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A B S T R A C T   

Background Military personnel are at greater risk of psychological disorders and related symptoms than civilians. 
Limited participation in health-promoting behaviors may increase presence of these disorders. Alternatively, 
these symptoms may limit engagement in health-promoting behaviors. 

Methods Self-reported data from the 2015 Department of Defense Health Related Behaviors Survey were used 
to assess bi-directional relationships between health-related behaviors (obesity, physical activity [PA], alcohol, 
smoking, sleep) and self-reported psychological disorders (generalized anxiety disorder [GAD], depression, post- 
traumatic disorder [PTSD]) in U.S. military personnel. 

Outcomes Among 12 708 respondents (14.7% female; 28.2% 17− 24 y; 13.7% obese), self-reported depression 
was reported by 9.2%, GAD by 13.9%, and PTSD by 8.2%. Obesity and short sleep were associated with self- 
reported depression, GAD, and PTSD; current smoking was associated with higher odds of GAD; higher levels 
of vigorous PA were associated with lower odds of GAD; higher levels of moderate PA associated with lower odds 
of PTSD; and higher alcohol intake associated with higher odds of depression and PTSD. Self-reported depression, 
GAD, and PTSD were associated with higher odds of short sleep, obesity, and low levels of PA. 

Interpretation Obesity, short sleep, and limited engagement in health-promoting behaviors are associated with 
higher likelihood of self-reported psychological disorders, and vice-versa. Encouraging and improving health- 
promoting behaviors may contribute to positive mental health in military personnel.   

Introduction 

Given unique occupational demands, active duty military personnel 
are frequently exposed to extreme stress including harsh environmental 
conditions and combat (Redmond et al., 2015, Adler and Castro, 2013, 
Castro, 2014). Sources of stress in this population may additionally 
include unexpected mobilizations and deployments, participation in 
humanitarian and disaster relief missions, and unpredictable duty as
signments (Pflanz and Sonnek, 2002, Kelly and Vogt, 2009, Brooks and 

Greenberg, 2018). More typical stressors may also be present, such as 
low job satisfaction, family-related stress, and poor quality of profes
sional relationships (Brooks and Greenberg, 2018). In part because of 
these demands, military personnel have been reported to be at greater 
risk than civilians of common psychological disorders, such as depres
sion, anxiety, and post-traumatic stress disorder (PTSD) (Gadermann 
et al., 2012, Cohen et al., 2015, Kessler et al., 2014, Stahlman and 
Oetting, 2018, Kessler et al., 2005, Kessler et al., 2005, Brody et al., 
2018, Russell et al., 2015). For example, an estimated 8.1% of U.S. 
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adults age 20 y and older reported depression in a given 2-week period 
between 2013 and 2016 (Brody et al., 2018). Among U.S. military 
personnel, prevalence estimates for depression over the same period 
range from 5.7% among those never deployed to 13.1% among those 
previously deployed based on several meta-analyses (Gadermann et al., 
2012, Cohen et al., 2015). 

Despite higher rates of these psychological disorders in military 
personnel, they are upon recruitment, broadly speaking, a healthier 
subset of the general population due to Service entry requirements. 
Military personnel may also benefit from factors that mitigate the effects 
of some stressors, such as specialized training in the management of 
stress, survival techniques, and coping strategies, as well as the cama
raderie, structure, and ethos of the military, required exercise, and 
physical training (Castro, 2014). Research on relationships between 
health behaviors (e.g., exercise) and psychological disorders indicates 
that involvement in health-promoting behaviors may contribute to 
better mental health symptomology (Smith et al., 2014, Speed et al., 
2019, Chekroud et al., 2018, Schuch et al., 2018, Azevedo Da Silva et al., 
2012, Biddle et al., 2019, Alvaro et al., 2013, Li et al., 2018, Osgood 
et al., 2019, Gehrman et al., 2013, Rush et al., 2016, Stubbs et al., 2017, 
Smith et al., 2015, Kivimaki et al., 2009, Hall et al., 2015, Scott et al., 
2008, Doré et al., 2016, Saneei et al., 2016). Prior literature has also 
pointed to a bidirectional relationship, that is, symptoms of poor psy
chological health are associated with low participation in health-related 
behaviors, thus leading to a cycle of poor adherence to health-related 
behaviors and worsening symptomology (Kivimaki et al., 2009, Hall 
et al., 2015, Hoerster et al., 2019, van den Berk-Clark et al., 2018, 
LeardMann et al., 2015, Pan et al., 2012). 

In the present study, we tested hypotheses about cross-sectional, 
bidirectional associations between self-reported health-related behav
iors (maintaining a healthy weight, exercising, not smoking, moderating 
alcohol intake, and adequate sleep) and psychological disorders (self- 
reported GAD, depression, and PTSD) in active duty military personnel 
who responded to the Department of Defense’s 2015 Health Related 
Behaviors Survey (HRBS) (Meadows et al., 2018). While the HRBS and 
other instruments are designed to address broad domains of psycho
logical function, they do not allow for questioning occupation-specific 
distress versus general or personality-associated distress. Nonetheless, 
investigating these relationships may inform improved responses to 
these phenomena that significantly impact military readiness (e.g., 
disability, absenteeism, and attrition), that result from the presence and 
interaction of these conditions (Hoge et al., 2005, Dall et al., 2007, 
White et al., 2016). We hypothesized that poor adherence to 
health-related behaviors would be associated with higher likelihood of 
psychological disorders, and those with self-reported psychological 
disorders would report lower adherence to health-related behaviors. 

Methods 

The full details of the 2015 HRBS design, sampling strategies, 
questionnaires, and primary results have been published (Meadows 
et al., 2018). Informed consent was required and obtained at the 
beginning of the survey, and responses were voluntary and anonymous. 
For the present secondary analyses, a de-identified public use data file 
was obtained from the Defense Health Agency. Because the data were 
previously collected and de-identified, the protocol for the present study 
was deemed exempt (not human subject research) by both the U.S. Army 
Research Institute of Environmental Medicine (Natick, MA) and the 
Office of the Assistant Secretary of Defense for Health Affairs/TRICARE 
Management Activity, Human Research Protection Office. 

Of 1,374,590 service members in the eligible population, 201 990 
were invited to participate in the anonymous HRBS online survey. The 
overall response rate was 8.6%; there were 16 699 usable, eligible re
sponses (Meadows et al., 2018). For the present analyses, only re
spondents with complete, relevant data were included (N=12 708). 
Comparisons of characteristics between included and excluded 

participants using unweightedt tests or chi-squared tests are available in 
Supplemental Table 1. 

All variables described below are derived from the questions and 
possible response sets in the 2015 HRBS questionnaire (Meadows et al., 
2018). 

Health behaviors 

Seven health-related behaviors were assessed: maintaining a healthy 
weight, moderate intensity physical activity (MPA), vigorous intensity 
physical activity (VPA), strength training, cigarette smoking, alcohol 
intake, and sleep. BMI (kg/m2) was pre-calculated in the publicly 
available data from reported height and weight and classified as <25.0, 
25–29.9, and ≥30.0 kg/m2. Respondents were asked about the fre
quency (“about every day” to “not at all in the past 30 days”) and 
duration (“60 or more minutes” to “never in the past month”) in unique 
questions addressing MPA, VPA, and strength training. Responses were 
recoded into: MPA: <150, 150–299, ≥300 min/wk; VPA: <75, 75–149, 
≥150 min/wk; and strength training: <1, 1–2, ≥3 d/wk. Current 
smoking (yes; no) was defined as smoking any cigarette in the past 30 
days based on questions about history and frequency of current smoking. 
Alcohol intake (drinks/wk) was coded based on the average frequency 
(“Never” to “Four or more times a week”) and amount of alcohol 
consumed on a drinking day (“1 or 2” to “10 or more”). In sensitivity 
analyses, alcohol intake was also categorized as abstainer (<12 lifetime 
drinks), former (≥12 lifetime drinks but 0 days of drinking in the last 12 
months), infrequent/light (≤3 drinks/wk in the past year), moderate 
(>3–≤14 drinks/wk for males, and >3–≤7 drinks/wk for females in the 
past year), and heavy (>14 drinks/wk for males, and >7 drinks/wk for 
females in the past year) (Centers for Disease Control and Prevention 
and National Center for Health Statistics, 2018). Participants reported 
hours of sleep in a typical 24-hr period on weekdays and weekend days. 
Hours were summed to a theoretical week and averaged for typical sleep 
(hrs/d). In sensitivity analyses, sleep was categorized as short (<7), 
normal (≥7–≤9), and long (>9 hrs/d) (Watson et al., 2015). 

