
Disasters may in addition to immediate death and physical injury
have an impact on mental health.1 Although there is consensus
that disasters may cause transient or persistent post-traumatic
stress disorder (PTSD) among those who survive them,2–4 less is
known about the relation between disasters and the risk of
developing depressive disorder. There may be an overlap between
mass catastrophic events as disasters and exposures addressed in
the extensive literature on major life events and risk of depression,
but the latter is dominated by studies of bereavement, assault,
serious disease and economic loss or crime accusations.5 Since
there is strong evidence that major life events substantially
increase the risk of depression,5 it seems plausible that the
experience of psychological trauma in relation to natural or
technological disasters, acts of terrorism and armed conflicts
might be an important risk factor for depression. In 1991 Rubonis
& Bickman reviewed 52 studies addressing psychological
impairment following exposure to disasters and pointed to several
methodological limitations of research linking disaster exposure
with mental health outcomes.6 These included inadequate
description of study populations, lack of representative or random
sampling procedures and of appropriate reference groups, lack of
pre-disaster data on psychiatric morbidity and limited attention to
disaster characteristics and temporal factors. Moreover,
psychopathological outcomes were vaguely defined in most
studies and only six studies provided valid data for a meta-analytic
evaluation of mood disorders. Norris et al described risk factors,
health outcomes and impairment in 160 samples of disaster
survivors including more than 60 000 individuals, but – although
informative – this paper did not include controlled risk estimates
for specific mental disorders.7 Since these reviews were published
several studies with improved epidemiological designs have been
conducted, but an updated systematic review of evidence linking
disasters with risk of development of major depression has to
the best of our knowledge not been published.

Our objective was to examine the risk of developing depressive
disorder among adult individuals surviving mass disasters such as
natural or technological catastrophes and armed conflicts
including terroristic acts. We also addressed military deployment
in order to include exposure encountered during professional
service and because large studies with appropriate data have
become available. Moreover, we specifically aimed to address the
risk of depression according to type of disaster and population
characteristics.

Method

The review was conducted and reported according to the Preferred
Reporting Items for Systematic Reviews and Meta-analyses
(PRISMA) statement. We searched original peer-reviewed journal
articles in English that provided data on the occurrence of major
depression or depressive symptoms following exposure to
disasters or military deployment. Studies had to provide at least
one estimate of the relative risk or an equivalent measure in the
exposed group compared with an appropriate reference group at
specified time periods after the disaster or end of military
deployment. Articles were identified through a systematic search
in PubMed, PsycINFO and EMBASE from 1 January 1980 through
30 June 2014. We combined medical subject headings and generic
terms for the exposure (such as disaster, hurricane, earthquake,
combat, deployed) and outcome (depression, PTSD, psycho-
pathological) and focused the search by requesting controlled
studies and reporting of risk estimates for the association between
disaster or military deployment and depression. The search
yielded 995 publications in PubMed, 88 in PsycINFO and 334
in EMBASE. A full documentation of the search is given in the
online data supplement. Two authors (J.P.B. and N.U.-F.) sifted the
titles and read the abstracts and, if necessary, the full publication
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Background
Numerous studies describe the occurrence of post-traumatic
stress disorder following disasters, but less is known about
the risk of major depression.

Aims
To review the risk of depressive disorder in people surviving
disasters and in soldiers returning from military deployment.

Method
A systematic literature search combined with reference
screening identified 23 controlled epidemiological studies. We
used random effects models to compute pooled odds ratios
(ORs).

Results
The average OR was significantly elevated following all types

of exposures: natural disaster OR = 2.28 (95% CI 1.30–3.98),
technological disaster OR = 1.44 (95% CI 1.21–1.70), terrorist
acts OR = 1.80 (95% CI 1.38–2.34) and military combat
OR = 1.60 (95% CI 1.09–2.35). In a subset of ten high-quality
studies OR was 1.41 (95% CI 1.06–1.87).

