstinence, with 
medium effect sizes (Kappa(2)=.08 and .10, 
respectively).

CONCLUSIONS: These data document the 
role of PTSD symptoms in threat-based ex-
pectancies about smoking abstinence and 
suggest anxiety sensitivity may underlie the 
associations between PTSD symptom sever-
ity and abstinence expectancies.

Kazeros A, Zhang E, Cheng X, et al. 2015. 
Systemic inflammation associated with 
World Trade Center dust exposures and air-
way abnormalities in the local community. 
Journal of Occupational and Environmental 
Medicine. 57(6):610–616. 

https://doi.org/10.1097/JOM.0000000000000458

https://doi.org/10.1016/j.addbeh.2015.07.031
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BACKGROUND: Destruction of the WTC 
towers on September 11, 2001, released 
massive dust, gas, and fumes with environ-
mental exposures for community members. 
Many community members have lower re-
spiratory symptoms (LRSs) that began after 
September 11, 2001, and remain persistent. 
We evaluated whether systemic inflamma-
tion measured by C-reactive protein was 
associated with WTC dust exposures, per-
sistent LRS, and lung function.

METHODS: Community members self-re-
ferred for the treatment of symptoms relat-
ed to September 11, 2001. C-reactive protein 
and lung function measurements, including 
spirometry and forced oscillation tests (im-
pulse oscillometry system), were includ-
ed as routine analyses in patients (2007 to 
2012).

RESULTS: Increased C-reactive protein lev-
els were associated with the type of WTC 
dust exposure, LRS, reduced spirometry, 
and increased forced oscillation measure-
ments (n=724).

CONCLUSIONS: Ongoing systemic inflam-
mation measured years after the event was 
associated with WTC dust exposures, per-
sistent LRS, and abnormal lung function in 
a community cohort. These findings have 
implications for treatment and surveillance.

Kotov R, Bromet E, Schechter C, et al. 
2015. Posttraumatic stress disorder and 
the risk of respiratory symptoms in World 
Trade Center responders: Longitudinal test 
of a pathway. Psychosomatic Medicine. 
77(4):438–48.

https://doi.org/10.1097/PSY.0000000000000179

OBJECTIVE: PTSD is associated with high 

medical morbidity, but the nature of this as-
sociation remains unclear. Among respond-
ers to the WTC disaster, PTSD is highly co-
morbid with LRS, which cannot be explained 
by exposure alone. We sought to examine 
this association longitudinally to establish 
the direction of the effects and evaluate po-
tential pathways to comorbidity.

METHODS: Eighteen thousand eight hun-
dred ninety six responders (8466 police and 
10,430 nontraditional responders) partic-
ipating in the WTCHP were first evaluated 
between 2002 and 2010 and assessed again 
two and a half years later. Lower respirato-
ry symptoms were ascertained by medical 
staff, abnormal pulmonary function by spi-
rometry, and probable WTC-related PTSD 
with a symptom inventory.

RESULTS: In both groups of responders, 
initial PTSD (standardized regression coef-
ficient: beta=0.20 and 0.23) and abnormal 
pulmonary function (beta=0.12 and 0.12) 
predicted LRS two and a half years later 
after controlling for initial LRS and covari-
ates. At follow-up, LRS onset was 2.0 times 
more likely and remission 1.8 times less 
likely in responders with initial PTSD than 
in responders without. Moreover, PTSD me-
diated, in part, the association between 
WTC exposures and development of LRS (p< 
.0001). Initial LRS and abnormal pulmonary 
function did not consistently predict PTSD 
onset.

CONCLUSIONS: These analyses provide 
further evidence that PTSD is a risk factor 
for respiratory symptoms and are consis-
tent with evidence implicating physiologi-
cal dysregulation associated with PTSD in 
the development of medical conditions. 
If these effects are verified experimental-
ly, treatment of PTSD may prove helpful in 

https://doi.org/10.1097/PSY.0000000000000179
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managing physical and mental health of di-
saster responders.

Loupasakis K, Berman J, Jaber N, et al. 
2015. Refractory sarcoid arthritis in World 
Trade Center-exposed New York City fire-
fighters: A case series. Journal of Clini-
cal Rheumatology: Practical Reports on 
Rheumatic & Musculoskeletal Diseases. 
21(1):19–23.

https://doi.org/10.1097/RHU.0000000000000185

OBJECTIVE: The objective of this study was 
to describe cases of sarcoid arthritis in fire-
fighters from the FDNY who worked at the 
WTC site.

METHODS: All WTC-exposed FDNY firefight-
ers with sarcoidosis and related chronic 
inflammatory arthritis (n=11) are followed 
jointly by the FDNY-WTCHP and the Rheu-
matology Division at the Hospital for Spe-
cial Surgery. Diagnoses of sarcoidosis were 
based on clinical, radiographic, and patho-
logical criteria. Patient characteris-
tics, WTC exposure information, smoking 
status, date of diagnosis, and pulmonary 
findings were obtained from FDNY-WTC 
database. Joint manifestations (symp-
toms and duration, distribution of joints 
involved), radiographic findings, and treat-
ment responses were obtained from chart 
review.

RESULTS: Nine of sixty FDNY firefighters who 
developed sarcoidosis since September 11, 
2001, presented with polyarticular arthri-
tis. Two others diagnosed pre-September 
11, 2001, developed sarcoid arthritis after 
WTC exposure. All 11 were never cigarette 
smokers, and all performed rescue/recov-
ery at the WTC site within three days of the 
attacks. All had biopsy-proven pulmonary 

sarcoidosis, and all required additional dis-
ease-modifying antirheumatic drugs for ad-
equate control (stepwise progression from 
hydroxychloroquine to methotrexate to 
anti-tumor necrosis factor alpha agents) of 
their joint manifestations.

CONCLUSIONS: Chronic inflammatory poly-
arthritis appears to be an important mani-
festation of sarcoidosis in FDNY firefighters 
with sarcoidosis and WTC exposure. Their 
arthritis is chronic and, unlike arthritis in 
non-WTC-exposed sarcoid patients, inade-
quately responsive to conventional oral dis-
ease-modifying antirheumatic drugs, often 
requiring anti-tumor necrosis factor alpha 
agents. Further studies are needed to deter-
mine the generalizability of these findings 
to other groups with varying levels of WTC 
exposure or with other occupational/envi-
ronmental exposures.

Webber M, Moir W, Zeig-Owens R, et al. 
2015. Nested case-control study of select-
ed systemic autoimmune diseases in World 
Trade Center rescue/recovery workers. Ar-
thritis & Rheumatology. 67(5):1369–76. 

https://doi.org/10.1002/art.39059

OBJECTIVE: To test the a priori hypothesis 
that acute and chronic work exposures to 
the WTC site on or after September 11, 2001, 
were associated with risk of new-onset sys-
temic autoimmune diseases.

METHODS: A nested case-control study was 
performed in WTC rescue/ recovery workers 
who had received a rheumatologist-con-
firmed systemic autoimmune disease di-
agnosis between September 12, 2001, and 
September 11, 2013 (n=59), each of whom 
was individually matched to four random-
ly selected controls (n=236) on the basis of 

https://doi.org/10.1002/art.39059
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year of hire (+/-1 year), sex, race, and work 
assignment (firefighter or emergency medi-
cal service). Acute exposure was defined ac-
cording to the earliest time of arrival (morn-
ing of 9/11 versus later) at the WTC site, and 
chronic exposure was defined as duration 
(number of months) of WTC site-related 
work. Rheumatologists were blinded with 
regard to each subject’s exposure status. 
The conditional odds ratios (CORs) with 95% 
confidence intervals (95% CIs) for incident 
autoimmune disease were derived from ex-
act conditional logistic regression models.

RESULTS: Rheumatoid arthritis was the 
most common autoimmune diagnosis (37% 
of subjects), followed by spondyloarthritis 
(22%), inflammatory myositis (14%), sys-
temic lupus erythematosus (12%), systemic 
sclerosis (5%), Sjogren’s syndrome (5%), an-
tiphospholipid syndrome (3%), and granulo-
matosis with polyangiitis (Wegener’s) (2%). 
The COR for incident autoimmune disease 
increased by 13% (COR 1.13, 95% CI 1.02–
1.26) for each additional month worked at 
the WTC site. These odds were independent 
of the association between high acute expo-
sure (working during the morning of 9/11) 
and disease outcome, which conveyed an 
elevated, but not statistically significant, 
risk (COR 1.85, 95% CI 0.86–3.89).

CONCLUSION: Prolonged work at the WTC 
site, independent of acute exposure, was an 
important predictor of post-9/11 systemic 
autoimmune diseases. The WTCHP should 
expand surveillance efforts for those with 
extended exposures, as early detection can 
facilitate early treatment, which has been 
shown to minimize organ damage and im-
prove quality of life.

Zvolensky M, Farris S, Kotov R, et al. 2015. 
Posttraumatic stress symptoms and smok-
ing among World Trade Center disaster 
responders: A longitudinal investigation. 
Comprehensive Psychiatry. 63:46–54.

doi.org/10.1016/j.comppsych.2015.08.006

PURPOSE: The current longitudinal study 
examined PTSD symptom severity in rela-
tion to smoking abstinence and reduction 
over time among responders to the WTC 
disaster.

METHOD: Participants were 763 police and 
1881 non-traditional (e.g., construction 
workers) WTC responders who reported 
being smokers at an initial examination 
obtained between July 2002 and July 2011 
at the WTCHP. WTC responders were reas-
sessed, on average, two and a half years 
later.

RESULTS: For police WTC responders, higher 
levels of WTC-related PTSD symptoms at the 
initial visit were associated with a decreased 
likelihood of smoking abstinence (OR=0.98, 
p=.002) and with decreased smoking re-
duction (beta=-.06, p=.012) at the follow-up 
visit. WTC-related PTSD symptom severity 
was not related to likelihood of smoking ab-
stinence or change in number of cigarettes 
smoked among non-traditional responders. 
Post hoc analyses suggested that for police, 
hyperarousal PTSD symptoms were predic-
tive of decreased abstinence likelihood at 
the follow-up visit (OR=0.56, p=.006).

DISCUSSION: The present findings suggest 
that PTSD symptoms may be differential-
ly related to smoking behavior among po-
lice and non-traditional WTC responders in 
a naturalistic, longitudinal investigation. 
Future work may benefit from exploring 

http://doi.org/10.1016/j.comppsych.2015.08.006 
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further which aspects of PTSD (as compared 
to each other and to common variance) ex-
plain smoking maintenance. 

Zvolensky M, Farris S, Kotov R, et al. 2015. 
World Trade Center disaster and sensitiza-
tion to subsequent life stress: A longitudi-
nal study of disaster responders. Preventive 
Medicine. 75: 70–74. 

https://doi.org/10.1016/j.ypmed.2015.03.017

PURPOSE: The current study examined the 
role of WTC disaster exposure (hours spent 
working on the site, dust cloud exposure, 
and losing friend/loved one) in exacerbat-
ing the effects of post-disaster life stress 
on PTSD symptoms and overall functioning 
among WTC responders.

METHOD: Participants were 18,896 respond-
ers (8466 police officers and 10,430 non-tra-
ditional responders) participating in the 
WTCHP who completed an initial examina-
tion between July 2002 and April 2010, and 
were reassessed an average of two years 
later.

RESULTS: Among police responders, there 
was a significant interaction, such that the 
effect of post-disaster life stress on later 
PTSD symptoms and overall functioning was 
stronger among police responders who had 
greater WTC disaster exposure (beta’s=.029 
and .054, respectively, for PTSD symptoms 
and overall functioning). This moderating ef-
fect was absent in non-traditional respond-
ers. Across both groups, post-disaster life 
stress also consistently was related to the 
dependent variables in a more robust man-
ner than WTC exposure.

DISCUSSION: The present findings sug-
gest that WTC exposure may compound 

post-disaster life stress, thereby resulting in 
a more chronic course of PTSD symptoms 
and reduced functioning among police 
responders.

Zvolensky M, Kotov R, Schechter C, et al. 
2015. Post-disaster stressful life events and 
WTC-related posttraumatic stress, depres-
sive symptoms, and overall functioning 
among responders to the World Trade Cen-
ter disaster. Journal of Psychiatric Research. 
61: 97–105. 

https://doi.org/10.1016/j.jpsychires.2014.11.010

BACKGROUND: The current study examined 
contributions of post-disaster stressful life 
events in relation to the maintenance of 
WTC-related PTSD, depressive symptoms, 
and overall functioning among rescue, re-
covery, and clean-up workers who respond-
ed to the September 11, 2001, WTC terrorist 
attacks.

METHODS: Participants were 18,896 WTC re-
sponders, including 8466 police officers and 
10,430 non-traditional responders (85.8% 
male; 86.4% Caucasian; M(age)=39.5, 
SD=8.8) participating in the WTCHP who 
completed an initial examination between 
July 2002 and April 2010, and who were re-
assessed, on average, two and a half years 
later.

RESULTS: Path analyses were conducted to 
evaluate contributions of life events to the 
maintenance of WTC-related PTSD, depres-
sive symptoms, and overall functioning. 
These analyses were stratified by police and 
non-traditional responder groups and ad-
justed for age, sex, time from 9/11 to initial 
visit, WTC exposures (three WTC contextual 
exposures: co-worker, friend, or a relative 
died in the disaster; co-worker, friend, or a 

https://doi.org/10.1016/j.ypmed.2015.03.017
https://doi.org/10.1016/j.jpsychires.2014.11.010
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relative injured in the disaster; and respond-
er was exposed to the dust cloud on 9/11), 
and interval from initial to first follow-up 
visit. In both groups, WTC-related PTSD, de-
pressive symptoms, and overall functioning 
were stable over the follow-up period. WTC 
exposures were related to these three out-
comes at the initial assessment. WTC-relat-
ed PTSD, depressive symptoms, and overall 
functioning, at the initial assessment each 
predicted the occurrence of post-disaster 
stressful life events, as measured by Disas-
ter Supplement of the Diagnostic Interview 
Schedule. Post-disaster stressful life events, 
in turn, were associated with subsequent 
mental health, indicating partial mediation 
of the stability of observed mental health.

CONCLUSIONS: The present findings sug-
gest a dynamic interplay between expo-
sure, post-disaster stressful life events, and 
WTC-related PTSD, depressive symptoms, 
and overall functioning among WTC disaster 
responders.

 
2016 (25)

Aldrich T, Weakley J, Dhar S, et al. 2016. 
Bronchial reactivity and lung function af-
ter World Trade Center exposure. Chest. 
150(6):1333–1340.

https://doi.org/10.1016/j.chest.2016.07.005

BACKGROUND: WTC-exposed rescue/recov-
ery workers endured massive respiratory 
insult from inhalation of particulate matter 
and gases, resulting in respiratory symp-
toms, loss of lung function, and, for many, 
bronchial hyperreactivity (BHR). The per-
sistence of respiratory symptoms and lung 
function abnormalities has been well-doc-
umented, while persistence of BHR has not 

been investigated.

METHODS: 173 WTC-exposed firefighters 
with bronchial reactivity measured within 
two years after 9/11/2001 (9/11), (baseline 
methacholine challenge test [MCT]), were 
re-evaluated in 2013–2014 (follow-up-MCT). 
FEV1 measurements were obtained from the 
late pre-9/11, early post-9/11 and late post-
9/11 periods. Respiratory symptoms and 
corticosteroid treatment were recorded.

RESULTS: Bronchial reactivity remained 
stable (within one doubling dilution) for 
most (n=101, 58%). 16 of 28 (57%) with BHR 
(PC20<8mg/ml) at baseline had BHR at 
follow up, and an additional 27 of the 145 
(19%) without BHR at baseline had BHR 
at follow-up. In multivariable models, we 
found that BHR baseline was strongly as-
sociated with BHR follow-up (OR=6.46) and 
that BHR at follow-up was associated with 
an estimated 15.4 ml/year greater FEV1 de-
cline than experienced by those without 
BHR at follow-up. Annual FEV1 decline was 
moderated by corticosteroid use.

CONCLUSIONS: Persistent BHR and its del-
eterious influence on lung function suggest 
a role for airway inflammation in perpetu-
ation of WTC-associated airway disease. In 
future massive occupational exposure to 
inorganic dust/gases, we recommend ear-
ly and serial pulmonary function testing, 
including measurements of bronchial reac-
tivity, when possible, and inhaled cortico-
steroid therapy for those with symptoms or 
pulmonary function tests consistent with 
airway disease.

Berger K, Kalish S, Shao Y, et al. 2016. 
Isolated small airway reactivity during 
bronchoprovocation as a mechanism for 
respiratory symptoms in WTC dust exposed 

https://doi.org/10.1016/j.chest.2016.07.005 
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community members. American Journal of 
Industrial Medicine. 59(9):767–776. 

https://doi.org/10.1002/ajim.22639 

INTRODUCTION: Small airway dysfunction 
occurs following WTC dust exposure, but its 
role in producing symptoms is unclear.

METHODS: Methacholine challenge (MCT) 
was used to assess the relationship between 
onset of respiratory symptoms and small 
airway abnormalities in 166 symptomatic 
WTC dust-exposed patients. Forced oscilla-
tion testing (FOT) and respiratory symptoms 
were assessed during MCT. FOT parameters 
included resistance at 5 and 20 Hz (R5 and 
R20) and the R5 minus R20 (R5–20). 

RESULTS: Baseline spirometry was nor-
mal in all (mean FEV1 100 + 13% predicted, 
mean FEV1 /FVC 80 + 4%). MCT revealed 
bronchial hyperreactivity by spirometry in 
67 patients. An additional 24 patients be-
came symptomatic despite minimal FEV1 
change (<5%); symptom onset coincided 
with increased R5 and R5–20 (P > 0.001 vs. 
baseline). The dose-response of FOT (reac-
tivity) was greater compared with subjects 
that remained asymptomatic (P < 0.05). 

CONCLUSIONS: FOT during MCT uncovered 
reactivity in small airways as a mechanism 
for respiratory symptoms in subjects with 
inhalational lung injury.

Boffetta P, Zeig-Owens R, Wallenstein S, 
et al. 2015. Cancer in World Trade Center 
responders: Findings from multiple cohorts 
and options for future study. American Jour-
nal of Industrial Medicine. 59(2):96–105. 

https://doi.org/10.1002/ajim.22555

BACKGROUND: Three longitudinal studies 

of cancer incidence in varied populations of 
World Trade Center responders have been 
conducted. 

METHODS: We compared the design and re-
sults of the three studies. 

RESULTS: Separate analyses of these co-
horts revealed excess cancer incidence in 
responders for all cancers combined and for 
cancers of the thyroid and prostate. Method-
ological dissimilarities included recruitment 
strategies, source of cohort members, de-
mographic characteristics, overlap between 
cohorts, assessment of WTC and other occu-
pational exposures and confounders, meth-
ods and duration of follow-up, approaches 
for statistical analysis, and latency analyses. 

CONCLUSIONS: The presence of three co-
horts strengthens the effort of identifying 
and quantifying the cancer risk; the hetero-
geneity in design might increase sensitivity 
to the identification of cancers potentially 
associated with exposure. The presence 
and magnitude of an increased cancer risk 
remains to be fully elucidated. Continued 
long-term follow up with minimal longitu-
dinal dropout is crucial to achieve this goal.

Bromet E, Hobbs M, Clouston S, et al. 
2016. DSM-IV post-traumatic stress disor-
der among World Trade Center responders 
11–13 years after the disaster of 11 Septem-
ber 2001 (9/11). Psychological Medicine. 
46(4):771–783.

https://doi.org/10.1017/S0033291715002184

BACKGROUND: Post-traumatic symptom-
atology is one of the signature effects of 
the pernicious exposures endured by re-
sponders to the WTC disaster of September 
11,2001 (9/11), but the long-term extent of 

https://doi.org/10.1002/ajim.22639 
https://doi.org/10.1017/S0033291715002184 
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diagnosed Diagnostic and Statistical Manu-
al of Mental Disorders, 4th edition (DSM-IV) 
PTSD and its impact on quality of life are 
unknown. This study examines the extent 
of DSM-IV PTSD 11–13 years after the disas-
ter in WTC responders, its symptom pro-
files and trajectories, and associations of 
active, remitted, and partial PTSD with ex-
posures, physical health, and psychosocial 
well-being.

METHOD: Master’s-level psychologists ad-
ministered sections of the Structured Clin-
ical Interview for DSM-IV and the Range of 
Impaired Functioning Tool to 3231 respond-
ers monitored at the Stony Brook University 
WTCHP. The PCL and current medical symp-
toms were obtained at each visit.

RESULTS: In all, 9.7% had current, 7.9% re-
mitted, and 5.9% partial WTC-PTSD. Among 
those with active PTSD, avoidance and 
hyperarousal symptoms were most com-
monly, and flashbacks least commonly, re-
ported. Trajectories of symptom severity 
across monitoring visits showed a modestly 
increasing slope for active and decelerating 
slope for remitted PTSD. WTC exposures, 
especially death and human remains, were 
strongly associated with PTSD. After adjust-
ing for exposure and critical risk factors, in-
cluding hazardous drinking and co-morbid 
depression, PTSD was strongly associated 
with health and well-being, especially dis-
satisfaction with life.

CONCLUSIONS: This is the first study to 
demonstrate the extent and correlates of 
long-term DSM-IV PTSD among respond-
ers. Although most proved resilient, there 
remains a sizable subgroup in need of con-
tinued treatment in the second decade after 
9/11.

Caplan-Shaw C, Kazeros A, Pradhan D, et 
al. 2016. Improvement in severe lower re-
spiratory symptoms and small airway func-
tion in World Trade Center dust exposed 
community members. American Journal of 
Industrial Medicine. 59(9):777–787.

https://doi.org/10.1002/ajim.22642 

OBJECTIVE: Longitudinal assessment of 
LRS in community members with WTC 
exposures.

METHODS: Adult members of a treatment 
program with complete standardized visits 
were evaluated (n=798). Association of de-
mographic characteristics, mental health 
symptoms, and lung function with trajec-
tory of LRS between initial and monitoring 
visit was evaluated.

RESULTS: Severe LRS were present in 70% 
at initial and 63% at monitoring visit. Ini-
tial severe LRS were associated with WTC 
dust cloud exposure and mental health 
symptoms. Spirometry measures were not 
associated with LRS severity or trajectory; 
improvement in LRS was associated with 
improved lung function measured with 
forced oscillometry techniques.

CONCLUSION: Many community patients 
in a WTC treatment program had severe 
LRS associated with exposures and mental 
health symptoms. Improvement in LRS was 
associated with improvement in measures 
of small airway function.

Clouston S, Kotov R, Pietrzak R, et al. 
2016. Cognitive impairment among World 
Trade Center responders: Long-term impli-
cations of re-experiencing the 9/11 terrorist 
attacks. Alzheimer’s & Dementia: Diagnosis, 
Assessment & Disease Monitoring. 4:67–75.

https://doi.org/10.1002/ajim.22642 
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https://doi.org/10.1016/j.dadm.2016.08.001

INTRODUCTION: During the WTC attacks, 
responders who helped in search, rescue, 
and recovery endured multiple traumatic 
and toxic exposures. One-fifth subsequent-
ly developed PTSD. PTSD has been linked 
to dementia in veterans. This study exam-
ined the association between WTC-related 
PTSD and cognitive impairment (CI) in WTC 
responders. 

METHODS: A one-third sample of respond-
ers (N= 818) reporting for annual monitor-
ing visits were screened for cognitive im-
pairment and dementia using the MoCA 
from January 2014–April 2015. Concurrent 
diagnoses of PTSD and major depressive 
disorder (MDD), as well as serial PTSD and 
depressive symptom inventories collected 
since 2002, were examined in relation to 
current CI.

RESULTS: Approximately 12.8% and 1.2% of 
responders in this sample, respectively, had 
scores indicative of CI and possible demen-
tia. Current PTSD and MDD were associated 
with CI. Longitudinal results revealed that 
re-experiencing symptoms were consistent-
ly associated with CI (aRR=2.88, 95% confi-
dence interval=1.35–6.22), whereas longitu-
dinal increases in other PTSD and depressive 
symptoms in the years before screening 
were evident only among those with CI.

CONCLUSIONS: Analyses replicated results 
from Veterans studies and further highlight-
ed the importance of re-experiencing symp-
toms, a major component of PTSD that was 
consistently predictive of CI 14 years later. 
Clinicians should monitor CI when treating 
individuals with chronic PTSD.

de la Hoz R E, Jeon Y, Miller GE, et al. 2016. 
Post-traumatic Stress Disorder, Broncho-
dilator Response, and Incident Asthma in 
World Trade Center Rescue and Recovery 
Workers.  Am J Respir Crit Care Med 194(11): 
1383-1391.

http://www.ncbi.nlm.nih.gov/pubmed/27548615 

RATIONALE: Post-traumatic stress disorder 
(PTSD) has been associated with asthma 
in cross-sectional studies. Whether PTSD 
leads to clinically significant bronchodila-
tor response (BDR) or new-onset asthma is 
unknown. 

OBJECTIVES: We sought to determine the 
relationship between probable PTSD and 
both BDR and incident asthma in a high-
risk cohort of World Trade Center workers in 
New York (NY). 

METHODS: This study was conducted on 
data from a high-risk cohort of 11,481 World 
Trade Center workers in New York, including 
6,133 never smokers without a previous di-
agnosis of asthma. Of the 6,133 never smok-
ers without asthma, 3,757 (61.3%) complet-
ed a follow-up visit several years later (mean 
= 4.95 yr, interquartile range = 3.74-5.90 yr). 
At the baseline visit, probable PTSD was de-
fined as a score 44 points or greater in the 
PTSD Checklist questionnaire, and BDR was 
defined as both a change of 12% or great-
er and an increment of 200 ml or greater in 
FEV1 after bronchodilator administration. 
Incident asthma was defined as a self-re-
port of new physician-diagnosed asthma 
after the baseline visit. Multivariable logis-
tic regression was used for the analysis of 
probable PTSD and baseline BDR or incident 
asthma. 

MEASUREMENTS AND MAIN AND RESULTS: 

https://doi.org/10.1016/j.dadm.2016.08.001 
http://www.ncbi.nlm.nih.gov/pubmed/27548615
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At baseline, probable PTSD was associated 
with BDR among all participants (adjusted 
odds ratio = 1.43; 95% confidence interval = 
1.19-1.72), with similar results among never 
smokers without asthma. Among 3,757 nev-
er smokers, probable PTSD at baseline was 
associated with incident asthma, even after 
adjustment for baseline BDR (odds ratio = 
2.41; 95% confidence interval = 1.85-3.13). 
This association remained significant in a 
confirmatory analysis after excluding 195 
subjects with baseline BDR.

CONCLUSIONS: In a cohort of adult workers 
exposed to a severe traumatic event, proba-
ble PTSD is significantly associated with BDR 
at baseline and predicts incident asthma.

Farris S, Paulus D, Gonzalez A, et al. 2016. 
Posttraumatic stress symptoms and body 
mass index among World Trade Center di-
saster-exposed smokers: A preliminary ex-
amination of the role of anxiety sensitivity. 
Psychiatry Research. 241: 135–140.

https://doi.org/10.1016/j.psychres.2016.04.074

Among individuals exposed to the WTC di-
saster on September 11, 2001, PTSD and 
symptoms are both common and associated 
with increased cigarette smoking and body 
mass. However, there is little information on 
the specific processes underlying the rela-
tionship of PTSD symptoms with body mass. 
The current study is an initial exploratory 
test of anxiety sensitivity, the fear of internal 
bodily sensations, as a possible mechanism 
linking PTSD symptom severity and body 
mass index (BMI). Participants were 147 
adult daily smokers (34.0% female) exposed 
to the WTC disaster (via rescue/recovery 
work or direct witness). The direct and indi-
rect associations between PTSD symptom 
severity and BMI via anxiety sensitivity (total 
score and subscales of physical, cognitive, 

and social concerns) were examined. PTSD 
symptom severity was related to BMI in-
directly via anxiety sensitivity; this effect 
was specific to physical concerns about the 
meaning of bodily sensations. Interventions 
focusing on anxiety sensitivity reduction 
(specifically addressing physical concerns 
about bodily sensations) may be useful in 
addressing elevated BMI among trauma-ex-
posed persons.

Feder A, Mota N, Salim M, et al. 2016. Risk, 
coping and PTSD symptom trajectories in 
World Trade Center responders. Journal of 
Psychiatric Research. 82:68–79.

https://doi.org/10.1016/j.jpsychires.2016.07.003

Trajectories of disaster-related PTSD symp-
toms are often heterogeneous, and associ-
ated with common and unique risk factors, 
yet little is known about potentially mod-
ifiable psychosocial characteristics asso-
ciated with low-symptom and recovering 
trajectories in disaster responders. A total 
of 4487 rescue and recovery workers (1874 
police and 2613 non-traditional respond-
ers) involved during and in the aftermath 
of the unprecedented WTC attacks, were 
assessed an average of 3, 6, 8, and 12 years 
post-9/11/2001. Among police responders, 
WTC-related PTSD symptoms were charac-
terized by four trajectories, including no/
low-symptom (76.1%), worsening (12.1%), 
improving (7.5%), and chronic (4.4%) tra-
jectories. In non-traditional responders, a 
five-trajectory solution was optimal, with 
fewer responders in a no/low-symptom 
trajectory (55.5%), and the remainder in 
subtly worsening (19.3%), chronic (10.8%), 
improving (8.5%), and steeply worsening 
(5.9%) trajectories. Consistent factors as-
sociated with symptomatic PTSD trajec-
tories across responder groups included 

https://doi.org/10.1016/j.jpsychires.2016.07.003 
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Hispanic ethnicity, pre-9/11 psychiatric his-
tory, greater WTC exposure, greater medical 
illness burden, life stressors and post-9/11 
traumas, and maladaptive coping (e.g., 
substance use, avoidance coping). Higher 
perceived preparedness, greater sense of 
purpose in life, and positive emotion-fo-
cused coping (e.g., positive reframing, ac-
ceptance) were negatively associated with 
symptomatic trajectories. Findings in this 
unique cohort indicate considerable hetero-
geneity in WTC-related PTSD symptom tra-
jectories over 12 years post-9/11/2001, with 
lower rates of elevated PTSD symptoms in 
police than in non-traditional responders. 
They further provide a comprehensive risk 
prediction model of PTSD symptom trajec-
tories, which can inform prevention, mon-
itoring, and treatment efforts in WTC and 
other disaster responders.

Friedberg F, Adamowicz J, Caikauskaite 
I, et al. 2016. Fatigue severity in World 
Trade Center (9/11) responders: a prelimi-
nary study. Fatigue: Biomedicine, Health & 
Behavior.4(2):70–79.

http://dx.doi.org/10.1080/21641846.2016.1169726

PURPOSE: To assess fatigue severity in WTC 
(9/11) responders 13 years later. 

METHODS: The participant pool consisted of 
male 9/11 responders enrolled in the Stony 
Brook WTCHP, one of five centers of excel-
lence established by the CDC. Fatigue sever-
ity was assessed with the Fatigue Severity 
Scale. WTC-related medical conditions were 
certified by a physician and diagnoses of 
9/11–related PTSD and major depressive 
disorder (MDD) were determined with the 
Structured Clinical Interview for DSM-IV 
(SCID). 

RESULTS: High fatigue severity was report-
ed by 20.8% of the sample (N=1079) and 
was significantly associated with PTSD, 
major depressive disorder, sleep apnea, 
gastro-esophageal reflux disease, upper 
respiratory disease, and lower respirato-
ry disease. These associations remained 
significant for PTSD, major depressive dis-
order, and lower respiratory disease when 
adjusted for medications, age, and BMI. 
Only 17.3% of the high fatigue subgroup 
did not have an identified medical or psy-
chiatric diagnosis. Fewer fatigued (21.1%) 
than non-fatigued (72.0%) responders rated 
their physical health as ‘good’ or ‘very good.’ 
Also, fewer fatigued (33.9%) than non-fa-
tigued (54.1%) responders were employed 
full-time (p<.0001). 

CONCLUSIONS: This study found clinical-
ly elevated fatigue in a high percentage of 
a male WTC responder cohort that prior to 
9/11/2001 would be considered a ‘healthy 
worker cohort.’ To better understand the 
pathophysiology of fatigue, newer method-
ologies such as symptom provocation (e.g., 
exercise) designs may be useful.

Guffanti G, Geronazzo-Alman L, Fan B, et 
al. 2016. Homogeneity of Severe Posttrau-
matic Stress Disorder Symptom Profiles in 
Children and Adolescents Across Gender, 
Age, and Traumatic Experiences Related to 
9/11. J Trauma Stress 29(5): 430-439.

https://doi.org/10.1002/jts.22134 

Patients with a posttraumatic stress disor-
der (PTSD) diagnosis according to the Di-
agnostic and Statistical Manual of Mental 
Disorders (4th ed., DSM-IV; American Psy-
chiatric Association, 1994) will very likely 
not share all of the same symptoms, a con-
sequence of the polythetic approach used in 

http://dx.doi.org/10.1080/21641846.2016.1169726
https://doi.org/10.1002/jts.22134
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the DSM. We examined heterogeneity in the 
latent structure of PTSD symptoms using 
data from a previously published sample 
of 8,236 youth a subset of which had been 
exposed to the September 11, 2001 attacks 
(N = 6,670; Hoven et al., 2005). Latent class 
analysis was applied (a) to PTSD symptoms 
alone, (b) to symptoms in combination 
with impairment indicators, and (c) to PTSD 
symptoms when stratified by age and gen-
der, as well as by empirically defined classes 
of exposure. We identified 4 symptom class-
es: no disturbance (49.4%), intermediate 
disturbance (2 classes; 21.5% and 18.6%, re-
spectively), and severe disturbance (10.5%). 
These classes varied not only in the severity 
of symptoms, but also in the configuration 
of symptoms. We observed a high probabil-
ity of endorsing both PTSD symptoms and 
indicators of impairment only in the severe 
disturbance class. A similar 4-class struc-
ture was found when the data were strat-
ified by age, gender, and exposure classes. 
There were no significant differences as a 
function of age, gender, or exposure in the 
presence of severe PTSD. Heterogeneity was 
observed at intermediate levels of PTSD 
symptom severity. The specific PTSD symp-
toms that defined the severe PTSD profile 
could constitute the pathogenic aspects of 
a largely invariant and clinically meaningful 
PTSD syndrome.

Hall C, Liu X, Zeig-Owens R, et al. 2016. 
The duration of an exposure response gra-
dient between incident obstructive airways 
disease and work at the World Trade Center 
site: 2001–2011. PLoS Currents. 20:7. 

https://doi.org/10.1371/currents.
dis.8a93e7682624698558a76a1fa8c5893f

BACKGROUND: Adverse respiratory ef-
fects of WTC exposure have been widely 

documented, but the length of time that 
exposure remains associated with disease 
is uncertain. We estimate the incidence of 
new cases of physician-diagnosed OAD as a 
function of time since September 11, 2001, 
in WTC-exposed firefighters.

METHODS: Exposure was categorized by 
first WTC arrival time: high (9/11/2001 AM); 
moderate (9/11/2001 PM or 9/12/2001); or 
low (9/13–24). We modeled relative rates 
(RR) and 95% confidence intervals (CI) of 
OAD incidence by exposure over the first 10 
years post-September 11, 2001, estimating 
the time(s) of change in the RR with change 
point models. We further examined the re-
lationship between self-reported LRS and 
physician diagnoses.

RESULTS: Change points were observed at 
15 and 84 months post-September 11, 2001, 
with relative incidence rates for the high 
versus low exposure group of 4.02 (95% CI 
2.62–6.16) prior to 15 months, 1.90 (95% CI 
1.49–2.44) from months 16 to 84, and 1.20 
(95% CI 0.92–1.56) thereafter. Incidence 
in all exposure groups increased after the 
WTCHP began to offer free coverage of OAD 
medications in month 63. Self-reported LRS 
in the first 15 months had 80.6% sensitivity, 
but only 35.9% specificity, for eventual OAD 
diagnoses.

CONCLUSIONS: New OAD diagnoses are 
associated with WTC exposure for at least 
seven years. Some portion of the extended 
duration of that association may be due to 
delayed diagnoses. Nevertheless, our re-
sults support recognizing OAD among res-
cue workers as WTC-related even when di-
agnosed years after exposure.

https://doi.org/10.1371/currents.dis.8a93e7682624698558a76a1fa8c5893f
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Hashim, D., Boffetta P, Galsky M, et al. 
2016. Prostate cancer characteristics in the 
World Trade Center cohort, 2002-2013. Eur J 
Cancer Prev.

http://doi.org/10.1097/CEJ.0000000000000315  

An increased incidence of prostate cancer 
was reported in three cohorts of World Trade 
Center (WTC) respondents. It is uncertain 
whether this increase is because of WTC-re-
lated exposures or enhanced surveillance. 
Prostate cancer cases (2002-2013) were ob-
tained from the WTC Health Program. Age, 
race, and Gleason score distribution were 
compared with New York State Cancer Reg-
istry cases from the same time period. Mul-
tivariate models were adjusted for age and 
race. Analyses of clinical characteristics of 
prostate cancer cases within the cohort were 
also carried out, adjusting for age, race, and 
WTC exposure categories. WTC respondents 
had a prostate cancer age-standardized rate 
ratio of 1.65 [95% confidence interval (CI): 
1.37-1.93] compared with New York State; 
age-specific ratios were highest for ages 30-
49 (2.28; 95% CI: 1.51-3.43), 70-74 (2.05; 95% 
CI: 1.03-4.10), and 80-84 years (5.65; 95% 
CI: 1.41-22.58). High WTC exposure was as-
sociated with advanced clinical stage (5.58; 
95% CI: 1.05-29.76; Ptrend=0.03). WTC re-
spondents continue to have a higher pros-
tate cancer rate compared with New York 
State as a whole. Respondents with a higher 
WTC exposure level may have had more ad-
vanced clinical stage of prostate cancer.

Horn S, Pietrzak R, Schechter C, et al. 
2016. Latent typologies of posttraumatic 
stress disorder in World Trade Center re-
sponders. Journal of Psychiatric Research. 
83:151–159.

https://doi.org/10.1016/j.jpsychires.2016.08.018

PTSD is a debilitating and often chronic psy-
chiatric disorder. Following the September 
11, 2001, WTC attacks, thousands of individ-
uals were involved in rescue, recovery, and 
clean-up efforts. While a growing body of 
literature has documented the prevalence 
and correlates of PTSD in WTC respond-
ers, no study has evaluated predominant 
typologies of PTSD in this population. Par-
ticipants were 4352 WTC responders with 
probable WTC-related DSMIV PTSD. Latent 
class analyses were conducted to identify 
predominant typologies of PTSD symptoms 
and associated correlates. A 3–class solu-
tion provided the optimal representation of 
latent PTSD symptom typologies. The first 
class, labeled “High-Symptom (n=1,973, 
45.3%),” was characterized by high proba-
bilities of all PTSD symptoms. The second 
class, “Dysphoric (n=1,371, 31.5%),” exhib-
ited relatively high probabilities of emo-
tional numbing and dysphoric arousal (e.g., 
sleep disturbance). The third class, “Threat 
(n=1,008, 23.2%),” was characterized by 
high probabilities of re-experiencing, avoid-
ance, and anxious arousal (e.g., hypervig-
ilance). Compared to the Threat class, the 
Dysphoric class reported a greater number 
of life stressors after 9/11 (OR=1.06). The 
High-Symptom class was more likely than 
the Threat class to have a positive psychiat-
ric history before 9/11 (OR=1.7) and report-
ed a greater number of life stressors after 
9/11 (OR=1.1). The High-Symptom class was 
more likely than the Dysphoric class, which 
was more likely than the Threat class, to 
screen positive for depression (83% > 74% 
> 53%, respectively), and to report great-
er functional impairment (High-Symptom 
> Dysphoric [Cohen d=0.19], Dysphoric > 
Threat [Cohen d=0.24]). These results may 
help inform assessment, risk stratification, 
and treatment approaches for PTSD in WTC 
and disaster responders.

http://doi.org/10.1097/CEJ.0000000000000315
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Jurek A, Maldonado G. 2016. Quantita-
tive bias analysis in an asthma study of res-
cue-recovery workers and volunteers from 
the 9/11 World Trade Center attacks. Annals 
of Epidemiology. 26(11):794–801.

https://doi.org/10.1016/j.annepidem.2016.09.002 

PURPOSE: When learning bias analysis, ep-
idemiologists are taught to quantitative-
ly adjust for multiple biases by correcting 
study results in the reverse order of the error 
sequence. To understand the error sequence 
for a particular study, one must carefully 
examine the health study’s epidemiologic 
data-generating process. In this article, we 
describe the unique data-generating pro-
cess of a man-made disaster epidemiologic 
study.

METHODS: We described the data-generat-
ing process and conducted a bias analysis 
for a study associating September 11, 2001, 
dust cloud exposure and self-reported new-
ly physician-diagnosed asthma among res-
cue/recovery workers and volunteers. We 
adjusted an odds ratio (OR) estimate for the 
combined effect of missing data, outcome 
misclassification, and non-participation.

RESULTS: Under our assumptions about 
systematic error, the ORs adjusted for all 
three biases ranged from 1.33 to 3.84. Most 
of the adjusted estimates were greater than 
the observed OR of 1.77 and were outside 
the 95% confidence limits (1.55, 2.01).

CONCLUSIONS: Man-made disasters pres-
ent some situations that are not observed in 
other areas of epidemiology. Future epide-
miologic studies of disasters could benefit 
from a proactive approach that focuses on 
the technical aspect of data collection and 
gathers information on bias parameters to 

provide more meaningful interpretations of 
results.

Kwon S, Putman B, Weakley J, et al. 
2016. Blood eosinophils and World Trade 
Center exposure predict surgery in chron-
ic rhinosinusitis. A 13.5–year longitudinal 
study. Annals of the American Thoracic 
Society.13(8):1253–61.

https://doi.org/10.1513/AnnalsATS.201511–742OC

RATIONALE: The WTC collapse generated 
caustic airborne particulates that caused 
chronic rhinosinusitis in exposed FDNY 
firefighters. Surgery was performed when 
symptoms remained uncontrolled despite 
medical management.

OBJECTIVES: To identify predictors of surgi-
cal intervention for chronic rhinosinusitis in 
firefighters exposed to airborne irritants at 
the WTC collapse site.

METHODS: We assessed in 8227 firefighters 
with WTC exposure between September 
11, 2001 (9/11), and September 25, 2001, 
including WTC-site arrival time, months 
of rescue and recovery work, and eosin-
ophil concentration measured between 
September 11, 2001, and March 10, 2003. 
We assessed the association of serum cy-
tokines and immunoglobulins with eosin-
ophil concentration and surgery for rhi-
nosinusitis in 112 surgical cases and 376 
control subjects with serum available from 
the first 6 months after exposure to the WTC 
collapse site. MEASUREMENTS AND MAIN  
 
RESULTS: Between September 11, 2001, 
and March 10, 2015, the surgery rate was 
0.47 cases per 100 person-years. In the first 
18 months post-9/11, surgical patients had 
higher mean blood eosinophil levels than 

https://doi.org/10.1016/j.annepidem.2016.09.002
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study cohort patients (219 +/155 vs. 191 
+/134; P < 0.0001). Increased surgery risk 
was associated with increasing blood eo-
sinophil counts (hazard ratio [HR], 1.12 per 
100 cells/mul; 95% confidence interval [CI], 
1.07–1.17; P < 0.001); arriving at the WTC 
site on September 11, 2001, or Septem-
ber 12, 2001 (HR, 1.43; 95% CI, 1.04–1.99; 
P=0.03); and working six months or longer 
at the WTC site (HR, 1.48; 95% CI, 1.14–1.93; 
P < 0.01). Median blood eosinophil levels for 
surgical patients were above levels for the 
cohort in all 18–month intervals March 11, 
2000, through March 10, 2015, using 51,163 
measurements representing 97,733 per-
son-years of observation. Increasing age, 
increasing IL-17A, and low IgA in serum from 
2001 to 2002 predicted blood eosinophil 
concentration in surgical patients but not in 
control subjects (R(2)= 0.26, P < 0.0001; vs. 
R(2)=0.008, P =0.56).

CONCLUSIONS: Increasing blood eosinophil 
concentration predicts surgical interven-
tion for chronic rhinosinusitis, particularly 
in those with intense acute and prolonged 
exposure to airborne irritants. WTC-exposed 
FDNY firefighters who underwent irritant-as-
sociated sinus surgery are immunologically 
different from the cohort. Surgical patients 
have a higher blood eosinophil levels that 
is associated with mediators of mucosal 
immunity.

Mahaffey B, Gonzalez A, Farris S, et al. 
2016. Smoking to regulate negative affect: 
Disentangling the relationship between 
posttraumatic stress and emotional disor-
der symptoms, nicotine dependence, and 
cessation-related problems. Nicotine & To-
bacco Research. 18(6):1471–1478. 

https://doi.org/10.1093/ntr/ntv175

INTRODUCTION: PTSD is associated with 
various aspects of cigarette smoking, includ-
ing higher levels of nicotine dependence 
and cessation difficulties. Affect-regulatory 
smoking motives are thought to, in part, un-
derlie the association between emotional 
disorders such as PTSD and smoking main-
tenance, although few studies have empiri-
cally tested this possibility.

METHODS: Data were analyzed from 135 
treatment-seeking smokers who were di-
rectly exposed to the WTC disaster on Sep-
tember 11, 2001. We modeled the direct 
effect of 9/11 PTSD symptom severity on 
nicotine dependence, perceived barriers to 
smoking cessation, and severity of prob-
lematic symptoms experienced during prior 
cessation attempts. We also examined the 
indirect effect of PTSD on these outcomes 
via negative affect reduction smoking mo-
tives. Parallel models were constructed for 
additional emotional disorder symptoms, 
including panic and depressive symptoms.

RESULTS: PTSD symptom severity was asso-
ciated with nicotine dependence and per-
ceived barriers to cessation, but not prob-
lems during prior quit attempts indirectly 
via negative affect reduction smoking mo-
tives. Panic and depressive symptoms both 
had significant indirect effects, via negative 
affect reduction smoking motives, on all 
three criterion variables.

CONCLUSIONS: Affect-regulatory smoking 
motives appear to underlie associations 
between the symptoms of emotional disor-
ders such as PTSD, panic, and depression in 
terms of smoking dependence and certain 
cessation-related criterion variables. 

IMPLICATIONS: Overall, this investigation 
suggests negative affect reduction smoking 
motives help to explain the relationship of 
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PTSD, depression, and panic symptoms to 
nicotine dependence, severity of problems 
experienced during prior quit attempts, 
and perceived barriers to cessation. These 
results highlight the importance of assess-
ing motivations for smoking in the context 
of cessation treatment, especially among 
those with emotional disorder symptoms. 
Future interventions might seek to utilize 
motivational interviewing and cognitive 
restructuring techniques to address cop-
ing-oriented motives for smoking, in addi-
tion to skills for managing negative affect, 
as a means of improving quit outcomes.

Moir W, Zeig-Owens R, Daniels R, et al. 
2016. Post-9/11 cancer incidence in World 
Trade Center-exposed New York City fire-
fighters as compared to a pooled cohort of 
firefighters from San Francisco, Chicago and 
Philadelphia (9/11/2001–2009). American 
Journal of Industrial Medicine. 59(9):722–30. 

https://doi.org/10.1002/ajim.22635

BACKGROUND: We previously reported a 
modest excess of cancer in WTC-exposed 
firefighters versus the general population. 
This study aimed to separate the potential 
carcinogenic effects of firefighting and WTC 
exposure by comparing to a cohort of non-
WTC-exposed firefighters.

METHODS: Relative rates (RRs) for all can-
cers combined and individual cancer sub-
types from 9/11/2001 to 12/31/2009 were 
modeled using Poisson regression compar-
ing 11,457 WTC-exposed firefighters to 8,220 
urban non-WTC-exposed firefighters.

RESULTS: Compared with non-WTC-ex-
posed firefighters, there was no differ-
ence in the RR of all cancers combined for 
WTC-exposed firefighters (RR=0.96, 95% CI: 
0.83–1.12). Thyroid cancer was significantly 

elevated (RR=3.82, 95% CI: 1.0720.81) from 
2001 to 2009; this was attenuated (RR= 
3.43, 95% CI: 0.94–18.94) and nonsignificant 
when controlling for possible surveillance 
bias. Prostate cancer was elevated during 
the latter half (2005–2009; RR=1.38, 95% CI: 
1.01–1.88).

CONCLUSIONS: Further follow-up is need-
ed to assess the relationship between WTC 
exposure and cancers with longer latency 
periods. 

Reibman J, Levi-Carrick N, Miles T, et al. 
2016. Destruction of the World Trade Center 
Towers. Lessons Learned from an Environ-
mental Health Disaster.  Ann Am Thorac Soc 
13(5): 577-583.

https://doi.org/10.1513/AnnalsATS.201509-572PS 

The assault and subsequent collapse of 
the World Trade Center towers in New York 
City on September 11, 2001 (9/11), released 
more than a million tons of debris and dust 
into the surrounding area, engulfing rescue 
workers as they rushed to aid those who 
worked in the towers, and the thousands 
of nearby civilians and children who were 
forced to flee. In December 2015, almost 
15 years after the attack, and 5 years after 
first enactment, Congress reauthorized the 
James Zadroga 9/11 Health and Compensa-
tion Act, a law designed to respond to the 
adverse health effects of the disaster. This 
reauthorization affords an opportunity to 
review human inhalation exposure science 
in relation to the World Trade Center col-
lapse. In this Special Article, we compile 
observations regarding the collective med-
ical response to the environmental health 
disaster with a focus on efforts to address 
the adverse health effects experienced by 
nearby community members including lo-
cal residents and workers. We also analyze 

https://doi.org/10.1513/AnnalsATS.201509-572PS
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approaches to understanding the poten-
tial for health risk, characterization of haz-
ardous materials, identification of popula-
tions at risk, and shortfalls in the medical 
response on behalf of the local community. 
Our overarching goal is to communicate les-
sons learned from the World Trade Center 
experience that may be applicable to com-
munities affected by future environmental 
health disasters. The World Trade Center 
story demonstrates that communities lack-
ing advocacy and preexisting health infra-
structures are uniquely vulnerable to health 
disasters. Medical and public health person-
nel need to compensate for these vulner-
abilities to mitigate long-term illness and 
suffering.

Weakley J, Hall C, Liu X, et al. 2016. The 
effect of World Trade Center exposure on 
the latency of chronic rhinosinusitis diagno-
ses in New York City firefighters: 2001–2011. 
Occupational and Environmental Medicine. 
73(4):280–3. 

https://doi.org/10.1136/oemed-2015–103094 

OBJECTIVE: To assess how the effect of WTC 
exposure on physician-diagnosed chronic 
rhinosinusitis (CRS) in firefighters changed 
during the decade following the attack on 
9/11 (11 September 2001 to 10 September 
2011).

METHODS: We examined temporal effects 
on the relation between WTC exposure and 
the incidence of physician diagnosed CRS 
in firefighters changed during the decade 
following the attack on 9/11 (11 September 
2001 to 10 September 2011). Exposure was 
grouped by time of arrival at the WTC site as 
follows: (high) morning 11 September 2001 
(n=1623);(moderate) afternoon 11 Septem-
ber 2001 or 12 September 2001 (n=7025); 
or (low) 13–24 September 2001 (n=1200). 

Piecewise exponential survival models were 
used to estimate incidences by exposure 
group, with change point in the relative in-
cidences estimated by maximum likelihood.

RESULTS: Incidences dramatically increased 
after 2007 due to a programmatic change 
that provided free medical treatment, but in-
creases were similar in all exposure groups. 
For this reason, we observed no change 
point during the study period, meaning the 
relative incidence by exposure group (high 
vs moderate vs low) of CRS disease did not 
significantly change over the study period. 
The relative rate of developing CRS was 1.99 
(95% CI=1.64 to 2.41) for high versus low ex-
posure, and 1.52 (95% CI=1.28 to 1.80) for 
moderate versus low exposure during the 
10–year follow-up period.

CONCLUSIONS: The risk of CRS in FDNY fire-
fighters appears increased with WTC-expo-
sure, and has not diminished by time since 
exposure.

Webber M, Moir W, Crowson C, et al. 
2016. Post-September 11, 2001, incidence 
of systemic autoimmune diseases in World 
Trade Center-exposed firefighters and emer-
gency medical service workers. Mayo Clinic 
Proceedings. 91(1):23–32. 

https://doi.org/10.1016/j.mayocp.2015.09.019

OBJECTIVE: To estimate the incidence of select-
ed systemic autoimmune diseases (SAIDs) 
in approximately 14,000 male rescue/recov-
ery workers enrolled in the Fire Department 
of the City of New York (FDNY) WTC Health 
Program and to compare FDNY incidence to 
rates from demographically similar men in 
the Rochester Epidemiology Project (REP), 
a population-based database in Olmsted 
County, Minnesota. 

https://doi.org/10.1136/oemed-2015-103094  
https://doi.org/10.1016/j.mayocp.2015.09.019 
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PATIENTS AND METHODS: We calculated 
incidence for specific SAIDs (rheumatoid 
arthritis, psoriatic arthritis, systemic lupus 
erythematosus, and others) and combined 
SAIDs diagnosed from September 12, 2001, 
through September 11, 2014, and generated 
expected sex and age-specific rates based 
on REP rates. Rates were stratified by level 
of WTC exposure (higher vs lower). Stan-
dardized incidence ratios (SIRs), which are 
the ratios of the observed number of cases 
in the FDNY group to the expected number 
of cases based on REP rates, and 95% CIs 
were calculated.

RESULTS: We identified 97 SAID cases. Over-
all, FDNY rates were not significantly differ-
ent from expected rates (SIR, 0.97; 95% CI, 
0.77–1.21). However, the lower WTC expo-
sure group had 9.9 fewer cases than expect-
ed, whereas the higher WTC exposure group 
had 7.7 excess cases.

CONCLUSION: Most studies indicate that 
the healthy worker effect reduces the asso-
ciation between exposure and outcome by 
about 20%, which we observed in the lower 
WTC exposure group. Overall rates masked 
differences in incidence by level of WTC ex-
posure, especially because the higher WTC 
exposure group was relatively small. Con-
tinued surveillance for early detection of 
SAIDs in high WTC exposure populations is 
required to identify and treat exposure-re-
lated adverse effects.

Weiden M, Kwon S, Caraher E, et al. 
2016. Biomarkers of World Trade Center 
particulate matter exposure: Physiology of 
distal airway and blood biomarkers that pre-
dict FEV(1) decline. Seminars in Respiratory 
and Critical Care Medicine. 36(3):323–333. 

https://dx.doi.org/10.1055%2Fs-0035–1547349

Biomarkers can be important predictors of 

disease severity and progression. The in-
tense exposure to particulates and other 
toxins from the destruction of the WTC over-
whelmed the lung’s normal protective barri-
ers. The Fire Department of New York (FDNY) 
cohort not only had baseline pre-exposure 
lung function measures but also had serum 
samples banked soon after their WTC expo-
sure. This well-phenotyped group of highly 
exposed first responders is an ideal cohort 
for biomarker discovery and eventual vali-
dation. Disease progression was heteroge-
neous in this group in that some individu-
als subsequently developed abnormal lung 
function while others recovered. Airflow 
obstruction predominated in WTC-exposed 
patients who were symptomatic. Multiple 
independent disease pathways may cause 
this abnormal FEV1 after irritant exposure. 
WTC exposure activates one or more of 
these pathways causing abnormal FEV1 in 
an individual. Our hypothesis was that se-
rum biomarkers expressed within 6 months 
after WTC exposure reflect active disease 
pathways and predict subsequent devel-
opment or protection from abnormal FEV1 
below the lower limit of normal known as 
WTC-Lung Injury (WTC-LI). We utilized a 
nested case-cohort control design of pre-
viously healthy never smokers who sought 
subspecialty pulmonary evaluation to ex-
plore predictive biomarkers of WTC-LI. We 
have identified biomarkers of inflamma-
tion, metabolic derangement, protease/
antiprotease balance, and vascular injury 
expressed in serum within 6 months of WTC 
exposure that were predictive of their FEV1 
up to 7 years after their WTC exposure. Pre-
dicting future risk of airway injury after par-
ticulate exposures can focus monitoring 
and early treatment on a subset of patients 
in greatest need of these services.

https://dx.doi.org/10.1055%2Fs-0035-1547349 
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Xu K, Goodman E, Goswami R, et al. 2016. 
Determinants of asthma morbidity in World 
Trade Center rescue and recovery workers. 
Annals of Allergy, Asthma & Immunology. 
117(5):568–570. [Letter] 

https://doi.org/10.1016/j.anai.2016.08.033

No Abstract

Zeig-Owens R, Kablanian A, Webber M, et 
al. 2016. Agreement between self-report-
ed and confirmed cancer diagnoses in New 
York City firefighters and EMS workers, 2001–
2011. Public Health Reports. 131(1):153–9.

https://doi.org/10.1177/003335491613100122

OBJECTIVES: Because of the delay in avail-
ability of cancer diagnoses from state can-
cer registries, self-reported diagnoses may 
be valuable in assessing the current cancer 
burden in many populations. We evaluated 
agreement between self-reported cancer 
diagnoses and state cancer registry-con-
firmed diagnoses among 21,437 firefighters 
and emergency medical service workers 
from the Fire Department of the City of New 
York. We also investigated the association 
between WTC exposure and other charac-
teristics in relation to accurate reporting of 
cancer diagnoses. 

METHODS: Participants self-reported can-
cer status in questionnaires from October 
2, 2001, to December 31, 2011. We obtained 
data on confirmed cancer diagnoses from 
nine state cancer registries, which we used 
as our gold standard. We calculated sensi-
tivity, specificity, PPV, and negative predic-
tive value (NPV), comparing self-reported 
cancer diagnoses with confirmed cancer 
diagnoses. We used multivariable logistic 
regression models to assess the association 
between WTC exposure and correct self-re-

port of cancer status, false-positive cancer 
reports, and false-negative cancer reports. 

RESULTS: Sensitivity and specificity for all 
cancers combined were 90.3% and 98.7%, 
respectively. Specificities and NPVs re-
mained high in different cancer types, while 
sensitivities and PPVs varied considerably. 
WTC exposure was not associated with ac-
curate reporting. 

CONCLUSION: We found high specificities, 
NPVs, and general concordance between 
self-reported cancer diagnoses and reg-
istry-confirmed diagnoses. Given the low 
population prevalence of cancer, self-re-
ported cancer diagnoses may be useful for 
determining non-cancer cases. Because of 
the low sensitivities and PPVs for some indi-
vidual cancers, however, case confirmation 
with state cancer registries or medical re-
cords remains critically important.

Zeig-Owens R, Nolan A, Putman B, et 
al. 2016. Biomarkers of patient intrinsic 
risk for upper and lower airway injury after 
exposure to the World Trade Center atroci-
ty. American Journal of Industrial Medicine. 
59(9):788–894. [Review] 

https://doi.org/10.1002/ajim.22643

BACKGROUND: High rates of upper and 
lower airways disease have occurred in Fire 
Department of the City of New York (FDNY) 
workers exposed to the WTC disaster site. 
Most experienced acute declines in pulmo-
nary function, and some continued to ex-
perience decline over 14 years of follow-up. 
Similarly, some with rhinosinusitis had 
symptoms requiring sinus surgery. 

AIM: To increase generalizability of biomark-
er investigation, we describe biomarkers of 
risk for upper and lower airway injury that 
do not require stored serum. 
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METHODS: We review WTC biomarker liter-
ature. 

RESULTS: Cytokines expressed in stored se-
rum from the first 6 months post-9/11 can 
identify individuals at higher risk for future 
abnormal pulmonary function.

CONCLUSION: This research will help iden-
tify individuals at high risk of lung and sinus 
disease that develop after these, or future, 
irritant exposures for intensive monitoring 
and treatment. It may also identify targets 
for effective therapeutic interventions.

2017 (18)

Bromet EJ, Clopusten S, Gonzalez A, et 
al. 2017. Hurricane Sandy Exposure and 
the Mental Health of World Trade Cen-
ter Responders. Journal of Traumatic 
Stress.30(2):107–114. 

https:\\dx.doi.org\10.1002\jts.22178

The psychological consequences of a sec-
ond disaster on populations exposed to an 
earlier disaster have rarely been studied 
prospectively. Using a pre- and post-design, 
we examined the effects of Hurricane Sandy 
on possible World Trade Center (WTC) re-
lated PTSD (PCL score of >/= 50) and over-
all depression (major depressive disorder 
[MDD]; Patient Health Questionnaire de-
pression score of >/= 10) among 870 WTC 
responders with a follow-up monitoring 
visit at the Long Island WTC Health Program 
during the 6 months post-Hurricane Sandy. 
The Hurricane Sandy exposures evaluated 
were damage to home (8.3%) and to pos-
sessions (7.8%), gasoline shortage (24.1%), 
prolonged power outage (42.7%), and filing 
a Federal Emergency Management Agency 
claim (11.3%). A composite exposure score 
also was constructed. In unadjusted analy-

ses, Hurricane Sandy exposures were asso-
ciated with 1.77 to 5.38 increased likelihood 
of PTSD and 1.58 to 4.13 likelihood of MDD; 
odds ratios for >/= 3 exposures were 6.47 for 
PTSD and 6.45 for MDD. After adjusting for 
demographic characteristics, WTC exposure, 
pre-Hurricane Sandy mental health status, 
and time between assessments, reporting 
>/= 3 Hurricane Sandy exposures was asso-
ciated with a 3.29 and 3.71 increased likeli-
hood of PTSD and MDD, respectively. These 
findings underscore the importance of as-
sessing the impact of a subsequent disaster 
in ongoing responder health surveillance 
programs.

Geronazzo-Alman L, Guffanti G, Eisenberg 
R, et al. 2017. Comorbidity classes and as-
sociated impairment, demographics and 
9/11-exposures in 8,236 children and ado-
lescents. Journal of Psychiatric Research. 
2017;96:171–7. 

http://doi.org/10.1016/j.jpsychires.2017.10.012 

The extensive comorbidity of psychiat-
ric disorders in children and adolescents 
leads to clinical heterogeneity, and is an 
often-overlooked issue in etiopathogen-
ic and treatment studies in developmen-
tal psychopathology. In a representative 
sample (N=8236) of New York City public 
school students assessed six months after 
9/11, latent class analysis was applied to 
48 symptoms across seven disorders: post-
traumatic stress, agoraphobia, separation 
anxiety, panic disorder, generalized anxiety 
(GAD), major depression (MDD) and conduct 
disorder (CD). Our objective was to identify 
classes defined by homogenous symptom 
profiles, and to examine the association be-
tween class membership and gender, age, 
race, different types of exposure to 9/11, and 
impairment. Eight homogenous comorbidi-
ty patterns were identified, including four 

https:\\dx.doi.org\10.1002\jts.22178
http://doi.org/10.1016/j.jpsychires.2017.10.012
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severe disturbance classes: a multimorbid 
internalizing class (INT), a class with a high 
probability of CD, MDD, and GAD symptoms 
(Distress/EXT), a non-comorbid externaliz-
ing class, and a non-comorbid MDD class. 
Demographic and 9/11-related exposures 
showed some degree of specificity in their 
association with severe symptom profiles. 
Impairment was particularly high in the INT 
and Distress/EXT classes. A better charac-
terization of phenomic data, that takes co-
morbidity into account, is essential to un-
derstand etiopathogenic processes, and to 
move psychiatric research forward towards 
personalized medicine. The high probabil-
ity of endorsing symptoms of multiple dis-
orders in the INT and Distress/EXT classes 
supports the use of treatments focusing on 
multimorbidity. Clinical trials should eval-
uate the effectiveness of disorder-specific 
versus transdiagnostic interventions. The 
association between class membership and 
demographic and exposure variables sug-
gests that interventions may be improved 
by considering specific predictors of class 
membership.

Gonzalez A, Friedberg F, Li X, et al. 2016. 
Trauma-focused smoking cessation for 
smokers exposed to the World Trade Center 
disaster: A randomized clinical trial. Nico-
tine & Tobacco Research. 19(8):968–975. 

https://doi.org/10.1093/ntr/ntw384

INTRODUCTION: The main objective was to 
evaluate the efficacy of an 8–session, group-
based comprehensive smoking cessation 
and trauma management (CSC-T) treatment 
among daily smokers (>/= 5 cigarettes/day) 
exposed to the WTC disaster with elevated 
WTC-related PTSD symptoms.

METHODS: Participants (N=90) were ran-
domly assigned to CSC-T (N=44; 63.6% 

White; 27.3% female; mean age=51.32+/-
7.87) or comprehensive smoking cessation 
(CSC) alone (N=46; 71.7% White; 28.3% 
female; mean age=48.74+/-10.66), which 
was comparable in length and time. Assess-
ments included a diagnostic clinical inter-
view and self-report measures of PTSD and 
respiratory symptoms, and smoking behav-
ior, and biologically confirmed smoking ab-
stinence. Evaluations occurred at a baseline 
visit, each treatment session, and at 1–, 2–, 
4–, 12–, and 26–weeks post-treatment.

RESULTS: The two treatments did not differ 
in regard to PTSD symptom improvement. 
After quit day (week 6), the two groups had 
similar 7–day (~15%) and 6 month (~20%) 
abstinence rates as well as average number 
of cigarettes smoked, and PTSD and respira-
tory symptoms. 
CONCLUSIONS: It is possible that the CBT 
skills specific to quitting smoking, group-
based support, and degree of therapist 
contact, that were available in both treat-
ments may have played a role in equalizing 
the abstinence rates between the two con-
ditions. Although the current study found 
no evidence that the CSC-T was superior to 
the CSC alone treatment, the abstinence 
rates observed were high relative to previ-
ous trials of smokers with diagnosed PTSD. 
Further development of smoking cessation 
programs tailored to the needs of smokers 
with PTSD symptoms continues to be need-
ed.

Gumb T, Twumasi A, Alimokhtari S, et al. 
2017. Comparison of two home sleep test-
ing devices with different strategies for diag-
nosis of OSA. Sleep Breath. 22(1): 139–147. 

http://doi.org/10.1007/s11325-017-1547-9 

PURPOSE: Home sleep testing devices are 
being widely used in diagnosis/screening 

https://doi.org/10.1093/ntr/ntw384
http://doi.org/10.1007/s11325-017-1547-9
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for obstructive sleep apnea (OSA). We ex-
amined differences in OSA metrics obtained 
from two devices with divergent home mon-
itoring strategies, the Apnea Risk Evaluation 
System (ARES, multiple signals plus fore-
head reflectance oximetry) and the Nonin 
WristOx2 (single channel finger transmis-
sion pulse oximeter), compared to differenc-
es from night-night variability of OSA. 

METHODS: One hundred fifty-two male/26 
female subjects (BMI = 30.3 +/- 5.6 kg/m2, 
age = 52.5 +/- 8.9 years) were recruited with-
out regard to OSA symptoms and simultane-
ously wore both ARES and Nonin WristOx2 
for two nights (n = 351 nights). Automated 
analysis of the WristOx2 yielded oxygen de-
saturation index (ODIOx2, >/=4% O2 dips/h), 
and automated analysis with manual ed-
iting of ARES yielded AHI4ARES (apneas 
+ hypopneas with >/=4% O2 dips/h) and 
RDIARES (apneas + hypopneas with >/=4% 
O2 dips/h or arousal surrogates). Baseline 
awake oxygen saturation, percent time < 
90% O2 saturation (%time < 90%O2Sat), 
and O2 signal loss were compared between 
the two methods.

RESULTS: Correlation between AHI4ARES 
and ODIOx2 was high (ICC = 0.9, 95% CI = 
0.87-0.92, p < 0.001, bias +/- SD = 0.7 +/- 6.1 
events/h). Agreement values for OSA diag-
nosis (77-85%) between devices were similar 
to those seen from night-to-night variability 
of OSA using a single device. Awake baseline 
O2 saturation was significantly higher in the 
ARES (96.2 +/- 1.6%) than WristOx2 (92.2 
+/- 2.1%, p < 0.01). There was a significant-
ly lower %time < 90%O2Sat reported by the 
ARES compared to WristOx2 (median (IQR) 
0.5 (0.0, 2.6) vs. 2.1 (0.3, 9.7), p < 0.001), and 
the correlation was low (ICC = 0.2).

CONCLUSIONS: OSA severity metrics pre-
dominantly dependent on change in oxygen 

saturation and metrics used in diagnosis of 
OSA (AHI4 and ODI) correlated well across 
devices tested. However, differences in cu-
mulative oxygen desaturation measures 
(i.e., %time < 90%O2Sat) between the de-
vices suggest that caution is needed when 
interpreting this metric particularly in popu-
lations likely to have significant hypoxia.

Kim H, Barron S, Baidwan NK, et al. 2017. 
New onset of asthma and job status change 
among world trade center responders and 
workers. American Journal of Industrial 
Medicine. 19(12): 1039–1048. 

http://doi.org/10.1002/ajim.22774   

BACKGROUND: Despite the high rates, the 
consequences of new onset asthma among 
the World Trade Center (WTC) responders in 
terms of the change in job status have not 
been studied.

METHODS: This study consists of a cohort of 
8132 WTC responders out of the total 25787 
responders who held a full-time job at the 
baseline visit, and participated in at least 
one follow-up visit.

RESULTS: Overall, 34% of the study cohort 
changed their job status from full-time 
at a follow-up visit. Multivariable models 
showed that asthmatics were respectively 
27% and 47% more likely to have any job 
status change and get retired, and twice as 
likely to become disabled as compared to 
non-asthmatics.

CONCLUSIONS: With asthma incidence from 
WTC exposure, negative job status change 
should be considered as a potential long-
term consequence of WTC exposure.

Koshy TT, Attina TM, Ghassabian A, et 
al. 2017. Serum perfluoroalkyl substanc-
es and cardiometabolic consequences in 

http://doi.org/10.1002/ajim.22774
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adolescents exposed to the World Trade 
Center disaster and a matched comparison 
group. Environ Int. 109: 128–135. 

http://www.ncbi.nlm.nih.gov/pubmed/28890218 

BACKGROUND: Large amounts of various 
chemical contaminants, including perfluo-
roalkyl substances (PFASs), were released 
at the time of the World Trade Center (WTC) 
disaster. Thousands of children who lived 
and/or attended school near the disaster 
site were exposed to these substances but 
few studies have examined the possible 
consequences related to these exposures. 

OBJECTIVES: To examine the relationship 
of PFASs serum levels with cardiometabolic 
profile in children and adolescents enrolled 
in the World Trade Center Health Registry 
(WTCHR) and a matched comparison group. 

METHODS: We evaluated WTCHR enrollees 
who resided in New York City and were born 
between September 11, 1993 and Septem-
ber 10, 2001, and a matched comparison 
group consisting of individuals who were 
ineligible for WTCHR participation upon dis-
tance of their home, school or work from 
the WTC and lack of participation in rescue 
and recovery activities. Matching was based 
on date of birth, sex, race, ethnicity, and in-
come. We assessed exposure to PFASs, as 
measured by serum levels and association 
with cardiometabolic profile as measured 
by arterial wall stiffness, body mass index, 
insulin resistance, fasting total cholesterol, 
HDL, LDL and triglycerides. 

RESULTS: A total of 402 participants com-
pleted the study and serum samples were 
analyzed from 308 participants, 123 in the 
WTCHR group and 185 in the comparison 
group. In multivariable regression analysis, 
after adjusting for relevant confounders, we 

observed a significant, positive association 
of perfluorooctanoic acid (PFOA) with tri-
glycerides (beta coefficient=0.14, 95% CI: 
0.02, 0.27, 15.1% change), total cholesterol 
(beta coefficient=0.09, 95% CI: 0.04, 0.14, 
9.2% change), and LDL cholesterol (beta 
coefficient=0.11, 95% CI: 0.03, 0.19, 11.5% 
change). Perfluorohexanesulfonic acid lev-
els were associated with decreased insulin 
resistance (beta coefficient=-0.09, 95% CI: 
-0.18, -0.003, -8.6% change); PFOA and per-
fluorononanoic acid were associated with 
increased brachial artery distensibility. 

CONCLUSIONS: This research adds to our 
knowledge of the physical health impacts 
in a large group of children exposed to the 
WTC disaster. Abnormal lipid levels in young 
adults might be an early marker of athero-
sclerosis and cardiovascular diseases and 
our findings highlight the importance of 
conducting longitudinal studies in this pop-
ulation.

Kuan PF, Waszczuk MA, Kotov R, et al. 
2017. Gene expression associated with 
PTSD in World Trade Center responders: An 
RNA sequencing study. Transl Psychiatry 
7(12): 1297.

https://doi.oeg/10.1038/s41398-017-0050-1

The gene expression approach has provided 
promising insights into the pathophysiolo-
gy of posttraumatic stress disorder (PTSD). 
However, few studies used hypothesis-free 
transcriptome-wide approach to compre-
hensively understand gene expression un-
derpinning PTSD. A transcriptome-wide 
expression study using RNA sequencing of 
whole blood was conducted in 324 World 
Trade Center responders (201 with never, 
81 current, 42 past PTSD). Samples from 
current and never PTSD reponders were 
randomly split to form discovery (N = 195) 

http://www.ncbi.nlm.nih.gov/pubmed/28890218
https://doi.oeg/10.1038/s41398-017-0050-1 
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and replication (N = 87) cohorts. Differen-
tially expressed genes were used in path-
way analysis and to create a polygenic ex-
pression score. There were 448 differentially 
expressed genes in the discovery cohort, of 
which 99 remained significant in the rep-
lication cohort, including FKBP5, which 
was found to be up-regulated in current 
PTSD regardless of the genotypes. Several 
enriched biological pathways were found, 
including glucocorticoid receptor signal-
ing and immunity-related pathways, but 
these pathways did not survive FDR cor-
rection. The polygenic expression score 
computed by aggregating 30 differentially 
expressed genes using the elastic net al-
gorithm achieved sensitivity/specificity of 
0.917/0.508, respectively for identifying 
current PTSD in the replication cohort. Poly-
genic scores were similar in current and past 
PTSD, with both groups scoring higher than 
trauma-exposed controls without any histo-
ry of PTSD. Together with the pathway anal-
ysis results, these findings point to HPA-axis 
and immune dysregulation as key biological 
processes underpinning PTSD. A novel poly-
genic expression aggregate that differenti-
ates PTSD patients from trauma-exposed 
controls might be a useful screening tool for 
research and clinical practice, if replicated 
in other populations.

Kuan P, Waszcuk M, Kotov R, et al. 2017. 
An epigenome-wide DNA methylation study 
of PTSD and depression in World Trade Cen-
ter responders. Translational Psychiatry. 
7(6):e1158. 

https://doi.org/10.1038/tp.2017.130

ABSTRACT: Previous epigenome-wide as-
sociation studies (EWAS) of PTSD and ma-
jor depressive disorder (MDD) have been 
inconsistent. This may be due to small 
sample sizes, and measurement and tissue 

differences. The current two EWA analyses 
of 473 World Trade Center responders are 
the largest to date for both PTSD and MDD. 
These analyses investigated DNA methyl-
ation patterns and biological pathways in-
fluenced by differentially methylated genes 
associated with each disorder. Methylation 
was profiled on blood samples using Illu-
mina 450 K Beadchip. Two EWA analyses 
compared current versus never PTSD, and 
current versus never MDD, adjusting for cell 
types and demographic confounders. Path-
way and gene set enrichment analyses were 
performed to understand the complex bi-
ological systems of PTSD and MDD. No sig-
nificant epigenome-wide associations were 
found for PTSD or MDD at an FDR P<0.05. The 
majority of genes with differential methyla-
tion at a suggestive threshold did not over-
lap between the two disorders. Pathways 
significant in PTSD included a regulator of 
synaptic plasticity, oxytocin signaling, cho-
linergic synapse and inflammatory disease 
pathways, while only phosphatidylinositol 
signaling and cell cycle pathways emerged 
in MDD. The failure of the current EWA anal-
yses to detect significant epigenome-wide 
associations is in contrast with disparate 
findings from previous, smaller EWA and 
candidate gene studies of PTSD and MDD. 
Enriched gene sets involved in several bio-
logical pathways, including stress response, 
inflammation and physical health, were 
identified in PTSD, supporting the view that 
multiple genes play a role in this complex 
disorder.

Lin I. 2017. Associations of major and trace 
elements in lung tissues with World Trade 
Center exposures and subsequent respi-
ratory symptoms. Dissertation Abstracts 
International. Section B: The Sciences and 
Engineering. 77(7–B(E)):No Pagination 
Specified.
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h t t p s : / / s ea r c h . p r o q u e s t . co m /o p e n -
v i e w / 6 f d 6 b 4 5 1 8 1 7 e 3 e 5 2 1 e 5 c ff -
6201d15447/1?pq-origsite=gscholar&c-
bl=18750&diss=y

ABSTRACT: To investigate associations of 
major and trace elements in lung tissues 
with self-reported WTC exposures, and 
with respiratory symptoms developed after 
September 11th, 2001, in order to evaluate 
whether elements characteristic of WTC 
exposure have been retained and might be 
constituents of biomarkers of WTC expo-
sures. 

METHODS: Study Subjects. Study subjects 
(n=130) were decedents autopsied by the 
Office of Chief Medical Examiner (OCME) 
of the City of New York during 2007–2011. 
Among 71,437 members of WTCHR, we ob-
tained 75 peripheral lung and 61 central 
lung tissue samples from 75 decedent en-
rollees. We also obtained 55 peripheral lung 
and 43 central lung tissue samples from 55 
decedent NYC reference individuals. Mate-
rials Assessed. Tissue samples were dried, 
weighed, homogenized, and acid-digested. 
Inductively-coupled magnetic sector plas-
ma mass spectrometry (ICP-MS) was per-
formed to measure levels (ppm; microg/g) 
of 34 major and trace elements known to 
be enriched in WTC dust. We excluded 7 ele-
ments from the final analyses due to poor re-
covery percentages or concentrations under 
the limits of detection. WTC exposure histo-
ries (rescue/recovery exposure and non-res-
cue/recovery exposure) were assessed at 
Wave 1 of WTCHR enrollment (2003–2004). 
Respiratory symptoms (wheezing, short-
ness of breath, persistent cough, and throat 
irritation) were assessed at Wave 1 and 
Wave 2 (2006–2008). Statistical Methods. 
We used the Mann-Whitney-Wilcoxon test 
to evaluate differences in elemental con-

centrations between the WTCHR enrollees 
and NYC reference individuals after creating 
a merged estimate of both rescue/recovery 
and non-rescue/recovery exposures. The 
chi-square test or Fisher’s exact test was 
used to compare the frequencies of categor-
ical variables, including demographic char-
acteristics, disease, and symptom status 
between autopsied WTCHR enrollees and 
all other enrollees in the original WTCHR 
cohort; elemental concentrations in lung 
tissues dichotomized at ≥ median vs. < me-
dian among WTCHR enrollees and NYC ref-
erence individuals; and among WTCHR en-
rollees who reported post 9/11 respiratory 
symptoms (wheezing, shortness of breath, 
persistent cough, and throat irritations) and 
those who did not. We used multivariable 
logistic regression analysis to assess the as-
sociations of elemental concentrations in 
lung tissues with WTCHR membership com-
pared to memberships in the NYC reference 
group after controlling for age, gender, race/
ethnicity, and year of death. We also used 
unconditional logistic regression analysis to 
evaluate the associations of major and trace 
elements in lung tissues with both self-re-
ported WTC exposure histories and post-
9/11 respiratory symptoms, after adjusting 
for race/ethnicity, smoking status, and year 
of death. 

RESULTS: With the exception of smoking 
status, place of residence on September 
11th, 2001, and race/ethnicity, all other de-
mographic variables, post-9/11 diseases, 
and symptoms were similar between the 
autopsied WTCHR enrollees in the present 
study and all other enrollees in the original 
WTCHR cohort. The distribution of gender, 
race/ethnicity, education, marital status, 
borough of residence, lung diseases, chron-
ic diseases, substances abuse, and metal 
concentrations in lung tissues also were 

https://search.proquest.com/openview/6fd6b451817e3e521e5cff6201d15447/1?pq-origsite=gscholar&cbl=18750&diss=y 
https://search.proquest.com/openview/6fd6b451817e3e521e5cff6201d15447/1?pq-origsite=gscholar&cbl=18750&diss=y 
https://search.proquest.com/openview/6fd6b451817e3e521e5cff6201d15447/1?pq-origsite=gscholar&cbl=18750&diss=y 
https://search.proquest.com/openview/6fd6b451817e3e521e5cff6201d15447/1?pq-origsite=gscholar&cbl=18750&diss=y 
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similar in the WTCHR enrollee group and 
the NYC reference group. After adjusting 
for age, gender, race/ethnicity, and year of 
death, the majority of elemental concentra-
tions in lung tissue did not differ between 
the WTCHR enrollee groups. However, sig-
nificant differences were found for Ag and 
U. Aluminum in central lung was associated 
with rescue/recovery exposure among all 
WTCHR enrollees [adjusted OR=4.78 (95% 
C.I.= 1.01–29.27)] after adjustment for age 
on September 11th, 2001, gender, race/eth-
nicity, smoking, and year of death.

Liu X, Yip J, Zeig-Owens R, et al. 2017. 
The effect of World Trade Center exposure 
on the timing of diagnoses of obstructive 
airway disease, chronic rhinosinusitis, and 
gastroesophageal reflux disease. Front Pub-
lic Health. 5: 2. 

https://doi.org/10.3389/fpubh.2017.00002

OBJECTIVES: In a cohort of rescue/recovery 
workers exposed to the dust that resulted 
from the collapse of the WTC, we assessed 
how a diagnosis of obstructive airways dis-
ease (OAD) affected the likelihood of a sub-
sequent diagnosis of chronic rhinosinusitis 
(CRS) or gastroesophageal reflux disease 
(GERD). We also assessed whether OAD 
acted as a mediator of the association be-
tween exposure to the WTC rescue/ recov-
ery effort and CRS and GERD diagnoses.  
METHODS: In this prospective cohort study, 
we analyzed Fire Department of the City of 
New York physician diagnoses of OAD, CRS, 
and GERD that were first documented be-
tween September 11, 2001, and Septem-
ber 10, 2011, among 8,968 WTC-exposed 
firefighters. We used piecewise exponential 
survival models to evaluate whether OAD 
was a risk factor for either CRS or GERD and 
to assess OAD as a possible mediator.

RESULTS: An OAD diagnosis significantly in-
creased the risks for subsequent CRS [rela-
tive rate (RR), 4.24; 95% CI, 3.78–4.76] and 
GERD (RR, 3.21; 95% CI, and 2.93–3.52) di-
agnoses. Further, 21% of the WTC exposure 
effect (high vs. low intensity) on GERD and 
13% of the effect (high vs. low intensity) on 
CRS were mediated by a prior OAD diagno-
sis.

CONCLUSION: Individuals with an OAD di-
agnosis had elevated risks for subsequent 
diagnoses of CRS or GERD. Part of the effect 
of WTC exposure on CRS and GERD diagno-
ses is mediated by prior diagnoses of OAD; 
this mediation effect of OAD may reflect bi-
ological pathways or healthcare utilization 
practices.

Mahaffey B, Gonzalez A, Farris S, et al. 
2017. Understanding the connection be-
tween posttraumatic stress symptoms 
and respiratory problems: Contributions 
of anxiety sensitivity. Journal of Traumatic 
Stress.30(1):71–79.

http://dx.doi.org/10.1002/jts.22159

 
OBJECTIVES: Respiratory problems and 
PTSD are the signature health consequenc-
es associated with the September 11, 2001 
(9/11), WTC disaster and frequently co-oc-
cur. The reasons for this comorbidity, how-
ever, remain unknown. Anxiety sensitivity 
is a trans-diagnostic trait that is associated 
with both PTSD and respiratory symptoms. 
The present study explored whether anxiety 
sensitivity could explain the experience of 
respiratory symptoms in trauma-exposed 
smokers with PTSD symptoms. Participants 
(N=135; Mage=49.18 years, SD=10.01) were 
9/11–exposed daily smokers. Cross-sec-
tional self-report measures were used to 
assess PTSD symptoms, anxiety sensitivity, 

http://dx.doi.org/10.1002/jts.22159
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and respiratory symptoms. After controlling 
for co-variates and PTSD symptoms, anx-
iety sensitivity accounted for significant 
additional variance in respiratory symp-
toms (DELTAR2=.04 to .08). This effect was 
specific to the somatic concerns dimen-
sion (beta=.29, p=.020); somatic concerns 
contributed significantly to accounting for 
the overlap between PTSD and respirato-
ry symptoms (b=0.03, 95% CI [0.01, 0.07]). 
These findings suggest that the somatic di-
mension of anxiety sensitivity is important 
in understanding respiratory symptoms in 
individuals with PTSD symptoms. These 
findings also suggest that it may be critical 
to address anxiety sensitivity when treating 
patients with comorbid respiratory prob-
lems and PTSD. 

Marmor M, Shao Y, Bhatt H, Stecker 
M, Berger K, et al. (2017). Paresthesias 
among Community Members Exposed to 
the World Trade Center Disaster. Journal of 
Occupational and Environmental Medicine. 
59(4):389–396.

https://doi.org/10.1097/JOM.0000000000000966 

OBJECTIVES: Paresthesias can result from 
metabolic disorders, nerve entrapment fol-
lowing repetitive motions, hyperventilation 
pursuant to anxiety, or exposure to neuro-
toxins. We analyzed data from community 
members exposed to the WTC disaster of 
September 11, 2001, to evaluate wheth-
er exposure to the disaster was associated 
with paresthesias.

METHODS: Analysis of data from 3141 pa-
tients of the WTC EHC.    

RESULTS: Fifty-six perc ent reported pares-
thesias at enrollment 7–15 years following 
the WTC disaster. After controlling for poten-
tial confounders, paresthesias were associ-

ated with severity of  exposure to the WTC 
dust cloud and workin g in a job requiring 
cleaning of WTC dust. 

CONCLUSIONS: This stu dy suggests that 
paresthesias were com monly associated 
with WTC-related expo sures or post-WTC 
cleaning work. Furthe r studies should ob-
jectively characteriz e these paresthesias 
and seek to identify relevant neurotoxins or 
paresthesia-inducing activities.

Mindlis I, Morales-Raveendran E, Goodman E, 
et al. 2017. Post-traumatic stress disorder di-
mensions and asthma morbidity in WTC res-
cue and recovery workers. Journal of Asth-
ma. 54 (7): 723–731 

https://doi.org/10.1080/02770903.2016.1263650   

OBJECTIVE: Using data from a cohort of WTC 
rescue and recovery workers with asthma, 
we assessed whether meeting criteria for 
PTSD, sub-threshold PTSD, and for specific 
PTSD symptom dimensions are associated 
with increased asthma morbidity. 

METHODS: Participants underwent a Struc-
tured Clinical Interview for Diagnostic and 
Statistical Manual to assess the presence 
of PTSD following DSM-IV criteria during 
in-person interviews between December 
2013 and April 2015. We defined sub-thresh-
old PTSD as meeting criteria for two of three 
symptom dimensions: re-experiencing, 
avoidance, or hyper-arousal. Asthma con-
trol, acute asthma-related healthcare uti-
lization, and asthma-related quality of life 
data were collected using validated scales. 
Unadjusted and multiple regression analy-
ses were performed to assess the relation-
ship between sub-threshold PTSD and PTSD 
symptom domains with asthma morbidity 
measures. 

https://doi.org/10.1097/JOM.0000000000000966
https://doi.org/10.1080/02770903.2016.1263650
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RESULTS: Of the 181 WTC workers with asth-
ma recruited into the study, 28% had PTSD 
and 25% had sub-threshold PTSD. Patients 
with PTSD showed worse asthma control, 
higher rates of inpatient healthcare utiliza-
tion, and poorer asthma quality of life than 
those with sub-threshold or no PTSD. After 
adjusting for potential confounders, among 
patients not meeting the criteria for full 
PTSD, those presenting symptoms of re-ex-
periencing exhibited poorer quality of life 
(p=0.003). Avoidance was associated with 
increased acute healthcare use (p=0.05). 
Sub-threshold PTSD was not associated 
with asthma morbidity (p > 0.05 for all com-
parisons).

CONCLUSIONS: There may be benefit in 
assessing asthma control in patients with 
sub-threshold PTSD symptoms as well as 
those with full PTSD to more effectively 
identify ongoing asthma symptoms and tar-
get management strategies.

Rosen R, Levy-Carrick N, Reibman J, et al. 
2017. Elevated C-reactive protein and post-
traumatic stress pathology among survi-
vors of the 9/11 World Trade Center attacks. 
Journal of Psychiatric Research. 89:1421.

https://doi.org/10.1016/j.jpsychires.2017.01.007

BACKGROUND: Systemic inflammation has 
emerged as a promising marker and po-
tential mechanism underlying PTSD. The 
relationship between posttraumatic stress 
pathology and systemic inflammation has 
not, however, been consistently replicated 
and is potentially confounded by comorbid 
illness or injury, common complications of 
trauma exposure.

METHODS: We analyzed a large naturalistic 
cohort sharing a discrete physical and men-
tal health trauma from the destruction of the 

WTC towers on September 11, 2001 (n=641). 
We evaluated the relationship between 
multiple physical and mental health-related 
indices collected through routine evalua-
tions at the WTC EHC, a treatment program 
for community members exposed to the 
disaster. C-Reactive Protein (CRP), a marker 
of systemic inflammation, was examined in 
relation to scores for PTSD, PTSD symptom 
clusters (re-experiencing, avoidance, nega-
tive cognitions/mood, arousal), depression, 
and anxiety, while controlling for WTC ex-
posures, lower respiratory symptoms, age, 
sex, BMI, and smoking as potential risks or 
confounders.

RESULTS: CRP was positively associated 
with PTSD severity (p < 0.001), trending to-
ward association with depression (p=0.06), 
but not with anxiety (p=0.27). CRP was pos-
itively associated with re-experiencing (p < 
0.001) and avoidance (p < 0.05) symptom 
clusters, and trended toward associations 
with negative cognitions/ mood (p=0.06) 
and arousal (p=0.08).

CONCLUSIONS: In this large study of the re-
lationship between CRP and posttraumatic 
stress pathology, we demonstrated an as-
sociation between systemic inflammation 
and stress pathology (PTSD; trending with 
depression), which remained after adjusting 
for potentially confounding variables. These 
results contribute to research findings sug-
gesting a salient relationship between in-
flammation and posttraumatic stress pa-
thology.

Trasande L, Koshya T, Gilberta J, et al. 
2017. Serum perfluoroalkyl substances in 
children exposed to the World Trade Cen-
ter disaster. Environmental Research. 154: 
212–221.

https://doi.org/10.1016/j.envres.2017.01.008
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The WTC disaster released large amounts of 
various chemical substances into the envi-
ronment, including perfluoroalkyl substanc-
es (PFASs). Yet, no studies have examined 
exposures in children living or attending 
schools near the disaster site. We measured 
serum PFASs in WTCHR respondents who 
were </=8 years of age on September 11, 
2001, and a sociodemographically-matched 
comparison group. 

We also examined the relationship of PFASs 
levels with dust cloud exposure, home dust 
exposure, and with traumatic exposure, the 
latter to take into account differences relat-
ed to possible mental health consequences 
and associated behavioral problems. 

Serum samples, collected between 2014 and 
2016, were analyzed from 123 WTCHR partic-
ipants and from 185 participants in the com-
parison group. In the WTCHR group, median 
perfluorooctanoic acid (PFOA) and perflu-
orooctanesulfonic acid (PFOS) levels were 
1.81ng/mL and 3.72ng/mL, respectively. 

Controlling for sex, caloric intake, race/
ethnicity, and date of birth, significant in-
creases among WTCHR participants com-
pared with the matched comparison group 
were detected for perfluorohex-anesul-
fonate (0.23ng/mL increase or 0.24log unit 
increase, p=0.006); PFOS (0.86ng/mL in-
crease or 0.16log unit increase, p=0.011); 
PFOA (0.35ng/ mL increase or 0.18log unit 
increase, p<0.001); perfluorononanoic acid 
(0.12ng/mL increase or 0.17log unit in-
crease, p=0.003); perfluorodecanoic acid 
(0.06ng/mL increase or 0.42log unit in-
crease, p<0.001);  and perfluoroundeca-
noic acid (0.03ng/ mL increase or 0.32log 
unit increase, p=0.019). 

Stronger associations were identified for 
home dust exposures and traumatic ex-
posures than dust cloud. These findings 

highlight the importance of conducting 
longitudinal studies in this population to 
assess possible cardiometabolic and renal 
consequences related to these exposures.

Trasande L, Koshy TT, Gilbert J, et al. 
(2017). Cardiometabolic profiles of ado-
lescents and young adults exposed to the 
World Trade Center Disaster. Environ Res. 
160: 107–114.

https://doi.org/10.1016/j.envres.2017.09.026 

BACKGROUND AND OBJECTIVE: Few studies 
have examined the possible cardiometabol-
ic consequences of World Trade Center-re-
lated exposures on children who lived and/
or attended school near the disaster site. 
Our objective was to compare cardiomet-
abolic profiles of participants in the World 
Trade Center Health Registry (WTCHR) with 
a matched comparison group. 

METHODS: We evaluated WTCHR enrollees 
who resided in New York City and were born 
between September 11, 1993 and Septem-
ber 10, 2001, and a matched comparison 
group. We assessed exposure to dust cloud, 
home dust, as well as traumatic exposure, 
and associations with blood pressure, arte-
rial wall stiffness, body mass index (BMI), to-
tal cholesterol, triglycerides, HDL, and LDL. 

RESULTS: A total of 402 participants com-
pleted the study, 222 in the comparison 
group and 180 in the WTCHR group. In mul-
tivariable regression analysis, after adjust-
ing for relevant confounders we detected a 
weak association between participation in 
the WTCHR group and lower BMI (-1.12kg/
m2, 95% CI -2.11, -0.12; p = 0.03), which 
became non-significant after adjusting for 
multiple comparisons. With respect to trau-
matic and psychosocial exposures, the only 
association that persisted in our multivari-

https://doi.org/10.1016/j.envres.2017.09.026
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able model, below our predefined level of 
significance, was between post-traumatic 
stress disorder and higher BMI (2.06kg/m2, 
95% CI 0.37, 3.74; p = 0.02). 

CONCLUSIONS: Our findings do not support 
an association between self-reported expo-
sures to the WTC disaster and adverse car-
diometabolic profile. However, further lon-
gitudinal studies may better inform the full 
extent of WTC-related conditions associated 
with exposure to the disaster.

Waszczuk M, Li X, Bromet E, et al. 2017. 
Pathway from PTSD to respiratory health: 
Longitudinal evidence from a psycho-
social intervention. Health Psychology. 
36(5):429–437. 

http://dx.doi.org/10.1037/hea0000472

OBJECTIVE: Respiratory illness and PTSD 
are common, debilitating conditions that 
frequently co-occur. Observational studies 
indicate that PTSD, independently of smok-
ing, is a major risk and maintenance factor 
for LRS. The current study experimentally 
tested this etiologic pathway by investigat-
ing whether LRS can be reduced by treating 
PTSD symptoms.

METHOD: Ninety daily smokers exposed to 
the WTC disaster (mean age 50 years; 28% 
female, 68% White) completed 8–session 
group-based weekly comprehensive trauma 
management and smoking cessation treat-
ments that focused on skills to alleviate 
PTSD symptoms. LRS, PTSD symptoms, and 
smoking were assessed weekly. Data was 
analyzed using multilevel models of with-
in-person associations between LRS, PTSD 
symptoms, smoking, and treatment dose 
across eight weekly sessions with concur-
rent and lagged outcomes.

RESULTS: LRS improved significantly with 
treatment (reduction of .50 standard de-
viations). Reduction in PTSD symptoms 
uniquely predicted improvement in LRS at 
consecutive sessions one week apart and 
fully accounted for the treatment effect 
on LRS. The effect of PTSD symptoms was 
stronger than that of smoking, and the only 
effect to remain significant when both en-
tered the model. Notably, reduction in LRS 
did not predict future improvement in PTSD 
symptoms.

CONCLUSIONS: The results are in line with 
the etiologic pathway suggesting that PTSD 
symptoms are a risk and maintenance factor 
for chronic LRS and that treatment of PTSD 
can help to alleviate LRS in trauma-exposed 
populations. PTSD is emerging as a novel 
and important treatment target for chronic 
respiratory problems.

Zvolensky M, Rodriguez-Cano R, Paulus 
D, et al. 2017. Respiratory problems and 
anxiety sensitivity in smoking lapse among 
treatment seeking smokers. Addictive Be-
haviors. 75: 25–29. 

https://doi.org/10.1016/j.addbeh.2017.06.015

PURPOSE: The current study examined 
whether the interaction of lower respiratory 
symptoms and anxiety sensitivity is related 
to smoking lapse in the context of smoking 
cessation.

METHOD: Participants were adult daily 
smokers (N=60) exposed to the World Trade 
Center (WTC) disaster who were in a smok-
ing cessation treatment program (75.0% 
male, 50.6years old [SD=9.2], and current 
smoking rate was 17.6 cigarettes per day 
(SD=10.6).

https://doi.org/10.1016/j.addbeh.2017.06.015 
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RESULTS: Results indicated that the interac-
tion between lower respiratory symptoms 
and anxiety sensitivity was a significant 
predictor of greater risk for lapse (i.e., lower 
survival time; B=0.005, OR=1.01, p=0.039). 
Follow-up analysis showed that greater res-
piratory symptoms were a significant pre-
dictor of lapse risk among those with high 
(B=0.116, OR=1.12, p=0.025), but not those 
with low (B=-0.048, OR=0.95, p=0.322), lev-
els of anxiety sensitivity.

DISCUSSION: The findings from the current 
study suggest that smokers with greater res-
piratory symptoms and higher levels of anx-
iety sensitivity may be associated with early 
lapse to smoking following smoking cessa-
tion treatment. Future work has the poten-
tial to inform the development of tailored 
cessation interventions for smokers who ex-
perience varying levels of lower respiratory 
symptoms and anxiety sensitivity.

2018 (21)
Crowley G, Kwon S, Haider SH, et al. 2018. 
Metabolomics of World Trade Center Lung 
Injury: a machine learning approach. BMJ 
Open Respiratory Research. 5(1):e000274.

https://doi.org/10.1136/bmjresp-2017-000274 

INTRODUCTION: Biomarkers of metabolic 
syndrome expressed soon after World Trade 
Center (WTC) exposure predict development 
of WTC Lung Injury (WTC-LI). The metabo-
lome remains an untapped resource with 
potential to comprehensively characterise 
many as-pects of WTC-LI. This case–control 
study identified a clinically relevant, robust 
subset of metabolic contributors of WTC-LI 
through comprehensive high-dimensional 
metabolic profiling and integration of ma-
chine learning techniques.  

METHODS:  Never-smoking, male, WTC-ex-
posed firefighters with normal pre-9/11 
lung function were segregated by post-9/11 
lung function. Cases of WTC-LI (forced expir-
atory volume in 1s <lower limit of normal, 
n=15) and controls (n=15) were identified 
from previ-ous cohorts. The metabolome of 
serum drawn within 6 months of 9/11 was 
quantified. Machine learning was used for 
dimension reduction to identify metabolites 
associated with WTC-LI.  
RESULTS:  580 metabolites qualified for 
random forests (RF) analysis to identify 
a refined metabolite profile that yielded 
maximal class separation. RF of the refined 
profile correctly classified subjects with a 
93.3% estimated success rate. 5 clusters of 
metabolites emerged within the refined pro-
file. Prominent subpathways include known 
mediators of lung dis-ease such as sphin-
golipids (elevated in cases of WTC-LI), and 
branched-chain amino acids (reduced in 
cases of WTC-LI). Principal component anal-
ysis of the refined profile explained 68.3% of 
variance in five components, demonstrating 
class separation.  
CONCLUSION:  Analysis of the metabolome 
of WTC-exposed 9/11 rescue workers has 
identi-fied biologically plausible pathways 
associated with loss of lung function. Since 
metabo-lites are proximal markers of dis-
ease processes, metabolites could capture 
the complexity of past exposures and better 
inform treatment. These pathways warrant 
further mechanis-tic research.

de la Hoz RE, Liu X, Doucette JT et al. 2018. 
Increased Airway Wall Thickness is Associat-
ed with Adverse Longitudinal First-Second 
Forced Expiratory Volume Trajectories of 
Former World Trade Center workers. Lung. 
196(4):481-489. 

https://doi.org/10.1007/s00408-018-0125-7

https://doi.org/10.1136/bmjresp-2017-000274 
https://doi.org/10.1007/s00408-018-0125-7 
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RATIONALE: Occupational exposures at the 
WTC site after September 11, 2001 have 
been associated with several presumably 
inflammatory lower airway diseases. In this 
study, we describe the trajectories of expir-
atory air flow decline, identify subgroups 
with adverse progression, and investigate 
the association of a quantitative computed 
tomography (QCT) imaging measurement of 
airway wall thickness, and other risk factors 
for adverse progression.   

METHODS: We examined the trajectories of 
expiratory air flow decline in a group of 799 
former WTC workers and volunteers with 
QCT-measured (with two independent sys-
tems) wall area percent (WAP) and at least 
3 periodic spirometries. We calculated in-
dividual regression lines for first-second 
forced expiratory volume (FEV1), identified 
subjects with rapidly declining and increas-
ing (“gainers”), and compared them to sub-
jects with normal and “stable” FEV1 decline. 
We used multivariate logistic regression 
to model decliner vs. stable trajectories.   
 
RESULTS: The mean longitudinal FEV1 
slopes for the entire study population, and 
its stable, decliner, and gainer subgroups 
were, respectively, - 35.8, - 8, - 157.6, and 
+ 173.62 ml/year. WAP was associated with 
“decliner” status (ORadj 1.08, 95% CI 1.02, 
1.14, per 5% increment) compared to sta-
ble. Age, weight gain, baseline FEV1 percent 
predicted, bronchodilator response, and 
pre-WTC occupational exposures were also 
significantly associated with accelerated 
FEV1 decline. Analyses of gainers vs. stable 
subgroup showed WAP as a significant pre-
dictor in unadjusted but not consistently in 
adjusted analyses.

CONCLUSIONS: The apparent normal 
age-related rate of FEV1 decline results from 
averaging widely divergent trajectories. 
WAP is significantly associated with acceler-
ated air flow decline in WTC workers.

Graber J M, Chuang CT, Ward CL, et al. 
2018. Head and Neck Cancer in World Trade 
Center Responders: A Case Series. J Occup 
Environ Med. (web doc ahead of print) June 
2018. 

https://doi.org/10.1097/JOM.0000000000001386

OBJECTIVE: To report on cases of head and 
neck cancer (HNC) among World Trade 
Center (WTC) responders participating in 
the WTC Health Program and seen at Rut-
gers WTC Center of Clinical Excellence.

METHODS: Medical records were abstract-
ed by two clinical reviewers and discrepan-
cies resolved. Cases were defined as WTC 
responders diagnosed with HNC between 
9/12/2005 and 12/31/2016.

RESULTS: Sixteen HNC patients met the case 
definition, most (13) arrived at the WTC lo-
cation on 9/11 or within the following 2 days 
and half worked in law enforcement during 
the 9/1 response.

CONCLUSIONS: An association between 
HNC and WTC exposure is biologically plau-
sible and should be further investigated. Re-
search to enumerate the risk factor profile 
for these cancers may contribute to under-
standing mechanisms by which WTC expo-
sure can contribute to carcinogenesis and to 
prevention and early detection strategies.

Haider SH, Kwon S, Lam R, et al. 2018. 
Predictive biomarkers of gastroesophage-
al reflux disease and barrett’s esophagus 
in World Trade Center exposed firefighters: 

https://doi.org/10.1097/JOM.0000000000001386 
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A 15 year longitudinal study. Scientific Re-
ports 18(1): 3106.

https://doi.org/10.1038/s41598-018-21334-9 
Gastroesophageal reflux disease (GERD) and 
Barrett’s Esophagus (BE), which are prev-
alent in the World Trade Center (WTC) ex-
posed and general populations, negatively 
impact quality of life and cost of healthcare. 
GERD, a risk factor of BE, is linked to ob-
structive airways disease (OAD). We aim to 
identify serum biomarkers of GERD/BE, and 
assess the respiratory and clinical pheno-
type of a longitudinal cohort of never-smok-
ing, male, WTC-exposed rescue workers 
presenting with pulmonary symptoms. Bi-
omarkers collected soon after WTC-expo-
sure were evaluated in optimized predictive 
models of GERD/BE. In the WTC-exposed 
cohort, the prevalence of BE is at least 6 
times higher than in the general population. 
GERD/BE cases had similar lung function, D 
LCO , bronchodilator response and long-act-
ing β-agonist use compared to controls. In 
confounder-adjusted regression models, 
TNF-α ≥ 6 pg/mL predicted both GERD and 
BE. GERD was also predicted by C-pep-
tide ≥ 360 pg/mL, while BE was predicted by 
fractalkine ≥ 250 pg/mL and IP-10 ≥ 290 pg/
mL. Finally, participants with GERD had 
significantly increased use of short-acting 
β-agonist compared to controls. Overall, 
biomarkers sampled prior to GERD/BE pres-
entation showed strong predictive abilities 
of disease development. This study frames 
future investigations to further our under-
standing of aerodigestive pathology due to 
particulate matter exposure.

Hena KM, Yip J, Jaber N, et al. 2018. Clin-
ical course of sarcoidosis in World Trade 
Center-exposed firefighters. Chest 153: 114–
123.
https://doi.org/10.1016/j.chest.2017.10.014

BACKGROUND: Sarcoidosis is believed to 
represent a genetically primed, abnormal 
immune response to an antigen exposure 
or inflammatory trigger, with both genetic 
and environmental factors playing a role in 
disease onset and phenotypic expression. In 
a population of firefighters with post-World 
Trade Center (WTC) 9/11/2001 (9/11) sar-
coidosis, we have a unique opportunity to 
describe the clinical course of incident sar-
coidosis during the 15 years postexposure 
and, on average, 8 years following diagno-
sis.

METHODS: Among the WTC-exposed cohort, 
74 firefighters with post-9/11 sarcoidosis 
were identified through medical records 
review. A total of 59 were enrolled in fol-
low-up studies. For each participant, the 
World Association of Sarcoidosis and Other 
Granulomatous Diseases organ assessment 
tool was used to categorize the sarcoidosis 
involvement of each organ system at time of 
diagnosis and at follow-up.
 
RESULTS: The incidence of sarcoidosis post-
9/11 was 25 per 100,000. Radiographic res-
olution of intrathoracic involvement oc-
curred in 24 (45%) subjects. Lung function 
for nearly all subjects was within normal 
limits. Extrathoracic involvement increased, 
most prominently joints (15%) and cardiac 
(16%) involvement. There was no evidence 
of calcium dysmetabolism. Few subjects 
had ocular (5%) or skin (2%) involvement, 
and none had beryllium sensitization. Most 
(76%) subjects did not receive any treat-
ment.

CONCLUSIONS: Extrathoracic disease was 
more prevalent in WTC-related sarcoidosis 
than reported for patients with sarcoidosis 
without WTC exposure or for other expo-
sure-related granulomatous diseases (be-

https://doi.org/10.1038/s41598-018-21334-9  
https://doi.org/10.1016/j.chest.2017.10.014  
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ryllium disease and hypersensitivity pneu-
monitis). Cardiac involvement would have 
been missed if evaluation stopped after 
ECG, 48-h recordings, and echocardiogram. 
Our results also support the need for ad-
vanced cardiac screening in asymptomatic 
patients with strenuous, stressful, public 
safety occupations, given the potential fa-
tality of a missed diagnosis.

Kahn LG, Han X, Koshy TT, et al. 2018. Ado-
lescents exposed to the World Trade Center 
collapse have elevated serum dioxin and fu-
ran concentrations more than 12 years later. 
Environ Int 111: 267–268.

https://doi.org/10.1016/j.envint.2017.11.026 

BACKGROUND: The collapse of the World 
Trade Center (WTC) on September 11, 2001 
released a dust cloud containing numer-
ous environmental contaminants, includ-
ing polychlorinated dibenzo-para-dioxins 
and polychlorinated dibenzofurans (PCDD/
Fs). PCDD/Fs are toxic and are associated 
with numerous adverse health outcomes 
including cancer, diabetes, and impaired 
reproductive and immunologic function. 
Prior studies have found adults exposed 
to the WTC disaster to have elevated levels 
of PCDD/Fs. This is the first study to assess 
PCDD/F levels in WTC-exposed children.

METHODS: This analysis includes 110 par-
ticipants, a subset of the 2014–2016 WTC 
Adolescent Health Study, a group of both 
exposed youths who lived, attended school, 
or were present in lower Manhattan on 9/11 
recruited from the WTC Health Registry 
(WTCHR) and unexposed youths frequency 
matched on age, sex, race, ethnicity, and in-
come. Our sample was selected to maximize 
the contrast in their exposure to dust from 
the WTC collapse. Questionnaire data, in-
cluding items about chronic home dust and 

acute dust cloud exposure, anthropometric 
measures, and biologic specimens were col-
lected during a clinic visit. Serum PCDD/F 
concentrations were measured according to 
a standardized procedure at the New York 
State Department of Health Organic Analyti-
cal Laboratory. We used multivariable linear 
regression to assess differences in PCCD/Fs 
between WTCHR and non-WTCHR partici-
pants. We also compared mean and median 
PCDD/F and toxic equivalency (TEQ) con-
centrations in our cohort to 2003–4 National 
Health and Nutrition Examination Survey 
(NHANES) levels for youths age 12–19.

RESULTS: Median PCDD/F levels were sta-
tistically significantly higher among WTCHR 
participants compared to non-WTCHR par-
ticipants for 16 out of 17 congeners. Mean 
and median TEQ concentrations in WTCHR 
participants were >7 times those in non-
WTCHR participants (72.5 vs. 10.1 and 25. 
3 vs. 3.39pg/g lipid, respectively). Among 
WTCHR participants, median concentra-
tions of several PCDD/Fs were higher than 
the NHANES 95th percentiles. After con-
trolling for dust cloud exposure, home dust 
exposure was significantly associated with 
higher PCDD/F level.

CONCLUSIONS: Adolescents in lower Man-
hattan on the day of the WTC attack and 
exposed to particulate contamination from 
the WTC collapse had significantly elevat-
ed PCDD/F levels >12years later compared 
to a matched comparison group, driven by 
chronic home dust exposure rather than 
acute dust cloud exposure. PCDD/F and TEQ 
levels substantially exceeded those in simi-
lar-aged NHANES participants. Future stud-
ies are warranted to explore associations 
of PCDD/Fs with health and developmental 
outcomes among individuals exposed to 
the WTC disaster as children.  

https://doi.org/10.1016/j.envint.2017.11.026
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Kim H, Baidwan NK, Kriebel D, et al. 2018.  
Asthma among World Trade Center First 
Responders: A Qualitative Synthesis and 
Bias Assessment.  Int J Environ Res Public 
Health. 15(6):15-6.

https://doi.org/10.3390/ijerph15061053

The World Trade Center (WTC) disaster ex-
posed the responders to several hazards. 
Three cohorts i.e., the Fire Department of 
New York (FDNY), the General Responder 
Cohort (GRC), and the WTC Health Registry 
(WTCHR) surveyed the exposed respond-
er population. We searched Pubmed and 
Web of Science for literature on a well-pub-
lished association between the WTC expo-
sures and asthma, focusing on new-onset 
self-reported physician-diagnosed asthma. 
The resulting five articles were qualitative-
ly assessed for potential biases. These pa-
pers were independently reviewed by the 
co-authors, and conclusions were derived 
after discussions. While, the cohorts had 
well-defined eligibility criteria, they lacked 
information about the entire exposed pop-
ulation. We conclude that selection and sur-
veillance biases may have occurred in the 
GRC and WTCHR cohorts, but were likely 
to have been minimal in the FDNY cohort. 
Health care benefits available to responders 
may have increased the reporting of both 
exposure and outcome in the former, and 
decreased outcome reporting in the FDNY 
cohort. Irrespective of the biases, the stud-
ies showed similar findings, confirming the 
association between WTC exposure and 
self-reported physician-diagnosed asth-
ma among responders. This suggests that 
health data gathered under great duress 
and for purposes other than epidemiology 
can yield sound conclusions. Potential bi-
ases can, however, be minimized by having 

validated survey instruments and worker 
registries in place before events occur.

Kim H, Kriebel D, Liu B, et al. 2018. Stand-
ardized morbidity ratios of four chron-
ic health conditions among World Trade 
Center responders: Comparison to the na-
tional health interview survey. American 
Journal of Industrial Medicine. [online arti-
cle ahead of publication].

h t t p s : / /d o i . o rg / 1 0 . 1 0 0 2 /a j i m . 2 2 8 2 5  
 
PURPOSE: We conducted external compar-
isons for the prevalence of asthma, hyper-
tension, diabetes, and cancer among World 
Trade Center (WTC) general responders us-
ing the National Health Interview Survey 
(NHIS) as the reference, along with internal 
comparisons for the incidence of asthma.  

METHODS: Standardized Morbidity Ratios 
(SMRs) were calculated for the prevalence of 
the health conditions, and risk ratios (RRs) 
for asthma incidence.  

RESULTS: Relative to the NHIS, asthma prev-
alence was in excess in responders over the 
study years (age-adjusted SMRs = 1.3–2.8). 
Hypertension prevalence began to exceed 
expected from 2006 while diabetes was low-
er than expected. An upward trend towards 
excess cancer prevalence was observed. In-
ternal comparisons showed elevated asth-
ma incidence among protective service and 
utility workers compared to construction 
workers; while those who arrived at the WTC 
site in the morning of 9/11 had a lower asth-
ma risk than those who arrived in the after-
noon. 

CONCLUSIONS: The use of NHIS data as a 
reference population demonstrates and 
reconfirms several important patterns of 

https://doi.org/10.3390/ijerph15061053
https://doi.org/10.1002/ajim.22825
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excess risk in WTC responders. External 
comparisons are an alternative for disaster 
cohorts without an established comparison 
group. 

Kung WW, Liu X, Goldmann E, et al. 2018. 
Posttraumatic stress disorder in the short 
and medium term following the world trade 
center attack among asian americans. Jour-
nal of Community Psychology. 46(8): 1075-
1091.

https://doi.org/10.1002/jcop.22092

This study investigated patterns of probable 
posttraumatic stress disorder (PTSD) and 
their predictors among 2,431 Asian American 
and 31,455 non-Hispanic White World Trade 
Center (WTC) Registry participants 2-3 years 
and 5-6 years after the WTC attack. Partic-
ipants were divided into four PTSD pattern 
groups: resilient, remitted, delayed onset, 
and chronic. Asians had a lower proportion 
in the resilient group (76.5% vs. 79.8%), a 
higher proportion in the chronic (8.6% vs. 
7.4%) and remitted (5.9% vs. 3.4%) groups, 
and a similar proportion in the delayed on-
set group (about 9%) compared to Whites. 
In multinomial logistic regression analyses, 
disaster exposure, immigrant status, lower 
income, pre-attack depression/anxiety, and 
lower respiratory symptoms were associ-
ated with increased odds of chronic and 
delayed onset PTSD (vs. resilience) among 
both races. Education and employment 
were protective against chronic and de-
layed onset PTSD among Whites only. These 
results can inform targeted outreach efforts 
to enhance prevention and treatment for 
Asians affected by future events.

Kung WW, Liu X, Huang D, et al. 2018. 
Factors related to the probable PTSD after 
the 9/11 World Trade Center attack among 

Asian Americans. Journal of Urban Health: 
Bulletin of the New York Academy of Medi-
cine. 95(2):255–266.  

https://doi.org/10.1007/s11524-017-0223-5 

Despite the fact that Asians constituted a 
sizeable proportion of those exposed to 
the World Trade Center attack on Septem-
ber 11, 2001 due to its proximity to China-
town and many South Asians working in 
the nearby buildings, no study had focused 
on examining the mental health impact of 
the attack in this group. Based on data col-
lected by the World Trade Center Health 
Registry from a sample of 4721 Asians 2–3 
years after the disaster, this study provides 
a baseline investigation for the prevalence 
and the risk and protective factors for PTSD 
among Asian Americans directly exposed to 
the attack and compared this population 
against 42,862 non-Hispanic Whites. We 
found that Asians had a higher prevalence 
of PTSD compared to Whites (14.6 vs 11.7%). 
“Race-specific factors” significantly asso-
ciated to PTSD in the multivariate analyses 
were noted among sociodemographics: 
higher education was protective for Whites 
but a risk factor for Asians; being employed 
was protective for Whites but had no effect 
for Asians; and being an immigrant was a 
risk factor for Whites but had no effect for 
Asians. However, income was a protective 
factor for both races. Other “universal fac-
tors” significantly increased the odds of 
PTSD symptoms but showed no racial dif-
ferences, including exposure to the disaster 
and the presence of lower respiratory symp-
toms which intensified odds of PTSD by the 
greatest magnitude (3.6–3.9 times). Target-
ed effort to reach out to Asians is essential 
for prevention and follow up treatment giv-
en this group’s striking history of underutili-
zation of mental health services.

https://doi.org/10.1002/jcop.22092
https://doi.org/10.1007/s11524-017-0223-5  
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Landgren O, Zeig-Owens R, Giricz O, et al. 
2018. Multiple Myeloma and Its Precursor 
Disease Among Firefighters Exposed to the 
World Trade Center Disaster. JAMA Oncol. 
4(6):821-827.

https://doi.org/10.1001/jamaoncol.2018.0509

IMPORTANCE: The World Trade Center (WTC) 
attacks on September 11, 2001, created an 
unprecedented environmental exposure to 
known and suspected carcinogens suggest-
ed to increase the risk of multiple myeloma. 
Multiple myeloma is consistently preced-
ed by the precursor states of monoclonal 
gammopathy of undetermined significance 
(MGUS) and light-chain MGUS, detectable in 
peripheral blood. 

Objective: To characterize WTC-exposed 
firefighters with a diagnosis of multiple my-
eloma and to conduct a screening study for 
MGUS and light-chain MGUS. 

DESIGN, SETTING, AND PARTICIPANTS: Case 
series of multiple myeloma in firefighters di-
agnosed between September 11, 2001, and 
July 1, 2017, together with a seroprevalence 
study of MGUS in serum samples collected 
from Fire Department of the City of New 
York (FDNY) firefighters between December 
2013 and October 2015. Participants in-
cluded all WTC-exposed FDNY white, male 
firefighters with a confirmed physician di-
agnosis of multiple myeloma (n = 16) and 
WTC-exposed FDNY white male firefighters 
older than 50 years with available serum 
samples (n = 781). 

EXPOSURES: WTC exposure defined as res-
cue and/or recovery work at the WTC site 
between September 11, 2001, and July 25, 
2002. 

MAIN OUTCOMES AND MEASURES: Multiple 
myeloma case information, and age-ad-
justed and age-specific prevalence rates 
for overall MGUS (ie, MGUS and light-chain 
MGUS), MGUS, and light-chain MGUS. 

