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Obesity is a major health problem in the United States and a growing concern among members of the military.

Posttraumatic stress disorder (PTSD) has been associated with overweight and obesity and may increase the risk

of those conditions among military service members. Disordered eating behaviors have also been associated

with PTSD and weight gain. However, eating disorders remain understudied in military samples. We investigated

longitudinal associations among PTSD, disordered eating, and weight gain in the Millennium Cohort Study, which

includes a nationally representative sample of male (n = 27,741) and female (n = 6,196) service members. PTSD at

baseline (time 1; 2001–2003) was associated with disordered eating behaviors at time 2 (2004–2006), as well as

weight change from time 2 to time 3 (2007–2008). Structural equationmodeling results revealed that the association

between PTSD and weight change from time 2 to time 3 was mediated by disordered eating symptoms. The asso-

ciation between PTSDandweight gain resulting from compensatory behaviors (vomiting, laxative use, fasting, over-

exercise) was significant for white participants only and for men but not women. PTSD was both directly and

indirectly (through disordered eating) associated with weight change. These results highlight potentially important

demographic differences in these associations and emphasize the need for further investigation of eating disorders

in military service members.

binge eating; eating disorders; military; obesity

Abbreviations: PTSD, posttraumatic stress disorder; SEM, structural equation model.

Obesity is major health problem and a leading cause of
death in the United States (1). Currently, 69% of adults in
the United States are overweight or obese (2) and therefore
are at increased risk of developing hypertension, type 2 dia-
betes, certain cancers, and cardiovascular disease (1). Annual
obesity-related medical costs in the United States were ap-
proximately $147 billion in 2008 (3) and are projected to in-
crease by $48–$66 billion by 2030 (4).

Military populations are typically healthier than the gen-
eral population because they must meet physical and mental
fitness requirements (5). However, evidence has suggested
that increasing numbers of recruits are overweight, partly
because of the rising rates of overweight and obesity in the
general population (6, 7). Specifically, the prevalence of
overweight and obesity was 60.5% in a nationally represen-
tative sample of military service men and women; in contrast

to what is seen among civilians, men were more likely than
women to be overweight or obese (8). Further, after separa-
tion from service, veterans may be at increased risk of over-
weight and/or obesity (9, 10). There are several potential
explanations for these higher rates, including the physio-
logical effects of prolonged exposure to stress (11). Posttrau-
matic stress disorder (PTSD), which affects as many as 45%
of veterans (12, 13), has high rates of medical comorbid con-
ditions, including asthma, stroke, and obesity, as well as psy-
chiatric comorbid conditions, such as depression, anxiety,
and substance use disorders (14, 15).

In addition, women and men with eating disorders, partic-
ularly those characterized by bingeing and/or purging, have
been found to have high rates of PTSD (16–19). For example,
in the National Women’s Study, 37% of participants with bu-
limia nervosa and 22%with binge eating disorder met criteria
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for lifetime PTSD (16, 20). Although eating disorders, par-
ticularly anorexia nervosa and bulimia nervosa, are more
common among women, men experience higher rates than
previously believed (21). There have been few studies in
which researchers have investigated PTSD among men
with eating disorders, but Mitchell et al. (19) found that
67% of men with bulimia nervosa and 24% of men with
binge eating disorder in the National Comorbidity Survey
Replication had lifetime PTSD. This association was seen
in a cross-sectional study, so the temporal order is unknown.
To date, there have been relatively few investigations of

eating disorders among military populations. However, the
prevalence of eating disorders appears to be at least as high
in military samples as in civilian samples; for example, the
weighted prevalence of eating disorders in the nationally rep-
resentative Millennium Cohort Study was 3.1% (22). In ad-
dition, extant evidence suggests that the incidence of newly
diagnosed eating disorders among military personnel in-
creased between 1998 and 2006, from 2.3 to 4.1 cases per
1,000 service members (23). New-onset eating disorders in
the Millennium Cohort Study were associated with a history
of a mental health disorder, being on a special diet for weight
loss, and combat exposure among women. Among men,
new-onset eating disorders were associated with history of
a mental disorder and being on a diet (24). Thus, strict weight
and physical fitness requirements, as well as higher rates of
trauma, PTSD, and depression (13), might increase the risk
of disordered eating among service men and women. Further,
a recent investigation in the Millennium Cohort Study found
that PTSD was associated with weight gain and the develop-
ment of obesity over a 3-year period (25).
The exact mechanisms that link PTSD with increased

weight are unknown and likely involve interplay among a va-
riety of biological and psychological factors. Development of
disordered eating may be 1 such pathway. For some individ-
uals with PTSD, eating disorder symptoms may be used as
a means to distract from or cope with negative affect and
reminders of the trauma (18, 26). Binge eating disorder,
which has been found to be associated with PTSD (19), is
more common among overweight or obese adults. As many
as 30%–90% of individuals who are overweight engage in
binge eating (27). There have been a limited number of stud-
ies in which researchers have investigated the prospective as-
sociation between binge eating and weight gain. Research
conducted among children, adolescents, and adults suggests
that binge eating with a loss of control and the inability to
control eating (hereafter referred to as loss-of-control eating)
are predictive of greater weight gain (28–30). Taken together,
these findings underscore the public health significance of
binge eating and the importance of addressing the comorbid-
ity of PTSD and disordered eating.
However, there have been relatively few large longitudinal

studies of the long-term effects of binge eating, and the ma-
jority of the study samples were composed of middle-class
European Americans (28, 29, 31, 32). Thus, it is unclear
whether the results generalize to racial/ethnic minorities or
populations with lower overall socioeconomic status. Associ-
ations among binge eating, PTSD, and weight gain remain
understudied in men (19) and populations of diverse racial/
ethnic backgrounds.

The Millennium Cohort Study offers a unique opportunity
to investigate these important associations in a large, racially
diverse sample of men and women (33, 34). The Millennium
Cohort Study enrolled a nationally representative sample of
USmilitary service members in 2001 with the goal of follow-
ing them through and beyond their service, for up to 21 years
(34). In the present study, we hypothesized that male and fe-
male military service members with PTSD at baseline (time
1; 2001–2003) would have higher rates of disordered eating
behaviors at time 2 (2004–2006) and greater weight change
from time 2 to time 3 (2007–2008) than would service mem-
bers without PTSD. We also tested a longitudinal structural
equation model of PTSD, disordered eating behaviors, and
weight gain in order to test our hypothesis that disordered eat-
ing at time 2 would mediate the relation between PTSD at
time 1 and weight change from time 2 to time 3.

METHODS

Study population

In 2000, a population-based sample was randomly selected
from all active military rosters. A total of 77,047 personnel
enrolled in the first panel of the Millennium Cohort Study
and completed the baseline survey (2001–2003); 55,021
of these individuals completed a follow-up questionnaire
(2004–2006), and 54,790 completed a second follow-up
questionnaire (2007–2008). Because our aim in the present
study was to examine a longitudinal sequence of PTSD, new-
onset binge disordered eating, and subsequent weight gain,
only participants with all 3 data points were included in
these analyses. Women who reported on any 1 of the 3 ques-
tionnaires that they were pregnant or had given birth within
the previous 3 years were excluded from analyses. Partici-
pants who reported disordered eating behaviors at time 1
were excluded from analyses. The final analysis sample in-
cluded 6,196 women and 27,741 men (total n = 33,937).
The Naval Health Research Center Institutional Review
Board approved this study.

Measures

Demographic information, including sex, birth date, race/
ethnicity, educational level, marital status, branch of service,
service component, rank, military occupation, and deploy-
ment, was obtained from the Defense Manpower Data Cen-
ter. Participants completed paper or online questionnaires that
assessed demographic, military, and health information, in-
cluding PTSD, eating disorder symptoms, height, and current
weight. The questions on eating disorder items included 8
from the Patient Health Questionnaire (35) that are used to
assess symptoms of bulimia nervosa and binge eating disor-
der. These items have been validated as a screening measure
for bulimia nervosa and binge eating disorder (36). Loss-of-
control eating was identified by asking the question, “Do you
often feel that you can’t control what or how much you eat?”
Binge eating was determined using the question, “Do you
often eat, within any 2-hour period, what most people
would regard as an unusually large amount of food?” Com-
pensatory behaviors are those performed in order to avoid
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gaining weight any time over the last 3 months and were iden-
tified by the sum of “yes” responses to any of the questions
about engaging in 4 compensatory behaviors listed on the sur-
vey (self-induced vomiting, use of laxatives, fasting, or overex-
ercising). Eating disorder symptoms were assessed at baseline
(time 1), the first follow-up (time 2), and the second follow-up
(time 3). Binge eating, loss of control, and compensatory be-
haviors from time 2 were included as measured variables in
the structural equation models, as described below.