Conclusions
Disasters and combat experience substantially increase the
risk of depression. Whether psychological trauma per se or
bereavement is on the causal path is unresolved.
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to determine eligibility of the study according to the following
inclusion and exclusion criteria. Included studies comprised a
population of adults exposed to a natural disaster, technological
disaster, armed conflict, terrorist act or military deployment.
Studies addressing children and adolescents exposed to such
events were excluded. Major life events such as loss of close
relatives, serious disease or injury, breakdown of relationships,
severe loss of property, bankruptcy, unemployment and other
social calamities did not qualify: for example, a study on
depression in battle-injured soldiers was excluded.8 Moreover,
only studies explicitly addressing people exposed directly
(personal threat) or indirectly (witnesses) to a catastrophic event
were included: for instance, a US study of psychiatric morbidity
among women in combat supporting military service was not
included, because the participants were not directly or indirectly
exposed to such events.9 Other inclusion criteria were:

(a) explicit recording of current depression or probable depression
by international diagnostic criteria according to self-report
or clinical interview;

(b) reporting of risk estimates for depression in relation to a
catastrophic event by reference to an appropriate internal
and/or external reference group;

(c) reporting of confidence limits of risk estimates or of data that
enabled the authors to compute measures.

Articles were not included in the review if they compared
continuous summary statistics of depressive symptoms across
exposure groups without providing data on proportions fulfilling
specified diagnostic criteria. Many papers provided several risk
estimates. We included estimates of risk related to exposure to a
catastrophic event per se rather than risk related to loss of job,
property or relatives. For example, in a study of mental health
outcomes among residents of New York City after the 11
September terrorist attack on the World Trade Center, we selected
risk related to distance of residence from the Center rather than
risk related to loss of relatives during the attack.10 Furthermore,
we selected objective indicators of exposure to psychological
trauma rather than subjective recall of exposure (online Table
DS1). After applying all inclusion and exclusion criteria and
excluding duplicates, 15 of the initial 1417 publications remained
eligible (online Fig. DS1). Screening of bibliographies of the
retrieved literature resulted in 8 additional eligible papers, yielding
a final database of 23 original publications.10–32 No attempt was
made to retrieve unpublished studies.

Quality assessment

Reporting

Each publication was evaluated for completeness of reporting by
considering the following study characteristics:33 study design,
sampling procedure, inclusion and exclusion criteria, response
rate, assessment of exposure, ascertainment of outcome and
statistical analysis. We evaluated whether the essential information
was provided for each of these study characteristics and assigned a
value of 1 if the criterion was fulfilled and 0 if not. Giving equal
weight to each of the seven characteristics, we considered
completeness of reporting as sufficient if at least six out of the
seven characteristics were reported.

Confounding

Known determinants of major depression include gender, age,
social class, family history of depression, earlier psychiatric
morbidity and bereavement.34 If the risk estimates of interest were
not adjusted for effects of the most prevalent covariates (gender,

age and social class) by design or analysis, we considered
confounding to be an unresolved issue unless it was otherwise
documented that the distribution of risk factors was balanced
across exposure groups. Pre-existing depression and previous
trauma may modify associations between exposure and outcome,
but are hardly confounding associations because catastrophic
exposure is expected to occur at random.

