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Peer Reviewed Publications 
 
2002 

 
 

Banauch, G., McLaughlin, M., Hirschhorn, R., Corrigan, M., Kelly, K. and Prezant, D. (2002). “Injuries and 

illnesses among New York City Fire Department rescue workers after responding to the World Trade Center 

attacks.” MMWR Morb Mortal Wkly Rep. C. Centers for Disease and Prevention. 51 Spec No: 1-5. 

 Within minutes of the terrorist attacks on September 11, 2001, the Fire Department of New York City 

(FDNY) operated a continuous rescue/recovery effort at the World Trade Center (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 adjacent structures resulted in a vast, 

physically 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 ongoing 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 (Figure). This report describes morbidity and mortality in FDNY rescue 

workers during the 11-month period 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 problems 

so that respiratory protection can be rapidly provided at future disasters. 

 

Prezant, D., Kelly, K., Jackson, B., Peterson, D., Feldman, D., Baron, S., Mueller, C., Bernard, B., Lushniak, B., 

Smith, L., BerryAnn, R. and Hoffman, B. (2002). “Use of respiratory protection among responders at the World 

Trade Center site--New York City, September 2001.” MMWR Morb Mortal Wkly Rep. C. Centers for Disease and 

Prevention. 51 Spec No: 6-8. 

 The terrorist attacks on the World Trade Center (WTC) on September 11,2001, created an occupational 

health and safety challenge for New York City (NYC) firefighters and rescue workers responding to the 

disaster. Immediate respiratory hazards included explosions, fire, falling debris, and dust clouds containing 

particulate matter comprised of pulverized building materials. Ongoing risks included lingering particulate 

matter in the air and intermittent combustion products from initial and persistent fires beneath the rubble 

pile. Because the nature and extent of exposures in disaster situations are complex and difficult to 

characterize, the use of adequate personal protective equipment (PPE), including respiratory protection, is 

essential in protecting the health of firefighters and other 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 collaborative study to evaluate occupational hazards 

and exposures for these workers, including their use of respiratory protection. This report summarizes the 

results of that study, which indicate that the majority of firefighters did not use adequate respiratory 

protection during the first week of the rescue/recovery operation. 

 

Rom, W. N., Weiden, M., Garcia, R., Yie, T. A., Vathesatogkit, P., Tse, D. B., McGuinness, G., Roggli, V. and 

Prezant, D. (2002). "Acute eosinophilic pneumonia in a New York City firefighter exposed to World Trade Center 

dust." Am J Respir Crit Care Med 166(6): 797-800. 

 We report a sentinel case of acute eosinophilic pneumonia in a firefighter exposed to high concentrations of 

World Trade Center dust during the rescue effort from September 11 to 24. The firefighter presented with a 

Pa(O2) of 53 mm Hg and responded to oxygen and corticosteroids. Computed tomography scan showed 

patchy ground glass density, thickened bronchial walls, and bilateral pleural effusions. Bronchoalveolar 

lavage recovered 70% eosinophils, with only 1% eosinophils in peripheral blood. Eosinophils were not 

degranulated and increased levels of interleukin-5 were measured in bronchoalveolar lavage and serum. 

Mineralogic analysis 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 exposure. World Trade Center dust consists of large 
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particle-size silicates, but fly ash and asbestos fibers may be found in bronchoalveolar lavage cells. 

 

Szeinuk, J., Herbert, R., Clark, N., Milek, D., Levin, S., Prezant, D. and Gillio, R. (2002). "Clinician’s guide to 

irritative and respiratory problems in relation to environmental exposures from the World Trade Center disaster." 

2005, from http://www.wtcexams.org/pdfs/clinicians_guide_to_irritative_and_respiratory_problems_v3.pdf. 

 

2003 

  
Banauch, G. I., Alleyne, D., Sanchez, R., Olender, K., Cohen, H. W., Weiden, M., Kelly, K. J. and Prezant, D. J. 

(2003). "Persistent hyperreactivity and reactive airway dysfunction in firefighters at the World Trade Center." Am J 

Respir Crit Care Med 168(1): 54-62. 

 New York City Fire Department rescue workers experienced massive exposure to airborne particulates at 

the World Trade Center site. Aims of this longitudinal study were to (1) determine if bronchial 

hyperreactivity was present, persistent, and independently associated with exposure intensity, (2) identify 

objective measures shortly after the collapse that would predict persistent hyperreactivity and a diagnosis of 

reactive airways dysfunction 6 months post-collapse. A representative sample of 179 rescue workers  

stratified by exposure intensity (high, moderate, and control) without current smoking or prior respiratory 

disease was enrolled. Highly exposed workers arrived within 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 associated with exposure intensity, independent of ex-smoking and airflow obstruction. 

Six months post-collapse, highly exposed workers were 6.8 times more likely than moderately exposed 

workers and control subjects to be hyperreactive (95% confidence interval, 1.8-25.2; p = 0.004), and 

hyperreactivity persisted in 55% of those hyperreactive at 1 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, development and persistence of hyperreactivity 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., Caudill, S. P., Grainger, J., Jones, R., Blount, B., Calafat, A., Turner, W., 

Feldman, D., Baron, S., Bernard, B., Lushniak, B. D., Kelly, K. and Prezant, D. (2003). "Biomonitoring of chemical 

exposure among New York City firefighters responding to the World Trade Center fire and collapse." Environ 

Health Perspect 111(16): 1906-1911. 

 The collapse of the World Trade Center (WTC) on 11 September 2001 exposed New York City firefighters 

to smoke and dust of unprecedented magnitude and duration. The chemicals and the concentrations 

produced from any fire are difficult to predict, but estimates of internal 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 potentially 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 outside 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. Arrival time was a significant predictor 

variable for four chemicals. Special Operations Command firefighters (n = 95), compared with other 

responding WTC firefighters (n = 226), had differences in concentrations or detection rate for 14 of the 

chemicals. Values for the Special Operations Command firefighters were also significantly different from 

the control group values for these same chemicals and for two additional chemicals. Generally, 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 significant differences, these differences were generally small. 

2004 
 

Feldman, D. M., Baron, S. L., Bernard, B. P., Lushniak, B. D., Banauch, G., Arcentales, N., Kelly, K. J. and Prezant, 

D. J. (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. 
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 CONTEXT: New York City firefighters responding to the World Trade Center (WTC) disaster on 

September 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 variables (including respirator use) were associated 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, (3) 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 October 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/worsening symptoms involving the eyes, skin, respiratory 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 not using a respirator; 50% reported using a respirator but only rarely. 

Prevalence ratios (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 within 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 referent population of 

incumbent FDNY firefighters 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 referent (p <or= 

0.05). CONCLUSIONS: The symptoms and pulmonary function changes following exposure at the WTC 

demonstrate the need for improvements in respirators and their use, as well as long-term medical 

monitoring of rescue workers. 

 

Truncale, T., Brooks, S., Prezant, D. J., Banauch, G. I. and Nemery, B. (2004). "World Trade Center dust and 

airway reactivity." Am J Respir Crit Care Med 169(7): 883-884; author reply 884-885.  

Comment on persistent hyperreactivity and reactive airway dysfunction in firefighters at the World Trade 

Center.                           

  

Fireman, E. M., Lerman, Y., Ganor, E., Greif, J., Fireman-Shoresh, S., Lioy, P. J., Banauch, G. I., Weiden, M., 

Kelly, K. J. and Prezant, D. J. (2004). "Induced sputum assessment in New York City firefighters exposed to World 

Trade Center dust." Environ Health Perspect 112(15): 1564-1569. 

 New York City Firefighters (FDNY-FFs) were exposed to particulate matter and combustion/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, compatible 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 controls 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 composition 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 neutrophils 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 neutrophil 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; silica, clays). PSD was similar to that of WTC dust samples. In conclusion, IS from 

highly exposed FDNY-FFs demonstrated inflammation, PSD, and particle composition that was different 

from nonexposed controls and consistent with WTC dust exposure. 

2005 
 

Banauch, G. I., Dhala, A., Alleyne, D., Alva, R., Santhyadka, G., Krasko, A., Weiden, M., Kelly, K. J. and Prezant, 
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D. J. (2005). "Bronchial hyperreactivity and other inhalation lung injuries in rescue/recovery workers after the 

World Trade Center collapse." Crit Care Med 33(1 Suppl): S102-106. 

 BACKGROUND: The collapse of the World Trade Center (WTC) on September 11, 2001 created a large-

scale disaster 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 mixture of airborne 

pollutants. METHODS: We review current knowledge of aerodigestive inhalation lung injuries resulting 

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 

inflammatory injuries, such as declines in pulmonary 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 documented in WTC 

rescue/recovery workers and volunteers. In FDNY rescue workers, we found persistent hyperreactivity 

associated with exposure intensity, independent of airflow obstruction. One year post-collapse, 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 ascertain all of 

the long-term effects of WTC exposures, 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. I., Dhala, A. and Prezant, D. J. (2005). "Pulmonary disease in rescue workers at the World Trade 

Center site." Curr Opin Pulm Med 11(2): 160-168. 

 PURPOSE OF REVIEW: The catastrophic collapse of the World Trade Center (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 respiratory syndromes, symptoms, and physiologic 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 initial rescue/recovery and subsequent cleanup 

have been published. Major concerns include persistent aerodigestive tract inflammatory syndromes, such 

as reactive airways dysfunction syndrome (RADS), reactive upper airways dysfunction syndrome (RUDS), 

gastroesophageal reflux disease (GERD), and inflammatory pulmonary parenchymal syndromes, as well as 

respiratory tract and nonrespiratory malignancies. Aerodigestive tract inflammatory syndromes have now 

been documented in WTC exposed occupational groups, and syndrome incidence has been linked to WTC 

airborne pollutant exposure intensity. Community based investigations have yielded similar findings. 

SUMMARY: While it is too early to ascertain long-term effects of WTC dust exposure, current studies 

already demonstrate a definite link between exposure to WTC-derived airborne pollutants and respiratory 

disease, both in the occupational and the community setting. A better understanding of causes and effects 

of this exposure will help in developing appropriate preventative tools for rescue workers in future 

disasters. 

 

2006 
 

Bars, M. P., Banauch, G. I., Appel, D., Andreachi, M., Mouren, P., Kelly, K. J. and Prezant, D. J. (2006). ""Tobacco 

Free With FDNY": the New York City Fire Department World Trade Center Tobacco Cessation Study." Chest 

129(4): 979-987. 

 CONTEXT: After the World Trade Center (WTC) collapse, 15% (1,767) of rescue workers from the Fire 

Department of the City of New York (FDNY) considered themselves to be current cigarette smokers. Post-

WTC collapse, 98% reported acute respiratory symptoms, and 81% reported health concerns. Nonetheless, 

29% of current smokers increased tobacco 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 individual's daily tobacco use. DESIGN: FDNY 

cigarette smokers enrolled in "Tobacco Free With FDNY," a no-cost quit-smoking program providing 

counseling, support, and medications. At the end of the 3-month treatment phase and at the 6-month and 

12-month follow-up visits, abstinence rates were confirmed by expired carbon monoxide levels or by the 
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verification of a household member. SETTING: FDNY Bureau of Health Services between August 1, 2002 

and October 30, 2002. PARTICIPANTS: A total of 220 current cigarette 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 treatment using combination nicotine medications is effective and safe. Future studies 

should consider the following: (1) both history of tobacco use and withdrawal symptoms to determine the 

number and dose of nicotine medications; and (2) continuing combination treatment for > 3 months. 

