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Background : World Trade Center (WTC) rescue and recovery workers suffer a high burden of asthma, comorbid

post-traumatic stress disorder (PTSD) ,and depression. PTSD is associated with worse asthma outcomes.

Objective : In this study, we evaluated whether the relationship between PTSD and asthma morbidity is modified by

depression.

Methods : We used data from a cohort of WTC workers with asthma. Asthma control (ACQ), resource utilization, and
quality of life (AQLQ) were evaluated. We used regression analyses to evaluate the adjusted association of PTSD

and depression with asthma control, resource utilization and quality of life.

Results : Of the study cohort of 293 WTC workers with asthma, 19% had PTSD alone, 2% had MDD alone and 12%
had PTSD and MDD. Adjusted mean differences (95% CI) in ACQ scores were 1.32 (0.85 to 1.80) for WTC workers
with PTSD and MDD, 0.44 (0.03 to 0.84) for those with PTSD alone, and 0.50 (-0.38 to 1.38) for workers with MDD
alone compared to those without depression or PTSD. WTC workers with PTSD and depression, PTSD alone, and
depression alone had mean (95% Cl) adjusted differences in AQLQ scores of -1.67 (-2.22 to -1.12), -0.56 (-2.23 to -
1.12), and -1.21 (-2.23 to -0.18) compared to workers without depression or PTSD. Similar patterns were observed

for acute resource utilization.

Conclusion : PTSD and depression appear to have a synergistic effect that worsens asthma control and quality of life.
Efforts to improve asthma outcomes in this population should address the negative impacts of these common mental

health conditions.
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Introduction

Asthma is one of the most common chronic conditiep®rted among rescue and recovery
workers and other populations exposed to the dédlltsving the collapse of the World Trade
Center (WTC) towers on September 11, 2001 or graend during the subsequent montfis.
Over a follow-up period of >10 years, multiple segdhave reported that up to one third of
exposed individuals have developed astfim&esearch has also shown that asthma is a major
source of morbidity and poor quality of life amowgr C-exposed populations as well as an

important contributor to health care co$ts.

Post-traumatic stress disorder (PTSD) and depressethe most common mental health
conditions among WTC workePsTwo systematic reviews of the health effects efWiTC

attacks documented that workers and first respengdere >10 times more likely to have PTSD
symptoms compared to the general populatidhSimilarly, symptoms of depression have been
documented in up to 15% of WTC workers and expdseal residents? Moreover, many WTC
workers have comorbid PTSD and depres&fffPTSD is one of the strongest risk factors for
lack of asthma control, decreased asthma-relatalityof life and increased healthcare resource
utilization among WTC-exposed populatiois:**Similarly, depression (particularly, symptoms
of depression) is a risk factor for worse asthmaames in the general population; however, this
association has not been demonstrated in the gettiWTC exposuré’°Despite the high
prevalence and potential interrelationship amomrgeimental health conditions, prior studies
have not evaluated the combined impact of PTSDdapdession on asthma morbidity among

WTC workers.
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In this study, we used data from a well-characsgrizohort of WTC workers with asthma to
assess the interaction between PTSD and depressiasthma control, asthma-related resource

utilization and quality of life.

M ethods

Sudy Population

We recruited a cohort of WTC rescue and recovemkers with a physician diagnosis of asthma
that were monitored and/or treated at the Moun&iSttospital or North Shore-Long Island
Jewish Health System/Queens College sites of thedWoade Center Health Programs
(WTCHP) Clinical Centers of Excellence. WTCHP-dbigi general responders worked or
volunteered for4 hours from September 11 to 14, 20834 hours during September 2001, or
>80 hours from September to December 2001. Membiehe @ffice of the Chief Medical
Examiner who processed human remains and workarstfie Port Authority Trans Hudson
Corporation who were engaged in cleaning tunnelz2d hours from September 11, 2001 to
July 1, 2002 are also eligible. Additional detaitout the WTCHP have been previously

reported?®?*

Inclusion criteria included agel8 years, physician diagnosis of asthma, and wplbdlit

communicate in English or Spanish. WTC workers \aithistory of significant tobacco exposure
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(>15 pack-years of smoking history), chronic obsiugctung disease, or other chronic

respiratory illness were excluded from the study.