Bias

Observational studies addressing risk factors for depressive disorder
may be biased by several factors. First, differential recall of exposure
may inflate the relative risk if data on exposure are collected by self-
report after the depressive disorder was diagnosed. This applies to
the studies where exposure was not defined by objective criteria
related to the event but by self-reported exposure. Second, bias
that tends to cause an overestimation of risks can also arise from
selection if exposed people with symptoms or disease are more
likely to participate in the study than non-exposed people with
similar symptoms. We considered selection bias to be likely if the
participation rate in the reference group was less than two-thirds
of the participation in the exposure group, unless evaluation of
the non-response rendered it probable that risk estimates were
unaffected by differential participation. If recall bias, selection bias
or both were present according to these criteria, a study was
classified as probably being biased towards too high risk
estimates (inflationary bias; Table DS1). Third, non-differential
misclassification of exposure to a catastrophic event can cause bias
towards the null when assessment is based on crude measures of
exposure. For instance, military deployment is not equivalent to
combat exposure, and combat exposure can imply very different
levels of threat. Fourth, since the prevalence of post-disaster
psychiatric disorder declines with time after the event,10 risk
estimates are expected to be skewed towards lower values in
studies in which data collection took place several years after the
initial exposure. Each study was evaluated with respect to the
likelihood of inflationary and deflationary bias respectively, based
on the above-mentioned criteria.

Statistical analysis

To obtain a pooled risk estimate across studies we first averaged
risk estimates within a study if several relevant risk estimates were
provided – for example, when risk was evaluated at several time
points after the catastrophic event, or if risk estimates were
provided separately for men and women or for several types or
levels of exposure. We fitted a fixed effect model to compute an
average estimate within a study (Stata version 12, METAN
procedure). In the next step we computed a pooled risk estimate
across all 23 studies by weighing the odds ratio (OR) or equivalent
(relative risk or hazard ratios) by the inverse variance using
random effects models, because the true risk, if any, is likely to
differ across studies. Heterogeneity was assessed by the I 2

statistic.35 In a subsequent step we evaluated the risk according
to type of disaster and according to time elapsed from the event
until outcome ascertainment. When time from disaster or end
of military deployment to examination was reported as a range
we used the median value. If a study did not provide risk estimates
but reported data on population size and the prevalence of the
outcome in exposed and comparison groups, we computed the
odds ratio with 95% confidence intervals. In sensitivity analyses
we excluded studies with potential confounding, bias causing
inflation of risk estimates or missing information on two or more
of the seven study characteristics that we evaluated. In the subset
of higher-quality studies we again computed the weighted odds
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ratio for depressive disorder. Potential publication bias was
addressed by funnel plots displaying study size by risk estimate
and by evaluation of asymmetry using Egger’s test.35

Results

We identified 11 prospective cohort studies, 1 case–control study
and 11 cross-sectional studies, in total 23 original studies that
reported the risk of depression or depressive symptoms following
exposure to a disaster or after military deployment (Table DS1).
Completeness of reporting with respect to description of design,
sampling procedures, populations, response rates, exposure assess-
ment, outcome ascertainment and statistical analyses was high.
In 5 studies, information was considered complete and in 10
studies information was missing on only one characteristic.
Response rates of 70% or more were reported in only 11 studies
(46%), but most studies with low participation rates provided
comprehensive analysis of the non-response. Inflation of risk
estimates because of biased recall of exposure or selective inclusion
of participants with disorder in the exposure groups was likely in 7
studies. In 8 studies, underestimation of risk was likely because of
crude exposure assessment – for instance by inclusion of residents
who were marginally affected by a disaster. Finally, 8 studies did
not adjust or control for potentially confounding effects of gender,
age or social class.

Table 1 summarises study characteristics according to type of
catastrophic event. Reference groups were either drawn from
appropriate population samples or constituted by less or indirectly
exposed individuals. Diagnostic ascertainment was based on
clinical interviews according to DSM-III or DSM-IV criteria in
the majority of studies,2 but some surveys addressing large
population samples used self-reports (Table DS1). The pooled
odds ratio for depressive disorder following a disaster or military
deployment across all 23 studies with 37 risk estimates was 2.08
(95% CI 1.53–2.81), with large variation between studies
(I 2 = 98.7%, P50.001; Fig. 1). In the subset of 10 high-quality
studies (19 risk estimates), i.e. studies with complete reporting
on at least 6 of 7 study characteristics and less likelihood of
confounding or inflationary bias, the pooled OR was lower:
OR= 1.41, 95% CI 1.06–1.87 (Fig. 2). The average risk estimate
for the 5 high-quality studies addressing technological or
terroristic disasters was 1.47 (95% CI 1.30–1.65) without
significant heterogeneity (I 2 = 25.5%, P= 0.21).

