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Abstract

Post-traumatic stress disorder (PTSD), a complex and chronic disorder caused by exposure
to a traumatic event, is a common psychological result of current military operations. It
causes substantial distress and interferes with personal and social functioning. Conse-
quently, identifying the risk factors that make military personnel and veterans more likely to
experience PTSD is of academic, clinical, and social importance. Four electronic databases
(PubMed, Embase, Web of Science, and PsycINFO) were used to search for observational
studies (cross-sectional, retrospective, and cohort studies) about PTSD after deployment to
combat areas. The literature search, study selection, and data extraction were conducted
by two of the authors independently. Thirty-two articles were included in this study. Summa-
ry estimates were obtained using random-effects models. Subgroup analyses, sensitivity
analyses, and publication bias tests were performed. The prevalence of combat-related
PTSD ranged from 1.09% to 34.84%. A total of 18 significant predictors of PTSD among mil-
itary personnel and veterans were found. Risk factors stemming from before the trauma in-
clude female gender, ethnic minority status, low education, non-officer ranks, army service,
combat specialization, high numbers of deployments, longer cumulative length of deploy-
ments, more adverse life events, prior trauma exposure, and prior psychological problems.
Various aspects of the trauma period also constituted risk factors. These include increased
combat exposure, discharging a weapon, witnessing someone being wounded or killed, se-
vere trauma, and deployment-related stressors. Lastly, lack of post-deployment support
during the post-trauma period also increased the risk of PTSD. The current analysis pro-
vides evidence of risk factors for combat-related PTSD in military personnel and veterans.
More research is needed to determine how these variables interact and how to best protect
against susceptibility to PTSD.
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Introduction

Posttraumatic stress disorder (PTSD) among military personnel and veterans has been studied
for more than 30 years, PTSD may develop after an individual experiences or witnesses a trau-
matic event, such as combat, a natural disaster, or a violent personal assault [1]. PTSD is often
been studied among military personnel in relation to combat trauma [2-5]. The effect of com-
bat on PTSD in military personnel is a major concern among the public, military leaders, and
policy makers [6], indeed, it can be a debilitating consequence of severe or life-threatening
trauma [7]. Moreover, PTSD can cause substantial distress and interfere with personal and so-
cial functioning, subsequently leading to social withdrawal, anger, and aggression [8-11]. Fur-
thermore, PTSD in military populations has a pervasive impact on military readiness and the
accomplishment of military goals [12]. Studies that focus on PTSD can be divided into several
categories, These categories include the basic theoretical accounts of PTSD (e.g., disease epide-
miology, clinical manifestation and classification, comorbid conditions), research on pathogen-
ic factors related to PTSD (e.g. traumatic events, family history of mental disorders, social
factors); the diagnosis and evaluation of PTSD; and the treatment and prevention of PTSD. Re-
searchers have proposed many theories to explain the development of PTSD, including biologi-
cal theories, and psychological theories. Psychology theories include the psychodynamic theory
as well as learning theory and cognitive theories; while cognitive theory best explains the devel-
opment of PTSD [13]. The current research on the biological theory of PTSD aims to better
understand the risk factor and related neurobiological mechanisms related to the illness.
Neurobiological research has indicated that PTSD has distinct mechanisms that are different
from the general stress response and other mental illnesses. For example, Bremner et al. noted
that patients with PTSD exhibit hypothalamic-pituitary-adrenal axis (HPA axis) disorder [14,
15]. In addition, Gelpin, Bonne, et al. speculated that people with PTSD have abnormal levels
of catecholamine since they demonstrate high alert symptoms such as insomnia and becoming
frightened easily [16]. Moreover, Wong et al. reported that changes in immunology may be in-
volved in the occurrence and maintain of PTSD [17].

The risk factor literature shows that not everyone who experiences a traumatic event will de-
velop PTSD. Therefore, it has become increasingly accepted that individual vulnerability fac-
tors contribute to the development of PTSD beyond the traumatic event itself [18]. In past
several decades, a number of studies have focused on combat-related PTSD and have identified
individual and social risk factors, these risk factors include being younger at the time of the
trauma, being female, being of a racial minority, being of a lower socioeconomic status (SES),
and lack of social support [19, 20]. While all studies included routinely measured demographic
factors, there is little consistency in the risk factors examined or in the measures used to assess
these factors [3]. While the methods assessing trauma severity have been fairly consistent in
studies of veterans, there are increasingly more studies are focusing on more specific factors
that cannot be compared across studies because there are no standardized measurements of
high levels of threat, the experience of atrocities, abusive violence, and neutral or malicious in-
terpersonal atmospheres [21]. Thus, individual studies may report very different strengths of
association between a given risk factor and PTSD.

Meta-analyses are able to explore variations between studies by examining how sample and
study characteristics act as moderators of a given association. As such, a meta-analysis would be
helpful in consolidating the abundance of information on PTSD risk factors. Kaylor et al. con-
ducted a previous meta-analysis on the topic and focused on the general psychological impact of
military service in Vietnam [22], In addition, Rubonis and Bickman, examined the positive
relationship between disasters and psychopathology via meta-analysis [23]. Moreover, the
meta-analysis by Weaver and Clum found that psychological distress was associated with
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interpersonal violence [24]. However, it must be noted that these previous meta-analyses of
trauma did not systematically study the risk factors of PTSD, or include participants with specif-
ic diagnoses of PTSD [3]. In a more recent examination, Shalev summarized the results of 38
studies and found that pre-trauma vulnerability (e.g., family history of mental disorders, gender,
personality traits, early traumatization, negative parenting experiences, and lower education)
were associated with PTSD. Specifically, the magnitude of the stressor, preparation for the trau-
matic event, immediate reactions to the trauma, and post-trauma factors (e.g., emerging symp-
toms, social support, and other life stress) were related with PTSD [25]. Brewin et al. also
studied predictors of PTSD and showed that pre-trauma risk factors have relatively weak predic-
tive effects, while trauma intensity and post-trauma risk factors have somewhat stronger predic-
tive effects. For instance, a lack of social support, life stress, trauma severity, childhood abuse,
and other adverse childhood experiences were strong predictors of PTSD. Importantly, Brewin
et al. noted that the set of studies they included in their meta-analysis was heterogeneous [3].

Drawing from Brewin et al.’s study, Ozer et al. focused on a comparison of static predictors
(e.g., psychological adjustment prior to the index traumatic event, family history of psychopa-
thology, perceived life threat during the traumatic event) to predictors that are more likely to
be implicated in the psychological and neurobiological processes associated with the exposure
to traumatic stress. They indicated that peri-traumatic dissociation was the strongest predictor
of PTSD, followed by perceived life threat and lack of perceived support [26]. In another meta-
analysis, Trickey estimated the population effect sizes of 25 potential risk factors for PTSD in
children and adolescents; they indicated that subjective peri-truma factors and post-event fac-
tors played a major role in the development of PTSD [11]. However, their analysis mainly tar-
geted studies on the risk factors of PTSD in civilian populations (children, adolescents, and
adults), rather than veterans or military personnel.

Thus, more research is needed to determine the key risk factors among military personnel
deployed to combat zones. A better reliable understanding of the factors that make military
personnel and veterans more likely to develop PTSD can help clinicians provide the necessary
treatment before difficulties become chronic [27]. Likewise, a better understanding of PTSD
may make it possible to improve assessments, prevention initiatives, and interventions, thereby
leading to better outcomes for military personnel and veterans exposed to potentially traumatic
events [26]. In our study, we investigated and succeeded in founding the factors that may influ-
ence the development of combat-related PTSD in military personnel and veterans using meta-
analytical techniques [28]. The predictive factors of PTSD included in our meta-analysis can be
broadly categorized as pre-, peri-, and post-trauma factors [3, 26]. Pre-trauma factors include
socio-demographic factors, military characteristics, prior traumatic experiences, and a history
of psychiatric illness, whereas peri-trauma factors include combat exposure, the severity of
the trauma, and acute reactions to deployment-related adverse events. Post-trauma factors in-
clude individual comorbid psychological problems, social support, and subsequent stressful
life events.

Methods

The methods and reporting procedures were in accordance with the PRISMA (Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses) checklist. A flow diagram has been
provided as supplementary material (S1 PRISMA Checklist) [29].

Search Strategy

English-language articles published in peer-reviewed journals between 1980 (the year PTSD
was first included in the Diagnostic and Statistical Manual of Mental Disorders, DSM) and
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April 2014 were considered for inclusion. Four psychological and medical literature databases
were searched: PubMed, Embase, PsycINFO, and Web of Science. Search terms entered into
the literature databases included combinations of the following: PTSD or post-traumatic stress
disorder; military, or troop(s), or army, or navy, or marine corps, or air force, or armed, or de-
fense, or peacekeeper(s), or soldier(s), or veteran(s); and, risk, predictor, prediction, or predis-
position. A predictor or risk factor was operationally defined as any variable examined as a
potential contributor to variability in PTSD symptom levels or diagnostic status. In addition, a
manual search of references cited in all relevant original and review articles was conducted. For
any full texts that were not available, we attempted to obtain information from the authors by
email. This literature search yielded a preliminary database of 2,657 published articles, which
were then reviewed for inclusion in the meta-analysis using various inclusion and

exclusion criteria.