Potential study participants had already indicatélihgness to be contacted for research were
mailed an invitation and later contacted by redeataff. Those interested in participating signed
informed consent, underwent a short screening sssseg and then completed a standardized in-
person interview conducted in English or Spanisfedaon participant’s preference. The study
was approved by the Institutional Review Boardtheflcahn School of Medicine at Mount

Sinai and that of Queens College, City Universitilew York.

Sudy Variables

Socio-demographic information including age, sexerand ethnicity, education, income,
marital status, and language was ascertained ualitated tool$? We also collected
information regarding asthma history, asthma diagnim relation to WTC exposure, medication

regimen and family history of asthma, and level\6fC exposuré.

We used the Structured Clinical Interview for Diagtic and Statistical Manual (DSM) for

Mental Disorders (SCID) Patient Edition Versionéio assess for the presence of PTSD and/or
major depressive disorder (MDB)The SCID is the gold standard for psychiatricriviews,

has excellent reliability and validity and was adistiered by trained study personnel. Based on
the results of this assessment, participants wassitied into 4 groups: no PTSD or MDD,

PTSD alone, MDD alone, and both PTSD and MDD.
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Primary outcomes included asthma control, acutenastrelated resource utilization and asthma-
related quality of life. The Asthma Control Questiaire (ACQ) was used to assess the level of
asthma control among study participaift¥he ACQ is a well-validated tool that has been
extensively used in epidemiologic studies and céihirials to assess asthma symptoms and use
of rescue medications over the prior week. The Ate@s are scored on a scale of 0 to 6 with
higher scores indicating worse asthma controlntiremal clinically significance difference is

0.5 units®

Resource utilization related to acute asthma ekatiens was assessed based on self-reports of
the number of emergency room (ER) visits or hopatons during the prior 12 months. We
assessed asthma-related quality of life using the Asthma Quality of Life Questionnaire
(Mini-AQLQ). This validated 15-item tool assesseseral domains of quality of life including
physical, emotional, social and occupational lititias due to asthma in the prior 2 weéks.

Responses were generated on a Likert scale wittehggores indicating better quality of life.

Satistical Analysis

We used ANOVA and the chi-square test to compard#iseline characteristics of WTC
workers according to the presence or absence obRiRg/or MDD. We compared unadjusted
ACQ and AQLQ scores among the four study groupsgul8NOVA. Unadjusted rates of ER

visits and hospitalizations were compared usingisguare test.



92  We fitted linear regressions models to compare ADQ AQLQ scores for the four PTSD/MDD
93  groups after controlling for age, sex, race/etlipi@ducation, income, asthma onset pre vs. post
94  9/11, comorbidities, and WTC exposure. Adjustedgsaif asthma-related resource utilization in
95 the prior year were compared using logistic regoesdVe computed odds ratios and 95%
96 confidence intervals for acute health care utii@atusing the group of workers without PTSD
97 or MDD as a reference group. Analyses were pedrosing SAS 9.4 (SAS, Inc., Cary, NC,
98 USA) statistical software, using two-sided p-values
99

100 Results

101

102  Between February 2017 and January 2020, we ideditif80 individuals that were contacted and

103  found ineligible during screening (23% reportechisiory of asthma, 23% had a history of

104 COPD, 14% were non English or Spanish speakers3@¥ddue to other reasons) and enrolled

105 307 eligible participants. Of these 307 WTC workénsee were found to be ineligible after

106  enrollment and 11 dropped out after recruitmentsTiour final cohort included 293 WTC

107  workers with asthma. Overall, 19% of the studyipgrants had PTSD alone, 2% had MDD

108 alone and 12% had PTSD and MDD. Baseline charatitayiof study participants without PTSD

109 or MDD, with PTSD alone, MDD alone or PTSD and MRE shown in Table 1. WTC workers

110  with PTSD and MDD or PTSD alone were more likelyotoHispanic (p=0.003) and have a

111 lower income (p=0.002) than those without PTSD @D The percentage of patients with

112 asthma onset after exposure to the WTC site wasf®0¥%orkers with PTSD and MDD, 85%

113 for those with PTSD alone, 67% for those with MDDbre and 82% for workers without PTSD



114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

or MDD (p=0.4). No significant differences in othHeaseline characteristics were observed

among the four study groups (p>0.05).

