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Recent reports suggest US military service members who deployed in support of the recent conﬂicts in Iraq and
Afghanistan have higher rates of new-onset asthma than those who did not deploy. However, it is unknown whether
combat experiences, in addition to deployment, contribute to new-onset asthma risk. This study aimed to longitudinally
determine the risk factors for developing asthma, including combat deployment (categorized as deployed with combat
experience, deployed without combat experience, or nondeployed), among participants in the Millennium Cohort Study
from 2001 to 2013. A total of 75,770 participants completed a baseline survey and at least 1 triennial follow-up survey
on deployment experiences, lifestyle characteristics, and health outcomes. Complementary log-log models stratiﬁed by
sex were used to estimate the relative risk of developing asthma among participants who reported no history of asthma
at baseline. In models with adjustments, those who deployed with combat experience were 24%–30% more likely to
develop asthma than those who did not deploy. Deployed personnel without combat experience were not at a higher
risk for new-onset asthma compared with nondeployers. Further research is needed to identify speciﬁc features of combat that are associated with greater asthma risk to inform prevention strategies.
asthma; combat disorders; longitudinal studies; military personnel; occupational exposure; respiratory system;
veterans

Abbreviations: BMI, body mass index; CTS, Contingency Tracking System; OEF, Operation Enduring Freedom; OIF, Operation
Iraqi Freedom; PTSD, posttraumatic stress disorder.

interest among Gulf War veterans (6–13) and continue to be a relevant concern. Several studies have been conducted, with mixed
results, to determine whether deployment in support of OEF/OIF
was associated with new-onset asthma (3, 4, 13–23). Those who
deployed in support of the recent conﬂicts in Iraq and Afghanistan were found to have a signiﬁcantly higher risk of new-onset
asthma than their stateside counterparts (4, 21). On the other
hand, one study of military medical records reported that the incidence of asthma diagnosis decreased by 6.3 cases per 10,000
person-years from 2001 to 2013 in all branches of the military,
regardless of deployment status (24). However, this study was
limited to active-duty service members and may have missed
asthma diagnoses among personnel in the Reserve and National
Guard components, as well as veterans.
Prospective epidemiologic studies investigating the incidence of asthma among US service members and veterans of

Over 2 million US service members have deployed in support of Operation Enduring Freedom (OEF), Operation Iraqi
Freedom (OIF), and Operation New Dawn (1). Self-reported
respiratory illnesses accounted for a large proportion of noncombat-related diagnoses, second only to diarrhea, in troops deployed in support of OEF/OIF (2). Asthma can have a negative
impact on combat readiness by reducing service members’ ability to perform military duties. For example, symptoms may interfere with essential activities (such as wearing a protective mask),
require medications and treatments that are limited in a combat
environment, and contribute to absence due to the need for medical attention, including potential evacuation and redeployment (2–5).
OEF, OIF, and Operation New Dawn are not the only conﬂicts during which respiratory complaints were reported by
service members. Respiratory conditions have been a topic of
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METHODS
Study population and survey methods

The Millennium Cohort Study, the largest prospective cohort
study in a military population, was launched in 2001 with the
primary goal of evaluating the potential consequences that
deployment and other military exposures may have on health
(25, 26). Of the invited sample, the initial panel (Panel 1) enrolled
77,047 (35.9%) participants, who were randomly chosen from
active US military rosters in October 2000, with oversampling of
Reserve and National Guard personnel, women, and those who
had been recently deployed. The second accession, Panel 2,
enrolled 31,110 (25.3%) participants, who were randomly
selected military personnel with 1–2 years of service as of
October 2003. Panel 3, the third accession, enrolled 43,440
(28.2%) participants, who were randomly selected military
personnel with 1–3 years of service as of October 2006. Panels 2
and 3 were oversampled for women and Marines. The Millennium Cohort Study survey consists of questions on lifestyle characteristics, military experiences, and health outcomes and
behaviors. In addition to the baseline survey, participants
are asked to complete a follow-up survey approximately
every 3 years. Additional participant data were provided by the
Defense Manpower Data Center, including sex, birth date,
race/ethnicity, deployment in support of the recent operations in
Iraq and Afghanistan, pay grade, service component, service
branch, primary and duty occupations, date of separation from
military service, and previous deployment experience to Southwest Asia, Bosnia, or Kosovo between 1998 and 2001 (27). A
more detailed description of the study’s sampling and methodology has been described elsewhere (25, 26). All participants
provided informed consent, and the study was approved by
the Naval Health Research Center Institutional Review Board.
Study design

