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Background: Post-9/11 veterans were exposed to environmental
and occupational pollutants during deployment.
Objective: Our aim was to determine associations between
deployment-related exposures and sinusitis and rhinitis.
Methods: Between April 2018 and March 2020, veterans with
land-based deployment after 9/11 who were living within 25
miles of 6 Department of Veteran Affairs medical centers were
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randomly chosen by using a Defense Manpower Data Center
roster. Participants completed interviewer-administered
questionnaires, which included a 32-item deployment exposure
battery and self-report of rhinitis and health professional–
diagnosed sinusitis. Exposure categories included burn pit
smoke, combustion engine exhaust/ground dust, other open
combustion sources, toxicants, and military job-related VGDF.
Each item was scored on the basis of frequency and duration of
exposure; ordinal scores were summed and scaled to 100 within
each category. Odds ratios (ORs) were estimated using logistic
regression for sinusitis and rhinitis separately. ORs were scaled
per 20-point exposure score.
Results: Among the 1960 participants, the incidences of sinusitis
and rhinitis with onset during deployment were 2.1% and 3.6%,
respectively; the incidences of postdeployment onset were 5.1%
and 5.6%, respectively. Toxicant exposure consisted mainly of
‘‘applying pesticide, insecticide, or repellent to your own skin or to
your own clothing’’ and was associated with rhinitis with onset
during deployment (OR 5 1.50 [95% CI 5 1.31-1.84]) and onset
after deployment (OR 5 1.21 [95% CI 5 0.93-1.50]). There were
no associations with burn pit smoke or other exposure categories.
Conclusion: Veterans with deployment exposures to toxicants
were at increased risk of rhinitis, particularly during
deployment. The clinical evaluation of postdeployment veterans
should address rhinitis as a deployment-related condition. (J
Allergy Clin Immunol Global 2025;4:100367.)

Key words: Sinusitis, chronic rhinosinusitis, rhinitis, environmental
exposure, occupational exposure, veterans, military

US veterans with land-based deployment to Afghanistan and
Southwest Asia experienced potentially harmful inhalational expo-
sures.1,2 Potential service-related pollutants include burn pit com-
bustion byproducts, engine exhaust, petroleum smoke and fumes,
oil fires, mechanically generated dust, occupational exposures
from a range ofmilitary duties, and selected toxicants, such as insect
repellents and pesticides. In addition, the ambient regional environ-
ment in SouthwestAsia is characterized by periodic dust storms that
can suspend particularmatter (PM) for extended periods of time and
transport biologic. materials such as pollen and fungal spores.3-5

Ambient air quality is particularly relevant to chronic sinusitis
and rhinitis. Multiple observational studies and meta-analyses have
demonstrated an association between air pollution and the
1
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Abbreviations used

DEET: N,N-Diethyl-meta-toluamide

OEF: Operation Enduring Freedom

OIF: Operation Iraqi Freedom

OR: Odds ratio

PM: Particulate matter

VA: US Department of Veterans Affairs

VGDF: Vapors, gas, dust, or fumes
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development and progression of chronic sinusitis and rhinitis,6-9 and
invitro and animal studies have demonstrated the upregulation of in-
flammatory pathways in the presence of PM.10-13 With regard to
dust storms in particular, research on upper respiratory tract condi-
tions is limited,4 but the studies do suggest an association between
PM and the transport of pollen and fungal spores and sinonasal dis-
ease.4,14-18 Conversely, occupational rhinitis has been well studied,
with positive associations for various workplace exposures in, for
example, the manufacturing, service, and agricultural sectors.19-21

To our knowledge, studies of exposure-related rhinitis or sinusitis
have not been performed in military populations deployed in
Afghanistan and Southwest Asia, which constitute a group with
potentially intense occupational and environmental exposures.22-24

Allergic rhinitis affects 10% to 30%ofUS adults, and nonallergic
inflammatory rhinitis affects 17% to 52% of US adults, with up to
24% of them experiencing a combination of the 2 conditions.25,26

The symptoms of rhinitis are often trivialized by patients, and
many patients go undiagnosed and undertreated.25 Sinusitis, of
either allergic or nonallergic origin, affects 11% to 12% of US
adults.27,28 Rhinitis and sinusitis are highly burdensome to the qual-
ity of life of those who experience the diseases, leading to disturbed
sleep, daytime somnolence and fatigue, depression, decreased sense
of smell, and chronic cough.25,27 Health care spending on sinusitis
has been estimated at $10 billion to $13 billion per year,27 spending
on rhinitis has been estimated at estimated at $2 billion to $5 billion
per year,29and both negatively affect worker productivity.29,30

The goal of our study was to characterize the environmental and
military occupational risk factors for sinusitis and rhinitis among a
formerly deployed military population that was recruited indepen-
dently of medical complaints or symptoms. The results of this
analysis were, in part, previously published in abstract form.31
METHODS

Overview
We utilized interim survey data from the Veterans Affairs

Cooperative Studies Program 595, Pulmonary Health and
Deployment to Southwest Asia and Afghanistan (ClinicalTrials.
gov identifier NCT02825654), also known as Service and Health
Among Deployed Veterans (SHADE).We used a structured ques-
tionnaire to evaluate deployment-related military occupational
and environmental exposures and upper respiratory tract condi-
tions. We assessed clinical characteristics of sinusitis and rhinitis
and the associations between exposure categories and sinusitis or
rhinitis with onset during or after deployment.
Study recruitment
Participants were randomly selected by using Defense

Manpower Data Center deployment roster records if they met
the following study eligibility criteria: was separated from active
duty US military service; served between October 2001 and
February 2017; had 1 or more deployments during that period to
at least 1 of 7 countries (Afghanistan, Kyrgyzstan, Iraq, Kuwait,
Qatar, United Arab Emirates, or Djibouti); and was a member of a
service branch that had land-based deployments (Air Force,
Army, or Marine Corps). We also required that at the time of
recruitment potential, study participants reside within 25 miles of
the US Department of Veteran Affairs (VA) medical center that
was a study testing site (Atlanta, Ga; Boston,Mass; Houston, Tex;
Minneapolis, Minn; San Diego, Calif; or Seattle, Wash).