The 17-item PTSD Checklist-Civilian version (37), which
corresponds to criteria in the Diagnostic and Statistical Man-
ual of Mental Disorders, Fourth Edition, Text Revision (38),
was used to evaluate PTSD symptoms. The PTSD Checklist
is used to assess symptoms experienced within the past
month and has been validated as a screening measure of
PTSD. PTSD Checklist data at time 1 were included in the
present analyses. A positive screen for PTSD was identified
by applying the sensitive criteria, which are based on the def-
inition of PTSD in the Diagnostic and Statistical Manual of
Mental Disorders, Fourth Edition, Text Revision, that is, en-
dorsement of 1 intrusion item, 3 avoidance items, and 2 hy-
perarousal symptoms (38). This dichotomous PTSD variable
was used in descriptive analyses to compare rates of disor-
dered eating and weight gain in individuals with and without
PTSD. In the structural equation models, 3 parcels were cre-
ated by summing PTSD Checklist items assessing the Diag-
nostic and Statistical Manual of Mental Disorders, Fourth
Edition symptom clusters re-experiencing, hyperarousal,
and avoidance/numbing (38); these served as indicators of the
latent PTSD variable.

Weight change between times 2 and 3 was parameterized for
descriptive statistics as 1) did not gain more than 5% of time-2
weight, 2) gained 5%–10% of time-2 weight, or 3) gainedmore
than 10% of time-2 weight. Continuous weight change from
time 2 to time 3 was included in structural equation models,
which were controlled for body mass index at time 1.

Psychiatric comorbidity was assessed with the Patient
Health Questionnaire (35), which measured depression, panic,
and anxiety. Alcohol use was assessed using the CAGE ques-
tionnaire (named after questions focused on cutting down, an-
noyance by criticism, guilty feeling, and eye-openers) (39), with
a score of 1 or more indicating problematic drinking. Status as a
nonsmoker, past smoker, or current smoker was determined
using self-reported lifetime smoking status and previous suc-
cess of cessation attempts. Participants were asked whether
they had ever personally experienced sexual and/or violent
physical assault, and the answers were coded as yes or no
for descriptive analyses. Demographic characteristics, includ-
ing sex, race, birth year, service branch, service component
(active duty vs. Reserve/National Guard), rank (enlisted vs.
officer), separation status, educational level, marital status,
and occupation were also assessed.

Statistical analyses

To evaluate whether the hypothesized relationships were
supported by the data, we first examined each bivariate asso-
ciation. χ2 tests were used to describe associations among
PTSD, psychiatric variables, and demographic variables at
time 1 and eating disorder symptoms at time 2, as well as

associations among PTSD, psychiatric variables, and demo-
graphic variables at time 1 and categories representing
weight change between time 2 and time 3. Demographic
variables were included in later models as covariates, as de-
scribed below.

To address the primary objectives, a series of structural
equation models (SEMs) assessing associations among
PTSD, disordered eating, and weight change were estimated
using Mplus, version 5.2 (40). SEM has the advantage of
simultaneously estimating paths among multiple constructs
while modeling measurement error. Mean- and variance-
adjusted weighted least squares estimation was used because
some endogenous variables in the model were categorical.
The comparative fit index, the Tucker–Lewis index, and root
mean square error of approximation were used to assess model
fit. The χ2 difference test was used to compare “nested” mod-
els, with and without a direct path from PTSD, to weight
change. A significant χ2 indicates that dropping a path signifi-
cantly degrades model fit and that the path should be retained.

SEMs were estimated in the total sample and also were
stratified by sex, race, and service branch. Multigroup SEMs,
which determine whether paths differ significantly across
groups, were not estimated because of thewidely varying sam-
ple sizes across groups.

All procedures contributing to this work comply with
the ethical standards of the relevant national and institu-
tional committees on human experimentation and with the
Helsinki Declaration of 1975, as revised in 2008. This re-
search was conducted in compliance with all applicable fede-
ral regulations governing the protection of human subjects
(ProtocolNHRC.2000.0007).

RESULTS

Descriptives

Of the 77,047 participants recruited into the initial panel,
30,610 did not respond at time 2 or time 3. An additional
8,713 participants reported binge eating symptoms at time
1; 2,783 female participants reported having recently given
birth or being pregnant on at least 1 of the 3 surveys; and
1,004 provided insufficient data, yielding a final sample of
33,937. These participants were largely male (82%), non-
Hispanic white (72%), in the Army (46%), and enlisted
(70%), with an average age at selection into the cohort of
36.0 (standard deviation, 8.9) years.

Tables 1–4 include associations among PTSD, psychiatric
variables, and demographic variables at time 1 and binge
eating at time 2 (Table 1), loss-of-control eating at time
2 (Table 2), compensatory behaviors at time 2 (Table 3),
and weight status at time 3 (Table 4). PTSD was associated
with binge eating symptoms at time 2; rates of time-1
PTSD were higher among women (6.6%) and men (5.0%)
who reported binge eating at time 2 than among women
(2.3%) and men (2.1%) who did not report binge eating at
time 2 (all P < 0.001). Further, PTSD also was associated
with loss-of-control eating at time 2; 4.6% of women and
5.0% of men who reported loss-of-control eating at time 2
also reported PTSD at time 1, compared with 2.3% of women
and 2.0% of men who had not reported loss-of-control
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Table 1. Characteristics of Cohort Participants by Sex and Binge Eating Symptoms at Time 2, Millennium Cohort

Study, United States, 2004–2006a

Characteristic

Women Men

No Binge
Eating

(n = 5,969)

Binge
Eating
(n = 227)

No Binge
Eating

(n = 26,416)

Binge
Eating

(n = 1,325)

No. % No. % No. % No. %

Baseline characteristics

PTSD statusb,c

Negative screen 5,829 97.7 212 93.4 25,858 97.9 1,259 95.0

Positive screen 140 2.3 15 6.6 558 2.1 66 5.0

Birth yearb,c

Before 1960 1,911 32.0 61 26.9 7,254 27.5 265 20.0

1960–1969 2,420 40.5 83 36.6 11,398 43.1 550 41.5

1970–1979 1,367 22.9 67 29.5 7,174 27.2 451 34.0

1980 or later 271 4.5 16 7.0 590 2.2 59 4.5

Race/ethnicityc

White/non-Hispanic white 3,921 65.7 152 67.0 19,498 73.8 1,021 77.1

Black/non-Hispanic white 1,117 18.7 33 14.5 2,344 8.9 94 7.1

Other 922 15.4 42 18.5 4,556 17.2 210 15.8

Marital statusc

Married 2,855 47.8 102 44.9 19,612 74.2 897 67.7

Never married 2,153 36.1 90 39.6 5,463 20.7 367 27.7

Divorced, separated, or widowed 961 16.1 35 15.4 1,341 5.1 61 4.6

Educational level

Some college or less 3,794 63.6 152 67.0 17,752 67.2 916 69.1

Bachelor’s degree or higher 2,175 36.4 75 33.0 8,662 32.8 409 30.9

Body mass indexc

Underweight (<18.5) 133 2.2 5 2.2 95 0.4 4 0.3

Healthy (18.5–24.9) 3,787 63.4 130 57.3 7,478 28.3 295 22.3

Overweight (25.0–29.9) 1,705 28.6 78 34.4 15,973 60.5 779 58.8

Obese (>30.0) 245 4.1 13 5.7 2,596 9.8 228 17.2

Service branchc

Army 2,910 48.8 114 50.2 11,965 45.3 639 48.2

Navy/Coast Guard 1,076 18.0 36 15.9 4,769 18.1 257 19.4

Marine Corps 113 1.9 4 1.8 1231 4.7 73 5.5

Air Force 1,870 31.3 73 32.2 8,451 32.0 356 26.9

Military rankc

Enlisted 4,050 67.9 152 67.0 18,424 69.7 968 73.1

Officer 1,919 32.1 75 33.0 7,992 30.3 357 26.9

Service componentc

Active duty 2,717 45.5 109 48.0 14,995 56.8 790 59.6

Reserve/National Guard 3,252 54.5 118 52.0 11,421 43.2 535 40.4

Occupation

Combat specialist 362 6.1 18 7.9 6,896 26.1 357 26.9

Health care 1,495 25.0 64 28.2 1,852 7.0 110 8.3

Other 4,111 68.9 145 63.9 17,665 66.9 858 64.8

Problem drinker defined by
CAGE questionnaire scorec

No 5,231 87.6 190 83.7 21,470 81.3 980 74.0

Yes 712 11.9 37 16.3 4,843 18.3 337 25.4

Table continues
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eating at time 2 (all P < 0.05). Depression and anxiety at
time 1 were associated with binge eating and loss-of-control
eating at time 2 among both women; history of trauma at
time 1 was associated with binge eating and loss-of-control
eating at time 2 among men and with loss-of-control eating
among women at time 2 (all P < 0.05). PTSD, problematic
alcohol use, smoking, trauma history, depression, panic,