Our study included Millennium Cohort Study participants
from Panels 1, 2, and 3, from 2001 to 2013, who completed the
baseline survey and at least the ﬁrst triennial follow-up survey,
and who were not missing covariate, exposure, or outcome data.
Participants who reported a prior diagnosis of asthma on the
baseline survey were excluded from the study population.
Participants remained in the study until their ﬁnal survey,
deﬁned as the survey at which new-onset asthma was reported
or the last survey completed—whichever came ﬁrst. Fixed covariates were measured at baseline, and time-varying covariates
were measured at the survey prior to the ﬁnal survey. The main
exposure, combat deployment, was measured over the entire
Am J Epidemiol. 2018;187(10):2136–2144

follow-up period (from earliest available data until the followup survey prior to the ﬁnal survey).
The outcome of interest, new-onset asthma, was obtained
from the Millennium Cohort Study survey. At baseline, asthma
was assessed with the following yes/no question, with asthma
listed as one of several health conditions: “Has your doctor or
other health professional ever told you that you have any of the
following conditions?” At triennial follow-up, a similar question was asked, but the time frame was restricted to “the last 3
years” as opposed to “ever.” New-onset asthma was deﬁned by
participants not reporting being diagnosed with asthma at baseline and then reporting being diagnosed with asthma in a subsequent survey.
The exposure of interest was combat deployment in support
of OEF/OIF during the entire follow-up period, categorized as
nondeployed, deployed without combat, and deployed with
combat. Combat deployment was assessed using a combination
of combat experiences endorsed on the Millennium Cohort
Study survey, and deployment dates were obtained from the
Contingency Tracking System (CTS) database maintained by
the Defense Manpower Data Center. Combat experience was
determined by asking participants whether they were personally
exposed to any of the following combat items (excluding television, video, movies, computers, or theater): witnessing death,
witnessing physical abuse, dead and/or decomposing bodies,
maimed soldiers or civilians, or prisoners of war or refugees.
The CTS provided in- and out-of-theater dates in support of
OEF/OIF since 2001. Deployments in support of OEF/OIF
included deployments to Iraq and Afghanistan as well as noncombat zones (e.g., Japan and Germany) and sea locations
(e.g., Persian Gulf). A deployment based on the CTS in conjunction with endorsement of experiencing combat was deﬁned
as “deployed with combat.” A deployment reported in the CTS
in the absence of endorsement of any of the combat items was
categorized as “deployed without combat.” Participants who
did not deploy during the study period, according to CTS data,
were categorized as “nondeployed.” Combat deployment was
assessed at baseline and each follow-up prior to the ﬁnal survey
(follow-up period). Once a participant was categorized as deployed with combat, this status was retained for the entire
follow-up period. Similarly, in the absence of being deployed
with combat, being deployed without combat was carried forward. This carry-forward method was used to ensure that the
association between exposure and new-onset asthma could be
measured without restricting the exposure to only the 3 years
prior to new-onset asthma.
Additional covariates included demographic factors, military characteristics, smoking status, environmental exposures,
enrollment panel, number of life stressor events, and posttraumatic stress disorder (PTSD) status. Demographic characteristics included birth year, sex, race/ethnicity, marital status, and
education. Body mass index (BMI) was calculated as selfreported weight in kilograms divided by height in meters,
squared (kg/m2). Service branch, service component, military
occupation, military service status, and prior deployment completed the set of military characteristics. Smoking status was
classiﬁed as nonsmoker, former smoker, or current smoker.
Current smokers were those who reported smoking at least
100 cigarettes (5 packs) in their lifetime and had not quit successfully, while former smokers were those who reported
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the current conﬂicts in Iraq and Afghanistan are lacking. The
Millennium Cohort Study is a longitudinal study, including
participants from all branches of the US military who are
active-duty and Reserve/National Guard personnel. The survey
includes a wide range of outcomes, exposures, and covariates
that other studies have not been able to account for. Leveraging
this large longitudinal population study, the present study investigated the relationship between combat deployment in support
of OEF/OIF and new-onset asthma over a 12-year follow-up
period.
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Statistical analysis