The study sites conducted recruitment of eligible persons
through a combination of postal mail and telephone outreach. We
used LexisNexus to update address and telephone contact infor-
mation from the Defense Manpower Data Center. Study visits
were conducted between April 2018 to March 2020, at which
point recruitment was paused because of the coronavirus disease
2019 (COVID-19) pandemic. All participants completed an in-
person, interviewer-administered structured questionnaire that
included demographic, smoking-related, and health-based items;
military service–related characteristics (including service branch
and dates and locations of deployments), and a multiple-item
battery on deployment-related exposure (see Exposure Assess-
ment and Scoring later). The study protocol was approved by the
VA Central Institutional Review Board, and all participants
provided informed consent.
Exposure assessment and scoring
The detailedmethodology for exposure assessment and scoring

can be found in Garshick et al.32 The exposure questionnaire,
which was designed for this study, elicited responses regarding
32 possible deployment-related occupational or environmental
exposures that veterans may have experienced during their
service. Using a priori groupings and a confirmatory factor
analysis, we grouped exposures into 5 categories of ‘‘heavy’’
exposure as follows: burn pit smoke; engine exhaust/ground
dust; other open combustion sources; toxicants (including
pesticides, insect repellents, and chemical warfare agents); and
military job–related vapors, gas, dust, or fumes (VGDF). For
each exposure-related question, an affirmative response
indicating heavy exposure was elicited only if the veteran
experienced sustained or direct exposure in close proximity,
which is to say exposure that the study participant could clearly
sense at the time (eg, through effects on the eyes, throat, or
breathing). For any affirmative responses, participants were asked
the number of months with exposure and the estimated number of
days in a typical month in which that exposure occurred.

We dichotomized self-reported exposures as no exposure
versus any reported frequency and categorized missing item
responses as having no exposure. Intensity was quantified on the
basis of frequency of occurrences expressed in person days of
exposure. The median number of exposure days were calculated
among those with exposure for each individual question,
generating a 3-level ordinal score for each item as follows: 0,
no exposure; 1, moderate exposure (defined by a frequency less
than or equal to median for that item); and 2, heavy exposure
(exposure exceeding the median frequency). We assigned a score
of 1 to any positive response for which the frequency was not
otherwise quantified. Within each of the 5 exposure categories,
we summed the respondent ordinal scores (0, 1, or 2) for each
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question (reduced in number from 32 to 28 after the confirmatory
factor analysis) and scaled to 100 to standardize the scores among
categories (as there were different numbers of questions in each
category).32 Of note, among the 1962 participants who completed
the exposure questionnaire, exposure to any toxicant was reported
by 926 participants (47.2%). There were 3 questions in the toxi-
cants category, of which ‘‘applying pesticide, insecticide, or
repellent to your skin or to your own clothing’’ had the most affir-
mative responses (42.8% for a median duration of 2.8 months),
followed by ‘‘other pesticide, insecticide, or repellent application
or handling’’ (6.6% for a median duration of 6.0 months) and
‘‘exposure to chemical warfare agents’’ (5.1% for a median dura-
tion of 0.23 months) (see Table E1 in the Online Repository at
www.jaci-global.org). Civilian workplace exposure to VGDF
was defined as at least 1 year spent in a participant’s primary
full- or part-time civilian job with report of regular exposure to
VDGF.
Outcome assessment
The health component of the survey included assessment of

sinusitis and rhinitis using items based on the 2008 Genetic
Epidemiology of Chronic Obstructive Pulmonary Disease
(COPDGene) questionnaire and 2005-2006 National Health and
Nutrition Examination Survey (NHANES) allergy question-
naire.33,34 We defined sinusitis as an affirmative response to the
question ‘‘Has a doctor or other health professional ever told
you that you had sinusitis?’’ and rhinitis as an affirmative response
to the question ‘‘Have you ever had hay fever, meaning allergy
involving the nose and/or eyes?’’ If there was missing informa-
tion, the responsewas assumed to be negative (n5 12 for sinusitis
and n 5 25 for rhinitis). We defined predeployment incident
illness as an illness for which the age at onset was less than the
age at first deployment (both considered as whole numbers [inte-
gers]). If precise age at onset was not reported, we used a
multiple-choice follow-up question in which the respondent
was prompted to choose ‘‘kindergarten age or younger,’’
‘‘elementary school age,’’ ‘‘middle school or high school age,’’
or ‘‘as an adult, but before any active duty military service.’’ We
defined incident illness during deployment as an illness for which
the age at onset was equal to or greater than age at first deploy-
ment and less than or equal than age at the end of last deployment.
We defined incident illness after deployment as an illness for
which the age at onset was greater than the age at the end of
last deployment. If age was not reported, we used the response
from a multiple-choice follow-up question in which the respon-
dent was prompted to choose ‘‘during or between active duty mil-
itary service times’’ and ‘‘after all active duty military service.’’
Statistical analyses
All analyses were conducted in R, version 4.3.0.35 For descrip-