Inclusion and exclusion criteria

In order to be eligible for inclusion in the meta-analysis, studies had to fulfill the following cri-
teria: (a) investigated risk factors for PTSD in military populations after deployment to combat
areas; (b) reported the odds ratios (ORs) or relative risks (RRs) and corresponding 95% confi-
dence intervals (ClIs) for risk factors in the development of PTSD; (c) included the post-
deployment PTSD risk factors that we had selected; and (d) included a sample of military
personnel, veterans, or both.

Articles were excluded on any of the following grounds; (a) the study measured only the
acute trauma response (e.g. Acute Stress Disorder or PTSD measured before one month post-
trauma) rather than PTSD, which, according to the DSM-IV-TR, can be diagnosed only after
one month [30]; (b) the study used a categorical measure of PTSD—in other words, they in-
cluded individuals meeting full diagnostic criteria and those with less severe post-traumatic
symptoms or partial PTSD (e.g., “subsyndromal PTSD”) in the same comparison group, and
contrasted them with a group exposed to the same event but without PTSD; (c) the study popu-
lation consisted entirely of individuals already suffering from PTSD or from a specific comor-
bid psychiatric disorder (e.g., depression, Attention deficit hyperactivity disorder, substance
abuse, learning disabilities) or having committed a violent offense, which would limit the gen-
eralizability of the results; (d) the study did not specifically assess DSM-defined PTSD symp-
toms (e.g., studies that reported only general symptoms); (e) the study contained insufficient
data to calculate univariate effect sizes, and such data could not be obtained from the study au-
thor; (f) the article was a review or a qualitative study that did not present new data or only pre-
sented qualitative analyses; (g) the primary aim of the study was to investigate the efficacy of
treatment; and (h) the study used a single-case design [11].

Finally, if more than one article reported data from the same sample, then the most
recent and complete article was included in our meta-analysis. All eligible studies were care-
fully reviewed by two authors (C.X. & M.W.) to ensure decision-rule consistency, with
100% agreement.

Data extraction and quality assessment

Data extraction was performed by two investigators (C.X. and B.T.) independently. Differences
in interpretation were resolved by discussion with a third co-author (Y.G.) to produce one final
coding. The following information was extracted from each eligible study: first author’s sur-
name, year of publication, study location, trauma type, study design, method, deployment area,
PTSD diagnosis, sample size, PTSD prevalence, age and gender of participants, estimated effect
size (OR/RR), corresponding 95% CI, and covariates adjusted for in the statistical analysis.
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If a study reported several multivariable-adjusted effect estimates, we selected the estimate that
adjusted for the most potential confounding variables.

Quality assessments were conducted independently by two investigators (C.X. and Y.G.)
using an 11-item instrument recommended by the Agency for Healthcare Research and Quali-
ty (AHRQ) for cross-sectional studies [31] and the 9-star Newcastle-Ottawa Scale (NOS) [32]
for cohort studies. Studies with eight stars or more on the AHRQ and NOS were considered to
be of high quality. Where the two raters’ quality assessments differed, the original articles were
re-examined along with two more co-authors (Y.L. and P. K.) until a final quality rating was
agreed upon. The inter-rater reliability of the quality assessment between the two main raters
(CX.and Y.G.) was high (Cohen’s kappa statistic, k = 0.68).

Statistical analysis

We examined risk factors for combat-related PTSD in military personnel based on the ORs
and 95% ClIs reported in each study. A random-effects model, which assumes that the real po-
tential effect varies among included studies, was used to estimate the pooled RRs with 95% ClIs.
Heterogeneity between studies was evaluated using the y test and I” statistic, with p values
lower than. 05 indicating heterogeneity and higher I” values indicating greater variability
among trials than would be expected by chance alone (range: 0-100%) [33]. The probability of
publication bias was assessed using Egger’s regression test. If publication bias was present, we
tried to evaluate the effect of the publication bias using the trim and fill method [34].

The various differences among the studies might have influenced their results. Brewin et al.
examined the impact of six samples and study characteristics on the effect sizes of various risk
factors (e.g., type of trauma, gender of participants, analysis by diagnostic category versus con-
tinuous score) [3]. We considered that the quality of the study, deployment locations, and na-
tionalities of samples might contribute to variances in risk factors. First, studies of different
qualities would have used different study designs, measurement methods, statistical analysis,
and procedures, and therefore they would naturally have obtained differing results and differ-
ent quality scores. Seventeen articles (53.1% of those included) achieved a score of seven stars
or less, and thus were considered low quality. Second, different deployment years and locations
suggested differences in combat exposure and trauma severity levels. Twenty-one (65.6%) arti-
cles in our meta-analysis looked at military personnel and veterans who were deployed to Af-
ghanistan or/and Iraq after the year 2000; 11 (34.4%) articles focused on persons deployed to
other areas (e.g., Rwanda, Bosnia, Vietnam, Gulf) before the year 2000. Finally, different na-
tionalities would be associated with different socio-demographic and military characteristics—
21 articles (65.6%) focused on military persons from the United States, while 11 articles focused
on those from other countries, such as the United Kingdom, Australia, the Netherlands, and Is-
rael. To examine the possible effects of these variables on the study results, we conducted three
subgroup (high-quality versus low-quality study; deployment to Iraq or Afghanistan versus not
deployed to Iraq or Afghanistan; and from the United States versus not from the United States)
and sensitivity analyses in our meta-analysis. When risk factors were for multi-categorical vari-
ables (e.g., age, education level), we used the ORs of the highest versus the lowest category.

Stata Version 12.0 software (Stata Corp, College Station, TX) was used for all analyses and
all statistical tests were two-tailed. Values of p < 0.05 were considered statistically significant.

Results
Characteristics of studies

Fig. 1 shows the complete selection process. A total of 2,657 records indexed by April 2014
were retrieved using our search strategy. We excluded 2,459 articles after reading the titles and
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Fig 1. Flow of study selection.

doi:10.1371/journal.pone.0120270.g001

abstracts, and retained the remaining 198 articles for further evaluation by reading the full
texts. Finally, we selected 32 full-text articles about risk factors for combat-related PTSD in mil-
itary populations for our meta-analysis (Fig. 1)[6, 35-65], including 25 cohort studies (4 pro-
spectively studies, 21 retrospective studies), and 7 cross-sectional studies. Furthermore, 24
articles obtained their data through investigation (e.g., interview, questionnaire) of military
personnel and veterans after they returned from their deployment areas; 4 articles prospective-
ly studied personnel before and after deployment; and 4 articles obtained their data through a
clinical data center.

Table 1 shows the general characteristics of the 32 studies retained in the analyses, including
trauma type, sample size, PTSD measure, interview versus questionnaire assessment, age
range, percentage of the sample that was male, and the location of the study samples. Sample
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sizes from individual studies ranged from 238 to 40,600. The method described above generat-
ed 27 risk factors that were explored by two or more studies and that could therefore be entered
into the meta-analysis.

Classification of risk factors

In the 32 studies included in the analyses, the risk factors for combat-related PTSD in military
personnel and veterans were as follows: (a) pre-trauma factors, including socio-demographic
factors (e.g., age, gender, race, education level, marital status), military characteristics (e.g.,
rank, branch of service, occupation, number of deployments, length of deployments), smoking
status, drinking status, low SES, prior life events, prior trauma, and prior psychological prob-
lems; (b) peri-trauma factors, including unit support, combat exposure, component, discharg-
ing a weapon, witnessing someone being wounded or killed, and trauma severity; and (c)
post-trauma factors, including comorbid psychological problems, subsequent life events, and
post-deployment support.

Study outcome

The prevalence of PTSD in military personnel and veterans ranged from 1.09% to 34.84%. The
risk factors for combat-related PTSD are presented in Table 2 and Fig. 2. Multiple pre-trauma
risk factors were associated with PTSD, including being female (OR = 1.63; 95% CI, 1.32-2.01),
being non-White (OR = 1.18; 95% CI, 1.06-1.31), having low education (OR = 1.33; 95% ClI,
1.14-1.54), being non-officers (OR = 2.18; 95% CI, 1.84-2.57), serving in the army (OR = 2.30;
95% CI, 1.76-3.02), more deployments (OR = 1.24; 95% CI, 1.10-1.39), a longer cumulative
length of deployments (OR = 1.28; 95% CI, 1.13-1.45), experiencing adverse life events

(OR =1.99; 95% CI, 1.55-2.57), experiencing prior trauma (OR = 1.13; 95% CI, 1.01-1.26),
and having prior psychological problems (OR = 1.49; 95% CI, 1.22-3.81). However, heteroge-
neity was found for race (I = 65.0%, p < 0.001), rank (I = 69.0%, p < 0.001), branch of service
(I = 91.6%, p < 0.001), occupation (I* = 70.6%, p = 0.001), number of deployments

(I2 = 63.2%, p < 0.001), length of deployments (I* = 71.4%, p = 0.004), experiencing adverse
life events (I> = 59.8%, p = 0.011), and having prior psychological problems (I* = 73.9%,

p < 0.001). Subgroup and sensitivity analyses indicated inconsistencies in the results for race,
marital status, length of deployments, smoking status, low SES, prior trauma, and prior psycho-
logical problems (Table 2). For example, in all studies, race (being non-White) is a positive risk
factor for PTSD—however, after excluding low-quality articles, race (non-White) was unrelat-
ed to the risk for PTSD. This was also true for the other aforementioned variables (e.g., marital
status, smoking, prior psychological problems). Thus, the results of these studies should be in-
terpreted with caution because of the potential bias. In addition, we found publication bias for
education (Egger’s test p = 0.01), marital status (Egger’s test p = 0.013), branch of service
(Egger’s test p = 0.03), length of deployment (Egger’s test p = 0.02), and prior psychological
problems (Egger’s test p = 0.03). After adjusting for the publication bias, the ORs were 1.51
(95% CI, 1.28-1.79) for education, 1.09 (95% CI, 0.97-1.23) for marital status, 2.30 (95% CI,
1.76-3.02) for branch of service, 1.10 (95% CI, 0.90-1.34) for the length of deployments, and
1.49 (95% CI, 1.22-1.82) for psychological problems.