 

Banauch, G. I., Hall, C., Weiden, M., Cohen, H. W., Aldrich, T. K., Christodoulou, V., Arcentales, N., Kelly, K. J. 

and Prezant, D. J. (2006). "Pulmonary function after exposure to the World Trade Center collapse in the New York 

City Fire Department." Am J Respir Crit Care Med 174(3): 312-319. 

 RATIONALE: On September 11, 2001, the World Trade Center collapse created an enormous urban 

disaster site with high levels of airborne pollutants. First responders, rescue and recovery workers, and 

residents have since reported respiratory symptoms and developed pulmonary function abnormalities. 

OBJECTIVES: To quantify respiratory health effects of World Trade Center exposure in the New York 

City Fire Department. MEASUREMENTS: Longitudinal study of pulmonary 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 obtained and the FEV(1) and FVC were analyzed for differences 

according to estimated World Trade Center 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: 

World Trade Center-exposed workers experienced a substantial reduction in adjusted average FEV(1) 

during the year after 09/11/2001 (372 ml; 95% confidence interval, 364-381 ml; p < 0.001) This exposure-

related FEV(1) decrement equaled 12 yr of aging-related FEV(1) decline. Moreover, exposure intensity 

assessed by initial arrival time at the World Trade Center site correlated linearly with FEV(1) reduction in 

an exposure intensity-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: World 

Trade Center exposure produced a substantial reduction in pulmonary function in New York City Fire 

Department rescue workers during the first year after 09/11/2001. 

 

Lioy, P. J., Pellizzari, E. and Prezant, D. (2006). "The World Trade Center aftermath and its effects on health: 

understanding and learning through human-exposure science." Environ Sci Technol 40(22): 6876-6885. 

  

2007 
 

Izbicki, G., Chavko, R., Banauch, G. I., Weiden, M. D., Berger, K. I., Aldrich, T. K., Hall, C., Kelly, K. J. and 

Prezant, D. J. (2007). "World Trade Center "sarcoid-like" granulomatous pulmonary disease in New York City Fire 

Department rescue workers." Chest 131(5): 1414-1423. 

 BACKGROUND: Previous reports suggest that sarcoidosis occurs with abnormally high frequency in 

firefighters. We sought to determine whether exposure to World Trade Center (WTC) "dust" during the 

collapse and rescue/recovery effort 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 radiograph 

findings suggestive of sarcoidosis underwent evaluation, including the following: 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, pathologic 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 identified during the next 4 years (average 

annual incidence rate, 22/100,000; as compared to 15/100,000 during the 15 years before the WTC 
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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 

patients before the WTC disaster. CONCLUSION: After the WTC disaster, the incidence of sarcoidosis or 

SLGPD was increased among FDNY rescue workers. This new information about the early onset of WTC-

SLGPD and its association with asthma/AHR has important public health consequences for disease 

prevention, early detection, and treatment following environmental/occupational exposures. 

 

Alvarez, J., Rosen, C., Davis, K., Smith, G. and Corrigan, M. (2007). ""Stay connected": psychological services for 

retired firefighters after 11 September 2001." Prehosp Disaster Med 22(1): 49-54. 

 INTRODUCTION: A large number of firefighters 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 Connected" Program designed 

and implemented after 11 September 2001 is described in this report. This unique program was designed to 

use a combination of peer outreach and professional 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 clients 

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 experienced by the clients increased significantly over time. 

Qualitative data indicate that peer involvement and intensive community outreach, i.e., social events, 

wellness activities, and classes, were integral to the success of the intervention. CONCLUSIONS: This 

project provided valuable lessons about how to develop and implement a "culturally competent" 

intervention program for public safety workers retiring after a disaster. Creative, proactive, non-traditional 

outreach efforts and leveraging peers for credibility and support were particularly important. 

 

2008 

 
Friedman, S., Cone, J., Eros-Sarnyai, M., Prezant, D., Hoz, R. d. l., Clark, N., Milek, D., SLevin and Gillio, R. 

(2008). "Clinical guidelines for adults exposed to the World Trade Center disaster." City Health Information 27(6): 

41-54. 

 

Prezant, D. J. (2008). "World Trade Center Cough Syndrome and its treatment." Lung 186 Suppl 1: S94-102. 

 To date, the main respiratory health consequence from the collapse of the World Trade Center (WTC) on 

September 11, 2001 has been the "WTC Cough Syndrome" (chronic rhinosinusitis, asthma, and/or 

bronchitis, often complicated by gastroesophageal reflux dysfunction). Syndrome 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 monitoring and treatment and the WTC Registry. 

These treatment recommendations are described here. 

 

Banauch, G. I., Izbicki, G., Christodoulou, V., Weiden, M. D., Webber, M. P., Cohen, H., Gustave, J., Chavko, R., 

Aldrich, T. K., Kelly, K. J. and Prezant, D. J. (2008). "Trial of prophylactic inhaled steroids to prevent or reduce 

pulmonary function decline, pulmonary symptoms, and airway hyperreactivity in firefighters at the world trade 

center site." Disaster Med Public Health Prep 2(1): 33-39. 

 BACKGROUND: Inhaled corticosteroids (ICS) are the most effective anti-inflammatory treatment for 

asthmatics. This trial evaluated the effects of prophylactic ICS in firefighters exposed to the World Trade 

Center disaster. METHODS: Inhaled budesonide via a dry powder inhaler (Pulmicort Turbuhaler, 

AstraZeneca, 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 

evaluated and compared with an age- and exposure-matched comparison group (n = 72) who did not use 

ICS. RESULTS: When spirometry results at the final visit were compared with those from the weeks 

following the 9/11 disaster, the treatment group had a greater increase in forced vital capacity (P = .009) 

and possibly a slower decline in forced expiratory volume at 1 second (P = .11), as well as a greater 

improvement in perceived well-being as assessed by the St George's Respiratory Questionnaire (P < .01). 
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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 disasters, 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 respiratory protection, to minimize possible lung insult. 

 

Prezant, D. J., Levin, S., Kelly, K. J. and Aldrich, T. K. (2008). "Upper and lower respiratory diseases after 

occupational and environmental disasters." Mt Sinai J Med 75(2): 89-100. 

 Respiratory consequences from occupational 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 effective respiratory protection are 

often unavailable 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 disease, pulmonary, asthma, 

bronchitis, sinusitis, pulmonary fibrosis, or sarcoidosis. Respiratory health consequences after aerosolized 

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-induced asthma, and 

chronic obstructive airways diseases), 3) parenchymal or interstitial 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 disasters and uses the World Trade Center 

disaster to illustrate in detail the consequences of chronic upper and lower respiratory inflammation. 

 

2009 
 

Corrigan, M., McWilliams, R., Kelly, K. J., Niles, J., Cammarata, C., Jones, K., Wartenberg, D., Hallman, W. K., 

Kipen, H. M., Glass, L., Schorr, J. K., Feirstein, I. and Prezant, D. J. (2009). "A computerized, self-administered 

questionnaire to evaluate posttraumatic stress among firefighters after the World Trade Center collapse." Am J 

Public Health 99 Suppl 3: S702-709. 

 OBJECTIVES: We sought to determine the frequency of psychological symptoms and elevated 

posttraumatic stress disorder (PTSD) risk among New York City firefighters after the World Trade Center 

(WTC) attack and 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 Diagnostic and Statistical 

Manual of Mental Disorders, Fourth Edition, Text Revision, and a sensitivity-specificity analysis. 

RESULTS: Of 8487 participants, 76% reported at least 1 symptom, 1016 (12%) met criteria 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 impairment, and mental health-related medical leave. 

Exposure-response gradients were significant for all outcomes.  

CONCLUSIONS: This screening tool effectively 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. P., Gustave, J., Lee, R., Niles, J. K., Kelly, K., Cohen, H. W. and Prezant, D. J. (2009). "Trends in 

respiratory symptoms of firefighters exposed to the world trade center disaster: 2001-2005." Environ Health 

Perspect 117(6): 975-980. 

 BACKGROUND: Respiratory symptoms, either newly reported after the World Trade Center (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 uncertainty 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 cohort that completed both year 1 and year 4 questionnaires. 

METHODS: We analyzed questionnaire responses from 10,378 firefighters in yearly intervals, from 2 

October 2001 to 11 September 2005, defining exposure based on arrival time at the WTC site. For the 
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cohort of 3,722 firefighters who completed the two questionnaires, we also calculated exposure duration 

summing months of work at the site. RESULTS: In cross-sectional analyses, the prevalence of dyspnea, 

wheeze, rhinosinusitis, 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 between arrival time 

and symptoms in all years (p < 0.01). Logistic models of symptoms at year 4 in the cohort demonstrated 

independent effects of earlier arrival and longer work duration: each additional month of work increased 

the odds of symptoms 8-11%. CONCLUSIONS: Protracted work exposures increased the odds of 

respiratory and GERD symptoms 4 years later. In most large disasters, exposures may be unavoidable 

during the rescue phase, but our data strongly suggest the need to minimize additional exposures during 

recovery and cleanup phases. 

 

2010 
 

Chiu, S., Webber, M. P., Zeig-Owens, R., Gustave, J., Lee, R., Kelly, K. J., Rizzotto, L. and Prezant, D. J. (2010). 

"Validation of the Center for Epidemiologic Studies Depression Scale in screening for major depressive disorder 

among retired firefighters exposed to the World Trade Center disaster." J Affect Disord 121(3): 212-219. 

 BACKGROUND: We evaluated the performance 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 depressive disorder (MDD) in World Trade 

Center (WTC)-exposed retired Fire Department, City of New York (FDNY) firefighters. METHODS: 

From 12/2005 to 7/2007, FDNY enrolled retired firefighters in its Medical Monitoring and Treatment 

Program. All participants 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 properties of the 

CES-D-m. Multivariate logistic regression analyses were also used. RESULTS: 7% of 1915 retired male 

firefighters were diagnosed with MDD using the DIS. Using the most common CES-D cutoff 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, CES-D-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 performance of a one-month version of the CES-D. The CES-D-m 

performed well in identifying those at elevated risk. Since diagnostic 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. 

 

Weiden, M. D., Ferrier, N., Nolan, A., Rom, W. N., Comfort, A., Gustave, J., Zeig-Owens, R., Zheng, S., Goldring, 

R. M., Berger, K. I., Cosenza, K., Lee, R., Webber, M. P., Kelly, K. J., Aldrich, T. K. and Prezant, D. J. (2010). 

"Obstructive airways disease with air trapping among firefighters exposed to World Trade Center dust." Chest 

137(3): 566-574. 