tive characteristics, we used standard summary measures,
includingmeans and SDs for continuous normally distributed var-
iables and medians and interquartile ranges for continuous non-
normally distributed variables, respectively. We used
generalized linear models with a logit link to estimate the associ-
ations of all 5 exposure categories included in the same model for
each of the 2 outcomes (sinusitis or rhinitis). We implemented
additional separate models for rhinitis with onset during versus
after deployment (excluding rhinitis after or during deployment
from the respective models). Those who reported predeployment
sinusitis or rhinitis were excluded from the models, as they would
not have been eligible to develop new incident sinusitis or rhinitis
during deployment or after deployment.Models were adjusted for
age, sex, race (White non-Hispanic versus others), body mass in-
dex category (<25 kg/m2 [referent], 25-30 kg/m2, or >_30 kg/m2);
and cigarette smoking (the 3-level factor never [referent], former,
or current). To account for possible correlation among partici-
pants who had been recruited from the same study site, we esti-
mated regression parameter CIs using cluster bootstrapping on
site, which is the choice that is preferable to generalized esti-
mating equations when the number of clusters is small (eg, 6 study
sites), especially in the setting of a binary response.36 We scaled
the estimated odds ratios (ORs) and 95%CIs to a 20-point change
in exposure score. The 20-point change effectively represents a
one-fifth (quintile) range within a 100-point scaled score.

We performed 3 additional sensitivity analyses as follows: an
additional analysis of rhinitis with the toxicant exposure score
considered in tertiles; an analysis in which we added an additional
covariate to the main model (ie, exposure to civilian job–related
VGDF, scored as binary yes or no responses based on the longest-
held civilian occupation as an adult older than 18 years and at least
1 year in the job); and an analysis restricted to men only.
RESULTS
Of the 6913 eligible individuals, 2299 (33.3%) agreed to

participate and 1967 completed onsite visits. We excluded 5
participants who did not complete the questionnaire protocol and
2 with missing respiratory symptom outcome data. The remaining
1960 veterans were predominantly male (88.5%) and White non-
Hispanic (67.9%), with a mean age of 40.7 6 9.7 years (Table I).
Most participants were overweight (41.1%) or obese (44.1%);
54.6% were never smokers. The majority served in the Army
(60.4%) and had only 1 deployment (57%). The median time
elapsed since last deployment until study interviewwas 120months.
Sinusitis and rhinitis prevalence and clinical

characteristics
The prevalence of reporting ever having sinusitis among the

entire cohort was 15.2% (297 participants), with 2.1% reporting
incident sinusitis during deployment and 5.1% reporting with
incident sinusitis after deployment (Table II). Among those with
postdeployment sinusitis as well as information on age at onset
(n 5 95), the median number of years between last deployment
and postdeployment onset was 5.0 years (interquartile range 5
3.0-9.0 years). Approximately 30% of participants with incident
sinusitis during or after deployment had experienced their last
episodewithin a year of the study visit compared with 19% of par-
ticipants with predeployment onset of sinusitis. Similar percent-
ages of participants with sinusitis onset before, during, and after
deployment had episodes of sinusitis more than once (75%-
85%), had ever received antibiotics for their sinusitis (82%-
84%), and had undergone sinus radiographic imaging (31%-36%).

The prevalence of rhinitis among the entire cohort was 28.6%
(60 participants), with 3.6% reporting incident rhinitis onset
during deployment and 5.6% reporting onset after deployment
(Table III). Among those with postdeployment onset of rhinitis
and information on age at onset (n 5 108), the median number
of years between last deployment and postdeployment onset

http://www.jaci-global.org


TABLE I. Participant characteristics (n 5 1960)

Characteristic Value

Age (y) 40.7 (9.7)

Male sex, no. (%) 1734 (88.5)

Race/ethnicity, no. (%)

White 1331 (67.9)

Black or African American 292 (14.9)

Asian or Pacific Islander 94 (4.8)

American Indian/Alaskan Native 13 (0.7)

Multiracial or other 213 (10.9)

Missing/declined to answer 17 (0.9)

Any Hispanic 282 (14.4)

White Hispanic 150 (7.7)

Black Hispanic 12 (0.6)

Current education level, no. (%)*
<High school 1 (0.1)

High school/General Educational

Development certificate

172 (8.8)

Some college 452 (23.1)

Associate degree 322 (16.4)

Bachelor’s degree 618 (31.5)
>_Master’s degree 394 (20.1)

Body mass index (kg/m2), no. (%)

<25 289 (14.7)

25 to <30 806 (41.1)
>_30 865 (44.1)

Cigarette smoking, no. (%)

Never 1071 (54.6)

Former 633 (32.3)

Current 256 (13.1)

Civilian job–related VGDF exposure, no. (%)� 594 (30.3)

Military branch, no. (%)

Army 1183 (60.4)

Air Force 318 (16.2)

Marines 429 (21.9)

Mixed/other 30 (1.5)

Deployment characteristic, median (IQR)

Duration (mo) 11.7 (7.4-16.1)

Time since last deployment (mo) 120 (89.8-156.7)

Deployments, no. (%)�
1 1118 (57.0)

2 573 (29.2)
>_3 262 (13.4)

IQR, Interquartile range.

*Data missing for 1 participant.

�Data missing for 51 participants.