Bivariate analyses, including χ2 tests of association, were performed to investigate the relationship between new-onset asthma
and combat deployment as well as occupational, demographic,
and behavioral risk factors. Analyses were stratiﬁed by sex
because women are known to have a higher prevalence of
adult asthma compared with men (29). Because new-onset
asthma was reported at the time of follow-up survey administration rather than at the time of diagnosis, discrete-time
survival analysis was used to investigate the association of
combat deployment with new-onset asthma that occurred
during each follow-up time interval. The analysis assumes
an underlying continuous-time proportional hazards model,
and a complementary log-log model was ﬁtted. Time at risk was
calculated from study entry (baseline survey completion) until
the outcome was measured or the last completed survey—
whichever came ﬁrst. Relative risks were estimated, and 95%
conﬁdence intervals were reported.
Collinearity was assessed using the variance inﬂation factor,
where a value >4 indicates possible collinearity. All covariates
remained in the model, regardless of signiﬁcance, to facilitate

comparisons between results among men and women. All 3 panels were pooled for these analyses. Additional analyses, restricted
to those who deployed during the follow-up period, assessed
whether new-onset asthma was associated with multiple deployments or the cumulative number of days deployed. Data management and statistical analyses were performed using SAS, version
9.3 (SAS Institute, Inc., Cary, North Carolina).

