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Abstract
Purpose  Mental health problems are prevalent after combat; they are also common in its absence. Estimates of deployment-
attributability vary. This paper quantifies the contribution of different subtypes of occupational trauma to post-deployment 
mental health problems.
Methods  Participants were a cohort of 16,193 Canadian personnel undergoing post-deployment mental health screening 
after return from the mission in Afghanistan. The screening questionnaire assessed post-traumatic stress disorder, depres-
sion, panic disorder, generalized anxiety disorder, and exposure to 30 potentially traumatic deployment experiences. Logistic 
regression estimated adjusted population attributable fractions (PAFs) for deployment-related trauma, which was treated as 
count variables divided into several subtypes of experiences based on earlier factor analytic work.
Results  The overall PAF for overall deployment-related trauma exposure was 57.5% (95% confidence interval 44.1, 67.7) for 
the aggregate outcome of any of the four assessed problems. Substantial PAFs were seen even at lower levels of exposure. 
Among subtypes of trauma, exposure to a dangerous environment (e.g., receiving small arms fire) and to the dead and injured 
(e.g., handling or uncovering human remains) had the largest PAFs. Active combat (e.g., calling in fire on the enemy) did 
not have a significant PAF.
Conclusions  Military deployments involving exposure to a dangerous environment or to the dead or injured will have sub-
stantial impacts on mental health in military personnel and others exposed to similar occupational trauma. Potential expla-
nations for divergent findings in the literature on the extent to which deployment-related trauma contributes to the burden 
of mental disorders are discussed.
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Abbreviations
CAF	� Canadian Armed Forces
CI	� Confidence interval

EPDS	� Enhanced post-deployment screening
GAD	� Generalized anxiety disorder
IED	� Improvised explosive device
PAF	� Population attributable fraction
PHQ	� PRIME-MD Patient Health Questionnaire
PTSD	� Post-traumatic stress disorder
US	� United States of America

Introduction

Post-deployment mental health problems occur in many 
who have deployed to the conflicts in southwest Asia [1, 
2]. For example, 13.5% of Canadian Armed Forces person-
nel who deployed in support of the mission in Afghanistan 
were diagnosed with a mental disorder that was attrib-
uted to their deployment [2]. Mental health problems 
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are strongly associated with outcomes of interest to any 
employer, including absenteeism [3–5], decreased pro-
ductivity [3, 6, 7], long-term disability [8], and unwanted 
turnover [8, 9]. Mental health services represent a large 
and growing fraction of the health services delivered by 
military organizations [10].

Post-deployment mental health problems are driven by 
both military factors (such as combat exposure) and non-
military factors (such as gender [11], child abuse [12, 13], 
and past mental health [11]). Of deployment-related fac-
tors, exposure to potentially traumatic deployment experi-
ences has the strongest and most consistent relationship to 
post-deployment mental health problems [1, 14–16].

There is considerable variation in estimates among 
studies that have explored the relationship between combat 
and mental health, even within studies of deployments to 
similar conflict area over the same time frame. A review 
of the association of combat exposure and mental health 
in non-treatment seeking populations identified 53 stud-
ies in which estimates of PTSD prevalence ranged from 0 
to 48%, depression ranged from 4 to 45%, and substance 
misuse ranged from 4 to 66% [14] among persons who 
served in the armed forces during the Iraq and Afghanistan 
conflicts.

Few studies have directly quantified the contribution of 
combat experiences to the burden of mental health prob-
lems, and estimates vary widely. For example, in 2002, the 
population attributable fraction (PAF) in Canadian mili-
tary personnel for combat or peacekeeping with respect to 
any past-year mental disorder was 6% in women and 9% 
for men [17]. There were sizable PAFs only for past-year 
PTSD (47% in men, 24% in women); PAFs for depression 
were not statistically significant [17]. In 2013, similar sur-
vey data showed that the PAF for deployment in support 
of the CAF’s mission in Afghanistan with respect to any 
past-year mental disorder was remarkably similar (9% in a 
largely male sample); child abuse victimization, however, 
had a much greater PAF (29%) [13].

General population data from the US showed an appar-
ently greater contribution of combat: The PAF for the US 
adult population as a whole was 27% for past-year PTSD 
and 7% for past-year depression [18]. A recent Canadian 
study also found a substantial contribution, with three-
quarters of personnel diagnosed with a mental disorder 
after return from deployment in support of the mission in 
Afghanistan having a condition deemed to be deployment-
related by their clinician [2]. Consistent with this finding, 
modern Canadian veterans overwhelmingly attribute their 
mental health problems to their military service [2, 18, 
19]. In contrast, emerging research findings from the US 
Army showing high rates of mental disorders in recruits 
and in personnel who had never deployed [20–22] have 

pointed controversially [23] to a powerful contribution of 
factors other than occupational trauma.