Self-reported psychological disorders 

Self-reported symptoms of three psychological disorders were 
assessed in the same military population: GAD, depression, and PTSD 
(all yes; no). Self-reported GAD was assessed using the Generalized 
Anxiety Disorder 7-Item Scale (GAD-7) (Spitzer et al., 2006). The GAD-7 
assesses how often in the last 2 weeks (ranging from “not at all” 
[score=0] to “nearly every day” [score=3]) participants experienced 
one or more of seven symptoms (e.g., worrying, trouble relaxing, rest
lessness) which are key features of the Diagnostic and Statistical Manual 
of Mental Disorders (DSM)-IV diagnostic criteria (Spitzer et al., 2006). 
The score range is 0–21. Respondents with sum scores ≥10 (moderate) 
were categorized as having GAD (Meadows et al., 2018). 

Self-reported depression was assessed by the Patient Health 
Questionnaire-9 (PHQ-9), a brief depression screener that asks partici
pants on how many days in the past 2 weeks (ranging from “not at all” 
[score=0] to “nearly every day” [score=3]) they experienced depressive 
symptoms (e.g., feeling hopeless, having trouble falling asleep, disin
terestedness) (Kroenke et al., 2001). Symptoms captured align with the 
nine criteria for depression from the DSM-IV. The score range is 0–27. 
Respondents with summed scores ≥15 (moderate to severe sympto
mology) were categorized as having depression (Meadows et al., 2018, 
Kroenke et al., 2001). 

Self-reported PTSD was assessed using the PTSD Checklist–Civilian 
(PCL-C) scale which includes 17 items corresponding to key PTSD 
symptoms (Weathers et al., 1993). The PCL-C was used because it as
sesses PTSD symptoms related to all psychological traumas, not just 
those directly related to military service (Meadows et al., 2018). Par
ticipants were asked how much in the past 30 days (ranging from “not at 
all” [score=1] to “extremely” [score=5]) they had been bothered by 
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these symptoms. The score range is 17–85. Respondents with summed 
scores ≥50 (severe) were categorized as having PTSD (Meadows et al., 
2018). 

Sociodemographic variables and covariates 

Sociodemographic variables included sex, age, minority status, ed
ucation, service branch, pay grade, and marital status. Most variables 
were pre-grouped in the publicly available dataset to preserve partici
pant anonymity. For example, respondents were asked to report age, 
which was pre-grouped into categories: 17–24; 25–34; 35–44; ≥45 y. 
Respondents were also asked if they had ever been told by a doctor that 
they had any of nine medical conditions: high blood pressure, high blood 
sugar or diabetes, high cholesterol, respiratory problems, arthritis, heart 
disease or other heart condition, ulcer, skin cancer, or another type of 
cancer. Affirmative responses were summed for a count of total medical 
diagnoses. 

Several addictive behaviors were included as covariates: problematic 
drinking, illicit drug use, and prescription drug misuse. The Alcohol Use 
Disorders Identification Test for Consumption (AUDIT-C) was used to 
define self-reported hazardous drinking or an alcohol use disorder 
(Meadows et al., 2018, Bush et al., 1998, Bradley et al., 2007). Binge 
drinking was defined as any response >1 d in response to the question, 
“In the past 30 days, on how many days did you have 5 (male)/4 (fe
male) or more drinks on the same occasion?” Problematic drinking (yes; 
no) was defined as binge drinking on more than one occasion in the past 
month or a high AUDIT-C. Illicit drug use (yes; no) was defined as any 
reported use in the past year of one or more of 12 illicit substances, 
including marijuana. Misuse of prescription drugs (yes; no) was defined 
as any reported use without a prescription in the past year of stimulants, 
attention enhancers, sedatives, tranquilizers, muscle relaxers, barbitu
rates, pain relievers, anabolic steroids, or anti-depressants (Meadows 
et al., 2018). 

Deployment history and combat exposure, although assessed in the 
2015 HRBS, was not available in the publicly released data set. 

Statistical analysis 

All data and analyses were cross-sectional and included strata, 
clusters, and weights consistent with analyzing complex survey data. 
Characteristics (weighted least square means [SE] and N [weighted %]) 
of those participants with and without each psychological outcome were 
compared using least square adjusted means for continuous character
istics and Rao-Scott chi-squared tests for categorical characteristics. 

To assess associations between behaviors as exposures and self- 
reported psychological disorders as outcomes (Supplemental Figure 1), 
we estimated adjusted odds ratios (OR) and 95% confidence intervals 
(CI) of reporting each psychological disorder using logistic regression, as 
follows: model 1 included all behaviors simultaneously, and age, sex, 
minority status, and number of medical diagnoses (demographic 
model); model 2 adjusted for model 1 and marital status, education, 
service branch, and pay grade (social model); model 3 adjusted for 
model 2 plus problematic alcohol use, illicit drug use, and prescription 
drug misuse (mediating behavior model). A fourth model (psychological 
comorbidity model) further adjusted for the two psychological disorders 
that were not the outcome of interest in the specific model (e.g., where 
depression was the outcome of interest in the specific model, model 4 
adjusted for GAD and PTSD). 

To assess associations between disorders as exposures, with behav
iors as outcomes (Supplemental Figure 2), we estimated ORs (95%CIs) 
using logistic regression for behavior variables defined categorically, or 
least square means (SE) using linear regression for behavior variables 
defined continuously. Model 1 included age, sex, minority status, 
number of medical diagnoses, marital status, education, service branch, 
and pay grade (sociodemographic model); model 2 additionally 
included all behaviors that were not the outcome of interest in the 

specific model (behavioral model); model 3 additionally adjusted for 
problematic alcohol use, illicit drug use, and prescription drug misuse 
(mediating behavior model). Model 4 (psychological comorbidity 
model) further adjusted for the two psychological disorders that were 
not the exposure of interest in the specific model. 

The survey procedures available in SAS (v9.4, Cary, North Carolina) 
for complex survey design were used. Statistical significance was set at a 
two-tailed α=0.05. 

Role of the funding source: This work was supported by the US 
Army Medical Research and Development Command. The study sponsor 
had no role in the study design; in the collection, analysis, or interpre
tation of data; in the writing of the present report; or in the decision to 
submit the paper for publication. 

Results 

Of 12 708 eligible respondents with relevant data, 14.7% were fe
male and 28.2% were age 17− 24 y (Table 1). Of the behaviors, 13.7% 
were classified as obese; 36.5% reported <150 min/wk MPA; 49.7% 
reported <75 min/wk VPA; 14.2% were current smokers. Average sleep 
duration was 6.5 hr/night while alcohol intake was 3.8 drinks/wk. Of 
self-reported psychological disorders, 9.2%, 13.9%, and 8.2% scored as 
having depression, GAD, or PTSD, respectively (Table 1). In addition, 
83% reported no disorder, while 4.8% endorsed symptomology of all 
three (Supplemental Table 2). Age, sex, and minority status distributions 
were not statistically different by self-reported psychological disorder, 
but service branch, pay grade, and education were significantly associ
ated with presence of a disorder (Table 1). Self-reported GAD was sta
tistically significantly more prevalent in not married respondents 
(12.0%) than married respondents (8.8%) (Table 1). Respondents who 
self-reported symptomology of either PTSD, GAD, or depression re
ported higher alcohol intake, fewer hours of sleep, higher presence of 
obesity and smoking, less physical activity, and more problematic 
alcohol use, illicit drug use, and misuse of prescription drugs, compared 
to those who did not report these conditions (Table1). 