RESULTS

The eligible study population consisted of participants who
submitted at least a baseline and ﬁrst follow-up survey (n =
94,241) and screened negative for lifetime asthma diagnosis at
baseline (n = 87,914). Participants whose surveys were missing asthma status at ﬁrst follow-up (n = 2,668), had undetermined combat deployment status at baseline (n = 241), or had
missing covariate data (n = 9,235) were excluded, resulting in
a ﬁnal study population of 75,770 participants.
Population characteristics are shown in Table 1. During
follow-up, 1,452 (2.7%) men and 1,055 (4.6%) women developed asthma, and those who were not deployed had the highest
proportion of new-onset asthma (3.1% and 5.0%, respectively),
followed by those who deployed with combat experience
(2.7% and 4.4%, respectively) and those who deployed without
combat experience (1.6% and 3.0%, respectively). Women
consistently had higher rates of new-onset asthma than did men
for all categories of characteristics listed in Table 1. Among
both men and women, older participants, those who were
divorced/widowed/separated, those with a higher BMI, those
in the Army, those of enlisted rank, those with more than 1
stressful life event, those with PTSD, and those who did not
know whether they had been personally exposed to occupational hazards requiring protective equipment had higher rates
of new-onset asthma. Results also indicated higher incidence of
new-onset asthma among those who self-reported routine skin
contact with paints/solvents/substances and pesticides, including creams, sprays, and uniform treatments, and exposure to
pesticides applied in the environment/surroundings (Table 1).
Men and women who deployed with combat experience during the follow-up period had a higher risk of new-onset asthma
compared with those who did not deploy, after adjusting for covariates (for men, relative risk = 1.30, 95% conﬁdence interval:
1.14, 1.47; for women, relative risk = 1.24, 95% conﬁdence
interval: 1.05, 1.46) (Table 1). Among both men and women,
Hispanic ethnicity, being overweight or obese, Army service,
experiencing more than 1 stressful life event, PTSD, and health
care or other technical and specialty (e.g., mapping, weather,
ordnance disposal, or diving) occupations were risk factors for
new-onset asthma in mutually adjusting models. Among men,
additional risk factors included active-duty status, enlisted rank,
experiencing 1 stressful life event, and occupations in functional support and service and supply. Additional risk factors among women included Asian/Paciﬁc Islander race/
ethnicity, being divorced/widowed/separated, separation from
military service, non-occupations (e.g., patients, prisoners, and
students) and communications/intelligence occupations, and
answering “yes” to being personally exposed to pesticides,
including creams, sprays, and uniform treatments, and pesticides
applied in the environment/surroundings.
Am J Epidemiol. 2018;187(10):2136–2144
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smoking at least 100 cigarettes in their lifetime and successfully quit. Nonsmokers were those who answered “no” to
smoking at least 100 cigarettes in their lifetime. Environmental exposures were ascertained from report of being personally
exposed to: 1) occupational hazards requiring protective equipment, such as respirators or hearing protection; 2) routine skin
contact with paint, solvent, and/or substances; 3) pesticides,
including creams, sprays, or uniform treatments; and 4) pesticides applied in the environment or around living facilities in
the last 3 years. Potential responses were “yes,” “no,” or “don’t
know.” As a result of high collinearity, the pesticide questions
(items 3 and 4) were combined into one variable. If a participant
answered “yes” to either item, then “yes” was retained for the
combined variable. If either item was answered as “don’t know,”
the combined variable retained the “don’t know” response. Otherwise, the combined variable was set as “no”. Life stress events
were assessed at baseline as ever experienced and at follow-up
as experienced in the last 3 years. Life stress was categorized
as no event, 1 event, or more than 1 event from the following
list: divorce or separation, ﬁnancial problems, sexual assault,
sexual harassment, physical assault, or suffered a disabling illness or injury. PTSD status was based on the PTSD Checklist–Civilian Version, using the Diagnostic and Statistical
Manual of Mental Disorders, Fourth Edition, sensitive diagnostic criteria. In an analysis of Millennium Cohort Study data,
the PTSD Checklist–Civilian Version had high internal consistency (Cronbach’s α = 0.94) (28). All covariates were assessed
at baseline; BMI, military service status, smoking status, environmental exposures, number of stressful life events, and PTSD
status were also updated at each available follow-up prior to the
ﬁnal survey.
Additional deployment characteristics were assessed for those
participants who had been deployed during the follow-up period.
Multiple deployments was deﬁned as having more than 1 deployment during the entire follow-up period, and duration of deployment was deﬁned as the cumulative number of days deployed
during the entire follow-up period.
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Table 1. Descriptive Characteristics of the Study Population, Incidence of New-Onset Asthma, and Adjusted Relative Risk of Self-Reported NewOnset Asthma According to Sex, Millennium Cohort Study, United States, 2001–2013
Mena,b (n = 52,826)
Characteristic

Womena,c (n = 22,944)

No.

NewOnset
Asthma,
%

RR

95% CI

No.

NewOnset
Asthma,
%

RR

29,237

3.1

1.00

Referent

15,678

5.0

1.00

Referent

8,922

1.6

0.97 0.83, 1.15

3,577

3.0

0.97

0.80, 1.18

14,667

2.7

1.30 1.14, 1.47

3,689

4.4

1.24

1.05, 1.46

41,880

2.7

1.00

15,895

4.4

1.00

Referent

95% CI

Combat deployment during follow-upd
Not deployed
Deployed without combat experience
Deployed with combat experience
Demographic factors
Race/ethnicity
White, non-Hispanic