With regard to the peri-trauma risk factors affecting military personnel and veterans, those
who were combat specialists were more likely to suffer from PTSD, with pooled ORs of 1.69
(95% CI, 1.39-2.05), respectively. In addition, the risk for PTSD increased with greater combat
exposure (OR = 2.10; 95% CI, 1.73-2.54), the experience of discharging a weapon (OR = 4.32;
95% CI, 2.60-7.18), witnessing someone being wounded or killed (OR = 3.12; 95% CI,
2.40-4.06), severe trauma (OR = 2.91; 95% CI, 1.85-4.56), and deployment-related stressors
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Table 2. Risk Factors for combat-related PTSD in military personnel and veterans.

All studies High quality Deployment Country(USA)
area(OIF/OEF)
N OR(95% 12 (P value) Egger Trimandfill N OR(95%cl) N OR(95% N OR (95%cl)
cl) test cl)
Pre-traumatic factors
Age (younger) 24 0.97 (0.88—- 91.6% P=0256 - 15 1.00(0.90- 11 1.03(0.90- 18 0.96 (0.87-
1.06) (p < 0.001) 1.13) 1.19) 1.06)
Gender (female) 14 1.63(1.32— 41.9% p=0.396 - 8 1.30(1.14— 11 1.40(1.19- 9 1.66 (1.25—
2.01) (p = 0.05) 1.49) 1.63) 2.22)
Race (non-white) 14 118 (1.06— 65.0% P=0141 - 10 1.11(0.99- 9 1.14(1.02- 14 1.18(1.06-
1.31) (p < 0.001) 1.23) 1.28) 1.31)
Education level(Low Level) 16 1.33(1.14— 37.4% P=0.010 1.51 10 135(1.08- 13 1.32(1.32- 10 1.35(1.18-
1.54) (p = 0.066) (1.28-1.79) 1.72) 1.32) 1.56)
Marital status (Married) 17 1.09 (0.97- 81.3% P=0.013 1.09 11 1.02(0.88- 12 1.09 (0.95- 12 1.16(1.03-
1.23) (p < 0.001) (0.97-1.23) 1.18) 1.24) 1.31)
Rank (Non-Officer) 21 218 (1.84— 69.0% P=0.454 - 13 2.08(1.67- 16 2.15(1.79- 13 2.05(1.72—
2.57) (p < 0.001) 2.60) 2.59) 2.45)
Branch of service (Army) 12 230 (1.76— 91.6% P=0.030 2.30 9 259(1.93- 8 237(1.73- 6 246 (1.72-
3.02) (p < 0.001) (1.76-3.02) 3.46) 3.24) 3.51)
Occupation (combat 5 1.69(1.39- 70.6% P=0.753 - 5 156(1.3¢— 6 1.72(147- 7 155(1.12-
specialists) 2.06) (p = 0.001) 1.83) 2.00) 1.97)
Number of deployment (>2) 9 1.24 (1.10— 63.2% P=0.240 - 5 115(113- 8 122(1.09- 6 1.28(1.13-
1.39) (p = 0.005) 1.18) 1.37) 1.45)
Length of deployments 9 128(1.13- 71.4% P=0.020 1.10 4 1.02(069- 8 1.21(098- 8 1.22(1.00-
(longer) 1.45) (p = 0.004) (0.90-1.34) 1.50) 1.97) 1.48)
Smoking (yes) 2 1.87(057- 81.4% - - 1 3.83(1.40- 1 1.12(00.86- 1 3.83(1.40-
6.16) (p < 0.001) 10.46) 1.45) 10.46)
Drinking (yes) 5 1.21(0.90- 59.7% P=0.192 - 2 117(0.71—- 3 1.13(0.85- 3 1.33(0.67-
1.63) (p = 0.042) 1.92) 1.50) 2.64)
Low SES (yes) 4 1.25(0.69- 88.8% P=0877 - 3 148(0.75- 1 3.29(2.14- 3 0.97 (0.79-
2.27) (p < 0.001) 2.93) 5.04) 1.20)
Adverse life events 9 1.99(1.55- 59.8% P=0687 - 5 218(1.58- 7 216(1.68- 7 2.12(1.58-
2.57) (p=0.011) 3.02) 2.76) 2.83)
Early trauma (yes) 3 113(1.01- 0% (p=0.937) P=0574 - 1 1.08 (1.08— 2 1.11(0.95- 1 1.11 (0.94—
1.26) 1.34) 1.31) 1.31)
Psychological problem (yes) 16 1.49 (1.22— 73.9% P=0.030 1.49 3 1.01 (0.72- 10 1.34(1.10- 10 1.36 (1.06—
1.82) (p < 0.001) (1.22-1.82) 1.41) 1.64) 1.76)
Parent Psychological 5 1.14(0.95- 29.1% P=0.743 - 0o - 1 0.88(0.60- 5 1.14(0.95-
problem (yes) 1.37) (p = 0.228) 1.29) 1.37)
Peri-trauma factors
Unit support (yes) 7 059 (045- 51.7% P=0.395 - 4 064(047- 7 059(045- 4 0.54(0.38-
0.78) (p = 0.053) 0.87) 0.78) 0.76)
Combat expose (yes) 10 2.10(1.73—- 97.3% P =0.008 0.74 5 248(140- 7 250(1.83- 10 2.10(1.73-
2.54) (p < 0.001) (0.55-0.93) 4.41) 3.41) 2.54)
Component (active) 10 0.81(0.60- 97.9% P=0.010 0.81 5 095(064- 8 0.79(0.57- 8 0.76 (0.54-
1.11) (p < 0.001) (0.60-1.11) 1.41) 1.11) 1.06)
Discharged a weapon (yes) 4  4.32 (2.60— 90.0% P=0.198 - 1 257(1.81- 4 432(2260- 3 5.41(3.84-
7.18) (p < 0.001) 3.66) 7.18) 7.64)
Saw someone 9 3.12(240- 56.2% P=0.380 - 3 273(1.73- 6 3.12(240- 3 3.71(3.35-
wounded/killed (yes) 4.06) (p=0.043) 4.31) 4.06) 4.11)
Trauma severity (yes) 9 291(1.85- 96.8% P=0.480 - 4 511(3.08- 8 292(1.81- 9 2.91(1.85—
4.56) (p < 0.001) 8.49) 4.71) 4.56)
(Continued)
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Table 2. (Continued)

All studies High quality Deployment Country(USA)
area(OIF/OEF)
N OR (95% 12 (P value) Egger Trimandfill N OR(95%cl) N OR(95% N OR (95%cl)

cl) test cl)
Deployment-related stressor 6  2.69 (1.46— 94.3% P=0.057 2.69 4 309(1.25- 5 3.11(1.19- 4 3.08 (1.20-
(yes) 4.96) (p < 0.001) (1.46-4.96) 7.62) 8.08) 7.95)
Post-trauma factors
Comorbid Psychological 3 2.83(0.81- 92.2% p=0.295 - 1 1.20 (1.12— 1 2.99 (1.05— 1 1.20 (1.12—
problems (yes) 9.94) (p < 0.001) 1.29) 8.55) 1.29)
Post Life Events (yes) 10 1.26 (0.94- 77.9% P=0.724 - 3 122(069- 5 1.75(1.45- 10 1.26(0.94-

1.69) (p < 0.001) 2.15) 2.12) 1.69)
Post-deployment support 5 0.37(0.18- 92.6% P=0.101 - 4 039(0.17- 4 0.30(0.20- 3 0.49(0.19-
(yes) 0.77) (p < 0.001) 0.91) 0.47) 1.25)

doi:10.1371/journal.pone.0120270.t002

(OR =2.69; 95% CI, 1.46-4.96). Heterogeneity was found for unit support (12 = 51.7%,

p = 0.053), combat exposure (I* = 97.3%, p < 0.001), component (I* = 97.9%, p < 0.001),
discharging a weapon (I” = 90.0%, p < 0.001), witnessing someone be wounded/killed

(I = 56.3%, p = 0.043), and trauma severity (I” = 96.8%, p < 0.001). We found inconsistencies
in the results for length of deployments in the subgroup and sensitivity analyses. We also
found a publication bias for combat exposure (Egger’s test p = 0.008), and component (Egger’s
test p = 0.01). After adjusting for the publication bias, the ORs were 0.74 (95% CI, 0.55-0.93)
for combat exposure, and 0.81 (95% CI, 0.60-1.11) for component.

Finally, analysis of the post-trauma factors showed that comorbid psychological problems
and subsequent life events were not positively related to PTSD, while post-deployment support
was a protective factor (OR = 0.37, 95% CI, 0.18-0.77). However, heterogeneity was found for
post-deployment support (I* = 92.6%, p < 0.001), and there were inconsistencies in the results
for comorbid psychological problems, subsequent life events, and post-deployment support in
the subgroup and sensitivity analyses. That means military persons suffered from subsequent
life events were more likely to get PTSD after they came back from Iraq or Afghanistan. This
was also true for comorbid psychological problems and post-deployment support (Table 2).