Results of adjusted logistic regressions of health behaviors as expo
sures with self-reported psychological disorders as outcomes (model 3) 
indicated that having obesity versus normal weight was associated with 
86%, 50%, and 23% higher odds of depression, GAD, and PTSD, 
respectively (Table2). Further adjusting for psychological comorbidity 
(model 4) reversed the odds of PTSD. Moderate (150–299 min/wk) and 
high (≥300 min/wk) levels of MPA vs. low MPA (<150 min/wk) were 
generally associated with lower odds of each psychological disorder, 
particularly PTSD. High (≥150 min/wk) levels of VPA vs. low VPA (<75 
min/wk) were generally associated with lower odds of each psycho
logical disorder, particularly GAD. Moderate (1–2 d/wk), but not high 
(≥3 d/wk) levels of strength training, vs. low strength training (<1 d/ 
wk) was associated with lower odds of depression and GAD, but not 
PTSD. Longer sleep, when modeled continuously, was associated with 
16%, 24%, and 32% lower odds per hr/d of depression, GAD, and PTSD, 
respectively. When modeled categorically, short sleep (<7 hrs/d), but 
not long sleep (>9 hrs/d), was significantly associated with higher odds 
of each psychological disorder compared with normal sleep (≥7–≤9 
hrs/d) (Supplemental Table3). Higher alcohol intake was associated 
with 3% and 2% higher odds for every additional drink per week of 
depression and PTSD, respectively (Table 2). When modeled categori
cally, being a heavy drinker vs. infrequent/light drinker was associated 
with higher odds of depression and GAD, as well as PTSD (but not after 
adjusting for depression and GAD). Other levels of drinking were var
iably associated with odds of psychological outcomes (Supplemental 
Table4). Current smoking vs. non-smoking was associated with 71% 
higher odds of GAD. Of problematic behaviors, problematic alcohol use 
was associated with lower odds of depression, and higher odds of GAD, 
after adjusting for psychological comorbidities (Table 2). Illicit drug use 
was associated with higher odds of each condition before adjusting for 
psychological comorbidities, and remained significant only for PTSD 
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Table 1 
Characteristics of 12 708 respondents to the 2015 Health Related Behaviors Survey in US military personnel, by total sample and self-reported psychological disorder.*    

Total 
Sample 

PTSD GAD Depression    

No Yes  No Yes  No Yes  
N  12,708 11,974 734  11,455 1253  11,974 734  
Characteristics Category Mean 

(SEM) or N 
(wgt. %) 

Mean 
(SEM) or N 
(wgt. %) 

Mean 
(SEM) or N 
(wgt. %) 

P 
value 

Mean 
(SEM) or N 
(wgt. %) 

Mean 
(SEM) or N 
(wgt. %) 

P 
value 

Mean 
(SEM) or N 
(wgt. %) 

Mean 
(SEM) or N 
(wgt. %) 

P 
value 

Medical 
diagnoses ever 

— 0.7 (0.0) 0.6 (0.0) 1.4 (0.1) <.0001 0.6 (0.0) 1.1 (0.1) 0.0003 0.6 (0.0) 1.3 (0.1) 0.0002 

Sleep, hrs/night — 6.5 (0.1) 6.6 (0.0) 5.6 (0.1) <.0001 6.7 (0.1) 5.8 (0.1) <.0001 6.6 (0.1) 5.8 (0.0) <.0001 
Alcohol, drinks/ 

wk 
— 3.8 (0.4) 3.5 (0.3) 7.8 (2.0) 0.04 3.4 (0.3) 6.6 (1.2) 0.006 3.4 (0.2) 7.7 (2.0) 0.04 

PHQ-9 Depression 
Scale 

— 4.9 (0.3) 3.9 (0.2) 16.4 (0.3) <.0001 3.3 (0.2) 15.0 (0.4) <.0001 3.4 (0.2) 19.4 (0.3) <.0001 

GAD-7 Anxiety 
Scale 

— 3.8 (0.3) 2.8 (0.2) 14.5 (0.6) <.0001 2.0 (0.1) 14.8 (0.2) <.0001 2.7 (0.2) 14.3 (0.2) <.0001 

PCL Scale for 
PTSD 

— 26.1 (0.6) 22.9 (0.3) 62.8 (1.2) <.0001 22.3 (0.3) 49.8 (1.7) <.0001 23.5 (0.4) 52.5 (1.4) <.0001 

Age group, y 17–24 1448 (28.2) 1361 (28.5) 87 (24.3) 0.78 1244 (27.3) 204 (33.8) 0.10 1328 (27.4) 120 (36.0) 0.19  
25–34 4611 (41.7) 4378 (41.6) 233 (42.5)  4160 (41.9) 451 (40.6)  4349 (42.0) 262 (38.5)   
35–44 4682 (23.0) 4394 (22.9) 288 (23.9)  4239 (23.6) 443 (19.5)  4434 (23.5) 248 (18.0)   
≥45 1967 (7.1) 1841 (6.9) 126 (9.3)  1812 (7.3) 155 (6.1)  1863 (7.1) 104 (7.5)  

Sex Male 8068 (85.3) 7650 (85.4) 418 (83.4) 0.67 7387 (85.9) 681 (81.4) 0.38 7661 (85.4) 407 (83.4) 0.70  
Female 4640 (14.7) 4324 (14.6) 316 (16.6)  4068 (14.1) 572 (18.6)  4313 (14.6) 327 (16.6)  

Service Army 2407 (38.0) 2168 (37.0) 239 (49.8) <.0001 2068 (37.4) 339 (41.7) <.0001 2185 (37.4) 222 (44.4) <.0001  
Navy 2309 (22.9) 2160 (22.8) 149 (24.6)  2049 (22.4) 260 (26.1)  2154 (22.7) 155 (24.6)   
Marine 
Corps 

1666 (14.1) 1537 (14.0) 129 (15.8)  1457 (13.1) 209 (20.6)  1544 (13.4) 122 (21.5)   

Air Force 2977 (21.6) 2884 (22.8) 93 (8.2)  2802 (23.5) 175 (9.7)  2885 (23.0) 92 (8.0)   
Coast Guard 3349 (3.3) 3225 (3.5) 124 (1.6)  3079 (3.5) 270 (1.9)  3206 (3.5) 143 (1.6)  

Pay grade Enlisted 7422 (82.0) 6850 (81.1) 572 (91.6) <.0001 6476 (80.3) 946 (92.4) <.0001 6867 (80.9) 555 (92.5) <.0001  
Officer 5286 (18.0) 5124 (18.9) 162 (8.4)  4979 (19.7) 307 (7.5)  5107 (19.1) 179 (7.5)  

Marital status Married 8537 (57.1) 8117 (57.1) 420 (57.4) 0.93 7785 (57.8) 752 (53.1) 0.02 8135 (57.6) 402 (52.5) 0.34  
Not married 4171 (42.9) 3857 (42.9) 314 (42.6)  3670 (42.2) 501 (46.9)  3839 (42.4) 332 (47.6)  

Minority Non- 
minority 

8567 (60.8) 8159 (61.2) 408 (56.6) 0.79 7798 (60.8) 769 (60.8) 0.99 8126 (60.9) 441 (60.2) 0.82  

Minority 4141 (39.2) 3815 (38.8) 326 (43.4)  3657 (39.2) 484 (39.2)  3848 (39.1) 293 (39.8)  
Education High school 1197 (20.2) 1104 (20.1) 93 (20.8) 0.11 1020 (19.5) 177 (24.2) 0.0002 1095 (19.8) 102 (23.7) 0.0004  

Some 
college 

4449 (46.8) 4103 (46.0) 346 (56.3)  3870 (45.5) 579 (55.0)  4106 (45.7) 343 (58.3)   

College 7062 (33.0) 6767 (33.9) 295 (22.9)  6565 (35.0) 497 (20.7)  6773 (34.5) 289 (18.0)  
BMI category, kg/ 

m2 
<18.5 72 (0.5) 65 (0.5) 7 (0.4) 0.0002 64 (0.4) 8 (0.7) <.0001 67 (0.5) 5 (0.3) <.0001  

18.5–24.9 4484 (33.4) 4270 (34.1) 214 (25.8)  4082 (34.1) 402 (28.9)  4269 (34.2) 215 (25.3)   
25–29.9 6540 (52.4) 6171 (52.5) 369 (51.5)  5906 (52.8) 634 (50.3)  6173 (52.6) 367 (51.1)   
≥30 1612 (13.7) 1468 (12.9) 144 (22.2)  1403 (12.6) 209 (20.0)  1465 (12.7) 147 (23.3)  

Sleep, hrs/night <7 7280 (61.4) 6660 (59.3) 620 (85.6) <.0001 6302 (58.5) 978 (79.3) <.0001 6697 (59.4) 583 (81.5) <.0001  
7–≤9 5302 (37.4) 5199 (39.6) 103 (12.6)  5047 (40.3) 255 (19.3)  5168 (39.5) 134 (16.6)   
>9 126 (1.2) 115 (1.1) 11 (1.8)  106 (1.2) 20 (1.4)  109 (1.1) 17 (2.0)  