RESULTS: Sixteen WTC-exposed white male 
firefighters received a diagnosis of multiple 
myeloma after September 11, 2001; median 
age at diagnosis was 57 years (interquartile 
range, 50-68 years). Serum/urine monoclo-
nal protein isotype/free light-chain data 
were available for 14 cases; 7 (50%) had 
light-chain multiple myeloma. In a subset 
of 7 patients, myeloma cells were assessed 
for CD20 expression; 5 (71%) were CD20 
positive. In the screening study, we assayed 
peripheral blood from 781 WTC-exposed 
firefighters. The age-standardized preva-
lence rate of MGUS and light-chain MGUS 
combined was 7.63 per 100 persons (95% CI, 
5.45-9.81), 1.8-fold higher than rates from 
the Olmsted County, Minnesota, white male 
reference population (relative rate, 1.76; 
95% CI, 1.34-2.29). The age-standardized 
prevalence rate of light-chain MGUS was 
more than 3-fold higher than in the same 
reference population (relative rate, 3.13; 
95% CI, 1.99-4.93). 

CONCLUSIONS AND RELEVANCE: Environ-
mental exposure to the WTC disaster site is 
associated with myeloma precursor disease 
(MGUS and light-chain MGUS) and may be a 
risk factor for the development of multiple 
myeloma at an earlier age, particularly the 
light-chain subtype.

Lieberman-Cribbin W, Tuminello S, 
Gillezeau C, et al 2018. The development 
of a bi-obank of cancer tissue samples from 
World Trade Center responders.  J Transl 
Med. 16(280). 

https://doi.org/10.1186/s12967-018-1661-x 

https://doi.org/10.1001/jamaoncol.2018.0509
https://doi.org/10.1186/s12967-018-1661-x  
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BACKGROUND: World Trade Center (WTC) 
responders were exposed to mixture of dust, 
smoke, chemicals and carcinogens. Studies 
of cancer incidence in this population have 
reported elevated risks of cancer compared 
to the general population. There is a need to 
supplement current epidemiologic cancer 
follow-up with a cancer tissue bank in order 
to better elucidate a possible connection be-
tween each cancer and past WTC exposure. 
This work describes the implementation 
of a tissue bank system for the WTC newly 
diagnosed cancers, focused on advancing 
the under- standing of the biology of these 
tumors. This will ultimately impact the mo-
dalities of treatment, and the probability 
of success and survival of these patients.   

METHODS: WTC Responders who partici-
pated (as employees or volun-teers) in the 
rescue, recovery and clean-up efforts at the 
WTC sites have been enrolled at Mount Sinai 
in the World Trade Center Health Program. 
Responders with cancer identified and vali-
dated through linkages with New York, New 
Jersey, Pennsylvania, and Connecticut can-
cer registries were eligible to participate in 
this biobank. Potential participants were 
contacted through letters, phone calls, and 
emails to explain the research study, consent 
process, and to obtain the location where 
their cancer procedure was performed. 
Pathol-ogy departments were contact-
ed to identify and request tissue samples.   

RESULTS: All the 866 solid cancer cases con-
firmed by the Data Center at Mount Sinai 
have been contacted and consent was re-
quested for retrieval and storage of the tis-
sue samples from their can-cer. Hospitals 
and doctors’ offices were then contacted to 
locate and identify the correct tissue block 
for each patient. The majority of these cases 
consist of archival paraffin blocks from sur-

gical patients treated from 2002 to 2015. At 
the time of manuscript writing, this resulted 
in 280 cancer samples stored in the biobank.

CONCLUSIONS: A biobank of cancer tissue 
from WTC responders has been compiled 
with 280 specimens in storage to date. This 
tissue bank represents an important re-
source for the scientific community allowing 
for high impact studies on environmental 
exposures and cancer etiology, cancer out-
come, and gene-environment interaction in 
the unique popula-tion of WTC responders.

Remch M, Laskaris Z, Flory J, et al. 2018. 
Post-Traumatic Stress Disorder and Cardi-
ovascular Diseases: A Cohort Study of Men 
and Women Involved in Cleaning the Debris 
of the World Trade Center Complex. Circ 
Cardiovasc Qual Outcomes 11(7): e004572.

h t t p s : / / d o i . o r g / 1 0 . 1 1 6 1 / C I R C O U T-
COMES.117.004572

BACKGROUND: We sought to determine 
whether post-traumatic stress disorder 
(PTSD) is a risk factor for myocardial infarc-
tion (MI) and stroke, beyond the expected 
effects from recognized cardiovascular risk 
factors and depression. 

METHODS AND RESULTS: World Trade 
Center-Heart is an observational prospec-
tive cohort study of 6481 blue-collar first 
responders nested within the World Trade 
Center Health Program in New York City. 
Baseline measures in 2012 and 2013 includ-
ed blood pressure, weight and height, and 
blood lipids. PTSD, depression, smoking, 
and dust exposure during the 2001 cleanup 
were self-reported. During the 4-year fol-
low-up, outcomes were assessed through 
(1) interview-based incident, nonfatal MI, 
and stroke, validated in medical charts 
(n=118); and (2) hospitalizations for MI and 

https://doi.org/10.1161/CIRCOUTCOMES.117.004572
https://doi.org/10.1161/CIRCOUTCOMES.117.004572
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stroke for New York city and state residents 
(n=180). Prevalence of PTSD was 19.9% in 
men and 25.9% in women, that is, at least 
twice that of the general population. Cumu-
lative incidence of MI or stroke was consist-
ently larger for men or women with PTSD 
across follow-up. Adjusted hazard ratios 
(HRs) were 2.22 (95% confidence interval 
[CI], 1.30-3.82) for MI and 2.51 (95% CI, 1.39-
4.57) for stroke. For pooled MI and stroke, 
adjusted HRs were 2.35 (95% CI, 1.57-3.52) 
in all and 1.88 (95% CI, 1.01-3.49) in men 
free of depression. Using hospitalization 
registry data, adjusted HRs were 2.17 (95% 
CI, 1.41-3.32) for MI; 3.01 (95% CI, 1.84-4.93) 
for stroke; and for pooled MI and stroke, the 
adjusted HR was 2.40 (95% CI, 1.73-3.34) in 
all, HR was 2.44 (95% CI, 1.05-5.55) in wom-
en, and adjusted HR was 2.27 (95% CI, 1.41-
3.67) in men free of depression. World Trade 
Center dust exposure had no effect. 

CONCLUSIONS: This cohort study confirms 
that PTSD is a risk factor for MI and stroke of 
similar magnitude in men and women, inde-
pendent of depression.

Singh A, Liu C, Putnam B, et al. 2018. Pre-
dictors of asthma/COPD overlap in FDNY 
firefighters with World Trade Center dust ex-
posure: a longitudinal study. Chest.154(6): 
1301-1310.

https://doi.org/10.1016/j.chest.2018.07.002

BACKGROUND: Previously healthy firefight-
ers with World Trade Center (WTC) dust ex-
posure developed airway disease. Risk fac-
tors for irritant-associated asthma/COPD 
overlap are poorly defined.

METHODS: The study included 2,137 WTC-ex-
posed firefighters who received a clinical-
ly-indicated bronchodilator pulmonary 
function test (BD-PFT) between 9/11/2001-

9/10/2017. A post-BD FEV1 increase of >12% 
and 200 ml from baseline defined asthma, 
and post-BD FEV1/FVC ratio<0.7 identified 
COPD cases. Participants who met both cri-
teria had asthma/COPD overlap. Eosinophil 
levels were measured on screening blood 
tests performed shortly after 9/11/2001 
and prior to BD-PFT; a subgroup of partici-
pants also had serum IgE and 21 cytokines 
measured (N=215). Marginal Cox regression 
models for multiple events assessed the as-
sociations of eosinophil levels or serum bi-
omarkers with subsequent diagnosis, with 
age, race, smoking, WTC-exposure, first 
post-9/11 FEV1/FVC ratio, and BMI included 
as covariates.

RESULTS: BD-PFT diagnosed asthma/
COPD overlap in 99 individuals (4.6%), 
isolated-asthma in 202 (9.5%), and isolat-
ed-COPD in 215 (10.1%). Eosinophil con-
centration>/=300 cells/mul was associated 
with increased risk of asthma/COPD overlap 
(HR: 1.85, 95% CI: 1.16-2.95), but not with 
isolated-asthma or isolated-COPD. Serum 
IL-4 also predicted asthma/COPD overlap 
(HR: 1.51 per doubling of cytokine concen-
tration, 95% CI: 1.17-1.95). Greater IL-21 
concentration was associated with both iso-
lated-asthma and isolated-COPD (HR: 1.73, 
95% CI: 1.27-2.35 and HR: 2.06, 95% CI: 1.31-
3.23, respectively).

CONCLUSIONS: In WTC-exposed firefighters, 
elevated blood eosinophils and IL-4 levels 
are associated with subsequent asthma/
COPD overlap. Disease-specific Th-2 bio-
markers present years before diagnosis sug-
gest patient-intrinsic predisposition to irri-
tant-associated asthma/COPD overlap.
 
Singh A, Zeig-Owens R, Moir W, et al. 2018. 
Estimation of Future Cancer Burden Among 
Rescue and Recovery Workers Exposed to 

https://doi.org/10.1016/j.chest.2018.07.002 
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the World Trade Center Disaster. JAMA On-
col.4(6): 828-831.  

https://doi.org/10.1001/jamaoncol.2018.0504

IMPORTANCE: Elevated rates of cancer have 
been reported in individuals exposed to the 
World Trade Center (WTC) disaster, includ-
ing Fire Department of the City of New York 
(FDNY) rescue and recovery workers. 

OBJECTIVE: To project the future burden of 
cancer in WTC-exposed FDNY rescue and 
recovery workers by estimating the 20-year 
cancer incidence. 

DESIGN, SETTING, AND PARTICIPANTS: A to-
tal of 14,474 WTC-exposed FDNY employees 
who were cancer-free on January 1, 2012; 
subgroup analyses were conducted of the 
cohort’s white male population (n = 12,374). 
In this closed-cohort study, we projected 
cancer incidence for the January 1, 2012, 
to December 31, 2031, period. Simulations 
were run using demographic-specific New 
York City (NYC) cancer and national mortali-
ty rates for each individual, summed for the 
whole cohort, and performed 1000 times to 
produce mean estimates. Additional analy-
ses in the subgroup of white men compared 
case counts produced by using 2007-2011 
FDNY WTC Health Program (FDNY-WTCHP) 
cancer rates vs NYC rates. Average and 20-
year aggregate costs of first-year cancer 
care were estimated using claims data. 

EXPOSURES: World Trade Center disaster 
exposure defined as rescue and recovery 
work at the WTC site at any time from Sep-
tember 11, 2001, to July 25, 2002. 

Main Outcomes and Measures: (1) Project-
ed number of incident cancers in the full co-
hort, based on NYC cancer rates; (2) cancer 
incidence estimates in the subgroup pro-

jected using FDNY-WTCHP vs NYC rates; and 
(3) estimated first-year treatment costs of 
incident cancers.

RESULTS: On January 1, 2012, the cohort 
was 96.8% male, 87.1% white, and had a 
mean (SD) age of 50.2 (9.2) years. The pro-
jected number of incident cancer cases was 
2960 (95% CI, 2883-3037). In our subgroup 
analyses using FDNY-WTCHP vs NYC cancer 
rates, the projected number of new cases in 
white men was elevated (2714 [95% CI, 2638-
2786] vs 2596 [95% CI, 2524-2668]). Accord-
ingly, we expect more prostate (1437 [95% 
CI, 1383-1495] vs 863 [95% CI, 816-910]), 
thyroid (73 [95% CI, 60-86] vs 57 [95% CI, 
44-69]), and melanoma cases (201 [95% CI, 
179-223] vs 131 [95% CI, 112-150), but fewer 
lung (237 [95% CI, 212-262] vs 373 [95% CI, 
343-405]), colorectal (172 [95% CI, 152-191] 
vs 267 [95% CI, 241-292]), and kidney can-
cers (66 [95% CI, 54-80] vs 132 [95% CI, 114-
152]) (P < .001 for all comparisons). The es-
timated 20-year cost of first-year treatment 
was $235,835,412 (95% CI, $187,582,227-
$284,088,597). 

CONCLUSIONS AND RELEVANCE: We project 
that the FDNY-WTCHP cohort will experience 
a greater cancer burden than would be ex-
pected from a demographically similar pop-
ulation. This underscores the importance 
of cancer prevention efforts and routine 
screening in WTC-exposed rescue and recov-
ery workers.

Trye A, Berger KI, Naidu M, et al. 2018. 
Respiratory Health and Lung Function in 
Children Exposed to the World Trade Center 
Disaster. J Pediatr. 201:134-140e6.  

https://doi.org/10.1016/j.jpeds.2018.06.009

OBJECTIVES: To compare lung function in a 

https://doi.org/10.1001/jamaoncol.2018.0504
https://doi.org/10.1016/j.jpeds.2018.06.009 
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representative sample of World Trade Center 
(WTC)-exposed children with matched com-
parisons, and examine relationships with 
reported exposures.

STUDY DESIGN: Study population consisted 
of 402 participants. Oscillometry, spirome-
try, and plethysmography were performed 
on WTC Health Registry (WTCHR) respond-
ents who were </=8 years of age on Sep-
tember 11, 2001 (n = 180) and a sociodemo-
graphically matched group of New York City 
residents (n = 222). We compared lung func-
tion by study arm (WTCHR and comparison 
group) as well as dust cloud (acute); home 
dust (subchronic); and other traumatic, 
nondust exposures.

RESULTS: In multivariable models, post-
9/11 risk of incident asthma was higher in 
the WTCHR participants than in the compar-
ison group (OR 1.109, 95% CI 1.021, 1.206; P 
= .015). Comparing by exposure rather than 
by group, dust cloud (OR 1.223, 95% CI 1.095, 
1.365; P < .001) and home dust (OR 1.123, 
95% CI 1.029, 1.226; P = .009) exposures were 
also associated with a greater risk of inci-
dence of post-9/11 asthma. No differences 
were identified for lung function measures.  

CONCLUSIONS: Although we cannot ex-
clude an alternative explanation to the null 
findings, these results may provide some 
measure of reassurance to exposed children 
and their families regarding long-term con-
sequences. Further study with bronchodi-
lation and/or methacholine challenge may 
be needed to identify and further evaluate 
effects of WTC exposure. Biomarker studies 
may also be more informative in delineating 
exposure-outcome relationships. 

TRIAL REGISTRATION: ClinicalTrials.gov: 
NCT02068183.

Uchida M, Feng H, Feder A, et al. 2018. 
Parental posttraumatic stress and child 
behavioral problems in world trade center 
responders. American Journal of Industrial 
Medicine. 61(6): 504-514. 

https://doi.org/10.1002/ajim.22838 

BACKGROUND: We investigated trans-gen-
erational associations between Post Trau-
matic Stress Disorder (PTSD) symptoms in 
World Trade Center (WTC) responders and 
behavioral problems in their children.
 
METHODS: Participants were WTC re-
sponders—8034 police and 8352 non-tra-
ditional (eg, construction workers)—with 
one or more children at the time of their 
first visit to the World Trade Center Health 
Program (WTC-HP). Self-report ques-
tionnaires were administered approxi-
mately 4 years after the 9/11 WTC attack. 

RESULTS: A total of 31.4% of non-tradi-
tional and 20.0% of police responders re-
ported behavioral problems in their chil-
dren. Non-traditional responder status, 
female sex, Hispanic ethnicity, more life 
stressors, more WTC-related PTSD symp-
toms, and dysphoric arousal symptoms 
were significant correlates of behavio-
ral problems in responders’ children. 

CONCLUSIONS: Specific parental sociode-
mographic, psychosocial and clinical char-
acteristics, as well as PTSD symptom se-
verity, were significant correlates of child 
behavior problems. Findings encourage 
monitoring and early intervention for chil-
dren of disaster responders, particularly 
those at highest risk.

https://doi.org/10.1002/ajim.22838 
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Uddin M, Ratanatharathorn A, Armstrong D, 
et al. 2018.  Epigenetic meta-analysis across 
three civilian cohorts identifies NRG1 and HGS 
as blood-based biomarkers for post-traumat-
ic stress disorder.  Epige-nomics. 10(12): 1585-
1601. 

https://doi.org/10.2217/epi-2018-0049

AIM: Trauma exposure is a necessary, but not 
deterministic, contributor to post-traumatic 
stress disor-der (PTSD). Epigenetic factors 
may distinguish between trauma-exposed 
individuals with versus without PTSD. 

MATERIALS & METHODS: We conducted a 
meta-analysis of PTSD epigenome-wide 
association studies in trauma-exposed co-
horts drawn from civilian contexts. Whole 
blood-derived DNA methylation levels were 
analyzed in 545 study participants, drawn 
from the three civilian cohorts participating 
in the PTSD working group of the Psychiatric 
Genomics Consortium. 

RESULTS: Two CpG sites significant-
ly associated with current PTSD in NRG1 
(cg23637605) and in HGS (cg19577098). 

CONCLUSION: PTSD is associated with dif-
ferential methylation, measured in blood, 
within HGS and NRG1 across three civilian 
cohorts. 

Waszczuk MA, Li K, Ruggero CJ, et al 2018.  
Maladaptive Personality Traits and 10-Year 
Course of Psychiatric and Medical Symp-
toms  and Functional Impairment Follow-
ing Trauma. Annals of Behavioral Medicine. 
52(8): 697–712. 

https://doi.org/10.1093/abm/kax030 

BACKGROUND: Personality is a major pre-
dictor of many mental and physical disor-

ders, but its contributions to illness course 
are understudied Purpose The current 
study aimed to explore whether personali-
ty is associated with a course of psychiatric 
and medical illness over 10 years following 
trauma.

METHODS: World Trade Center (WTC)  
responders (N = 532) completed the person-
ality inventory for DSM-5, which measures 
both broad domains and narrow facets. 
Responders’ mental and physical health 
was assessed in the decade following the 
WTC disaster during annual monitoring 
visits at a WTC Health Program clinic. Mul-
tilevel modeling was used in an explora-
tory manner to chart the course of health 
and functioning, and examine associa-
tions of maladaptive personality domains 
and facets with intercepts (initial illness) 
and slopes (course) of illness trajectories.  

RESULTS: Three maladaptive personality 
domains—negative affectivity, detachment 
and psychoticism—were uniquely associat-
ed with initial posttraumatic stress disorder 
(PTSD); detachment and psychoticism were 
also associated with initial functional im-
pairment. Five facets—emotional lability, 
anhedonia, callousness, distractibility and 
perceptual dysregulation—were uniquely 
associated with initial mental and phys-
ical health and functional impairment. 
Anxiousness and depressivity facets were 
associated with worse initial levels of psy-
chiatric outcomes only. With regard to 
illness trajectory, callousness and percep-
tual dysregulation were associated with the 
increase in PTSD symptoms. Anxiousness 
was associated with greater persistence of 
respiratory symptoms. Conclusions Sever-
al personality domains and facets were as-
sociated with initial levels and long-term 
course of illness and functional impair-

https://doi.org/10.2217/epi-2018-0049  
https://doi.org/10.1093/abm/kax030 


Appendix Two • WTC Health Program Research Portfolio Publications    
Summary of World Trade Center Health Program Research 2019Page 160

Po
rtf

ol
io

 O
ut

pu
ts

ment in a traumatized population. Results 
inform the role of maladaptive personal-
ity in the development and maintenance 
of chronic mental-physical comorbidity. 
Personality might constitute a transdiag-
nostic prognostic and treatment target.  

Zeig-Owens R, Singh A, Aldrich TK, et al 
2018.  Blood Leukocyte Concentrations, 
FEV1 Decline, and Airflow Limitation. A 15-
Year Longitudinal Study of World Trade 
Center-exposed Firefighters.  Annals  of the 
American Thoracic Society. 15(2):173–183. 

h t t p s : / / d o i . o r g / 1 0 . 1 5 1 3 / A n n a l -
sATS.201703-276OC 

RATIONALE: Rescue/recovery work at the 
World Trade Center disaster site (WTC) 
caused a proximate decline in lung function 
in Fire Department of the City of New York 
firefighters. A subset of this cohort experi-
enced an accelerated rate of lung function 
decline over 15 years of post-September 11, 
2001 (9/11) follow-up.

OBJECTIVES: To determine if early postex-
posure blood leukocyte concentrations are 
biomarkers for subsequent FEV1 decline 
and incident airflow limitation.
METHODS: Individual rates of forced expira-
tory volume in 1 second (FEV1) change were 
calculated for 9,434 firefighters using 88,709 
spirometric measurements taken between 
September 11, 2001, and September 10, 
2016. We categorized  FEV1 change rates into 
three trajectories: accelerated FEV1 decline 
(FEV1 loss >64 ml/yr), expected FEV1 decline 
(FEV1 loss between 0 and 64 ml/yr), and im-
proved FEV1 (positive rate of change >0 ml/
yr). Occurrence of FEV1/FVC less than 0.70 af-
ter 9/11 defined incident airflow limitation. 
Using regression models, we assessed asso-
ciations of post-9/11 blood eosinophil and 

neutrophil concentrations with subsequent 
FEV1 decline and airflow limitation, adjust-
ed for age, race, smoking, height, WTC expo-
sure level, weight change, and baseline lung 
function.
 
RESULTS: Accelerated FEV1 decline occurred 
in 12.7% of participants (1,199 of 9,434), 
whereas post-9/11 FEV1 improvement oc-
curred in 8.3% (780 of 9,434). Higher blood 
eosinophil and neutrophil concentrations 
were each associated with accelerated FEV1 
decline after adjustment for covariates 
(odds ratio [OR], 1.10 per 100 eosinophils/
mm3; 95% confidence interval [CI], 1.05-
1.15; and OR, 1.10 per 1,000 neutrophils/
mm3; 95% CI, 1.05-1.15, respectively). Mul-
tivariable-adjusted linear regression mod-
els showed that a higher blood neutrophil 
concentration was associated with a faster 
rate of FEV1 decline (1.14 ml/yr decline per 
1,000 neutrophils/mm3; 95% CI, 0.69-1.60 
ml/yr; P < 0.001). Higher blood eosinophil 
concentrations were associated with a fast-
er rate of FEV1 decline in ever-smokers (1.46 
ml/yr decline per 100 eosinophils/mm3; 
95% CI, 0.65-2.26 ml/yr; P < 0.001) but not 
in never-smokers (P for interaction = 0.004). 
Higher eosinophil concentrations were also 
associated with incident airflow limitation 
(adjusted hazard ratio, 1.10 per 100 eosin-
ophils/mm3; 95% CI, 1.04-1.15). Compared 
with the expected FEV1 decline group, indi-
viduals experiencing accelerated FEV1 de-
cline were more likely to have incident air-
flow limitation (adjusted OR, 4.12; 95% CI, 
3.30-5.14).

CONCLUSIONS: Higher post-9/11 blood neu-
trophil and eosinophil concentrations were 
associated with subsequent accelerated 
FEV1 decline in WTC-exposed firefighters. 
Both higher blood eosinophil concentra-
tions and accelerated FEV1 decline were as-

https://doi.org/10.1513/AnnalsATS.201703-276OC 
https://doi.org/10.1513/AnnalsATS.201703-276OC 
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sociated with incident airflow limitation in 
WTC-exposed firefighters

2019 (37)
Ayappa I, Chen Y, Bagchi N, et al. 2019.  
The association between health condi-
tions in World Trade Center responders 
and sleep-related quality of life and sleep 
complaints.   International Journal of En-
vironmental Research and Public Health. 
16(7):1229.

https://doi.org/10.3390/ijerph16071229  

BACKGROUND: World Trade Center (WTC) 
dust-exposed subjects have multiple co-
morbidities that affect sleep. These include 
obstructive sleep apnea (OSA), chronic rhi-
nosinusitis (CRS), gastroesophageal-reflux 
disorder (GERD) and post-traumatic stress 
disorder (PTSD). We examined the impact of 
these conditions to sleep-related outcomes.
METHODS: Demographics, co-morbidities 
and symptoms were obtained from 626 WTC 
(109F/517M), 33–87years, BMI = 29.96 ± 5.53 
kg/m2) subjects. OSA diagnosis was from 
a 2-night home sleep test (ARESTM). Sub-
jective sleep quality, sleep-related quality 
of life (QOL, Functional Outcomes of Sleep 
Questionnaire), excessive daytime sleepi-
ness (Epworth Sleepiness Scale), sleep du-
ration and sleep onset and maintenance 
complaints were assessed. 

RESULTS: Poor sleep quality and complaints 
were reported by 19–70% of subjects and 
average sleep duration was 6.4 h. 74.8% of 
subjects had OSA. OSA diagnosis/severity 
was not associated with any sleep-relat-
ed outcomes. Sleep duration was lower 
in subjects with all conditions (p < 0.05) 
except OSA. CRS was a significant risk fac-
tor for poor sleep-related QOL, sleepiness, 
sleep quality and insomnia; PTSD for poor 

sleep-related QOL and insomnia; GERD for 
poor sleep quality. These associations re-
mained significant after adjustment for, 
age, BMI, gender, sleep duration and other 
comorbidities. 

CONCLUSIONS: Sleep complaints are com-
mon and related to several health condi-
tions seen in WTC responders. Initial inter-
ventions in symptomatic patients with both 
OSA and comorbid conditions may need to 
be directed at sleep duration, insomnia or 
the comorbid condition itself, in combina-
tion with intervention for OSA.

Bover Mandurski M, Black K, Udasin IG, 
et al. 2019.  Risk factors for head and neck 
cancer in the World Trade Center Health 
Program General Responder Cohort: results 
from a nested case-control study.  Occupa-
tional and environmental medicine.   76(11): 
854-860.  

https://doi.org/10.1136/oemed-2019-105890 

OBJECTIVES: Head and neck cancers (HNCs) 
may be among the health consequences 
of involvement in the World Trade Center 
(WTC) response on and after 11 September 
2001. We conducted a nested case-control 
study of WTC Health Program (WTCHP) gen-
eral responders to examine the effects of 
WTC exposures and behavioural risk factors 
on HNC. 

METHODS: We enrolled 64 cases and 136 
controls, matched on age, sex and race/
ethnicity within risk sets. We assessed to-
bacco and alcohol use, sexual activity, and 
occupational exposures prior to, during and 
after WTC exposure until case diagnosis via 
questionnaire. We obtained WTC exposure 
information (duration (first to last day), 
total days and location of work) from the 
WTCHP General Responder Data Center. We 

https://doi.org/10.3390/ijerph16071229
https://doi.org/10.1136/oemed-2019-105890
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assessed associations with HNC, and inter-
action among exposures, using conditional 
logistic regression. 

RESULTS: Responders in protective servic-
es versus other occupations had increased 
odds (OR: 2.51, 95% CI 1.09 to 5.82) of HNC. 
Among those in non-protective services 
occupations, arriving to the WTC effort on 
versus after 11 September 2001 was signif-
icantly associated with HNC (OR: 3.77, 95% 
CI 1.00 to 14.11). Duration of work was not 
significantly associated with HNC. Lifetime 
and post-WTC years of cigarette smoking 
and post-WTC number of sex partners were 
positively and significantly associated with 
HNC, while alcohol consumption was not. 

CONCLUSIONS: These findings suggest op-
portunities for HNC risk factor mitigation 
(eg, smoking cessation, human papilloma-
virus vaccination) and contribute to a risk 
factor profile which may assist WTCHP clini-
cians with identifying high-risk responders 
and improve detection and treatment out-
comes in this population.

Citron J, Willcocks E, Crowley G, et al. 
2019.  Genomics of particulate matter expo-
sure associated cardiopulmonary disease: a 
narrative review.  Int. J. Environ. Res. Public 
Health. 16:4335.  

https://doi.org/10.3390/ijerph16224335 

Particulate matter (PM) exposure is asso-
ciated with the development of cardiopul-
monary disease. Our group has studied the 
adverse health effects of World Trade Cen-
ter particulate matter (WTC-PM) exposure 
on firefighters. To fully understand the com-
plex interplay between exposure, organism, 
and resultant disease phenotype, it is vital 
to analyze the underlying role of genomics 
in mediating this relationship. A PubMed 

search was performed focused on environ-
mental exposure, genomics, and cardio-
pulmonary disease. We included original 
research published within 10 years, on epi-
genetic modifications and specific genetic 
or allelic variants. The initial search resulted 
in 95 studies. We excluded manuscripts that 
focused on work-related chemicals, heavy 
metals and tobacco smoke as primary sourc-
es of exposure, as well as reviews, prenatal 
research, and secondary research studies. 
Seven full-text articles met pre-determined 
inclusion criteria, and were reviewed. The 
effects of air pollution were evaluated in 
terms of methylation (n = 3), oxidative stress 
(n = 2), and genetic variants (n = 2). There is 
evidence to suggest that genomics plays a 
meditating role in the formation of adverse 
cardiopulmonary symptoms and diseases 
that surface after exposure events. Genomic 
modifications and variations affect the as-
sociation between environmental exposure 
and cardiopulmonary disease, but addition-
al research is needed to further define this 
relationship.

Clementi E, Talusan A , Vaidyanathan S, 
et al. 2019. Metabolic syndrome and air 
pollution: a narrative review of their cardio-
pulmonary effects. Toxics. 2019 Jan 30;7(1). 
pii: E6. 

https://doi.org/10.3390/toxics7010006  

Particulate matter (PM) exposure and met-
abolic syndrome (MetSyn) are both signifi-
cant global health burdens. PM exposure 
has been implicated in the pathogenesis of 
MetSyn and cardiopulmonary diseases. In-
dividuals with pre-existing MetSyn may be 
more susceptible to the detrimental effects 
of PM exposure. Our aim was to provide 
a narrative review of MetSyn/PM-induced 
systemic inflammation in cardiopulmo-
nary disease, with a focus on prior studies 

https://doi.org/10.3390/ijerph16224335 
https://doi.org/10.3390/toxics7010006  
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of the World Trade Center (WTC)-exposed 
Fire Department of New York (FDNY). We in-
cluded studies (1) published within the last 
16-years; (2) described the epidemiology of 
MetSyn, obstructive airway disease (OAD), 
and vascular disease in PM-exposed individ-
uals; (3) detailed the known mechanisms of 
PM-induced inflammation, MetSyn and car-
diopulmonary disease; and (4) focused on 
the effects of PM exposure in WTC-exposed 
FDNY firefighters. Several investigations 
support that inhalation of PM elicits pulmo-
nary and systemic inflammation resulting 
in MetSyn and cardiopulmonary disease. 
Furthermore, individuals with these preex-
isting conditions are more sensitive to PM 
exposure-related inflammation, which can 
exacerbate their conditions and increase 
their risk for hospitalization and chronic 
disease. Mechanistic research is required to 
elucidate biologically plausible therapeutic 
targets of MetSyn- and PM-induced cardio-
pulmonary disease.

Cleven KL, Ye K, Zeig-Owens R, et al. 2019.  
Genetic Variants Associated with FDNY 
WTC-Related Sarcoidosis.  International 
journal of environmental research and pub-
lic health. 16(10):1830.

http://dx.doi.org/10.3390/ijerph16101830 

Sarcoidosis is a systemic granulomatous 
disease of unknown etiology. It may develop 
in response to an exposure or inflammatory 
trigger in the background of a genetically 
primed abnormal immune response. Thus, 
genetic studies are potentially important 
to our understanding of the pathogenesis 
of sarcoidosis. We developed a case-con-
trol study which explored the genetic vari-
ations between firefighters in the Fire De-
partment of the City of New York (FDNY) 
with World Trade Center (WTC)-related sar-
coidosis and those with WTC exposure, but 

without sarcoidosis. The loci of fifty-one 
candidate genes related to granuloma for-
mation, inflammation, immune response, 
and/or sarcoidosis were sequenced at high 
density in enhancer/promoter, exonic, and 
5' untranslated regions. Seventeen allele 
variants of human leukocyte antigen (HLA) 
and non-HLA genes were found to be asso-
ciated with sarcoidosis, and all were within 
chromosomes 1 and 6. Our results also sug-
gest an association between extrathoracic 
involvement and allele variants of HLA and 
non-HLA genes found not only on chromo-
somes 1 and 6, but also on chromosomes 16 
and 17. We found similarities between ge-
netic variants with WTC-related sarcoidosis 
and those reported previously in sporadic 
sarcoidosis cases within the general pop-
ulation. In addition, we identified several 
allele variants never previously reported in 
association with sarcoidosis. If confirmed 
in larger studies with known environmental 
exposures, these novel findings may provide 
insight into the gene-environment interac-
tions key to the development of sarcoidosis.

Clouston SAP, Edelman NH, Abraham A, 
et al. 2019.  Shortened leukocyte telomere 
length is associated with reduced pulmo-
nary function and greater subsequent de-
cline in function in a sample of World Trade 
Center responders.  Scientific Reports (Na-
ture Publisher Group). 9:1-7.  [epub ahead of 
press].

http://dx.doi.org/10.1038/s41598-019-44625-1 

The objective of this study was to examine 
whether shorter leukocyte telomere length 
(LTL) is associated with more rapid pulmo-
nary function decline in a longitudinal study 
of World Trade Center (WTC) responders. 
WTC responders (N = 284) participating in 
a monitoring study underwent blood sam-
pling and were followed prospectively for 

http://dx.doi.org/10.3390/ijerph16101830 
http://dx.doi.org/10.1038/s41598-019-44625-1 
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spirometric outcomes. A single blood sam-
ple was taken to measure LTL using southern 
blotting. Outcomes included percent-pre-
dicted one-second forced expiratory volume 
(FEV1%), forced vital capacity (FVC%), and 
the FEV1/FVC ratio. In a subset, percent-pre-
dicted diffusing capacity (DLCO%) was also 
measured. 

Longitudinal modeling examined prospec-
tively collected information over five years 
since blood was banked was used to ex-
amine the rate of change in pulmonary 
functioning over time. Severity of WTC ex-
posure was assessed. Shorter LTL was asso-
ciated with lower FEV1% and FVC% at base-
line. For example, 29.9% of those with LTL 
<6.5 kbps had FEV1% <80% whereas only 
12.4% of those with LTL ≥6.5 had FEV1% 
<80% (RR = 2.53, 95%CI = [1.70–3.76]). Low-
er DLCO% was also significantly associated 
with shorter LTL. 

Longitudinal models identified a prospec-
tive association between shorter LTL and 
greater yearly rates of decline in FEV1% 
(0.46%/year, 95%CI = [0.05–0.87]) and in the 
FEV1/FVC ratio (0.19%/year, 95%CI = [0.03–
0.36]). There were no associations between 
severity of exposure and either LTL or pul-
monary function. Longitudinal analyses re-
vealed that shorter LTL, but not severity of 
WTC exposures, was associated with poor-
er pulmonary functioning and with greater 
subsequent decline in pulmonary function-
ing over time. These findings are consistent 
with the idea that shortened LTL may act as 
a biomarker for enhanced pulmonary vul-
nerability in the face of acute severe toxic 
inhalation exposures.

Crowley G, Kwon S, Ostrofsky DF, et al. 
2019.  Assessing the Protective Metabolome 
Using Machine Learning in World Trade Cen-
ter Particulate Exposed Firefighters at Risk 

for Lung injury.  Scientific Reports. 9:11939 

https://doi.org/10.1038/s41598-019-48458-w 

The metabolome of World Trade Center 
(WTC) particulate matter (PM) exposure has 
yet to be fully defined and may yield infor-
mation that will further define bioactive 
pathways relevant to lung injury. A subset 
of Fire Department of New York firefighters 
demonstrated resistance to subsequent loss 
of lung function. We intend to characterize 
the metabolome of never smoking WTC-ex-
posed firefighters, stratified by resistance 
to WTC-Lung Injury (WTC-LI) to determine 
metabolite pathways significant in subjects 
resistant to the loss of lung function. The 
global serum metabolome was determined 
in those resistant to WTC-LI and controls 
(n = 15 in each). Metabolites most import-
ant to class separation (top 5% by Random 
Forest (RF) of 594 qualified metabolites) in-
cluded elevated amino acid and long-chain 
fatty acid metabolites, and reduced hexose 
monophosphate shunt metabolites in the 
resistant cohort. RF using the refined met-
abolic profile was able to classify cases and 
controls with an estimated success rate 
of 93.3%, and performed similarly upon 
cross-validation. Agglomerative hierarchi-
cal clustering identified potential influential 
pathways of resistance to the development 
of WTC-LI. These pathways represent poten-
tial therapeutic targets and warrant further 
research.

de la Hoz RE, Jeon Y, Reeves AP, et al. 
2019. Increased pulmonary artery diameter 
is associated with reduced FEV1 in former 
World Trade Center workers.  The clinical re-
spiratory journal.  13(10):614-623. 

https://doi.org/10.1111/crj.13067

RATIONALE: Occupational exposures at the 
WTC site after September 11, 2001 have 

https://doi.org/10.1038/s41598-019-48458-w
https://doi.org/10.1111/crj.13067
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been associated with several presumably 
inflammatory lower airway diseases. Pul-
monary arterial enlargement, as suggest-
ed by an increased ratio of the diameter 
of the pulmonary artery to the diameter 
of the aorta (PAAr) has been reported as a 
computed tomographic (CT) scan marker 
of adverse respiratory health outcomes, in-
cluding WTC-related disease. In this study, 
we sought to utilize a novel quantitative 
CT (QCT) measurement of PAAr to test the 
hypothesis that an increased ratio is asso-
ciated with FEV1 below each subject's sta-
tistically determined lower limit of normal 
(FEV1 <LLN). 

METHODS: In a group of 1,180 WTC work-
ers and volunteers, we examined whether 
FEV1 <LLN was associated with an increased 
QCT-measured PAAr, adjusting for previous-
ly identified important covariates. 

RESULTS: Unadjusted analyses showed a 
statistically significant association of FEV1 
<LLN with PAAr (35.3% vs. 24.7%, p=0.0001), 
as well as with height, body mass index, 
early arrival at the WTC disaster site, short-
er WTC exposure duration, posttraumatic 
stress disorder checklist (PCL) score, wall 
area percent, and evidence of bronchodi-
lator response. The multivariate logistic re-
gression model confirmed the association 
of FEV1 <LLN with PAAr (OR 1.63, 95% CI 
1.21, 2.20, p=0.0015) and all the unadjusted 
associations, except for PCL score. 

CONCLUSIONS: In WTC workers, FEV1 <LLN 
is associated with elevated PAAr which, al-
though likely multifactorial, may be related 
to distal vasculopathy, as has been hypoth-
esized for chronic obstructive pulmonary 
disease.

de la Hoz RE, Liu X, Celedón JC, et al. 2019. 
Association of Obesity with Quantitative 
Chest CT Measured Airway Wall Thickness 
in WTC Workers with Lower Airway Disease. 
Occupational Lung Disease. 97(4):517-522.

https://doi.org/10.1007/s00408-019-00246-z 

BACKGROUND: We previously reported that 
wall area percent (WAP), a quantitative CT 
(QCT) indicator of airway wall thickness 
and, presumably, inflammation, is associ-
ated with adverse longitudinal expiratory 
flow trajectories in WTC workers, but that 
obesity and weight gain also seemed to be 
independently predictive of the latter. Pre-
vious studies have reported no association 
between WAP and obesity, so we investigat-
ed that association in nonsmoking WTC-ex-
posed individuals and healthy unexposed 
controls.

METHODS: We assessed WAP using the 
Chest Imaging Platform QCT system in a 
segmental bronchus in 118 former WTC 
workers, and 89 COPDGene® WTC-unexn-
posed and asymptomatic subjects. We used 
multiple regression to model WAP vs. body 
mass index (BMI) in the two groups, ad-
justing for important subject and CT image 
characteristics.

RESULTS: Unadjusted analyses revealed sig-
nificant differences between the two groups 
with regards to WAP, age, gender, scan pixel 
spacing and slice interval, but not BMI or to-
tal lung capacity. In adjusted analysis, there 
was a significant interaction between BMI 
and WTC exposure on WAP. BMI was signifi-
cantly and positively associated with WAP in 
the WTC group, but not in the COPDGene® 
group, but stratified analyses revealed that 
the effect was significant in WTC subjects 
with clinical evidence of lower airway 
disease (LAD).

https://doi.org/10.1007/s00408-019-00246-z
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DISCUSSION: Unlike non-diseased subjects, 
BMI was significantly associated with WAP 
in WTC workers and, in stratified analyses, 
the association was significant only among 
those with LAD. Our findings suggest that 
this adverse effect of obesity on airway 
structure and inflammation may be con-
fined to already diseased individuals.

de la Hoz RE, Weber J, Xu D, et al. 2019. 
Chest CT scan findings in World Trade Cen-
ter workers. Archives of Environmental & 
Occupational Health. 12: 1–20.

https://doi.org/10.1080/19338244.2018.1452712 

We examined the chest CT scans of 1,453 
WTC responders using the International 
Classification of High-resolution CT for Oc-
cupational and Environmental Respiratory 
Diseases. Univariate and bivariate analyses 
of potential work-related pleural abnor-
malities were performed with pre-WTC and 
WTC-related occupational exposure data, 
spirometry, demographics and quantitative 
CT measurements. Logistic regression was 
used to evaluate occupational predictors of 
those abnormalities. Chest CT scans were 
performed first at a median of 6.8 years af-
ter 9/11/2001. Pleural abnormalities were 
the most frequent (21.1%) across all occu-
pational groups In multivariable analyses, 
significant pre-WTC occupational asbestos 
exposure, and work as laborer/cleaner were 
predictive of pleural abnormalities, with 
prevalence being highest for the Polish sub-
group (n = 237) of our population. Contin-
ued occupational lung disease surveillance 
is warranted in this cohort.

Diab O, DePierro J, Cancelmo L, et al. 
2019.  Mental Healthcare Needs in World 
Trade Center Responders: Results from a 
Large, Population-Based Health Monitoring 
Cohort.  Administration and Policy in Men-

tal Health and Mental Health Services Re-
search. [epub ahead of press]

https://doi.org /10.1007/s10488-019-
00998-z 

Nearly two decades after the 9/11 attacks 
on the World Trade Center (WTC), the preva-
lence of mental disorders remains elevated 
among traditional (e.g., police) and non-tra-
ditional (e.g., construction workers) re-
sponders who were involved in the WTC res-
cue, recovery, and clean-up efforts. To date, 
however, scarce research has examined 
factors associated with perceived need for 
mental health care, which is critical to pro-
moting engagement in mental health treat-
ment in this population. Data were analyzed 
from 16,170 WTC responders, including 
8881 police responders and 7289 non-tradi-
tional responders, who completed their first 
annual health monitoring visit with the WTC 
Health Program an average of 6.5 years after 
September 11, 2001. 

Predisposing, enabling, and need-based 
factors associated with perceived need for 
mental health care were examined using 
multivariable logistic regression analy-
ses. Nearly half (48.7%) of non-tradition-
al responders and a fifth (20.6%) of police 
responders reported a need for mental 
health care. The most common perceived 
needs were for psychotropic medication, 
individual psychotherapy, and stress man-
agement counseling. Predisposing (e.g., fe-
male gender) and need-based factors (e.g., 
WTC-related posttraumatic stress disorder) 
predicted perceived need for mental health 
care in both groups. 

Among non-traditional responders, Hispan-
ic ethnicity and current suicidal ideation 
were additionally associated with this out-
come. Non-traditional WTC responders are 

https://doi.org/10.1080/19338244.2018.1452712
https://doi.org/10.1007/s10488-019-00998-z 
https://doi.org/10.1007/s10488-019-00998-z 
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substantially more likely than police WTC 
responders to perceive a need for men-
tal health treatment. Characterization of 
factors associated with perceived need 
for treatment can help inform popula-
tion-based outreach and monitoring efforts 
designed to promote engagement in mental 
health treatment in WTC responders.

Dietch JR, Ruggero CJ, Schuler K, et al. 
2019.  Posttraumatic Stress Disorder Symp-
toms and Sleep in the Daily Lives of World 
Trade Center Responders.  Journal of Occu-
pational Health Psychology.24(6):689-702.

https://doi.org/10.1037/ocp0000158 

Sleep disturbances are common in posttrau-
matic stress disorder (PTSD) and can have 
major impacts on workplace performance 
and functioning. Although effects between 
PTSD and sleep broadly have been docu-
mented, little work has tested their day-to-
day temporal relationship particularly in 
those exposed to occupational trauma. The 
present study examined daily, bidirection-
al associations between PTSD symptoms 
and self-reported sleep duration and qual-
ity in World Trade Center (WTC) responders 
oversampled for PTSD. WTC responders (N 
= 202; 19.3% with current PTSD diagnosis) 
were recruited from the Long Island site of 
the WTC health program. Participants were 
administered the Structured Clinical Inter-
view for Diagnostic and Statistical Manual 
of Mental Disorders, Fourth Edition (DSM-
IV; SCID; First, Spitzer, Gibbon, & Williams, 
1997) and completed daily assessments of 
PTSD symptoms, sleep duration and sleep 
quality for 7 days. PTSD symptoms on a giv-
en day were prospectively associated with 
shorter sleep duration (β = -.13) and worse 
sleep quality (β = -.18) later that night. Re-
verse effects were also significant but small-
er, with reduced sleep duration (not quali-

ty) predicting increased PTSD the next day 
(β = -.04). Effects of PTSD on sleep duration 
and quality were driven by numbing symp-
toms, whereas effects of sleep duration on 
PTSD were largely based on intrusion symp-
toms. PTSD symptoms and sleep have bidi-
rectional associations that occur on a daily 
basis, representing potential targets to dis-
rupt maintenance of each. Improving PTSD 
numbing symptoms may improve sleep, 
and increasing sleep duration may improve 
intrusion symptoms in individuals with ex-
posure to work-related traumatic events. 

Dornbach-Bender A, Ruggero CJ, Schuler, 
K, et al. 2019.  Psychological Trauma: The-
ory, Research, Practice, and Policy, Jan 28 , 
2019: 1-9.

https://doi.org/10.1037/tra0000429 

OBJECTIVE: The ability to experience pos-
itive affect (PA) has clinical and quality of 
life implications, particularly in vulnerable 
populations such as trauma-exposed disas-
ter responders. Low PA is included in the 
diagnostic criteria for posttraumatic stress 
disorder (PTSD), however evidence for PA 
reduction in PTSD has been mixed. In con-
trast, negative affect (NA) has consistently 
been found to be elevated among individu-
als with PTSD. Multiday, ecological momen-
tary assessment (EMA) can provide more 
ecologically valid evidence about experienc-
es of affect; however, no such studies have 
been conducted in traumatized individuals 
with PTSD to date. 

METHOD: World Trade Center (WTC) re-
sponders (N = 202) oversampled for the 
presence of PTSD were recruited from the 
WTC Health Program. Participants were 
administrated the Structured Clinical In-
terview for DSM–IV and the PTSD Checklist 
for DSM–5 at baseline, then completed EMA 

https://doi.org/10.1037/ocp0000158
https://doi.org/10.1037/tra0000429 
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surveys of affect four times a day over seven 
consecutive days. 

RESULTS: Participants with current PTSD 
(19.3% of the sample) showed significant-
ly higher levels of daily NA compared with 
those without PTSD. However, there was 
no group difference in daily PA, nor was PA 
associated with a dimensional measure of 
PTSD. 

CONCLUSION: Results suggest that for 
chronic PTSD among disaster responders, 
positive emotions are not inhibited across 
daily living. Such findings add to evidence 
suggesting that PA reduction may not be di-
agnostically relevant to PTSD, whereas NA 
remains an important target for therapeutic 
interventions. Moreover, results show that 
WTC responders can experience and benefit 
from positive emotion, even if they continue 
to have PTSD symptoms. 

Gaylord A, Berger KI, Naidu M, et al. 2019.  
Serum perfluoroalkyl substances and lung 
function in adolescents exposed to the 
World Trade Center disaster.  Environmental 
Research.  172: 266-272.

https://doi.org/10.1016/j.envres.2019.02.024 

The effects of childhood exposure to per-
fluoroalkyl substances (PFASs) on lung 
function remain mostly unknown. Previous 
research indicates that children living or 
going to school near the World Trade Cen-
ter (WTC) disaster were exposed to high lev-
els of PFASs, among other toxic chemicals. 
To explore the effects of PFAS exposure on 
lung function, we measured serum PFASs 
in a cohort of children from the WTC Health 
Registry and a matched control group. Per-
fluorooctanesulfonate had the highest me-
dian concentrations in both groups (WTCHR 
= 3.72 ng/mL, Comparison = 2.75 ng/mL), 
while the lowest median concentrations 

were seen for perfluoroundecanoic acid 
(WTCHR = 0.12 ng/mL, Comparison = 0.01 
ng/mL). Lung function outcomes were mea-
sured by spirometry, plethysmography, and 
oscillometry. Asthma diagnosis and serum 
eosinophil count were also recorded. We ex-
amined the relationships of each PFAS with 
lung function parameters and eosinophil 
count using linear regressions. Odds ratios 
for asthma were obtained for each PFAS us-
ing logistic regression. 

The effect of total PFASs on these outcomes 
was also assessed. All regression models 
were adjusted for sex, race/ethnicity, age, 
body mass index (BMI) and tobacco smoke 
exposure. We found that serum PFASs were 
not statistically associated with the mea-
sured lung function parameters, asthma di-
agnosis, or eosinophil count in this cohort 
(p < 0.05). These findings highlight the need 
for more longitudinal studies to explore the 
long-term effects of childhood PFAS expo-
sure on lung function past adolescence and 
early adulthood. 

Geronazzo-Alman L, Fan B, Duarte CS, et 
al. 2019.   The Distinctiveness of Grief, De-
pression, and Posttraumatic Stress: Lessons 
from Children After 9/11.  J Am Acad Child 
Adolesc Psychiatry.  58(10): 971-982.  [ac-
cepted manuscript, March 12, 2019].  

https://doi.org/10.1016/j.jaac.2018.12.012 

OBJECTIVE: The clinical and nosological 
significance of grief reactions in youth ex-
posed to a shared trauma (9/11) was test-
ed by examining whether the (1) predictors 
(i.e., non-loss related trauma vs. traumatic 
bereavement), (2) clinical correlates, (3) fac-
torial structure, and (4) phenomenology of 
grief reactions are distinct from those of ma-
jor depressive disorder (MDD) and 9/11-re-
lated posttraumatic stress disorder (PTSD). 

https://doi.org/10.1016/j.envres.2019.02.024
https://doi.org/10.1016/j.jaac.2018.12.012 
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METHOD: In a representative sample of New 
York City schoolchildren (N=8,236; grades 
4-12; n=1,696 bereaved), assessed six 
months post-9/11, multivariate regressions 
examined (1) predictors of grief, PTSD, and 
MDD, and (2) the incremental validity of grief 
in predicting health problems and function-
al impairment; factor analysis and latent 
class analysis determined, respectively, (3) 
the factorial and (4) syndromic distinctive-
ness of grief, PTSD, and MDD. 

RESULTS: Four types of evidence supporting 
the distinctiveness of grief emerged. (1) Be-
reavement was associated with grief inde-
pendently of PTSD and MDD, but not with 
PTSD and MDD after adjusting for grief; con-
versely, non-loss related trauma was associ-
ated primarily with PTSD. (2) Grief contrib-
uted uniquely to functional impairment. (3) 
Grief reactions loaded on a separate factor. 
(4) Youth with elevated grief reactions fell 
into two classes characterized by only mod-
erate and negligible probability of co-occur-
ring PTSD and MDD symptoms, respectively. 

CONCLUSION: A multi-faceted approach 
provided convergent evidence that grief re-
actions are independent of other common 
types of post-disaster child and adolescent 
psychopathology, and capture a unique as-
pect of bereavement-related distress. These 
findings suggest that grief reactions in trau-
matically bereaved youth merit separate 
clinical attention, informing tailored inter-
ventions.

Gong Y, Wang L, Yu H, et al.  2019.  Prostate 
cancer in World Trade Center responders 
demonstrates evidence of an inflammatory 
cascade.  Molecular Cancer Research.  [epub 
ahead of print, June 20, 2019].             

https://doi.org/10.1158/1541-7786.MCR-19-0115 

An excess incidence of prostate cancer has 

been identified among World Trade Cen-
ter (WTC) responders. In this study, we hy-
pothesized that WTC dust, which contained 
carcinogens and tumor-promoting agents, 
could facilitate prostate cancer develop-
ment by inducing DNA damage, promot-
ing cell proliferation, and causing chronic 
inflammation. We compared expression of 
immunologic and inflammatory genes us-
ing a NanoString assay on archived prostate 
tumors from WTC Health Program (WTCHP) 
patients and non-WTC patients with pros-
tate cancer. Furthermore, to assess immedi-
ate and delayed responses of prostate tissue 
to acute WTC dust exposure via intratrache-
al inhalation, we performed RNA-seq on the 
prostate of normal rats that were exposed 
to moderate to high doses of WTC dust. 
WTC prostate cancer cases showed signifi-
cant upregulation of genes involved in DNA 
damage and G2–M arrest. Cell-type enrich-
ment analysis showed that Th17 cells, a 
subset of proinflammatory Th cells, were 
specifically upregulated in WTC patients. In 
rats exposed to WTC dust, we observed up-
regulation of gene transcripts of cell types 
involved in both adaptive immune response 
(dendritic cells and B cells) and inflamma-
tory response (Th17 cells) in the prostate. 
Unexpectedly, genes in the cholesterol bio-
synthesis pathway were also significantly 
upregulated 30 days after acute dust expo-
sure. Our results suggest that respiratory ex-
posure to WTC dust can induce inflammato-
ry and immune responses in prostate tissue.
IMPLICATIONS: WTC-related prostate cancer 
displayed a distinct gene expression pattern 
that could be the result of exposure to spe-
cific carcinogens. Our data warrant further 
epidemiologic and cellular mechanistic 
studies to better understand the conse-
quences of WTC dust exposure.

https://doi.org/10.1158/1541-7786.MCR-19-0115
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Graber J, Harris G, Black K, et al. 2019.   
Excess HPV-related head and neck cancer 
in the World Trade Center Health Program 
General Responder cohort.  International 
Journal of Cancer.145(6):1504-1509.

https://doi.org/10.1002/ijc.32070 

The World Trade Center (WTC) attacks ex-
posed rescue and recovery workers to a 
complex mix of toxicants, including carcin-
ogens. This study compared site-specific 
cancer incidence of head and neck can-
cers (HNC) from 2003 through 2012 among 
33,809 consented WTC General Responder 
Cohort (GRC) members to the New Jersey 
State Cancer Registry, using standardized 
incidence ratios (SIRs). HNC grouped using 
SEER ICD-O-3 codes into HPV-related (oro-
pharyngeal) and non-related (other oral-na-
sal; laryngeal) tumors based on anatomical 
site. For the 73 GRC members identified 
with HNC, proportional hazard regression 
assessed the relationship between WTC ex-
posure and other socio-demographic char-
acteristics. 

An overall excess of HNC was not observed 
(SIR = 1.00, 95% CI: 0.78, 1.25) but excess 
cancer was seen in the latest observation 
period (2009-2012: SIR=1.4; 95% CI: 1.01, 
1.89). A similar temporal pattern was seen 
for HPV-related oropharyngeal cancer and 
laryngeal cancer, but not for non-HPV-relat-
ed sites (oral-nasal cancer). HNC was signifi-
cantly associated with increasing age (8% 
per year, 95% CI: 5%, 12%), non-Hispanic 
white race-ethnicity (hazard ratio (HR) = 
3.51, 95 CI: 1.49, 8.27); there was a border-
line association with the 9/11 occupation of 
military/protective services vs. others (HR = 
1.83 95% CI: 0.99, 3.38; p=0.0504). Caution 
is needed in interpreting these results giv-
en the small number of cases, potential for 
surveillance bias, and long latency for most 

cancers. Our findings highlight the need to 
examine the potentially carcinogenic effects 
of WTC exposure in the context of other 
strong risk factors, and the need for contin-
ued medical monitoring of WTC responders.

Haider SH, Oskuei A, Crowley G, et al. 
2019.  Receptor for advanced glycation 
end-products and environmental exposure 
related obstructive airways disease: a sys-
tematic review.  Eur Respir Rev. 28: 180096.

https://doi.org/10.1183/16000617.0096-2018

BACKGROUND: Our group has identified the 
receptor for advanced glycation end-prod-
ucts (RAGE) as a predictor of World Trade 
Center particulate matter associated lung 
injury. The aim of this systematic review is 
to assess the relationship between RAGE 
and obstructive airways disease secondary 
to environmental exposure. 

METHODS: A comprehensive search using 
PubMed and Embase was performed on 
January 5, 2018 utilising keywords focusing 
on environmental exposure, obstructive air-
ways disease and RAGE and was registered 
with PROSPERO (CRD42018093834). We in-
cluded original human research studies in 
English, focusing on pulmonary end-points 
associated with RAGE and environmental 
exposure. 

RESULTS: A total of 213 studies were identi-
fied by the initial search. After removing the 
duplicates and applying inclusion and ex-
clusion criteria, we screened the titles and 
abstracts of 61 studies. Finally, 19 fulltext 
articles were included. The exposures dis-
cussed in these articles include particulate 
matter (n=2) and cigarette smoke (n=17). 

CONCLUSION: RAGE is a mediator of inflam-
mation associated end-organ dysfunction 
such as obstructive airways disease. Solu-

https://doi.org/10.1002/ijc.32070 
https://doi.org/10.1183/16000617.0096-2018
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ble RAGE, a decoy receptor, may have a pro-
tective effect in some pulmonary processes. 
Overall, RAGE is biologically relevant in en-
vironmental exposure associated lung dis-
ease. Future investigations should focus on 
further understanding the role and thera-
peutic potential of RAGE in particulate mat-
ter exposure associated lung disease.

Kuan, PF, Mi Z, Georgopoulos P, et al. 
2019. Enhanced exposure assessment and 
genome-wide DNA methylation in World 
Trade Center disaster responders. Europe-
an Journal of Cancer Prevention. 28(3):225-
233.

https://doi.org/10.1097/CEJ.0000000000000460

DNA methylation has emerged as a promis-
ing target linking environmental exposures 
and cancer. The World Trade Center (WTC) 
responders sustained exposures to poten-
tial carcinogens, resulting in an increased 
risk of cancer. Previous studies of cancer risk 
in WTC-exposed responders were limited by 
the deficiency in quantitative and individual 
information on exposure to carcinogens. 

The current study introduces a new ex-
posure-ranking index (ERI) for estimating 
cancer-related acute and chronic expo-
sures, which aimed to improve the ability 
of future analyses to estimate cancer risk. 
An epigenome-wide association study 
based on DNA methylation and a weight-
ed gene co-expression network analysis 
were carried out to identify cytosine-phos-
phate-guanosine (CpG) sites, modules of 
correlated CpG sites, and biological path-
ways associated with the new ERI. Meth-
ylation was profiled on blood samples us-
ing Illumina 450K Beadchip. No significant 
epigenome-wide association was found for 
ERI at a false discovery rate of 0.05. Several 
cancer-related pathways emerged in path-

way analyses for the top ranking genes from 
epigenome-wide association study as well 
as enriched module from the weighted gene 
co-expression network analysis. The current 
study was the first DNA methylation study 
that aimed to identify methylation signa-
ture for cancer-related exposure in the WTC 
population. No CpG sites survived multiple 
testings adjustment. However, enriched 
gene sets involved in cancer, were identified 
in both acute and chronic ERIs, supporting 
the view that multiple genes play a role in 
this complex exposure.

Kuan PF, Yang X, Clouston S, et al. 2019.   
Cell type-specific gene expression patterns 
associated with posttraumatic stress dis-
order in World Trade Center responders.  
Translational Psychiatry 9:1. 

https://doi.org/10.1038/s41398-018-0355-8 

Posttraumatic stress disorder (PTSD), a 
chronic disorder resulting from severe trau-
ma, has been linked to immunologic dys-
regulation. Gene expression profiling has 
emerged as a promising tool for understand-
ing the pathophysiology of PTSD. However, 
to date, all but one gene expression study 
was based on whole blood or unsorted pe-
ripheral blood mononuclear cell (PBMC), a 
complex tissue consisting of several popula-
tions of cells. 

The objective of this study was to utilize 
RNA sequencing to simultaneously profile 
the gene expression of four immune cell 
subpopulations (CD4T, CD8T, B cells, and 
monocytes) in 39 World Trade Center re-
sponders (20 with and 19 without PTSD) to 
determine which immune subsets play a 
role in the transcriptomic changes found in 
whole blood. Transcriptome-wide analyses 
identified cell-specific and shared differen-
tially expressed genes across the four cell 

https://doi.org/10.1097/CEJ.0000000000000460
https://doi.org/10.1038/s41398-018-0355-8  
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types. FKBP5 and PI4KAP1 genes were con-
sistently upregulated across all cell types. 
Notably, REST and SEPT4, genes linked to 
neurodegeneration, were among the top dif-
ferentially expressed genes in monocytes. 
Pathway analyses identified differentially 
expressed gene sets involved in mast cell 
activation and regulation in CD4T, interfer-
on-beta production in CD8T, and neutro-
phil-related gene sets in monocytes. These 
findings suggest that gene expression indic-
ative of immune dysregulation is common 
across several immune cell populations in 
PTSD. Furthermore, given notable differenc-
es between cell subpopulations in gene ex-
pression associated with PTSD, the results 
also indicate that it may be valuable to an-
alyze different cell populations separately. 
Monocytes may constitute a key cell type to 
target in research on gene expression profile 
of PTSD.

Kung WW, Xiaoran W, Xinhua L, et al.  
2019.  Unmet Mental Health Care Needs 
among Asian Americans 10–11 Years After 
Exposure to the World Trade Center Attack.  
Int J Environ Res Public Health. 2019 Apr 
11;16(7). pii: E1302. 

https://doi.org/10.3390/ijerph16071302 

This study investigated the prevalence of un-
met mental health care needs (UMHCN) and 
their associated factors among 2344 Asian 
Americans directly exposed to the World 
Trade Center (WTC) attack 10–11 years after-
wards. Given the pervasive underutilization 
of mental health services among Asians, 
their subjective evaluation of unmet needs 
could provide more nuanced information 
on disparities of service. We used the WTC 
Health Registry data and found that 12% 
of Asian Americans indicated UMHCN: 69% 
attributing it to attitudinal barriers, 36% to 
cost barriers, and 29% to access barriers. 

Among all the factors significantly related 
to UMHCN in the logistic model, disruption 
of health insurance in the past year had 
the largest odds ratio (OR = 2.37, 95% con-
fidence interval: 1.61–3.48), though similar 
to functional impairment due to mental 
disorders. Post-9/11 mental health diagno-
sis, probable mental disorder and ≥14 poor 
mental health days in the past month were 
also associated with greater odds of UM-
HCN, while greater social support was asso-
ciated with lower odds. Results suggest that 
continued outreach efforts to provide men-
tal health education to Asian communities 
to increase knowledge about mental illness 
and treatment options, reduce stigmatiza-
tion of mental illness, and offer free mental 
health services are crucial to address UM-
HCN.

Kwon S, Crowley G, Caraher E, et al. 2019.  
Validation of Predictive Metabolic Syn-
drome Biomarkers of World Trade Center 
Lung Injury: a 16-Year Longitudinal Study.  
Chest. March 2, 2019.156(3):486-496. 

https://doi.org/10.1016/j.chest.2019.02.019 

BACKGROUND: Metabolic Syndrome (Met-
Syn) predicted future development of World 
Trade Center lung injury(WTC-LI) in a sub-
group of never smoking, male firefighters. 
An intra-cohort validation of MetSyn as pre-
dictors of WTC-LI is examined in the WTC-ex-
posed cohort that has been longitudinally 
followed for 16 years. 

METHODS: PFTs(N=98,221) of WTC-exposed 
workers(N=9,566) were evaluated. A base-
line cohort of firefighters with normal FEV1 
prior to 9/11 and had serum drawn prior 
to site closure on July 24, 2002(N=7,487) 
was investigated. Cases of WTC-LI(N=1,208) 
were identified if they had at least two mea-
sured FEV1<LLN. Cox-proportional hazards 

https://doi.org/10.3390/ijerph16071302 
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modeled early MetSyn biomarker ability to 
predict development of FEV1<LLN. 

RESULTS: Cases were more likely to smoke, 
be highly exposed, and have MetSyn. There 
was a significant exposure dose response; 
the most highly-exposed individuals had 
30.1%-increased risk of developing WTC-LI; 
having MetSyn increased risk of WTC-LI by 
55.7%; smoking increased risk by 15.2%. 
There was significant interaction between 
smoking and exposure.

CONCLUSIONS: We validated the utility of 
MetSyn to predict future WTC-LI in a larger 
population of exposed individuals. MetSyn 
defined by dyslipidemia, insulin resistance, 
and cardiovascular disease suggests that 
systemic inflammation can contribute to fu-
ture lung function loss.

Kwon S, Crowley G, Mikhail M, et al.  2019. 
Metabolic syndrome biomarkers of World 
Trade Center airway hyperreactivity: A 16-
year prospective cohort study.  Int. J. Envi-
ron. Res. Public Health. 16:1486.  

http://dx.doi.org/10.3390/ijerph16091486 

Airway hyperreactivity (AHR) related to en-
vironmental exposure is a significant public 
health risk worldwide. Similarly, metabol-
ic syndrome (MetSyn), a risk factor for ob-
structive airway disease (OAD) and systemic 
inflammation, is a significant contributor to 
global adverse health. This prospective co-
hort study followed N = 7486 World Trade 
Center (WTC)-exposed male firefighters 
from 11 September 2001 (9/11) until 1 Au-
gust 2017 and investigated N = 539 with 
newly developed AHR for clinical biomark-
ers of MetSyn and compared them to the 
non-AHR group. Male firefighters with nor-
mal lung function and no AHR pre-9/11 who 
had blood drawn from 9 September 2001-24 
July 2002 were assessed. World Trade Cen-

ter-Airway Hyperreactivity (WTC-AHR) was 
defined as either a positive bronchodilator 
response (BDR) or methacholine challenge 
test (MCT). The electronic medical record 
(EMR) was queried for their MetSyn charac-
teristics (lipid profile, body mass index (BMI), 
glucose), and routine clinical biomarkers 
(such as complete blood counts). We mod-
eled the association of MetSyn character-
istics at the first post-9/11 exam with AHR. 
Those with AHR were significantly more 
likely to be older, have higher BMIs, have 
high intensity exposure, and have MetSyn. 
Smoking history was not associated with 
WTC-AHR. Those present on the morning of 
9/11 had 224% increased risk of developing 
AHR, and those who arrived in the afternoon 
of 9/11 had a 75.9% increased risk. Having 
≥3 MetSyn parameters increased the risk of 
WTC-AHR by 65.4%. Co-existing MetSyn and 
high WTC exposure are predictive of future 
AHR and suggest that systemic inflamma-
tion may be a contributor.

Liebermann-Cribin W, Tuminello S, 
Gillezeau C, et al. 2019. Complementary 
biobank of rodent tissue samples to study 
the effect of World Trade Center exposure 
on cancer development.  Journal of trans-
lational medicine. 17:342. [epub ahead of 
press].  

https://doi.org/10.1186/s12967-019-2089-7 

World Trade Center (WTC) responders were 
exposed to mixture of dust, smoke, chemi-
cals and carcinogens. New York University 
(NYU) and Mount Sinai have recreated WTC 
exposure in rodents to observe the result-
ing systemic and local biological responses. 
These experiments aid in the interpretation 
of epidemiological observations and are 
useful for understanding the carcinogenesis 
process in the exposed human WTC cohort. 
Here we describe the implementation of a 

http://dx.doi.org/10.3390/ijerph16091486 
https://doi.org/10.1186/s12967-019-2089-7
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tissue bank system for the rodents experi-
mentally exposed to WTC dust. NYU samples 
were experimentally exposed to WTC dust 
via intratracheal inhalation that mimicked 
conditions in the immediate aftermath of 
the disaster. Tissue from Mount Sinai was 
derived from genetically modified mice ex-
posed to WTC dust via nasal instillation. 
All processed tissues include annotations 
of the experimental design, WTC dust con-
centration/dose, exposure route and dura-
tion, genetic background of the rodent, and 
method of tissue isolation/storage. A bio-
bank of tissue from rodents exposed to WTC 
dust has been compiled representing an im-
portant resource for the scientific communi-
ty. The biobank remains available as a sci-
entific resource for future research through 
established mechanisms for samples re-
quest and utilization. Studies using the WTC 
tissue bank would benefit from confirming 
their findings in corresponding tissues from 
organs of animals experimentally exposed 
to WTC dust. Studies on rodent tissues will 
advance the understanding of the biology 
of the tumors developed by WTC respond-
ers and ultimately impact the modalities of 
treatment, and the probability of success 
and survival of WTC cancer patients.

Liu C, Putman B, Singh A, et al. 2019. Ab-
normalities on chest computed tomogra-
phy and lung function following an intense 
dust exposure:  A 17-year longitudinal study.   
Int. J. Environ. Res. Public Health.  16(9):1.  
[epub ahead of press].  

https://doi.org/10.3390/ijerph16091655 

Fire Department of the City of New York 
(FDNY) firefighters experienced intense dust 
exposure working at the World Trade Cen-
ter (WTC) site on and after 11/9/2001 (9/11). 
We hypothesized that high-intensity WTC 
exposure caused abnormalities found on 

chest computed tomography (CT). Between 
11/9/2001–10/9/2018, 4277 firefighters un-
derwent a clinically-indicated chest CT. 
Spirometric measurements and symptoms 
were recorded during routine medical exam-
inations. High-intensity exposure, defined 
as initial arrival at the WTC on the morning 
of 9/11, increased the risk of bronchial wall 
thickening, emphysema, and air trapping. 
Early post-9/11 symptoms of wheeze and 
shortness of breath were associated with 
bronchial wall thickening, emphysema, and 
air trapping. The risk of accelerated forced 
expiratory volume at one second (FEV1) de-
cline (>64 mL/year decline) increased with 
bronchial wall thickening and emphyse-
ma, but decreased with air trapping. The 
risk of airflow obstruction also increased 
with bronchial wall thickening and emphy-
sema but decreased with air trapping. In 
a previously healthy occupational cohort, 
high-intensity WTC exposure increased the 
risk for CT abnormalities. Bronchial wall 
thickening and emphysema were associat-
ed with respiratory symptoms, accelerated 
FEV1 decline, and airflow obstruction. Air 
trapping was associated with respiratory 
symptoms, although lung function was pre-
served. Physiologic differences between CT 
abnormalities suggest that distinct types of 
airway injury may result from a common ex-
posure.

Morales-Raveendran E, Goodman E, West 
E, et al. 2019.  Associations between asth-
ma trigger reports, mental health condi-
tions, and asthma morbidity among World 
Trade Center rescue and recovery workers.  
J Asthma. 56(8): 833-840.  

https://doi.org/10.1080/02770903.2018.1502300 

AIM: There is limited information regard-
ing asthma triggers in World Trade Center 
(WTC) rescue and recovery workers (RRW) 

https://doi.org/10.3390/ijerph16091655 
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or how mental health conditions affect the 
perception of triggers. 

METHODS: We included 372 WTC workers 
with asthma. The Asthma Trigger Inventory 
(ATI) assessed triggers along five domains: 
psychological, allergens, physical activity, 
infection, and pollution. We administered 
the Structured Clinical Interview to diag-
nose post-traumatic stress disorder (PTSD), 
major depression and panic disorder (PD). 
The Asthma Control Questionnaire (ACQ) 
and Mini Asthma Quality of Life Question-
naire (AQLQ) measured asthma control and 
quality of life, respectively. Linear regression 
models were fitted to examine the associa-
tion of ATI total and subdomain scores with 
mental health conditions as well as the per-
cent of ACQ and AQLQ variance explained by 
ATI subscales. 

RESULTS: The most common triggers 
were air pollution (75%) and general aller-
gens (68%). PTSD was significantly asso-
ciated with psychological triggers (partial 
r(2)=0.05, p < 0.01), physical activity (partial 
r(2)=0.03, p < 0.01) and air pollution (partial 
r(2)=0.02, p = 0.04) subscales while PD was 
significantly associated with air pollution 
(partial r(2)=0.03, p = 0.03) and general al-
lergens (partial r(2)=0.02, p = 0.03). ATI sub-
scales explained a large percentage of vari-
ance in asthma control (r(2)=0.37, p < 0.01) 
and quality of life scores (r(2)=0.40, p < 0.01). 
Psychological subscale scores explained the 
largest portion of the total variability in ACQ 
(partial r(2)= 0.11, p = 0.72) and AQLQ (par-
tial r(2)=0.14, p = 0.64) scores. 

CONCLUSION: RRW with mental health con-
ditions reported more asthma triggers and 
these triggers were associated with asthma 
morbidity. These data can help support in-
terventions in RRW with asthma.

Pradhan D, Xu N, Reibman J, et al.  2019.  
Bronchodilator Response Predicts Longitu-
dinal Improvement in Small Airway Func-
tion in World Trade Center Dust Exposed 
Community Members.  Int J Environ Res 
Public Health. 16(8):E1421. 

https://doi.org/10.3390/ijerph16081421

The evolution of lung function, including 
assessment of small airways, was assessed 
in individuals enrolled in the World Trade 
Center Environmental Health Center (WTC-
EHC). We hypothesized that a bronchodila-
tor response at initial evaluation shown by 
spirometry or in small airways, as measured 
by forced oscillation technique (FOT), would 
be associated with improvement in large 
and small airway function over time. Stan-
dardized longitudinal assessment included 
pre and post bronchodilator (BD) spirome-
try (forced vital capacity, FVC; forced expira-
tory volume in 1 second, FEV1) and FOT (re-
sistance at 5 Hz, R5; resistance at 5 minus 20 
Hz, R5-20). Longitudinal changes were as-
sessed using linear mixed-effects modelling 
with adjustment for potential confounders 
(median follow-up 2.86 years; 95% mea-
surements within 4.9 years). 

DATA DEMONSTRATED: (1) parallel improve-
ment in airflow and volume measured by 
spirometry and small airway function (R5 
and R5-20) measured by FOT; (2) the magni-
tude of longitudinal improvement was tight-
ly linked to the initial BD response; and (3) 
longitudinal values for small airway function 
on FOT were similar to residual abnormality 
observed post BD at initial visit. These find-
ings suggest presence of reversible and irre-
versible components of small airway injury 
that are identifiable at initial presentation. 
These results have implications for treat-
ment of isolated small airway abnormalities 
that can be identified by non-invasive effort 

https://doi.org/10.3390/ijerph16081421
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independent FOT particularly in symptom-
atic individuals with normal spirometry in-
dices. This study underscores the need to 
study small airway function to understand 
physiologic changes over time following en-
vironmental and occupational lung injury.

Rojano B, West E, Ferdermann E, et al. 
2019.  Allergen Sensitization and Asthma 
Outcomes among World Trade Center Res-
cue and Recovery Workers.  16(5): 1.   [epub 
ahead of press]

https://doi.org/10.3390/ijerph16050737 

A large number of World Trade Center (WTC) 
rescue and recovery workers are affected by 
asthma. While physical and mental health 
comorbidities have been associated with 
poor asthma control in this population, the 
potential role of allergen sensitization is 
unknown. This study examined the associ-
ation of indoor sensitization and exposure 
as a risk factor for increased asthma mor-
bidity in WTC workers. We used data from 
a prospective cohort of 331 WTC workers 
with asthma. Sensitization to indoor aller-
gens was assessed by measurement of anti-
gen-specific serum immunoglobulin E (IgE) 
levels. We used validated tools to evaluate 
the exposure to indoor allergens. Asthma 
morbidity outcomes included level of con-
trol (Asthma Control Questionnaire, ACQ), 
quality of life (Asthma Quality of Life Ques-
tionnaire, AQLQ) and acute resource utili-
zation. The prevalence of sensitization to 
cat, dog, mouse, dust mite, cockroach, and 
mold allergens were 33%, 21%, 17%, 40%, 
17%, and 17%, respectively. Unadjusted 
and regression analyses showed no signifi-
cant relationship between sensitization and 
increased asthma morbidity (p > 0.05 for all 
comparisons), except for sensitization to As-
pergillus Fumigatus, cat and mouse epithe-
lium, which were associated with decreased 
morbidity.

Rojano B, West E, Goodman E, et al. 2019.  
Self-management behaviors in World Trade 
Center rescue and recovery workers with 
asthma.  J Asthma. 56(4):411-421.  

https://doi.org/10.1080/02770903.2018.1462377 

BACKGROUND: Asthma is a major source of 
morbidity among World Trade Center (WTC) 
rescue and recovery workers. While physical 
and mental health comorbidities have been 
associated with poor asthma control, the 
potential role and determinants of adher-
ence to self-management behaviors (SMB) 
among WTC rescue and recovery workers is 
unknown. 

OBJECTIVES: To identify modifiable deter-
minants of adherence to asthma self-man-
agement behaviors in WTC rescue and 
recovery worker that could be potential tar-
gets for future interventions. 

METHODS: We enrolled a cohort of 381 WTC 
rescue and recovery workers with asthma. 
Sociodemographic data and asthma his-
tory were collected during in-person inter-
views. Based on the framework of the Mod-
el of Self-regulation, we measured beliefs 
about asthma and controller medications. 
Outcomes included medication adherence, 
inhaler technique, use of action plans, and 
trigger avoidance. 

RESULTS: Medication adherence, adequate 
inhaler technique, use of action plans, and 
trigger avoidance were reported by 44%, 
78%, 83%, and 47% of participants, respec-
tively. Adjusted analyses showed that WTC 
rescue and recovery workers who believe 
that they had asthma all the time (odds 
ratio [OR]: 2.37; 95% confidence interval 
[CI]: 1.38-4.08), that WTC-related asthma is 
more severe (OR: 1.73; 95% CI: 1.02-2.93), 
that medications are important (OR: 12.76; 
95% CI: 5.51-29.53), and that present health 

https://doi.org/10.3390/ijerph16050737 
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depends on medications (OR: 2.39; 95% CI: 
1.39-4.13) were more likely to be adherent 
to their asthma medications. Illness beliefs 
were also associated with higher adherence 
to other SMB. 

CONCLUSIONS: Low adherence to SMB like-
ly contributes to uncontrolled asthma in 
WTC rescue and recovery workers. Specific 
modifiable beliefs about asthma chronicity, 
the importance of controller medications, 
and the severity of WTC-related asthma are 
independent predictors of SMB in this pop-
ulation. Cognitive behavioral interventions 
targeting these beliefs may improve asthma 
self-management and outcomes in WTC res-
cue and recovery workers. 

KEY MESSAGE: This study identified mod-
ifiable beliefs associated with low adher-
ence to self-management behaviors among 
World Trade Center rescue and recovery 
rescue and recovery workers with asthma 
which could be the target for future inter-
ventions. 

CAPSULE SUMMARY: Improving World Trade 
Center-related asthma outcomes will re-
quire multifactorial approaches such as 
supporting adherence to controller medi-
cations and other self-management behav-
iors. This study identified several modifi-
able beliefs that may be the target of future 
efforts to support self-management in this 
patient population.

Spratlen MJ, Perera FP, Lederman SA, et 
al. 2019.   Cord blood perfluoroalkyl sub-
stances in mothers exposed to the World 
Trade Center disaster during pregnancy.  
Environmental Pollution.  246: 482-490.  

https://doi.org/10.1016/j.envpol.2018.12.018 

Perfluoroalkyl substances (PFAS) may have 
been released during the collapse of the 

World Trade Center (WTC) on 9/11. Evidence 
suggests PFAS can cross the placental barri-
er in humans and cause harm to the devel-
oping fetus; however, no studies have mea-
sured PFAS in mothers exposed to the WTC 
disaster during pregnancy. We measured 
PFAS in maternal plasma (n = 48) or cord 
blood (n = 231) from pregnant women in 
the Columbia University WTC birth cohort, 
enrolled between December 13, 2001 and 
June 26, 2002 at one of three hospitals locat-
ed near the WTC site. In order to maximize 
sample size, we used a linear regression to 
transform the 48 maternal plasma samples 
to cord blood equivalents in our study; cord 
blood and transformed maternal plasma-
to-cord blood samples were then analyzed 
together. We evaluated the association 
between WTC exposure and PFAS concen-
trations using three exposure variables: 1) 
living/working within two miles of WTC; 2) 
living within two miles of WTC regardless of 
work location; and 3) working but not living 
within two miles of WTC. 

Exposure was compared with those not liv-
ing/working within two miles of WTC (ref-
erence group). Living/working within two 
miles of WTC was associated with 13% high-
er perfluorooctanoic acid (PFOA) concen-
trations compared with the reference group 
[GMR (95% CI): 1.13 (1.01, 1.27)]. The asso-
ciation was stronger when comparing only 
those who lived within two miles of WTC 
to the reference group [GMR (95% CI): 1.17 
(1.03, 1.33)], regardless of work location. 
Our results provide evidence that exposure 
to the WTC disaster during pregnancy re-
sulted in increases in PFAS concentrations, 
specifically PFOA. This work identifies a po-
tentially vulnerable and overlooked popula-
tion, children exposed to the WTC disaster 
in utero, and highlights the importance of 
future longitudinal studies in this cohort to 

https://doi.org/10.1016/j.envpol.2018.12.018 
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investigate later life effects resulting from 
these early life exposures.

Sunderram J, Weintraub M, Black K, et al. 
2019.  Chronic Rhinosinusitis Is an Indepen-
dent Risk Factor for OSA in World Trade Cen-
ter Responders.  Chest. 155(2):375-383. 

https://doi.org/10.1016/j.chest.2018.10.015 

BACKGROUND: Many respiratory conditions 
have been attributed to toxic dust and fume 
exposure in World Trade Center (WTC) res-
cue and recovery workers, who frequently 
report symptoms of OSA. We examined the 
prevalence of new-onset OSA and tested if 
the prevalence and severity of OSA are relat-
ed to the presence of chronic rhinosinusitis 
(CRS). 

METHODS: A total of 601 subjects (83% men; 
age, 33-87 years; BMI, 29.9 +/- 5.5 kg/m(2)) 
enrolled in the WTC Health Program, exclud-
ing those with significant pre-September 
11, 2001, snoring or prior CRS, underwent 
two nights of home sleep testing. OSA was 
defined as Apnea Hypopnea Index 4% >/= 5 
events/h or respiratory disturbance index of 
>/= 15 events/h. CRS was assessed using na-
sal symptom questionnaires. 

RESULTS: The prevalence of OSA was 75% 
(25% no OSA, 46% mild OSA, 19% moderate 
OSA, and 10% severe OSA), and the preva-
lence of CRS was 43.5%. Compared with no 
CRS, new and worsening CRS was a signif-
icant risk factor for OSA with an OR of 1.80 
(95% CI, 1.18-2.73; P = .006) unadjusted and 
1.76 (95% CI, 1.08-2.88; P = .02) after adjust-
ment for age, BMI, sex, gastroesophageal re-
flux disorder, and alcohol use. 

CONCLUSIONS: The high prevalence of OSA 
in WTC responders was not explained fully 
by obesity and sex. Possible mechanisms 
for the elevated risk of OSA in subjects with 

CRS include increased upper airway inflam-
mation and/or elevated nasal/upper airway 
resistance, but these need confirmation.

Thawani S, Wang B, Shao Y, et al.  2019.  
Time to Onset of Paresthesia Among Com-
munity Members Exposed to the World 
Trade Center Disaster.  Int. J. Environ. Res. 
Public Health. 16(8):1429.

https://doi.org/10.3390/ijerph16081429 

We examined whether time to onset of par-
esthesia was associated with indicators of 
severity of World Trade Center (WTC) expo-
sure. We analyzed data from 3411 patients 
from the Bellevue Hospital—WTC Environ-
mental Health Center. Paresthesia was de-
fined as present if the symptom occurred 
in the lower extremities with frequency “of-
ten” or “almost continuous.” 

We plotted hazard functions and used the 
log-rank test to compare time to onset of 
paresthesia between different exposure 
groups. We also used Cox regression analy-
sis to examine risk factors for time-to-pares-
thesia after 9/11/2001 and calculate hazard 
ratios adjusted for potential confounders. 
We found significantly elevated hazard ra-
tios for paresthesia for (a) working in a job 
that required cleaning of WTC dust in the 
workplace; and (b) being heavily exposed to 
WTC dust on September 11, 2001, after ad-
justing for age, race/ethnicity, depression, 
anxiety, post-traumatic stress disorder, and 
body mass index. 

These observational data are consistent 
with the hypothesis that exposure to WTC 
dust or some other aspect of cleaning WTC 
dust in the workplace, is associated with 
neuropathy and paresthesia. Further neuro-
logical evaluations of this and other WTC-ex-
posed populations is warranted.

https://doi.org/10.1016/j.chest.2018.10.015  
https://doi.org/10.3390/ijerph16081429 
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Tuminello S, van Gerwen MAG, Genden E, 
et al.  2019.  Increased Incidence of Thyroid 
Cancer among World Trade Center First Re-
sponders: A Descriptive Epidemiological As-
sessment.  Int J Environ Res Public Health. 
16(7): 1258.  (epub ahead of press)

https://doi.org/10.3390/ijerph16071258 

An increased incidence of thyroid cancer 
among 9/11 rescue workers has been re-
ported, the etiology of which remains un-
clear but which may, at least partly, be the 
result of the increased medical surveillance 
this group undergoes. This study aimed to 
investigate thyroid cancer in World Trade 
Center (WTC) responders by looking at the 
demographic data and questionnaire re-
sponses of thyroid cancer cases from the 
Mount Sinai WTC Health Program (WTCHP). 
WTCHP thyroid cancer tumors were of a sim-
ilar size (p = 0.4), and were diagnosed at a 
similar age (p = 0.2) compared to a subset of 
thyroid cancer cases treated at Mount Sinai 
without WTC exposure. These results do not 
support the surveillance bias hypothesis, 
under which smaller tumors are expected 
to be diagnosed at earlier ages. WTCHP thy-
roid cancer cases also reported a past histo-
ry of radiation exposure and a family history 
of thyroid conditions at lower rates than ex-
pected, with higher than expected rates of 
previous cancer diagnoses, family histories 
of other cancers, and high Body Mass Index-
es (BMIs). Further research is needed to bet-
ter understand the underlying risk factors 
that may play a role in the development of 
thyroid cancer in this group.

van Gerwen MAG, Tuminello S, Riggins G, 
et al.  2019.   Molecular Study of Thyroid 
Cancer in World Trade Center Responders.  
Int. J. Environ. Res. Public Health. 16:1600.

https://doi.org/10.3390/ijerph16091600 

Thyroid cancer incidence is higher in World 
Trade Center (WTC) responders compared 
with the general population. It is unclear 
whether this excess in thyroid cancer is as-
sociated with WTC-related exposures or if 
instead there is an over-diagnosis of ma-
lignant thyroid cancer among WTC first re-
sponders due to enhanced surveillance and 
physician bias. To maximize diagnostic yield 
and determine the false positive rate for 
malignancy, the histological diagnoses of 
thyroid cancer tumors from WTC respond-
ers and age, gender, and histology matched 
non-WTC thyroid cancer cases were evalu-
ated using biomarkers of malignancy. Using 
a highly accurate panel of four biomarkers 
that are able to distinguish benign from ma-
lignant thyroid cancer, our results suggest 
that over-diagnosis by virtue of misdiag-
nosis of a benign tumor as malignant does 
not explain the increased incidence of thy-
roid cancer observed in WTC responders. 
Therefore, rather than over-diagnosis due 
to physician bias, the yearly screening visits 
by the World Trade Center Health Program 
are identifying true cases of thyroid cancer. 
Continuing regular screening of this cohort 
is thus warranted.

Wu BG, Sulaiman I, Wang J, et al. 2019.   
Severe Obstructive Sleep Apnea is Associ-
ated with Alterations in the Nasal Microbi-
ome and Increase in Inflammation.  Ameri-
can Journal of Respiratory and Critical Care 
Medicine. 99(1): 99-109.

http://doi.org/10.1164/rccm.201801-0119OC 

RATIONALE: Obstructive Sleep Apnea (OSA) 
is associated with recurrent obstruction, 
sub-epithelial edema, and airway inflam-
mation. The resultant inflammation may 
influence or be influenced by the nasal mi-
crobiome. 

https://doi.org/10.3390/ijerph16071258 
https://doi.org/10.3390/ijerph16091600
http://doi.org/10.1164/rccm.201801-0119OC 
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Objectives: To evaluate whether the compo-
sition of the nasal microbiota is associated 
with obstructive sleep apnea and inflamma-
tory biomarkers. 

METHODS: Two large cohorts were utilized: 
1) a discovery cohort of 472 subjects from 
the WTCSNORE cohort; and 2) a validation 
cohort of 93 subjects from the Zaragoza 
Sleep cohort. Sleep apnea was diagnosed 
using home sleep tests. Nasal lavages were 
obtained from cohort subjects to measure: 
1) microbiome composition (based on 16S 
rRNA gene sequencing); 2) biomarkers for 
inflammation (inflammatory cells, IL-8, and 
IL-6). Longitudinal 3 months samples were 
obtained in the validation cohort including 
post-CPAP treatment when indicated. 

RESULTS: In both cohorts, we identified that: 
1) severity of OSA correlated with differenc-
es in microbiome diversity and composition; 
2) the nasal microbiome of subjects with se-
vere OSA were enriched with Streptococcus, 
Prevotella, and Veillonella; 3) the nasal mi-
crobiome differences were associated with 
inflammatory biomarkers. Network analysis 
identified clusters of co-occurring microbes 
that defined communities. Several common 
oral commensals (e.g., Streptococcus, Ro-
thia, Veillonella, and Fusobacterium) cor-
related with apnea-hypopnea index. Three 
months of treatment with CPAP did not 
change the composition of the nasal micro-
biota. 

CONCLUSIONS: We demonstrate that the 
presence of an altered microbiome in severe 
OSA is associated with inflammatory mark-
ers. Further experimental approaches to ex-
plore causal links are needed.

Waszczuk MA, Ruggero C, Li K, et al. 2019.  
The role of modifiable health-related be-
haviors in the association between PTSD 

and respiratory illness.  Behav Res Ther.  
115:64-74.  

https://doi.org/10.1016/j.brat.2018.10.018 

BACKGROUND: Posttraumatic stress dis-
order (PTSD) increases risk of future respi-
ratory illness. However, mechanisms that 
underpin the association between these 
common and debilitating conditions remain 
unknown. The aim of this study was to iden-
tify modifiable, health-related behaviors 
they may explain the link between PTSD and 
respiratory problems. 

METHODS: World Trade Center respond-
ers (N=452, 89% male, mean age=55 years) 
completed baseline PTSD and sleep ques-
tionnaires, followed by 2-weeks of daily di-
aries, actigraphy and ambulatory spirome-
try to monitor lower respiratory symptoms, 
pulmonary function, activity levels, stress-
ors, and sleep. Lipid levels were obtained 
from electronic medical records. 

RESULTS: Cross-sectional mediation analy-
ses revealed that the association between 
PTSD and self-reported respiratory symp-
toms was explained by poor sleep, low ac-
tivity, and daily stressors. The association 
between PTSD symptoms and pulmonary 
function was explained by insomnia and 
low activity. 

CONCLUSIONS: A range of health-related 
daily behaviors and experiences, especial-
ly sleep disturbances and inactivity, may 
explain excess respiratory illness morbidity 
in PTSD. The findings were generally consis-
tent across daily self-report and spirometry 
measures of respiratory problems. Targeting 
these behaviors might enhance prevention 
of and intervention in respiratory problems 
in traumatized populations.

https://doi.org/10.1016/j.brat.2018.10.018 
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2020 (1)
Wyka K, Friedman SM, and Jordan HT. 
2019.  Probable PTSD and lower respirato-
ry symptoms among rescue/recovery work-
ers and community members after the 9/11 
World Trade Center attacks - a longitudinal 
mediation analysis.  Psychosom Med.  [epub 
ahead of press]

https://doi.org/10.1097/psy.0000000000000731 

OBJECTIVE: Post-traumatic stress disorder 
(PTSD) and lower respiratory symptoms 
(LRS) often co-exist among survivors of the 
September 11, 2001 (9/11) World Trade Cen-
ter (WTC) attacks. Research in police and 
nontraditional responders suggests PTSD 
mediates the relationship between 9/11 
physical exposures and LRS, but not vice 
versa. We replicated these findings in WTC 
rescue/recovery workers (R/R workers), ex-
tended them to exposed community mem-
bers, and explored the interplay between 
both physical and psychological 9/11 ex-
posures, probable PTSD and LRS over a 10-
year follow-up. 

METHOD: Participants were 12,398 R/R 
workers and 12,745 community members 
assessed in 3 WTC Health Registry surveys 
(2003-2004, 2006-2007 and 2011-2012). LRS 
symptoms and 9/11 exposures were self-re-
ported. Probable PTSD was defined as a PCL 
Checklist score >/=44. 

RESULTS: Probable PTSD predicted LRS 
(R/R workers: beta=0.88-0.98, p<.001; com-
munity members: beta=0.67-0.86, p<.001) 
and LRS predicted PTSD (R/R workers: 
beta=0.83-0.91, p<.001; community mem-
bers: beta=0.68-0.75, p<.001) at follow-ups, 
adjusting for prior symptoms and covari-
ates. In both R/R workers and community 
members, probable PTSD mediated the 
relationship between 9/11 physical expo-

sures (dust cloud, long duration of work) 
and LRS (indirect effects p =.001-.006), and 
LRS mediated the physical exposure-PTSD 
relationship (indirect effects p = .001-.006). 
In R/R workers, probable PTSD mediated 
the psychological exposure (losing friends 
or loved ones, witnessing horrific events)-
LRS relationship (indirect effect p < .001) 
but LRS did not mediate the psychologi-
cal exposure-PTSD relationship (indirect 
effect p = .332). In community members, 
high 9/11 psychological exposure predicted 
both probable PTSD and LRS at follow-ups; 
probable PTSD mediated the psychological 
exposure-LRS relationship (indirect effect p 
< .001) and LRS mediated the psychological 
exposure-PTSD relationship (indirect effect 
p = .001). 

CONCLUSION: Probable PTSD and LRS each 
mediated the other, with subtle differences 
between R/R workers and community mem-
bers. A diagnosis of either should trigger as-
sessment for the other; treatment should be 
carefully coordinated.

https://doi.org/10.1097/psy.0000000000000731
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WTC Health Registry 
Research Publications 

(Excludes published conference abstracts, letters to 
the editor, book chapters and publications in press)

2006 (1)
Brackbill R, Thorpe L, DiGrande, et al. 2006. 
Surveillance for World Trade Center disaster 
health effects among survivors of collapsed 
and damaged buildings. Morbidity and Mor-
tality Weekly Report Surveillance Summaries. 
55(S2): 1–18. 

https://www.cdc.gov/mmwr/preview/
mmwrhtml/ss5502a1.htm

PROBLEM/CONDITION: Survivors of col-
lapsed or damaged buildings from the at-
tack on the WTC were among those most 
exposed to injury hazards, air pollution, and 
traumatic events. 

REPORTING PERIOD: This report summariz-
es data from health outcomes collected 
during interviews conducted from Septem-
ber 5, 2003, to the close of the WTCHR en-
rollment on November 20, 2004.

DESCRIPTION OF SYSTEM: WTCHR will be 
used to monitor periodically the mental and 
physical health of 71,437 enrollees for 20 
years. The analysis is limited to 8418 adult 
survivors of collapsed buildings (n=5095) 
and buildings with major or moderate dam-
age (n=3323), excluding those who were in-
volved in rescue and recovery. 

RESULTS: A total of 62.4% of survivors of 

collapsed or damaged buildings were caught 
in the dust and debris cloud that resulted 
from the collapse of the WTC towers, and 
63.8% experienced three or more potential-
ly psychologically traumatizing events. Inju-
ries were common (43.6%), but few survi-
vors reported injuries that would have 
required extensive treatment. More than 
half (56.6%) of survivors reported experi-
encing new or worsening respiratory symp-
toms after the attacks, 23.9% had heart-
burn/reflux, and 21.0% had severe 
headaches. At the time of the interview, 
10.7% of building survivors screened posi-
tive for serious psychological distress (SPD) 
using the K6 instrument. After multiple ad-
justments, data indicated that survivors 
caught in the dust and debris cloud were 
more likely to report any injuries (adjusted 
odds ratio [AOR]=3.9; p< or =0.05); any respi-
ratory symptom (AOR=2.7; p< or =0.05); se-
vere headaches (AOR=2.0; p< or =0.05); skin 
rash/irritation (AOR=1.7; p< or =0.05); hear-
ing problems or loss (AOR=1.7; p< or =0.05); 
heartburn (AOR=1.7; p< or =0.05); diagnosed 
stroke (AOR=5.6; p< or =0.05); self-reported 
depression, anxiety, or other emotional 
problem (AOR=1.4; p< or =0.05); and current 
SPD (AOR=2.2; p< or =0.05). Adjustment for 
SPD did not diminish the observed associa-
tions between dust cloud exposure and 
physical health outcomes. Building type 
and time of evacuation were associated 
with injuries on September 11, 2001, and re-
ported symptoms; building type (collapsed 
versus damaged) also was associated with 
mental distress.
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INTERPRETATION: Two to three years after 
September 11, survivors of buildings that 
collapsed or that were damaged as a result 
of the WTC attack reported substantial 
physical and mental health problems. The 
long-term ramifications of these effects are 
unknown. Many survivors were caught di-
rectly in the dust and debris of collapsing 
towers, a dense cloud of particulate matter 
that might have produced or exacerbated 
these health effects. 

PUBLIC HEALTH ACTION RECOMMENDED: 
Long-term follow-up of building survivors 
and all other persons enrolled in WTCHR 
should be maintained, with particular at-
tention to those persons exposed to the 
dust cloud. Some of these findings might 
lead to building designs that can minimize 
injury hazards.

2007 (3)
Murphy J, Brackbill R, Thalji L, et al. 2007. 
Measuring and maximizing coverage in the 
World Trade Center Health Registry. Statis-
tics in Medicine. 26:1688–1701. 

https://doi.org/10.1002/sim.2806

The WTCHR is a database for following peo-
ple who were exposed to the disaster of 11 
September 2001. Hundreds of thousands of 
people were exposed to the immense cloud 
of dust and debris, the indoor dust, the 
fumes from persistent fires, and the mental 
trauma of the terrorist attacks on the WTC 
on 9/11. The purpose of the WTCHR is to 
evaluate the potential short and long-term 
physical and mental health effects of the di-
saster. The definitions of the exposed groups 
are broad and defined based on an under-
standing of which groups had the highest 
exposures to the WTC disaster and its after-
math. The four exposure groups include 

rescue and recovery workers, residents, stu-
dents and school staff, and building occu-
pants and passersby in Lower Manhattan. 
While one goal of the WTCHR was to maxi-
mize coverage overall and for each exposure 
group, another was to ensure equal repre-
sentation within exposure groups. Because 
of the multiple sample types pursued, sev-
eral approaches were required to determine 
eligibility. Estimates of the number of eligi-
ble persons in each of the exposed popula-
tions were based on the best available infor-
mation including Census, entity-specific 
employment figures, and public and private 
school enrollment data, among other  
publicly available sources. To address issues 
of under coverage and over coverage a vari-
ety of methods were assessed or applied, 
including a capture-recapture analyses test 
of overlapping sample building list sources 
and automated deduplication of sample re-
cords. Estimates of the true eligible popula-
tion indicate that over 400,000 unique indi-
viduals were eligible for the baseline health 
survey. Interviewer-administered surveys 
were completed with more than 71,000 per-
sons, resulting in an overall enrollment rate 
of approximately 17 per cent. Coverage was 
highest among rescue and recovery work-
ers, followed by residents, students and 
school staff, and building occupants.  
Both the accuracy of coverage estimates 
and the raw number and representativeness 
of enrollees were maximized by our ap-
proach to coverage. In designing a registry 
which relies on multiple pathways and 
sources of data to build the sample, it is im-
portant to develop a comprehensive ap-
proach that considers all sources of error 
and minimizes bias that may be introduced 
through the methodology.
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Perrin M, DiGrande L, Wheeler K, et al. 
2007. Differences in PTSD prevalence and as-
sociated risk factors among World Trade 
Center disaster rescue and recovery work-
ers. American Journal of Psychiatry. 
164(9):1385–1394.

https://doi.org/10.1176/appi.ajp.2007.06 101645

OBJECTIVE: This study compared the preva-
lence and risk factors of current probable 
PTSD across different occupations involved 
in rescue/recovery work at the WTC site. 

METHOD: Rescue and recovery workers en-
rolled in the WTCHR who reported working 
at the WTC site (N=28,962) were included in 
the analysis. Interviews conducted 2–3 
years after the disaster included assess-
ments of demographic characteristics, with-
in-disaster and work experiences related to 
the WTC, and current probable PTSD. 

RESULTS: The overall prevalence of PTSD 
among rescue/recovery workers was 12.4%, 
ranging from 6.2% for police to 21.2% for 
unaffiliated volunteers. After adjustments, 
the greatest risk of developing PTSD was 
seen among construction/engineering 
workers, sanitation workers, and unaffiliat-
ed volunteers. Earlier start date and longer 
duration of time worked at the WTC site 
were significant risk factors for current prob-
able PTSD for all occupations except police, 
and the association between duration of 
time worked and current probable PTSD was 
strongest for those who started earlier. The 
prevalence of PTSD was significantly higher 
among those who performed tasks not com-
mon for their occupation. 

CONCLUSIONS: Workers and volunteers in 
occupations least likely to have had prior di-
saster training or experience were at great-
est risk of PTSD. Disaster preparedness 
training and shift rotations to enable shorter 

duration of service at the site may reduce 
PTSD among workers and volunteers in fu-
ture disasters.

Wheeler K, McKelvey W, Thorpe L, et al. 
2007. Asthma diagnosed after 11 Septem-
ber 2001 among rescue and recovery work-
ers: findings from the World Trade Center 
Health Registry. Environmental Health Per-
spectives. 115:1584–1590. 

https://doi.org/10.1289/ehp.10248

BACKGROUND: Studies have consistently 
documented declines in respiratory health 
after 11 September 2001 (9/11) among sur-
viving first responders and other WTC res-
cue, recovery, and clean-up workers.  
 
OBJECTIVES: The goal of this study was to 
describe the risk of newly diagnosed asth-
ma among WTC site workers and volunteers 
and to characterize its association with WTC 
site exposures. 

METHODS: We analyzed 2003–2004 inter-
view data from the WTCHR for workers who 
did not have asthma before 9/11 (n=25,748), 
estimating the risk of newly diagnosed asth-
ma and its associations with WTC work his-
tory, including mask or respirator use. 

RESULTS: Newly diagnosed asthma was re-
ported by 926 workers (3.6%). Earlier arrival 
and longer duration of work were significant 
risk factors, with independent dose respons-
es (p < 0.001), as were exposure to the dust 
cloud and pile work. Among workers who ar-
rived on 11 September, longer delays in the 
initial use of masks or respirators were asso-
ciated with increased risk of asthma; adjust-
ed odds ratios ranged from 1.63 [95% confi-
dence interval (CI), 1.03–2.56) for one day of 
delay to 3.44 (95% CI, 1.43–8.25) for 16–40 
weeks delay. 
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CONCLUSIONS: The rate of self-reported 
newly diagnosed asthma was high in the 
study population and significantly associat-
ed with increased exposure to the WTC di-
saster site. Although we could not distin-
guish appropriate respiratory protection 
from inappropriate, we observed a moder-
ate protective effect of mask or respirator 
use. The findings underscore the need for 
adequate and timely distribution of appro-
priate protective equipment and the en-
forcement of its use when other methods of 
controlling respiratory exposures are not 
feasible..

2008 (3)
DiGrande L, Perrin M, Thorpe L, et al. 
2008. Posttraumatic stress symptoms, 
PTSD, and risk factors among lower Manhat-
tan residents 2–3 years after the September 
11, 2001 terrorist attacks. Journal of Trau-
matic Stress. 21:264–273. 

https://doi.org/10.1002/jts.20345

Manhattan residents living near the World 
Trade Center may have been particularly 
vulnerable to PTSD after the September 11, 
2001 (9/11), terrorist attacks. In 2003–2004, 
the authors administered the PCL to 11037 
adults who lived south of Canal Street in 
New York City on 9/11. The prevalence of 
probable PTSD was 12.6% and associated 
with older age, female gender, Hispanic eth-
nicity, low education and income, and di-
vorce. Injury, witnessing horror, and dust 
cloud exposure on 9/11 increased risk for 
chronic PTSD. Post-disaster risk factors in-
cluded evacuation and rescue and recovery 
work. The results indicate that PTSD is a 
continued health problem in the local com-
munity. The relationship between socioeco-
nomic status and PTSD suggests services 
must target marginalized populations. 

Follow-up is necessary on the course and 
long-term consequences of PTSD.

Farfel M, DiGrande L, Brackbill R, et al. 
2008. An overview of 9/11 experiences and 
respiratory and mental health conditions 
among World Trade Center Health Registry 
enrollees. Journal of Urban Health: Bulletin 
of the New York Academy of Medicine. 
85:880–909. [Review Article] 

https://doi.org/10.1007/s11524-008-9317-4

To date, health effects of exposure to the 
September 11, 2001 disaster in New York 
City have been studied in specific groups, 
but no studies have estimated its impact 
across the different exposed populations. 
This report provides an overview of the 
WTCHR enrollees, their exposures, and their 
respiratory and mental health outcomes 
2–3 years post-9/11. Results are extrapolat-
ed to the estimated universe of people eligi-
ble to enroll in the WTCHR to determine 
magnitude of impact. Building occupants, 
persons on the street or in transit in lower 
Manhattan on 9/11, local residents, rescue 
and recovery workers/volunteers, and area 
school children and staff were interviewed 
and enrolled in the WTCHR  between Sep-
tember 2003 and November 2004. A total of 
71,437 people enrolled in the WTCHR, for 
17.4% coverage of the estimated eligible ex-
posed population (nearly 410,000); 30% 
were recruited from lists, and 70% were 
self-identified. Many reported being in the 
dust cloud from the collapsing WTC Towers 
(51%), witnessing traumatic events (70%), 
or sustaining an injury (13%). After 9/11, 
67% of adult enrollees reported new or 
worsening respiratory symptoms, 3% re-
ported newly diagnosed asthma, 16% 
screened positive for probable PTSD, and 
8% for serious psychological distress (SPD). 
Newly diagnosed asthma was most 
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common among rescue and recovery work-
ers who worked on the debris pile (4.1%). 
PTSD was higher among those who report-
ed Hispanic ethnicity (30%), household in-
come < $25,000 (31%), or being injured 
(35%). Using previously published estimates 
of the total number of exposed people per 
WTCHR eligibility criteria, we estimate  
between 3,800 and 12,600 adults experi-
enced newly diagnosed asthma and 34,600–
70,200 adults experienced PTSD following 
theattacks, suggesting extensive adverse 
health impacts beyond the immediate 
deaths and injuries from the acute event.

Thomas P, Brackbill R, Thalji L, et al. 2008. 
Respiratory and other health effects reported 
in children exposed to the World Trade Cen-
ter disaster of 11 September 2001. Environ-
mental Health Perspectives. 116:1383–1390. 

https://doi.org/10.1289/ehp.11205

BACKGROUND: Effects of the WTC disaster 
on children’s respiratory health have not 
been definitively established. 

OBJECTIVE: This report describes respirato-
ry health findings among children who were 
<18 years of age on 11 September 2001 
(9/11) and examine associations between 
disaster-related exposures and respiratory 
health. 

METHODS: Children recruited for the WTCHR 
included child residents and students (kin-
dergarten through 12th grade) in Manhattan 
south of Canal Street, children who were 
south of Chambers Street on 9/11, and ado-
lescent disaster-related workers or volun-
teers. We collected data via computer-assist-
ed telephone interviews in 2003–2004, with 
interview by adult proxy for children still < 18 
years of age at that time. We compared 
age-specific asthma prevalence with Nation-
al Health Interview Survey estimates. 

RESULTS: Among 3,184 children enrolled, 
28% were < 5 years of age on 9/11; 34%, 5–11 
years; and 39%, 12– 17 years. Forty-five per-
cent had a report of dust cloud exposure on 
9/11. Half (53%) reported at least one new or 
worsened respiratory symptom, and 5.7% 
reported new asthma diagnoses. Before 
9/11, age-specific asthma prevalence in en-
rolled children was similar to national esti-
mates, but prevalence at interview was ele-
vated among enrollees < 5 years of age.  
Dust cloud exposure was associated with 
new asthma diagnosis (adjusted odds  
ratio=2.3; 95% confidence interval, 1.5–3.5). 

CONCLUSIONS: Asthma prevalence after 
9/11 among WTCHR enrollees < 5 years of 
age was higher than national estimates, and 
new asthma diagnosis was associated with 
dust cloud exposure in all age groups. We 
will determine severity of asthma and per-
sistence of other respiratory symptoms on 
follow-up surveys.

2009 (2)
Murphy J. 2009. Estimating the World Trade 
Center Tower Population on September 11, 
2001: A Capture-Recapture Approach. Amer-
ican Journal of Public Health. 99:65–67. 

https://doi.org/10.2105/AJPH.2007.124768

I applied the capture-recapture method to 
estimate the WTC tower population at the 
time of the September 11, 2001, terrorist  
attacks. Available lists helped identify 8965 
survivors and 2152 confirmed casualties. 
The capture-recapture model suggested that 
an additional 4435 survivors were present, 
putting the total count of all present at 
15,552 (95% confidence interval=15,216, 
15,897). An accurate estimate represents 
the potential number at risk for trauma as a 
result of direct exposure to the events of the 
day.

Registry O
utputs

Appendix Two • WTC Health Registry Research Publications       
Summary of World Trade Center Health Program Research 2019 Page 187

https://doi.org/10.1289/ehp.11205
https://doi.org/10.2105/AJPH.2007.124768


Brackbill R, Hadler J, DiGrande L, et al. 
2009. Asthma and posttraumatic stress 
symptoms 5 to 6 years following exposure to 
the World Trade Center terrorist attack. 
Journal of the American Medical Associa-
tion. 302:502–516. [Nominated for the CDC/
ATSDR, Charles C. Shepard Science Award]

https://doi.org/10.1001/jama.2009.1121

CONTEXT: The WTCHR provides a unique 
opportunity to examine long-term health ef-
fects of a large-scale disaster. 

OBJECTIVE: To examine risk factors for new 
asthma diagnoses and event-related post-
traumatic stress (PTS) symptoms among ex-
posed adults 5 to 6 years following exposure 
to the September 11, 2001, WTC terrorist 
attack. 

DESIGN, SETTING, AND PARTICIPANTS:   
Longitudinal cohort study with wave 1 (W1) 
enrollment of 71,437 adults in 2003–2004, 
including rescue/recovery worker, lower 
Manhattan resident, lower Manhattan office 
worker, and passersby eligibility groups; 
46,322 adults (68%) completed the wave 2 
(W2) survey in 2006–2007. 

MAIN OUTCOME MEASURES: Self-reported 
diagnosed asthma following September 11; 
event-related current PTS symptoms indica-
tive of probable PTSD, assessed using the 
PCL (cutoff score > or=44). 

RESULTS: Of W2 participants with no stated 
asthma history, 10.2% (95% confidence in-
terval [CI], 9.9%-10.5%) reported new asth-
ma diagnoses postevent. Intense dust cloud 
exposure on September 11 was a major con-
tributor to new asthma diagnoses for all eli-
gibility groups: for example, 19.1% vs 9.6% 
in those without exposure among rescue/
recovery workers (adjusted odds ratio, 1.5 
[95% CI, 1.4–1.7]). Asthma risk was highest 

among rescue/recovery workers on the WTC 
pile on September 11 (20.5% [95% CI, 
19.0%22.0%]). Persistent risks included 
working longer at the WTC site, not evacuat-
ing homes, and experiencing a heavy layer 
of dust in home or office. Of participants 
with no PTSD history, 23.8% (95% CI, 23.4%-
24.2%) reported PTS symptoms at either W1 
(14.3%) or W2 (19.1%). Nearly 10% (9.6% 
[95% CI, 9.3%-9.8%]) had PTS symptoms at 
both surveys, 4.7% (95% CI, 4.5%4.9%) had 
PTS symptoms at W1 only, and 9.5% (95% 
CI, 9.3%-9.8%) had PTS symptoms at W2 
only. At W2, passersby had the highest rate 
of PTS symptoms (23.2% [95% CI, 21.4%-
25.0%]). Event-related loss of spouse or job 
was associated with PTS symptoms at W2. 

CONCLUSION: Acute and prolonged expo-
sures were both associated with a large bur-
den of asthma and PTS symptoms 5 to 6 
years after the September 11 WTC attack. 
2010 (2)

Bowler R, Han H, Gocheva V, et al. 2010.
Gender differences in probable posttrau-
matic stress disorder among police respond-
ers to the 2001 World Trade Center terrorist 
attack. American Journal of Industrial Medi-
cine. 53:1186–1196. 

https://doi.org/10.1002/ajim.20876

BACKGROUND: Police responders to the 
2001 WTC disaster were previously reported 
to have an increased prevalence of probable 
PTSD. 

METHODS: Four thousand seventeen police 
responders (3,435 men and 582 women) 
were interviewed 2–3 years after 9/11/01 as 
part of the WTCHR. Demographic, occupa-
tional, and event-specific risk factors were 
evaluated for probable PTSD, determined 
by DSM-IV criteria using the PCL. 
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RESULTS: Overall prevalence of probable 
PTSD was 8.3% (women: 13.9%; men: 7.4%, 
P < 0.001).Risk factors for both genders in-
cluded 9/1 1–related injury and older age. 
For men, specific risk factors were: presence 
in WTC Towers on 9/11 and Hispanic ethnic-
ity; and for women, witnessing horror and 
education less than a college degree. 

CONCLUSIONS: Significantly higher preva-
lence of probable PTSD was found for fe-
male police responders. Although consis-
tent with civilian populations, this finding 
contrasts with other studies of PTSD and 
WTC rescue and recovery workers, and po-
lice prior to 9/11.

Lipkind H, Curry A, Huynh M, et al. 2010. 
Birth outcomes among offspring of women 
exposed to the September 11, 2001, terror-
ist attacks. Obstetrics and Gynecology. 
116:917–925. 

https://doi.org /10.1097AOG.0b013 
e3181f2f6a2

OBJECTIVE: To evaluate the effects of the 
September 11, 2001, WTC attacks on birth 
outcomes.

METHODS: Live singleton births between 
September 11, 2001, and October 31, 2002, 
to women enrolled in a WTCHR (the Regis-
try, n=446) were compared with births to 
women residing more than 5 miles from the 
World Trade Center (n=49,616). Birth weight, 
gestational age, low birth weight, and 
preterm delivery were evaluated using  
linear and logistic regression. Births before 
September 11, 2001, were analyzed t0 as-
sess possible seasonal biases of associa-
tions with pregnancy trimester on Septem-
ber 11. Associations of birth outcomes with 
September 1 1–related psychologic stress 
and physical exposures were assessed 
among births to women within the Registry 
(n=499).

RESULTS: Birth weight and gestational age 
distributions were similar for births to wom-
en enrolled in the Registry and comparison 
births. Although mean gestational age and 
birth weight varied with trimester on Sep-
tember 11, a similar association was found 
among births in previous years, consistent 
with a seasonal effect not related to expo-
sure. Registry-linked births to mothers with 
probable PTSD (n=61) had a higher odds of 
low birth weight (adjusted odds ratio [OR] 
2.49, 95% confidence interval [CI] 1.02–6.08) 
and preterm delivery (adjusted OR 2.48, 
95% CI 1.05–5.84) compared with births to 
women without PTSD. 

CONCLUSION: Women who lived, worked, or 
were near the WTC on or soon after Septem-
ber 11 had pregnancy outcomes similar to 
women residing more than 5 miles away. 
However, among exposed women, probable 
PTSD was associated with low birth weight 
and preterm delivery. 

LEVEL OF EVIDENCE: II..

2011 (12)
Antao V, Pallos L, Shim Y, et al. 2011. Re-
spiratory protective equipment, mask use, 
and respiratory outcomes among World 
Trade Center rescue and recovery workers. 
American Journal of Industrial Medicine. 
54:897–905. [Nominated for the CDC/ATSDR, 
Charles C. Shepard Science Award] 

https://doi.org/10.1002/ajim.21009

BACKGROUND: Serious respiratory illnesses 
have been reported among rescue/recovery 
workers (RRW) following the WTC attacks. 

METHODS: We studied RRW enrolled in the 
WTCHR to assess the effects of different re-
spiratory protection equipment (RPE) types 
on respiratory outcomes, such as recurrent 
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respiratory symptoms and diseases possi-
bly associated with 9/11 exposures. We per-
formed descriptive and multivariate analy-
ses adjusting for demographics and 
exposure variables. 

RESULTS: A total of 9,296 RRW met inclusion 
criteria. The strongest predictors of using 
adequate RPE were being affiliated with 
construction, utilities or environmental re-
mediation organizations and having re-
ceived RPE training. Workers who used res-
pirators were less likely to report adverse 
respiratory outcomes compared to those 
who reported no/lower levels of respiratory 
protection. 

CONCLUSIONS: Level of respiratory protec-
tion was associated with the odds of report-
ing respiratory symptoms and diseases. 
Training, selection, fit testing, and consis-
tent use of RPE should be emphasized 
among emergency responders.

Cone J, Farfel M. 2011. World Trade Center 
Health Registry--a model for a nanomateri-
als exposure registry. Journal of Occupa-
tional and Environmental Medicine. 
53(S6):S48–51. 

h t t p s : / /d o i .o rg / 1 0 . 1 0 9 7 /J O M . 0 b 0 1 3 
e31821b177a

OBJECTIVE: To describe the development of 
and some of the early results from the 
WTCHR. Is the WTCHR a model for a nano-
materials exposure registry? What lessons 
may be learned from the WTCHR?

METHODS: We describe the steps involved 
in creation of the WTCHR, from design 
through implementation. 

RESULTS: The lessons learned from the 
WTCHR include thorough documentation of 
exposure early in the registry, using multi-
mode surveys to maximize response rate, 

establishing an institutional home with suf-
ficient resources for core as well as in-depth 
longitudinal and intervention studies, meet-
ing with stakeholders regularly, making 
data accessible, and timely publication of 
findings, including wide dissemination of 
clinical guidelines. 

CONCLUSIONS: The process of creating and 
maintaining the WTCHR provides important 
lessons for the possible creation of a nano-
materials exposure registry.

Debchoudhury I, Welch A, Fairclough M, 
et al. 2011. Comparison of health outcomes 
among affiliated and lay disaster volunteers 
enrolled in the World Trade Center Health 
Registry. Preventive Medicine 53:359–363. 

https://doi.org/10.1016/j.ypmed.2011.08.03 

BACKGROUND: Volunteers (non-profession-
al rescue/ recovery workers) are universally 
present at man-made and natural disasters 
and share experiences and exposures with 
victims. Little is known of their disaster-re-
lated health outcomes. 