Referent

Black, non-Hispanic

4,484

3.1

1.01 0.85, 1.20

3,692

5.1

1.06

0.90, 1.24

Asian/Paciﬁc Islander

1,899

2.1

0.91 0.67, 1.22

1,051

4.6

1.44

1.12, 1.86

Hispanic

3,414

3.7

1.28 1.08, 1.53

1,701

5.5

1.37

1.13, 1.66

Other

1,149

2.5

0.84 0.59, 1.20

605

5.1

1.15

0.82, 1.61

1980 or later

14,454

2.0

1.00

Referent

9,435

3.4

1.00

Referent

1970–1979

15,078

2.8

0.94 0.78, 1.14

6,754

5.0

1.14

0.96, 1.36

Before 1970

23,294

3.2

0.96 0.77, 1.21

6,755

5.9

1.19

0.96, 1.48
0.99, 1.30

Birth year

Marital status
Never married

14,362

2.1

0.88 0.77, 1.01

9,257

4.4

1.13

Married

34,164

3.0

1.00

Referent

9,841

4.3

1.00

Referent

4,300

3.2

0.89 0.75, 1.05

3,846

6.0

1.19

1.02, 1.38

Divorced/widowed/separated
Education
High school degree/GED or less

9,686

2.5

0.95 0.79, 1.15

3,296

4.1

0.9

0.71, 1.14

Some college or associate degree

26,452

3.0

1.02 0.88, 1.19 12,142

4.9

1.13

0.95, 1.34

Bachelor degree or higher

16,688

2.5

1.00

Referent

7,506

4.3

1.00

Referent

e,f

BMI

Underweight/normal (<25.0)

14,872

2.2

1.00

Referent

13,182

4.1

1.00

Referent

Overweight (25.0–29.9)

28,516

2.8

1.30 1.14, 1.47

7,498

5.2

1.36

1.20, 1.53

9,438

3.4

1.88 1.62, 2.18

2,264

5.6

1.68

1.42, 2.00

2001–2003

32,852

3.2

1.00

Referent

10,878

5.8

1.00

Referent

2004–2006

8,016

2.6

0.97 0.81, 1.16

5,024

4.3

1.01

0.85, 1.20

2007–2008

11,958

1.7

0.74 0.59, 0.92

7,042

2.9

0.76

0.62, 0.95

23,206

3.5

1.00

Referent

10,464

5.5

1.00

Referent

9,354

2.4

0.79 0.69, 0.91

4,309

4.4

0.96

0.82, 1.12

Obese (≥30.0)
g

Enrollment panel

Military service
Service branch
Army
Navy/Coast Guard
Marine Corps

4,877

2.0

0.68 0.55, 0.84

676

4.4

0.98

0.70, 1.39

15,389

2.1

0.69 0.61, 0.79

7,495

3.5

0.79

0.69, 0.91

Active duty

32,986

2.7

1.00

Referent

13,354

4.5

1.00

Referent

Reserve/Guard

19,840

2.8

0.83 0.74, 0.93

9,590

4.8

0.93

0.82, 1.05

Air Force
Service component

Table continues
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Exposure of interest
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Table 1. Continued
Mena,b (n = 52,826)

Womena,c (n = 22,944)