These findings do not readily cohere, and each has impor-
tant limitations, including crude measures of occupational 
trauma exposure [14, 15, 17, 24], using data that pre-dated 
the large-scale deployments to southwest Asia since 2001 
[17], failure to account for determinants of mental health 
other than occupational trauma [2], and use of suboptimal 
civilian comparison groups [25]. It has been well-docu-
mented that different specific combat experiences are dif-
ferentially traumatogenic [26, 27], but few studies [17] have 
attempted to quantify the differential contribution of differ-
ent subtypes of occupational trauma to the burden of mental 
health problems. Some studies have explored differences in 
the strength of association between specific combat experi-
ences [27–29], but odds ratios are not optimal metrics for 
understanding the contribution of such experiences to the 
burden of post-deployment mental health problems, given 
that they do not account for the significant differences in the 
prevalence of the experiences. In addition, there are many 
potentially traumatic events during deployments [30], so 
looking a constrained subgroup of these [31] may under-
estimate the contribution of deployment-related trauma to 
mental health problems.

A better understanding of the relative contribution of 
types of combat experiences to mental health problems 
would help military organizations, other high-risk employers 
[32], and veteran services providers predict mental disorder 
burden in future operations. Understanding which types of 
experiences contribute most to the burden of illness may also 
inform training practices, which may have protective effects 
against trauma-related psychopathology [33].

Hence, this paper uses data collected from military per-
sonnel in the context of post-deployment mental health 
screening to estimate the overall and trauma subtype-specific 
PAFs for post-deployment mental health problems.

Methods

Study participants

Participants were 16,193 Canadian Armed Forces (CAF) 
personnel who underwent Enhanced Post-deployment 
Screening over the period 1 January 2009 through 1 July 
2012 following deployment in support of the CAF’s mission 
in Afghanistan. Personnel fulfilled a broad range of roles in 
various locations in Southwest Asia: Army personnel largely 
deployed to Kandahar Province (Afghanistan) in combat and 
combat support roles, Navy personnel to ships in the Arabian 
Gulf, and Air Force personnel to an air base in the United 
Arab Emirates [34]. The vast majority of the 158 CAF fatali-
ties occurred in Army personnel in Kandahar Province.
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The screening process

Screening is required 90–180 days post-deployment for 
personnel who deploy overseas for 60 days or more. The 
process consists of completion of a self-report health ques-
tionnaire followed by a personal interview with a mental 
health clinician.

Notwithstanding the policy requirement for screening, 
non-compliance does occur, though compliance with ques-
tionnaire completion is at least 76% [11], with this being 
calculated by dividing the number of screening question-
naires received relative to the number of personnel identified 
as requiring the screening, using administrative data. This 
represents a lower limit to compliance because screenings 
that cannot be matched to a given deployment due to miss-
ing data are considered non-compliant. Limitations in our 
data sources do not facilitate exploration of differences in 
the characteristics of those who do and do not complete the 
screenings.

Questionnaire content

Sociodemographic and military characteristics

These were assessed using a series of items developed for 
the screening process, including: age, sex, first official lan-
guage, education, marital status, years of military service, 
rank, component (Regular, compared with Reserve Force), 
and element (Army, Navy, or Air Force) [11].

Potentially traumatic deployment experiences

These were assessed using a 30-item combat exposure scale 
[35], adapted from the US Army’s Walter Reed Institute 
for Research Combat Experiences Scale [36]. Each item 
was a yes/no question assessing whether the experience had 
ever occurred over the most recent deployment. The total 
exposure score reflected the sum of the positive responses 
to these 30 items.

Three subscales representing the simple sum of positive 
responses to constituent items were calculated, with the 
items for each subscale being identified using principal com-
ponents analysis performed using the same dataset [35]. The 
first factor, “dangerous environment”, (12 items, explaining 
63.8% of variance, Cronbach’s α = 0.9) reflected dangers 
inherent in the combat environment, including exposure to 
small arms fire, improvised explosive devices, and hostile 
civilians. “Exposure to the dead and injured” (7 items, 7.6% 
of variance, α = 0.8) reflected exposures to human remains, 
death, and unit casualties. “Active combat” (5 items, 5.7% 
of variance, α = 0.7) represented exposure to combat activi-
ties and included 5 items such as receiving sniper fire and 
directing fire at the enemy. A fourth factor (4.8% of variance, 

α = 0.3) grouped 3 items (engaging in hand-to-hand combat, 
feeling directly responsible for the death of a non-combatant, 
and feeling directly responsible for the death of a Canadian 
or ally personnel), titled “perceived responsibility”, was 
treated as a dichotomous exposure (that is, exposed to 1 or 
more of these 3 experiences vs. none of them) because of the 
observed low reliability. Two additional items (being injured 
and having experienced a “close call”) that cross-loaded on 
several factors were treated as single, dichotomous items in 
the analysis.