METHODS: We studied 4974 adult volun-
teers who completed the WTCHR 2006–07 
survey to examine associations between 
volunteer type (affiliated vs. lay) and proba-
ble PTSD; new or worsening respiratory 
symptoms; post-9/11 first diagnosis of anxi-
ety disorder, depression, and/or PTSD; and 
asthma or reactive airway dysfunction syn-
drome (RADS). Affiliated volunteers report-
ed membership in a recognized organiza-
tion. Lay volunteers reported no 
organizational affiliation and occupations 
unrelated to rescue/recovery work. Adjust-
ed odds ratios (OR(adj)) were calculated us-
ing multinomial regression. 

RESULTS: Lay volunteers were more likely 
than affiliated volunteers to have been 
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present in lower Manhattan, experience the 
dust cloud, horrific events and injury on 
9/11 and subsequently to report unmet 
healthcare needs. They had greater odds of 
early post-9/11 mental health diagnosis 
(OR(adj) 1.6; 95% CI:1.4–2.0) and Asthma/
RADS (1.8; 1.2–2.7), chronic PTSD (2.2; 1.7–
2.8), late-onset PTSD (1.9; 1.5–2.5), and new 
or worsening lower respiratory symptoms 
(2.0; 1.8–2.4). 

CONCLUSIONS: Lay volunteers’ poorer 
health outcomes reflect earlier, more in-
tense exposure to and lack of protection 
from physical and psychological hazards. 
There is a need to limit volunteers’ expo-
sures during and after disasters, as well as 
to provide timely screening and health care 
post-disaster.

DiGrande L, Neria Y, Brackbill R, et al. 
2011. Long-term posttraumatic stress 
symptoms among 3,271 civilian survivors of 
the September 11, 2001, terrorist attacks on 
the World Trade Center. American Journal 
of Epidemiology. 173:27 1–281. 

https://doi.org/10.1093/aje/kwq372

Although the September 11, 2001, terrorist 
attacks were the largest human-made di-
saster in US history, there is little extant re-
search documenting the attacks’ conse-
quences among those most directly 
affected, that is, persons who were in the 
WTC towers. Data from a cross-sectional 
survey conducted 2–3 years after the attacks 
ascertained the prevalence of long-term, di-
saster-related posttraumatic stress symp-
toms and probable PTSD in 3,271 civilians 
who evacuated WTC towers 1 and 2. Overall, 
95.6% of survivors reported at least 1 cur-
rent posttraumatic stress symptom. The au-
thors estimated the probable rate of PTSD 
at 15.0% by using the PCL. Women and 

minorities were at an increased risk of PTSD. 
A strong inverse relation with annual in-
come was observed. Five characteristics of 
direct exposure to the terrorist attacks inde-
pendently predicted PTSD: being on a high 
floor in the towers, initiating evacuation 
late, being caught in the dust cloud that  
resulted from the tower collapses, personal-
ly witnessing horror, and sustaining an inju-
ry. Working for an employer that sustained 
fatalities also increased risk. Each addition 
of an experience of direct exposure resulted 
in a 2–fold increase in the risk of PTSD (odds 
ratio=2.09, 95% confidence interval: 1.84, 
2.36). Identification of these risk factors may 
be useful when screening survivors of large-
scale terrorist events for long-term psycho-
logical sequelae.

Ekenga C, Scheu K, Cone J, et al. 2011. 
9/11-Related experiences and tasks of land-
fill and barge workers: qualitative analysis 
from the World Trade Center Health Regis-
try. BioMed Central Public Health. 11:321. 

https://doi.org/10.1186/1471-2458-11-321

BACKGROUND: Few studies have document-
ed the experiences of individuals who par-
ticipated in the recovery and cleanup efforts 
at the World Trade Center Recovery Opera-
tion at Fresh Kills Landfill, on debris loading 
piers, and on transport barges after the Sep-
tember 11, 2001 terrorist attack. 

METHODS: Semi-structured telephone  
interviews were conducted with a purposive 
sample of workers and volunteers from the 
WTCHR. Qualitative methods were used to 
analyze the narratives. 

RESULTS: Twenty workers and volunteers 
were interviewed. They described the trans-
port of debris to the Landfill via barges, the 
tasks and responsibilities associated with 
their post-9/11 work at the Landfill, and 
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their reflections on their post-9/11 experi-
ences. Tasks included sorting through de-
bris, recovering human remains, searching 
for evidence from the terrorist attacks, and 
providing food and counseling services.  
Exposures mentioned included dust, fumes, 
and odors. Eight years after the WTC disas-
ter, workers expressed frustration about 
poor risk communication during recovery 
and cleanup work. Though proud of their 
contributions in the months after 9/11, 
some participants were concerned about 
long-term health outcomes. 

CONCLUSIONS: This qualitative study pro-
vided unique insight into the experiences, 
exposures, and concerns of understudied 
groups of 9/11 recovery and cleanup work-
ers. The findings are being used to inform 
the development of subsequent WTCHR  
exposure and health assessments.

Friedman S, Maslow C, Reibman J, et al. 
2011. Case-control study of lung function in 
World Trade Center Health Registry area res-
idents and workers. American Journal of Re-
spiratory and Critical Care Medicine. 
184(5):582–589. 

h t t p s : / / d o i . o r g / 1 0 . 1 1 6 4 / r c c m . 
201011-1909OC

RATIONALE: Residents and area workers 
who inhaled dust and fumes from the WTC 
disaster reported lower respiratory symp-
toms in two WTCHR surveys (2003–2004 and 
2006–2007), but lung function data were 
lacking. 

OBJECTIVES: To examine the relationship 
between persistent respiratory symptoms 
and pulmonary function in a nested 
case-control study of exposed adult resi-
dents and area workers 7–8 years after Sep-
tember 11, 2001. 

METHODS: Registrants reporting post Sep-
tember 11th onset of a lower respiratory 
symptom in the first survey and the same 
symptom in the second survey were solicit-
ed as potential cases. Registrants without 
lower respiratory symptoms in either Regis-
try survey were solicited as potential con-
trol subjects. Final case-control status was 
determined by lower respiratory symptoms 
at a third interview (the study), when spi-
rometry and impulse oscillometry were also 
performed. 

MEASUREMENTS AND MAIN RESULTS: We 
identified 180 cases and 473 control sub-
jects. Cases were more likely than control 
subjects to have abnormal spirometry (19% 
vs. 11%; P < 0.05), and impulse oscillometry 
measurements of elevated airway resis-
tance (R5; 68% vs. 27%; P < 0.0001) and fre-
quency dependence of resistance (R(5)(-)(2)
(0); 36% vs. 7%; P < 0.0001). When spirome-
try was normal, cases were more likely than 
control subjects to have elevated R(5) and 
R(5)(-)(2)(0) (62% vs. 25% and 27% vs. 6%, 
respectively; both P < 0.0001). Associations 
between symptoms and oscillometry held 
when factors significant in bivariate com-
parisons (body mass index, spirometry, and 
exposures) were analyzed using logistic 
regression. 

CONCLUSIONS: This study links persistent 
respiratory symptoms and oscillometric ab-
normalities in WTC-exposed residents and 
area workers. Elevated R(5) and R(5)(-)(2)(0) 
in cases despite normal spirometry suggest-
ed distal airway dysfunction as a mecha-
nism for symptoms.

Jordan H, Brackbill R, Cone J, et al. 2011. 
Mortality among survivors of the Sept 11, 
2001, World Trade Center disaster: Results 
from the World Trade Center Health Registry 
cohort. Lancet. 378:879–887. 
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https://doi.org/10.1016/S0140-6736(11) 60966-5

BACKGROUND: The Sept 11, 2001 (9/11) 
WTC disaster has been associated with sev-
eral subacute and chronic health effects, 
but whether excess mortality after 9/11 has 
occurred is unknown. We tested whether ex-
cess mortality has occurred in people ex-
posed to the WTC disaster. 

METHODS: In this observational cohort 
study, deaths occurring in 2003–09 in 
WTCHR participants residing in New York 
City were identified through linkage to New 
York City vital records and the National 
Death Index. Eligible participants were res-
cue and recovery workers and volunteers; 
lower Manhattan area residents, workers, 
school staff and students; and commuters 
and passers-by on 9/11. Study participants 
were categorized as rescue and recovery 
workers (including volunteers), or non-res-
cue and non-recovery participants. Stan-
dardized mortality ratios (SMR) were calcu-
lated with New York City rates from 2000–09 
as the reference. Within the cohort, propor-
tional hazards were used to examine the re-
lation between a three-tiered WTC-related 
exposure level (high, intermediate, or low) 
and total mortality. 

FINDINGS: We identified 156 deaths in 
13,337 rescue and recovery workers and 634 
deaths in 28,593 non-rescue and non-recov-
ery participants. All-cause SMRs were sig-
nificantly lower than that expected for res-
cue and recovery participants (SMR 0.45, 
95% CI 0.38–0.53) and non-rescue and 
non-recovery participants (0.61, 0.56–0.66). 
No significantly increased SMRs for diseases 
of the respiratory system or heart, or for  
hematological malignancies were found. In 
non-rescue and non-recovery participants, 
both intermediate and high levels of  
WTCrelated exposure were significantly 

associated with mortality when compared 
with low exposure (adjusted hazard ratio 
1.22, 95% CI 1.0 1–1.48, for intermediate ex-
posure and 1.56, 1.15–2.12, for high expo-
sure). High levels of exposure in non-rescue 
and non-recovery individuals, when com-
pared with low exposed non-rescue and 
non-recovery individuals, were associated 
with heart-disease-related mortality (ad-
justed hazard ratio 2.06, 1.10–3.86). In res-
cue and recovery participants, level of 
WTC-related exposure was not significantly 
associated with all-cause mortality (adjust-
ed hazard ratio 1.25, 95% CI 0.56–2.78, for 
high exposure and 1.03, 0.52–2.06, for inter-
mediate exposure when compared with low 
exposure).

INTERPRETATION: This exploratory study of 
mortality in a well-defined cohort of 9/11 
survivors provides a baseline for continued 
surveillance. Additional follow-up is needed 
to establish whether these associations per-
sist and whether a similar association over 
time will occur in rescue and recovery 
participants. 

FUNDING: US Centers for Disease Control 
and Prevention (National Institute for Occu-
pational Safety and Health, Agency for Toxic 
Substances and Disease Registry, and Na-
tional Center for Environmental Health); 
New York City Department of Health and 
Mental Hygiene.

Jordan H, Miller-Archie S, Cone J, et al. 
2011. Heart disease among adults exposed 
to the September 11, 2001 World Trade Cen-
ter disaster: Results from the World Trade 
Center Health Registry. Preventive Medicine. 
53:370–376. 

https://doi.org/10.1016/j.ypmed. 2011.10.014

OBJECTIVE: To examine associations be-
tween 9/1 1– related exposures, PTSD, and 
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subsequent development of heart disease 
(HD). 

METHODS: We prospectively followed 
39,324 WTCHR participants aged >/=18 on 
9/11 for an average of 2.9 years. HD was de-
fined as self-reported physician-diagnosed 
angina, heart attack, and/ or other HD re-
ported between study enrollment (2003– 
2004) and a follow-up survey (2006– 2008) in 
enrollees without previous HD.  
A PCL score >/=44 was considered PTSD. We 
calculated adjusted hazard ratios (AHR) and 
95% confidence intervals (CI) to examine re-
lationships between 9/1 1–related expo-
sures and HD. 

RESULTS: We identified 1162 HD cases (381 
women, 781 men). In women, intense dust 
cloud exposure was significantly associated 
with HD (AHR 1.28, 95% CI 1.02–1.61). Injury 
on 9/11 was significantly associated with HD 
in women (AHR 1.46, 95% CI 1.19–1.79) and 
in men (AHR 1.33, 95% CI 1.15– 1.53). Partic-
ipants with PTSD at enrollment had an  
elevated HD risk (AHR 1.68, 95% CI 1.33–2.12 
in women, AHR 1.62, 95% CI 1.34–1.96 in 
men). A dose-response relationship was ob-
served between PCL score and HD risk. 

CONCLUSION: This exploratory study sug-
gests that exposure to the WTC dust cloud, 
injury on 9/11 and 9/1 1–related PTSD may 
be risk factors for HD.

Jordan H, Stellman S, Prezant D, et al. 
2011.Sarcoidosis diagnosed after Septem-
ber 11, 2001, among adults exposed to the 
World Trade Center disaster. Journal of Oc-
cupational and Environmental Medicine. 
53:966–974. 

h t t p s : / /d o i . o r g / 1 0 . 1 0 9 7 /J O M . 0 b 0 1 
3e31822a3596

OBJECTIVE: Explore relationships between 

WTC exposures and sarcoidosis. 

METHODS: Sarcoidosis has been reported 
after exposure to the WTC disaster. We as-
certained biopsy-proven post-9/11 sarcoid-
osis among WTCHR enrollees. Cases diag-
nosed after Registry enrollment were 
included in a nested case-control study. 
Controls were matched to cases on age, sex, 
race or ethnicity, and eligibility group  
(eg, rescue or recovery worker). 

RESULTS: We identified 43 cases of post-
9/11 sarcoidosis. Twenty-eight incident cas-
es and 109 controls were included in the 
case-control analysis. Working on the WTC 
debris pile was associated with sarcoidosis 
(odds ratio 9.1, 95% confidence interval 1.1 
to 74.0), but WTC dust cloud exposure was 
not (odds ratio 1.0, 95% confidence interval 
0.4 to 2.8). 

CONCLUSIONS: Working on the WTC debris 
pile was associated with an elevated risk of 
post-9/11 sarcoidosis. Occupationally ex-
posed workers may be at increased risk.

Li J, Brackbill R, Stellman S, et al. 2011 
Gastroesophageal reflux symptoms and co-
morbid asthma and posttraumatic stress 
disorder following the 9/11 terrorist attacks 
on World Trade Center in New York City. 
American Journal of Gastroenterology. 
106:1933–1941. 

https://doi.org/10.1038/ajg.2011.300

OBJECTIVES: Excess gastroesophageal re-
flux disease (GERD) was reported in several 
populations exposed to the September 11 
2001 (9/11) terrorist attacks on the WTC. We 
examined new onset gastroesophageal re-
flux symptoms (GERS) since 9/11 and per-
sisting up to 5–6 years in relation to 9/1 1– 
related exposures among the WTCHR 
enrollees, and potential associations with 
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comorbid asthma and PTSD. 

METHODS: This is a retrospective analysis of 
37,118 adult enrollees (i.e., rescue/recovery 
workers, local residents, area workers, and 
passersby in lower Manhattan on 9/11) who 
reported no pre-9/11 GERS and who partici-
pated in two Registry surveys 2–3 and 5–6 
years after 9/11. Post-9/11 GERS (new onset 
since 9/11) reported at first survey, and per-
sistent GERS (post-9/11 GERS reported at 
both surveys) were analyzed using log-bino-
mial regression. 

RESULTS: Cumulative incidence was 20% for 
post-9/11 GERS and 13% for persistent 
GERS. Persistent GERS occurred more often 
among those with comorbid PTSD (24%), 
asthma (13%), or both (36%) compared with 
neither of the comorbid conditions (8%). 
Among enrollees with neither asthma nor 
PTSD, the adjusted risk ratio (aRR) for per-
sistent GERS was elevated among: workers 
arriving at the WTC pile on 9/11 (aRR=1.6; 
95% confidence interval (CI) 1.3–2.1) or 
working at the WTC site > 90 days (aRR=1.6; 
1.42.0); residents exposed to the intense 
dust cloud on 9/11 (aRR=1.5; 1.0–2.3), or 
who did not evacuate their homes (aRR=1.7; 
1.2–2.3); and area workers exposed to the 
intense dust cloud (aRR=1.5; 1.2–1.8). 

CONCLUSIONS: Disaster-related environ-
mental exposures may contribute to the de-
velopment of GERS. GERS may be accentu-
ated in the presence of asthma or PTSD.

Perlman S, Friedman S, Galea S, et al. 
2011. Short-term and medium-term health 
effects of 9/11. Lancet. 378:925–934. 

https:/ /d o i .o rg /10.1016/S0140-6736 
(11)60967-7

The New York City terrorist attacks on Sept 
11, 2001 (9/11), killed nearly 2800 people 

and thousands more had subsequent health 
problems. In this Review of health effects in 
the short and medium terms, strong evi-
dence is provided for associations between 
experiencing or witnessing events related to 
9/11 and post-traumatic stress disorder and 
respiratory illness, with a correlation be-
tween prolonged, intense exposure and in-
creased overall illness and disability. Rescue 
and recovery workers, especially those who 
arrived early at the WTC site or worked for 
longer periods, were more likely to develop 
respiratory illness than were other exposed 
groups. Risk factors for post-traumatic 
stress disorder included proximity to the site 
on 9/11, living or working in lower Manhat-
tan, rescue or recovery work at the WTC site, 
event-related loss of spouse, and low social 
support. Investigators note associations be-
tween 9/11 exposures and additional disor-
ders, such as depression and substance use; 
however, for some health problems associa-
tion with exposures related to 9/11 is 
unclear.

Thorpe L, Friedman S. 2011. Health conse-
quences of the World Trade Center disaster: 
a 10th anniversary perspective. Journal of 
the American Medical Association. 
306:1133–1134. [Review Article] [no 
abstract] 

https://doi.org/10.1001/jama.2011.1289 

2012 (6)
Bowler R, Harris M, Li J, et al. 2012. Longi-
tudinal mental health impact among police 
responders to the 9/11 terrorist attack. 
American Journal of Industrial Medicine. 
55:297–312. 

https://doi.org/10.1002/ajim.22000 

BACKGROUND: Among police responders 
enrolled in the WTCHR, PTSD was almost 

Registry O
utputs

Appendix Two • WTC Health Registry Research Publications       
Summary of World Trade Center Health Program Research 2019 Page 195

https://doi.org/10.1016/S0140-6736(11)60967-7
https://doi.org/10.1016/S0140-6736(11)60967-7
https://doi.org/10.1001/jama.2011.1289
https://doi.org/10.1002/ajim.22000


twice as prevalent among women as men 
2–3 years after the 9/11 attacks. METHODS: 
Police participants in the WTCHR Wave 1 
survey 2–3 years after 9/11/01, were reas-
sessed for probable PTSD at Wave 2, 5–6 
years after 9/11/01, using PCL DSM-IV 
criteria. 

RESULTS: Police participants in the Wave 2 
survey included 2,527 men, 413 women. The 
prevalence of “Probable PTSD” was 7.8% at 
Wave 1 and 16.5% at Wave 2. Mean PCL scores 
increased from 25.1 to 29.9 for men and 28.6 
to 32.2 for women. Prevalence of PTSD was 
higher for women than for men at Wave 1 
(chi(2)=10.882, P=0.002), but not Wave 2 
(chi(2)=2.416, P=0.133). Other risk factors in-
cluded losing one’s job after 9/11 and being 
disabled. 

CONCLUSIONS: Prevalence of probable 
PTSD among police doubled between 
20032004 and 2006–2007. After the 2–year 
time span, the gender difference was no lon-
ger significant; prevalence of PTSD symp-
toms increased and there was a substantial 
amount of co-morbidity with other mental 
health problems. Further development of 
prevention and intervention strategies for 
police responders with symptoms of PTSD is 
needed. The observed upward trend in PCL 
scores over time in police officers with PCL 
scores less than 44, suggests that PTSD pre-
vention and intervention strategies should 
be applied to all police affected by the 9/11 
attacks, not limited just to those with PTSD 
symptoms.

Huang M, Li J, Liff J, et al. 2012. Self-re-
ported skin rash or irritation symptoms 
among World Trade Center Health Registry 
participants. Journal of Occupational and 
Environmental Medicine. 54:45 1–458. 

https://doi.org/10.1097/JOM.0b013e318 245242b

OBJECTIVES: We described self-reported 

skin rash 2 to 3 and 5 to 6 years after 9/11 
and examined its association with expo-
sures to 9/11 dust/debris. 

METHODS: We analyzed a longitudinal study 
of New York City WTCHR participants who 
resided or worked in Lower Manhattan or 
worked in rescue/recovery in two surveys 
(W1 and W2).

RESULTS: Among 42,025 participants, 12% 
reported post-9/11 skin rash at W1, 6% both 
times, 16% at W2. Among participants with-
out posttraumatic stress disorder or psycho-
logical distress, W1 self-reported post-9/11 
skin rash was associated with intense dust 
cloud exposure (adjusted odds ratio [OR]=1.6; 
95% confidence interval [CI]=1.3 to 1.9), 
home/workplace damage (adjusted OR=1.8; 
95% CI, 1.4 to 2.3), and working more than 90 
days (adjusted OR=1.7; 95% CI, 1.3 to 2.2) or 
31 to 90 days (adjusted OR=1.6; 95% CI, 1.3 to 
2.1) at the World Trade Center site. 

CONCLUSIONS: Post-9/11 skin rash may be 
related to acute and long-term exposure to 
dust, though subjectivity of skin symptoms 
may bias findings.

Li J, Cone J, Kahn A, et al. 2012. Association 
between World Trade Center exposure and 
excess cancer risk. Journal of the American 
Medical Association. 308:2479–2488. 

https://doi.org/10.1001/jama.2012.110980 

CONTEXT: The terrorist attacks of September 
11, 2001, resulted in the release of known and 
suspected carcinogens into the environment. 
There is public concern that exposures may 
have resulted in increased cancers. 

OBJECTIVE: To evaluate cancer incidence 
among persons enrolled in the WTCHR. 

DESIGN, SETTING, AND PARTICIPANTS: Ob-
servational study of 55,778 New Yok State 
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residents enrolled in the WTCHR in 2003–
2004, including rescue/recovery workers 
(n=21,850) and those not involved in rescue/
recovery (n=33,928), who were followed up 
from enrollment through December 31, 2008. 
Within-cohort comparisons using Cox pro-
portional hazards models assessed the rela-
tionship between intensity of World Trade 
Center exposure and selected cancers. 

MAIN OUTCOME MEASURES: Cases were 
identified through linkage with 11 state can-
cer registries. Standardized incidence ratios 
(SIRs) adjusted for age, race/ethnicity, and 
sex were computed with 2003–2008 New 
York State rates as the reference, focusing on 
cancers diagnosed in 2007–2008 as being 
most likely to be related to exposure during 
September 11 and its aftermath. The total 
and site-specific incidence rate differences 
(RDs) per 100,000 person-years between the 
study population and the New York State 
population in 2007–2008 also were 
calculated.

RESULTS: There were 1187 incident cancers 
diagnosed, with an accumulated 253,269 
person-years (439 cancers among rescue/re-
covery workers and 748 among those not in-
volved in rescue/recovery). The SIR for all 
cancer sites combined in 2007–2008 was not 
significantly elevated (SIR, 1.14 [95% CI, 0.99 
to 1.30]; RD, 67 [95% CI,-6 to 126] per 100,000 
person-years among rescue/recovery work-
ers vs SIR, 0.92 [95% CI, 0.83 to 1.03]; RD, -45 
[95% CI,-106 to 15] per 100,000 person-years 
among those not involved in rescue/recov-
ery). Among rescue/recovery workers, the 
SIRs had significantly increased by 2007–
2008 for 3 cancer sites and were 1.43 (95% CI, 
1.11 to 1.82) for prostate cancer (n=67; RD, 61 
[95% CI, 20 to 91] per 100,000 person-years), 
2.02 (95% CI, 1.07 to 3.45) for thyroid cancer 
(n=13; RD, 16 [95% CI, 2 to 23] per 100,000 
person-years), and 2.85 (95% CI, 1.15 to 5.88) 

for multiple myeloma (n=7; RD, 11 [95% CI, 2 
to 14] per 100,000 person-years). No in-
creased incidence was observed in 2007– 
2008 among those not involved in rescue/re-
covery. Using within-cohort comparisons, 
the intensity of World Trade Center exposure 
was not significantly associated with cancer 
of the lung, prostate, thyroid, non-Hodgkin 
lymphoma, or hematological cancer in either 
group. 

CONCLUSIONS: Among persons enrolled in 
the WTCHR, there was an excess risk for pros-
tate cancer, thyroid cancer, and myeloma in 
2007–2008 compared with that for New York 
State residents; however, these findings were 
based on a small number of events and mul-
tiple comparisons. No significant associa-
tions were observed with intensity of World 
Trade Center exposures. Longer follow-up for 
typically long-latency cancers and attention 
to specific cancer sites are needed.

Maslow C, Friedman S, Pillai P, et al. 2012. 
Chronic and acute exposures to the World 
Trade Center disaster and lower respiratory 
symptoms: Area residents and workers. 
American Journal of Public Health. 
102:1186–1194.

https://doi.org/10.2105/AJPH.2011.300561 

OBJECTIVES: We assessed associations be-
tween new-onset (post-September 11, 2001 
[9/11]) lower respiratory symptoms report-
ed on 2 surveys, administered 3 years apart, 
and acute and chronic 9/1 1–related expo-
sures among New York City World Trade 
Center-area residents and workers enrolled 
in the WTCHR.

METHODS: World Trade Center-area resi-
dents and workers were categorized as case 
participants or control participants on the 
basis of lower respiratory symptoms 
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reported in surveys administered 2 to 3 and 5 
to 6 years after 9/11. We created composite 
exposure scales after principal components 
analyses of detailed exposure histories ob-
tained during face-to-face interviews. We 
used multivariate logistic regression models 
to determine associations between lower 
respiratory symptoms and composite expo-
sure scales. 

RESULTS: Both acute and chronic exposures 
to the events of 9/11 were independently as-
sociated, often in a dose-dependent man-
ner, with lower respiratory symptoms 
among individuals who lived and worked in 
the area of the World Trade Center. 

CONCLUSIONS: Study findings argue for de-
tailed assessments of exposure during and 
after events in the future from which poten-
tially toxic materials may be released and for 
rapid interventions to minimize exposures 
and screen for potential adverse health 
effects.

Nair H, Ekenga C, Cone J, et al. 2012. 
Co-occurring lower respiratory symptoms 
and posttraumatic stress disorder 5 to 6 
years after the World Trade Center terrorist 
attack. American Journal of Public Health. 
102:1964–1173.

https://doi.org/10.2105/AJPH.2012.300690 

OBJECTIVES: We have described the epide-
miology of co-occurring lower respiratory 
symptoms (LRS) and probable PTSD 5 to 6 
years after exposure to the 9/11 disaster. 

METHODS: We analyzed residents, office 
workers, and passersby (n=16,363) in the 
WTCHR. Using multivariable logistic regres-
sion, we examined patterns of reported re-
spiratory symptoms, treatment sought for 
symptoms, diagnosed respiratory condi-
tions, mental health comorbidities, quality 

of life, and unmet health care needs in rela-
tion to comorbidity. 

RESULTS: Among individuals with either LRS 
or PTSD, 24.6% had both conditions. The 
odds of comorbidity was significantly higher 
among those with more severe 9/11 expo-
sures. Independent of 9/11 exposures, par-
ticipants with LRS had 4 times the odds of 
those without it of meeting criteria for PTSD, 
and those with PTSD had 4 times the odds of 
those without it of meeting criteria for LRS. 
Participants with comorbidity had worse 
quality of life and more UMHCN than did all 
other outcome groups.

CONCLUSIONS: Respiratory and mental ill-
ness are closely linked in individuals ex-
posed to 9/11 and should be considered 
jointly in public health outreach and treat-
ment programs.

Welch A, Caramanica K, Debchoudhury I, 
et al. 2012. A qualitative examination of 
health and health care utilization after the 
September 11th terror attacks among World 
Trade Center Health Registry enrollees. 
BioMed Central Public Health. 12(1):721. 

https://doi.org/10.1186/1471-2458-12-721

BACKGROUND: Many individuals who have 
9/1 1–related physical and mental health 
symptoms do not use or are unaware of 9/1 
1–related health care services despite ex-
tensive education and outreach efforts by 
the WTCHR (the Registry) and various other 
organizations. This study sought to evaluate 
Registry enrollees’ perceptions of the rela-
tionship between physical and mental 
health outcomes and 9/11, as well as utiliza-
tion of and barriers to 9/1 1–related health 
care services. 

METHODS: Six focus groups were conducted 
in January 2010, with diverse subgroups of 
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enrollees, who were likely eligible for 9/1 1–
related treatment services. The 48 partici-
pants were of differing race/ethnicities, 
ages, and boroughs of residence. Qualita-
tive analysis of focus group transcripts was 
conducted using open coding and the iden-
tification of recurring themes. 

RESULTS: Participants described a variety of 
physical and mental symptoms and condi-
tions, yet their knowledge and utilization of 
9/11 health care services was low. Partici-
pants highlighted numerous barriers to ac-
cessing 9/11 services, including program-
matic barriers (lack of program visibility and 
accessibility), personal barriers such as stig-
matization and unfamiliarity with 9/1 1–re-
lated health problems and services, and a 
lack of referrals from their primary care pro-
viders. Moreover, many participants were 
reluctant to connect their symptoms to the 
events of 9/11 due to lack of knowledge, the 
amount of time that had elapsed since 9/11, 
and the attribution of current health symp-
toms to the aging process. 

CONCLUSIONS: Knowledge of the barriers 
to 9/1 1–related health care has led to im-
provements in the Registry’s ability to refer 
eligible enrollees to appropriate treatment 
programs. These findings highlight areas for 
consideration in the implementation of the 
new federal WTC Health Program, now fund-
ed under the James Zadroga 9/11 Health 
and Compensation Act (PL 11 1–347), which 
includes provisions for outreach and educa-
tion. (WTCHR)

2013 (5)
Brackbill R, Stellman S, Perlman S, et al. 
2013. Mental health of those directly ex-
posed to the World Trade Center disaster: 
Unmet mental health care need, mental 
health treatment service use, and quality of 

life. Social Science & Medicine. 81:110–114. 

https://doi.org /10.1016/ j.socscimed. 
2012.12.016

Mental health service utilization several 
years following a man-made or natural di-
saster can be lower than expected, despite a 
high prevalence of mental health disorders 
among those exposed. This study focused 
on factors associated with subjective UM-
HCN and its relationship to a combination 
of diagnostic history and current mental 
health symptoms, five to six years after the 
September 11, 2001, WTC disaster in NYC. 
Two survey waves of the WTCHR, after ex-
clusions, provided a sample of 36,625 en-
rollees for this analysis. Important differenc-
es were found among enrollees who were 
categorized according to the presence or ab-
sence of a self-reported mental health diag-
nosis and symptoms indicative of PTSD or 
serious psychological distress. Persons with 
diagnoses and symptoms had the highest 
levels of UMHCN, poor mental health. 

Friedman SM, Farfel MR, Maslow CB, et al. 
2013. Comorbid persistent lower respirato-
ry symptoms and posttraumatic stress dis-
order 5-6 years post-9/11 in responders en-
rolled in the World Trade Center Health 
Registry. Am J Ind Med. 56(11):1251-1261.

http://doi.org/10.1002/ajim.22217 

BACKGROUND: Co-occurrence of lower re-
spiratory symptoms (LRS) and posttraumat-
ic stress disorder (PTSD) has been increas-
ingly recognized among responders and 
survivors of the World Trade Center (WTC) 
disaster. Information is limited on the de-
gree which comorbidity intensifies symp-
toms and compromises quality of life across 
exposed groups. 

METHODS: Among responders who 
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completed the first and second Registry sur-
veys, measures of respiratory illness, psy-
chological distress, and diminished quality 
of life were compared between responders 
comorbid for LRS and PTSD and responders 
with only LRS or PTSD. 

RESULTS: Of 14,388 responders, 40% of 
those with LRS and 57% of those with PTSD 
were comorbid. When demographic and 
WTC exposure-related factors were con-
trolled, comorbid responders compared to 
those with LRS alone were twice as likely to 
have frequent dyspnea and to have sought 
care for dyspnea. Compared to responders 
with PTSD alone, comorbid responders were 
2.1 times more likely to report intense re-ex-
periencing of the disaster, 2.5 times more 
likely to express feelings of significant 
non-specific psychological distress, and 1.4 
times more likely to have received mental 
health care. Comorbid responders were ap-
proximately three times more likely to re-
port only fair or poor general health and 
more than twice as likely to report being un-
able to perform usual activities for ≥14 of 30 
days before interview. 

CONCLUSIONS: Outcomes in comorbid  
responders were similar to or more severe 
than in comorbid survivors. Health care and 
disaster relief providers must suspect co-
morbid illness when evaluating responders’ 
respiratory or mental illnesses and consider 
treatment for both.

Groeger J, Stellman S, Kravitt A, et al. 
2013. Evacuating damaged and destroyed 
buildings on 9/11: Behavioral and structural 
barriers. Prehospital and Disaster Medicine. 
28(6):556–566. 

https://doi.org/10.1017/S1049023X1 3008996

INTRODUCTION: Evacuation of the WTC 
twin towers and surrounding buildings 

damaged in the September 11, 2001, attacks 
provides a unique opportunity to study fac-
tors that affect emergency evacuation of 
high rise buildings. 

PROBLEM: The goal of this study is to under-
stand the extent to which structural and be-
havioral barriers and limitations of personal 
mobility affected evacuation by occupants 
of affected buildings on September 11, 2001. 

METHODS: This analysis included 5023 civil-
ian, adult enrollees within the WTCHR who 
evacuated the two WTC towers and over 30 
other Lower Manhattan buildings that were 
damaged or destroyed on September 11, 
2001. Multinomial logistic regression was 
used to predict total evacuation time (<30 to 
</=60 minutes, >1 hour to <2 hours relative 
to </=30 minutes) in relation to number of 
infrastructure barriers and number of be-
havioral barriers, adjusted for demographic 
and other factors. 

RESULTS: A higher percentage of evacuees 
reported encountering at least one behav-
ioral barrier (84.9%) than reported at least 
one infrastructure barrier (51.9%). This pat-
tern was consistent in all buildings except 
WTC 1, the first building attacked, where 
>90% of evacuees reported encountering 
both types of barriers. Smoke and poor 
lighting were the most frequently reported 
structural barriers. Extreme crowding, lack 
of communication with officials, and being 
surrounded by panicked crowds were the 
most frequently reported behavioral barri-
ers. Multivariate analyses showed evacua-
tion time to be independently associated 
with the number of each type of barrier as 
well as gender (longer times for women), 
but not with the floor from which evacua-
tion began. After adjustment, personal mo-
bility impairment was not associated with 
increased evacuation time. 
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CONCLUSION: Because most high-rise build-
ings have unique designs, infrastructure fac-
tors tend to be less predictable than behav-
ioral factors, but both need to be considered 
in developing emergency evacuation plans 
in order to decrease evacuation time and, 
consequently, risk of injury and death during 
an emergency evacuation.

Jordan H, Stellman S, Morabia A, et al. 
2013. Cardiovascular disease hospitaliza-
tions in relation to exposure to the Septem-
ber 11, 2001 World Trade Center disaster 
and posttraumatic stress disorder. Journal 
of the American Heart Association. 
2(5):e000431. [Online Publication] 

https://doi.org/10.1161/JAHA.113.000431

BACKGROUND: A cohort study found that 
9/1 1–related environmental exposures and 
PTSD increased self-reported, cardiovascu-
lar-disease risk. We attempted to replicate 
these findings using objectively defined car-
diovascular-disease hospitalizations in the 
same cohort. 

METHODS AND RESULTS: Data for adult 
WTCHR enrollees residing in New York State 
on enrollment and no cardiovascular dis-
ease history (n=46,346) were linked to a New 
York State hospital discharge-reporting sys-
tem. Follow-up began at Registry enroll-
ment (W1) and ended at the first cerebro-
vascular or heart disease (HD) 
hospitalization, death, or December 31, 
2010, whichever was earliest. We used pro-
portional hazards models to estimate ad-
justed hazard ratios (AHRs) for HD (n=1151) 
and cerebrovascular disease (n=284) hospi-
talization during 302,742 person-years of 
observation (mean follow-up, 6.5 years per 
person), accounting for other factors includ-
ing age, race/ethnicity, smoking, and diabe-
tes. An elevated risk of HD hospitalization 

was observed among women (AHR:1.32, 95% 
CI: 1.0 1–1.71) but not men (AHR: 1.16, 95% 
CI:0.97–1.40) with PTSD at enrollment. A high 
overall level of WTC rescue-and recovery-re-
lated exposure was associated with an ele-
vated HD hospitalization risk in men 
(AHR:1.82, 95% CI:1.06–3.13; P for 
trend=0.05), but findings in women were in-
conclusive (AHR:3.29, 95% CI:0.85–12.69; P 
for trend=0.09). Similar associations were 
observed specifically with coronary artery 
disease hospitalization. PTSD increased the 
cerebrovascular disease hospitalization risk 
in men but not in women. 

CONCLUSIONS: 9/1 1–related exposures and 
PTSD appeared to increase the risk of subse-
quent hospitalization for HD and cerebrovas-
cular disease. This is consistent with findings 
based on self-reported outcomes.

Stellman S, Thomas, P, Osahan S, et al. 
2013. Respiratory health of 985 children ex-
posed to the World Trade Center disaster: 
Report on World Trade Center Health Regis-
try Wave 2 follow-up, 2007–2008. Journal of 
Asthma. 50:354–363.

https://doi.org/10.3109/02770903.2013.7760
73 

BACKGROUND: The WTC disaster of Septem-
ber 11, 2001, has been associated with early 
respiratory problems including asthma in 
workers, residents, and children. Studies on 
adults have documented persistence of lon-
ger term, 9/1 1–related respiratory symp-
toms. There are no comparable reports on 
children. 

METHODS: We surveyed 985 children aged 5 
to 17 years who enrolled in the WTCHR in W1, 
and who were re-surveyed in 2007 to 2008. 
Health data were provided by parents in 
both surveys and focused on respiratory 
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symptoms suggestive of reactive airway im-
pairment (wheezing or the combination of 
cough and shortness of breath) in the pre-
ceding 12 months. At follow-up, adolescents 
aged 11 to 17 years completed separate sur-
veys that screened for posttraumatic stress 
symptoms and behavior problems (SDQ). 
Associations between respiratory symptoms 
in the prior 12 months with 9/11 exposures 
and behavioral outcomes were evaluated 
with univariate and multivariate methods. 

RESULTS: Of the 985 children, 142 (14.4%) 
children reported respiratory symptoms in 
the prior 12 months; 105 (73.9%) children 
with respiratory symptoms had previously 
been diagnosed with asthma. Among chil-
dren aged 5 to 10 years, respiratory symp-
toms were significantly elevated among Afri-
can Americans (AOR:3.8; 95% CI:1.2–11.5) and 
those with household income below $75,000 
(AOR:1.9; CI:1.03.7), and was more than twice 
as great in children with dust-cloud exposure 
(AOR:2.2; CI:1.2–3.9). Among adolescents 
aged 11 to 17 years, respiratory symptoms 
were significantly associated with household 
income b e l o w $75,000 (AOR:2.4; CI:1.2–4.6), 
and with a borderline or abnormal SDQ score 
(AOR:2.7, 95% CI:1.4–5.2). Symptoms were re-
ported more than twice as often by adoles-
cents with versus without dust-cloud expo-
sure (24.8% vs. 11.5%) but the AOR was not 
statistically significant (AOR:1.7; CI:0.9–3.2). 

CONCLUSIONS: Most Registry children ex-
posed to the 9/11 disaster in NYC reported 
few respiratory problems. Respiratory symp-
toms were associated with 9/11 exposures in 
younger children and with behavioral difficul-
ties in adolescents. Our findings support the 
need for continued surveillance of 9/1 1–af-
fected children as they reach adolescence 
and young adulthood, and for awareness of 
both physical and behavioral difficulties by 
treating clinicians.

2014 (9)
Brackbill R, Cone J, Farfel M, e t  a l . 2014. 
Chronic physical health consequences of 
being injured during the terrorist attacks on 
World Trade Center on September 11, 2001. 
American Journal of Epidemiology. 
79(9):1076–1085. 

https://doi.org/10.1093/aje/kwu022

Few studies have focused on injuries from 
the WTC disaster on September 11, 2001. 
Severe injury has health consequences, in-
cluding an increased mortality risk 10 years 
after injury and the risk of mental health 
problems, such as PTSD. The WTCHR identi-
fied 14,087 persons, with none of a selected 
group of preexisting chronic conditions be-
fore 2002, who were present during and 
soon after the WTC attacks, 1980 of whom 
reported sustaining one or more types of in-
jury (e.g., a broken bone or burn). Survey 
data obtained during W1 and W2 were used 
to assess the odds of reporting a diagnosis 
of chronic conditions (heart disease, respi-
ratory disease, diabetes, cancer) up to five 
to six years after the attacks. Number of in-
jury types and probable PTSD were signifi-
cantly associated with having any chronic 
conditions diagnosed between 2002 and 
2007. Persons with multiple injuries and 
PTSD had a threefold higher risk of heart 
disease than did those with no injury and no 
PTSD, and persons with multiple injuries 
and with no PTSD had a twofold higher risk 
of respiratory diseases. The present study 
shows that injured persons with or without 
comorbid PTSD have a higher risk of devel-
oping chronic diseases. Clinicians should be 
aware of the heightened risk of chronic 
heart and respiratory conditions among in-
jured persons.

Re
gi

st
ry

 O
ut

pu
ts

Page 202

https://doi.org/10.1093/aje/kwu022


Brackbill R, Caramanica K, Maliniaki M, 
et al. 2014. Nonfatal injuries 1 week after 
Hurricane Sandy —New York Metropolitan 
Area, October 2012. Morbidity and Mortali-
ty Weekly Report. 63(42):950–954. 
PMID:25340912.

https://www.ncbi.nlm.nih.gov/pubmed/ 
?term=PMID%3A+25340912

On October 29, 2012, Hurricane Sandy (San-
dy) made landfall in densely populated ar-
eas of New York, New Jersey, and Connecti-
cut. Flooding affected 51 square miles (132 
square kilometers) of NYC and resulted in 43 
deaths, many caused by drowning in the 
home, along with numerous storm-related 
injuries. Thousands of those affected were 
survivors of the WTC disaster of September 
11, 2001, who had previously enrolled in the 
WTCHR (Registry) cohort study. To assess 
Sandy-related injuries and associated risk 
factors among those who lived in Hurricane 
Sandy-flooded areas and elsewhere, the 
NYC DOHMH surveyed 8870 WTC survivors 
who had provided physical and mental 
health updates 8 to 16 months before Sandy. 
Approximately 10% of the respondents in 
flooded areas reported injuries in the first 
week after Sandy; nearly 75% of those had 
more than one injury. Injuries occurred 
during evacuation and clean-up/repair of 
damaged or destroyed homes. Hurricane 
preparation and precautionary messages 
emphasizing potential for injury hazards 
during both evacuation and clean-up or re-
pair of damaged residences might help mit-
igate the occurrence and severity of injury 
after a hurricane.

Caramanica K, Brackbill R, Liao T, et al. 
2014. Comorbidity of 9/1 1–related post-
traumatic stress disorder and depression in 
the World Trade Center Health Registry 10 to 
11 years post-disaster. Journal of Traumatic 

Stress. 27(6):680–688    

https://doi.org/10.7916/D8HT2NFD 

Many studies report elevated prevalence of 
PTSD and depression among persons ex-
posed to the September 11, 2001, disaster 
compared to those unexposed; few have 
evaluated long-term PTSD with comorbid 
depression. We examined prevalence and 
risk factors for probable PTSD, probable de-
pression, and both conditions 10 to 11 years 
post-9/11 among 29,486 WTCHR enrollees 
who completed surveys at W1, W2, and W3. 
Enrollees reporting physician-diagnosed 
pre-9/11 PTSD or depression were excluded. 
PTSD was defined as scoring >/= 44 on the 
PCL and depression as scoring >/= 10 on the 
eight-item Patient Health Questionnaire. 
We examined four groups: comorbid PTSD 
and depression, PTSD only, depression only, 
and neither. Among enrollees, 15.2% report-
ed symptoms indicative of PTSD at W3, 
14.9% of depression, and 10.1% of both. Co-
morbid PTSD and depression was associat-
ed with high 9/11 exposures, low social inte-
gration, health-related unemployment, and 
experiencing >/= 1 traumatic life event post-
9/11. Comorbid persons experienced poorer 
outcomes on all PTSD-related impairment 
measures, life satisfaction, overall health, 
and UMHCN compared to those with only a 
single condition. These findings highlight 
the importance of ongoing screening and 
treatment for both conditions, particularly 
among those at risk for mental health 
comorbidity.

Ghuman S, Brackbill R, Stellman S, et al. 
2014. Unmet mental health care need 10–
12 years after the 9/11 terrorist attacks: re-
sults from 201 1–2012 World Trade Center 
Health Registry. BioMed Central Public 
Health. 14(1):491. 
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https://doi.org/10.1186/1471-2458-14-491

BACKGROUND: There is little current infor-
mation about the UMHCN and reasons for it 
among those exposed to the WTC terrorist 
attacks. The purpose of this study was to as-
sess the level of UMHCN among symptomat-
ic individuals enrolled in the WTCHR in W3, 
and to analyze the relationship between UM-
HCN due to attitudinal, cost, and access fac-
tors and mental health symptom severity, 
mental health care utilization, health insur-
ance availability, and social support. 

METHODS: The WTCHR is a prospective co-
hort study of individuals with reported expo-
sure to the 2001 WTC attacks. This study used 
data from 9803 adults who completed the 
W1 and W3 surveys and had PTSD or depres-
sion during W3. We estimated logistic regres-
sion models relating perceived attitudinal, 
cost, and access barriers to symptom severi-
ty, health care utilization, a lack of health in-
surance, and social support after adjusting 
for sociodemographic characteristics. 

RESULTS: Slightly more than one-third 
(34.2%) of study participants reported an 
UMHCN. Symptom severity was a strong pre-
dictor of UMHCN due to attitudinal and per-
ceived cost and access reasons. Attitudinal 
UMHCN was common among those not us-
ing mental health services, particularly those 
with relatively severe mental health symp-
toms. Cost-related UMHCN was significantly 
associated with a lack of health insurance 
but not service usage. Access-related barri-
ers were significantly more common among 
those who did not use any mental health ser-
vices. A higher level of social support served 
as an important buffer against cost and ac-
cess UMHCN. 

CONCLUSIONS: A significant proportion of 
individuals exposed to the WTC attacks with 

depression or PTSD 10 years later reported 
an UMHCN, and individuals with more severe 
and disabling conditions, those who lacked 
health insurance, and those with low levels 
of social support were particularly 
vulnerable.

Mann M, Li J, Farfel M, et al. 2014. Adoles-
cent behavior and PTSD 6–7 years after the 
World Trade Center disaster in New York City. 
Disaster Health. 2(3–4):12 1–129. 

https://doi.org/10.1080/21665044.2015.1010931

Behavioral problems and psychopathologies 
were reported in children exposed to the 
WTC attacks in NYC within two to three years 
post-disaster. Little is known of subsequent 
9/1 1–related behavioral and emotional 
problems. We assessed risk factors for be-
havioral difficulties and probable PTSD in 
489 adolescent enrollees ages 11 to 18 years 
old in the WTCHR cohort using the Strengths 
and Difficulties Questionnaire (SDQ) and 
DISC Predictive Scales (DPS), respectively, as 
reported by the adolescents. Associations 
between parental PTSD and adolescent PTSD 
and behavioral problems were studied in a 
subset of 166 adolescent-parent pairs in 
which the parent was also a Registry enroll-
ee. Nearly one-fifth (17.4%) of the adoles-
cents, all of whom were 5 to 12 years old at 
the time of the attacks, scored in the abnor-
mal (5.7%) or borderline (11.7%) range of to-
tal SDQ. Problems were more frequent in mi-
nority, low-income, and single-parent 
adolescents. Abnormal and borderline SDQ 
scores were significantly associated with di-
rect WTC exposures and with WTC-related 
injury or death of a family member. Adoles-
cent PTSD was significantly associated with 
WTC exposure and with fear of one’s own in-
jury or death, and with PTSD in the parent 
(AOR:5.6; 95% CI:1.1–28.4). This adolescent 
population should be monitored for 
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persistence or worsening of these problems. 
Co-occurrence of parent and child mental 
health symptoms following a disaster may 
have implications for healthcare practi-
tioners and for disaster response planners.

Miller-Archie S, Jordan H, Ruff R, et al. 
2014. Posttraumatic stress disorder and 
new-onset diabetes among adult survivors 
of the World Trade Center disaster. Preven-
tive Medicine. 66C:34–38. 

https://doi.org/10.1016/j.ypmed.2014 .05.016

OBJECTIVE: To explore the temporal rela-
tionship between 9/1 1–related PTSD and 
new-onset diabetes in WTC survivors up to 
11 years after the attack in 2001. 

METHODS: Three waves of surveys (con-
ducted from 2003 to 2012) from the WTCHR 
cohort collected data on physical and men-
tal health status, sociodemographic charac-
teristics, and 9/1 1–related exposures. Dia-
betes was defined as self-reported, 
physician-diagnosed diabetes reported af-
ter enrollment. After excluding prevalent 
cases, there were 36,899 eligible adult en-
rollees. Logistic regression and generalized 
multilevel growth models were used to as-
sess the association between PTSD mea-
sured at enrollment and subsequent 
diabetes. 

RESULTS: We identified 2143 cases of diabe-
tes. After adjustment, we observed a signifi-
cant association between PTSD and diabe-
tes in the logistic model (AOR:1.28, 95% 
CI:1.14–1.44). Results from the growth mod-
el were similar (AOR:1.37, 95% CI:1.23–1.52). 

CONCLUSION: This exploratory study found 
that PTSD, a common 9/1 1–related health 
outcome, was a risk factor for self-reported 
diabetes. Clinicians treating survivors of 

both the WTC attacks and other disasters 
should be aware that diabetes may be a 
long-term consequence.

Schwarzer R, Bowler R, Cone J. 2014. So-
cial integration buffers stress in New York 
police after the 9/11 terrorist attack. Anxiety, 
Stress, & Coping. 27(1):18–26. 

https://doi.org/10.1080/10615806.2013.806652

Being socially integrated is regarded as a 
protective factor enabling people to cope 
with adversity. The stress-buffering effect re-
flects an interaction between stress and a 
social coping resource factor on subsequent 
outcomes. This study, based on 2943 police 
officers, examines mental health outcomes 
among officers who responded to the 9/11 
terrorist attack on the WTC. The W1 data col-
lection took place between September 2003 
and November 2004, with a follow-up study 
(W2) conducted from November 2006 
through December 2007. A moderated me-
diation model was specified that uses event 
exposure as a distal predictor, earlier stress 
response as a mediator, and later stress re-
sponse as an outcome, and social integra-
tion as a moderator of this relationship. The 
mediation hypothesis was confirmed, and 
moderation occurred at two stages. First, 
there was a multiplicative relationship be-
tween exposure levels and social integra-
tion: the higher the exposure level, the more 
stress responses occur, but this effect was 
buffered by a high level of social integration. 
Second, W1 stress interacted with social in-
tegration on W2 stress: the more the police 
officers were socially integrated, the lower 
the W2 stress, which happened in a synergis-
tic manner. The findings contribute to the 
understanding of mediating and moderat-
ing mechanisms that result in health out-
comes such as PTSD or resilience.
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Welch A, Caramanica K, Maslow C, et al. 
2014. Frequent binge drinking five to six 
years after exposure to 9/11: Findings from 
the World Trade Center Health Registry. 
Drug and Alcohol Dependence. 140: 1–7. 

h t t p s : / / d o i . o r g / 1 0 . 1 0 1 6 / j . d r u g a l c 
dep.2014.04.013

BACKGROUND: Exposure to 9/11 may have 
considerable long-term impact on health 
behaviors, including increased alcohol con-
sumption. We examined the association be-
tween frequent binge drinking, PTSD, and 
number of 9/1 1–specific experiences among 
WTCHR enrollees five-to-six years after 9/11. 

METHODS: Participants included 41,284 
Lower Manhattan residents, workers, pass-
ers-by, and rescue/recovery workers aged 
18 or older without a pre-9/11 PTSD diagno-
sis who completed W1 and W2 interviews. 
Frequent binge drinking was defined as con-
suming five or more drinks on five or more 
occasions in the prior 30 days at W2. Proba-
ble PTSD was defined as scoring 44 or great-
er on the PCL. September 11, 2001, expo-
sure was measured as the sum of 12 
experiences and grouped as none/low (0–1), 
medium (2–3), high (4–5) and very high (6+). 

RESULTS: Frequent binge drinking was sig-
nificantly associated with increasing 9/1 1–
exposure and PTSD. Those with very high 
and high exposures had a higher prevalence 
of frequent binge drinking (13.7% and 9.8%, 
respectively) than those with medium and 
low exposures (7.5% and 4.4%, respective-
ly). Upon stratification, very high and high 
exposures were associated with frequent 
binge drinking in both the PTSD and non-
PTSD subgroups. 

CONCLUSIONS: Our findings suggest that 
9/1 1–exposure had an impact on frequent 
binge drinking five-to-six years later among 

WTCHR enrollees. Understanding the effects 
of traumatic exposure on alcohol use is im-
portant to identify risk factors for post-di-
saster alcohol misuse, inform policy, and 
improve post-disaster psychological and al-
cohol screening and counseling.

Welch A, Debchoudury I, Jordan H, et al. 
2014. Translating research into action: An 
evaluation of the World Trade Center Health 
Registry’s Treatment Referral Program. Di-
saster Health. 2(1): 97–105. 

https://doi.org/10.4161/dish.28219

This manuscript describes the design, im-
plementation, and evaluation of the WTCHR 
TRP, created to respond to enrollees’ self-re-
ported 9/1 1–related physical and mental 
health needs and promote the use of 
WTC-specific health care. In 2009–2011, the 
TRP conducted personalized outreach, in-
cluding an individualized educational mail-
ing and telephone follow-up to 7518 select-
ed enrollees who resided in NYC, did not 
participate in rescue/recovery work, and re-
ported symptoms of 9/1 1–related physical 
conditions or PTSD on their most recently 
completed Registry survey. TRP staff spoke 
with enrollees to address barriers to care 
and schedule appointments at the WTC EHC, 
for those eligible. We assessed three nested 
outcomes: TRP participation (e.g., contact 
with TRP staff), scheduling appointments, 
and keeping scheduled appointments.  
A total of 1232 (16.4%) eligible enrollees 
participated in the TRP; 32% of them sched-
uled a first-time appointment. We reached 
84% of participants who scheduled appoint-
ments; 79.4% reported having kept the ap-
pointment. Scheduling an appointment, 
but not keeping it, was associated with 
self-reported unmet health care need, PTSD, 
and poor functioning (>/=14 days of poor 
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physical or mental health in the past 30 
days; P < 0.05). Neither scheduling nor keep-
ing an appointment was associated with de-
mographic characteristics. Successful out-
reach to disaster-exposed populations may 
require a sustained effort that employs a 
variety of methods in order to encourage 
and facilitate use of post-disaster services. 
Findings from this evaluation can inform 
outreach to the population exposed to 9/11 
being conducted by other organizations. 

2015 (10)
Berger K, Turetz M, Liu M, et al. (2015). Os-
cillometry complements spirometry in eva-
lu ation of subjects following toxic inhala-
tion. European Respiratory Journal Open 
Research; 1(2) pii:00043– 2015. 

h t t p s : / /d o i . o r g / 1 0 . 1 1 8 3 / 2 3 1 2 0 5 4 1 . 
00043-2015

The WTC destruction released dust and 
fumes into the environment. Although many 
community members developed respirato-
ry symptoms, screening spirometry was 
usually normal. We hypothesized that 
forced oscillation testing would identify 
functional abnormalities undetected by spi-
rometry and that symptom severity would 
relate to magnitude of abnormalities mea-
sured by oscillometry. A symptomatic co-
hort (n=848) from the Bellevue Hospital WTC 
EHC was evaluated and compared to an as-
ymptomatic cohort (n=475) from the NYC 
DOHMH WTCHR. Spirometry and oscillome-
try were performed. Oscillometry measure-
ments included resistance (R5) and frequen-
cy dependence of resistance (R5–20). 
Spirometry was normal for the majority of 
subjects (73.2% symptomatic versus 87.6% 
asymptomatic, p<0.0001). In subjects with 
normal spirometry, R5 and R5–20 were high-
er in symptomatic versus asymptomatic 

subjects (median (interquartile range) R5 
0.436 (0.206) versus 0.314 (0.129) kPa.L-
1.s-1, p<0.001; R5–20 0.075 (0.085) versus 
0.004 (0.042) kPa.L-1.s-1, p<0.0001). In 
symptomatic subjects, R5 and R5–20 in-
creased with increasing severity and fre-
quency of wheeze (p<0.05). Measurement of 
R5–20 correlated with the presence and se-
verity of symptoms even when spirometry 
was within normal limits. These findings are 
in accord with small airway abnormalities 
as a potential explanation of the respiratory 
symptoms.

Caramanica K, Brackbill R, Stellman S, et 
al. 2015. Posttraumatic stress disorder after 
Hurricane Sandy among persons exposed to 
the 9/11 disaster. International Journal of 
Emergency Mental Health. 17(1):356–362. 

https://www.ncbi.nlm.nih.gov/pmc/arti-
cles/PMC4424196

BACKGROUND: Traumatic exposure during 
a hurricane is associated with adverse men-
tal health conditions post-event. The 
WTCHR provided a sampling pool for a rapid 
survey of persons directly affected by Hurri-
cane Sandy in the NYC metropolitan area in 
late October 2012. This study evaluated the 
relationship between Sandy experiences 
and Sandy-related PTSD among individuals 
previously exposed to the September 11, 
2001, disaster. 

METHODS: A total of 4558 surveys were com-
pleted from April 10, 2013, to November 7, 
2013. After exclusions for missing data, the 
final sample included 2214 (53.5%) respon-
dents from FEMA-defined inundation zones 
and 1923 (46.5%) from non-inundation 
zones. Sandy exposures included witness-
ing terrible events, Sandy-related injury, 
fearing for own life or safety of others, evac-
uation, living in a home that was flooded or 
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damaged, property loss, and financial loss. 
Sandy-related PTSD was defined as a score 
of >/=44 on a Sandy-specific PCL. 

RESULTS: PTSD prevalence was higher in the 
inundation zones (11.3%) and lower in the 
non-inundation zones (4.4%). The highest 
prevalence of Sandy-related PTSD was 
among individuals in the inundation zone 
who sustained an injury (31.2%), reported a 
history of 9/1 1–related PTSD (28.8%), or 
had low social support prior to the event 
(28.6%). In the inundation zones, signifi-
cantly elevated adjusted odds of Sandy-re-
lated PTSD were observed among persons 
with a prior history of 9/1 1–related PTSD, 
low social support, and those who experi-
enced a greater number of Sandy traumatic 
events. 

CONCLUSIONS: Sandy-related stress symp-
toms indicative of PTSD affected a signifi-
cant proportion of persons who lived in 
flooded areas of the NYC metropolitan area. 
Prior 9/1 1–related PTSD increased the like-
lihood of Sandy-related PTSD, while social 
support was protective. Public health prepa-
ration for events similar to Sandy should in-
corporate outreach and linkages to care for 
persons with prior disaster-related trauma.

Cone J, Li J, Kornblith E, et al. 2015. 
Chronic probable PTSD among police re-
sponders in the World Trade Center Health 
Registry ten to eleven years after 9/11. Amer-
ican Journal of Industrial Medicine. 
58(5):483–493. 

https://doi.org/10.1002/ajim.22446

BACKGROUND: Police enrolled in the WTCHR 
demonstrated increased probable PTSD  
after the terrorist attack of September 11, 
2001.

METHODS: Police enrollees without 

pre-9/11 PTSD were studied. Probable PTSD 
was assessed by PCL. Risk factors for chron-
ic, new onset or resolved PTSD were as-
sessed using multinomial logistic 
regression. 

RESULTS: Half of police with probable PTSD 
in W1 and W2 continued to have probable 
PTSD in W3. Women had higher prevalence 
of PTSD than men (15.5% vs. 10.3%, 
P=0.008). Risk factors for chronic PTSD in-
cluded decreased social support, unem-
ployment, two or more life stressors in last 
12 months, two or more life-threatening 
events since 9/11, two or more injuries 
during the 9/11 attacks, and unmet mental 
health needs. 

CONCLUSION: Police responders to the WTC 
attacks continue to bear a high mental 
health burden. Improved early access to 
mental health treatment for police exposed 
to disasters may be needed.

Fairclough M, Miller-Archie S, Cone J, et 
al. 2015. Relationship between persistent 
post-traumatic stress disorder and human 
remains exposure for Staten Island Barge 
and Landfill recovery and clean-up workers 
after 9/11. International Journal of Emer-
gency Mental Health and Human Resilience. 
17(3):66 1–663. 

h t t p s : / /d x . d o i . o rg / 1 0 . 4 1 7 2 / 1 5 2 2 - 4 8 
21.1000261

After the September 11, 2001, WTC disaster, 
recovery and clean-up efforts were concen-
trated at the WTC site and the Staten Island 
(SI) Fresh Kills landfill and barges. Research 
is limited regarding the long-term health ef-
fects of human remains-exposure during 
clean-up and recovery work at the SI landfill 
and barges. We studied 1592 WTCHR enroll-
ees who worked at the SI landfill, loading 
piers, and barges after the 9/11 attacks to 
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assess the relationship between human re-
mains-exposure and persistent PTSD 10–11 
years later. A dose-response relationship 
was found between frequency of human re-
mains-exposure and persistent PTSD (AOR-
):every day (AOR=4.77; 95% CI:2.00–11.52), 
almost every day (AOR=4.35; 95% CI:1.75–
10.80), and some days (AOR=2.98; 95% 
CI:1.43–6.22). When exposed to human re-
mains, sanitation workers had higher odds 
of persistent PTSD, compared to firefighters 
and police. In addition, respondents who 
scored lower on a social support scale had 
higher odds of persistent PTSD. The findings 
highlight the need for strategies to reduce 
the risk of PTSD associated with exposure to 
human remains in future disasters.

Gargano L, Caramanica K, Sisco S, et al. 
2015. Exposure to the World Trade Center 
disaster and 9/11–related post-traumatic 
stress disorder and household disaster pre-
paredness. Disaster Medicine and Public 
Health Preparedness. Dec; 9(6):625–33. 

https://doi.org/10.1017/dmp.2015.71

OBJECTIVE: In a population with prior expo-
sure to the WTC disaster, this study sought 
to determine the subsequent level of pre-
paredness for a new disaster and how pre-
paredness varied with population charac-
teristics that are both disaster-related and 
non-disaster-related. 

METHODS: The sample included 4496 
WTCHR enrollees who completed the W3 and 
Hurricane Sandy (2013) surveys. Partici-
pants were considered prepared if they re-
ported possessing at least seven of eight 
standard preparedness items. Logistic re-
gression was used to determine associa-
tions between preparedness factors, demo-
graphic factors, medical factors, 9/1 
1–related PTSD assessed at W3, 9/1 1–expo-

sure, and social support. 

RESULTS: Over one-third (37.5%) of partici-
pants were prepared with 18.8% possessing 
all eight items. The item most often missing 
was an evacuation plan (69.8%). Higher lev-
els of social support were associated with 
being prepared. High levels of 9/1 1–expo-
sure were associated with being prepared in 
both the PTSD and non-PTSD subgroups. 

CONCLUSIONS: Our findings indicate that 
prior 9/1 1–exposure favorably impacted 
Hurricane Sandy preparedness. Future pre-
paredness messaging should target people 
with low social support networks. Commu-
nications should include information on 
evacuation zones and where to find infor-
mation about how to evacuate.

Jordan H, Stellman S, Reibman J, et al. 
2015. Factors associated with poor control 
of 9/1 1–related asthma 10–11 years after 
the 2001 World Trade Center disaster. Jour-
nal of Asthma. 52(6):630–637. 

https://doi.org/10.3109/02770903.2014.999
083

OBJECTIVE: To identify key factors associat-
ed with poor asthma control among adults 
in the WTCHR, a longitudinal study of res-
cue/recovery workers and community mem-
bers who were directly exposed to the 2001 
WTC terrorist attacks and their aftermath. 

METHODS: We studied incident asthma di-
agnosed by a physician from September 12, 
2001, through December 31, 2003, among 
participants aged >/=18 on September 11, 
2001, as reported on an enrollment (2003–
2004) or follow-up questionnaire. Based on 
modified National Asthma Education and 
Prevention Program criteria, asthma was 
considered controlled, poorly-controlled, or 
very poorly-controlled at the time of a 201 
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1–2012 follow-up questionnaire. Probable 
PTSD, depression, and generalized anxiety 
disorder were defined using validated 
scales. Self-reported GERS and OSA were 
obtained from questionnaire responses. 
Multinomial logistic regression was used to 
examine factors associated with poor or 
very poor asthma control. 

RESULTS: Among 2445 participants, 33.7% 
had poorly-controlled symptoms and 34.6% 
had very poorly-controlled symptoms in 201 
1–2012. Accounting for factors including 
age, education, body mass index, and smok-
ing, there was a dose-response relationship 
between the number of mental health con-
ditions and poorer asthma control. Partici-
pants with three mental health conditions 
had five times the odds of poor control and 
13 times the odds of very poor control com-
pared to participants without mental health 
comorbidities. GERS and OSA were signifi-
cantly associated with poor or very poor 
control. 

CONCLUSIONS: Rates of poor asthma con-
trol were very high in this group with post-
9/11 diagnosed asthma. Comprehensive 
care of 9/1 1–related asthma should include 
management of mental and physical health 
comorbidities.

Maslow C, Caramanica K, Welch A, et al. 
2015. Trajectories of scores on a screening 
instrument for PTSD among World Trade 
Center rescue, recovery, and clean-up work-
ers. Journal of Traumatic Stress. 
28(3):198–205. 

http://onlinelibrar y.wiley.com/wol1/
doi/10.1002/jts.22011/abstract

The longitudinal course of PTSD over eight 
to nine years was examined among 16,488 
rescue and recovery workers who respond-
ed to the events of September 11, 2001, at 

the WTC, and were enrolled in the WTCHR. 
Latent class growth analysis identified five 
groups of rescue and recovery workers with 
similar score trajectories at three adminis-
trations of the PCL: low-stable (53.3%), 
moderate-stable (28.7%), moderate-in-
creasing (6.4%), high-decreasing (7.7%), 
and high-stable (4.0%). Relative to the 
low-stable group, membership in higher risk 
groups was associated with 9/1 1–related 
exposures, including: duration of WTC work 
(with adjusted odds ratios ranging from 1.3 
to 2.0), witnessing of horrific events 
(range=1.3 to 2.1), being injured (range=1.4 
to 2.3), perceiving threat to life or safety 
(range=2.2 to 5.2), bereavement (range=1.6 
to 4.8), and job loss due to 9/11 (range=2.4 
to 15.8). Within groups, higher PCL scores 
were associated with adverse social circum-
stances, including: lower social support (with 
B coefficients ranging from 0.2 to 0.6); divorce, 
separation, or widowhood (range=0.4–0.7); 
and unemployment (range=0.4–0.5). Given 
baseline, exposure-related, and contextual in-
fluences that affect divergent PTSD trajecto-
ries, screening for both PTSD and adverse cir-
cumstances should occur immediately, and at 
regular intervals post disaster.

Welch A, Jasek J, Caramanica K, et al. 
2015. Cigarette smoking and 9/1 1–related 
posttraumatic stress disorder among World 
Trade Center Health Registry enrollees, 
2003–12. Preventive Medicine. 73:94–99. 

https://doi.org/10.1016/j.ypmed.2015.01. 023

OBJECTIVE: Numerous studies have ob-
served higher rates of smoking among 
adults with mental health conditions. We 
examined PTSD and smoking over a seven 
to nine year period among adults with first-
hand exposure to the 9/11 attacks enrolled 
in the WTCHR.
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METHOD: Data were collected at three waves: 
W1, W2, and W3. Enrollees aged >/=25 at W1 
and who completed all three waves 
(n=34,458) were categorized by smoker-type: 
non-smoker, non-daily (smoked some days 
in last 30 days), light ( 1–10 cigarettes per day 
(CPD)), or heavy (11+ CPD). Enrollees who 
smoked at W1 but not W3 were considered to 
have quit. PTSD was defined as a score of 
>/=44 on the PCL Civilian Version.

RESULTS: Smoking declined significantly 
from W1 (12.6%) to W3 (9.2%). Smoking 
prevalence was higher among enrollees 
with PTSD. In multivariable models, odds of 
quitting were 25% to 39% lower among 
heavy, light, and non-daily smokers with 
PTSD compared to those without.

CONCLUSION: PTSD was associated with re-
duced odds of quitting regardless of smok-
er-type. Disaster-exposed smokers with 
PTSD are likely in need of more supportive 
services in order to abstain from smoking.

Welch A, Caramanica K, Yip J, et al. 2015. 
A qualitative analysis of New York City based 
primary care and specialty providers’ knowl-
edge of 9/1 1–related health conditions and 
health care services. Austin Journal of Emer-
gency and Critical Care Medicine. 2(5):1029. 

http://austinpublishinggroup.com/emer-
gency-critical-care-medicine/fulltext/ajec-
cm-v2-id1029.php 

INTRODUCTION: More than 10 years after 
9/11, thousands of directly-exposed per-
sons have myriad disaster-related physical 
and mental health conditions. Previous 
studies suggest affected persons may not be 
utilizing any of the health programs that 
were created expressly to address 9/1 1–re-
lated health conditions due, in part, to a 
lack of referrals from primary care physi-
cians. AIM: To understand providers’ 

knowledge of 9/1 1–related medical condi-
tions, views on and referrals to 9/11 health 
programs, and how best to provide educa-
tional resources to providers and patients. 
METHODS: We conducted semi-structured 
in-depth individual telephone interviews 
with 20 New York City-based primary care 
and relevant specialty providers. The inter-
views were recorded, transcribed, and in-
ductively open-coded for thematic analysis. 
RESULTS: Providers were fairly knowledge-
able about psychiatric and respiratory con-
ditions commonly associated with 9/11, but 
less so regarding conditions whose relation-
ships to 9/11 are still under investigation. 
Most providers considered 9/11 exposure an 
important part of patients’ medical histo-
ries, but did not typically screen for expo-
sure, believing patients would self-report 
exposure or that exposure was no longer 
relevant. The majority of providers had pos-
itive perceptions of the 9/11 programs, 
though only some had referred their  
patients. Providers expressed interest in 
learning more about 9/1 1–related health 
programs and conditions. 

CONCLUSION: NYC-based medical providers 
are an under-utilized source of referrals to 
the 9/11 health programs. Furnishing pro-
viders with detailed information on program 
locations, eligibility requirements, services, 
and advantages along with summaries of 
9/11 research and patient educational mate-
rials may increase provider referrals to the 
programs. 

Yu S, Brackbill R, Stellman S, et al. 2015. 
Evaluation of non-response bias in a cohort 
study of World Trade Center terrorist attack 
survivors. BioMed Central Research Notes. 
8(1):42. [Online Publication] 

https://doi.org/10.1186/s13104-015-0994-2
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BACKGROUND: Few longitudinal studies of 
disaster cohorts have assessed both non-re-
sponse bias in prevalence estimates of 
health outcomes and in the estimates of as-
sociations between health outcomes and di-
saster exposures. We examined the factors 
associated with non-response and the pos-
sible non-response bias in prevalence esti-
mates and association estimates in a longi-
tudinal study of WTC terrorist attack 
survivors. 

METHODS: In 2003–2004, 71,434 enrollees 
completed the WTCHR Wave 1 health sur-
vey. This study is limited to 67,670 adults 
who were eligible for both Wave 2 and Wave 
3 surveys in 2006–2007 and 201 1–2012. We 
first compared the characteristics between 
Wave 3 participants (Wave 3 drop-ins and 
three-wave participants) and non-partici-
pants (Wave 3 drop-outs and Wave 1 only 
participants). We then examined potential 
non-response bias in prevalence estimates 
and in exposure-outcome association esti-
mates by comparing one-time non-partici-
pants (Wave 3 drop-ins and drop-outs) at the 
two follow-up surveys with three-wave 
participants. 

RESULTS: Compared to Wave 3 participants, 
non-participants were younger, more likely 
to be male, non-White, non-self-enrolled, 
non-rescue or recovery worker, have lower 
household income, and less than post-grad-
uate education. Enrollees’ Wave 1 health 
status had little association with their Wave 
3 participation. None of the disaster expo-
sure measures measured at Wave 1 were as-
sociated with Wave 3 non-participation. 
Wave 3 dropouts and drop-ins (those who 
participated in only one of the two follow-up 
surveys) reported somewhat poorer health 
outcomes than the three-wave participants. 
For example, compared to three-wave par-
ticipants, Wave 3 drop-outs had a 1.4 times 

higher odds of reporting poor or fair health 
at Wave 2 (95% CI 1.3–1.4). However, the as-
sociations between disaster exposures and 
health outcomes were not different signifi-
cantly among Wave 3 drop-outs/drop-ins as 
compared to three-wave participants. CON-
CLUSION: Our results show that, despite a 
downward bias in prevalence estimates of 
health outcomes, attrition from the WTCHR 
follow-up studies does not lead to serious 
bias in associations between 9/11 disaster 
exposures and key health outcomes. These 
findings provide insight into the impact of 
non-response on associations between di-
saster exposures and health outcomes re-
ported in longitudinal studies. (WTCHR)

2016 (16)
Boffetta P, Zeig-Owens R, Wallenstein S, 
et al. 2016. Cancer in World Trade Center 
responders: Findings from multiple cohorts 
and options for future study. American Jour-
nal of Industrial Medicine. 59(2):96–105. 

https://doi.org/10.1002/ajim.22555 

BACKGROUND: Three longitudinal studies 
of cancer incidence in varied populations of 
WTC responders have been conducted. 
METHODS: We compared the design and re-
sults of the three studies. RESULTS: Sepa-
rate analyses of these cohorts revealed ex-
cess cancer incidence in responders for all 
cancers combined and for cancers of the 
thyroid and prostate. Methodological dis-
similarities included recruitment strategies, 
source of cohort members, demographic 
characteristics, overlap between cohorts, as-
sessment of WTC and other occupational ex-
posures and confounders, methods and du-
ration of follow-up, approaches for 
statistical analysis, and latency analyses. 

CONCLUSIONS: The presence of three 
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cohorts strengthens the effort of identifying 
and quantifying the cancer risk, while the 
heterogeneity in design might increase sen-
sitivity to the identification of cancers po-
tentially associated with exposure. The 
presence and magnitude of an increased 
cancer risk remains to be fully elucidated. 
Continued long-term follow-up with mini-
mal longitudinal dropout is crucial to 
achieve this goal.

Bowler R, Kornblith E, Li J, et al. 2016. Po-
lice officers who responded to 9/11: Comor-
bidity of PTSD, depression, and anxiety 10–
11 years later. American Journal of Industrial 
Medicine. 59(6):425–436. 

https://doi.org/10.1002/ajim.22588

BACKGROUND: After the September 11, 
2001, WTC attack, many police-responders 
developed PTSD and might be vulnerable to 
develop depression and/or anxiety. Comor-
bidity of PTSD, depression, and/or anxiety is 
examined. METHOD: Police enrollees 
(n=1884) from the WTCHR were categorized 
into four groups based on comorbidity of 
PTSD, depression, and anxiety. DSMIV diag-
nostic criteria for PTSD were used. Depres-
sion (PHQ-8) and anxiety (GAD-7) were as-
sessed with standardized psychometric 
inventories. Multinomial logistic regression 
was used to identify putative risk factors as-
sociated with comorbidity of PTSD.

RESULTS: Of 243 (12.9% of total) police with 
probable PTSD, 21.8% had probable PTSD 
without comorbidity, 24.7% had depres-
sion, 5.8% had anxiety, and 47.7% had co-
morbid depression and anxiety. Risk factors 
for comorbid PTSD, depression, and anxiety 
include being Hispanic, decrease in income, 
experiencing physical injury on 9/11, experi-
encing stressful/traumatic events since 
9/11, and being unemployed/retired. 

CONCLUSION: Nearly half of police with 
probable PTSD had comorbid depression 
and anxiety.

Brown S, Gargano L, Parton H, et al. 2016. 
Hurricane Sandy evacuation among World 
Trade Center Health Registry (WTCHR) en-
rollees in New York City. Disaster Medicine 
and Public Health Preparedness. 10(3):41 
1–419. 

https://doi.org/10.1017/dmp.2016.57

OBJECTIVE: Timely evacuation is vital for re-
ducing adverse outcomes during disasters. 
This study examined factors associated with 
evacuation and evacuation timing during 
Hurricane Sandy among WTCHR (Registry) 
enrollees.

METHODS: The study sample included 1162 
adults who resided in New York City’s evacu-
ation zone A during Hurricane Sandy who 
completed the Registry’s Hurricane Sandy 
sub-study in 2013. Factors assessed includ-
ed zone awareness, prior evacuation experi-
ence, community cohesion, emergency pre-
paredness, and poor physical health. 
Prevalence estimates and multiple logistic 
regression models of evacuation at any time 
and evacuation before Hurricane Sandy 
were created. 

RESULTS: Among respondents who evacu-
ated for Hurricane Sandy (51%), 24% had 
evacuated before the storm. In adjusted 
analyses, those more likely to evacuate 
knew they resided in an evacuation zone, 
had evacuated during Hurricane Irene, or 
reported pre-Sandy community cohesion. 
Evacuation was less likely among those who 
reported being prepared for an emergency. 
For evacuation timing, evacuation before 
Hurricane Sandy was less likely among 
those with pets and those who reported 14 
or more poor-physical health days.
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CONCLUSIONS: Higher evacuation rates 
were observed for respondents seemingly 
more informed and who lived in neighbor-
hoods with greater social capital. Improved 
disaster messaging that amplifies these fac-
tors may increase adherence with evacua-
tion warnings.

Cone J, Osahan S, Ekenga C, et al. 2016. 
Asthma among Staten Island fresh kills 
landfill and barge workers following the 
September 11, 2001 World Trade Center ter-
rorist attacks. American Journal of Industri-
al Medicine. 59(9):795–804. 

https://doi.org/10.1002/ajim.22645

BACKGROUND: Although airborne respira-
tory irritants at the WTC site have been as-
sociated with asthma among WTC Ground 
Zero workers, little is known about asthma 
associated with work at the Staten Island 
landfill or barges.

METHODS: To evaluate the risk of asthma 
first diagnosed among Staten Island landfill 
and barge workers, we conducted a survey 
and multivariable logistic regression analy-
sis regarding the association between Stat-
en Island landfill-and barge-related work 
exposures and the onset of post-9/11 
asthma.

RESULTS: Asthma newly-diagnosed be-
tween September 11, 2001, and December 
31, 2004, was reported by 100 of 1836 (5.4%) 
enrollees. Jobs involving sifting, digging, 
welding, and steel cutting; enrollees with 
high landfill/barge exposure index scores or 
who were police and sanitation workers; and 
enrollees with probable PTSD all had in-
creased odds ratios for new-onset asthma. 

CONCLUSIONS: Post-9/11 asthma cumula-
tive incidence among Staten Island landfill/
barge workers was similar to that of other 
WTC disaster rescue and recovery workers

Friedman S, Farfel M, Maslow C, et al. 
2016. Risk factors for and consequences of 
persistent lower respiratory symptoms 
among World Trade Center health regis-
trants 10 years after the disaster. Occupa-
tional and Environmental Medicine. 
73(10):676–684. 

https://doi.org/10.1136/oemed-2015 -103512

OBJECTIVES: The prevalence of persistent 
LRS among rescue/recovery workers, local 
area workers, residents, and passers-by in 
the WTCHR was analyzed to identify associ-
ated factors and to measure its effect on 
quality of life (QoL) 10 years after Septem-
ber 11, 2001.

METHODS: This cross-sectional study in-
cluded 18,913 adults who completed three 
WTCHR surveys (2003–2004 (Wave 1 (W1)), 
2006–2007 (Wave 2 (W2)) and 2011–2012 
(Wave 3 (W3)). LRS were defined as self-re-
ported cough, wheeze, dyspnoea, or inhaler 
use in the 30 days before survey. The preva-
lence of three LRS outcomes: LRS at W1; LRS 
at W1 and W2; and LRS at W1, W2, and W3 
(persistent LRS) was compared with no LRS 
on WTC exposure and probable mental 
health conditions determined by standard 
screening tests. Diminished physical and 
mental health QoL measures were exam-
ined as potential LRS outcomes, using mul-
tivariable logistic and Poisson regression.

RESULTS: Of the four outcomes, persistent 
LRS was reported by 14.7%. Adjusted ORs 
for disaster exposure, probable post-trau-
matic stress disorder (PTSD) at W2, lacking 
college education, and obesity were incre-
mentally higher moving from LRS at W1, LRS 
at W1 and W2 to persistent LRS. Half of those 
with persistent LRS were comorbid for prob-
able PTSD, depression, or generalized anxi-
ety disorder. Enrollees with persistent LRS 
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were three times more likely to report poor 
physical health and ∼50% more likely to re-
port poor mental health than the no LRS 
group

CONCLUSIONS: LRS, accompanied by men-
tal health conditions and decreased QoL, 
have persisted for at least 10 years after 
September 11, 2001. Affected adults require 
continuing surveillance and treatment. 

Gargano L, Gershon R, Brackbill R, et al. 
2016. Quality of life of persons injured on 
9/11: Qualitative analysis from the World 
Trade Center Health Registry. PLoS Cur-
rents. 8: pii. 

h t t p s : / / d o i . o r g / 1 0 . 1 3 7 1 / c u r r e n t s .
dis.7c70f66c1e6c5f41b43c797cb2a04793

INTRODUCTION: A number of studies pub-
lished by the WTCHR (Registry) document 
the prevalence of injuries sustained by vic-
tims of the World Trade Center Disaster 
(WTCD) on 9/11. Injury occurrence during or 
in the immediate aftermath of this event has 
been shown to be a risk factor for long-term 
adverse physical and mental health status. 
More recent reports of ongoing physical 
health and mental health problems and 
overall poor quality of life among survivors 
led us to undertake this qualitative study to 
explore the long-term impact of having both 
disaster-related injuries and peri-event 
traumatic exposure on quality of life in di-
saster survivors.

METHODS: Semi-structured, in-depth indi-
vidual telephone interviews were conduct-
ed with 33 Registry enrollees who reported 
being injured on September 11, 2001. Topics 
included: extent and circumstance of the in-
jur(ies), description of medical treatment 
for injury, current health and functional sta-
tus, and lifestyle changes resulting from the 
WTCD. The interviews were recorded, 

transcribed, and inductively open-coded for 
thematic analysis.

RESULTS: Six themes emerged with respect 
to long-term recovery and quality of life: 
concurrent experience of injury with expo-
sure to peri-event traumatic exposure (e.g., 
witnessing death or destruction, perceived 
life threat, etc.); sub-optimal quality and 
timeliness of short-and long-term medical 
care for the injury reported and mental 
health care; poor ongoing health status, 
functional limitations, and disabilities; ad-
verse impact on lifestyle; lack of social sup-
port; and adverse economic impact. Many 
study participants, especially those report-
ing more serious injuries, also reported 
self-imposed social isolation, an inability to 
participate in or take enjoyment from previ-
ously-enjoyable leisure and social activities 
and greatly diminished overall quality of life.

DISCUSSION: This study provided unique in-
sight into the long-term impact of disasters 
on survivors. Long after physical injuries 
have healed, some injured disaster survi-
vors report having serious health and men-
tal health problems, economic problems 
due to loss of livelihood, limited sources of 
social support, and profound social isola-
tion. Strategies for addressing the long-term 
health problems of disaster survivors are 
needed in order to support recovery.

Gargano L, Nguyen A, DiGrande L, et al. 
2016. Mental health status of World Trade 
Center tower survivors compared to other 
survivors a decade after the September 11, 
2001 terrorist attacks. American Journal of 
Industrial Medicine. 59(9):742–751. 

https://doi.org/10.1002/ajim.22636

BACKGROUND: Studies of individuals directly 
exposed to the WTC terrorist attacks of Sep-
tember 11, 2001, have found increased risk 
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for PTSD and binge drinking (BD). No long-
term studies have been conducted on one 
highly-exposed group, WTC tower evacuees.

METHODS: The study sample included 7695 
adult civilians in the WTCHR. Logistic regres-
sion was used to examine the odds of PTSD 
and BD in 1946 towers evacuees compared to 
5749 others in nearby buildings or on the 
street.

RESULTS: WTC tower survivors were at in-
creased risk for PTSD and BD compared to 
the others. Infrastructure and behavioral 
barriers experienced during evacuation 
were significantly associated with PTSD. 

CONCLUSIONS: WTC tower evacuees are at 
increased risk for PTSD and BD. Understand-
ing the effects of disaster-related evacua-
tion barriers on the long-term mental health 
status of survivors can help in the planning 
of continuing post-disaster treatment.

Gargano LM, Welch AE, Stellman SD. 2016. 
Substance use in adolescents 10 years after 
the World Trade Center Attacks in New York 
City. Journal of Child and Adolescent Sub-
stance Abuse. 26(1):66-74. 

https://doi.org/10.1080/1067828X.2016.1210551

We examined prevalence of and factors as-
sociated with substance use 10 to 11 years 
post-9/11 among adolescents in the World 
Trade Center Health Registry. Logistic re-
gression analyses showed that adolescents 
who witnessed a disturbing event on 9/11 
were twice as likely to report ever drinking 
and almost three times as likely to have ever 
used marijuana. Among those ≥5 years of 
age on 9/11, fear for personal safety on 9/11 
was significantly associated with having 
ever smoked cigarettes, ever drank, and 
ever used marijuana. Intervention and edu-
cation for adolescents particularly focused 

on substance use and coping strategies may 
be warranted after large-scale disasters.

Li J, Brackbill R, Jordan H, et al. 2016. Ef-
fect of asthma and PTSD on persistence 
and onset of gastroesophageal reflux symp-
toms among adults exposed to the Septem-
ber 11, 2001, terrorist attacks. American 
Journal of Industrial Medicine. 
59(9):805–814. 

http://doi.org/10.1002/ajim.22644

BACKGROUND: Little is known about the di-
rection of causality among asthma, PTSD, 
and onset of GERS after exposure to the 
September 11, 2001, WTC disaster.

METHODS: Using data from the WTCHR, we 
investigated the effects of early diagnosed 
post-9/11 asthma and PTSD on the late-on-
set and persistence of GERS using log-bino-
mial regression, and examined whether 
PTSD mediated the asthma-GERS associa-
tion using structural equation modeling.

RESULTS: Of 29,406 enrollees, 23% reported 
GERS at follow-up in 201 1–2012. Early post-
9/11 asthma and PTSD were each inde-
pendently associated with both the per-
sistence of GERS that was present at baseline 
and the development of GERS in persons 
without a prior history. PTSD mediated the 
association between early post-9/11 asth-
ma and late-onset GERS.

CONCLUSIONS: Clinicians should assess pa-
tients with post-9/11 GERS for comorbid 
asthma and PTSD, and plan medical care for 
these conditions in an integrated fashion. 

Li J, Brackbill R, Liao T, et al. 2016. Ten-
year cancer incidence in rescue/recovery 
workers and civilians exposed to the Sep-
tember 11, 2001 terrorist attacks on the 
World Trade Center. American Journal of In-
dustrial Medicine. 59(9):709–721. 
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https://doi.org/10.1002/ajim.22638

BACKGROUND: Cancer incidence in exposed 
rescue/recovery workers (RRWs) and civil-
ians (non-RRWs) was previously reported 
through 2008.

METHODS: We studied occurrence of first 
primary cancer among WTCHR enrollees 
through 2011 using adjusted standardized 
incidence ratios (SIRs), and the WTC-expo-
sure-cancer association, using Cox propor-
tional hazards models.

RESULTS: All-cancer SIR was 1.11 (95% CI 
1.03–1.20) in RRWs, and 1.08 (95% CI 1.02–
1.15) in non-RRWs. Prostate cancer and skin 
melanoma were significantly elevated in 
both populations. Thyroid cancer was sig-
nificantly elevated only in RRWs while breast 
cancer and non-Hodgkin’s lymphoma were 
significantly elevated only in non-RRWs. 
There was a significant exposure dose-re-
sponse for bladder cancer among RRWs, 
and for skin melanoma among non-RRWs. 

CONCLUSIONS: We observed excesses of to-
tal and specific cancers in both populations, 
although the strength of the evidence for 
causal relationships to WTC-exposures is 
somewhat limited. Continued monitoring of 
this population is indicated.

Li J, Cone J, Alt A, et al. 2016. Performance 
of self-report to establish cancer diagnoses 
in disaster responders and survivors, World 
Trade Center Health Registry, New York, 200 
1–2007. Public Health Reports. 
131:420–429.

https://doi.org/10.1177/003335491613 100308

OBJECTIVE: Large-scale disasters may dis-
rupt health surveillance systems, depriving 
health officials and researchers of timely 
and accurate information needed to assess 
disaster-related health effects and leading 

to use of less reliable self-reports of health 
outcomes. In particular, ascertainment of 
cancer in a population is ordinarily obtained 
through linkage of self-reported data with 
regional cancer registries, but exclusive reli-
ance on these sources following a disaster 
may result in lengthy delays or loss of criti-
cal data. To assess the impact of such reli-
ance, we validated self-reported cancer in a 
cohort of 59,340 responders and survivors of 
the WTC disaster against data from 11 state 
cancer registries (SCRs).

METHODS: We focused on residents of the 
11 states with SCRs and on cancers diag-
nosed from September 11, 2001, to the date 
of their last survey participation. Medical re-
cords were also sought in a subset of 595 
self-reported cancer patients who were not 
recorded in an SCR. 

RESULTS: Overall sensitivity and specificity 
of self-reported cancer were 83.9% (95% CI 
81.9, 85.9) and 98.5% (95% CI 98.4, 98.6), re-
spectively. Site-specific sensitivities were 
highest for pancreatic (90.9%) and testicu-
lar (82.4%) cancers and multiple myeloma 
(84.6%). Compared with enrollees with 
true-positive reports, enrollees with 
false-negative reports were more likely to 
be non-Hispanic black (AOR=1.8, 95% CI 1.2, 
2.9) or Asian (AOR=2.2, 95% CI 1.2, 4.1). 
Among the 595 cases not recorded in an 
SCR, 13 of 62 (21%) cases confirmed through 
medical records were reportable to SCRs. 

CONCLUSION: Self-report of cancer had rel-
atively high sensitivity among adults ex-
posed to the WTC disaster, suggesting that 
self-reports of other disaster-related condi-
tions less amenable to external validation 
may also be reasonably valid.

Maslow C, Caramanica K, Li J, et al. 2016.
Reproductive outcomes following maternal 
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exposure to the events of September 11, 
2001, at the World Trade Center, in New York 
City. American Journal of Public Health. 
106(10):1796–1803. 

https://doi.org/10.2105/AJPH.2016.303303 

OBJECTIVES: To estimate associations be-
tween exposure to the events of September 
11, 2001, and low birth weight (LBW), 
preterm delivery (PD), and small size for 
gestational age (SGA).

METHODS: We matched birth certificates 
filed in New York City for singleton births be-
tween 9/11 and the end of 2010 to 9/11–re-
lated exposure data provided by mothers 
who were WTCHR enrollees. Generalized es-
timating equations estimated associations 
between exposures and LBW, PD, and SGA.

RESULTS: Among 3360 births, 5.8% were 
LBW, 6.5% were PD, and 9% were SGA. Hav-
ing incurred at least 2 of 4 exposures, having 
performed rescue or recovery work, and 
probable 9/1 1–related PTSD two to three 
years after 9/11 were associated with PD 
and LBW during the early study period. 

CONCLUSIONS: Disasters on the magnitude 
of 9/11 may exert effects on reproductive 
outcomes for several years. Women who are 
pregnant during and after a disaster should 
be closely monitored for physical and psy-
chological sequelae. 

PUBLIC HEALTH IMPLICATIONS: In utero and 
maternal disaster exposure may affect birth 
outcomes. Researchers studying effects of 
individual disasters should identify com-
monalities that may inform post-disaster 
responses to minimize disaster-related ad-
verse birth outcomes. 

Richards A, Powell R, Murphy J, et al. 
2016. Gridlocked: The impact of adapting 
survey grids for smartphones. Survey Prac-

tice. 9(3). [Online Publication]

www.surveypractice.org/article/2810.pdf

Paper and web surveys often include grid-
style questions formatted to save space and 
avoid repetition. However, this format is of-
ten discouraged by methodologists be-
cause of data quality concerns, particularly 
when respondents are using small screens 
(e.g., smartphones). In the fourth wave of 
the WTCHR survey, we used grids to main-
tain comparability with prior waves. Howev-
er, due to the rising number of respondents 
using smartphones to complete web sur-
veys, we used responsive web design pro-
gramming to automatically reformat grids 
into a series of individual items when a small 
screen device was detected. This method al-
lowed us to retain grids used in previous 
years yet address the issue of grids display-
ing poorly on mobile devices. We compared 
indicators of data quality (e.g., missing data, 
straight-lining) across grid formats to see 
whether the smartphone-optimized version 
suggests poorer, equal, or better data quali-
ty than the traditional grid. We also com-
pared consistency with data collected in 
previous waves of the survey. We found 
some evidence that the optimized grid for-
mat improved data quality, and the benefits 
we observed may even suggest that some 
variant of the mobile-optimized format 
should be considered for all devices, regard-
less of screen size.

Schwarzer R, Li J, Cone J, et al. 2016. A 
PTSD symptoms trajectory mediates be-
tween exposure levels and emotional sup-
port in police responders to 9/11: A growth 
curve analysis. BioMed Central Psychiatry. 
16(1):201. 

https://doi.org/10.1186/s12888-016-0907-5

BACKGROUND: Exposure to the terrorist 
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attack on the WTC on September 11, 2001, 
resulted in continuing stress experience 
manifested as PTSD symptoms in a minority 
of the police responders. The WTCHR has fol-
lowed up a large number of individuals, in-
cluding police officers, at three waves of data 
collection, from 2003 to 2011. This analysis 
examines the relationship between initial ex-
posure levels, long-term PTSD symptoms, 
and subsequent emotional support among 
police responders.

METHODS: The study population included 
police responders who had reported their 
9/11 exposure levels at Wave 1 (2003–2004), 
provided three waves of data on PTSD symp-
toms using the 17–item PCL scale, and rated 
their received emotional support at Wave 3 
(N=2204, 1908 men, 296 women, mean age:38 
years at exposure). A second-order growth 
curve reflected a PTSD symptom trajectory, 
which was embedded in a structural equa-
tion model, with exposure level specified as 
an exogenous predictor, and emotional sup-
port specified as an endogenous outcome.

RESULTS: Exposure had a main effect on 
mean symptom levels (intercept) across 
three waves but it made no difference in 
changes in symptoms (slope), and no differ-
ence in emotional support. The symptom 
trajectory, on the other hand, had an effect 
on emotional support. Its intercept and 
slope were both related to support, indicat-
ing that changes in symptoms affected later 
emotional support.

CONCLUSIONS: Initial trauma exposure lev-
els can have a long-term effect on mean 
symptom levels. Emotional support is lower 
in police responders when PTSD symptoms 
persist over seven years, but becomes high-
er when reduction in symptoms occurs.

Welch A, Caramanica K, Maslow C, et al. 
2016. Trajectories of PTSD among Lower 
Manhattan residents and area workers fol-
lowing the 2001 World Trade Center disas-
ter, 2003–2012. Journal of Traumatic Stress. 
29(2):158–166. 

https://doi.org/10.1002/jts.22090 

Group-based trajectory modeling was used to 
explore empirical trajectories of symptoms of 
PTSD among 17,062 adult area residents/
workers (nonrescue/recovery workers) en-
rolled in the WTCHR using three administra-
tions of the PCL over nine years of observa-
tion. Six trajectories described PTSD over 
time: low-stable (48.9%), moderate-stable 
(28.3%), moderate-increasing (8.2%), 
high-stable (6.0%), high-decreasing (6.6 %), 
and very high-stable (2.0%). To examine fac-
tors associated with improving or worsen-
ing PTSD symptoms, groups with similar in-
tercepts, but different trajectories were 
compared using bivariate analyses and lo-
gistic regression. The adjusted odds of be-
ing in the moderate-increasing relative to 
the moderate-stable group were significant-
ly greater among enrollees reporting low so-
cial integration (AOR=2.18), WTC exposures 
(AOR range=1.34 to 1.53), job loss related to 
the September 11, 2001, disaster (AOR=1.41), 
or unmet mental health need/treatment 
(AOR=4.37). The odds of being in the 
high-stable relative to the high-decreasing 
group were significantly greater among en-
rollees reporting low social integration 
(AOR=2.23), WTC exposures (AOR range=1.39 
to 1.45), or unmet mental health need/treat-
ment (AOR=3.42). The influence of severe 
exposures, scarce personal/financial re-
sources, and treatment barriers on PTSD 
trajectories suggest a need for early and on-
going PTSD screening post disaster.
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Yu S, Brackbill R, Locke S, et al. 2016. Im-
pact of 9/1 1–related chronic conditions and 
PTSD comorbidity on early retirement and 
job loss among World Trade Center disaster 
rescue and recovery workers. American Jour-
nal of Industrial Medicine. 59(9):73 1–741. 

https://doi.org/10.1002/ajim.22640

BACKGROUND: The economic impact of the 
9/11 terrorist attacks has rarely been stud-
ied. We examined the association between 
9/1 1–related chronic health conditions with 
or without PTSD and one important aspect 
of the economic impact, retirement, and job 
loss before age 60.

METHODS: A total of 7662 workers who par-
ticipated in the WTCHR surveys were stud-
ied. Logistic regression models examined 
the association of 9/1 1–related health and 
labor force exit.

RESULTS: Workers with chronic conditions 
were more likely to experience early retire-
ment and job loss, and the association was 
stronger in the presence of PTSD comorbidi-
ty. The odds ratios for reporting early retire-
ment or job loss were increased consider-
ably when chronic conditions were 
comorbid with PTSD.

CONCLUSIONS: Disaster-related health bur-
den directly impacts premature labor force 
exit and income. Future evaluation of disas-
ter outcome should include its long-term 
impact on labor force.

2017 (11)
Alper H, Yu S, Stellman S, et al. 2017. Inju-
ry, intense dust exposure, and chronic dis-
ease among survivors of the World Trade 
Center terrorist attacks of September 11, 
2001. Injury Epidemiology. 4(1):17. 

https://doi.org/10.1186/s40621-017-0115-x

BACKGROUND: The World Trade Center at-
tack of September 11, 2001, in New York City 
(9/11) exposed thousands of people to in-
tense concentrations of hazardous materi-
als that have resulted in reports of increased 
levels of asthma, heart disease, diabetes, 
and other chronic diseases along with psy-
chological illnesses such as PTSD. Few stud-
ies have discriminated between health con-
sequences of immediate (short-term or 
acute) intense exposures versus chronic res-
idential or workplace exposures.

METHODS: We used proportional hazards 
methods to determine adjusted hazard ra-
tios (AHRs) for associations between several 
components of acute exposures (e.g., injury, 
immersion in the dust cloud) and four 
chronic disease outcomes (i.e., asthma, oth-
er non-neoplastic lung diseases, cardiovas-
cular disease, and diabetes) in 8701 persons 
free of those conditions prior to exposure 
and who were physically present during or 
immediately after the World Trade Center 
attacks. Participants were followed pro-
spectively up to 11 years post-9/11. 

RESULTS: Heart disease exhibited a dose-re-
sponse association with sustaining injury  
(1 injury type: AHR =2.0, 95% CI (Confidence 
Interval) 1. 1–3.6; 2 injury types: AHR=3.1, 
95% CI 1.2–7.9; 3 or more injury types: 
AHR=6.8, 95% CI 2.0–22.6), while asthma 
and other lung diseases were both signifi-
cantly associated with dust cloud exposure 
(AHR=1.3, 95% CI 1.0–1.6). Diabetes was not 
associated with any of the predictors as-
sessed in this study.

CONCLUSION: In this study we demonstrat-
ed that the acute exposures of injury and 
dust cloud that were sustained on Septem-
ber 11, 2001, had significant associations 
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with later heart and respiratory diseases. 
Continued monitoring of 9/11 exposed per-
sons’ health by medical providers is war-
ranted for the foreseeable future.

Bowler RM, Adams SW, Gocheva VV, et al. 
2017. World Trade Center Tower Survivors: 
PTSD, Gender, and Risk Factors 10-11 Years 
After 9/11. Journal of Traumatic Stress. 
59(12):1229-1234.

http://doi.org/10.1002/jts.22232 

Ten to eleven years after the September 11, 
2001 terrorist attacks, probable posttrau-
matic stress disorder (PTSD) was evaluated 
in 1,755 World Trade Center (WTC) evacuees 
based on data from the WTC Health Regis-
try. Characteristics of men and women were 
compared and factors associated with PTSD 
symptom severity were examined using the 
PTSD Checklist (PCL). Compared with men 
(n = 1,015, 57.8%), women (n = 740, 42.2%) 
were younger and of lower socioeconomic 
status. Ten to eleven years after September 
11, 2001, 13.7% of men and 24.1% of women 
met criteria for PTSD. Results indicated that 
when considered with all other variables 
(i.e., demographic, socioeconomic and so-
cial resources, exposure to the attacks, life 
events), gender was not a significant predic-
tor of PTSD symptom severity. Being young-
er on September 11, 2001, unemployed, less 
educated, and/or having higher exposure to 
the attacks, unmet mental health care 
needs, and less social support predicted 
higher PCL scores for both genders (betas = 
.077 to .239). Demographic characteristics 
and socioeconomic resources (R2 = .113) ac-
counted for the largest amount of variance 
in PCL scores over and above exposure/
evacuation, mental healthcare needs, and 
social support variables (R2 = .093 to .102). 
When trends of unmet mental healthcare 
needs were analyzed, the most prevalent 

response for men was that they preferred to 
manage their own symptoms (15.1%), 
whereas the most prevalent response for 
women was that they could not afford to 
pay for mental health care (14.7%). Although 
the prevalence of probable PTSD in women 
tower survivors was approximately twice as 
high as it was for men, this is attributable 
largely to demographic and socioeconomic 
resource factors and not gender alone. Im-
plications for treatment and interventions 
are discussed.

Gargano L, Dechen T, Cone J, et al. 2017. 
Psychological distress in parents and 
school-functioning of adolescents: Results 
from the World Trade Center Health Regis-
try. Journal of Urban Health. 94(5):597–605. 

https://doi.org/10.1007/s11524-017-0143-4 

Poor school-functioning can be indicative of 
parent and adolescent mental health and 
adolescent behavior problems. This study 
examined 472 adolescents enrolled in the 
WTCHR, with a two-step path analysis, using 
regression-based models, to unravel the re-
lationships between parent and adolescent 
mental health, adolescent behavior prob-
lems, and adolescent unmet healthcare 
need (UHCN) on the outcome school-func-
tioning. WTC-exposure was associated with 
UHCN and parental mental health was a sig-
nificant mediator. There was no evidence 
that family WTC-exposure was associated 
with UHCN independent of its effect on pa-
rental mental health. For the second path, 
after accounting for the effects of adolescent 
mental health, behavioral problems, and 
UHCN, there remained a significant associa-
tion between parental mental health and 
school-functioning. Interventions for poor 
school-functioning should have multiple 
components which address UHCN, mental 
health, and behavioral problems, as efforts 
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to address any of these alone may not be 
sufficient.

Gargano LM, Hosakote S, Zhi Q, et al. 
2017. Resilience to post-traumatic stress 
among World Trade Center survivors: A 
mixed-methods study. J Emerg Manag 15(5): 
275-284.

https://doi.org/10.5055/jem.2017.0336

The purpose of this study was to identify in-
dividual characteristics, behaviors, and psy-
chosocial factors associated with symptoms 
of post-traumatic stress disorder (PTSD) 
among World Trade Center (WTC) disaster 
evacuation survivors. The study utilized a 
mixed-method design. In-depth interviews 
were conducted using a prepared script. 
PTSD was assessed using the PTSD check-
list-civilian (PCL-C; a score >/= 50 indicates 
probable PTSD). Thematic analysis was con-
ducted to identify factors associated with 
PTSD. A purposive sample of 29 WTC evacu-
ees was recruited using a multimodal  
recruitment strategy. Eligibility included: 
history of evacuation from the WTC (Tower 1 
and/or Tower 2) on September 11, 2001, and 
decisional capacity for informed consent. 
Five participants had PCL-C scores >/= 50. 
Thematic analysis identified resiliency fac-
tors (protective for PTSD), including leader-
ship, taking action based on “gut” feelings 
(to evacuate), social support (staying in a 
group), going on “automatic survival” mode, 
and previous training on emergency re-
sponse. Risk factors for PTSD included lack 
of emergency response training, lack of 
sense of urgency, poor physical condition, 
lack of communication skills, lack of direc-
tion, peri-event physical injury, peri-event 
traumatic exposure (horror), and moral in-
jury (guilt and remorse). Several modifiable 
factors that may confer resilience were iden-
tified. In particular, the role of emergency 

response training in preventing disaster-re-
lated mental illness should be explored as a 
possible strategy for enhancing resilience to 
disaster events.

Gargano LM, Lock S, Brackbill RM. 2017. 
Parent Physical and Mental Health Comor-
bidity and Adolescent Behavior. Interna-
tional Journal of Emergency Mental Health. 
2017 May; 19(2): 358. 

http://doi.org/10.4172/1522-4821.1000358 

The objectives of this study were to ascer-
tain behavioral outcomes 10-11 years after 
9/11 in adolescents ages 11-18 years (0-8 
years old at the time of 9/11) enrolled in the 
World Trade Center Health Registry (Regis-
try), and relate these outcomes to their 
9/11-exposures and to parent health. Be-
havioral difficulties among adolescents 
were assessed using the adolescent-report-
ed Strengths and Difficulties Questionnaire 
(SDQ). Parental post-traumatic stress disor-
der (PTSD) was assessed using a 9/11-spe-
cific PTSD Checklist-Civilian Version, a cut-
off score of 44 or greater was considered 
probable PTSD. Multivariable logistic re-
gression was used to estimate associations 
of 9/11-exposure and parental health with 
abnormal/borderline SDQ scores, adjusting 
for demographic variables that were signifi-
cantly associated with the SDQ score in bi-
variate analyses. Of the 449 adolescents, 
12.5% (n=56) had abnormal/borderline SDQ 
scores. In the multivariable model, adoles-
cents with severe/ moderate 9/11-exposures 
were 2.4 times more likely to have abnor-
mal/borderline SDQ scores compared to ad-
olescents with mild 9/11-exposures (95% 
Confidence Interval (CI): 1.1-6.4). Adoles-
cents who had a parent with 9/11-related 
PTSD and at least one comorbid chronic 
condition were 4.2 times more likely to have 
abnormal/borderline SDQ scores compared 
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to adolescents with a parent who had no re-
ported chronic health conditions. Adoles-
cents whose parent reported 14 or more 
poor mental health days in the preceding 30 
days were 3.4 times more likely to have ab-
normal/borderline SDQ scores (95% CI: 1.2-
9.5) The finding that parents’ health appears 
to influence adolescent behavior problems 
10-11 years following a disaster may have 
implications for healthcare practitioners 
and disaster response planners.

Gargano L, Thomas P, Stellman S, et al. 
2017. Asthma control in adolescents 10 to 
11 y after exposure to the World Trade Cen-
ter disaster. Pediatric Research. 81( 
1–1):43–50.

https://doi.org/10.1038/pr.2016.190

BACKGROUND: Little is known about asth-
ma control in adolescents who were ex-
posed to the World Trade Center (WTC)  
attacks of September 11, 2001, and diag-
nosed with asthma after 9/11. This report 
examines asthma and asthma control 10–11 
years after 9/11 among exposed 
adolescents. 

METHODS: The WTCHR adolescent Wave 3 
survey (201 1–2012) collected data on asth-
ma diagnosed by a physician after Septem-
ber 11, 2001, extent of asthma control based 
on modified National Asthma Education and 
Prevention Program criteria, probable men-
tal health conditions, and behavior prob-
lems. Parents reported healthcare needs and 
9/1 1–exposures. Logistic regression was 
used to evaluate associations between asth-
ma and level of asthma control and 9/1 1–ex-
posure, mental health and behavioral prob-
lems, and unmet healthcare needs.

RESULTS: Poorly/very poorly controlled asth-
ma was significantly associated with a house-
hold income of </=$75,000 (adjusted odds 
ratio (AOR):3.0; 95% confidence interval 

(CI):1. 1–8.8), having unmet healthcare needs 
(AOR:6.2; 95% CI:1.4– 27.1), and screening 
positive for at least one mental health condi-
tion (AOR:5.0; 95% CI:1.4–17.7), but not with 
behavioral problems. The impact of having 
at least one mental health condition on the 
level of asthma control was substantially 
greater in females than in males.

CONCLUSIONS: Comprehensive care of 
post-9/11 asthma in adolescents should in-
clude management of mental health-relat-
ed comorbidities.

Jordan H, Friedman S, Reibman J, et al. 
2017. Risk factors for persistence of lower 
respiratory symptoms among community 
members exposed to the 2001 World Trade 
Center terrorist attacks. Occupational and 
Environmental Medicine. 74(6):449–455. 

https://doi.org/10.1136/oemed-2016 -104157

OBJECTIVES: We studied the course of lower 
respiratory symptoms (LRS; cough, wheeze, 
or dyspnoea) among community members 
exposed to the 9/11/2001 WTC attacks 
during a period of 12–13 years following the 
attacks, and evaluated risk factors for LRS 
persistence, including peripheral airway 
dysfunction and PTSD. METHODS: 
Non-smoking adult participants in a 
case-control study of post-9/1 1–onset LRS 
(Exam 1, 2008–2010) were recruited for fol-
low-up (Exam 2, 2013–2014). Peripheral air-
way function was assessed with impulse os-
cillometry measures of R5 and R5–20. 
Probable PTSD was a PTSD checklist score 
≥44 on a 2006–2007 questionnaire.

RESULTS: Of 785 Exam 1 participants, 545 
(69%) completed Exam 2. Most (321, 59%) 
were asymptomatic at all assessments. 
Among 192 participants with initial LRS, 
symptoms resolved for 110 (57%) by Exam 2, 
55 (29%) had persistent LRS, and 27 (14%) 
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had other patterns. The proportion with nor-
mal spirometry increased from 65% at Exam 
1 to 85% at Exam 2 in the persistent LRS 
group (p<0.01) and was stable among as-
ymptomatic participants and those with re-
solved LRS. By Exam 2, spirometry results did 
not differ across symptom groups; however, 
R5 and R5–20 abnormalities were more com-
mon among participants with persistent LRS 
(56% and 46%, respectively) than among 
participants with resolved LRS (30%, p<0.01; 
27%, p=0.03) or asymptomatic participants 
(20%, p<0.001; 8.2%, p<0.001). PTSD, R5 at 
Exam 1, and R5–20 at Exam 1 were each inde-
pendently associated with persistent LRS.

CONCLUSIONS: Peripheral airway dysfunc-
tion and PTSD may contribute to LRS per-
sistence. Assessment of peripheral airway 
function detected pulmonary damage not 
evident on spirometry. Mental and physical 
healthcare for survivors of complex environ-
mental disasters should be coordinated 
carefully. 

Miller-Archie S, Jordan H, Alper H, et al. 
2017. Hospitalizations for asthma among 
adults exposed to the September 11, 2001 
World Trade Center terrorist attack. Journal 
of Asthma. 55(4):354–363.

http://doi.org/10.1080/02770903.2017.1337787

OBJECTIVE: We described patterns of asth-
ma hospitalization among persons exposed 
to the 2001 WTC attacks, and assessed 
whether 9/1 1–related exposures or comor-
bidities, including PTSD and GERS, were as-
sociated with an increased rate of hospital-
ization. METHODS: Data for adult enrollees in 
the WTCHR, a prospective cohort study, with 
self-reported physician-diagnosed asthma 
who resided in New York State on 9/11 were 
linked to administrative hospitalization data 
to identify asthma hospitalizations during 

September 11, 2001, to December 31, 2010. 
Multivariable zero-inflated Poisson regres-
sion was used to examine associations be-
tween 9/1 1–exposure, comorbid conditions, 
and asthma hospitalizations.

RESULTS: Of 11,471 enrollees with asthma, 
406 (3.5%) had >1 asthma hospitalization 
during the study period (721 total hospitaliza-
tions). Among enrollees diagnosed before 
9/11 (n=6319), those with PTSD or GERS had 
over twice the rate of hospitalization (ARR=2.5, 
95% CI=1.4–4.1; ARR=2.1, 95% CI=1.3–3.2, re-
spectively) compared to those without. This 
association was not statistically significant in 
enrollees diagnosed after 9/11. Compared to 
higher educational attainment, completing 
less than college was associated with an in-
creased hospitalization rate among partici-
pants with both pre-9/1 1– and post-9/1 1–on-
set asthma (ARR=1.9, 95% CI=1.2–2.9; 
ARR=2.6, 95% CI=1.6–4.1, respectively). Sinus 
symptoms, exposure to the dust cloud, and 
having been a WTC responder were not asso-
ciated with asthma hospitalization.

CONCLUSIONS: Among enrollees with pre-
9/11 asthma, comorbid PTSD and GERS were 
associated with an increase in asthma hospi-
talizations. Management of these comorbidi-
ties may be an important factor in preventing 
hospitalization.

Stein CS, Cone JE, Romeo N, Lee D. 2017. 
Persistent post-9/11 hearing problems among 
World Trade Center Health Registry rescue 
and recovery workers, 2001-2007. Journal of 
Occupational and Environmental Medicine. 
59(12):1229–1234.

http://doi.org/10.1097/jom.00000000 00001171 

Objective: To examine the association be-
tween 9/11-related exposures and self-re-
ported hearing problems among 16,579 res-
cue/recovery workers in the World Trade 
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Center (WTC) Health Registry. Methods: Us-
ing Registry Waves 1 (2003 to 2004) and 2 
(2006 to 2007), we modeled the association 
between two metrics of 9/11-related expo-
sures and hearing difficulties. Results: The 
prevalence of incident, persistent hearing 
problems was 4.4%. In a fully adjusted mod-
el, workers with higher environmental haz-
ards scores were twice as likely (interquar-
tile range OR 2.1; 95% confidence interval 
[CI] 1.8, 2.5) to report hearing problems. 
Based on the same fully adjusted model, 
workers unable to hear in the dust cloud 
were 2.3 (95% CI 1.8, 3.0) times more likely 
to report hearing problems as compared 
with workers not in the dust cloud. Conclu-
sions: We observed a consistent association 
between WTC-related exposures and self-re-
ported hearing problems among rescue/re-
covery workers.

Welch A, Zweig K, McAteer J, et al. 2017. 
Intensity of binge drinking a decade after 
the September 11th terror attacks among ex-
posed individuals. American Journal of Pre-
ventive Medicine. 52(2):192–198. 

https://doi.org/10.1016/j.amepre. 2016.10.034

INTRODUCTION: The 9/11 terrorist attacks 
on the WTC resulted in elevated PTSD and 
alcohol use among exposed individuals. The 
relationship among traumatic exposure, 
PTSD, and excessive drinking is well docu-
mented; however, little is known about 
these relationships in the long term. This 
study examines factors increasing binge 
drinking risk among exposed individuals a 
decade post-9/11.

METHODS: In 2015–2016, data were ana-
lyzed from 28,592 WTCHR enrollees aged 
>/=18 years who completed the Wave 3 (201 
1–2012) survey. Women comprised 38.9% of 
participants. Binge drinking in the last 30 

days was categorized as low (men, five to 
seven drinks; women, four to six drinks) or 
high intensity (men, eight or more drinks; 
women, seven or more drinks). Probable 9/1 
1–related PTSD was defined as scoring >/=44 
on the PCL. Exposures to 9/11 (e.g., witness-
ing horror, sustaining an injury) were catego-
rized as none/low (zero to two) or high (three 
or more).

RESULTS: Binge drinking was reported by 
24.7% of participants, of whom 36.9% re-
ported high-intensity binge drinking. Com-
pared with non-binge drinkers, the odds of 
low-and high-intensity binge drinking were 
greater among enrollees who were male, 
aged 18–34 years, non-Hispanic white, had 
income >$75,000, were rescue/recovery 
workers, had high 9/1 1–exposure, or 9/1 1–
related PTSD.

CONCLUSIONS: The observed associations 
among traumatic exposure, PTSD, and ex-
cessive drinking underscore the need for im-
proved therapies addressing excessive 
drinking and PTSD concurrently, inclusion of 
repeated post-event screening for excessive 
drinking, and evidence-based popula-
tion-level interventions to reduce alcohol 
consumption.

Yu S, Alper H, Nguyen A, et al. 2017. The ef-
fectiveness of a monetary incentive offer on 
survey response rates and response com-
pleteness in a longitudinal study. BioMed 
Central Medical Research Methodology. 
17(1):77. 

https://doi.org/10.1186/s12874-017-0353-1

BACKGROUND: Achieving adequate response 
rates is an ongoing challenge for longitudinal 
studies. The WTCHR is a longitudinal health 
study that periodically surveys a cohort of 
~71,000 people exposed to the 9/11 terrorist 
attacks in New York City. Since Wave 1, the 
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Registry has conducted three follow-up sur-
veys (Waves 2–4) every three to four years 
and utilized various strategies to increase 
survey participation. A promised monetary 
incentive was offered for the first time to sur-
vey non-respondents in the recent Wave 4 
survey, conducted 13–14 years after 9/11.

METHODS: We evaluated the effectiveness of 
a monetary incentive in improving the re-
sponse rate five months after survey launch, 
and assessed whether or not response com-
pleteness was compromised due to incen-
tive use. The study compared the likelihood 
of returning a survey for those who received 
an incentive offer to those who did not, us-
ing logistic regression models. Among those 
who returned surveys, we also examined 
whether those receiving an incentive notifi-
cation had higher rate of response complete-
ness than those who did not, using negative 
binomial regression models and logistic re-
gression models.

RESULTS: We found that a $10 monetary in-
centive offer was effective in increasing Wave 
4 response rates. Specifically, the $10 incen-
tive offer was useful in encouraging initially 
reluctant participants to respond to the sur-
vey. The likelihood of returning a survey in-
creased by 30% for those who received an 
incentive offer (AOR=1.3, 95% CI:1.1, 1.4), 
and the incentive increased the number of 
returned surveys by 18%. Moreover, our re-
sults did not reveal any significant differenc-
es on response completeness between those 
who received an incentive offer and those 
who did not.

CONCLUSIONS: In the face of the growing 
challenge of maintaining a high response 
rate for the WTCHR follow-up surveys, this 
study showed the value of offering a mone-
tary incentive as an additional refusal con-
version strategy. Our findings also suggest 
that an incentive offer could be particularly 

useful near the end of data collection period 
when an immediate boost in response rate is 
needed.

2018 (14)
Gargano LM, Locke S, Jordan HT, and 
Brackbill RM. 2018. Lower respiratory 
symptoms associated with environmental 
and reconstruction exposures after Hurri-
cane Sandy. Disaster Medicine and Public 
Health Preparedness. [epub ahead of print] 
January 21, 2018.  

https://doi.org/10.1017/dmp.2017.14.