and anxiety at time 1 were associated with use of com-
pensatory behaviors at time 2 for both women and men
(all P < 0.05).

PTSD, smoking, depression, panic, and anxiety at baseline
were associated with weight change from time 2 to time 3 for
both men and women (all P < 0.05). Endorsement of at least 1
type of compensatory behavior at time 2 also was associated

Table 1. Continued

Characteristic

Women Men

No Binge
Eating

(n = 5,969)

Binge
Eating
(n = 227)

No Binge
Eating

(n = 26,416)

Binge
Eating

(n = 1,325)

No. % No. % No. % No. %

Smoking statusc

Nonsmoker 3,643 61.0 122 53.7 15,139 57.3 703 53.1

Past smoker 1,255 21.0 59 26.0 6,504 24.6 359 27.1

Current smoker 869 14.6 36 15.9 3,860 14.6 208 15.7

Prior trauma/assaultc

No 4,505 75.5 163 71.8 24,466 92.6 1,183 89.3

Yes 1,433 24.0 63 27.8 1,833 6.9 135 10.2

Depression statusb,c

Negative screen 5,834 97.7 209 92.1 25,987 98.4 1,271 95.9

Positive screen 115 1.9 16 7.0 328 1.2 48 3.6

Panic syndrome status

Negative screen 5,853 98.1 222 97.8 26,049 98.6 1,300 98.1

Positive screen 76 1.3 4 1.8 141 0.5 11 0.8

Anxiety syndrome statusb,c

Negative screen 5,843 97.9 215 94.7 26,124 98.9 1,292 97.5

Positive screen 87 1.5 11 4.8 207 0.8 28 2.1

Follow-up characteristics

Deployment experiencec,d

Nondeployed 4,806 80.5 183 80.6 18,004 68.2 939 70.9

Deployed without combat 666 11.2 20 8.8 4,230 16.0 178 13.4

Deployed with combat 497 8.3 24 10.6 4,182 15.8 208 15.7

Separation statusb,c,e

Not separated 5,426 90.9 201 88.5 24,113 91.3 1,166 88.0

Separated <1 year 192 3.2 15 6.6 811 3.1 51 3.8

Separated ≥1 year 351 5.9 11 4.8 1,492 5.6 108 8.2

Follow-up time between surveys, yearsf

Baseline to first follow-up 2.70 (0.51) 2.71 (0.52) 2.65 (0.53) 2.68 (0.52)

First follow-up to second follow-up 2.93 (0.40) 2.91 (0.47) 2.91 (0.41) 2.90 (0.43)

Abbreviations: CAGE, cutting down, annoyance by criticism, guilty feeling, and eye-openers; PTSD, posttraumatic

stress disorder.
a Persons with missing data for independent variables were not included.
b Significant χ2 test (P < 0.05) for women.
c Significant χ2 test (P < 0.05) for men.
d Deployment experience was measured between baseline and the first follow-up survey participants. Participants

were classified as having combat experience if they reported exposure to death due to war, disaster, or tragic event or

witnessing instances of physical abuse, dead and/or decomposing bodies, maimed soldiers or civilians, or prisoners of

war or refugees at follow-up.
e Separation status reflects whether participants left military service between their baseline and first follow-up survey.
f Values are expressed as mean (standard deviation).
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Table 2. Characteristics of Millennium Cohort Participants by Sex and Loss of Control at Time 2, United States,

2004–2006a

Characteristic

Women Men

No Loss of
Control

(n = 5,584)

Loss of
Control
(n = 612)

No Loss of
Control

(n = 26,013)

Loss of
Control

(n = 1,728)

No. % No. % No. % No. %

Baseline characteristics

PTSD statusb,c

Negative screen 5,457 97.7 584 95.4 25,476 97.9 1,641 95.0

Positive screen 127 2.3 28 4.6 537 2.1 87 5.0

Birth yearc

Before 1960 1,766 31.6 206 33.7 7,051 27.1 468 27.1

1960–1969 2,273 40.7 230 37.6 11,207 43.1 741 42.9

1970–1979 1,287 23.0 147 24.0 7,146 27.5 479 27.7

1980 or later 258 4.6 29 4.7 609 2.3 40 2.3

Race/ethnicityc

White/non-Hispanic white 3,672 65.8 401 65.5 19,294 74.2 1,225 70.9

Black/non-Hispanic white 1,046 18.7 104 17.0 2,306 8.9 132 7.6

Other 858 15.4 106 17.3 4,396 16.9 370 21.4

Marital statusb

Married 2,695 48.3 262 42.8 19,261 74.0 1,248 72.2

Never married 2,015 36.1 228 37.3 5,430 20.9 400 23.1

Divorced, separated, or widowed 874 15.7 122 19.9 1,322 5.1 80 4.6

Educational levelb,c

Some college or less 3,523 63.1 423 69.1 17,410 66.9 1,258 72.8

Bachelor’s degree or higher 2,061 36.9 189 30.9 8,601 33.1 470 27.2

Body mass indexb,c

Underweight (<18.5) 128 2.3 10 1.6 93 0.4 6 0.3

Healthy (18.5–24.9) 3,610 64.6 307 50.2 7,558 29.1 215 12.4

Overweight (25.0–29.9) 1,541 27.6 242 39.5 15,621 60.1 1,131 65.5

Obese (>30.0) 214 3.8 44 7.2 2,471 9.5 353 20.4

Service branchc

Army 2,715 48.6 309 50.5 11,770 45.2 834 48.3

Navy/Coast Guard 998 17.9 114 18.6 4,693 18.0 333 19.3

Marine Corps 111 2.0 6 1.0 1,216 4.7 88 5.1

Air Force 1,760 31.5 183 29.9 8,334 32.0 473 27.4

Military rankb,c

Enlisted 3,754 67.2 448 73.2 18,081 69.5 1,311 75.9

Officer 1,830 32.8 164 26.8 7,932 30.5 417 24.1

Service component

Active duty 2,555 45.8 341 55.7 14,791 56.9 994 57.5

Reserve/National Guard 3,029 54.2 271 44.3 11,222 43.1 734 42.5

Occupation

Combat specialist 342 6.1 38 6.2 6,833 26.3 420 24.3

Health care 1,400 25.1 159 26.0 17,338 66.7 1,185 68.6

Other 3,842 68.8 414 67.6 1,839 7.1 123 7.1

Problem drinker defined by
CAGE questionnaire scorec

No 4,900 87.8 521 85.1 21,127 81.2 1,323 76.6

Yes 660 11.8 89 14.5 4,784 18.4 396 22.9

Table continues
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with weight change from time 2 to time 3 for men (P < 0.001)
and women (P < 0.05).