MPA, min/wk <150 5133 (36.5) 4774 (34.9) 359 (53.7) <.0001 4531 (34.7) 602 (47.1) <.0001 4752 (34.9) 381 (52.2) <.0001  
150–299 5047 (39.1) 4799 (39.9) 248 (30.0)  4614 (40.2) 433 (32.4)  4822 (40.3) 225 (27.3)   
≥300 2528 (24.5) 2401 (25.2) 127 (16.3)  2310 (25.1) 218 (20.5)  2400 (24.9) 128 (20.5)  

VPA, min/wk <75 6939 (49.7) 6461 (48.2) 478 (65.9) 0.001 6146 (47.8) 793 (61.3) <.0001 6449 (48.3) 490 (63.9) <.0001  
75–149 1134 (8.7) 1087 (8.9) 47 (6.0)  1035 (8.8) 99 (7.7)  1083 (8.8) 51 (7.6)   
≥150 4635 (41.6) 4426 (42.8) 209 (28.0)  4274 (43.3) 361 (31.0)  4442 (43.0) 193 (28.4)  

Strength training, 
d/wk 

<1 4064 (29.6) 3734 (28.3) 330 (44.3) <.0001 3507 (27.6) 557 (42.0) <.0001 3696 (27.9) 368 (45.8) <.0001  

1–2 3644 (25.0) 3483 (25.4) 161 (19.9)  3362 (26.0) 282 (18.8)  3494 (25.7) 150 (17.8)   
≥3 5000 (45.5) 4757 (46.3) 243 (35.8)  4586 (46.5) 414 (39.2)  4784 (46.4) 216 (36.4)  

Current smoker No 11,676 
(85.8) 

11,083 
(86.8) 

593 (73.9) <.0001 10,633 
(87.8) 

1043 
(73.3) 

<.0001 11,074 
(86.9) 

602 (74.4) 0.001  

Yes 1032 (14.2) 891 (13.2) 141 (26.1)  822 (12.2) 210 (26.7)  900 (13.1) 132 (25.6)  
Drinking status Abstainer 948 (12.3) 884 (12.5) 64 (9.5) <.0001 862 (12.7) 86 (9.7) <.0001 884 (12.4) 64 (11.0) <.0001  

Former 1141 (9.6) 1041 (9.5) 100 (10.8)  985 (9.6) 156 (9.6)  1051 (9.5) 90 (10.5)   
Infrequent/ 
light 

6755 (47.6) 6435 (48.4) 320 (38.0)  6194 (49.3) 561 (36.9)  6443 (48.8) 312 (35.6)   

Moderate 2921 (22.4) 2790 (22.7) 131 (19.0)  2668 (22.1) 253 (24.3)  2790 (22.8) 131 (18.2)   
Heavy 943 (8.2) 824 (6.9) 119 (22.7)  746 (6.3) 197 (19.6)  806 (6.5) 137 (24.7)  

Problematic 
alcohol use†

No 7214 (55.7) 6825 (56.7) 389 (43.9) 0.0001 6584 (57.9) 630 (42.0) <.0001 6840 (56.8) 374 (44.7) <.0001  

Yes 5494 (44.3) 5149 (43.3) 345 (56.1)  4871 (42.1) 623 (58.0)  5134 (43.2) 360 (55.3)  
Illicit drug use, 

last year 
No 12,661 

(99.1) 
11940 
(99.7) 

721 (93.3) <.0001 11421 
(99.6) 

1240 
(96.2) 

<.0001 11940 
(99.5) 

721 (95.0) <.0001  

Yes 47 (0.9) 34 (0.3) 13 (6.7)  34 (0.4) 13 (3.8)  34 (0.4) 13 (5.0)  
No 675 (92.4) <.0001 <.0001 682 (92.6) <.0001 
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after adjustment. Misuse of prescription drugs, with and without 
adjusting for psychological comorbidities, was significant only for odds 
of depression (Table 2). 

Results of logistic regressions of disorders as exposures, with health 
behaviors as outcomes, indicated that, prior to adjusting for psycho
logical comorbidities, those with self-reported depression vs. those 
without had higher odds of low MPA and VPA, fewer days of strength 
training, obesity, and current smoking, as well as fewer hours of sleep 
(Table 3). After adjusting for psychological comorbidity, associations 
were attenuated to non-significance except for low strength training, 
obesity, and sleep. Similarly, those with self-reported GAD vs. those 
without had higher odds of low MPA and VPA, fewer days of strength 
training, obesity, and current smoking, and fewer hours of sleep and 
higher alcohol intake, prior to adjusting for psychological comorbidity. 
After adjustment, associations were again attenuated, but remained 
significant for obesity, smoking, and sleep. Those with self-reported 
PTSD vs. those without had higher odds of low MPA and VPA, fewer 
days of strength training, and fewer hours of sleep, prior to adjusting for 
psychological comorbidity. After adjustment, associations were attenu
ated, and remained significant only for sleep. In sensitivity analyses with 
sleep or alcohol intake modeled categorically, each psychological dis
order was significantly associated with higher odds of short sleep in fully 
adjusted models (Supplemental Table 5); and those with any psycho
logical disorder vs. those without had higher odds of being heavy vs. 
infrequent/light drinker, although associations for PTSD were attenu
ated in more fully adjusted models (Supplemental Table 6). 

Discussion 

We observed bidirectional associations between several health- 
related behaviors, most consistently sleep and obesity, and self- 
reported symptomology of psychological disorders. While exercise, 
smoking, and alcohol intake also showed bidirectional associations with 
psychological disorders, models that adjusted for comorbid psycholog
ical disorders appeared to identify behaviors that may be especially 
worthy of interventions designed to reduce the risk of a specific disorder. 
For example, current smoking was consistently bidirectionally associ
ated across all models with GAD, but not with depression or PTSD after 
adjusting for GAD. Healthcare providers may thus be guided to specif
ically address smoking when individuals present with GAD. 

Sleep 

Fewer hours of sleep and short sleep were associated with higher 
odds of each condition, and conversely, those with self-reported disor
ders had higher odds of fewer hours of sleep, and higher odds of short 
sleep, even after adjusting for all other health-related behaviors and 
psychological comorbidities. These findings are consistent theoretically 
and in the context of prior literature. Diagnostic criteria for PTSD, GAD, 
and major depressive disorder include sleep disturbance (American 
Psychiatric Association, 2000, American Psychiatric Association, 2013), 
and sleep-related questions are components of the PCL-C and PHQ-9 
assessment instruments, while “trouble relaxing” is a component of 
the GAD-7. Studies suggest short sleep duration, insomnia, and other 
sleep disturbance are potential risk factors for and consequences of poor 
mental health (Biddle et al., 2019, Alvaro et al., 2013, Li et al., 2018, 
Osgood et al., 2019, Gehrman et al., 2013). Interrelationships and 
etiological trajectories of sleep disturbance, anxiety, depression, and 
PTSD, are complex and comorbid (Li et al., 2018, Jansson-Fröjmark and 
Lindblom, 2008, Johnson et al., 2006, Jacobson and Newman, 2017). 
Whether anxiety etiologically precedes sleep disturbance and depres
sion, the high prevalence of anxiety, depression, and short sleep in this 
population may signal a future mental health burden. For example, 
military personnel with insomnia or short sleep, and subsequent trauma 
exposure, were at higher risk of developing PTSD (Gehrman et al., 
2013), and sleep disturbance in the context of PTSD may alter other 
health-related behaviors, such as physical activity and substance use 
(Osgood et al., 2019, Talbot et al., July 15, 2014). 

Obesity 

We observed consistent bidirectional relationships between obesity 
and anxiety and depression, but not PTSD. Obesity, but not overweight 
or underweight (the latter potentially due to low prevalence in the 
sample), was associated with higher odds of depression and anxiety 
while those with depression or anxiety had higher odds of obesity. Re
lationships between obesity, depression, anxiety, and PTSD have been 
estimated in prior studies using cross-sectional and longitudinal ap
proaches, often with bidirectional analyses in both cross-sectional and 
longitudinal approaches (Smith et al., 2014, Speed et al., 2019, Rush 
et al., 2016, Smith et al., 2015, Kivimaki et al., 2009, Hoerster et al., 
2019, LeardMann et al., 2015, Pan et al., 2012, Luppino et al., 2010). 