Mental health problems

Post-traumatic stress disorder (PTSD) symptoms over the 
previous 4 weeks were assessed using the patient checklist 
for PTSD, Civilian Version (PCL-C) [37] (range 17–85), 
using a cut-off score of 50 or higher. Major depression over 
the past 2 weeks and generalized anxiety disorder (GAD) 
over the past month were assessed using the PRIME-MD 
Patient Health Questionnaire (PHQ), using the developer’s 
recommended algorithm for “major depressive syndrome” 
and “other anxiety syndrome”, respectively [38]. Panic dis-
order in the previous month was also assessed using the 
PHQ, though the minimum number of symptoms criterion 
(4 out of 11) for the last panic attack was not imposed [11], 
meaning that the criterion was met if they had had a self-
described anxiety or panic attack in the previous 4 weeks, if 
they had also had previous attacks, if they had had at least 
some such attacks “out of the blue”, and if they found the 
attacks bothersome/worrisome. A composite variable reflect-
ing the presence of 1 or more of the preceding 4 problems 
was also created.

Analysis

To simplify the analysis and interpretation of results, only 
the first screening questionnaire was used for personnel who 
completed more than 1 screening over this period (n = 972). 
All analysis was completed using Stata, version 13.0.

Outcomes

The primary outcome was the PAF for any mental health 
problem for overall exposure to all 30 potentially traumatic 
deployment experiences. Secondary outcomes included 
PAFs for each of the 4 specific problems assessed, as well as 
the PAFs for the 6 exposure subtypes. Exploration of expo-
sure- and disorder-specific PAFs was undertaken based on 
evidence of differential effects in earlier work [17].
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Association of combat exposure with mental health 
problems

The unadjusted association between trauma, mental health 
problems, and potential confounders identified in earlier 
work [11] (age, sex, education, rank, military branch, years 
of military service, regular force status, and marital status) 
was assessed using logistic regression. Combat exposures 
and potential confounders having a univariate relationship 
with any problem (P < 0.05) were included in multivariate 
logistic regression models, which were used to calculate 
PAFs. However, to facilitate comparability and simplify 
reporting of results, the same control variables were included 
in all models. Results are expressed as adjusted odds ratios 
with corresponding 95% confidence intervals (CIs). All tests 
for statistical significance are two-sided.

Missing data

The fraction of missing sociodemographic and military char-
acteristics was 0.4% or less. Mental health problem status 
was missing for between 0.5% (for PTSD) and 2.1% (for 
GAD). Exposure data were missing for at most 0.1% for each 
exposure item. Listwise deletion was used during analysis, 
resulting in final models containing complete data for at least 
15,084 (93%) of participants.

Calculation of PAFs

PAFs were calculated using the punaf command in Stata 
[39]. This method used logistic regression to produce risk 
ratios for the exposures to calculate the PAF and CIs using 
the logs of two scenario means, the baseline scenario and 
a counterfactual scenario of no exposure. All PAFs were 
adjusted for potentially confounding sociodemographic and 
military characteristics; PAFs looking at specific exposure 
subtypes were adjusted for all other exposure subtypes.

For the three exposure subscales, level of exposure was 
collapsed into four categories representing high, medium, 
low, and no exposure. Cut-offs were determined pragmati-
cally by dividing subscale scores by 3, to produce levels 
representing a relatively equal number of count categories 
per level. Multilevel PAFs were calculated using exposure 
subtypes as categorical variables in the logistic regression, 
using the approach detailed by Hanley [40]. Adjusted odds 
ratios, PAFs and 95% CIs were calculated and reported for 
each level of exposure.

Results

Sociodemographic and military characteristics

The majority of the 16,193 respondents were male, regular 
force, non-commissioned members under the age of 35; most 
were married or in a common-law relationship, served in the 
Army, and had not completed a university degree (Table 1).