OBJECTIVE:  In a population with prior expo-
sure to the World Trade Center (WTC) disas-
ter, this study sought to determine the 
relationship between Hurricane Sandy-re-
lated inhalation exposures and post-Sandy 
lower respiratory symptoms (LRS).

METHODS:  Participants included 3835 WTC 
Health Registry enrollees who completed 
Wave 3 (2011-2012) and Hurricane Sandy 
(2013) surveys. The Sandy-related inhala-
tional exposures examined were: (1) recon-
struction exposure; (2) mold or damp envi-
ronment exposure; and (3) other respiratory 
irritants exposure. LRS were defined as 
wheezing, persistent cough, or shortness of 
breath reported on ≥1 of the 30 days preced-
ing survey completion. Associations be-
tween LRS and Sandy exposures, controlling 
for socio-demographic factors, post-trau-
matic stress disorder, and previously report-
ed LRS and asthma were examined using 
multiple logistic regression.

RESULTS: Overone-third of participants 
(34.4%) reported post-Sandy LRS. Each of 
the individual exposures was also inde-
pendently associated with post-Sandy LRS, 
each having approximately twice the odds 
of having post-Sandy LRS. We found a 
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dose-response relationship between the 
number of types of Sandy-related exposures 
reported and post-Sandy LRS. 

CONCLUSIONS: This study provides evi-
dence that post-hurricane clean-up and re-
construction exposures can increase the 
risk for LRS. Public health interventions 
should emphasize the importance of safe 
remediation practices and recommend use 
of personal protective equipment..

Gargano, LM, Locke S, Li J, and Farfel MR. 
2018. Behavior problems in adolescence 
and subsequent mental health in early 
adulthood: results from the World Trade 
Center Health Registry Cohort. Pediatr Res. 
84(2):205-209.

https://doi.org/10.1038/s41390-018-0050-.

BACKGROUND: The present study examined 
the association between 9/11-related ado-
lescent behavioral problems on mental 
health outcomes in early adulthood.
METHODS: Data from enrollees of the World 
Trade Center Health Registry, who complet-
ed at least one adolescent (2006-2007 or 
2011-2012) and adult survey (2011-2012 or 
2015-2016), were analyzed. Adolescent be-
havioral difficulties were assessed using the 
adolescent-reported Strengths and Difficul-
ties Questionnaire (SDQ). Adult mental health 
outcomes included binge drinking, smoking 
status history, 9/11-related post-traumatic 
stress disorder (PTSD), depression, and the 
self-reported number of physician mental 
health diagnoses. Multivariable regression 
was used to estimate associations of SDQ 
scores with mental health outcomes.

RESULTS: Of the 297 enrollees, 16.8% (n = 
50) had abnormal/borderline SDQ scores as 
an adolescent. Binge drinking was not asso-
ciated with adolescent SDQ scores. Enroll-

ees with abnormal/borderline SDQ scores 
as an adolescent were more likely to be a 
consistent smoker (odds ratio (OR): 5.6, 95% 
confidence interval (CI): 1.2-25.2), have 
probable PTSD (OR: 3.5, 95% CI: 1.3-9.8), de-
pression (OR: 6.2, 95% CI: 2.7-13.9), and to 
have two or more self-reported physician-di-
agnosed mental health conditions as an 
adult (OR 5.6, 95% CI: 2.0-12.5).
CONCLUSIONS: The findings of this study 
underscore the need to intervene early with 
children exposed to traumatic events so as 
to avert later adolescent and adult problem 
behaviors.

Gargano LM, Mantilla K, Fairclough M, et al. 
2018. Review of non-respiratory, non-can-
cer physical health conditions from expo-
sure to the World Trade Center disaster. In-
ternational Journal of Environmental 
Research and Public Health. 15(2): 253.
https://doi.org/10.3390/ijerph15020253.
After the World Trade Center attacks on 11 
September 2001 (9/11), multiple cohorts 
were developed to monitor the health out-
comes of exposure. Respiratory and cancer 
effects have been covered at length. This 
current study sought to review the literature 
on other physical conditions associated 
with 9/11-exposure. Researchers searched 
seven databases for literature published in 
English from 2002 to October 2017, coded, 
and included articles for health condition 
outcome, population, 9/11-exposures, and 
comorbidity. Of the 322 titles and abstracts 
screened, 30 studies met inclusion criteria, 
and of these, 28 were from three cohorts: 
the World Trade Center Health Registry, Fire 
Department of New York, and World Trade 
Center Health Consortium. Most studies fo-
cused on rescue and recovery workers. 
While many of the findings were consistent 
across different populations and supported 
by objective measures, some of the less 
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studied conditions need additional research 
to substantiate current findings. In the 16 
years after 9/11, longitudinal cohorts have 
been essential in investigating the health 
consequences of 9/11-exposure. Longitudi-
nal studies will be vital in furthering our un-
derstanding of these emerging conditions, 
as well as treatment effectiveness.

Gershon RR, Zhi Q, Chin AF, et al. 2018. 
Adherence to Emergency Public Health 
Measures for Bioevents: Review of US Stud-
ies. Disaster Med Public Health Prep. 12(4): 
528-535.

https://doi.org/10.1017/dmp.2017.9.

The frequency of bioevents is increasing 
worldwide. In the United States, as else-
where, control of contagion may require the 
cooperation of community members with 
emergency public health measures. The US 
general public is largely unfamiliar with 
these measures, and our understanding of 
factors that influence behaviors in this con-
text is limited. The few previous reviews of 
research on this topic focused on non-US 
samples. For this review, we examined pub-
lished research on the psychosocial influ-
ences of adherence in US sample popula-
tions. Of 153 articles identified, only 9 met 
the inclusion criteria. Adherence behaviors 
were categorized into 2 groups: self-protec-
tive behaviors (personal hygiene, social dis-
tancing, face mask use, seeking out health 
care advice, and vaccination) and protect-
ing others (isolation, temperature screen-
ing, and quarantine). A lack of uniformity 
across studies regarding definitions and 
measures was noted. Only 5 of the 9 articles 
reported tests of association between ad-
herence with emergency measures and psy-
chosocial factors; perceived risk and per-
ceived seriousness were found to be 
significantly associated with adherence or 

adherence intentions. Although it is well 
documented that psychosocial factors are 
important predictors of protective health 
behaviors in general, this has not been rig-
orously studied in the context of bioevents. 

Hirst A, Miller-Archie SA, Welch AE, et al. 
2018. Post-9/11 drug- and alcohol- related 
hospitalizations among World Trade Center 
Health Registry enrollees, 2003-2010. Drug Al-
cohol Depend 187: 55-60.

https://doi.org/10.1016/j.drugalcdep.2018.01.028

OBJECTIVE: To describe patterns of drug- and 
alcohol-related hospitalizations among per-
sons exposed to the 2001 World Trade Center 
(WTC) terrorist attacks and to assess whether 
9/11-related exposures or post-9/11 post-trau-
matic stress disorder (PTSD) were associated 
with increased odds of hospitalization.

METHODS: Data for adult enrollees in the 
WTC Health Registry, a prospective cohort 
study, were linked to New York State (NYS) 
administrative hospitalization data to iden-
tify alcohol- and drug-related hospitaliza-
tions from enrollment to December 31, 
2010. Logistic regression was used to ana-
lyze the associations between substance 
use-related hospitalization, 9/11-related ex-
posure and PTSD.

RESULTS: Of 41,176 NYS resident enrollees, 
we identified 626 (1.5%) who had at least 
one alcohol- or drug-related hospitalization; 
53.4% (n=591) of these hospitalizations 
were for alcohol only diagnoses and 46.6% 
(n=515) were drug-related. Witnessing >/=3 
traumatic events on 9/11 was significantly 
associated with having a drug-related hos-
pitalization (AOR 1.4, 95% CI=[1.1, 1.9]). 
PTSD was significantly associated with both 
having a drug-related hospitalization as 
well as an alcohol only-related hospitaliza-
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tion. (AOR 2.6, 95% CI=[2.0, 3.3], AOR 1.8, 
95% CI=[1.4, 2.3], respectively).

CONCLUSIONS: Witnessing traumatic events 
and having PTSD were independently asso-
ciated with substance use-related hospitali-
zations. Targeting people who witnessed 
traumatic events on 9/11 and/or who have 
PTSD for substance use- treatment could re-
duce alcohol and drug-related hospitaliza-
tions connected to 9/11.

Jacobson MH, Norman C, Nguyen A, 
Brackbill RM. 2018. Longitudinal determi-
nants of depression among World Trade 
Center Health Registry enrollees, 14–15 
years after the 9/11 attacks. Journal of Af-
fective Disorders 229: 483– 490.

https://doi.org/10.1016/j.jad.2017.12.105  

BACKGROUND: Exposure to the September 
11, 2001 (9/11) terrorist attacks has been 
found to be associated with posttraumatic 
stress disorder (PTSD) and comorbid PTSD 
and depression up to 10–11 years post-dis-
aster. However, little is known about the 
longitudinal predictors of mental health 
conditions over time.

METHODS: We examined longitudinal deter-
minants of depression within strata of PTSD 
among 21,258 enrollees of the World Trade 
Center Health Registry who completed four 
questionnaires over 14 years of follow-up 
(Wave 1 in 2003–04; Wave 2 in 2005–06; Wave 
3 in 2011-12; and Wave 4 in 2015–16). PTSD 
status was measured using the PTSD check-
list on all four waves and defined as a score 
of ≥ 44; depression was assessed using the 
8-item Patient Health Questionnaire at 
Waves 3 and 4 and defined as a score of ≥ 1.

RESULTS: Across Waves 3 and 4, 18.6% expe-
rienced depression, and it was more com-
mon among those who ever had PTSD 

(56.1%) compared with those who had not 
(5.6%). Across PTSD strata, predictors of de-
pression included low income, unemploy-
ment, low social integration and support, 
post-9/11 traumatic life events, and chronic 
physical illness. These factors also de-
creased the likelihood of recovering from 
depression..

LIMITATIONS: Depression symptoms were 
not measured at Waves 1 and 2; data was 
self-reported.

CONCLUSIONS: These findings highlight the 
substantial burden of depression in a trau-
ma-exposed population 14–15 years 
post-disaster, especially among those with 
PTSD. Similar life stressors predicted the 
course of depression among those with and 
without PTSD which may inform public 
health and clinical interventions.  

Jordan HT, Stein CR, Li J, Cone JE, et al. 
2018. Mortality among rescue and recovery 
workers and community members exposed 
to the September 11, 2001 World Trade 
Center terrorist attacks, 2003–2014. Envi-
ronmental Research 163: 270–279.

https://doi.org/10.1016/j.envres.2018.01.004

BACKGROUND: Multiple chronic health con-
ditions have been associated with expo-
sure to the September 11, 2001 World Trade 
Center (WTC) terrorist attacks (9/11). We as-
sessed whether excess deaths occurred dur-
ing 2003–2014 among persons directly ex-
posed to 9/11, and examined associations of 
9/11-related exposures with mortality risk.

MATERIALS AND METHODS: Deaths occur-
ring in 2003–2014 among members of the 
World Trade Center Health Registry, a co-
hort of rescue/recovery workers and lower 
Manhattan community members who were 
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exposed to 9/11, were identified via linkage 
to the National Death Index. Participants’ 
overall levels of 9/11-related exposure were 
categorized as high, intermediate, or low. 
We calculated standardized mortality ratios 
(SMR) using New York City reference rates 
from 2003 to 2012. Proportional hazards 
were used to assess associations of 9/11-re-
lated exposures with mortality, accounting 
for age, sex, race/ethnicity and other poten-
tial confounders.

RESULTS: We identified 877 deaths among 
29,280 rescue/recovery workers (3.0%) and 
1694 deaths among 39,643 community 
members (4.3%) during 308,340 and 416,448 
person-years of observation, respectively. 
The SMR for all causes of death was 0.69 
[95% confidence interval (CI) 0.65-0.74] for 
rescue/recovery workers and 0.86 (95% CI 
0.82-0.90) for community members. SMRs 
for diseases of the cardiovascular and res-
piratory systems were significantly lower 
than expected in both groups. SMRs for sev-
eral other causes of death were significantly 
elevated, including suicide among rescue 
recovery workers (SMR 1.82, 95% CI 1.35-
2.39), and brain malignancies (SMR 2.25, 
95% CI 1.48-3.28) and non-Hodgkin’s lym-
phoma (SMR 1.79, 95% CI 1.24-2.50) among 
community members. Compared to low ex-
posure, both intermediate [adjusted hazard 
ratio (AHR) 1.36, 95% CI 1.10-1.67] and high 
(AHR 1.41, 95% CI 1.06-1.88) levels of 
9/11-related exposure were significantly as-
sociated with all-cause mortality among 
rescue/recovery workers (p-value for trend 
0.01). For community members, intermedi-
ate (AHR 1.13, 95% CI 1.01-1.27), but not 
high (AHR 1.14, 95% CI 0.94-1.39) exposure 
was significantly associated with all-cause 
mortality (p-value for trend 0.03). AHRs for 
associations of overall 9/11-related expo-
sure with heart disease- and cancer-related 

mortality were similar in magnitude to those 
for all-cause mortality, but with 95% CIs 
crossing the null value.

CONCLUSIONS: Overall mortality was not el-
evated. Among specific causes of death that 
were significantly elevated, suicide among 
rescue/recovery workers is a plausible long-
term consequence of 9/11 exposure, and is 
potentially preventable. Elevated mortality 
due to other causes, including non-Hodg-
kin’s lymphoma and brain cancer, and small 
but statistically significant associations of 
9/11-related exposures with all-cause mor-
tality hazard warrant additional surveil-
lance..

Li J, Alper H. Gargano L, et al. 2018. Re-ex-
periencing 9/11-Related PTSD Symptoms 
Following Exposure to Hurricane Sandy.  Int 
J Emerg Ment Health. 2018 ; 20(3): .  [epub 
ahead of print]

https://doi.org/10.4172/1522-4821.1000404      

h t t p s : / / w w w. n c b i . n l m . n i h . g o v / p u -
bmed/30245592   .

BACKGROUND: Understanding Pre-Existing 
Posttraumatic Stress Disorder (PTSD) symp-
toms and risk of PTSD following Hurricane 
Sandy (Sandy) has important implications 
for PTSD screening of persons exposed to 
multiple traumas. This study assessed the 
association between Sandy exposure and a 
subset of PTSD symptoms related to re-ex-
periencing trauma from the events of the 
September 11, 2001 (9/11).

METHODS: We studied 4,220 respondents 
from a random 8,870 person sample of adult 
World Trade Center Health Registry enroll-
ees who completed a post-Sandy survey be-
tween March 28 and November 7, 2013. The 
symptom cluster of re-experiencing 9/11 
was defined using 3 out of 5 questions in the 
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intrusion domain of the PTSD Checklist. 
Multivariable logistic regression, adjusting 
for socio-demographics, social support and 
any post-9/11 life threatening events prior 
to Sandy, was performed separately in those 
symptomatic and non-symptomatic of 
re-experiencing 9/11 prior to Sandy. 

RESULTS: A total of 688 enrollees (16.3%) re-
ported re-experiencing 9/11 symptoms after 
Sandy (58.8% in those symptomatic prior to 
Sandy, and 8.7% in those non-symptomat-
ic). A significant association between Sandy 
exposure and re-experiencing 9/11 was ob-
served only among those non symptomatic 
prior to Sandy (adjusted odds ratio 
(AOR)=1.7, 95% confidence interval=1.2-2.3 
for moderate Sandy exposure; AOR=2.8, 2.0-
4.0 for high Sandy exposure). 

CONCLUSIONS: Individuals with a history of 
trauma should be considered for early 
screening and counseling for mental health 
after a subsequent traumatic event, regard-
less of PTSD status, especially in 9/11 ex-
posed populations.

Li J, Zweig KC, Brackbill RM, Farfel MR, 
Cone JE. 2018. Comorbidity amplifies the 
effects of post-9/11 posttraumatic stress 
disorder trajectories on health-related qual-
ity of life. Quality of Life Research 27: 651–
660.

https://doi.org/10.1007/s11136-017-1764-5  

PURPOSE: The present study aims to exam-
ine the impact of physical and mental health 
comorbidities on the association between 
post-9/11 posttraumatic stress disorder 
(PTSD) trajectories over 10 years and 
health-related quality of life (HRQOL) 
among 9/11-exposed persons. 

METHODS: 30,002 RESPOnding adult World 
Trade Center Health Registry enrollees re-

porting no pre-9/11 PTSD were studied. 
PTSD trajectories (chronic, delayed, remit-
ted, no PTSD) were defined based on a 17-
item PTSD Checklist-Specific to 9/11 across 
three waves of survey data. Three indicators 
of poor HRQOL were defined based on CDC 
HRQOL-4 measures. We computed age-ad-
justed prevalence of physical and mental 
health comorbidity (depression/anxiety) by 
PTSD trajectory and used modified Poisson 
regression to assess the effect of PTSD tra-
jectory on poor HRQOL prevalence, ac-
counting for comorbidity.

RESULTS: Age-adjusted prevalence of over-
all comorbid conditions was 95.8 and 61.4% 
among the chronic and no-PTSD groups, re-
spectively. Associations between 9/11-relat-
ed PTSD trajectories and poor HRQOL were 
significant and became greater when co-
morbidity was included. Adjusted preva-
lence ratios were elevated for fair/poor 
health status (APR 7.3, 95% CI 6.5, 8.2), ≥ 14 
unhealthy days (4.7; 95% CI 4.4, 5.1), and 
≥ 14 activity limitation days during the last 
30 days (9.6; 95% CI 8.1, 11.4) in the chronic 
PTSD group with physical and mental health 
comorbidity compared to those without 
PTSD and comorbidity; similar associations 
were observed for delayed PTSD.

CONCLUSIONS: Ten years post-9/11 physical 
and mental health comorbidities have a 
substantial impact on the PTSD trajectories 
and HRQOL association. The need for early 
identification and treatment of PTSD and 
comorbidity should be emphasized to po-
tentially improve HRQOL.

Osahan SS. 2018. Sampling strategies for 
overlapping eligibility groups in the World 
Trade Center Health Registry. Model Assisted 
Statistics and Applications 13(2): 133-140.

https://doi.org/10.3233/MAS-180425
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Sub-studies addressing specific research 
questions may necessitate selecting a ran-
dom sample from different eligibility groups 
of The World Trade Center Health Registry 
(WTCHR) for estimating population parame-
ter mean. In such a situation, Singh (1988) 
and Osahan (1997) proposed three two-stage 
sampling strategies in overlapping clusters. 
These sampling strategies are compared us-
ing WTCHR’s overlapping eligibility groups, in 
terms of their bias and efficiency.

Petrsoric L, Miller-Archie SA, Welch A, et 
al. 2018. Considerations for future disaster 
registries: Effectiveness of treatment refer-
ral outreach in addressing long-term unmet 
9/11 disaster needs. Disaster Prevention 
and Management: An International Journal 
27(3): 321-333.

https://doi.org/10.1108/DPM-01-2018-0026

PURPOSE: The purpose of this paper is to 
evaluate the effectiveness of a targeted out-
reach program that referred World Trade 
Center Health Registry (Registry) enrollees, 
to specific post-disaster health care availa-
ble through the World Trade Center Health 
Program (WTCHP) and evaluate differences 
in outreach effectiveness based on demo-
graphic and health characteristics.

DESIGN/METHODOLOGY/APPROACH:The Reg-
istry’s Treatment Referral Program (TRP) tar-
geted 22,981 enrollees based on symptoms 
and conditions known to be related to 9/11, 
reported on a 2011-2012 follow-up survey. A 
call vendor was utilized for the initial outreach 
phone call. Enrollees who requested a WTCHP 
application had follow-up from TRP staff, 
which typically included 4-6 interactions per 
enrollee until outreach was completed.

FINDINGS: As of 12/31/2015, the vendor had 
reached 8,778 (38 percent) of the targeted 

sample. TRP staff spoke to 6,016 (68 per-
cent) enrollees reached by the vendor, 5,554 
(92 percent) of whom requested a WTCHP 
application, and 2,425 (43 percent) reported 
having submitted the WTCHP application. 
Application requests and submissions dif-
fered by survivor or responder status, race, 
income and health symptoms. .

ORIGINALITY/VALUE: Registries created for 
surveillance and research among disas-
ter-exposed populations provide a unique 
and effective outreach approach. A dedicat-
ed treatment referral unit within a disaster 
registry is an effective means for conducting 
post-disaster outreach to a large, diverse 
sample of exposed individuals. © 2018, Em-
erald Publishing Limited.

Welch A, Zweig KC, Liao T, et al. 2018. Al-
cohol and drug-related mortality among en-
rollees in the World Trade Center Health 
Registry (WTCHR), 2004 to 2012.  J Occup 
Environ Med. 60(10): 875–9.  

https://doi.org/10.1097/JOM.0000000000001384 

OBJECTIVE: Have World Trade Center Health 
Registry (WTCHR) enrollees experienced in-
creased alcohol and drug-related mortality 
associated with exposures to the events of 
9/11/01.

METHODS: Cases involving death due to al-
cohol or drugs between 2003 and 2012 in 
New York City (NYC) were obtained through 
a match of the Registry with NYC Vital Re-
cords. We compared ICD-10-coded deaths 
where alcohol and/or drug use was the un-
derlying cause of death to deaths from all 
other causes.

RESULTS: Of 1193 deaths, 66 (5.5%) were al-
cohol/drug-related. Adjusted odds ratios for 
dying from alco-hol/drug-related causes 
were significantly elevated for enrollees 
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who were male, age 18 to 44 years, smoked 
at enrollment, had 9/11-related probable 
posttraumatic stress disorder, were rescue/
recovery workers, or sustained an injury on 
9/11/01.

CONCLUSION: Following a major disaster, 
alcohol and drug-related mortality may be 
increased.

Yu S, Alper HE, Nguyen AM, and Brackbill 
RM. 2018. Risk of Stroke Among Survivors of 
the September 11, 2001 World Trade Center 
Disaster. J Occup Environ Med. 60(8):e371–
e376.

https://doi.org/10.1097/JOM.0000000000001361

OBJECTIVE: The aim of this study was to in-
vestigate the association between 9/11-relat-
ed posttraumatic stress disorder (PTSD), dust 
cloud exposure, and subsequent develop-
ment of stroke among 42,527 enrollees in the 
World Trade Center (WTC) Health Registry.

METHODS: Using four waves of longitudinal 
data from the WTC Health Registry surveys, 
we employed Cox proportional hazards re-
gression models to assess the associations.

RESULTS: Incidence of stroke was higher 
among those with PTSD or intense dust 
cloud exposure than those without, and it 
was even higher for those who had experi-
enced both. In fully adjusted models, partic-
ipants with PTSD had an increased risk of 
developing stroke [adjusted hazards raung-
tio (AHR) 1.69, 95% confidence interval (95% 
CI) 1.42 to 2.02], as did those with intense 
dust exposure (AHR 1.29, 95% CI 1.09 to 
1.53).

CONCLUSION: We found that individuals 
with 9/11-related PTSD and/or intense dust 
exposure may have an increased risk of de-
veloping stroke.

Yung J, LI J, Jordan HT, and Cone JE. 2018. 
Prevalence of and factors associated with 
mammography and prostate-specific anti-
gen screening among World Trade Center 
Health Registry enrollees, 2015-2016. Pre-
ventive Medicine Reports 11: 81-88.

https://doi.org/10.1016/j.pmedr.2018.05.004

To compare the prevalence of mammogra-
phy and prostate-specific antigen (PSA) 
testing in 9/11-exposed persons with the 
prevalence among the US population, and 
examine the association between 9/11 ex-
posures and these screening tests using 
data from the World Trade Center Health 
Registry (WTCHR) cohort. We studied 8190 
female and 13,440 male enrollees aged >=40 
years at survey completion (2015–2016), 
who had a medical visit during the preced-
ing year, had no self-reported breast or pros-
tate cancer, and did not have screening for 
non-routine purposes. We computed 
age-specific prevalence of mammography 
(among women) and PSA testing (among 
men), and compared to the general popula-
tion using 2015 National Health Interview 
Survey data (NHIS). We also computed the 
adjusted prevalence ratio (PR) and 95% con-
fidence interval (95% CI) to examine the re-
lationship between 9/11 exposures and 
screening uptakes using modified Poisson 
regression. Our enrollees had higher preva-
lences of mammogram and PSA testing than 
the US general population. 9/11 exposure 
was not associated with mammography up-
take. Proximity to the WTC at the time of the 
attacks was associated with PSA testing in 
the age 60-74 group (PR = 1.06; 95% CI = 
1.00-1.12). Among rescue/recovery workers 
and volunteers (RRW), being a firefighter 
was associated with higher PSA testing than 
other RRW across all age groups (40-49: PR = 
1.45, 95% CI 1.16-1.81; 50-59: PR = 1.33, 95% 
CI 1.22-1.44; 60-74: PR = 1.14, 95% CI 1.06-
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1.23). Screening activities should be consid-
ered when studying cancer incidence and 
mortality in 9/11 exposed populations..

2019 (11)
Adams SW, Bowler RM, Russell K, et al. 
2018. PTSD and comorbid depression: So-
cial support and self-efficacy in World Trade 
Center tower survivors 14-15 years after 
9/11. Psychol Trauma. Sep 13. [Epub ahead 
of print]

https://doi.org/10.1037/tra0000404

OBJECTIVE: Following the World Trade Cen-
ter (WTC) terrorist attack in New York City, 
prevalence rates of posttraumatic stress dis-
order (PTSD) and depression remain elevat-
ed. Although social support and self-efficacy 
have been associated with PTSD, little is 
known about their differential effect on PTSD 
and depressive comorbidity.

METHOD: WTC tower survivors (n = 1,304) 
were assessed at Wave 1 (2003-2004), Wave 2 
(2006-2007), Wave 3 (2011-2012), and Wave 4 
(2015-2016).

RESULTS: At Wave 4, 13.0% of participants 
had probable PTSD, a decrease from 16.5% 
at Wave 1. In addition, 4.1% (54) were iden-
tified as having PTSD alone, 6.8% (89) had 
depression alone, and 8.9% (116) had co-
morbid PTSD and depression. Of those with 
PTSD, 68.2% also had comorbid depression. 
WTC tower survivors with PTSD and comor-
bid depression reported greater PTSD symp-
tom severity and were more likely to have 
had greater exposure to the events of 9/11 
(adjusted odds ratio [aOR] = 1.14) and lower 
self-efficacy (aOR = 0.85) than those with de-
pression alone. Less perceived social sup-
port predicted only depression and not 
PTSD, whereas less perceived self-efficacy 
equally predicted having PTSD or depres-
sion (aOR = 0.76).

CONCLUSIONS: Findings indicate that self-ef-
ficacy may be more important to the severi-
ty and chronicity of PTSD symptoms than 
social support. Multivariate comparisons 
suggest that PTSD with comorbid depres-
sion is a presentation of trauma-dependent 
psychopathologies, as opposed to depres-
sion alone following trauma, which was in-
dependent of trauma exposure and may be 
secondary to the traumatic event and post-
traumatic response. Implications for assess-
ment and treatment are discussed. 

Antao CV, Pallos LL, Graham LS, et al. 
2019.  9/11 Residential Exposures: The Im-
pact of World Trade Center Dust on Respira-
tory Outcomes of Lower Manhattan Resi-
dents. International Journal of 
Environmental Research and Public Health. 
16(5):1.  [epub ahead of press]

https://doi.org/10.3390/ijerph16050798 

Thousands of lower Manhattan residents 
sustained damage to their homes following 
the collapse of the Twin Towers on 11 Sep-
tember 2001. Respiratory outcomes have 
been reported in this population. We sought 
to describe patterns of home damage and 
cleaning practices in lower Manhattan and 
their impacts on respiratory outcomes 
among World Trade Center Health Registry 
(WTCHR) respondents. Data were derived 
from WTCHR Wave 1 (W1) (9/2003–11/2004) 
and Wave 2 (W2) (11/2006–12/2007) surveys. 
Outcomes of interest were respiratory symp-
toms (shortness of breath (SoB), wheezing, 
persistent chronic cough, upper respiratory 
symptoms (URS)) first occurring or worsen-
ing after 9/11 W1 and still present at W2 and 
respiratory diseases (asthma and chronic 
obstructive pulmonary disease (COPD) first 
diagnosed after 9/11 W1 and present at W2. 
We performed descriptive statistics, multi-
variate logistic regression and geospatial 
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analyses, controlling for demographics and 
other exposure variables. A total of 6447 res-
idents were included. Mean age on 9/11 was 
45.1 years (±15.1 years), 42% were male, 45% 
had ever smoked cigarettes, and 44% report-
ed some or intense dust cloud exposure on 
9/11. The presence of debris was associated 
with chronic cough (adjusted OR (aOR) = 
1.56, CI: 1.12–2.17), and upper respiratory 
symptoms (aOR = 1.56, CI: 1.24–1.95). A 
heavy coating of dust was associated with 
increased shortness of breath (aOR = 1.65, 
CI: 1.24–2.18), wheezing (aOR = 1.43, CI: 
1.03–1.97), and chronic cough (aOR = 1.59, 
CI: 1.09–2.28). Dusting or sweeping without 
water was the cleaning behavior associated 
with the largest number of respiratory out-
comes, such as shortness of breath, wheez-
ing, and URS. Lower Manhattan residents 
who suffered home damage following the 
9/11 attacks were more likely to report res-
piratory symptoms and diseases compared 
to those who did not report home damage.

Brackbill RM, Alper HE, Frazier P, et al. 
2019.  An Assessment of Long-Term Physical 
and Emotional Quality of Life of Persons In-
jured on 9/11/2001.  International Journal of 
Environmental Research and Public Health.  
16(6):1.  

https://doi.org/10.3390/ijerph16061054

Fifteen years after the disaster, the World 
Trade Center Health Registry (Registry) con-
ducted The Health and Quality of Life Sur-
vey (HQoL) assessing physical and mental 
health status among those who reported 
sustaining an injury on 11 September 2001 
compared with non-injured persons. Sum-
mary scores derived from the Short Form-12 
served as study outcomes. United States 
(US) population estimates on the Physical 
Component Score (PCS-12) and Mental 
Component Score (MCS-12) were compared 

with scores from the HQoL and were strati-
fied by Post-traumatic Stress Disorder 
(PTSD) and injury status. Linear regression 
models were used to estimate the associa-
tion between both injury severity and PTSD 
and PCS-12 and MCS-12 scores. Level of in-
jury severity and PTSD history significantly 
predicted poorer physical health (mean 
PCS-12). There was no significant difference 
between injury severity level and mental 
health (mean MCS-12). Controlling for other 
factors, having PTSD symptoms after 9/11 
predicted a nearly 10-point difference in 
mean MCS-12 compared with never having 
PTSD. Injury severity and PTSD showed ad-
ditive effects on physical and mental health 
status. Injury on 9/11 and a PTSD history 
were each associated with long-term decre-
ments in physical health status. Injury did 
not predict long-term decrements in one’s 
mental health status. Although it is un-
known whether physical wounds of the inju-
ry healed, our results suggest that traumatic 
injuries appear to have a lasting negative ef-
fect on perceived physical functioning.

Gargano L, Li J, Millien L, et al. 2019.  Ex-
posure to multiple disasters: The long-term 
effect of Hurricane Sandy (October 29, 2012) 
on N YC survivors of the September 11, 2001 
World Trade Center attack.  Psychiatry Re-
search. 273:719-724.

https://doi.org/10.1016/j.psyhres.2019.01.090 

This study evaluated the impact of pre-Hur-
ricane Sandy (Sandy) post-traumatic stress 
disorder (PTSD) trajectories on the relation-
ship between Sandy exposures and post-
Sandy 9/11-related PTSD among World 
Trade Center Health Registry (Registry) en-
rollees. The study population included 3,199 
adult Registry enrollees who completed 
three surveys prior to Sandy in 2003–4, 
2006–7, and 2011–12; a post-Hurricane 
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Sandy survey (2013); and a follow-up survey 
in 2015–16. PTSD was assessed using the 
PTSD Checklist (PCL). Latent class growth 
analysis was used to identify groups of en-
rollees who shared a similar trajectory of 
change in PCL score in the time period prior 
to Sandy. We compared enrollees in each 
trajectory group to assess the impact of 
Sandy-related PTSD, Sandy exposures, and 
optimism on 9/11-related PTSD status post-
Sandy (2015–16) using bivariate analyses 
and multivariable log-binomial regression. 
Sandy-related PTSD was the strongest pre-
dictor of subsequent 9/11-related PTSD. 
Lower optimism and higher Sandy exposure 
significantly predicted 9/11-related PTSD 
only in some trajectory groups. Hurricane 
Sandy may have exacerbated previously re-
solved symptoms of 9/11-related PTSD. This 
indicates a need after a disaster to assess 
and address mental health sequelae from 
previous traumatic exposures.

Gargano LM, Mok HK, Jacobson MH, et al.  
2019.  Comparing life satisfaction and func-
tioning 15 years after September 11, 2001 
among survivors with and without injuries: a 
mixed-method study.  Quality of Life Re-
search. 1-11.  [epub ahead of press].

https://doi.org/10.1007/s11136-019-02194-w 

PURPOSE: This study compares life satisfac-
tion and limited activity days among 9/11 sur-
vivors with and without physical injuries us-
ing quantitative and qualitative approaches.

METHODS: The study population included 
World Trade Center Health Registry enrollees 
who reported being injured on 9/11 in 2003–
2004 and a sample of non-injured enrollees 
who participated in a cross-sectional sub-
study. We used multivariable logistic regres-
sion to examine differences in life satisfaction 
and number of limited activity days in the last 

30 days between those with and without inju-
ries. The free-response section of the survey 
was analyzed qualitatively to compare 
themes of those with and without injuries.

RESULTS: The final sample consisted of 2821 
adult enrollees. Compared to those who 
were not injured, those who were injured on 
9/11 were more likely to report being unsatis-
fied with their life (adjusted odds ratio (AOR): 
1.5, 95% confidence intervals (CI) 1.1–2.0) 
and have 14 or more limited activity days in 
the last 30 days (AOR: 1.4, 95% CI 1.0–1.9). 
Among those who were injured, being par-
tially or completely prevented from working 
increased the odds of being unsatisfied with 
life and having 14 or more limited activity 
days. In qualitative analysis, the emotional 
trauma experienced from 9/11 was a major 
and common theme, regardless of injury sta-
tus. Those with injuries were more likely to 
express anger/lack of recognition/apprecia-
tion, describe substance use/abuse, and 
have financial/health care access issues.

CONCLUSIONS: More than 15 years after 
9/11, those who were injured continue to be 
impacted, reporting lower life satisfaction 
and more functional impairment.

Jacobson MH, Norman C, Sadler P, et al. 
2019. Characterizing mental health treat-
ment utilization among individuals exposed 
to the 2001 world trade center terrorist at-
tacks 14(-)15 years post-disaster. Interna-
tional journal of environmental research 
and public health 16(4).

https://doi.org/10.3390/ijerph16040626 

Following the World Trade Center (WTC) at-
tacks in New York City (NYC) on 11 Septem-
ber 2001 (9/11), thousands in NYC experi-
enced significant stress reactions and 
disorders, presenting an immediate need 
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for counseling and treatment. While other 
studies documented post-9/11 mental 
health treatment utilization, none have data 
more than two years post-disaster. We used 
data from 35,629 enrollees of the WTC 
Health Registry, a longitudinal cohort study 
of those exposed to the WTC attacks, to ex-
amine predictors of counseling after 9/11, 
the types of practitioners seen, and the per-
ceived helpfulness of therapy up to 15 years 
post-disaster. Among enrollees, 37.7% re-
ported receiving counseling at some time 
after 9/11. Predictors of seeking counseling 
included race/ethnicity, age at 9/11, educa-
tion level, exposure to the WTC attacks, oth-
er traumatic experiences, mental health 
symptomology, and pre-9/11 counseling. 
Whites and Hispanics, those who were chil-
dren on 9/11, and those with high levels of 
exposure to the WTC attacks sought coun-
seling soonest after 9/11. Among those who 
sought counseling, Blacks, Asians, and 
those with lower education and income 
were less likely to see mental health special-
ists and more likely to see general practi-
tioners or religious advisors. Finally, among 
those who sought recent counseling, wom-
en, Blacks, those aged >/=65 years, and 
those with very high WTC exposures were 
more likely to rate their recent counseling as 
very helpful. This study used data up to 15 
years post-disaster to document mental 
health treatment utilization patterns, 
trends, and disparities that have implica-
tions for future preparedness plans and 
needs assessments.

Jordan HT, Osahan S, Li J, et al. 2019.  Per-
sistent mental and physical health impact 
of exposure to the September 11, 2001 
World Trade Center terrorist attacks.  Envi-
ronmental Health. 18(1):12.

https://doi.org/10.1186/s12940-019-0449-7 

BACKGROUND: Asthma, gastroesophageal 
reflux disease (GERD), posttraumatic stress 
disorder (PTSD) and depression have each 
been linked to exposure to the September 11, 
2001 World Trade Center (WTC) terrorist at-
tacks (9/11). We described the prevalence 
and patterns of these conditions and associ-
ated health-related quality of life (HRQOL) fif-
teen years after the attacks.

METHODS: We studied 36,897 participants in 
the WTC Health Registry, a cohort of exposed 
rescue/recovery workers and community 
members, who completed baseline (2003-
2004) and follow-up (2015-16) question-
naires. Lower respiratory symptoms (LRS; 
cough, dyspnea, or wheeze), gastroesopha-
geal reflux symptoms (GERS) and self-report-
ed clinician-diagnosed asthma and GERD 
history were obtained from surveys. PTSD 
was defined as a score > 44 on the PTSD 
checklist, and depression as a score > 10 on 
the Patient Health Questionnaire (PHQ). Poor 
HRQOL was defined as reporting limited usu-
al daily activities for > 14 days during the 
month preceding the survey.

RESULTS: In 2015-16, 47.8% of participants 
had ≥1 of the conditions studied. Among 
participants without pre-existing asthma, 
15.4% reported asthma diagnosed after 
9/11; of these, 76.5% had LRS at follow up. 
Among those without pre-9/11 GERD, 22.3% 
reported being diagnosed with GERD after 
9/11; 72.2% had GERS at follow-up. The 
prevalence of PTSD was 14.2%, and of de-
pression was 15.3%. HRQOL declined as the 
number of comorbidities increased, and 
was particularly low among participants 
with mental health conditions. Over one 
quarter of participants with PTSD or depres-
sion reported unmet need for mental health 
care in the preceding year.

CONCLUSIONS: Nearly half of participants re-
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ported having developed at least one of the 
physical or mental health conditions studied 
by 2015-2016; comorbidity among conditions 
was common. Poor HRQOL and unmet need 
for health were frequently reported, particu-
larly among those with post-9/11 PTSD or de-
pression. Comprehensive physical and men-
tal health care are essential for survivors of 
complex environmental disasters, and con-
tinued efforts to connect 9/11-exposed per-
sons to needed resources are critical.

Li J, Cone JE, Brackbill RM, et al. 2019. Pul-
monary Fibrosis among World Trade Center 
Responders: Results from the WTC Health 
Registry Cohort.  Int. J. Environ. Res. Public 
Health. 16(5), 825.  [epub ahead of press]
Part of the Special Issue on 9/11 Health Effects 

https://doi.org/10.3390/ijerph16050825 

Dust created by the collapse of the World 
Trade Center (WTC) towers on 9/11 included 
metals and toxicants that have been linked 
to an increased risk of pulmonary fibrosis 
(PF) in the literature. Little has been report-
ed on PF among WTC responders. This re-
port used self-reported physician diagnosis 
of PF with an unknown sub-type to explore 
the association between levels of WTC dust 
exposure and PF. We included 19,300 WTC 
responders, enrolled in the WTC Health Reg-
istry in 2003–2004, who were followed for 11 
years from 2004 to 2015. Exposure was de-
fined primarily by intensity and duration of 
exposure to WTC dust/debris and work on 
the debris pile. Stratified Cox regression was 
used to assess the association. We observed 
73 self-reported physician-diagnosed PF 
cases, with a PF incidence rate of 36.7/100,000 
person-years. The adjusted hazard ratio 
(AHR) of PF was higher in those with a medi-
um (AHR = 2.5, 95% CI = 1.1–5.8) and very 
high level of exposure (AHR = 4.5, 95% CI = 
2.0–10.4), compared to those with low expo-

sure. A test for exposure—response trend 
was statistically significant (Ptrend = 0.004). 
Future research on WTC dust exposure and 
PF would benefit from using data from mul-
tiple WTC Health Program responder cohorts 
for increased statistical power and clinically 
confirmed cases.

Morales-Raveendran E, Goodman E, West 
E, et al. 2018. Associations between asth-
ma trigger reports, mental health condi-
tions, and asthma morbidity among World 
Trade Center rescue and recovery workers. J 
Asthma. Aug 3:1-21.  [Epub ahead of print]

https://doi.org/10.1080/02770903.2018.150230.

OBJECTIVE: There is limited information re-
garding asthma triggers in World Trade 
Center (WTC) rescue and recovery workers 
or how mental health conditions affect the 
perception of triggers.

METHODS: We included 372 WTC workers 
with asthma. The Asthma Trigger Inventory 
(ATI) assessed trig-gers along five domains: 
psychological, allergens, physical activity, 
infection, and pollution. We adminis-tered 
the Structured Clinical Interview to diag-
nose post-traumatic stress disorder (PTSD), 
major depres-sion and panic disorder (PD). 
The Asthma Control Questionnaire (ACQ) 
and Mini Asthma Quality of Life Question-
naire (AQLQ) measured asthma control and 
quality of life, respectively. Linear regres-
sion mod-els were fitted to examine the as-
sociation of ATI total and subdomain scores 
with mental health condi-tions as well as 
the percent of ACQ and AQLQ variance ex-
plained by ATI subscales.

RESULTS: The most common triggers were 
air pollution (75%) and general allergens 
(68%). PTSD was sig-nificantly associated 
with psychological triggers (partial r2=0.05,
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p<0.01), physical activity (partial r2=0.03, 
p<0.01) and air pollution (partial r2=0.02, p = 
0.04) subscales while PD was significantly 
associ-ated with air pollution (partial 
r2=0.03, p = 0.03) and general allergens (par-
tial r2=0.02, p = 0.03). ATI sub-scales ex-
plained a large percentage of variance in 
asthma control (r2=0.37, p<0.01) and quali-
ty of life scores (r2=0.40, p<0.01). Psycholog-
ical subscale scores explained the largest 
portion of the total variabil-ity in ACQ (par-
tial r2= 0.11, p = 0.72) and AQLQ (partial 

r2=0.14, p = 0.64) scores.CONCLUSION: RRW 
with mental health conditions reported 
more asthma triggers and these triggers 
were associated with asthma morbidity. 
These data can help support interventions 
in RRW with asthma.

Seil K, Yu S and Alper H. 2019.  A Cognitive 
Reserve and Social Support-Focused Latent 
Class Analysis to Predict Self-Reported Con-
fusion or Memory Loss among Middle-Aged 
World Trade Center Health Registry Enroll-
ees.  Int J Environ Res Public Health. 
16(7):1128. [epub ahead of press].

https://doi.org/10.3390/ijerph16071128 

The World Trade Center Health Registry in-
cludes 9/11 survivors who have been sur-
veyed about their health conditions over 
time. The prevalence of posttraumatic 
stress disorder (PTSD) remains high among 
the cohort and is a risk factor for cognitive 
impairment or dementia. We thus sought to 
examine the degree to which confusion or 
memory loss (CML)-potential symptoms of 
cognitive decline-are occurring among en-
rollees aged 35-64 years. Cognitive reserve 
theory suggests that higher levels of educa-
tion and engaging in cognitively challenging 
activities can create stronger neural con-
nections, offering protection against cogni-
tive decline. We hypothesized that enrollees 

with less cognitive reserve would be more 
likely to report CML. In this study, we: (1) es-
timated the incidence of CML in our study 
sample; (2) identified indicators of cognitive 
reserve (e.g., indicators of educational at-
tainment, social support); and (3) deter-
mined whether CML is associated with cog-
nitive reserve level, stratified by PSTD 
status. First, we described demographics of 
the study sample (n = 14,574) and probable 
PTSD status, also stratifying by CML. Next, 
we conducted a latent class analysis on two 
groups: those with probable PTSD and those 
without probable PTSD, creating classes 
with varying cognitive reserve levels. Final-
ly, using adjusted log binomial models, we 
predicted risk of CML based on cognitive re-
serve level. The probable PTSD group  
(n = 1213) and not probable PTSD group  
(n = 13,252) each had four latent classes: 
low, medium-low, medium-high, and high 
cognitive reserve. In the probable PTSD 
model, compared to the high cognitive re-
serve class, those with medium-low cogni-
tive reserve were 35% more likely to report 
CML (relative risk (RR) = 1.4, 95% confidence 
interval (CI): 1.1, 1.7). Among the not proba-
ble PTSD group, those with low and medium 
levels of cognitive reserve were significantly 
more likely to report CML (RR = 1.8 and 1.4, 
respectively). Overall, those with less cogni-
tive reserve were more likely to report CML 
regardless of PTSD status.

Yu S, Seil K, and Maqsood J.  2019.  Impact 
of Health on Early Retirement and Post-Re-
tirement Income Loss among Survivors of 
the 11 September 2001 World Trade Center 
Disaster.  International Journal of Environ-
mental Research and Public Health.  16: 1177. 

https://doi.org/10.3390/ijerph16071177 

The health consequences of the 9/11 World 
Trade Center (WTC) terrorist attacks are well 

Registry O
utputs

Appendix Two • WTC Health Registry Research Publications       
Summary of World Trade Center Health Program Research 2019 Page 239

https://doi.org/10.3390/ijerph16071128 
https://doi.org/10.3390/ijerph16071177 


Re
gi

st
ry

 O
ut

pu
ts

Page 240

documented, but few studies have assessed 
the disaster’s impact on employment 
among individuals exposed to the disaster. 
We examined the association between 
9/11-related health conditions and early re-
tirement among residents and workers who 
resided and/or worked near the WTC site on 
9/11, and the association between such 
conditions and post-retirement income loss. 
The study included 6377 residents and/or 
area workers who completed the WTC 
Health Registry longitudinal health surveys 
in 2003–2004 and 2006–2007, and the 2017–
2018 Health and Employment Survey. Logis-
tic regression models were used to examine 
the associations. We found that 9/11-relat-
ed health conditions were significantly as-
sociated with the likelihood of early retire-
ment. Residents and/or area workers with 
more physical health conditions, especially 
when comorbid with posttraumatic stress 
disorder (PTSD), were more likely to retire 
before age 60 than those with no conditions. 
For retirees, having PTSD or PTSD comorbid 
with any number of physical conditions in-
creased the odds of reporting substantial 
post-retirement income loss. Disaster-relat-
ed outcomes can negatively impact aging 
individuals in the form of early retirement 
and income loss. Long-term effects of major 
disasters must continue to be studied.

Yung J, Oshan S, Friedman S, et al. 2019.  
Air Pollution/Irritants, Asthma Control, and 
Health-Related Quality of Life among 
9/11-Exposed Individuals with Asthma.  In-
ternational Journal of Environmental Re-
search and Public Health.  16(11): 1924.

https://doi.org/10.3390/ijerph16111924 

Asthma control is suboptimal among World 
Trade Center Health Registry (WTCHR) en-
rollees. Air pollution/irritants have been re-
ported as the most prevalent trigger among 

World Trade Center responders. We exam-
ined the relationship between air pollution/
irritants and asthma control. We also evalu-
ated the association of asthma control with 
health-related quality of life (HRQoL). We 
included 6202 enrollees age ≥18 with a his-
tory of asthma who completed the WTCHR 
asthma survey between 2015 and 2016. 
Based on modified National Asthma Educa-
tion and Prevention Program criteria, asth-
ma was categorized as controlled, poor-
ly-controlled, or very poorly-controlled. 
HRQoL indicators include ≥14 unhealthy 
days, ≥14 activity limitation days, and 
self-rated general health. We used multino-
mial logistic regression for asthma control, 
and unconditional logistic regression for 
HRQoL, adjusting for covariates. Overall, 
27.1% had poorly-controlled and 32.2% had 
very poorly-controlled asthma. Air pollu-
tion/irritants were associated with poor-
ly-controlled (adjusted odds ratio (AOR) = 
1.70; 95% CI = 1.45–1.99) and very poor-
ly-controlled asthma (AOR = 2.15; 95% CI = 
1.83–2.53). Poor asthma control in turn 
worsened the HRQoL of asthmatic patients. 
Very poorly-controlled asthma was signifi-
cantly associated with ≥14 unhealthy days 
(AOR = 3.60; 95% CI = 3.02–4.30), ≥14 activity 
limitation days (AOR = 4.37; 95% CI = 3.48–
5.50), and poor/fair general health status 
(AOR = 4.92; 95% CI = 4.11–5.89). Minimizing 
World Trade Center (WTC) asthmatic  
patients’ exposure to air pollution/irritants 
may improve their disease management 
and overall well-being.

2020 ( 1 )
Wyka K, Friedman SM and Jordan HT. 
2020. Probable PTSD and lower respiratory 
symptoms among rescue/recovery workers 
and community members after the 9/11 
World Trade Center attacks - a longitudinal 

https://doi.org/10.3390/ijerph16111924 


Registry O
utputs

Appendix Two • WTC Health Registry Research Publications       
Summary of World Trade Center Health Program Research 2019 Page 241

mediation analysis. Psychosomatic medi-
cine.

https://doi.org/10.1097/psy.0000000000000731

OBJECTIVE: Post-traumatic stress disorder 
(PTSD) and lower respiratory symptoms 
(LRS) often co-exist among survivors of the 
September 11, 2001 (9/11) World Trade 
Center (WTC) attacks. Research in police 
and nontraditional responders suggests 
PTSD mediates the relationship between 
9/11 physical exposures and LRS, but not 
vice versa. We replicated these findings in 
WTC rescue/recovery workers (R/R work-
ers), extended them to exposed community 
members, and explored the interplay be-
tween both physical and psychological 9/11 
exposures, probable PTSD and LRS over a 
10-year follow-up. 

METHOD: Participants were 12,398 R/R 
workers and 12,745 community members 
assessed in 3 WTC Health Registry surveys 
(2003-2004, 2006-2007 and 2011-2012). LRS 
symptoms and 9/11 exposures were self-re-
ported. Probable PTSD was defined as a PCL 
Checklist score >/=44. 

RESULTS: Probable PTSD predicted LRS (R/R 
workers: beta=0.88-0.98, p<.001; communi-
ty members: beta=0.67-0.86, p<.001) and 
LRS predicted PTSD (R/R workers: beta=0.83-

0.91, p<.001; community members: 
beta=0.68-0.75, p<.001) at follow-ups,  
adjusting for prior symptoms and covari-
ates. In both R/R workers and community 
members, probable PTSD mediated the re-
lationship between 9/11 physical exposures 
(dust cloud, long duration of work) and LRS 
(indirect effects p =.001-.006), and LRS me-
diated the physical exposure-PTSD relation-
ship (indirect effects p = .001-.006). In R/R 
workers, probable PTSD mediated the psy-
chological exposure (losing friends or loved 
ones, witnessing horrific events)-LRS  
relationship (indirect effect p < .001) but LRS 
did not mediate the psychological expo-
sure-PTSD relationship (indirect effect p = 
.332). In community members, high 9/11 
psychological exposure predicted both 
probable PTSD and LRS at follow-ups; prob-
able PTSD mediated the psychological ex-
posure-LRS relationship (indirect effect p < 
.001) and LRS mediated the psychological 
exposure-PTSD relationship (indirect effect 
p = .001). 

CONCLUSION: Probable PTSD and LRS each 
mediated the other, with subtle differences 
between R/R workers and community mem-
bers. A diagnosis of either should trigger as-
sessment for the other; treatment should be 
carefully coordinated.

https://doi.org/10.1097/psy.0000000000000731
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Baunach G, McLaughlin M, Hirschorn R, et 
al. 2002. Injuries and illnesses among New 
York City Fire Department rescue workers 
after responding to the World Trade Center 
attacks. Morbidity and Mortality Weekly. 51 
(Spec. No.):1–5. 

h t t p s : / / w w w . n c b i . n l m . n i h . g o v /
pubmed/12238534

Within minutes of the terrorist attacks on 
September 11, 2001, the Fire Department 
of New York City (FDNY) operated a contin-
uous rescue/recovery effort at the WTC site. 
Medical officers of FDNY Bureau of Health 
Services (FDNY-BHS) responded to provide 
emergency medical services (see box). The 
collapse of the WTC towers and several ad-
jacent structures resulted in a vast, physi-
cally dangerous disaster zone. The height 
of the WTC towers produced extraordinary 
forces during their collapse, pulverizing 
considerable portions of the buildings’ 
structural components and exposing first 
responders and civilians to substantial 
amounts of airborne particulate matter. 
Fires burned continuously under the debris 
until mid-December 2001. Because of on-
going fire activity and the large numbers of 

civilians and rescue workers who were killed 
during the attacks, approximately 11,000 
FDNY firefighters and many emergency 
medical service (EMS) personnel worked 
on or directly adjacent to the rubble and 
incurred substantial exposures. This report 
describes morbidity and mortality in FDNY 
rescue workers during the 11-month peri-
od after the WTC attacks and documents 
a substantial increase in respiratory and 
stress-related illness compared with the 
time period before the WTC attacks. These 
findings demonstrate the need to provide 
acute and long-term medical monitoring, 
treatment, and counseling to FDNY rescue 
workers exposed to this disaster and to solve 
supply, compliance, and supervision prob-
lems so that respiratory protection can be 
rapidly provided at future disasters.

Prezant D, Kelly K, Jackson B, et al. 2002. 
Use of respiratory protection among re-
sponders at the World Trade Center site--
New York City, September 2001. Morbidity 
and Mortality Weekly. 51 (Spec. No.):6–8. 

h t t p s : / / w w w . n c b i . n l m . n i h . g o v /
pubmed/12238539 

The terrorist attacks on the WTC on Septem-
ber 11, 2001, created an occupational health 
and safety challenge for New York City (NYC) 
firefighters and rescue workers responding 
to the disaster. Immediate respiratory haz-
ards included explosions, fire, falling de-
bris, and dust clouds containing particulate 
matter comprised of pulverized building 
materials. Ongoing risks included lingering 
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particulate matter in the air and intermit-
tent combustion products from initial and 
persistent fires beneath the rubble pile. Be-
cause the nature and extent of exposures in 
disaster situations are complex and difficult 
to characterize, the use of adequate person-
al protective equipment (PPE), including 
respiratory protection, is essential in pro-
tecting the health of firefighters and oth-
er rescue workers.  During the weeks after 
September 11, the NYC Fire Department’s 
Bureau of Health Services (FDNY-BHS) and 
CDC’s National Institute for Occupational 
Safety and Health (NIOSH) organized a col-
laborative study to evaluate occupational 
hazards and exposures for these workers, 
including their use of respiratory protec-
tion. This report summarizes the results of 
that study, which indicate that the majority 
of firefighters did not use adequate respira-
tory protection during the first week of the 
rescue/recovery operation.

Prezant D, Weiden M, Banauch G, et al. 
2002. Cough and bronchial responsive-
ness in firefighters at the World Trade Cen-
ter site. New England Journal of Medicine. 
347(11):806–815. 

https://doi.org/10.1056/NEJMoa021300

BACKGROUND: Workers from the Fire De-
partment of New York City were exposed to 
a variety of inhaled materials during and 
after the collapse of the WTC. We evaluated 
clinical features in a series of 332 firefight-
ers in whom severe cough developed after 
exposure and the prevalence and severity 
of bronchial hyperreactivity in firefighters 
without severe cough classified according 
to the level of exposure. 

METHODS: “WTC cough” was defined as a 
persistent cough that developed after ex-
posure to the site and was accompanied by 

respiratory symptoms severe enough to re-
quire medical leave for at least four weeks. 
Evaluation of exposed firefighters included 
completion of a standard questionnaire, 
spirometry, airway-responsiveness testing, 
and chest imaging. 

RESULTS: In the first six months after Sep-
tember 11, 2001, WTC cough occurred in 
128 of 1636 firefighters with a high level of 
exposure (8%), 187 of 6958 with a moderate 
level of exposure (3%), and 17 of 1320 with a 
low level of exposure (1%). In addition, 95% 
had symptoms of dyspnea, 87% had gastro-
esophageal reflux disease, and 54% had na-
sal congestion. Of those tested before treat-
ment of WTC cough, 63%of firefighters (149 
of 237) had a response to a bronchodilator 
and 24% (9 of 37) had bronchial hyperreac-
tivity. Chest radiographs were unchanged 
from precollapse findings in 319 of the 332 
with WTC cough. Among the cohort without 
severe cough, bronchial hyperreactivity was 
present in 77 firefighters with a high level of 
exposure (23%) and 26 with a moderate lev-
el of exposure (8%). 

CONCLUSIONS: Intense, short-term expo-
sure to materials generated during the col-
lapse of the WTC was associated with bron-
chial responsiveness and the development 
of cough. Clinical and physiological severity 
was related to the intensity of exposure.

Rom W, Weiden M, Garcia R, et al. 2002. 
Acute eosinophilic pneumonia in a New York 
City firefighter exposed to World Trade Cen-
ter dust. American Journal of Respiratory 
and Critical Care Medicine. 166(6):797–800. 

https://doi.org/10.1164/rccm.200206-576OC

We report a sentinel case of acute eosino-
philic pneumonia in a firefighter exposed 
to high concentrations of WTC dust during 
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the rescue effort from September 11 to 24. 
The firefighter presented with a Pa(O2) of 53 
mm Hg and responded to oxygen and cor-
ticosteroids. Computed tomography scan 
showed patchy ground glass density, thick-
ened bronchial walls, and bilateral pleural 
effusions. Bronchoalveolar lavage recov-
ered 70% eosinophils, with only 1% eosin-
ophils in peripheral blood. Eosinophils were 
not degranulated and increased levels of 
interleukin-5 were measured in bronchoal-
veolar lavage and serum. Mineralogic anal-
ysis counted 305 commercial asbestos 
fibers/10(6) macrophages including those 
with high aspect ratios, and significant 
quantities of fly ash and degraded fibrous 
glass. Acute eosinophilic pneumonia is a 
rare consequence of acute high dust expo-
sure. WTC dust consists of large particle-size 
silicates, but fly ash and asbestos fibers may 
be found in bronchoalveolar lavage cells.

2003 (2)

Banauch G, Alleyne D, Sanchez R, et al. 
2003. Persistent hyperreactivity and reac-
tive airway dysfunction in firefighters at 
the World Trade Center. American Journal 
of Respiratory and Critical Care Medicine. 
168(1):54–62. 

https://doi.org/10.1164/rccm.200211-1329OC

New York City Fire Department rescue 
workers experienced massive exposure 
to airborne particulates at the WTC site. 
Aims of this longitudinal study were to (1) 
determine if bronchial hyperreactivity was 
present, persistent, and independently as-
sociated with exposure intensity, (2) iden-
tify objective measures shortly after the 
collapse that would predict persistent hy-
perreactivity and a diagnosis of reactive air-
ways dysfunction 6 months post-collapse.  

A representative sample of 179 rescue work-
ers stratified by exposure intensity (high, 
moderate, and control) without current 
smoking or prior respiratory disease was en-
rolled. Highly exposed workers arrived with-
in 2 hours of collapse, moderately exposed 
workers arrived later on Days 1–2; control 
subjects were not exposed. Hyperreactivity 
at 1, 3, and 6 months post-collapse was asso-
ciated with exposure intensity, independent 
of ex-smoking and airflow obstruction. Six 
months post-collapse, highly exposed work-
ers were 6.8 times more likely than moder-
ately exposed workers and control subjects 
to be hyperreactive (95% confidence inter-
val, 1.8–25.2; p=0.004), and hyperreactivity 
persisted in 55% of those hyperreactive at1 
and/or 3 months. In highly exposed subjects, 
hyperreactivity 1 or 3 months post-collapse 
was the sole predictor for reactive airways 
dysfunction (p=0.021). In conclusion, devel-
opment and persistence of hyperreactivi-
ty and reactive airways dysfunction were 
strongly and independently associated with 
exposure intensity. Hyperreactivity shortly 
post- collapse predicted reactive airways 
dysfunction at 6 months in highly exposed 
workers; this has important implications for 
disaster management.

Edelman P, Osterloh J, Pirkle J, et al. 
2003. Biomonitoring of chemical exposure 
among New York City firefighters respond-
ing to the World Trade Center fire and col-
lapse. Environmental Health Perspectives. 
111(16):1906–1911. 

https://www.ncbi .nlm.nih.gov/pmc/
articles/PMC1241765/

The collapse of the WTC on September 11, 
2001, exposed New York City firefighters to 
smoke and dust of unprecedented magni-
tude and duration. The chemicals and the 
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concentrations produced from any fire are 
difficult to predict, but estimates of inter-
nal dose exposures can be assessed by the 
biological monitoring of blood and urine. 
We analyzed blood and urine specimens 
obtained from 321 firefighters responding 
to the WTC fires and collapse for 110 po-
tentially fire-related chemicals. Controls 
consisted of 47 firefighters not present at 
the WTC. Sampling occurred 3 weeks after 
11 September, while fires were still burning. 
When reference or background ranges were 
available, most chemical concentrations 
were found to be generally low and not out-
side these ranges. Compared with controls, 
the exposed firefighters showed significant 
differences in adjusted geometric means for 
six of the chemicals and significantly greater 
detection rates for an additional three. Arriv-
al time was a significant predictor variable 
for four chemicals. Special Operations Com-
mand firefighters (n=95), compared with 
other responding WTC firefighters (n=226), 
had differences in concentrations or detec-
tion rate for 14 of the chemicals. Values for 
the Special Operations Command firefight-
ers were also significantly different from the 
control group values for these same chemi-
cals and for two additional chemicals. Gen-
erally, the chemical concentrations in the 
other firefighter group were not different 
from those of controls. Biomonitoring was 
used to characterize firefighter exposure 
at the WTC disaster. Although some of the 
chemicals analyzed showed statistically sig-
nificant differences, these differences were 
generally small.

2004 (3)

Feldman D, Baron S, Bernard B, et al. 2004. 
Symptoms, respirator use, and pulmonary 
function changes among New York City 
firefighters responding to the World Trade 

Center disaster. Chest. 125(4):1256–1264. 

https://doi.org/10.1378/chest.125.4.1256

CONTEXT: New York City firefighters re-
sponding to the WTC disaster on Septem-
ber 11, 2001, were exposed to numerous 
hazards. A medical screening program was 
conducted 3 weeks after the disaster on a 
sample of firefighters. 

OBJECTIVES: To determine whether arrival 
time at the WTC and other exposure vari-
ables (including respirator use) were as-
sociated with symptoms and changes in 
pulmonary function (after exposure before 
exposure). 

DESIGN: A cross-sectional comparison 
of firefighters representing the following 
groups: (1)firefighters who arrived before/
during the WTC collapse, (2) firefighters who 
arrived 1 to 2 days after the collapse, (1) 
Firefighters who arrived 3 to 7 days after the 
collapse, and (4) unexposed firefighters. 

SETTING: Fire Department of New York City 
(FDNY) Bureau of Health Services on Octo-
ber 1 to 5, 2001. 

POPULATION: A stratified random sample 
of 362 of 398 recruited working firefighters 
(91%). Of these, 149 firefighters (41%) were 
present at the WTC collapse, 142 firefighters 
(39%) arrived after the collapse but within 
48 h, 28 firefighters (8%) arrived 3 to 7 days 
after the collapse, and 43 firefighters (12%) 
were unexposed. 

MAIN OUTCOME MEASURES: New/worsen-
ing symptoms involving the eyes, skin, re-
spiratory system, and nose and throat (NT), 
and changes in spirometry from before to 
after exposure. 

RESULTS: During the first 2 weeks at the 
WTC site, 19% of study firefighters reported 

https://doi.org/10.1378/chest.125.4.1256
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not using a respirator; 50% reported using 
a respirator but only rarely. Prevalence ra-
tios (PRs) for skin, eye, respiratory, and NT 
symptoms showed a dose-response pattern 
between exposure groups based on time of 
arrival at the WTC site, with PRs between 
2.6 and 11.4 with 95% confidence intervals 
(CIs) excluding 1.0 for all but skin symptoms. 
For those spending > 7 days at the site, the 
PR for respiratory symptoms was 1.32 (95% 
CI, 1.13 to 1.55), compared with those who 
were exposed for < 7 days. Mean spirometry 
results before and after exposure were with-
in normal limits. The change in spirometry 
findings (after exposure before exposure) 
showed near-equal reductions for FVC and 
FEV(1). These reductions were greater than 
the annual reductions measured in a ref-
erent population of incumbent FDNY fire-
fighters prior to September 11 (p <or= 0.05). 
There was a 60% increased risk of a decline 
of >or= 450 mL in FEV(1) in those arriving 
during the first 48 h compared to the refer-
ent (p <or= 0.05). 

CONCLUSIONS: The symptoms and pulmo-
nary function changes following exposure 
at the WTC demonstrate the need for im-
provements in respirators and their use, as 
well as long-term medical monitoring of res-
cue workers.

Fireman E, Lerman Y, Ganor E, et al. 2004. 
Induced Sputum Assessment in New York 
City firefighters Exposed to World Trade 
Center Dust. Environmental Health Perspec-
tives. 112(15):1564–1569. 

https://www.ncbi .n lm.nih.gov/pmc/
articles/PMC1247622/

New York City Firefighters (FDNY-FFs) were 
exposed to particulate matter and combus-
tion/pyrolysis products during and after 
the World Trade Center (WTC) collapse. Ten 

months after the collapse, induced sputum 
(IS) samples were obtained from 39 highly 
exposed FDNY-FFs (caught in the dust cloud 
during the collapse on 11 September 2001) 
and compared to controls to determine 
whether a unique pattern of inflammation 
and particulate matter deposition, compat-
ible with WTC dust, was present. Control 
subjects were 12 Tel-Aviv, Israel, firefighters 
(TA-FFs) and 8 Israeli healthcare workers 
who were not exposed to WTC dust. All con-
trols volunteered for this study, had never 
smoked, and did not have respiratory illness. 
IS was processed by conventional methods. 
Retrieved cells were differentially counted, 
and metalloproteinase-9 (MMP-9), particle 
size distribution (PSD), and mineral com-
position were measured. Differential cell 
counts of FDNY-FF IS differed from those of 
health care worker controls (p < 0.05) but not 
from those of TA-FFs. Percentages of neutro-
phils and eosinophils increased with greater 
intensity of WTC exposure (< 10 workdays 
or greater than or equal to 10 workdays; 
neutrophils p=0.046; eosinophils p=0.038). 
MMP-9 levels positively correlated to neu-
trophil counts (p=0.002; r=0.449). Particles 
were larger and more irregularly shaped in 
FDNY-FFs (1–50 microm; zinc, mercury, gold, 
tin, silver) than in TA-FFs (1–10 microm; sil-
ica, clays). PSD was similar to that of WTC 
dust samples. In conclusion, IS from highly 
exposed FDNY-FFs demonstrated inflamma-
tion, PSD, and particle composition that was 
different from non-exposed controls and 
consistent with WTC dust exposure.

Truncale T, Brooks S, Prezant D, et al. 
2004. World Trade Center dust and airway 
reactivity. American Journal of Respirato-
ry and Critical Care Medicine. 169(7):883–
884; author reply 884–885. [no abstract] 
 
https://doi.org/10.1164/ajrccm.169.7.954

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1247622/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1247622/
https://doi.org/10.1164/ajrccm.169.7.954
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2005 (2)
Banauch G, Dhala A, Alleyne D, et al. 2005. 
Bronchial hyperreactivity and other inhala-
tion lung injuries in rescue/recovery work-
ers after the World Trade Center collapse. 
Critical Care Medicine. 33(S1):S102–S106. 

https:doi.org/10.1097/01.
CCM.0000151138.10586.3A 

BACKGROUND: The collapse of the WTC on 
September 11, 2001 created a large-scale di-
saster site in a dense urban environment. In 
the days and months thereafter, thousands 
of rescue/recovery workers, volunteers, and 
residents were exposed to a complex mix-
ture of airborne pollutants. 

METHODS: We review current knowledge of 
aerodigestive inhalation lung injuries result-
ing from this complex exposure and present 
new data on the persistence of nonspecific 
bronchial hyperreactivity (methacholine 
PC20 < or=8 mg/mL) in a representative 
sample of 179 Fire Department of the City of 
New York (FDNY) rescue workers stratified 
by exposure intensity (according to arrival 
time) who underwent challenge testing at 1, 
3, 6, and 12 months post-collapse. 

RESULTS:  Aerodigestive tract inflam-
matory injuries, such as declines in pulmo-
nary function, reactive airways dysfunction 
syndrome (RADS), asthma, reactive upper 
airways dysfunction syndrome (RUDS),  
gastroesophageal reflux disease (GERD), 
and rare cases of inflammatory pulmonary 
parenchymal diseases, have been docu-
mented in WTC rescue/recovery workers 
and volunteers. In FDNY rescue workers, 
we found persistent hyperreactivity associ-
ated with exposure intensity, independent 
of airflow obstruction. One year post-col-
lapse, 23% of highly exposed subjects were 
hyperreactive as compared with only 11% 

of moderately exposed and 4% of controls.  
At 1 yr, 16% met the criteria for RADS. 

CONCLUSIONS: While it is too early to ascer-
tain all of the long-term effects of WTC ex-
posures, continued medical monitoring and 
treatment is needed to help those exposed 
and to improve our prevention, diagnosis, 
and treatment protocols for future disasters.

Banauch G, Dhala A, Prezant D. 2005. Pul-
monary disease in rescue workers at the 
World Trade Center site. Current Opinion in 
Pulmonary Medicine. 11(2):160–168. 

http://doi.org/10.1097/01.mcp.0000151 
716.96241.0a

PURPOSE OF REVIEW: The catastrophic col-
lapse of the WTC towers on September 11, 
2001 created a large-scale disaster site in 
a densely populated urban environment. 
Over the ensuing months, tens of thousands 
of rescue, recovery and cleanup workers, 
volunteers, and residents of the adjacent 
community were exposed to a complex 
mixture of airborne pollutants. This review 
focuses on currently described respirato-
ry syndromes, symptoms, and physiolog-
ic derangements in WTC rescue, recovery, 
and cleanup workers, discusses potential 
long- term effects on respiratory health, and 
draws parallels to community findings. 

RECENT FINDINGS: Detailed qualitative and 
quantitative analyses of airborne pollutants 
with their changing composition during ini-
tial rescue/recovery and subsequent clean-
up have been published. Major concerns 
include persistent aerodigetive tract inflam-
matory syndromes, such as reactive airways 
dysfunction syndrome (RADS), reactive up-
per airways dysfunction syndrome (RUDS), 
gastroesophageal reflux disease (GERD), 
and inflammatory pulmonary parenchymal 

https://doi.org/10.1097/01.CCM.0000151138.10586.3A 
https://doi.org/10.1097/01.CCM.0000151138.10586.3A 
http://doi.org/10.1097/01.mcp.0000151716.96241.0a
http://doi.org/10.1097/01.mcp.0000151716.96241.0a
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syndromes, as well as respiratory tract and 
nonrespiratory malignancies. Aerodigestive 
tract inflammatory syndromes have now 
been documented in WTC exposed occupa-
tional groups, and syndrome incidence has 
been linked to WTC airborne pollutant expo-
sure intensity. Community based investiga-
tions have yielded similar findings. 

SUMMARY: While it is too early to ascertain 
long-term effects of WTC dust exposure, 
current studies already demonstrate a defi-
nite link between exposure to WTC-derived 
airborne pollutants and respiratory disease, 
both in the occupational and the communi-
ty setting. A better understanding of causes 
and effects of this exposure will help in de-
veloping appropriate preventative tools for 
rescue workers in future disasters.

2006 (3)
Banauch G, Hall C, Weiden M, et al. 2006. 
Pulmonary function after exposure to the 
World Trade Center collapse in the New York 
City Fire Department. American Journal 
of Respiratory and Critical Care Medicine. 
174(3):312–319. 

https://doi.org/10.1164/rccm.200511-1736OC

RATIONALE: On September 11, 2001, the 
WTC collapse created an enormous urban 
disaster site with high levels of airborne 
pollutants. First responders, rescue and re-
covery workers, and residents have since 
reported respiratory symptoms and devel-
oped pulmonary function abnormalities. 

OBJECTIVES: To quantify respiratory health 
effects of WTC exposure in the New York City 
Fire Department. 

MEASUREMENTS: Longitudinal study of pul-
monary function in 12,079 New York City Fire 
Department rescue workers employed on or 

before 09/11/2001. Between 01/01/1997 and 
09/11/2002, 31,994 spirometries were ob-
tained and the FEV(1) and FVC were analyzed 
for differences according to estimated WTC 
exposure intensity. Adjusted average FEV(1) 
during the first year after 09/11/2001 was 
compared with the 5 yr before 09/11/2001. 
Median time between 09/11/2001 and a 
worker’s first spirometry afterwards was 3 
mo; 90% were assessed within 5 mo. MAIN 

RESULTS: WTC- exposed workers experi-
enced a substantial reduction in adjust-
ed average FEV(1) during the year after 
09/11/2001 (372 ml; 95% confidence inter-
val, 364–381 ml; p < 0.001) This exposure-re-
lated FEV(1) decrement equaled 12 yr of 
aging-related FEV(1) decline. Moreover, ex-
posure intensity assessed by initial arrival 
time at the WTC site correlated linearly with 
FEV(1) reduction in an exposure intensi-
ty-response gradient (p=0.048). Respiratory 
symptoms also predicted a further FEV(1) 
decrease (p< 0.001). Similar findings were 
observed for adjusted average FVC. 

CONCLUSIONS: WTC exposure produced a 
substantial reduction in pulmonary func-
tion in New York City Fire Department 
rescue workers during the first year after 
09/11/2001.

Bars M, Banauch G, Appel D, et al. 2006. 
Tobacco Free With FDNY: the New York City 
Fire Department World Trade Center tobac-
co cessation study. Chest. 129(4):979–987. 

https://doi.org/10.1378/chest.129.4.979

CONTEXT: After the WTC collapse, 15% 
(1,767) of rescue workers from the Fire De-
partment of the City of New York (FDNY) 
considered themselves to be current ciga-
rette smokers. Post-WTC collapse, 98% re-
ported acute respiratory symptoms, and 

https://doi.org/10.1164/rccm.200511-1736OC
https://doi.org/10.1378/chest.129.4.979
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81% reported health concerns. Nonethe-
less, 29% of current smokers increased to-
bacco use, and 23% of ex-smokers resumed 
cigarette smoking.

OBJECTIVE: To determine the effect of a 
comprehensive tobacco-cessation program 
using combination tobacco-dependency 
treatment medications adjusted to the indi-
vidual’s daily tobacco use. 

DESIGN: FDNY cigarette smokers enrolled 
in “Tobacco Free With FDNY,” a no-cost 
quit-smoking program providing counsel-
ing, support, and medications. At the end 
of the 3-month treatment phase and at the 
6-month and 12-month follow-up visits, ab-
stinence rates were confirmed by expired 
carbon monoxide levels or by the verifica-
tion of a household member. 

SETTING: FDNY Bureau of Health Services 
between August 1, 2002 and October 30, 
2002. 

PARTICIPANTS: A total of 220 current ciga-
rette smokers from the FDNY. 

RESULTS: At study enrollment, the mean (+/ 
SD) tobacco use was 20 +/7 cigarettes per 
day, and the mean tobacco dependency, 
as assessed by a modified Fagerstrom test 
score, was 6.7+/2.5 (maximum score, 10). 
Based on tobacco use, 20% of enrollees used 
three types of nicotine medications, 64% 
used two types, 14% used one type, and 3% 
used no medications. Additionally, 14% of 
enrollees used bupropion sustained release. 
The confirmed continuous abstinence rates 
were 47%, 36%, and 37%, respectively, after 
3 months of treatment and at the 6-month 
and 12-month follow- up. Abstinence rates 
did not correlate with the history of tobacco 
use but correlated inversely with tobacco 
dependency. Adverse events and maximal 
nicotine medication use were unrelated, and 

no one experienced a serious adverse event. 

CONCLUSION: Tobacco dependency treat-
ment using combination nicotine medica-
tions is effective and safe. Future studies 
should consider the following: (1) both his-
tory of tobacco use and withdrawal symp-
toms to determine the number and dose 
of nicotine medications; and (2) continuing 
combination treatment for > 3 months.

Lioy P, Pellizari E, Prezant D. 2006. The 
World Trade Center aftermath and its effects 
on health: understanding and learning 
through human-exposure science. Environ-
mental Science & Technology. 40(22):6876–
6885. PMID: 17153990. [no abstract]

h t t p s : / / w w w . n c b i . n l m . n i h . g o v /
pubmed/17153990?dopt=AbstractPlus

2007 (2)
Alvarez J, Rosen C, Davis K, et al. 2007. 
Stay connected: psychological services 
for retired firefighters after 11 September 
2001. Prehospital and Disaster Medicine. 
22(1):49–54. PMID: 17484363.

h t t p s : / / w w w . n c b i . n l m . n i h . g o v /
pubmed/17484363

INTRODUCTION: A large number of firefight-
ers retired after 11 September 2001. These 
retirees were confronted with multiple 
challenges, including grief, trauma-related 
physical injuries and psychological distress, 
difficulties related to the transition of their 
roles, and deterioration of social support. 

OBJECTIVE: The Fire Department of New York 
(FDNY) Counseling Service Unit’s “Stay Con-
nected” Program designed and implemented 
after 11 September 2001 is described in this 
report. This unique program was designed to 

https://www.ncbi.nlm.nih.gov/pubmed/17153990?dopt=AbstractPlus
https://www.ncbi.nlm.nih.gov/pubmed/17153990?dopt=AbstractPlus
https://www.ncbi.nlm.nih.gov/pubmed/17484363
https://www.ncbi.nlm.nih.gov/pubmed/17484363
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use a combination of peer outreach and pro-
fessional counseling to address the mental 
health needs of retiring firefighters and their 
families. 

METHODS: Descriptive information about the 
intervention program was gathered through 
semi- structured interviews with Counseling 
Service Unit staff. Client satisfaction surveys 
were collected during three six-week periods. 

RESULTS: Quantitative data indicate that cli-
ents rated their overall satisfaction with the 
clerical and counseling staff a perfect 4 out 
of 4. The report of their overall satisfaction 
with the services also was nearly at ceiling 
(3.99 out 4). The perceived helpfulness of 
the services in resolving the problems expe-
rienced by the clients increased significantly 
over time. Qualitative data indicate that peer 
involvement and intensive community out-
reach, i.e., social events, wellness activities, 
and classes, were integral to the success of 
the intervention. 

CONCLUSIONS: This project provided valu-
able lessons about how to develop and 
implement a “culturally competent” inter-
vention program for public safety workers 
retiring after a disaster. Creative, proactive, 
non-traditional outreach efforts and lever-
aging peers for credibility and support were 
particularly important.

Izbicki G, Chavko R, Banauch G, et al. 
2007. World Trade Center “sarcoid-like” 
granulomatous pulmonary disease in New 
York City Fire Department rescue workers. 
Chest. 131(5):1414–1423. 

https://doi.org/10.1378/chest.06-2114

BACKGROUND: Previous reports suggest 
that sarcoidosis occurs with abnormally 
high frequency in firefighters. We sought to 
determine whether exposure to WTC “dust” 

during the collapse and rescue/recovery ef-
fort increased the incidence of sarcoidosis 
or “sarcoid-like” granulomatous pulmonary 
disease (SLGPD). 

METHODS: During the 5 years after the WTC 
disaster, enrollees in the Fire Department 
of New York (FDNY) WTC monitoring and 
treatment programs who had chest radio-
graph findings suggestive of sarcoidosis 
underwent evaluation, including the follow-
ing: chest CT imaging, pulmonary function, 
provocative challenge, and biopsy. Annual 
incidence rates were compared to the 15 
years before the WTC disaster. 

RESULTS: After WTC dust exposure, patho-
logic evidence consistent with new-onset 
sarcoidosis was found in 26 patients: all 26 
patients had intrathoracic adenopathy, and 
6 patients (23%) had extrathoracic disease. 
Thirteen patients were identified during the 
first year after WTC dust exposure (incidence 
rate, 86/100,000), and 13 patients were iden-
tified during the next 4 years (average annu-
al incidence rate, 22/100,000; as compared 
to 15/100,000 during the 15 years before the 
WTC disaster). Eighteen of 26 patients (69%) 
had findings consistent with asthma. Eight 
of 21 patients (38%) agreeing to challenge 
testing had airway hyperreactivity (AHR), 
findings not seen in FDNY sarcoidosis pa-
tients before the WTC disaster. 

CONCLUSION: After the WTC disaster, the 
incidence of sarcoidosis or SLGPD was in-
creased among FDNY rescue workers. This 
new information about the early onset of 
WTC-SLGPD and its association with asth-
ma/AHR has important public health con-
sequences for disease prevention, early 
detection, and treatment following environ-
mental/occupational exposures.

https://doi.org/10.1378/chest.06-2114
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2008 (4)
Banauch G, Izbicki G, Christodoulou V, et 
al. 2008. Trial of prophylactic inhaled ste-
roids to prevent or reduce pulmonary func-
tion decline, pulmonary symptoms, and 
airway hyperreactivity in firefighters at the 
World Trade Center site. Disaster Medicine 
and Public Health Preparedness. 2(1):33–39. 

https://doi.org/10.1097/DMP.0b013e318164ee0c

BACKGROUND: Inhaled corticosteroids (ICS) 
are the most effective anti- inflammatory 
treatment for asthmatics. This trial evaluat-
ed the effects of prophylactic ICS in firefight-
ers exposed to the WTC disaster. 

METHODS: Inhaled budesonide via a dry 
powder inhaler (Pulmicort Turbuhaler, As-
traZeneca, and Wilmington, DE) was offered 
on-site to New York City firefighters between 
September 18 and 25, 2001. One to 2 years 
later, firefighters (n=64) who completed 4 
weeks of daily ICS treatment were evaluat-
ed and compared with an age and exposure- 
matched comparison group (n=72) who did 
not use ICS. 

RESULTS: When spirometry results at the fi-
nal visit were compared with those from the 
weeks following the 9/11 disaster, the treat-
ment group had a greater increase in forced 
vital capacity (P=.009) and possibly a slow-
er decline in forced expiratory volume at 1 
second (P=.11), as well as a greater improve-
ment in perceived well-being as assessed by 
the St George’s Respiratory Questionnaire 
(P < .01). There was no difference in airway 
hyperreactivity and no evidence of adverse 
effects from ICS. 

CONCLUSIONS: Because the potential for 
hazardous exposures is great at many di-
sasters, disease prevention programs based 
on environmental controls and respiratory 

protection are warranted immediately. 
Our results suggest that, pending further 
study with a larger sample, prophylactic ICS 
should be considered, along with respira-
tory protection, to minimize possible lung 
insult.

Friedman S, Cone J, Eros-Sarnyai M, et al. 
2008. Clinical guidelines for adults exposed 
to the World Trade Center disaster. City 
Health Information. 27(6):41–54. [Online 
Publication] 

https://www1.nyc.gov/assets/doh/down-
loads/pdf/chi/chi27-6.pdf

The World Trade Center (WTC) terrorist at-
tack and its aftermath exposed hundreds 
of thousands of people to debris, dust, 
smoke, and fumes. Studies conducted af-
ter September 11, 2001, among rescue and 
clean-up workers, office workers, building 
evacuees, and residents of lower Manhattan 
showed an increase in respiratory and other  
physical and mental health problems, in-
cluding post-traumatic stress disorder. Many 
New Yorkers have health problems that 
could be associated with - or made worse by 
- exposure to the attack and its aftermath. 
Primary care physicians need to know how 
to identify, evaluate, treat, and if necessary, 
refer these individuals to expert care. This 
publication suggests how clinicians can 
take a brief exposure history and describes 
common health problems that could be 
caused or exacerbated by exposure to the 
disaster. It offers algorithms to evaluate and 
care for exposed individuals, and provides 
brief tools to assess and treat physical and 
mental health disorders. Resources are also 
featured, including information about free 
(or need-based) treatment programs that 
may benefit WTC-exposed individuals (Re-
sources). While these recommendations are 

https://doi.org/10.1097/DMP.0b013e318164ee0c
https://www1.nyc.gov/assets/doh/downloads/pdf/chi/chi27-6.pdf
https://www1.nyc.gov/assets/doh/downloads/pdf/chi/chi27-6.pdf
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targeted to adults, some principles and di-
agnostic methods may be applicable to chil-
dren and adolescents. Consult appropriate 
resources such as the American Academy 
of Pediatrics for general (non-WTC-specific) 
pediatric guidelines.

Prezant D. 2008. World Trade Center 
Cough Syndrome and its treatment. Lung. 
186(S1):S94–S102. 

https://doi.org/10.1007/s00408-007-9051-9

To date, the main respiratory health conse-
quence from the collapse of the WTC on Sep-
tember 11, 2001 has been the “WTC Cough 
Syndrome” (chronic rhinosinusitis, asthma, 
and/ or bronchitis, often complicated by 
gastroesophageal reflux dysfunction). Syn-
drome incidence and severity have been 
linked to WTC dust exposure intensity. While 
it is too early to ascertain long-term effects 
of WTC dust exposure, effective treatment 
guidelines have been designed through a 
collaborative effort by the three established 
centers of excellence for WTC medical mon-
itoring and treatment and the WTC Registry. 
These treatment recommendations are de-
scribed here.

Prezant D, Levin S, Kelly K, et al. 2008. 
Upper and lower respiratory diseases af-
ter occupational and environmental di-
sasters. Mount Sinai Journal of Medicine. 
75(2):89–100. 

https://doi.org/10.1002/msj.20028

Respiratory consequences from occupa-
tional and environmental disasters are the 
result of inhalation exposures to chemicals, 
particulate matter (dusts and fibers) and/or 
the incomplete products of combustion that 
are often liberated during disasters such as 
fires, building collapses, explosions and 

volcanoes. Unfortunately, experience has 
shown that environmental controls and ef-
fective respiratory protection are often un-
available during the first days to week after 
a large-scale disaster. The English literature 
was reviewed using the key words-disaster 
and any of the following: respiratory dis-
ease, pulmonary, asthma, bronchitis, si-
nusitis, pulmonary fibrosis, or sarcoidosis. 
Respiratory health consequences after aero-
solized exposures to high- concentrations of 
particulates and chemicals can be grouped 
into 4 major categories: 1) upper respiratory 
disease (chronic rhinosinusitis and reactive 
upper airways dysfunction syndrome), 2) 
lower respiratory diseases (reactive [lower] 
airways dysfunction syndrome, irritant- in-
duced asthma, and chronic obstructive air-
ways diseases), 3)parenchymal or intersti-
tial lung diseases (sarcoidosis, pulmonary 
fibrosis, and bronchiolitis obliterans, and 4) 
cancers of the lung and pleura. This review 
describes several respiratory consequences 
of occupational and environmental disas-
ters and uses the WTC disaster to illustrate 
in detail the consequences of chronic upper 
and lower respiratory inflammation.

2009 (2)

Corrigan M, et al. 2009. A computerized, 
self-administered questionnaire to evaluate 
posttraumatic stress among firefighters after 
the World Trade Center collapse. American 
Journal of Public Health. 99(S):S702–S709. 

https://doi.org/10.2105/AJPH.2008.151605

OBJECTIVES: We sought to determine the 
frequency of psychological symptoms 
and elevated PTSD risk among New York 
City firefighters after the WTC attack and 

https://doi.org/10.1007/s00408-007-9051-9
https://doi.org/10.1002/msj.20028
https://doi.org/10.2105/AJPH.2008.151605
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whether these measures were associated 
with Counseling Services Unit (CSU) use or 
mental health-related medical leave over 
the first 2.5 years after the attack. 

METHODS: Shortly after the WTC attack, a 
computerized, binary-response screening 
questionnaire was administered. Exposure 
assessment included WTC arrival time and 
“loss of a co-worker while working at the 
collapse.” We determined elevated PTSD 
risk using thresholds derived from Diag-
nostic and Statistical Manual of Mental Dis-
orders, Fourth Edition, Text Revision, and a 
sensitivity-specificity analysis. 

RESULTS: Of 8487 participants, 76% report-
ed at least 1 symptom, 1016 (12%) met crite-
ria for elevated PTSD risk, and 2389 (28%) 
self-referred to the CSU, a 5–fold increase 
from before the attack. Higher scores were 
associated with CSU use, functional job im-
pairment, and mental health-related med-
ical leave. Exposure- response gradients 
were significant for all outcomes. 

CONCLUSIONS: This screening tool effec-
tively identified elevated PTSD risk, higher 
CSU use, and functional impairment among 
firefighters and therefore may be useful in 
allocating scarce postdisaster mental health 
resources.

Webber M, Gustave J, Lee R, et al. 2009. 
Trends in respiratory symptoms of firefight-
ers exposed to the World Trade Center di-
saster: 2001–2005. Environmental Health 
Perspectives. 117(6):975–980. 

https://doi.org/10.1289/ehp.0800291

BACKGROUND: Respiratory symptoms, ei-
ther newly reported after the WTC disaster 
on 11 September 2001 (9/11) or increased 

in severity, have been well documented in 
WTC-exposed workers and New York City 
residents. However, considerable uncertain-
ty exists over the persistence of symptoms. 

OBJECTIVES: In this study, our goals were to 
describe trends in post-9/11 respiratory and 
gastro-esophageal reflux disease (GERD) 
symptoms in WTC-exposed firefighters and 
to examine symptom progression in the co-
hort that completed both year 1 and year 4 
questionnaires. 

METHODS: We analyzed questionnaire re-
sponses from 10,378 firefighters in yearly in-
tervals, from 2 October 2001 to 11 Septem-
ber 2005, defining exposure based on arrival 
time at the WTC site. For the cohort of 3,722 
firefighters who completed the two ques-
tionnaires, we also calculated exposure du-
ration summing months of work at the site. 

RESULTS: In cross- sectional analyses, the 
prevalence of dyspnea, wheeze, rhinosinus-
itis, and GERD remained relatively stable, 
whereas cough and sore throat declined, 
especially between 1 and 2 years post-9/11. 
We found a dose- response relationship be-
tween arrival time and symptoms in all years 
(p < 0.01). Logistic models of symptoms at 
year 4 in the cohort demonstrated inde-
pendent effects of earlier arrival and longer 
work duration: each additional month of 
work increased the odds of symptoms 8% 
to 11%. 

CONCLUSIONS: Protracted work exposures 
increased the odds of respiratory and GERD 
symptoms 4 years later. In most large disas-
ters, exposures may be unavoidable during 
the rescue phase, but our data strongly sug-
gest the need to minimize additional expo-
sures during recovery and cleanup phases.

https://doi.org/10.1289/ehp.0800291
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2010 (8)

Aldrich T, Gustave J, Hall C, et al. 2010. 
Lung function in rescue workers at the World 
Trade Center after 7 years. New England 
Journal of Medicine. 362(14):1263–1272. 

https://doi.org/10.1056/NEJMoa0910087

BACKGROUND: The terrorist attacks on the 
WTC on September 11, 2001, exposed thou-
sands of Fire Department of New York City 
(FDNY) rescue workers to dust, leading to 
substantial declines in lung function in the 
first year. We sought to determine the lon-
ger-term effects of exposure. 

METHODS: Using linear mixed models, we 
analyzed the forced expiratory volume in 1 
second (FEV(1)) of both active and retired 
FDNY rescue workers on the basis of spirom-
etry routinely performed at intervals of 12 to 
18 months from March 12, 2000, to Septem-
ber 11, 2008. 

RESULTS: Of the 13,954 FDNY workers who 
were present at the WTC between Septem-
ber 11, 2001, and September 24, 2001, a 
total of 12,781 (91.6%) participated in this 
study, contributing 61,746 quality- screened 
spirometric measurements. The median fol-
low-up was 6.1 years for firefighters and 6.4 
years for emergency- medical-services (EMS) 
workers. In the first year, the mean FEV(1) 
decreased significantly for all workers, more 
for firefighters who had never smoked (a re-
duction of 439 ml; 95% confidence interval 
[CI], 408 to 471) than for EMS workers who 
had never smoked (a reduction of 267 ml; 
95% CI, 263 to 271) (P<0.001 for both com-
parisons). There was little or no recovery in 
FEV(1) during the subsequent 6 years, with 
a mean annualized reduction in FEV(1) of 25 
ml per year for firefighters and 40 ml per year 
for EMS workers. The proportion of workers 

who had never smoked and who had an 
FEV(1) below the lower limit of the normal 
range increased during the first year, from 
3% to 18% for firefighters and from 12% to 
22% for EMS workers, stabilizing at about 
13% for firefighters and 22% for EMS work-
ers during the subsequent 6 years. 

CONCLUSIONS: Exposure to WTC dust led 
to large declines in FEV(1) for FDNY rescue 
workers during the first year. Overall, these 
declines were persistent, without recovery 
over the next 6 years, leaving a substantial 
proportion of workers with abnormal lung 
function.

Banauch G, Brantly M, Izbicki G, et al. 2010. 
Accelerated spirometric decline in New York 
City firefighters with alpha(1)- antitrypsin 
deficiency. Chest. 138:1116–1124. 

https://doi.org/10.1378/chest.10-0187

BACKGROUND: On September 11, 2001, 
the WTC collapse caused massive air pol-
lution, producing variable amounts of lung 
function reduction in the New York City 
Fire Department (FDNY) rescue workforce.  
alpha(1)-Antitrypsin (AAT) deficiency is a 
risk factor for obstructive airway disease. 

METHODS: This prospective, longitudinal 
cohort study of the first 4 years post-Sep-
tember 11, 2001, investigated the influence 
of AAT deficiency on adjusted longitudi-
nal spirometric change (FEV(1)) in 90 FDNY 
rescue workers with WTC exposure. Work-
ers with protease inhibitor (Pi) Z hetero-
zygosity were considered moderately AAT 
deficient. PiS homozygosity or PiS hetero-
zygosity without concomitant PiZ heterozy-
gosity was considered mild deficiency, and 
PiM homozygosity was considered normal.  
Alternately, workers had low AAT levels if se-
rum AAT was </= 20 mumol/L. 

https://doi.org/10.1056/NEJMoa0910087
https://doi.org/10.1378/chest.10-0187
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RESULTS: In addition to normal aging- re-
lated decline (37 mL/y), significant FEV(1) 
decline accelerations developed with in-
creasing AAT deficiency severity (110 mL/y 
for moderate and 32 mL/y for mild) or with 
low AAT serum levels (49 mL/y). Spirometric 
rates pre-September 11, 2001, did not show 
accelerations with AAT deficiency. Among 
workers with low AAT levels, cough persist-
ed in a significant number of participants at 
4 years post- September 11, 2001. 

CONCLUSIONS: FDNY rescue workers with 
AAT deficiency had significant spirometric 
decline accelerations and persistent airway 
symptoms during the first 4 years after WTC 
exposure, representing a novel gene- by-en-
vironment interaction. Clinically meaningful 
decline acceleration occurred even with the 
mild serum AAT level reductions associated 
with PiS heterozygosity (without concomi-
tant PiZ heterozygosity).

Berninger A, Webber M, Cohen H, et al. 
2010. Trends of elevated PTSD risk in fire-
fighters exposed to the World Trade Center 
disaster: 2001–2005. Public Health Reports. 
125(4):556–566. 

https://doi.org/10.1177/003335 491012500411

OBJECTIVES: We identified trends in the 
prevalence of elevated PTSD risk as deter-
mined by the Fire Department of the City of 
New York (FDNY)-modified PCL in WTC-ex-
posed firefighters. We also examined trends 
in relation to WTC exposure, social support, 
change in recreational activities, and func-
tional health. 

METHODS: We analyzed 16,826 question-
naires from 10,074 firefighters in yearly in-
tervals, from September 12, 2001, to Sep-
tember 11, 2005. 

RESULTS: The prevalence of elevated PTSD 

risk increased over time, from 9.8% in year 1 
to 10.6% in year 4 (p < 0.0001). Earliest arriv-
al at the WTC site (odds ratio [OR]=6.0; 95% 
confidence interval [CI] 4.4, 8.3), prolonged 
work at the site (OR=2.0; 95% CI 1.8, 2.3), 
providing supervision without previous su-
pervisory experience (OR=4.1; 95% CI 2.8, 
6.1), and retirement due to a WTC-related 
disability (OR=1.3; 95% CI 1.1, 1.5) were as-
sociated with ever having elevated PTSD 
risk. Difficulty functioning at home was 
strongly associated with elevated PTSD risk 
(ORs ranged from 17.0 [95% CI 14.5, 20.0] in 
year 1 to 26.7 [95% CI 20.3, 35.2] in year 3), 
as was difficulty functioning at work (ORs 
ranged from 12.1 [95% CI 10.2, 14.2] in year 
1 to 23.0 [95% CI 14.6, 36.3] in year 2). 

CONCLUSIONS: Elevated PTSD risk was 
associated with exposure to the WTC site 
as well as functional impairment, and  
remained largely unabated during the first 
four years of the study. Screening for ele-
vated PTSD risk may be useful in identifying 
those who could benefit from interventions 
during long-term follow-up, as well as in the 
immediate aftermath of disasters.

Berninger A, Webber M, Niles J, et al. 
2010. Longitudinal study of probable 
post-traumatic stress disorder in firefighters 
exposed to the World Trade Center disaster. 
American Journal of Industrial Medicine. 
53(12):1177–1185. 

https://doi.org/10.1002/ajim.20894

BACKGROUND: Symptoms of PTSD have 
been reported even years after the terrorist 
attacks of September 11, 2001 (9/11). 

METHODS: We used screening tools to assess 
the prevalence of probable PTSD in 9/11- ex-
posed firefighters at two time points, within 
6 months of 9/11 (baseline) and 3–4 years 
post-disaster (follow-up). 

https://doi.org/10.1177/003335491012500411
https://doi.org/10.1002/ajim.20894
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RESULTS: Five thousand six hundred fifty-six 
individuals completed assessments at both 
times. 15.5% reported probable PTSD post- 
9/11, 8.6% at baseline and 11.1% at follow- 
up, on average 2.9 (SD 0.5) years later. Anal-
yses revealed that nearly half of all probable 
PTSD occurred as delayed onset (absent 
baseline, present follow-up). Compared 
with the resilient group (no probable PTSD 
at either time), probable PTSD at baseline, 
and delayed onset at follow-up were each 
associated with concomitant functional im-
pairment (OR 19.5 and 18.9), respectively. 

CONCLUSION: Similar percentages of fire-
fighters met criteria for baseline and delayed 
onset probable PTSD at follow-up, years lat-
er. Both were associated with substantial 
functional impairment. Early risk identifica-
tion could provide opportunities for mental 
health interventions before symptoms com-
promise work and social relationships.

Berninger A, Webber M, Weakley J, et al. 
2010. Quality of life in relation to upper 
and lower respiratory conditions among 
retired 9/11- exposed firefighters with pul-
monary disability. Quality of Life Research. 
19(10):1467–1476. 

https://doi.org/10.1007/s11136-010-9710-9

PURPOSE: To examine health-related quali-
ty of life (HRQoL) and WTC cough syndrome 
conditions in male firefighters who retired 
due to a 9/11- related pulmonary disability. 

METHODS: From 3/1/2008 to 1/31/2009, we 
contacted 275 disability- retired firefight-
ers and compared their HRQoL and cur-
rent aerodigestive conditions to those from 
WTC-exposed non-disabled retired and 
active firefighters. Relationships between 
HRQoL and explanatory variable(s) were 
examined using multivariable linear regres-
sion models. 

RESULTS: Mean physical component sum-
mary (PCS) scores were lowest in disabled 
retirees compared with non-disabled retir-
ees and actives: 36.4 (9.6), 49.4 (8.7), and 
53.1 (5.1), respectively (P < 0.0001). Mean 
mental component summary (MCS) scores 
were closer: 44.5 (11.9), 48.1 (8.5), and 48.7 
(7.4), respectively (P < 0.0001). In multivari-
able models, after adjustment for many 
factors, PCS scores were not associated 
with early WTC arrival, but were inversely 
associated with disability retirement and 
all WTC cough syndrome conditions. MCS 
scores were inversely associated with early 
WTC arrival and most WTC cough syndrome 
conditions, but were not associated with 
disability retirement. 

CONCLUSION: WTC cough syndrome con-
ditions predict lower HRQoL scores even 8 
years after exposure, independent of retire-
ment status. These data suggest that mon-
itoring physical conditions of individuals 
with occupational exposures might help 
identify those at risk for impaired HRQoL.

Chiu S, Webber M, Zeig-Owens R, et al. 
2010. Validation of the Center for Epidemi-
ologic Studies depression scale in screening 
for major depressive disorder among retired 
firefighters exposed to the World Trade Cen-
ter disaster. Journal of Affective Disorders. 
121(3):212–219. 

https://doi.org/10.1016/j.jad.2009.05.028

BACKGROUND: We evaluated the perfor-
mance of a modified Center of Epidemio-
logic Studies Depression Scale (CES-D-m), 
which captured symptoms in the past 
month, in comparison to the Diagnos-
tic Interview Schedule (DIS) in identifica-
tion of major depressive disorder (MDD) i n 
WTC-exposed retired Fire Department, City 
of New York (FDNY) firefighters. 

https://doi.org/10.1007/s11136-010-9710-9
https://doi.org/10.1016/j.jad.2009.05.028
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METHODS: From 12/2005 to 7/2007, FDNY 
enrolled retired firefighters in its Medical 
Monitoring and Treatment Program. All par-
ticipants completed the CES-D-m and the 
DIS on the same day. Sensitivity, specifici-
ty, receiver operating characteristic (ROC) 
curves, and Youden’s index were used to as-
sess properties of the CES-D-m. Multivariate 
logistic regression analyses were also used. 

RESULTS: 7% of 1915 retired male firefight-
ers were diagnosed with MDD using the DIS. 
Using the most common CES-Dcutoff score of 
16, the prevalence of elevated risk was 36%, 
which declined to 23% using a cutoff score 
of 22, as determined by Youden’s index. At 
22, CESD-m sensitivity was 0.84, specificity 
was 0.82, and the area under the ROC curve 
was 0.89 relative to DIS MDD diagnosis.

LIMITATIONS: Participants were more like-
ly than non- participants to live in the New 
York City area. 

CONCLUSIONS: This is the first study of WTC 
rescue/recovery workers to assess the per-
formance of a one-month version of the 
CES-D. The CES-D-m performed well in iden-
tifying those at elevated risk. Since diagnos-
tic follow-up is time consuming and costly, 
it is important to correctly distinguish those 
at elevated risk using a screening tool that 
has been validated in the population under 
study.

Rom W, Reibman J, Rogers L, et al. 2010. 
Emerging exposures and respiratory health: 
World Trade Center dust. Proceedings of the 
American Thoracic Society. 7(2):142–145. 

https://doi.org/10.1513/pats.200908-092RM 

The attack on the WTC on 9/11/2001 produced 
a massive dust cloud with acute exposure, 
and the rubble pile burning over 3 months 
exposed more than 300,000 residents, rescue 

workers, and clean-up workers. Firefighters 
in the New York City Fire Department had 
significant respiratory symptoms character-
ized by cough, dyspnea, gastroesophageal 
reflux, and nasal stuffiness with a significant 
1–year decline in FVC and FEV(1). Bronchial 
hyperreactivity measured by methacholine 
challenge correlated with bronchi al wall 
thickening on CT scans. Compared with the 
NHANES III data for FVC and FEV (1), 32% of 
2,000 WTC dust-exposed residents and clean-
up workers were below the lower 5th percen-
tile. The most common abnormality was a 
low FVC pattern, a finding similar to that also 
described for individuals in rescue and re-
covery activities. Among those complaining 
of respiratory symptoms and normal spirom-
etry, almost half had abnormalities detected 
with impedance oscillometry consistent with 
distal airways’ disease. Follow-up with the 
WTCHR and the WTC Environmental Health 
Center will help discern whether treatment 
with anti-inflammatory medications or 
bronchodilators in those with respiratory 
symptoms may prevent the development of 
chronic obstructive pulmonary disease.

Weiden M, Ferrier N, Nolan A, et al. 2010. 
Obstructive airways disease with air trapping 
among firefighters exposed to World Trade 
Center dust. Chest. 137(3):566–574. 

https://doi.org/10.1378/chest.09-1580

BACKGROUND: The WTC collapse produced a 
massive exposure to respirable particulates 
in New York City Fire Department (FDNY) 
rescue workers. This group had spirometry 
examinations pre-September 11, 2001, and 
Post-September 11, 2001, demonstrating de-
clines in lung function with parallel declines 
in FEV (1) and FVC. To date, the underlying 
pathophysiologic cause for this has been 
open to question. 

https://doi.org/10.1513/pats.200908-092RM
https://doi.org/10.1378/chest.09-1580
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METHODS: Of 13,234 participants in the FD-
NY-WTC Monitoring Program, 1,720 (13%) 
were referred for pulmonary subspecialty 
evaluation at a single institution. Evaluation 
included 919 full pulmonary function tests, 
1,219 methacholine challenge tests, and 
982 high-resolution chest CT scans. 

RESULTS: At pulmonary evaluation (medi-
an 34 months post- September 11, 2001), 
median values were FEV(1) 93% predict-
ed (interquartile range [IQR], 83%-101%), 
FVC 98% predicted (IQR, 89%-106%), and 
FEV(1)/FVC 0.78(IQR, 0.72–0.82). The re-
sidual volume (RV) was 123% predicted  
(IQR, 106%147%) with nearly all participants 
having normal total lung capacity, function-
al residual capacity, and diffusing capacity 
of carbon monoxide. Also, 1,051/1,720 (59%) 
had obstructive airways disease based on at 
least one of the following: FEV(1)/FVC, bron-
chodilator responsiveness, hyperreactivity, 
or elevated RV. After adjusting for age, gen-
der, race, height and weight, and tobacco 
use, the decline in FEV(1) post- September 
11, 2001, was significantly correlated with 
increased RV percent predicted (P < .0001), 
increased bronchodilator responsiveness 
(P <.0001), and increased hyperreactivity 
(P=.0056). CT scans demonstrated bron-
chial wall thickening that was significantly 
associated with the decline in FEV (1) post-  
September 11, 2001 (P= .024), increases in 
hyperreactivity (P < .0001), and increases in 
RV (P < .0001). Few had evidence for intersti-
tial disease. 

CONCLUSIONS: Airways obstruction was the 
predominant physiologic finding underlying 
the reduction in lung function post-Septem-
ber 11, 2001, in FDNY WTC rescue workers 
presenting for pulmonary evaluation.

2011 (11)

Chiu S, Niles J, Webber M, et al. 2011. Eval-
uating risk factors and possible mediation 
effects in posttraumatic depression and 
posttraumatic stress disorder comorbidity. 
Public Health Reports. 126(2):201–209. 

https://doi.org/10.1177/003335491112600211

OBJECTIVES: On September 11, 2001 (9/11), 
attacks on the WTC killed 341 Fire Depart-
ment of the City of New York (FDNY) fire-
fighters and injured hundreds more. Previ-
ous WTC-related studies reported high rates 
of comorbid depression and PTSD, identify-
ing disability retirement, alcohol use, and 
early arrival at the WTC site as correlates. 
However, those studies did not evaluate 
risk factors that could have mediated the 
observed comorbidity. We identified unique 
risk factors for each condition in an effort to 
better understand comorbidity. 

METHODS: We screened retired WTC- ex-
posed firefighters using self- administered 
questionnaires including the Center for Ep-
idemiologic Studies Depression Scale, the 
Post Traumatic Stress Disorder Checklist, 
and the Alcohol Use Disorders Identification 
Test. We performed regression analyses to 
compare independent predictors of elevat-
ed depression and PTSD risk, and also tested 
a mediation hypothesis. 

RESULTS: From December 2005 to July 2007, 
23% and 22% of 1,915 retirees screened 
positive for elevated depression and PTSD 
risk, respectively, with comorbidity > 70%. 
Controlling for comorbidity, we identified 
unique risk factors for (1) depression: prob-
lem alcohol use and (2) PTSD: early arrival at 
the WTC site. 

CONCLUSIONS: Our data support the 

https://doi.org/10.1177/003335491112600211
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premise that PTSD and depression are dif-
ferent responses to trauma with unique 
risk factors. The data also suggest a hypoth-
esis that PTSD mediates the relationship 
between early WTC arrival and depression, 
while depression mediates the relationship 
between alcohol use and PTSD, a more com-
plex relationship than shown in previous 
studies. Clinicians should consider these 
factors when evaluating patients for depres-
sion and PTSD.

Chiu S, Webber M, Zeig-Owens R, et al. 
2011. Performance characteristics of the 
PTSD Checklist in retired firefighters ex-
posed to the World Trade Center disaster. 
Annals of Clinical Psychiatry. 23(3):95–104. 
PMID: 21547269.

https://www.ncbi.nlm.nih.gov/pubmed/21547269

BACKGROUND: Since the WTC attacks on 
September 11, 2001, the Fire Department, 
City of New York Monitoring Program has 
provided physical and mental health screen-
ing services to rescue/recovery workers. 
This study evaluated performance of the 
self-report PCL as a screening tool for risk of 
PTSD in firefighters who worked at Ground 
Zero, compared with the interviewer-ad-
ministered Diagnostic Interview Schedule 
(DIS). 

METHODS: From December 2005 to July 
2007, all retired firefighter enrollees com-
pleted the PCL and DIS on the same day. 
Sensitivity, specificity, receiver operating 
characteristic (ROC) curves, and Youden 
index (J) were used to assess properties of 
the PCL and to identify an optimum cutoff 
score. 

RESULTS: Six percent of 1,915 retired male 
firefighters were diagnosed with PTSD using 
the DIS to assess DSM-IV criteria. Depending 

on the PCL cutoff, the prevalence of elevat-
ed risk relative to DSM- IV criteria varied 
from 16% to 22%. Youden index identified 
an optimal cutoff score of 39, in contrast 
with the frequently recommended cutoff of 
44. At 39, PCL sensitivity was 0.85, specificity 
was 0.82, and the area under the ROC curve 
was 0.91 relative to DIS PTSD diagnosis. 

CONCLUSIONS: This is the first study to 
validate the PCL in retired firefighters and 
determine the optimal cutoff score to max-
imize opportunities for PTSD diagnosis and 
treatment.

Guidotti L, Prezant D, de la Hoz R, et al. 
2011. The evolving spectrum of pulmo-
nary disease in responders to the World 
Trade Center tragedy. American Journal of 
Industrial Medicine. 54(9):646–660. PMID: 
23236631.

https://www.ncbi.nlm.nih.gov/pubmed/23236631

On September 11, 2001, events at the WTC 
exposed residents of New York City to WTC 
dust and products of combustion and py-
rolysis. The majority of WTC-exposed fire 
department rescue workers experienced a 
substantial decline in airflow over the first 
12 months post-9/11, in addition to the nor-
mal age-related decline that affected all re-
sponders, followed by a persistent plateau 
in pulmonary function in the 6 years there-
after. The spectrum of the resulting pulmo-
nary diseases consists of chronic inflamma-
tion, characterized by airflow obstruction, 
and expressing itself indifferent ways in 
large and small airways. These conditions 
include irritant- induced asthma, non-spe-
cific chronic bronchitis, aggravated preex-
isting obstructive lung disease (asthma or 
COPD), and bronchiolitis. Conditions con-
comitant with airways obstruction, particu-
larly chronic rhinosinusitis and upper airway 

https://www.ncbi.nlm.nih.gov/pubmed/21547269
https://www.ncbi.nlm.nih.gov/pubmed/23236631
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disease,and gastroesophageal reflux, have 
been prominent in this population. Less 
common have been reports of sarcoidosis 
or interstitial pulmonary fibrosis. Pulmo-
nary fibrosis and bronchiolitis are general-
ly characterized by long latency, relatively 
slow progression, and a silent period with 
respect to pulmonary function during its 
evolution. For these reasons, the incidence 
of these outcomes may be underestimated 
and may increase overtime. The spectrum of 
chronic obstructive airways disease is broad 
in this population and may importantly in-
clude involvement at the bronchiolar level, 
manifested as small airways disease. Proto-
cols that go beyond conventional screening 
pulmonary function testing and imaging 
may be necessary to identify these diseas-
es in order to understand the underlying 
pathologic processes so that treatment can 
be most effective.

Jordan H, Stellman S, Prezant D, et al. 
2011. Sarcoidosis diagnosed after Septem-
ber 11, 2001, among adults exposed to the 
World Trade Center disaster. Journal of Oc-
cupational and Environmental Medicine. 
53:966–974. 

https://doi.org/10.1097/JOM.0b013e31822a3596

OBJECTIVE: Explore  relationships between 
WTC exposures and sarcoidosis. 

METHODS: Sarcoidosis has been reported af-
ter exposure to the WTC disaster. We ascer-
tained biopsy-proven post-9/11 sarcoidosis 
among WTCHR enrollees. Cases diagnosed 
after Registry enrollment were included in 
a nested case- control study. Controls were 
matched to cases on age, sex, race or eth-
nicity, and eligibility group (e.g., rescue or 
recovery worker). 

RESULTS: We identified 43 cases of post-
9/11 sarcoidosis. Twenty-eight incident 
cases and 109 controls were included in the 
case-control analysis. Working on the WTC 
debris pile was associated with sarcoidosis 
(odds ratio 9.1, 95% confidence interval 1.1 
to 74.0), but WTC dust cloud exposure was 
not (odds ratio 1.0, 95% confidence interval 
0.4 to 2.8). 

CONCLUSIONS: Working on the WTC debris 
pile was associated with an elevated risk of 
post-9/11 sarcoidosis. Occupationally ex-
posed workers may be at increased risk.

Niles J, Webber M, Gustave J, et al. 2011. 
Comorbid trends in World Trade Center 
cough syndrome and probable posttrau-
matic stress disorder in firefighters. Chest. 
140(5):1146–1154. 

https://doi.org/10.1378/chest.10-2066

BACKGROUND: We describe the relationship 
between WTC cough syndrome symptoms, 
pulmonary function, and symptoms con-
sistent with probable PTSD in WTC-exposed 
firefighters in the first year post-September 
11, 2001 (baseline), and 3 to 4 years later 
(follow-up). 

METHODS: Five thousand three hundred six-
ty-three firefighters completed pulmonary 
function tests (PFTs) and questionnaires 
at both times. Relationships among WTC 
cough syndrome, probable PTSD, and PFTs 
were analyzed using simple and multivari-
able models. We also examined the effects 
of cofactors, including WTC exposure. 

RESULTS: WTC cough syndrome was found 
in 1,561 firefighters (29.1%) at baseline 
and 1,186 (22.1%) at follow-up, including 
559 with delayed onset (present only at 
follow-up). Probable PTSD was found in 

https://doi.org/10.1097/JOM.0b013e31822a3596
https://doi.org/10.1378/chest.10-2066
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458 firefighters (8.5%)at baseline and 548 
(10.2%) at follow-up, including 343 with 
delayed onset. Baseline PTSD symptom 
counts and probable PTSD were associated 
with WTC cough syndrome at baseline, at 
follow-up, and in those with delayed-onset 
WTC cough syndrome. Similarly, WTC cough 
syndrome symptom counts and WTC cough 
syndrome at baseline were associated with 
probable PTSD at baseline, at follow-up, 
and in those with delayed-onset probable 
PTSD. WTC arrival time and work duration 
were cofactors of both outcomes. A small 
but consistent association existed between 
pulmonary function and WTC cough syn-
drome, but none with PTSD. 

CONCLUSIONS: The study showed a mod-
erate association between WTC cough syn-
drome and probable PTSD. The presence 
of one contributed to the likelihood of the 
other, even after adjustment for shared co-
factors such as WTC exposure.

Niles J, Webber M, Gustave J, et al. 2011. 
The impact of the World Trade Center attack 
on FDNY firefighter retirement, disabilities, 
and pension benefits. American Journal of 
Industrial Medicine. 54(9):672–680. 

https://doi.org/10.1002/ajim.20965

BACKGROUND: Our goal was to examine the 
effect of the WTC attack and subsequent 
New York City Fire Department (FDNY) res-
cue/recovery activities on firefighter retire-
ments. We also analyzed the financial im-
pact associated with the increased number 
and proportion of service-connected “acci-
dental” disability retirements on the FDNY 
pension system. 

METHODS: A total of 7,763 firefighters re-
tired between 9/11/1994 and 9/10/2008. We 
compared the total number of retirements 

and the number and proportion of acciden-
tal disability retirements 7 years before and 
7 years after the WTC attack. We categorized 
WTC-related accidental disability retire-
ments by medical cause and worked with 
the New York City Office of the Actuary to 
approximate the financial impact by cause. 

RESULTS: In the 7 years before 9/11 there 
were 3,261 retirements, 48% (1,571) of 
which were accidental disability retire-
ments. In the 7 years after 9/11, there were 
4,502 retirements, 66% (2,970) were acci-
dental disability retirements, of which 47% 
(1,402) were associated with WTC-related 
injuries or illnesses. After 9/11, the increase 
in accidental disability retirements was, 
for the most part, due to respiratory-relat-
ed illnesses. Additional increases were at-
tributed to psychological-related illnesses 
and musculoskeletal injuries incurred at the 
WTC site. Pension benefits associated with 
WTC-related accidental disability retire-
ments have produced an increased finan-
cial burden of over $826 million on the FDNY 
pension system. 

CONCLUSIONS: The WTC attacks affected 
the health of the FDNY workforce resulting 
in more post-9/11 retirements than expect-
ed, and a larger proportion of these retirees 
with accidental disability pensions.

Soo J, Webber M, Gustave J, et al. 2011. 
Trends in probable PTSD in firefighters ex-
posed to the World Trade Center disaster, 
2001–2010. Disaster Medicine and Public 
Health Preparedness. 5(S1):S197–S203. 

https://doi.org/10.1001/dmp.2011.48

OBJECTIVE: We present the longest fol-
low-up, to date, of probable PTSD after the 
2001 terrorist attacks on the WTC in New 
York City firefighters who participated in the 
rescue/recovery effort. 

https://doi.org/10.1002/ajim.20965
https://doi.org/10.1001/dmp.2011.48
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METHODS: We examined data from 11,006 
WTC- exposed firefighters who completed 
40,672 questionnaires and reported esti-
mates of probable PTSD by year from seri-
al cross- sectional analyses. In longitudinal 
analyses, we used separate Cox models with 
data beginning from October 2, 2001, to 
identify variables associated with recovery 
from or delayed onset of probable PTSD. 