Table 1 (continued )   

Total 
Sample 

PTSD GAD Depression    

No Yes  No Yes  No Yes  
N  12,708 11,974 734  11,455 1253  11,974 734  
Characteristics Category Mean 

(SEM) or N 
(wgt. %) 

Mean 
(SEM) or N 
(wgt. %) 

Mean 
(SEM) or N 
(wgt. %) 

P 
value 

Mean 
(SEM) or N 
(wgt. %) 

Mean 
(SEM) or N 
(wgt. %) 

P 
value 

Mean 
(SEM) or N 
(wgt. %) 

Mean 
(SEM) or N 
(wgt. %) 

P 
value 

Misuse 
prescription 
drugs 

12249 
(96.1) 

11574 
(96.4) 

11075 
(96.3) 

1174 
(94.3) 

11567 
(96.4)  

Yes 459 (3.9) 400 (3.6) 59 (7.6)  380 (3.7) 79 (5.7)  407 (3.6) 52 (7.4)  
PTSD No 11,974 

(91.8) 
– –  11,275 

(98.2) 
699 (52.6) <.0001 11,647 

(96.7) 
327 (43.7) <.0001  

Yes 734 (8.2) – –  180 (1.8) 554 (47.4)  327 (3.3) 407 (56.3)  
GAD No 11,455 

(86.1) 
11,275 
(92.0) 

180 (19.4) <.0001 – –  11,292 
(92.7) 

163 (20.9) <.0001  

Yes 1253 (13.9) 699 (8.0) 554 (80.6)  – –  682 (7.3) 571 (79.1)  
Depression No 11,974 

(90.8) 
11,647 
(95.6) 

327 (36.7) <.0001 11,292 
(97.8) 

682 (47.7) <.0001 – –   

Yes 734 (9.2) 327 (4.4) 407 (63.3)  163 (2.2) 571 (52.3)  – –  

Abbreviations: GAD, generalized anxiety disorder; GAD-7, Generalized Anxiety Disorder 7-Item Scale; MPA, moderate intensity physical activity; PHQ-9, Patient 
Health Questionnaire-9; PCL, PTSD Checklist-Civilian; PTSD, post-traumatic stress disorder; VPA, vigorous intensity physical activity. 

* Continuous characteristics are presented as weighted mean (SEM); categorical characteristics as N (weighted %). P values for differences between least square 
means by psychological disorder for continuous variables, and Rao-Scott modified chi-square test for categorical variables. 

† Any binge drinking past month or high AUDIT-C. 

A. Hruby et al.                                                                                                                                                                                                                                  



Journal of Affective Disorders 283 (2021) 84–93

89

Table 2. 
Odds of self-reported psychological disorders by health-related behaviors in 12 708 respondents to the 2015 Health Related Behaviors Survey in US military personnel. 
*    

OR (95%CI) of depression OR (95%CI) of GAD Odds ratios of PTSD 
Behavior Category Model 

1 
Model 
2 

Model 
3 

Model 4 Model 
1 

Model 
2 

Model 
3 

Model 4 Model 
1 

Model 
2 

Model 3 Model 4 

BMI category, 
kg/m2 

<18.5 0.60 
(0.10, 
3.56) 

0.69 
(0.11, 
4.38) 

0.69 
(0.10, 
4.58) 

0.25 
(0.03, 
2.52) 

2.42 
(0.85, 
6.87) 

2.77 
(0.94, 
8.20) 

2.94 
(0.95, 
9.09) 

3.99 
(0.71, 
22.24) 

1.02 
(0.21, 
4.92) 

1.10 
(0.22, 
5.56) 

1.16 
(0.21, 
6.47) 

0.90 
(0.13, 
6.29)  

18.5–24.9 
(ref.) 

1 1 1 1 1 1 1 1 1 1 1 1  

25–29.9 1.16 
(0.85, 
1.60) 

1.13 
(0.82, 
1.57) 

1.12 
(0.87, 
1.45) 

1.26 
(0.93, 
1.69) 

1.02 
(0.83, 
1.26) 

1.00 
(0.81, 
1.24) 

0.97 
(0.82, 
1.15) 

0.94 
(0.79, 
1.13) 

0.95 
(0.62, 
1.44) 

0.92 
(0.60, 
1.41) 

0.89 
(0.67, 
1.18) 

0.79 
(0.60, 
1.05)  

≥30 1.93 
(1.59, 
2.35) 

1.88 
(1.67, 
2.11) 

1.86 
(1.71, 
2.03) 

1.77 
(1.21, 
2.59) 

1.57 
(1.37, 
1.80) 

1.54 
(1.27, 
1.86) 

1.50 
(1.23, 
1.84) 

1.29 
(1.00, 
1.67) 

1.35 
(1.10, 
1.66) 

1.28 
(1.04, 
1.57) 

1.23 
(1.04, 
1.46) 

0.82 
(0.69, 
0.97) 

MPA, min/wk <150 (ref.) 1 1 1 1 1 1 1 1 1 1 1 1  
150–299 0.61 

(0.46, 
0.82) 

0.59 
(0.44, 
0.77) 

0.58 
(0.42, 
0.80) 

0.67 
(0.43, 
1.04) 

0.77 
(0.63, 
0.95) 

0.74 
(0.60, 
0.91) 

0.75 
(0.59, 
0.94) 

0.97 
(0.74, 
1.28) 

0.62 
(0.49, 
0.80) 

0.59 
(0.47, 
0.75) 

0.59 
(0.47, 
0.73) 

0.65 
(0.45, 
0.96)  

≥300 (ref.) 0.83 
(0.62, 
1.10) 

0.78 
(0.56, 
1.08) 

0.79 
(0.58, 
1.09) 

0.97 
(0.62, 
1.50) 

0.82 
(0.71, 
0.95) 

0.78 
(0.65, 
0.93) 

0.81 
(0.68, 
0.95) 

1.03 
(0.79, 
1.33) 

0.55 
(0.45, 
0.66) 

0.50 
(0.42, 
0.60) 

0.51 
(0.39, 
0.66) 

0.35 
(0.17, 
0.73) 

VPA, min/wk <75 (ref.) 1 1 1 1 1 1 1 1 1 1 1 1  
75–149 0.88 

(0.62, 
1.27) 

0.92 
(0.60, 
1.40) 

0.96 
(0.64, 
1.43) 

1.24 
(0.89, 
1.72) 

0.86 
(0.68, 
1.08) 

0.90 
(0.70, 
1.15) 

0.93 
(0.74, 
1.17) 

0.98 
(0.54, 
1.75) 

0.73 
(0.26, 
2.10) 

0.75 
(0.24, 
2.32) 

0.80 
(0.25, 
2.57) 

0.77 
(0.17, 
3.40)  

≥150 0.64 
(0.53, 
0.77) 

0.64 
(0.53, 
0.76) 

0.66 
(0.53, 
0.82) 

0.83 
(0.57, 
1.21) 

0.67 
(0.58, 
0.79) 

0.68 
(0.59, 
0.79) 

0.69 
(0.60, 
0.79) 

0.77 
(0.61, 
0.97) 

0.67 
(0.58, 
0.77) 

0.65 
(0.58, 
0.74) 

0.68 
(0.59, 
0.80) 

0.86 
(0.69, 
1.07) 

Strength 
training, d/ 
wk 

<1 (ref.) 1 1 1 1 1 1 1 1 1 1 1 1  

1–2 0.58 
(0.48, 
0.70) 

0.59 
(0.47, 
0.75) 

0.61 
(0.50, 
0.74) 

0.60 
(0.47, 
0.77) 

0.63 
(0.52, 
0.78) 

0.64 
(0.53, 
0.78) 

0.66 
(0.53, 
0.82) 

0.73 
(0.54, 
0.99) 

0.74 
(0.50, 
1.10) 

0.74 
(0.48, 
1.14) 

0.77 
(0.54, 
1.10) 

1.15 
(0.82, 
1.60)  

≥3 0.81 
(0.60, 
1.10) 

0.80 
(0.56, 
1.15) 

0.77 
(0.52, 
1.14) 

0.68 
(0.47, 
1.00) 