Structural equation model results

All models provided acceptable fit to the data (fit statistics
are presented in Table 5). For the unconditional model

(model 1), in the total sample, PTSD at time 1 was positively
associated with loss-of-control eating, binge eating, and com-
pensatory behaviors at time 2 (path coefficients are presented
in Figure 1). Only compensatory behaviors were related to
subsequent weight change between times 2 and 3. In addi-
tion, there were significant total (95% confidence interval
(CI): 0.03, 0.06) associations between PTSD and weight

Table 2. Continued

Characteristic

Women Men

No Loss of
Control

(n = 5,584)

Loss of
Control
(n = 612)

No Loss of
Control

(n = 26,013)

Loss of
Control

(n = 1,728)

No. % No. % No. % No. %

Smoking statusb

Nonsmoker 3,415 61.2 350 57.2 14,900 57.3 942 54.5

Past smoker 1,160 20.8 154 25.2 6,404 24.6 459 26.6

Current smoker 821 14.7 84 13.7 3,829 14.7 239 13.8

Prior trauma/assaultb,c

No 4,241 75.9 427 69.8 24,096 92.6 1,553 89.9

Yes 1,315 23.5 181 29.6 1,802 6.9 166 9.6

Depression statusb,c

Negative screen 5,460 97.8 583 95.3 25,607 98.4 1,651 95.5

Positive screen 105 1.9 26 4.2 308 1.2 68 3.9

Panic syndrome statusb

Negative screen 5,482 98.2 593 96.9 25,650 98.6 1,699 98.3

Positive screen 65 1.2 15 2.5 138 0.5 14 0.8

Anxiety syndrome statusb,c

Negative screen 5,471 98.0 587 95.9 25,726 98.9 1,690 97.8

Positive screen 75 1.3 23 3.8 206 0.8 29 1.7

Follow-up characteristics

Deployment experienced

Nondeployed 4,488 80.4 501 81.9 17,745 68.2 1,198 69.3

Deployed without combat 628 11.2 58 9.5 4,152 16.0 256 14.8

Deployed with combat 468 8.4 53 8.7 4,116 15.8 274 15.9

Separation statusb,c,e

Not separated 5,096 91.3 531 86.8 23,739 91.3 1,540 89.1

Separated <1 year 170 3.0 37 6.0 794 3.1 68 3.9

Separated ≥1 year 318 5.7 44 7.2 1,480 5.7 120 6.9

Follow-up time between surveys, yearsf

Baseline to first follow-up 2.69 (0.51) 2.74 (0.52) 2.65 (0.53) 2.66 (0.52)

First follow-up to second follow-up 2.93 (0.39) 2.91 (0.44) 2.91 (0.41) 2.91 (0.42)

Abbreviations: CAGE, cutting down, annoyance by criticism, guilty feeling, and eye-openers; PTSD, posttraumatic

stress disorder.
a Persons with missing data for independent variables were not included.
b Significant χ2 test (P < 0.05) for women.
c Significant χ2 test (P < 0.05) for men.
d Deployment experience was measured between baseline and the first follow-up survey participants. Participants

were classified as having combat experience if they reported exposure to death due to war, disaster, or tragic event or

witnessing instances of physical abuse, dead and/or decomposing bodies, maimed soldiers or civilians, or prisoners of

war or refugees at follow-up.
e Separation status reflects whether participants left military service between their baseline and first follow-up survey.
f Values are expressed as mean (standard deviation).
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Table 3. Characteristics of Cohort Participants by Compensatory Behaviors at Time 2, Millennium Cohort Study,

United States, 2004–2006a

Characteristic

Womenb Menb

No
Compensatory

Behaviors
(n = 5,804)

Compensatory
Behaviors
(n = 369)

No
Compensatory

Behaviors
(n = 26,460)

Compensatory
Behaviors
(n = 1,043)

No. % No. % No. % No. %

Baseline characteristics

PTSD statusc,d

Negative screen 5,674 97.8 345 93.5 26,107 98.0 954 91.5

Positive screen 130 2.2 24 6.5 533 2.0 89 8.5

Birth yeard

Before 1960 1,877 32.3 83 22.5 7,245 27.2 252 24.2

1960–1969 2,334 40.2 161 43.6 11,474 43.1 456 43.7

1970–1979 1,326 22.8 105 28.5 7,306 27.4 303 29.1

1980 or later 267 4.6 20 5.4 615 2.3 32 3.1

Race/ethnicityc,d

White/non-Hispanic
white

3,860 66.5 197 53.4 19,830 74.4 644 61.7

Black/non-Hispanic
white

1,031 17.8 116 31.4 2,283 8.6 150 14.4

Other 904 15.6 56 15.2 4,510 16.9 249 23.9

Marital statusc,d

Married 2,795 48.2 153 41.5 19,730 74.1 737 70.7

Never married 2,092 36.0 144 39.0 5,571 20.9 248 23.8

Divorced, separated,
or widowed

917 15.8 72 19.5 1,339 5.0 58 5.6

Educational levelc,d

Some college or less 3,652 62.9 282 76.4 17,875 67.1 746 71.5

Bachelor’s degree or
higher

2,152 37.1 87 23.6 8,763 32.9 297 28.5

Body mass indexc,d

Underweight (<18.5) 130 2.2 8 2.2 98 0.4 1 0.1

Healthy (18.5–24.9) 3,702 63.8 202 54.7 7,602 28.5 157 15.1

Overweight (25.0–29.9) 1,647 28.4 128 34.7 16,019 60.1 700 67.1

Obese (>30.0) 233 4.0 25 6.8 2,646 9.9 169 16.2

Service branchc,d

Army 2,781 47.9 231 62.6 11,970 44.9 603 57.8

Navy/Coast Guard 1,049 18.1 58 15.7 4,850 18.2 167 16.0

Marine Corps 107 1.8 10 2.7 1,243 4.7 58 5.6

Air Force 1,867 32.2 70 19.0 8,577 32.2 215 20.6

Rankc,d

Enlisted 3,882 66.9 304 82.4 18,546 69.6 799 76.6

Officer 1,922 33.1 65 17.6 8,094 30.4 244 23.4

Service componentd

Active duty 2,628 45.3 192 52.0 15,157 56.9 603 57.8

Reserve/National
Guard

3,176 54.7 177 48.0 11,483 43.1 440 42.2

Occupationc

Combat specialist 359 6.2 21 5.7 7,002 26.3 244 23.4

Health care 1,479 25.5 74 20.1 1,893 7.1 65 6.2

Other 3,965 68.3 274 74.3 17,742 66.6 734 70.4

Table continues
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Table 3. Continued

Characteristic

Womenb Menb

No
Compensatory

Behaviors
(n = 5,804)

Compensatory
Behaviors
(n = 369)

No
Compensatory

Behaviors
(n = 26,460)

Compensatory
Behaviors
(n = 1,043)

No. % No. % No. % No. %

Problem drinker defined by
CAGE questionnaire
scorec,d

No 5,102 87.9 299 81.0 21,620 81.2 781 74.9

Yes 677 11.7 69 18.7 4,919 18.5 252 24.2

Smoking statusc,d

Nonsmoker 3,543 61.0 207 56.1 15,266 57.3 551 52.8

Past smoker 1,238 21.3 73 19.8 6,596 24.8 250 24.0

Current smoker 830 14.3 73 19.8 3,874 14.5 181 17.4

Prior trauma/assaultc,d

No 4,410 76.0 241 65.3 24,697 92.7 897 86.0

Yes 1,365 23.5 125 33.9 1,831 6.9 134 12.8

Depression statusc,d

Negative screen 5,672 97.7 350 94.9 26,218 98.4 983 94.2

Positive screen 111 1.9 19 5.1 322 1.2 54 5.2

Panic syndrome statusc,d

Negative screen 5,698 98.2 355 96.2 26,280 98.6 1,012 97.0

Positive screen 68 1.2 11 3.0 135 0.5 16 1.5

Anxiety syndrome statusc,d

Negative screen 5,688 98.0 348 94.3 26,345 98.9 1,013 97.1

Positive screen 81 1.4 16 4.3 213 0.8 22 2.1

Follow-up characteristics

Deployment experiencec,e

Nondeployed 4,682 80.7 288 78.0 18,211 68.4 691 66.3

Deployed without
combat

644 11.1 40 10.8 4,271 16.0 125 12.0

Deployed with combat 478 8.2 41 11.1 4,158 15.6 227 21.8

Separation statusd,f

Not separated 5,279 91.0 329 89.2 24,268 91.1 953 91.4

Separated <1 year 183 3.2 21 5.7 835 3.1 27 2.6

Separated ≥1 year 342 5.9 19 5.1 1,537 5.8 63 6.0

Follow-up time between
surveys, yearsg

Baseline to first follow-up 2.70 (0.51) 2.66 (0.55) 2.66 (0.53) 2.64 (0.54)