Exposure to deployment‑related trauma

14,442 (89%) were exposed to at least 1 potentially trau-
matic deployment experience, with the median number of 
experiences being 6 (interquartile range 2–12). As shown 
in Table 2, the most commonly reported combat exposure 
items were “Receiving incoming artillery, rocket or mortar 
fire” (63%), “Improvised explosive device (IED)/booby trap 
exploded near you” (60%), and “Having hostile reactions 
from civilians” (59%). 12,719 (79%) were exposed to 1 or 
more “dangerous environment” item, 11,256 (70%) were 
exposed to at least 1 “active combat” item, 10,751 (66%) 
were exposed to at least 1 “dead and injured” item, 1657 
(10%) experienced a “close call”, 1235 (8%) were injured, 
and 783 (5%) endorsed 1 or more “perceived responsibility” 
item. Virtually all exposures had a significant unadjusted 
relationship with key outcomes, with OR ranging from 1.61 
to 7.57 for PTSD and from 1.15 to 3.51 for any mental health 
problem (Table 2).

Mental health problems and their correlates

Approximately 6.5% of respondents reported 1 or more men-
tal health problem, with 3.2% of respondents being above 
the cut-off for major depression, 2.8% for PTSD, 1.9% for 
GAD, and 1.8% for panic disorder. The association of any 
problem with sociodemographic and military characteris-
tics is shown in Table 1. The odds of any problem differed 
significantly across age, sex, education, rank, branch, years 
of military service, regular force status, and marital status 
variables. Therefore, all of these correlates were included in 
the regression models.

Table 3 shows the adjusted ORs for the association of 
the overall exposure to deployment-related trauma and 
its subtypes with the aggregate outcome of any problem. 
Overall trauma exposure had a clear dose–response rela-
tionship with any problem, with the adjusted odds ratio for 
the most highly exposed being 9.33 (CI 6.37, 13.69) and 
for the least exposed, 1.93 (CI 1.42, 2.63), relative to those 
with no exposure. Trauma subtypes had weaker relationships 
with any problem, with the largest adjusted odds ratio being 
for perceived responsibility (2.72, CI 2.20, 3.37). Active 



149Social Psychiatry and Psychiatric Epidemiology (2019) 54:145–156	

1 3

combat was the only subtype that did not have an independ-
ent association with the aggregate outcome across all levels 
of exposure.

PAFs

The multi-level summed PAF for overall exposure to 
trauma and the aggregate outcome of any problem was 
57.5% (CI 44.1, 67.7; Fig. 1). The dose–response relation-
ship seen in the adjusted OR for trauma was mirrored in 

the PAFs (Table 2). In the most heavily exposed group, 
the PAF was 87.0% (CI 81.5, 90.8), and while the PAF 
for the least exposed group was lower (46.7%, CI 28.3, 
60.3), it still demonstrated an important contribution of 
trauma to the burden of mental health problems even at 
relatively low levels of exposure. Exposure to dangerous 
environment and to the dead and injured had meaningful 
PAFs of 32.5% (CI 16.6, 45.3) and 27.3% (CI 16.1, 37.1), 
respectively. Small but statistically significant PAFs were 
seen for low prevalence experiences (having had a close 

Table 1   Description of 
respondents and association 
of variables with any mental 
health problem in Canadian 
Armed Forces personnel who 
underwent post-deployment 
screening after deployment 
in support of the mission in 
Afghanistan, 1 January 2009–1 
July 2012

CI confidence interval, OR odds ratio, NCM non-commissioned member
*P < 0.05; **P < 0.01; ***P < 0.001 using logistic regression with a single independent variable
a Valid percentages are reported
b Unadjusted odds ratio calculated for any mental health problem (aggregate outcome of PTSD, major 
depression, GAD and/or panic disorder)

Variable All respondents 
(n = 16,193)

Any mental health problem (n = 1052)

No. %a No. %a Unadjusted ORb 95% CI

Sex
 Male 14,678 90.7 903 6.2 Referent
 Female 1510 9.3 149 9.8 1.67*** 1.39, 2.00

Age
 24 and under 3139 19.4 163 5.2 Referent
 25–34 7085 43.8 453 6.4 1.25* 1.04, 1.50
 35– 44 4067 25.1 303 7.5 1.47*** 1.21, 1.79
 45 and older 1889 11.7 133 7.0 1.38** 1.09, 1.75

Force
 Regular 13,841 85.5 926 6.7 Referent
 Reserve 2350 14.5 126 5.4 0.79* 0.65, 0.96

Rank
 Officer 2333 14.4 87 3.7 Referent
 Senior NCM 2876 17.8 222 7.7 2.16*** 1.67, 2.78
 Junior NCM 10,965 67.8 743 6.5 1.88*** 1.50, 2.35

Marital status
 Married 8903 55.5 581 6.5 Referent
 Separated/divorced/widowed 1227 7.7 141 11.5 1.86*** 1.53, 2.56
 Single 5906 36.8 320 5.4 0.82** 0.71, 0.94