NewOnset
Asthma,
%

RR

95% CI

12,285

2.5

1.00

Referent

Electrical repair

5,703

2.4

Communication/intelligence

4,263

3.1

Health care

3,745

Other technical and specialty

NewOnset
Asthma,
%

RR

95% CI

1,429

3.4

1.00

Referent

1.11 0.92, 1.34

1,512

3.3

0.93

0.65, 1.33

1.17 0.96, 1.43

1,951

5.4

1.56

1.14, 2.15

3.2

1.26 1.03, 1.55

5,002

4.8

1.41

1.05, 1.88

1,475

3.3

1.54 1.18, 2.03

698

4.7

1.51

1.01, 2.25

Functional support

7,403

3.1

1.34 1.14, 1.58

6,664

4.7

1.21

0.91, 1.62

Electrical/mechanical equipment repair

9,041

2.7

1.17 0.99, 1.38

1,734

3.8

1.00

0.70, 1.42

Craft workers

1,878

2.7

1.26 0.96, 1.65

422

4.0

0.97

0.58, 1.62

Service and supply

4,503

3.2

1.30 1.08, 1.57

2,318

5.7

1.32

0.96, 1.81

Non-occupation

2,530

1.7

0.85 0.63, 1.16

1,214

4.5

1.63

1.14, 2.32

Enlisted

40,620

2.9

1.25 1.05, 1.49 17,984

4.8

1.14

0.93, 1.39

Ofﬁcerh

12,206

2.3

1.00

Referent

4,960

4.0

1.00

Referent

44,404

2.9

1.00

Referent

19,450

4.6

1.00

Referent

8,422

1.9

1.00 0.87, 1.16

3,494

4.4

1.37

1.17, 1.59

Yes

12,082

3.0

0.96 0.84, 1.09

1,429

5.6

0.98

0.79, 1.21

No

40,744

2.7

1.00

Referent

21,515

4.5

1.00

Referent

Nonsmoker

30,367

2.7

1.00

Referent

14,553

4.3

1.00

Referent

Former smoker

13,540

2.8

0.93 0.83, 1.05

5,163

5.0

1.11

0.97, 1.27

Current smoker

8,919

2.9

1.01 0.88, 1.16

3,228

5.3

1.09

0.92, 1.28

Yes

27,680

3.0

0.97 0.86, 1.09

7,358

5.4

1.13

0.99, 1.29

No

24,104

2.5

1.00

Referent

15,139

4.2

1.00

Referent

1,042

3.4

1.09 0.80, 1.50

447

5.6

1.11

0.76, 1.63

Yes

13,011

3.4

1.11 0.98, 1.26

2,881

5.7

1.00

0.84, 1.19

No

37,463

2.5

1.00

Referent

19,271

4.4

1.00

Referent

2,352

3.7

1.17 0.93, 1.47

792

5.1

0.93) 0.68, 1.27

Yes

19,133

3.2

1.08 0.96, 1.21

6,238

5.7

1.18

No

29,579

2.4

1.00

Referent

14,732

4.1

1.00

Referent

4,114

3.2

1.01 0.84, 1.21

1,974

5.0

0.99

0.80, 1.21

No.

Occupation
Infantry, gun crews, seamen (combat specialist)

Pay grade

f

Military service status
Currently serving

Former service member
Prior deploymenti

Behavioral factors
Smoking statusf

Environmental exposures
Occupational hazards requiring protective equipmentf

Don’t know
Routine skin contact with paints/solvents/substancesf

Don’t know
Pesticides, including creams, sprays, and uniform
treatments, and applied in the environment/surroundingsf

Don’t know

1.03, 1.35

Stressors
Life stressor eventsf,j
None

40,568

2.2

1.00

Referent

14,243

3.5

1.00

Referent

1 event

9,401

4.2

1.31 1.16, 1.47

5,231

5.4

1.11

0.97, 1.27

>1 event

2,857

5.6

1.37 1.15, 1.62

3,470

8.0

1.31

1.12, 1.52

Table continues
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Characteristic
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Table 1. Continued
Mena,b (n = 52,826)
Characteristic

No.

NewOnset
Asthma,
%

RR

Womena,c (n = 22,944)

95% CI

RR

95% CI

1,506

7.8

1.56

1.30, 1.88

21,438

4.4

1.00

Referent

PTSDf,k
Yes

2,840

4.8

1.82 1.55, 2.15

No

49,986

2.6

1.00

Referent

Abbreviations: BMI, body mass index; CI, conﬁdence interval; GED, General Educational Development certiﬁcate; PTSD, posttraumatic stress
disorder; RR, relative risk.
a
Univariate analyses were performed separately for men and women. For both sexes, combat deployment, birth year, marital status, education,
BMI, enrollment panel, service branch, occupation, pay grade, environmental exposures, life stressor events, and PTSD were signiﬁcantly associated with new-onset asthma (α = 0.05). Models were ﬁtted separately for men and women; both models adjusted for all variables in the table.
b
Among men, race/ethnicity and military service status were also signiﬁcantly associated with new-onset asthma (α = 0.05).
c
Among women, smoking status was also signiﬁcantly associated with new-onset asthma (α = 0.05).
d
Deployment was deﬁned as being deployed in support of Operation Enduring Freedom or Operation Iraqi Freedom. Combat was deﬁned as reporting personal exposure to ≥1 of the following: witnessing death, witnessing physical abuse, dead and/or decomposing bodies, maimed soldiers
or civilians, or prisoners of war or refugees. Combat deployment was assessed over the entire follow-up period.
e
BMI was calculated as weight (kg) divided by height (m) squared.
f
Time-varying covariates were measured at the survey prior to the ﬁnal survey (the survey at which new-onset asthma was reported or the last
survey completed, whichever came ﬁrst).
g
This study used 3 panels of Millennium Cohort Study participants. Participants completed their baseline survey during the listed years (Panel 1:
2001–2003, Panel 2: 2004–2006, Panel 3: 2007–2008).
h
Ofﬁcer includes commissioned and warrant ofﬁcers.
i
Prior deployments to Bosnia, Kosovo, or Southwest Asia between January 1, 1998, and September 1, 2001.
j
Categorized number of endorsements of the following events: divorce or separation, ﬁnancial problems, sexual assault, sexual harassment,
physical assault, or suffered a disabling illness or injury.
k
Based on the PTSD Checklist–Civilian Version, using sensitive diagnostic criteria from the Diagnostic and Statistical Manual of Mental Disorder, Fourth Edition.