First follow-up to
second follow-up

2.92 (0.40) 2.94 (0.41) 2.91 (0.41) 2.92 (0.42)

Abbreviations: CAGE, cutting down, annoyance by criticism, guilty feeling, and eye-openers; PTSD, posttraumatic

stress disorder.
a Personswithmissing data for independent variables were not included. Compensatory behaviors were defined as

exhibiting at least 1 symptom (self-induced vomiting, use of laxatives, fasting, or overexercise).
b Eighty-one participants were missing data on compensatory behaviors.
c Significant χ2 test (P < 0.05) for men.
d Significant χ2 test (P < 0.05) for women.
e Deployment experience was measured between baseline and the first follow-up survey participants. Participants

were classified as having combat experience if they reported exposure to death due to war, disaster, or tragic event or

witnessing instances of physical abuse, dead and/or decomposing bodies,maimed soldiers or civilians, or prisoners of

war or refugees at follow-up.
f Separation status reflects whether participants left military service between their baseline and first follow-up survey.
g Values are expressed as mean (standard deviation).
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Table 4. Characteristics of Cohort Participants Enrolled in 2001 by Sex andWeight Gain Status at Time 3, MillenniumCohort Study, United States,

2007–2008a

Characteristic

Women Men

<5% Gain

(n = 3,836)

5%–10% Gain

(n = 1,083)

>10% Gain

(n = 790)

<5% Gain

(n = 18,805)

5%–10% Gain

(n = 4,786)

>10% Gain

(n = 2,109)

No. % No. % No. % No. % No. % No. %

Baseline characteristics

PTSD statusb,c

Negative screen 3,757 97.9 1,057 97.6 748 94.7 18,395 97.8 4,671 97.6 2,028 96.2

Positive screen 79 2.1 26 2.4 42 5.3 410 2.2 115 2.4 81 3.8

New-onset binge eating at wave 2

No 3,758 98.0 1,058 97.7 773 97.8 18,474 98.2 4,698 98.2 2,060 97.7

Yes 78 2.0 25 2.3 17 2.2 331 1.8 88 1.8 49 2.3

Any compensatory behaviorsb,c

No 3,599 93.8 1,020 94.3 722 91.9 18,088 96.2 4,588 95.9 1,980 93.9

Yes 220 5.7 62 5.7 64 8.1 674 3.6 186 3.9 129 6.1

Birth yearb,c

Before 1960 1,317 34.3 329 30.4 190 24.1 5,518 29.3 1,131 23.6 404 19.2

1960–1969 1,538 40.1 455 42.0 319 40.4 8,118 43.2 2,055 42.9 851 40.4

1970–1979 829 21.6 253 23.4 220 27.8 4,823 25.6 1,458 30.5 730 34.6

1980 or later 152 4.0 46 4.2 61 7.7 346 1.8 142 3.0 124 5.9

Race/ethnicityb,c

White/non-Hispanic white 2,546 66.4 682 63.0 505 63.9 13,797 73.4 3,547 74.1 1,618 76.7

Black/non-Hispanic white 665 17.3 231 21.3 176 22.3 1,680 8.9 420 8.8 189 9.0

Other 617 16.1 169 15.6 109 13.8 3,316 17.6 815 17.0 300 14.2

Marital statusb,c

Married 1,869 48.7 504 46.5 344 43.5 14,097 75.0 3,467 72.4 1,387 65.8

Never married 1,348 35.1 397 36.7 324 41.0 3,754 20.0 1,086 22.7 612 29.0

Divorced, separated, or widowed 619 16.1 182 16.8 122 15.4 954 5.1 233 4.9 110 5.2

Educational levelb,c

Some college or less 2,358 61.5 682 63.0 597 75.6 12,317 65.5 3,376 70.5 1,716 81.4

Bachelor’s degree or higher 1,478 38.5 401 37.0 193 24.4 6,486 34.5 1,410 29.5 393 18.6

Body mass indexb,c

Underweight (<18.5) 82 2.1 18 1.7 24 3.0 62 0.3 20 0.4 10 0.5

Healthy (18.5–24.9) 2,492 65.0 674 62.2 436 55.2 5,366 28.5 1,281 26.8 584 27.7

Overweight (25.0–29.9) 1,053 27.5 340 31.4 268 33.9 11,316 60.2 2,940 61.4 1,210 57.4

Obese (>30.0) 148 3.9 32 3.0 53 6.7 1,865 9.9 497 10.4 293 13.9

Service branchb,c

Army 1,874 48.9 567 52.4 391 49.5 8,425 44.8 2,307 48.2 1,129 53.5

Navy/Coast Guard 741 19.3 162 15.0 144 18.2 3,619 19.2 860 18.0 352 16.7

Marine Corps 61 1.6 25 2.3 16 2.0 858 4.6 239 5.0 102 4.8

Air Force 1,160 30.2 329 30.4 239 30.3 5,903 31.4 1,380 28.8 526 24.9

Rankb,c

Enlisted 2,516 65.6 741 68.4 622 78.7 12,823 68.2 3,497 73.1 1,750 83.0

Officer 1,320 34.4 342 31.6 168 21.3 5,982 31.8 1,289 26.9 359 17.0

Service componentb,c

Active duty 1,670 43.5 491 45.3 397 50.3 10,328 54.9 2,871 60.0 1,287 61.0

Reserve/National Guard 2,166 56.5 592 54.7 393 49.7 8,477 45.1 1,915 40.0 822 39.0

Table continues
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Table 4. Continued

Characteristic

Women Men

<5% Gain

(n = 3,836)

5%–10% Gain

(n = 1,083)

>10% Gain

(n = 790)

<5% Gain

(n = 18,805)

5%–10% Gain

(n = 4,786)

>10% Gain

(n = 2,109)

No. % No. % No. % No. % No. % No. %

Occupationb,c

Combat specialist 230 6.0 77 7.1 45 5.7 5,016 26.7 1,220 25.5 478 22.7

Health care 994 25.9 283 26.1 169 21.4 1,390 7.4 303 6.3 123 5.8

Other 2,612 68.1 722 66.7 576 72.9 12,398 65.9 3,263 68.2 1,507 71.5

Problem drinker defined by CAGE
questionnaire scoreb

No 3,360 87.6 944 87.2 689 87.2 15,244 81.1 3,843 80.3 1,647 78.1

Yes 458 11.9 136 12.6 96 12.2 3,491 18.6 923 19.3 450 21.3

Smoking statusb,c

Nonsmoker 2,376 61.9 642 59.3 448 56.7 10,996 58.5 2,614 54.6 1,021 48.4

Past smoker 817 21.3 239 22.1 173 21.9 4,599 24.5 1,232 25.7 561 26.6

Current smoker 504 13.1 171 15.8 143 18.1 2,551 13.6 769 16.1 464 22.0

Prior trauma/assault

No 2,897 75.5 818 75.5 566 71.6 17,405 92.6 4,416 92.3 1,922 91.1

Yes 919 24.0 261 24.1 219 27.7 1,314 7.0 356 7.4 176 8.3

Depression statusb,c

Negative screen 3,754 97.9 1,049 96.9 759 96.1 18,514 98.5 4,692 98.0 2,030 96.3

Positive screen 69 1.8 30 2.8 27 3.4 221 1.2 77 1.6 64 3.0

Panic syndrome statusb,c

Negative screen 3,767 98.2 1,066 98.4 762 96.5 18,556 98.7 4,707 98.3 2,070 98.2

Positive screen 45 1.2 14 1.3 20 2.5 100 0.5 26 0.5 21 1.0

Anxiety syndrome statusb,c

Negative screen 3,760 98.0 1,057 97.6 763 96.6 18,603 98.9 4,722 98.7 2,067 98.0

Positive screen 55 1.4 19 1.8 21 2.7 142 0.8 47 1.0 36 1.7

Follow-up characteristics

Deployment experienceb,c,d

Nondeployed 3,117 81.3 884 81.6 604 76.5 13,075 69.5 3,188 66.6 1,320 62.6

Deployed without combat 391 10.2 128 11.8 97 12.3 2,931 15.6 757 15.8 334 15.8

Deployed with combat 328 8.6 71 6.6 89 11.3 2,799 14.9 841 17.6 455 21.6

Separation statuse

Not separated 3,476 90.6 986 91.0 703 89.0 17,061 90.7 4,370 91.3 1,902 90.2

Separated <1 year 123 3.2 36 3.3 42 5.3 603 3.2 132 2.8 86 4.1

Separated ≥1 year 237 6.2 61 5.6 45 5.7 1,141 6.1 284 5.9 121 5.7

Follow-up time between
surveys, yearsf

Baseline to first follow-up 2.72 (0.52) 2.71 (0.50) 2.67 (0.52) 2.68 (0.53) 2.62 (0.52) 2.62 (0.54)