Mean (£SD) ACQ scores were 2.35+1.12 for WTC woskeith PTSD and MDD, 1.71+1.10 for
workers with PTSD alone, 1.61+1.09 for workers vitBD alone and 1.19+1.01 for workers
with neither PTSD nor MDD (Table 2). Compared takess without PTSD and depression, the
unadjusted mean difference (95% confidence intd@g) in ACQ scores were 1.16 (0.76 to
1.55) for WTC workers with PTSD and MDD, 0.51 (01210.82) for those with PTSD alone,
and 0.42 (-0.43 to 1.27) for workers with MDD alobmadjusted AQLQ scores were also
significantly different across study groups (meab+3.87+1.28 for WTC workers with PTSD
and MDD, 4.73x1.29 for those with PTSD alone, 4284 for those with MMD alone, and
5.41+1.17 for workers with no PTSD or MDD). Comhreth workers without PTSD or MDD,
the mean difference (95% CI) in AQLQ scores waS41:2.01 to -1.08) for WTC workers with
PTSD and MDD, -0.69 (-1.04 to -0.33) for those WHRSD alone, and 1.18 (-2.18 to -0.18) for
workers with MDD alone. Similarly, rates of asthmedated ER visits or hospitalizations in the
prior year were 42% for WTC workers with PTSD anBM 27% for workers with PTSD
alone, 17% for those with MDD alone and 9% for vesskwith no PTSD or MDD. The
unadjusted odds ratio (95% CI) for acute asthmatedlhealthcare resource utilization among
workers with PTSD and MDD was 7.58 (3.15 to 18.2&)workers with PTSD alone was 3.91
(1.81 to 8.43), and for those with MDD alone wak .23 to 19.09) compared to workers

without PTSD or MDD.



136  As seenin Table 3, adjusted analyses showed wignifdifferences in asthma control among
137  WTC workers with PTSD and MDD (mean adjusted défere [95% CI] in ACQ scores 1.32
138  [0.85to 1.80]) and with PTSD alone (mean adjusliéfidrence [95% CI]: 0.44 [0.03 to 0.84]),
139  but not with MDD alone (mean adjusted differenc@4©ClI]: 0.50 [-0.38 to 1.38]) compared to
140  those without PTSD or MDD. Similarly, WTC workerstivPTSD and MDD (mean adjusted
141  difference [95% CI]: -1.67 [-2.22 to -1.12]), PTSIbne (mean adjusted difference [95% CIJ: -
142 0.56 [-2.23 t0 -1.12]), and MDD alone (mean adjdstdéference [95% CI]:-1.21 [-2.23 to -

143 0.18]) had lower AQLQ scores compared to workettout PTSD or MDD. Adjusted odds for
144  acute resource utilization was higher (7.61, 95%2(1 to 26.21) among workers with PTSD
145  and MDD vs. those without PTSD or MDD. However,statistically significant increase in

146  acute resource utilization was observed among Wokevs with PTSD alone (OR: 2.98, 95%
147  Cl: 0.91t0 9.73) or MDD alone (OR: 1.88, 95% CLt®to 24.31).

148

149  Discussion

150

151  Asthma is the single most common physical healtidition and remains a major source of
152  morbidity for WTC workers almost 20 years after esyre to the debris caused by the collapse
153  of the WTC towers. Prior literature shows a comsishssociation between PTSD and poor
154  asthma control and worse quality of [f&*"?®Depression, however, while a risk factor for

155  worse asthma outcomes in the general populatianbayet identified as a predictor of poor
156  asthma control in WTC responders. In this studyfouad that many WTC workers with asthma
157  have comorbid PTSD and MDD. Moreover, workers ViATrSD and MDD had worse asthma

158 morbidity than those with only one of these mehealth comorbiditie&® These results



159  highlight a group of WTC workers at high risk favqr asthma outcomes and suggest that mental
160  health treatments should be an integral comporfa@hieananagement of asthma in these

161  patients.