Discussion

To our knowledge, this is the first meta-analysis focusing on risk factors for combat-related
PTSD in military personnel and veterans. Specifically, 27 risk factors for military PTSD were
investigated across 32 observational studies (25 cohort studies, 7 cross-sectional studies) pub-
lished between 1980 and April 2014. Our synthesis of the relevant articles published in English
provided strong evidence of risk factors for combat-related PTSD. Approximately 11 out of 27
risk factors (41%) were investigated in ten or more studies. Although an increasing number of
researchers have been studying combat-related PTSD in the past 30 years, only a limited num-
ber of variables have been routinely investigated [26]. In comparison, in a meta-analysis of risk
factors for PTSD among trauma-exposed adults (based mostly on retrospective data) 11 of 14
risk factors (79%) had been considered in 10 or more studies; in that meta-analysis, psychiatric
history, life stress, and other previous traumas were not strong risk factors for the development
of PTSD among military service members [3]. Thus, the present study highlights the need for
further investigation of some very basic potential risk factors, such as age, smoking status, and
prior psychological problems.
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Variable N OR (95% Cl)
Pre-traumatic factors
Age(younger) 4 -+ 097(0.38,1.06)
Gender(female) 14 —— 163(132,2.01)
Race(non-white) 14 - 1.18(1.06,1.31)
Education level(Low Level) 16 - 133(1.14,1.54)
Marital status(Married) 17 A 1.09(097,1.23)
Rank(Non-Officer) n - 218(1.84,257)
Branch of service (Army) 12 —t— 230(1.76,3.02)
Occupation (combat specialists) 5 —— 169(1.39, 2.08)
Number of deployment(>=2) 9 - 124(1.10,139)
Length of deployments (longer) 9 -+ 1.28(1.13,1.45)
Smoking(yes) 2 $ 187(057,6.16)
Drinking(yes) 5 $ 1.21(090,1.63)
Low SES 4 ——— 1.25(069,2.27)
Adverse life events(yes) 9 —_—— 199(1.55,257)
Early trauma (yes) 3 aa 1.13(1.01,1.26)
Self psychological problem(yes) 16 —— 149(1.22,1.82)
Parent Psychological problem(yes) 5 T 1.14(0.95,1.37)
Prei-traumatic factors
Combat expose (yes) 10 —— 210(1.73,2.54)
Component (active) 10 —pten 0.81(0.60,1.17)
Discharged a weapon(yes) 4 —_—— 432(260,7.18)
Saw someone wounded/killad (yes) 9 —— 3.12(2.40,4.06)
Trauma severity(severe) 9 —— 291(1.85,4.56)
Deployment-related stressor{yes) 6 e ] 269 (1.46, 4.96)
Unit support(yes) 7 —_— 0.59 (0.45,0.78)
Post-traumatic factors
Comorbid Psychological problems(yes) 3 % 283(0.81,994)
Post Life Events(yes) 10 —— 126 (0.94,1.69)
Post-deployment support(yes) 5 e—— 037(0.18,0.77)
| I [ |
3 5 1 1 4

Figure 2 Risk Factors for combat-related PTSD in military personnel and veterans
Fig 2. Forest plots of risk factors for combat-related PTSD in military personnel.

doi:10.1371/journal.pone.0120270.g002

Pre-trauma factors

Pre-trauma factors have been reported in many studies. In this article, we focused on socio-
demographic factors, military characteristics, prior psychological factors, and other prior trau-
matic experiences. Socio-demographic factors such as age have received attention; however,
the results have been mixed [66]. Specifically, the impact of being younger at the time of trau-
ma on the risk of developing PTSD has been difficult to predict given the contradictory effects
of age on various processes underlying traumatic stress reactions [67-69]. Approximately
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19 studies included in our meta-analysis examined age as a risk factor for combat-related
PTSD; the results suggest that a younger age at the time of trauma is largely unrelated to PTSD.
In addition, subgroup analyses revealed that there was no statistically significantly relationship
between age and PTSD when only analyzing studies conducted among Americans deployed to
Iraq or Afghanistan, This finding was not found in individuals deployed to other areas such as
Vietnam and the Persian Gulf and for military service members from other countries. This re-
sult was somewhat different from the results published by Koenen et al. and Booth-Kewley
etal. [6, 62], that indicated that a younger age was a strong risk factor for PTSD. However, in
our analysis, military samples were divided into a number of diverse age brackets across 19 of
the studies, therefore, we decided to code age dichotomously (younger groups vs. older groups).
Thus, it is not advisable to draw conclusions about the age brackets that are vulnerable.

Over the past 20 years, the number of women serving in the military has increased, and that
number is projected to continue to increase; this may increase women’s risk for developing
mental health disorders [70]. Gender was also a predictor in our meta-analysis; females were
more likely to experience PTSD following combat than were males. This finding supports re-
search conducted among Army soldiers deployed to combat zones, where PTSD symptoms
were found to be more common among women than in studies that compared men and
women [35, 71]. A number of factors may account for these findings. However, the main rea-
sons appear to be that women report lower military preparedness and less unit cohesion, and
have higher rates of depression [72].

Moreover, it has been argued that women are more likely than are men to experience sexual
assault and childhood sexual abuse; however, they are less likely to experience accidents; non-
sexual assaults; and to witness death, injury, disaster, combat, and war [73]. The experience of
childhood sexual abuse may exacerbate PTSD in adulthood; indeed, Breslau et al. confirmed
this notion in their study using data from an epidemiologic survey. Their results were consis-
tent with those of Brewin et al. [3, 74, 75]. Importantly, only one article (LeardMann, 2010)
that met the criteria for inclusion in our meta-analysis reported relations between sexual abuse
and PTSD; thus, given the low number of studies included herein, we cannot make any conclu-
sions about the relations between childhood sexual abuse and PTSD,

Beyond the relations between abuse and PTSD, there are other reasons why females may
have more PTSD. For instance, females are more sensitive to threats, less likely to use effective
coping strategies, and tend to interpret trauma more negatively than males [73]. In addition,
when faced with unexpected trauma, men are probably just as frightened as women are, but
women are often more willing to report feeling negative emotions. This relation may also be at-
tributed to studies that women were observed to be avoidant, on guard, easily startled, and
flooded with memories and images of an assault that could not be easily dispelled [26, 76]. Fe-
males are also thought to be more sensitive to stress hormones, possibly reducing their ability
to manage stressful situations [77]. Beyond hormones, it may also be that women do not bene-
fit from some of the protective factors that benefit men; for instance, unit cohesion has been
shown to benefit men more than women [78, 79].

The additional socio-demographic risk factors associated with PTSD in military personnel
and veterans were race (minority ethnic groups) and education (lower education levels). Specif-
ically, non-white military service members were more likely to suffer from PTSD than whites
military service members. The reason, why minority military persons may be at risk for more
negative consequences from PTSD remains under debate; however, it may be that minority in-
dividuals who serve in the military have higher levels of other pre- or post-trauma risk factors,
or they may be more likely to be assigned to high combat roles. It is important to note that this
variable was coded in a dichotomous fashion (white versus black/ethnic minority); therefore,
important differences between minority ethnic groups may have been masked herein[3, 11].
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To the point of education, different educational levels indirectly influences multiple, including
economic resources, social status, social networks, and health behavior. Therefore, military ser-
vice members with higher education levels may use better coping methods because they access
to more resources, thereby reducing the incidence of depression. However, it is important to
note that marital status did not have an effect on PTSD in this meta-analysis; this finding con-
tradicts some previous military research. For instance, Smith et al. indicated that military per-
sons were at a substantially higher risk for possible PTSD if they were divorced than if they
were currently married or never married [6, 80].Thus, future research should explore the rela-
tionship between marital status and PTSD.

When military characteristics were examined, military rank (i.e., non-officers), branch of
service (i.e., Army), occupation (i.e., combat specialists), camulative length of deployments
(i.e., longer), and number of deployments (i.e., >2) were important contributors to the devel-
opment of combat-related PTSD. Non-officers and supply personnel were more likely to be di-
agnosed with PTSD; this may be because of their increased combat exposure [39]. Other
studies have also show that PTSD is higher among enlisted personnel than among officers [81];
Booth-Kooley et al. proposed that this occurs because enlisted personnel reenter society with-
out close connections to military members with similar experiences, or because military
deployment has a greater negative impact on home life for reservists than for officers. Com-
pared to Army personnel, those in the Marines, Air Force, Navy, or Coast Guard are signifi-
cantly less likely to report symptoms of PTSD [61]. Few studies have examined military
occupation in relation to combat exposure, or how occupation mediates links between combat
exposure and mental health. In one of the few studies conducted in this area, Mayo et al. indi-
cated that combat specialists were at a greater risk for new-onset PTSD compared with health
specialists, service supply, and functional personnel [39]. It was speculated that these difference
were found because military persons have more and longer deployment. Thus, military persons
were at a higher risk for an enemy attack and increased combat exposure; this put them at
higher risk for the development of PTSD.

Although smoking status was not positively related to PTSD in this meta-analysis, Barrett
indicated that current and former smokers were more likely to meet the criteria for PTSD
when compared with those who reported never smoking [61]. The association between smok-
ing and PTSD has been previously found among U.S. veterans of the Vietnam War [2]. Howev-
er, most studies focusing on smoking and other adverse health behaviors, such as alcohol and
drug use, use self-report screeners rather than more structured diagnostic approaches; there-
fore, there could be a possible bi-directional effect. That is, those who smoke may have more
PTSD symptoms or PTSD symptoms may lead them to smoke. This factor remains unclear
and merits further study.