First follow-up to second
follow-up

2.90 (0.40) 2.94 (0.40) 2.98 (0.42) 2.88 (0.41) 2.94 (0.42) 3.00 (0.43)

Abbreviations: CAGE, cutting down, annoyance by criticism, guilty feeling, and eye-openers; PTSD, posttraumatic stress disorder.
a Persons with missing data for independent variables were not included.
b Significant χ2 test (P < 0.05) for men.
c Significant χ2 test (P < 0.05) for women.
d Deployment experience was measured between baseline and the first follow-up survey participants. Participants were classified as having

combat experience if they reported exposure to death due to war, disaster, or tragic event or witnessing instances of physical abuse, dead and/

or decomposing bodies, maimed soldiers or civilians, or prisoners of war or refugees at follow-up.
e Separation status reflects whether participants left military service between their baseline and first follow-up survey.
f Values are expressed as mean (standard deviation).
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change, such that higher levels of PTSD symptoms at time 1
were related to greater weight change between time 2 and
time 3. In order to determine whether the direct path from
PTSD to weight change contributed significantly to the fit

of the model, we estimated model 2 without this path. The
results revealed that excluding the direct path from PTSD
to weight change significantly degraded the fit of the model
(Δχ2 = 82.75; Δdf = 1; P < 0.001).
We re-estimated model 1, controlling for all potential co-

variates (model 3): sex, race, birth year, service branch, ser-
vice component, rank, separation status, educational level,
military occupation, alcohol misuse, smoking status, history
of trauma, deployment history, and screens for panic disor-
der, anxiety, and major depression. Because of misfit, corre-
lations were added between the 4 mental health disorders
(PTSD, anxiety, major depression, and panic disorder). The
pattern of significance did not change. Because of the rela-
tively negligible changes in model results due to the addition
of the covariates, the more parsimonious model 1 was re-
tained for further analysis.
In secondary analyses, model 1 was then stratified by sex,

race, and service branch (see Web Table 1, available at http://
aje.oxfordjournals.org/). There were few differences in the
patterns of significance for men and women, with the excep-
tion of the path from compensatory behaviors to weight
change, which was significant for men (P = 0.03) but not
women (P = 0.29). In addition, the indirect association of
PTSD and weight change was significant only via compensa-
tory behaviors in men (95% CI: 0.001, 0.017) but not women
(95% CI: −0.002, 0.007).
Similarly, when models were stratified by race, the pat-

tern of significance was comparable for whites, blacks, and
persons of other races/ethnicities. However, the path from
compensatory behaviors was significant only for white parti-
cipants (P < 0.001), as was the indirect association of PTSD
and weight change through compensatory behaviors (95%
CI: 0.002, 0.013). The direct path from PTSD to weight
change was significant for white participants (P < 0.001)
and participants of other races/ethnicities (P = 0.01) but not
for black participants (P = 0.10).

Loss of Control
Eating
Time 2

PTSD
Time1

Compensatory
Behaviors 

Time 2

Binge Eating
Time 2

Weight Change
Time 3

BMI
Time 1

RX

AN

HYP

0.80

0.91

0.82

0.16

0.14

0.14

0.00

−0.02

0.02 0.04

0.05

0.16

0.58

0.10

Figure 1. Path coefficients in model 1 (unconditional model), which included the total sample, Millennium Cohort Study, United States, 2000–
2008. P values for all coefficients except 0.00 and −0.02 were <0.05. AN, avoidance/numbing; BMI, body mass index; HYP, hyperarousal;
PTSD, posttraumatic stress disorder; RX, re-experiencing.

Table 5. Fit Statistics for Structural Models, Millennium Cohort

Study, United States, 2001–2008

Model χ2 df CFI TLI RMSEA

Model 1a 419.01 6 0.99 0.98 0.045

Model 2b 508.18 7 0.99 0.98 0.046

Model 3c 7,124.04 248 0.93 0.92 0.029

Model 1 stratified
by groups

Sex

Male 466.92 6 0.99 0.97 0.053

Female 111.21 7 0.99 0.98 0.049

Race/ethnicity

White/non-Hispanic
white

293.88 6 0.99 0.98 0.044

Black/non-Hispanic
black

60.81 6 0.99 0.97 0.051

Other race 99.11 6 0.99 0.98 0.052

Service branch

Air Force 128.39 7 0.99 0.99 0.040

Army 212.70 6 0.99 0.98 0.047

Marine Corps 21.82 7 0.99 0.98 0.039

Navy/Coast Guard 103.51 6 0.99 0.98 0.052

Abbreviations: CFI, comparative fit index; df, degrees of freedom;

PTSD, posttraumatic stress disorder; RMSEA, root mean square error of

approximation; TLI, Tucker–Lewis Index.
a Theoretical model unadjusted for covariates.
b Theoretical model without the direct path from PTSD to weight change.
c Theoretical model with covariates.
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In models stratified by service branch, the paths from
PTSD to binge eating and PTSD to compensatory behaviors
were significant for Army, Navy, and Air Force members (all
P < 0.001), but not for Marines (P = 0.53 and 0.06). The as-
sociation between compensatory behaviors and weight
change was marginally significant only for participants in
the Navy (P = 0.045). The direct association between PTSD
and weight change was significant only for members of the
Army (P < 0.001) and Air Force (P = 0.01).

DISCUSSION

We found that PTSD was both directly and indirectly
(through the use of compensatory behaviors) associated
with weight change in a nationally representative sample of
male and female service members. Contrary to expectations,
binge eating and loss of control were not associated with sub-
sequent weight change. These findings align with those of
previous studies which have shown positive associations be-
tween PTSD and body mass index and/or obesity in military
and civilian populations (25, 41). In addition, the present re-
sults corroborate extant findings demonstrating higher rates
of PTSD among individuals with eating disorders (18, 19,
24) and linking disordered eating with weight gain over
time (28–30). Further, because PTSD preceded the onset of
disordered eating symptoms within the SEM, the present re-
sults suggest there was temporal precedence of PTSD to dis-
ordered eating in this sample.

Eating disorders remain understudied among men in gene-
ral, as well as among both male and female military and
veteran samples. The association between compensatory be-
haviors and weight gain was significant and positive for both
men and women. However, we found that the path from
PTSD to compensatory behaviors and the indirect path
from PTSD to weight change via compensatory behaviors
were significant among men but not among women. These
findings suggest that although PTSD is associated with eating
disorders and body mass index among both men and women
(19, 25), there may be important sex differences in the path-
ways responsible for the associations among these constructs.
Similarly, the indirect association between PTSD and weight
change via compensatory behaviors was significant for white
participants and participants of other races but not for black
participants, which highlights the potential racial differences
in the mechanisms by which PTSD may impact weight
change over time.

Because the majority of the sample was white and male
and a large proportion had served in the Army, conducting
multigroup SEMs to statistically compare subgroups was
not recommended (42). The present study was further limited
by the use of the relatively brief self-report survey, which was
necessary in an epidemiologic study of this size. In addition,
our creation of a sum score representing compensatory be-
haviors, although consistent with previous research demon-
strating that engaging in multiple behaviors is associated
with more psychopathology relative to endorsement of only
1 behavior (43), is limited in that it weights all behaviors
equally. Further, the magnitudes of paths among PTSD, dis-
ordered eating, and weight change were relatively small, sug-
gesting that variables not included in the model explain much

of the variance in weight gain over time. This is not sur-
prising, given the complexity of weight change and the
many potential factors that contribute to weight gain. We
demonstrated that PTSD predisposes individuals to disor-
dered eating symptoms, but the reverse path—disordered eat-
ing predicting new-onset PTSD—was not tested and may
also occur. Further, as is the case in the vast majority of sta-
tistical analyses, the proposed causal relationships cannot be
conclusively determined because of the possibility of a third
unmeasured variable causing the associations despite support
from the model.