162

163  Prior studies have reported a high level of astm&TC workers and exposed community
164 members, with reports of poorly-controlled disemse70% of these populatioA$High levels
165  of resource utilization for asthma exacerbationg@lé as major impacts on asthma-related
166  quality of life in WTC workers with asthma havealseen described, providing additional
167  evidence of the substantial impact on wellbeing thiechealthcare costs associated with this
168  chronic respiratory conditioftPTSD has been consistently associated with inclezstama
169  morbidity in WTC workers, firefighters, and locasident$®*°WTC workers with more severe
170  PTSD symptoms are at increased risk of new onsiemnasas well as more severe dise4se;
171 however, even WTC exposed individuals with subthoes PTSD may be at increased risk of
172 worse asthma outcom&$The relationship between asthma morbidity and Pig®also been
173 reported among veterans and individuals in the gépepulation with asthm&:>*-°

174

175  Depression is also a common mental health condiiagnosed in many first responders,

176  recovery workers, and community residents exposédet WTC debrid’ The impact of

177  depression on asthma morbidity is considerabledi&sun the general population of patients
178  with asthma have shown that depression is assdaudthe poorer quality of life, worse

179  pulmonary function, increased health care util@atind use of rescue medicatidfig°

180  However, in WTC-exposed populations, depressioriastofore not shown a consistent link

181  with worse asthma outcomes. In this study, we faimatl approximately one third of WTC
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workers with asthma and PTSD had a coexisting aisigrof MDD. Moreover, we found that
the workers with comorbid PTSD and MDD had sigmifity worse asthma control, increased

resource utilization and poorer quality of life.

Several mechanisms may explain the observed asisodieetween mental health conditions and
asthma morbidity. PTSD affects multiple organ syst@s a consequence of changes in the
hypothalamic-pituitary axis, the autonomic nerveystem, and the immune systéf? PTSD is
associated with a state of basal, low-grade, syst@itammation, which, in turn, may modulate
airway inflammation, a central feature of asthmagidtive and behavioral mechanisms may
also play a role. First, PTSD has been more styocmirelated with subjective rather than
objective measures of asthma control. Thus, migne¢ation and over perception of symptoms
may be more common among WTC workers with PTSDraay contribute to increased asthma
morbidity** Asthma self-management behaviors encompass seeenglex behaviors such as
adherence to controller medications, adequateenhathnique, use of action plans, allergen
avoidance, and avoiding tobacco exposure thatréareat for adequate asthma contrStudies
conducted in the general population and in WTC wskvith asthma have shown that only 50%
of patients adhere to controller therdfy’° PTSD, has been strongly associated with low
treatment adherence in multiple chronic dise&5&thus, suggesting another potential pathway
for the association between PTSD and worse asthonbidity. Depression is also associated
with systemic inflammatiofl® Moreover, research in multiple chronic diseasedpding

asthma, has shown that patients with comorbid dsme have lower rates of adherence to
treatment® Thus, biobehavioral mechanisms may also explanetationship between

depression and worse asthma control in WTC resaukeans. Taken together, the combined
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effects of PTSD and MDD may compound the biologarad psychological impact of these
conditions on asthma morbidity and control. Theocourrence of PTSD and MDD has been
consistently linked with worse outcomes in othemodiic conditions. For example, a nationally
representative survey revealed that veterans withccurring PTSD and MDD were more likely
to be diagnosed with a cardiovascular disease amégifibromyalgia and rheumatoid arthritis
than those with MDD alone, and, had greater oddswing a diagnosis of hypercholesterolemia
and hypertension than those with PTSD afria.the same population-based study, those with
comorbid PTSD-MDD were more likely to endorse cotrguicide ideation, lifetime suicide
attempts, probable generalized anxiety and sonidety disorders, and poor cognitive and
mental health functioning and quality of life thegterans with either PTSD or MDD alorfe.
There is a growing literature aimed at understagéaetors that might help explain the
experience of comorbid PTSD-MDD. Researchers hdemetified certain personality
characteristics, namely high neuroticism (negaaiffectivity) and low extraversion, that may be
specifically linked to co-occurring PTSD and MBPBased on shared diagnostic symptoms and
biological correlates, it has also been theoribad the experience of PTSD-MDD comorbidity
may actually be a phenotypic subtype of PT$Bdditional information about both the
inflammatory and cognitive-behavioral pathways akgphg our findings would be critical to
further the understanding of the phenomenologyT@P»-MDD comorbidity and to develop
targeted biological therapies and cognitive-behalimterventions to improve the outcomes of

these patients.