The pooled OR for depression in the cohort studies was 1.88
(95% CI 1.23–2.88), slightly lower than in cross-sectional studies
(OR= 2.57, 95% CI 1.81–3.66). Australian veterans with former
deployment in the Vietnam war experienced by far the highest risk

of depression (Fig. 1).17 Omitting this study with an outlying
risk estimate produced an overall OR of 1.82 (95% CI 1.50–
2.22). The pooled risk of depression was significantly elevated
following exposure to all types of disasters (natural disaster,
technological disaster and terrorist acts) and after military
deployment (Fig. 1). However, military deployment per se without
combat exposure was not related to increased risk (pooled
OR=1.93, 95% CI 0.78–4.76). The risk did not decline with time
elapsed since exposure and remained markedly elevated for years
after the event among citizens surviving atrocities in former
Yugoslavia,23 and to a lesser extent among Cambodian refugees
who escaped to the USA.28 Among soldiers, combat during
deployment was a significant risk factor (OR= 1.60, 95% CI
1.09–2.35).18,21,26,36 The average risk estimates in studies using
ascertainment of the diagnosis by clinical interview (14 risk
estimates) were not different from the majority of studies where
the outcome relied on questionnaire self-reports (26 risk
estimates), namely OR= 1.90 (95% CI 1.51–2.40) for the former
and OR= 2.25 (95% CI 1.48–3.44) for the latter.

The average weighted risk for depression varied by study size.
It was lowest in 6 studies enrolling more than 10 000 participants
(OR= 1.25, 95% CI 0.88–1.79), higher in 9 studies with 1000–
10 000 participants (OR= 1.98, 95% CI 1.32–2.96) and highest
in 8 studies with fewer than 1000 participants (OR= 3.30, 95%
CI 1.38–7.93). A funnel plot demonstrating the relationship
between precision and magnitude of the risk estimate indicates
a tendency that large studies systematically report risks of smaller
magnitude (online Fig. DS2(a)). The funnel plot for the nine
cohort studies of higher quality is provided in Fig. DS2(b) and
shows less heterogeneity.

Discussion

Through a systematic search of the literature we identified 23
controlled epidemiological studies that addressed the risk of
depressive disorder among people surviving disasters and in
soldiers after military deployment. The risk of depressive disorder
was moderately increased following exposure to all types of
catastrophic events except military deployment without combat
exposure. Risk was also elevated in the subset of studies with
prospective data collection and in the subset of higher-quality
studies that were less prone to bias. This review is to the best of
our knowledge the first systematic evaluation of controlled studies
to scrutinise the effect of disaster and military deployment
exposure on risk of depressive disorder, which – unlike PTSD –
is defined independently of the cause.
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Table 1 Summary characteristics of 23 observational studies with 37 estimates for risk of depression following exposure to a

disaster or military deployment with and without combat exposure

No. of No. of risk
Study size (participants), n

Diagnosis by
Time since event, months

studies estimatesa 51000 1000–10 000 410 000 interview/all 512 12–24 424

Disasters

Natural 6 7 5 2 0 4/7 4 3 0

Terrorism 7 13 4 6 3 3/13 8 0 5

Technologicalb 2 4 2 2 0 0/4 1 2 1

All 15 24 11 10 3 7/24 13 5 6

Military

Deployment 7 9 1 3 5 2/9 4 2 3

Combat 3 4 0 0 4 2/4 3 1 0

All 8c 13 1 3 9 4/13 7 3 3

a. Some studies provided more than one risk estimate of interest.
b. Disaster caused by human error or failure of a technical system, for instance an aircraft crash.
c. Two overlapping studies had risk estimates for both deployment and combat exposure.18,24
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Heterogeneity of risk across studies