Education
 High school or less 7169 44.4 508 7.1 Referent
 More than high school, less 

than university
6409 39.7 430 6.7 0.94 0.83, 1.08

 University 2556 15.8 107 6.5 0.57*** 0.46, 0.71
Branch
 Land 12,861 79.6 869 6.8 Referent
 Sea 961 6.0 59 6.1 0.90 0.68, 1.19
 Air 2341 14.5 123 6.5 0.77** 0.63, 0.93

Years of service
 5 or less 5244 32.4 303 5.8 Referent
 6–15 6255 38.6 408 6.5 1.14 0.98, 1.33
 16 or more 4692 29.0 341 7.3 1.27** 1.08, 1.50
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call, having been injured, or having endorsed 1 or more 
of the perceived responsibility items). The PAF for active 
combat was not statistically significant. Overall exposure 
for trauma had significant PAFs for all 4 problems (Fig. 2), 

with the largest PAF being for PTSD (84.0%, CI 69.8, 
91.5) and the lowest for GAD (42.2%, CI 9.7, 63.0); how-
ever, the confidence intervals for the PAFs for different 
problems overlapped substantially.

Table 2   Prevalence and 
univariate odds ratios 
for potentially traumatic 
deployment experiences with 
PTSD and any mental health 
problem in Canadian Armed 
Forces personnel who deployed 
to Afghanistan between 2009 
and 2012

CI confidence interval, ENV dangerous environment, DEA dead and injured, CBT active combat, OTHER 
cross loading items, PTSD post-traumatic stress disorder, OR crude odds ratio, RES perceived responsibil-
ity
*P < 0.05; **P < 0.01; ***P < 0.001
a Valid percentages are reported
b Estimates, P values calculated in Stata using logistic regression

Prevalence ORb

%a PTSD Any MH

ENV
 IED/booby trap exploded near you 60.1 2.98*** 1.82***
 Having hostile reactions from civilians 57.6 2.13*** 1.47***
 Being attacked or ambushed 42.4 2.27*** 1.53***
 Receiving small arms fire 42.0 2.36*** 1.53***
 Working in areas that were mined or had IEDs 38.8 2.12*** 1.47***
 Saw accident with injury 37.5 2.75*** 1.72***
 Clearing/searching homes or buildings 28.9 1.63*** 1.29***
 Participating in IED/mine clearing 28.6 2.12*** 1.48***
 Seeing ill/injured women/children you were unable to help 24.2 3.77*** 2.00***
 Difficulty distinguishing combatants and noncombatants 21.2 3.09*** 1.98***
 Situation where you were unable to responded because of the 

rules of engagement
19.7 3.90*** 2.12***

 Clearing/searching bunkers or caves 11.4 2.29*** 1.46***
DEA
 Seeing dead bodies or human remains 45.6 3.37*** 1.76***
 Unit member became a casualty 38.9 2.13*** 1.50***
 Knew someone killed/injured 34.8 3.42*** 1.94***
 Seeing dead/injured Canadians 34.1 3.17*** 1.76***
 Handling or uncovering human remains 19.8 2.81*** 1.66***
 Seeing a unit member blown up or burned alive 11.9 3.54*** 2.00***
 Buddy hit or shot nearby 10.5 2.86*** 1.85***

CBT
 Receiving incoming artillery, rocker or mortar fire 63.0 2.10*** 1.40***
 Shooting or directing fire at the enemy 28.2 1.72*** 1.26***
 Calling in fire on the enemy 13.6 1.61*** 1.15
 Feeling directly responsible: death of enemy combatant 10.3 2.62*** 1.61***
 Sniper fire 7.0 2.29*** 1.92***

RES
 Engaging in hand-to-hand combat 1.0 2.68** 1.70*
 Feeling directly responsible: non-combatant death 1.9 5.92*** 3.06***
 Feeling directly responsible: Canadian/ally death 2.6 7.57*** 3.51***

Other
 Being wounded/injured 7.7 4.20*** 2.55***
 Witnessing a friendly fire incident 7.4 1.72*** 1.37**
 Had a close call, was shot or hit but protective gear saved you 10.3 4.34*** 2.11***
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Discussion

Summary of key findings

The primary purpose of this paper was to provide an esti-
mate of the contribution of deployment-related trauma to 
the burden of mental health problems in Canadian military 

personnel, using a precise and detailed measure of poten-
tially traumatic experiences. We found that overall expo-
sure to the 30 experiences accounted for a large portion of 
the burden of the aggregate outcome of any mental health 
problem (PAF of 57.5%, CI 44.1, 67.7). The PAFs for overall 
trauma exposure for each specific problem were all signifi-
cant, with the highest PAF being seen for PTSD (84.0%, CI 