RESULTS: The prevalence of probable PTSD 
was 7.4% by September 11, 2010, and con-
tinued to be associated with early arrival at 
the WTC towers during every year of analysis. 
An increasing number of aerodigestive symp-
toms (hazard ratio [HR] 0.89 per symptom, 
95% confidence interval [CI] 0.86–.93) and 
reporting a decrease in exercise, whether the 
result of health (HR 0.56 vs no change in ex-
ercise, 95% CI 0.41–.78) or other reasons (HR 
0.76 vs no change in exercise, 95% CI 0.63–
.92), were associated with a lower likelihood 
of recovery from probable PTSD. Arriving ear-
ly at the WTC (HR 1.38 vs later WTC arrival, 
95% CI 1.12–1.70), an increasing number of 
aerodigestive symptoms (HR 1.45 per symp-
tom, 95% CI 1.40–1.51), and reporting an 
increase in alcohol intake since September 
11, 2001 (HR 3.43 vs no increase in alcohol in-
take, 95% CI 2.67–4.43) were associated with 
delayed onset of probable PTSD. 

CONCLUSIONS: Probable PTSD continues to 
be associated with early WTC arrival even 9 
years after the terrorist attacks. Concurrent 
conditions and behaviors, such as respirato-
ry symptoms, exercise, and alcohol use also 
play important roles in contributing to PTSD 
symptoms.

Weakley J, Webber M, Gustave J, et al. 
2011. Trends in respiratory diagnoses and 
symptoms of firefighters exposed to the 
World Trade Center disaster: 2005–2010. 
Preventive Medicine. 53(6):364–369.  

https://doi.org/10.1016/j.ypmed.2011.09.001

OBJECTIVES: To compare the prevalence 
of self-reported respiratory diagnoses in 
WTC-exposed Fire Department of New York 
City firefighters to the prevalence in demo-
graphically similar National Health Inter-
view Survey participants by year; and, 2) 
to describe the prevalence of WTC- related 
symptoms up to 9 years post-9/11. 

METHODS: We analyzed 45,988 question-
naires completed by 10,999 firefighters from 
10/2/2001 to 9/11/2010. For comparison of 
diagnosis rates, we calculated 95% confi-
dence intervals around yearly firefighter 
prevalence estimates and generated odds 
ratios and confidence intervals to compare 
the odds of diagnoses in firefighters to the 
National Health Interview Survey preva-
lence, by smoking status. 

RESULTS: Overall, WTC- exposed firefight-
ers had higher respiratory diagnosis rates 
than the National Health Interview Survey; 
Fire Department of New York City rates also 
varied less by smoking status. In 2009, bron-
chitis rates in firefighters aged 45–65 were 
13.3 in smokers versus 13.1 in never-smok-
ers while in the National Health Interview 
Survey, bronchitis rates were doubled for 
smokers: 4.3 vs. 2.1. In serial cross- section-
al analyses, the prevalence of most symp-
toms stabilized by 2005, at ~10% for cough 
to ~48% for sinus. 

CONCLUSIONS: We found generally higher 
rates of respiratory diagnoses in WTC-ex-
posed firefighters compared to US males, 
regardless of smoking status. This under-
scores the impact of WTC exposure and the 
need for continued monitoring and treat-
ment of this population.

https://doi.org/10.1016/j.ypmed.2011.09.001
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Webber M, Glaser M, Weakley J, et al. 
2011. Physician-diagnosed respiratory con-
ditions and mental health symptoms 7–9 
years following the World Trade Center di-
saster. American Journal of Industrial Med-
icine. 54(9):661–671. 

https://doi.org/10.1002/ajim.20993

BACKGROUND: This study examines the 
prevalence of physician-diagnosed respi-
ratory conditions and mental health symp-
toms in firefighters and emergency medical 
service workers up to 9 years after rescue/
recovery efforts at the WTC. 

METHODS: We analyzed Fire Department of 
New York (FDNY) physician and self- report-
ed diagnoses by WTC exposure and quintiles 
of pulmonary function (FEV1% predicted). 
We used screening instruments to assess 
probable PTSD and probable depression. 

RESULTS: FDNY physicians most common-
ly diagnosed asthma (8.8%) and sinusitis 
(9.7%). The highest prevalence of physi-
cian-diagnosed obstructive airway disease 
(OAD) was in the lowest FEV1% predicted 
quintile. Participants who arrived earliest 
on 9/11 were more likely to have physician- 
diagnosed asthma (OR=1.4). Seven percent 
had probable PTSD. 19.4% had probable 
depression. 

CONCLUSIONS: Self-reported and physi-
cian-diagnosed respiratory conditions re-
main common, especially among those who 
arrived earliest at the WTC site. OAD was 
associated with the lowest pulmonary func-
tion. Since respiratory and mental health 
conditions remain prevalent, ongoing mon-
itoring and treatment is important.

Webber M, Lee R, Soo J, et al. 2011. 
Prevalence and incidence of high risk for 
obstructive sleep apnea in World Trade 

Center-exposed rescue/recovery workers. 
Sleep & Breathing. 15(3):283–294. 

https://doi.org/10.1007/s11325-010-0379-7

PURPOSE: WTC-exposed rescue/recovery 
workers continue to have high rates of gas-
troesophageal reflux diseasᵉ (GERD), chron-
ic rhinosinusitis, and PTSD symptoms. This 
study examines the relationship between 
these WTC-related conditions and being at 
high risk for obstructive sleep apnea (OSA). 

MATERIALS AND METHODS: The Fire De-
partment of the City of New York (FDNY) 
performs periodic health evaluations on 
FDNY members every 12 to 18 months. Eval-
uations consist of physician examinations 
and self-administered health question-
naires, which, since 2005, have incorporated 
questions about sleep problems that were 
adapted from the Berlin Questionnaire. The 
study population consisted of 11,701 male 
firefighters and emergency medical service 
personnel. Incidence analyses were limit-
ed to a cohort (n=4,576) who did not meet 
the criterion for being at high risk for OSA at 
baseline (between September 12, 2005 and 
September 8, 2006) and had at least one fol-
low-up assessment, on average, 1.4 (+/- 0.5) 
years later. 

RESULTS: The baseline prevalence of high 
risk for OSA was 36.5%. By follow-up, 16.9% 
of those not at high risk initially became at 
high risk for OSA. In multivariable logistic 
regression models predicting incident high 
risk for OSA, independent predictors includ-
ed: earlier time of arrival at the WTC site, 
GERD, chronic rhinosinusitis, PTSD symp-
toms, self-assessed fair/poor health, low 
body mass index (BMI < 18.5 kg/m(2)), and, 
as expected, BMI > 30 kg/m(2) and weight 
gain of >/=10 lb (4.5 kg). 

https://doi.org/10.1002/ajim.20993
https://doi.org/10.1007/s11325-010-0379-7
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CONCLUSIONS: We found significant asso-
ciations between being at high risk for OSA 
and common WTC-related conditions, al-
though the responsible causative mecha-
nisms remain unknown. Since the etiology 
of OSA is likely multifactorial, improvement 
may require successful treatment of both 
OSA and its comorbid conditions.

Zeig-Owens R, Webber M, Hall C, et al. 
2011. Early assessment of cancer outcomes 
in New York City firefighters after the 9/11 
attacks: an observational cohort study. 
Lancet.378(9794):898–905.

https://doi.org/10.1016/S0140-6736(11)60989-6

BACKGROUND: The attacks on the WTC on 
September 11, 2001, created the potential 
for occupational exposure to known and 
suspected carcinogens. We examined can-
cer incidence and its potential association 
with exposure in the first seven years after 
9/11 in firefighters with health information, 
before 9/11, and minimal loss to follow-up. 

METHODS: We assessed 9,853 men who were 
employed as firefighters on Jan 1, 1996. On 
and after 9/11, person-time for 8927 firefight-
ers was classified as WTC- exposed; all per-
son-time before 9/11, and person-time after 
9/11 for 926 non-WTC-exposed firefighters, 
was classified as non- WTC-exposed. Can-
cer cases were confirmed by matches with 
state tumor registries or through appropri-
ate documentation. We estimated the ratio 
of incidence rates in WTC-exposed firefight-
ers to non-exposed firefighters, adjusted 
for age, race and ethnic origin, and secular 
trends, with the US National Cancer Institute 
Surveillance Epidemiology and End Results 
(SEER) reference population. CIs were esti-
mated with over-dispersed Poisson models. 
Additional analyses included corrections for 
potential surveillance bias and modified co-
hort inclusion criteria. 

FINDINGS: Compared with the general male 
population in the USA with a similar demo-
graphic mix, the standardized incidence 
ratios (SIRs) of the cancer incidence in 
WTC-exposed firefighters was 1.10 (95% CI 
0.98–1.25). When compared with non-ex-
posed firefighters, the SIR of cancer inci-
dence in WTC-exposed firefighters was 1.19 
(95% CI 0.96–1.47) corrected for possible 
surveillance bias and 1.32 (1.07–1.62) with-
out correction for surveillance bias. Second-
ary analyses showed similar effect sizes. 

INTERPRETATION: We reported a modest 
excess of cancer cases in the WTC- exposed 
cohort. We remain cautious in our interpre-
tation of this finding because the time since 
9/11 is short for cancer outcomes, and the 
reported excess of cancers is not limited to 
specific organ types. As in any observation-
al study, we cannot rule out the possibility 
that effects in the exposed group might be 
due to unidentified confounders. Contin-
ued follow-up will be important and should 
include cancer screening and prevention 
strategies. 

FUNDING: NIOSH.

2012 (4)
Naveed B, Weiden M, Kwon S, et al. 
2012. Metabolic syndrome biomarkers 
predict lung function impairment: a nest-
ed case-control study. American Journal 
of Respiratory and Critical Care Medicine. 
185(4):392–399. 

https://doi.org/10.1164/rccm.201109-1672OC

RATIONALE: Cross-sectional studies demon-
strate an association between metabolic 
syndrome and impaired lung function. 

OBJECTIVES: To de fine if metabolic syn-
drome biomarkers are risk factors for loss of 
lung function after irritant exposure. 

https://doi.org/10.1016/S0140-6736(11)60989-6
https://doi.org/10.1164/rccm.201109-1672OC
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METHODS: A nested case- control study of 
Fire Department of New York personnel with 
normal pre-September 11th FEV(1) and who 
presented for subspecialty pulmonary eval-
uation before March 10, 2008. We correlated 
metabolic syndrome biomarkers obtained 
within 6 months of WTC dust exposure with 
subsequent FEV(1). FEV(1) at subspecialty 
pulmonary evaluation within 6.5 years de-
fined disease status; cases had FEV(1) less 
than lower limit of normal, whereas control 
subjects had FEV(1) greater than or equal to 
lower limit of normal. 

MEASUREMENTS AND MAIN RESULTS: Clini-
cal data and serum sampled at the first mon-
itoring examination within 6 months of Sep-
tember 11, 2001, assessed body mass index, 
heart rate, serum glucose, triglycerides and 
high-density lipoprotein (HDL), leptin, pan-
creatic polypeptide, and amylin. Cases and 
control subjects had significant differences 
in HDL less than 40 mg/dl with triglycerides 
greater than or equal to 150 mg/dl, heart 
rate greater than or equal to 66 bpm, and 
leptin greater than or equal to 10,300 pg/ml. 
Each increased the odds of abnormal FEV(1) 
at pulmonary evaluation by more than two-
fold, whereas amylin greater than or equal 
to 116 pg/ml decreased the odds by 84%, 
in a multibiomarker model adjusting for 
age, race, body mass index, and WTC arrival 
time. This model had a sensitivity of 41%, a 
specificity of 86%, and a receiver operating 
characteristic area under the curve of 0.77. 

CONCLUSIONS: Abnormal triglycerides and 
HDL and elevated heart rate and leptin are 
independent risk factors of greater suscepti-
bility to lung function impairment after Sep-
tember 11, 2001, whereas elevated amylin is 
protective. Metabolic biomarkers are pre-
dictors of lung disease, and may be useful 
for assessing risk of impaired lung function 
in response to particulate inhalation.

Nolan A, Naveed B, Comfort A, et al. 2012. 
Inflammatory biomarkers predict airflow 
obstruction after exposure to World Trade 
Center dust. Chest. 142:412–418. 

https://doi.org/10.1378/chest.11-1202

BACKGROUND: The WTC collapse on Sep-
tember 11, 2001, produced airflow obstruc-
tion in a majority of firefighters receiving 
subspecialty pulmonary evaluation (SPE) 
within 6.5 years post- September 11, 2001. 

METHODS: In a cohort of 801 never smokers 
with normal pre-September 11, 2001, FEV1, 
we correlated inflammatory biomarkers 
and CBC counts at monitoring entry within 
6 months of September 11, 2001, with a me-
dian FEV(1) at SPE (34 months; interquartile 
range, 25–57). Cases of airflow obstruction 
had FEV(1) less than the lower limit of nor-
mal (LLN) (100 of 801; 70 of 100 had serum), 
whereas control subjects had FEV(1) greater 
than or equal to LLN (153 of 801; 124 of 153 
had serum). 

RESULTS: From monitoring entry to SPE 
years later, FEV(1) declined 12% in cases and 
increased 3% in control subjects. Case sub-
jects had elevated serum macrophage de-
rived chemokine (MDC), granulocyte-mac-
rophage colony- stimulating factor 
(GM-CSF), granulocyte colony-stimulating 
factor, and interferon inducible protein-10 
levels. Elevated GM- CSF and MDC increased 
the risk for subsequent FEV(1) less than LLN 
by 2.5–fold (95% CI, 1.2–5.3) and 3.0–fold 
(95% CI, 1.4–6.1) in a logistic model adjust-
ed for exposure, BMI, age on September 11, 
2001, and polymorphonuclear neutrophils. 
The model had sensitivity of 38% (95% CI, 
27–51) and specificity of 88% (95% CI, 80–93). 

CONCLUSIONS: Inflammatory biomark-
ers can be risk factors for airflow obstruc-
tion following dust and smoke exposure. 

https://doi.org/10.1378/chest.11-1202
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Elevated serum GM-CSF and MDC levels 
soon after WTC exposure were associated 
with increased risk of airflow obstruction 
in subsequent years. Biomarkers of inflam-
mation may help identify pathways produc-
ing obstruction after irritant exposure.

Soo J, Webber M, Hall C, et al. 2012. Pul-
monary function predicting confirmed re-
covery from lower- respiratory symptoms 
in World Trade Center-exposed firefighters, 
2001 to 2010. Chest. 142(5):1244–1250. 

https://doi.org/10.1378/chest.11-2210

BACKGROUND: We examined the relation-
ship between pulmonary function (FEV 1 
) and confirmed recovery from three low-
er-respiratory symptoms (LRSs) (cough, 
dyspnea, and wheeze) up to 9 years after 
symptom onset. 

METHODS: The study included white and 
black male WTC- exposed firefighters who 
reported at least one LRS on a medical 
monitoring examination during the first 
year after September 11, 2001. Confirmed 
recovery was defined as reporting no LRSs 
on two consecutive and all subsequent ex-
aminations. FEV 1 was assessed at the first 
post-September 11, 2001, examination and 
at each examination where symptom infor-
mation was ascertained. We used stratified 
Cox regression models to analyze FEV 1, 
WTC exposure, and other variables in rela-
tion to confirmed symptom recovery. 

RESULTS: A total of 4,368 firefighters met 
inclusion criteria and were symptomatic at 
year 1, of whom1,592 (36.4%) experienced 
confirmed recovery. In univariable models, 
first post-September 11,2001, concurrent, 
and difference between first post- Sep-
tember 11, 2001, and concurrent FEV 1 val-
ues were all significantly associated with 

confirmed recovery. In adjusted analyses, 
both first post-September 11, 2001, FEV 1 
(hazard ratio [HR], 1.07 per 355–mL differ-
ence; 95% CI, 1.04–1.10) and FEV 1% pre-
dicted (HR, 1.08 per 10% predicted differ-
ence; 95% CI, 1.041.12) predicted confirmed 
recovery. WTC exposure had an inverse as-
sociation with confirmed recovery in the 
model with FEV 1 , with the earliest arrival 
group less likely to recover than the latest ar-
rival group (HR, 0.73;95% CI, 0.58–0.92). 

CONCLUSIONS: Higher FEV 1 and improve-
ment in FEV 1 after September 11, 2001, 
predicted confirmed LRS recovery, sup-
porting a physiologic basis for recovery and 
highlighting consideration of spirometry as 
part of any post exposure respiratory health 
assessment.

Weiden M, Naveed B, Kwon S, et al. 2012. 
Comparison of WTC dust size on macro-
phage inflammatory cytokine release in 
vivo and in vitro. PLoS One. 7(7):e40016. 

https://doi.org/10.1371/journal.pone.0040016

BACKGROUND: The WTC collapse exposed 
over 300,000 people to high concentra-
tions of WTCPM; particulates up to approx-
imately 50 mm were recovered from rescue 
workers’ lungs. Elevated MDC and GM-CSF 
independently predicted subsequent lung 
injury in WTC-PM-exposed workers. Our hy-
potheses are that components of WTC dust 
strongly induce GM-CSF and MDC in AM; and 
that these two risk factors are in separate in-
flammatory pathways. 

METHODOLOGY/PRINCIPAL FINDINGS: Nor-
mal adherent AM from 15 subjects with-
out WTC-exposure were incubated in me-
dia alone, LPS 40 ng/mL, or suspensions of 
WTC-PM(10–53) or WTC- PM(2.5) at concen-
trations of 10, 50 or 100 microg/mL for 24 

https://doi.org/10.1378/chest.11-2210
https://doi.org/10.1371/journal.pone.0040016
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hours; supernatants assayed for 39 chemo-
kines/cytokines. In addition, sera from 
WTC-exposed subjects who developed lung 
injury were assayed for the same cytokines. 
In the in vitro studies, cytokines formed two 
clusters with GMCSF and MDC as a result of 
PM(10–53) and PM(2.5). GM-CSF clustered 
with IL-6 and IL-12(p70) at baseline, after 
exposure to WTC-PM(10–53) and in sera 
of WTC dust- exposed subjects (n=70) with 
WTC lung injury. Similarly, MDC clustered 
with GRO and MCP-1. WTC-PM(10–53) con-
sistently induced more cytokine release 
than WTC- PM(2.5) at 100 microg/mL. Indi-
vidual baseline expression correlated with 
WTC- PM-induced GM-CSF and MDC. 

CONCLUSIONS: WTC-PM(10–53) induced a 
stronger inflammatory response by human 
AM than WTC-PM(2.5). This large particle 
exposure may have contributed to the high 
incidence of lung injury in those exposed to 
particles at the WTC site. GM- CSF and MDC 
consistently cluster separately, suggesting 
a role for differential cytokine release in  
WTC-PM injury. Subject-specific response 
to WTC- PM may underlie individual sus-
ceptibility to lung injury after irritant dust 
exposure.

2013 (6)
Aldrich T, Ye F, Hall C, et al. 2013. Longi-
tudinal pulmonary function in newly hired, 
non- World Trade Center-exposed fire de-
partment City of New York firefighters: the 
first 5 years. Chest. 143(3):791–797. 

https://doi.org/10.1378/chest.12-0675

BACKGROUND: Few longitudinal studies 
characterize firefighters’ pulmonary func-
tion. We sought to determine whether fire-
fighters have excessive FEV (1) decline rates 
compared with control subjects. 

METHODS: We examined serial measure-
ments of FEV(1) from about 6 months pre 
hire to approximately 5 years post hire in 
newly hired male, never smoking, non-  
Hispanic black and white firefighters, hired 
between 2003 and 2006, without prior respi-
ratory disease or WTC exposure. Similarly 
defined Emergency Medical Service (EMS) 
workers served as control subjects. 

RESULTS: Through June 30, 2011, 940 fire-
fighters (82%) and 97 EMS workers (72%) 
who met study criteria had four or more 
acceptable post hire spirometries. Pre hire 
FEV(1) averaged higher for firefighters than 
EMS workers (99% vs 95%), reflecting more 
stringent job entry criteria. FEV(1) (adjusted 
for baseline age and height) declined by an 
average of 45 mL/y both for firefighters and 
EMS workers, with Fire 2 EMS decline rate  
differences averaging 0.2 mL/y (CI, 2 9.2 to 
9.6). Four percent of each group had FEV(1) 
less than the lower limit of normal before 
hire, increasing to 7% for firefighters and 
17.5% for EMS workers, but similar percent-
ages of both groups had adjusted FEV(1) 
decline rates 10%. Mixed effects modeling 
showed a significant influence of weight gain 
but not baseline weight: FEV(1) declined by 
about 8 mL/kg gained for both groups. Ad-
justing for weight change, FEV(1) decline av-
eraged 38 mL/y for firefighters and 34 mL/y 
for EMS workers. 

CONCLUSIONS: During the first 5 years 
of duty, firefighters do not show greater  
longitudinal FEV(1) decline than EMS con-
trol subjects, and fewer of them develop 
abnormal lung function. Weight gain is as-
sociated with a small loss of lung function, 
of questionable clinical relevance in this fit 
and active population.

https://doi.org/10.1378/chest.12-0675
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Cho S, Nolan A, Echevarria G, et al. 2013. 
Chitotriosidase is a biomarker for the resis-
tance to World Trade Center lung injury in 
New York City firefighters. Journal of Clinical 
Immunology. 33(6):1134–1142. 

https://doi.org/10.1007/s10875-013-9913-2

PURPOSE: WTC exposure caused airflow 
obstruction years after exposure. Chitinases 
and IgE are innate and humoral mediators 
of obstructive airway disease. We investi-
gated if serum expression of chitinases and 
IgE early after WTC exposure predicts subse-
quent obstruction. 

METHODS: With a nested case-control 
design, 251 FDNY personnel had chitotri-
osidase, YKL-40 and IgE measured in  
serum drawn within months of 9/11/2001.  
The main outcome was subsequent Forced 
Expiratory Volume after 1 second/Forced Vi-
tal Capacity (FEV1/FVC) less than the lower 
limit of normal (LLN). Cases (N=125) had 
abnormal FEV1/FVC whereas controls had 
normal FEV1/FVC (N= 126). In a secondary 
analysis, resistant cases (N=66) had FEV1 
(>/=107%) one standard deviation above the 
mean. Logistic regression adjusted for age, 
BMI, exposure intensity and post-exposure 
FEV1/FVC modeled the association between 
early biomarkers and later lung function. 

RESULTS: Cases and Controls initially lost 
lung function. Controls recovered to pre- 
9/11 FEV1 and FVC while cases continue to 
decline. Cases expressed lower serum chi-
totriosidase and higher IgE levels. Increase 
in IgE increased the odds of airflow obstruc-
tion and decreased the odds of above aver-
age FEV1. Alternately, increasing chitotri-
osidase decreased the odds of abnormal 
FEV1/ FVC and increased the odds of FEV1 
>/=107%. Serum YKL-40 was not associated 
with FEV1/FVC or FEV1 in this cohort. 

CONCLUSIONS: Increased serum chitotri-
osidase reduces the odds of developing 
obstruction after WTC- particulate matter  
exposure and is associated with recovery of 
lung function. Alternately, elevated IgE is a 
risk factor for airflow obstruction and pro-
gressive lung function decline.

Kwon S, Weiden M, Echevarria G, et al. 
2013. Early elevation of serum MMP-3 and 
MMP-12 predicts protection from World 
Trade Center-lung injury in New York City 
firefighters: A nested case-control study. 
PLoS One. 8(10):e76099. 

https://doi.org/10.1371/journal.pone.00 76099  

OBJECTIVE: After 9/11/2001, some Fire De-
partment of New York (FDNY) workers had 
excessive lung function decline. We hypoth-
esized that early serum matrix metallopro-
teinases (MMP) expression predicts World 
Trade Center-Lung Injury (WTC-LI) years 
later. 

METHODS: This is a nested case-control 
analysis of never- smoking male firefighters 
with normal pre-exposure Forced Expiratory 
Volume in one second (FEV1) who had serum 
drawn up to 155 days post 9/11/2001. Serum 
MMP1, 2,3,7,8, 9, 12 and 13 were measured. 
Cases of WTC-LI (N=70) were defined as hav-
ing an FEV1 one standard deviation below 
the mean (FEV1 </= 77%) at subspecialty 
pulmonary evaluation (SPE) which was per-
formed 32 months (IQR 21–53) post9/11. 
Controls (N=123) were randomly selected. 
We modeled MMP’s ability as a predictor of 
cases status with logistic regression adjust-
ed for time to blood draw, exposure intensi-
ty, weight gain and pre-9/11 FEV1. 

RESULTS: Each log-increase in MMP-3 and 
MMP-12 showed reduced odds of develop-
ing WTC- LI by 73% and 54% respectively. 

https://doi.org/10.1007/s10875-013-9913-2
https://doi.org/10.1371/journal.pone.0076099
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MMP-3 and MMP-12 consistently clustered 
together in cases, controls, and the cohort. 
Increasing time to blood draw significant-
ly and independently increased the risk of 
WTC-LI. 

CONCLUSIONS: Elevated serum levels of 
MMP-3 and MMP-12 reduce the risk of devel-
oping WTC-LI. At any level of MMP-3 or 12, 
increased time to blood draw is associated 
with a diminished protective effect.

Niles J, Webber M, Cohen H, et al. 2013. 
The respiratory pyramid: From symptoms 
to disease in World Trade Center exposed 
firefighters. American Journal of Industrial 
Medicine. 56(8):870–880. 

https://doi.org/10.1002/ajim.22171

BACKGROUND: This study utilizes a four- 
level pyramid framework to understand 
the relationship between symptom reports 
and/or abnormal pulmonary function and 
diagnoses of airway diseases (AD), includ-
ing asthma, recurrent bronchitis and COPD/
emphysema in WTC-exposed firefighters. 
We compare the distribution of pyramid lev-
els at two time-points: by 9/11/2005 and by 
9/11/2010. 

METHODS: We studied 6,931 WTC-exposed 
FDNY firefighters who completed a mon-
itoring exam during the early period and 
at least two additional follow-up exams 
9/11/2005–9/11/2010. 

RESULTS: By 9/11/2005 the pyramid struc-
ture was as follows: 4,039 (58.3%) in Level 
1, no respiratory evaluation or treatment; 
1,608 (23.2%) in Level 2, evaluation or treat-
ment without AD diagnosis; 1,005 (14.5%) in 
Level 3, a single AD diagnosis (asthma, em-
physema/COPD, or recurrent bronchitis); 
279 (4.0%) in Level 4, asthma and another 
AD. By 9/11/2010, the pyramid distribution 

changed considerably, with Level 1 decreas-
ing to 2,612 (37.7% of the cohort), and Lev-
els 3 (N=1,530) and 4 (N=796) increasing to 
22.1% and 11.5% of the cohort, respectively. 
Symptoms, spirometry measurements and 
healthcare utilization were associated with 
higher pyramid levels. 

CONCLUSIONS: Respiratory diagnoses, even 
four years after a major inhalation event, 
are not the only drivers of future healthcare 
utilization. Symptoms and abnormal FEV-1 
values must also be considered if clinicians 
and healthcare administrators are to accu-
rately anticipate future treatment needs, 
years after initial exposure.

Weakley J, Webber M, Ye F, et al. 2013. 
Agreement between obstructive airways 
disease diagnoses from self-report ques-
tionnaires and medical records. Preventive 
Medicine. 57(1):38–42. 

https://doi.org/10.1016/j.ypmed.2013.04. 001

OBJECTIVE: To evaluate agreement be-
tween self-reported obstructive airways dis-
ease (OAD) diagnoses of asthma, bronchitis, 
and chronic obstructive pulmonary disease 
(COPD)/emphysema obtained from the New 
York City Fire Department (FDNY) monitor-
ing questionnaires with physician diagno-
ses from FDNY medical records. 

METHOD: We measured sensitivity, specific-
ity, and agreement between self-report and 
physician OAD diagnoses in FDNY members 
enrolled in the WTC monitoring program 
who completed a questionnaire between 
8/2005–1/2012. Using logistic models, we 
identified characteristics of those who 
self-report a physician diagnosis that is also 
reported by FDNY physicians. 

RESULTS: 20.3% of the study population 
(N=14,615) self-reported OAD, while 15.1% 

https://doi.org/10.1002/ajim.22171
https://doi.org/10.1016/j.ypmed.2013.04.001
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received FDNY physician OAD diagnoses. 
Self-reported asthma had the highest sensi-
tivity (68.7%) and overall agreement (91.9%) 
between sources. Non-asthma OAD had 
the lowest sensitivity (32.1%). Multivariate 
analyses showed that among those with an 
OAD diagnosis from FDNY medical records, 
inhaler use (OR=4.90,95% CI=3.84–6.26) 
and respiratory symptoms (OR=1.55 [95% 
CI=1.25–1.92]-1.77 [95% CI=1.37–2.27]) 
were associated with self- reported OAD 
diagnoses. 

CONCLUSION: Among participants in the 
WTC monitoring program, sensitivity for 
self-reported OAD diagnoses ranges from 
good to poor and improves by considering 
inhaler use. These findings highlight the 
need for improved patient communication 
and education, especially for bronchitis or 
COPD/emphysema.

Weiden M, Naveed B, Kwon S, et al. 2013. 
Cardiovascular biomarkers predict suscep-
tibility to lung injury in World Trade Center 
dust-exposed firefighters. The European Re-
spiratory Journal. 2013:41:1023–1030.

https://doi.org/10.1183/09031936.00077012  

Pulmonary vascular loss is an early feature of 
chronic obstructive pulmonary disease. Bio-
markers of inflammation and of metabolic 
syndrome predict loss of lung function in 
WTC lung injury (LI). We investigated if oth-
er cardiovascular disease (CVD) biomarkers 
also predicted WTC-LI. This nested case-co-
hort study used 801 never-smoker, WTC-ex-
posed firefighters with normal pre-9/11 lung 
function presenting for subspecialty pulmo-
nary evaluation (SPE) before March 2008.  
A representative subcohort of 124 out of 801 
subjects with serum drawn within 6 months 
of 9/11 defined CVD biomarker distribu-
tion. Post-9/11 forced expiratory volume in 

1 s (FEV1) at defined cases were as follows: 
susceptible WTC-LI cases with FEV1 </=77% 
predicted (66 out of 801) and resistant WTC-
LI cases with FEV1 >/=107% predicted (68 
out of 801). All models were adjusted for 
WTC exposure intensity, body mass index 
at SPE, age on 9/11 and pre-9/11 FEV1. Sus-
ceptible WTC-LI cases had higher levels of 
apolipoprotein-AII, C-reactive protein and 
macrophage inflammatory protein-4 with 
significant relative risks (RRs) of 3. 85 , 3.93 
and 0.26, respectively, with an area under 
the curve (AUC) of 0.858. Resistant WTC-LI 
cases had significantly higher soluble vas-
cular cell adhesion molecule and lower my-
eloperoxidase, with RRs of 2.24 and 2.89, 
respectively (AUC 0.830). Biomarkers of CVD 
in serum 6 months post-9/11 predicted ei-
ther susceptibility or resistance to WTC-LI. 
These biomarkers may define pathways ei-
ther producing or protecting subjects from 
pulmonary vascular disease and associ-
ated loss of lung function after an irritant 
exposure.

2014 (8)
Cho S, Echevarria G, Kwon S, et al. 2014. 
One airway: Biomarkers of protection from 
upper and lower airway injury after World 
Trade Center exposure. Respiratory Medi-
cine. 108(1):162–170. 

https://doi.org/10.1016/j.rmed.2013.11.002

BACKGROUND: Firefighters exposed to WTC 
dust have developed chronic rhinosinusitis 
(CRS) and abnormal forced expiratory vol-
ume in 1 s (FEV1). Overlapping but distinct 
immune responses may be responsible for 
the clinical manifestations of upper and 
lower airway injury. We investigated wheth-
er a panel of inflammatory cytokines, either 
associated or not associated with WTC-LI, 

https://doi.org/10.1183/09031936.00077012
https://doi.org/10.1016/j.rmed.2013.11.002
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can predict future chronic rhinosinusitis  
disease and its severity. 

METHODS: Serum obtained within six 
months of 9/11/2001 from 179 WTC exposed 
firefighters presenting for subspecialty eval-
uation prior to 3/2008 was assayed for 39 cy-
tokines. The main outcomes were medically 
managed CRS (N= 62) and more severe CRS 
cases requiring sinus surgery (N=14). We 
tested biomarker-CRS severity association 
using ordinal logistic regression analysis. 

RESULTS: Increasing serum IL-6, IL-8, GRO 
and neutrophil concentration reduced the 
risk of CRS progression. Conversely, increas-
ing TNF-alpha increased the risk of progres-
sion. In a multivariable model adjusted for 
exposure intensity, increasing IL-6, TNF-al-
pha and neutrophil concentration remained 
significant predictors of progression. Elevat-
ed IL-6 levels and neutrophil counts also re-
duced the risk of abnormal FEV1 but in con-
trast to CRS, increased TNF-alpha did not 
increase the risk of abnormal FEV1. 

CONCLUSIONS: Our study demonstrates 
both independent and overlapping bio-
marker associations with upper and lower 
respiratory injury, and suggests that the 
innate immune response may play a pro-
tective role against CRS and abnormal lung 
function in those with WTC exposure.

Cho S, Echevarria G, Lee Y, et al. 2014. YKL-
40 is a protective biomarker for fatty liver in 
World Trade Center particulate matter-ex-
posed firefighters. Journal of Molecular Bio-
markers & Diagnosis. 5:174. 

https://doi.org/10.4172/2155-9929.1000174

BACKGROUND: Serum biomarkers of met-
abolic syndrome predict abnormal lung 
function in World Trade Center particulate 
matter (WTC-PM)-exposed Fire Department 

of New York (FDNY) rescue workers. In ani-
mal models, exposure to ambient PM induc-
es non-alcoholic fatty liver disease (NAFLD), 
a well-known comorbidity of metabolic  
syndrome. YKL-40 is an inflammatory bio-
marker for both liver and lung disease. We 
tested if YKL40 is a biomarker for NAFLD in 
this dust- exposed cohort. 

METHODS: Using a nested case-control  
design, we studied 131 FDNY personnel 
who had Computer Tomography performed 
within 5 years post 9/11. NAFLD was defined 
by a liver/spleen attenuation ratio of </=1. 
Serum biomarkers, lipid panel and liver 
function were measured in serum that had 
been drawn within 6 months of September 
11, 2001. YKL-40 and chitotriosidase were 
assayed by ELISA. We tested biomarker and 
NAFLD association using logistic regression 
adjusted for age, BMI, and post-911 lung 
function. 

RESULTS: NAFLD was present in 29/131 
(22%) of the cohort. In a multivariable mod-
el increasing YKL-40 was protective while in-
creasing triglyceride and alkaline phospha-
tase were risk factors for NAFLD. 

CONCLUSIONS: Increased YKL-40 is a pro-
tective biomarker in non-alcoholic fatty 
liver disease. Further studies may reveal a 
link between PM-induced lung and liver 
diseases.

Glaser M, Shah N, Webber M, et al. 
2014. Obstructive sleep apnea and World 
Trade Center exposure. Journal of Occu-
pational and Environmental Medicine. 
56(S10):S30–S40. 

https://doi.org/10.1097/JOM.0000000000000283  

OBJECTIVES: To describe the proportion 
of at risk WTC-exposed rescue/recovery 
workers with polysomnogram-confirmed 

https://doi.org/10.4172/2155-9929.1000174
https://doi.org/10.1097/JOM.0000000000000283
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obstructive sleep apnea (OSA) and examine 
the relationship between WTC exposures, 
physician-diagnosed gastroesophageal re-
flux disease (GERD), and rhinosinusitis and 
OSA. 

METHODS: A total of 636 male participants 
completed polysomnography from Sep-
tember 24, 2010, to September 23, 2012.  
Obstructive sleep apnea was classified as 
mild, moderate, or severe. Associations 
were tested using nominal polytomous lo-
gistic regression. 

RESULTS: Eighty-one percent of workers 
were diagnosed with OSA. Using logistic 
regression models, severe OSA was associ-
ated with WTC exposure on September 11, 
2001 (odds ratio, 1.91; 95% confidence in-
terval, 1.15 to 3.17), GERD (odds ratio, 2.75; 
95% confidence interval, 1.33 to 5.70), and 
comorbid GERD/rhinosinusitis (odds ratio, 
2.31; 95% confidence interval, 1.22 to 4.40). 

CONCLUSIONS: We found significant asso-
ciations between severe OSA and WTC ex-
posure, and with diseases prevalent in this 
population. Accordingly, we recommend 
clinical evaluation, including polysomnog-
raphy, for patients with high WTC expo-
sure, other OSA risk factors, and a physician 
diagnosis of GERD or comorbid GERD and 
rhinosinusitis.

Niles J, Webber M, Liu X, et al. 2014. The 
upper respiratory pyramid: early factors and 
later treatment utilization in World Trade 
Center exposed firefighters. American Jour-
nal of Industrial Medicine. 57(8):857–865. 

https://doi.org/10.1002/ajim.22326

BACKGROUND: We investigated early post 
9/11 factors that could predict rhinosinusitis 
healthcare utilization costs up to 11 years 
later in 8,079 WTC-exposed rescue/recovery 
workers. 

METHODS: We used bivariate and multi-
variate analytic techniques to investigate 
utilization outcomes; we also used a pyra-
mid framework to describe rhinosinusitis 
healthcare groups at early (by 9/11/2005) 
and late (by 9/11/2012) time points. 

RESULTS: Multivariate models showed that 
pre9/11/2005 chronic rhinosinusitis diag-
noses and nasal symptoms predicted final 
year healthcare utilization outcomes more 
than a decade after WTC exposure. The rela-
tive proportion of workers on each pyramid 
level changed significantly during the study 
period. 

CONCLUSIONS: Diagnoses of chronic rhi-
nosinusitis within 4 years of a major inha-
lation event only partially explain future 
healthcare utilization. Exposure intensity, 
early symptoms and other factors must 
also be considered when anticipating future 
healthcare needs.

Nolan A, Kwon S, Cho S, et al. 2014. MMP-2 
and TIMP-1 predict healing of WTC-lung in-
jury in New York City firefighters. Respirato-
ry Research. 15:5. 

https://doi.org/10.1186/1465-9921-15-5

RATIONALE: After 9/11/2001, most FDNY 
workers had persistent lung function decline 
but some exposed  workers recovered. We 
hypothesized that the protease/anti-prote-
ase balance in serum soon after exposure 
predicts subsequent recovery. 

METHODS: We performed a nested case-con-
trol study measuring biomarkers in serum 
drawn before 3/2002 and subsequent forced 
expiratory volume at one second (FEV1) on 
repeat spirometry before 3/2008. Serum 
was assayed for matrix metalloproteinases 
(MMP- 1,2,3,7,8,9,12 and 13) and tissue inhib-
itors of metalloproteinases (TIMP-1,2,3,4). 

https://doi.org/10.1002/ajim.22326
https://doi.org/10.1186/1465-9921-15-5
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The representative sub-cohort defined ana-
lyte distribution and a concentration above 
75th percentile defined elevated biomarker 
expression. AnFEV1 one standard deviation 
above the mean defined resistance to air-
way injury. Logistic regression was adjusted 
for pre-9/11 FEV1, BMI, age and exposure 
intensity modeled the association between 
elevated biomarker expression and above 
average FEV1. 

RESULTS: FEV1 in cases and controls de-
clined 10% of after 9/11/2001. Cases subse-
quently returned to 99% of their pre-expo-
sure FEV1 while decline persisted in controls. 
Elevated TIMP-1 and MMP-2 increased the 
odds of resistance by 5.4 and 4.2 fold while 
elevated MMP-1 decreased it by 0.27 fold. 

CONCLUSIONS: Resistant cases displayed 
healing, returning to 99% of pre-exposure 
values. High TIMP-1 and MMP-2 predict 
healing. MMP/TIMP balance reflects inde-
pendent pathways to airway injury and re-
pair after WTC exposure.

Schenck E, Echevarria G, Girvin F, et al. 
2014. Enlarged pulmonary artery is predict-
ed by vascular injury biomarkers and is as-
sociated with WTC-Lung Injury in exposed 
fire fighters: a case-control study. BMJ Open. 
4(9):e005575. 

https://doi.org/10.1136/bmjopen-2014-005575

OBJECTIVES: We hypothesise that there is 
an association between an elevated pul-
monary artery/aorta (PA/A) and World Trade 
Center-Lung Injury (WTC-LI). We assessed 
if serum vascular disease biomarkers were 
predictive of an elevated PA/A. 

DESIGN: Retrospective case-cohort analysis 
of thoracic CT scans of WTC- exposed fire-
fighters who were symptomatic between 
9/12/2001 and 3/10/2008. Quantification of 

vascular- associated biomarkers from serum 
collected within 200 days of exposure. 

SETTING: Urban tertiary care centre and oc-
cupational healthcare centre. 

PARTICIPANTS: Male never-smoking fire-
fighters with accurate pre-9/11 forced expi-
ratory volume in 1 s (FEV1)>/=75%, serum 
sampled </=200 days of exposure was the 
baseline cohort (n=801). A subcohort (n=97) 
with available CT scans and serum biomark-
ers was identified. WTC-LI was defined as 
FEV1</=77% at the subspecialty pulmo-
nary evaluation (n=34) and compared with 
controls (n=63) to determine the associated 
PA/A ratio. The subcohort was restratified 
based on PA/A>/=0.92 (n=38)  and PA/
A<0.92(n=59) to determine serum vascu-
lar biomarkers that were predictive of this 
vasculopathy.

OUTCOME MEASURES: The primary out-
come of this study was to identify a PA/A ra-
tio in a cohort of individuals exposed to WTC 
dust that was associated with WTC-LI. The 
secondary outcome was to identify serum 
biomarkers predictive of the PA/A ratio us-
ing logistic regression. 

RESULTS: PA/ A>/=0.92 was associated with 
WTC-LI, OR of 4.02 (95% CI 1.21 to 13.41; 
p=0.023) when adjusted for exposure, body 
mass index and age at CT. Elevated mac-
rophage derived chemokine and soluble 
endothelial selectin were predictive of PA/
A>/=0.92, (OR, 95% CI 2.08, 1.05 to 4.11, 
p=0.036; 1.33, 1.06 to 1.68, p=0.016, respec-
tively), while the increased total plasmin-
ogen activator inhibitor 1 was predictive 
of not having PA/A>/=0.92 (OR 0.88,0.79 to 
0.98; p=0.024). 

CONCLUSIONS: Elevated PA/A was associ-
ated with WTC- LI. Development of an ele-
vated PA/A was predicted by biomarkers 

https://doi.org/10.1136/bmjopen-2014-005575
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of vascular disease found in serum drawn 
within 6 months of WTC exposure. Increased 
PA/A is a potentially useful non-invasive 
biomarker of WTC-LI and warrants further 
study.

Tsukiji J, Cho S, Echevarria G, et al. 2014. 
Lysophosphatidic acid and apolipoprotein 
A1 predict increased risk of developing World 
Trade Center-lung injury: a nested case-con-
trol study. Biomarkers. 19(2):159–165. 

https://doi.org/10.3109/1354750X.2014.891047

RATIONALE: Metabolic syndrome, inflam-
matory and vascular injury markers mea-
sured in serum after WTC exposures predict 
abnormal FEV1. We hypothesized that ele-
vated LPA levels predict FEV(1) < LLN. 

METHODS: Nested case-control study of 
WTC-exposed firefighters. Cases had FEV(1) 
< LLN. Controls derived from the baseline 
cohort. Demographics, pulmonary func-
tion, serum lipids, LPA and ApoA1 were 
measured. 

RESULTS: LPA and ApoA1 levels were high-
er in cases than controls and predictive of 
case status. LPA increased the odds by 13% 
while ApoA1 increased the odds by 29% of 
an FEV(1) < LLN in a multivariable model. 

CONCLUSIONS: Elevated LPA and ApoA1 are 
predictive of a significantly increased risk of 
developing an FEV(1) < LLN.

Weakley J, Webber M, Ye F, et al. 2014. 
Agreement between upper respiratory diag-
noses from self- report questionnaires and 
medical records in an occupational health 
setting. American Journal of Industrial Med-
icine. 57(10):1181–1187. 

https://doi.org/10.1002/ajim.22353

BACKGROUND: The FDNY-WTC Health Pro-
gram monitors and treats WTC-related ill-
nesses through regular physical exams, self- 
administered health questionnaires and 
treatment visits, as indicated. 

METHODS: We measured PPVs and NPVs of 
self- reported diagnoses of GERD and rhi-
nosinusitis from the health questionnaires 
in relation to FDNY physician diagnoses 
from the medical record. 

RESULTS: Self-reported GERD had PPV and 
NPV of 54.0% and 95.7%, respectively; for 
rhinosinusitis, the PPV and NPV were 48.2% 
and 91.9%. These characteristics improved 
considerably (PPV 78.0% GERD and PPV 
76.5% rhinosinusitis) in a subpopulation 
receiving medications from the FDNY-WTC 
Health Program. 

CONCLUSION: The PPV of self-reported di-
agnoses demonstrates only modest value 
in predicting physician diagnoses, although 
high NPVs suggest benefit in ruling out dis-
ease. In subgroups selected for their higher 
disease prevalence, self-reported diagnoses 
may be considerably more useful.

2015 (2)

Loupasakis K, Berman J, Jaber N, et al. 
2015. Refractory sarcoid arthritis in World 
Trade Center-exposed New York City fire-
fighters: A case series. Journal of Clini-
cal Rheumatology: Practical Reports on 
Rheumatic & Musculoskeletal Diseases. 
21(1):19–23.

https://doi.org/10.1097/RHU.00000000000 00185

OBJECTIVE: The objective of this study was 
to describe cases of sarcoid arthritis in fire-
fighters from the FDNY who worked at the 
WTC site. 

https://doi.org/10.3109/1354750X.2014.891047
https://doi.org/10.1002/ajim.22353
https://doi.org/10.1097/RHU.0000000000000185
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METHODS: All WTC- exposed FDNY firefight-
ers with sarcoidosis and related chronic 
inflammatory arthritis (n=11) are followed 
jointly by the FDNY-WTC Health Program 
and the Rheumatology Division at the 
Hospital for Special Surgery. Diagnoses of 
sarcoidosis were based on clinical, radio-
graphic, and pathological criteria. Patient 
characteristics, WTC exposure information, 
smoking status, date of diagnosis, and pul-
monary findings were obtained from FD-
NY-WTC database. Joint manifestations 
(symptoms and duration, distribution of 
joints involved), radiographic findings, and 
treatment responses were obtained from 
chart review. 

RESULTS: Nine of sixty FDNY firefighters who 
developed sarcoidosis since September 11, 
2001, presented with polyarticular arthri-
tis. Two others diagnosed pre-September 
11, 2001, developed sarcoid arthritis after 
WTC exposure. All 11 were never cigarette 
smokers, and all performed rescue/recov-
ery at the WTC site within three days of the 
attacks. All had biopsy- proven pulmonary 
sarcoidosis, and all required additional dis-
ease-modifying antirheumatic drugs for ad-
equate control (stepwise progression from 
hydroxychloroquine to methotrexateto anti- 
tumor necrosis factor alpha agents) of their 
joint manifestations. 

CONCLUSIONS: Chronic inflammatory poly-
arthritis appears to be an important mani-
festation of sarcoidosis in FDNY firefighters 
with sarcoidosis and WTC exposure. Their 
arthritis is chronic and, unlike arthritis in 
non-WTC-exposed sarcoid patients, inade-
quately responsive to conventional oral dis-
ease-modifying antirheumatic drugs, often 
requiring anti-tumor necrosis factor alpha 
agents. Further studies are needed to deter-
mine the generalizability of these findings 
to other groups with varying levels of WTC 

exposure or with other occupational/envi-
ronmental exposures.

Webber M, Moir W, Zeig-Owens R, et al. 
2015. Nested case-control study of select-
ed systemic autoimmune diseases in World 
Trade Center rescue/recovery workers. Ar-
thritis & Rheumatology. 67(5):1369–76. 

https://doi.org/10.1002/art.39059

OBJECTIVE: To test the a priori hypothesis 
that acute and chronic work exposures to 
the WTC site on or after September 11, 2001, 
were associated with risk of new-onset sys-
temic autoimmune diseases. 

METHODS: A nested case- control study was 
performed in WTC rescue/ recovery workers 
who had received a rheumatologist-con-
firmed systemic autoimmune disease di-
agnosis between September 12, 2001, and 
September 11, 2013 (n=59), each of whom 
was individually matched to four random-
ly selected controls (n=236) on the basis of 
year of hire (+/-1 year), sex, race, and work 
assignment (firefighter or emergency medi-
cal service). Acute exposure was defined ac-
cording to the earliest time of arrival (morn-
ing of 9/11 versus later) at the WTC site, and 
chronic exposure was defined as duration 
(number of months) of WTC site-related 
work. Rheumatologists were blinded with 
regard to each subject’s exposure status. 
The conditional odds ratios (CORs) with 95% 
confidence intervals (95% CIs) for incident 
autoimmune disease were derived from ex-
act conditional logistic regression models. 

RESULTS: Rheumatoid arthritis was the 
most common autoimmune diagnosis (37% 
of subjects), followed by spondyloarthri-
tis (22%), inflammatory myositis (14%), 
systemic lupus erythematosus (12%), sys-
temic sclerosis (5%), Sjogren’s syndrome 
(5%), antiphospholipid syndrome (3%), 

https://doi.org/10.1002/art.39059
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and granulomatosis with polyangiitis (We-
gener’s) (2%). The COR for incident autoim-
mune disease increased by 13% (COR 1.13, 
95% CI 1.02–1.26) for each additional month 
worked at the WTC site. These odds were in-
dependent of the association between high 
acute exposure (working during the morn-
ing of 9/11) and disease outcome, which 
conveyed an elevated, but not statistically 
significant, risk (COR 1.85, 95% CI 0.86–3.89). 

CONCLUSION: Prolonged work at the WTC 
site, independent of acute exposure, was an 
important predictor of post-9/11 systemic 
autoimmune diseases. The WTC Health Pro-
gram should expand surveillance efforts for 
those with extended exposures as early de-
tection can facilitate early treatment, which 
has been shown to minimize organ damage 
and improve quality of life.

2016 (15)
Aldrich T, Vossbrinck M, Zeig-Owens R, 
et al. 2016. Lung function trajectories in 
WTC-exposed NYC firefighters over 13 years: 
the roles of smoking and smoking cessa-
tion.” Chest. 149(6):1419–27. 

https://doi.org/10.1016/j.chest.2015.10.067

BACKGROUND: WTC-exposed Fire Depart-
ment of the City of New York (FDNY) fire-
fighters lost, on average, 10% of lung func-
tion after 9/11, and >10% developed new 
obstructive airways disease. There was little 
recovery (on average) over the first 6 years. 
Follow-up into the next decade allowed us 
to determine the longer-term exposure ef-
fects and the roles of cigarette-smoking 
and cessation on lung function trajectories. 

METHODS: We examined serial measure-
ments of FEV1 from 3/11/2000 to 9/10/2014 
among 10,641 WTC-exposed FDNY 

firefighters with known smoking and body 
weight histories. 

RESULTS: The median number of FEV1’s 
during follow-up was 9; 15% arrived at the 
WTC during the morning of 9/11/2001; and 
65% never smoked. Firefighters arriving 
the morning of 9/11/2001 averaged low-
er lung function than did lesser-exposed 
firefighters; this difference remained sig-
nificant during most of follow-up (P<0.05). 
Never-smokers had significantly better 
lung function than current-smokers; for-
mer-smokers fell in- between, depending 
upon their cessation date. Those arriving 
the morning of 9/11/2001 were more likely to 
have an FEV1<LLN compared with those ar-
riving between 9/13/2001–9/24/2001 (odds 
ratio [OR] =1.70, P<0.01). Current- smok-
ers were more likely to have an FEV1<LLN 
compared with: never- smokers (OR=2.06, 
P<0.01), former- smokers who quit be-
fore 9/11/2001 (OR=1.96, P<0.01); or, those 
who quit between 9/11/2001–3/10/2008 
(OR=1.49, P<0.01). 

CONCLUSIONS: 13 years after 9/11/2001, 
most firefighters continued to show a lack 
of lung function recovery, with the trajec-
tory of decline differing by WTC-exposure 
and smoking-status. Unlike the immutable 
effect of WTC exposure, we demonstrated 
the benefit on lung function of smoking ces-
sation in this unique occupational/environ-
mental cohort.

Aldrich T, Weakley J, Dhar S, et al. 2016. 
Bronchial reactivity and lung function af-
ter World Trade Center exposure. Chest. 
150(6):1333–1340.

https://doi.org/10.1016/j.chest.2016.07.005 

BACKGROUND:  WTC-exposed rescue/recov-
ery workers endured massive respiratory 

https://doi.org/10.1016/j.chest.2015.10.067
https://doi.org/10.1016/j.chest.2016.07.005
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insult from inhalation of particulate matter 
and gases, resulting in respiratory symp-
toms, loss of lung function, and, for many, 
bronchial hyperreactivity (BHR). The per-
sistence of respiratory symptoms and lung 
function abnormalities has been well-doc-
umented, while persistence of BHR has not 
been investigated. 

METHODS: 173 WTC- exposed firefighters 
with bronchial reactivity measured within 
two years after 9/11/2001 (9/11), (baseline 
methacholine challenge test [MCT]), were 
re-evaluated in 2013–2014 (follow-up-MCT). 
FEV1 measurements were obtained from the 
late pre-9/11, early post-9/11 and late post-
9/11 periods. Respiratory symptoms and 
corticosteroid treatment were recorded. 

RESULTS: Bronchial reactivity remained 
stable (within one doubling dilution) for 
most (n=101, 58%). 16 of 28 (57%) with 
BHR (PC20<8mg/ml) at baseline had BHR 
at follow up, and an additional 27 of the 
145 (19%) without BHR at baseline had BHR 
at follow-up. In multivariable models, we 
found that BHR baseline was strongly as-
sociated with BHR follow-up (OR=6.46) and 
that BHR at follow-up was associated with 
an estimated 15.4 ml/year greater FEV1 de-
cline than experienced by those without 
BHR at follow-up. Annual FEV1 decline was 
moderated by corticosteroid use. 

CONCLUSIONS: Persistent BHR and its del-
eterious influence on lung function suggest 
a role for airway inflammation in perpetua-
tion of WTC-associated airway disease. In fu-
ture massive occupational exposure to inor-
ganic dust/gases, we recommend early and 
serial pulmonary function testing, including 
measurements of bronchial reactivity, when 
possible, and inhaled corticosteroid therapy 
for those with symptoms or pulmonary func-
tion tests consistent with airway disease.

Boffetta P, Zeig-Owens R, Wallenstein S, 
et al. 2015. Cancer in World Trade Center 
responders: Findings from multiple cohorts 
and options for future study. American Jour-
nal of Industrial Medicine. 59(2):96–105. 

https://doi.org/10.1002/ajim.22555

BACKGROUND: Three longitudinal studies 
of cancer incidence in varied populations of 
WTC responders have been conducted. 

METHODS: We compared the design and re-
sults of the three studies. 

RESULTS: Separate analyses of these co-
horts revealed excess cancer incidence in 
responders for all cancers combined and for 
cancers of the thyroid and prostate. Method-
ological dissimilarities included recruitment 
strategies, source of cohort members, de-
mographic characteristics, overlap between 
cohorts, assessment of WTC and other occu-
pational exposures and confounders, meth-
ods and duration of follow-up, approaches 
for statistical analysis, and latency analyses. 

CONCLUSIONS: The presence of three co-
horts strengthens the effort of identifying 
and quantifying the cancer risk; the hetero-
geneity in design might increase sensitivity 
to the identification of cancers potentially 
associated with exposure. The presence 
and magnitude of an increased cancer risk 
remains to be fully elucidated. Continued 
long-term follow up with minimal longitu-
dinal dropout is crucial to achieve this goal. 
Am. J. Ind. Med. 59:96–105, 2015. (c) 2015 
Wiley Periodicals, Inc.

Girvin F, Zeig-Owens R, Gupta D, et al. 
2016. Radiologic features of World Trade 
Center-related sarcoidosis in exposed NYC 
Fire Department rescue workers. Journal of 
Thoracic Imaging. 31(5):296–303. 

https://doi.org/10.1002/ajim.22555
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https://doi.org/10.1097/RTI.0000000000000230

PURPOSE: An increased incidence of sar-
coidosis has been demonstrated in firefight-
ers, supporting the concern that occupa-
tional/environmental exposure may pose 
an etiologic risk factor. This incidence in-
creased further after September 11, 2001 fol-
lowing exposure to WTC dust and gases. We 
review computed tomography (CT) features 
in this population, comparing the range of 
findings and physiological correlates with 
those typically reported in unexposed indi-
viduals with pulmonary sarcoidosis. 

MATERIALS AND METHODS: With C T imag-
ing we retrospectively identified 46 patients 
with WTC-related sarcoidosis, between 
March 18, 2002 and April 5, 2014. Scans were 
independently reviewed by 2 dedicated tho-
racic radiologists and assessed for disease 
patterns and correlation with pulmonary 
functions. 

RESULTS: The majority (37/46; 80%) had 
symmetric mediastinal and hilar lymphade-
nopathy. Similarly, most (38/46; 83%) had 
perilymphatic nodules. Foci of ill-defined 
ground glass attenuation were present in 6 
(13%). Coalescent nodularity was present in 
15 (33%). Only 3 (7%) had parenchymal re-
ticulation. A mixed pattern of lung findings 
was present in 21 (46%). When all forms of 
parenchymal disease were scored by zonal 
distribution, 21 (46%) had parenchymal dis-
ease predominantly involving mid and upper 
lungs; 11/46 (24%) had a random distribution 
without zonal predominance; 6/46 (13%) 
demonstrated atypical lower zone predomi-
nance. Whereas 15/46 (33%) had obstructive 
airways disease on pulmonary function tests, 
there were no CT findings that were predic-
tive of obstructive airways disease. 

CONCLUSIONS: The majority of cases of 
WTC-related sarcoidosis demonstrated typ-
ical radiographic appearances of sarcoid-
osis, with symmetric hilar and mediastinal 
lymphadenopathy and mid to upper lung 
perilymphatic nodules; these findings were 
consistent with other previously reported 
cases of sarcoid-like granulomatous disease 
in association with various alternate under-
lying etiologies. There was no correlation 
between disease patterns or extent on CT 
and pulmonary function testing, likely at 
least in part due to the overall mild extent of 
disease in this population.

Hall C, Liu X, Zeig-Owens R, et al. 2016 
May. The duration of an exposure response 
gradient between incident obstructive air-
ways disease and work at the World Trade 
Center site: 2001–2011. PLoS Currents.20:7. 

https://doi.org/10.1371/currents.
dis.8a93e7682624698558a76a1fa8c5893f

BACKGROUND: Adverse respiratory effects 
of World Trade Center (WTC) exposure have 
been widely documented, but the length of 
time that exposure remains associated with 
disease is uncertain. We estimate the inci-
dence of new cases of physician-diagnosed 
obstructive airway disease (OAD) as a func-
tion of time since 9/11/2001 in WTC-exposed 
firefighters. 

METHODS: Exposure was categorized by 
first WTC arrival time: high (9/11/2001 AM); 
moderate (9/11/2001 PM or 9/12/2001); or 
low (9/13–24/2001). We modeled relative 
rates (RR) and 95% confidence intervals 
(CI) of OAD incidence by exposure over the 
first 10 years post- 9/11/2001, estimating 
the time(s) of change in the RR with change 
point models. We further examined the rela-
tionship between self-reported lower respi-
ratory symptoms and physician diagnoses.

https://doi.org/10.1097/RTI.0000000000000230
https://doi.org/10.1371/currents.dis.8a93e7682624698558a76a1fa8c5893f
https://doi.org/10.1371/currents.dis.8a93e7682624698558a76a1fa8c5893f
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RESULTS: Change points were observed at 15 
and 84 months post-9/11/2001, with relative 
incidence rates for the high versus low expo-
sure group of 4.02 (95% CI 2.62–6.16)prior 
to 15 months, 1.90 (95% CI 1.49–2.44)from 
months 16 to 84, and 1.20 (95% CI 0.92–1.56) 
thereafter. Incidence in all exposure groups 
increased after the WTC health program 
began to offer free coverage of OAD medi-
cations in month 63. Self- reported lower 
respiratory symptoms in the first 15 months 
had 80.6% sensitivity, but only 35.9% speci-
ficity, for eventual OAD diagnoses. 

CONCLUSIONS: New OAD diagnoses are 
associated with WTC exposure for at least 
seven years. Some portion of the extended 
duration of that association may be due to 
delayed diagnoses. Nevertheless, our re-
sults support recognizing OAD among res-
cue workers as WTC-related even when di-
agnosed years after exposure.

Kwon S, Putman B, Weakley J, et al. 2016. 
Blood eosinophils and World Trade Cen-
ter exposure predict surgery in chronic rhi-
nosinusitis. A 13.5–year longitudinal study. 
Annals of the American Thoracic Society. 
13(8):1253–61. 

https://doi.org/10.1513/AnnalsATS.201511-742OC 

RATIONALE: The WTC collapse generated 
caustic airborne particulates that caused 
chronic rhinosinusitis in exposed FDNY 
firefighters. Surgery was performed when 
symptoms remained uncontrolled despite 
medical management. 

OBJECTIVES: To identify predictors of surgi-
cal intervention for chronic rhinosinusitis in 
firefighters exposed to airborne irritants at 
the WTC collapse site. 

METHODS: We assessed in 8227 firefighters 
with WTC exposure between September 11, 

2001 (9/11), and September 25, 2001, includ-
ing WTC-site arrival time, months of rescue 
and recovery work, and eosinophil concen-
tration measured between September 11, 
2001,and March 10, 2003. We assessed the 
association of serum cytokines and immu-
noglobulins with eosinophil concentration 
and surgery for rhinosinusitis in 112 surgical 
cases and 376 control subjects with serum 
available from the first 6 months after expo-
sure to the WTC collapse site. 

MEASUREMENTS AND MAIN RESULTS: Be-
tween September 11, 2001, and March 10, 
2015, the surgery rate was 0.47 cases per 100 
person-years. In the first 18 months post-
9/11, surgical patients had higher mean 
blood eosinophil levels than study cohort 
patients (219 +/155 vs. 191 +/134; P < 0.0001). 
Increased surgery risk was associated with 
increasing blood eosinophil counts (hazard 
ratio [HR], 1.12 per 100 cells/mul; 95% con-
fidence interval [CI], 1.07–1.17; P < 0.001); ar-
riving at the WTC site on September 11, 2001, 
or September 12, 2001 (HR, 1.43; 95% CI, 
1.04–1.99; P=0.03); and working six months 
or longer at the WTC site (HR, 1.48; 95% CI, 
1.14–1.93; P < 0.01). Median blood eosinophil 
levels for surgical patients were above levels 
for the cohort in all 18-month intervals March 
11, 2000, through March 10, 2015, using 
51,163 measurements representing 97,733 
person-years of observation. Increasing age, 
increasing IL- 17A, and low IgA in serum from 
2001 to 2002 predicted blood eosinophil 
concentration in surgical patients but not in 
control subjects (R(2)=0.26, P < 0.0001; vs. 
R(2)=0.008, P=0.56). 

CONCLUSIONS: Increasing blood eosinophil 
concentration predicts surgical interven-
tion for chronic rhinosinusitis, particularly 
in those with intense acute and prolonged 
exposure to airborne irritants. WTC-ex-
posed FDNY firefighters who underwent 

https://doi.org/10.1513/AnnalsATS.201511-742OC 
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irritant-associated sinus surgery are immu-
nologically different from the cohort. Surgi-
cal patients have a higher blood eosinophil 
levels that is associated with mediators of 
mucosal immunity.

Mohr L. 2016. Longitudinal lung function 
decrements in firefighters who responded to 
the World Trade Center disaster: Important 
insights for the preservation of lung function 
in future disasters. Chest. 149(6):1362–1364. 

https://doi.org/10.1016/j.chest.2016.03.056

BACKGROUND: World Trade Center 
(WTC)-exposed Fire Department of the City 
of New York firefighters lost, on average, 
10% of lung function after September 11, 
2011, and >10% developed new obstructive 
airways disease. There was little recovery 
(on average) over the first 6 years. Follow-up 
into the next decade allowed us to deter-
mine the longer-term exposure effects and 
the roles of cigarette smoking and cessation 
on lung function trajectories. 

METHODS: We examined serial measure-
ments of FEV1 from March 11, 2000, to Sep-
tember 10, 2014, among 10,641 WTC-ex-
posed Fire Department of the City of New 
York firefighters with known smoking and 
body weight histories. 

RESULTS: Themedian number of FEV1 mea-
surements during follow-up was 9; 15%of 
firefighters arrived at the WTC during the 
morning of September 11, 2001; and 65% 
never smoked. Firefighters arriving the 
morning of September 11, 2001 averaged 
lower lung function than did lesser exposed 
firefighters; this difference remained sig-
nificant during most of follow-up (P < .05). 
Never smokers had significantly better 
lung function than current smokers; former 
smokers fell in between, depending upon 
their cessation date. Those arriving the 
morning of September 11, 2001 were more 

likely to have an FEV1 < lower limits of nor-
mal compared with those arriving between 
September 13, 2001, and September 24, 
2001 (OR ¼ 1.70, P < .01). Current smokers 
were more likely to have an FEV1 < lower 
limits of normal compared with never smok-
ers (OR ¼ 2.06, P < .01), former smokers who 
quit before September 11, 2001 (OR ¼ 1.96, 
P < .01), or those who quit between Septem-
ber 11, 2001 and March 10, 2008 (OR ¼ 1.49, 
P < .01). 

CONCLUSIONS: Thirteen years after Sep-
tember 11, 2001, most firefighters contin-
ued to show a lack of lung function recovery, 
with the trajectory of decline differing by 
WTC exposure and smoking status. Unlike 
the immutable effect of WTC exposure, we 
demonstrated the benefit on lung function 
of smoking cessation in this unique occupa-
tional/environmental cohort.

Moir W, Zeig-Owens R, Daniels R, et al. 
2016. Post-9/11 cancer incidence in World 
Trade Center-exposed New York City fire-
fighters as compared to a pooled cohort of 
firefighters from San Francisco, Chicago and 
Philadelphia (9/11/2001–2009). American 
Journal of Industrial Medicine. 59(9):722–30. 

https://doi.org/10.1002/ajim.22635

BACKGROUND: We previously reported a 
modest excess of cancer in WTC-exposed 
firefighters versus the general population. 
This study aimed to separate the potential 
carcinogenic effects of firefighting and WTC 
exposure by comparing to a cohort of non-
WTC-exposed firefighters. 

METHODS: Relative rates (RRs) for all can-
cers combined and individual cancer sub-
types from 9/11/2001 to 12/31/2009 were 
modeled using Poisson regression compar-
ing 11,457 WTC-exposed firefighters to 8,220 
urban non-WTC-exposed firefighters. 

https://doi.org/10.1016/j.chest.2016.03.056
https://doi.org/10.1002/ajim.22635
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RESULTS: Compared with non-WTC-ex-
posed firefighters, there was no differ-
ence in the RR of all cancers combined for 
WTC-exposed firefighters (RR=0.96, 95%CI: 
0.83–1.12). Thyroid cancer was significantly 
elevated (RR=3.82, 95%CI: 1.0720.81) from 
2001 to 2009; this was attenuated (RR=3.43, 
95%CI: 0.94–18.94) and non- significant 
when controlling for possible surveillance 
bias. Prostate cancer was elevated during 
the latter half (2005–2009; RR=1.38, 95%CI: 
1.01–1.88). 

CONCLUSIONS: Further follow-up is needed 
to assess the relationship between WTC ex-
posure and cancers with longer latency pe-
riods. Am. J. Ind. Med. 59:722–730, 2016. (c) 
2016 Wiley Periodicals, Inc.

Weakley J, Hall C, Liu X, et al. 2016. The 
effect of World Trade Center exposure on 
the latency of chronic rhinosinusitis diagno-
ses in New York City firefighters: 2001–2011. 
Occupational and Environmental Medicine. 
73(4):280–3. 

https://doi.org/10.1136/oemed-2015 -103094

Objective: To assess how the effect of WTC 
exposure on physician-diagnosed chronic 
rhinosinusitis (CRS) in firefighters changed 
during the decade following the attack on 
9/11 (11 September 2001 to 10 September 
2011). 

METHODS: We examined temporal effects 
on the relation between WTC exposure and 
the incidence of physician diagnosed CRS 
in firefighters changed during the decade 
following the attack on 9/11 (11 Septem-
ber 2001 to 10 September 2011). Exposure 
was grouped by time of arrival at the WTC 
site as follows: (high) morning 11 Septem-
ber 2001 (n=1623); (moderate) afternoon 
11 September 2001 or 12 September 2001 
(n=7025); or (low) 13–24 September 2001 

(n=1200). Piecewise exponential survival 
models were used to estimate incidences by 
exposure group, with change points in the 
relative incidences estimated by maximum 
likelihood. Results Incidences dramatically 
increased after 2007 due to a programmat-
ic change that provided free medical treat-
ment, but increases were similar in all expo-
sure groups. For this reason, we observed 
no change point during the study period, 
meaning the relative incidence by exposure 
group (high vs moderate vs low) of CRS dis-
ease did not significantly change over the 
study period. The relative rate of developing 
CRS was 1.99 (95% CI=1.64 to 2.41) for high 
versus low exposure, and 1.52 (95% CI=1.28 
to 1.80) for moderate versus low exposure 
during the 10 year follow up period. Con-
clusions The risk of CRS in FDNY firefighters 
appears increased with WTC-exposure, and 
has not diminished by time since exposure.

Weiden M, Kwon S, Caraher E, et al. 2016. 
Biomarkers of World Trade Center particu-
late matter exposure: Physiology of distal 
airway and blood biomarkers that predict 
FEV(1) decline. Seminars in Respiratory and 
Critical Care Medicine. 36(3):323–333. 

https://dx.doi.org/10.1055%2Fs-00 35-1547349

Biomarkers can be important predic-
tors of disease severity and progression.  
The intense exposure to particulates and 
other toxins from the destruction of the WTC 
overwhelmed the lung’s normal protective 
barriers. The Fire Department of New York 
(FDNY) cohort not only had baseline pre-ex-
posure lung function measures but also had 
serum samples banked soon after their WTC 
exposure. This well-phenotyped group of 
highly exposed first responders is an ideal 
cohort for biomarker discovery and even-
tual validation. Disease progression was 
heterogeneous in this group in that some 

https://doi.org/10.1136/oemed-2015-103094
https://dx.doi.org/10.1055%2Fs-0035-1547349
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individuals subsequently developed abnor-
mal lung function while others recovered. 
Airflow obstruction predominated in WTC- 
exposed patients who were symptomatic. 
Multiple independent disease pathways 
may cause this abnormal FEV1 after irritant 
exposure. WTC exposure activates one or 
more of these pathways causing abnormal 
FEV1 in an individual. Our hypothesis was 
that serum biomarkers expressed within 6 
months after WTC exposure reflect active 
disease pathways and predict subsequent 
development or protection from abnormal 
FEV1 below the lower limit of normal known 
as WTC- Lung Injury (WTC-LI). We utilized a 
nested case-cohort control design of pre-
viously healthy never smokers who sought 
subspecialty pulmonary evaluation to  
explore predictive biomarkers of WTC- LI. 
We have identified biomarkers of inflam-
mation, metabolic derangement, protease/
antiprotease balance, and vascular inju-
ry expressed in serum within 6 months of 
WTC exposure that were predictive of their 
FEV1 up to 7 years after their WTC exposure. 
Predicting future risk of airway injury after 
particulate exposures can focus monitoring 
and early treatment on a subset of patients 
in greatest need of these services.

Yip J, Webber M, Zeig-Owens R, et al. 
2016. FDNY and 9/11:Clinical services and 
health outcomes in World Trade Center-ex-
posed firefighters and EMS workers from 
2001 to 2016. American Journal of Industrial 
Medicine. 59(9):695–708. 

https://doi.org/10.1002/ajim.22631

BACKGROUND: After the WTC attacks on 
September 11, 2001, the Fire Department of 
the City of New York (FDNY) instituted a WTC 
medical monitoring and treatment pro-
gram and established a data center to docu-
ment health outcomes in the WTC- exposed 

workforce of approximately 16,000 firefight-
ers and EMS workers. 

METHODS: FDNY schedules routine moni-
toring exams every 12–18 months and phys-
ical and mental health treatment appoint-
ments, as required. 

RESULTS: FDNY research studies have con-
sistently found that early arrival to work 
and/ or prolonged work at the WTC- site in-
creased the risks for adverse physical and 
mental health outcomes. To date, a sub-
stantial proportion has been diagnosed 
with obstructive airways disease, chronic 
rhinosinusitis, and gastroesophageal reflux 
disease; a quarter has two or more of these 
conditions. 

CONCLUSIONS: While much has been 
learned, the entire spectrum and trajectory 
of WTC-related disorders and their mecha-
nisms of onset and persistence remain to be 
fully described. Am. J. Ind. Med. 59:695–708, 
2016. (c) 2016 Wiley Periodicals, Inc.

Yip J, Zeig-Owens R, Hall C, et al. 2016. 
Health conditions as mediators of the as-
sociation between World Trade Center ex-
posure and health-related quality of life in 
firefighters and EMS workers. Journal of 
Occupational and Environmental Medicine. 
58(2):200–206. 

https://doi.org/10.1097/JOM.00000000000 00597

OBJECTIVE: Studies have reported reduced 
health-related quality of life (HrQoL) in res-
cue/recovery workers for years post disaster. 
Few have examined specific post disaster 
physical and mental health conditions as 
mediators of the association between expo-
sure to disaster and HrQoL. 

METHODS: We used the Short Form-12 
to measure HrQoL in 7190 male WTC-ex-
posed first responders. Potential mediators 

https://doi.org/10.1002/ajim.22631
https://doi.org/10.1097/JOM.0000000000000597
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included physician diagnoses obtained from 
medical records and mental health condi-
tions obtained from questionnaires. 

RESULTS: Among moderately and highly 
WTC-exposed workers, health conditions 
fully mediated the observed relationship 
between WTC-exposure and physical health 
functioning of HrQoL, and substantially me-
diated the association between WTC expo-
sure and mental health functioning. 

CONCLUSIONS: Because WTC-related health 
conditions explain the relationship between 
WTC-exposure and HrQoL, medical monitor-
ing with treatment of affected populations is 
necessary to mitigate the adverse effects of 
WTC-exposure on HrQoL.

Yip J, Zeig-Owens R, Webber M, et al. 
2016. World Trade Center-related physical 
and mental health burden among New York 
City Fire Department emergency medical 
service workers. Occupational and Environ-
mental Medicine. 73(1):13–20. 

https://doi.org/10.1136/oemed-2014 -102601

OBJECTIVES: To describe the health burden 
among Fire Department of the City of New 
York (FDNY) emergency medical service 
(EMS) workers and examine its association 
with work at the WTC disaster site. 

METHODS: In this observational cohort 
study, we used FDNY physician diagnoses to 
estimate the cumulative incidence of phys-
ical health conditions including rhinosinus-
itis, gastroesophageal reflux disease (GERD), 
obstructive airways disease (OAD) and can-
cer among EMS workers and demographi-
cally similar firefighters who were active on 
11 September 2001 (9/11). Validated screen-
ing instruments were used to estimate the 
prevalence of probable PTSD, probable de-
pression and probable harmful alcohol use. 

We also analyzed the association between 
health conditions and WTC- exposure. 

RESULTS: Among 2281 EMS workers, the 
12–year post-9/11 cumulative incidence (11 
September 2001 to 31 December 2013) of 
rhinosinusitis was 10.6%; GERD 12.1%; OAD 
11.8%; cancer 3.1%. The prevalence of prob-
able PTSD up to 12 years after exposure was 
7%; probable depression 16.7%; and prob-
able harmful alcohol use 3%. Compared 
with unexposed, EMS workers who arrived 
earliest at the site had higher adjusted rel-
ative risks (aRR) for most conditions, includ-
ing rhinosinusitis (aRR=3.7; 95% CI 2.2 to 
6.0); GERD (aRR=3.8; 95% CI 2.4 to 6.1); OAD 
(aRR=2.4:95% CI 1.7 to 3.6); probable PTSD 
(aRR=7.0; 95% CI 3.6 to 13.5); and, probable 
depression (aRR=2.3; 95% CI 1.6 to 3.1). 

CONCLUSIONS: In this 12–year study, we 
documented a high burden of health condi-
tions associated with WTC-exposure among 
FDNY EMS workers. These findings under-
score the importance of continued monitor-
ing and treatment of this workforce.

Zeig-Owens R, Kablanian A, Webber M, et 
al. 2016. Agreement between self-report-
ed and confirmed cancer diagnoses in New 
York City firefighters and EMS workers, 2001–
2011. Public Health Reports. 131(1):153–9.

https://doi.org/10.1177/003335491613100122

OBJECTIVES: Because of the delay in avail-
ability of cancer diagnoses from state can-
cer registries, self-reported diagnoses may 
be valuable in assessing the current cancer 
burden in many populations. We evaluated 
agreement between self-reported cancer 
diagnoses and state cancer registry- con-
firmed diagnoses among 21,437 firefighters 
and emergency medical service workers 

https://doi.org/10.1136/oemed-2014-102601
https://doi.org/10.1177/003335491613100122
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from the Fire Department of the City of New 
York. We also investigated the association 
between WTC exposure and other charac-
teristics in relation to accurate reporting of 
cancer diagnoses. 

METHODS: Participants self-reported can-
cer status in questionnaires from October 
2, 2001, to December 31, 2011. We obtained 
data on confirmed cancer diagnoses from 
nine state cancer registries, which we used 
as our gold standard. We calculated sensi-
tivity, specificity, PPV, and NPV, comparing 
self- reported cancer diagnoses with con-
firmed cancer diagnoses. We used multi-
variable logistic regression models to assess 
the association between WTC exposure and 
correct self-report of cancer status, false- 
positive cancer reports, and false-negative 
cancer reports. 

RESULTS: Sensitivity and specificity for all 
cancers combined were 90.3% and 98.7%, 
respectively. Specificities and NPVs re-
mained high in different cancer types, while 
sensitivities and PPVs varied considerably. 
WTC exposure was not associated with ac-
curate reporting. 

CONCLUSION: We found high specificities, 
NPVs, and general concordance between 
self-reported cancer diagnoses and registry- 
confirmed diagnoses. Given the low popula-
tion prevalence of cancer, self- reported can-
cer diagnoses may be useful for determining 
non-cancer cases. Because of the low sen-
sitivities and PPVs for some individual can-
cers, however, case confirmation with state 
cancer registries or medical records remains 
critically important.

Zeig-Owens R, Nolan A, Putman B, et al. 
2016. Biomarkers of patient intrinsic risk 
for upper and lower airway injury after 

exposure to the World Trade Center atroci-
ty. American Journal of Industrial Medicine. 
59(9):788–894. [Review] 

https://doi.org/10.1002/ajim.22643

BACKGROUND: High rates of upper and lower 
airways disease have occurred in Fire Depart-
ment of the City of New York (FDNY) workers 
exposed to the WTC disaster site. Most experi-
enced acute declines in pulmonary function, 
and some continued to experience decline 
over 14 years of follow- up. Similarly, some 
with rhinosinusitis had symptoms requiring 
sinus surgery. 

AIM: To increase generalizability of biomark-
er investigation, we describe biomarkers of 
risk for upper and lower airway injury that do 
not require stored serum. 

METHODS: We review WTC biomarker 
literature. 

RESULTS: Cytokines expressed in stored se-
rum from the first 6 months post-9/11 can 
identify individuals at higher risk for future 
abnormal pulmonary function. 

CONCLUSION: This research will help iden-
tify individuals at high risk of lung and sinus 
disease that develop after these, or future, 
irritant exposures for intensive monitoring 
and treatment. It may also identify targets 
for effective therapeutic interventions. Am. 
J. Ind. Med. 59:788–794, 2016. (c) 2016 Wiley 
Periodicals, Inc.

2017 (7)

Caraher, EJ, Kwon S, Haider SH, et al. 2017. 
Receptor for advanced glycation end-prod-
ucts and World Trade Center particulate 
induced lung function loss: A case-cohort 
study and murine model of acute particu-
late exposure. PLoS One 12(9):e0184331.

https://doi.org/10.1002/ajim.22643
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http://doi.org/10.1371/journal.pone.0184331 

World Trade Center-particulate mat-
ter(WTC-PM) exposure and metabolic-risk 
are associated with WTC-Lung Injury (WTC-
LI). The receptor for advanced glycation 
end-products (RAGE) is most highly ex-
pressed in the lung, mediates metabolic risk, 
and single-nucleotide polymorphisms at 
the AGER-locus predict forced expiratory 
volume (FEV). Our objectives were to test 
the hypotheses that RAGE is a biomarker 
of WTC-LI in the FDNY-cohort and that loss 
of RAGE in a murine model would protect 
against acute PM-induced lung disease. We 
know from previous work that early intense 
exposure at the time of the WTC collapse 
was most predictive of WTC-LI therefore we 
utilized a murine model of intense acute 
PM-exposure to determine if loss of RAGE 
is protective and to identify signaling/cyto-
kine intermediates. This study builds on a 
continuing effort to identify serum biomark-
ers that predict the development of WTC-LI. 
A case-cohort design was used to analyze 
a focused cohort of male never-smokers 
with normal pre-9/11 lung function. Odds 
of developing WTC-LI increased by 1.2, 1.8 
and 1.0 in firefighters with soluble RAGE 
(sRAGE)≥97pg/mL, CRP≥2.4mg/L, and MMP-
9≤397ng/mL, respectively, assessed in a 
multivariate logistic regression model (RO-
CAUC of 0.72). Wild type (WT) and RAGE-de-
ficient(Ager-/-) mice were exposed to PM or 
PBS-control by oropharyngeal aspiration. 
Lung function, airway hyperreactivity, bron-
choalveolar lavage, histology, transcription 
factors and plasma/BAL cytokines were 
quantified. WT-PM mice had decreased FEV 
and compliance, and increased airway re-
sistance and methacholine reactivity after 
24-hours. Decreased IFN-γ and increased 
LPA were observed in WT-PM mice; similar 
findings have been reported for firefighters 

who eventually develop WTC-LI. In the mu-
rine model, lack of RAGE was protective 
from loss of lung function and airway hy-
perreactivity and was associated with mod-
ulation of MAP kinases. We conclude that 
in a multivariate adjusted model increased 
sRAGE is associated with WTC-LI. In our 
murine model, absence of RAGE mitigated 
acute deleterious effects of PM and may be 
a biologically plausible mediator of PM-re-
lated lung disease.

Cleven K, Webber M, Zeig-Owens R, et al. 
2017. Airway disease in rescue/recovery 
workers: Recent findings from the World 
Trade Center collapse. Current Allergy and 
Asthma Reports.17(1):5. 

https://doi.org/10.1007/s11882-017-0670-9

PURPOSE OF REVIEW: Our goal is to summa-
rize the airway disease literature since Sep-
tember 11, 2001 (9/11), focusing on studies 
published since 2011 in WTC-exposed res-
cue/recovery workers. 

RECENT FINDINGS: Since 2011, studies have 
confirmed relationships between initial 
WTC exposure intensity, severity of symp-
toms, airway disease diagnoses, and bio-
markers of disease progression. Studies 
continue to document ongoing morbidity in 
rescue/recovery workers over 10 years after 
9/11. Future research should further identify 
correlates of symptom persistence and new 
airway disease diagnoses. The unique char-
acteristics of the airway diseases in this pop-
ulation warrant ongoing monitoring and 
treatment. [review article]

Huho A, Foulke L, Jennings T, et al. 2017. 
The role of serum amyloid A staining of 
granulomatous tissues for the diagnosis of 
sarcoidosis. Respiratory Medicine. 126:1–8. 

https://doi.org/10.1016/j.rmed.2017.03.009

http://doi.org/10.1371/journal.pone.0184331
https://doi.org/10.1007/s11882-017-0670-9
https://doi.org/10.1016/j.rmed.2017.03.009
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BACKGROUND: Previous studies demon-
strated that SAA staining of sarcoidosis 
granulomas was qualitatively and quantita-
tively different  from other granulomatous 
diseases. These data suggest that positive 
SAA staining of granulomatous tissue may 
have adequate specificity to establish a di-
agnosis of sarcoidosis. Our objective was 
to determine the diagnostic specificity of 
SAA staining for sarcoidosis relative to other 
granulomatous disorders. 

METHODS: Pathological specimens demon-
strating granulomatous inflammation were 
retrospectively identified at one institution, 
plus 4 specimens were obtained from NYC 
firefighters with biopsy-confirmed WTC 
“sarcoidosis-like” pulmonary disease. Spec-
imens were analyzed if specific diagnoses 
related to the granulomatous inflammation 
were confirmed through medical record 
review. SAA staining was performed using 
previously developed methods. Two pathol-
ogists, blinded to each other and the diag-
noses, determined if the stained material 
was SAA positive or negative. Discordant re-
sults were adjudicated by the two patholo-
gists. Measurements and main 

RESULTS: 106 specimens were analyzed 
from 100 patients, with 36 biopsies (34%) 
from sarcoidosis tissues and 70 (66%) from 
other granulomatous disorders. The Cohen 
Kappa correlation between the two pathol-
ogists for SAA staining positivity was excel-
lent (0.85, 0.73–0.98). The overall specificity 
of SAA staining for the diagnosis of sarcoid-
osis was 84% (59/70). The sensitivity was 
44% (16/36). 

CONCLUSIONS: Although SAA staining of 
various granulomatous tissues was fairly 
specific for the diagnosis of sarcoidosis, the 
specificity was inadequate for SAA staining 
to be used as a diagnostic test for sarcoid-
osis in isolation. These data suggest that SAA 

production may not be a universal mecha-
nism in the development of sarcoidosis. 

Liu X, Yip J, Zeig-Owens R, et al. 2017. 
The Effect of World Trade Center Exposure 
on the Timing of Diagnoses of Obstructive 
Airway Disease, Chronic Rhinosinusitis, and 
Gastroesophageal Reflux Disease. Frontiers 
in public health 5: 2. 

https://doi.org/10.3389/fpubh.2017.00002

OBJECTIVES: In a cohort of rescue/recovery 
workers exposed to the dust that resulted 
from the collapse of the World Trade Center 
(WTC), we assessed how a diagnosis of ob-
structive airways disease (OAD) affected 
the likelihood of a subsequent diagnosis 
of chronic rhinosinusitis (CRS) or gastroe-
sophageal reflux disease (GERD). We also 
assessed whether OAD acted as a mediator 
of the association between exposure to the 
WTC rescue/recovery effort and CRS and 
GERD diagnoses.

METHODS: In this prospective cohort study, 
we analyzed Fire Department of the City of 
New York physician diagnoses of OAD, CRS, 
and GERD that were first documented be-
tween September 11, 2001, and Septem-
ber 10, 2011, among 8,968 WTC-exposed 
firefighters. We used piecewise exponential 
survival models to evaluate whether OAD 
was a risk factor for either CRS or GERD and 
to assess OAD as a possible mediator. 

RESULTS: An OAD diagnosis significantly 
increased the risks for subsequent CRS [rel-
ative rate (RR), 4.24; 95% CI, 3.78-4.76] and 
GERD (RR, 3.21; 95% CI, 2.93-3.52) diagno-
ses. Further, 21% of the WTC exposure effect 
(high vs. low intensity) on GERD and 13% 
of the effect (high vs. low intensity) on CRS 
were mediated by a prior OAD diagnosis. 

CONCLUSION: Individuals with an OAD di-

https://doi.org/10.3389/fpubh.2017.00002
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agnosis had elevated risks for subsequent 
diagnoses of CRS or GERD. Part of the effect 
of WTC exposure on CRS and GERD diagno-
ses is mediated by prior diagnoses of OAD; 
this mediation effect of OAD may reflect  
biological pathways or healthcare utiliza-
tion practices.

Summerhill E, Hoyle G, Jordt S, et al. 
2017. An Official American Thoracic Society 
Workshop Report: Chemical Inhalational  
Disasters: Biology of Lung Injury, Develop-
ment of Novel Therapeutics, and Medical 
Preparedness.  Ann Am Thorac Soc.

https://doi.org/10.1513/AnnalsATS .201704-297WS

This report is based upon the proceedings 
from the Inhalational Lung Injury Work-
shop jointly sponsored by the American 
Thoracic Society (ATS) and the National  
Institute of Health (NIH)/National Institute 
of Neurologic Disorders and Stroke (NINDS) 
Countermeasures Against Chemical Threats 
(CounterACT) program on May 21, 2013 in 
Philadelphia, PA. The CounterACT program 
facilitates research leading to the develop-
ment of new and improved medical counter-
measures for chemical threat agents. The 
workshop was initiated by the Terrorism 
and Inhalational Disasters (TID) Section of 
the Environmental, Occupational, and Pop-
ulation Health Assembly (EOPH) of the ATS. 
Participants included both domestic and 
international experts in the field, as well 
as representatives from U.S. governmental 
funding agencies. The meeting objectives 
were to (1) provide a forum to review the ev-
idence supporting current standard medical 
therapies, (2) present updates on our under-
standing of the epidemiology and underly-
ing pathophysiology of inhalational lung 
injuries, (3) discuss innovative investigative 
approaches to further delineating 

mechanisms of lung injury and identifying 
new specific therapeutic targets, (4) pres-
ent promising novel medical countermea-
sures, (5) facilitate collaborative research ef-
forts, and (6) identify challenges and future  
directions in the ongoing development, 
manufacture, and distribution of effective 
and specific medical countermeasures. Spe-
cific inhalational toxins discussed included  
irritants/pulmonary toxicants (chlorine gas, 
bromine, and phosgene), vesicants (sulfur 
mustard), chemical asphyxiants (cyanide), 
particulates (World Trade Center dust) and 
respirable nerve agents. Key Words: Acute 
Respiratory Distress Syndrome, Acute Lung 
Injury, Reactive Airways Disease, Toxic Inha-
lation, Disasters.

Vossbrinck M, Zeig-Owens R, Hall CB, et 
al. 2017. Post-9/11/2001 lung function tra-
jectories by sex and race in World Trade 
Center-exposed New York City emergency 
medical service workers. Occupational and 
Environmental Medicine 74(3):200-203.

http://dx.doi.org/10.1136/oemed-2016-103619 

OBJECTIVE: To determine whether lung 
function trajectories after 9/11/2001 (9/11) 
differed by sex or race/ethnicity in World 
Trade Center-exposed Fire Department of 
the City of New York emergency medical ser-
vice (EMS) workers. 

METHOD: Serial cross-sectional study of 
pulmonary function tests (PFTs) taken be-
tween 9/11 and 9/10/2015. We used data 
from routine PFTs (forced expiratory volume 
in 1 s (FEV1) and FEV1% predicted), con-
ducted at 12–18 month intervals. FEV1 and 
FEV1% predicted were assessed over time, 
stratified by sex, and race/ethnicity. We also 
assessed FEV1 and FEV1% predicted in cur-
rent, former and never-smokers. 

https://doi.org/10.1513/AnnalsATS.201704-297WS
http://dx.doi.org/10.1136/oemed-2016-103619
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RESULTS: Among 1817 EMS workers, 334 
(18.4%) were women, 979 (53.9%) self-iden-
tified as white and 939 (51.6%) were nev-
er-smokers. The median follow-up was 13.1 
years (IQR 10.5–13.6), and the median num-
ber of PFTs per person was 11 (IQR 7–13). 
After large declines associated with 9/11, 
there was no discernible recovery in lung 
function. In analyses limited to never-smok-
ers, the trajectory of decline in adjusted 
FEV1 and FEV1% predicted was relatively 
parallel for men and women in the 3 racial/
ethnic groups. Similarly, small differences in 
FEV1 annual decline between groups were 
not clinically meaningful. Analyses includ-
ing ever-smokers were essentially the same. 

CONCLUSIONS: 14 years after 9/11, most 
EMS workers continued to demonstrate a 
lack of lung function recovery. The trajec-
tories of lung function decline, however, 
were parallel by sex and by race/ethnicity. 
These findings support the use of routine, 
serial measures of lung function over time 
in first responders and demonstrate no sex 
or racial sensitivity to exposure-related lung 
function decline.

Webber M, Yip J, Zeig-Owens R, et al. 
2017. Post-9/11 sarcoidosis in WTC-exposed 
firefighters and emergeⁿcy medical service 
workers. Respiratory Medicine. 132(2017): 
232-237.

https://doi.org/10.1016/j.rmed.2017.06.004 

INTRODUCTION: The World Trade Center 
(WTC) disaster released a huge quantity and 
variety of toxicants into the environment. 
To-date, studies from each of the three ma-
jor cohorts of WTC-exposed workers have 
suggested “greater than expected” numbers 
of post-9/11 cases in some workers. We un-
dertook this study to estimate the incidence 
of post-9/11 sarcoidosis in approximately 

13,000 male firefighters and EMS workers 
enrolled in The Fire Department of the City 
of New York (FDNY) WTC Health Program; to 
compare FDNY incidence to rates from unex-
posed, demographically similar men in the 
Rochester Epidemiology Project (REP); and, 
to examine rates by level of WTC exposure. 

METHODS: We calculated incidence of 
sarcoidosis diagnosed from 9/12/2001 
to 9/11/2015, and generated expected 
sex- and age-specific rates based on REP 
rates. Standardized incidence ratios (SIR) 
based on REP rates, and 95% confidence 
intervals (95% CI) were estimated. Two 
sensitivity analyses limited cases to those 
with intra-thoracic symptoms or biopsy 
confirmation. 

RESULTS: We identified 68 post-9/11 cas-
es in the FDNY cohort. Overall, FDNY rates 
were significantly higher than expected 
rates (SIR=2.8; 95% CI=2.2, 3.6). Including 
only symptomatic cases, the SIR decreased 
(SIR=2.2; 95% CI=1.5, 3.0), but remained 
significantly elevated. SIRs ranged from 2.7 
(95% CI=2.0, 3.5) in the lower WTC exposure 
group to 4.2 (95% CI = 1.9, 8.0) in the most 
highly exposed. 

CONCLUSIONS: We found excess incident 
post-9/11 sarcoidosis in WTC-exposed 
workers. Continued surveillance, particu-
larly of those most highly exposed, is nec-
essary to identify those with sarcoidosis 
and to follow them for possible adverse 
effects including functional impairments 
and organ damage.

2018 ( 7 )

Crowley G, Kwon S, Haider SH, et al. 2018. 
Metabolomics of World Trade Center Lung 
Injury: a machine learning approach. BMJ 

https://doi.org/10.1016/j.rmed.2017.06.004
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Open Respiratory Research. 5(1):e000274.

https://doi.org/10.1136/bmjresp-2017-000274 

INTRODUCTION:  Biomarkers of metabolic 
syndrome expressed soon after World Trade 
Center (WTC) exposure predict development 
of WTC Lung Injury (WTC-LI). The metabo-
lome remains an untapped resource with 
potential to comprehensively characterise 
many as-pects of WTC-LI. This case–control 
study identified a clinically relevant, robust 
subset of metabolic contributors of WTC-LI 
through comprehensive high-dimensional 
metabolic profiling and integration of ma-
chine learning techniques. 

METHODS:  Never-smoking, male, WTC-ex-
posed firefighters with normal pre-9/11 
lung function were segregated by post-9/11 
lung function. Cases of WTC-LI (forced expi-
ratory volume in 1s <lower limit of normal, 
n=15) and controls (n=15) were identified 
from previ-ous cohorts. The metabolome of 
serum drawn within 6 months of 9/11 was 
quantified. Machine learning was used for 
dimension reduction to identify metabolites 
associated with WTC-LI. 

RESULTS:  580 metabolites qualified for 
random forests (RF) analysis to identify 
a refined metabolite profile that yielded 
maximal class separation. RF of the refined 
profile correctly classified subjects with a 
93.3% estimated success rate. 5 clusters of 
metabolites emerged within the refined pro-
file. Prominent subpathways include known 
mediators of lung dis-ease such as sphin-
golipids (elevated in cases of WTC-LI), and 
branched-chain amino acids (reduced in 
cases of WTC-LI). Principal component anal-
ysis of the refined profile explained 68.3% of 
variance in five components, demonstrating 
class separation. 

CONCLUSION:  Analysis of the metabolome 
of WTC-exposed 9/11 rescue workers has 
identi-fied biologically plausible pathways 
associated with loss of lung function. Since 
metabo-lites are proximal markers of dis-
ease processes, metabolites could capture 
the complexity of past exposures and better 
inform treatment. These pathways warrant 
further mechanis-tic research.

Haider SH, Kwon S, Lam R, et al. 2018. 
Predictive biomarkers of gastroesophage-
al reflux disease and barrett’s esophagus 
in World Trade Center exposed firefight-
ers: A 15 year longitudinal study. Scientific  
Reports 18(1): 3106.  

https://doi.org/10.1038/s41598-018-21334-9 

Gastroesophageal reflux disease (GERD) 
and Barrett’s Esophagus (BE), which are 
prevalent in the World Trade Center (WTC)  
exposed and general populations, negative-
ly impact quality of life and cost of health-
care. GERD, a risk factor of BE, is linked to  
obstructive airways disease (OAD). We aim to 
identify serum biomarkers of GERD/BE, and 
assess the respiratory and clinical pheno-
type of a longitudinal cohort of never-smok-
ing, male, WTC-exposed rescue workers 
presenting with pulmonary symptoms. Bi-
omarkers collected soon after WTC-expo-
sure were evaluated in optimized predictive 
models of GERD/BE. In the WTC-exposed 
cohort, the prevalence of BE is at least  
6  times higher than in the general population. 
GERD/BE cases had similar lung function,  
D LCO , bronchodilator response and 
long-acting beta-agonist use compared to 
controls. In confounder-adjusted regres-
sion models, TNF-α ≥ 6 pg/mL predicted 
both GERD and BE. GERD was also predict-
ed by C-peptide ≥ 360 pg/mL, while BE was 
predicted by fractalkine ≥ 250 pg/mL and 

https://doi.org/10.1136/bmjresp-2017-000274 
https://doi.org/10.1038/s41598-018-21334-9
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IP-10 ≥ 290 pg/mL. Finally, participants with 
GERD had significantly increased use of 
short-acting beta-agonist compared to con-
trols. Overall, biomarkers sampled prior to 
GERD/BE presentation showed strong pre-
dictive abilities of disease development. This 
study frames future investigations to further 
our understanding of aerodigestive pathol-
ogy due to particulate matter exposure.

Hena KM, Yip J, Jaber N, et al. 2018. Clini-
cal course of sarcoidosis in World Trade Cen-
ter-exposed firefighters. Chest 153: 114–123.

https://doi.org/10.1016/j.chest.2017.10.014 

BACKGROUND: Sarcoidosis is believed to 
represent a genetically primed, abnormal 
immune response to an antigen exposure 
or inflammatory trigger, with both genetic 
and environmental factors playing a role in 
disease onset and phenotypic expression. In 
a population of firefighters with post-World 
Trade Center (WTC) 9/11/2001 (9/11) sar-
coidosis, we have a unique opportunity to 
describe the clinical course of incident sar-
coidosis during the 15 years postexposure 
and, on average, 8 years following diagnosis. 

METHODS: Among the WTC-exposed cohort, 
74 firefighters with post-9/11 sarcoidosis 
were identified through medical records 
review. A total of 59 were enrolled in fol-
low-up studies. For each participant, the 
World Association of Sarcoidosis and Other 
Granulomatous Diseases organ assessment 
tool was used to categorize the sarcoidosis 
involvement of each organ system at time of 
diagnosis and at follow-up.

RESULTS: The incidence of sarcoidosis post-
9/11 was 25 per 100,000. Radiographic res-
olution of intrathoracic involvement oc-
curred in 24 (45%) subjects. Lung function 
for nearly all subjects was within normal 

limits. Extrathoracic involvement increased, 
most prominently joints (15%) and cardiac 
(16%) involvement. There was no evidence 
of calcium dysmetabolism. Few subjects 
had ocular (5%) or skin (2%) involvement, 
and none had beryllium sensitization. Most 
(76%) subjects did not receive any treat-
ment. 

CONCLUSIONS: Extrathoracic disease was 
more prevalent in WTC-related sarcoidosis 
than reported for patients with sarcoidosis 
without WTC exposure or for other expo-
sure-related granulomatous diseases (be-
ryllium disease and hypersensitivity pneu-
monitis). Cardiac involvement would have 
been missed if evaluation stopped after 
ECG, 48-h recordings, and echocardiogram. 
Our results also support the need for ad-
vanced cardiac screening in asymptomatic 
patients with strenuous, stressful, public 
safety occupations, given the potential fa-
tality of a missed diagnosis. 

Landgren O, Zeig-Owens R, Giricz O, et al. 
2018. Multiple Myeloma and Its Precursor 
Disease Among Firefighters Exposed to the 
World Trade Center Disaster. JAMA Oncol. 
4(6):821-827.

https://doi.org/10.1001/jamaoncol.2018.0509

IMPORTANCE: The World Trade Center (WTC) 
attacks on September 11, 2001, created an 
unprecedented environmental exposure to 
known and suspected carcinogens suggest-
ed to increase the risk of multiple myeloma. 
Multiple myeloma is consistently preced-
ed by the precursor states of monoclonal 
gammopathy of undetermined significance 
(MGUS) and light-chain MGUS, detectable in 
peripheral blood.  

OBJECTIVE: To characterize WTC-exposed 
firefighters with a diagnosis of multiple my-

https://doi.org/10.1016/j.chest.2017.10.014 
https://doi.org/10.1001/jamaoncol.2018.0509
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eloma and to conduct a screening study for 
MGUS and light-chain MGUS.

DESIGN, SETTING, AND PARTICIPANTS: Case 
series of multiple meloma in firefighters di-
agnosed between September 11, 2001, and 
July 1, 2017, together with a seroprevalence 
study of MGUS in serum samples collected 
from Fire Department of the City of New 
York (FDNY) firefighters between December 
2013 and October 2015. Participants in-
cluded all WTC-exposed FDNY white, male 
firefighters with a confirmed physician di-
agnosis of multiple myeloma (n = 16) and 
WTC-exposed FDNY white male firefighters 
older than 50 years with available serum 
samples (n = 781). 

EXPOSURES: WTC exposure defined as res-
cue and/or recovery work at the WTC site 
between September 11, 2001, and July 25, 
2002. 

MAIN OUTCOMES AND MEASURES: Multiple 
myeloma case information, and age-ad-
justed and age-specific prevalence rates 
for overall MGUS (ie, MGUS and light-chain 
MGUS), MGUS, and light-chain MGUS. 

RESULTS: Sixteen WTC-exposed white male 
firefighters received a diagnosis of multiple 
myeloma after September 11, 2001; median 
age at diagnosis was 57 years (interquartile 
range, 50-68 years). Serum/urine monoclo-
nal protein isotype/free light-chain data 
were available for 14 cases; 7 (50%) had 
light-chain multiple myeloma. In a subset 
of 7 patients, myeloma cells were assessed 
for CD20 expression; 5 (71%) were CD20 
positive. In the screening study, we assayed 
peripheral blood from 781 WTC-exposed 
firefighters. The age-standardized preva-
lence rate of MGUS and light-chain MGUS 
combined was 7.63 per 100 persons (95% CI, 
5.45-9.81), 1.8-fold higher than rates from 

the Olmsted County, Minnesota, white male 
reference population (relative rate, 1.76; 
95% CI, 1.34-2.29). The age-standardized 
prevalence rate of light-chain MGUS was 
more than 3-fold higher than in the same 
reference population (relative rate, 3.13; 
95% CI, 1.99-4.93). 

CONCLUSIONS AND RELEVANCE: Environ-
mental exposure to the WTC disaster site is 
associated with myeloma precursor disease 
(MGUS and light-chain MGUS) and may be a 
risk factor for the development of multiple 
myeloma at an earlier age, particularly the 
light-chain subtype.

Singh A, Zeig-Owens R, Moir W, et al. 2018. 
Estimation of Future Cancer Burden Among 
Rescue and Recovery Workers Exposed to 
the World Trade Center Disaster. JAMA On-
col.4(6):828-831. 

https://doi.org/10.1001/jamaoncol.2018.0504

IMPORTANCE: Elevated rates of cancer have 
been reported in individuals exposed to the 
World Trade Center (WTC) disaster, includ-
ing Fire Department of the City of New York 
(FDNY) rescue and recovery workers.  

OBJECTIVE: To project the future burden of 
cancer in WTC-exposed FDNY rescue and 
recovery workers by estimating the 20-year 
cancer incidence. Design, Setting, and 

PARTICIPANTS: A total of 14474 WTC-ex-
posed FDNY employees who were can-
cer-free on January 1, 2012; subgroup 
analyses were conducted of the cohort’s 
white male population (n = 12374). In this 
closed-cohort study, we projected cancer 
incidence for the January 1, 2012, to Decem-
ber 31, 2031, period. Simulations were run 
using demographic-specific New York City 
(NYC) cancer and national mortality rates 

https://doi.org/10.1001/jamaoncol.2018.0504


FDN
Y Responders

Appendix Two • WTC FDNY Responders Data Center Research Publications  
Summary of World Trade Center Health Program Research 2019 Page 293

for each individual, summed for the whole 
cohort, and performed 1000 times to pro-
duce mean estimates. Additional analyses in 
the subgroup of white men compared case 
counts produced by using 2007-2011 FDNY 
WTC Health Program (FDNY-WTCHP) cancer 
rates vs NYC rates. Average and 20-year ag-
gregate costs of first-year cancer care were 
estimated using claims data. 

EXPOSURES: World Trade Center disaster ex-
posure defined as rescue and recovery work 
at the WTC site at any time from September 
11, 2001, to July 25, 2002. 

MAIN OUTCOMES AND MEASURES: (1) Pro-
jected number of incident cancers in the full 
cohort, based on NYC cancer rates; (2) cancer 
incidence estimates in the subgroup pro-
jected using FDNY-WTCHP vs NYC rates; and 
(3) estimated first-year treatment costs of  
incident cancers.  

RESULTS: On January 1, 2012, the cohort 
was 96.8% male, 87.1% white, and had a 
mean (SD) age of 50.2 (9.2) years. The pro-
jected number of incident cancer cases 
was 2960 (95% CI, 2883-3037). In our sub-
group analyses using FDNY-WTCHP vs NYC 
cancer rates, the projected number of new 
cases in white men was elevated (2714 
[95% CI, 2638-2786] vs 2596 [95% CI, 2524-
2668]). Accordingly, we expect more pros-
tate (1437 [95% CI, 1383-1495] vs 863 [95% 
CI, 816-910]), thyroid (73 [95% CI, 60-86] vs 
57 [95% CI, 44-69]), and melanoma cases 
(201 [95% CI, 179-223] vs 131 [95% CI, 112-
150), but fewer lung (237 [95% CI, 212-262] 
vs 373 [95% CI, 343-405]), colorectal (172 
[95% CI, 152-191] vs 267 [95% CI, 241-292]), 
and kidney cancers (66 [95% CI, 54-80] vs 
132 [95% CI, 114-152]) (P < .001 for all com-
parisons). The estimated 20-year cost of 
first-year treatment was $235835412 (95% 

CI, $187582227-$284088597). 

CONCLUSIONS AND RELEVANCE: We pro-
ject that the FDNY-WTCHP cohort will expe-
rience a greater cancer burden than would 
be expected from a demographically similar 
population. This underscores the impor-
tance of cancer prevention efforts and rou-
tine screening in WTC-exposed rescue and 
recovery workers.

Webber MP, Liu Y, Cohen HW, et al. 2018. 
Incidence and prevalence of antibody to 
hepatitis C virus in FDNY first responders  
before and after work at the World Trade 
Center disaster site.  Am J Ind Med. 61(9): 
733-740.

https://doi.org/10.1002/ajim.22871

BACKGROUND: The goals of this study were 
to assess the impact of work at the World 
Trade Center (WTC) site in relation to new, 
post-9/11/2001 (9/11) antibody to hepatitis C 
Virus (anti-HCV); and, evaluate secular trends 
in WTC-exposed male Fire Department of 
New York City (FDNY) Firefighters and Emer-
gency Medical Services (EMS) responders. 
 
METHODS: FDNY monitors responder health 
through physical exams and routine blood 
work. We used descriptive statistics to  
compare trans-9/11 and post-9/11 inci-
dence and to assess trends in prevalence 
from 2000 to 2012.  

RESULTS: Trans-9/11 incidence of new  
anti-HCV was 0.42 per 100 persons com-
pared with post-9/11 incidence of 0.34  
(P = 0.68). Overall seroprevalence was 1.3%; 
rates declined from 1.79 per 100 to 0.49 per 
100 over time (P < 0.0001).  

CONCLUSIONS: Work at the WTC was not 
associated with new infection. Biennial se-

https://doi.org/10.1002/ajim.22871
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roprevalence in responders declined over 
time, supporting the FDNY decision to dis-
continue routine annual testing in this co-
hort.

Zeig-Owens R, Singh A, Aldrich TK, et al 
2018.  Blood Leukocyte Concentrations, 
FEV1 Decline, and Airflow Limitation. A 15-
Year Longitudinal Study of World Trade 
Center-exposed Firefighters.  Annals  of the 
American Thoracic Society. 15(2):173–183. 

https://doi.org/10.1513/AnnalsATS.201703-276OC 

RATIONALE: Rescue/recovery work at the 
World Trade Center disaster site (WTC) 
caused a proximate decline in lung function 
in Fire Department of the City of New York 
firefighters. A subset of this cohort experi-
enced an accelerated rate of lung function 
decline over 15 years of post-September 11, 
2001 (9/11) follow-up. 

OBJECTIVES: To determine if early postex-
posure blood leukocyte concentrations are 
biomarkers for subsequent FEV1 decline 
and incident airflow limitation. 

METHODS: Individual rates of forced expira-
tory volume in 1 second (FEV1) change were 
calculated for 9,434 firefighters using 88,709 
spirometric measurements taken between 
September 11, 2001, and September 10, 
2016. We categorized  FEV1 change rates into 
three trajectories: accelerated FEV1 decline 
(FEV1 loss >64 ml/yr), expected FEV1 decline 
(FEV1 loss between 0 and 64 ml/yr), and im-
proved FEV1 (positive rate of change >0 ml/
yr). Occurrence of FEV1/FVC less than 0.70 af-
ter 9/11 defined incident airflow limitation. 
Using regression models, we assessed asso-
ciations of post-9/11 blood eosinophil and 
neutrophil concentrations with subsequent 
FEV1 decline and airflow limitation, adjust-
ed for age, race, smoking, height, WTC expo-

sure level, weight change, and baseline lung 
function.

RESULTS: Accelerated FEV1 decline occurred 
in 12.7% of participants (1,199 of 9,434), 
whereas post-9/11 FEV1 improvement  
occurred in 8.3% (780 of 9,434). Higher 
blood eosinophil and neutrophil concentra-
tions were each associated with accelerated 
FEV1 decline after adjustment for covari-
ates (odds ratio [OR], 1.10 per 100 eosino-
phils/mm3; 95% confidence interval [CI], 
1.05-1.15; and OR, 1.10 per 1,000 neutro-
phils/mm3; 95% CI, 1.05-1.15, respectively).  
Multivariable-adjusted linear regression 
models showed that a higher blood neutro-
phil concentration was associated with a 
faster rate of FEV1 decline (1.14 ml/yr decline 
per 1,000 neutrophils/mm3; 95% CI, 0.69-
1.60 ml/yr; P < 0.001). Higher blood eosino-
phil concentrations were associated with a 
faster rate of FEV1 decline in ever-smokers 
(1.46 ml/yr decline per 100 eosinophils/mm3; 
95% CI, 0.65-2.26 ml/yr; P < 0.001) but not in 
never-smokers (P for interaction = 0.004). 
Higher eosinophil concentrations were 
also associated with incident airflow limi-
tation (adjusted hazard ratio, 1.10 per 100 
eosinophils/mm3; 95% CI, 1.04-1.15). Com-
pared with the expected FEV1 decline group,  
individuals experiencing accelerated FEV1 
decline were more likely to have incident 
airflow limitation (adjusted OR, 4.12; 95% 
CI, 3.30-5.14). 

CONCLUSIONS: Higher post-9/11 blood neu-
trophil and eosinophil concentrations were 
associated with subsequent accelerated 
FEV1 decline in WTC-exposed firefighters. 
Both higher blood eosinophil concentra-
tions and accelerated FEV1 decline were as-
sociated with incident airflow limitation in 
WTC-exposed firefighters.

https://doi.org/10.1513/AnnalsATS.201703-276OC
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Cleven KL, Ye K, Zeig-Owens R, et al. 
2019. Genetic variants associated with fdny 
WTC-related sarcoidosis. International jour-
nal of environmental research and public 
health. 16(10).

https://doi.org/http://dx.doi.org/10.3390/
ijerph16101830

Sarcoidosis is a systemic granulomatous 
disease of unknown etiology. It may develop 
in response to an exposure or inflammatory 
trigger in the background of a genetically 
primed abnormal immune response. Thus, 
genetic studies are potentially important 
to our understanding of the pathogenesis 
of sarcoidosis. We developed a case-con-
trol study which explored the genetic vari-
ations between firefighters in the Fire De-
partment of the City of New York (FDNY) 
with World Trade Center (WTC)-related sar-
coidosis and those with WTC exposure, but 
without sarcoidosis. The loci of fifty-one 
candidate genes related to granuloma for-
mation, inflammation, immune response, 
and/or sarcoidosis were sequenced at high 
density in enhancer/promoter, exonic, and 
5’ untranslated regions. Seventeen allele 
variants of human leukocyte antigen (HLA) 
and non-HLA genes were found to be asso-
ciated with sarcoidosis, and all were within 
chromosomes 1 and 6. Our results also sug-
gest an association between extrathoracic 
involvement and allele variants of HLA and 
non-HLA genes found not only on chromo-
somes 1 and 6, but also on chromosomes 
16 and 17. We found similarities between  
genetic variants with WTC-related sarcoido-
sis and those reported previously in sporad-
ic sarcoidosis cases within the general pop-
ulation. In addition, we identified several 
allele variants never previously reported in 
association with sarcoidosis. If confirmed 

https://doi.org/10.1001/jamanetworko-
pen.2019.9775

in larger studies with known environmental 
exposures, these novel findings may provide 
insight into the gene-environment interac-
tions key to the development of sarcoidosis.

Cohen HW, Zeig-Owens R, Joe C, et al. 
2019. Long-term cardiovascular disease 
risk among firefighters after the World Trade 
Center disasterlong-term cardiovascular 
disease risk among firefighters after the 
World Trade Center disasterlong-term car-
diovascular disease risk among firefighters 
after the World Trade Center disaster. JAMA 
Network Open. 2(9): e199775-e199775.

Published studies examining the association 
between World Trade Center (WTC) exposure 
on and after September 11, 2001, and longer-
term cardiovascular disease (CVD) outcomes 
have reported mixed findings. To assess 
whether WTC exposure was associated with 
elevated CVD risk in Fire Department of the 
City of New York (FDNY) firefighters.In this 
cohort study, the association between WTC 
exposure and the risk of CVD was assessed 
between September 11, 2001, and December 
31, 2017, in FDNY male firefighters. Multivar-
iable Cox regression analyses were used to 
estimate CVD risk in association with 2 meas-
ures of WTC exposure: arrival time to the WTC 
site and duration of work at the WTC site. 
Data analyses were conducted from May 1, 
2018, to March 8, 2019.The primary CVD out-
come included myocardial infarction, stroke, 
unstable angina, coronary artery surgery or 
angioplasty, or CVD death. The secondary 
outcome (all CVD) included all primary out-
come events or any of the following: tran-
sient ischemic attack; stable angina, defined 
as either use of angina medication or cardiac 
catheterization without intervention; cardio-
myopathy; and other CVD (aortic aneurysm, 

https://doi.org/http://dx.doi.org/10.3390/ijerph16101830 
https://doi.org/http://dx.doi.org/10.3390/ijerph16101830 
https://doi.org/10.1001/jamanetworkopen.2019.9775
https://doi.org/10.1001/jamanetworkopen.2019.9775
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peripheral arterial vascular intervention, 
and carotid artery surgery).There were 489 
primary outcome events among 9796 male 
firefighters (mean [SD] age on September 11, 
2001, was 40.3 [7.4] years and 7210 individ-
uals [73.6%] were never smokers). Age-ad-
justed incident rates of CVD were higher for 
firefighters with greater WTC exposure. The 
multivariable adjusted hazard ratio (HR) for 
the primary CVD outcome was 1.44 (95% CI, 
1.09-1.90) for the earliest arrival group com-
pared with those who arrived later. Similar-
ly, those who worked at the WTC site for 6 or 
more months vs those who worked less time 
at the site were more likely to have a CVD 
event (HR, 1.30; 95% CI, 1.05-1.60). Well-es-
tablished CVD risk factors, including hyper-
tension (HR, 1.41; 95% CI, 1.10-1.80), hyper-
cholesterolemia (HR, 1.56; 95% CI, 1.28-1.91), 
diabetes (HR, 1.99; 95% CI, 1.33-2.98), and 
smoking (current: HR, 2.13; 95% CI, 1.68-
2.70; former: HR, 1.55; 95% CI, 1.23-1.95), 
were significantly associated with CVD in the 
multivariable models. Analyses with the all-
CVD outcome were similar.The findings of the 
study suggest a significant association be-
tween greater WTC exposure and long-term 
CVD risk. The findings appear to reinforce the 
importance of long-term monitoring of the 
health of survivors of disasters.

Colbeth HL, Zeig-Owens R, Liu Y, et al. 
2019. Persistent self-reported ear and hear-
ing problems among World Trade Center-ex-
posed firefighters and emergency medical 
service workers, 2001-2017—a longitudinal 
cohort analysis. American Journal of Indus-
trial Medicine. 62(1): 43-49.

https://doi.org/10.1002/ajim.22925

BACKGROUND: The goal of this study was to 
estimate the impact of exposure to the World 
Trade Center (WTC) site on annual and per-
sistent rates of otalgia and hearing impair-

ment among Fire Department of the City of 
New York (FDNY) Firefighters and Emergency 
Medical Service Workers (EMS). Methods Re-
sponders completed routine physical health 
questionnaires at monitoring visits. We used 
logistic and marginal logistic regression mod-
els to explore the association between otal-
gia and hearing impairment and WTC arriv-
al time. Results The highest-exposed group 
had greater odds of persistent ear symptoms  
(OR 1.33, 95%CI 1.11-1.59) compared with 
the least-exposed; the odds of persistent 
hearing problems between the groups were 
not significantly different. We found consist-
ent WTC-exposure gradients when the aver-
age population odds of these outcomes were 
assessed each year. Conclusions Our findings 
demonstrate that the odds of long-term ear 
symptoms were significantly associated with 
the intensity of WTC exposure.