Our study has strengths and limitations. We erdadievell-characterized population of WTC

workers with asthma and used the gold standardeo&CID to assess for PTSD and MDD.



228  Moreover, our measures of asthma control and qualilife are well-validated tools. Acute

229  asthma-related resource utilization was obtainestfyreport; however, prior studies have

230  shown validity in using this approaéh>® Our study included only WTC workers enrolled ie th
231 WTCHP, and, therefore, the study results canngdneralized to other exposed populations
232 such as firefighter or local community members sahesidents, students business and service
233  members. We did not include a sample of unexpoagdrmis with asthma; thus, we could not
234  assess if the rates of PTSD and/or depressiomeregaised among WTC workers. However,

235  multiple prior studies have documented the assoacidtetween WTC exposure and higher rates
236 of mental health conditior’s.*®The cohort included a small number of WTC workeith

237 MDD alone; thus, our estimates of asthma morbiuitihis group could show a lack of precision
238 and should be confirmed by additional studies. Whiith assessed for PTSD symptoms in

239 relation to WTC exposures, we did not capture e df onset of PTSD or MDD. Finally, the
240 study used a cross-sectional design, which doealloet establishing causal relationships

241  between PTSD and/or MDD with asthma morbidity. &yntbe possible that the physical and
242  social limitation of poor asthma control can leaadt worsen symptoms of MDD and/or PTSD.
243  However, prior studies of WTC-exposed workers stoba®TSD symptoms preceded

244  development of asthnia.

245

246 In summary, this study showed that WTC workers widmorbid PTSD and MDD are at the

247  highest risk for poor asthma outcomes. These ehalie direct implications for the

248  management of WTC workers, a population experignaihigh burden of asthma. First, it

249  highlights the importance of screening for mentalth conditions, in particular for symptoms

250 of PTSD and MDD among WTC workers with uncontroleethma. Relatively brief screening
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tools are available for these conditions, which easily be integrated into the routine care of
these patients. Second, it suggests the impor@iredequately addressing mental health
problems as a complementary strategy for achiegyowogl asthma control. Further research is
needed to better understand the potential biolbgiva cognitive-behavioral pathways
underlying the relationships between PTSD and MO wmcreased asthma morbidity.
Established treatments for depression, specifidahyavioral activation, and those for PTSD,
namely, cognitive processing therapy and proloreggubsure therapy, have been successful in
reducing both PTSD and MDD symptoiis®?Integrated treatments focused on behavioral
activation and exposure have also shown promiseédating comorbid PTSD and MDB®*
Future studies should also evaluate the effectsepnéintegrated asthma-mental health

interventions for improving the outcomes of WTC ters.
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Table 1. Baseline Characteristics of World Tradat€eWorkers with Asthma According to