 BACKGROUND: The World Trade Center (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 declines in lung 

function with parallel declines in FEV(1) and FVC. To date, the underlying pathophysiologic cause for this 

has been open to question. METHODS: Of 13,234 participants in the FDNY-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 (median 34 months post-September 11, 2001), 

median values were FEV(1) 93% predicted (interquartile range [IQR], 83%-101%), FVC 98% predicted 

(IQR, 89%-106%), and FEV(1)/FVC 0.78 (IQR, 0.72-0.82). The residual volume (RV) was 123% 

predicted (IQR, 106%-147%) with nearly all participants having normal total lung capacity, functional 

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, bronchodilator responsiveness, 

hyperreactivity, or elevated RV. After adjusting for age, gender, 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 bronchial wall thickening that was significantly associated with the 

decline in FEV(1) post-September 11, 2001 (P = .024), increases in hyperreactivity (P < .0001), and 
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increases in RV (P < .0001). Few had evidence for interstitial disease. CONCLUSIONS: Airways 

obstruction was the predominant physiologic finding underlying the reduction in lung function post-

September 11, 2001, in FDNY WTC rescue workers presenting for pulmonary evaluation. 

 

Aldrich, T. K., Gustave, J., Hall, C. B., Cohen, H. W., Webber, M. P., Zeig-Owens, R., Cosenza, K., Christodoulou, 

V., Glass, L., Al-Othman, F., Weiden, M. D., Kelly, K. J. and Prezant, D. J. (2010). "Lung function in rescue 

workers at the World Trade Center after 7 years." N Engl J Med 362(14): 1263-1272. 

 BACKGROUND: The terrorist attacks on the World Trade Center on September 11, 2001, exposed 

thousands 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 longer-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 spirometry routinely performed at intervals 

of 12 to 18 months from March 12, 2000, to September 11, 2008. RESULTS: Of the 13,954 FDNY 

workers who were present at the World Trade Center between September 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 follow-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 reduction 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 comparisons). 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 workers during the subsequent 6 years. 

CONCLUSIONS: Exposure to World Trade Center 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. 

 

Rom, W. N., Reibman, J., Rogers, L., Weiden, M. D., Oppenheimer, B., Berger, K., Goldring, R., Harrison, D. and 

Prezant, D. (2010). "Emerging exposures and respiratory health: World Trade Center dust." Proc Am Thorac Soc 

7(2): 142-145. 

 The attack on the World Trade Center (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 characterized 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 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 finding similar to that also described 

for individuals in rescue and recovery activities. Among those complaining of respiratory symptoms and 

normal spirometry, almost half had abnormalities detected with impedance oscillometry consistent with 

distal airways' disease. Follow-up with the WTC Health Registry 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. 

 

Berninger, A., Webber, M. P., Cohen, H. W., Gustave, J., Lee, R., Niles, J. K., Chiu, S., Zeig-Owens, R., Soo, J., 

Kelly, K. and Prezant, D. J. (2010). "Trends of elevated PTSD risk in firefighters exposed to the World Trade Center 

disaster: 2001-2005." Public Health Rep 125(4): 556-566. 

 OBJECTIVES: We identified trends in the prevalence of elevated posttraumatic stress disorder (PTSD) risk 

as determined by the Fire Department of the City of New York (FDNY)-modified PTSD Checklist in 

World Trade Center (WTC)-exposed firefighters. We also examined trends in relation to WTC exposure, 

social support, change in recreational activities, and functional health. METHODS: We analyzed 16,826 

questionnaires from 10,074 firefighters in yearly intervals, from September 12, 2001, to September 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 arrival 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 
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supervisory 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 associated 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 elevated 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. 

 

 

Banauch, G. I., Brantly, M., Izbicki, G., Hall, C., Shanske, A., Chavko, R., Santhyadka, G., Christodoulou, V., 

Weiden, M. D. and Prezant, D. J. (2010). "Accelerated spirometric decline in New York City firefighters with 

alpha(1)-antitrypsin deficiency." Chest 138(5): 1116-1124. 

 BACKGROUND: On September 11, 2001, the World Trade Center (WTC) collapse caused massive air 

pollution, 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-September 11, 

2001, investigated the influence of AAT deficiency on adjusted longitudinal spirometric change (FEV(1)) 

in 90 FDNY rescue workers with WTC exposure. Workers with protease inhibitor (Pi) Z heterozygosity 

were considered moderately AAT deficient. PiS homozygosity or PiS heterozygosity without concomitant 

PiZ heterozygosity was considered mild deficiency, and PiM homozygosity was considered normal. 

Alternately, workers had low AAT levels if serum AAT was </= 20 mumol/L. RESULTS: In addition to 

normal aging-related decline (37 mL/y), significant FEV(1) decline accelerations developed with 

increasing 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 persisted 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-environment interaction. Clinically meaningful decline 

acceleration occurred even with the mild serum AAT level reductions associated with PiS heterozygosity 

(without concomitant PiZ heterozygosity). 

 

Berninger, A., Webber, M. P., Weakley, J., Gustave, J., Zeig-Owens, R., Lee, R., Al-Othman, F., Cohen, H. W., 

Kelly, K. and Prezant, D. J. (2010). "Quality of life in relation to upper and lower respiratory conditions among 

retired 9/11-exposed firefighters with pulmonary disability." Qual Life Res 19(10): 1467-1476. 

 PURPOSE: To examine health-related quality of life (HRQoL) and World Trade Center (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 firefighters and compared 

their HRQoL and current 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 regression models. RESULTS: Mean physical component summary (PCS) scores were 

lowest in disabled retirees compared with non-disabled retirees 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 multivariable 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 conditions predict lower HRQoL scores even 8 years 

after exposure, independent of retirement status. These data suggest that monitoring physical conditions of 

individuals with occupational exposures might help identify those at risk for impaired HRQoL. 

 

Berninger, A., Webber, M. P., Niles, J. K., Gustave, J., Lee, R., Cohen, H. W., Kelly, K., Corrigan, M. and Prezant, 

D. J. (2010). "Longitudinal study of probable post-traumatic stress disorder in firefighters exposed to the World 

Trade Center disaster." Am J Ind Med 53(12): 1177-1185. 

 BACKGROUND: Symptoms of post-traumatic stress disorder (PTSD) have been reported even years after 
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the terrorist attacks of September 11, 2001 (9/11). METHODS: We used screening tools to assess the 

prevalence of probable PTSD in 9/11-exposed firefighters at two time points, within 6 months of 9/11 

(baseline) and 3-4 years post-disaster (follow-up). 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. Analyses 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 impairment (OR 19.5 and 18.9), respectively. 

CONCLUSION: Similar percentages of firefighters met criteria for baseline and delayed onset probable 

PTSD at follow-up, years later. Both were associated with substantial functional impairment. Early risk 

identification could provide opportunities for mental health interventions before symptoms compromise 

work and social relationships. 

 

2011 
 

Webber, M. P., Lee, R., Soo, J., Gustave, J., Hall, C. B., Kelly, K. and Prezant, D. (2011). "Prevalence and incidence 

of high risk for obstructive sleep apnea in World Trade Center-exposed rescue/recovery workers." Sleep Breath 

15(3): 283-294. 

 PURPOSE: World Trade Center (WTC)-exposed rescue/recovery workers continue to have high rates of 

gastroesophageal reflux disease (GERD), chronic rhinosinusitis, and posttraumatic stress disorder (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 Department of the City 

of New York (FDNY) performs periodic health evaluations on FDNY members every 12 to 18 months. 

Evaluations consist of physician examinations and self-administered health questionnaires, 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 limited 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 follow-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 

included: earlier time of arrival at the WTC site, GERD, chronic rhinosinusitis, PTSD symptoms, 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). CONCLUSIONS: We found significant associations between being at 

high risk for OSA and common WTC-related conditions, although the responsible causative mechanisms 

remain unknown. Since the etiology of OSA is likely multifactorial, improvement may require successful 

treatment of both OSA and its comorbid conditions. 

 

Chiu, S., Webber, M. P., Zeig-Owens, R., Gustave, J., Lee, R., Kelly, K. J., Rizzotto, L., McWilliams, R., Schorr, J. 

K., North, C. S. and Prezant, D. J. (2011). "Performance characteristics of the PTSD Checklist in retired firefighters 

exposed to the World Trade Center disaster." Ann Clin Psychiatry 23(2): 95-104. 

 BACKGROUND: Since the World Trade Center (WTC) attacks on September 11, 2001, the Fire 

Department, City of New York Monitoring Program has provided physical and mental health screening 

services to rescue/recovery workers. This study evaluated performance of the self-report PTSD Checklist 

(PCL) as a screening tool for risk of posttraumatic stress disorder (PTSD) in firefighters who worked at 

Ground Zero, compared with the interviewer-administered Diagnostic Interview Schedule (DIS). 

METHODS: From December 2005 to July 2007, all retired firefighter enrollees completed 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 elevated 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 maximize opportunities for PTSD 

diagnosis and treatment. 
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Chiu, S., Niles, J. K., Webber, M. P., Zeig-Owens, R., Gustave, J., Lee, R., Rizzotto, L., Kelly, K. J., Cohen, H. W. 

and Prezant, D. J. (2011). "Evaluating risk factors and possible mediation effects in posttraumatic depression and 

posttraumatic stress disorder comorbidity." Public Health Rep 126(2): 201-209. 

 OBJECTIVES: On September 11, 2001 (9/11), attacks on the World Trade Center (WTC) killed 341 Fire 

Department of the City of New York (FDNY) firefighters and injured hundreds more. Previous WTC-

related studies reported high rates of comorbid depression and posttraumatic stress disorder (PTSD), 

identifying 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-exposed firefighters using self-administered questionnaires including the Center 

for Epidemiologic 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 

elevated 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: problem alcohol use and (2) PTSD: early arrival at the WTC site. CONCLUSIONS: Our data 

support the premise that PTSD and depression are different responses to trauma with unique risk factors. 

The data also suggest a hypothesis that PTSD mediates the relationship between early WTC arrival and 

depression, while depression mediates the relationship between alcohol use and PTSD, a more complex 

relationship than shown in previous studies. Clinicians should consider these factors when evaluating 

patients for depression and PTSD. 

 

 

Niles, J. K., Webber, M. P., Gustave, J., Cohen, H. W., Zeig-Owens, R., Kelly, K. J., Glass, L. and Prezant, D. J. 

(2011). "Comorbid trends in World Trade Center cough syndrome and probable posttraumatic stress disorder in 

firefighters." Chest 140(5): 1146-1154. 

 BACKGROUND: We describe the relationship between World Trade Center (WTC) cough syndrome 

symptoms, pulmonary function, and symptoms consistent with probable posttraumatic stress disorder 

(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 sixty-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 multivariable 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 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 syndrome, but none with PTSD. 

CONCLUSIONS: The study showed a moderate association between WTC cough syndrome and probable 

PTSD. The presence of one contributed to the likelihood of the other, even after adjustment for shared 

cofactors such as WTC exposure. 

 

Niles, J. K., Webber, M. P., Gustave, J., Zeig-Owens, R., Lee, R., Glass, L., Weiden, M. D., Kelly, K. J. and 

Prezant, D. J. (2011). "The impact of the World Trade Center attack on FDNY firefighter retirement, disabilities, 

and pension benefits." Am J Ind Med 54(9): 672-680. 

 BACKGROUND: Our goal was to examine the effect of the World Trade Center (WTC) attack and 

subsequent New York City Fire Department (FDNY) rescue/recovery activities on firefighter retirements. 

We also analyzed the financial impact associated with the increased number and proportion of service-

connected "accidental" disability retirements on the FDNY pension system. METHODS: A total of 7,763 

firefighters retired between 9/11/1994 and 9/10/2008. We compared the total number of retirements and the 

number and proportion of accidental disability retirements 7 years before and 7 years after the WTC attack. 