�Data missing for 7 participants.
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was 4.0 (interquartile range5 2.0-7.0) years. The number of new
cases of rhinitis in which onset occurred after deployment
decreased as the years since last deployment progressed (Fig 1).
Those with postdeployment onset rhinitis had fewer formal diag-
noses from a health care professional than did those in whom
onset occurred in other periods relative to deployment, although
overall approximately 40% of cases in any period were undiag-
nosed (Table III). Many participants with rhinitis regardless of
onset period still reported having the condition (76%-84%).
Similar percentages of participants regardless of period in which
onset occurred had used medication for rhinitis in the past year
(53%-62%) or had received allergy shots (3%-5%). There was lit-
tle concurrence between rhinitis and sinusitis onset before
deployment and during or after deployment: only 80 (4.1%)
and 35 (1.8%) participants responded affirmatively to having
both conditions, respectively.
Associations with exposure
The results of the adjusted analyses are shown in Figs 2 and 3

and Table E2 (see the Online Repository at www.jaci-global.org),
which present the ORs and 95% CIs associated with each of the 5
exposures per 20-unit increase in exposure category score along
with a summary of exposure scores. In the adjusted models, toxi-
cant exposure was positively and significantly associated with
rhinitis during or after deployment (OR 51.38 [95% CI 5
1.15-1.60]). Burn pit smoke and other open combustion sources
were not associated with increased odds of rhinitis onset. Engine
exhaust/ground dust and military job–related VGDFs were asso-
ciated with marginally increased but nonstatistically significant
odds of rhinitis. In further analysis, rhinitis onset during deploy-
ment was associated with a 50% increase in odds with toxicant
exposure (OR 5 1.50 [95% CI 5 1.31-1.84]), whereas rhinitis
onset after deployment was associated with a 21% increase in
odds with toxicant exposure (OR 5 1.21 [95% CI 5 0.93-
1.50]) (Table IV). There were no statistically significant associa-
tions between the exposure scores with sinusitis, other than a
suggestive association with military job–related VGDFs (OR 5
1.22 [95% CI 5 0.90-1.57]).

In a sensitivity analysis treating toxicant exposure score as an
ordinal categoric value, the ORs remained positive and the
highest exposure tertile of toxicant score was associated with
the highest OR (2.46 [95% CI5 1.52-4.87]) (see Table E3 in the
Online Repository at www.jaci-global.org). Adding civilian job–
related VGDFs to the regression models did not alter our results
substantially (see Table E4 in the Online Repository at www.
jaci-global.org). The ORs for female sex were 4.54 (95% CI 5
2.66-6.38) and 1.86 (95% CI 5 0.76-3.24) for sinusitis and
rhinitis during and after deployment, respectively (see Table
E2). When we repeated the main analysis excluding females,
the results did not change meaningfully (see Table E5 in the On-
line Repository at www.jaci-global.org).
DISCUSSION
In this analysis of post-9/11 US military veterans with land-

based deployment to Afghanistan and Southwest Asia who had
been recruited independent of any symptoms, we observed a
strong association between select toxicants, predominantly self-
exposure to pesticides or insect repellents on skin or clothing, and
rhinitis. The odds were greatest for incident rhinitis during
deployment, although many participants reported current rhinitis
symptoms. Furthermore, although postdeployment onset rhinitis
associated with toxicants did not reach statistical significance,
incident cases declined steadily since last deployment, suggesting
that deployment was a critical exposure event. There was no
association for a range of other deployment-related exposures,
including burn pits, nor was there an association for sinusitis.

The overall prevalence of sinusitis or rhinitis that we observed
in our cohort is similar to that reported for nonmilitary cohorts in
the United States: approximately 11% to 12% for sinusitis and
25% for rhinitis.26,28 Upper respiratory tract conditions, including
rhinitis, are of potential concern followingmilitary deployment.22

In a 2014 mail survey of 20,563 Operation Enduring Freedom
(OEF)/Operation Iraqi Freedom (OIF) veterans, Barth et al found
that deployed veterans were 30% more likely to report sinusitis
than nondeployed veterans were.23 The estimated prevalence
was 6.9% in post-2001 deployed veterans, which is similar to
the combined prevalence that we observed (ie, 2.1% during

http://www.jaci-global.org
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TABLE II. Characteristics of sinusitis based on time of onset in 1960 deployed veterans

Characteristic

Onset before

deployment (n 5 155 [7.9%])

Onset during deployment(s)

(n 5 42 [2.1%])

Onset after deployment

(n 5 100 [5.1%])

Time since last sinusitis incident (y), median (IQR) 6 (1-15)* 1 (0-4)� 2 (0-5)�
Sinusitis within 1 y of study visit, no. (%) 28 (19.3)* 11 (31.4)� 30 (30.6)�
Had sinusitis more than once, no. (%) 132 (85.2) 33 (78.6) 75 (75.0)

Sinusitis ever treated with antibiotics, no. (%) 130 (83.9) 35 (83.3) 82 (82.0)

Ever had a sinus x-ray or CT for sinusitis, n (%) 53 (34.2) 13 (31.0) 36 (36.0)

CT, Computed tomography; IQR, interquartile range.

*A total of 145 participants with age at last sinusitis incident are reported.

�A total of 35 participants with age at last sinusitis incident are reported.

�A total of 98 participants with age at last sinusitis incident are reported.

TABLE III. Characteristics of rhinitis based on time of onset in 1960 deployed veterans

Characteristic, no. (%)

Before deployment

(n 5 381 [19.4%])

During deployment(s)

(n 5 70 [3.6%])

After deployment

(n 5 109 [5.6%])

Diagnosed by a doctor or other health professional 240 (63.0) 39 (55.7) 53 (48.6)

Still has rhinitis 290 (76.1) 59 (84.3) 91 (83.5)

Used medication for rhinitis in the past 12 mo 203 (53.3) 44 (62.9) 68 (62.4)

Currently receiving allergy shots 13 (3.4) 4 (5.7) 5 (5.0)
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deployment and 5.1% after deployment). According to self-report
in another study, veterans with at least 1 exposure during deploy-
ment were approximately 80%more likely to report sinusitis.37 In
a 2021 study of veterans with an encounter in the VA Desert Pa-
cific Healthcare Network (based on International Classification of
Diseases codes) between 2016 and 2019, Tam et al found that the
prevalence of sinonasal disease was greater among OEF/OIF vet-
erans than among non-OEF/OIF veterans.24