The risk of depression varied substantially across studies from a
relative risk slightly above 1 in people indirectly exposed to the
attack on the World Trade Center in New York City,14 to a relative
risk above 10 in a small group of randomly selected Australian
Vietnam veterans examined many years after the war.17 It is note-
worthy, however, that with one exception all 23 risk estimates were
above unity, indicating that heterogeneity primarily is about
magnitude of effect. Besides chance and publication bias several
explanations for the heterogeneity of risk across studies can be
hypothesised, although the summary data available for this review
were too limited to allow for detailed analysis and statistical
testing of these hypotheses. First, the prevalence of high-intensity
exposure to psychological trauma may be limited in studies
enrolling very large numbers of participants, which may cause
misclassification of exposure and underestimation of the true
risk.14,21 This hypothesis is supported by the observation that
the risk was lower in the large studies enrolling more than
10 000 individuals. Second, the impact of repeated psychological
trauma and exposure to threats during longer time periods, for

example among soldiers in combat, people entrapped in war zones
or displaced people after natural disasters, may be different and
perhaps more persistent than effects of single events such as mass
transportation accidents. Unfortunately, the number of studies is
too limited to allow analysis of this issue. Third, the timing of
outcome ascertainment relative to the time of exposure may be
a determinant of the incidence of depressive disorder because of
the time-varying course of this disorder.34 As expected the
occurrence of depression declined with time after the disaster or
end of deployment in four studies with repeated follow-up
periods,14,28,31,36 but not in two other studies,12,19 one of which
addressed depressive disorder in disaster workers involved in an
aircraft crash.12 Fourth, it has been suggested that human
responsibility in terrorist acts and assaults may have a larger
impact than natural disasters,6 but the data presented in this paper
do not point to this mechanism. Fifth, methodological issues and
study design may also explain differences in magnitude of effects.
Studies using self-report to identify cases of depressive disorder
are likely to report higher disorder occurrence than studies that
perform rigorous outcome ascertainment by clinical interview.37

If effects of severe psychological trauma are highly specific,
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Natural disaster

Ginexi et al (2000)13

Armenian et al (2002)22

Norris et al (2004)16

Kristensen et al (2009)27

Xiong et al (2010)32

Cerda et al (2013)24

Subtotal (I 2 = 93.4%, P50.001)

Technological disaster

Fullerton et al (2004)12

Van der Velden et al (2006)36

Subtotal (I 2 = 0.0%, P= 0.410)

Terrorist act

Galea et al (2002)10

Basoglu et al (2005)23

Marshall et al (2005)28

Gabriel et al (2007)25

Miguel-Tobal et al (2006)29

Henriksen et al (2010)14

Rasmussen et al (2012)30

Subtotal (I 2 = 82.0%, P50.001)

Military deployment

Dlugosz et al (1999)11

Hoge et al (2006)26

Ikin et al (2007)15

Toomey et al (2007)19

O’Toole et al (2009)17

Wells et al (2010)21

Thomas et al (1010)31

Seelig et al (2012)18

Subtotal (I 2 = 99,5%, P50.001)

Overall (I 2 = 98,7%, P50.001)

Note: Weights are from random effects analysis
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2.11 (2.00, 2.22)
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Fig. 1 Forest plot showing odds ratios with 95% confidence intervals for depressive disorder following disaster or military deployment
(random effects models categorised by type of exposure). ES, effect size.
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misclassification of outcome by use of less reliable diagnostic tools
would most probably result in underestimation of the relative risk.
Considering the high comorbidity of all type of mood, anxiety
and substance use disorders that are described in relation to
disasters,16 this is, however, hardly the case.