Pre-trauma factors (i.e., life events, pre-trauma psychological problems, and prior exposure
to trauma) were also related to the development of combat-related PTSD. However, these find-
ings were somewhat different from those reported in the meta-analysis by Brewin (2000).
Specifically, Brewin (2000) found that the effects of pre-trauma factors were mediated by sub-
sequent trauma factors or individual responses to the trauma. That is, the effects of these vari-
ables are distal rather than proximal, and their impact is diluted by one or more intervening
variables [3].

There is a common thread between prior exposure to adverse life events and the exposed
person’s own psychological problems as predictors of PTSD. Psychological problems—which
can both create and result from poorer social support—play some role in the risk of PTSD after
exposure to traumatic stressors [26]. Most studies have used cross-sectional or retrospective
data. These studies do not have pre-deployment data on the mental health status of military
samples, and only a small number of studies have examined the relationship between existing
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disorders and combat-related PTSD. Thus, it is difficult to ascertain the effects of decreased
mental or physical health on the onset or persistence of symptoms of PTSD. Some studies have
also found that prior sexual abuse may increase military person’s vulnerability or resilience fol-
lowing potentially traumatic events [26]; since women are more often exposed to sexual abuse
than men, this finding may also help to explain the heightened PTSD prevalence

among women.

Peri-trauma factors

Deployment-related variables like combat exposure were significantly associated with combat-
related PTSD. Deployed personnel with combat exposure reported more symptoms of PTSD
than those deployed individuals without combat exposure. This is similar to previous findings
that PTSD risk increased among combat soldiers who returned from Vietnam, the Persian
Gulf, Iraq and Afghanistan, who had increased combat exposure, multiple deployments, and
longer deployments [5, 82, 83]. Researchers have also reported that greater elapsed time from
military active duty worry about family life during deployment, and separation from military
service were significantly risk factors for PTSD [50, 84].

Although combat exposure is considered the leading stressor of war, many researchers have
emphasized the importance of deployment-related stressors on PTSD; these deployment-
related stressors include excessive heat or cold, concerns or problems with family members
back home, boredom, lack of privacy, and problems with leadership [6]. In addition, Enge-
khard et al. indicated that noncombat stressors such as operational stressors, low-magnitude
stressors, and contextual stressors also play an important role in the development of PTSD.
However, service component difference did not emerge in this meta-analysis.

Military personnel were more likely to develop PTSD if they discharged a weapon or wit-
nessed an injury or death during their deployment. Discharging a weapon is likely to generate
a traumatic memory directly associated with the negative event, this is considered an important
precursor to combat-related PTSD. It is likely that military service members who witnessed
someone being injured or killed during deployment experienced intense fear at that time.

In addition, the relationship between being injured and PTSD may be related to the severity
of the injuries (e.g., injuries resulting in amputation and disability). The onset of disability is
likely to reduce the quality of life in military personnel and veterans that may lead to PTSD.
This is consistent with what Trickey et al.’s findings; specifically, they reported that trauma se-
verity was strongly associated with the risk of developing PTSD. However, they also indicated
that the effect of trauma severity was complex, since the objective measurement was complicat-
ed by a number of conceptual factors [11]. Other studies have also demonstrated a link between
physical injury and PTSD. For example, in a recent meta-analysis, Ozer et al. indicated that the
strongest predictors of PT'SD were psychological processes during the traumatic event [26].
MacGregor confirmed that injuries occurring in battle were more strongly associated with
PTSD when compared with non-battle injuries [38].

Post-trauma factors

Post-deployment support, subsequent life stress, and comorbid psychological problems are
among the personal factors that have been considered as possible risk factors for PTSD [85]. A
positive recovery environment after trauma exposure may serve as a protective factor. For in-
stance, social support is associated with a lower PTSD risk in both the general population and
military settings [3, 26]. High levels of social care and support may foster feelings of self-
reliance and self-security among military people; these feelings protect against PTSD. Further-
more, military people who were unemployed after their military service were more likely to
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exhibit post-combat PTSD symptoms. This suggests that a loss of resources diminishes veter-
ans’ ability to care for their families to the same extent as before the deployment. In other
words, it also highlights the importance of reducing the risk of PTSD.

In the current meta-analysis, comorbid psychological problems were not risk factors for de-
veloping combat-related PTSD; thus, the relationship between comorbidities and PTSD is still
unclear. In a systematic review, mixed results suggesting that comorbid psychological problems
may be risk factors for PTSD following combat exposure, or that PTSD may be a predictor of
comorbid psychological problems, or that they may share common risk factors [86]. However,
another study by Trickey et al. revealed that comorbid psychological problems (e.g., anxiety,
depression) were significant risk factors, and depression was the most predictive of PTSD [11].
Thus, future research should examine psychiatric reactions after the combat exposure.

Limitations

It is important to note that our study had some limitations. To begin, this meta-analysis only
included observational studies; most data were based on self-report measures, that can be
prone to biases in sample selection, recall, and information evaluation, as well as confounding
biases. There was also significant heterogeneity among the studies due to sampling, design,
measurement, and statistical analysis. This is not uncommon in reviews of observational stud-
ies [87]. Furthermore, many of the variables included in the analyses were only examined in a
small proportion of studies, thereby limiting the generalizability of the findings. Moreover, the
32 studies we included contained data from only a small number of female participants who
were deployed to combat areas, as previously noted, women may have unique risk factors for
PTSD that were not confirmed in our article, including experiences of sexual assault and child-
hood sexual abuse. This should be examined more closely in future research.

In addition, all of the studies involved deployed personnel and assumed that trauma expo-
sure was combat related. However, the nature of the traumas leading to PTSD cannot be con-
firmed, given the self-report nature of the studies. Finally, we were not able to reveal the exact
nature of the relationship between the risk factors; therefore, better levels of prediction could
occur by aggregating these risk factors. Thus, investigations of interaction, mediator, and mod-
erator effects are necessary. Nevertheless, our study highlights areas that will benefit from
further investigation.

Conclusion

In conclusion, despite some limitations of the studies included in the meta-analysis, this study
revealed positive relationships between several predictors and PTSD among military personnel
and veterans. As previously noted, beyond the traumatic event itself, individual and social vul-
nerability factors influence the development of PTSD. In our study, we examined the risk fac-
tors for PTSD based on the ORs/RRs and 95% Cls reported in each study; our analysis revealed
that the relatively larger estimated effect size of predictors were adverse peri-deployment events
(e.g., discharged a weapon, saw someone wounded/killed), trauma severity, and adverse life
events. Thus, more attention should be given to the role of personal and environment variables
in predicting PTSD.

In general, the present study has implications for the theoretical understanding of PTSD
and can help military health service workers reduce the incidence of PTSD among military ser-
vice members. First, this research may provide ideas for military leaders and policy makers to
establish programs to improve assessments, prevention efforts, and interventions for combat-
related PTSD. Specifically, it is necessary to understand the health of military personnel since
assessing the mental health of military personnel before their deployment is easy to initiate.
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Indeed, military leaders and society should provide continuous support to military persons be-
fore, during, and after their deployment. Second, these results can help clinicians understand
the relevant risk factors and provide treatment prior to difficulties becoming chronic. Addi-
tionally, clinicians should pay more attention to previously existing mental disorders in
military personnel.

Importantly, there are some issues that require further study. First, the varying effects of
ages, ethnicity, and branch of service should be explored in future research. Second, and the
most importantly, the thrust of future research should be on the more proximal mechanisms
or processes in the development of combat-related PTSD; moreover, researchers should work
to better understand how these variables interact and how to better protect military personnel
from combat-related PTSD.

Supporting Information

S1 PRISMA ChecKklist.
(PDF)

Acknowledgments
We thank Editage for providing language help.

Author Contributions

Conceived and designed the experiments: CX BT YG YL PK MW LZ. Performed the experi-
ments: CX BT YG YL PK MW LZ. Analyzed the data: CX BT YG YL PK MW LZ. Contributed
reagents/materials/analysis tools: CX BT. Wrote the paper: CX.

References

1. Association Psychiatric Assocaition (1994) Diagnostic and statistical manual of mental disorders
(4th ed.). Washington, DC: Author.