Table 3   Adjusted odds ratios, 
population attributable fractions 
for potentially traumatic 
deployment experiences and 
any mental health problem 
in Canadian Armed Forces 
personnel who deployed to 
Afghanistan between 2009 and 
2012

Exposure subtypes are also controlled for all other exposure types (multi-level where possible)
aOR adjusted odds ratio, CI confidence interval, CLC close call, ENV dangerous environment, DEA dead 
and injured, CBT active combat, GAD other anxiety syndrome, INJ injury, PTDE potentially traumatic 
deployment experience, MHP mental health problem, PAF population attributable fraction, PTSD post-
traumatic stress disorder, RES perceived responsibility
*P < 0.05; **P < 0.01; ***P < 0.001; Non statically significant estimate (P ≥ 0.05) are not reported in the 
table
a The population attributable fraction was adjusted for age, sex, education, rank, branch, years of military 
service, regular forces status and marital status
b Estimates, P values and 95% CI calculated in Stata using logistic regression; PAF with P > 0.05 are not 
reported
c Estimates, P values and 95% CI calculated in Stata using PAF calculation using punaf command

Exposure level Exposure 
count, min, 
max

Prevalence, % aORa 95% CIb PAFb, % 95% CIc

Any MHP (PTSD, major depression, GAD and/or panic disorder)
PTDE
 None 0 11.1 Referent
 Low 1,10 58.2 1.94*** 1.42, 2.64 46.6*** 28.3, 60.3
 Medium 11,20 27.1 3.91*** 2.82, 5.42 72.4*** 62.3, 79.8
 High 21,30 3.7 9.34*** 6.37, 13.69 87.0*** 81.5, 90.8

ENV
 None 0 21.5 Referent
 Low 1,4 23.2 1.44** 1.12, 1.84 28.6** 10.0, 43.2
 Medium 5,8 32.2 1.64** 1.22, 2.22 36.4** 16.1, 51.7
 High 9,12 23.2 2.04*** 1.45, 2.89 46.7*** 27.1, 61.0

DEA
 None 0 33.6 Referent
 Low 1,2 32.1 1.28* 1.04, 1.58 20.6* 3.8, 34.5
 Medium 3,4 20.9 1.74*** 1.37, 2.20 39.4*** 24.8, 51.0
 High 5,7 13.4 1.93*** 1.47, 2.53 43.3*** 28.0, 55.4

CBT
 None 0 30.5 Referent
 Low 1,1 41.0 1.19* 1.00, 1.42
 Medium 2,3 21.9 1.00 0.80, 1.25
 High 4,5 6.6 0.91 0.67, 1.23

CLC
 None 0 89.7 Referent
 Any 1 10.3 1.37** 1.12, 1.66 4.7** 1.6, 7.7

INJ
 None 0 92.3 Referent
 Any 1 7.7 1.69*** 1.40, 2.05 6.1*** 3.6, 8.5

RES
 None 0 95.2 Referent
 Any 1,3 4.8 2.72*** 2.20, 3.37 7.9*** 5.8, 10.0



152	 Social Psychiatry and Psychiatric Epidemiology (2019) 54:145–156

1 3

69.8, 91.5) and the lowest for GAD (42.2%, CI 9.7, 63.0). A 
significant contribution of deployment-related trauma was 
seen even in those with lower levels of exposure (e.g., the 
PAF for the low exposure group was still 46.7%, CI 28.3, 
60.3 for the aggregate outcome of any problem). Exposure 
to a dangerous environment and to the dead and injured 
accounted for most of the burden of illness; active combat 
per se did not account for a statistically significant fraction.

Comparison with other findings

The other risk factors we identified for post-deployment 
mental health problems (e.g., female gender, not being an 
officer) mirror those of other research [2, 11, 41]. Prior to 
our research, the best evidence of the relative impact of com-
bat exposures on mental health was limited to the estimates 
associated with the sum of all types of combat experiences 

[14, 15, 24, 42–46] or the relative contributions of various 
types of lifetime exposures [17, 42]. Grouping all combat 
experiences together for analysis does not allow for the sep-
aration of nuances of exposures associated with different 
combat roles and missions. Our findings on the contribu-
tion of exposure to the dead and injured and to a danger-
ous environment to the burden of mental health problems 
cohere with the findings of others demonstrating that these 
are prevalent experiences with a strong association with 
mental health outcomes [28, 30, 47, 48].