Nonetheless, the present study has many strengths. We
used a large, nationally representative sample of military
service members who participated in up to 3 waves of data
collection. Moreover, our sample had a sizable number of
non-whites and included more participants of lower socio-
economic status than did previous longitudinal studies of
binge eating. Eating disorders have been investigated previ-
ously in only 2 nationally representative samples of military
members, including the Millennium Cohort Study (23, 24),
which underscores the need for further epidemiologic study
of these pernicious constructs in underserved groups.

Our findings highlight the complexity of relationships
among PTSD, disordered eating, and weight change among
both women and men. Given the high rates of overweight and
obesity in the United States (2), it appears to be increasingly
difficult for recruits to meet strict military weight and physi-
cal fitness requirements (6, 7). The early phase of military life
may be a particularly vulnerable time for development of an
eating disorder, given associations between being on aweight
loss diet and development of eating disorders in this popula-
tion (24). High rates of trauma and PTSDmay serve to further
heighten the vulnerability of military members to disordered
eating. Finally, recent findings have suggested that the inci-
dence of eating disorders has increased over time in the mil-
itary (23), further emphasizing the need for research and
treatment efforts in both male and female service members.

ACKNOWLEDGMENTS

Author affiliations: National Center for PTSD, VA Boston
Healthcare System, Boston, Massachusetts (K. S. Mitchell);
Department of Psychiatry, School of Medicine, Boston Uni-
versity, Boston, Massachusetts (K. S. Mitchell); Deployment
Health Research Department, Naval Health Research Center,
San Diego, California (B. Porter); Henry M. Jackson Foun-
dation for the Advancement of Military Medicine, Inc.,
Bethesda, MD (B. Porter); Seattle Epidemiologic Research
and Information Center, VA Puget Sound Healthcare System,
Seattle, Washington (E. J. Boyko); Division of Adolescent
Medicine, Boston Children’s Hospital and Harvard Medical
School, Boston, Massachusetts (A. E. Field); Department of
Epidemiology, Harvard School of Public Health, Boston,
Massachusetts (A. E. Field); and Channing Division of Net-
work Medicine, Department of Medicine, Brigham and
Women’s Hospital and Harvard Medical School, Boston,
Massachusetts (A. E. Field).

We thank the Millennium Cohort Study team for their time
and effort to collect and contribute to such important data.

PTSD, Disordered Eating, and Weight 45

Am J Epidemiol. 2016;184(1):33–47



This work represents report 15-25 supported by the Bureau
of Medicine and Surgery, under Work Unit No. 60002.
The Millennium Cohort Study is funded through the Military
Operational Medicine Research Program, United States
Army Medical Research and Materiel Command (Fort
Detrick, Maryland). National Institutes of Health grants
K01MH093750 (to K.S.M.) and P30DK017047 (E.J.B.)
supported the work of individual authors.
The views expressed in this article are those of the authors

and do not reflect the official policy or position of the Depart-
ment of the Navy, Department of the Army, Department
of the Air Force, Department of Defense, Department of
Veterans Affairs, or the US Government. Approved for pub-
lic release; distribution is unlimited.
Conflict of interest: none declared.

REFERENCES

1. Danaei G, Ding EL, Mozaffarian D, et al. The preventable
causes of death in the United States: comparative risk
assessment of dietary, lifestyle, and metabolic risk factors.
PLoS Med. 2009;6(4):e1000058.

2. Ogden CL, Carroll MD, Kit BK, et al. Prevalence of childhood
and adult obesity in the United States, 2011–2012. JAMA.
2014;311(8):806–814.

3. Finkelstein EA, Trogdon JG, Cohen JW, et al. Annual
medical spending attributable to obesity: payer-and service-
specific estimates. Health Aff (Millwood). 2009;28(5):
w822–w831.

4. Wang YC, McPherson K, Marsh T, et al. Health and economic
burden of the projected obesity trends in the USA and the UK.
Lancet. 2011;378(9793):815–825.

5. Williamson DA, Bathalon GP, Sigrist LD, et al. Military
Services Fitness Database: development of a computerized
physical fitness and weight management database for the U.S.
Army. Mil Med. 2009;174(1):1–8.

6. Poston WSC, Haddock CK, Peterson AL, et al. Comparison of
weight status among two cohorts of US Air Force recruits. Prev
Med. 2005;40(5):602–609.

7. Bedno SA, Lang CE, Daniell WE, et al. Association of weight
at enlistment with enrollment in the Army Weight Control
Program and subsequent attrition in the Assessment of Recruit
Motivation and Strength Study.Mil Med. 2010;175(3):188–193.

8. Smith TJ, Marriott BP, Dotson L, et al. Overweight and obesity
in military personnel: sociodemographic predictors. Obesity
(Silver Spring). 2012;20(7):1534–1538.

9. Vieweg WV, Julius DA, Bates J, et al. Posttraumatic stress
disorder as a risk factor for obesity among male military
veterans. Acta Psychiatr Scand. 2007;116(6):483–487.

10. Koepsell TD, Forsberg CW, Littman AJ. Obesity, overweight,
and weight control practices in U.S. veterans. Prev Med. 2009;
48(3):267–271.

11. Warne JP, Dallman MF. Stress, diet and abdominal obesity: Y?
Nat Med. 2007;13(7):781–783.

12. Kulka RA, Schlenger WE, Fairbank JA, et al. Trauma and the
Vietnam War Generation: Report of Findings From the
National Vietnam Veterans Readjustment Study. Philadelphia,
PA: Brunner/Mazel; 1990.

13. Tanielian T, Jaycox LH. Invisible Wounds of War:
Psychological and Cognitive Injuries, Their Consequences,
and Services to Assist Recovery. Santa Monica, CA: Rand
Monographs; 2008.

14. Breslau N. Epidemiologic studies of trauma, posttraumatic
stress disorder, and other psychiatric disorders. Can J
Psychiatry. 2002;47(10):923–929.

15. Brady KT, Back SE, Coffey SF. Substance abuse and
posttraumatic stress disorder.Curr Dir Psychol Sci. 2004;13(5):
206–209.

16. Breslau N, Davis GC, Peterson EL, et al. Psychiatric sequelae of
posttraumatic stress disorder in women. Arch Gen Psychiatry.
1997;54(1):81–87.

17. Striegel-Moore RH, Garvin V, Dohm FA, et al. Eating disorders
in a national sample of hospitalized female and male veterans:
detection rates and psychiatric comorbidity. Int J Eat Disord.
1999;25(4):405–414.

18. Brewerton TD. Eating disorders, trauma, and comorbidity:
focus on PTSD. Eat Disord. 2007;15(4):285–304.

19. Mitchell KS, Mazzeo SE, Schlesinger MR, et al.
Comorbidity of partial and subthreshold PTSD among men
and women with eating disorders in the National Comorbidity
Survey-Replication study. Int J Eat Disord. 2012;45(3):
307–315.

20. Dansky BS, Brewerton TD, Kilpatrick DG, et al. The National
Women’s Study: relationship of victimization and
posttraumatic stress disorder to bulimia nervosa. Int J Eat
Disord. 1997;21(3):213–228.

21. Hudson JI, Hiripi E, Pope HG Jr, et al. The prevalence and
correlates of eating disorders in the National Comorbidity
Survey Replication. Biol Psychiatry. 2007;61(3):348–358.

22. Riddle JR, Smith TC, Smith B, et al. Millennium Cohort: the
2001–2003 baseline prevalence of mental disorders in the U.S.
military. J Clin Epidemiol. 2007;60(2):192–201.

23. Antczak AJ, Brininger TL. Diagnosed eating disorders in the
U.S. military: a nine year review. Eat Disord. 2008;16(5):
363–377.

24. Jacobson IG, Smith TC, Smith B, et al. Disordered eating and
weight changes after deployment: longitudinal assessment of a
large USmilitary cohort. Am J Epidemiol. 2009;169(4):415–427.