2. Beckham JC, Lytle BL, Vrana SR, Hertzberg MA, Feldman ME, Shipley RH (1996) Smoking withdrawal
symptoms in response to a trauma-related stressor among Vietnam combat veterans with posttraumat-
ic stress disorder. Addictive behaviors 21: 93-101. PMID: 8729711

3. Brewin CR, Andrews B, Valentine JD (2000) Meta-analysis of risk factors for posttraumatic stress disor-
der in trauma-exposed adults. Journal of consulting and clinical psychology 68: 748-766. PMID:
11068961

4. Dohrenwend BP, Turner JB, Turse NA, Adams BG, Koenen KC, Marshall R (2007) Continuing contro-
versy over the psychological risks of Vietnam for U.S. veterans. Journal of traumatic stress 20:
449-465. PMID: 17721952

5. Hoge CW, Castro CA, Messer SC, McGurk D, Cotting DI, Koffman RL (2004) Combat duty in Irag and
Afghanistan, mental health problems, and barriers to care. The New England journal of medicine 351:
13-22. PMID: 15229303

6. Booth-Kewley S, Larson GE, Highfil-McRoy RM, Garland CF, Gaskin TA (2010) Correlates of posttrau-
matic stress disorder symptoms in Marines back from war. Journal of traumatic stress 23: 69-77. doi:
10.1002/jts.20485 PMID: 20104587

7. Breslau N (2002) Epidemiologic studies of trauma, posttraumatic stress disorder, and other psychiatric
disorders. Canadian journal of psychiatry Revue canadienne de psychiatrie 47: 923-929. PMID:
12553127

8. Begic D, Jokic-Begic N (2001) Aggressive behavior in combat veterans with post-traumatic stress dis-
order. Military medicine 166: 671-676. PMID: 11515314

9. Hoge CW, Terhakopian A, Castro CA, Messer SC, Engel CC (2007) Association of posttraumatic stress
disorder with somatic symptoms, health care visits, and absenteeism among Iraq war veterans. Am
J Psychiat 164: 150-153. PMID: 17202557

PLOS ONE | DOI:10.1371/journal.pone.0120270 March 20, 2015 17/21


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0120270.s001
http://www.ncbi.nlm.nih.gov/pubmed/8729711
http://www.ncbi.nlm.nih.gov/pubmed/11068961
http://www.ncbi.nlm.nih.gov/pubmed/17721952
http://www.ncbi.nlm.nih.gov/pubmed/15229303
http://dx.doi.org/10.1002/jts.20485
http://www.ncbi.nlm.nih.gov/pubmed/20104587
http://www.ncbi.nlm.nih.gov/pubmed/12553127
http://www.ncbi.nlm.nih.gov/pubmed/11515314
http://www.ncbi.nlm.nih.gov/pubmed/17202557

@' PLOS ‘ ONE

Risk Factors for Combat-Related PTSD

10.

11.

12

13.

14.

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Carroll EM, Rueger DB, Foy DW, Donahoe CP Jr (1985) Vietham combat veterans with posttraumatic
stress disorder: analysis of marital and cohabitating adjustment. Journal of abnormal psychology 94:
329-337. PMID: 4031230

Trickey D, Siddaway AP, Meiser-Stedman R, Serpell L, Field AP (2012) A meta-analysis of risk factors
for post-traumatic stress disorder in children and adolescents. Clinical psychology review 32: 122—138.
doi: 10.1016/j.cpr.2011.12.001 PMID: 22245560

Hoge CW, Lesikar SE, Guevara R, Lange J, Brundage JF, Engel CC Jr, et al. (2002) Mental disorders
among U.S. military personnel in the 1990s: association with high levels of health care utilization and
early military attrition. The American journal of psychiatry 159: 1576—1583. PMID: 12202280

Li Y (1999) Cognitive theory and cognitive behavioral therapy of PTSD. Chinese journal of clinical psy-
chology 7(2): 125-126.

Bremner JD, Randall P, Scott TM, Bronen RA, Seibyl JP, Southwick SM, et al. (1995) MRI-based mea-
surement of hippocampal volume in patients with combat-related posttraumatic stress disorder. The
American journal of psychiatry 152: 973-981. PMID: 7793467

Mason J W GEL, Kosten TR, Ostroff RB, Podd L (1986) Urinary free-cortisol levels in post traumatic
stress disorder patients. J New Ment Disord 174: 145—-159.

Gelpin E, Bonne O, Peri T, Brandes D, Shalev AY (1996) Treatment of recent trauma survivors with
benzodi-azepines; a prospective study. The Journal of clinical psychiatry 57: 390-394. PMID:
9746445

Wong CM (2002) Post-traumatic stress disorder: advance in psychoneuroimmunology. Psychiatr Clin
N Am 25: 369-383.

Yehuda RE (1999) Risk factors for posttraumatic stress disorder. Washington, DC: American Psychi-
atric Press. PMID: 10212865

Davidson JR, Hughes D, Blazer DG, George LK (1991) Post-traumatic stress disorder in the communi-
ty: an epidemiological study. Psychological medicine 21: 713-721. PMID: 1946860

Bremner JD, Southwick SM, Johnson DR, Yehuda R, Charney DS (1993) Childhood physical abuse
and combat-related posttraumatic stress disorder in Vietham veterans. The American journal of psychi-
atry 150: 235-239. PMID: 8422073

King DW, King LA, Gudanowski DM, Vreven DL (1995) Alternative representations of warzone stress-
ors: Relationships to posttraumatic stress disorder in male and female Vietnam veterans. Journal of ab-
normal psychology 104: 184—196. PMID: 7897042

Kaylor JA, King DW, King LA (1987) Psychological effects of military service in Vietnam: a meta-
analysis. Psychological bulletin 102: 257-271. PMID: 3659223

Rubonis AV, Bickman L (1991) Psychological impairment in the wake of disaster: the disaster-
psychopathology relationship. Psychological bulletin 109: 384—-399. PMID: 1829536

Weaver TL, Clum GA (1995) Psychological distress associated with interpersonal violence: A meta-
analysis. Clinical psychology review 15: 115-140.

Shalev AY (1996) Stress versus traumatic stress: From acute homeostatic reactions to chronic psycho-
pathology. Traumatic stress: 77-101.

Ozer EJ, Best SR, Lipsey TL, Weiss DS (2003) Predictors of posttraumatic stress disorder and symp-
toms in adults: a meta-analysis. Psychological bulletin 129: 52—-73. PMID: 12555794

Pine DS, Cohen JA (2002) Trauma in children and adolescents: risk and treatment of psychiatric se-
quelae. Biological psychiatry 51: 519-531. PMID: 11950454

Wright BK, Kelsall HL, Sim MR, Clarke DM, Creamer MC (2013) Support mechanisms and vulnerabili-
ties in relation to PTSD in veterans of the Gulf War, Iraq War, and Afghanistan deployments: a system-
atic review. Journal of traumatic stress 26: 310—318. doi: 10.1002/jts.21809 PMID: 23670878

Moher D, Liberati A, Tetzlaff J, Altman DG, Group P (2009) Preferred reporting items for systematic re-
views and meta-analyses: the PRISMA statement. PLoS medicine 6: €1000097. doi: 10.1371/journal.
pmed.1000097 PMID: 19621072

Association Psychiatric Assocaition (2000) Diagnostic and statistical manual of mental disorders
(4th ed.). Washington, DC: Author (text rev.).

Celiac Disease. Evidence Reports/Technology Assessments NAD. Available: http://www.ncbi.nlm.nih.
gov/books/NBK35156., editors.

Ryder SJ, Hawkins SA, Dawson M, Wells GA (2000) The neuropathology of experimental bovine spon-
giform encephalopathy in the pig. Journal of comparative pathology 122: 131-143. PMID: 10684682

Hofmann M, Kohler B, Leichsenring F, Kruse J (2013) Depression as a risk factor for mortality in individ-
uals with diabetes: a meta-analysis of prospective studies. Plos One 8: €79809. doi: 10.1371/journal.
pone.0079809 PMID: 24278183

PLOS ONE | DOI:10.1371/journal.pone.0120270 March 20, 2015 18/21


http://www.ncbi.nlm.nih.gov/pubmed/4031230
http://dx.doi.org/10.1016/j.cpr.2011.12.001
http://www.ncbi.nlm.nih.gov/pubmed/22245560
http://www.ncbi.nlm.nih.gov/pubmed/12202280
http://www.ncbi.nlm.nih.gov/pubmed/7793467
http://www.ncbi.nlm.nih.gov/pubmed/9746445
http://www.ncbi.nlm.nih.gov/pubmed/10212865
http://www.ncbi.nlm.nih.gov/pubmed/1946860
http://www.ncbi.nlm.nih.gov/pubmed/8422073
http://www.ncbi.nlm.nih.gov/pubmed/7897042
http://www.ncbi.nlm.nih.gov/pubmed/3659223
http://www.ncbi.nlm.nih.gov/pubmed/1829536
http://www.ncbi.nlm.nih.gov/pubmed/12555794
http://www.ncbi.nlm.nih.gov/pubmed/11950454
http://dx.doi.org/10.1002/jts.21809
http://www.ncbi.nlm.nih.gov/pubmed/23670878
http://dx.doi.org/10.1371/journal.pmed.1000097
http://dx.doi.org/10.1371/journal.pmed.1000097
http://www.ncbi.nlm.nih.gov/pubmed/19621072
http://www.ncbi.nlm.nih.gov/books/NBK35156
http://www.ncbi.nlm.nih.gov/books/NBK35156
http://www.ncbi.nlm.nih.gov/pubmed/10684682
http://dx.doi.org/10.1371/journal.pone.0079809
http://dx.doi.org/10.1371/journal.pone.0079809
http://www.ncbi.nlm.nih.gov/pubmed/24278183

@ PLOS | one

Risk Factors for Combat-Related PTSD

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Duval S, Tweedie R (1998) Practical estimates of the effect of publication bias in meta-analysis. Aus-
tralasian Epidemiologist 5(4): 14.