Post-traumatic Stress Disorder and DepressionsStatu

Characteristic PTSD and PTSD MDD No PTS!:)/ P-value
MDD Alone Alone Depression
Age, years, mean+SD 53.6+7.5 53.7+£9.9 52.0+4/6 H6PD 0.5
Male, No. (%) 22 (71) 40 (68) 4 (67) 140 (77 0.5
Race/Ethnicity, No. (%)
Black 6 (19) 9 (16) 1(17) 44 (24)
White 3(9.7) 21 (36) 2 (33) 71 (39) 0.003
Hispanic 12 (38.7) 23 (40 2 (33) 51 (28 '
Other 10 (32.3) 5(9) 1(17) 16 (9)
Education, No. (%)
Some high school 2(7) 11 (19) 0 (0) 13 (7
High school graduate 7 (23) 5 (8) 2 (33) 39 (21) 0.2
Some College 13 (42) 22 (38) 2 (33) 65 (39) '
College Graduate 9 (29) 19 (33) 2 (33) 67 (36)
Monthly Income, No. (%)
<US$3,000 13 (48) 24 (48 1 (20) 41 (24) 0.002
>US$3,000 14 (52) 26 (52 4 (80) 131 (76)
WTC Exposure, No. (%)
Low 2(8) 5 (13) 1(17) 16 (12)
Intermediate 15 (60) 20 (53 4 (67) 93 (70 03
High 2(7) 9 (24) 1(17) 18 (13) '
Very High 6 (27) 4 (11) 0 (0) 12 (9)
Ever Smoked, No. (%) 22 (73) 48 (79) 4 (67) 132(7p 0.8
Asthma Onset Post 9/11, No. (%) 28 (90) 49 (85) 67 ( 134 (82) 0.4
History of Intubation, No. (%) 3 (10) 1(2) 1(17) 0 (0) 0.002
Oral Steroids in the Last Year, No. (%) 10 (35) (22) 2 (33) 49 (27) 0.4
On Asthma Controller Medication, No. (% 20 (59) (56) 5 (83) 115 (61) 0.7
Comorbidities, No. (%)
GERD 19 (56) 40 (64) 5 (83) 125 (66) 0.6
Chronic Sinusitis 20 (59) 31 (49 3 (50) 106)(56 0.8
Diabetes 7 (21) 10 (16 2 (33) 34 (18 0.6
Hypertension 12 (35) 24 (38 3 (50) 91 (48 0.4

PTSD: Post-traumatic Stress Disorder, MDD: Majopi2ssive Disorder, GERD:

Gastroesphogeal Reflux Disease



Table 2. Unadjusted Asthma Outcomes among Worldd @enter Workers with Post-traumatic Stress Deoatid/or Depression

- . . No PTSD/
Characteristic PTSD and Depression PTSD Alone Depression Alone Depression
i 0,

Mean+SD | Difference (95% ClI) MeanzSD | Difference (9% Cl) | MeantSD leferecn:Ic)e (95% Mean=SD

ACQ Score 2.35+1.172 1.16 (0.76 t01.55 1.71+1.10 51@0.21 to 0.82) 1.61+1.09 0.42(-0.43t01.27)1.19 +1.01
-1.18 (-2.18 to - 541 +£1.17

AQLQ Score 3.87+1.28§ -1.54 (-2.01 to -1.08) 4.7291.| -0.69 (-1.04 to -0.33 4.23+1.64 0.18)

Perc:ntag OR (95% CI) Percentage OR (95% CiI) Percentage OR 8% CI) Percentage
St‘fﬁ’;:t:gi 42% 7.58* (3.15-18.26) 27% 3.91* (1.81 to 8.43) 17% | 2.1* (0.23 to 19.09 9%

PTSD: Post-traumatic Stress Disorder, ACQ: Asthroat®| Questionnaire, AQLQ: Asthma Quality of Lifuestionnaire, OR: odds
ratio, Cl: confidence interval

*Reference group is the group of workers withouSBTor depression.




Table 3. Adjusted Differences in Asthma OutcomesragriWorld Trade Center Workers with

Post-traumatic Stress Disorder and/or Depression

Outcome DPc-arpSr[e)siinodn PTSD Alone Depression Alone
Mean Difference Mean Difference Mean Difference
(95 % CI) (95 % CI) (95 % CI)
ACQ Scores 1.32 (0.85t0 1.80 0.44 (0.03 to0 0.84)0.50 (-0.38 to 1.38)
AQLQ Scores -1.67 (-2.22 t0 -1.12)0.56 (-2.23t0 -1.12) -1.21 (-2.23 to -0.18)
Odds Ratio Odds Ratio Odds Ratio
(95% CI) (95% CI) (95% CI)

Acute Resource
Utilization

7.61* (2.21 to 26.21

2.98* (0.91 t0 9.73)

1.88* (0.15 to 24.31

)

PTSD: Post-traumatic Stress Disorder, ACQ: Asthraat®| Questionnaire, AQLQ: Asthma
Quality of Life Questionnaire, Cl: confidence intak
Controlling for age, sex, race/ethnicity, educatiocome, asthma onset pre vs. post 9/11.
comorbidities, and WTC exposure

*Reference group is the group of workers withouSPTor depression.