0.90 
(0.60, 
1.35) 

0.89 
(0.59, 
1.34) 

0.88 
(0.55, 
1.42) 

0.97 
(0.59, 
1.58) 

0.99 
(0.80, 
1.21) 

1.00 
(0.80, 
1.24) 

0.95 
(0.71, 
1.28) 

1.20 
(1.01, 
1.42) 

Sleep per hr/ 
night 

0.59 
(0.56, 
0.61) 

0.60 
(0.58, 
0.63) 

0.60 
(0.56, 
0.64) 

0.84 
(0.81, 
0.87) 

0.58 
(0.54, 
0.62) 

0.60 
(0.55, 
0.66) 

0.60 
(0.54, 
0.66) 

0.76 
(0.68, 
0.86) 

0.51 
(0.45, 
0.58) 

0.53 
(0.47, 
0.61) 

0.52 
(0.44, 
0.61) 

0.68 
(0.59, 
0.78) 

Alcohol per drink/ 
wk 

1.04 
(1.02, 
1.06) 

1.04 
(1.02, 
1.06) 

1.04 
(1.02, 
1.06) 

1.03 
(1.01, 
1.06) 

1.03 
(1.03, 
1.04) 

1.03 
(1.03, 
1.03) 

1.02 
(1.01, 
1.03) 

1.00 
(0.98, 
1.02) 

1.04 
(1.03, 
1.05) 

1.04 
(1.03, 
1.05) 

1.03 
(1.01, 
1.05) 

1.02 
(1.00, 
1.05) 

Smoking 
status 

Non- 
smoker 
(ref.) 

1 1 1 1 1 1 1 1 1 1 1 1  

Current 
smoker 

1.48 
(1.11, 
1.98) 

1.31 
(1.05, 
1.64) 

1.28 
(0.98, 
1.66) 

0.83 
(0.68, 
1.02) 

1.91 
(1.57, 
2.32) 

1.70 
(1.41, 
2.07) 

1.60 
(1.31, 
1.96) 

1.71 
(1.21, 
2.41) 

1.71 
(1.25, 
2.35) 

1.53 
(1.20, 
1.96) 

1.42 
(1.03, 
1.96) 

1.07 
(0.68, 
1.70) 

Problematic 
alcohol use†

No (ref.)   1 1   1 1   1 1  

Yes   0.86 
(0.73, 
1.01) 

0.63 
(0.45, 
0.88)   

1.25 
(0.97, 
1.62) 

1.56 
(1.21, 
2.01)   

1.02 
(0.60, 
1.72) 

0.93 
(0.42, 
2.10) 

Illicit drug 
use, past yr 

No (ref.)   1 1   1 1   1 1  

Yes   9.71 
(1.85, 
50.89) 

1.69 
(0.22, 
13.08)   

7.66 
(1.90, 
30.83) 

1.04 
(0.28, 
3.80)   

21.11 
(5.01, 
88.92) 

11.69 
(4.01, 
34.09) 

Misuse 
prescription 
drugs, past 
yr 

No (ref.)   1 1   1 1   1 1  

Yes   1.53 
(1.12, 
2.09) 

1.71 
(1.27, 
2.29)   

1.14 
(0.73, 
1.79) 

0.85 
(0.41, 
1.77)   

1.31 
(0.95, 
1.81) 

0.99 
(0.54, 
1.82) 

Depression No (ref.)        1    1  
Yes        16.18 

(13.65, 
19.18)    

5.66 
(3.69, 
8.66) 

GAD No (ref.)    1        1  
Yes    17.10 

(14.39, 
20.34)        

16.05 
(8.03, 
32.07) 

(continued on next page) 
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Depression may be causally related to obesity by diminishing interest or 
ability to engage in health-related behaviors such as exercise and restful 
sleep. However, the bidirectional associations in the present study 
remained robust after adjusting for all health-related behaviors sug
gesting alternate mechanisms in the present population (e.g., genetic 
influences (Speed et al., 2019, Kivimaki et al., 2011, Morris et al., 2019), 
hypothalamic-pituitary-adrenal (HPA) axis dysregulation, social/
occupational pressure (Pan et al., 2012, Luppino et al., 2010). 

Not all research supports relationships between obesity and depres
sion or other psychological disorders. The Whitehall II Cohort Study in 
U.K. civil service employees (mean age 44 years at baseline) found no 
association between obesity and incident “common” psychological 

disorders over 19-year follow-up (Kivimaki et al., 2009). However, the 
authors observed significant reverse associations: psychological disor
ders, in cumulative fashion, predicted incident obesity; chronic or 
repeated episodes increased risk of weight gain. 

We did not observe associations between obesity and self-reported 
PTSD after adjusting for GAD and depression. This is in contrast to 
some studies that have reported links between PTSD, with or without 
depression, and prevalent and incident obesity or weight gain (Smith 
et al., 2014, Smith et al., 2015, Hoerster et al., 2019, LeardMann et al., 
2015). It is possible that in the present study, GAD and depression 
accounted for most of the PTSD-obesity association. For example, in a 
study of Veterans, Hoerster, et al. concluded that PTSD symptoms 

Table 2. (continued )   

OR (95%CI) of depression OR (95%CI) of GAD Odds ratios of PTSD 
Behavior Category Model 

1 
Model 
2 

Model 
3 

Model 4 Model 
1 

Model 
2 

Model 
3 

Model 4 Model 
1 

Model 
2 

Model 3 Model 4 

PTSD No (ref.)    1    1      
Yes    5.70 

(3.34, 
9.74)    

15.70 
(7.74, 
31.86)     

Abbreviations: GAD, generalized anxiety disorder; MPA, moderate intensity physical activity; PTSD, post-traumatic stress disorder; VPA, vigorous intensity physical 
activity. 

* Associations presented as adjusted odds ratios (95% CI). All models incorporated strata, clusters, and weights to account for the complex survey design. Model 1, 
behavioral and demographic model: adjusted for all behavioral variables simultaneously, and age (17–24, 25–34, 35–44, ≥45 y), sex (male, female), race (minority, 
non-minority), history of medical diagnoses (continuous, 0–9). Model 2, social model: adjusted for model 1, plus service branch (Army, Navy, Marines, Air Force, Coast 
Guard), marital status (married, unmarried), education (high school, some college, college degree), and pay grade (Officer, Enlisted). Model 3, problematic behavior 
model: adjusted for model 2, plus problematic alcohol use, illicit drug use, and misuse of prescription drugs (all yes/no). Model 4,psychological comorbidity model: 
adjusted for model 3, plus the other 2 possible psychological comorbidities (all yes/no). 

† Any binge drinking past month or high AUDIT-C. 

Table 3. 
Odds of health-related behaviors by presence of self-reported psychological disorderin 12 708 respondents to the 2015 Health Related Behaviors Survey in US military 
personnel.*    

Low MPA 
(<150 min/wk) 

Low VPA 
(<75 min/wk) 

Low strength 
training (<1 d/wk) 

Obesity (BMI 
≥30 kg/m2) 

Current 
smoking 

Sleep, hr/night Alcohol, drink/ 
wk 

Mental health 
condition 

Model OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) OR (95%CI) b (SE) P b (SE) P 

Depression (yes v. 
no) 

1 1.99 (1.82, 2.18) 1.81 (1.51, 
2.18) 

2.14 (1.79, 2.55) 1.87 (1.39, 2.51) 1.79 (1.18, 
2.72) 

-0.74 
(0.02) 

<.0001 3.66 
(1.55) 

0.04  

2 1.53 (1.26, 1.85) 1.48 (1.35, 
1.63) 

1.45 (1.29, 1.63) 1.75 (1.35, 2.26) 1.30 (1.08, 
1.57) 

-0.68 
(0.04) 

<.0001 2.93 
(1.43) 

0.07  

3 1.52 (1.21, 1.91) 1.43 (1.33, 
1.54) 

1.47 (1.26, 1.71) 1.76 (1.38, 2.24) 1.27 (1.00, 
1.62) 

-0.70 
(0.03) 

<.0001 2.54 
(1.31) 

0.08  

4 1.25 (0.93, 1.69) 1.17 (0.96, 
1.42) 

1.39 (1.15, 1.67) 1.61 (1.25, 2.06) 0.93 (0.75, 
1.14) 

-0.19 
(0.06) 

0.006 1.95 
(1.08) 