Macera CA, Aralis HJ, Highfill-McRoy R, Rauh MJ (2014) Posttraumatic stress disorder after combat
zone deployment among navy and marine corps men and women. Journal of women's health 23:
499-505. doi: 10.1089/jwh.2013.4302 PMID: 24828786

Harbertson J, Grillo M, Zimulinda E, Murego C, Cronan T, May S, et al. (2013) Prevalence of PTSD and
depression, and associated sexual risk factors, among male Rwanda Defense Forces military person-
nel. Trop Med Int Health 18: 925-933. doi: 10.1111/tmi.12129 PMID: 23692352

Kline A, Ciccone DS, Weiner M, Interian A, St Hill L, Falca-Dodson M, et al. (2013) Gender differences
in the risk and protective factors associated with PTSD: a prospective study of National Guard troops
deployed to Iraq. Psychiatry 76: 256—272. doi: 10.1521/psyc.2013.76.3.256 PMID: 23965264

Macgregor AJ, Tang JJ, Dougherty AL, Galarneau MR (2013) Deployment-related injury and posttrau-
matic stress disorder in US military personnel. Injury 44: 1458—1464. doi: 10.1016/j.injury.2012.10.009
PMID: 23137798

Mayo JA, MacGregor AJ, Dougherty AL, Galarneau MR (2013) Role of occupation on new-onset post-
traumatic stress disorder and depression among deployed military personnel. Military medicine 178:
945-950. doi: 10.7205/MILMED-D-12-00527 PMID: 24005541

Tracie Shea M, Reddy MK, Tyrka AR, Sevin E (2013) Risk factors for post-deployment posttraumatic
stress disorder in national guard/reserve service members. Psychiatry research 210: 1042—1048. doi:
10.1016/j.psychres.2013.08.039 PMID: 24054062

van Liempt S, van Zuiden M, Westenberg H, Super A, Vermetten E (2013) Impact of impaired sleep on
the development of PTSD symptoms in combat veterans: a prospective longitudinal cohort study. De-
pression and anxiety 30: 469-474. doi: 10.1002/da.22054 PMID: 23389990

Goldmann E, Calabrese JR, Prescott MR, Tamburrino M, Liberzon |, Slembarski R, et al. (2012) Poten-
tially Modifiable Pre-, Peri-, and Postdeployment Characteristics Associated With Deployment-Related
Posttraumatic Stress Disorder Among Ohio Army National Guard Soldiers. Ann Epidemiol 22: 71-78.
doi: 10.1016/j.annepidem.2011.11.003 PMID: 22226029

Jones M, Sundin J, Goodwin L, Hull L, Fear NT, Wessely S, et al. (2013) What explains post-traumatic
stress disorder (PTSD) in UK service personnel: deployment or something else? Psychological medi-
cine 43:1703-1712. doi: 10.1017/S0033291712002619 PMID: 23199850

MacGregor AJ, Han PP, Dougherty AL, Galarneau MR (2012) Effect of dwell time on the mental health

of US military personnel with multiple combat tours. American journal of public health 102 Suppl 1:
S55-59. doi: 10.2105/AJPH.2011.300341 PMID: 22390601

Rona RJ, Jones M, Sundin J, Goodwin L, Hull L, Wessely S, et al. (2012) Predicting persistent posttrau-
matic stress disorder (PTSD) in UK military personnel who served in Iraq: a longitudinal study. Journal
of psychiatric research 46: 1191-1198. doi: 10.1016/j.jpsychires.2012.05.009 PMID: 22682674
Wells TS, Ryan MA, Jones KA, Hooper Tl, Boyko EJ, Jacobson IG, et al. (2012) A comparison of men-
tal health outcomes in persons entering U.S. military service before and after September 11, 2001.
Journal of traumatic stress 25: 17-24. doi: 10.1002/jts.21657 PMID: 22354504

Du Preez J, Sundin J, Wessely S, Fear NT (2012) Unit cohesion and mental health in the UK armed
forces. Occupational medicine 62: 47-53. doi: 10.1093/occmed/kqri51 PMID: 22003060

Maguen S, Cohen B, Cohen G, Madden E, Bertenthal D, Seal K (2012) Gender Differences in Health
Service Utilization Among Iraq and Afghanistan Veterans with Posttraumatic Stress Disorder. J Wom-
ens Health 21: 666-673. doi: 10.1089/jwh.2011.3113 PMID: 22313026

Riviere LA, Kendall-Robbins A, McGurk D, Castro CA, Hoge CW (2011) Coming home may hurt: risk
factors for mental ill health in US reservists after deploymentin Iraqg. Brit J Psychiat 198: 136—142. doi:
10.1192/bjp.bp.110.084863 PMID: 21282784

Sandweiss DA, Slymen DJ, Leardmann CA, Smith B, White MR, Boyko EJ, et al. (2011) Preinjury psy-
chiatric status, injury severity, and postdeployment posttraumatic stress disorder. Archives of general
psychiatry 68: 496-504. doi: 10.1001/archgenpsychiatry.2011.44 PMID: 21536979

LeardMann CA, Smith B, Ryan MAK (2010) Do adverse childhood experiences increase the risk of
postdeployment posttraumatic stress disorder in US Marines? Bmc Public Health 10.

Phillips CJ, LeardMann CA, Gumbs GR, Smith B (2010) Risk Factors for Posttraumatic Stress Disorder
Among Deployed US Male Marines. Bmc Psychiatry 10.

Iversen AC, van Staden L, Hughes JH, Browne T, Hull L, Hall J, et al. (2009) The prevalence of com-
mon mental disorders and PTSD in the UK military: using data from a clinical interview-based study.
Bmc Psychiatry 9.

LeardMann CA, Smith TC, Smith B, Wells TS, Ryan MA, Millennium Cohort Study Team (2009) Base-
line self reported functional health and vulnerability to post-traumatic stress disorder after combat

PLOS ONE | DOI:10.1371/journal.pone.0120270 March 20, 2015 19/21


http://dx.doi.org/10.1089/jwh.2013.4302
http://www.ncbi.nlm.nih.gov/pubmed/24828786
http://dx.doi.org/10.1111/tmi.12129
http://www.ncbi.nlm.nih.gov/pubmed/23692352
http://dx.doi.org/10.1521/psyc.2013.76.3.256
http://www.ncbi.nlm.nih.gov/pubmed/23965264
http://dx.doi.org/10.1016/j.injury.2012.10.009
http://www.ncbi.nlm.nih.gov/pubmed/23137798
http://dx.doi.org/10.7205/MILMED-D-12-00527
http://www.ncbi.nlm.nih.gov/pubmed/24005541
http://dx.doi.org/10.1016/j.psychres.2013.08.039
http://www.ncbi.nlm.nih.gov/pubmed/24054062
http://dx.doi.org/10.1002/da.22054
http://www.ncbi.nlm.nih.gov/pubmed/23389990
http://dx.doi.org/10.1016/j.annepidem.2011.11.003
http://www.ncbi.nlm.nih.gov/pubmed/22226029
http://dx.doi.org/10.1017/S0033291712002619
http://www.ncbi.nlm.nih.gov/pubmed/23199850
http://dx.doi.org/10.2105/AJPH.2011.300341
http://www.ncbi.nlm.nih.gov/pubmed/22390601
http://dx.doi.org/10.1016/j.jpsychires.2012.05.009
http://www.ncbi.nlm.nih.gov/pubmed/22682674
http://dx.doi.org/10.1002/jts.21657
http://www.ncbi.nlm.nih.gov/pubmed/22354504
http://dx.doi.org/10.1093/occmed/kqr151
http://www.ncbi.nlm.nih.gov/pubmed/22003060
http://dx.doi.org/10.1089/jwh.2011.3113
http://www.ncbi.nlm.nih.gov/pubmed/22313026
http://dx.doi.org/10.1192/bjp.bp.110.084863
http://www.ncbi.nlm.nih.gov/pubmed/21282784
http://dx.doi.org/10.1001/archgenpsychiatry.2011.44
http://www.ncbi.nlm.nih.gov/pubmed/21536979

@' PLOS ‘ ONE

Risk Factors for Combat-Related PTSD

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

deployment: prospective US military cohort study. Bmj 338: b1273. doi: 10.1136/bmj.b1273 PMID:
19372117

Dohrenwend BP, Turner JB, Turse NA, Lewis-Fernandez R, Yager TJ (2008) War-related posttraumat-
ic stress disorder in Black, Hispanic, and majority White Vietnam veterans: the roles of exposure and
vulnerability. Journal of traumatic stress 21: 133-141. doi: 10.1002/jts.20327 PMID: 18404630

Iversen AC, Fear NT, Ehlers A, Hughes JH, Hull L, Earnshaw M, et al. (2008) Risk factors for post-
traumatic stress disorder among UK Armed Forces personnel. Psychological medicine 38: 511-522.
doi: 10.1017/S0033291708002778 PMID: 18226287

Zohar J, Fostick L, Cohen A, Bleich A, Dolfin D, Weissman Z, et al. (2009) Risk factors for the develop-
ment of posttraumatic stress disorder following combat trauma: a semiprospective study. The Journal
of clinical psychiatry 70: 1629—1635. doi: 10.4088/JCP.08m04378blu PMID: 19852906

Rona RJ, Fear NT, Hull L, Greenberg N, Earnshaw M, Hotopf M, et al. (2007) Mental health conse-
quences of overstretch in the UK armed forces: first phase of a cohort study. Bmj 335: 603. PMID:
17664192

Jones M, Rona RJ, Hooper R, Wesseley S (2006) The burden of psychological symptoms in UK Armed
Forces. Occupational medicine 56: 322—-328. PMID: 16720583

Koenen KC, Stellman JM, Stellman SD, Sommer JF Jr. (2003) Risk factors for course of posttraumatic
stress disorder among Vietnam veterans: a 14-year follow-up of American Legionnaires. Journal of
consulting and clinical psychology 71:980-986. PMID: 14622073

Barrett DH, Doebbeling CC, Schwartz DA, Voelker MD, Falter KH, Woolson RF, et al. (2002) Posttrau-
matic stress disorder and self-reported physical health status among U.S. Military personnel serving
during the Gulf War period: a population-based study. Psychosomatics 43: 195-205. PMID: 12075034

Koenen KC, Harley R, Lyons MJ, Wolfe J, Simpson JC, Goldberg J, et al. (2002) A twin registry study of
familial and individual risk factors for trauma exposure and posttraumatic stress disorder. The Journal
of nervous and mental disease 190: 209—-218. PMID: 11960081

O'Toole BI, Marshall RP, Schureck RJ, Dobson M (1998) Posttraumatic stress disorder and comorbidity
in Australian Vietnam veterans: risk factors, chronicity and combat. The Australian and New Zealand
journal of psychiatry 32: 32—42. PMID: 9565181

O'Toole BI, Marshall RP, Schureck RJ, Dobson M (1998) Risk factors for posttraumatic stress disorder
in Australian Vietnam veterans. The Australian and New Zealand journal of psychiatry 32: 21-31.
PMID: 9565180

McCarren M, Janes GR, Goldberg J, Eisen SA, True WR, Henderson WG (1995) A twin study of the as-
sociation of post-traumatic stress disorder and combat exposure with long-term socioeconomic status
in Vietnam veterans. Journal of traumatic stress 8: 111-124. PMID: 7712050

Foy DW, Madvig BT, Pynoos RS, Camilleri AJ (1996) Etiologic factors in the development of posttrau-
matic stress disorder in children and adolescents. Journal of School Psychology 34(2).