With respect to our primary finding, we will limit our 
discussion to Canadian studies on attributability, which will 
remove many sources of variability that may make it difficult 
to discern a pattern in the findings. The primary point of 
comparison for the present study is Sareen et al. [17] analy-
sis of 2002 Canadian military survey data, which showed 
that the PAF for combat or peacekeeping on an aggregate 

Fig. 1   Population attributable 
fractions by combat exposure 
subtype for any mental health 
problem. ENV dangerous 
environment, DEA exposure 
to the dead and injured, CBT 
active combat, CLC close call, 
INJ injured, RES perceived 
responsibility

Fig. 2   Population attributable 
fraction for overall combat 
exposure and specific mental 
health problems. PTSD post-
traumatic stress disorder, Panic 
panic disorder, GAD general-
ized anxiety disorder
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outcome of any past-year mental disorder for the CAF as a 
whole was 9% in men and 6% in women [17]—well below 
those in the present analysis.

While there are important methodological differences 
between that study and the present one, the magnitude of 
difference in 2002 vs. over the period of the present study 
(2009–2012) suggests that greater combat exposure is likely 
an important factor in the higher PAF we documented rela-
tive to 2002 (before the mission in Afghanistan). Indeed, 
significant increases in combat exposure for the CAF as a 
whole occurred over the period 2002–2013 [41]; it would be 
hard to imagine that this would have no impact on its PAF. 
Another potential explanation is that Sareen et al. [17] did 
not explore the contribution of other items on the trauma 
inventory used in the survey that might have occurred on 
deployment, including items on exposure to atrocities, being 
in a serious accident, being threatened by a weapon, and oth-
ers. The result of these omissions is that Sareen et al. [17] 
approach to measurement of deployment-related trauma will 
result in systematic underestimation of its true PAF.

This observation is nuanced by a recent finding using 
2013 survey data [13] in which the PAF for participation in 
the mission in Afghanistan (which had occurred in 46% of 
respondents) with respect to any past-year disorder was only 
9% for the CAF as a whole; the PAF for child abuse victimi-
zation was much greater (29%). A key difference relative to 
the present finding is that PAF pertains to the CAF popula-
tion as a whole as opposed to the just the deployed popula-
tion (in the case of the present findings). Another key differ-
ence is our inability to adjust for child abuse victimization, 
which is plausibly correlated with later deployment-related 
trauma. We also suspect that the timing of assessment is 
a key difference (3–6 months post-deployment) vs. more 
than 5-year post-deployment, on average, in the 2013 survey. 
Mental disorders (particularly when service-related) often 
lead to personnel being found unfit for continued service 
[19], which depletes those with service-related problems 
from the serving population, exerting downward pressure 
on PAFs for deployment-related trauma. This same mecha-
nism likely contributed to the relatively low PAF seen in 
2002 [17].

Another point of comparison for our findings is Boulos 
and Zamorski’s analysis of deployment-related mental disor-
ders in a large cohort of personnel who deployed in support 
of the mission in Afghanistan over the period 2001–2008 
[2]. That study used diagnoses and clinician attributions of 
their relationship with deployment that were abstracted from 
medical records. In 74% of those diagnosed with a post-
deployment disorder, 1 or more of the disorders were judged 
to be related to a previous deployment (largely Afghanistan-
related ones). While this approach to attribution (clinical 
judgement at the level of the individual patient) is clearly 
different from the epidemiological approach used in PAF 

calculations, this figure is only slightly above the PAFs for 
trauma and any problem noted in the present study (57%). 
An additional point of comparison using clinical attributions 
is a report featuring an analysis of similar Canadian EPDS 
data on an earlier cohort of Afghanistan mission-deployed 
personnel, using the clinician’s impression of the relation-
ship between what they perceived to be “major concerns” 
identified during the screening to the most recent deploy-
ment. For major concerns on PTSD and on depression, 84 
and 68% (respectively) of those screened had their major 
concern attributed to the most recent deployment [49]. These 
comparisons point to differences in the means of attribution 
(clinical vs. epidemiological) as being one contributor to 
differences in the extent of attributability of mental health 
problems to deployment-related trauma.

We thus tentatively offer at least five potential explana-
tions for divergent findings in the literature as to how much 
of the burden of mental health problems in Canadian mili-
tary personnel is accounted for by military occupational 
trauma:

1.	 True differences in the extent of trauma exposure in a 
given military population;

2.	 Differences in the subpopulation in which the contribu-
tion of deployment-related trauma is assessed (i.e., the 
deployed population vs. the entire military population);

3.	 Systematic underestimation in studies that did not 
include an exhaustive list of potential deployment-
related traumas;

4.	 Differences in the timing of assessment relative to return 
from deployment (with selective attrition of those with 
mental disorders being a major mechanism for this); and

5.	 Differences between clinical and epidemiological 
approaches to attribution.

Other factors may also be at play, including technical 
ones related to the assessment tools used, the other covari-
ates (such as child abuse victimization) that are adjusted for 
in the models, and the context of the assessment (clinical 
screening vs. a mental health survey).