25. LeardMann CA, Woodall KA, Littman AJ, et al. Post-traumatic
stress disorder predicts future weight change in the Millennium
Cohort Study. Obesity (Silver Spring). 2015;23(4):886–892.

26. Heatherton TF, Baumeister RF. Binge eating as escape from
self-awareness. Psychol Bull. 1991;110(1):86–108.

27. Hsu LKG, Mulliken B, McDonagh B, et al. Binge eating
disorder in extreme obesity. Int J Obes Relat Metab Disord.
2002;26(10):1398–1403.

28. Field AE, Austin SB, Taylor CB, et al. Relation between dieting
and weight change among preadolescents and adolescents.
Pediatrics. 2003;112(4):900–906.

29. Field AE, Corliss HL, Skinner HH, et al. Loss of control eating
as a predictor of weight gain and the development of
overweight, depressive symptoms, binge drinking, and
substance use. In: Striegel-Moore R, Wonderlich SA,
Walsh BT, et al., eds. Toward an Evidence-Based Classification
of Eating Disorders. Arlington, VA: American Psychiatric
Association; 2011:77–88.

30. Tanofsky-Kraff M, Cohen ML, Yanovski SZ, et al. A
prospective study of psychological predictors of body fat gain
among children at high risk for adult obesity. Pediatrics. 2006;
117(4):1203–1209.

31. McGuire MT, Wing RR, Klem ML, et al. What predicts weight
regain in a group of successful weight losers? J Consult Clin
Psychol. 1999;67(2):177–185.

32. Field AE, Manson JE, Taylor CB, et al. Association of weight
change, weight control practices, and weight cycling among
women in the Nurses’ Health Study II. Int J Obes Relat Metab
Disord. 2004;28(9):1134–1142.

46 Mitchell et al.

Am J Epidemiol. 2016;184(1):33–47



33. Ryan MAK, Smith TC, Smith B, et al. Millennium Cohort:
enrollment begins a 21-year contribution to understanding the
impact of military service. J Clin Epidemiol. 2007;60(2):
181–191.

34. Smith TC; Millennium Cohort Study Team. The US
Department of Defense Millennium Cohort Study: career span
and beyond longitudinal follow-up. J Occup Environ Med.
2009;51(10):1193–1201.

35. Spitzer RL, Kroenke K, Williams JB. Validation and utility of a
self-report version of PRIME-MD: the PHQ primary care study.
Primary Care Evaluation of Mental Disorders. Patient Health
Questionnaire. JAMA. 1999;282(18):1737–1744.

36. Striegel-Moore RH, Perrin N, DeBar L, et al. Screening
for binge eating disorders using the Patient Health
Questionnaire in a community sample. Int J Eat Disord. 2010;
43(4):337–343.

37. International Society for Traumatic Stress Studies.
Posttraumatic Stress Disorder Checklist. http://www.istss.org/

assessing-trauma/posttraumatic-stress-disorder-checklist.aspx.
Accessed May 23, 2016.

38. American Psychiatric Association. Diagnostic and Statistical
Manual of Mental Disorders. 4th ed., text revision.
Washington, DC: American Psychiatric Association; 2000.

39. Ewing JA. Detecting alcoholism. The CAGE questionnaire.
JAMA. 1984;252(14):1905–1907.

40. Muthén LK, Muthén BO. Mplus Users Guide. 5th ed. Los
Angeles, CA: Muthén & Muthén; 1998.

41. Mitchell KS, Aiello AE, Galea S, et al. PTSD and obesity in the
Detroit neighborhood health study.GenHosp Psychiatry. 2013;
35(6):671–673.

42. Brown TA. Confirmatory Factor Analysis for Applied
Research. New York, NY: Guilford Press; 2006.

43. Colleen Stiles-Shields E, Labuschagne Z, Goldschmidt AB,
et al. The use of multiple methods of compensatory behaviors
as an indicator of eating disorder severity in treatment-seeking
youth. Int J Eat Disord. 2012;45(5):704–710.

PTSD, Disordered Eating, and Weight 47

Am J Epidemiol. 2016;184(1):33–47

http://www.istss.org/assessing-trauma/posttraumatic-stress-disorder-checklist.aspx
http://www.istss.org/assessing-trauma/posttraumatic-stress-disorder-checklist.aspx
http://www.istss.org/assessing-trauma/posttraumatic-stress-disorder-checklist.aspx
http://www.istss.org/assessing-trauma/posttraumatic-stress-disorder-checklist.aspx
http://www.istss.org/assessing-trauma/posttraumatic-stress-disorder-checklist.aspx
http://www.istss.org/assessing-trauma/posttraumatic-stress-disorder-checklist.aspx
http://www.istss.org/assessing-trauma/posttraumatic-stress-disorder-checklist.aspx
http://www.istss.org/assessing-trauma/posttraumatic-stress-disorder-checklist.aspx
http://www.istss.org/assessing-trauma/posttraumatic-stress-disorder-checklist.aspx
http://www.istss.org/assessing-trauma/posttraumatic-stress-disorder-checklist.aspx
http://www.istss.org/assessing-trauma/posttraumatic-stress-disorder-checklist.aspx


Standard Form 298 (Rev. 8/98) 

REPORT DOCUMENTATION PAGE 

Prescribed by ANSI Std. Z39.18 

Form Approved 
OMB No. 0704-0188 

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, 
gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of 
information, including suggestions for reducing the burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 
1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any 
penalty for failing to comply with a collection of information if it does not display a currently valid OMB control number. 
PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To) 

4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER 

5b. GRANT NUMBER 

5c. PROGRAM ELEMENT NUMBER 

5d. PROJECT NUMBER 

5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

6. AUTHOR(S) 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION 
REPORT NUMBER 

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S) 

11. SPONSOR/MONITOR'S REPORT 
NUMBER(S) 

12. DISTRIBUTION/AVAILABILITY STATEMENT 

13. SUPPLEMENTARY NOTES 

14. ABSTRACT 

15. SUBJECT TERMS 

16. SECURITY CLASSIFICATION OF: 
a. REPORT b. ABSTRACT c. THIS PAGE 

17. LIMITATION OF 
ABSTRACT 

18. NUMBER 
OF 
PAGES 

19a. NAME OF RESPONSIBLE PERSON 

19b. TELEPHONE NUMBER (Include area code) 

05 03 2015 Journal article 2001–2009

Longitudinal Associations Among Posttraumatic Stress Disorder, Disordered
Eating, and Weight Gain in Military Men and Women

 60002

Mitchell, Karen S; Porter, Bennett; Boyko, Edward J; Field, Alison E

Commanding Officer
Naval Health Research Center
140 Sylvester Rd
San Diego, CA 92106-3521

15-25

Commanding Officer Chief, Bureau of Medicine and Surgery
Naval Medical Research Center (MED 00), Navy Dept
503 Robert Grant Ave 7700 Arlington Blvd Ste 5113
Silver Spring, MD 20910-7500 Falls Church, VA 22042-5113

BUMED/NMRC

Approved for public release; distribution is unlimited.

Open Access publication; Am J Epidemiol., 184(1):33–47, 2016, doi:10.1093/aje/kwv291

Obesity is a major health problem in the United States and a growing concern among members of the military. Posttraumatic stress disorder (PTSD) has
been associated with overweight and obesity and may increase the risk of those conditions among military service members. Disordered eating behaviors
have also been associated with PTSD and weight gain. However, eating disorders remain understudied in military samples. We investigated longitudinal
associations among PTSD, disordered eating, and weight gain in the Millennium Cohort Study, which includes a nationally representative sample of male
(n = 27,741) and female (n = 6,196) service members. PTSD at baseline (time 1; 2001–2003) was associated with disordered eating behaviors at time 2
(2004–2006), as well as weight change from time 2 to time 3 (2007–2008). Structural equation modeling results revealed that the association between
PTSD and weight change from time 2 to time 3 was mediated by disordered eating symptoms. The association between PTSD and weight gain resulting
from compensatory behaviors (vomiting, laxative use, fasting, overexercise) was significant for white participants only and for men but not women. PTSD
was both directly and indirectly (through disordered eating) associated with weight change. These results highlight potentially important demographic
differences in these associations and emphasize the need for further investigation of eating disorders in military service members.
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