Strengths and limitations

The meta-analysis revealed a consistent association between
exposure to disasters or military deployment and occurrence of
depression in spite of large methodological differences and
inherent heterogeneity between studies. Two studies provided
evidence of exposure–response relations,21,22 and four out of six
studies with repeated follow-up assessments indicated a declining
risk with increasing time after the catastrophic event.28,30,31,36 This
is to be expected if post-traumatic depressive disorder has a course
similar to the one described for PTSD.16 Biased recall of exposure
is not an issue in the majority of studies using objective and
independent criteria of exposure. Even in the cross-sectional
studies, confounding by pre-existing disease seems unlikely in
those studies where the catastrophic event struck randomly, such
as in an aircraft crash or subway bombing. However, in soldiers,
screening programmes and experience during earlier deployment
may cause selection of more healthy and less susceptible
individuals.

The funnel plot showing a systematic overrepresentation of
large studies among those with small risk estimates may be an
indication of publication bias causing inflated risk estimates. We
believe, however, that a more likely explanation is misclassification
of exposure with attenuated effects in the large studies with
enrolment of thousands of participants who were not all heavily
exposed to trauma. In addition, depression was not the primary
focus of any of the studies, which also diminishes the risk of

publication bias. We did not include reports and other
manuscripts not published in peer-reviewed journals, because it
is hard to identify this literature in a transparent and systematic
way. This may also contribute to inflation of overall risk estimates,
but nevertheless the risk estimates based on the subset of
high-quality studies should be considered reliable.

Mechanisms

A cross-sectional interview study of the prevalence of PTSD and
major depression following the 11 September terrorist attacks in
New York City found an increased prevalence of both conditions
among residents living near the World Trade Center. However,
whereas current PTSD was related to direct exposure to the
attacks, major depression was related to a loss of a relative,
property or job as a result of the event.10 These data indicate that
some or all of the risk of depression that has been attributed to a
disaster may be caused by personal loss resulting from the event
rather than the experience of severe acute psychological trauma
per se. Additional data are needed to corroborate or refute this
hypothesis.

Two studies consistently reported that combat during
deployment was a risk factor for major depression.18,21 It is less
clear whether military deployment without any specified combat
or other traumatic exposure poses a risk of subsequent depressive
disorder. Studies of Gulf War veterans and of US armed forces
deployed in Iraq and Afghanistan did not reveal higher risks of
depression,11,18,21 whereas studies of Australian Vietnam veterans
and deployed National Guard soldiers did report higher risks of
depression.17,31 Whether depression and other mental disorders
that occur among soldiers after returning home is caused by
traumatic combat experience during deployment or by
psychological distress related to the process of returning to civil
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Fig. 2 Forest plot showing odds ratios with 95% confidence limits of depressive disorder following disaster or military deployment:
higher-quality studies with complete reporting and lower risk of bias and confounding (random effects model). ES, effect size.
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life is disputed,38 and cannot be resolved by the studies included
in this review.

Study implications

The results of our study are compatible with findings in
longitudinal studies of depression trajectories following
experience of such traumatic events as myocardial infarction
and the World Trade Center attacks.39,40 The latter study
identified five distinct trajectories of depression (no depression,
mild delayed depression, recovery, severe delayed depression and
chronic severe depression), and ongoing socioeconomic adversity
was associated with a worse course of depressive symptoms.40

Although these longitudinal studies provide insight into the
heterogeneous time course of symptoms in groups exposed to
catastrophic events, they are less informative as regards causal
links owing to the lack of reference groups. Our results suggest
that not only PTSD but also depression should be considered to
be a consequence of traumatic exposure. This may have
consequences for compensation claims, for example in lawsuits
against those responsible for the disasters or in claims at workers’
compensation boards. Moreover, the general practitioner should
be aware that the experience of a disaster may be a forerunner
of depression.

Concluding remarks

A series of controlled epidemiological studies provide evidence
that a wide range of catastrophic events including natural
disasters, mass-scale accidents, terrorist acts and atrocities in
armed conflicts and military combat increase the risk of depressive
disorder. However, data are too limited to resolve issues relating to
dose–response, timing and the time course following the event.
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