Meiser-Stedman R (2002) Towards a cognitive-behavioral model of PTSD in children and adolescents.
Clinical child and family psychology review 5:217-232. PMID: 12495267

Pfefferbaum B (1997) Posttraumatic stress disorder in children: a review of the past 10 years. Journal
of the American Academy of Child and Adolescent Psychiatry 36: 1503—1511. PMID: 9394934

Salmon K, Bryant RA (2002) Posttraumatic stress disorder in children. The influence of developmental
factors. Clinical psychology review 22: 163—188. PMID: 11806018

Manning L (2008) Women in the military: Where they stand. Arlington, VA: Women’s Research and Ed-
ucation Institute.

Luxton DD, Skopp NA, Maguen S (2010) Gender differences in depression and PTSD symptoms fol-
lowing combat exposure. Depression and anxiety 27: 1027—1033. doi: 10.1002/da.20730 PMID:
20721909

Carter-Visscher R, Polusny MA, Murdoch M, Thuras P, Erbes CR, Kehle SM. (2010) Predeployment
gender differences in stressors and mental health among U.S. National Guard troops poised for Opera-
tion Iragi Freedom deployment. Journal of traumatic stress 23: 78-85. doi: 10.1002/jts.20481 PMID:
20135681

Tolin DF, Foa EB (2006) Sex differences in trauma and posttraumatic stress disorder: a quantitative re-
view of 25 years of research. Psychological bulletin 132: 959-992. PMID: 17073529

Wolfe J, Kimerling R (1997) Gender issues in the assessment of posttraumatic stress disorder. In Wil-
son J P & Keane T M (Eds),Assessing psychological trauma and PTSD (pp 192—238) New York: Guil-
ford Press.

Breslau N, Davis GC, Andreski P, Peterson EL, Schultz LR (1997) Sex differences in posttraumatic
stress disorder. Archives of general psychiatry 54: 1044—1048. PMID: 9366662

PLOS ONE | DOI:10.1371/journal.pone.0120270 March 20, 2015 20/21


http://dx.doi.org/10.1136/bmj.b1273
http://www.ncbi.nlm.nih.gov/pubmed/19372117
http://dx.doi.org/10.1002/jts.20327
http://www.ncbi.nlm.nih.gov/pubmed/18404630
http://dx.doi.org/10.1017/S0033291708002778
http://www.ncbi.nlm.nih.gov/pubmed/18226287
http://dx.doi.org/10.4088/JCP.08m04378blu
http://www.ncbi.nlm.nih.gov/pubmed/19852906
http://www.ncbi.nlm.nih.gov/pubmed/17664192
http://www.ncbi.nlm.nih.gov/pubmed/16720583
http://www.ncbi.nlm.nih.gov/pubmed/14622073
http://www.ncbi.nlm.nih.gov/pubmed/12075034
http://www.ncbi.nlm.nih.gov/pubmed/11960081
http://www.ncbi.nlm.nih.gov/pubmed/9565181
http://www.ncbi.nlm.nih.gov/pubmed/9565180
http://www.ncbi.nlm.nih.gov/pubmed/7712050
http://www.ncbi.nlm.nih.gov/pubmed/12495267
http://www.ncbi.nlm.nih.gov/pubmed/9394934
http://www.ncbi.nlm.nih.gov/pubmed/11806018
http://dx.doi.org/10.1002/da.20730
http://www.ncbi.nlm.nih.gov/pubmed/20721909
http://dx.doi.org/10.1002/jts.20481
http://www.ncbi.nlm.nih.gov/pubmed/20135681
http://www.ncbi.nlm.nih.gov/pubmed/17073529
http://www.ncbi.nlm.nih.gov/pubmed/9366662

@ PLOS | one

Risk Factors for Combat-Related PTSD

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

Zhang Z, Wang WZ, Shi ZB, Wang L, Zhang JX (2012) Mental Health Problems among the Survivors in
the Hard-Hit Areas of the Yushu Earthquake. Plos One 7.

Zhou X KL, Sun X, Song H, Mao W, Huang X, Zhang Y, et al. (2013) Risk factors of mental iliness
among adult survivors after the Wenchuan earthquake. Soc Psychiatry Psychiatr Epidemiol 48(6):
907-915. doi: 10.1007/s00127-012-0596-4 PMID: 23052427

Fontana A, Schwartz LS, Rosenheck R (1997) Posttraumatic stress disorder among female Vietnam
veterans: a causal model of etiology. American journal of public health 87: 169—175. PMID: 9103092

Cohen SI, Suri P, Amick MM, Yan K (2013) Clinical and demographic factors associated with employ-
ment status in US military veterans returning from Iraq and Afghanistan. Work 44:213-219. doi: 10.
3233/WOR-2012-1417 PMID: 22927609

Simon RW (2002) Reuvisiting the relationships among gender, marital status, and mental health. Ameri-
can Journal of Sociology 107: 1065—1096. PMID: 12227382

Smith TC, Ryan MA, Wingard DL, Slymen DJ, Sallis JF, Kritz-Silverstein D, et al. (2008) New onset and
persistent symptoms of post-traumatic stress disorder self reported after deployment and combat expo-
sures: prospective population based US military cohort study. Bmj 336: 366—371. doi: 10.1136/bmj.
39430.638241.AE PMID: 18198395

Street AE, Vogt D, Dutra L (2009) A new generation of women veterans: stressors faced by women de-
ployed to Irag and Afghanistan. Clinical psychology review 29: 685-694. doi: 10.1016/j.cpr.2009.08.
007 PMID: 19766368

Adler AB, Huffman AH, Bliese PD, Castro CA (2005) The impact of deployment length and experience
on the well-being of male and female soldiers. Journal of occupational health psychology 10: 121-137.
PMID: 15826223

Vogt DS, Pless AP, King LA, King DW (2005) Deployment stressors, gender, and mental health out-
comes among Gulf War | veterans. Journal of traumatic stress 18: 272—284. PMID: 16281224
Polusny MA, Erbes CR, Murdoch M, Arbisi PA, Thuras P, Rath MB (2011) Prospective risk factors for

new-onset post-traumatic stress disorder in National Guard soldiers deployed to Irag. Psychological
medicine 41:687—698. doi: 10.1017/S0033291710002047 PMID: 21144108

Stander VA, Thomsen CJ, Highfill-McRoy RM (2014) Etiology of depression comorbidity in combat-
related PTSD: A review of the literature. Clinical psychology review 34(2): 87—98. doi: 10.1016/j.cpr.
2013.12.002 PMID: 24486520

Stroup DF, Berlin JA, Morton SC, Olkin |, Williamson GD, Rennie D, et al. (2000) Meta-anaysis of ob-
servational studies in epidemiology. JAMA: The journal of the American Medical Association 283:
2008-2012.

PLOS ONE | DOI:10.1371/journal.pone.0120270 March 20, 2015 21/21


http://dx.doi.org/10.1007/s00127-012-0596-4
http://www.ncbi.nlm.nih.gov/pubmed/23052427
http://www.ncbi.nlm.nih.gov/pubmed/9103092
http://dx.doi.org/10.3233/WOR-2012-1417
http://dx.doi.org/10.3233/WOR-2012-1417
http://www.ncbi.nlm.nih.gov/pubmed/22927609
http://www.ncbi.nlm.nih.gov/pubmed/12227382
http://dx.doi.org/10.1136/bmj.39430.638241.AE
http://dx.doi.org/10.1136/bmj.39430.638241.AE
http://www.ncbi.nlm.nih.gov/pubmed/18198395
http://dx.doi.org/10.1016/j.cpr.2009.08.007
http://dx.doi.org/10.1016/j.cpr.2009.08.007
http://www.ncbi.nlm.nih.gov/pubmed/19766368
http://www.ncbi.nlm.nih.gov/pubmed/15826223
http://www.ncbi.nlm.nih.gov/pubmed/16281224
http://dx.doi.org/10.1017/S0033291710002047
http://www.ncbi.nlm.nih.gov/pubmed/21144108
http://dx.doi.org/10.1016/j.cpr.2013.12.002
http://dx.doi.org/10.1016/j.cpr.2013.12.002
http://www.ncbi.nlm.nih.gov/pubmed/24486520