0.10 

GAD (yes v. no) 1 1.64 (1.40, 1.92) 1.64 (1.28, 
2.09) 

1.84 (1.46, 2.32) 1.61 (1.17, 2.22) 2.11 (1.59, 
2.80) 

-0.73 
(0.02) 

<.0001 2.81 
(0.68) 

0.002  

2 1.32 (1.13, 1.55) 1.42 (1.20, 
1.67) 

1.32 (1.06, 1.65) 1.54 (1.13, 2.09) 1.73 (1.47, 
2.03) 

-0.68 
(0.02) 

<.0001 2.07 
(0.51) 

0.002  

3 1.31 (1.09, 1.57) 1.40 (1.20, 
1.63) 

1.31 (1.01, 1.71) 1.53 (1.17, 2.00) 1.62 (1.37, 
1.92) 

-0.69 
(0.03) 

<.0001 1.42 
(0.56) 

0.03  

4 1.01 (0.81, 1.25) 1.21 (0.90, 
1.62) 

1.19 (0.86, 1.63) 1.34 (1.17, 1.52) 1.70 (1.27, 
2.27) 

-0.38 
(0.09) 

0.001 0.05 
(0.48) 

0.92 

PTSD (yes v. no) 1 2.09 (1.62, 2.69) 1.94 (1.68, 
2.24) 

1.94 (1.65, 2.29) 1.43 (0.83, 2.45) 1.98 (1.42, 
2.77) 

-0.90 
(0.07) 

<.0001 3.65 
(1.39) 

0.03  

2 1.71 (1.40, 2.08) 1.53 (1.18, 
1.98) 

1.18 (1.00, 1.40) 1.29 (0.75, 2.20) 1.40 (1.08, 
1.81) 

-0.86 
(0.08) 

<.0001 2.87 
(1.25) 

0.04  

3 1.71 (1.38, 2.11) 1.48 (1.14, 
1.93) 

1.18 (1.01, 1.38) 1.28 (0.80, 2.03) 1.30 (0.92, 
1.83) 

-0.89 
(0.07) 

<.0001 2.26 
(1.32) 

0.12  

4 1.51 (0.98, 2.33) 1.22 (0.82, 
1.82) 

0.90 (0.69, 1.18) 0.82 (0.50, 1.33) 0.97 (0.60, 
1.55) 

-0.53 
(0.12) 

0.001 1.21 
(0.96) 

0.24 

Abbreviations: GAD, generalized anxiety disorder; MPA, moderate intensity physical activity; PTSD, post-traumatic stress disorder; VPA, vigorous intensity physical 
activity. 

* Associations presented as adjusted odds ratios (95% CI) or adjusted b (SE). All models incorporated strata, clusters, and weights to account for the complex survey 
design. Model 1, demographic model: adjusted for age (17-24, 25-34, 35-44, ≥45 y), sex (male, female), race (minority, non-minority), and history of medical di
agnoses (continuous, 0-9). Model 2, sociobehavioral model: adjusted as for model 1, plus all behaviors which are not the behavioral outcome of interest, service branch 
(Army, Navy, Marines, Air Force, Coast Guard), marital status (married, unmarried), education (high school, some college, college degree), and pay grade (Officer, 
Enlisted). Model 3, problematic behavior model: adjusted as for model 2, plus problematic drinking, drug use in the past year, misuse of prescription drugs in the past 
year (all yes/no). Model 4, psychological comorbidity model: adjusted for model 3, plus the other 2 possible psychological comorbidities (all yes/no). 
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predicted BMI due to depression (Hoerster et al., 2019), a conclusion 
broadly consistent with the observations of the present study. 

Physical activity 

Decades of evidence support relationships between physical activity 
and mental health, and indicate modest physical activity prevents 
mental health disorders and/or leads to improved symptomology 
(Chekroud et al., 2018, Schuch et al., 2018, Azevedo Da Silva et al., 
2012, Rush et al., 2016, Stubbs et al., 2017). However, there may be an 
upper threshold for this effect: moderate levels of activity appear 
favorable, excess levels may not be (Chekroud et al., 2018). Data from 
the present analyses are somewhat supportive of this idea, for example, 
MPA, at 150–299 min/wk, was associated with lower odds of depres
sion, while higher levels of activity did not confer clear additional 
benefit. Thus, for specific psychological disorders, certain types and 
durations of exercise may be better than others. Results were particu
larly strong for VPA and anxiety, and MPA and PTSD, supporting studies 
showing higher levels of activity reduce both anxious state and trait 
symptomology (Stubbs et al., 2017, Gordon et al., 2017, Ensari et al., 
2015). characteristics of both GAD and PTSD. 

Alcohol intake 

We observed alcohol intake was associated with higher odds of 
mental health symptomology, while problematic drinking was associ
ated with higher odds of GAD, and lower odds of depression. Mental 
health conditions were not consistently associated with higher alcohol 
consumption after adjusting for all other health-related behaviors, 
although the directionality of these associations suggest a higher num
ber of drinks per week among those with self-reported psychological 
disorders, even after accounting for problematic drinking behavior. 
When alcohol intake was modeled categorically, heavy drinking 
(habitual drinking) was more likely in the presence of GAD or depres
sion, and problematic alcohol use in PTSD may be more episodic than 
habitual. Misuse of prescription drugs was associated with depression; 
and, illicit drug use, although reported in <1% of this sample, was 
associated with all three psychological disorders prior to adjustment for 
psychological comorbidity. Of note, low reported illicit drug use may be 
attributable to regulations requiring all Active Duty personnel to be 
drug-tested at least once per year and/or unwillingness to admit illegal 
activity (U.S. Department of the Army 2020). Our results indicate sub
stance use and habitual heavy drinking in the context of PTSD may be 
mediated through depression, as suggested by the literature (Contractor 
et al., 2019). 

Military resources to support prevention/treatment 

A variety of resources are available for the prevention and treatment 
of mental health conditions and to support healthy behaviors in military 
personnel. The Army’s Total Force Fitness framework addresses four 
main topic areas: physical fitness, mental fitness, nutrition, and social 
fitness (Uniformed Services University 2020). Military OneSource is 
another resource center addressing mental health (U.S. Department of 
Defense 2020). Other military initiatives to promote healthy behaviors 
and mental health include the Performance Triad program (Army 
Medical Department, U.S. Army 2019). and ARMYFIT™ Ready and 
resilient (R2) (Human Performance Resource Center 2019). Addition
ally, the Army is implementing the comprehensive Holistic Health and 
Fitness (H2F) initiative (U.S. Army 2019), a multi-phase program 
combining doctrine and techniques to improve performance, cognitive 
dominance, and resilience. 

Limitations 

The phenomena in question, and their inter-relationships, represent 

complex behavioral, physiological, psychological, and genetic phe
nomena, which are challenging to evaluate with a self-report question
naire. We are thus aware of our inability to comprehensively address 
every aspect of the equations in question. In addition, as noted in the 
Methods, the survey assessment tools for the behaviors and psycholog
ical disorders used various time points and durations (e.g., “last 2 
weeks”, “in the last year”), and the behaviors and disorders may them
selves have variable latency periods and durations. Some such time 
variations cast doubt on the plausibility of, for example, associating 
illicit drug use in the last year (without further time granularity) with 
anxiety symptoms in the prior two weeks. Other relationships, such as 
those between BMI (a condition which may be chronic or episodic) and 
depression (which also may be chronic or episodic) are similarly 
inscrutable given the lack of time granularity in the present analyses and 
cross-sectional nature of the data. 

Additional limitations of this study include its cross-sectional design 
and the exclusive use of self-reported data. While the anonymous survey 
design may have limited social desirability bias (Warner et al., 2011), 
stigma about having or reporting mental health difficulties may have 
lowered response to related questions (Sharp et al., 2015, Coleman et al., 
2017). Social desirability may have also had the reverse effect on 
health-related behavior reporting. Although we used statistical weight
ing approaches to better approximate associations in the overall military 
population, low survey response rates likely limit our inferential ability. 
The publicly available data set excluded data on deployment history, 
and combat deployment in particular is a known contributor to adverse 
psychological outcomes (Castro, 2014) as is exposure to biological 
warfare agents (Smith et al., 2009). In addition, we were unable to 
disaggregate stressors underpinning psychological disorders into 
military-specific stressors, versus other types of stressors (e.g., general or 
personality-associated levels of distress, social anxiety, or predisposition 
to adult PTSD originating in childhood) that could better inform treat
ment approaches. 