Colbeth HL, Zeig-Owens R, Webber MP, et 
al. 2019. Post-9/11 peripheral neuropathy 
symptoms among World Trade Center-ex-
posed firefighters and emergency medical 
service workers. International journal of 
environmental research and public health. 
16(10).

https://doi.org/http://dx.doi.org/10.3390/
ijerph16101727

Peripheral neuropathy can result from nu-
merous conditions including metabolic dis-
orders, inflammatory disease, or exposure 
to environmental or biological toxins. We 
analyzed questionnaire data from 9239 Fire 
Department of the City of New York (FDNY) 
World Trade Center (WTC)-exposed firefight-
ers and emergency medical service workers 
(EMS) to evaluate the association between 
work at the WTC site and subsequent pe-
ripheral neuropathy symptoms using the 
validated Diabetic Neuropathy Symptom 

https://doi.org/10.1002/ajim.22925
https://doi.org/http://dx.doi.org/10.3390/ijerph16101727
https://doi.org/http://dx.doi.org/10.3390/ijerph16101727
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(DNS) score. We grouped the population 
into an “Indicated” group with conditions 
known to be associated with paresthesia 
(N = 2059) and a “Non-Indicated” group 
without conditions known to be associated 
(N = 7180). The level of WTC exposure was 
categorized by time of arrival to the WTC. 
Overall, 25% of workers aged 40 and older 
reported peripheral neuropathy symptoms: 
30.6% in the Indicated and 23.8% in the 
Non-Indicated groups, respectively. Multi-
variable logistic models performed on the 
Non-Indicated group, and on the Non-Indi-
cated in comparison with non-WTC exposed 
National Health and Nutrition Examination 
Survey (NHANES), found that the highest 
level of WTC-exposure was significantly as-
sociated with DNS positive outcomes, after 
controlling for potential confounders. In 
conclusion, this study suggests that symp-
toms of peripheral neuropathy and pares-
thesias are common and are associated 
with WTC-exposure intensity.

Crowley G, Kwon S, Ostrofsky DF, et al. 
2019. Assessing the protective metabo-
lome using machine learning in World Trade 
Center particulate exposed firefighters at 
risk for lung injury. Scientific reports. 9(1): 
11939.

https://doi.org/10.1038/s41598-019-48458-w

The metabolome of World Trade Center 
(WTC) particulate matter (PM) exposure has 
yet to be fully defined and may yield infor-
mation that will further define bioactive 
pathways relevant to lung injury. A subset 
of Fire Department of New York firefighters 
demonstrated resistance to subsequent loss 
of lung function. We intend to characterize 
the metabolome of never smoking WTC-ex-
posed firefighters, stratified by resistance 
to WTC-Lung Injury (WTC-LI) to determine 

metabolite pathways significant in subjects 
resistant to the loss of lung function. The 
global serum metabolome was determined 
in those resistant to WTC-LI and controls (n 
= 15 in each). Metabolites most important to 
class separation (top 5% by Random Forest 
(RF) of 594 qualified metabolites) included 
elevated amino acid and long-chain fat-
ty acid metabolites, and reduced hexose 
monophosphate shunt metabolites in the 
resistant cohort. RF using the refined met-
abolic profile was able to classify cases and 
controls with an estimated success rate 
of 93.3%, and performed similarly upon 
cross-validation. Agglomerative hierarchi-
cal clustering identified potential influential 
pathways of resistance to the development 
of WTC-LI. These pathways represent poten-
tial therapeutic targets and warrant further 
research.

Flamme GA, Deiters KK, Stephenson MR, 
et al. 2019. Population-based age adjust-
ment tables for use in occupational hearing 
conservation programs. International jour-
nal of audiology. 1-11.

https://doi.org/10.1080/14992027.2019.1698068

OBJECTIVE: In occupational hearing conser-
vation programmes, age adjustments may 
be used to subtract expected age effects. 
Adjustments used in the U.S. came from a 
small dataset and overlooked important 
demographic factors, ages, and stimulus 
frequencies. The present study derived a set 
of population-based age adjustment tables 
and validated them using a database of ex-
posed workers.

DESIGN: Cross-sectional population-based-
study and retrospective longitudinal cohort 
study for validation.

STUDY SAMPLE: Data from the U.S. Nation-
al Health and Nutrition Examination Survey 

https://doi.org/10.1038/s41598-019-48458-w 
https://doi.org/10.1080/14992027.2019.1698068
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(unweighted n = 9937) were used to produce 
these tables. Male firefighters and emergen-
cy medical service workers (76,195 audio-

grams) were used for validation.RESULTS: 
Cross-sectional trends implied less change 
with age than assumed in current U.S. regula-
tions. Different trends were observed among 
people identifying with non-Hispanic Black 
race/ethnicity. Four age adjustment tables 
(age range: 18-85) were developed (women 
or men; non-Hispanic Black or other race/
ethnicity). Validation outcomes showed that 
the population-based tables matched medi-
an longitudinal changes in hearing sensitivity 
well.

CONCLUSIONS: These population-based 
tables provide a suitable replacement for 
those implemented in current U.S. regula-
tions. These tables address a broader range 
of worker ages, account for differences in 
hearing sensitivity across race/ethnicity cat-
egories, and have been validated for men 
using longitudinal data.

Kwon S, Crowley G, Mikhail M, et al. 2019. 
Metabolic syndrome biomarkers of World 
Trade Center airway hyperreactivity: A 16-
year prospective cohort study. International 
journal of environmental research and pub-
lic health. 16(9).

https://doi.org/10.3390/ijerph16091486

Airway hyperreactivity (AHR) related to en-
vironmental exposure is a significant public 
health risk worldwide. Similarly, metabol-
ic syndrome (MetSyn), a risk factor for ob-
structive airway disease (OAD) and systemic 
inflammation, is a significant contributor to 
global adverse health. This prospective co-
hort study followed N = 7486 World Trade 
Center (WTC)-exposed male firefighters 
from 11 September 2001 (9/11) until 1  

August 2017 and investigated N = 539 with 
newly developed AHR for clinical biomarkers 
of MetSyn and compared them to the non-
AHR group. Male firefighters with normal 
lung function and no AHR pre-9/11 who had 
blood drawn from 9 September 2001-24 July 
2002 were assessed. World Trade Center-Air-
way Hyperreactivity (WTC-AHR) was defined 
as either a positive bronchodilator response 
(BDR) or methacholine challenge test (MCT). 
The electronic medical record (EMR) was 
queried for their MetSyn characteristics  
(lipid profile, body mass index (BMI),  
glucose), and routine clinical biomarkers 
(such as complete blood counts). We mod-
eled the association of MetSyn character-
istics at the first post-9/11 exam with AHR. 
Those with AHR were significantly more like-
ly to be older, have higher BMIs, have high in-
tensity exposure, and have MetSyn. Smoking 
history was not associated with WTC-AHR. 
Those present on the morning of 9/11 had 
224% increased risk of developing AHR, and 
those who arrived in the afternoon of 9/11 
had a 75.9% increased risk. Having ≥3 MetSyn  
parameters increased the risk of WTC-AHR 
by 65.4%. Co-existing MetSyn and high WTC 
exposure are predictive of future AHR and 
suggest that systemic inflammation may be 
a contributor.

Kwon S, Crowley G, Caraher EJ, et al. 
2019. Validation of predictive metabolic 
syndrome biomarkers of World Trade Center 
lung injury: A 16-year longitudinal study. 
Chest. 156(3): 486-496.

https://doi.org/10.1016/j.chest.2019.02.019

BACKGROUND: Metabolic Syndrome (Met
Syn) predicted future development of World 
Trade Center lung injury(WTC-LI) in a sub
group of never smoking, male firefighters. 
An intra-cohort validation of MetSyn as pre

-

-

-

https://doi.org/10.3390/ijerph16091486
https://doi.org/10.1016/j.chest.2019.02.019 
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dictors of WTC-LI is examined in the WTC-ex-
posed cohort that has been longitudinally 
followed for 16 years. 

METHODS: PFTs(N=98,221) of WTC-exposed 
workers(N=9,566) were evaluated. A base-
line cohort of firefighters with normal FEV1 
prior to 9/11 and had serum drawn prior to 
site closure on July 24, 2002(N=7,487) was 
investigated. Cases of WTC-LI(N=1,208) were 
identified if they had at least two meas-
ured FEV1<LLN. Cox-proportional hazards 
modeled early MetSyn biomarker ability to  
predict development of FEV1<LLN. 

RESULTS: Cases were more likely to smoke, 
be highly exposed, and have MetSyn. There 
was a significant exposure dose response; 
the most highly-exposed individuals had 
30.1%-increased risk of developing WTC-LI; 
having MetSyn increased risk of WTC-LI by 
55.7%; smoking increased risk by 15.2%. 
There was significant interaction between 
smoking and exposure. 

CONCLUSIONS: We validated the utility of 
MetSyn to predict future WTC-LI in a larger 
population of exposed individuals. MetSyn 
defined by dyslipidemia, insulin resistance, 
and cardiovascular disease suggests that 
systemic inflammation can contribute to fu-
ture lung function loss.

Liu C, Putman B, Singh A, et al. 2019.  
Abnormalities on chest computed tomogra-
phy and lung function following an intense 
dust exposure: A 17-year longitudinal study. 
International Journal of Environmental  
Research and Public Health. 16(9).

https://doi.org/10.3390/ijerph16091655

Fire Department of the City of New York 
(FDNY) firefighters experienced intense 
dust exposure working at the World Trade 

Center (WTC) site on and after 11/9/2001 
(9/11). We hypothesized that high-intensity 
WTC exposure caused abnormalities found 
on chest computed tomography (CT). Be-
tween 11/9/2001–10/9/2018, 4277 firefight-
ers underwent a clinically-indicated chest 
CT. Spirometric measurements and symp-
toms were recorded during routine medical  
examinations. High-intensity exposure,  
defined as initial arrival at the WTC on the 
morning of 9/11, increased the risk of bronchi-
al wall thickening, emphysema, and air trap-
ping. Early post-9/11 symptoms of wheeze 
and shortness of breath were associated with 
bronchial wall thickening, emphysema, and 
air trapping. The risk of accelerated forced 
expiratory volume at one second (FEV1)  
decline (>64 mL/year decline) increased 
with bronchial wall thickening and em-
physema, but decreased with air trapping.  
The risk of airflow obstruction also increased 
with bronchial wall thickening and emphy-
sema but decreased with air trapping. In 
a previously healthy occupational cohort, 
high-intensity WTC exposure increased the 
risk for CT abnormalities. Bronchial wall 
thickening and emphysema were associat-
ed with respiratory symptoms, accelerated 
FEV1 decline, and airflow obstruction. Air 
trapping was associated with respiratory 
symptoms, although lung function was pre-
served. Physiologic differences between CT 
abnormalities suggest that distinct types 
of airway injury may result from a common  
exposure.

Singh A, Zeig-Owens R, Hall CB, et al. 
2019. World Trade Center exposure, PTSD 
and subjective cognitive concerns in a co-
hort of rescue/recovery workers. Acta Psy-
chiatr Scand. [epub ahead of press]

https://doi.org/10.1111/acps.13127

https://doi.org/10.3390/ijerph16091655
https://doi.org/10.1111/acps.13127
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OBJECTIVE: To determine whether World 
Trade Center (WTC)-exposure intensity and 
posttraumatic stress disorder (PTSD) are as-
sociated with subjective cognitive change 
in rescue/recovery workers. Methods The 
population included 7,875 rescue/recovery 
workers who completed a subjective cogni-
tion measure, the Cognitive Function Instru-
ment (CFI), between 3/1/2018-2/28/2019 
during routine monitoring, indicating 
whether they had experienced cognitive 
and functional difficulties in the past year. 
Higher scores indicated greater self-per-
ceived cognitive change. Probable PTSD, 
depression and alcohol abuse were evalu-
ated by validated mental health screeners. 
Logistic regression assessed the associa-
tions of WTC-exposure and current PTSD 
with top-quartile(≥2) CFI score, and of ear-
ly post-9/11 PTSD with top-quartile CFI in a 
subpopulation (N=6,440). Models included 

demographics, smoking, depression and  
alcohol abuse as covariates. 

RESULTS: Mean age at CFI completion  
was 56.7±7.7 (range:36-81). Participants 
with high-intensity WTC-exposure had an 
increased likelihood of top-quartile CFI 
score (odds ratio[OR] vs. low exposure: 1.32, 
95%CI: 1.07-1.64), controlling for covariates. 
Current and early PTSD were both associat-
ed with top-quartile CFI (OR: 3.25, 95%CI: 
2.53-4.19 and OR: 1.56, 95%CI: 1.26-1.93), 
respectively. 

CONCLUSIONS: High-intensity WTC-ex-
posure was associated with self-reported 
cognitive change 17 years later in rescue/
recovery workers, as was PTSD. Highly 
WTC-exposed subgroups may benefit from 
additional cognitive evaluation and moni-
toring of cognition over time.
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2002 (1)
Levin S, Herbert R, Skloot G, et al. 2002. 
Health effects of World Trade Center site 
workers. American Journal of Industrial 
Medicine. 42(6):545–547. [no abstract]

https://doi.org/10.1002/ajim.10154  

2004 (4)
Landrigan P, Lioy P, Thurston G, et al. 
2004. Health and environmental conse-
quences of the World Trade Center disas-
ter. Environmental Health Perspectives. 
112(6):731–739. 

https://www.ncbi .nlm.nih.gov/pmc/
articles/PMC1241968/ 

The attack on the WTC created an acute 
environmental disaster of enormous mag-
nitude. This study characterizes the envi-
ronmental exposures resulting from de-
struction of the WTC and assesses their 
effects on health. Methods include ambi-
ent air sampling; analyses of outdoor and 
indoor settled dust; high-altitude imaging 
and modeling of the atmospheric plume; 
inhalation studies of WTC dust in mice; and 

clinical examinations, community surveys, 
and prospective epidemiologic studies of 
exposed populations. WTC dust was found 
to consist predominantly (95%) of coarse 
particles and contained pulverized cement, 
glass fibers, asbestos, lead, polycyclic aro-
matic hydrocarbons (PAHs), polychlorinat-
ed biphenyls (PCBs), and polychlorinated 
furans and dioxins. Airborne particulate 
levels were highest immediately after the 
attack and declined thereafter. Particu-
late levels decreased sharply with distance 
from the WTC. Dust pH was highly alkaline 
(pH 9.0–11.0). Mice exposed to WTC dust 
showed only moderate pulmonary inflam-
mation but marked bronchial hyperreactiv-
ity. Evaluation of 10,116 firefighters showed 
exposure-related increases in cough and 
bronchial hyperreactivity. Evaluation of 
183 cleanup workers showed new-onset 
cough (33%), wheeze (18%), and phlegm 
production (24%). Increased frequency of 
new-onset cough, wheeze, and shortness 
of breath were also observed in community 
residents. Follow-up of 182 pregnant wom-
en who were either inside or near the WTC 
on 11 September showed a 2–fold increase 
in small-for-gestational-age (SGA) infants. 
In summary, environmental exposures af-
ter the WTC disaster were associated with 
significant adverse effects on health. The 
high alkalinity of WTC dust produced bron-
chial hyperreactivity, persistent cough, and 
increased risk of asthma. Plausible causes 
of the observed increase in SGA infants in-
clude maternal exposures to PAH and par-
ticulates. Future risk of mesothelioma may 
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be increased, particularly among workers 
and volunteers exposed occupationally to 
asbestos. Continuing follow-up of all ex-
posed populations is required to document 
the long-term consequences of the disaster.

Levin S, Herbert R, Moline J, et al. 2004. 
Physical health status of World Trade Center 
rescue and recovery workers and volunteers 
– New York City, July 2002–August 2004. 
Morbidity and Mortality Weekly. 53(35):807–
812. [no abstract]

https://www.cdc.gov/mmwr/preview/
mmwrhtml/mm5335a1.htm 

Skloot G, Goldman M, Fischler D, et al. 
2004. Respiratory symptoms and physi-
ologic assessment of ironworkers at the 
World Trade Center disaster site. Chest. 
125(4):1248–1255. 

https://doi.org/10.1378/chest.125.4.1248 

STUDY OBJECTIVES: To characterize respira-
tory abnormalities in a convenience sample 
of ironworkers exposed at the WTC disas-
ter site for varying lengths of time between 
September 11, 2001, and February 8, 2002. 

DESIGN: Cross- sectional study. 

SETTING: The Mount Sinai Medical Center, a 
large tertiary hospital. PARTICIPANTS: Nine-
ty-six ironworkers engaged in rescue and 
recovery with exposure onset between Sep-
tember 11, 2001, and September 15, 2001, 
who responded to an invitation to undergo 
respiratory evaluation. 

MEASUREMENTS: Medical and exposure 
history, physical examination, spirometry, 
forced oscillation (FO), and chest radio-
graphs. The relationships of prevalence of 
respiratory symptoms and presence of ob-
structive physiology to smoking, exposure 
on September 11, duration of exposure, and 

type of respiratory protection were exam-
ined using univariate and linear and logistic 
regression analyses. 

RESULTS: Seventy- four of 96 workers (77%) 
had one or more respiratory symptoms 
(similar in smokers [49 of 63 subjects, 78%] 
and nonsmokers [25 of 33 subjects, 76%]). 
Cough was the most common symptom 
(62 of 96 subjects, 65%), and was associat-
ed with exposure on September 11. Chest 
examination and radiograph findings were 
abnormal in 10 subjects (10%) and 19 sub-
jects (20%), respectively. FO revealed dys-
function in 34 of 64 subjects tested (53%), 
while spirometry suggested obstruction in 
only 11 subjects (17%). Lack of a respirator 
with canister was a risk factor for large air-
way dysfunction, and cigarette smoking was 
a risk factor for small airway dysfunction. 
No other relationships reached statistical 
significance. 

CONCLUSIONS: Respiratory symptoms oc-
curred in the majority of ironworkers at the 
WTC disaster site and were not attributable 
to smoking. Exposure on September 11 was 
associated with a greater prevalence of 
cough. Objective evidence of lung disease 
was less common. Spirometry underesti-
mated the prevalence of lung function ab-
normalities in comparison to FO. Continuing 
evaluation of symptoms, chest radiographs, 
and airway dysfunction should determine 
whether long-term clinical sequelae will 
exist.

Smith R, Katz C, Holmes A, et al. 2004. 
Mental health status of World Trade Center 
rescue and recovery workers and volunteers 
New York City, July 2002– August 2004. Mor-
bidity and Mortality Weekly. 53(35):812–815. 

https://www.cdc.gov/mmwr/preview/
mmwrhtml/mm5335a2.htm 
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After the September 11, 2001, attacks on the 
WTC, a comprehensive screening program 
was established to evaluate the physical and 
mental health of rescue and recovery work-
ers and volunteers. Persons were eligible for 
this program if they participated in the WTC 
rescue or recovery efforts and met specific 
time criteria for exposure to the site. During 
July 16, 2002–-August 6, 2004, the program 
evaluated 11,768 workers and volunteers. 
This report summarizes data analyzed from 
a subset of 1,138 of the 11,768 participants 
evaluated at the Mount Sinai School of Med-
icine during July 16–- December 31, 2002. 
On the basis of one or more standardized 
screening questionnaires, approximately 
half (51%) of participants met threshold cri-
teria for a clinical mental health evaluation. 
Continued surveillance is needed to assess 
the long-term psychological impact of the 
aftermath of the 9/11 attacks and to deter-
mine needs for continued treatment.

2005 (2)
Boscarino J, Adams R, Stuber J, et al. 
2005. Disparities in mental health treat-
ment following the World Trade Center Di-
saster: implications for mental health care 
and health services research. Journal of 
Traumatic Stress. 18(4):287–297. 

https://doi.org/10.1002/jts.20039 

To assess disparities in mental health treat-
ment in New York City (NYC) after the World 
Trade Center Disaster (WTCD) reported pre-
viously related to care access, we conducted 
analyses among a cross- sectional survey of 
adults who had PTSD or major depression 
(N=473) one year after the event. The depen-
dent variables examined were use of mental 
health services, in general, and use of mental 
health services related to the WTCD. Similar 

dependent variables were developed for 
medication usage. Although a number of 
bivariate results were statistically signifi-
cant for post disaster mental health visits, 
in a multivariate logistic regression model, 
only WTCD exposure remained significant. 
For service utilization related to the WTCD, 
the multivariate results indicated that Afri-
can Americans were less likely to have had 
these visits compared to Whites, while those 
with a regular doctor, who had greater ex-
posure to WTCD events, and those who had 
a perievent panic attack were more likely to 
have had such visits. In terms of medication 
use, multivariate results suggested that Af-
rican Americans were less likely to use post 
disaster medications, whereas persons 45 
+ years old and those with a regular doctor, 
were more likely to use them. For WTCD-re-
lated medication use, multivariate models 
indicated that African Americans were less 
likely to use medications, relative to Whites, 
while those between 45 and 64 years old, 
those with a regular doctor, those exposed 
to more WTCD events, and those who had 
a perievent panic attack, were more likely 
to have taken medications related to the 
disaster. The primary reason respondents 
gave for not seeking treatment (55% of sub-
sample) was that they did not believe that 
they had a problem (73%). Other reasons 
were that they wanted to solve the problem 
on their own (5%), had problems accessing 
services (6%), had financial problems (4%), 
or had a fear of treatment (4%). Despite the 
availability of free mental health services 
offered in a supportive and potentially less 
stigmatizing environment post disaster, 
there still appeared to be barriers to receiv-
ing post disaster services among those pre-
sumably in need of care.

Wolff M, Teitelbaum S, Lioy P, et al. 2005. 
Exposures among pregnant women near 
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the World Trade Center site on 11 Septem-
ber 2001. Environmental Health Perspec-
tives. 113(6):739–748. 

https://dx.doi.org/10.1289%2Fehp.7694 

We have characterized environmental ex-
posures among 187 women who were preg-
nant, were at or near the WTC on or soon 
after 11 September 2001, and are enrolled 
in a prospective cohort study of health ef-
fects. Exposures were assessed by estimat-
ing time spent in five zones around the WTC 
and by developing an exposure index (EI) 
based on plume reconstruction modeling. 
The daily reconstructed dust levels were 
correlated with levels of particulate matter 
< or =2.5 microm in aerodynamic diameter 
(PM2.5; r=0.68) or PM10 (r=0.73–0.93) re-
ported from 26 September through 8 Oc-
tober 2001 at four of six sites near the WTC 
whose data we examined. Biomarkers were 
measured in a subset. Most (71%) of these 
women were located within eight blocks of 
the WTC at 0900 hr on 11 September, and 12 
women were in one of the two WTC towers. 
Daily EIs were determined to be highest im-
mediately after 11 September and became 
much lower but remained highly variable 
over the next 4 weeks. The weekly summa-
ry EI was associated strongly with women’s 
perception of air quality from week 2 to 
week 4 after the collapse (p < 0.0001). The 
highest levels of polycyclic aromatic hydro-
carbon-deoxyribonucleic acid (PAH- DNA) 
adducts were seen among women whose 
blood was collected sooner after 11 Sep-
tember, but levels showed no significant 
associations with EI or other potential WTC 
exposure sources. Lead and cobalt in urine 
were weakly correlated with sigmaEI, but 
not among samples collected closest to 
11 September. Plasma OC levels were low. 
The median polychlorinated biphenyl level 
(sum of congeners 118, 138, 153, 180) was 

84 ng/g lipid and had a nonsignificant pos-
itive association with sigmaEI (p > 0.05). 
1,2,3,4,6,7,8–Heptachlorodibenzodioxin 
levels (median, 30 pg/g lipid) were similar to 
levels reported in WTC-exposed firefighters 
but were not associated with EI. This report 
indicates intense bystander exposure after 
the WTC collapse and provides information 
about nonoccupational exposures among a 
vulnerable population of pregnant women.

2006 (4)
Herbert R, Moline J, Skloot G, et al. 
2006. The World Trade Center disaster and 
the health of workers: five-year assess-
ment of a unique medical screening pro-
gram. Environmental Health Perspectives. 
114(12):1853–1858. 

https://dx.doi.org/10.1289%2Fehp.9592 

BACKGROUND: Approximately 40000 res-
cue and recovery workers were exposed to 
caustic dust and toxic pollutants follow-
ing the 11 September 2001 attacks on the 
WTC. These workers included traditional 
first responders, such as firefighters and 
police, and a diverse population of con-
struction, utility, and public sector workers.  

METHODS: To characterize WTC-related 
health effects, the WTC Worker and Volun-
teer Medical Screening Program was estab-
lished. This multicenter clinical program 
provides free standardized examinations to 
responders. Examinations include medical, 
mental health, and exposure assessment 
questionnaires; physical examinations; 
spirometry; and chest X rays. 

RESULTS: Of 9,442 responders examined 
between July 2002 and April 2004, 69% 
reported new or worsened respiratory 
symptoms while performing WTC work. 
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Symptoms persisted to the time of exam-
ination in 59% of these workers. Among 
those who had been asymptomatic before 
September 11, 61% developed respiratory 
symptoms while performing WTC work. 
Twenty- eight percent had abnormal spi-
rometry; forced vital capacity (FVC) was 
low in 21%; and obstruction was present 
in 5%. Among nonsmokers, 27% had ab-
normal spirometry compared with 13% in 
the general U.S. population. Prevalence of 
low FVC among nonsmokers was 5–fold 
greater than in the U.S. population (20% 
vs. 4%). Respiratory symptoms and spi-
rometry abnormalities were significantly 
associated with early arrival at the site. 

CONCLUSION: WTC responders had ex-
posure-related increases in respiratory 
symptoms and pulmonary function test 
abnormalities that persisted up to 2.5 
years after the attacks. Long-term medical 
monitoring is required to track persistence 
of these abnormalities and identify late 
effects, including possible malignancies. 
Lessons learned should guide future re-
sponses to civil disasters.

Katz C, Smith R, Silverton M, et al. 
2006. A mental health program for ground 
zero rescue and recovery workers: Cas-
es and observations. Psychiatric Services. 
57(9):1335–1338. 

https://doi.org/10.1176/ps.2006.57.9.1335 

Clinical vignettes from the WTC Worker and 
Volunteer Mental Health Monitoring and 
Treatment Program at the Mount Sinai Med-
ical Center in New York City are presented. 
The hospital-based program pairs mental 
health screenings with federally funded 
occupational medical screenings to iden-
tify persons with mental health problems 
related to their rescue and recovery roles. 

The program also provides on-site mental 
health treatment. The cases illustrate the 
diverse mental health needs of the rescue 
and recovery workers, some of whom ini-
tially sought treatment years after Sep-
tember 11, 2001. The cases show that in 
addition to symptoms of PTSD, workers ex-
perienced survivor guilt, distressing memo-
ries of childhood trauma, shame associated 
with intense feelings, substance abuse re-
lapse, psychosis, and problems with family 
relationships.

Katz C, Herbert R, Levin S, et al. 2006. The 
World Trade Center worker/volunteer men-
tal health screening program. 9/11:Mental 
Health in the Wake of Terrorist Attacks. Ed. 
Neria Y, Gross R, Marshall R, et al. New York 
City, NY: Cambridge University Press, 2006. 
355–377. [Book Chapter] 

http://doi.org/10.1017/CBO9780511544132.023 

Moline J, Herbert R, Nguyen N. 2006. 
Health consequences of the September 11 
World Trade Center attacks: a review. Can-
cer Investigation. 24(3):294–301. 

https://doi.org/10.1080/07357900600633965 

In the aftermath of the September 11 WTC 
attack, a large number of people sustained 
potential exposures to smoke, dust, par-
ticulate matter, and a variety of toxins, in-
cluding asbestos, pulverized concrete, glass 
fibers, polycyclic aromatic hydrocarbons 
(PAHs), and polychlorinated furans and 
dioxins. Additionally, many had exposure 
to psychological traumatogens. The most 
common effects seen to date are respira-
tory and mental health consequences. The 
long-term consequences of exposures are 
not yet known, and there remains concern 
about the potential for late-emerging dis-
eases such as cancers. This article reviews 
WTC-related health effects, the spectrum of 
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exposures and how they were documented, 
and discusses future preventive efforts.

2007 (2)
Mendelson D, Roggeveen M, Levin S, et 
al. 2007. Air trapping detected on end-ex-
piratory high- resolution computed tomog-
raphy in symptomatic World Trade Center 
rescue and recovery workers. Journal of 
Occupational and Environmental Health. 
49(8):840–845. 

https://doi.org/10.1097/JOM.0b013e3180d09e87 

OBJECTIVES: We utilized end-expiratory 
chest computed tomography (CT) to investi-
gate air trapping (AT) in symptomatic former 
World Trade Center (WTC) workers, and cor-
related the findings with clinical, physiolog-
ical, and exposure- related characteristics. 

METHODS: Twenty-nine WTC workers with 
lower respiratory symptoms were evaluat-
ed. Clinical data included symptom inven-
tories, quantitative respiratory symptom 
scores, WTC dust exposure duration, pul-
monary function tests, and inspiratory and 
end-expiratory high- resolution chest CT 
scans. The latter were scored quantitative-
ly for AT (by two methods) and interstitial 
changes, and those scores were correlated 
with the clinical data. 

RESULTS: The two AT scoring methods yield-
ed highly correlated results. AT was demon-
strated in 25 of 29 patients, with scores rang-
ing from 0 to 24 (mean, 10.6). There was a 
statistically significant correlation between 
AT and the duration of dust exposure. AT 
scores were significantly higher in patients 
with restrictive lung function data, and in 
lifetime nonsmokers. 

CONCLUSIONS: Our data suggest that AT 
from small airways disease may account 

for some of the reported clinical and pul-
monary functional abnormalities in WTC 
dust- exposed workers, and support the use 
of high-resolution CT scans in the investiga-
tion and characterization of the pulmonary 
ailments of selected workers.

Tao X, Massa J, Ashwell L, et al. 2007. The 
World Trade Center clean up and recovery 
worker cohort study: respiratory health 
amongst cleanup workers approximately 20 
months after initial exposure at the disaster 
site. Journal of Occupational and Environ-
mental Medicine. 49(10):1063–1072. 

https://doi.org/10.1097/JOM.0b013e31815ac4f8 

OBJECTIVE: Respiratory health among 
cleanup workers at the WTC disaster site 
was evaluated approximately 20 months af-
ter the initial exposure to assess the risk of 
lower respiratory symptoms. 

METHODS: In 2003 a self-administered ques-
tionnaire requesting information about site 
experience, current respiratory and histor-
ical health, and smoking was sent to 4,546 
workers employed at the site (response 
25%), and 2103 workers who were never at 
the WTC (response 12%). 

RESULTS: As compared with those never at 
the site, WTC workers were more than three 
times as likely to report any lower respira-
tory symptoms (rate ratio=3.40, 95% confi-
dence interval: 2.334.94). 

CONCLUSIONS: These results suggest an im-
pact on respiratory health related to work 
experience at the WTC and indicate further 
monitoring to address potential long-term 
effects.

2008 (12)
Bills C, Levy N, Sharma V, et al. 2008. 
Mental health of workers and volunteers 
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responding to events of 9/11:review of the 
literature. Mount Sinai Journal of Medicine. 
75(2):115–127. 

https://doi.org/10.1002/msj.20026 

BACKGROUND: Disaster workers respond-
ing to the events of September 11th were 
exposed to traumatic events. No study has 
systematically investigated the diverse 
mental health status and needs of the het-
erogeneous population of disaster workers 
responding to the events of September 11th. 

METHODS: Using PubMed and Medline and 
the search terms of “September 11, 2001” 
or “September 11” or “9/11”or “WTC” or 
“World Trade Center”, the authors reviewed 
all articles that examined the mental health 
outcomes of workers at one of the three 
September 11th crash sites or the Fresh Kills 
landfill in New York City. 

RESULTS: In total, 25 articles met study in-
clusion criteria, often using different meth-
odologies. The articles described varying de-
grees of mental health symptomatology, risk 
factors for adverse mental health outcomes, 
and utilization of mental health services. 

CONCLUSIONS: The mental health needs of 
workers exposed to the events of September 
11th ranged from little to no care to pharma-
cotherapy. A range of risk factors, including 
exposures at the WTC site and occupational 
activities, impacted on these needs but the 
role of specific mental health interventions 
was less clear. These findings suggest the 
need for a future program for disaster work-
ers consisting of an accessible mental health 
treatment service supported by comprehen-
sive post disaster surveillance and empha-
sis on pre-disaster mental wellness. A num-
ber of areas for further consideration and 
study were identified, including the need for 

a more diverse exploration of involved re-
sponder populations as well as investigation 
of potential mental health outcomes beyond 
PTSD.

de la Hoz R, Christie J, Teamer J, et al. 
2008. Reflux symptoms and disorders and 
pulmonary disease in former World Trade 
Center rescue and recovery workers and vol-
unteers. Journal of Occupational and Envi-
ronmental Medicine. 50(12):1351–1354. 

https://doi.org/10.1097/JOM.0b013e3181845f9b 

BACKGROUND: Gastroesophageal reflux dis-
ease is one of the most prevalent conditions 
among former WTC rescue and recovery 
workers. The reason for this proposed asso-
ciation with an inhalation injury is unclear. 
In this study, we clinically characterized the 
reflux disorders in former WTC workers, and 
we investigated their association with pul-
monary function abnormalities and with 
clinical diagnoses of other WTC-related 
diseases. 

METHODS: Forty-two former WTC workers 
underwent the following testing: symptom 
inventories, physical examination, spirom-
etry, esophagogastroduodenoscopy, and 
24–hour pH monitoring studies for the eval-
uation of chronic reflux-like symptoms. Pa-
tients were classified into two groups based 
on clinical evaluation: group 1 (reflux pa-
tients) including definitive reflux disorders 
(gastroesophageal reflux, non-erosive reflux, 
nonacid reflux, and laryngopharyngeal reflux 
diseases) and group 2 (no-reflux patients) 
patients without clinically significant reflux 
disease, including functional heartburn, and 
hypersensitive esophagus disorder. 
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RESULTS: The reflux and no-reflux patients 
had significantly different Johnson-De-
Meester scores and esophageal acid expo-
sure times. Patients with reflux disorders 
were more likely to have reduced forced vital 
capacity (chi2=5.49, P=0.031) and also more 
likely to have been diagnosed with a low-
er airway disease (chi2=7.14, P=0.008). We 
found no significant association between 
reflux and psychiatric disorders (chi2=0.02, 
P=0.89), levels of exposure at the WTC site, 
or incidence of dry cough, or other upper 
airway disorders. 

CONCLUSIONS: A spectrum of reflux symp-
toms and disorders are present in WTC re-
sponders. Our data suggest that the pres-
ence of reflux disease is related to that of 
pulmonary function abnormality suggestive 
of air trapping and a diagnosis of a lower re-
spiratory disease.

de la Hoz R, Hill S, Chasan R, et al. 2008. 
Health care and social issues of immi-
grant rescue and recovery workers at the 
World Trade Center site. Journal of Oc-
cupational and Environmental Medicine. 
50(12):1329–1334. 

https://doi.org/10.1097/JOM.0b013e31818ff6fd 

This article reviews the experience of a 
unique occupational group of WTC workers: 
immigrant workers. This group is comprised 
largely of men, laborers, who are first-gen-
eration immigrants. The majority of these 
workers are from Latin America (predomi-
nantly from Ecuador and Colombia) or from 
Eastern Europe (predominantly from Po-
land). Our data shows that the disease pro-
file observed in these workers was what we 
have previously reported for WTC working 
population as a whole. Recent reports have 
begun to document the disproportionate 
burden of occupational hazards, injuries, 

and illnesses experienced by immigrant 
workers in the United States. The WTC expe-
rience of immigrants exemplified this burden 
but, additionally, highlighted that this burden 
is exacerbated by limitations in access to 
appropriate health care, disability and com-
pensation benefits, and vocational rehabili-
tation services. A clinical program that was 
designed to address the complex medical 
and psychosocial needs of these workers in 
a comprehensive manner was successfully 
established. Full justice for these workers 
depends on larger societal changes.

de la Hoz R, Shohet M, Bienenfeld L, et al. 
2008. Vocal cord dysfunction in former WTC 
rescue and recovery workers and volun-
teers. American Journal of Industrial Medi-
cine. 51(3):161–165. 

https://doi.org/10.1002/ajim.20541 

BACKGROUND: Vocal cord dysfunction 
(VCD) is a condition characterized by para-
doxical partial adduction of the vocal cords 
on inspiration. It has been associated with 
exposures to irritants, as well as with psy-
chological illnesses and conditions. Work-
ers who participated in the recovery of the 
WTC disaster site were exposed to a large 
amount of irritants as well as considerable 
psychological stressors. We describe the 
clinical characteristics of 10 symptomatic 
former WTC workers diagnosed with this 
condition, as well as the frequency of spiro-
metric findings suggestive of variable extra-
thoracic obstruction. 

METHODS: Workers who became symptom-
atic after their WTC work experience have 
been evaluated clinically by a multidisci-
plinary team at an academic medical cen-
ter. The evaluation included history, phys-
ical examination, chest radiograph, blood 
tests, and pre- and post-bronchodilator 
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spirometry in all patients. Additional eval-
uations and diagnostic tests included oto-
laryngological evaluation with flexible 
rhinolaryngoscopy and stroboscopy, gastro-
enterological and psychiatric evaluations. A 
randomly selected sample of 172 spirome-
try results were reviewed for evidence of in-
spiratory flow limitation. 

RESULTS: Variable extrathoracic obstruc-
tion was found in 18.6% of the spirometries. 
Ten patients were diagnosed with VCD. In 
addition to symptoms suggestive of co-mor-
bid conditions (particularly rhinitis and acid 
reflux disease), most of the 10 patients had 
(1) hoarseness, (2) dyspnea that was not as-
sociated with bronchial hyperreactivity, or 
(3) dyspnea associated with asthma, with 
either mild bronchial hyperreactivity and/or 
poor response to asthma treatment. 

CONCLUSIONS: VCD appears to be part of 
the spectrum of airway disorders caused by 
occupational exposures at the WTC disas-
ter site. Further study of this association is 
warranted.

de la Hoz R, Shohet M, Chasan R, et al. 
2008. Occupational toxicant inhalation in-
jury: the WTC experience. International Ar-
chives of Occupational and Environmental 
Health. 81(4):479–485. 

https://doi.org/10.1007/s00420-007-0240-x 

OBJECTIVE AND METHODS: Clinical descrip-
tive data is presented on a group of 554 
former workers and volunteers (with more 
than 90 different occupations) at the WTC 
disaster site. A subsample of 168 workers 
(30% of the group) was selected to exam-
ine lower airway disease risk in relation to 
smoking and WTC exposure variables. 

RESULTS: Five diagnostic categories clearly 
predominate: upper airway disease (78.5%), 

gastroesophageal reflux disease (57.6%), 
lower airway disease (48.9%), psychologi-
cal (41.9%) and chronic musculoskeletal ill-
nesses (17.8%). The most frequent pattern 
of presentation was a combination of the 
first three of those categories (29.8%). Asso-
ciations were found between arrival at the 
WTC site within the first 48 h of the terrorist 
attack and lower airway and gastroesoph-
ageal reflux disease, and between past or 
present cigarette smoking and lower airway 
disease. 

CONCLUSION: Occupational exposures at 
the WTC remain consistently associated 
with a disease profile, which includes five 
major diagnostic categories. These con-
ditions often coexist in different combina-
tions, which (as expected) mutually enhanc-
es their clinical expression, complicates 
medical management, and slows recovery. 
Cigarette smoking and early arrival at the 
WTC site appear to be risk factors for lower 
airway disease diagnosis.

Enright P, Skloot G, Herbert R. 2008. Stan-
dardization of spirometry in assessment of 
responders following manmade disasters: 
World Trade Center worker and volunteer 
medical screening program. Mount Sinai 
Journal of Medicine. 75(2):109–114. 

http://doi.org/10.1002/msj.20027 

BACKGROUND: Spirometry is the most com-
monly used pulmonary function test to 
screen individuals for suspected lung dis-
ease. It is also used for screening workers 
with exposures to agents associated with 
pulmonary diseases. Although the Ameri-
can Thoracic Society (ATS) provides guide-
lines for spirometers and spirometry tech-
niques, many factors are not standardized, 
so that results from individual pulmonary 
function laboratories vary substantially. 
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These differences can create substantial dif-
ficulties in using data pooled from multiple 
sites to understand health consequences 
of disasters that involve exposures to pul-
monary toxins. This article describes the 
approach used to minimize these differenc-
es for a consortium of institutions who are 
providing medical monitoring examinations 
to WTC responders. The protocol improved 
upon the minimal ATS guidelines. 

METHODS: Spirometric measurements were 
obtained before and after use of a broncho-
dilator. A fourth-generation spirometer was 
chosen that exceeded ATS spirometer accu-
racy standards. The accuracy was verified at 
the beginning of each day of testing. Tech-
nologists who performed the spirometry 
tests were centrally trained and certified 
and received regular reports on their perfor-
mance. Reference values and normal rang-
es were obtained from the National Health 
and Nutrition Examination Survey (NHANES 
III) data set. A standardized interpretation 
flowchart was followed to reduce misclas-
sification rates for airway obstruction and 
restriction. Patients with spirometric abnor-
malities were referred for more extensive di-
agnostic testing. 

RESULTS: More than 12,000 spirometry tests 
were performed during the first examina-
tion. The 20 spirometers used at the 6 par-
ticipating institutions maintained accuracy 
within 3% for more than 4 years. Overall, 
more than 80% of the test sessions met ATS 
quality goals. Spirometry abnormality rates 
exceeded those obtained for adults who 
participated in the NHANES III survey. 

CONCLUSIONS: The program allowed stan-
dardization of the performance and inter-
pretation of spirometry results across multi-
ple institutions. This facilitated reliable and 
rapid diagnosis of lung disease in the large 

number of WTC responders screened. We 
recommend this approach for postdisaster 
pulmonary evaluations in other settings.

Landrigan P, Forman J, Galvez M, et al. 
2008. Impact of September 11 World Trade 
Center disaster on children and pregnant 
women. Mount Sinai Journal of Medicine. 
75(2):129–134. 

https://doi.org/10.1002/msj.20032 

BACKGROUND: Children are uniquely sensi-
tive to toxic exposures in the environment. 
This sensitivity reflects children’s dispropor-
tionately heavy exposures coupled with the 
biologic vulnerability that is a consequence 
of their passage through the complex transi-
tions of early development. METHODS AND 

RESULTS: To assess effects on children’s 
health associated with the attacks on the 
World Trade Center (WTC) of September 
11, 2001, research teams at the Mount Si-
nai School of Medicine and other academic 
health centers in New York City launched a 
series of clinical and epidemiologic studies. 
Mount Sinai investigators undertook a pro-
spective analysis of pregnancy outcomes 
in 182 women who were pregnant on Sep-
tember 11, 2001, and who had been either 
inside or within 0.5 miles of the WTC at the 
time of the attacks; they found a doubling 
in incidence of intrauterine growth retarda-
tion (IUGR) among infants born to exposed 
mothers as compared to infants born to 
unexposed women in northern Manhattan. 
A Columbia research team examined preg-
nancy outcomes in 329 women who lived, 
worked or gave birth in lower Manhattan 
in the 9 months after September 11; they 
found that these women gave birth to in-
fants with significantly lower birth weight 
and shorter length than women living at 
greater distances from Ground Zero. NYU 
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investigators documented increased num-
bers of new asthma cases and aggravations 
of preexisting asthma in children living 
in lower Manhattan. Mount Sinai mental 
health researchers documented a signifi-
cant increase in mental health problems in 
children who directly witnessed the attacks 
and subsequent traumatic events; these 
problems were most severe in children with 
a past history of psychological trauma. The 
New York City Department of Health and 
Mental Hygiene established a WTC Registry 
that has enrolled over 70,000 persons of all 
ages in lower Manhattan and will follow the 
health of these populations to document on 
a continuing basis the health consequences 
of September 11.

Moline J, Herbert R, Levin S, et al. 2008. 
WTC medical monitoring and treatment 
program: comprehensive health care re-
sponse in aftermath of disaster. Mount Sinai 
Journal of Medicine. 75(2):67–75. 

https://doi.org/10.1002/msj.20022 

The attack on the WTC on September 11th, 
2001 exposed thousands of individuals to 
an unprecedented mix of chemicals, com-
bustion products and micronized building 
materials. Clinicians at the Mount Sinai Ir-
ving Selikoff Center for Occupational and 
Environmental Medicine, in partnership 
with affected stakeholder organizations, 
developed a medical screening program 
to evaluate the health status of workers 
and volunteers who spent time at the WTC 
site and thus sustained exposure in the af-
termath of September 11th. Standardized 
questionnaires were adapted for use in this 
unique population and all clinicians under-
went training to ensure comparability. The 
WTC Worker and Volunteer Medical Screen-
ing Program (MSP) received federal fund-
ing in April 2002 and examinations began 

in July 2002. The MSP and the follow up 
medical monitoring program has success-
fully recruited nearly 22,000 responders, 
and serves as a model for the rapid devel-
opment of a medical screening program to 
assess the health of populations exposed to 
environmental hazards as a result of natu-
ral and man- made disasters. The MSP con-
stitutes a successful screening program for 
WTC responders. We discuss the challenges 
that confronted the program; the absence 
of a prior model for the rapid development 
of a program to evaluate results from mixed 
chemical exposures; little documentation 
of the size of the exposed population or of 
who might have been exposed; and uncer-
tainty about both the nature and potential 
severity of immediate and long- term health 
effects.

Reissman D, Howard J. 2008. Responder 
safety and health: Preparing for future di-
sasters. Mount Sinai Journal of Medicine. 
75(2):135–141. 

https://doi.org/10.1002/msj.20024 

This article reviews lessons learned about 
managing the safety and health of workers 
who were involved in disaster response, 
recovery, and cleanup after the 2001 WTC 
disaster. The first two sections review ongo-
ing responder health burdens and the tragic 
toll of this disaster from a worker safety and 
health perspective. The remaining sections 
address changes in federal infrastructure, 
response planning, and resources for pro-
tection of response and recovery personnel. 
Proper preparation includes pre-event and 
“just-in-time” disaster-worker training on 
likely hazards, organizational assets for haz-
ard monitoring, and hands-on instruction in 
the use of assigned protective equipment. 
Good planning includes predeployment 
medical review to ensure “fitness for duty” 
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and considers the following: (1) personal risk 
factors, (2) hazards likely to be associated 
with particular field locations, and (3) risks 
involved with assigned tasks (eg., workload 
and pace, work/rest cycles, available re-
sources, and team/supervisory dynamics). 
Planning also should address worker health 
surveillance, medical monitoring, and avail-
ability of medical care (including mental 
health services). Disaster safety managers 
should anticipate likely hazards within plan-
ning scenarios and prepare asset inventories 
to facilitate making timely safety decisions. 
Disaster safety management begins im-
mediately and provides ongoing real-time 
guidance to incident leadership at all levels 
of government. Robust standards must be 
met to reliably protect workers/responders. 
An integrated and measurable multi-agency 
safety management function must be built 
into the incident command system before 
an incident occurs. This function delineates 
roles and responsibilities for rapid exposure 
assessments, ensuring cross-agency consis-
tency in data interpretation, and timely, ef-
fective communication of information and 
control strategies. The ability to perform 
this safety management function should be 
tested and evaluated in exercise simulations 
and drills at multiple levels. Joint planning 
and exercising of the safety management 
plan and its function are effective ways to 
build inter-agency relationships and to be 
more systemic in managing logistics for 
safety equipment and converging person-
nel. Planning must include mechanisms to 
enable safety decisions to be implement-
ed-such as effective and rapid scene control 
(site access), personnel tracking, and safety 
enforcement. Worker safety and health pre-
paredness and leadership are essential for 
protecting workers and promoting resilien-
cy among personnel involved in disaster re-
sponse, recovery, and cleanup.

Savitz D, Oxman R, Metzger K, et al. 2008. 
Epidemiologic research on man-made disas-
ters: strategies and implications of cohort 
definition for World Trade Center worker 
and volunteer surveillance program. Mount 
Sinai Journal of Medicine. 75(2):77–87. 

https://doi.org/10.1002/msj.20023 

Studies of long-term health consequenc-
es of disasters face unique methodologic 
challenges. The authors focused on studies 
of the health of cleanup and recovery work-
ers, who are often poorly enumerated at 
the outset and difficult to follow over time. 
Comparison of the experience at the WTC 
disaster with 4 past incidents of chemical 
and radiation releases at Seveso, Italy; Bho-
pal, India; Chernobyl, Ukraine; and Three 
Mile Island, USA, provided useful contrasts. 
Each event had methodologic advantages 
and disadvantages that depended on the 
nature of the disaster and the availability of 
records on area residents, and the emergen-
cy-response and cleanup protocol. The WTC 
Worker Monitoring Program has well-de-
fined eligibility criteria but lacks informa-
tion on the universe of eligible workers to 
characterize response proportions or the 
potential for distortion of reported health 
effects. Non-participation may result from lack 
of interest, lack of awareness of the program, 
availability of another source of medical care, 
medical conditions precluding participation, 
inability to take time off from work, moving 
out of the area, death, or shift from initially in-
eligible to eligible status. Some of these con-
siderations suggest selective participation 
by the sickest individuals, whereas others 
favor participation by the healthiest. The 
greatest concern with the validity of infer-
ences regarding elevated health risks rela-
tive to external populations is the potential 
for selective enrollment among those who 
are affected. If there were a large pool of 
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nonparticipating workers and those who suf-
fered ill health were most motivated to en-
roll, the rates of disease among participants 
would be substantially higher than among 
all those eligible for the program. Future 
disaster follow-up studies would benefit 
substantially by having access to accurate 
estimates of the number of workers and in-
formation on the individuals who contribut-
ed to the cleanup and recovery effort.

Stellman S, Smith R, Katz C, et al. 2008. 
Enduring mental health morbidity and so-
cial function impairment in World Trade 
Center rescue, recovery, and cleanup work-
ers: the psychological dimension of an en-
vironmental health disaster. Environmental 
Health Perspectives. 116(9):1248–1253. 

https://doi.org/10.1289/ehp.11164 

BACKGROUND: The WTC attacks exposed 
thousands of workers to hazardous environ-
mental conditions and psychological trau-
ma. In 2002, to assess the health of these 
workers, Congress directed the National In-
stitute for Occupational Safety and Health 
to establish the WTC Medical Monitoring 
and Treatment Program. This program has 
established a large cohort of WTC rescue, re-
covery, and cleanup workers. We previously 
documented extensive pulmonary dysfunc-
tion in this cohort related to toxic environ-
mental exposures. 

OBJECTIVES: Our objective in this study was 
to describe mental health outcomes, social 
function impairment, and psychiatric co-
morbidity in the WTC worker cohort, as well 
as perceived symptomatology in workers’ 
children. 

METHODS: Ten to 61 months after the 
WTC attack, 10,132 WTC workers com-
pleted a self-administered mental health 
questionnaire. 

RESULTS: Of the workers who completed 
the questionnaire, 11.1% met criteria for 
probable PTSD, 8.8% met criteria for proba-
ble depression, 5.0% met criteria for proba-
ble panic disorder, and 62% met criteria for 
substantial stress reaction. PTSD prevalence 
was comparable to that seen in returning Af-
ghanistan war veterans and was much high-
er than in the U.S. general population. Point 
prevalence declined from 13.5% to 9.7% 
over the 5 years of observation. Comorbid-
ity was extensive and included extremely 
high risks for impairment of social function. 
PTSD was significantly associated with loss 
of family members and friends, disruption 
of family, work, and social life, and higher 
rates of behavioral symptoms in children of 
workers. 

CONCLUSIONS: Working in 9/11 recovery 
operations is associated with chronic im-
pairment of mental health and social func-
tioning. Psychological distress and psycho-
pathology in WTC workers greatly exceed 
population norms. Surveillance and treat-
ment programs continue to be needed.

Szeinuk J, Padilla M, de la Hoz R. 2008. Po-
tential for diffuse parenchymal lung disease 
after exposures at World Trade Center disas-
ter site. Mount Sinai Journal of Medicine. 
75(2):101–107. 

https://doi.org/10.1002/msj.20025 

OBJECTIVE: The diffuse parenchymal lung 
diseases (DPLDs) are a heterogeneous group 
of disorders that result from damage to the 
lung parenchyma. While the cause of most 
DPLDs remains unknown, extensive epide-
miological and experimental evidence has 
linked exposure to environmental toxins to 
the pathogenesis of some of those diseas-
es. The purpose of this review is to examine 
the potential relation between exposure to 
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toxins released from the WTC collapse on 
September 11th, 2001 and the development 
of DPLD based on published evidence up to 
date. 

METHODS: We examine such evidence from 
two points of view, (1) exposure, and (2) 
histopathogenesis. 

EXPOSURE: Analyses of WTC-dust and par-
ticle size demonstrate that some portion of 
the dust was composed of particles small 
enough to penetrate deep into the lungs, 
reaching distal airways and alveoli. The 
presence of such particles has been con-
firmed in studies of induced sputum and 
bronchoalveolar lavage in WTC-exposed 
firefighters. 

HISTOPATHOGENESIS: In vitro and animal 
experiments and patient evidence suggest 
that WTC dust is capable of inducing a pul-
monary interstitial inflammatory response. 

RESULTS: To date, there have been limited 
clinical reports documenting the develop-
ment of diffuse parenchymal responses 
following exposure to WTC dust. No single 
common pathologic response has been de-
scribed. The one common denominator in 
the reports is that the individuals who de-
veloped disease were heavily exposed ei-
ther during the disaster or during the initial 
2–to-3 days following the disaster. 

CONCLUSION: DLPDs are probably associ-
ated with heavy or extended exposure to 
the toxins released at the WTC disaster site. 
Coupled with the historical experience with 
exposures to occupational toxins this man-
dates continued long-term clinical observa-
tion of this cohort.

2009 (5)
Bills C, Dodson N, Stellman J, et al. 2009. 
Stories behind the symptoms: a qualitative

analysis of the narratives of 9/11 rescue and 
recovery workers. The Psychiatric Quarterly. 
80(3):173–189. 

https://doi.org/10.1007/s11126-009-9105-7 

A qualitative study of the experiences of 
rescue and recovery workers/volunteers at 
Ground Zero following the terrorist attacks 
of 9/11/01 is reported. Information was 
extracted from a semi-structured clinical 
evaluation of 416 responders who were the 
initial participants in a large scale medical 
and mental health screening and treatment 
program for 9/11 responders. Qualitative 
analysis revealed themes that spanned 
four categories: occupational roles, expo-
sures, attitudes/experiences, and outcomes 
related to the experience of Ground Zero. 
Themes included details regarding Ground 
Zero roles, grotesque experiences such as 
smells, the sense of the surreal nature of 
responding, and a turning to rituals to cope 
after leaving Ground Zero. These findings 
personalize the symptom reports and diag-
noses that have resulted from the 9/11 re-
sponders’ exposure to Ground Zero, yielding 
richer information than would otherwise be 
available for addressing the psychological 
dimensions of disasters. This work shows 
that large scale qualitative surveillance of 
trauma-exposed populations is both rele-
vant and feasible.

de la Hoz R, Shohet M, Wisnivesky J, et 
al. 2009. Atopy and upper and lower air-
way disease among former World Trade 
Center workers and volunteers. Journal of 
Occupational and Environmental Medicine. 
51(9):992–995. 

https://doi.org/10.1097/JOM.0b013e3181b32093 

OBJECTIVE: A large number of workers seemed 
to have developed upper and lower airway dis-
ease (UAD and LAD, respectively) in relation 
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to their occupational exposures at the World 
Trade Center (WTC) disaster site. This study 
examined atopy as a risk factor for presum-
ably WTC-related UAD and LAD. 

METHODS: Atopy was examined in 136 for-
mer WTC workers and volunteers by radioal-
lergosorbent test, skin prick testing, or both. 
Overall prevalence of atopy was estimated, 
and bivariate and multivariate logistic re-
gression analyses were conducted to exam-
ine associations of atopy with WTC-related 
UAD and LAD. 

RESULTS: Atopy was prevalent in 54.4% of 
these WTC workers. Atopy was associated 
with higher symptom severity scores for 
both WTC-related UAD and LAD. Atopy was a 
predictor of WTC- related UAD but not LAD. 
Early arrival at the WTC site, and pre-2001 
asthma diagnosis were predictors of LAD. 

CONCLUSION: The prevalence of atopy in 
this population is similar to what has been 
described for the general U.S. population. 
Atopy seemed to be a risk factor for presum-
ably WTC-related UAD but not for LAD.

Katz C, Levin S, Herbert R, et al. 2009. Psy-
chiatric symptoms in Ground Zero ironwork-
ers in the aftermath of 9/11:Prevalence and 
predictors. Psychiatric Bulletin. 33(2):49–52. 

https://doi.org/10.1192/pb.bp.107.018663 

AIMS AND METHOD: To establish the prev-
alence of, and risk factors for, psychiatric 
symptoms in Ground Zero ironworkers. 
Questionnaires commonly used to screen 
for psychiatric symptoms were completed 
by 124 workers. 

RESULTS: We have established the preva-
lence of screening positive for symptoms 
of post- traumatic stress disorder, panic at-
tacks, generalized anxiety, depression and 
alcohol misuse. Among the risk factors were 

alcohol misuse, injury to or death of a fam-
ily member, friend or co-worker at Ground 
Zero and one or more adverse life events 
since 9/11. 

CLINICAL IMPLICATIONS: Ironworkers at 
Ground Zero tend to have significant psychi-
atric symptoms likely to be associated with 
the traumatic experience of working there 
during the clean-up operation. Risk factors 
for psychiatric symptoms were established. 

Moline J, Herbert R, Crowley L, et al. 
2009. Multiple myeloma in World Trade 
Center responders: a case series. Journal of 
Occupational and Environmental Medicine. 
51(8):896–902. 

https://doi.org/10.1097/JOM.0b013e3181ad49c8 

OBJECTIVES: We report on cases of multiple 
myeloma (MM) observed in WTC responders 
registered in the WTC Medical Program. 

METHODS: Possible cases of MM diagnosed 
between September 11, 2001, and Septem-
ber 10, 2007, in responders were confirmed 
if they met the World Health Organization 
and Mayo Clinic diagnostic criteria. 

RESULTS: Among 28,252 responders of 
known sex and age, eight cases of MM were 
observed (6.8 expected). Four of these cas-
es were observed in responders younger 
than 45 years at the time of diagnosis (1.2 
expected). A slight deficit of MM cases was 
observed in responders older than 45 years 
(4 observed, 5.6 expected). 

CONCLUSION: In this case series, we ob-
serve an unusual number of MM cases in 
WTC responders under 45 years. This finding 
underscores the importance of maintaining 
surveillance for cancer and other emerging 
diseases in this highly exposed population.
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Skloot G, Schechter C, Herbert R, et al. 
2009. Longitudinal assessment of spirome-
try in the World Trade Center medical moni-
toring program. Chest. 135(2):492–498. 

https://doi.org/10.1378/chest.08-1391 

BACKGROUND: Multiple studies have 
demonstrated an initial high prevalence of 
spirometric abnormalities following WTC 
disaster exposure. We assessed prevalence 
of spirometric abnormalities and changes 
in spirometry between baseline and first 
follow-up evaluation in participants in the 
WTC Worker and Volunteer Medical Mon-
itoring Program. We also determined the 
predictors of spirometric change between 
the two examinations. 

METHODS: Prebronchodilator and post-
bronchodilator spirometry, demographics, 
occupational history, smoking status, and 
respiratory symptoms and exposure onset 
were obtained at both examinations (about 
3 years apart). 

RESULTS: At the second examination, 24.1% 
of individuals had abnormal spirometry 
findings. The predominant defect was a low 
FVC without obstruction (16.1%). Between 
examinations, the majority of individuals did 
not have a greater-than-expected decline 
in lung function. The mean declines in pre-
bronchodilator FEV(1) and FVC were 13 mL/
yr and 2 mL/yr, respectively (postbroncho-
dilator results were similar and not report-
ed). Significant predictors of greater average 
decline between examinations were lack of 
bronchodilator responsiveness at examina-
tion 1 and weight gain [corrected]. 

CONCLUSIONS: Elevated rates of spirometric 
abnormalities were present at both exam-
inations, with reduced FVC most common. 
Although the majority had a normal decline 
in lung function, lack of bronchodilator 

response at examination 1 and weight gain 
were significantly associated with great-
er-than-normal lung function declines [cor-
rected]. Due to the presence of spirometric 
abnormalities > 5 years after the disaster 
in many exposed individuals, longer-term 
monitoring of WTC responders is essential.

2010 (9)
Chiu S, Webber M, Zeig-Owens R, et al. 
2010. Validation of the Center for Epidemi-
ologic Studies depression scale in screening 
for major depressive disorder among retired 
firefighters exposed to the World Trade Cen-
ter disaster. Journal of Affective Disorders. 
121(3):212–219. 

https://doi.org/10.1016/j.jad.2009.05.028 

BACKGROUND: We evaluated the perfor-
mance of a modified Center of Epidemiologic 
Studies Depression Scale (CES-D-m), which 
captured symptoms in the past month, in 
comparison to the Diagnostic Interview 
Schedule (DIS) in identification of major de-
pressive disorder (MDD) in WTC-exposed 
retired Fire Department, City of New York 
(FDNY) firefighters. 

METHODS: From 12/2005 to 7/2007, FDNY en-
rolled retired firefighters in its Medical Mon-
itoring and Treatment Program. All partici-
pants completed the CES-D-m and the DIS on 
the same day. Sensitivity, specificity, receiver 
operating characteristic (ROC) curves, and 
Youden’s index were used to assess proper-
ties of the CES-D-m. Multivariate logistic re-
gression analyses were also used. 

RESULTS: 7% of 1915 retired male firefighters 
were diagnosed with MDD using the DIS. Us-
ing the most common CES-Dcutoff score of 
16, the prevalence of elevated risk was 36%, 
which declined to 23% using a cutoff score of 
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22, as determined by Youden’s index. At 22, 
CESD-m sensitivity was 0.84, specificity was 
0.82, and the area under the ROC curve was 
0.89 relative to DIS MDD diagnosis. 

LIMITATIONS: Participants were more likely 
than non- participants to live in the New York 
City area. 

CONCLUSIONS: This is the first study of WTC 
rescue/recovery workers to assess the perfor-
mance of a one-month version of the CES-D. 
The CES-D-m performed well in identifying 
those at elevated risk. Since diagnostic fol-
low-up is time consuming and costly, it is 
important to correctly distinguish those at 
elevated risk using a screening tool that has 
been validated in the population under study.

Dalton P, Opiekun R, Gould M, et al. 
2010. Chemosensory loss: functional con-
sequences of the World Trade Center di-
saster. Environmental Health Perspectives. 
118(9):1251–1256. 

https://doi.org/10.1289/ehp.1001924 

BACKGROUND: Individuals involved in res-
cue, recovery, demolition, and cleanup at 
the WTC site were exposed to a complex 
mixture of airborne smoke, dust, combus-
tion gases, acid mists, and metal fumes. 
Such exposures have the potential to impair 
nasal chemosensory (olfactory and trigemi-
nal) function. 

OBJECTIVE: The goal of this study was to 
evaluate the prevalence of chemosensory 
dysfunction and nasalinflammation among 
these individuals. 

METHODS: We studied 102 individuals who 
worked or volunteered at the WTC site in 
the days and weeks during and after 11 
September 2001 (9/11) and a comparison 
group with no WTC exposure matched to 
each participant on age, sex, and job title. 

Participants were comprehensively evalu-
ated for chemosensory function and nasal 
inflammation in a single session. Individual 
exposure history was obtained from self-re-
ported questionnaires. 

RESULTS: The prevalence of olfactory and 
trigeminal nerve sensitivity loss was signifi-
cantly greater in the WTC-exposed group 
relative to the comparison group [preva-
lence ratios (95% confidence intervals)=1.96 
(1.2–3.3) and 3.28 (2.7– 3.9) for odor and 
irritation thresholds, respectively]. Among 
the WTC responders, however, individuals 
caught in the dust cloud from the collapse 
on 9/11 exhibited the most profound tri-
geminal loss. Analysis of the nasal lavage 
samples supported the clinical findings 
of chronic nasal inflammation among the 
WTC- exposed cohort. 

CONCLUSIONS: The prevalence of signif-
icant chemosensory impairment in the 
WTC-exposed group more than 2 years after 
their exposure raises concerns for these in-
dividuals when the ability to detect airborne 
odors or irritants is a critical safety factor.

RELEVANCE TO CLINICAL PRACTICE: This 
outcome highlights the need for chemosen-
sory evaluations among individuals with 
exposure to acute high or chronic levels of 
airborne pollutants.

de la Hoz R. 2010. Occupational asthma and 
lower airway disease among World Trade 
Center workers and volunteers. Current Al-
lergy and Asthma Reports. 10(4):287–294. 

https://doi.org/10.1007/s11882-010-0120-4 

The WTC disaster and its recovery work in-
volved a range of hazardous occupational 
exposures that have not been fully character-
ized but can be reasonably assumed to have 
the potential to cause mucosal inflammation 
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in the upper and lower airways. A high prev-
alence of lower airway disease (LAD) symp-
toms was reported by several early surveys. 
Clinical studies further categorized the 
diagnoses as irritant-induced asthma (of 
subacute onset), nonspecific chronic bron-
chitis, chronic bronchiolitis, or aggravated 
preexistent obstructive pulmonary disease 
in a substantial proportion of patients. Risk 
factors for WTC-related LAD included ear-
ly (on September 11 or 12, 2001) arrival at 
the WTC site and work at the pile of the col-
lapsed towers. Cigarette smoking (but not 
atopy) also seemed to be a risk factor for 
LAD. No data thus far suggest an increased 
incidence of neoplastic or interstitial lung 
disease, but ongoing surveillance is clearly 
necessary.

de la Hoz R, Aurora R, Landsbergis P, et 
al. 2010. Snoring and obstructive sleep 
apnea among former World Trade Center 
rescue workers and volunteers. Journal of 
Occupational and Environmental Medicine. 
52(1):29–32. 

https://doi.org/10.1097/JOM.0b013e3181c2bb18 

BACKGROUND: Snoring is a common symp-
tom among workers with adverse health 
effects from their WTC occupational expo-
sures. Rhinitis and upper airway disease 
are highly prevalent among these workers. 
Rhinitis has been associated with snoring 
and, in some studies, with obstructive sleep 
apnea (OSA). We examined the association 
of WTC exposure and findings on nocturnal 
polysomnogram, as well as known predic-
tors of OSA in this patient population. 

METHODS: One hundred participants with 
snoring underwent a polysomnogram to 
exclude OSA. Comorbidities had been previ-
ously evaluated and treated. The apnea- hy-
popnea index (AHI) defined and categorized 

the severity of OSA. Age, sex, body mass in-
dex (BMI), and WTC exposure variables were 
examined in bivariate and multiple regres-
sion analyses. 

RESULTS: Our study sample had a similar 
prevalence of five major disease categories, 
as we previously reported. OSA was diag-
nosed in 62% of the patients and was not 
associated with any of those disease cate-
gories. A trend toward increasing AHI with 
increasing WTC exposure duration failed to 
reach the statistical significance (P=0.14) in 
multiple regression analysis. An elevated 
AHI was associated with BMI (P=0.003) and 
male sex (P< 0.001). 

CONCLUSIONS: OSA was associated with 
BMI and male sex but not with occupation-
al WTC exposure indicators in this patient 
population.

de la Hoz R, Shohet M, Cohen J. 2010. Oc-
cupational rhinosinusitis and upper airway 
disease: the World Trade Center experi-
ence. Current Allergy and Asthma Reports. 
10(2):77–83. 

https://doi.org/10.1007/s11882-010-0088-0 

The WTC disaster and its recovery work in-
volved a range of hazardous occupational 
exposures that have not been fully charac-
terized but that can be reasonably assumed 
to have the potential to cause mucosal in-
flammation, preferentially (but not exclu-
sively) in the upper airway. A high prevalence 
of rhinosinusitis and upper airway disease 
(UAD) symptoms was reported by sever-
al early surveys. Clinical studies demon-
strated objective, clinically significant, and 
persistent chronic perennial rhinosinusitis 
and UAD—with or without seasonal exac-
erbation—in a large proportion of patients. 
Demonstration of an association between 
UAD and available exposure indicators has 
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been limited. Atopy seemed to be associ-
ated with increased UAD symptom severi-
ty and to be a risk factor for upper, but not 
lower, airway disease. WTC-related UAD is 
considered an irritant-induced disease but 
not, in many cases, of acute onset. No data 
thus far suggest an increased upper airway 
cancer incidence.

Enright P, Skloot G, Cox-Ganser J, et al. 
2010. Quality of spirometry performed by 
13,599 participants in the World Trade Cen-
ter Worker and Volunteer Medical Screening 
Program. Respiratory Care. 55(3):303–309. 

http://rc.rcjournal.com/content/55/3/303.short 

OBJECTIVE: To determine the ability of spi-
rometry technicians in the WTC Worker and 
Volunteer Medical Screening Program to 
meet American Thoracic Society spirometry 
quality goals. 

METHODS: Spirometry technicians were 
trained centrally and performed spirometry 
sessions at 6 sites in the greater New York 
City area. We reviewed and graded the spi-
rometry results for quality every month. 

RESULTS: About 80% (range 70–88%) of the 
spirometry sessions met the American Tho-
racic Society spirometry goals. In general, 
the spirometry technicians with the most 
experience were more successful in meeting 
the quality goals. Participant characteristics 
explained very little of the quality variability. 

CONCLUSIONS: The overall spirometry 
quality in this multicenter program was very 
good. Efforts to improve spirometry quality 
should focus on the performance of individ-
ual spirometry technicians.

Skloot G, Edwards N, Enright P. 2010. 
Four-year calibration stability of the 
Easyone portable spirometer. Respiratory 
Care. 55(7):873–877. 

http://rc.rcjournal.com/content/55/7/873.short 

BACKGROUND: Clinical practice guidelines 
recommend daily spirometer calibration 
checks and weekly linearity checks. The long-
term stability of the volume and flow accura-
cy of a specific model of spirometer should 
be carefully characterized before modifica-
tion of the frequency of calibration checks 
is considered for that model of spirometer. 

METHODS: The EasyOne ultrasonic flow- 
sensing spirometer was chosen for use by 
the clinical centers at the 2002 inception 
of the WTC Worker and Volunteer Medical 
Screening Program. The screening program 
quality-control procedure required that the 
expiratory and inspiratory volume accuracy 
of each spirometer be checked every day 
of testing, and the flow accuracy (linearity) 
checked every week. The calibration check 
results were transferred to a central data-
base for summary. 

RESULTS: Over 5,000 calibration-check re-
sults (4,109 single-speed and 1,189 three-
speed) were accumulated from a total of 34 
spirometers during the period February 2003 
through March 2007. The mean single-speed 
calibration errors (and 5th-95th percentiles) 
were -2 mL (-80 to 70 mL) for exhalation and 
-10 mL (-80 to 60 mL) for inhalation. 98% of 
the exhalation and 97% of the inhalation 
calibration checks were accurate within 
3.0%. There was no evidence of significant 
non-linearity according to the results of the 
3-speed calibration checks (mean errors of 
-3, -5,and -6 mL at each speed). 

CONCLUSIONS: The EasyOne retained inha-
lation and exhalation volume accuracy of 
better than 3% for at least 4 years. Routine 
multiple- speed volume calibration checks 
may not be necessary with the EasyOne. 
The acceptability and repeatability of pa-
tient efforts should be the primary focus 
of quality-assurance programs w i t h 
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spirometers that have been demonstrated 
to remain accurate for long periods. 2010 
Daedalus Enterprises.

Wallenstein S, Bodian C, Herbert R. 2010. 
A capture-recapture problem when infor-
mation is obtained from two qualitatively 
different sources. Communications in Sta-
tistics - Theory and Methods. 39(15):2688–
2700. [no abstract]

http://dx.doi.org/10.1080/03610920903094691 

Wu M, Gordon R, Herbert R, et al. 2010. 
Case report: Lung disease in World Trade 
Center responders exposed to dust and 
smoke: Carbon nanotubes found in the 
lungs of World Trade Center patients and 
dust samples. Environmental Health Per-
spectives. 118(4):499–504. 

https://doi.org/10.1289/ehp.0901159  

CONTEXT: After the collapse of the WTC on 
11 September 2001, a dense cloud of dust 
containing high levels of airborne pollut-
ants covered Manhattan and parts of Brook-
lyn, New York. Between 60,000 and 70,000 
responders were exposed. Many reported 
adverse health effects. 

CASE PRESENTATION: In this report we de-
scribe clinical, pathologic, and mineralog-
ic findings in seven previously healthy re-
sponders who were exposed to WTC dust 
on either 11 September or 12 September 
2001, who developed severe respiratory 
impairment or unexplained radiologic find-
ings and underwent video- assisted thora-
coscopicsurgical lung biopsy procedures 
at Mount Sinai Medical Center. WTC dust 
samples were also examined. We found that 
three of the seven responders had severe 
or moderate restrictive disease clinically. 
Histopathology showed interstitial lung dis-
ease consistent with small airways disease, 

bronchiolocentric parenchymal disease, 
and nonnecrotizing granulomatous condi-
tion. Tissue mineralogic analyses showed 
variable amounts of sheets of aluminum 
and magnesium silicates, chrysotile asbes-
tos, calcium phosphate, and calcium sul-
fate. Small shards of glass containing mostly 
silica and magnesium were also found. Car-
bon nanotubes (CNT) of various sizes and 
lengths were noted. CNT were also identi-
fied in four of seven WTC dust samples. 

DISCUSSION: These findings confirm the 
previously reported association between 
WTC dust exposure and bronchiolar and 
interstitial lung disease. Long-term moni-
toring of responders will be needed to elu-
cidate the full extent of this problem. The 
finding of CNT in both WTC dust and lung 
tissues is unexpected and requires further 
study.

2011 (8)
Altman K, Desai S, Moline J, et al. 2011. 
Odor identification ability and self-reported 
upper respiratory symptoms in workers at 
the post-9/11 World Trade Center site. Inter-
national Archives of Occupational and Envi-
ronmental Health. 84(2):131–137. 

https://doi.org/10.1007/s00420-010-0556-9 

Following the WTC collapse on September 
11, 2001, more than 40,000 people were 
exposed to a complex mixture of inhal-
able nanoparticles and toxic chemicals. 
While many developed chronic respira-
tory symptoms, to what degree olfaction 
was compromised is unclear. A previous 
WTC Medical Monitoring and Treatment 
Program study found that olfactory and 
nasal trigeminal thresholds were altered 
by the toxic exposure, but not scores on 
a 20– odor smell identification test. 
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OBJECTIVES: To employ a well-validated 
40–item smell identification test to defini-
tively establish whether the ability to iden-
tify odors is compromised in a cohort of 
WTC-exposed individuals and, if so, whether 
the degree of compromise is associated with 
self-reported severity of rhinitic symptoms. 

METHODS: The University of Pennsylvania 
Smell Identification Test (UPSIT) was ad-
ministered to 99 WTC-exposed persons and 
99 matched normal controls. The Sino- Na-
sal Outcomes Test (SNOT-20) was adminis-
tered to the 99 WTC-exposed persons and 
compared to theUPSIT scores. 

RESULTS: The mean (SD) UPSIT scores were 
lower in the WTC-exposed group than in age-
, sex-, and smoking history-matched con-
trols [respective scores: 30.05 (5.08) vs 35.94 
(3.76); p=0.003], an effect present in a sub-
group of 19 subjects additionally matched 
on occupation (p < 0.001). Fifteen percent of 
the exposed subjects had severe microsmia, 
but only 3% anosmia. SNOT-20 scores were 
unrelated to UPSIT scores (r=0.20; p=0.11). 

CONCLUSION: Exposure to WTC air pollu-
tion was associated with a decrement in the 
ability to identify odors, implying that such 
exposure had a greater influence on smell 
function than previously realized.

Crowley L, Herbert R, Moline J, et al. 
2011. “Sarcoid like” granulomatous pulmo-
nary disease in World Trade Center disaster 
responders. American Journal of Industrial 
Medicine. 54(3):175–184. 

https://doi.org/10.1002/ajim.20924 

BACKGROUND: More than 20,000 respond-
ers have been examined through the WTC 
Medical Monitoring and Treatment Program 
since September 11, 2001. Studies on WTC 
firefighters have shown elevated rates of 

sarcoidosis. The main objective of this study 
was to report the incidence of “sarcoid like” 
granulomatous pulmonary disease in other 
WTC responders. 

METHODS: Cases of sarcoid like granulo-
matous pulmonary disease were identified 
by: patient self-report, physician report and 
ICD-9 codes. Each case was evaluated by 
three pulmonologists using the ACCESS cri-
teria and only “definite”cases are reported. 

RESULTS: Thirty-eight patients were classi-
fied as “definite” cases. Six-year incidence 
was 192/100,000. The peak annual incidence 
of 54 per 100,000 person-years occurred be-
tween 9/11/2003 and 9/11/2004. Incidence 
in black responders was nearly double that 
of white responders. Low FVC was the most 
common spirometric abnormality. 

CONCLUSIONS: Sarcoid like granulomatous 
pulmonary disease is present among the 
WTC responders. While the incidence is low-
er than that reported among firefighters, it 
is higher than expected.

Crowley L, Herbert R, Moline J, et 
al. 2011. Response to Dr. Reich’s letter: 
“Sarcoid-like” granulomatous pulmonary 
disease in World Trade Center disaster re-
sponders: influence of incidence computa-
tion methodology in inferring airborne dust 
causation: “Sarcoid-like” granulomatous 
pulmonary disease in World Trade Center 
disaster responders. American Journal of 
Industrial Medicine. 54(11):894–895. [no 
abstract]

https://doi.org/10.1002/ajim.20995 

de la Hoz R. 2011. Occupational lower 
airway disease in relation to World Trade 
Center inhalation exposure. Current Opin-
ion in Allergy and Clinical Immunology. 
11(2):97–102. 
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https://doi.org/10.1097/ACI.0b013e3283449063 

PURPOSE OF REVIEW: To summarize the 
knowledge about the occupational lower 
airway diseases that seem related to expo-
sures at the WTC disaster site. 

RECENT FINDINGS: Those diseases have 
been characterized as irritant-induced asth-
ma, chronic nonspecific bronchitis, chron-
ic bronchiolitis/small airway disease, and 
aggravated preexistent chronic obstructive 
lung disease (most frequently chronic ob-
structive pulmonary disease, but also asth-
ma), with the expected overlapping features 
among them. One remarkable characteris-
tic of the irritant-induced asthma observed 
among these workers was the slow on-
set of symptoms and long delay in clinical 
diagnoses. 

SUMMARY: Longitudinal studies suggest 
that both the incidence and the associated 
functional decline of these predominantly 
obstructive lung diseases stabilized sever-
al years ago, but longer follow-up is clearly 
necessary. 

Perritt K, Herbert R, Levin S, et al. 2011. 
Work-related injuries and illnesses report-
ed by World Trade Center response workers 
and volunteers. Prehospital and Disaster 
Medicine. 26(6):401–407. 

https://doi.org/10.1017/S1049023X12000143 

INTRODUCTION: In 2002, the Mount Sinai 
Center for Occupational and Environmental 
Medicine, with support from the National 
Institute for Occupational Safety and Health 
(NIOSH), began coordinating the WTC Work-
er and Volunteer Medical Screening Pro-
gram (MSP) to monitor the health of quali-
fied WTC responders. Enrolled participants 
were offered a clinical examination; inter-
viewed to collect medical, mental health, 

and exposure information; and requested 
to complete a self-administered medical 
questionnaire. The objective of this study 
was to better understand work- related inju-
ries and illnesses sustained on- site by WTC 
responders. 

METHODS: A descriptive analysis of select 
data from the MSP self-administered med-
ical questionnaire was conducted. Data 
collected July 2002 through April 2004 from 
MSP participants enrolled at the Mount Si-
nai clinic were reviewed using univariate 
statistical techniques. 

RESULTS: Records from 7,810 participants 
were analyzed, with most participants asso-
ciated with either the construction industry 
(n=2,623, 34%) or law enforcement (n=2,036, 
26%). Approximately a third of the partici-
pants (n= 2,486, 32%) reported at least one 
injury or illness requiring medical treatment 
that was sustained during WTC work/vol-
unteer activities. Of the total 4,768 injuries/
illnesses reported by these participants, re-
spiratory complaints were most common 
(n=1,350, 28%), followed by traumatic inju-
ries excluding eye injuries (n= 961, 20%), eye 
injuries/ ailments (n=709, 15%), chest pain 
(n=375, 8%), headaches (n=359, 8%), skin 
conditions (n= 178, 4%), and digestive system 
conditions (n=163, 3%). Participants report-
ed that 36% of injuries/illnesses were treated 
off- site and 29% were treated on-site, with 
the remaining not specifying treatment lo-
cation. Off-site treatment was prevalent for 
respiratory complaints, psychological stress, 
and chest pain. On-site treatment was pre-
dominate for eye injuries/ailments and trau-
matic injuries excluding eye injuries. 

CONCLUSION: Study results underscore the 
need for rapid deployment of personal pro-
tective equipment for disaster responders 
and medical care stations mobilized near 
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disaster worksites. Additionally, the results, 
many of which are comparable to findings 
from previous WTC studies where data 
were collected in real- time, indicate that a 
screening program such as the MSP may be 
effective in retrospectively providing gen-
eral information on disaster responder de-
mographics and work-related injuries and 
illnesses.

Udasin I, Schechter C, Crowley L, et al. 
2011. Respiratory symptoms were associ-
ated with lower spirometry results during 
the first examination of WTC responders. 
Journal of Occupational and Environmental 
Medicine. 53(1):49–54. 

https://doi.org/10.1097/JOM.0b013e3182028e5c 

OBJECTIVE: Determine if WTC disaster re-
sponders had lower lung function and higher 
bronchodilator responsiveness than those 
with respiratory symptoms and conditions. 

METHODS: We evaluated cardinal respira-
tory symptoms (dyspnea, wheezing, dry 
cough, productive cough) and determined 
the difference in FEV1, FVC, and bronchodi-
lator responsiveness. 

RESULTS: All respiratory symptoms were 
associated with a lower FEV1 and FVC, and 
a larger bronchodilator response. Respond-
ers reporting chronic productive cough, 
starting during WTC work and persisting, 
had a mean FEV1 109 mL lower than those 
without chronic persistent cough; their 
odds of having abnormally low FEV1 was 
1.40 times higher; and they were 1.65 times 
as likely to demonstrate bronchodilator 
responsiveness. 

CONCLUSIONS: Responders reporting 
chronic persistent cough, wheezing or dys-
pnea at first medical examination were 
more likely to have lower lung function and 
bronchodilator responsiveness.

Wisnivesky J, Teitelbaum S, Todd A, et 
al. 2011. Persistence of multiple illness-
es in World Trade Center rescue and re-
covery workers: a cohort study. Lancet. 
378(9794):888–897. 

https://doi.org/10.1016/S0140-6736(11)61180-X 

BACKGROUND: More than 50,000 people 
participated in the rescue and recovery work 
that followed the Sept 11, 2001 (9/11) at-
tacks on the WTC. Multiple health problems 
in these workers were reported in the early 
years after the disaster. We report incidence 
and prevalence rates of physical and mental 
health disorders during the 9 years since the 
attacks, examine their associations with oc-
cupational exposures, and quantify physical 
and mental health comorbidities. 

METHODS: In this longitudinal study of a 
large cohort of WTC rescue and recovery 
workers, we gathered data from 27,449 par-
ticipants in the WTC Screening, Monitoring, 
and Treatment Program. The study popu-
lation included police officers, firefighters, 
construction workers, and municipal work-
ers. We used the Kaplan- Meier procedure to 
estimate cumulative and annual incidence 
of physical disorders (asthma, sinusitis, and 
gastro-oesophageal reflux disease), mental 
health disorders (depression, post-traumat-
ic stress disorder [PTSD], and panic disor-
der), and spirometric abnormalities. Inci-
dence rates were assessed also by level of 
exposure (days worked at the WTC site and 
exposure to the dust cloud). 

FINDINGS: 9–year cumulative incidence of 
asthma was 27.6% (number at risk: 7027), 
sinusitis 42.3% (5870), and gastro-oesoph-
ageal reflux disease 39.3% (5650). In police 
officers, cumulative incidence of depression 
was 7.0% (number at risk: 3648), PTSD 9.3% 
(3761), and panic disorder 8.4% (3780). 
In other rescue and recovery workers, 
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cumulative incidence of depression was 
27.5% (number at risk: 4200), PTSD 31.9% 
(4342), and panic disorder 21.2% (4953). 
9–year cumulative incidence for spiromet-
ric abnormalities was 41.8% (number at 
risk: 5769); three-quarters of these abnor-
malities were low forced vital capacity. In-
cidence of most disorders was highest in 
workers with greatest WTC exposure. Ex-
tensive comorbidity was reported within 
and between physical and mental health 
disorders. 

INTERPRETATION: Nine years after the 9/11 
WTC attacks, rescue and recovery work-
ers continue to have a substantial burden 
of physical and mental health problems. 
These findings emphasize the need for 
continued monitoring and treatment of the 
WTC rescue and recovery population. 

FUNDING: Centers for Disease Control and 
Prevention and National Institute for Occu-
pational Safety and Health.

Woskie S, Kim H, Freund A, et al. 2011. 
World Trade Center disaster: assessment of 
responder occupations, work locations, and 
job tasks. American Journal of Industrial 
Medicine. 54(9):681–695. 

http://doi.org/10.1002/ajim.20997 

BACKGROUND: To date there have been no 
comprehensive reports of the work per-
formed by 9/11 WTC responders. 

METHODS: 18,969 responders enrolled in 
the WTC Medical Monitoring and Treat-
ment Program were used to describe 
workers’ pre-9/11 occupations, WTC work 
activities and locations from September 
11, 2001 to June 2002. 

RESULTS: The most common pre9/11 oc-
cupation was protective services (47%); 
other common occupations included con-
struction, telecommunications, transpor-
tation, and support services workers. 14% 
served as volunteers. Almost one-half be-
gan work on 9/11 and >80% reported work-
ing on or adjacent to the ‘’pile’’ at Ground 
Zero. Initially, the most common activity 
was search and rescue but subsequently, 
the activities of most responders related 
to their pre-9/11 occupations. Other ma-
jor activities included security; personnel 
support; buildings and grounds cleaning; 
and telecommunications repair. 

CONCLUSIONS: The spatial, temporal, oc-
cupational, and task-related taxonomy re-
ported here will aid the development of a 
job-exposure matrix, assist in assessment 
of disease risk, and improve planning and 
training for responders in future urban 
disasters.

2012 (6)
de la Hoz R, Mallea J, Kramer S, et al. 2012. 
Polysomnographic diagnoses among for-
mer World Trade Center rescue workers and 
volunteers. Archives of Occupational and 
Environmental Medicine. 67(4):239–242. 

https://doi.org/10.1080/19338244.2012.725230 

An increased risk for obstructive sleep ap-
nea (OSA) has been suggested for WTC- ex-
posed workers. The authors reviewed the 
results from nocturnal polysomnograms 
(PSGs), to investigate diagnostic differenc-
es between WTC- exposed and -unexposed 
subjects. Six hundred fifty-six nocturnal 
PSGs performed at our sleep center were re-
viewed, 272 of them in former WTC workers. 
Seven diagnostic categories were compared 
between the 2 groups by bivariate and 
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logistic regression analyses. The WTC group 
had a significantly higher predominance of 
the male gender, but slightly lower body 
mass index (BMI). There was no significant 
difference in the distribution of PSG diagno-
ses between the two groups in unadjusted 
(p=.56) or adjusted (p=.49) analyses. The 
authors did not identify a significant differ-
ence in PSG diagnoses between the WTC-ex-
posed and -unexposed subjects. OSA was 
significantly associated with age, BMI, and 
gender in this patient population.

Katz C, Jutras-Aswad D, Kiliman M, et al. 
2012. Alcohol use in Polish 9/11 responders: 
implications for cross-cultural treatment. 
Journal of Psychiatric Practice. 18(1):55–63. 

https://doi.org/10.1097/01.pra.0000410989. 
46346.14 

More than 35,000 individuals are estimated 
to have responded to the WTC site follow-
ing the terrorist attacks of September 11, 
2001. The federally funded WTC Medical 
Monitoring and Treatment Program (WTC-
MMTP) provides medical monitoring and 
occupational medicine treatment as well 
as counseling regarding entitlements and 
benefits to the workers and volunteers who 
participated in the WTC response. A major 
component of the WTCMMTP is the WTC 
Mental Health Program (WTCMHP), which of-
fers annual mental health assessments and 
ongoing treatment for those found to have 
9/11 associated mental health problems. 
In the program’s9.5 years of evaluating and 
treating mental health problems in thou-
sands of Ground Zero responders, diversity 
in multiple domains (e.g., gender, family, 
profession and employment status, state 
of physical health, cultural identity, and 
immigration status) has been a hallmark 
of the population served by the program. 
To illustrate the types of issues that arise in 

treating this diverse patient population, the 
authors first present a representative case 
involving a Polish asbestos worker with an 
alcohol use disorder. They then discuss how 
accepted alcohol treatment modalities can 
and often must be modified in providing 
psychiatric treatment to Polish responders, 
in particular, and to foreign-born patients in 
general. Treatment modalities discussed in-
clude cognitive and behavioral therapy, re-
lapse prevention strategies, psychodynam-
ic therapy, motivational approaches, family 
therapy, group peer support, and pharma-
cotherapy. Implications for the practice of 
addiction psychiatry, cultural psychiatry, 
and disaster psychiatry are discussed.

Kim H, Herbert R, Landrigan P, et al. 2012. 
Increased rates of asthma among World 
Trade Center disaster responders. American 
Journal of Industrial Medicine. 55(1):44–53. 

https://doi.org/10.1002/ajim.21025 

BACKGROUND: Studies have document-
ed high rates of asthma symptoms among 
responders to the WTC disaster. However, 
whether there are increased rates of asthma 
among responders compared to the general 
population is unknown. 

METHODS: The study population consisted 
of a prospective cohort of 20,834 responders 
participating in the WTC Medical Monitoring 
and Treatment Program between July 2002 
and December 2007. We calculated prev-
alence and standardized morbidity ratios 
(SMRs) of lifetime asthma and 12-month 
asthma (defined as >/=1 attacks in the pri-
or 12 months) among WTC responders. 
The comparison population consisted of 
>200,000 adults who completed the Nation-
al Health Interview Survey in 2000 (for pre-
9/11 comparisons) and between 2002 and 
2007 (for post-9/11 comparisons). 
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RESULTS: WTC responders were on average 
43 +/9 years old, 86% male, 59% white, and 
42% had an occupation in protective ser-
vices. The lifetime prevalence of asthma in 
the general population was relatively con-
stant at about 10% from 2000 to 2007. How-
ever, among WTC responders, lifetime prev-
alence increased from 3% in 2000, to 13% 
in 2002, and 19% in 2007. The age-adjust-
ed overall SMR for lifetime asthma among 
WTC responders was 1.8 (95% CI: 1.8–1.9) 
for men and 2.0 (95% CI:1.9–2.1) for wom-
en. Twelve-month asthma was also more 
frequent among WTC responders compared 
to the general population (SMR 2.4, 95% CI: 
2.2–2.5) for men and 2.2 (95% CI: 2.0–2.5) for 
women. 

CONCLUSIONS: WTC responders are at an 
increased risk of asthma as measured by 
lifetime prevalence or active disease.

Lucchini R, Crane M, Crowley L, et al. 2012. 
The World Trade Center health surveillance 
program: results of the first 10 years and 
implications for prevention. Giornale Ital-
iano di Medicina del Lavoro ed Ergonomia. 
34(S3):529–533. 

http://www.medscape.com/medline/
abstract/23405708 

BACKGROUND: The terrorist attacks on the 
WTC of September 11, 2001 resulted in the 
deaths of 2,823 persons. They also generat-
ed a long-lasting burden of multiple physi-
cal and mental health illnesses among the 
cohort of 50,000 rescue workers who re-
sponded to the attacks and in the 400,000 
residents and workers in nearby areas of 
New York City. A comprehensive health sur-
veillance program was developed from the 
first months after the accidents and was 
further developed in the subsequent ears. 
Individual exposure and health data were 

stored in ad hoc databases and produced 
epidemiological outcomes on the various 
exposure-related illnesses. 

METHODS: About 10 years of longitudinal 
assessment of this large cohort of WTC res-
cue and recovery workers, yielded data from 
participants in the WTC Screening, Monitor-
ing, and Treatment Program. Police officers, 
firefighters, construction workers, and mu-
nicipal workers were included in the cohort. 
Cumulative and annual incidence were esti-
mated for various physical disorders includ-
ing asthma, sinusitis, and gastroesophageal 
reflux disease, mental health disorders in-
cluding depression, post-traumatic stress 
disorder [PTSD], and panic disorder. Respi-
ratory functionality was also assessed. Ex-
posure was characterized with qualitative 
parameter including working on the pile 
and being engulfed in the dust cloud, and 
quantitative parameters including the time 
of arrival on site and the exposure duration. 

RESULTS: Upper and lower respiratory con-
ditions such as rhinosinusitis and asthma 
have been found in a significant number of 
people in WTC-exposed populations. A lack 
of appropriate respiratory protection may 
have contributed to these effects. Other 
commonly observed physical health con-
ditions include gastro-esophageal reflux 
disease, obstructive sleep apnea and mus-
culoskeletal injuries. Many WTC- exposed 
individuals also suffer from mental health 
conditions, primarily post- traumatic stress 
disorder, depression, panic disorder, and 
substantial stress reaction. Recent studies 
suggest that WTC exposure may increase 
the risk of cancer and of mortality from car-
diac disease. 

CONCLUSION: Ten years of systematic 
health surveillance after the 9/11 WTC at-
tacks, show long lasting burden of physical 
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and mental health problems. Continued 
monitoring and treatment of this popula-
tion is needed for early diagnoses of initial 
clinical conditions that can be treated more 
effectively. The experience of September 11 
offers also indications on how to approach 
the acute and delayed health effects of ci-
vilian catastrophes. Critical lessons are 
derived about the importance of having 
trained responders--medical and non-med-
ical--in place in advance of disasters, and 
about the need to proceed with adequate 
exposure assessment in a timely manner.

Luft B, Schechter C, Kotov R, et al. 2012. 
Exposure, probable PTSD and lower respi-
ratory illness among World Trade Center 
rescue, recovery and clean-up workers. Psy-
chological Medicine. 42(5):1069–1079. 

https://doi.org/10.1017/S003329171100256X 

BACKGROUND: Thousands of rescue and re-
covery workers descended on the WTC in the 
wake of the terrorist attack of September 
11, 2001 (9/11). Recent studies show that re-
spiratory illness and PTSD are the hallmark 
health problems, but relationships between 
them are poorly understood. The current 
study examined this link and evaluated con-
tributions of WTC exposures. 

METHOD: Participants were 8508 police 
and 12 333 non-traditional responders ex-
amined at the WTC Medical Monitoring and 
Treatment Program (WTC-MMTP), a clinic 
network in the New York area established 
by the National Institute for Occupational 
Safety and Health (NIOSH). We used struc-
tural equation modeling (SEM) to explore 
patterns of association among exposures, 
other risk factors, probable WTC-related 
PTSD [based on the PCL], physician-as-
sessed respiratory symptoms arising af-
ter 9/11 and present at examination, and 

abnormal pulmonary functioning defined 
by low forced vital capacity (FVC). 

RESULTS: Fewer police than non-tradition-
al responders had probable PTSD (5.9% v. 
23.0%) and respiratory symptoms (22.5% 
v. 28.4%), whereas pulmonary function was 
similar. PTSD and respiratory symptoms 
were moderately correlated (r=0.28 for po-
lice and 0.27 for non- traditional respond-
ers). Exposure was more strongly associated 
with respiratory symptoms than with PTSD 
or lung function. The SEM model that best 
fit the data in both groups suggested that 
PTSD statistically mediated the association 
of exposure with respiratory symptoms. 

CONCLUSIONS: Although longitudinal data 
are needed to confirm the mediation hy-
pothesis, the link between PTSD and respi-
ratory symptoms is noteworthy and calls for 
further investigation. The findings also sup-
port the value of integrated medical and psy-
chiatric treatment for disaster responders.

Pietrzak R, Schechter C, Bromet E, et al. 
2012. The burden of full and subsyndromal 
posttraumatic stress disorder among police 
involved in the World Trade Center rescue 
and recovery effort. Journal of Psychiatric 
Research. 46(7):835–842. 

https://doi.org/10.1016/j.jpsychires.2012.03.011 

BACKGROUND: This study examined the 
prevalence, correlates, and perceived men-
tal healthcare needs associated with sub-
syndromal PTSD in police involved in the 
World Trade Center (WTC) rescue and recov-
ery effort. 

METHODS: A total of 8466 police completed 
an interview/survey as part of the WTC Med-
ical monitoring and Treatment Program an 
average of four years after 9/11/2001. 

RESULTS: The past month prevalence of 
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full and subsyndromal WTC-related PTSD 
was 5.4% and 15.4%, respectively. Loss of 
someone or knowing someone injured on 
9/11 (odds ratios [ORs]=1.561.86), pre- 9/11 
stressors (ORs=1.30–1.50), family support 
(ORs=0.83–0.94), and union membership 
(ORs=0.50–0.52) were associated with both 
full and subsyndromal PTSD. Exposure to 
the dust cloud (OR=1.36), performing search 
and rescue work (OR=1.29), and work sup-
port (OR=0.89) were additionally associated 
with subsyndromal PTSD. Rates of comor-
bid depression, panic disorder, and alcohol 
use problems (ORs=3.82–41.74), and so-
matic symptoms and functional difficulties 
(ORs=1.30–1.95) were highest among po-
lice with full PTSD, with intermediate rates 
among police with subsyndromal PTSD 
(ORs=2.93–7.02; and ORs=1.18–1.60, respec-
tively). Police with full and subsyndromal 
PTSD were significantly more likely than 
controls to report needing mental health-
care (41.1% and 19.8%, respectively, versus 
6.8% in trauma controls). 

CONCLUSIONS: These results underscore 
the importance of a more inclusive and di-
mensional conceptualization of PTSD, par-
ticularly in professions such as police, as 
operational definitions and conventional 
screening cut-points may underestimate 
the psychological burden for this popu-
lation. Accordingly, psychiatric clinicians 
should assess for disaster-related sub-
syndromal PTSD symptoms in disaster re-
sponse personnel.

2013 (3)
Crane M, Milek D, Globina Y, et al. 2013. 
Health effects of the World Trade Center 
9/11 disaster: An overview. Fire Technology. 
49(3):813–825. [Review Article] 

http://doi.org/10.1007/s10694-012-0284-7 

More than ten years after the September 
11, 2001 WTC disaster, 9/11 responders and 
lower Manhattan community residents still 
suffer from the adverse health consequenc-
es of this horrific event. Upper and lower re-
spiratory conditions such as rhinosinusitis 
and asthma have been found in a significant 
number of people in WTC-exposed popu-
lations. A lack of appropriate respiratory 
protection may have contributed to these 
effects. Other commonly observed physical 
health conditions include gastro-esopha-
geal reflux disease, obstructive sleep apnea 
and musculoskeletal injuries. Many WTC- 
exposed individuals also suffer from mental 
health conditions, primarily post- traumatic 
stress disorder, depression, panic disorder, 
and substantial stress reaction. Recent stud-
ies suggest that WTC exposure may increase 
the risk of cancer and of mortality from car-
diac disease. Further research should be 
conducted to fully understand the impact 
of the WTC disaster on the health of these 
populations.

Ruggero C, Kotov R, Callahan J, et al.2013. 
PTSD symptom dimensions and their rela-
tionship to functioning in World Trade Cen-
ter responders. Psychiatry Research. 
120(3): 1049–1055.

https://doi.org/10.1016/j.psychres.2013.08.052

PTSD symptoms are common among re-
sponders to the 9/11 attacks on the WTC 
and can lead to impairment, yet it is unclear 
which symptom dimensions are responsible 
for poorer functioning. Moreover, how best 
to classify PTSD symptoms remains a top-
ic of controversy. The present study tested 
competing models of PTSD dimensions and 
then assessed which were most strongly as-
sociated with social/ occupational impair-
ment, depression, and alcohol abuse. WTC 
responders (n=954) enrolled in the Long 
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Island site of the WTC Health Program be-
tween 2005 and 2006 were administered 
standard self-report measures. Confirmato-
ry factor analysis confirmed the superiority 
of four-factor models of PTSD over the DSM-
IV three- factor model. In selecting between 
four- factor models, evidence was mixed, 
but some support emerged for a broad dys-
phoria dimension mapping closely onto de-
pression and contributing strongly to func-
tional impairment. This study confirmed in 
a new population the need to revise PTSD 
symptom classification to reflect four di-
mensions, but raises questions about how 
symptoms are categorized. Results suggest 
that targeted treatment of symptoms may 
provide the most benefit, and that treatment 
of dysphoria-related symptoms in disaster 
relief workers may have the most benefit for 
social and occupational functioning.

Solan S, Wallenstein S, Shapiro M, et al. 
2013. Cancer incidence in World Trade 
Center rescue and recovery workers, 2001–
2008. Environmental Health Perspectives. 
121(6):699–704.

https://doi.org/10.1289/ehp.1205894 

BACKGROUND: WTC rescue and recovery 
workers were exposed to a complex mix of 
pollutants and carcinogens. OBJECTIVE: 
The purpose of this investigation was to 
evaluate cancer incidence in responders 
during the first 7 years after 11 September 
2001. 

METHODS: Cancers among 2 0 , 9 8 4 c o n -
sented participants in the WTC Health Pro-
gram were identified through linkage to 
state tumor registries in New York, New 
Jersey, Connecticut, and Pennsylvania. 
Standardized incidence ratios (SIRs) were 
calculated to compare cancers diagnosed 
in responders to predicted numbers for the 

general population. Multivariate regression 
models were used to estimate associations 
with degree of exposure. 

RESULTS: A total of 575 cancers were diag-
nosed in 552 individuals. Increases above 
registry-based expectations were noted for 
all cancer sites combined (SIR=1.15; 95% CI: 
1.06, 1.25), thyroid cancer (SIR=2.39; 95% 
CI:1.70, 3.27), prostate cancer (SIR=1.21; 
95% CI: 1.01, 1.44), combined hematopoiet-
ic and lymphoid cancers (SIR=1.36; 95% CI: 
1.07, 1.71), and soft tissue cancers (SIR=2.26; 
95% CI: 1.13, 4.05). When restricted to 302 
cancers diagnosed >/= 6 months after en-
rollment, the SIR for all cancers decreased 
to 1.06 (95% CI: 0.94, 1.18), but thyroid and 
prostate cancer diagnoses remained greater 
than expected. All cancers combined were 
increased in very highly exposed respond-
ers and among those exposed to significant 
amounts of dust, compared with respond-
ers who reported lower levels of exposure. 

CONCLUSION: Estimates should be inter-
preted with caution given the short fol-
low-up and long latency period for most 
cancers, the intensive medical surveillance 
of this cohort, and the small numbers of 
cancers at specific sites. However, our find-
ings highlight the need for continued fol-
low-up and surveillance of WTC responders.

2014 (6)
Crane M, Cho H, Landrigan P. 2014. Impli-
cations of the World Trade Center Health 
Program (WTC Health Program) for the pub-
lic health response to the Great East Japan 
Earthquake. Industrial Health. 52(1):5–12. 

https://doi.org/10.2486/indhealth.2013-0205

The attacks on the WTC on September 
11, 2001 resulted in a serious burden of 
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physical and mental illness for the 50,000 
rescue workers that responded to 9/11 as 
well as the 400,000 residents and workers 
in the surrounding areas of New York City. 
The Zadroga Act of 2010 established the 
WTC Health Program to provide monitor-
ing and treatment of WTC exposure-related 
conditions and health surveillance for the 
responder and survivor populations. Sever-
al reports have highlighted the applicability 
of insights gained from the WTC Health Pro-
gram to the public health response to the 
Great East Japan Earthquake. Optimal ex-
posure monitoring processes and attention 
to the welfare of vulnerable exposed sub-
groups are critical aspects of the response to 
both incidents. The ongoing mental health 
care concerns of 9/11 patients accentuate 
the need for accessible and appropriately 
skilled mental health care in Fukushima. 
Active efforts to demonstrate transparency 
and to promote community involvement in 
the public health response will be highly im-
portant in establishing successful long-term 
monitoring and treatment programs for the 
exposed populations in Fukushima.

Crane M, Levy-Carrick M, Crowley L, et al. 
2014. The response to September 11: a di-
saster case study. Annals of Global Health. 
80(4):320–331. 

https://doi.org/10.1016/j.aogh.2014.08.215 

BACKGROUND: The response to 9/11 con-
tinues into its 14th year. The WTC Health 
Program, a long-term monitoring and treat-
ment program now funded by the Zadroga 
Act of 2010, includes >60,000 WTC disaster 
responders and community members (“sur-
vivors”). The aim of this review is to identify 
several elements that have had a critical im-
pact on the evolution of the WTC response 
and, directly or indirectly, the health of the 
WTC-exposed population. It further explores 

post-disaster monitoring efforts, recent sci-
entific findings from the WTC Health Pro-
gram, and some implications of this experi-
ence for ongoing and future environmental 
disaster response. 

FINDINGS: Transparency and respon-
siveness, site safety and worker training, 
assessment of acute and chronic exposure, 
and development of clinical expertise are 
interconnected elements determining effi-
cacy of disaster response. 

CONCLUSION: Even in a relatively well- re-
sourced environment, challenges regard-
ing allocation of appropriate attention to 
vulnerable populations and integration of 
treatment response to significant medical 
and mental health comorbidities remain ar-
eas of ongoing programmatic development.

Freund A, Zuckerman N, Luo H, et al. 
2014. Diesel and silica monitoring at two 
sites following Hurricane Sandy. Journal of 
Occupational and Environmental Hygiene. 
11(9):D131–D143. 

http://dx.doi.org/10.1080/15459624.2014.904518  

Following Hurricane Sandy, which hit New 
York City and New Jersey in October 2012, 
industrial hygienists from the Mount Si-
nai and Belleview/ New York University 
occupational medicine clinics conducted 
monitoring for diesel exhaust and silica in 
lower Manhattan and Rockaway Peninsu-
la. Average daytime elemental carbon lev-
els at three stations in lower Manhattan 
on December 4, 2012, ranged from 9 to18 
mug/m(3). Sub-micron particle counts at 
various times on the same day were over 
200,000 particles per cubic centimeter on 
many streets in lower Manhattan. In Rocka-
way Peninsula on December 12, 2012, all av-
erage daytime elemental carbon levels were 
below a detection limit of approximately 7 
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mug/m(3). The average daytime crystalline 
silica dust concentration was below detec-
tion at two sites on Rockaway Peninsula, 
and was 0.015 mg/m(3) quartz where sand 
was being replaced on the beach. The dai-
ly average levels of elemental carbon and 
airborne particulates that we measured are 
in the range of levels that have been found 
to cause respiratory effects in sensitive sub-
populations like asthmatic patients after 2 
hr of exposure. Control of exposure to diesel 
exhaust must be considered following nat-
ural disasters where diesel-powered equip-
ment is used in cleanup and recovery. Al-
though peak silica exposures were not likely 
captured in this study, but were reported by 
a government agency to have exceeded rec-
ommended guidelines for at least one clean-
up worker, we recommend further study of 
silica exposures when debris removal oper-
ations or traffic create visible levels of sus-
pended dust from soil or sand.

Litcher-Kelly L, Lam Y, Broihier J, et al. 
2014.  Longitudinal study of the impact of 
psychological distress symptoms on new- 
onset upper gastrointestinal symptoms in 
World Trade Center responders. Psycho-
somatic Medicine. 76(9):686–693. 

https://doi.org/10.1097/PSY.0000000000000116  

OBJECTIVES: Research on the health of 
workers involved in the cleanup after the 
attack on the WTC on September 11, 2001, 
has documented high rates of psychologi-
cal distress and upper gastrointestinal (GI) 
symptoms. The current article examines the 
concurrent and longitudinal associations 
of psychological distress with development 
of new-onset upper GI symptoms in a large 
sample of WTC responders. 

METHODS: A cohort of 10,953 WTC respond-
ers monitored by the WTC Health Program 

participated in the study. Two occupational 
groups were examined, police and nontra-
ditional responders. The cohort was free of 
upper GI symptoms or diagnoses at their 
first visit (3 years after September 11, 2001). 
Logistic regression was used to analyze the 
relationships between concurrent and pre-
ceding psychological distress symptoms of 
depression, generalized anxiety, panic, and 
probable PTSD with the development of 
new-onset upper GI symptoms at 3–year fol-
low-up (6 years after September 11, 2001). 

RESULTS: Across both occupation groups, 
psychological distress symptoms at Visit 1 
were significantly related to the develop-
ment of GI symptoms by Visit 2 (odd ratios 
ranging from 1.9 to 5.4). The results for the 
concurrent relationships were similar. In ad-
dition, there were significant dose- response 
relationships between the number of co-oc-
curring psychological distress symptoms at 
Visits 1 and 2, and increased new-onset up-
per GI symptoms at Visit 2. 

CONCLUSIONS: In this large sample of WTC 
responders, psychological distress symp-
toms assessed at 3 years after 9/11 are relat-
ed to reporting upper GI symptoms 6 years 
after 9/11.

Pietrzak R, Feder A, Schechter C, et al. 
2014. Dimensional structure and course of 
post- traumatic stress symptomatology in 
World Trade Center responders: An 8– year 
prospective cohort study. Psychological 
Medicine. 44(10):2085–2098.

https://doi.org/10.1017/S0033291713002924  

BACKGROUND: PTSD in response to the WTC 
disaster of 11 September 2001 (9/11) is one 
of the most prevalent and persistent health 
conditions among both professional (e.g. 
police) and non-traditional (e.g. construc-
tion worker) WTC responders, even several 
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years after 9/11. However, little is known 
about the dimensionality and natural 
course of WTC-related PTSD symptomatolo-
gy in these populations. 

METHOD: Data were analyzed from 10 835 
WTC responders, including 4035 police and 
6800 non-traditional responders who were 
evaluated as part of the WTC Health Pro-
gram, a clinic network in the New York area 
established by the National Institute for Oc-
cupational Safety and Health. Confirmatory 
factor analyses (CFAs) were used to evaluate 
structural models of PTSD symptom dimen-
sionality; and autoregressive cross-lagged 
(ARCL) panel regressions were used to ex-
amine the prospective interrelationships 
among PTSD symptom clusters at 3, 6 and 8 
years after 9/11. 

RESULTS: CFAs suggested that five stable 
symptom clusters best represent PTSD 
symptom dimensionality in both police 
and non-traditional WTC responders. This 
five-factor model was also invariant over 
time with respect to factor loadings and 
structural parameters, thereby demonstrat-
ing its longitudinal stability. ARCL panel 
regression analyses revealed that hyper-
arousal symptoms had a prominent role in 
predicting other symptom clusters of PTSD, 
with anxious arousal symptoms primarily 
driving re- experiencing symptoms, and dys-
phoric arousal symptoms primarily driving 
emotional numbing symptoms over time. 

CONCLUSIONS: Results of this study suggest 
that disaster-related PTSD symptomatology 
in WTC responders is best represented by 
five symptom dimensions. Anxious arousal 
symptoms, which are characterized by hy-
pervigilance and exaggerated startle, may 
primarily drive re-experiencing symptoms, 
while dysphoric arousal symptoms, which 
are characterized by sleep disturbance, 

irritability/anger and concentration difficul-
ties, may primarily drive emotional numb-
ing symptoms over time. These results un-
derscore the importance of assessment, 
monitoring and early intervention of hyper-
arousal symptoms in WTC and other disas-
ter responders.

Pietrzak R, Feder A, Singh R, et al. 2014. 
Trajectories of PTSD risk and resilience in 
World Trade Center responders: An 8–year 
prospective cohort study. Psychological 
Medicine. 44(1):205–219.

https://doi.org/10.1017/S0033291713000597  

BACKGROUND: Longitudinal symptoms of 
PTSD are often characterized by heteroge-
neous trajectories, which may have unique 
pre-, peri- and post-trauma risk and pro-
tective factors. To date, however, no study 
has evaluated the nature and determinants 
of predominant trajectories of PTSD symp-
toms in WTC responders. 

METHOD: A total of 10835 WTC responders, 
including 4035 professional police respond-
ers and 6800 non-traditional responders 
(e.g. construction workers) who participat-
ed in the WTC Health Program (WTC-HP), 
were evaluated an average of 3, 6 and 8 
years after the WTC attacks. 

RESULTS: Among police responders, lon-
gitudinal PTSD symptoms were best char-
acterized by four classes, with the majority 
(77.8%) in a resistant/resilient trajectory and 
the remainder exhibiting chronic (5.3%), 
recovering (8.4%) or delayed-onset (8.5%) 
symptom trajectories. Among non-tradition-
al responders, a six-class solution was opti-
mal, with fewer responders in a resistant/re-
silient trajectory (58.0%) and the remainder 
exhibiting recovering (12.3%), severe chron-
ic (9.5%), subsyndromal increasing (7.3%), 
Delayed-onset (6.7%) and moderate chronic 
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(6.2%) trajectories. Prior psychiatric history, 
Hispanic ethnicity, severity of WTC exposure 
and WTC-related medical conditions were 
most strongly associated with symptom-
atic trajectories of PTSD symptoms in both 
groups of responders, whereas greater ed-
ucation and family and work support while 
working at the WTC site were protective 
against several of these trajectories. 

CONCLUSIONS: Trajectories of PTSD symp-
toms in WTC responders are heterogeneous 
and associated uniquely with pre-, peri and 
post-trauma risk and protective factors. 
Police responders were more likely than 
non-traditional responders to exhibit a re-
sistant/resilient trajectory. These results 
underscore the importance of prevention, 
screening and treatment efforts that target 
high-risk disaster responders, particular-
ly those with prior psychiatric history, high 
levels of trauma exposure and work-related 
medical morbidities.

2015 (6)
Dasaro C, Holden W, Berman K, et al. 2015. 
Cohort profile: World Trade Center Health 
Program general responder cohort. Inter-
national Journal of Epidemiology. 46(2):e9. 
[no abstract] 

https://doi.org/10.1093/ije/dyv099 

Farris S, Paulus D, Gonzalez A, et al. 2015. 
Anxiety sensitivity mediates the association 
between post-traumatic stress symptom 
severity and interoceptive threat-related 
smoking abstinence expectancies among 
World Trade Center disaster-exposed smok-
ers. Addictive Behaviors. 51:204–210. 

https://doi.org/10.1016/j.addbeh.2015.07.031 

INTRODUCTION: Anxiety sensitivity (fear of 
internal anxiety-relevant bodily sensations) 

is an individual difference variable that is 
associated with the development and main-
tenance of PTSD and is also involved in the 
maintenance/relapse of smoking. Absti-
nence expectancies are crucial to smok-
ing maintenance; yet, past work has not 
explored how PTSD symptom severity and 
anxiety sensitivity contribute to them. 

METHOD: Participants were 122 treat-
ment-seeking daily smokers (36.1% female; 
Mage=49.2, SD=9.7; cigarettes per day: 
M=18.3, SD=15.2) who were exposed to the 
WTC disaster on September 11, 2001, and 
responded to an advertisement for a clinical 
smoking cessation trial. The indirect effect 
of anxiety sensitivity was tested in terms 
of the effect of PTSD symptom severity on 
smoking abstinence expectancies (i.e., anxi-
ety sensitivity as a statistical mediator). 

RESULTS: PTSD symptom severity was 
positively associated with interoceptive 
threat-related smoking abstinence expec-
tancies: expecting harmful consequences 
(beta=.33, p<.001) and somatic symptoms 
(beta=.26, p=.007). PTSD symptom severity 
was also significantly associated with anxiety 
sensitivity (beta=.27, p=.003). Anxiety sen-
sitivity mediated the association between 
PTSD symptom severity and expectancies 
about the harmful consequences (beta=.09, 
CI95%=.02–.21; DeltaR(2)=.076) and somat-
ic symptoms (beta=.11, CI95%=.02–.24; Del-
taR(2)=.123) from smoking abstinence, with 
medium effect sizes (Kappa(2)=.08 and .10, 
respectively). 

CONCLUSIONS: These data document the 
role of PTSD symptoms in threat-based ex-
pectancies about smoking abstinence and 
suggest anxiety sensitivity may underlie the 
associations between PTSD symptom sever-
ity and abstinence expectancies.
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Kotov R, Bromet E, Schechter C, et al. 
2015. Posttraumatic stress disorder and 
the risk of respiratory symptoms in World 
Trade Center responders: Longitudinal test 
of a pathway. Psychosomatic Medicine. 
77(4):438–48.

https://doi.org/10.1097/PSY.0000000000000179 

OBJECTIVE: PTSD is associated with high 
medical morbidity, but the nature of this as-
sociation remains unclear. Among respond-
ers to the WTC disaster, PTSD is highly co-
morbid with LRS, which cannot be explained 
by exposure alone. We sought to examine 
this association longitudinally to establish 
the direction of the effects and evaluate po-
tential pathways to comorbidity. 

METHODS: Eighteen thousand eight hun-
dred ninety six responders (8466 police and 
10,430 nontraditional responders) partici-
pating in the WTC Health Program were first 
evaluated between 2002 and 2010 and as-
sessed again two and a half years later. Low-
er respiratory symptoms were ascertained 
by medical staff, abnormal pulmonary func-
tion by spirometry, and probable WTC-relat-
ed PTSD with a symptom inventory. 

RESULTS: In both groups of responders, 
initial PTSD (standardized regression coef-
ficient: beta=0.20 and 0.23) and abnormal 
pulmonary function (beta=0.12 and 0.12) 
predicted LRS two and a half years later 
after controlling for initial LRS and covari-
ates. At follow-up, LRS onset was 2.0 times 
more likely and remission 1.8 times less 
likely in responders with initial PTSD than 
in responders without. Moreover, PTSD me-
diated, in part, the association between 
WTC exposures and development of LRS (p< 
.0001). Initial LRS and abnormal pulmonary 
function did not consistently predict PTSD 
onset. 

CONCLUSIONS: These analyses provide fur-
ther evidence that PTSD is a risk factor for 
respiratory symptoms and are consistent 
with evidence implicating physiological 
dysregulation associated with PTSD in the 
development of medical conditions. If these 
effects are verified experimentally, treat-
ment of PTSD may prove helpful in manag-
ing physical and mental health of disaster 
responders.

Zvolensky M, Farris S, Kotov R, et al. 
2015. Posttraumatic stress symptoms and 
smoking among World Trade Center disas-
ter responders: A longitudinal investigation. 
Comprehensive Psychiatry. 63:46–54.

https://doi.org/10.1016/j.comppsych.2015. 08.006 

PURPOSE: The current longitudinal study 
examined PTSD symptom severity in rela-
tion to smoking abstinence and reduction 
over time among responders to the WTC 
disaster. 

METHOD: Participants were 763 police and 
1881 non-traditional (e.g., construction 
workers) WTC responders who reported 
being smokers at an initial examination ob-
tained between July 2002 and July 2011 at 
the WTC Health Program. WTC responders 
were reassessed, on average, two and a half 
years later. 