Strengths and limitations

The primary strength of this study is that it quantified the 
contribution of deployment-related trauma to the burden of 
mental health problems—an under-researched issue. The 
short period between return from deployment and assess-
ment of trauma and mental health problems is another 
strength, minimizing the potential bias of differential release 
of personnel with deployment-related mental disorders [50]. 
We used an inventory of 30 traumatic experiences (grouped 
empirically using principal components analysis) and used 
a multi-level approach to calculation of PAFs. The primary 
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strength of the present analysis over Boulos and Zamorski 
[2] approach is our use of an epidemiological as opposed to 
clinical approach to determination of attribution.

This study does have limitations: the assessment of men-
tal disorders was confidential, but not anonymous, which 
likely led to systematic under-reporting of symptoms [51], 
and we were unable to assess the extent of possible partici-
pation bias. Second, we could not control for some potential 
confounders or effect modifiers, such as past mental health 
[11], childhood adversity [52], other lifetime trauma, unit 
cohesion, deployment length, leadership, and homecom-
ing experiences. Third, we used cross-sectional data, which 
has clear limitations when it comes to establishing causal-
ity; this approach has however been used in other similar 
research [17, 18]. Interpretation of PAFs requires that the 
exposures be causal and that relevant confounders are taken 
into account. This assumption is particularly problematic 
given that prevalence, unlike incidence, is not a true measure 
of etiological risk; it depends on many other factors that we 
did not measure, such as the duration of disorder episodes 
[53]. There is, however, substantial evidence from longi-
tudinal studies for the etiological role of combat in mental 
health problems [54, 55]. Finally, we assessed mental health 
problems at a single point in time. Over time, the PAF could 
increase or decrease.

Public health implications

Deployment-related trauma contributed significantly to the 
overall burden of mental disorders in this large cohort of 
Canadian military personnel who deployed in support of the 
mission in Afghanistan. Deployment of large numbers of 
personnel on similar operations will thus increase the over-
all burden of mental illness in military organizations. This 
has obvious implications for military organizations and for 
veterans’ service providers. The differential contribution of 
different subtypes of combat exposure permits inferences 
about the impact of other types of military missions or other 
activities with similar exposure to trauma. The two factors 
that contributed most heavily to the burden of mental health 
problems (exposure to a dangerous environment and to the 
dead and injured) are likely to occur on other missions. Such 
non-combat missions are thus expected to still contribute 
significantly to the overall burden of mental illness.

The meaningful PAFs even at low levels of exposure to 
dangerous environment and exposure to the dead and injured 
suggests that even those deployed to lower threat areas may 
see meaningful increases in the burden of mental illness; this 
is consistent with the non-trivial incidence of deployment-
related mental disorders seen in low-threat areas in other 
work [2]. That is, we have identified contributions both of 
exposure type and of exposure dose within a given type of 
exposure. Our findings suggest that the large proportion of 

disorders that are clinically attributed to deployment is due 
to a genuine increase in the overall burden of mental ill-
ness and not to simple shifts in attribution for disorders that 
would have occurred even in the absence of deployment.

These findings also have implications for research. Rep-
lication of our findings in other populations and using other 
methods would be informative, given the paucity of similar 
studies and their discrepant results. Specific exploration of 
the reasons underlying the mismatch between findings on 
deployment trauma attributability would be valuable. Our 
data did not permit exploration of the psychological mecha-
nisms underlying the differential effects of different sub-
types of combat exposure on mental health problems; this 
is an avenue for research that could lead to more effective 
prevention. Exploration of the differential effects of trauma 
subtypes on specific mental disorders may lead to a deeper 
understanding of their pathogenesis. We had hoped to be 
able to explore this, but our dataset proved to have inad-
equate power leading to overly broad confidence intervals for 
disorder- and trauma subtype-specific PAF estimates.

Conclusion

Exposure to occupational trauma contributes significantly to 
the overall burden of mental health problems in Canadian 
military personnel who deployed in support of the mission in 
Afghanistan. Substantial contributions are seen at low levels 
of exposure, and active combat contributes very little, if at 
all. Hence, meaningful impacts on mental health are likely 
even in non-combat operations and even in personnel with 
low levels of exposure. Military organizations, other high-
risk employers, and veterans’ services providers need to be 
prepared for these realities, even as Western involvement in 
hostilities in Southwest Asia winds down.
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