We categorized WTC-related accidental disability retirements by medical cause and worked with the New 
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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 retirements. In 

the 7 years after 9/11, there were 4,502 retirements, 66% (2,970) were accidental 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-related illnesses. Additional 

increases were attributed to psychological-related illnesses and musculoskeletal injuries incurred at the 

WTC site. Pension benefits associated with WTC-related accidental disability retirements have produced an 

increased financial 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 expected, 

and a larger proportion of these retirees with accidental disability pensions. 

 

Soo, J., Webber, M. P., Gustave, J., Lee, R., Hall, C. B., Cohen, H. W., Kelly, K. J. and Prezant, D. J. (2011). 

"Trends in probable PTSD in firefighters exposed to the World Trade Center disaster, 2001-2010." Disaster Med 

Public Health Prep 5 Suppl 2: S197-203. 

 OBJECTIVE: We present the longest follow-up, to date, of probable posttraumatic stress disorder (PTSD) 

after the 2001 terrorist attacks on the World Trade Center (WTC) in New York City firefighters who 

participated in the rescue/recovery effort. METHODS: We examined data from 11,006 WTC-exposed 

firefighters who completed 40,672 questionnaires and reported estimates of probable PTSD by year from 

serial 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 continued to 

be associated with early arrival at the WTC towers during every year of analysis. An increasing number of 

aerodigestive symptoms (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 exercise, 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 early 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 symptom, 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 intake, 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 respiratory symptoms, exercise, and alcohol 

use also play important roles in contributing to PTSD symptoms. 

 

Zeig-Owens, R., Webber, M. P., Hall, C. B., Schwartz, T., Jaber, N., Weakley, J., Rohan, T. E., Cohen, H. W., 

Derman, O., Aldrich, T. K., Kelly, K. and Prezant, D. J. (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. 

 BACKGROUND: The attacks on the World Trade Center (WTC) on Sept 11, 2001 (9/11) created the 

potential for occupational exposure to known and suspected carcinogens. We examined cancer incidence 

and its potential association with exposure in the first 7 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 firefighters was classified 

as WTC-exposed; all person-time before 9/11, and person-time after 9/11 for 926 non-WTC-exposed 

firefighters, was classified as non-WTC exposed. Cancer cases were confirmed by matches with state 

tumour registries or through appropriate documentation. We estimated the ratio of incidence rates in WTC-

exposed firefighters 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 estimated with overdispersed Poisson models. Additional analyses included 

corrections for potential surveillance bias and modified cohort inclusion criteria. FINDINGS: Compared 

with the general male population in the USA with a similar demographic mix, the standardised incidence 

ratios (SIRs) of the cancer incidence in WTC-exposed firefighters was 1.10 (95% CI 0.98-1.25). When 

compared with non-exposed firefighters, the SIR of cancer incidence 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) without correction for 

surveillance bias. Secondary analyses showed similar effect sizes. INTERPRETATION: We reported a 

modest excess of cancer cases in the WTC-exposed cohort. We remain cautious in our interpretation 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 observational study, we cannot rule out the possibility that effects 
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in the exposed group might be due to unidentified confounders. Continued follow-up will be important and 

should include cancer screening and prevention strategies. FUNDING: National Institute for Occupational 

Safety and Health. 

 

Webber, M. P., Glaser, M. S., Weakley, J., Soo, J., Ye, F., Zeig-Owens, R., Weiden, M. D., Nolan, A., Aldrich, T. 

K., Kelly, K. and Prezant, D. (2011). "Physician-diagnosed respiratory conditions and mental health symptoms 7-9 

years following the World Trade Center disaster." Am J Ind Med 54(9): 661-671. 

 BACKGROUND: This study examines the prevalence of physician-diagnosed respiratory conditions and 

mental health symptoms in firefighters and emergency medical service workers up to 9 years after 

rescue/recovery efforts at the World Trade Center (WTC). METHODS: We analyzed Fire Department of 

New York (FDNY) physician and self-reported diagnoses by WTC exposure and quintiles of pulmonary 

function (FEV1% predicted). We used screening instruments to assess probable post-traumatic stress 

disorder (PTSD) and probable depression. RESULTS: FDNY physicians most commonly diagnosed 

asthma (8.8%) and sinusitis (9.7%). The highest prevalence of physician-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 physician-diagnosed respiratory conditions 

remain common, especially among those who arrived earliest at the WTC site. OAD was associated with 

the lowest pulmonary function. Since respiratory and mental health conditions remain prevalent, ongoing 

monitoring and treatment is important. 

 

Weakley, J., Webber, M. P., Gustave, J., Kelly, K., Cohen, H. W., Hall, C. B. and Prezant, D. J. (2011). "Trends in 

respiratory diagnoses and symptoms of firefighters exposed to the World Trade Center disaster: 2005-2010." Prev 

Med 53(6): 364-369. 

 OBJECTIVES: To compare the prevalence of self-reported respiratory diagnoses in World Trade Center-

exposed Fire Department of New York City firefighters to the prevalence in demographically similar 

National Health Interview Survey participants by year; and, 2) to describe the prevalence of World Trade 

Center-related symptoms up to 9 years post-9/11. METHODS: We analyzed 45,988 questionnaires 

completed by 10,999 firefighters from 10/2/2001 to 9/11/2010. For comparison of diagnosis rates, we 

calculated 95% confidence 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 prevalence, by smoking status. RESULTS: Overall, World Trade Center-exposed 

firefighters 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, bronchitis rates in 

firefighters aged 45-65 were 13.3 in smokers versus 13.1 in never-smokers while in the National Health 

Interview Survey, bronchitis rates were doubled for smokers: 4.3 vs. 2.1. In serial cross-sectional analyses, 

the prevalence of most symptoms stabilized by 2005, at ~10% for cough to ~48% for sinus. 

CONCLUSIONS: We found generally higher rates of respiratory diagnoses in World Trade Center-

exposed firefighters compared to US males, regardless of smoking status. This underscores the impact of 

World Trade Center exposure and the need for continued monitoring and treatment of this population. 

 

 

2012 
 

Naveed, B., Weiden, M.D., Kwon, S., Gracely, E.J., Comfort, A.L., Ferrier, N., Kasturiarachchi, K.J., Cohen, H.W., 

Aldrich, T.K., Rom, W.N., Kelly, K., Prezant, D.J., Nolan, A. (2012) “Metabolic syndrome biomarkers predict lung 

function impairment: a nested case-control study.” Am J Respir Crit Care Med. 185(4): 392-399.  

RATIONALE:Cross-sectional studies demonstrate an association between metabolic syndrome and 

impaired lung function.                                                                                                            

OBJECTIVES:To define if metabolic syndrome biomarkers are risk factors for loss of lung function after 

irritant exposure.                                                                                                                              

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 evaluation before March 10, 2008. 

We correlated metabolic syndrome biomarkers obtained within 6 months of World Trade Center dust 

exposure with subsequent FEV(1). FEV(1) at subspecialty pulmonary evaluation within 6.5 years defined 

disease status; cases had FEV(1) less than lower limit of normal, whereas control subjects had FEV(1) 
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greater than or equal to lower limit of normal.                                                                       

MEASUREMENTS AND MAIN RESULTS: Clinical data and serum sampled at the first monitoring 

examination within 6 months of September 11, 2001, assessed body mass index, heart rate, serum glucose, 

triglycerides and high-density lipoprotein (HDL), leptin, pancreatic 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 twofold, 

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 World Trade Center 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 susceptibility to lung function impairment after September 11, 2001, whereas elevated 

amylin is protective. Metabolic biomarkers are predictors 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. L., Ferrier, N., Hall, C. B., Kwon, S., Kasturiarachchi, K. J., Cohen, H. W., 

Zeig-Owens, R., Glaser, M. S., Webber, M. P., Aldrich, T. K., Rom, W. N., Kelly, K., Prezant, D. J. and Weiden, M. 

D. (2012). "Inflammatory biomarkers predict airflow obstruction after exposure to World Trade Center dust." Chest 

142(2): 412-418. 

 BACKGROUND: The World Trade Center (WTC) collapse on September 11, 2001, produced airflow 

obstruction 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 median FEV(1) at SPE (34 months; interquartile range, 25-57). Cases of 

airflow obstruction had FEV(1) less than the lower limit of normal (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 subjects had elevated serum macrophage derived chemokine (MDC), 

granulocyte-macrophage 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 

adjusted 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 biomarkers can be risk factors for airflow obstruction following dust and smoke exposure. 

Elevated serum GM-CSF and MDC levels soon after WTC exposure were associated with increased risk of 

airflow obstruction in subsequent years. Biomarkers of inflammation may help identify pathways 

producing obstruction after irritant exposure. 

 

Naveed, B., Weiden, M. D., Kwon, S., Gracely, E. J., Comfort, A. L., Ferrier, N., Kasturiarachchi, K. J., Cohen, H. 

W., Aldrich, T. K., Rom, W. N., Kelly, K., Prezant, D. J. and Nolan, A. (2012). "Metabolic syndrome biomarkers 

predict lung function impairment: a nested case-control study." Am J Respir Crit Care Med 185(4): 392-399. 

 RATIONALE: Cross-sectional studies demonstrate an association between metabolic syndrome and 

impaired lung function. OBJECTIVES: To define if metabolic syndrome biomarkers are risk factors for 

loss of lung function after irritant exposure. 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 evaluation before March 10, 2008. We correlated metabolic syndrome biomarkers obtained 

within 6 months of World Trade Center dust exposure with subsequent FEV(1). FEV(1) at subspecialty 

pulmonary evaluation within 6.5 years defined 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: Clinical data and serum sampled at the first monitoring 

examination within 6 months of September 11, 2001, assessed body mass index, heart rate, serum glucose, 

triglycerides and high-density lipoprotein (HDL), leptin, pancreatic 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 twofold, 

whereas amylin greater than or equal to 116 pg/ml decreased the odds by 84%, in a multibiomarker model 
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adjusting for age, race, body mass index, and World Trade Center 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 susceptibility to lung function impairment after September 11, 2001, whereas elevated 

amylin is protective. Metabolic biomarkers are predictors of lung disease, and may be useful for assessing 

risk of impaired lung function in response to particulate inhalation. 

 

Soo, J., Webber, M. P., Hall, C. B., Cohen, H. W., Schwartz, T. M., Kelly, K. J. and Prezant, D. J. (2012). 

"Pulmonary function predicting confirmed recovery from lower-respiratory symptoms in World Trade Center-

exposed firefighters, 2001 to 2010." Chest 142(5): 1244-1250. 

 BACKGROUND: We examined the relationship between pulmonary function (FEV 1 ) and confirmed 

recovery from three lower-respiratory symptoms (LRSs) (cough, dyspnea, and wheeze) up to 9 years after 

symptom onset. METHODS: The study included white and black male World Trade Center (WTC)-

exposed firefighters who reported at least one LRS on a medical monitoring examination during the fi rst 

year after September 11, 2001. Confirmed recovery was defined as reporting no LRSs on two consecutive 

and all subsequent examinations. FEV 1 was assessed at the fi rst post-September 11, 2001, examination 

and at each examination where symptom information was ascertained. We used stratified Cox regression 

models to analyze FEV 1 , WTC exposure, and other variables in relation to confirmed symptom recovery. 