Among the 31,152 participants who deployed, 23,797 (76.4%)
were men and 7,355 (23.6%) were women (Table 2). Among
this group, 547 (2.3%) men and 272 (3.7%) women developed
asthma during the follow-up period. No signiﬁcant association
was found between multiple deployments and new-onset asthma
(Table 2). A signiﬁcant association was found between deployment duration and new-onset asthma, after adjusting for covariates; however, deployment duration was not independently
signiﬁcantly associated with new-onset asthma. No collinearity was observed between the independent variables included
in the models shown in Tables 1 and 2.

DISCUSSION

Our study results indicate that combat deployment was associated with a 24%–30% higher risk of new-onset asthma, after
adjusting for demographic and military characteristics, smoking
status, environmental exposures, number of life stressor events,
and PTSD status. This ﬁnding suggests an elevated risk of
asthma in a population of deployed military personnel who
are considered to be healthier than those who did not deploy
(healthy deployer effect). In addition to combat deployment,
other demographic and military characteristics, environmental exposures, and stressors were associated with new-onset
asthma.
Demographic characteristics signiﬁcantly associated with
asthma included race/ethnicity, marital status, and BMI. We
Am J Epidemiol. 2018;187(10):2136–2144

observed that Hispanic men and women were 28%–37%
more likely to develop asthma than non-Hispanic white
personnel. We also observed, among women in our sample,
that Asian/Paciﬁc Islander women were 44% more likely to
report new-onset asthma than non-Hispanic white women.
This ﬁnding is inconsistent with reports of lower prevalence
of asthma among Asian Americans, especially among those
born outside the United States (30). However, this lower prevalence among Asian Americans may be driven by nativity, given
that foreign-born Asian Americans would be less likely to enter
the military than those born in the United States (31). Consistent
with other clinical, epidemiologic, and systematic studies evaluating body size and asthma, the risk for new-onset asthma was
associated with increasing BMI in our analysis (32–36). In our
study, the highest risk for asthma among men and women,
when adjusted for all covariates, was among those having a
BMI of 30 or above (68%–88% higher risk).
Military characteristics signiﬁcantly associated with asthma
included service branch, service component, occupation, pay
grade, and military service status. Differences in exposure
among men deployed to ground operations may explain
the observed differences in risk of new-onset asthma by service
branch, service component, and pay grade. Among men, Army
service conferred the highest risk of new-onset asthma among
the service branches; enlisted personnel had a 25% higher risk
compared with ofﬁcers, and Reserve/National Guard had a
17% lower risk compared with their active-duty counterparts.
Certain occupations, including health care, have been associated
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Table 2. Multiple Deployments, Deployment Duration, and Adjusted Relative Risk of New-Onset Asthma According
to Sex Among Deployed Personnel (n = 31,152), Millennium Cohort Study, United States, 2001–2013
Mena (n = 23,797)
Characteristics

No.

New-Onset
Asthma, %

RR

Womena (n = 7,355)
95% CI

No.