RESULTS: For police WTC responders, higher 
levels of WTC-related PTSD symptoms at the 
initial visit were associated with a decreased 
likelihood of smoking abstinence (OR=0.98, 
p=.002) and with decreased smoking re-
duction (beta=-.06, p=.012) at the follow-up 
visit. WTC- related PTSD symptom severity 
was not related to likelihood of smoking 
abstinence or change in number of ciga-
rettes smoked among non-traditional re-
sponders. Post hoc analyses suggested that 
for police, hyperarousal PTSD symptoms 
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were predictive of decreased abstinence 
likelihood at the follow-up visit (OR=0.56, 
p=.006). 

DISCUSSION: The present findings suggest 
that PTSD symptoms may be differentially 
related to smoking behavior among police 
and non- traditional WTC responders in a 
naturalistic, longitudinal investigation. Fu-
ture work may benefit from exploring fur-
ther which aspects of PTSD (as compared 
to each other and to common variance) ex-
plain smoking maintenance. 

Zvolensky M, Farris S, Kotov R, et al. 2015. 
World Trade Center disaster and sensitiza-
tion to subsequent life stress: A longitudi-
nal study of disaster responders. Preventive 
Medicine. 75:70–74. 

https://doi.org/10.1016/j.ypmed.2015.03.017 

PURPOSE: The current study examined the 
role of WTC disaster exposure (hours spent 
working on the site, dust cloud exposure, 
and losing friend/loved one) in exacerbat-
ing the effects of post-disaster life stress 
on PTSD symptoms and overall functioning 
among WTC responders. 

METHOD: Participants were 18,896 respond-
ers (8466 police officers and 10,430 non-tra-
ditional responders) participating in the 
WTC Health Program who completed an 
initial examination between July 2002 and 
April 2010, and were reassessed an average 
of two years later. 

RESULTS: Among police responders, there 
was a significant interaction, such that the 
effect of post- disaster life stress on later 
PTSD symptoms and overall functioning was 
stronger among police responders who had 
greater WTC disaster exposure (beta’s=.029 
and .054, respectively, for PTSD symptoms 
and overall functioning). This moderating 

effect was absent in non-traditional re-
sponders. Across both groups, post-disaster 
life stress also consistently was related to 
the dependent variables in a more robust 
manner than WTC exposure. 

DISCUSSION: The present findings sug-
gest that WTC exposure may compound 
post-disaster life stress, thereby resulting in 
a more chronic course of PTSD symptoms 
and reduced functioning among police 
responders.

Zvolensky M, Kotov R, Schechter C, et 
al. 2015. Post-disaster stressful life events 
and WTC- related posttraumatic stress, de-
pressive symptoms, and overall functioning 
among responders to the World Trade Cen-
ter disaster. Journal of Psychiatric Research. 
61:97–105.

https://doi.org/10.1016/j.jpsychires.2014.1 
1.010 

BACKGROUND: The current study examined 
contributions of post-disaster stressful life 
events in relation to the maintenance of 
WTC-related PTSD, depressive symptoms, 
and overall functioning among rescue, re-
covery, and clean-up workers who respond-
ed to the September 11, 2001, WTC terrorist 
attacks. 

METHODS: Participants were 18,896 WTC re-
sponders, including 8466 police officers and 
10,430 non-traditional responders (85.8% 
male; 86.4% Caucasian; M(age)=39.5, 
SD=8.8) participating in the WTC Health Pro-
gram who completed an initial examination 
between July 2002 and April 2010, and who 
were reassessed, on average, two and a half 
years later. 

RESULTS: Path analyses were conduct-
ed to evaluate contributions of life events 
to the maintenance of WTC-related PTSD, 
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depressive symptoms, and overall function-
ing. These analyses were stratified by police 
and non-traditional responder groups and 
adjusted for age, sex, time from 9/11 to initial 
visit, WTC exposures (three WTC contextual 
exposures: co-worker, friend, or a relative 
died in the disaster; co- worker, friend, or a 
relative injured in the disaster; and respond-
er was exposed to the dust cloud on 9/11), 
and interval from initial to first follow-up 
visit. In both groups, WTC-related PTSD, de-
pressive symptoms, and overall functioning 
were stable over the follow-up period. WTC 
exposures were related to these three out-
comes at the initial assessment. WTC- relat-
ed PTSD, depressive symptoms, and overall 
functioning, at the initial assessment each 
predicted the occurrence of post-disaster 
stressful life events, as measured by Disas-
ter Supplement of the Diagnostic Interview 
Schedule. Post- disaster stressful life events, 
in turn, were associated with subsequent 
mental health, indicating partial mediation 
of the stability of observed mental health. 

CONCLUSIONS: The present findings sug-
gest a dynamic interplay between expo-
sure, post-disaster stressful life events, and 
WTC-related PTSD, depressive symptoms, 
and overall functioning among WTC disaster 
responders.

2016 (20)
Arie S. 2016. Health effects of 9/11 terror at-
tacks continue to grow. BMJ. 354:i4979. 

https://doi.org/10.1136/bmj.i4979 

Some 15 years after the terrorist attack on 
New York on 11 September 2001, at least 
1000 people, including many emergency 
responders, are known to have died from 
illnesses related to their exposure to tox-
ic dust, and 37 000 people are officially 

recognized as sick. In the next five years, the 
death toll from health problems related to 
the New York attacks is likely to exceed the 
2753 deaths on the day that two hijacked 
passenger jets were flown into the twin tow-
ers of the WTC, according to Jim Melius, a 
doctor who also advises the White House 
on worker health and chairs the steering 
committee overseeing the US government’s 
health program for 9/11 responders. “There 
are a lot of people who are very, very ill with 
lung disease who will see at least 10 years 
taken from their normal life span,” he told 
the Guardian. “We are already seeing many 
more premature deaths occurring, and 
among younger people, from the cancers.” 
The dust and debris around the WTC con-
tained asbestos, lead, glass, heavy metals, 
concrete, and poisonous gases as well as ex-
ploding jet fuel and fragments of dead bod-
ies. The WTC Health Program provides mon-
itoring and treatment for a list of conditions 
that are officially recognized as 9/11 related, 
including airway and digestive disorders, 
mental health conditions, musculoskeletal 
disorders, and cancers (www.cdc.gov/wtc/
conditions.html). This year, Christine Todd 
Whitman, the head of the Environmental 
Protection Agency in 2001, admitted for 
the first time that she was wrong to assure 
people after the attack that the air was safe. 
“We did the very best we could at the time 
with the knowledge we had,” she said.

Boffetta P, Zeig-Owens R, Wallenstein S, 
et al. 2016. Cancer in World Trade Center 
responders: Findings from multiple cohorts 
and options for future study. American Jour-
nal of Industrial Medicine. 59(2):96–105. 

https://doi.org/10.1002/ajim.22555 

BACKGROUND: Three longitudinal studies 
of cancer incidence in varied populations of 
WTC responders have been conducted. 
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METHODS: We compared the design and re-
sults of the three studies. 

RESULTS: Separate analyses of these co-
horts revealed excess cancer incidence in 
responders for all cancers combined and for 
cancers of the thyroid and prostate. Method-
ological dissimilarities included recruitment 
strategies, source of cohort members, de-
mographic characteristics, overlap between 
cohorts, assessment of WTC and other occu-
pational exposures and confounders, meth-
ods and duration of follow-up, approaches 
for statistical analysis, and latency analyses. 

CONCLUSIONS: The presence of three co-
horts strengthens the effort of identifying 
and quantifying the cancer risk; the hetero-
geneity in design might increase sensitivity 
to the identification of cancers potentially 
associated with exposure. The presence 
and magnitude of an increased cancer risk 
remains to be fully elucidated. Continued 
long-term follow up with minimal longitu-
dinal dropout is crucial to achieve this goal. 
Am. J. Ind. Med. 59:96– 105, 2015. (c) 2015 
Wiley Periodicals, Inc. 

de la Hoz R, Jeon Y, Miller G, et al. 2016. 
Posttraumatic stress disorder, bronchodila-
tor response, and incident asthma in World 
Trade Center rescue and recovery workers. 
American Journal of Respiratory and Criti-
cal Care Medicine. 194(11):1383–1391. 

https://doi.org/10.1164/rccm.201605-1067OC 

RATIONALE: Post-traumatic stress disor-
der (PTSD) has been associated with asth-
ma in cross-sectional studies. Whether PTSD 
leads to clinically significant bronchodilator 
response (BDR) or new- onset asthma is 
unknown.

OBJECTIVE AND METHODS: We examined 
the relation between probable PTSD and 

both BDR and incident asthma in a high-risk 
cohort of 11,481 WTC workers in New York 
(NY), including 6,133 never smokers with-
out a previous diagnosis of asthma. Of the 
6,133 never smokers without asthma, 3,757 
(61.3%) completed a follow-up visit sever-
al years later (mean=4.95 years, interquar-
tile range= 3.74–5.90 years). At the baseline 
visit, probable PTSD was defined as a score 
>/=44 points in the PCL questionnaire, and 
BDR was defined as both a change >/=12% 
and an increment >/=200 ml in FEV1 after 
bronchodilator administration. Incident 
asthma was defined as a self-report of new 
physician-diagnosed asthma after the base-
line visit. Multivariable logistic regression 
was used for the analysis of probable PTSD 
and baseline BDR or incident asthma. 

RESULTS: At baseline, probable PTSD was 
associated with BDR among all participants 
(adjusted odds ratio (aOR)=1.43, 95% con-
fidence interval (CI)=1.19–1.72), with sim-
ilar results among never smokers without 
asthma. Among 3,757 never smokers, prob-
able PTSD at baseline was associated with 
incident asthma, even after adjustment for 
baseline BDR (OR=2.41, 95% CI=1.85–3.13). 
This association remained significant in a 
confirmatory analysis after excluding 195 
subjects with baseline BDR. 

CONCLUSIONS: In a cohort of adult workers 
exposed to a severe traumatic event, proba-
ble PTSD is significantly associated with BDR 
at baseline, and predicts incident asthma.

Farris S, Paulus D, Gonzalez A, et al. 2016. 
Posttraumatic stress symptoms and body 
mass index among World Trade Center di-
saster-exposed smokers: A preliminary ex-
amination of the role of anxiety sensitivity. 
Psychiatry Research. 241:135–140.

https://doi.org/10.1016/j.psychres.2016.04.074 
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Among individuals exposed to the WTC di-
saster on September 11, 2001, PTSD and 
symptoms are both common and associated 
with increased cigarette smoking and body 
mass. However, there is little information on 
the specific processes underlying the rela-
tionship of PTSD symptoms with body mass. 
The current study is an initial exploratory 
test of anxiety sensitivity, the fear of inter-
nal bodily sensations, as a possible mech-
anism linking PTSD symptom severity and 
body mass index (BMI). Participants were 
147 adult daily smokers (34.0% female) ex-
posed to the WTC disaster (via rescue/recov-
ery work or direct witness). The direct and 
indirect associations between PTSD symp-
tom severity and BMI via anxiety sensitivity 
(total score and subscales of physical, cog-
nitive, and social concerns) were examined. 
PTSD symptom severity was related to BMI 
indirectly via anxiety sensitivity; this effect 
was specific to physical concerns about the 
meaning of bodily sensations. Interventions 
focusing on anxiety sensitivity reduction 
(specifically addressing physical concerns 
about bodily sensations) may be useful in 
addressing elevated BMI among trauma- ex-
posed persons.

Feder A, Mota N, Salim M, et al. 2016. Risk, 
coping and PTSD symptom trajectories in 
World Trade Center responders. Journal of 
Psychiatric Research. 82:68–79. 

https://doi.org/10.1016/j.jpsychires.2016.07.003 

Trajectories of disaster-related PTSD symp-
toms are often heterogeneous, and associat-
ed with common and unique risk factors, yet 
little is known about potentially modifiable 
psychosocial characteristics associated with 
low-symptom and recovering trajectories in 
disaster responders. A total of 4487 rescue 
and recovery workers (1874 police and 2613 
non-traditional responders) involved during 

and in the aftermath of the unprecedented 
WTC attacks, were assessed an average of 
3, 6, 8, and 12 years post- 9/11/2001. Among 
police responders, WTC-related PTSD symp-
toms were characterized by four trajecto-
ries, including no/low-symptom (76.1%), 
worsening (12.1%), improving (7.5%), and 
chronic (4.4%) trajectories. In non-tradition-
al responders, a five-trajectory solution was 
optimal, with fewer responders in a no/low- 
symptom trajectory (55.5%), and the re-
mainder in subtly worsening (19.3%), chron-
ic (10.8%), improving (8.5%), and steeply 
worsening (5.9%) trajectories. Consistent 
factors associated with symptomatic PTSD 
trajectories across responder groups includ-
ed Hispanic ethnicity, pre-9/11 psychiatric 
history, greater WTC exposure, greater med-
ical illness burden, life stressors and post-
9/11 traumas, and maladaptive coping (e.g., 
substance use, avoidance coping). Higher 
perceived preparedness, greater sense of 
purpose in life, and positive emotion- fo-
cused coping (e.g., positive re-framing, ac-
ceptance) were negatively associated with 
symptomatic trajectories. Findings in this 
unique cohort indicate considerable hetero-
geneity in WTC-related PTSD symptom tra-
jectories over 12 years post- 9/11/2001, with 
lower rates of elevated PTSD symptoms in 
police than in non- traditional responders. 
They further provide a comprehensive risk 
prediction model of PTSD symptom trajec-
tories, which can inform prevention, mon-
itoring, and treatment efforts in WTC and 
other disaster responders.

Friedberg F, Adamowicz J, Caikauskaite I, 
et al. 2016. Fatigue severity in World Trade 
Center (9/11) responders: a preliminary 
study. Fatigue: Biomedicine, Health & Be-
havior. 4(2):70–79.

http://dx.doi.org/10.1080/21641846.2016.1169726 
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PURPOSE: To assess fatigue severity in WTC 
(9/11) responders 13 years later. 

METHODS: The participant pool consist-
ed of male 9/11 responders enrolled in the 
Stony Brook WTC Health Program, one of 
five centers of excellence established by the 
CDC. Fatigue severity was assessed with the 
Fatigue Severity Scale. WTC-related medical 
conditions were certified by a physician and 
diagnoses of 9/11-related PTSD and major 
depressive disorder (MDD) were determined 
with the Structured Clinical Interview for 
DSM-IV (SCID). 

RESULTS: High fatigue severity was report-
ed by 20.8% of the sample (N=1079) and 
was significantly associated with PTSD, 
major depressive disorder, sleep apnea, 
gastro-esophageal reflux disease, upper 
respiratory disease, and lower respirato-
ry disease. These associations remained 
significant for PTSD, major depressive dis-
order, and lower respiratory disease when 
adjusted for medications, age, and BMI. 
Only 17.3% of the high fatigue subgroup 
did not have an identified medical or psy-
chiatric diagnosis. Fewer fatigued (21.1%) 
than non-fatigued (72.0%) responders rated 
their physical health as ‘good’ or ‘very good.’ 
Also, fewer fatigued (33.9%) than non-fa-
tigued (54.1%) responders were employed 
full-time (p<.0001). 

CONCLUSIONS: This study found clinical-
ly elevated fatigue in a high percentage of 
a male WTC responder cohort that prior to 
9/11/2001 would be considered a ‘healthy 
worker cohort.’ To better understand the 
pathophysiology of fatigue, newer method-
ologies such as symptom provocation (e.g., 
exercise) designs may be useful.

Hashim D, Boffetta P, Galsky M, et al. 
2016. Prostate cancer characteristics in the 
World Trade Center cohort, 2002–2013. Eu-
ropean Journal of Cancer Prevention. 27(4): 
347-354 .

https://doi.org/10.1097/CEJ.00000000000003155 

An increased incidence of prostate cancer 
was reported in three cohorts of WTC re-
spondents. It is uncertain whether this in-
crease is because of WTC-related exposures 
or enhanced surveillance. Prostate cancer 
cases (2002–2013) were obtained from the 
WTC Health Program. Age, race, and Gleason 
score distribution were compared with New 
York State Cancer Registry cases from the 
same time period. Multivariate models were 
adjusted for age and race. Analyses of clin-
ical characteristics of prostate cancer cas-
es within the cohort were also carried out, 
adjusting for age, race, and WTC exposure 
categories. WTC respondents had a prostate 
cancer age- standardized rate ratio of 1.65 
[95% confidence interval (CI):1.37–1.93] 
compared with New York State;age-specif-
ic ratios were highest for ages 30–49 (2.28; 
95% CI: 1.51–3.43), 70–74 (2.05; 95% CI: 
1.03–4.10), and 80–84 years (5.65; 95% CI: 
1.41–22.58). High WTC exposure was asso-
ciated with advanced clinical stage (5.58; 
95% CI: 1.05–29.76; Ptrend=0.03). WTC re-
spondents continue to have a higher pros-
tate cancer rate compared with New York 
State as a whole. Respondents with a higher 
WTC exposure level may have had more ad-
vanced clinical stage of prostate cancer.

Haugen P, Werth A, Foster A, et al. 2016. 
The role of theory-specific techniques and 
therapeutic alliance in promoting posi-
tive outcomes: Integrative psychotherapy 
for World Trade Center responders. The 
Journal of Nervous and Mental Disease. 
204(12):955–959. 
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https://doi.org/10.1097/NMD.0000000000000631 

WTC responders demonstrate high symp-
tom burden, underscoring the importance 
of refining treatment approaches for this co-
hort. One method is examining the impact 
of therapy techniques on outcomes, and the 
interactions between technique and alliance 
on outcomes. This study a) examined the in-
teraction of early treatment techniques on 
integrative psychotherapy outcomes and b) 
explored whether associations differed at 
varying levels of alliance. Twenty-nine adult 
responders diagnosed with partial or full 
PTSD received outpatient psychotherapy 
and completed weekly measures of alliance, 
technique, and symptom distress. Analyses 
indicated significant interactions between 
1) alliance and psychodynamic interven-
tions on outcomes and 2) alliance and cog-
nitive behavioral (CB) interventions on out-
comes. Clients with high alliance had better 
outcomes when their therapist used fewer 
CB techniques. No meaningful differences 
were found between technique and out-
comes for clients with lower alliance. These 
findings reiterate the critical roles technique 
and responsiveness to the alliance play in 
engendering successful outcomes.

Horn S, Charney D, Feder A. 2016. Under-
standing resilience: New approaches for 
preventing and treating PTSD. Experimental 
Neurology. 284(Pt B):119–132. 

https://doi.org/10.1016/j.expneurol.2016.07.002 

All individuals experience stressful life 
events, and up to 84% of the general popu-
lation will experience at least one potential-
ly traumatic event. In some cases, acute or 
chronic stressors lead to the development 
of PTSD or other psychopathology; how-
ever, the majority of people are resilient 
to such effects. Resilience is the ability to 
adapt successfully in the face of stress and 
adversity. A wealth of research has begun to 
identify the genetic, epigenetic, neural, and 

environmental underpinnings of resilience, 
and has indicated that resilience is mediat-
ed by adaptive changes encompassing sev-
eral environmental factors, neural circuits, 
numerous neurotransmitters, and molec-
ular pathways. The first part of this review 
focuses on recent findings regarding the ge-
netic, epigenetic, developmental, psycho-
social, and neurochemical factors as well 
as neural circuits and molecular pathways 
that underlie the development of resilience. 
Emerging and exciting areas of research and 
novel methodological approaches, includ-
ing genome-wide gene expression studies, 
immune, endocannabinoid, oxytocin, and 
glutamatergic systems, are explored to help 
delineate innovative mechanisms that may 
contribute to resilience. The second part 
reviews several interventions and preven-
tative approaches designed to enhance re-
silience in both developmental and adult 
populations. Specifically, the review will 
delineate approaches aimed to bolster resil-
ience in individuals with PTSD. Furthermore, 
we discuss novel pharmacologic approach-
es, including the N-methyl-d-aspartate 
(NMDA) receptor ketamine and neuropep-
tide Y (NPY), as exciting new prospects for 
not only the treatment of PTSD but as new 
targets to enhance resilience. Our growing 
understanding of resilience and interven-
tions will hopefully lead to the development 
of new strategies for not just treating PTSD 
but also screening and early identification 
of at-risk youth and adults. Taken togeth-
er, efforts aimed at dissemination and im-
plementation of novel interventions to en-
hance resilience will have to keep pace with 
the growth of new preventive and treatment 
strategies.
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Horn S, Pietrzak R, Schechter C, et al. 2016. 
Latent typologies of posttraumatic stress 
disorder in World Trade Center responders. 
Journal of Psychiatric Research.83:151–159.

https://doi.org/10.1016/j.jpsychires.2016.08.018 

PTSD is a debilitating and often chronic psy-
chiatric disorder. Following the 9/11/2001 
WTC attacks, thousands of individuals were 
involved in rescue, recovery and clean-up ef-
forts. While a growing body of literature has 
documented the prevalence and correlates 
of PTSD in WTC responders, no study has 
evaluated predominant typologies of PTSD 
in this population. Participants were 4352 
WTC responders with probable WTC-re-
lated DSMIV PTSD. Latent class analyses 
were conducted to identify predominant 
typologies of PTSD symptoms and associ-
ated correlates. A 3–class solution provid-
ed the optimal representation of latent 
PTSD symptom typologies. The first class, 
labeled “High-Symptom (n=1,973, 45.3%),” 
was characterized by high probabilities of 
all PTSD symptoms. The second class, “Dys-
phoric (n=1,371, 31.5%),” exhibited relative-
ly high probabilities of emotional numbing 
and dysphoric arousal (e.g., sleep distur-
bance). The third class, “Threat (n=1,008, 
23.2%),” was characterized by high prob-
abilities of re-experiencing, avoidance 
and anxious arousal (e.g., hypervigilance). 
Compared to the Threat class, the Dysphor-
ic class reported a greater number of life 
stressors after 9/11/2001 (OR=1.06). The 
High- Symptom class was more likely than 
the Threat class to have a positive psychiat-
ric history before 9/11/2001 (OR=1.7) and re-
ported a greater number of life stressors af-
ter 9/11/2001 (OR=1.1). The High- Symptom 
class was more likely than the Dysphoric 
class, which was more likely than the Threat 
class, to screen positive for depression (83% 

> 74% > 53%, respectively), and to report 
greater functional impairment (High-Symp-
tom > Dysphoric [Cohen d=0.19], Dysphoric 
> Threat [Cohen d=0.24]). These results may 
help inform assessment, risk stratification, 
and treatment approaches for PTSD in WTC 
and disaster responders.

Icitovic N, Onyebeke L, Wallenstein S, et al. 
2016. The association between body mass 
index and gastroesophageal reflux disease 
in the World Trade Center Health Program 
General Responder Cohort. American Jour-
nal of Industrial Medicine. 59(9):761–766. 

https://doi.org/10.1002/ajim.22637 

BACKGROUND: There is increasing concern 
about the obesity epidemic in the United 
States. Obesity is a potential risk factor for a 
number of chronic diseases, including gas-
troesophageal reflux disease (GERD). This 
analysis examined whether body mass in-
dex (BMI) was associated with physician-di-
agnosed GERD in WTC general responders. 

METHODS: 19,819 WTC general responders 
were included in the study. Cox proportion-
al hazards regression models were used to 
compare time to GERD diagnosis among 
three BMI groups (normal (<25 kg/m(2) ), 
overweight (>/=25 and <30 kg/m(2) ), and 
obese (>/=30 kg/m(2) )). 

RESULTS: Among the responders, 43% were 
overweight and 42% were obese. The haz-
ard ratio for normal versus overweight was 
0.81 (95% Confidence Interval (CI), 0.75– 
0.88); normal versus obese 0.71 (95%CI, 
0.66, 0.77); and overweight versus obese 
0.88 (95%CI, 0.83–0.92). 

CONCLUSION: GERD diagnoses rates were 
higher in overweight and obese WTC re-
sponders. Am. J. Ind. Med. 59:761–766, 2016.
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Jiang J, Icitovic N, Crane M, et al. 2016. 
Sex differences in asthma and gastroesoph-
ageal reflux disease incidence among the 
World Trade Center Health Program general 
responder cohort. American Journal of In-
dustrial Medicine. 59(9):815–822. 

https://doi.org/10.1002/ajim.22634 

BACKGROUND: Asthma and gastroesopha-
geal reflux disease (GERD) are two common 
conditions among the responders to the 
WTC attacks. This study examined whether 
the cumulative incidence rates of asthma 
and GERD differed by sex among 24,022 and 
23,557  WTC responders, respectively. 

METHODS: Cox proportional hazards regres-
sion was used to examine the sex difference 
in the rate of onset of physician- diagnosed 
asthma or G ER D , from 9/12/2001 through 
12/31/2015. 

RESULTS: The cumulative incidence of asth-
ma reached 23% for women and 17% for 
men by the end of 2015, and the cumulative 
incidence of GERD reached 45% for wom-
en and 38% for men. Comparing women to 
men, the hazard ratio was 1.48 (95% confi-
dence interval (CI):1.27, 1.74) for asthma, 
and 1.25 (95% CI: 1.13, 1.38) for GERD. 

CONCLUSIONS: WTC general responders 
have a substantial burden of asthma and 
GERD, with higher incidence in women. Am. 
J. Ind. Med. 59:815–822, 2016. (c) 2016 Wiley 
Periodicals, Inc.

Jurek A, Maldonado G. 2016. Quantitative 
bias analysis in an asthma study of rescue- 
recovery workers and volunteers from the 
9/11 World Trade Center attacks. Annals of 
Epidemiology. 26(11):794–801. 

https://doi.org/10.1016/j.annepidem.2016.09.002   

PURPOSE: When learning bias analysis, 

epidemiologists are taught to quantitative-
ly adjust for multiple biases by correcting 
study results in the reverse order of the 
error sequence. To understand the error 
sequence for a particular study, one must 
carefully examine the health study’s epide-
miologic data-generating process. In this 
article, we describe the unique data-gener-
ating process of a man- made disaster epi-
demiologic study. 

METHODS: We described the data- generat-
ing process and conducted a bias analysis 
for a study associating September 11, 2001, 
dust cloud exposure and self- reported new-
ly physician-diagnosed asthma among res-
cue/recovery workers and volunteers. We 
adjusted an odds ratio (OR) estimate for the 
combined effect of missing data, outcome 
misclassification, and non-participation. 

RESULTS: Under our assumptions about 
systematic error, the ORs adjusted for all 
three biases ranged from 1.33 to 3.84. Most 
of the adjusted estimates were greater than 
the observed OR of 1.77 and were outside 
the 95% confidence limits (1.55, 2.01). 

CONCLUSIONS: Man-made disasters pres-
ent some situations that are not observed in 
other areas of epidemiology. Future epide-
miologic studies of disasters could benefit 
from a proactive approach that focuses on 
the technical aspect of data collection and 
gathers information on bias parameters to 
provide more meaningful interpretations of 
results.

Mahaffey B, Gonzalez A, Farris S, et al. 
2016. Smoking to regulate negative affect: 
Disentangling the relationship between 
posttraumatic stress and emotional disor-
der symptoms, nicotine dependence, and 
cessation-related problems. Nicotine & To-
bacco Research. 18(6):1471–1478. 
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https://doi.org/10.1093/ntr/ntv175 

INTRODUCTION: PTSD is associated with 
various aspects of cigarette smoking, includ-
ing higher levels of nicotine dependence 
and cessation difficulties. Affect-regulatory 
smoking motives are thought to, in part, un-
derlie the association between emotional 
disorders such as PTSD and smoking main-
tenance, although few studies have empiri-
cally tested this possibility. 

METHODS: Data were analyzed from 135 
treatment- seeking smokers who were di-
rectly exposed to the WTC disaster on Sep-
tember 11, 2001. We modeled the direct 
effect of 9/11 PTSD symptom severity on 
nicotine dependence, perceived barriers to 
smoking cessation, and severity of prob-
lematic symptoms experienced during prior 
cessation attempts. We also examined the 
indirect effect of PTSD on these outcomes 
via negative affect reduction smoking mo-
tives. Parallel models were constructed for 
additional emotional disorder symptoms, 
including panic and depressive symptoms. 

RESULTS: PTSD symptom severity was asso-
ciated with nicotine dependence and per-
ceived barriers to cessation, but not prob-
lems during prior quit attempts indirectly 
via negative affect reduction smoking mo-
tives. Panic and depressive symptoms both 
had significant indirect effects, via negative 
affect reduction smoking motives, on all 
three criterion variables. 

CONCLUSIONS: Affect-regulatory smoking 
motives appear to underlie associations 
between the symptoms of emotional disor-
ders such as PTSD, panic, and depression in 
terms of smoking dependence and certain 
cessation-related criterion variables. 

IMPLICATIONS: Overall, this investigation 
suggests negative affect reduction smoking 

motives help to explain the relationship of 
PTSD, depression, and panic symptoms to 
nicotine dependence, severity of problems 
experienced during prior quit attempts, 
and perceived barriers to cessation. These 
results highlight the importance of assess-
ing motivations for smoking in the context 
of cessation treatment, especially among 
those with emotional disorder symptoms. 
Future interventions might seek to utilize 
motivational interviewing and cognitive 
restructuring techniques to address cop-
ing-oriented motives for smoking, in addi-
tion to skills for managing negative affect, 
as a means of improving quit outcomes.

Moline J, McLaughlin M, Sawit S, et al. 
2016. The prevalence of metabolic syn-
drome among law enforcement officers who 
responded to the 9/11 World Trade Cen-
ter attacks. American Journal of Industrial 
Medicine. 59(9):752–760. 

https://doi.org/10.1002/ajim.22649 

BACKGROUND: Law enforcement officers 
(LEOs) experience high rates of cardiovas-
cular events compared with the general 
US population. Metabolic syndrome (MetS) 
confers an increased risk of cardiovascular 
disease and all-cause mortality. Data re-
garding MetS among LEOs are limited. 

METHODS: We sought to determine the 
prevalence of MetS and its associated risk 
factors as well as gender differences among 
LEOs who participated in the WTC Law En-
forcement Cardiovascular Screening (LECS) 
Program from 2008 to 2010. We evaluated a 
total of 2,497 participants, 40 years and old-
er, who responded to the 9/11 WTC attacks. 

RESULTS: The prevalence of MetS was 27%, 
with abdominal obesity and hyperten-
sion being the most frequently occurring 
risk factors. MetS and its risk factors were 
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significantly higher among male compared 
to female LEOs, except for reduced HDL- 
cholesterol levels. 

CONCLUSIONS: MetS is a rising epidemic in 
the United States, and importantly, approx-
imately one in four LEOs who worked at the 
WTC site after 9/11 are affected. Am. J. Ind. 
Med. 59:752–760, 2016. (c) 2016 Wiley Peri-
odicals, Inc.

Napier C, Mbadugha O, Bienenfeld L, et 
al. 2016. Obesity and weight gain among 
former World Trade Center workers and vol-
unteers. Archives of Environmental & Occu-
pational Health. 72(2):106–110. 

https://doi.org/10.1080/19338244.2016.1197174 

A high prevalence of obesity has been ob-
served among former WTC workers and vol-
unteers. We hypothesized that unemploy-
ment and disability status would predict 
obesity. We surveyed 220 participants at the 
[INST] Mount Sinai WTC Clinical Center to as-
sess their obesity and current employment 
and disability status, WTC occupational ex-
posure level, medical comorbidities, and di-
etary and exercise habits. Bivariate and lo-
gistic regression multivariate analyses were 
used to explore associated risk factors. Obe-
sity was associated with active employment 
status. Other significant covariates included 
non-Latino African American race, having a 
high number of comorbid chronic diseases, 
low exercise frequency, and not drinking 
any glass of juice daily. The association of 
obesity with active employment suggests 
that interventions that favor healthy habits 
among actively employed individuals are 
warranted.

Reibman J, Levy-Carrick N, Miles T, et al. 
2016. Destruction of the World Trade Cen-
ter towers. Lessons learned from an envi-
ronmental health disaster. Annals of the 

American Thoracic Society. 13(5):577–583. 

https://doi.org/10.1513/AnnalsATS.201509-572PS 

The assault and subsequent collapse of the 
WTC towers in New York City on Septem-
ber 11, 2001 (9/11), released more than a 
million tons of debris and dust into the sur-
rounding area, engulfing rescue workers as 
they rushed to aid those who worked in the 
towers, and the thousands of nearby civil-
ians and children who were forced to flee. 
In December 2015, almost 15 years after the 
attack, and 5 years after first enactment, 
Congress reauthorized the James Zadroga 
9/11 Health and Compensation Act, a law 
designed to respond to the adverse health 
effects of the disaster. This reauthorization 
affords an opportunity to review human 
inhalation exposure science in relation to 
the WTC collapse. In this Special Article, we 
compile observations regarding the collec-
tive medical response to the environmen-
tal health disaster with a focus on efforts 
to address the adverse health effects expe-
rienced by nearby community members in-
cluding local residents and workers. We also 
analyze approaches to understanding the 
potential for health risk, characterization of 
hazardous materials, identification of popu-
lations at risk, and shortfalls in the medical 
response on behalf of the local community. 
Our overarching goal is to communicate les-
sons learned from the WTC experience that 
may be applicable to communities affected 
by future environmental health disasters. 
The WTC story demonstrates that communi-
ties lacking advocacy and preexisting health 
infrastructures are uniquely vulnerable to 
health disasters. Medical and public health 
personnel need to compensate for these 
vulnerabilities to mitigate long-term illness 
and suffering.
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Stein C, Wallenstein S, Shapiro M, et al. 
2016. Mortality among World Trade Center 
rescue and recovery workers, 2002–2011. 
American Journal of Industrial Medicine. 
59(2):87–95. 

https://doi.org/10.1002/ajim.22558 

BACKGROUND: Rescue and recovery work-
ers responding to the 2001 collapse of the 
WTC sustained exposures to toxic chem-
icals and have elevated rates of multiple 
morbidities. 

METHODS: Using data from the WTC Health 
Program and the National Death Index for 
2002–2011, we examined standardized 
mortality ratios (SMR) and proportional 
cancer mortality ratios (PCMR) with indirect 
standardization for age, sex, race, and cal-
endar year to the U.S. general population, 
as well as associations between WTC-relat-
ed environmental exposures and all-cause 
mortality. 

RESULTS: We identified 330 deaths among 
28,918 responders (SMR 0.43, 95%CI 0.39–
0.48). No cause-specific SMRs were mean-
ingfully elevated. PCMRs were elevated for 
neoplasms of lymphatic and hematopoietic 
tissue (PCMR 1.76, 95%CI 1.06–2.75). Mor-
tality hazard ratios showed no linear trend 
with exposure. 

CONCLUSIONS: Consistent with a healthy 
worker effect, all-cause mortality among 
responders was not elevated. There was 
no clear association between intensity and 
duration of exposure and mortality. Surveil-
lance is needed to monitor the proportion-
ally higher cancer mortality attributed to 
lymphatic/ hematopoietic neoplasms. 

Wolff M. 2016. Birth outcomes soon after 
9/11. American Journal of Public Health. 
106(10):1724. 

https://doi.org/10.2105/AJPH.2016.303355 

The article in this issue by Maslow et al. 
[2016, see WTC Heralth Registry Bibliogra-
phy, Appendix Two of this compendium] is 
a substantial addition to literature concern-
ing stress and adverse birth outcomes. It 
is also a welcome addition to literature on 
the September 11, 2001 (9/11) World Trade 
Center (WTC) disaster exposures and peri-
natal health in New York City. Among its 
advantages is a large sample size that in-
cluded women with high WTC-related envi-
ronmental exposures, defined by proximity 
at the site and by a biologically appropriate 
window of exposure. The study observed 
that posttraumatic stress disorder (PTSD) 
and direct environmental exposure at the 
site each were associated with both low 
birth weight (LBW) and preterm birth (PTB) 
but not small-for-gestational-age infants 
among births within two years after 9/11. 
The authors show additional findings for 
an index of exposure combining any of the 
four stress–exposure metrics. However, the 
effects of two or more combined exposures 
were identical to those of single estimates 
for either PTSD or having done rescue and 
recovery work at the site; each showed 
about a twofold risk of LBW or PTB.

The Maslow et al. report appears to be the 
first observation of adverse birth outcomes 
directly related to particulate matter (PM) 
exposure in the WTC disaster. The study 
relied on rescue/recovery as a surrogate 
for the intense air pollution including PM 
around the WTC site after 9/11. Other stud-
ies have used varying exposure metrics but 
not PM in WTC perinatal research. Findings 
of LBW and PTB associated with rescue and 
recovery are consistent with a large body of 
research devoted to air pollution, includ-
ing particulate matter, and birth outcomes. 
Raised risk has been most convincing where 
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exposures exceed 40 to 50 micrograms per 
cubic meter of PM. Nine blocks northeast of 
the WTC site, PM of 10 micrometers or less 
was often greater than 100 micrograms per 
cubic meter and PM of 2.5 micrometers or 
less was greater than 40 micrograms per cu-
bic meter through October 2001, and WTC 
particulate matter undoubtedly had adven-
titious contamination with many other toxic 
chemicals.

PTSD in this and other disasters has been 
linked with adverse birth outcomes. A 
unique opportunity exists in disaster stud-
ies like this one to understand how stress 
and environmental exposures may act to-
gether versus independently. Although their 
results indicate that PTSD did not mediate 
relationships between exposure and birth 
outcomes, Maslow et al. did not describe 
interactions between environmental fac-
tors and maternal stress. There is always 
concern that study of interactions may be 
limited by sample size, but this study in-
cluded more than 3000 births during the 
early phase of interest. The primary expo-
sures may have been considered small to 
allow meaningful study of interactions (e.g., 
449 with PTSD and 494 women with rescue 
and recovery exposure) and even smaller 
numbers among those with adverse birth 
outcomes (LBW, n = 178; PTB, n = 219). And, 
although risk estimates were adjusted for 
confounders, most of the adverse outcomes 
occurred among women of Black race, low 
socioeconomic status, and low pregnancy 
weight gain. Still, an exploratory analysis 
would be desirable to address this idea. In 
addition, both prenatal stress and environ-
mental exposures often exhibit sex-specific 
associations with infant health. This article 
considered infant sex as a covariate but did 
not report sex-specific associations or in-
teractions. Previous studies of WTC-related 

birth outcomes were smaller (except one) 
and had little power to study interactions.
Thus, questions remain. Previous research, 
including a number of disaster studies, 
made clear connections between PTSD or 
stress and reduced fetal growth. Experimen-
tal studies strongly support such findings. 
Environmental factors are also established, 
and the importance of examining exposures 
and stress in context is becoming more rec-
ognized.6 Disasters cannot be designed for 
epidemiology, but Maslow et al. and others 
note the need for preparedness to guide fu-
ture medical management and research in 
the aftermath of disasters. It has been said 
that training for preparedness after 9/11 is 
what enabled the rescue of a US Airways 
flight on the Hudson River in 2009, and this 
new scientific contribution should lead to 
better response to future disasters.  (AJPH)

Xu K, Goodman E, Goswami R, et al. 2016. 
Determinants of asthma morbidity in World 
Trade Center rescue and recovery workers. 
Annals of Allergy, Asthma & Immunology. 
117(5):568–570. [Letter] 

https://doi.org/10.1016/j.anai.2016.08.033 

2017 (4)
Clouston S, Pietrzak RH, Kotov R, et al. 
2017. Traumatic exposures, posttraumatic 
stress disorder, and cognitive functioning in 
World Trade Center responders. Alzheimer’s 
and Dementia: Translational Research and 
Clinical Interventions:3(4):593-602. 

https://doi.org/10.1016/j.trci.2017.09.001 

INTRODUCTION:This study examined 
whether World Trade Center (WTC)-related 
exposures and posttraumatic stress disor-
der (PTSD) were associated with cognitive 
function and whether WTC responders’ 
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cognition differed from normative data. 

METHODS: A computer-assisted neuro-
psychological battery was administered 
to a prospective cohort study of 1193 WTC 
responders with no history of stroke or 
WTC-related head injuries. Data were linked 
to information collected prospectively since 
2002. Sample averages were compared to 
published norms. 

RESULTS: Approximately 14.8% of sampled 
responders had cognitive dysfunction. WTC 
responders had worse cognitive function 
compared to normative data. PTSD symp-
tom severity and working >5 weeks on-site 
was associated with cognitive dysfunction. 

DISCUSSION: Results from this sample high-
light the potential for WTC responders to be 
experiencing an increased burden of cogni-
tive dysfunction and linked lowered cogni-
tive functioning to physical exposures and 
to PTSD. Future research is warranted to un-
derstand the extent to which cognitive dys-
function is evident in neural dysfunction.

Lucchini R, Hashim D, Aquilla S, et al. 
2017. A comparative assessment of major 
international disasters: The need for ex-
posure assessment, systematic emergen-
cy preparedness, and lifetime health care. 
BioMed Central Public Health. 17(1):46. 

https://doi.org/10.1186/s12889-016-3939-3 

BACKGROUND: The disasters at Seveso, 
Three Mile Island, Bhopal, Chernobyl, the 
WTC and Fukushima had historic health and 
economic sequelae for large populations 
of workers, responders and community 
members. 

METHODS: Comparative data from these 
events were collected to derive indications 
for future preparedness. Information from 
the primary sources and a literature review 

addressed: i) exposure assessment; ii) ex-
posed populations; iii) health surveillance; 
iv) follow-up and research outputs; v) ob-
served physical and mental health effects; 
vi) treatment and benefits; and vii) outreach 
activities. 

RESULTS: Exposure assessment was con-
ducted in Seveso, Chernobyl and Fukushi-
ma, although none benefited from a timely 
or systematic strategy, yielding immediate 
and sequential measurements after the di-
saster. Identification of exposed subjects 
was overall underestimated. Health sur-
veillance, treatment and follow-up research 
were implemented in Seveso, Chernobyl, 
Fukushima, and at the WTC, mostly focus-
ing on the workers and responders, and to a 
lesser extent on residents. Exposure-related 
physical and mental health consequences 
were identified, indicating the need for a 
long- term health care of the affected pop-
ulations. Fukushima has generated the larg-
est scientific output so far, followed by the 
WTC Health Program and Chernobyl. Ben-
efits programs and active outreach figured 
prominently in only the WTC Health Pro-
gram. The analysis of these programs yield-
ed the following lessons: 1) Know who was 
there; 2) Have public health input to the di-
saster response; 3) Collect health and needs 
data rapidly; 4) Take care of the affected; 5) 
Emergency preparedness; 6) Data driven, 
needs assessment, advocacy. 

CONCLUSIONS: Given the long-lasting 
health consequences of natural and man-
made disasters, health surveillance and 
treatment programs are critical for manage-
ment of health conditions, and emergency 
preparedness plans are needed to prevent 
or minimize the impact of future threats.
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Mindlis I, Morales-Raveendran E, Good-
man E, et al. 2017. Post-traumatic stress 
disorder dimensions and asthma morbidity 
in WTC rescue and recovery workers. Jour-
nal of Asthma. 54(7):723–31. 

https://doi.org/10.1080/02770903.2016.1263650 

OBJECTIVE: Using data from a cohort of WTC 
rescue and recovery workers with asthma, 
we assessed whether meeting criteria for 
PTSD, sub-threshold PTSD, and for specific 
PTSD symptom dimensions are associated 
with increased asthma morbidity. 

METHODS: Participants underwent a Struc-
tured Clinical Interview for Diagnostic and 
Statistical Manual to assess the presence 
of PTSD following DSM-IV criteria during 
in-person interviews between December 
2013 and April 2015. We defined sub-thresh-
old PTSD as meeting criteria for two of three 
symptom dimensions: re- experiencing, 
avoidance, or hyper-arousal. Asthma con-
trol, acute asthma-related healthcare uti-
lization, and asthma-related quality of life 
data were collected using validated scales. 
Unadjusted and multiple regression analy-
ses were performed to assess the relation-
ship between sub- threshold PTSD and PTSD 
symptom domains with asthma morbidity 
measures. 

RESULTS: Of the 181 WTC workers with asth-
ma recruited into the study, 28% had PTSD 
and 25% had sub-threshold PTSD. Patients 
with PTSD showed worse asthma control, 
higher rates of inpatient healthcare utili-
zation, and poorer asthma quality of life 
than those with sub-threshold or no PTSD. 
After adjusting for potential confounders, 
among patients not meeting the criteria for 
full PTSD, those presenting symptoms of re- 
experiencing exhibited poorer quality of life 
(p=0.003). Avoidance was associated with 

increased acute healthcare use (p=0.05). 
Sub-threshold PTSD was not associat-
ed with asthma morbidity (p > 0.05 for all 
comparisons). 

CONCLUSIONS: There may be benefit in 
assessing asthma control in patients with 
sub-threshold PTSD symptoms as well as 
those with full PTSD to more effectively 
identify ongoing asthma symptoms and tar-
get management strategies.

Vossbrinck M, Zeig-Owens R, Hall C, et 
al. 2017. Post-9/11/2001 lung function tra-
jectories by sex and race in World Trade 
Center-exposed New York City emergency 
medical service workers. Occupational and 
Environmental Medicine. 74(3):200–203. 

https://doi.org/10.1136/oemed-2016-103619 

OBJECTIVE: To determine whether lung 
function trajectories after 9/11/2001 (9/11) 
differed by sex or race/ethnicity in WTC- ex-
posed Fire Department of the City of New 
York emergency medical service (EMS) 
workers. 

METHOD: Serial cross-sectional study of 
pulmonary function tests (PFTs) taken be-
tween 9/11 and 9/10/2015. We used data 
from routine PFTs (forced expiratory volume 
in 1 s (FEV1) and FEV1% predicted), con-
ducted at 12–18 month intervals. FEV1 and 
FEV1% predicted were assessed over time, 
stratified by sex, and race/ethnicity. We also 
assessed FEV1 and FEV1% predicted in cur-
rent, former and never-smokers. 

RESULTS: Among 1817 EMS workers, 334 
(18.4%) were women, 979 (53.9%) self-iden-
tified as white and 939 (51.6%) were nev-
er-smokers. The median follow-up was 13.1 
years (IQR 10.513.6), and the median num-
ber of PFTs per person was 11 (IQR 7–13). 
After large declines associated with 9/11, 
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there was no discernible recovery in lung 
function. In analyses limited to never-smok-
ers, the trajectory of decline in adjusted 
FEV1 and FEV1% predicted was relatively 
parallel for men and women in the 3 racial/
ethnic groups. Similarly, small differences in 
FEV1 annual decline between groups were 
not clinically meaningful. Analyses includ-
ing ever-smokers were essentially the same. 

CONCLUSIONS: 14 years after 9/11, most 
EMS workers continued to demonstrate a 
lack of lung function recovery. The trajec-
tories of lung function declines however, 
were parallel by sex and by race/ethnicity. 
These findings support the use of routine, 
serial measures of lung function over time 
in first responders and demonstrate no sex 
or racial sensitivity to exposure-related lung 
function decline.

2018 (3)

Bello GA, Lucchini RG, Teitelbaum SL, et 
al. 2018. Development of a physiological 
frailty index for the World Trade Center 
general responder cohort. Curr Gerontol 
Geriatr Res.  Article ID 3725926: 1–12.         

https://doi.org/10.1155/2018/3725926

Responders to the 9/11/2001 WTC attacks 
were exposed to multiple toxic pollutants. 
Since 2002, the health of the responder co-
hort has been continuously tracked by the 
WTC Health Monitoring Program. However, 
no assessments have been made of frailty, 
an important health metric given the current 
average age of the WTC responder cohort 
(55 years). In this study, we use laboratory 
test results and other physiological param-
eters to construct a physiological frailty in-
dex (FI-Lab) for this cohort. The study sam-

ple comprised responders aged 40 years or 
older who completed a health monitoring 
visit at Mount Sinai Center within the past 
5 years. For each subject, FI-Lab was com-
puted as the proportion of 20 physiological 
parameters (lab tests, pulmonary function, 
and blood pressure) on which the subject 
had abnormal values. Using negative bino-
mial regression models, we tested FI-Lab’s 
association with the SF-12 wellbeing score 
and various demographic characteristics. 
FI-Lab showed strong associations with the 
physical and mental components of the SF-
12 as well as age, race, and smoking status. 
Using a cutoff of 0.25 to define presence of 
physiological/preclinical frailty, we found 
frailty prevalence in the study sample to 
be approximately 12%. This study demon-
strates the feasibility of assessing preclini-
cal frailty in the WTC responder cohort.

Bello GA, Teitelbaum SL, Lucchini RG, et 
al. 2018. Assessment of cumulative health 
risk in the World Trade Center general re-
sponder cohort. American Journal of Indus-
trial Medicine 61: 63–76.

https://doi.org/10.1002/ajim.22786

BACKGROUND: Multiple comorbidities have 
been reported among rescue/recovery 
workers responding to the 9/11/2001 WTC 
disaster. In this study, we developed an in-
dex that quantifies the cumulative physi-
ological burden of comorbidities and pre-
dicts life expectancy in this cohort.   

METHODS: A machine learning approach 
(gradient boosting) was used to model the 
relationship between mortality and several 
clinical parameters (laboratory test results, 
blood pressure, pulmonary function meas-
ures). This model was used to construct a 
risk index, which was validated by assessing 
its association with a number of health out-
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comes within the WTC general responder 
cohort.  

RESULTS: The risk index showed significant 
associations with mortality, self-assessed 
physical health, and onset of multiple 
chronic conditions, particularly COPD, hy-
pertension, asthma, and sleep apnea.  

CONCLUSION: As an aggregate of several 
clinical parameters, this index serves as a 
cumulative measure of physiological dys-
regulation and could be utilized as a prog-
nostic indicator of life expectancy and mor-
bidity risk.  

Ciro D. 2018. Psychosocial Correlates of 
Post-Traumatic Stress Disorder Symptoms 
and Well-Being Among Hispanic World 
Trade Center Rescue and Recovery Work-
ers. CUNY Academic Works, CUNY Academic 
Works. [PhD dissertation]

https://academicworks.cuny.edu/gc_etds/2507/

Thousands of first responders are estimated 
to have endured extremely distressing expe-
riences during their recovery efforts at the 
9/11 World Trade Center (WTC) site. While 
the effects of 9/11 continue to be studied, 
few studies have examined how rescue and 
recovery workers have been coping since 
9/11 and how their coping is associated 
with their psychological well-being. More-
over, we do not know how distinct coping 
patterns may be associated with post-trau-
matic growth, experiences of positive emo-
tion, or quality of life among WTC respond-
ers. This study compared coping differences 
among Hispanic, Non-Hispanic White, and 
Non-Hispanic Black first responders. In 
addition, it examined the relationship be-
tween their coping, Post- Traumatic Stress 
Disorder (PTSD) symptoms, and psycholog-
ical well-being. I also examined these asso-

ciations in Hispanic responders by language 
preference and US nativity as proxies of ac-
culturation.

Data from a cohort of 4,148 WTC respond-
ers who attended monitoring visits at the 
Mount Sinai WTC Health Program (WTC-HP) 
and who participated in a web-based sur-
vey administered by the Mount Sinai WTC 
Mental Health Program research team were 
used for secondary data analyses. More 
specifically, I utilized multiple regression 
analyses to compare differences in coping 
among Hispanics, Non-Hispanic Whites, and 
Non-Hispanic Blacks, while controlling for 
WTC-related trauma exposure, demograph-
ics, and clinical and psychosocial charac-
teristics. Data were also used to examine 
the relationship between the responders’ 
coping, PTSD symptoms, and psychological 
well-being. Further, I used the data to ex-
amine differences in coping and well-being 
(e.g., post-traumatic growth, positive affect, 
and quality of life) in Hispanic responders by 
language preference and US nativity. Last, I 
tested a moderation effect to examine the 
relationship between active coping, PTSD 
symptom levels, and wellbeing among His-
panic responders by their level of accultura-
tion using language preference and US nativ-
ity as proxies.Key findings suggested broad 
similarities in coping between Hispanic and 
Non-Hispanic Black first responders, signif-
icant differences in coping among Hispan-
ics, and the prevalence of post-traumatic 
growth in Hispanic responders. Further, the 
results revealed a moderating effect of US 
nativity on the Hispanic responders’ expe-
riences of positive affect and quality of life. 
This study’s results are consistent with oth-
er study findings that show Hispanic ethnic-
ity is associated with higher PTSD symptom 
levels in 9/11 first responders. However, the 
study findings also show that positive reli-
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gious coping and active coping are strongly 
associated with post-traumatic growth in 
Hispanic first responders. Further, positive 
religious coping and perceived social sup-
port are strongly associated with Hispanic 
responders experiencing positive affect and 
reporting a higher quality of life. 

Finally, the study findings demonstrate that 
US nativity among Hispanic responders 
moderates the relationship between active 
coping and positive affect and between 
active coping and quality of life, suggest-
ing that Hispanic responders who are born 
abroad and use active coping report high-
er rates of positive affect and quality of life 
than those who are US born. Clinical and 
policy implications of these findings are of 
importance in designing programs for this 
population

2019 (8)

Clouston SAP, Deri Y, Diminich E, et al. 
2019. Posttraumatic stress disorder and to-
tal amyloid burden and amyloid-β 42/40 ra-
tios in plasma: Results from a pilot study of 
world trade center responders. Alzheimer’s 
Dement. Diagn. Assess. Dis. Monit. 11: 
216-220. 

https://doi.org/10.1016/j.dadm.2019.01.003

INTRODUCTION: Chronic posttraumatic 
stress disorder (PTSD) is associated with 
poor memory and increased burden of var-
ious degenerative cerebral neuropatholo-
gies. The goal of this pilot study was to de-
termine whether PTSD was associated with 
changes in plasma-based neuropathological 
biomarkers of neurodegeneration among 
World Trade Center (WTC) responders. 

METHODS: Thirty-four WTC responders had 

blood drawn and flash-frozen within 15 min-
utes of retrieval. PTSD symptoms were as-
sessed at that time. Age, sex, and WTC expo-
sure duration were obtained from medical 
records. Plasma was assayed in duplicate 
using an ultra-sensitive single-molecule 
enzyme-linked immunosorbent assay to 
examine the distribution of amyloid-β (Aβ) 
42/40 ratios, total Aβ, total tau, and neuro-
filament light (NfL). The comparison group 
was drawn from a bank of healthy controls 
collected and assayed at the same facility. 

RESULTS: The average age of WTC respond-
ers at blood draw was 53 years. Half were 
PTSD positive (PTSD+) as indicated by symp-
tom severity. WTC responders had lower 
Aβ42/Aβ40 ratios but higher total tau and 
NfL levels in the plasma than healthy con-
trols. PTSD+ status was associated with low-
er plasma Aβ load and higher Aβ42/Aβ40 
ratios. 

DISCUSSION: Findings suggest that PTSD 
may be associated with alterations in plas-
ma markers related to Aβ, tau, and NfL, 
highlighting the potential association be-
tween PTSD status and neurodegenerative 
neuropathology in WTC responders.

Clouston SAP, Kuan P, Kotov R, et al. 2019. 
Risk factors for incident prostate cancer in 
a cohort of world trade center responders. 
BMC psychiatry. 19(1): 389. 

https://doi.org/10.1186/s12888-019-2383-1

BACKGROUND: Despite a relatively young av-
erage age and no routine screening, prostate 
cancer is one of the most common cancers in 
men who worked at the World Trade Center 
(WTC) following the 9/11/2001 disaster. This 
study evaluated whether re-experiencing 
stressful memories of a traumatic event was 
associated with prostate cancer incidence. 
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METHODS: Participants were males from 
one clinical center that monitors the health 
of first-responders (N = 6857). Monitoring 
began in July 2002 and occurs annually but 
does not include prostate cancer screening. 
Severity of physical exposures and of re-ex-
periencing memories and stress responses 
were measured at study enrollment using 
standardized and validated methods in all 
participants. The outcome was incidence 
of diagnosed prostate cancer after enroll-
ment (n = 68). Bivariate analyses provided 
age-adjusted incidence rates (aIR). Cox pro-
portional hazards modeling was used to cal-
culate incidence; hazards ratios (HR) were 
reported. 

RESULTS: The mean age of responders on 
9/11/2001 was 37.9 years. Prostate cancer 
incidence was lowest in responders with no 
re-experiencing stress (aIR = 250.83/100,000 
person-years, [233.41-268.25]) and highest 
in responders with severe re-experiencing 
stress (aIR = 818.49/100,000 person-years, 
[801.07-835.91]). Cox proportional hazards 
regression revealed that re-experiencing 
the stressful events of 9/11/2001 was asso-
ciated with increased prostate cancer inci-
dence (HR = 1.96 [1.26-3.05], P = 0.003), even 
upon adjusting for confounders. 

CONCLUSIONS: This is the first study to iden-
tify a positive association between re-ex-
periencing a traumatic event and prostate 
cancer incidence. Our results are consistent 
with recent rodent model evidence demon-
strating a direct biological link between 
stress pathways and prostate tumorigenesis 
and offer new hypotheses in the causality of 
prostate cancer.

Clouston SAP, Edelman NH, Abraham A, 
et al. 2019. Shortened leukocyte telomere 
length is associated with reduced pul-
monary function and greater subsequent 
decline in function in a sample of world 
trade center responders. Scientific Reports 
(Nature Publisher Group). 9(1): 1-7. 

https://doi.org/http://dx.doi.org/10.1038/
s41598-019-44625-1

The objective of this study was to examine 
whether shorter leukocyte telomere length 
(LTL) is associated with more rapid pulmo-
nary function decline in a longitudinal study 
of World Trade Center (WTC) responders. 
WTC responders (N = 284) participating in 
a monitoring study underwent blood sam-
pling and were followed prospectively for 
spirometric outcomes. A single blood sam-
ple was taken to measure LTL using southern 
blotting. Outcomes included percent-pre-
dicted one-second forced expiratory vol-
ume (FEV1%), forced vital capacity (FVC%), 
and the FEV1/FVC ratio. In a subset, per-
cent-predicted diffusing capacity (DLCO%) 
was also measured. Longitudinal modeling 
examined prospectively collected informa-
tion over five years since blood was banked 
was used to examine the rate of change in 
pulmonary functioning over time. Severity 
of WTC exposure was assessed. Shorter 
LTL was associated with lower FEV1% and 
FVC% at baseline. For example, 29.9% of 
those with LTL <6.5 kbps had FEV1% <80% 
whereas only 12.4% of those with LTL ≥6.5 
had FEV1% <80% (RR = 2.53, 95%CI = [1.70–
3.76]). Lower DLCO% was also significantly 
associated with shorter LTL. Longitudinal 
models identified a prospective associa-
tion between shorter LTL and greater year-
ly rates of decline in FEV1% (0.46%/year, 
95%CI = [0.05–0.87]) and in the FEV1/FVC 
ratio (0.19%/year, 95%CI = [0.03–0.36]). 
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There were no associations between sever-
ity of exposure and either LTL or pulmonary 
function. Longitudinal analyses revealed 
that shorter LTL, but not severity of WTC 
exposures, was associated with poorer pul-
monary functioning and with greater sub-
sequent decline in pulmonary functioning 
over time. These findings are consistent 
with the idea that shortened LTL may act as 
a biomarker for enhanced pulmonary vul-
nerability in the face of acute severe toxic 
inhalation exposures.

de la Hoz R, Liu X, Celedón JC, et al. 2019. 
Association of obesity with quantitative 
chest ct measured airway wall thickness 
in wtc workers with lower airway disease. 
Lung. 197(4): 517-522. 

https://doi.org/http://dx.doi.org/10.1007/
s00408-019-00246-z

BACKGROUND: We previously reported 
that wall area percent (WAP), a quanti-
tative CT (QCT) indicator of airway wall 
thickness and, presumably, inflamma-
tion, is associated with adverse longitu-
dinal expiratory flow trajectories in WTC 
workers, but that obesity and weight gain 
also seemed to be independently predic-
tive of the latter. Previous studies have re-
ported no association between WAP and 
obesity, so we investigated that associ-
ation in nonsmoking WTC-exposed indi-
viduals and healthy unexposed controls. 

METHODS: We assessed WAP using the Chest 
Imaging Platform QCT system in a segmen-
tal bronchus in 118 former WTC workers, and 
89 COPDGene® WTC-unexposed and asymp-
tomatic subjects. We used multiple regres-
sion to model WAP vs. body mass index 
(BMI) in the two groups, adjusting for impor-
tant subject and CT image characteristics.

Results Unadjusted analyses revealed sig-
nificant differences between the two groups 
with regards to WAP, age, gender, scan pixel 
spacing and slice interval, but not BMI or to-
tal lung capacity. In adjusted analysis, there 
was a significant interaction between BMI 
and WTC exposure on WAP. BMI was signif-
icantly and positively associated with WAP 
in the WTC group, but not in the COPDGene® 
group, but stratified analyses revealed that 
the effect was significant in WTC subjects 
with clinical evidence of lower airway dis-
ease (LAD).

DISCUSSION: Unlike non-diseased subjects, 
BMI was significantly associated with WAP 
in WTC workers and, in stratified analyses, 
the association was significant only among 
those with LAD. Our findings suggest that 
this adverse effect of obesity on airway 
structure and inflammation may be con-
fined to already diseased individuals.

Mukherjee S, Clouston S, Kotov R, et al. 
2019. Handgrip strength of world trade 
center (WTC) responders: The role of re-ex-
periencing posttraumatic stress disorder 
(PTSD) symptoms. International journal of 
environmental research and public health. 
16(7). 

https://doi.org/10.3390/ijerph16071128

BACKGROUND: This study sought to ex-
amine whether handgrip strength (HGS), a 
measure of muscle strength and a biomark-
er of aging, was associated with post-trau-
matic stress disorder (PTSD) in a cohort of 
World Trade Center (WTC) responders at 
midlife. 

METHODS: HGS was assessed utilizing a 
computer-assisted hand dynamometer ad-
ministered to a consecutive sample of men 
and women (n = 2016) who participated in 
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rescue and recovery efforts following the 
World Trade Center (WTC) attacks and sub-
sequently attended monitoring appoint-
ments in Long Island, NY. PTSD symptom 
severity and depressive symptoms were 
assessed using the PTSD specific-trauma 
checklist (PCL-S) and the Patient Health 
Questionnaire (PHQ-9). General linear mod-
els were used to examine the association of 
WTC-related PTSD with HGS after adjusting 
for confounders. 

RESULTS: The sample was at midlife (mean 
age = 53.3) when assessed, and 91.3% were 
men. Nearly 10% of the sample had prob-
able PTSD (PCL ≥ 44) with concomitant de-
pression (PHQ ≥ 10), while 5.1% had proba-
ble PTSD without depression. Average HGS 
was 57.4 lbs. (95% confidence interval (95% 
CI): 56.6–58.1) among men and 36.1 lbs. 
(95% CI = 33.8–38.5) among women. Mean 
HGS of those with probable PTSD with con-
comitant depression was lower (45.9 lbs., 
95% CI = 43.6–48.2) than responders with 
only PTSD (49.1 lbs., 95% CI = 46.0–52.4) and 
those without PTSD or depression (57.5 lbs., 
95% CI = 56.2–57.8). Subdomain analyses 
of PTSD symptoms revealed that re-experi-
encing symptoms at enrollment (p = 0.003) 
was associated with lower HGS after ad-
justing for depressive symptoms and other 
confounders. 

DISCUSSION: Results suggested that higher 
WTC-related PTSD symptom severity was 
associated with lower HGS. Results support 
ongoing work suggesting that PTSD may be 
associated with more rapid physical aging. 
The potential for developing interventions 
that might simultaneously improve physical 
and mental health in the aftermath of trau-
ma may be considered.

Mukherjee S, Clouston S, Bromet E, et al. 
2019. Past experiences of getting bullied 
and assaulted and posttraumatic stress dis-
order (ptsd) after a severe traumatic event 
in adulthood: A study of world trade center 
(wtc) responders. Journal of Aggression, 
Maltreatment and Trauma. 1-19. 

https://doi.org/10.1080/10926771.2018.1555873

Although experiencing bullying and other 
forms of assault is associated with adverse 
physical, emotional, and psychological 
consequences, the long-term consequenc-
es, especially in the aftermath of a severe 
trauma in adulthood, is not known. This 
study examined the relationship between 
history of being bullied and/or assaulted 
and posttraumatic stress disorder (PTSD) 
symptoms among responders to the World 
Trade Center (WTC) disaster. During 2015–
2016, a modified life events checklist was 
administered to responders at Stony Brook 
WTC Health Program. WTC-related PTSD 
symptoms were assessed by PTSD checklist 
(PCL). Longitudinal mixed models exam-
ined associations between bullying, other 
forms of assault, and severity and chronic-
ity of PTSD symptoms. Approximately, 13% 
of 920 responders had probable WTC-PTSD 
(PCL≥44). Being bullied in childhood was as-
sociated with increased odds of WTC-PTSD 
(adjusted odds ratio [aOR] = 7.34; 95% con-
fidence interval [CI] = 2.12–25.34), adjust-
ed for demographics, other stressors, and 
WTC exposures. PTSD odds decreased over 
time among those not bullied (aOR 0.82; 
95% CI: 0.73–0.92), but not among victims. 
Experiencing physical, sexual, or verbal as-
saults during adulthood also had a signifi-
cant association with WTC-PTSD (aOR 4.64; 
95% CI: 1.98–10.92). Findings suggest being 
bullied in childhood and/or assaulted in 
adulthood can increase PTSD risk and pro-
gression after mass trauma. 
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Rosen R, Zhu Z, Shao Y, et al. 2019. 
Longitudinal change of ptsd symptoms in 
community members after the world trade 
center destruction. International journal of 
environmental research and public health. 
16(7). 

https://doi.org/10.3390/ijerph16071215

The World Trade Center (WTC) Environmental 
Health Center (EHC) is a treatment program 
for community members with exposure to 
the 9/11 terrorist attack and its physical and 
emotional aftermath. Compared to the gen-
eral responders program, the WTC EHC is 
diverse with equal gender distribution, rep-
resentation of many races and ethnicities, 
and a wide range of social economic status. 
Patients in the WTC EHC were initially en-
rolled for physical symptoms, most of which 
were respiratory, however a large portion of 
the enrollees scored positive for probable 
posttraumatic stress disorder (PTSD). In this 
paper we identify patient characteristics 
associated with probable PTSD. We also de-
termine the characteristics associated with 
the longitudinal change of PTSD symptoms, 
including persistence and remittance, us-
ing the widely used Posttraumatic Check 
List-17 (PCL) cut-off value of 44, as well as 
changes in PCL total score and symptom 
cluster scores in patients of Low and High 
PTSD symptom severity. Few patients with 
elevated scores achieved a score below 44. 
However, longitudinal improvement in PCL 
score at follow-up was identified for patients 
with High PTSD scores (PCL > 57.5). Changes 
in PCL symptom clusters differed between 
those with High and Low PCL scores. These 
data suggest improvement over time in PCL 
score that differs depending on the severity 
of the score and variable responses in the 
PCL symptom clusters.

Sunil VR, Radbel J, Hussain S, et al. 
2019. Sarcoid-like granulomatous disease: 
Pathologic case series in world trade center 
dust exposed rescue and recovery workers. 
International journal of environmental re-
search and public health. 16(5). 

https://doi.org/10.3390/ijerph16050815

Sarcoid-like granulomatous diseases (SGD) 
have been previously identified in cohorts 
of World Trade Center (WTC) dust-exposed 
individuals. In the present studies, we ana-
lyzed lung and/or lymph node biopsies from 
patients referred to our clinic with suspected 
WTC dust-induced lung disease to evaluate 
potential pathophysiologic mechanisms. 
Histologic sections of lung and/or lymph 
node samples were analyzed for markers 
of injury, oxidative stress, inflammation, fi-
brosis, and epigenetic modifications. Out 
of seven patients examined, we diagnosed 
four with SGD and two with pulmonary fi-
brosis; one was diagnosed later with SGD 
at another medical facility. Patients with 
SGD were predominantly white, obese men, 
who were less than 50 years old and never 
smoked. Cytochrome b5, cytokeratin 17, 
heme oxygenase-1, lipocalin-2, inducible 
nitric oxide synthase, cyclooxygenase 2, tu-
mor necrosis factor alpha, ADP-ribosylation 
factor-like GTPase 11, mannose receptor-1, 
galectin-3, transforming growth factor beta, 
histone-3 and methylated histone-3 were 
identified in lung and lymph nodes at var-
ying levels in all samples examined. Three 
of the biopsy samples with granulomas dis-
played peri-granulomatous fibrosis. These 
findings are important and suggest the po-
tential of WTC dust-induced fibrotic sarcoid. 
It is likely that patient demographics and/
or genetic factors influence the response to 
WTC dust injury and that these contribute to 
different pathological outcomes.
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Appendix 2, Section 5 

WTC Survivors Data Center 
Research Publications

WTC Survivors
Data Center 
Research Publications

2005 (2)                                                            

Lin S, Reibman J, Bowers J, et al. 2005. 
Upper respiratory symptoms and other 
health effects among residents living near 
the World Trade Center site after September 
11, 2001. American Journal of Epidemiolo-
gy. 162(6):499–507.

https://doi.org/10.1093/aje/kwi233 

The authors investigated changes in respi-
ratory health after September 11, 2001 
(“9/11”) among residents of the area near 
the World Trade Center (WTC) site in New 
York City as compared with residents of a 
control area. In 2002, self-administered 
questionnaires requesting information on 
the presence and persistence of respiratory 
symptoms, unplanned medical visits, and 
medication use were sent to 9,200 house-
holds (22.3% responded) within 1.5 km of 
the WTC site (affected area) and approxi-
mately 1,000 residences (23.3% responded) 
in Upper Manhattan, more than 9 km from 
the site (control area). Residents of the af-
fected area reported higher rates of new-on-
set upper respiratory symptoms after 9/11 
(cumulative incidence ratio=2.22, 95% con-
fidence interval (CI):1.88, 2.63). Most of 
these symptoms persisted 1 year after 9/11 

in the affected area. Previously healthy resi-
dents of the affected area had more respira-
tory-related unplanned medical visits (prev-
alence ratio=1.73, 95% CI:1.13, 2.64) and 
more new medication use (prevalence ra-
tio=2.89, 95% CI:1.75, 4.76) after 9/11. Great-
er impacts on respiratory functional limita-
tions were also found in the affected area. 
Although bias may have contributed to these 
increases, other analyses of WTC-related 
pollutants support their biologic plausibili-
ty. Further analyses are needed to examine 
whether these increases were related to en-
vironmental exposures and to monitor long-
term health effects.

Reibman J, Lin S, Hwang S, et al. 2005. 
The World Trade Center residents’ respirato-
ry health study: new-onset respiratory symp-
toms and pulmonary function. Environmen-
tal Health Perspectives. 113(4):406–411.

https://dx.doi.org/10.1289/ehp.7375 

The destruction of the WTC on 11 Septem-
ber 2001 in New York City resulted in the 
massive release of pulverized dust and com-
bustion products. The dust and smoke set-
tled in the surrounding area, which encom-
passed a large residential community. We 
hypothesized that previously normal resi-
dents in the community surrounding the 
former WTC would have an increased inci-
dence of persistent respiratory symptoms 
and abnormalities in screening spirometry. 
A hybrid cross-sectional and retrospective 
cohort study using a symptom-based ques-
tionnaire and on-site screening spirometry 

https://doi.org/10.1093/aje/kwi233
https://dx.doi.org/10.1289/ehp.7375
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in residents in an exposed area and in a con-
trol area was performed 12 +/4 months after 
the collapse. Surveys were analyzed from 
2,812 residents. New-onset respiratory 
symptoms were described by 55.8% of resi-
dents in the exposed area, compared with 
20.1% in the control area after the event. 
Persistent new-onset symptoms were iden-
tified in 26.4 versus 7.5% of residents in the 
exposed area versus control area, respec-
tively. No differences in screening spirome-
try between the groups were detected. A 
small pilot study suggested the possibility of 
an increase in bronchial hyper-responsive-
ness in exposed participants with persistent 
symptoms. The data demonstrate an in-
creased rate of new-onset and persistent re-
spiratory health effects in residents near the 
former WTC compared with a control 
population.

2007 (2)
Lin S, Jones R, Reibman J, et al. 2007. Re-
ported respiratory symptoms and adverse 
home conditions after 9/11 among residents 
living near the World Trade Center. Journal 
of Asthma. 44(4):325–332.

https://doi.org/10.1080/02770900701344181 

This study investigated whether self-report-
ed damage, dust, and odors in homes near 
the WTC after September 11, 2001, were re-
lated to increased rates of respiratory symp-
toms among residents and if multiple sourc-
es of exposure were associated with greater 
health risk. We mailed questionnaires to 
homes within 1.5 km of the WTC site (affect-
ed area) and in upper Manhattan (control 
area). Surveys asked about respiratory 
symptoms, unplanned medical visits, physi-
cian diagnoses, medication use, and condi-
tions in the home after 9/11. Adverse home 
conditions were associated with new-onset 

(i.e., began after 9/11) and persistent (i.e., 
remained 1 year after 9/11) upper and lower 
respiratory symptoms in the affected area 
(Cumulative Incidence Ratios [CIRs] 
1.201.71). Residents reporting longer dura-
tion of dust/ odors or multiple sources of ex-
posure had greater risk for symptoms com-
pared to those reporting shorter duration 
and fewer sources. These data suggest that 
WTC-related contamination in the home af-
ter 9/11 was associated with new and per-
sistent respiratory symptoms among resi-
dents living near the site. While we cannot 
eliminate potential biases related to self-re-
ported data, we took strategies to minimize 
their impact, and the observed effects are 
biologically plausible.

Oppenheimer B, Goldring R, Herbert M, et 
al. 2007. Distal airway function in symp-
tomatic subjects with normal spirometry 
following World Trade Center dust expo-
sure. Chest. 132(4):1275–1282.

https://doi.org/10.1378/chest.07-0913 

RATIONALE: Following collapse of the WTC, 
individuals reported new-onset respiratory 
symptoms. Despite symptoms, spirometry 
often revealed normal airway function. 
However, bronchial wall thickening and air 
trapping were seen radiographically in some 
subjects. We hypothesized that symptomat-
ic individuals following exposure to WTC 
dust may have functional abnormalities in 
distal airways not detectable with routine 
spirometry. 

METHODS: One hundred seventy-four sub-
jects with respiratory symptoms and nor-
mal spirometry results were evaluated. Im-
pedance oscillometry (IOS) was performed 
to determine resistance at 5 Hz, 5 to 20 Hz, 
and reactance area. Forty-three subjects 
were also tested for frequency dependence 

https://doi.org/10.1080/02770900701344181
https://doi.org/10.1378/chest.07-0913
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of compliance (FDC). Testing was repeated 
after bronchodilation. 

RESULTS: Predominant symptoms included 
cough (67%) and dyspnea (65%). Despite 
normal spirometry results, mean resistance 
at 5 Hz, 5 to 20 Hz, and reactance area were 
elevated (4.36 +/0.12 cm H(2)O/L/s, 0.86 
+/0.05 cm H(2)O/L/s, and 6.12 +/0.50 cm 
H(2)O/L, respectively) [mean +/SE]. Resis-
tance and reactance normalized after bron-
chodilation. FDC was present in 37 of          
43 individuals with improvement after 
bronchodilation. 

CONCLUSIONS: Symptomatic individuals 
with presumed WTC dust/fume exposure 
and normal spirometry results displayed 
airway dysfunction based on the following: 
(1) elevated airway resistance and frequency 
dependence of resistance determined by 
IOS; (2) heterogeneity of distal airway func-
tion demonstrated by elevated reactance 
area on oscillometry and FDC; and (3) re-
versibility of these functional abnormalities 
to or toward normal following administra-
tion of a bronchodilator. Since spirometry 
results were normal in all subjects, these 
abnormalities likely reflect dysfunction in 
airways more distal to those evaluated by 
spirometry. Examination of distal airway 
function when spirometry results are nor-
mal may be important in the evaluation of 
subjects exposed to occupational and envi-
ronmental hazards.

2009 (1)
Reibman J, Liu M, Cheng Q, et al. 2009. 
Characteristics of a residential and working 
community with diverse exposure to World 
Trade Center dust, gas, and fumes. Journal 
of Occupational and Environmental Medi-
cine. 51(5):534–541.

https://doi.org/10.1097/JOM.0b013e3181a0365b 

OBJECTIVE: To describe physical symptoms 
in those local residents, local workers, and 
cleanup workers who were enrolled in a 
treatment program and had reported symp-
toms and exposure to the dust, gas, and 
fumes released with the destruction of the 
WTC on September 11, 2001. 

METHODS: Symptomatic individuals under-
went standardized evaluation and subse-
quent treatment. 

RESULTS: One thousand eight hundred 
ninety-eight individuals participated in the 
WTC EHC between September 2005 and May 
2008. Upper and lower respiratory symp-
toms that began after September 11, 2001 
and persisted at the time of examination 
were common in each exposure population. 
Many (31%) had spirometry measurements 
below the lower limit of normal. 

CONCLUSIONS: Residents and local workers 
as well as those with work-associated expo-
sure to WTC dust have new and persistent 
respiratory symptoms with lung function 
abnormalities 5 or more years after the WTC 
destruction.

2010 (2)
Lin S, Jones R, Reibman J, et al. 2010. 
Lower respiratory symptoms among resi-
dents living near the World Trade Center, 
two and four years after 9/11. International 
Journal of Occupational and Environmental 
Health. 16(1):44–52.

https://doi.org/10.1179/107735210800546119 

We investigated whether residents living 
near the WTC continued to experience respi-
ratory problems several years after Septem-
ber 11, 2001 (9/11). Residents living within 

https://doi.org/10.1097/JOM.0b013e3181a0365b
https://doi.org/10.1179/107735210800546119
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one mile of the WTC surveyed after 9/11 re-
sponded two and four years later to fol-
low-up surveys that asked about lower re-
spiratory symptoms (LRS), medical history, 
psychological stress, and indoor environ-
mental characteristics. There were declines 
in the proportion of residents reporting LRS, 
new lower respiratory diagnoses, un-
planned medical visits, and asthma medica-
tion use. However, the proportion of resi-
dents reporting any LRS in the affected area 
at follow-up remained higher than the origi-
nal proportion in the control area; residents 
with multiple sources of potential 9/11-re-
lated exposures were at greatest risk for LRS 
at follow-up. Psychological stress, dust/
odors, and moisture were significantly asso-
ciated with LRS at follow-up. These data 
demonstrate that LRS continue to burden 
residents living in the areas affected by the 
WTC disaster.

Rom W, Reibman J, Rogers L, et al. 2010. 
Emerging exposures and respiratory health: 
World Trade Center dust. Proceedings of the 
American Thoracic Society. 7(2):142–145.

https://doi.org/10.1513/pats.200908-092RM 

The attack on the WTC on 9/11/2001 pro-
duced a massive dust cloud with acute ex-
posure, and the rubble pile burning over 3 
months exposed more than 300,000 resi-
dents, rescue workers, and clean-up work-
ers. Firefighters in the New York City Fire De-
partment had significant respiratory 
symptoms characterized by cough, dyspnea, 
gastroesophageal reflux, and nasal stuffi-
ness with a significant 1–year decline in FVC 
and FEV(1). Bronchial hyperreactivity mea-
sured by methacholine challenge correlated 
with bronchial wall thickening on CT scans. 
Compared with the NHANES III data for FVC 
and FEV(1), 32% of 2,000 WTC dust-exposed 
residents and clean-up workers were below 

the lower 5th percentile. The most common 
abnormality was a low FVC pattern, a find-
ing similar to that also described for individ-
uals in rescue and recovery activities. 
Among those complaining of respiratory 
symptoms and normal spirometry, almost 
half had abnormalities detected with im-
pedance oscillometry consistent with distal 
airways’ disease. Follow-up with the WTCHR 
and the WTC Environmental Health Center 
will help discern whether treatment with 
anti-inflammatory medications or broncho-
dilators in those with respiratory symptoms 
may prevent the development of chronic ob-
structive pulmonary disease.

2011 (2)
Caplan-Shaw C, Yee H, Rogers L, et al. 
2011. Lung pathologic findings in a local 
residential and working community exposed 
to World Trade Center dust, gas, and fumes. 
Journal of Occupational and Environmental 
Medicine. 53(9):981–991.

https://doi.org/10.1097/JOM.0b013e31822fff60  

OBJECTIVE: To describe pathologic find-
ings in symptomatic WTC-exposed local 
workers, residents, and cleanup workers en-
rolled in a treatment program. 

METHODS: Twelve patients underwent sur-
gical lung biopsy for suspected interstitial 
lung disease (group 1, n=6) or abnormal pul-
monary function tests (group 2, n=6). 
High-resolution computed axial tomogra-
phy and pathologic findings were coded. 
Scanning electron microscopy with ener-
gy-dispersive x-ray spectroscopy was 
performed. 

RESULTS: High-resolution computed axial 
tomography showed reticular findings 
(group 1) or normal or airway-related 

https://doi.org/10.1513/pats.200908-092RM
https://doi.org/10.1097/JOM.0b013e31822fff60
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findings (group 2). Pulmonary function tests 
were predominantly restrictive. Interstitial 
fibrosis, emphysematous change, and small 
airway abnormalities were seen. All cases 
had opaque and birefringent particles with-
in macrophages, and examined particles 
contained silica, aluminum silicates, titani-
um dioxide, talc, and metals. 

CONCLUSIONS: In symptomatic WTC-ex-
posed individuals, pathologic findings sug-
gest a common exposure resulting in alveo-
lar loss and a diverse response to injury.

Friedman S, Maslow C, Reibman J, et al. 
2011. Case-control study of lung function in 
World Trade Center Health Registry area res-
idents and workers. American Journal of Re-
spiratory and Critical Care Medicine. 
184:582–589.

https://doi.org/10.1164/rccm.201011-1909OC 

RATIONALE: Residents and area workers 
who inhaled dust and fumes from the World 
Trade Center disaster reported lower respi-
ratory symptoms in two WTCHR surveys 
(2003–2004 and 2006–2007), but lung func-
tion data were lacking. 

OBJECTIVES: To examine the relationship 
between persistent respiratory symptoms 
and pulmonary function in a nested case 
control study of exposed adult residents 
and area workers 7–8 years after September 
11, 2001. 

METHODS: Registrants reporting post Sep-
tember 11th onset of a lower respiratory 
symptom in the first survey and the same 
symptom in the second survey were solicit-
ed as potential cases. Registrants without 
lower respiratory symptoms in either Regis-
try survey were solicited as potential con-
trol subjects. Final case-control status was 
determined by lower respiratory symptoms 

at a third interview (the study), when spi-
rometry and impulse oscillometry were also 
performed. 

MEASUREMENTS AND MAIN RESULTS: We 
identified 180 cases and 473 control sub-
jects. Cases were more likely than control 
subjects to have abnormal spirometry (19% 
vs. 11%; P < 0.05), and impulse oscillometry 
measurements of elevated airway resistance 
(R5; 68% vs. 27%; P< 0.0001) and frequency 
dependence of resistance (R(5)(-)(2)(0); 36% 
vs. 7%; P < 0.0001). When spirometry was 
normal, cases were more likely than control 
subjects to have elevated R(5) and R(5)(-) (2)
(0) (62% vs. 25% and 27% vs. 6%, respec-
tively; both P < 0.0001). Associations be-
tween symptoms and oscillometry held 
when factors significant in bivariate com-
parisons (body mass index, spirometry, and 
exposures) were analyzed using logistic 
regression. 

CONCLUSIONS: This study links persistent 
respiratory symptoms and oscillometric ab-
normalities in WTC-exposed residents and 
area workers. Elevated R(5) and R(5)(-)(2)(0) 
in cases despite normal spirometry suggest-
ed distal airway dysfunction as a mecha-
nism for symptoms.

2012 (2)
Liu M, Qian M, Chen Q, et al. 2012.

Longitudinal spirometry among patients in 
a treatment program for community mem-
bers with World Trade Center-related illness. 
Journal of Occupational and Environmental 
Medicine. 54(10):1208–13.

https://doi.org/10.1097/JOM.0b013e31826bb78e   

OBJECTIVE: The course of lung function in 
community members exposed to WTC dust 
and fumes remains undefined. We studied 

https://doi.org/10.1164/rccm.201011-1909OC
https://doi.org/10.1097/JOM.0b013e31826bb78e
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longitudinal spirometry among patients in 
the WTC EHC treatment program. 

METHODS: Observational study of 946 WTC 
EHC patients with repeated spirometry 
measures analyzed on the population as a 
whole and stratified by smoking status, ini-
tial spirometry pattern, and WTC-related ex-
posure category. 

RESULTS: Improvement in forced vital ca-
pacity (54.4 mL/yr; 95% confidence interval, 
45.0 to 63.8) and forced expiratory volume in 
1 second (36.8 mL/yr; 95% confidence inter-
val, 29.3 to 44.3) was noted for the popula-
tion as a whole. Heavy smokers did not im-
prove. Spirometry changes differed 
depending on initial spirometry pattern and 
exposure category. 

CONCLUSION: These data demonstrate spi-
rometry improvement in select populations 
suggesting reversibility in airway injury and 
reinforcing the importance of continued 
treatment.

Maslow C, Friedman S, Pillai P, et al. 2012. 
Chronic and acute exposures to the World 
Trade Center disaster and lower respiratory 
symptoms: Area residents and workers. 
American Journal of Public Health. 
102:1186–1194.

http://doi.org/10.2105/AJPH.2011.300561     

OBJECTIVES: We assessed associations be-
tween new-onset (post-September 11, 2001 
[9/11]) lower respiratory symptoms report-
ed on 2 surveys, administered 3 years apart, 
and acute and chronic 9/11-related expo-
sures among New York City WTC-area resi-
dents and workers enrolled in the WTCHR. 

METHODS: WTC-area residents and workers 
were categorized as case participants or 
control participants on the basis of lower re-
spiratory symptoms reported in surveys 

administered 2 to 3 and 5 to 6 years after 
9/11. We created composite exposure scales 
after principal components analyses of de-
tailed exposure histories obtained during 
face-to-face interviews. We used multivari-
ate logistic regression models to determine 
associations between lower respiratory 
symptoms and composite exposure scales. 

RESULTS: Both acute and chronic exposures 
to the events of 9/11 were independently as-
sociated, often in a dose-dependent man-
ner, with lower respiratory symptoms 
among individuals who lived and worked in 
the area of the WTC. 

CONCLUSIONS: Study findings argue for de-
tailed assessments of exposure during and 
after events in the future from which poten-
tially toxic materials may be released and 
for rapid interventions to minimize expo-
sures and screen for potential adverse 
health effects.

2013 (3)
Berger K, Reibman J, Oppenheimer B, et 
al. 2013. Lessons from the World Trade Cen-
ter Disaster: Airway disease presenting as 
restrictive dysfunction. Chest. 144(1):249–257.

https://doi.org/10.1378/chest.12-1411 

BACKGROUND: The present study (1) char-
acterizes a physiologic phenotype of restric-
tive dysfunction due to airway injury and (2) 
compares this phenotype to the phenotype 
of interstitial lung disease (ILD). 

METHODS: This is a retrospective study of 
54 persistently symptomatic subjects fol-
lowing WTC dust exposure. Inclusion crite-
ria were reduced vital capacity (VC), FEV1/
VC>77%, and normal chest roentgenogram. 
Measurements included spirometry, pleth-
ysmography, diffusing capacity of lung for 
carbon monoxide (Dlco), impulse 

http://doi.org/10.2105/AJPH.2011.300561%20%20
https://doi.org/10.1378/chest.12-1411
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oscillometry (IOS), inspiratory/expiratory CT 
scan, and lung compliance (n=16). 

RESULTS: VC was reduced (46% to 83% pre-
dicted) because of the reduction of expira-
tory reserve volume (43%+/-26% predicted) 
with preservation of inspiratory capacity 
(IC) (85%+/-16% predicted). Total lung ca-
pacity (TLC) was reduced, confirming re-
striction (73%+/-8% predicted); however, 
elevated residual volume to TLC ratio 
(0.35+/-0.08) suggested air trapping (AT). 
Dlco was reduced (78%+/-15% predicted) 
with elevated Dlco/alveolar volume (5.3+/-
0.8 [mL/mm Hg/ min]/L). IOS d e m o n -
strated abnormalities in resistance and/
or reactance in 50 of 54 subjects. CT scan 
demonstrated bronchial wall thickening 
and/ or AT in 40 of 54 subjects; parenchymal 
disease was not evident in any subject. Spe-
cific compliance at functional residual ca-
pacity (FRC) (0.07+/-0.02 [L/cm H2O]/L) and 
recoil pressure (Pel) at TLC (27+/-7 cm H2O) 
were normal. In contrast to patients with 
ILD, lung expansion was not limited, since 
IC, Pel, and inspiratory muscle pressure 
were normal. Reduced TLC was attributable 
to reduced FRC, compatible with airway clo-
sure in the tidal range. 

CONCLUSIONS: This study describes a dis-
tinct physiologic phenotype of restriction 
due to airway dysfunction. This pattern was 
observed following WTC dust exposure, has 
been reported in other clinical settings (e.g., 
asthma), and should be incorporated into 
the definition of restrictive dysfunction.

Kazeros A, Maa M, Patrawalla P, et al. 
2013.Elevated peripheral eosinophils are 
associated with new-onset and persistent 
wheeze and airflow obstruction in World 
Trade Center-exposed individuals. Journal 
of Asthma. 50(1):25–32.

https://doi.org/10.3109/02770903.2012.743149 

BACKGROUND: Exposure to WTC dust and 
fumes is associated with the onset of asth-
ma-like respiratory symptoms in rescue and 
recovery workers and exposed community 
members. Eosinophilic inflammation with 
increased lung and peripheral eosinophils 
has been described in subpopulations with 
asthma. We hypothesized that persistent 
asthma-like symptoms in WTC-exposed in-
dividuals would be associated with system-
ic inflammation characterized by peripheral 
eosinophils. 

METHODS: The WTC EHC is a treatment pro-
gram for local residents, local workers, and 
cleanup workers with presumed WTC-relat-
ed symptoms. Patients undergo a standard-
ized evaluation, including questionnaires 
and complete blood count. Between Sep-
tember 2005 and March 2009, 2462 individu-
als enrolled in the program and were avail-
able for analysis. Individuals with preexisting 
respiratory symptoms or lung disease diag-
noses prior to September 2001, and current 
or significant tobacco use were excluded. 

RESULTS: One thousand five hundred and 
seventeen individuals met the inclusion cri-
teria. Patients had a mean age of 47 years, 
were mostly female (51%), and had a di-
verse race/ethnicity. Respiratory symptoms 
that developed after WTC dust/fume expo-
sure and remained persistent included dys-
pnea on exertion (68%), cough (57%), chest 
tightness (47%), and wheeze (33%). A larger 
percentage of patients with wheeze had ele-
vated peripheral eosinophils compared with 
those without wheeze (21% vs. 13%, p < 
.0001). Individuals with elevated peripheral 
eosinophils were more likely to have airflow 
obstruction on spirometry (16% vs. 7%, 
p=.0003). 

https://doi.org/10.3109/02770903.2012.743149
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CONCLUSION: Peripheral eosinophils were 
associated with wheeze and airflow ob-
struction in a diverse WTC-exposed popula-
tion. These data suggest that eosinophils 
may participate in lung inflammation in this 
population with symptoms consistent with 
WTC-related asthma.

Trasande L, Fiorino E, Attina T, et al. 2013. 
Associations of World Trade Center expo-
sures with pulmonary and cardiometabolic 
outcomes among children seeking care for 
health concerns. The Science of the Total 
Environment. 444:320–326.

https://doi.org/10.1016/j.scitotenv.2012.11.097 

OBJECTIVE: Prior research on the physical 
health of children exposed to the WTC at-
tacks has largely relied on parental report 
via questionnaire. We examined the impact 
of clinically-reported exposures on the 
physical health of children who lived and/or 
attended school in downtown Manhattan 
on September 11, 2001. 

STUDY DESIGN: We performed a cross-sec-
tional study of 148 patients who presented 
to the WTC EHC/Survivors Health Program, 
and were </= 18 years old on September 11, 
2001. 

RESULTS: 38.5% were caught in the dust 
cloud from the collapsing buildings on Sep-
tember 11; over 80% spent >/= 1 day in their 
home between September 11 and 18, 2001; 
and 25.7% reported home dust exposure. 
New-onset nasal/sinus congestion was re-
ported in 52.7%, while nearly one-third re-
ported new gastroesophageal reflux (GERD) 
symptoms. Prehypertension or hyperten-
sion was identified in 45.5%. Multivariable 
regression with exposure variables, body 
mass index category, and age as covariates 
identified strongest associations of dust 
cloud with spirometry (17.1% decrease in 

maximum midexpiratory flow). Younger 
children experienced increased peripheral 
eosinophils (+0.098% per year, p=0.023), 
while older children experienced more 
new-onset GERD (OR 1.17, p=0.004), head-
aches (OR 1.10, p=0.011), and prehyperten-
sion (OR 1.09, p=0.024). Home dust expo-
sure was associated with reduced 
high-density lipoprotein (-10.3mg/dL, 
p=0.027) and elevated triglycerides 
(+36.3mg/dL, p=0.033). 

CONCLUSIONS: While these findings cannot 
be assumed to generalize to all children ex-
posed to the WTC attacks, they strongly sug-
gest the need for more extensive study of 
respiratory, metabolic, and cardiovascular 
consequences.

2014 (1)
Crane M, Levy-Carrick M, Crowley L, et al. 
2014. The response to September 11: a di-
saster case study. Annals of Global Health. 
80(4):320–331.

https://doi.org/10.1016/j.aogh.2014.08.215 

BACKGROUND: The response to 9/11 contin-
ues into its 14th year. The WTC Health Pro-
gram, a long-term monitoring and treat-
ment program now funded by the Zadroga 
Act of 2010, includes >60,000 WTC disaster 
responders and community members (“sur-
vivors”). The aim of this review is to identify 
several elements that have had a critical im-
pact on the evolution of the WTC response 
and, directly or indirectly, the health of the 
WTC-exposed population. It further explores 
post-disaster monitoring efforts, recent sci-
entific findings from the WTC Health Pro-
gram, and some implications of this experi-
ence for ongoing and future environmental 
disaster response. 

https://doi.org/10.1016/j.scitotenv.2012.11.097
https://doi.org/10.1016/j.aogh.2014.08.215
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FINDINGS: Transparency and responsive-
ness, site safety and worker training, assess-
ment of acute and chronic exposure, and 
development of clinical expertise are inter-
connected elements determining efficacy of 
disaster response. 

CONCLUSION: Even in a relatively well-re-
sourced environment, challenges regarding 
allocation of appropriate attention to vul-
nerable populations and integration of 
treatment response to significant medical 
and mental health comorbidities remain ar-
eas of ongoing programmatic development.

2015 (6)
Berger K, Goldring R, Oppenheimer B. 
2015. Point: Should Oscillometry be used to 
screen for airway disease: Yes. Chest. 
148(5):1131–1135.

https://doi.org/10.1378/chest.15-0106 

Detection of airway disease by physiologic 
testing was initially described using spirom-
etry to determine vital capacity and expira-
tory airflow under maximal effort to distin-
guish obstructive from restrictive disease 
processes. Subsequently, Dubois demon-
strated direct assessment of airway resis-
tance using plethysmography and in a sepa-
rate publication described the precursor of 
the forced oscillation technique to measure 
respiratory system resistance. This review 
addresses the question of whether direct 
assessment of resistance by forced oscilla-
tion provides diagnostic information equiv-
alent or superior to standard assessment of 
airflow rates by spirometry.

Berger K, Goldring R, Oppenheimer B. 
2015. Rebuttal from Drs Berger, Goldring, 
and Oppenheimer. Chest. 148(5):1137–1138.

https://doi.org/10.1378/chest.15-1037 

We agree that the “holy grail” of pulmonary 
physiologists is a test that detects early 
chronic airway disease. While Dr. Enright re-
mains “cautiously optimistic” that FOT can 
serve this purpose, there are sufficient data 
to mitigate his caution.

Jordan H, Stellman S, Reibman J, et al. 
2015. Factors associated with poor control 
of 9/11-related asthma 10–11 years after the 
2001 World Trade Center disaster. Journal of 
Asthma. 52(6):630–637.

https://doi.org/10.3109/02770903.2014.999083 

OBJECTIVE: To identify key factors associat-
ed with poor asthma control among adults 
in the WTCHR, a longitudinal study of res-
cue/recovery workers and community mem-
bers who were directly exposed to the 2001 
WTC terrorist attacks and their aftermath. 

METHODS: We studied incident asthma di-
agnosed by a physician from September 12, 
2001, through December 31, 2003, among 
participants aged >/=18 on September 11, 
2001, as reported on an enrollment (2003–
2004) or follow-up questionnaire. Based on 
modified National Asthma Education and 
Prevention Program criteria, asthma was 
considered controlled, poorly-controlled, or 
very poorly-controlled at the time of a 2011–
2012 follow-up questionnaire. Probable 
PTSD, depression, and generalized anxiety 
disorder were defined using validated 
scales. Self-reported gastroesophageal re-
flux symptoms (GERS) and OSA were ob-
tained from questionnaire responses. Multi-
nomial logistic regression was used to 
examine factors associated with poor or 
very poor asthma control. 

RESULTS: Among 2445 participants, 33.7% 
had poorly-controlled symptoms and 34.6% 
had very poorly-controlled symptoms in 
2011–2012. Accounting for factors including 

https://doi.org/10.1378/chest.15-0106
https://doi.org/10.1378/chest.15-1037
https://doi.org/10.3109/02770903.2014.999083
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age, education, body mass index, and smok-
ing, there was a dose-response relationship 
between the number of mental health con-
ditions and poorer asthma control. Partici-
pants with three mental health conditions 
had five times the odds of poor control and 
13 times the odds of very poor control com-
pared to participants without mental health 
comorbidities. GERS and OSA were signifi-
cantly associated with poor or very poor 
control. 

CONCLUSIONS: Rates of poor asthma con-
trol were very high in this group with post-
9/11 diagnosed asthma. Comprehensive 
care of 9/11-related asthma should include 
management of mental and physical health 
comorbidities.

Kazeros A, Zhang E, Cheng X, et al. 2015.
Systemic inflammation associated with 
World Trade Center dust exposures and air-
way abnormalities in the local community. 
Journal of Occupational and Environmental 
Medicine. 57(6):610–616.

https://doi.org/10.1097/JOM.0000000000000458 

BACKGROUND: Destruction of the WTC tow-
ers on September 11, 2001, released mas-
sive dust, gas, and fumes with environmen-
tal exposures for community members. 
Many community members have lower re-
spiratory symptoms (LRSs) that began after 
September 11, 2001, and remain persistent. 
We evaluated whether systemic inflamma-
tion measured by C-reactive protein was as-
sociated with WTC dust exposures, per-
sistent LRS, and lung function. 

METHODS: Community members self-re-
ferred for the treatment of symptoms relat-
ed to September 11, 2001. C-reactive protein 
and lung function measurements, including 
spirometry and forced oscillation tests 

(impulse oscillometry system), were includ-
ed as routine analyses in patients (2007 to 
2012). 

RESULTS: Increased C-reactive protein lev-
els were associated with the type of WTC 
dust exposure, LRS, reduced spirometry, 
and increased forced oscillation measure-
ments (n=724). 

CONCLUSIONS: Ongoing systemic inflam-
mation measured years after the event was 
associated with WTC dust exposures, per-
sistent LRS, and abnormal lung function in a 
community cohort. These findings have im-
plications for treatment and surveillance.

Rom W, Reibman J. 2015. The history of 
the Bellevue Hospital Chest Service (1903–
2015). Annals of the American Thoracic So-
ciety. 12(10):1438–1446.

https://doi.org/10.1513/AnnalsATS.201506-370PS 

For more than 100 years, the Bellevue Hos-
pital Chest Service in New York City has con-
tributed major advances in our understand-
ing of pulmonary disease. Research from 
the cardiopulmonary laboratory of the 
Chest Service by Drs. Cournand and Rich-
ards resulted in the shared Nobel Prize in 
Physiology or Medicine in 1956 for the  
development of human cardiac catheteriza-
tion. In more recent years, continuing its 
mission to serve the underserved and  
respond to health crises, the Bellevue Chest 
Service has served as a leader in the  
management of HIV infections, multiple 
drug-resistant tuberculosis epidemics, early 
detection of lung cancer, and management 
of urban asthma. Members of the Chest  
Service founded the WTC EHC shortly after 
collapse of the towers in 2001. The Chest 
Service became New York’s infectious isola-
tion unit caring for the first patient in New 

https://doi.org/10.1097/JOM.0000000000000458
https://doi.org/10.1513/AnnalsATS.201506-370PS


Appendix Two • WTC Survivors Data Center Research Publications      
Summary of World Trade Center Health Program Research 2019 Page 367

Survivors

York infected with Ebola virus. Recent re-
search has focused on disease manage-
ment, with the first in-house Directly Ob-
served Therapy Clinic for treatment of 
tuberculosis, clinical trials of aerosolized 
IFN-gamma, and translational research on 
host defense against tuberculosis infection. 
Studies of the airway mucosa have revealed 
mechanisms by which ambient pollutants 
promote asthma. Studies on the World 
Trade Center firefighters and community 
populations have promoted understanding 
of systemic inflammation and small airways 
function. Today, the partnership between a 
public hospital and an academic institution 
promotes the synergy that leads to cost-ef-
fective and state-of-the art care for an un-
derserved population as well as cut-
ting-edge training and research.

Weiden M, Kwon S, Caraher E, et al. 2016. 
Biomarkers of World Trade Center particu-
late matter exposure: Physiology of distal 
airway and blood biomarkers that predict 
FEV(1) decline. Seminars in Respiratory and 
Critical Care Medicine. 36(3):323–333.

https://dx.doi.org/10.1055%2Fs-0035-1547349 

Biomarkers can be important predictors of 
disease severity and progression. The in-
tense exposure to particulates and other 
toxins from the destruction of the WTC over-
whelmed the lung’s normal protective barri-
ers. The Fire Department of New York (FDNY) 
cohort not only had baseline pre-exposure 
lung function measures but also had serum 
samples banked soon after their WTC expo-
sure. This well-phenotyped group of highly 
exposed first responders is an ideal cohort 
for biomarker discovery and eventual vali-
dation. Disease progression was heteroge-
neous in this group in that some individuals 
subsequently developed abnormal lung 
function while others recovered. Airflow 

obstruction predominated in WTC-exposed 
patients who were symptomatic. Multiple 
independent disease pathways may cause 
this abnormal FEV1 after irritant exposure. 
WTC exposure activates one or more of 
these pathways causing abnormal FEV1 in 
an individual. Our hypothesis was that se-
rum biomarkers expressed within 6 months 
after WTC exposure reflect active disease 
pathways and predict subsequent develop-
ment or protection from abnormal FEV1 be-
low the lower limit of normal known as 
WTC-Lung Injury (WTC-LI). We utilized a 
nested case-cohort control design of previ-
ously healthy never smokers who sought 
subspecialty pulmonary evaluation to ex-
plore predictive biomarkers of WTC-LI. We 
have identified biomarkers of inflammation, 
metabolic derangement, protease/antipro-
tease balance, and vascular injury expressed 
in serum within 6 months of WTC exposure 
that were predictive of their FEV1 up to 7 
years after their WTC exposure. Predicting 
future risk of airway injury after particulate 
exposures can focus monitoring and early 
treatment on a subset of patients in greatest 
need of these services.

2016 (7)
Arie S. 2016. Health effects of 9/11 terror at-
tacks continue to grow. BMJ. 354:i4979.

https://doi.org/10.1136/bmj.i4979 

Some 15 years after the terrorist attack on 
New York on 11 September 2001, at least 
1000 people, including many emergency re-
sponders, are known to have died from ill-
nesses related to their exposure to toxic 
dust, and 37 000 people are officially recog-
nized as sick. In the next five years, the death 
toll from health problems related to the 
New York attacks is likely to exceed the 2753 
deaths on the day that two hijacked 

https://dx.doi.org/10.1055%2Fs-0035-1547349
https://doi.org/10.1136/bmj.i4979
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passenger jets were flown into the twin tow-
ers of the WTC, according to Jim Melius, a 
doctor who also advises the White House on 
worker health and chairs the steering com-
mittee overseeing the US government’s 
health program for 9/11 responders. “There 
are a lot of people who are very, very ill with 
lung disease who will see at least 10 years 
taken from their normal life span,” he told 
the Guardian. “We are already seeing many 
more premature deaths occurring, and 
among younger people, from the cancers.” 
The dust and debris around the WTC con-
tained asbestos, lead, glass, heavy metals, 
concrete, and poisonous gases as well as ex-
ploding jet fuel and fragments of dead bod-
ies. The WTC Health Program provides mon-
itoring and treatment for a list of conditions 
that are officially recognized as 9/11 related, 
including airway and digestive disorders, 
mental health conditions, musculoskeletal 
disorders, and cancers (www.cdc.gov/wtc/
conditions.html). This year, Christine Todd 
Whitman, the head of the Environmental 
Protection Agency in 2001, admitted for the 
first time that she was wrong to assure peo-
ple after the attack that the air was safe. 
“We did the very best we could at the time 
with the knowledge we had,” she said.

Berger K, Kalish S, Shao Y, et al. 2016. Iso-
lated small airway reactivity during bron-
choprovocation as a mechanism for respira-
tory symptoms in WTC dust exposed 
community members. American Journal of 
Industrial Medicine. 59(9):767–776.

https://doi.org/10.1002/ajim.22639   

INTRODUCTION:  Small airway dysfunction 
occurs following WTC dust exposure, but its 
role in producing symptoms is unclear.  

METHODS: Methacholine challenge (MCT) 
was used to assess the relationship between 

onset of respiratory symptoms and small 
airway abnormalities in 166 symptomatic 
WTC dust-exposed patients. Forced oscilla-
tion testing (FOT) and respiratory symptoms 
were assessed during MCT.  FOT parame-
ters included resistance at 5 and 20 Hz (R5 
and R20) and the R5 minus R20 (R5–20). 

RESULTS: Baseline spirometry was normal 
in all (mean FEV1 100 + 13% predicted, mean 
FEV1 /FVC 80 + 4%). MCT revealed bronchial 
hyperreactivity by spirometry in 67 patients. 
An additional 24 patients became symp-
tomatic despite minimal FEV1 change 
(<5%); symptom onset coincided with in-
creased R5 and R5–20 (P > 0.001 vs. base-
line). The dose-response of FOT (reactivity) 
was greater compared with subjects that 
remained asymptomatic (P < 0.05). 

CONCLUSIONS: FOT during MCT uncovered 
reactivity in small airways as a mechanism 
for respiratory symptoms in subjects with 
inhalational lung injury.

Caplan-Shaw C, Kazeros A, Pradhan D, et 
al. 2016. Improvement in severe lower re-
spiratory symptoms and small airway func-
tion in World Trade Center dust exposed 
community members. American Journal of 
Industrial Medicine. 59(9):777–787.

https://doi.org/10.1002/ajim.22642 

OBJECTIVE: Longitudinal assessment of LRS 
in community members with WTC 
exposures. 

METHODS: Adult members of a treatment 
program with complete standardized visits 
were evaluated (n=798). Association of de-
mographic characteristics, mental health 
symptoms, and lung function with trajecto-
ry of LRS between initial and monitoring vis-
it was evaluated. 

http://www.cdc.gov/wtc/conditions.html
http://www.cdc.gov/wtc/conditions.html
https://doi.org/10.1002/ajim.22639
https://doi.org/10.1002/ajim.22642
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RESULTS: Severe LRS were present in 70%  
at initial and 63% at monitoring visit. Initial 
severe LRS were associated with WTC dust 
cloud exposure and mental health symp-
toms. Spirometry measures were not asso-
ciated with LRS severity or trajectory; im-
provement in LRS was associated with 
improved lung function measured with 
forced oscillometry techniques. 

CONCLUSION: Many community patients in 
a WTC treatment program had severe LRS 
associated with exposures and mental 
health symptoms. Improvement in LRS was 
associated with improvement in measures 
of small airway function.

Currie J and Schwandt H (2016). The 
9/11 Dust Cloud and pregnancy Out-
comes: A reconsideration.  J  Hum Resour 
51(4): 805–831.

https://doi.org/10.3368/jhr.51.4.0714-6533R 

The events of 9/11 released a million tons 
of toxic dust into lower Manhattan,  
an unparalleled environmental disaster. 
It is puzzling then that the literature  
has shown little effect of fetal exposure 
to the dust. However, inference is compli-
cated by pre-existing differences be-
tween the affected mothers and other 
NYC mothers as well as heterogeneity in 
effects on boys and girls. Using all births 
in utero on 9/11 in NYC and comparing 
them to their siblings, we show that resi-
dence in the affected area increased pre-
maturity and low birth weight, especially 
for boys.

Farris S, Paulus D, Gonzalez A, et al. 2016. 
Posttraumatic stress symptoms and body 
mass index among World Trade Center di-
saster-exposed smokers: A preliminary ex-
amination of the role of anxiety sensitivity. 
Psychiatry Research. 241:135–140.

https://doi.org/10.1016/j.psychres.2016.04.074 

Among individuals exposed to the WTC di-
saster on September 11, 2001, PTSD and 
symptoms are both common and associat-
ed with increased cigarette smoking and 
body mass. However, there is little informa-
tion on the specific processes underlying 
the relationship of PTSD symptoms with 
body mass. The current study is an initial ex-
ploratory test of anxiety sensitivity, the fear 
of internal bodily sensations, as a possible 
mechanism linking PTSD symptom severity 
and body mass index (BMI). Participants 
were 147 adult daily smokers (34.0% fe-
male) exposed to the WTC disaster (via res-
cue/recovery work or direct witness). The 
direct and indirect associations between 
PTSD symptom severity and BMI via anxiety 
sensitivity (total score and subscales of 
physical, cognitive, and social concerns) 
were examined. PTSD symptom severity 
was related to BMI indirectly via anxiety sen-
sitivity; this effect was specific to physical 
concerns about the meaning of bodily sen-
sations. Interventions focusing on anxiety 
sensitivity reduction (specifically address-
ing physical concerns about bodily sensa-
tions) may be useful in addressing elevated 
BMI among trauma-exposed persons.

Icitovic N, Onyebeke L, Wallenstein S, et 
al. 2016. The association between body 
mass index and gastroesophageal reflux 
disease in the World Trade Center Health 
Program General Responder Cohort. Ameri-
can Journal of Industrial Medicine. 
59(9):761–766.

https://doi.org/10.1002/ajim.22637 

BACKGROUND: There is increasing concern 
about the obesity epidemic in the United 
States. Obesity is a potential risk factor for a 
number of chronic diseases, including 

https://doi.org/10.3368/jhr.51.4.0714-6533R
https://doi.org/10.1016/j.psychres.2016.04.074
https://doi.org/10.1002/ajim.22637
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gastroesophageal reflux disease (GERD). 
This analysis examined whether body mass 
index (BMI) was associated with physi-
cian-diagnosed GERD in WTC general 
responders. 

METHODS: 19,819 WTC general responders 
were included in the study. Cox proportion-
al hazards regression models were used to 
compare time to GERD diagnosis among 
three BMI groups (normal (<25 kg/m(2) ), 
overweight (>/=25 and <30 kg/m(2) ), and 
obese (>/=30 kg/m(2) )). 

RESULTS: Among the responders, 43% were 
overweight and 42% were obese. The haz-
ard ratio for normal versus overweight was 
0.81 (95% Confidence Interval (CI), 0.75–
0.88); normal versus obese 0.71 (95%CI, 
0.66, 0.77); and overweight versus obese 
0.88 (95%CI, 0.83–0.92). 

CONCLUSION: GERD diagnoses rates were 
higher in overweight and obese WTC re-
sponders. Am. J. Ind. Med. 59:761–766, 2016. 
(c) 2016 Wiley Periodicals, Inc.

Reibman J, Levy-Carrick N, Miles T, et al. 
2016. Destruction of the World Trade Center 
towers. Lessons learned from an environ-
mental health disaster. Annals of the Ameri-
can Thoracic Society. 13(5):577–583.

https://doi.org/10.1513/AnnalsATS.201509-572PS 

The assault and subsequent collapse of the 
WTC towers in New York City on September 
11, 2001 (9/11), released more than a million 
tons of debris and dust into the surrounding 
area, engulfing rescue workers as they 
rushed to aid those who worked in the tow-
ers, and the thousands of nearby civilians 
and children who were forced to flee. In De-
cember 2015, almost 15 years after the at-
tack, and 5 years after first enactment, Con-
gress reauthorized the James Zadroga 9/11 

Health and Compensation Act, a law de-
signed to respond to the adverse health ef-
fects of the disaster. This reauthorization 
affords an opportunity to review human in-
halation exposure science in relation to the 
WTC collapse. In this Special Article, we 
compile observations regarding the collec-
tive medical response to the environmental 
health disaster with a focus on efforts to ad-
dress the adverse health effects experienced 
by nearby community members including 
local residents and workers. We also ana-
lyze approaches to understanding the po-
tential for health risk, characterization of 
hazardous materials, identification of popu-
lations at risk, and shortfalls in the medical 
response on behalf of the local community. 
Our overarching goal is to communicate les-
sons learned from the WTC experience that 
may be applicable to communities affected 
by future environmental health disasters. 
The WTC story demonstrates that communi-
ties lacking advocacy and preexisting health 
infrastructures are uniquely vulnerable to 
health disasters. Medical and public health 
personnel need to compensate for these 
vulnerabilities to mitigate long-term illness 
and suffering.

2017 (1)
Haugen PT, McCrillis AM, Smid GE, and   
Nijdam MJ. 2017.  Mental health stigma 
and barriers to mental health care for first 
responders: A systematic review and me-
ta-analysis.  J Psychiatr Res. 94: 218–229. 

http://doi.org/10.1016/j.jpsychires.2017.08.001 

OBJECTIVE: It is unclear how many first re-
sponders experience barriers to care and 
stigma regarding mental health care, and 
how this influences their help-seeking. A 
systematic review and meta-analysis was 

https://doi.org/10.1513/AnnalsATS.201509-572PS
http://doi.org/10.1016/j.jpsychires.2017.08.001
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conducted on barriers to care and mental 
health stigma in first responders and their 
empirical relationship with psychosocial 
and psychiatric variables. 

METHODS: The databases Medline, Embase 
PsycINFO, CINAHL, PILOTS, LILACS, Socio-
logical Abstracts, SocINDEX, and Social Cita-
tion Index were searched to identify rele-
vant studies. A quality assessment and 
meta-analysis was performed. 

RESULTS:  Fourteen articles met inclusion 
criteria, from which data from 12 samples 
were extracted for meta-analyses. All stud-
ies measured stigma regarding mental 
health care and 33.1% of first responders 
(95% CI 26.7–40.1; 12 individual samples) 
endorsed stigma items. The systematic re-
view revealed that the most frequently en-
dorsed items were fears regarding confiden-
tiality and negative career impact. Five of 14 
studies measured barriers to mental health 
care and 9.3% of first responders (95% CI 
7.0–12.3; 4 individual samples) endorsed 
barriers to care items. The most frequently 
endorsed barriers were scheduling concerns 
and not knowing where to get help. Indica-
tions were found for more stigma and barri-
ers in individuals with mental health 
problems. 

CONCLUSIONS: Stigma and barriers to care 
are experienced by a significant proportion 
of first responders, which can potentially 
lead to delayed presentation in mental 
health care and therefore, increased risk of 
chronicity of post-trauma psychopathology 
for these groups. The current systematic re-
view draws attention to the paucity of re-
search in this area, particularly in non-West-
ern samples.

2018 (1)
Ahuja S, Zhu Z, Shao Y, et al. 2018. Ob-
structive sleep apnea in community mem-
bers exposed to world trade center dust and 
fumes. Journal of Clinical Sleep Medicine 
14(5): 735-743. [epub ahead of print]

https://doi.org/10.5664/jcsm.7094

STUDY OBJECTIVES: A relationship between 
obstructive sleep apnea (OSA) and exposure 
to the World Trade Center (WTC) dust and 
fumes has been suggested in responders 
but little is known about a possible relation-
ship in community members. We character-
ized sleep studies performed in community 
members with WTC dust exposure to im-
prove our understanding of the relationship 
between the diagnosis and severity of OSA 
and WTC dust exposure in this population.

METHODS: Single-center, retrospective
study of patients enrolled in a clinical treat-
ment program for community members 
with WTC dust exposure. Patients were in-
cluded if they had undergone sleep studies 
for evaluation of possible OSA through Sep-
tember 2016 and provided written informed 
consent. 

RESULTS: The total number of patients in-
cluded in the analysis was 143. Patients 
were predominantly male (61%), never 
smokers (59%) and had a median body mass 
index of 31 kg/m2. Most reported upper and 
lower respiratory symptoms. An apnea-hy-
popnea index (AHI) >= 5 events/h was meas-
ured in 66% of the patients, and respiratory 
disturbance index was = 5 events/h in 97%. 
The proportion of patients with moder-
ate-severe OSA (defned by the AHI 4% crite-
ria) was 50%. Multivariate logistic regres-
sion revealed that acute WTC dust cloud 
exposure was associated with severity but 

https://doi.org/10.5664/jcsm.7094


Appendix Two • WTC Survivors Data Center Research Publications  
Summary of World Trade Center Health Program Research 2019Page 372

Su
rv

iv
or

s

not diagnosis of OSA. 

CONCLUSIONS: We identifed a high rate of 
OSA in the WTC community cohort who 
were referred for sleep studies. Exposure to 
the massive WTC dust cloud caused by the 
WTC collapse was independently associat-
ed with the severity of OSA in this popula-
tion. This fnding highlights the role that en-
vironmental exposures may play in the 
development of OSA.

2019 (4) 

Hena K, Murphy S, Zhang Y, et al. 2019.  
Clinical Evaluation of Sarcoidosis in Com-
munity Members with World Trade Center 
Dust Exposure. Int J Environ Res Public 
Health. 16(7). 

 https://doi.org/10.3390/ijerph16071291

BACKGROUND: Sarcoidosis is a granuloma-
tous disease involving intrathoracic and ex-
trathoracic organs. Genetic and environ-
mental factors, such as exposure to 
World-Trade Center (WTC) dust after 9/11, 
may play a role in clinical presentation. 
Characterization of sarcoidosis in communi-
ty members with exposure to the WTC dust 
can provide further insight into the relation-
ship between environmental exposure and 
sarcoidosis. 

METHODS: Patients with documented sar-
coidosis were identified in the WTC Environ-
mental Health Center (EHC), a treatment 
program for community members. Demo-
graphic and clinical data were collected 
from standardized questionnaires and chart 
review. Organ involvement was assessed 
with a standard instrument. 

RESULTS: Among patients in the WTC EHC, 
87 were identified with sarcoidosis after 
9/11. Sarcoidosis cases were more likely Af-
rican-American, local workers, and had 
more respiratory symptoms, compared with 
non-sarcoidosis WTC EHC patients. Many 
(46%) had >/= Scadding stage 3 on chest im-
aging, and had reduced lung function mea-
sures. Extrathoracic involvement was iden-
tified in 33/87 (38%) with a diversity of 
organs involved. 