RESULTS: A total of 4,368 fi refighters met inclusion criteria and were symptomatic at year 1, of 

whom1,592 (36.4%) experienced confirmed recovery. In univariable models, fi rst post-September 

11,2001, concurrent, and difference between fi rst post-September 11, 2001, and concurrent FEV 1 values 

were all significantly associated with confirmed recovery. In adjusted analyses, both fi rst post-September 

11, 2001, FEV 1 (hazard ratio [HR], 1.07 per 355-mL difference; 95% CI, 1.04-1.10) and FEV 1 % 

predicted (HR, 1.08 per 10% predicted difference; 95% CI, 1.04-1.12) predicted confirmed recovery. WTC 

exposure had an inverse association with confirmed recovery in the model with FEV 1 , with the earliest 

arrival group less likely to recover than the latest arrival group (HR, 0.73;95% CI, 0.58-0.92). 

CONCLUSIONS: Higher FEV 1 and improvement in FEV 1 after September 11, 2001, predicted 

confirmed LRS recovery, supporting a physiologic basis for recovery and highlighting consideration of 

spirometry as part of any postexposure respiratory health assessment. 

 

Weiden, M. D., Naveed, B., Kwon, S., Segal, L. N., Cho, S. J., Tsukiji, J., Kulkarni, R., Comfort, A. L., 

Kasturiarachchi, K. J., Prophete, C., Cohen, M. D., Chen, L. C., Rom, W. N., Prezant, D. J. and Nolan, A. (2012). 

"Comparison of WTC dust size on macrophage inflammatory cytokine release in vivo and in vitro." PLoS One 7(7): 

e40016. 

 BACKGROUND: The WTC collapse exposed over 300,000 people to high concentrations of WTC-PM; 

particulates up to approximately 50 mm were recovered from rescue workers' lungs. Elevated MDC and 

GM-CSF independently predicted subsequent lung injury in WTC-PM-exposed workers. Our hypotheses 

are that components of WTC dust strongly induce GM-CSF and MDC in AM; and that these two risk 

factors are in separate inflammatory pathways. METHODOLOGY/PRINCIPAL FINDINGS: Normal 

adherent AM from 15 subjects without WTC-exposure were incubated in media alone, LPS 40 ng/mL, or 

suspensions of WTC-PM(10-53) or WTC-PM(2.5) at concentrations of 10, 50 or 100 microg/mL for 24 

hours; supernatants assayed for 39 chemokines/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 GM-CSF 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) 

consistently induced more cytokine release than WTC-PM(2.5) at 100 microg/mL. Individual 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 susceptibility to lung 

injury after irritant dust exposure. 

 

2013     
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Kwon, S., Weiden, M.D., Echevarria, G.C., Comfort, A.L., Naveed, B., Prezant, D.J., Rom, W.N., Nolan, A. (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): doi: 10.1371. 

OBJECTIVE: After 9/11/2001, some Fire Department of New York (FDNY) workers had excessive lung 

function decline. We hypothesized that early serum matrix metalloproteinases (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 MMP-1, 2,3,7,8, 9, 12 and 13 were measured. Cases of WTC-LI (N = 70) were defined 

as having an FEV1 one standard deviation below the mean (FEV1 ≤ 77%) at subspecialty pulmonary 

evaluation (SPE) which was performed 32 months (IQR 21-53) post-9/11. Controls (N = 123) were 

randomly selected. We modeled MMP's ability as a predictor of cases status with logistic regression 

adjusted for time to blood draw, exposure intensity, weight gain and pre-9/11 FEV1.                     

RESULTS: Each log-increase in MMP-3 and MMP-12 showed reduced odds of developing WTC-LI by 

73% and 54% respectively. MMP-3 and MMP-12 consistently clustered together in cases, controls, and the 

cohort. Increasing time to blood draw significantly and independently increased the risk of WTC-LI. 

CONCLUSIONS: Elevated serum levels of MMP-3 and MMP-12 reduce the risk of developing WTC-LI. 

At any level of MMP-3 or 12, increased time to blood draw is associated with a diminished protective 

effect. 

 

Cho, S. J., Nolan, A., Echevarria, G. C., Kwon, S., Naveed, B., Schenck, E., Tsukiji, J., Prezant, D. J., Rom, W. N. 

and Weiden, M. D. (2013). "Chitotriosidase is a biomarker for the resistance to World Trade Center lung injury in 

New York City firefighters." J Clin Immunol. 33(6): 1134-1142. 

 PURPOSE: World Trade Center (WTC) exposure caused airflow obstruction years after exposure. 

Chitinases and IgE are innate and humoral mediators of obstructive airway disease. We investigated if 

serum expression of chitinases and IgE early after WTC exposure predicts subsequent obstruction. 

METHODS: With a nested case-control design, 251 FDNY personnel had chitotriosidase, 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 Vital 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 chitotriosidase and higher IgE levels. 

Increase in IgE increased the odds of airflow obstruction and decreased the odds of above average FEV1. 

Alternately, increasing chitotriosidase 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 chitotriosidase 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 progressive lung function decline. 

 

 

Niles, J. K., Webber, M. P., Cohen, H. W., Hall, C. B., Zeig-Owens, R., Ye, F., Glaser, M. S., Weakley, J., Weiden, 

M. D., Aldrich, T. K., Nolan, A., Glass, L., Kelly, K. J. and Prezant, D. J. (2013). "The respiratory pyramid: From 

symptoms to disease in World Trade Center exposed firefighters." Am J Ind Med. 56(8): 870-880. 

 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), 

including asthma, recurrent bronchitis and COPD/emphysema in WTC-exposed firefighters. We compare 

the distribution of pyramid levels 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 monitoring 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 structure was as follows: 4,039 (58.3%) in Level 1, no respiratory 

evaluation or treatment; 1,608 (23.2%) in Level 2, evaluation or treatment without AD diagnosis; 1,005 

(14.5%) in Level 3, a single AD diagnosis (asthma, emphysema/COPD, or recurrent bronchitis); 279 

(4.0%) in Level 4, asthma and another AD. By 9/11/2010, the pyramid distribution changed considerably, 
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with Level 1 decreasing to 2,612 (37.7% of the cohort), and Levels 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 accurately anticipate future treatment needs, years after 

initial exposure. 

  

   

Weakley, J., Webber, M. P., Ye, F., Zeig-Owens, R., Cohen, H. W., Hall, C. B., Kelly, K. and Prezant, D. J. (2013). 

"Agreement between obstructive airways disease diagnoses from self-report questionnaires and medical records." 

Prev Med. 57(1): 38-42. 

 OBJECTIVE: To evaluate agreement between self-reported obstructive airways disease (OAD) diagnoses 

of asthma, bronchitis, and chronic obstructive pulmonary disease (COPD)/emphysema obtained from the 

New York City Fire Department (FDNY) monitoring questionnaires with physician diagnoses from FDNY 

medical records. METHOD: We measured sensitivity, specificity, and agreement between self-report and 

physician OAD diagnoses in FDNY members enrolled in the World Trade Center (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% received FDNY 

physician OAD diagnoses. Self-reported asthma had the highest sensitivity (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. D., Naveed, B., Kwon, S., Cho, S. J., Comfort, A. L., Prezant, D. J., Rom, W. N. and Nolan, A. (2013). 

"Cardiovascular biomarkers predict susceptibility to lung injury in World Trade Center dust-exposed firefighters." 

Eur Respir J. 41(5): 1023-1030. 

 Pulmonary vascular loss is an early feature of chronic obstructive pulmonary disease. Biomarkers of 

inflammation and of metabolic syndrome predict loss of lung function in World Trade Center (WTC) lung 

injury (LI). We investigated if other cardiovascular disease (CVD) biomarkers also predicted WTC-LI. 

This nested case-cohort study used 801 never-smoker, WTC-exposed firefighters with normal pre-9/11 

lung function presenting for subspecialty pulmonary 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 

distribution. 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. Susceptible 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 vascular cell adhesion molecule and lower 

myeloperoxidase, with RRs of 2.24 and 2.89, respectively (AUC 0.830). Biomarkers of CVD in serum 6 

months post-9/11 predicted either susceptibility or resistance to WTC-LI. These biomarkers may define 

pathways either producing or protecting subjects from pulmonary vascular disease and associated loss of 

lung function after an irritant exposure. 

 

2014  

 
Niles, J.K., Webber, M.P.,  Liu, X., Zeig-Owens, R., Hall, C.B., Cohen H.W., Glaser, M.S., Weakley, J., Schwartz, 

T.M., Weiden, M.D., Nolan, A., Aldrich, T.K., Glass, L., Kelly, K.J., Prezant, D.J. (2014) “The upper respiratory 

pyramid: early factors and later treatment utilization in World Trade Center exposed firefighers.” Am J Ind Med. 

57(8): 857-865. 



FDNY WTC DATA CENTER BIBLIOGRAPHY   

 19 

BACKGROUND: We investigated early post 9/11 factors that could predict rhinosinusitis healthcare 

utilization costs up to 11 years later in 8,079 World Trade Center-exposed rescue/recovery workers.                                 

METHODS: We used bivariate and multivariate analytic techniques to investigate utilization outcomes; we 

also used a pyramid 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 pre-9/11/2005 chronic rhinosinusitis diagnoses and nasal 

symptoms predicted final year healthcare utilization outcomes more than a decade after WTC exposure. 

The relative proportion of workers on each pyramid level changed significantly during the study period.                                

CONCLUSIONS: Diagnoses of chronic rhinosinusitis within 4 years of a major inhalation event only 

partially explain future healthcare utilization. Exposure intensity, early symptoms and other factors must 

also be considered when anticipating future healthcare needs. 

 

Tsukiji, J., Cho, S.J., Echevarria, G.C., Kwon, S., Joseph, P., Schenck, E.J., Naveed, B., Prezant, D.J., Rom, W.N., 

Schmidt, A.M., Weiden, M.D., Nolan, A. (2014) “Lysophosphatidic acid and apolipoprotein A1 predicts increased 

risk of developing World Trade Center-lung injury: a nested case-control study.” Biomarkers. 19(2): 159-165.  

RATIONALE: Metabolic syndrome, inflammatory and vascular injury markers measured in serum after 

World Trade Center (WTC) exposures predict abnormal FEV1. We hypothesized that elevated LPA levels 

predict FEV₁ < LLN.  

METHODS: Nested case-control study of WTC-exposed firefighters. Cases had FEV₁ < LLN. Controls 

derived from the baseline cohort. Demographics, pulmonary function, serum lipids, LPA and ApoA1 were 

measured.  

RESULTS: LPA and ApoA1 levels were higher in cases than controls and predictive of case status. LPA 

increased the odds by 13% while ApoA1 increased the odds by 29% of an FEV₁ < LLN in a multivariable 

model.  

CONCLUSIONS: Elevated LPA and ApoA1 are predictive of a significantly increased risk of developing 

an FEV₁ < LLN. 

 

Glaser, M.S., Shah, N., Webber, M.P., Zeig-Owens, R., Jaber, N., Appel, D.W., Hall, C.B., Weakley, J., Cohen, 

H.W., Shulman, L., Kelly, K., Prezant, D. (2014) “Obstructive sleep apnea and World Trade Center exposure.” J 

Occup Environ Med.  56(10S): S30-S34. 