Conclusion 

Sleep, especially short sleep, was the health-related behavior most 
consistently associated with depression, GAD, and PTSD, while obesity 
was consistently associated with depression and GAD. Higher levels of 
aerobic activity were associated with reduced anxiety and PTSD. Self- 
reported psychological disorders were unfavorably associated with 
health-related behaviors. Encouraging and improving health-promoting 
behaviors, especially sleep hygiene, maintaining a healthy weight, and 
exercising, may contribute to positive mental health in military 
personnel, and encouraging those with mental health conditions to 
engage in health-related behaviors may benefit symptomology. 
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Research in context 

Evidence before this study 

The relationships between health-promoting behaviors, such as 
maintaining a healthy weight, exercising, and not smoking, and psy
chological disorders have been widely studied in civilian populations. 
Often, but not universally, higher adherence to healthy behaviors is 
associated with lower risk of psychological disorders. Similarly, those 
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with these disorders often, but not always, benefit from higher adher
ence to healthy behaviors. Military personnel are at higher risk than 
civilian populations for certain psychological disorders, notably post- 
traumatic stress disorder. However, they are also generally more phys
ically healthy owing largely to the military culture of fitness. 

Added value of this study 

We aim to answer the question of whether, in an already fit and 
healthy, but psychologically at-risk population, such as military 
personnel, relationships between health behaviors and mental health 
are similar to those in civilian populations. 

Implications of all the available evidence 

Results highlight that certain behaviors, notably maintaining a 
healthy weight and obtaining adequate sleep, are related to better 
mental health, across the disorders studied. In addition, certain psy
chological disorders may benefit from a concurrent treatment approach 
that targets specific health behaviors, for example, cigarette smoking in 
anxiety. 
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Doré, I, O’Loughlin, JL, Beauchamp, G, Martineau, M, Fournier, L., 2016. Volume and 
social context of physical activity in association with mental health, anxiety and 

A. Hruby et al.                                                                                                                                                                                                                                  

https://doi.org/10.1016/j.jad.2021.01.029
https://doi.org/10.3233/WOR-141987
https://doi.org/10.1080/21635781.2012.721063
https://doi.org/10.3402/ejpt.v5.24713
https://doi.org/10.3402/ejpt.v5.24713
https://doi.org/10.1093/milmed/167.11.877
https://doi.org/10.1093/milmed/167.11.877
http://refhub.elsevier.com/S0165-0327(21)00042-2/sbref0005
http://refhub.elsevier.com/S0165-0327(21)00042-2/sbref0005
http://refhub.elsevier.com/S0165-0327(21)00042-2/sbref0005
http://refhub.elsevier.com/S0165-0327(21)00042-2/sbref0005
https://doi.org/10.1080/09638237.2016.1276536
https://doi.org/10.7205/milmed-d-12-00103
https://doi.org/10.1093/epirev/mxu007
https://doi.org/10.1001/jamapsychiatry.2014.28
http://refhub.elsevier.com/S0165-0327(21)00042-2/sbref0010
http://refhub.elsevier.com/S0165-0327(21)00042-2/sbref0010
https://doi.org/10.1001/archpsyc.62.6.593
https://doi.org/10.1001/archpsyc.62.6.593
https://doi.org/10.1001/archpsyc.62.6.617
https://doi.org/10.1001/archpsyc.62.6.617
https://www.cdc.gov/nchs/products/databriefs/db303.htm
https://doi.org/10.1007/s00127-014-0981-2
https://doi.org/10.5993/AJHB.38.4.6
https://doi.org/10.1038/s41398-019-0516-4
https://doi.org/10.1016/S2215-0366(18)30227-X
https://doi.org/10.1016/S2215-0366(18)30227-X
https://doi.org/10.1176/appi.ajp.2018.17111194
https://doi.org/10.1007/s10654-012-9692-8
https://doi.org/10.1007/s10654-012-9692-8
https://doi.org/10.1016/j.sleep.2018.10.008
https://doi.org/10.5665/sleep.2810
https://doi.org/10.1002/da.22764
https://doi.org/10.1093/sleep/zsy257
https://doi.org/10.5665/sleep.2798
https://doi.org/10.5665/sleep.2798
https://doi.org/10.1002/oby.21513
https://doi.org/10.1002/oby.21513
https://doi.org/10.1016/j.psychres.2016.12.020
https://doi.org/10.1016/j.psychres.2016.12.020
https://doi.org/10.1016/j.psychres.2015.07.044
https://doi.org/10.1136/bmj.b3765
https://doi.org/10.1093/epirev/mxu011
https://doi.org/10.1093/epirev/mxu011
https://doi.org/10.1038/sj.ijo.0803701


Journal of Affective Disorders 283 (2021) 84–93

93

depression among youth. Prev. Med. 91, 344–350. https://doi.org/10.1016/j. 
ypmed.2016.09.006. 

Saneei, P, Esmaillzadeh, A, Keshteli, AH, et al., 2016. Combined Healthy Lifestyle Is 
Inversely Associated with Psychological Disorders among Adults. PloS One 11 (1), 
e0146888. https://doi.org/10.1371/journal.pone.0146888. 

Hoerster, KD, Campbell, S, Dolan, M, et al., 2019. PTSD is associated with poor health 
behavior and greater Body Mass Index through depression, increasing cardiovascular 
disease and diabetes risk among U.S. veterans. Prev. Med. Rep. 15, 100930 https:// 
doi.org/10.1016/j.pmedr.2019.100930. 

van den Berk-Clark, C, Secrest, S, Walls, J, et al., 2018. Association between 
posttraumatic stress disorder and lack of exercise, poor diet, obesity, and co-occuring 
smoking: A systematic review and meta-analysis. Health Psychol. 37 (5), 407–416. 
https://doi.org/10.1037/hea0000593. 

LeardMann, CA, Woodall, KA, Littman, AJ, et al., 2015. Post-traumatic stress disorder 
predicts future weight change in the Millennium Cohort Study: PTSD and Weight 
Change. Obesity 23 (4), 886–892. https://doi.org/10.1002/oby.21025. 

Pan, A, Sun, Q, Czernichow, S, et al., 2012. Bidirectional association between depression 
and obesity in middle-aged and older women. Int. J. Obes. 2005. 36 (4), 595–602. 
https://doi.org/10.1038/ijo.2011.111. 

Meadows, SO, Engel, CC, Collins, RL, et al., 2018. 2015 Department of Defense Health 
Related Behaviors Survey (HRBS). RAND Corporation. Accessed August 10, 2018. 
https://www.rand.org/pubs/research_reports/RR1695.html. 

Hoge, CW, Toboni, HE, Messer, SC, Bell, N, Amoroso, P, Orman, DT., 2005. The 
Occupational Burden of Mental Disorders in the U.S. Military: Psychiatric 
Hospitalizations, Involuntary Separations, and Disability. Am. J. Psychiatry 162 (3), 
585–591. https://doi.org/10.1176/appi.ajp.162.3.585. 

Dall, TM, Zhang, Y, Chen, YJ, et al., 2007. Cost Associated With Being Overweight and 
With Obesity, High Alcohol Consumption, and Tobacco Use Within the Military 
Health System’s TRICARE Prime–Enrolled Population. Am. J. Health Promot. 22 (2), 
120–139. https://doi.org/10.4278/0890-1171-22.2.120. 

White, MR, Phillips, CJ, Vyas, KJ, Bauer, L., 2016. Demographic and Psychosocial 
Predictors of Early Attrition for Drug Use in U.S. Marines. Mil. Med. 181 (11) 
https://doi.org/10.7205/MILMED-D-15-00507 e1540-e1545.  

Centers for Disease Control and Prevention, National Center for Health Statistics, 2018. 
National Health Interview Survey, Glossary - Alcohol. Accessed January 5, 2020. 
https://www.cdc.gov/nchs/nhis/alcohol/alcohol_glossary.htm. 

Watson, NF, Badr, MS, Belenky, G, et al., 2015. Recommended Amount of Sleep for a 
Healthy Adult: A Joint Consensus Statement of the American Academy of Sleep 
Medicine and Sleep Research Society. Sleep 38 (6), 843–844. https://doi.org/ 
10.5665/sleep.4716. 
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