Close contact with pesticides or insect repellents emerged as
the salient risk factor for rhinitis and is consistent with field
conditions. Because military personnel are at risk of insect-borne
diseases, common preventive measures during deployment
include wearing permethrin-treated uniforms and applying insect
repellents to exposed skin (this refers mainly to those agents that
contain N,N-diethyl-meta-toluamide [DEET], with alternatives
such as picardin or IR3535).38 The US Environmental Protection
Agency has reported thorough safety testing for use of permethrin
on clothing from the standpoint of skin absorption; however, US
Environmental Protection Agency, and others note that there are
no acceptable data on acute inhalation toxicity.39,40 A 2022 study
by Lee et al demonstrated that inhalation of permethrin induces a
dose-dependent increase in reactive oxygen species in sinonasal
epithelial cells.41 Per report from 2 of our coauthors (P.C. and
C.B.), early in the post-9/11 conflicts uniforms were mainly
treated with permethrin by the individual owner. Kits and sprays
with concentrations that did not require respiratory protection
were provided for this purpose even though military personnel
were instructed to avoid contact of permethrin with mucosal sur-
faces.42 Higher concentrations of permethrin spray were some-
times used, but only by trained personnel required to wear
respiratory protection. Individual application of permethrin was
phased out when military departments began utilizing uniforms
pretreated by the manufacturer. With regard to insect repellents,
the US Centers for Disease Control and Prevention reports that
use of DEETon the skin is generally safe but notes that no studies
assessing the effects of DEETon the airway after inhalation have
been performed; moreover, there have been reports of cough,
wheezing, and chest pain, suggesting airway tract entry,43 and
DEET has been demonstrated to induce dose-dependent cytotox-
icity in sinonasal epithelial cells.44 To our knowledge, there are no
laboratory studies similarly assessing other insect repellants, and
insect repellents have not been reported as a risk factor for rhinitis
in the general population.45,46 Although any broader pesticide use
(ie, application to regions surrounding base camps) was typically
done by trained contractors, studies have shown that residential
exposure to commercial pesticide application within a 2000-m
buffer was independently associated with an approximately 2.5-
fold increase in the odds of being diagnosed with sinusitis.47

Although rhinitis was not assessed, these results suggest that there
is an association between pesticide exposure and sinonasal symp-
toms. It is relevant that many of those who reported rhinitis onset
during or after deployment rhinitis reported still having such
symptoms at the time of their interviews, which is consistent
with reports that occupational rhinitis may persist even after sepa-
rating from the workplace.48,49 Finally, an additional or alterna-
tive explanation of our findings is that those with rhinitis during
deployment may have been using repellents as a general protec-
tive measure during deployment more so than others did.

We studied self-reported exposures and outcomes, an approach
that could lead to misclassification or recall bias. However, our
study design used a priori exposure groupings spanning a range of
potential exposures, and our use of confirmatory factor analysis to
reduce heavily collinear exposures minimizes recall bias and re-
duces the effects of intersubject variability. We also provided a
standard definition of heavy exposure to the participant and asked
each participant to classify person days of exposure for each
exposure-related question. Of note, the patterns of associations
differed from those in the 2023 analysis byGarshick et al focusing
on lower respiratory tract symptoms in the same cohort,32 which
supports lack of reporting bias. Furthermore, the lack of an asso-
ciation with burn pit smoke, which has been heavily publicized in
the media, supports this idea as well. The associations between
exposure category and our 2 outcomes also differed, making it un-
likely that reporting bias contributes to the associations.



FIG 2. Multivariable associations between exposure categories and sinusitis during and after deployment

(n 5 1805).

FIG 1. Frequency of postdeployment rhinitis per each successive year after deployment (n 5 100).
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Our definition of rhinitis, unlike the definition used for sinusitis,
did not require diagnosis by a health care provider. We took this
approach because patients may not report rhinitis symptoms and
are thus unlikely to have a formal diagnosis by their health care
team. Although we did not ask about nonallergic rhinitis, it is
likely that lay persons consider all rhinitis to be ‘‘hay fever.’’ Thus,
it is likely that the response to the question on rhinitis included
participants with nonallergic rhinitis. Importantly, only 1% to 4%
reported both sinusitis and rhinitis, suggesting that participants
understood the delineation between the 2 diseases.

There are several other potential limitations to this study. Our
exposure battery was developed for this study and has not been
externally validated in other cohorts of previously deployed
veterans. We carried out this analysis using the initial phase of
data collection from a larger study in which data collection was
suspended during the COVID-19 pandemic; thus, the number of
subjects included was not driven by considerations of study size
and power. Our participants were recruited at only a select number
of centers that may not be generalizable to other regions of the
United States. We did not have any questions in the survey that
would have allowed us to assess for worsening of predeployment
rhinitis or sinusitis after deployment. We did not ask about the use
of respiratory protection during deployment. There was no
theater-wide requirement or recommendation for the use of
respiratory protection, although according to 1 of our coauthors
(P.C.), some individuals chose to wear N95 masks or ‘‘military
respirators’’ and others were required to do so for specific
occupational duties.

Despite these limitations, we believe that our analysis provides
important insight into environmental and occupational exposures
as contributors to upper respiratory tract disease in veterans
during and after deployment. These findings will aid medical
practitioners who care for veterans in recognizing the potential
exposures that veterans experience during deployment and to
screen for diseases that may be related, particularly rhinitis.
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FIG 3. Multivariable associations between exposure categories and rhinitis during and after deployment

(n 5 1579).