OBJECTIVES: To describe the proportion of at-risk World Trade Center (WTC)-exposed rescue/recovery 

workers with polysomnogram-confirmed obstructive sleep apnea (OSA) and examine the relationship 

between WTC exposure, physician-diagnosed gastroesophageal reflux disease (GERD), and rhinosinusitis 

and OSA.  

METHODS: A total of 636 male participants completed polysomnography from September 24, 2010, to 

September 23, 2012. Obstructive sleep apnea was classified as mild, moderate, or severe. Associations 

were tested using nominal polytomous logistic regression.  

RESULTS: Eighty-one percent of workers were diagnosed with OSA. Using logistic regression models, 

severe OSA was associated with WTC exposure on September 11, 2001 (odds ratio, 1.91; 95% confidence 

interval, 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 associations between severe OSA and WTC exposure, and with 

diseases prevalent in this population. Accordingly, we recommend clinical evaluation, including 

polysomnography, for patients with high WTC exposure, other OSA risk factors, and a physician diagnosis 

of GERD or comorbid GERD and rhinosinusitis. 

 

Cho SJ; Echevarria GC; Lee YI; Kwon S; Park KY; Tsukiji J; Rom WN; Prezant DJ; Nolan A; Weiden MD. (2014) 

“YKL-40 is a Protective Biomarker for Fatty Liver in World Trade Center Particulate Matter-Exposed Firefighters.” 

Journal of molecular biomarkers & diagnosis. 5.  

BACKGROUND: Serum biomarkers of metabolic syndrome predict abnormal lung function in World 

Trade Center particulate matter (WTC-PM)-exposed Fire Department of New York (FDNY) rescue 

workers. In animal models, exposure to ambient PM induces non-alcoholic fatty liver disease (NAFLD), a 

well-known comorbidity of metabolic syndrome. YKL-40 is an inflammatory biomarker for both liver and 

lung disease. We tested if YKL-40 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 
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≤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 model increasing YKL-

40 was protective while increasing triglyceride and alkaline phosphatase were risk factors for NAFLD. 

CONCLUSIONS: Increased YKL-40 is a protective biomarker in non-alcoholic fatty liver disease. Further 

studies may reveal a link between PM-induced lung and liver diseases. 

 

Nolan A; Kwon S; Cho SJ; Naveed B; Comfort AL; Prezant DJ; Rom WN; Weiden MD. (2014) “MMP-2 and 

TIMP-1 Predict Healing of WTC-Lung Injury in New York City Firefighters.” Respiratory research. 15(1):5-5. 

RATIONALE: After 9/11/2001, most FDNY workers had persistent lung function decline but some 

exposed workers recovered. We hypothesized that the protease/anti-protease balance in serum soon after 

exposure predicts subsequent recovery. 

METHODS: We performed a nested case-control 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 inhibitors of 

metalloproteinases (TIMP-1,2,3,4). The representative sub-cohort defined analyte distribution and a 

concentration above 75th percentile defined elevated biomarker expression. An FEV1 one standard 

deviation above the mean defined resistance to airway 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 declined 10% of after 9/11/2001. Cases subsequently returned to 

99% of their pre-exposure 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. 

CONCLUSION: Resistant cases displayed healing, returning to 99% of pre-exposure values. High TIMP-1 

and MMP-2 predict healing. MMP/TIMP balance reflects independent pathways to airway injury and repair 

after WTC exposure. 

 

Weakley, J., Webber, M.P., Ye, F., Zeig-Owens, R., Cohen, H.W., Hall, C.B., Kelly, K., Prezant, D.J. (2014) 

“Agreement between upper respiratory diagnoses from self-report questionnaires and medical records in an 

occupational health setting.” Am J Ind Med. 57(10): 1181-1187. 

BACKGROUND: The Fire Department of the City of New York World Trade Center Health Program 

(FDNY-WTCHP) monitors and treats WTC-related illnesses through regular physical exams, self-

administered health questionnaires and treatment visits, as indicated.                                                                                      

METHODS: We measured positive and negative predictive values (PPV, NPV) of self-reported diagnoses 

of GERD and rhinosinusitis 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-WTCHP. 

CONCLUSION: The PPV of self-reported diagnoses demonstrates only modest value in predicting 

physician diagnoses, although high NPVs suggest benefit in ruling out disease. In subgroups selected for 

their higher disease prevalence, self-reported diagnoses may be considerably more useful. 

 

Cho, S.J., Echevarria, G.C., Kwon, S., Naveed, B., Schenck, E.J., Tsukiji, J., Rom, W.N., Prezant, D.J., Nolan, A., 

Weiden, M.D. (2014). “One airway: Biomarkers of protection from upper and lowser airway injury after World 

Trade Center exposure.” Respir Med. 108(1): 162-170. 

BACKGROUND: Firefighters exposed to World Trade Center (WTC) dust have developed chronic 

rhinosinusitis (CRS) and abnormal forced expiratory volume in 1 s (FEV1). Overlapping but distinct 

immune responses may be responsible for the clinical manifestations of upper and lower airway injury. We 

investigated whether a panel of inflammatory cytokines, either associated or not associated with WTC-LI, 

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 evaluation prior to 3/2008 was assayed for 39 cytokines. 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.  
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RESULTS: Increasing serum IL-6, IL-8, GRO and neutrophil concentration reduced the risk of CRS 

progression. Conversely, increasing TNF-α increased the risk of progression. In a multivariable model 

adjusted for exposure intensity, increasing IL-6, TNF-α and neutrophil concentration remained significant 

predictors of progression. Elevated IL-6 levels and neutrophil counts also reduced the risk of abnormal 

FEV1 but in contrast to CRS, increased TNF-α did not increase the risk of abnormal FEV1. 

CONCLUSIONS: Our study demonstrates both independent and overlapping biomarker associations with 

upper and lower respiratory injury, and suggests that the innate immune response may play a protective role 

against CRS and abnormal lung function in those with WTC exposure. 

 

Schenck, E.J., Echevarria, G.C., Girvin, F.G., Kwon, S., Comfort, A.L., Rom, W.N., Prezant, .J., Weiden, M.D., 

Nolan, A. “Enlarged pulmonary artery is predicted by vascular injury biomarkers and is associated with WTC-Lung 

injury in exposed firefighters: a case-control study. BMJ Open. e005575. 

OBJECTIVES: We hypothesise that there is an association between an elevated pulmonary 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 firefighters 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 occupational healthcare centre.  

PARTICIPANTS: Male never-smoking firefighters with accurate pre-9/11 forced expiratory 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 biomarkers was identified. WTC-LI was defined as FEV1≤77% at the 

subspecialty pulmonary 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 vascular biomarkers that were predictive of this vasculopathy.  

OUTCOME MEASURES: The primary outcome of this study was to identify a PA/A ratio 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 using 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 macrophage 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, respectively), while the increased total plasminogen 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 associated with WTC-LI. Development of an elevated PA/A was predicted by biomarkers 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. 

 

Glaser, M.S., Webber, M.P., Zeig-Owens, R., Weakley, J., Liu, X., Ye, F., Cohen, H.W., Aldrich, T.K., Kelly, K.J., 

Nolan, A., Weiden, M.D., Prezant, D.J., Hall, C.B. (2014).  “Estimating the time interval between exposure to the 

World Trade Center disaster and incident diagnoses of obstructive airway disease.” Am J Epidemiol 180(3): 272-

279.  

 Respiratory disorders are associated with occupational and environmental exposures. The latency period 

between exposure and disease onset remains uncertain. The World Trade Center (WTC) disaster presents a 

unique opportunity to describe the latency period for obstructive airway disease (OAD) diagnoses. This 

prospective cohort study of New York City firefighters compared the timing and incidence of physician-

diagnosed OAD relative to WTC exposure. Exposure was categorized 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 September 13-24, 2001). We modeled relative rates and 95% confidence intervals of OAD 

incidence by exposure over the first 5 years after September 11, 2001, estimating 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 

associated with WTC exposure for at least 5 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. 
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Weiden, M.D., Kwon, S., Caraher, E., Berger, K.I., Reibman, J., Rom, W.N., Prezant, D.J., Nolan, A. (2015) 

“Biomarkers of World Trade Center particulate matter  exposure: physiology of distal airway and blood biomarkers 

that predict FEV1 decline.” Semin Respir Crit Care Med. 36(3): 323-333.     

Biomarkers can be important predictors of disease severity and progression. The intense exposure to 

particulates and other toxins from the destruction of the World Trade Center (WTC) overwhelmed the 

lung's normal protective barriers. 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 exposure. 

This well-phenotyped group of highly exposed first responders is an ideal cohort for biomarker discovery 

and eventual validation. Disease progression was heterogeneous 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 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 previously healthy never smokers who sought subspecialty pulmonary 

evaluation to explore predictive biomarkers of WTC-LI. We have identified biomarkers of inflammation, 

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. 

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. 

Loupasakis, K., Berman, J., Jaber, N., Zeig-Owens, R., Webber, M.P., Glaser, M.S., Moir, W., Qayyum, B., 

Weiden, M.D., Nolan, A., Aldrich, T.K., Kelly, K.J., Prezant, D.J. (2015)“Refractory sarcoid arthritis in world trade 

center-exposed New York city firefighters: a case series.” J Clin Rheumatol. 21(1):19-23.       

OBJECTIVE: The objective of this study was to describe cases of sarcoid arthritis in firefighters from the 

Fire Department of the City of New York (FDNY) who worked at the World Trade Center (WTC) site. 

METHODS: All WTC-exposed FDNY firefighters 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, radiographic, and 

pathological criteria. Patient characteristics, WTC exposure information, smoking status, date of diagnosis, 

and pulmonary findings were obtained from FDNY-WTC database. Joint manifestations (symptoms and 

duration, distribution of joints involved), radiographic findings, and treatment responses were obtained 

from chart review.                                                                                                                                    

RESULTS: Nine of 60 FDNY firefighters who developed sarcoidosis since 9/11/2001 presented with 

polyarticular arthritis. Two others diagnosed pre-9/11/2001 developed sarcoid arthritis after WTC 

exposure. All 11 were never cigarette smokers, and all performed rescue/recovery at the WTC site within 3 

days of the attacks. All had biopsy-proven pulmonary sarcoidosis, and all required additional disease-

modifying antirheumatic drugs for adequate control (stepwise progression from hydroxychloroquine to 

methotrexate to anti-tumor necrosis factor α agents) of their joint manifestations.                

CONCLUSIONS: Chronic inflammatory polyarthritis appears to be an important manifestation of 

sarcoidosis in FDNY firefighters with sarcoidosis and WTC exposure. Their arthritis is chronic and, unlike 

arthritis in non-WTC-exposed sarcoid patients, inadequately responsive to conventional oral disease-

modifying antirheumatic drugs, often requiring anti-tumor necrosis factor α agents. Further studies are 

needed to determine the generalizability of these findings to other groups with varying levels of WTC 

exposure or with other occupational/environmental exposures. 