New-Onset
Asthma, %

RR

95% CI

Yes

6,452

2.1

0.99 0.82, 1.20 1,442

3.3

0.95 0.70, 1.28

No

17,345

2.4

1.00

Referent

5,913

3.8

1.00

Referent

10,231

2.1

1.00

Referent

3,555

3.4

1.00

Referent

9,521

2.4

1.08 0.88, 1.32 2,979

4.3

1.16 0.89, 1.53

Deployment
durationb,d
1–200 days
201–400 days
401–600 days

2,683

2.8

1.35 1.02, 1.78

575

2.3

0.71 0.41, 1.22

>600 days

1,362

1.8

0.91 0.59, 1.37

246

4.5

1.54 0.85, 2.80

Abbreviations: CI, conﬁdence interval; PTSD, posttraumatic stress disorder; RR, relative risk.
Models were ﬁtted separately for men and women. Both models mutually adjusted for race/ethnicity, birth year,
marital status, education, body mass index, panel, service branch, service component, occupation, pay grade, separation from the military, and prior deployment to Bosnia, Kosovo, or Southwest Asia between January 1, 1998, and
September 1, 2001; smoking status, occupational hazards requiring protective equipment, routine skin contact with
paints/solvents/substances, and exposure to pesticides, including creams, sprays, and uniform treatments, and pesticides applied in the environment/surroundings; life stressor events; and PTSD.
b
Separate models were ﬁtted for multiple deployments and deployment duration.
c
Multiple deployments were deﬁned as deploying in support of Operation Iraqi Freedom or Operation Enduring
Freedom more than once during the follow-up period.
d
Deployment duration was deﬁned as the cumulative number of days deployed in support of Operation Iraqi Freedom or Operation Enduring Freedom during the follow-up period.
a

with a higher risk of new-onset asthma in nonmilitary populations (37). Compared with combat specialists, health care was
signiﬁcantly associated with asthma in our study.
Among women, new-onset asthma was associated with selfreported exposure to pesticides, but, due to the broad wording
of the survey question, we were unable to distinguish whether
this was attributable to speciﬁc uses, chemical classes, or application methods. In numerous Periodic Occupational and Environmental Monitoring Summary reports of environmental
hazards at operating bases in theater, permethrin and other insecticides, rodenticides, and herbicides were used for pest control at bases (38). While not available for study participants in
this analysis, in-country region of deployment or base location
could serve as a proxy for environmental exposures. Several
studies have investigated the association between pesticides
and adult asthma but have reported inconsistent ﬁndings (39).
Although smoking has been associated with exacerbation
of asthma symptoms, a recent review indicated there was
insufﬁcient evidence to infer a causal relationship with newonset asthma (40). We observed no signiﬁcant association
between asthma and smoking status in our study population.
Prolonged exposure to stress may trigger or exacerbate the
symptoms of asthma (41). Allostatic load (the wearing down
of the body following repeated stress) (42) has been found to
be associated with higher asthma risk (43) and may explain
the observed association between combat deployment and
new-onset asthma. Our results also suggest a possible dosedependent increase in asthma risk among those experiencing more than 1 stressful life event compared with those who

experienced only 1 stressful life event. The observed associations between new-onset asthma and PTSD and stressful life
events may also be manifestations of allostatic load.
One of the limitations of this analysis is that the ﬁndings may be
susceptible to recall and reporting bias due to our reliance on selfreported survey data. However, the survey instruments employed
were validated and consistently administered over follow-up surveys (28). In addition, Oksanen et al. (44) observed high validity
of self-reported physician diagnoses of incident asthma (63% sensitivity and 91% speciﬁcity) and prevalent asthma (91% sensitivity
and 97% speciﬁcity) when compared with health records. Electronic military medical records were not used because this information is available only for active-duty and activated Reserve or
National Guard personnel; these data are not available for separated personnel and inactivated Reserve or National Guard
personnel. However, we did compare self-reported asthma endorsements with medical record diagnoses among 4,477 eligible individuals. We found 50.4 positive agreement and 97.6
negative agreement, consistent with a prior Millennium Cohort
analysis for acute conditions that included asthma and a Finnish
public-sector employee study (45). The measurement of stressful life events is limited in the Millennium Cohort Study because
the items focus on several general categories and do not measure all types of stressors or the subjective experience of stress.
Because self-reported asthma diagnosis was based on the 3
years preceding completion of the follow-up survey, the exact
timing of asthma development and combat exposure could not
be determined. Furthermore, the 5-item combat questions were
not necessarily speciﬁc to a particular deployment. However,
Am J Epidemiol. 2018;187(10):2136–2144
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