TABLE IV. Multivariable associations between exposure categories and rhinitis, stratified by onset during deployment versus

after deployment

Exposure category

Multivariable association

Rhinitis during deployment (n 5 70 of 1470) Rhinitis after deployment (n 5 109 of 1509)

OR* 95% CI OR* 95% CI

Burn pit smoke 1.05 0.89-1.18 0.98 0.92-1.10

Engine exhaust/ground dust 1.21 0.96-1.66 1.02 0.90-1.19

Other open combustion sources 1.05 0.67-1.47 1.03 0.77-1.27

Toxicants 1.50 1.31-1.84 1.21 0.93-1.50

Military job–related VGDF 1.06 0.63-1.45 1.17 0.96-1.44

Models adjusted for smoking status (never, former, or current), age, race, sex, and body mass index category (<25 kg/m2, 25 to <30 kg/m2, and >_30 kg/m2).

*ORs expressed per 20-point score change.

J ALLERGY CLIN IMMUNOL GLOBAL

VOLUME 4, NUMBER 1

MACCARONE ET AL 7
Afghanistan, also known as SHADE (Service and Health Among
Deployed Veterans) from the US Department of Veterans Affairs,
Office of Research and Development, Clinical Science Research
and Development, Cooperative Studies Program. The contents do
not represent the views of the US Department of Veterans Affairs
or the US Government.

Disclosure of potential conflict of interest: E. S.Wan has served
on a scientific advisory board for Verona Pharma, outside the
current work. The rest of the authors declare that they have no
relevant conflicts of interest.

Data availability statement: The data underlying this article cannot be

shared publicly because of privacy restrictions in place related to the study.

The data will be shared on reasonable request after obtaining the required

permissions and approvals; interested parties should contact the correspond-

ing author.

Clinical implications: Our results suggest that providers caring
for veterans should inquire about deployment-related environ-
mental and occupational exposures and upper respiratory tract
symptoms and conditions.
REFERENCES

1. Garshick E, Abraham JH, Baird CP, Ciminera P, Downey GP, Falvo MJ, et al. Res-

piratory health after military service in Southwest Asia and Afghanistan. An offi-

cial American Thoracic Society Workshop Report. Ann Am Thorac Soc 2019;16:

e1-16.
2. Institute of Medicine. Board on the Health of Select Populations, Committee on the

Long-Term Health Consequences of Exposure to Burn Pits in Iraq and

Afghanistan. Long-term health consequences of exposure to burn pits in Iraq

and Afghanistan. Washington, DC: National Academies Press; 2011. Available

at: https://www.nap.edu/read/13209/chapter/1. Accessed August 18, 2023.

3. Aghababaeian H, Ostadtaghizadeh A, Ardalan A, Asgary A, Akbary M, Yekanine-

jad MS, et al. Global health impacts of dust storms: a systematic review. Environ

Health Insights 2021;15:11786302211018390.

4. Fussell JC, Kelly FJ. Mechanisms underlying the health effects of desert sand dust.

Environment International 2021;157:106790.

5. Al-Dabbas M, Abbas MA, Al-Khafaji R. The mineralogical and microorganisms

effects of regional dust storms over Middle East region. Int J Water Resour Arid

Environ 2011;1:129-41.

6. Mady LJ, Schwarzbach HL, Moore JA, Boudreau RM, Tripathy S, Kinnee E, et al.

Air pollutants may be environmental risk factors in chronic rhinosinusitis disease

progression. Int Forum Allergy Rhinol 2018;8:377-84.

7. Leland EM, Vohra V, Seal SM, Zhang Z, Ramanathan M. Environmental air pollu-

tion and chronic rhinosinusitis: a systematic review. Laryngoscope Investig Otolar-

yngol 2022;7:349-60.

8. Sundaresan AS, Hirsch AG, Storm M, Tan BK, Kennedy TL, Greene JS, et al.

Occupational and environmental risk factors for chronic rhinosinusitis: a system-

atic review. Int Forum Allergy Rhinol 2015;5:996-1003.

9. Li S, Wu W, Wang G, Zhang X, Guo Q, Wang B, et al. Association between expo-

sure to air pollution and risk of allergic rhinitis: a systematic review and meta-anal-

ysis. Environ Res 2022;205:112472.

10. Li Y, Zhou J, Rui X, Zhou L, Mo X. PM2.5 exposure exacerbates allergic rhinitis in

mice by increasing DNA methylation in the IFN-g gene promoter in CD41T cells

via the ERK-DNMT pathway. Toxicol Lett 2019;301:98-107.

11. Ramanathan M, London NR, Tharakan A, Surya N, Sussan TE, Rao X, et al.

Airborne particulate matter induces nonallergic eosinophilic sinonasal inflamma-

tion in mice. Am J Respir Cell Mol Biol 2017;57:59-65.

12. Hong Z, Guo Z, Zhang R, Xu J, Dong W, Zhuang G, et al. Airborne fine particulate

matter induces oxidative stress and inflammation in human nasal epithelial cells.

Tohoku J Exp Med 2016;239:117-25.

http://refhub.elsevier.com/S2772-8293(24)00163-2/sref1
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref1
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref1
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref1
https://www.nap.edu/read/13209/chapter/1
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref3
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref3
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref3
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref4
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref4
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref5
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref5
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref5
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref6
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref6
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref6
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref7
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref7
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref7
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref8
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref8
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref8
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref9
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref9
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref9
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref10
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref10
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref10
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref10
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref10
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref11
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref11
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref11
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref12
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref12
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref12


J ALLERGY CLIN IMMUNOL GLOBAL

FEBRUARY 2025

8 MACCARONE ET AL
13. Huang Y, Guo ZQ, Zhang RX, Zhao RW, Dong WY, Wang H, et al. Effect of

PM2.5 on microRNA expression and function in nasal mucosa of rats with allergic

rhinitis. Am J Rhinol Allergy 2020;34:543-53.