Hall, C.B., Liu, X., Zeig-Owens, R., Webber, M.P., Aldrich, T.K., Weakley, J., Cohen, H.W., Glaser, M.S., Olivieri, 

B.L., Weiden, M.D., Nolan, A., Kelly, K.J., Prezant, D.J. (2015) “The duration of an exposure response gradient 

between incident obstructive airways disease and work at the World Trade Center site: 2001-2011.” PLoS Curr. 

Volume 7(Disasters). 

BACKGROUND: Adverse respiratory effects of World Trade Center (WTC) exposure have been widely 
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documented, but the length of time that exposure remains associated with disease is uncertain. We estimate 

the incidence of new cases of physician-diagnosed obstructive airway disease (OAD) as a function 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 relationship between self-reported 

lower respiratory symptoms and physician diagnoses.  

RESULTS: Change points were observed at 15 and 84 months post-9/11/2001, 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 WTC health program began to offer free coverage of OAD medications in month 63. 

Self-reported lower respiratory symptoms 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 

results support recognizing OAD among rescue workers as WTC-related even when diagnosed years after 

exposure. 

 

Webber, M.P., Moir, W, Zeig-Owens, R., Glaser, M.S., Jaber, N., Hall, C., Berman, J., Qayyum, B., Loupasakis, K., 

Kelly, K.., Prezant, D.J. (2015) “Nested case-control study of selected systemic autoimmuine diseases in World 

Trade Center rescue/recovery workers.” Arthritis Rheumatol. 67(5): 1369-1376. 

OBJECTIVE: To test the a priori hypothesis that acute and chronic work exposures to the World Trade 

Center (WTC) site on or after September 11, 2001 were associated with risk of new-onset systemic 

autoimmune diseases.                                                                                                                      

METHODS: A nested case-control study was performed in WTC rescue/recovery workers who had 

received a rheumatologist-confirmed systemic autoimmune disease diagnosis between September 12, 2001 

and September 11, 2013 (n = 59), each of whom was individually matched to 4 randomly selected controls 

(n = 236) on the basis of year of hire (±1 year), sex, race, and work assignment (firefighter or emergency 

medical service). Acute exposure was defined according to the earliest time of arrival (morning 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 exact conditional logistic regression models.                                                      

RESULTS: Rheumatoid arthritis was the most common autoimmune diagnosis (37% of subjects), followed 

by spondyloarthritis (22%), inflammatory myositis (14%), systemic lupus erythematosus (12%), systemic 

sclerosis (5%), Sjögren's syndrome (5%), antiphospholipid syndrome (3%), and granulomatosis 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 exposure (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 WTC Health Program 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 improve quality of life. 

 

 

Yip, J., Zeig-Owens, R., Webber, M.P., Kablanian, A., Hall, C.B., Vossbrinck, M., Liu, X., Weakley, J., Schwartz, 

T., Kelly, K.J., Prezant, D.J. (2015) “World Trade Center-related physical and mental health burden among New 

York City Fire Department emergency medical service workers.” Occup Environ Med. doi:10.1136 

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 World Trade 

Center (WTC) disaster site.                                                                                                                             

METHODS: In this observational cohort study, we used FDNY physician diagnoses to estimate the 

cumulative incidence of physical health conditions including rhinosinusitis, gastroesophageal reflux disease 

(GERD), obstructive airways disease (OAD) and cancer among EMS workers and demographically similar 
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firefighters who were active on 11 September 2001 (9/11). Validated screening instruments were used to 

estimate the prevalence of probable post-traumatic stress disorder (PTSD), probable depression and 

probable harmful alcohol use. We also analysed 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 probable PTSD up to 12 years after exposure was 7%; probable depression 16.7%; and probable harmful 

alcohol use 3%. Compared with unexposed, EMS workers who arrived earliest at the site had higher 

adjusted relative risks (aRR) for most conditions, including 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 conditions associated with 

WTC-exposure among FDNY EMS workers. These findings underscore the importance of continued 

monitoring and treatment of this workforce. 

 

 

 

2016 

 
Kwon S, Putman B, Weakley J, Hall CB, Zeig-Owens R, Schwartz T, Olivieri B, Singh A, Huie M, Morrison D, 

Webber MP, Cohen HW, Kelly KJ, Aldrich TK, Nolan A, Prezant DJ, Shohet MR, Weiden MD. (2016) “Blood 

Eosinophils and World Tade Center Exposure Predict Surgery in Chronic Rhinosinusitis: A 13.5-Year Longitudinal 

Study.” Ann Am Thorac Soc. doi: 10.1513  

OBJECTIVES:To identify predictors of surgical intervention for chronic rhinosinusitis in firefighters 

exposed to airborne irritants at the WTC collapse site. 

METHODS:We assessed in 8,227 firefighters with WTC-exposure between 9/11/2001 (9/11) and 

9/25/2001, including WTC-site arrival time, months of rescue/recovery work, and eosinophil concentration 

measured between 9/11 and 3/10/2003. We assessed the association of serum cytokines and 

immunoglobulins with eosinophil concentration and surgery for rhinosinusitis in 112 surgical cases and 376 

controls with serum available from the first 6 months after exposure to the WTC collapse site. 

MEASUREMENTS AND MAIN RESULTS: Between 9/11 and 3/10/2015, 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 (HR 1.12 per 100 cells/uL; 95% CI 1.07 to1.17; P <0.001); 

arriving at the WTC site 9/11 or 9/12/2001 (HR 1.43; 95% CI 1.04 to 1.99; P=0.03); and working ≥6 

months at the WTC-site (HR 1.48; 95% CI 1.14 to 1.93; P<0.01). Median blood eosinophil levels for 

surgery patients were above levels for the cohort in all 18-month intervals 3/11/2000 through 3/10/2015 

using 51,163 measurements representing 97,733 person-years of observation. Increasing age, increasing IL-

17A and low IgA in serum from 2001-2002 predicted blood eosinophil concentration in surgical patients 

but not in controls (R2=0.26, p<0.0001 vs. R2=0.008, p=0.56). 

CONCLUSIONS: Increasing blood eosinophil concentration predicts surgical intervention for chronic 

rhinosinusitis, particularly in those with intense acute and prolonged exposure to airborne irritants. WTC-

exposed FDNY firefighters who underwent irritant-associated sinus surgery are immunologically different 

from the cohort. Surgical patients have a higher blood eosinophil levels that is associated with mediators of 

mucosal immunity. 

 

Girvin F., Zeig-Owens R., Gupta D., Schwartz T., Liu Y., Weiden M.D., Prezant D.J., Naidich D.P. (2016) 

“Radiologic Features of World Trade Center-related Sarcoidosis in Exposed NYC Fire Department Rescue 

Workers.” J Thoracic Imaging. doi: 10.1097 

PURPOSE: An increased incidence of sarcoidosis has been demonstrated in firefighters, supporting the 

concern that occupational/environmental exposure may pose an etiologic risk factor. This incidence 

increased further after September 11, 2001 following exposure to World Trade Center (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 individuals with pulmonary 

sarcoidosis. 

MATERIALS AND METHODS: With CT imaging we retrospectively identified 46 patients with WTC-
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related sarcoidosis, between March 18, 2002 and April 5, 2014. Scans were independently reviewed by 2 

dedicated thoracic radiologists and assessed for disease patterns and correlation with pulmonary functions. 

RESULTS: The majority (37/46; 80%) had symmetric mediastinal and hilar lymphadenopathy. 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 reticulation. 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 disease predominantly involving mid and upper 

lungs; 11/46 (24%) had a random distribution without zonal predominance; 6/46 (13%) demonstrated 

atypical lower zone predominance. Whereas 15/46 (33%) had obstructive airways disease on pulmonary 

function tests, there were no CT findings that were predictive of obstructive airways disease. 

CONCLUSIONS: The majority of cases of WTC-related sarcoidosis demonstrated typical radiographic 

appearances of sarcoidosis, 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 underlying 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. 

 

Yip J, Zeig-Owens R, Webber MP, Kablanian A, Hall CB, Vossbrinck M, Liu X, Weakley J, Schwartz T, Kelly KJ, 

Prezant DJ. (2016) “Health conditions as mediators of the association between World Trade Center exposure and 

health-related quality of life in firefighters and EMS workers.” J OccupEnviron Med. doi: 10.1136 

OBJECTIVE: Studies have reported reduced health-related quality of life (HrQoL) in rescue/recovery 

workers for years post-disaster. Few have examined specific post-disaster physical and mental health 

conditions as mediators of the association between exposure to disaster and HrQoL.   

METHODS: We used the Short Form-12 to measure HrQoL in 7,190 male World Trade Center (WTC)-

exposed first responders. Potential mediators included physician diagnoses obtained from medical records 

and mental health conditions 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 

mediated the association between WTC-exposure and mental health functioning.               

CONCLUSIONS: Because WTC-related health conditions explain the relationship between WTC-exposure 

and HrQoL, medical monitoring with treatment of affected populations is necessary to mitigate the adverse 

effects of WTC-exposure on HrQoL. 

 

Aldrich, T.K., Vossbrinck, M., Zeig-Owens, R., Hall, C.B., Schwartz, T., Moir, W., Webber, M.P., Cohen, H., 

Nolan A., Weiden, M.D., Christodoulou, V., Kelly, K.J., Prezant, D.J. (2016) “Lung function trajectories in WTC-

exposed NYC firefighters over 13 years: the roles of smoking and smoking cessation. CHEST. doi: 10.1016  

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 determine the longer-term exposure effects and the roles of cigarette smoking 

and cessation on lung function trajectories.  

METHODS: We examined serial measurements of FEV1 from March 11, 2000, to September 10, 2014, 

among 10,641 WTC-exposed Fire Department of the City of New York firefighters with known smoking 

and body weight histories.  

RESULTS: The median number of FEV1 measurements 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 significant 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 normal compared with those arriving between September 13, 2001, and September 24, 

2001 (OR = 1.70, P < .01). Current smokers were more likely to have an FEV1 < lower limits of normal 

compared with never smokers (OR = 2.06, P < .01), former smokers who quit before September 11, 2001 

(OR = 1.96, P < .01), or those who quit between September 11, 2001 and March 10, 2008 (OR = 1.49, P < 

.01). 
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CONCLUSIONS: Thirteen years after September 11, 2001, most firefighters continued 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 occupational/environmental cohort 

 

Zeig-Owens, R., Kablanian, A., Webber, M.P., Liu Y., Mayerson E., Schwartz, T., Jaber, N., Kelly, K.J., Prezant, 

D.J. (2016) “Agreement between self-reported cancer diagnoses and confirmed cancer diagnoses in New York City 

firefighters and EMS workers.” Public Health Reports. 131(1):153-9. 

OBJECTIVES: Because of the delay in availability of cancer diagnoses from state cancer 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-confirmed 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 World Trade Center (WTC) exposure and other 

characteristics in relation to accurate reporting of cancer diagnoses. 

METHODS: Participants self-reported cancer 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 sensitivity, specificity, positive predictive value (PPV), and negative 

predictive 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-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 remained high in different cancer types, while sensitivities and PPVs varied 

considerably. WTC exposure was not associated with accurate reporting. 

CONCLUSION: We found high specificities, NPVs, and general concordance between self-reported cancer 

diagnoses and registry-confirmed diagnoses. Given the low population prevalence of cancer, self-reported 

cancer diagnoses may be useful for determining non-cancer cases. Because of the low sensitivities and 

PPVs for some individual cancers, however, case confirmation with state cancer registries or medical 

records remains critically important. 