CONCLUSIONS: WTC-exposed sarcoidosis in 
community members is often characterized 
by severe pulmonary disease and a high 
rate of diverse extrathoracic involvement. 
Further analysis is required to characterize 
the course of disease progression or 
resolution.

Pradhan D, Xu N, Reibman J, et al.  2019.  
Bronchodilator Response Predicts Longitu-
dinal Improvement in Small Airway Func-
tion in World Trade Center Dust Exposed 
Community Members.  Int J Environ Res 
Public Health. 16(8):E1421. 

https://doi.org/10.3390/ijerph16081421

The evolution of lung function, including as-
sessment of small airways, was assessed in 
individuals enrolled in the World Trade Cen-
ter Environmental Health Center (WTC-
EHC). We hypothesized that a bronchodila-
tor response at initial evaluation shown by 
spirometry or in small airways, as measured 
by forced oscillation technique (FOT), would 
be associated with improvement in large 
and small airway function over time. Stan-
dardized longitudinal assessment included 
pre and post bronchodilator (BD) spirome-
try (forced vital capacity, FVC; forced expira-
tory volume in 1 second, FEV1) and FOT (re-
sistance at 5 Hz, R5; resistance at 5 minus 20 

https://doi.org/10.3390/ijerph16071291
https://doi.org/10.3390/ijerph16081421
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Hz, R5-20). Longitudinal changes were as-
sessed using linear mixed-effects modelling 
with adjustment for potential confounders 
(median follow-up 2.86 years; 95% mea-
surements within 4.9 years). 

DATA DEMONSTRATED: (1) parallel improve-
ment in airflow and volume measured by 
spirometry and small airway function (R5 
and R5-20) measured by FOT; (2) the magni-
tude of longitudinal improvement was tight-
ly linked to the initial BD response; and (3) 
longitudinal values for small airway func-
tion on FOT were similar to residual abnor-
mality observed post BD at initial visit. 
These findings suggest presence of revers-
ible and irreversible components of small 
airway injury that are identifiable at initial 
presentation. These results have implica-
tions for treatment of isolated small airway 
abnormalities that can be identified by 
non-invasive effort independent FOT partic-
ularly in symptomatic individuals with nor-
mal spirometry indices. This study under-
scores the need to study small airway 
function to understand physiologic changes 
over time following environmental and oc-
cupational lung injury.

Rosen R, Zhu Z, Shao Y, et al.  2019.  Longi-
tudinal Change of PTSD Symptoms in Com-
munity Members after the World Trade Cen-
ter Destruction.  Int. J. Environ. Res. Public 
Health. 16: 1215. 

https://doi.org/10.3390/ijerph16071215 

The World Trade Center (WTC) Environmen-
tal Health Center (EHC) is a treatment pro-
gram for community members with expo-
sure to the 9/11 terrorist attack and its 
physical and emotional aftermath. Com-
pared to the general responders program, 

the WTC EHC is diverse with equal gender 
distribution, representation of many races 
and ethnicities, and a wide range of social 
economic status. Patients in the WTC EHC 
were initially enrolled for physical symp-
toms, most of which were respiratory, how-
ever a large portion of the enrollees scored 
positive for probable posttraumatic stress 
disorder (PTSD). In this paper we identify 
patient characteristics associated with 
probable PTSD. We also determine the char-
acteristics associated with the longitudinal 
change of PTSD symptoms, including per-
sistence and remittance, using the widely 
used Posttraumatic Check List-17 (PCL) cut-
off value of 44, as well as changes in PCL to-
tal score and symptom cluster scores in pa-
tients of Low and High PTSD symptom 
severity. Few patients with elevated scores 
achieved a score below 44. However, longi-
tudinal improvement in PCL score at fol-
low-up was identified for patients with High 
PTSD scores (PCL > 57.5). Changes in PCL 
symptom clusters differed between those 
with High and Low PCL scores. These data 
suggest improvement over time in PCL score 
that differs depending on the severity of the 
score and variable responses in the PCL 
symptom clusters.

Thawani S, Wang B, Shao Y, et al.  2019.  
Time to Onset of Paresthesia Among Com-
munity Members Exposed to the World 
Trade Center Disaster.  Int. J. Environ. Res. 
Public Health. 16(8):1429.

https://doi.org/10.3390/ijerph16081429 

We examined whether time to onset of par-
esthesia was associated with indicators of 
severity of World Trade Center (WTC) expo-
sure. We analyzed data from 3411 patients 
from the Bellevue Hospital—WTC 

https://doi.org/10.3390/ijerph16071215 
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Environmental Health Center. Paresthesia 
was defined as present if the symptom oc-
curred in the lower extremities with fre-
quency “often” or “almost continuous.” We 
plotted hazard functions and used the log-
rank test to compare time to onset of pares-
thesia between different exposure groups. 
We also used Cox regression analysis to ex-
amine risk factors for time-to-paresthesia 
after 9/11/2001 and calculate hazard ratios 
adjusted for potential confounders. We 
found significantly elevated hazard ratios 
for paresthesia for (a) working in a job that 

required cleaning of WTC dust in the work-
place; and (b) being heavily exposed to WTC 
dust on September 11, 2001, after adjusting 
for age, race/ethnicity, depression, anxiety, 
post-traumatic stress disorder, and body 
mass index. These observational data are 
consistent with the hypothesis that exposure 
to WTC dust or some other aspect of cleaning 
WTC dust in the workplace, is associated with 
neuropathy and paresthesia. Further neuro-
logical evaluations of this and other WTC-ex-
posed populations is warranted.



Appendix Three • 2012 STAC Recommendations      
Summary of World Trade Center Health Program Research 2019 Page 375

STAC 2012

Appendix 3, Section 1 

WTC STAC 2012
Research Recommendations

Research Recommendations 
WTC Scientific/Technical 
Advisory Committee Draft 
for discussion 1/22/2012

RESPIRATORY DISEASES:
The committee recommends additional re-
search on the effect of WTC exposures on 
the development of chronic respiratory dis-
eases. Specific topics include:

• Continue to do follow-up studies on all 
WTC-exposed groups (firefighters, rescue 
and recovery workers, residents, children, 
police and emergency service workers, 
etc.) for whom persistent WTC-related re-
spiratory symptoms and effects (asthma, 
rhinitis, sinusitis, etc.) have been docu-
mented and/or demonstrated

• Determine whether existing persistent 
health effects among various exposed 
groups follow an exposure-effect gradi-
ent (as demonstrated with firefighters)

• Explore genetic, environmental and oth-
er clinical co-factors associated with 
improving versus worsening pulmonary 
function and COPD.

• Investigate the best diagnostic ap-
proaches to patients with respiratory 
symptoms but normal pulmonary func-
tion testing; develop clinical guidelines.

• Investigate the role of inflammation in 
the persistent drop in pulmonary func-
tion among WTC first responders, in-
cluding correlate lung function changes 
with inflammatory biomarkers in blood, 
sputum, or nasal/bronchial brushes.

• Is inflammation a possible mechanism 
only in highly exposed or is it also possi-
ble at lower exposures?

• Are there potential randomized clinical 
trials for treatment strategies to reduce 
the likelihood of COPD developing?

SARCOIDOSIS: 
The committee recommends additional re-
search on sarcoidosis which seems to be in 
excess in all of the major post-WTC cohorts. 
The WTC HP should encourage the four ma-
jor cohorts to conduct cooperative studies 
to investigate genetic, demographic, occu-
pational and clinical risk factors for sarcoid-
osis associated with 9/11 exposures.

CANCER:
The committee recommends continued fol-
low-up all WTC-exposed cohorts currently 
under study for cancer incidence and mor-
tality. The committee also recommends 
that studies should be done to detect 
pre-malignant changes using biomarkers in 
blood or sputum as well as use of other clin-
ically appropriate techniques to detect evi-
dence of pre-cancerous lesions or mucosal 
changes. Toxicological and mechanistic re-
search should be done to better understand 
potential carcinogenicity of WTC dust and 
components.

MEDICAL SURVEILLANCE:
Research should be conducted on optimal 
methods of medical surveillance and screen-
ing for WTC dust  exposed. Should WTC dust 
exposed be screened for auto immune dis-
eases or other diseases not yet identified as 
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WTC-related? Should enhanced screening 
for lung or other cancers be considered in 
light of both risks and benefits associated 
with screening tests?

HEALTH EFFECTS AMONG CHILDREN:
The committee recommends that research 
on pediatric environmental health effects of 
9/11, including respiratory, developmental 
and endocrine impacts should be an im-
mediate priority. We know very little about 
the health effects of the WTC disaster on the 
more than 30,000 children living or attend-
ing school or daycare in the area. Given chil-
dren’s increased susceptibility to harm, es-
pecially in critical periods of development, 
it is imperative that NIOSH move quickly to 
support in depth studies of respiratory im-
pacts, developmental effects and endocrine 
disruption for this rapidly dispersing cohort.

MENTAL HEALTH INTERVENTION STUDIES:
The committee recommends that the WTC 
HP should solicit proposals for mental 
health intervention studies. While studies 
show substantially increased rates of PTSD 
and other psychiatric diseases in WTC pop-
ulations, studies to define the best treat-
ments would be valuable; clinical trials at 
one or more of the centers would be a log-
ical next step.

BIOSPECIMEN REPOSITORY:
The WTC HP should solicit proposals to de-
velop a biospecimen repository of blood 
and other biological samples collected with 
informed consent for research from individ-
uals seen at the WTC funded health clinics. 
Such samples would be an important re-
source for future studies to investigate asso-
ciations between WTC exposures and health 
effects.

CROSS CUTTING ISSUES:
• Are there medical conditions in WTC-ex-

posed patients that cause, are caused 
by, or are otherwise related to another 
condition in the same patient (rather 
than existing simultaneously but inde-
pendent in the same patient) . For exam-
ple, do heart conditions (not covered) 
develop after treatment for a respiratory 
condition (covered)?

• What is happening in females vs. males 
in the health program? Research that 
may be based only on male participants 
does not consider important sex differ-
ences in the incidence of certain diseas-
es, response to treatment, and long-
term outcomes.

• Consider the applicability of participato-
ry action approaches to the WTC HP.

• Recognize that WTC research is ‘disaster 
science.’

Comments from individual 
WTC STAC Members

Virginia Weaver

It was a pleasure meeting you and working 
with you on the STAC over the last few days. 
Here are my three recommendations:

• Mental health interventions study - my 
rationale for this is that, while there are 
studies showing substantially increased 
rates of PTSD and other psychiatric dis-
eases in WTC populations, studies to de-
fine the best treatments would be valu-
able to this population as well as others 
impacted by both man-made and natu-
ral disasters. The team at NYU seems to 
be thinking along these lines based on 
the systematic review data presented 
to us but a clinical trial at one or more 
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of the centers would be the logical next 
step.

• Research to determine the best diagnos-
tic approach to patients with respira-
tory symptoms but normal pulmonary 
function testing. Again, some work in 
this regard has been done in terms of os-
cillometry and end expiratory CT scans 
and so I will defer to my pulmonary col-
leagues on the committee as to whether 
this goal has been achieved. However, 
my rationale is that, as with recommen-
dation #1, the value is clear for WTC pop-
ulations but would also extend to many 
other patients with toxic inhalation and 
symptoms but normal initial testing. 
Once the approach is clear, guidelines 
issued through the American Thoracic 
Society would be valuable.

• The last one is a no-brainer — continued 
funding of cancer research.

William Rom

Research topics need to emphasize respira-
tory disease since that is “by far” what the 
respondents suffer from.

1. First, what are the biomarkers that may 
predict COPD especially emphysema?

2. Are lung function changes correlated 
with blood inflammatory markers?

3. Will asthma or airway changes e.g. 
Constrictive bronchiolitis predict 
emphysema?

4. What are the characteristics of small air-
way disease in WTC dust-exposed? Can 
sputum or airway/nasal brushes predict 
asthma or airway diseases?

5. Are there any proteomic or genomic or 
metabolomic predictors of COPD in WTC 
dust-exposed?

6. Longitudinal studies would be much 
more helpful than cross-sectional since 
there are large cohorts already in screen-
ing and treatment clinics.

7. Are there potential randomized clinical 
trials for treatment strategies to reduce 
the likelihood of COPD developing?

8. Are there blood banks and gene repos-
itories that can be used currently and 
going forward that can predict COPD/
emphysema?

9. How often and how should WTC dust-ex-
posed be screened?

10. Can inflammatory markers in blood, spu-
tum, nasal/bronchial brushes be used to 
correlate with COPD/emphysema?

11. Do WTC dust exposed or those with 
PTSD have increased sleep apnea? Does 
sleep apnea correlate with small airway 
disease markers?

12. Do WTC dust exposed have increased 
cancer biomarkers in blood (proteom-
ics, genomics) or sputum, and should 
they be undergoing CT screening for 
lung cancer? 

13. What cell line systems or transgenic 
mice can be used to model WTC dust 
exposure?

John Dement

Thanks for the reminder. The following are 
my three research recommendation:

Further research in the role of inflammation 
in the persistent drop in pulmonary function 
among WTC first responders . This cohort is 
unique with regard to exposure characteris-
tics and offers the opportunity to investigate 
the natural history of many respiratory dis-
eases, including COPD and RADS. Some con-
sideration should be given to developing a 
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serum bank for WTC responders to be used 
for future studies.
Combined analyses of sarcoidosis cases, 
pooling cases from the various WTC cohorts. 
This could be a descriptive study, perhaps 
followed by a case-control analysis if the 
number of cases is sufficient.
Expanded study of respiratory effects 
among WTC exposed children. Several 
schools were in the dust path and further 
follow-up of those exposed is needed. For 
these analyses, an appropriate control pop-
ulation is needed.

Thomas Aldrich, MD

Attached are three proposed research pri-
orities for the WTC HP, one fairly well-devel-
oped and the other two just outlines.

I’m a little concerned about COI, and each 
proposal is followed by a brief note about 
COI.

1. GENETIC, DEMOGRAPHIC, OCCUPATION-
AL, AND CLINICAL CHARACTERISTICS 
OF PATIENTS WITH WTC  ASSOCIATED 
SARCOIDOSIS.

Sarcoidosis probably represents a geneti-
cally-primed excessive and abnormal im-
mune response to any of a number of anti-
gens. The frequent involvement of lung, skin 
and eyes has suggested an airborne route of 
antigen exposure. In addition to the well-
known association of beryllium exposure to 
the development of a granulomatous disor-
der indistinguishable from sarcoidosis, envi-
ronmental factors such as wood smoke, tree 
(especially pine) pollen, insecticides, mold, 
flight deck work on aircraft carriers, metal-
working, construction work, and firefighting 

have been associated with increased risk of 
sarcoidosis.

Unusually high annual incidence and point 
prevalence of sarcoidosis has been demon-
strated in all of the major post-WTC cohorts, 
with 26 new cases found in FDNY (lzbicki 
Chest 2007), 38 at Mt Sinai (Crowley AJlnd-
Med 2011), 23 at NYU (Parsia AJRCCM ab-
stract 2010), and 43 in the registry (Jordan 
JOEM 2011). (At least some of the registry 
cases overlap with those reported in oth-
er cohorts, but it is clear that there are at 
least 100 new post-WTC cases). Each of the 
cohorts may have identified additional cas-
es since their publications. Stored blood is 
available for at least the FDNY patients, and 
fresh blood samples can be obtained from 
most patients. In addition, FDNY has report-
ed 25 firefighting-associated sarcoidosis 
case pre-9/11 (Prezant Chest 1999). These 
>100 cases represent a unique cohort of 
sarcoidosis cases, the majority of whom 
had defined temporal onset and a relatively 
well-established environmental trigger.

The WTC Health Program should require the 
four major cohorts to conduct a cooperative 
study of genetic and clinical characteristics 
of the identified post-9/11 sarcoidosis cas-
es. The study should include at the least 
two controls groups: non-WTC-associated 
sarcoidosis cases matched for gender, age, 
race/ethnicity, occupation, and smoking 
history; and non-sarcoidosis WTC-exposed 
persons, similarly matched. The Pl could be 
from any of the cohorts, but a representa-
tive of each should be included and should 
guarantee access to records and patients.

Note regarding COI: I was one of several au-
thors (not first, second, or senior author) of 
the FDNY sarcoidosis paper in 2007. If I were 
not a member of the WTC Health Program 
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STAC, I might well propose a study of this 
sort in any future RFP from the WTC Health 
Program, but, as a member of the STAC, I 
will undertake not to do so and not to ac-
cept any salary or other support from any 
contract or grant from the WTC HP on this 
topic.

2. EARLY DETECTION OF LUNG (AND PER-
HAPS HEAD & NECK, ESOPHAGEAL, GAS-
TRIC, COLONIC) CANCER AND BIOMARK-
ERS FOR PRECANCEROUS LESIONS.

The WTC terrorist attack led to exposure of 
large numbers of persons to multiple po-
tential carcinogens. Because of the largely 
inhalational route of exposure, lung cancers 
(and also perhaps head and neck, esopha-
geal, gastric and colon cancers) might be 
expected to be the most likely cancers to 
emerge at higher-than expected rates in the 
future. It is still too early to expect sufficient 
clinical manifestation of· any WTC-associ-
ated solid tumors to be reliably detected. 
However, it may be possible to demonstrate 
evidence of pre-cancerous lesions or muco-
sa changes in exposed persons.

The WTC HP should solicit proposals to 
evaluate the presence of known biomarkers 
for existing cancers or “precancerous” con-
ditions in persons with high and low expo-
sure to WTC and in matched, non-WTC con-
trols. Studies could be of blood biomarkers, 
exhaled air or BAL DNA adducts or other 
biomarkers.

Bronchoscopic photodynamic evaluation 
could also be considered to be responsive 
to this priority.

Perhaps there are Head and neck, esoph-
ageal, gastric, colon, or other types of 

photodynamic evaluations that also could 
be considered.

I have no COI related to this proposal. 

3. [Third proposal redacted for potential 
COI]

Guille Mejia

I strongly recommend research that focuses 
on:

1. Co-morbidity: We need a close look at 
medical condition(s) in a patient that 
causes, is caused by, or is otherwise re-
lated to another condition in the same 
patient rather than looking at a medical 
condition existing simultaneously but 
independent in the same patient. For ex-
ample developing a heart condition (not 
covered) after treatment from a covered 
condition (respiratory).

2. The health status of female WTC HP par-
ticipants. What is happening and what 
is being seen in females vs. males in the 
health program? Relying on results of re-
search that may be based only on male 
participants does not take into consid-
eration important differences between 
men and women ( and minorities) relat-
ed to the incidence of certain diseases, 
how they respond to treatment, and the 
long term outcomes.

Findings from these types of studies may 
(or may not) identify other conditions for 
coverage, have implications for treatment, 
diagnostic testing and medications, or raise 
more questions, etc.
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Susan Sidel

Attached is a short memo with my research 
choices.
Can we leverage top talent in specialties 
outside the WTC Health Program?

After reviewing the 2011 Research Grants, it 
occurred to me that we have a self-perpet-
uating system: Staffed only with specialties 
appropriate to diagnose and treat The List; 
we don’t have specialists with interest and 
expertise in researching conditions other 
than those they were initially hired to treat.

Maybe that’s part of the disconnect, why 
The List and available research does not re-
flect what is actually happening to people.

1. Review the Methods & Protocols used 
to Collect & Collate Disease Data of Re-
sponders & Survivors in the WTC Health 
Program’s. Implement Elements of Par-
ticipatory Action Research (PAR) in this 
Study.

• Past and present research and data 
methods do not provide a compre-
hensive overview of diseases caused 
by WTC toxins. Necessity mandates 
continual focus on renewing and re  
validating illnesses previously nego-
tiated for monitoring and treatment.

• This is why we do not have accu-
rate cancer numbers; the data was 
not collected or collected but not 
collated.

• The List contains health effects treat-
able within the purview of the medi-
cal specialties of WTCPH staff or spe-
cialists easily accessible at a Center 
of Excellence (Occupational Medi-
cine, Pulmonologists, Psychiatrists, 

Gastroenterologists). Other likely 
WTC disease consequences requir-
ing different specialists for diagnosis 
and treatment are not included.

• It is unclear if Monitoring and Treat-
ment patients diagnosed elsewhere 
with a WTC-related condition, not on 
The List, has that diagnosis reflected 
in any WTC Health Program data.

• Responders complain that symp-
toms and ailments, “likely” WTC re-
lated conditions were/are ignored by 
WTC Health Program doctors, as they 
are not on The List. Their medical re-
cords reflect only List ailments and 
symptoms ignoring all other possi-
ble WTC related health issues partic-
ularly if undiagnosed. Impoverished 
by ill health, specialized diagnosis 
is difficult for many Responders and 
Survivors to access. Many special-
ists in NYC do not accept any health 
insurance, let alone NYS Workers 
Compensation, GHI, and Blue Cross 
(held by many city employees) or 
Medicare/Medicaid.

• It becomes circular: There is a lack of 
diagnosis and therefore data; down-
playing the need to expand The list 
particularly as non-List WTC condi-
tions must be diagnosed outside the 
WTC Health Program.

• “Essentially Participatory Action Re-
search (PAR) is research which in-
volves all relevant parties in actively 
examining together current action 
(which they experience as problem-
atic) in order to change and improve 
it. They do this by critically reflecting 
on the historical, political, cultur-
al, economic, geographic and other 
context which make sense of it .... it 
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aims to be active co  research, by and 
for those to be helped. Nor can it be 
used by one group of people to get 
another group of people to do what 
is thought best for them - whether 
that is to implement a central pol-
icy or an organizational or service 
change. Instead it tries to be a gen-
uinely democratic or non-coercive 
process whereby those to be helped, 
determine the purposes and out-
comes of their own inquiry.” -Wad-
sworth, Y. (1998)

2. Study Autoimmune Disease(s) as a Con-
sequence of Exposure to Toxins Present 
at the WTC.

• The WTC Health Program have been 
quite insular. This would be a terrif-
ic opportunity to expand our pool of 
specialists and leverage the exper-
tise of top medical centers in NYC.

• Hospital for Special Surgery (HSS) of 
NYC, is the #2 Rheumatology Center, 
nationally, and a teaching hospital 
for Cornell Medical School.

3. Effect of WTC Toxins on Women’s Health 
Issues. 

Julia Quint

1. Effect of WTC exposures on the devel-
opment of chronic respiratory disease 
(COPD, sarcoidosis, lung cancer, etc.)

• Conduct research and continue to 
do follow-up studies on all WTC-ex-
posed groups (firefighters, rescue 
and recovery workers, residents, 
children, police and emergency 

service workers, etc.) for whom 
persistent WTC-related respiratory 
symptoms and effects (asthma, rhi-
nitis, sinusitis, etc.) have been docu-
mented and/or demonstrated.

Examples of questions/issues that could 
be addressed in the research/follow-up 
studies:

• Whether existing persistent health ef-
fects among various exposed groups 
follow an exposure-effect gradient 
(as demonstrated with firefighters)

• Whether there are differences or 
similarities in the persistent health 
effects of the various WTC-exposed 
groups that may predict a risk of 
chronic respiratory disease

• Whether inflammation is the mech-
anism by which the adverse respi-
ratory health effects were induced 
in the various exposed groups. Is in-
flammation a possible mechanism 
only in· highly exposed as indicated 
by the in vivo toxicological study by 
Gavett et al. and the in vitro study 
by Payne et al., or is also possible at 
lower exposures as indicated by the 
in vitro study by Wang et al.?

• Are there biomarkers (effects or ex-
posures) that would help to predict 
the risk of developing chronic respi-
ratory disease?

2. Effect of WTC exposures on the risk of 
developing cancer: Conduct toxicolog-
ical and epidemiological research and 
continue to follow up all WTC-exposed 
groups currently under study to identify 
excess cancers.
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 Examples of questions/issues that could 
be addressed in the research/follow-up 
studies:
• Did WTC exposure increase the pres-

ence of PAH- or benzo(a)pyrene 
-DNA adducts in non  smokers in the 
various exposed groups? lf so, do the 
concentrations of PAH-DNA adducts 
correlate with level or time of WTC 
exposure?

• Did WTC exposure increase the risk or 
reduce the latency of testicular can-
cer, prostate cancer, and Non-Hod-
gkin lymphoma among firefighters 
who are already at risk for these 
cancers based on their occupation? 
IARC classifies firefighting as an oc-
cupation as 28, Possibly Carcinogen-
ic in Humans. A meta-analysis by the 
IARC Working Group found that these 
cancers were statistically significant-
ly increased among firefighters.

• Possibility of short, high exposures 
to WTC dust inducing cancer via an 
inflammation mechanism

• What is the theoretical lifetime can-
cer risk (using the default assump-
tion that the risks are additive) as-
sociated with exposure to the 72 
carcinogens (most of which are 
genotoxic and 15 of which are hu-
man carcinogens) identified in the 
WTC dust?

• Would WTC dust be carcinogenic 
if it were tested in an NTP animal 
bioassay?

3. Will WTC exposures have long-term ef-
fects on the health of children?

Continue to conduct follow-up studies 
of exposed children and children born to 

exposed women and men to determine 
if they develop long-term health effects.

Examples of questions/issues that could 
be addressed in the research/follow-up 
studies:

• Are the children of pregnant women 
who were exposed to high levels of 
PAHs at increased risk for developing 
cancer because of in-utero exposure 
(indicated in the studies by Perera et 
al.)?

• Are children with persistent symp-
toms at increased risk of chronic 
respiratory disease compared to 
adults with similar symptoms and 
levels/types of exposures?

• Whether stress-induced low birth 
weight caused adverse effects on 
the academic achievement of chil-
dren born of WTC-exposed pregnant 
women

• Long-term effects on the academic 
achievement of children enrolled in 
schools in areas directly affected by 
the WTC disaster

• Are children at increased to devel-
op cancer compared to similarly 
WTC-exposed adults?

Kimberly Flynn

As a STAC member, I appreciate the oppor-
tunity to provide input on the important 
question of WTC research priorities.
First, I wish to raise a number of ideas that 
should inform NIOSH’s approach to research 
solicitation, review and funding, then I list 
three research priorities: 
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Approach to WTC Research:

NIOSH should solicit a diversity of proposals 
at different levels of funding, including pilot 
studies, clinical trials, mechanistic studies, 
epidemiologic studies and basic science re-
search. Especially important would be work 
that creates resources that can be used by 
multiple investigators.

NIOSH should solicit proposals that address 
health effects to populations throughout 
the geographic zones of impact defined by 
the Zadroga Act.

NIOSH should recognize that WTC research 
is ‘disaster science.’ The understanding that 
9/11-related health impacts were the result 
of a disaster, with all the complexity and un-
certainty disaster ushers in, should inform 
RFPs and the proposal review process. Post-
9/11, researchers and doctors affiliated with 
the clinical centers and data centers have 
worked to address the challenges of a con-
text that differs in key ways from standard 
scientific research. Especially with respect 
to the survivor populations, reviewers must 
take into account that a standardized body 
of pre-existing medical data for study sub-
ject does not exist. In addition, the absence 
of reliable and comprehensive environmen-
tal measurements makes quantifying expo-
sures impossible. It is critical that these and 
other limitation in available data deriving 
from the unique nature of the WTC disaster 
or the negligence of the Environmental Pro-
tection Agency not become an insurmount-
able barrier to conducting the research 
required to meet the 9/11- related health 
needs of survivors.

WTC Research Priorities:

1. Research on pediatric environmental 
health effects of 9/11, including respirato-
ry, developmental and endocrine impacts, 
should be an immediate priority. We know 
very little about the physical health effects 
of the WTC disaster on the more than 30,000 
children living or attending school or day-
care in the area. The only data that currently 
exist are WTC Health Registry surveys com-
pleted by parents of some 3000 children, 
and a handful of molecular epidemiology 
studies correlating various developmental 
and mutagenic effects with the presence of 
pollutants in cord blood - the so-called WTC 
pregnancy studies.

The WTC Health Registry’s initial question-
naire survey found that two to three years 
after 9/11, parents of children who were less 
than 5 years old on 9/11 and enrolled in the 
health registry reported twice as much new-
ly diagnosed asthma than average levels for 
the northeastern United States for that age 
group.

Nonetheless, there have been no lung func-
tion studies following up on what appears 
to be a widespread respiratory impact. In 
addition, there have been no studies of 
non-respiratory health impacts, except for 
a handful of studies by Dr. Frederica Perre-
ra’s team at the Mailman School of Public 
Health, some of which show neurodevelop-
mental and mutagenic effects of in-utero ex-
posures to WTC-derived PAHs.

Given children’s increased susceptibility to 
harm, especially in critical periods of devel-
opment, it is imperative that NIOSH move 
quickly to support in depth studies of respi-
ratory impacts, developmental effects and 
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endocrine disruption for this rapidly dis-
persing cohort.

2. The President’s Cancer Panel has called 
the capacity to collect and preserve biolog-
ic samples essential. Blood banking from 
which DNA, RNA and proteins can be recov-
ered should be done for both survivors and 
responders, and should include freezing live 
cells. This would be especially important for 
the pediatric population, which should be 
followed longitudinally. In the past decade, 
researchers have detected DNA adducts in 
the cord blood of WTC-exposed pregnant 
women, as well as PBDE concentrations that 
were found to be correlated with neurode-
velopmental impairment revealed when 
their children were given standardized tests 
during the first six years of life.

Individual toxins such as PBDE should be 
assayed in blood samples. In addition, 
more powerful techniques are available 
for assessing genetic damage and disrup-
tion of cell physiology, such as genomic 
DNA sequencing and expression profil-
ing. As technology evolves, along with an 
understanding of the interplay of genetic 
variance interacting with external environ-
mental factors, especially environmentally 
induced epigenetic changes, the blood bank 

would prove to be an invaluable resource 
for numerous researchers. Failing to blood 
bank now for the WTC pediatric population 
means foreclosing a key opportunity to in-
vestigate the biological basis of disorders 
caused by exposure to WTC toxins during 
intense phases of growth.

Finally, understanding the biological effects 
of complex mixtures can open the way to 
more accurate assessment of the WTC-ex-
posed. In addition, this would expand a 
knowledge base for future disasters and as 
such, would be an enduring benefit that can 
still be draw from what was otherwise an 
unmitigated tragedy.

3. Since the underlying disease process of 
WTC illnesses is poorly understood, mech-
anistic studies of WTC-related asthma, sar-
coidosis, interstitial lung disease, as well as 
thyroid cancer should be initiated now. Such 
studies will address ‘diagnostic uncertainty’ 
and ‘treatment uncertainty,’ in the language 
of the Zadroga Act. The translational ben-
efits of these studies may be substantial, 
as they may provide insights into more ef-
fective intervention. Such studies may also 
contribute to an understanding of the car-
cinogenic potential of WTC exposures.
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Appendix 3, Section 2 

WTC STAC 2014
Recommendations

Scientific/Technical Advisory Committee
Recommendations to the WTC Health Program Research

Number Recommendations for Research
Is the

Recommendation 
a High Priority?

1
"Investigate whether there are newly emerging health conditions 
or previously unrecognized health conditions not covered by the 
WTCHP among WTC populations."

Yes

2 "Characterize the disaster-related exposures that are associated 
with the development of specific psychiatric disorders." No

3 "Determine the value of biomarkers for early detection of pre-can-
cerous conditions, early cancers, or other WTC-associated diseases." Yes

4 "Assess health effects of WTC exposure on gestation and early life 
(childhood and adolescence)." Yes

5 "Improved assessment of WTC exposure: inhaled, topical, ingested, 
or other." Tied

6

"Evaluate and improve the utility and use of WTCHP data and 
activities for the purpose of active surveillance of health conditions 
in WTC-exposed populations and/or develop improved surveillance 
methods."

Yes

7

"Differentiate psychiatric disorders from symptoms and distress 
in relation to disaster exposure, and develop efficient and effective 
methods for diagnosis of disaster-related psychopathology in popu-
lations and individuals."

Yes

8
"Examine patterns of health care utilization and delivery in the 
WTCHP and the value and efficacy of the medical monitoring activi-
ties of the WTCHP."

Yes

9 "Study the side-effects of drugs administered for treatment of 
WTC-related diseases." No

10 "Investigate the effectiveness and utility of specific PTSD  treatments 
in WTC-affected groups or individuals" Tied
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STAC 2016

Appendix 3, Section 3 

WTC STAC 2016
Children’s Research Recommendations

2016 STAC WTC Children’s 
Research Recommendations

World Trade Center Health Program
Children’s Research Recommendations 
Scientific and Technical Advisory Com-
mittee 
August 25, 2016 

Summary of WTC Health Program 
Children’s Research Activities

Funding Success Rate (2012 - 2016) 
Funded 49 of the 128 (38%) research proj-
ect applications submitted/reviewed for all 
categories.

Funded 7 of the 19 (37%) youth category 
project applications submitted/reviewed. 

Continuation of funding for 9/11 Health 
Registry — multiple projects within single 
funding award.

Total Funding for WTC Health Program 
Youth Cooperative Agreements (2012
–2016)

 

The 7 Youth projects cost $14.4 million, 
which is 3rd highest category funded — more 
than projects on Cancer, Cardiovascular 
Disease, Exposure Assessment and “All 
Other Outcomes Combined” (Autoimmune 
Disease, Cognitive Functioning, and Assess-
ment of the Impact of Epidemiological Bias-
es on WTC Research).

Only exceeded by Respiratory Disease (14 
projects, $27.3 million) and Adult Mental 
Health (10 projects, $16.1 million) — see pie 
chart below:
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Recruitment of Children

•	 Sub-cohort of Children Enrolled in the 
9/11 Health Registry

Extensive outreach led to enrollment of 3,068 
children under 18 years of age on 9/11/2001; 
but 556 were over 18 when the first survey 
was conducted (2003–2004). 2,499 (81%) of 
the original cohort are now at least 18 years 
of age — with only 1,027 consenting to con-
tinue to participate (as adults) despite ag-
gressive outreach. 

There was a small subset of enrolled wom-
en (approximately 500) were pregnant on 
9/11/2001.

•	 New York City Board of Education 

[H]ad agreed to contact the area public 
schools (through a contractor) to recruit 
for initial study participation. At the time, 6 
of the 15 schools in the most affected area 
refused to participate. Subsequently, the
Board would not facilitate further outreach 
for study recruitment by researchers nor the 
9/11 Health Registry.

The WTC Health Program had preliminary 
discussions with the NYC Board of Educa-
tion on July 21, 2016 regarding collaborative 
possibilities for prior student/family out-
reach and education in the hopes of future 
study participation. This would require ex-
tensive updating of address records for prior 
students. The Board has informed the WTC 
Health Program that it is currently exploring 
legalities involving privacy and authority to 
use the data for this purpose. 

 

Current WTC Health Program Youth
Studies

 

The seven current WTC Health Program 
youth studies are listed below, by year of 
award. Each of these studies have recruited 
or will recruit subjects from the WTCHR co-
hort of children. While interim findings for 
the first five studies have been discussed 
in WTC Health Program Research Grantee 
Meetings, no findings have been published 
from these studies as yet. 

1. The Impact of 9/11 on Youth: Mental 
Health, Substance Use and Other Risk 
Behaviors 
Principal Investigator: Christina Hoven 
(FY 2012), Project Duration: 4 years, in 
progress

2. Early Identification of World Trade Cen-
ter Conditions in Adolescents
Principal Investigator: Leonardo 
Trasande (FY 2013), Project Duration: 3 
years, in progress

3. Service Need and Use among Youth Ex-
posed to the WTC Attack
Principal Investigator: Christina Hoven—
took over for Peng-Wu (FY 2012), Project 
Duration: 2 years — closed and no publi-
cations to date

4. Childhood Exposures to Persistent Or-
ganic Pollutants in the World Trade 
Center Disaster and Cardiovascular 
Consequences 
Principal Investigator: Leonardo 
Trasande (FY 2015), Project Duration: 1 
year, in progress

5. Context and Ethnic Diversity: Children’s 
Responses to 9/11 
Principal Investigator: Christina Hoven 



Appendix Three • 2016 STAC WTC Children’s Research Recommendations     
Summary of World Trade Center Health Program Research 2019 Page 389

STAC 2016

(FY 2015), Project Duration: 1 year, in 
progress

6. Research Domain Criteria Domains Un-
derlying Emotional Health and Trajec-
tories of Psychopathology in Families of 
WTC First Responders and Evacuees: A 
Genome-Wide Gene Environment Inter-
action Study
Principal Investigator: Christina Hoven 
(FY 2016), Project Duration: 5 years, just 
awarded

7. 9/11 Trauma and Toxicity in Childhood: 
Longitudinal Health and Behavioral 
Outcomes
Principal Investigator: Christina Hoven 
(FY 2016), Project Duration: 5 years, just 
awarded

WTC Health Program Youth Research
Publications

 

The WTCHR published the following five 
peer reviewed articles focusing on WTC 
Youth since 2008: 

1. Thomas P, Brackbill R, Thalji L, et al. 
2008. Respiratory and other health ef-
fects reported in children exposed to 
the World Trade Center disaster of 11 
September 2001. Environmental Health 
Perspectives. 116: 1383-1390. 

https://doi.org/10.1289/ehp.11205

2. Lipkind H, Curry A, Huynh M, et al. 2010. 
Birth outcomes among offspring of 
women exposed to the September 11, 
2001, terrorist attacks. Obstetrics and 
Gynecology. 116: 917-925. 

https://doi.org /10.1097/AOG.0b013 
e3181f2f6a23.  

3. Stellman S, Thomas P, Osahan S, Brack-
bill R, Farfel MR. Respiratory health of 
985 children exposed to the World Trade 
Center disaster: Report on World Trade 
Center Health Registry Wave 2 follow-up, 
2007–2008. J Asthma 2013; 50:354–363.

https://doi.org/10.3109/02770903.2013.77
6073

4.  Mann M, Li J, Farfel M, Maslow C, Osahan 
S, Stellman SD. Adolescent behavior and 
PTSD 6–7 years after the World Trade 
Center Disaster in New York City. Disas-
ter Health 2014; 2:3–4, 121–129.

https://doi.org/10.1080/21665044.2015.10
10931

5.  Maslow C, Caramanica K, Li J, et al. 2016. 
Reproductive outcomes following ma-
ternal exposure to the events of Septem-
ber 11, 2001, at the World Trade Center, 
in New York City. American Journal of 
Public Health. 106(10): 1796-1803. 

https://doi.org/10.2105/AJPH.2016.303303

6. Gargano L, Welch A, Stellman S. 2016. 
Substance use in adolescents 10 years 
after the World Trade Center attacks in 
New York City. Journal of Child and Ado-
lescent Substance Abuse. 26(1):66–74. 

http://dx.doi.org /10.1080/106782
8X.2016.1210551

7. Gargano L, Thomas P, Stellman S, et al. 
2017. Asthma control in adolescents 10 
to 11 y after exposure to the World Trade 
Center disaster. Pediatric Research. 
81(1-1): 43-50. 

https://doi.org/10.1038/pr.2016.1908

https://doi.org/10.1289/ehp.11205 
https://doi.org/10.1097/AOG.0b013e3181f2f6a23. 
https://doi.org/10.1097/AOG.0b013e3181f2f6a23. 
https://doi.org/10.3109/02770903.2013.776073
https://doi.org/10.3109/02770903.2013.776073
https://doi.org/10.1080/21665044.2015.1010931
https://doi.org/10.1080/21665044.2015.1010931
https://doi.org/10.2105/AJPH.2016.303303
http://dx.doi.org/10.1080/1067828X.2016.1210551 
http://dx.doi.org/10.1080/1067828X.2016.1210551 
https://doi.org/10.1038/pr.2016.190
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Gargano L, Lock S, Brackbill R. Impact of par-
ent physical and mental health comor-
bidity on adolescent behavior. Journal 
of Adolescent Health. 60(2)(S1): S5-S6. 
[Conference Abstract]

http://dx.doi.org/10.1016/j.jadohealth 
.2016.10.032

Anticipated Publication

The following article about WTCHR studies 
of youth is currently undergoing journal 
peer review:

Unmet Healthcare Needs and School Func-

tioning of New York City Adolescents Follow-
ing the World Trade Center Attacks of Septem-
ber 11, 2001 

In 2009, the New York City Department of 
Health and Mental Hygiene published “Clin-
ical Guidelines for Children and Adolescents 
Exposed to the World Trade Center Disaster.” 
Advisors included researchers, pediatric re-
searchers, and parents representing the af-
fected community. These guidelines are avail-
able at the following website: 

http://www1.nyc.gov/assets/doh/down-
loads/pdf/chi/chi28–4.pdf 

WTC Health Program (WTCHP) Actions
STAC Recommendation # 1 
WTCHP Action: Agree

Children and adolescent survivors enrolled 
in the WTCHR are an extremely important 
resource for understanding the health ef-
fects of WTC exposures. Recommend that 
the WTCHP:

• Make substantial efforts to sustain and 
renew participation in surveys and spe-
cial studies.

• Consider a highly collaborative ap-
proach that could examine a broad 
range of mental and physical health out-
comes in the Registry population.

• Develop a funding mechanism that 
would encourage collaboration between 
the Registry and a consortium of investi-
gators with diverse expertise.

• Conduct an analysis of the feasibility and 
usefulness of a standardized health as-
sessment approach, similar to NHANES, 
which could examine a broad range of 
mental and physical health outcomes in 
the Registry population prospectively.

WTC Health Program Comment 
Current WTCHR practices and the WTCHP 
Research Solicitation (PAR-16-098) address 
the first 3 bullets. In discussion with the 
CDC, the WTC Health Program found that 
it was not practical to add 9/11 exposure 
questions to planned implementation for 
the CDC National Health and Nutrition Ex-
amination Survey (NHANES). However, they 
will provide WTC Health Program informa-
tional materials to regional participants for 
the upcoming NHANES field survey. 

In the past, NYC Department of Health and 
Mental Hygiene has conducted their own 
version of a health and nutrition exam study 
called the NYC HANES in 2004 and 2013–14. 
The 2013–14 survey had one 9/11-related 
question for participants who had been di-
agnosed with PTSD. Generally a population 
survey designed to be representative of the 
City, such as NYC HANES, will only have a 
small group of people highly exposed to the 
events of 9/11 and limited ability to make 
conclusions about their health. 

http://dx.doi.org/10.1016/j.jadohealth.2016.10.032
http://dx.doi.org/10.1016/j.jadohealth.2016.10.032
http://www1.nyc.gov/assets/doh/downloads/pdf/chi/chi28-4.pdf
http://www1.nyc.gov/assets/doh/downloads/pdf/chi/chi28-4.pdf
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STAC Recommendation # 2 
WTCHP Action: Agree

Recommend that the WTCHP include the 
general area of childhood and adolescent 
physical and mental health in their requests 
for proposals and make this a priority for 
funding.

WTCHP Comment 
Funding investments have demonstrated 
that this is a priority for funding. Current 
and past NIOSH/OEP WTC Health Program 
research solicitations have included child-
hood and adolescent research.

•	 Since 2012, 128 research projects have 
been reviewed and 49 (38%) have been 
funded

o Since 2012, 19 WTC youth projects 
were received and 7 (37%) were 
funded

•	 Total funding for the 7 WTC Youth co-
operative agreements is $14.4M (18% 
of total funding), # 3 in investment size, 
behind only Adult Mental Health (20% of 
total funding) and Respiratory Disease 
(34% of total funding)

STAC Recommendation # 3a 
WTCHP Action: Under Review

Recommend that the WTCHP create a dis-
tinct pediatric study section under the Za-
droga research funding mantle so that pedi-
atric proposals can be reviewed by experts 
with appropriate expertise in environmen-
tal health of children and not compete in the 
review process, explicitly or implicitly, with 
responder proposals. 

WTC Health Program Comment 
Youth study proposals have been 

peer-reviewed by clinical and research pedi-
atric experts since 2013, resulting in a 37% 
funding rate — higher than the funding rate 
of all study topics. The peer review panel 
considers each study proposal individually, 
and not in comparison to other proposals, 
potential study group, or research topic. In 
conducting secondary review of the tech-
nically scored proposals, the Program has 
emphasized the need for pediatric research 
when making funding decisions. 
We are exploring whether additional pools 
of potential study participants might be 
identifiable and whether a center-based 
approach would be more advantageous for 
continuing research in this topic range.

STAC Recommendation # 3 
WTCHP Action: Agree

If a distinct pediatric study section is not 
created, at a minimum, we recommend that 
the primary and secondary reviewers in the 
NIOSH review process be pediatricians or 
other relevant health professionals with re-
search emphasis in childhood environmen-
tal health. 

WTC Health Program Comment 
As stated above in comments to STAC rec-
ommendation #31, the reviewers for youth 
studies have included experts in clinical 
and research pediatrics and environmental 
health since 2013.

STAC Recommendation # 4 
WTCHP Action: Agree 

Recommend that the WTCHP prioritize 
funding of pediatric research that exam-
ines a range of WTC physical health effects 
including respiratory illness, cardio-meta-
bolic (including blood pressure), endocrine, 
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neurologic, autoimmune and cancer 
impacts.

WTC Health Program Comment
Current WTCHR practice addresses this rec-
ommendation. Please see the summary 
of published, current, and proposed WTC 
youth studies projects.  All WTCHR published 
research studies, including those focusing 
on cancer, overall mortality, PTSD among 
individuals hospitalized with cardiovascular 
disease, and autoimmune disease include 
children and children who have aged into 
young adults.

 

STAC Recommendation # 5 
WTCHP Action: Agree

Recommend that the WTCHP prioritize, to 
the extent possible, longitudinal studies of 
physical and mental health of affected pedi-
atric populations.

WTC Health Program Comment 
To the extent possible, we have and will 
continue to prioritize such studies. Please 
see the summary of published, current and 
proposed WTC youth studies projects. 

STAC Recommendation #6 
WTCHP Action: Agree

Recommend that the WTCHP incentivize the 
creation of consortia for collaborative pedi-
atric research. 

WTC Health Program Comment 
We do encourage and support research-
er collaboration, as does the WTCHR. The 
WTCHR utilizes an equitable and efficient 
process to recruit for participants from the 
registrants. We also facilitate cross-fertiliza-
tion among the interested researchers by 
doing bi-annual grantee meetings. 

Given the known limitations in reaching 
people who were children when potential-
ly exposed to 9/11, we are increasing efforts 
to require interested researchers to collab-
orate and capitalize on relative strengths 
and coordinate efforts for study recruit-
ment — including discussion with relevant 
researchers and amending the existing re-
search announcement (PAR-068) to require 
multi-institutional collaboration for this 
topic area.

STAC Recommendation # 7 
WTCHP Action: Under Review

Recommend that the WTCHP expedite the 
development of a funding opportunity for 
limited short-term projects that attempt 
cohort identification, location, and will-
ingness to participate in studies to answer 
outstanding questions about whether unex-
amined opportunities to learn more about 
childhood effects of 9/11 can be addressed 
15 years after the event. 

WTC Health Program Comment 
We are evaluating the outreach conducted 
by the WTCHR to for registrants whether ad-
ditional outreach efforts would be feasible 
and fruitful. 

The WTC Health Program had preliminary 
discussions with the NYC Board of Educa-
tion on July 21, 2016 regarding collabora-
tive possibilities for prior student/family 
outreach and education in the hopes of fu-
ture study participation. This would require 
extensive updating of address records for 
prior students. The Board has informed the 
WTC Health Program that it is currently ex-
ploring legalities involving privacy and au-
thority to use the data for this purpose. 

We explored the addition of 9/11 exposure 
questions to part of the National Health and 
Nutrition Examination Survey (NHANES) 
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within another part of CDC to help identify 
potential recruitment options. 

We are also exploring an independent eval-
uation of the currently funded research 
portfolio. 

STAC Recommendation # 8
WTCHP Action: Agree

Recommend that the WTCHP encourage the 
use of appropriate incentives to the WTC 
children cohort to enhance their ongoing 
participation. Recommend that WTCHP re-
quire researchers provide individual study 
results, where appropriate, and overall 
study results back to study participants. 

WTC Health Program Comment 
Current WTCHP youth research projects do 
utilize incentives to increase recruitment 
and retention of study subjects. IRB approv-
al is required for all proposed incentives. 
All WTCHP research projects are required 
to disseminate study results to the public. 
Principal Investigators can and do provide 
participants with individual test results.

STAC Recommendation # 9 
WTCHP Action: Agree

Recommend that the WTCHP support col-
lection, bio-banking, and preservation of 
biological samples from WTC-exposed chil-
dren using state-of-the-art methods so that 
biological markers of exposure, effects, and 
long-lasting toxins can be studied now and 
in the future. 

WTC Health Program Comment 
The WTCHR has access to statewide infant 
blood spots that are being utilized to ad-
dress this recommendation. Use of these 
samples was included in proposed FY 16 

prenatal studies and weighed in consider-
ation of strength of proposed approach and 
scarcity of the resource. 
STAC Recommendation # 10 
WTCHP Action: Agree

Encourage the WTCHP to inform researchers 
about the WTCHP treatment programs and 
covered conditions and provide this infor-
mation to study participants.

WTC Health Program Comment 
The WTCHP communication staff is pro-
viding this information using a variety of 
unique and innovative methods. 

STAC Recommendation # 11
WTCHP Action: Under Review

Recommend that the WTCHP communicate 
to the health care community up-to-date 
WTC research findings and their implications 
for practice, such as through updated WTC 
pediatric care and treatment guidelines.

WTC Health Program Comment 
We are looking into the numbers of chil-
dren at-risk and whether current scientific 
evidence and program experience supports 
changes to the existing guidance issued by 
the NYC Department of Health and Mental 
Hygiene. This is being addressed as part of 
implementing the new WTCHR contract.

STAC Recommendation # 12
WTCHP Action: Under Review

Recommend that the WTCHP conduct a for-
mal study of missed opportunities for child-
hood study from 9/11, including a road map 
for the post-disaster setting about how to 
identify and enlist exposed childhood sub-
sets; how to approach exposure measure-
ment; and the nature, range, and tools to 
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use to study health effects. 

WTC Health Program Comment 
We are exploring available mechanisms and 
authority to propose such a road map to 
guide future studies of childhood exposure 
in the post-disaster setting.
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Appendix 3, Section 4 

WTC STAC 2019
Recommendations

Recommendations from the 2019 World Trade Center Scientific 
and Technical Advisory Committee and Dr. Howard’s Reply

October 28, 2019

John Howard, MD
Administrator, World Trade Center Health 
Program
Centers for Disease Control and Prevention 
(CDC)
National Institute for Occupational Safety 
and Health (NIOSH)
395 E St, S.W.
Suite 9200, Patriots Plaza
Washington, D.C. 20201

Dear Dr. Howard:

The World Trade Center Scientific and 
Technical Advisory Committee urges you to 
encourage the Registry to move with delib-
erate speed to assemble the 9/11 Millennial 
Study cohort. Furthermore, everything 
needed should be done to protect the 9/11 
Millennial Study and ensure it moving for-
ward.

Sincerely,

Elizabeth Ward, PhD
Chair, World Trade Center Scientific and 
Technical Advisory Committee

November 5, 2019

Elizabeth Ward, PhD
Chair, World Trade Center Health Program 
Scientific/Technical Advisory Committee

Dear Dr. Ward:

Thank you for your letter of October 28, 
2019 conveying the views of the World 
Trade Center (WTC) Health Program Scien-
tific/Technical Advisory Committee arising 
from their last meeting in New York City on 
September 18, 2019.

Currently, the WTC Health Program Asso-
ciate Administrator, RADM Dori Reissman, 
M.D., and her staff are working with the 
New York City Department of Health and 
Mental Hygiene to evaluate the feasibility 
of assembling the 9/11 Children’s Study co-
hort. This effort involves the use of histori-
cal New York City Department of Education 
school register records to professionally 
trace the students and their parents/guard-
ians in order to obtain contact information 
of students exposed to 9/11, and a demo-
graphically similar comparison group of 
“unexposed” students, for potential par-
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ticipation in the cohort.  A report on the 
feasibility is expected by early Spring 2020.  
After receiving the report, I will evaluate 
how best to conduct research on the health 
and educational impacts of the WTC disas-
ter in children.

I appreciate your leadership of the WTC 
Health Program Scientific/Technical Advi-
sory Committee and the commitment of the 
Committee members.

Sincerely,

John Howard
Director, National Institute for Occupational 
Safety and Health, and Administrator, World 
Trade Center Health Program



Appendix Three • 2014 WTC Survivor Steering Committee Research Recommendations    
Summary of World Trade Center Health Program Research 2019 Page 397

Survivor Com
m

itt
ee

Paul J. Middendorf, PhD, CIH Senior 
Scientist, CDC/NIOSH/OD/ADSO
2400 Century Parkway NE 4501.03
Atlanta, GA 30345 

Dear Dr. Middendorf:

On behalf of the World Trade Center Health 
Program Survivors Steering Committee 
(SSC), I am writing to provide comments 
about NIOSH’s World Trade Center Health 
Program research approach and priorities 
that emerged from discussions of the Sur-
vivor Steering Committee. Members of the 
committee hope that these can help inform 
the deliberations of the WTC Scientific and 
Technical Advisory Committee (STAC) at its 
February 14, 2014 meeting.

As you know, the SSC was created to play an 
advisory role on the administration of the 
Survivor Program and to represent and pro-
vide input from WTC survivor stakeholders. 
The comments below include input from 
both survivor representatives and WTC En-
vironmental Health Center clinicians.

A few recommendations regarding NIOSH’s 
research approach:

First, there are a wide range of knowledge 
gaps with respect to the science, biology 
and treatment of WTC-related illnesses. 

Therefore, NIOSH should approach closing 
these gaps by supporting a diverse portfolio 
of studies at different levels of funding, in-
cluding pilot studies, clinical trials, studies 
of disease mechanisms, and epidemiolog-
ical studies. It is especially important that 
the STAC recognize that input from the WTC 
Centers of Excellence is critical to devel-
oping the WTC Health Program’s research 
agenda, since clinicians likely have the best 
sense of which conditions may be emerging, 
as well as crucial perspectives on resolving 
diagnostic and treatment uncertainty.

Second, NIOSH should solicit and fund 
proposals that address survivor as well as 
responder health effects. Studies of the 
survivor population should address health 
effects on those living, working or attend-
ing school in Lower Manhattan and western 
Brooklyn and should represent the diverse 
populations and geographic areas affected.

Third, NIOSH should recognize that World 
Trade Center research is “disaster science.” 
An understanding that 9/11-related health 
impacts were the result of a disaster should 
inform RFPs and the proposal review pro-
cess. Especially with respect to populations 
in the survivor community, researchers and 
clinicians are operating in the absence of 
preexisting baseline data or a comprehen-
sive set of environmental measurements  
from which to assess exposures. These lim-
itations should not become an insurmount-
able barrier to conducting the research 
required to meet the 9/11-related health 
needs of survivors.

2014 WTC Survivor Steering 
Committee Research 
Recommendations to STAC

Appendix 3, Section 5 

WTC Survivor Steering Committee 2014
Research Recommendations
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Fourth, NIOSH should encourage research-
ers who will commit to engaging in collab-
oration with affected communities using a 
Community Based Participatory Research 
(CBPR) model for all phases of their studies. 
According to the Harvard Clinical Transla-
tional & Science Center, CBPR is an emerging 
approach to scientific inquiry that equita-
bly includes community members in all as-
pects of research including the conception, 
design, analysis and dissemination of the 
research.” The benefits of the CBPR model 
are well established. In our experience, an 
extremely productive dialogue can emerge 
where a sharing of perspectives, informa-
tion and expertise has the effect of strength-
ening the quality of the research. Informa-
tion about CBPR can be found at https://
connects.catalyst.harvard.edu/Profiles/dis-
play/Concept/Community-Based%20Partic-
ipatory%20Research .

Fifth, NIOSH must strengthen the critical 
surveillance function of the WTC Health Pro-
gram’s Data Centers to gather and analyze 
data in a timely fashion. Otherwise, there is 
little chance that important trends, includ-
ing the emergence of new conditions, will 
be recognized.

Sixth, NIOSH should ensure that all research 
proposals receive proper peer review by 
including specialists with appropriate 
expertise.

Going forward, the SSC has a number of 
recommendations regarding WTC Health 
Program research priorities for the survivor 
population.

Given children’s increased susceptibility to 
harm, especially in critical periods of de-
velopment, it is imperative that NIOSH sup-
port research into 9/11 physical and mental 

health impacts to those who were exposed 
to the disaster as children. Especially im-
portant are in-depth studies of respiratory, 
developmental and endocrine health im-
pacts for this rapidly dispersing cohort.

Longitudinal clinical research into the long 
term physical and mental health impacts of 
9/11 on those who  were children at the time 
of the disaster, as well as long term stud-
ies that explore the progression of disease 
and the effect of treatment In the survivor 
population.

Because of the known difficulties of per-
forming epidemiologic studies on small 
populations with ongoing recruitment, we 
would like to suggest that alternate ap-
proaches to studying cancer in diverse pop-
ulations be explored. These populations 
include: children at the time of 9/11, local 
workers, residents, clean-up workers, and 
other non-responders. Possible approach-
es include nested studies, as well as a case 
series approach to understand the possible 
role of exposures, differences in presenta-
tion, the effects of co-morbid conditions or 
additional risks..
We recommend that blood samples be col-
lected from WTC-exposed survivors, includ-
ing children at the time of 9/11. Samples 
should be banked for later analysis—includ-
ing the freezing of live cells from which DNA, 
RNA and proteins  can be recovered. We an-
ticipate that these samples will prove useful 
in at least three ways:

—As a potential source of long-lived bio-
markers of exposure to WTC toxics, useful 
in analyzing exposure-related health condi-
tions in this population.
—As a source of protein markers of disease, 
with potential use in diagnosing and under-
standing WTC-related disease.

https://connects.catalyst.harvard.edu/Profiles/display/Concept/Community-Based%20Participatory%20Research
https://connects.catalyst.harvard.edu/Profiles/display/Concept/Community-Based%20Participatory%20Research
https://connects.catalyst.harvard.edu/Profiles/display/Concept/Community-Based%20Participatory%20Research
https://connects.catalyst.harvard.edu/Profiles/display/Concept/Community-Based%20Participatory%20Research
https://connects.catalyst.harvard.edu/Profiles/display/Concept/Community-Based%20Participatory%20Research
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—As a source of genetic material which can 
be analyzed for evidence of enduring genet-
ic and epigenetic alterations relevant to dis-
ease that may still be detected many years 
after exposure.

Strong protocols to protect privacy, includ-
ing anonymization of all data, must be de-
veloped in consultation with the SSC.

Because so little is known with respect to 
inflammation and other underlying mecha-
nisms for WTC illnesses, such as sarcoidosis, 
cancer and even asthma, it is critical that 
NIOSH support studies of underlying dis-
ease mechanisms. This would include both 
physical and mental health disorders, with 
potential final commonpathways.

NIOSH should support studies of co-mor-
bidity of mental and physical health im-
pacts.  An important research focus would 
be the evolving clinical understanding of 
treating respiratory and anxiety conditions 
simultaneously.

There are few treatment algorithms that 
explicitly address coordination of anxiety 
and respiratory symptoms, particularly in a 
post-disaster setting. This would be more of 
a systems/treatment-services study to iden-
tify or develop a collaborative care model 
that demonstrates efficacy (with regard to 
symptom reduction, improved functioning/
quality of life) and  efficiency (with regard to 
overall program costs).

Studies that seek to characterize cogni-
tive issues such as memory, learning and 
attention problems, experienced by af-
fected survivors and responders should be 
undertaken.

The SSC believes that it is essential that 
NIOSH support research into the physical 
and mental health impacts to people ex-
posed between Houston and 14th streets. 
This population had been eligible for treat-
ment at the WTC EHC prior to passage of the 
Zadroga Act. Clinicians observed the same 
physical and mental health conditions in 
those who lived, worked or attended school 
in this geographic area as in those in the cur-
rent Zadrogacatchment.

Studies that look at the effects of expo-
sures to other disasters — such as Hurricane 
Sandy — after individuals were exposed on 
9/11. There is solid evidence that prior trau-
ma is a risk factor for more morbidity upon 
re-traumatization.

We appreciate the opportunity to offer input 
and ask that you please provide the SSC’s 
recommendations to the STAC prior to its 
February 14th meeting.  The SSC thanks you 
for your consideration.

Sincerely,

Robert Spencer
Member & Former Labor Co-Chair 
robspencer@osaunion.org
212-686-1229

World Trade Center Health Program Sur-
vivors Steering Committee Members

105 Duane Street Residents 
125 Cedar Street Residents 
9/11 Environmental Action 
Beyond Ground Zero Network
Civil Service Employees Association
Communication Workers of America, District 1

mailto:robspencer%40osaunion.org?subject=WTCHP%20Survivor%20Recommendations
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Concerned Stuyvesant Community District 
Council 37, AFSCME Ecuadorian Interna-
tional Center, Inc. 
Good Old Lower East Side (GOLES) 
Henry Street Settlement
Independence Plaza North Tenants’ 
Association
Manhattan Community Board 1 
Manhattan Community Board 2 
Manhattan Community Board 3 New York 
City
New York City Health & Hospitals Corpora-
tion WTC Environmental Health Ctr
New York Committee for Occupational Safe-
ty and Health
New York From the Ground Up 
New York State Laborers’ Union
New York State Public Employees Federation
The Organization of Staff Analysts 
Rebuild.Downtown.Our.Town 
Rebuild with a Spotlight on the Poor
Southbridge Parent and Youth Association 
StuyHealth
United Jewish Council of the East Side 
University Settlement
WTC Community Labor Coalition
World Trade Center Residents Coalition
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The World Trade Center Medical 
Working Group of New York City 

2011 Annual Report on 9/11 Health 

Letter to Mayor Bloomberg

2011 Annual Report on 9/11 Health
November 2011

Dear Mayor Bloomberg:

Since the publication of our 2010 annual 
report, New York City achieved one of its 
major policy goals at the federal level: pas-
sage of the James Zadroga 9/11 Health and 
Compensation Act, which President Obama 
signed into law in January. We take pride 
in the fact that our ongoing review of the 
World Trade Center (WTC)-related litera-
ture documenting adverse health effects in 
WTC responders and survivors, and our as-
sessment of the healthcare services need-
ed to address these issues, as summarized 
in our annual reports and distributed to all 
members of Congress for the past two years, 
supported your vigorous advocacy of this 
legislation.

In addition to ensuring that health moni-
toring and treatment will continue uninter-
rupted for anyone who has become ill after 
their exposure to the WTC collapse, we are 
pleased that the Zadroga Act also affirms 
the need for continuing and expanding 
WTC-related research by the WTC Centers 
of Excellence, the WTC Health Registry and 
other entities. Our previous reports have 
identified some important opportunities 

for WTC-related research, particularly in the 
area of treatment efficacy. We are hopeful 
that this information will be of use to the 
National Institute for Occupational Safety 
and Health (NIOSH), which is responsible for 
administering the WTC Health Program, as 
well as to independent researchers.

The Zadroga Act also establishes a Scien-
tific/Technical Advisory Committee for the 
WTC Health Program, appointed in Septem-
ber 2011, which will review the scientific 
literature for the federal government as we 
have done for New York City over the past 
four years. The Committee will be assum-
ing an even more critical role as it issues 
recommendations, also based on scientif-
ic evidence, to the Program Administrator 
about adding WTC-related health condi-
tions that can be treated by the WTC Health 
Program.  In this report, we update you on 
the progress we have seen regarding the 
implementation of our recommendations 
since 2007, when we began reviewing the 
WTC literature and assessing the adequacy 
of services, and we summarize a decade’s 
worth of research findings. The timeline of 
9/11 health milestones that introduces this 
report shows how the City’s ad hoc partner-
ship with the federal government has built a 
solid scientific foundation for the expansion 
of 9/11 health services over the past decade. 
We are confident that even more can be ac-
complished in the years to come under the 
Zadroga Act.
Linda Gibbs, Co-Chair 
New York City Deputy Mayor for Health and 
Human Services
Thomas Farley, MD, MPH, Co-Chair
New York City Health Commissioner 

Appendix 3, Section 6 
The World Trade Center Medical Working Group of New York City 

2011 Annual Report on 9/11 Health
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World Trade Center Medical 
Working Group Membership

Mayor Bloomberg appointed the World 
Trade Center (WTC) Medical Working Group 
in June 2007. Members meet regularly to 
review clinical and research findings on the 
health effects of WTC exposure. In addition 
to publishing an annual report, they also re-
view the adequacy of physical and mental 
health services available to WTC-exposed 
persons, and they advise city government 
on approaches to communicating health 
risk information related to WTC exposure.

Membership

Linda Gibbs, Co-Chair
New York City Deputy Mayor for 
Health and Human Services

Thomas Farley, MD, MPH, Co-Chair
New York City Health Commissioner

Thomas K. Aldrich, MD
Professor of Medicine, Pulmonary Di-
vision, Montefiore Medical Center and 
Albert Einstein College of Medicine
Chair, New York State September 
11th Worker Protection Task Force

Mitchell Cohen, PhD
Associate Professor, Depart-
ment of Environmental Medi-
cine, NYU School of Medicine

JoAnn Difede, PhD
Director, Program for Anxiety and 
Traumatic Stress Studies Associate 
Professor of Psychology in Psychia-
try, Weill Cornell Medical College

Kitty H. Gelberg, PhD, MPH
Chief, Epidemiology and Surveillance 
Section, Bureau of Occupational Health, 
New York State Department of Health

Carolyn Greene, MD
Deputy Commissioner, Division of Ep-
idemiology, New York City Depart-
ment of Health and Mental Hygiene

Eli J. Kleinman, MD, MPH
Assistant Professor of Medicine and Hema-
tology, Albert Einstein College of Medicine
Supervising Chief Surgeon, New 
York City Police Department

Philip J. Landrigan, MD, MSc, DIH
Dean for Global Health
Professor and Chairman, Department 
of Preventive Medicine Professor of 
Pediatrics, Director, Center for Chil-
dren’s Health and the Environment, 
Mount Sinai School of Medicine

R. Richard Leinhardt, MD, FACS
Chief Surgeon, New York City Depart-
ment of Correction Clinical Associate 
Professor Emeritus of Otorhinolaryn-
gology, New York Medical College

David Prezant, MD
Chief Medical Officer, Special Advisor 
to the Fire Commissioner for Healthy 
Policy, Co-Director, WTC Medical 
Monitoring & Treatment Programs, 
New York City Fire Department
Professor of Medicine, Albert Ein-
stein College of Medicine

Ramanathan Raju, MD*
Chief Executive Officer, Cook Coun-
ty Health and Hospital System
*Dr. Raju left the NYC HH in September 2011
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Joan Reibman, MD
Medical Director, WTC Environmen-
tal Health Center, New York City 
Health & Hospitals Corporation
Associate Professor, Medicine and En-
vironmental Medicine, NYU Medical 
Center Bellevue Hospital Center

Pablo Sadler, MD
Mental Health Medical Direc-
tor, New York City Department of 
Health and Mental Hygiene

Michele S. Slone, MD
Clinical Assistant Professor, Depart-
ment of Forensic Medicine, New York 
University School of Medicine
City Medical Examiner, Office of Chief 
Medical Examiner, City of New York

Lorna Thorpe, PhD
Associate Professor
Director, Epidemiology and Bio-
statistics Program CUNY School of 
Public Health at Hunter College

9/11 Health Services & Research: 
A Decade of Milestones

A decade of milestones in health services and 
research related to the September 2001 ter-
rorist attacks on America illustrate a steady 
progression of private and public commit-
ment to assist the 410,000 individuals1 esti-
mated to have been exposed to the collapse 
of the World Trade Center.

2001

• The federal government funds health 
screening and mental health treatment 
for Fire Department of New York (FDNY) 
members.

2002

• The federal government funds screen-
ing for non-FDNY rescue, recovery and 
clean-up workers at the Mount Sinai 
School of Medicine.

• 9/11 Mental Health and Substance 
Abuse Program, an insurance-like ben-
efit, is launched with private funding to 
increase access to treatment for any-
one in the nation directly affected by 
the September 2001 terrorist attacks.

• The New England Journal of Medi-
cine publishes FDNY research defining 
World Trade Center (WTC) cough and 
noting other respiratory symptoms in 
firefighters.

2003

• Mount Sinai begins treating rescue, 
recovery and clean-up workers for WTC 
health problems with private funding.

• The New York City (NYC) Department 
of Health and Mental Hygiene (DOHMH) 
and the federal government establish 
the volunteer WTCHR to monitor the 
health of people directly exposed to 
the WTC disaster.

• The New York Academy of Medicine 
publishes research about the mental 
health of NYC residents during the first 
six months after the attacks.

2004

• The federal government establishes 
the WTC Medical Monitoring Program 
to screen and monitor rescue, recovery 
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and clean-up workers at FDNY, Mount 
Sinai and several other institutions.

2005

• Researchers from Bellevue Hospital 
and the New York State Department 
of Health publish studies reporting 
an increase in new, post-9/11 respira-
tory symptoms in Lower Manhattan 
residents.

• Private philanthropy funds treatment 
for rescue and recovery workers in the 
NYC area and elsewhere in the US, and 
for Lower Manhattan residents, area 
workers and students at a Bellevue 
Hospital asthma clinic.

• Columbia University researchers pub-
lish a study on WTC mental health im-
pacts among NYC schoolchildren.

2006

• Mount Sinai and other members of the 
WTC Medical Monitoring Program pub-
lish research showing that more than 
50% of rescue, recovery and clean-up 
workers being monitored continued to 
have respiratory symptoms up to 2.5 
years after 9/11.

• The federal government provides 
funding to treat rescue, recovery and 
clean-up workers for the first time and 
establishes the WTC Medical Monitor-
ing and Treatment Program.

• The NYC Department of Health and 
Mental Hygiene publishes and distrib-
utes Clinical Guidelines for Adults Ex-
posed to the WTC Disaster.

• Legislation is introduced in Congress 
to provide long-term physical and 
mental health care for WTC survivors 
and responders regardless of their abil-
ity to pay.

 
2007
 

• As private funding for WTC services is 
exhausted, NYC Mayor Bloomberg ac-
cepts all 15 recommendations in “Ad-
dressing the Health Impacts of 9/11,” 
a special report he commissioned to 
ensure that everyone with WTC-relat-
ed health problems gets the care they 
need.

• NYC establishes the WTC Environmen-
tal Health Center at Bellevue Hospital 
Center, Gouverneur Health Care Ser-
vices, and Elmhurst Hospital Center to 
treat Lower Manhattan residents, area 
workers and students.

• Mayor Bloomberg appoints the WTC 
Medical Working Group to review clin-
ical and research findings on 9/11 
health effects.

2008

• The WTCHR publishes a study exam-
ining physical health among WTC-ex-
posed children.

• The insurance-like benefit program 
begun with private funding is extend-
ed as the NYC 9/11 Benefit Program for 
Mental Health and Substance Use Ser-
vices for local residents.

• The WTC Medical Working Group pub-
lishes its first annual report on 9/11 
health that summarizes findings from 
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more than 100 studies published since 
2001.

• The federal government establishes 
the WTC Responder Health Program to 
monitor and treat rescue and recovery 
workers who live outside the New York 
City area.

• The federal government provides 
funding for the first time to treat Lower 
Manhattan residents, area workers and 
students at the WTC Environmental 
Health Center.

2009

• The Journal of the American Medi-
cal Association publishes WTCHR re-
search estimating that as many as 
88,600 adults have had symptoms of 
post-traumatic stress disorder and as 
many as 40,000 adults have developed 
new asthma as a result of their WTC 
exposure.

• The Health Department publishes 
Clinical Guidelines for Children and Ad-
olescents Exposed to the WTC Disaster.

2010

• The New England Journal of Medi-
cine publishes FDNY research showing 
that decreases in pulmonary function 
in firefighters and EMS workers have 
persisted for seven years, even among 
non-smokers.

• Congress passes the James Zadroga 
9/11 Health & Compensation Act which 
provides federal funding for 9/11-relat-
ed health monitoring, treatment and 
research through 2015.

• 53,485 responders and 5,130 survi-
vors have enrolled in federally funded 
health monitoring and treatment ser-
vices as of December 31.2

2011

• In compliance with the Zadroga Act, 
the National Institute for Occupation-
al Safety and Health issues the First 
Periodic Review of Scientific and Med-
ical Evidence Related to Cancer for the 
World Trade Center Health Program. It 
summarizes current scientific and med-
ical findings in the peer-reviewed liter-
ature about exposures resulting from 
the WTC attack and cancer studies, and 
determines that it cannot currently 
propose a rule to add cancer to the list 
of WTC-related health conditions.

• 9/11 anniversary-themed scientific 
publications highlight current findings. 
The Lancet addresses the comorbidity 
of mental and physical health condi-
tions and includes early reports on can-
cer and mortality.

• The federal government appoints 
the WTC Scientific/Technical Adviso-
ry Committee to review scientific and 
medical evidence and make recom-
mendations to the WTC Health Pro-
gram administrator about changing 
eligibility criteria and covering addi-
tional health conditions.

• WTC responders and survivors 
throughout the United States have ac-
cess to federally funded treatment for 
both physical and mental health condi-
tions for the first time through the fed-
eral WTC Health Program.
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Progress on 
WTC Medical Working Group 
Recommendations (2008–2011)

The World Trade Center (WTC) Medical Work-
ing Group has made a series of recommen-
dations about 9/11 health treatment and 
services since its formation in 2007. These 
recommendations fall into three broad cat-
egories: funding; research and evaluation; 
and education. The WTC Medical Working 
Group remains committed to seeing these 
recommendations implemented in their 
entirety. The progress made up to the tenth 
anniversary of the September 2001 terrorist 
attacks is summarized below.

Funding Recommendations 

Advocate for long-term federal fund-
ing so that the following critical activ-
ities can continue: 

• Treatment of WTC-exposed popula-
tions including rescue, recovery and 
clean-up workers, Lower Manhattan 
residents, area workers (including 
commuters living outside of New York 
City), and students for illnesses relat-
ed to WTC exposure at the Centers of 
Excellence

• Regular monitoring of firefighters, po-
lice, correction, sanitation and other 
rescue, recovery, and clean-up workers 
for WTC-related mental and physical 
health conditions
• Tracking the health of 71,000 people 
enrolled in the WTCHR, who now reside 
in all 50 states

Advocate for federal funding to increase 
scientific knowledge about WTC-related 
health impacts including:

• Research at the WTC Centers of Ex-
cellence, including the development 
of population-specific mental health 
screening tools

• Investigations to identify how envi-
ronmental conditions such as the WTC 
collapse can cause illness, specifically 
through laboratory experiments using 
stored or generated environmental 
dust samples

• Research to identify biologic indica-
tors of specific 9/11 exposures

• Other research as needed to identify 
people at higher risk for illness due to 
WTC exposure

Funding Progress

By passing the James Zadroga 9/11 Health 
and Compensation Act, signed into law by 
President Obama in January 2011, Congress 
implemented a 2008 recommendation of 
the WTC Medical Working Group: long-term 
federal funding for WTC-related health mon-
itoring, treatment and research. Prior to 
passage of this legislation, the WTC Centers 
of Excellence and the WTCHR relied on an 
uncertain mix of private funding, annual 
Congressional appropriations and New York 
City funding to continue health programs 
that began soon after 9/11, and others that 
developed as the mid-term health impacts 
of the attacks became evident. 

Mayor Bloomberg and several members of 
the WTC Medical Working Group testified 
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before Congress in support of the Zadroga 
Act, along with labor and community ad-
vocates who lobbied tirelessly for the bill 
in the nation’s capital. In addition, the Con-
gressional sponsors of the legislation dis-
tributed copies of the 2009 and 2010 annual 
reports of the WTC Medical Working Group 
to educate their colleagues in both the Sen-
ate and the House of Representatives about 
the growing body of scientific literature doc-
umenting the need for continued health ser-
vices and national outreach.

The Zadroga Act establishes the WTC Health 
Program and funds it through at least 2015, 
with New York City paying ten percent of the 
overall cost. Implemented by the National 
Institute for Occupational Safety and Health 
in July 2011, the WTC Health Program serves 
both eligible responders and survivors, no 
matter where they live now in the United 
States.

Research opportunities addressing 9/11-re-
lated health issues are also expanded under 
the Zadroga Act. In addition to the kind of 
periodic, population-based health surveys 
that the WTCHR has conducted with federal 
funding among people directly exposed to 
the disaster, the WTC Centers of Excellence 
and other scientific researchers also will 
be able to apply for grants to conduct clin-
ical investigations and treatment outcome 
evaluations.

It isn’t yet clear if the Zadroga Act covers re-
search to study how specific environmental 
factors may have caused WTC-related illness 
and to identify biologic indicators specific 
for 9/11 exposures.

Research and Evaluation 
Recommendations

Expand research on the prevalence of 
WTC-related conditions and determine 
their persistence. Document WTC-related 
treatment needs and effectiveness by:

• determining the extent to which peo-
ple with potential WTC-related health 
conditions are receiving treatment, 
and by identifying coverage gaps.

• evaluating the effectiveness of treat-
ment among patients with WTC-related 
mental and physical health conditions.

• estimating the number of people 
who may seek mental and/or physical 
health treatment to help policy makers 
project future treatment costs.

Determine whether cancer, chronic ill-
nesses and other late-emerging diseases 
are elevated among WTC-exposed popu-
lations by comparing incidence and mor-
tality rates among WTC-exposed popula-
tions to estimated background rates for 
New York City.
Consider using the following methods 
when conducting cancer investigations 
among WTC-exposed populations:

• Compare the number of cancer diag-
noses among members of WTC cohorts 
who were highly exposed to the WTC 
disaster to the number of diagnoses 
among less exposed members when 
possible. Use of internal comparisons 
is expected to be more meaningful sci-
entifically than external comparisons 
to other groups because of the difficul-
ty in identifying comparable, non-ex-
posed populations.
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• Develop a common WTC exposure 
matrix where possible, so that the de-
gree of exposure within and across co-
horts can be categorized more consis-
tently when analyzing cancer and other 
late-emerging illnesses.
• Schedule the timing of periodic can-
cer analyses in advance to ensure that 
this choice is independent of the re-
sults. Researchers also should consider 
conducting formal analyses no more 
frequently than every five years be-
cause of the length of the induction pe-
riod between environmental exposures 
such as the WTC disaster and the devel-
opment of cancer. However, during the 
interim, monitoring and tracking of the 
data can continue so that researchers 
would detect and share developments 
of interest.

• Consider using other New York City 
data sets (including birth and school 
records) in addition to the WTCHR in 
order to conduct cancer analyses of 
sufficient statistical power among pe-
diatric populations exposed to the WTC 
disaster.

• Consult with other WTC researchers 
on an ongoing basis about the can-
cer analyses within WTC cohorts and 
coordinate the reporting of data and/
or research. This kind of collaboration 
can help reduce confusion among the 
public when the results of these analy-
ses are published and reported by the 
media.

Expand research on the impact of 9/11 
on mental health and substance use by:

• collecting additional data on the 
prevalence of WTC-related depression, 

suicide and substance use among 
WTC-exposed populations.
• assessing the impact of chronic 
WTC-related physical health conditions 
on long-term mental health.
•  studying the impact of tobacco use 
on WTC-related respiratory conditions.

Increase research on mental and physical 
health effects on vulnerable populations 
who were exposed to the WTC collapse in-
cluding children who went to school or who 
lived in the area, had first responder par-
ents, or lost family members on 9/11.

Research and Evaluation Progress

Members of the WTC Medical Working 
Group—or the institutions they represent—
have contributed more than 125 articles 
to the scientific literature. Although many 
of these articles were published prior to 
the MWG’s formation in 2007, subsequent 
research, including articles published by 
such prestigious journals as the New En-
gland Journal of Medicine, the Journal of 
the American Medical Association and the 
Lancet, has focused on areas specifically 
recommended by the MWG.

This includes research estimating the bur-
den of WTC-related illness to help policy-
makers allocate resources rationally; re-
search about the persistence of both mental 
and physical conditions; research into 
co-occurring mental health conditions such 
as depression and substance use; research 
about the impact of tobacco use on WTC-re-
lated illness; and research about cancer and 
mortality risk among WTC-exposed popula-
tions. In addition, researchers not affiliated 
with the MWG have published studies on 
post-9/11 suicide rates.
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Only now has sufficient time elapsed since 
2001 to begin research into the potential 
long-term and late-emerging health im-
pacts associated with WTC exposure, in-
cluding cancer and premature mortality. Al-
though the long-term health impacts of this 
exposure may not be fully understood for 
decades, if ever, the MWG already has begun 
to lay a foundation of shared methodolog-
ical approaches for cancer research. After 
soliciting recommendations about method-
ological approaches from a group of nation-
ally recognized experts including biostatis-
ticians, environmental health scientists and 
cancer epidemiologists in 2010, MWG mem-
bers representing each of the WTC Centers 
of Excellence and the WTCHR formed a WTC 
Analytic Methods Workgroup that also in-
cludes labor and community advisers.

The WTC Analytic Methods Workgroup com-
pleted an analysis of exposure variables for 
rescue, recovery and clean-up workers and 
volunteers collected by its members from 
responses to a variety of surveys asking for 
similar information in different ways, and 
developed an exposure matrix that identi-
fies just three common exposure variables: 
dust exposure on the day of 9/11; work pe-
riods at the WTC site; and work activities at 
the WTC site. The difficulty encountered in 
retrospectively aligning exposure measure-
ments across cohorts underscores the im-
portance of establishing cross-study collab-
orations at the outset for future disasters.

The WTC Analytic Methods Workgroup also 
produced common rules for classifying can-
cers. Abstracts describing both Workgroup 
efforts were presented at the June 2011 
meeting of the Council for State and Ter-
ritorial Epidemiologists and emphasized 
the importance of collaboration among 

institutions studying an already complex 
health issue.

Other areas of research recommended by 
the MWG must be more fully addressed. 
These include: assessing the mental and 
physical health of WTC-exposed children, 
and the children of WTC-exposed first re-
sponders; evaluating the effectiveness of 
treatment for WTC-related conditions; ob-
taining a better understanding of co-morbid 
mental and physical conditions and how 
this co-morbidity may influence disease 
progression, functioning and recovery; and 
initiating investigations into the relation-
ship between WTC environmental contami-
nants and specific physical illnesses and the 
establishment of biologic indicators specific 
for WTC exposures.

Education Recommendations

• Increase awareness of WTC-related 
symptoms and the availability of clin-
ical resources among people who were 
exposed to the disaster.

• Increase awareness of Clinical Guide-
lines for Adults Exposed to the WTC 
Disaster among health care profes-
sionals, especially in areas where large 
numbers of WTC-exposed individuals 
may reside.

• Develop and disseminate clinical 
guidelines for children exposed to the 
WTC disaster.

• Educate policy makers, the media 
and the public about the difficulty in 
establishing a direct cause-effect rela-
tionship between WTC exposure and 
any one individual’s illness for most 
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diseases, especially those that are rel-
atively rare.

• Gather and publish lessons learned 
after 2001 terrorist attacks on the 
World Trade Center about preventing 
and treating disaster-related health 
conditions (see section beginning on 
page 11).

Education Progress

Members of the MWG have made enormous 
progress in increasing awareness of WTC-re-
lated symptoms and the availability of 
clinical resources among people who were 
exposed to the disaster. Major accomplish-
ments since 2007 include the following:

• New York City’s 311 system offers di-
rect transfers to the NY/NJ WTC Clinical 
Consortium and the WTC Environmen-
tal Health Center for people seeking 
WTC-related services.

• The Department of Correction estab-
lished a special unit to refer current 
employees and retirees who participat-
ed in WTC operations to appropriate 
treatment, and to assist them in filing 
for workers’ compensation and pen-
sion disability.

• FDNY published WTC Health Impacts 
on FDNY Rescue Workers, an illustrat-
ed, easy-to-understand report about 
findings from the first six years of mon-
itoring and treatment, and will be pub-
lishing a ten-year update.

• The NY/NJ WTC Clinical Consortium 
conducts extensive outreach including 
commemoration of Responder Day in 

June; distributes The WTC Responder 
Health Watch, a quarterly newsletter 
for all program participants; and host-
ed a successful conference to explain 
health services under the Zadroga Act.
• NYPD created a members-only web-
site centralizing information about all 
WTC-related services, including the 
department’s own on-site health mon-
itoring program, and established a toll-
free number for additional information 
about the availability of services.

• The NYC Department of Health and 
Mental Hygiene launched a “one-stop 
shopping” 9/11 health website with 
regularly updated information about 
WTC-related research and services 
which receives an average of 4,000 visi-
tors each month; publishes a bi-month-
ly 9/11 health e-newsletter with nearly 
9,000 current subscribers; and distrib-
uted two brochures City-wide: “Is 9/11 
Affecting Your Health?,” a Health Bulle-
tin describing WTC-related symptoms 
and services, and a 9/11 Resource 
Guide, listing dozens of organizations 
offering various kinds of assistance.

• The WTC Environmental Health Cen-
ter awarded grants to ten commu-
nity-based organizations to conduct 
outreach; developed “Lived There? 
Worked There? You Deserve Care,” a 
subway advertising campaign and bro-
chure; held health forums for potential 
adult patients and parents of exposed 
children and adolescents; and worked 
with the Department of Education to 
inform 15,000 Lower Manhattan par-
ents who had children in school on 
9/11 about the WTC pediatric program 
at Bellevue Hospital.



Appendix Three • WTC Medical Working Group of New York City 2011 Report    
Summary of World Trade Center Health Program Research 2019 Page 411

M
edical W

orking G
roup

With input from MWG members at FDNY, 
the NY/NJ WTC Clinical Consortium and the 
WTC Environmental Health Center, as well 
as community and labor advisers, the NYC 
Department of Health and Mental Hygiene 
revised the Clinical Guidelines for Adults Ex-
posed to the World Trade Center Disaster it 
first published in 2006, and also developed 
Clinical Guidelines for Children and Adoles-
cents Exposed to the WTC Disaster in con-
junction with child health experts.

The Health Department distributed these 
guidelines to physicians and pediatricians 
throughout New York State. In addition, the 
National Institute for Occupational Safety 
and Health distributed the adult guidelines 
to all state health departments in the US. 
The Health Department mailed the child 
and adolescent guidelines to more than 200 
college health clinics in the northeastern US 
with a cover letter encouraging physicians 
to consider the potential impact of WTC ex-
posure on student health.

Lessons Learned 

The September 11, 2001 attack on the na-
tion’s largest city by international terror-
ists—only the second time such an event 
has occurred on US soil, and one with far 
more devastating consequences than the 
1993 bombing of the World Trade Center—
altered life for millions of Americans. Gov-
ernment agencies, health care providers 
and researchers have learned a number of 
lessons about the health preparedness and 
response to environmental disasters in ur-
ban areas. Some of these lessons, broadly 
categorized below, have led to greater col-
laboration among these entities and result-
ed in important policy or program changes 
in New York City during the last decade.

The need to protect first responders by:

• restricting disaster-site access to indi-
viduals with the proper qualifications 
and training, identifying these individ-
uals and recording the times they work 
for health follow-up.

• providing and enforcing use of ade-
quate personal protective equipment, 
including pre-disaster training in the 
need for, and use of such protection.

• limiting the duration of physical and 
mental health exposures of individuals 
during rescue, recovery and clean-up 
efforts (to the extent possible) through 
shift rotation.

• providing early post-traumatic stress 
disorder (PTSD) screening for respond-
ers with known risk factors, such as a 
prior history of trauma.

The need to protect the health of all pop-
ulations at risk by:

• promoting quality, evidence-based 
post-disaster services effectively.

• determining as early as possible those 
who were potentially exposed and reg-
istering them so that a clearly defined 
population risk is known and so that 
needs can be assessed and services 
provided.

• delivering exposure-appropriate 
physical health services for acute 
and chronic injuries/illnesses.

• providing counseling through rap-
id mobilization of community-based 
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mental health organizations and major 
medical centers

• referring anyone at higher risk for 
post-traumatic stress disorder and oth-
er mental health conditions for compre-
hensive, early psychological evaluation 
using standardized clinical assessment 
tools and providing evidence-based in-
terventions if indicated

• offering culturally competent mental 
health services

• exploring how internet-based tech-
nology may help increase the capacity 
of evidence-based mental health pro-
viders, particularly among affected in-
dividuals who may not be comfortable 
seeking traditional services

• implementing education and out-
reach programs to reduce the stig-
ma associated with mental health 
treatment

• providing appropriate social support 
services to facilitate physical and men-
tal health recovery

• investing in advertising and outreach, 
both community-based and personal-
ized, to reach exposed individuals with 
unmet healthcare needs when disas-
ter-specific services are available at no 
cost

• translating and providing culturally 
appropriate outreach materials for af-
fected communities

The need to collect high quality data by:

•  maintaining a roster of the names, 
addresses, affiliations and duration of 
work of all responders from the very be-
ginning of the response effort to estab-
lish a baseline for future follow-up and 
research

Overview of 9/11 Health 
Findings: 2001–2011

The World Trade Center (WTC) Medical 
Working Group has reviewed more than 
300 studies published from 2001-2011 (as of 
September 30, 2011) that are relevant to its 
mission.

In general, the health findings summarized 
below are remarkably consistent across 
WTC studies.

Physical Health

Dozens of studies indicated that respira-
tory symptoms, sinus problems, asthma, 
and loss of lung function were diagnosed 
in or reported by many who were exposed 
to WTC dust, including nearly 60,000 rescue 
and recovery workers, residents and office 
workers who have enrolled in 9/11 health 
programs. For many, these conditions have 
persisted for nearly a decade.

• Epidemiologic studies indicate that 
diagnoses of new asthma among ex-
posed groups peaked during the first 
16 months after 9/11.

• Clinical studies demonstrate that 
the steep declines in pulmonary func-
tion first detected among firefighters 
and EMS workers within a year of 9/11 
have largely persisted even among 
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those who never smoked; compared to 
pre-9/11 data, four times as many fire-
fighters and twice as many EMS work-
ers had below-normal lung function for 
their ages six to seven years after 9/11.

• Recent studies also have identified 
persistent abnormal pulmonary func-
tion in other WTC rescue and recovery 
workers, including police, and in Lower 
Manhattan residents and area workers.

• Both epidemiologic and clinical 
studies have identified substantial 
co-occurrence, or comorbidity, of men-
tal health conditions with respiratory 
illness.

Intense dust cloud exposure on the morning 
of 9/11 increased the risk for developing re-
spiratory problems across all WTC-exposed 
groups. Other risk factors among specific 
WTC-exposed groups included:

• Rescue, recovery and cleanup work-
ers: arriving early or working for long 
periods of time at the WTC site. In ad-
dition, lung function declines were 
slightly greater among the relatively 
few firefighters and EMS workers who 
were active cigarette smokers before 
and after 9/11 than for nonsmokers

• Residents: not evacuating their 
homes or experiencing a heavy layer of 
dust in their homes

• Office workers: experiencing a heavy 
layer of dust in their offices.

• Both residents and office workers: 
living and working in Lower Manhattan.

Several studies have shown that WTC ex-
posure is associated with sarcoidosis (an 
inflammation that can affect any organ, but 
typically affects the lungs) among rescue, 
recovery and clean-up workers, especially 
those who worked on the debris pile.

Many WTC-exposed adults were also diag-
nosed with or reported having heartburn, 
acid reflux or other gastroesophageal reflux 
symptoms, often but not always in conjunc-
tion with other respiratory or mental health 
symptoms. Researchers have identified ear-
ly arrival at the WTC and intense exposure 
to the dust cloud as risk factors. Acid reflux, 
however, is common among the general 
population; further research is needed to 
understand the relationship between re-
flux symptoms, WTC exposure and other 
WTC-related health conditions.
 
Findings have been inconsistent regarding 
the impact of WTC exposure on birth out-
comes. Some studies suggest that reduced 
fetal growth found in some women who 
were pregnant on 9/11 may be related to the 
stress caused by the attacks. Other studies, 
however, found no impact of WTC exposure 
on birth outcomes.

Few studies have addressed the impact of 
WTC exposure on child/adolescent health, 
especially physical health.

Research about cancer and mortality in 
WTC-exposed populations is in its initial 
stages because it takes a longer time for 
these potential health consequences to be-
come evident. Additional studies are needed 
to determine if early results are replicated, if 
they are replicated in different populations 
with different exposure levels, and if they 
change over time.



Appendix Three • WTC Medical Working Group of New York City 2011 Report    
Summary of World Trade Center Health Program Research 2019Page 414

M
ed

ic
al

 W
or

ki
ng

 G
ro

up

• The first WTC cancer risk study to be 
published found that firefighters with 
WTC exposure may be at greater risk 
for cancer than firefighters who weren’t 
exposed.

• The first mortality study to be pub-
lished showed that persons in the 
WTCHR were less likely to die in the 
eight years of follow-up than in the 
general New York City population. 
The study, however, also showed that 
among Lower Manhattan residents, 
area workers and passersby in the Reg-
istry, those with higher levels of WTC 
exposure may be at greater risk for 
all-cause mortality and cardiac-relat-
ed mortality in particular compared to 
those with intermediate or lower levels 
of WTC exposure.

WTC-related illness, especially respiratory 
illness, has resulted in considerable disabili-
ty and increased pension costs for New York 
City.

Mental Health

Results from large epidemiologic studies 
have consistently shown that probable 
post-traumatic stress disorder (PTSD), iden-
tified by a positive screening using a stan-
dardized psychological assessment tool, is 
the most common WTC-related health ef-
fect among exposed adults, and that it often 
co-occurs with respiratory illness. Severity 
of symptoms may vary over time, however, 
and a face-to-face interview is required to 
make an individual diagnosis.

Screening positive for PTSD was more 
likely among those who were:

• caught in the dust cloud released by 
the buildings as they collapsed.

• injured as a result of the attacks.

• directly exposed to the events of 
9/11, including proximity to the WTC 
site, witnessing horrific events, or 
knowing someone who was killed or 
injured in the attacks.

Other PTSD risk factors include:

• Among rescue and recovery workers, 
early arrival at the WTC site, working 
there for a long time, or doing tasks out-
side of their trained area of expertise.

• Among WTC evacuees, being on a 
high floor in the towers, initiating evac-
uation late, or working for an employer 
that sustained fatalities.

Trauma before or after 9/11 unrelated to the 
terrorist attacks, such as urban or domestic 
violence, was also associated with PTSD or 
with greater symptom severity. Lack of ad-
equate social support was associated with 
reduced recovery from PTSD.

Firefighters with probable PTSD (see defi-
nition on previous page) were significant-
ly more likely than those without PTSD to 
report difficulty functioning at work or at 
home up to four years after 9/11.

Police officers, firefighters and emergency 
medical technicians generally had lower 
rates of PTSD than untrained volunteers be-
cause of prior training and experience with 
emergency response.
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Despite widespread evidence of PTSD 
among exposed groups, suicide rates at the 
population level in New York City did not in-
crease in the first four years after 9/11.

Depression, anxiety and substance use dis-
orders have not been as well studied as PTSD 
among WTC-exposed people. The studies to 
date, however, suggest that the prevalence 
of these conditions increased shortly after 
9/11 and there is significant co-morbidity 
with PTSD in WTC-exposed populations.
The PTSD impact of 9/11 on the US popula-
tion who experienced it indirectly through 
media coverage may have been briefer and 
far smaller than studies conducted in the im-
mediate aftermath of the attacks suggested.

Sources: 2008, 2009, 2010, 2011 WTC Med-
ical Working Group annual reports, which 
can be accessed on line at www.nyc.
gov/9-11healthinfo.

(August 2010–September 2011)
Detailed Summary of Most Recent 
WTC-Related Research

The World Trade Center (WTC) Medical Work-
ing Group identified 90 published papers 
related to health among the WTC-exposed 
in the scientific literature since its 2010 an-
nual report, including numerous studies 
that were published in conjunction with the 
commemoration of the 10th anniversary of 
the September 2001 terrorist attacks. Thir-
ty-five looked at mental health, including six 
child studies; 17 looked at physical health; 
nine looked at both mental and physical 
health; four reported on environmental ex-
posures and 23 examined other issues, such 
as the locations, tasks and experiences of 
responders, a sociopolitical analysis of WTC 
health issues from a community perspective 

and the emotional content of text messages 
on 9/11. Just two studies evaluated treat-
ment efficacy, which the MWG previously 
identified as a major gap in the literature.

New research with the greatest relevance to 
the work of the MWG is summarized below. 
Research published by institutions repre-
sented on the MWG is noted in boldface type 
throughout the research summaries.

Physical Health

Mid-Term Impacts (5-9 Years after 9/11):
A longitudinal study of more than 27,000 
rescue and recovery workers who sought 
treatment at the New York/New Jersey WTC 
Clinical Consortium (based at the Mount Si-
nai School of Medicine) conducted detailed 
physical examinations on each worker and 
also assessed workers’ self-reports of physi-
cian diagnoses from 2002 to 2010. Nine years 
after the terrorist attacks, among those still 
in treatment, 18.1% (1,893) still had ac-
tive asthma; 20% (2,042) had sinusitis, and 
32.6% (3,195) had gastroesophagael reflux 
disorder (GERD). All three conditions were 
associated with higher levels of WTC expo-
sure among workers.3

FDNY researchers demonstrated that eight 
years after 9/11, the prevalence of several 
physician-diagnosed respiratory conditions 
among 10,999 WTC exposed male firefight-
ers remained high in comparison to men in 
the general population. Firefighters 44 or 
younger were much more likely to report si-
nusitis/rhinitis (17.2% vs. 8.4%); bronchitis 
(13.2% vs. 3.3 %) and COPD/ emphysema 
(1.5% vs. 0.3%). Firefighters ages 45-65 were 
much more likely to report sinusitis/rhinitis 
(19.5% vs. 12.2%); current asthma (14.5% 
vs. 4.9%); bronchitis (13.2% vs. 3.2%); and 
COPD/emphysema (7.6% vs. 3.2%).4
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Spirometry, an objective test to measure 
how well the lungs’ large airways are func-
tioning, validated subjective respiratory 
symptoms in a group of nearly 19,000 rescue 
and recovery workers being monitored at 
the NY/NJ WTC Clinical Consortium. Work-
ers reporting persistent cough, wheezing, 
or difficulty breathing upon exertion were 
more likely than workers without symptoms 
to have lower lung function and a high-
er rate of bronchodilator responsiveness 
during their first clinical visits between 2002 
and 2008.5 The nine-year cumulative inci-
dence for spirometric abnormalities among 
5,769 responders at risk in the NY/NJ WTC 
Clinical Consortium was 41.8%; three-quar-
ters of these abnormalities were low forced 
vital capacity, a measurement taken when 
the responders were asked to exhale all the 
air in their lungs as forcefully as possible.6 In 
a longitudinal study of 139 NYPD emergency 
service workers who responded to the WTC 
disaster, NYPD researchers found evidence 
of mild declines in lung function six years 
later, in comparison to pre-9/11 baseline 
data. Abnormal spirometry, seen in 5.3% of 
the cohort, was associated with earlier arriv-
al and longer duration at the WTC site. The 
greatest declines were seen in smokers and 
workers without respiratory protection.7

The WTCHR, in collaboration with the WTC 
Environmental Health Center, also found 
abnormal lung function in Lower Manhat-
tan residents and area workers who report-
ed persistent respiratory symptoms seven 
to eight years after exposure to the WTC 
disaster. In a case control study using spi-
rometry and oscillometry, a test to measure 
how well the lungs’ small airways are work-
ing, researchers found that 180 enrollees 
with persistent respiratory symptoms (cas-
es) were more likely to have abnormal lung 
function than nearly 500 enrollees (controls) 
who had not reported any new respiratory 

symptoms since 9/11. Oscillometric abnor-
malities were found even among cases with 
normal spirometry.8

Twelve patients with suspected interstitial 
lung disease or abnormal lung function un-
derwent lung biopsies four to seven years 
after 9/11 at the WTC Environmental Health 
Center, which treats symptomatic Low-
er Manhattan area workers and residents. 
Pathologic findings included various de-
grees of interstitial lung disease, small air-
ways disease and emphysema even though 
only four of the patients had a history of 
smoking. Researchers also noted the pres-
ence of particulate matter in lung tissue 
with a composition similar to that found in 
analyses of dust collected from the WTC site 
after the collapse of the buildings.9

Researchers at the NY/NJ WTC Clinical Con-
sortium found an increased incidence of 
sarcoidosis among nearly 20,000 rescue 
and recovery workers who sought care for 
9/11-related health problems in comparison 
with other published background rates, al-
though no association was found with date 
of arrival at the WTC site, or exposure to the 
dust cloud released by the collapse of the 
buildings. Thirty eight new cases were ver-
ified from 2002 to 2007, with the highest in-
cidence occurring two and three years after 
9/11.10

Using biopsy results, WTCHR researchers 
confirmed 43 cases of sarcoidosis among 
adults in its cohort of rescue and recov-
ery workers, Lower Manhattan residents, 
area workers and passersby. A nested case 
control study found that working on the 
WTC debris pile significantly increased the 
sarcoidosis risk for rescue and recovery 
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workers; no risk factors were identified for 
other groups.11

Researchers investigating obstructive sleep 
apnea (OSA) at the NY/NJ WTC Clinical Con-
sortium compared a group of 50 rescue and 
recovery workers with aerodigestive symp-
toms who reported habitual snoring six to 
seven years after 9/11 to a similar group of 
men without WTC exposure who also snored 
habitually. OSA was associated with body 
mass index (BMI) and weight in the group 
without WTC exposure but not in the WTC 
workers, suggesting that factors other than 
obesity may contribute to OSA among WTC 
responders with aerodigestive disorders.12

In a study of more than 37,000 adults en-
rolled in the WTCHR who reported no
pre-9/11 gastroesophageal reflux symptoms 
(GERS), 13% reported that new GERS had 
persisted up to six years after 9/11. GERS 
were positively associated with higher lev-
els of WTC exposure, asthma and PTSD but 
occurred even among enrollees who didn’t 
report asthma or PTSD, suggesting for the 
first time an independent association with 
WTC exposure.13

Short-Term Impacts (1-4 Years after 9/11):
Two literature reviews focusing on birth 
outcomes among WTC-exposed pregnant 
women suggest that environmental expo-
sure or attack-related stress reduced fetal 
growth in some women, a finding similar to 
that in studies of birth outcomes after oth-
er terrorist attacks, environmental/chemi-
cal disasters and natural disasters. Disaster 
literature not specific to 9/11 indicates that 
child development may be more influenced 
by maternal mental health than by direct ef-
fects of disaster-related pre-natal stress.14,15 
A newer study not included in these reviews 
compared two groups of women who were 

pregnant between September 11 and De-
cember 1, 2001: 500 women who were en-
rolled in the WTCHR, and 50,000 women 
who lived at least five miles from the WTC 
site.

Although researchers found similar birth 
weight and gestational age at delivery in the 
groups, Registry enrollees with probable 
PTSD were more likely than women without 
PTSD to deliver premature or underweight 
babies.16

Mental Health

Mid-Term Impacts (4-9 years after 9/11):

Rates of chronic post-traumatic stress 
disorder (PTSD) among WTC responders 
vary significantly by worker category 
nine years after 9/11:

The prevalence of probable PTSD among 
more than 11,000 firefighters in the FDNY 
WTC Medical Monitoring and Treatment Pro-
gram was four times higher than in the gen-
eral population, 7.4% compared to 1.8%. 
Early arrival at the WTC site, exercising less 
and drinking more alcohol were associated 
with the persistence or onset of PTSD symp-
toms, as were co-occurring respiratory or 
gastroesophageal reflux symptoms.17

Researchers at the NY/NJ WTC Clinical Con-
sortium report that workers, excluding po-
lice responders, continued to screen positive 
at high rates for PTSD (19.2%), depression 
(17.9%) and panic disorder (12.3%). Police 
responders had much lower rates of these 
conditions: PTSD (5%), depression (4.5%) 
and panic disorder (4.8%).18

The FDNY WTC Medical Monitoring and 
Treatment Program screened nearly 2,000 
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retired firefighters, the majority of whom 
were disabled, for depression, PTSD, and al-
cohol problems four to six years after 9/11. 
Among those at elevated risk for depression 
(23%) or PTSD (22%), 70% were at elevated 
risk for both conditions. Problem alcohol 
use and early arrival at the WTC site were 
identified as unique risk factors for depres-
sion and PTSD, respectively.19

Short-Term Impacts (1-4 Years after 9/11):

A longitudinal study suggests that modest 
increases in drinking and the use of psy-
chotropic medication were associated with 
PTSD onset in New York City up to two years 
after the attacks on the World Trade Center. 
Among a representative sample of nearly 
1,700 adults in New York City who were in-
terviewed in late 2002 and again a year later, 
those with PTSD consumed one more drink 
per month and took psychotropic medica-
tion 20 more days per year.20

Researchers at the WTCHR estimate that 
15% of 3,271 civilians who evacuated either 
of the WTC towers on 9/11 had PTSD two to 
three years later. Being on a high floor in the 
towers, initiating evacuation late and work-
ing for an employer that sustained fatalities 
were among the exposures that increased 
their risk for PTSD.21

A longitudinal study of more than 5,600 
firefighters at the FDNY WTC Medical Mon-
itoring and Treatment Program that began 
six months after 9/11 found that those with 
PTSD up to four years after 9/11 were near-
ly 20 times more likely than those without 
PTSD to report substantial difficulty func-
tioning at home or work. Among the 15.5% 
firefighters with PTSD, nearly half devel-
oped it after the first six months.22

Two studies conducted by Weil-Cornell 
Medical College researchers based on 
more than 3,000 mostly male utility work-
ers who were screened for mental health 
conditions at their place of employment 
offer new insights about traumatic stress 
among WTC recovery workers:

Ten to 22 months after 9/11, eight percent 
of 2,960 workers had symptoms consistent 
with full PTSD, 6% with depression, 3.5% 
with anxiety and 2.5% with panic disorder. 
Believing that their life had been in danger 
was the best predictor of PTSD among these 
workers.23

 
216 workers with trauma symptoms who 
didn’t meet the criteria for full PTSD with-
in the first two years of 9/11 were screened 
again one and two years later. 29% met the 
criteria for sub-threshold or full PTSD at 
Time 2 and 24.5% met these criteria at Time 
3. In addition, workers with sub-threshold 
PTSD reported levels of impairment rough-
ly four times greater than workers with no 
PTSD symptoms.24

Among a sample of 455, mostly female pa-
tients who were screened for mental health 
conditions when they sought primary care 
at a general medicine clinic in New York 
City, the PTSD rate decreased significantly 
from 9.6% one year after 9/11 to 4.1% three 
years later. Patients who reported pre-9/11 
depression, the only significant predictor of 
PTSD trajectory, were 10 times more likely 
to have PTSD four years after the WTC at-
tacks than those who didn’t.25

Research published soon after 9/11 reported 
elevated rates of PTSD among the US popu-
lation ranging from 4.3% to 17%. However, 
data from a national epidemiologic survey 
conducted from 2004 to 2005 and including 
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nearly 35,000 people suggests that indirect 
experience of 9/11, such as witnessing the 
attack on television, had the lowest risk of 
PTSD, 1.3%, of 32 traumatic events listed. 
Other events included sexual assault as 
an adult or child (PTSD risk 40.2%), being 
stalked (PTSD risk 19.5%) and experiencing 
a natural disaster (PTSD risk 5.1%).26

Co-Morbidity

Substantial co-morbidity across physi-
cal and mental health conditions exists 
among firefighters. In a study of nearly 
11,000 firefighters seven to nine years after 
9/11, FDNY researchers found that 41.8% 
of those reporting symptoms of probable 
PTSD also self-reported a physician diag-
nosis of obstructive airways disease (OAD), 
which includes asthma, bronchitis or COPD/
emphysema; 33.3% with probable PTSD or 
depression also self-reported a physician di-
agnosis of OAD. Among those with depres-
sion alone, 28.5% self-reported OAD. The 
researchers found similar results when they 
used medical records instead of self-reports 
for the analysis.27

Rescue and recovery workers who sought 
treatment at the NY/NJ WTC Clinical Con-
sortium from 2002 –2010 also reported sub-
stantial co-morbidity: in a clinical popula-
tion of more than 27,000 workers, nearly half 
with asthma (1,459 workers) also reported 
at least one mental health condition, as did 
more than a third of workers with either si-
nusitis (2,006 workers) or gastroesophage-
al reflux disease (2,348 workers). Similarly, 
around 70% of workers who reported PTSD 
(2,806 workers), depression (2,153 workers), 
or panic disorder (1,129 workers) also re-
ported a physician diagnosis of at least one 
physical disorder.28

Cancer and Mortality

FDNY researchers confirmed 263 new cases 
of cancer from September 11, 2001 through 
2008 among 8,927 male firefighters who re-
sponded to the WTC disaster, 25 more than 
would have been expected among men of 
similar age, race and ethnicity in the general 
population according to the National Can-
cer Institute Surveillance Epidemiology and 
End Results (SEER) reference population. 
When researchers compared the WTC-ex-
posed firefighters to unexposed firefighters 
they found a 19% increase in cancer overall, 
after making an effort to correct for both 
potential surveillance bias (due to changes 
in medical screening tests given after 9/11) 
and lead time bias (it is unlikely that any 
WTC-related cancer would develop within 
two years of 9/11). Lack of statistical power 
prevented the researchers from drawing any 
conclusions about specific types of cancer.29

WTCHR researchers identified 790 deaths 
from 2003 through 2009 among 41,930 
adults who resided in New York City at the 
time of their enrollment in the Registry. The 
all-cause death rate among Registry enroll-
ees was 43% lower than among NYC resi-
dents as a whole.
 
Researchers detected exposure-related dif-
ferences in mortality rates among those in 
the Registry: lower Manhattan residents, 
area workers and passersby with interme-
diate or high levels of exposure, including 
those with two or more injuries on 9/11, 
had elevated all-cause and heart disease 
mortality risks in comparison to those with 
intermediate or lower levels of exposure. 
The study did not detect exposure-related 
mortality differences among rescue and re-
covery workers even when internal compar-
isons were conducted.30
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Children

A survey of more than 8,200 New York City 
schoolchildren in grades 4 to12 conducted 
six months after 9/11 indicates that 40% of 
their families experienced at least one of 
five disruptions: family relocation, job loss, 
restricted travel, school closure and school 
relocation. After adjusting for sociodemo-
graphic characteristics, WTC exposure and 
prior trauma, youth reporting that their 
parents allowed them to travel less freely 
around the city after 9/11 were three times 
as likely to have PTSD as youth whose par-
ents allowed them to travel without restric-
tions. Youth reporting family job loss were 
twice as likely to have PTSD as those who 
didn’t.31

Volunteers

A longitudinal study of 4,974 adult volun-
teers enrolled in the WTCHR draws distinc-
tions between affiliated volunteers and lay 
volunteers. Compared to affiliated volun-
teers, lay volunteers were:

• more likely to have been present in 
lower Manhattan, experienced the dust 
cloud, witnessed horrific events, had 
an injury on 9/11 and reported unmet 
health care needs.

• nearly twice as likely to have reported 
an early post-9/11 mental health diag-
nosis or a diagnosis of asthma or reac-
tive airways dysfunction syndrome.

• more than twice as likely to have 
had chronic PTSD, late-onset PTSD, or 
new or worsening lower respiratory 
symptoms.32

Respiratory Protection

A longitudinal study of 9,296 rescue and re-
covery workers enrolled in the WTCHR who 
worked at least one shift on the WTC debris 
pile offers new insights into the use of respi-
ratory protective equipment (RPE):

• Fewer than 20% of workers reported 
use of standard respirator models on 
9/11 and half of the workers wore no 
facial covering of any kind on that date.
• The strongest predictors of using ad-
equate RPE were affiliation with con-
struction, utilities or environmental 
remediation organizations, and prior 
training in the use of RPE.

• Workers who reported no respiratory 
protection were more likely to report 
recurrent respiratory symptoms and 
some respiratory disease compared to 
those who used respirators.33

 
Treatment

Prior research has established the effective-
ness of prolonged exposure therapy, a form 
of cognitive behavioral therapy, in treating 
PTSD.34 Researchers at the New York State 
Psychiatric Institute/Columbia Universi-
ty recruited 37 WTC-exposed patients for 
a randomized clinical trial comparing pro-
longed exposure therapy plus paroxetine, 
a selective serotonin reuptake inhibitor, to 
prolonged exposure therapy plus placebo. 
Although the study was small, it suggests 
that patients treated with therapy and par-
oxetine showed greater improvement in 
PTSD symptoms and remission status in ten 
weeks than the patients treated with thera-
py alone during this period.35
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A study of 300 young people ages five to 
21 drawn from a larger group of youth who 
had been exposed to the WTC disaster and 
referred to mental health services suggests 
that matching treatment intensity to need 
is effective. Researchers compared out-
comes for youth with more trauma symp-
toms who received trauma-specific cogni-
tive behavioral therapy (CBT) to youth with 
milder symptoms who received a brief CBT 
skills intervention over an 18-month period 
following the attacks. Trauma symptoms 
decreased in both groups six months after 
they began treatment; rates of improve-
ment were similar even though the severity 
of need differed.36

Disability

The FDNY WTC Medical Monitoring and 
Treatment Program assessed quality of life 
among a group of 275 disabled firefighters 
who retired because of lung problems and 
compared the results to active firefight-
ers and retired firefighters without disabil-
ity pensions, all of whom were exposed to 
the WTC collapse, six to eight years after 
9/11. Among the three groups, disabled re-
tirees were more likely to score lower on 
both physical and mental health quality of 
life measures, but the difference between 
the disabled firefighters and the other two 
groups was less pronounced for mental 
health.37

An analysis of retirement pensions award-
ed by FDNY found that in the seven years 
prior to 9/11, 48% of these pensions were 
for accidental disability. In the seven years 
after 9/11, accidental disability pensions 
comprised 66% of the total, with 47% (1,402 
pensions) related to the WTC attacks and 
mostly due to respiratory illness. The FDNY 
study also estimated that WTC-related FDNY 

pensions added $826 million in increased 
costs to the system.38

Environmental Exposures

Toxicological studies conducted at New 
York University using dust samples gathered 
from the WTC site within 48 hours of the 
buildings’ collapse clearly show that parti-
cles of a size likely to have been inhaled had 
an adverse effect on human cell function 
that may have contributed to chronic lung 
disease, either by themselves or in combi-
nation with 10% cigarette smoke extract.39

Federal researchers investigating chemical 
contamination of the Hudson-Raritan Estu-
ary (HRE) before and after 9/11 found that 
measurements of eleven trace elements, 
including arsenic, copper, lead and zinc, in 
blue mussels were significantly higher in 
the HRE than elsewhere in the nation, but 
post-WTC attack measurements were not 
significantly higher than pre-attack mea-
surements. However, high ambient levels 
of trace elements in the HRE may have the 
made the impact of the WTC collapse less 
discernible.40

 

Strengths and Limitations of 
Published WTC-Related Research

Much of the data presented in this report 
were gathered and analyzed by scientists 
and clinicians associated with a select num-
ber of institutions that recognized the need 
to monitor the health of individuals affected 
by the World Trade Center (WTC) collapse 
early after the disaster. Particular strengths 
of this body of research include the fact that 
many different studies have found similar 
physical and mental health effects across 
exposed groups, and that research findings 
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are gleaned from several large longitudinal 
cohorts, in addition to numerous one-time 
surveys. Weaknesses stem predominant-
ly from the absence of pre-existing data 
in most populations and the lack of initial 
funding for studies.
Some of the largest WTC study groups 
include:

• Nearly all FDNY responders who re-
sponded to the disaster. All have pre- 
and post-9/11 medical records, and the 
population is restricted to FDNY rescue 
workers, thus minimizing recruitment 
bias. The group receives ongoing clin-
ical monitoring with strong participa-
tion, even among retirees, indicating 
limited bias from longitudinal dropout.

• A large cohort of responders enrolled 
in the New York/New Jersey WTC Clin-
ical Consortium at the Mount Sinai 
School of Medicine, the State Univer-
sity of New York at Stony Brook, New 
York University/Bellevue Hospital, 
Queens College and the University of 
Medicine and Dentistry of New Jersey 
for clinical screening, monitoring and 
treatment. This Consortium collects 
similar data to FDNY to facilitate com-
parisons across worker groups.

• A high percentage of NYPD members 
were exposed to the disaster at various 
locations. The NYPD Medical Division, 
like FDNY, has pre- and post-9/11 med-
ical records for these individuals. The 
pre-9/11 exposure of this cohort is sim-
ilar to that of New York City residents 
which makes study findings relevant to 
the larger population.

• A growing cohort of symptomatic 
patients who include residents, area 

workers and clean-up workers at the 
WTC Environmental Health Center at 
Bellevue Hospital Center, Gouverneur 
Health Care Services and Elmhurst 
Hospital Center.

• The WTCHR, the largest post-disaster 
exposure registry in US history, enroll-
ing more than 71,000 exposed individu-
als to be tracked for an expected period 
of 20 years. The diverse cohort includes 
rescue, recovery and clean-up workers; 
residents; office workers; students; and 
passers-by.

Several significant challenges also affect 
the ability to conduct accurate research on 
9/11 health effects. It is important to high-
light these limitations as they characterize 
many but not all of the published studies 
described in this report, and to review these 
limitations when planning data collection 
efforts after future disasters:

• With the exception of the FDNY co-
hort, the exact size and composition of 
the population affected by the disaster 
remains unknown, although estimates 
have been developed and published. 
This, along with selective participation 
in cohorts, can affect calculation of in-
cidence rates and comparison of these 
rates across groups.

• It is difficult to measure how much 
and what type of exposure different 
people had to traumatic or environ-
mental impacts of 9/11. All exposure 
measurements remain imprecise.

• Many studies are conducted on vol-
unteer or clinic-based samples, which 
may not be representative of the true 
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population of exposed people. De-
pending on the enrollment criteria of 
specific studies, they may suffer from 
recruitment bias with over-representa-
tion of those who are ill.

• People with post-traumatic stress 
disorder (PTSD) may be under-repre-
sented in studies because avoidance 
of anything that reminds them of 9/11 
can be symptomatic of the condition.
• It is difficult to determine the inci-
dence and prevalence rates for many 
potentially WTC- related conditions, 
including persistent cough, dyspnea, 
sinusitis, gastrointestinal symptoms, 
PTSD and depression because confir-
matory laboratory or diagnostic testing 
is either not available or because an ac-
knowledged “gold standard” does not 
exist for diagnosing a condition.

• Many studies rely on self-reports of a 
range of non-specific symptoms and 
conditions to measure the burden of 
these conditions in exposed popula-
tions without verification of diagnoses.

• The high frequency of certain con-
ditions in the general population, 
especially acid reflux, as well as the 
absence of background incidence or 
pre-9/11 data in most WTC-exposed 
populations, make it difficult to draw 
firm conclusions about whether or not 
post-9/11 diagnoses can be attributed 
definitively to WTC exposure at a clin-
ical level.

• Increased monitoring and diagnostic 
testing of WTC-exposed populations 
in comparison to the general public 
may result in a detection bias for some 

conditions, such as sarcoidosis and 
cancer.
• Few studies have examined the physi-
cal effects of WTC exposure on children 
and adolescents.
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