14. Wang J, Li S,WangS,ShangK. Effects of long-termdust exposure on human respiratory

system health in Minqin County, China. Arch Environ Occup Health 2015;70:225-31.

15. Zhang X, Zhao L, Tong D, Wu G, Dan M, Teng B. A systematic review of global

desert dust and associated human health effects. Atmosphere 2016;7:158.

16. Watanabe M, Kurai J, Tomita K, Sano H, Abe S, Saito R, et al. Effects on asthma

and induction of interleukin-8 caused by Asian dust particles collected in western

Japan. J Asthma 2014;51:595-602.

17. Yang HW, Park JH, Shin JM, Lee HM, Park IH. Asian sand dust upregulates IL-6

and IL-8 via ROS, JNK, ERK, and CREB signaling in human nasal fibroblasts. Am

J Rhinol Allergy 2020;34:249-61.

18. Kim ST, Ye MK, Shin SH. Effects of Asian sand dust on mucin gene expression

and activation of nasal polyp epithelial cells. Am J Rhinol Allergy 2011;25:303-6.

19. Ameille J, Hamelin K, Andujar P, Bensefa-Colas L, Bonneterre V, Dupas D, et al.

Occupational asthma and occupational rhinitis: the united airways disease model

revisited. Occup Environ Med 2013;70:471-5.

20. Poole JA. Farming-associated environmental exposures and atopic diseases. Ann

Allergy Asthma Immunol 2012;109:93-8.

21. Slager RE, Simpson SL, Levan TD, Poole JA, Sandler DP, Hoppin JA. Rhinitis

associated with pesticide use among private pesticide applicators in the agricultural

health study. J Toxicol Environ Health A 2010;73:1382-93.

22. Parsel SM, Riley CA, McCoul ED. Combat zone exposure and respiratory tract dis-

ease [e-pub ahead of print]. Int Forum Allergy Rhinol. https://doi.org/10.1002/alr.

22123. Accessed July 13, 2022.

23. Barth SK, Dursa EK, Peterson MR, Schneiderman A. Prevalence of respiratory dis-

eases among veterans of Operation Enduring Freedom and Operation Iraqi

Freedom: results from the National Health Study for a New Generation of U.S. vet-

erans. Mil Med 2014;179:241-5.

24. Tam K, Lee JT. Increased Prevalence of Upper and Lower Respiratory Disease in

Operation Enduring Freedom and Operation Iraqi Freedom US veterans. J Occup

Environ Med 2021;63:262-4.

25. Dykewicz MS, Wallace DV, Amrol DJ, Baroody FM, Bernstein JA, Craig TJ, et al.

Rhinitis 2020: a practice parameter update. J Allergy Clin Immunol 2020;146:721-67.

26. CDC FastStats allergies. 2023. Available at: https://www.cdc.gov/nchs/fastats/

allergies.htm. Accessed February 3, 2024.

27. Albu S. Chronic rhinosinusitis—an update on epidemiology, pathogenesis and

management. J Clin Med 2020;9:2285.

28. CDC FastStats chronic sinusitis. 2023. Available at: https://www.cdc.gov/nchs/

fastats/sinuses.htm. Accessed February 3, 2024.

29. Reed SD, Lee TA, McCrory DC. The economic burden of allergic rhinitis: a critical

evaluation of the literature. Pharmacoeconomics 2004;22:345-61.

30. Fokkens WJ, Lund VJ, Hopkins C, Hellings PW, Kern R, Reitsma S, et al. Euro-

pean position paper on rhinosinusitis and nasal polyps 2020. Rhinology 2020;

58(suppl S29):1-464.

31. Maccarone J, Blanc PE, Timmons A, Korpak AM, Smith NL, Nakayama KS, et al.

Sinusitis and rhinitis symptoms following deployment-related occupational and

environmental exposures among US veterans. In: B105 Sick on the job: uncovering

modern occupational hazards. American Thoracic Society; 2023; [cited 2023 Aug

18]. p. A4368-A4368. (American Thoracic Society International Conference
Abstracts). Available at: https://www.atsjournals.org/doi/abs/10.1164/ajrccm-

conference.2023.207.1_MeetingAbstracts.A4368. Accessed August 18, 2023.

32. Garshick E, Redlich CA, Korpak A, Timmons AK, Smith NL, Nakayama K, et al.

Chronic respiratory symptoms following deployment-related occupational and

environmental exposures among US veterans. Occup Environ Med 2024;81:59-65.

33. COPDGene 2008 respiratory questionnaire. Available at: https://www.copdgene.

org/phase-1-study-documents.htm. Accessed January 24, 2024.

34. NHANES 2005-2006 allergy questionnaire. Available at: https://wwwn.cdc.gov/nchs/

nhanes/continuousnhanes/questionnaires.aspx?Cycle52005-2006. Accessed January

24, 2024.

35. R Core Team. R: a language and environment for statistical computing. Vienna,

Austria: R Foundation for Statistical Computing; 2023. Available at: https://

www.R-project.org. Accessed August 18, 2023.

36. Deen M, de Rooij M. ClusterBootstrap: An R package for the analysis of hierarchi-

cal data using generalized linear models with the cluster bootstrap. Behav Res

Methods 2020;52:572-90.

37. Barth SK, Dursa EK, Bossarte R, Schneiderman A. Lifetime prevalence of

respiratory diseases and exposures among veterans of Operation Enduring

Freedom and Operation Iraqi Freedom veterans: results from the National Health

Study for a New Generation of U.S. veterans. J Occup Environ Med 2016;58:

1175-80.