 

Webber, M.P., Moir, W., Zeig-Owens, R., Glaser, M.S., Jaber, N., Hall, C., Berman, J., Qayyum, B., Loupsasakis, 

K., Kelly, K.J., Prezant, D.J. (2016) “Incidence of Systemic Autoimmune Diseases in World Trade Center-Exposed 

Firefighters and Emergency Medical Workers.” Mayo Clin Proc. 91(1):23-32.  

OBJECTIVE: To estimate the incidence of selected systemic autoimmune diseases (SAIDs) in 

approximately 14,000 male rescue/recovery workers enrolled in the Fire Department of the City of New 

York (FDNY) World Trade Center (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. 

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). Standardized 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. Overall, FDNY rates were not significantly different from 

expected rates (SIR, 0.97; 95% CI, 0.77-1.21). However, the lower WTC exposure group had 9.9 fewer 

cases than expected, whereas the higher WTC exposure group had 7.7 excess cases. 

CONCLUSION: Most studies indicate that the healthy worker effect reduces the association 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 exposure, especially because the higher WTC exposure 

group was relatively small. Continued surveillance for early detection of SAIDs in high WTC exposure 

populations is required to identify and treat exposure-related adverse effects. 

 

Boffetta, P., Zeig-Owens, R., Wallenstein, S., Li, J., Brackbill, R., Cone, J., Farfel, M., Holden W., Lucchini R., 

Webber M.P., Prezant, D.J., Stellman, S. (2016) “Cancer in World Trade Center responders: Findings from multiple 

cohorts and options for future study. Am J Ind Med. 59(2):96-105.  
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BACKGROUND: Three longitudinal studies of cancer incidence in varied populations of World Trade 

Center responders have been conducted. 

METHODS: We compared the design and results of the three studies.  

RESULTS: Separate analyses of these cohorts revealed excess cancer incidence in responders for all 

cancers combined and for cancers of the thyroid and prostate. Methodological dissimilarities included 

recruitment strategies, source of cohort members, demographic characteristics, overlap between cohorts, 

assessment of WTC and other occupational exposures and confounders, methods and duration of follow-up, 

approaches for statistical analysis, and latency analyses. 

CONCLUSIONS: The presence of three cohorts strengthens the effort of identifying and quantifying the 

cancer risk; the heterogeneity 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 longitudinal dropout is crucial to achieve this 

goal. 

 

Weakley, J., Hall, C.B., Webber, M.P., Liu, X., Zeig_Owens, R., Cohen, H., Aldrich, T.K., Prezant, D.J. (2016) 

“The effect of World Trade Center exposure on the latency of chronic rhinosinusitis diagnoses in NYC Firefighters: 

2001-2011.” Occup Environ Med. 73(4):280-3. 

OBJECTIVE: To assess how the effect of World Trade Center (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 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 programmatic change that provided free 

medical treatment, but increases 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 exposure, 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 firefighters appears increased with WTC-exposure, and has 

not diminished by time since exposure. 

 

Aldrich, T.K., Weakley, J., Dhar, S., Hall, C.B., Crosse, T., Banauch, G.I., Weiden, M.D., Izbicki, G., Cohen, H.W., 

Gupta, A., King, C., Christodoulou, V., Webber, M.P., Zeig-Owens, R., Moir, W., Nolan, A., Kelly, K..J., Prezant, 

D.J. (2016) “Bronchial reactivity and the course of lung function 13 years after World Trade Center exposure.” 

Chest. Doi: 10.1016 

BACKGROUND: World Trade Center (WTC)-exposed rescue/recovery workers endured massive 

respiratory insult from inhalation of particulate matter and gases, resulting in respiratory symptoms, loss of 

lung function, and, for many, bronchial hyperreactivity (BHR). The persistence of respiratory symptoms 

and lung function abnormalities has been well-documented, while persistence of BHR has not been 

investigated. 

METHODS:173 WTC-exposed firefighters with bronchial reactivity measured within 2 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 1 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 associated with BHR follow-up (OR=6.46) and that BHR at follow-up was associated 

with an estimated 15.4 ml/year greater FEV1 decline than experienced by those without BHR at follow-up. 

Annual FEV1 decline was moderated by corticosteroid use. 
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CONCLUSIONS: Persistent BHR and its deleterious influence on lung function suggest a role for airway 

inflammation in perpetuation of WTC-associated airway disease. In future massive occupational exposure 

to inorganic 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 function tests consistent with airway disease. 

 

 
Yip, J., Webber, M.P., Zeig-Owens, R., Vossbrinck, M., Singh, A., Kelly, K., Prezant, D.J. “FDNY and 9/11: 

Clinical services and health outcomes in World Trade Center-exposed firefighters and EMS workers from 2001-

2016.” Am J Ind Med. 

BACKGROUND: After the World Trade Center (WTC) attacks on September 11, 2001, the Fire 

Department of the City of New York (FDNY) instituted a WTC medical monitoring and treatment program 

and established a data center to document health outcomes in the WTC-exposed workforce of ∼16,000 

firefighters and EMS workers. 

METHODS: FDNY schedules routine monitoring exams every 12-18 months and physical and mental 

health treatment appointments, as required. 

RESULTS: FDNY research studies have consistently found that early arrival to work and/or prolonged 

work at the WTC-site increased the risks for adverse physical and mental health outcomes. To date, a 

substantial 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 mechanisms of onset and persistence remain to be fully described. 

 

 
Moir, W., Zeig-Owens, R., Daniels, R.D., Hall, C.B., Webber, M.P., Jaber, N., Yiin, J.H., Schwartz, T., Liu, X., 

Vossbrinck, M., Kelly, K., Prezant, D. “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 Philadelphia 

(9/11/2001-2009).” Am J Ind Med. 

BACKGROUND: We previously reported a modest excess of cancer cases in World Trade Center (WTC) 

exposed firefighters as compared with the general population. This study aimed to separate the potential 

carcinogenic effects of firefighting and WTC-exposure by using a cohort of non-WTC-exposed firefighters 

as the referent group.  

Methods: Relative rates (RRs) for all cancers combined and individual cancer subtypes from 9/11/2001-

12/31/2009 were modelled using Poisson regression comparing 11,457 WTC-exposed firefighters to 8,220 

non-WTC-exposed firefighters from San Francisco, Chicago, and Philadelphia. 

Results: Compared with non-WTC-exposed firefighters, there was no difference 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: 1.07-20.81) over the entire study; this was attenuated (RR=3.43, 95% CI: 

0.94-18.94) and non-significant in a secondary analysis controlling for possible surveillance bias. Prostate 

cancer was elevated during the latter half (1/1/2005-12/31/2009; RR=1.38, 95% CI: 1.01-1.88). 

Conclusions: Further follow-up is needed with this referent population to assess the relationship between 

WTC-exposure and cancers with longer latency periods. 

 
Zeig-Owens, R., Nolan, A., Putman, B., Singh, A., Prezant, D.J., Weiden, M.D. “Biomarkers of Patient Intrinsic 

Risk for Upper and Lower Airway Injury after Exposure to the World Trade Center Atrocity.” Am J Ind Med. 

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 World Trade Center (WTC) disaster site. Most experienced 

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 biomarker 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 serum from the first 6 months post-9/11 can identify individuals at higher risk for future 

abnormal pulmonary function. Conclusion: This research will help identify 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. 
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UNDER REVIEW 

 
Vossbrinck, M., Zeig-Owens, R., Hall, C.B., Schwartz, T., Moir, W.,  Webber, M.P., Cohen, H.W., Nolan, A., 

Weiden, M.D., Christodoulou, V., Kelly, K., Aldrich, T.K., Prezant, D.J.” Post-9/11/2001 lung function trajectories 

by sex and race in World Trade Center-exposed New York City emergency medical service workers.” Occup and 

Env Med. 

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 (FDNY) 

emergency medical service (EMS) workers.  

Method:  Serial cross-sectional study of pulmonary function tests (PFTs) taken between 9/11 and 

9/10/2015.  We used data from routine PFTs [forced expiratory volume in 1 second (FEV1) and FEV1% 

predicted], conducted at 12-18 month intervals.  FEV1and FEV1% predicted were assessed over time, 

stratified by sex, and race/ethnicity.  We also assessed FEV1 and FEV1%predicted stratified by sex in 

current, former and never-smokers. 

Results: Among 1,817 EMS workers, 334 (18.4%) were female, 979 (53.9%) self-identified as white, and 

939 (51.6%) were never-smokers.  The median follow-up was 13.1 years (IQR 10.5-13.6)] and the median 

number of PFTs per person was 11 (IQR 7 - 13).  After 9/11, there was no discernible recovery in lung 

function.  Smoking status affected decline rates, which were highest among current smokers, intermediate 

among former smokers, and lowest among never-smokers.  In analyses limited to never- smokers, the 

trajectory of decline in adjusted FEV1 and FEV1%predicted was relatively parallel for males and females 

in the 3 racial/ethnic groups.  Similarly, small differences in FEV1 annual decline between groups were not 

clinically meaningful.  Analyses including ever-smokers were essentially the same.  

Conclusion: 14-years after 9/11, most EMS workers continued to demonstrate a lack of lung function 

recovery.  The trajectories of lung function decline, however, were parallel by sex and by race/ethnicity, 

although current smokers had the greatest annual decline. 

 
 

LETTERS 

 
Webber, M.P., Berman, J., Qayyum, B., Jaber, N., Prezant, D.J. (2015) “Reply.” Arthritis Rheumatol.  

 

 
 

 

CHAPTERS AND MONOGRAPHS: 
 

1.  Weiden M, Banauch G, Kelly KJ, and Prezant DJ. Firefighters Health and Health Effects of the World Trade 

Center Collapse. In: Environmental and Occupational Medicine. Pgs 477-490. 4th Edition, Edited by Rom WN and 

Markowitz S. Lippincott-Raven Inc. Philadelphia, 2007. 

 

2.  Kelly KJ, Niles J, McLaughlin MT, Carrol S, Corrigan M, Al-Othman F, and Prezant DJ.  World Trade Center 

health Impacts on FDNY Rescue Workers – a six year assessment, September 2001 to 2007.  Fire Department of the 

City of New York, October 2007. Available on-line at: 

http://www.nyc.gov/html/om/pdf/2007/wtc_health_impacts_on_fdny_rescue_workers_sept_2007.pdf 
 

3.  Prezant DJ, Levin S, Kelly KJ, Aldrich TK.  Pulmonary and Airway Complications Related to September 11th. 

In: Interstitial Pulmonary and Bronchiolar Disorders, Pgs 573-590. Edited by Lynch JP; Lung Biology in Health and 

Disease Vol 227 Ex Editor Lenfant C.  Informa Healthcare USA Inc., New York, 2008 

 

4.  Paul Greene, Dianne Kane, Grace Christ, Sallie Lynch and Malachy Corrigan. FDNY crisis counseling: 

innovative responses to 9/11 firefighters, families, and communities.  Published 2005.A textbook in counseling at 

FDNY after WTC.   

 

http://www.nyc.gov/html/om/pdf/2007/wtc_health_impacts_on_fdny_rescue_workers_sept_2007.pdf