38. DoD Insect Repellent System - Defense Centers for Public Health – Aberdeen.

Available at: https://phc.amedd.army.mil/topics/envirohealth/epm/Pages/DoD-

Insect-Repellent-System.aspx. Accessed August 18, 2023.

39. Environmental Protection andToxic Substances.Reregistration eligibility decision (RED)

for permethrin. 2009. Available from: https://archive.epa.gov/pesticides/reregistration/

web/pdf/permethrin-red-revised-may2009.pdf. Accessed August 18, 2023.

40. Jensen L. Permethrin: an assessment of exposure during a military uniform mass

spray application. Available at: https://apps.dtic.mil/sti/pdfs/AD1182709.pdf. Ac-

cessed February 3, 2024.

41. Lee JT, Yang HH, Sanghoon Shin D, Srivatsan E, Basak S. In vitro effects of

permethrin on sinonasal epithelia. OTO Open 2022;6:2473974X221109838.

42. Personal protective measures against insects and other arthropods of military sig-

nificance. 2015. Available at: https://www.acq.osd.mil/eie/afpmb/docs/techguides/

tg36.pdf. Accessed August 9, 2024.

43. Public Health Statement. DEET (N,N-diethyl-meta-toluamide). Available from:

https://www.atsdr.cdc.gov/ToxProfiles/tp185-c1-b.pdf. Accessed May 15, 2024.

44. Lee JT, Basak S. Cytotoxic effects of N,N-diethyl-meta-toluamide (DEET) on si-

nonasal epithelia. OTO Open 2021;5:2473974X211009232.

45. Tavares M, Da Silva MRM, De Oliveira De Siqueira LB, Rodrigues RAS, Bod-

jolle-d’Almeida L, Dos Santos EP, et al. Trends in insect repellent formulations:

a review. Int J Pharm 2018;539:190-209.

46. Nguyen QBD, Vu MAN, Hebert AA. Insect repellents: an updated review for the

clinician. J Amer Acad Dermatol 2023;88:123-30.

47. Yang HH, Paul KC, Cockburn MG, Thompson LK, Cheng MY, Suh JD, et al. Res-

idential proximity to a commercial pesticide application site and risk of chronic

rhinosinusitis. JAMA Otolaryngol Head Neck Surg 2023;149:773-80.

48. Bachert C. Persistent rhinitis - allergic or nonallergic? Allergy 2004;59(suppl 76):

11-5; discussion: 15.

49. Zamora-Sifuentes J, Poole JA. Occupational rhinitis: an update. Curr Allergy

Asthma Rep 2023;23:579-87.

http://refhub.elsevier.com/S2772-8293(24)00163-2/sref13
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref13
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref13
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref14
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref14
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref15
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref15
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref16
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref16
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref16
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref17
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref17
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref17
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref18
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref18
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref19
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref19
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref19
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref20
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref20
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref21
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref21
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref21
https://doi.org/10.1002/alr.22123
https://doi.org/10.1002/alr.22123
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref23
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref23
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref23
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref23
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref24
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref24
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref24
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref25
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref25
https://www.cdc.gov/nchs/fastats/allergies.htm
https://www.cdc.gov/nchs/fastats/allergies.htm
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref27
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref27
https://www.cdc.gov/nchs/fastats/sinuses.htm
https://www.cdc.gov/nchs/fastats/sinuses.htm
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref29
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref29
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref30
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref30
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref30
https://www.atsjournals.org/doi/abs/10.1164/ajrccm-conference.2023.207.1_MeetingAbstracts.A4368
https://www.atsjournals.org/doi/abs/10.1164/ajrccm-conference.2023.207.1_MeetingAbstracts.A4368
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref32
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref32
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref32
https://www.copdgene.org/phase-1-study-documents.htm
https://www.copdgene.org/phase-1-study-documents.htm
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/questionnaires.aspx?Cycle=2005-2006
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/questionnaires.aspx?Cycle=2005-2006
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/questionnaires.aspx?Cycle=2005-2006
https://www.R-project.org
https://www.R-project.org
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref36
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref36
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref36
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref37
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref37
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref37
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref37
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref37
https://phc.amedd.army.mil/topics/envirohealth/epm/Pages/DoD-Insect-Repellent-System.aspx
https://phc.amedd.army.mil/topics/envirohealth/epm/Pages/DoD-Insect-Repellent-System.aspx
https://archive.epa.gov/pesticides/reregistration/web/pdf/permethrin-red-revised-may2009.pdf
https://archive.epa.gov/pesticides/reregistration/web/pdf/permethrin-red-revised-may2009.pdf
https://apps.dtic.mil/sti/pdfs/AD1182709.pdf
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref41
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref41
https://www.acq.osd.mil/eie/afpmb/docs/techguides/tg36.pdf
https://www.acq.osd.mil/eie/afpmb/docs/techguides/tg36.pdf
https://www.atsdr.cdc.gov/ToxProfiles/tp185-c1-b.pdf
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref44
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref44
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref45
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref45
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref45
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref46
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref46
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref47
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref47
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref47
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref48
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref48
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref49
http://refhub.elsevier.com/S2772-8293(24)00163-2/sref49

	Sinusitis and rhinitis among US veterans deployed to Southwest Asia and Afghanistan after September 11, 2001
	Methods
	Overview
	Study recruitment
	Exposure assessment and scoring
	Outcome assessment
	Statistical analyses

	Results
	Sinusitis and rhinitis prevalence and clinical characteristics
	Associations with exposure

	Discussion
	Disclosure statement
	References


