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ABSTRACT
Firefighting service is known to involve high rates of exposure to potentially traumatic situations, and
research on mental health in firefighting populations is of critical importance in understanding the
impact of occupational exposure. To date, the literature concerning prevalence of trauma-related men-
tal disorders such as posttraumatic stress disorder (PTSD) has not distinguished between symptomology
associated routine duty-related exposure and exposure to large-scale disaster. The present systematic
review synthesizes a heterogeneous cross-national literature on large-scale disaster exposure in fire-
fighters and provides support for the hypothesis that the prevalence of PTSD, major depressive disorder,
and anxiety disorders are elevated in firefighters compared with rates observed in the general popula-
tion. In addition, we conducted narrative synthesis concerning several commonly assessed predictive
factors for disorder and found that sociodemographic factors appear to bear a weak relationship to men-
tal disorder, while incident-related factors, such as severity and duration of disaster exposure, bear a
stronger and more consistent relationship to the development of PTSD and depression in cross-national
samples. Future work should expand on these preliminary findings to better understand the impact of
disaster exposure in firefighting personnel.
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Exposure to potentially traumatic situations in
the workplace, or critical incidents (CIs), is
considered a typical occupational hazard for

firefighters. Across studies, a majority of firefighters
sampled report experiencing on-duty trauma, including
CIs they considered life-threatening.1,2 Correspon-
dingly, an extensive literature exists concerning rates
of trauma-related mental disorders (TRMDs) in fire-
fighting samples, the most commonly studied of which
is posttraumatic stress disorder (PTSD). Additionally,
while both major depressive disorder (MDD) and anxi-
ety disorders (ADs) can occur outside the context of
traumatic exposure, these disorders are also considered
TRMDs in some cases, as they can arise following trau-
matic exposure and are known to be highly comorbid
with PTSD.3

While the literature on TRMDs in firefighters is large,
it is difficult to synthesize due to a high degree of vari-
ability in prevalence outcomes across studies. There are
numerous possible explanations for this variability,
including methodological and geographical factors,
but 1 significant factor is the scale of CI exposure.
CI exposure is broadly considered unavoidable for fire-
fighting personnel, although some forms of exposure

are much more common than others, and to date the
extant literature has not consistently distinguished
between routine on-duty incidents and response to
large-scale disaster. The present systematic review
explores the prevalence of TRMDs in firefighters
exposed to large-scale natural or manmade disaster.

As mentioned, PTSD has historically been the most
commonly studied TRMD in firefighting samples,
and prevalence outcomes across studies are highly
variable. It is currently unclear the degree to which
CI-related factors, such as frequency, severity, and
cumulative CI exposure, impact rates of TRMDs,
and thus the unique impact of disaster exposure on per-
sonnel is unknown. Several studies on routine CI expo-
sure in firefighters have shown relationships between
frequency and/or recency of routine CI exposure and
PTSD,4-6 while others have shown no significant
associations.7,8

The prevalence rates ofMDD andADs have been stud-
ied much less commonly in firefighters compared with
PTSD. In samples exposed to routine duty-related CIs,
the prevalence of both disorders is also highly variable.
Estimates of MDD prevalence in routine firefighting

SYSTEMATIC REVIEW

504 Disaster Medicine and Public Health Preparedness VOL. 15/NO. 4

Copyright © 2020 Society for Disaster Medicine and Public Health, Inc. DOI: 10.1017/dmp.2020.61https://doi.org/10.1017/dmp.2020.61 Published online by Cambridge University Press

https://orcid.org/0000-0003-3880-0217
https://doi.org/10.1017/dmp.2020.61


work range from as low as 0% up to 33%,9,10 while ADs across
studies have been observed in as few as 1.4% of firefighters and
as many as 19.4%.2,11 Of significant importance within such
investigations of high-risk personnel is the need to distinguish
the prevalence of these disorders in general as compared to
their manifestation following CI exposure. To do so, an
in-depth examination of predictive factors for MDD and
ADs, including evaluation of CI-related factors in relation
to these disorders, is warranted. For instance, depressive symp-
toms in firefighters have linked to nontraumatic duty-related
stressors; Roy and Steptoe12 showed that daily occupational
stress and social support most strongly predicted firefighters’
scores on the Beck Depression Inventory across 3 measure-
ments taken over the course of 9 months.

It is possible that depressive symptoms occur at an elevated rate
in firefighters compared with the general population outside
the context of trauma, but it is also highly likely that CI expo-
sure influences rates of MDD in a unique manner over and
above the daily, nontraumatic stressors associated with fire-
fighting service. On the other hand, Guthrie and Bryant2

assessed 67 Australian firefighters during recruitment and after
2 years of service using the Beck Anxiety Inventory and dem-
onstrated a decrease in anxiety scores over years of service.
However, preliminary evidence suggests that anxiety bears a
relationship to disaster exposure in firefighters. Markowitz13

reported on psychological distress in firefighters who were
inadvertently exposed to dangerous chemical inhalation dur-
ing a warehouse fire, fully two-thirds of whom later tested pos-
itive for abnormal pulmonary function, as compared to
unexposed control firefighters. According to the Psychiatric
Epidemiological Research Interview, firefighters exposed to
the disaster demonstrated significantly greater anxiety scores
than unexposed controls.13

Current Study
The present systematic review provides a comprehensive best-
evidence narrative synthesis of the literature on TRMDs in
firefighters exposed to large-scale disaster with the aim of
evaluating the hypothesis that prevalence rates of PTSD,
MDD, and ADs are elevated in comparison to the general
population. Where possible, we also provide a synthesis of pre-
dictive factors for TRMDs commonly explored across the lit-
erature with the goal of reconciling some of the variability in
outcomes across studies.

METHODS
The present systematic review comprises a subset of a broader
review on TRMDs in high-risk occupational groups. The
broad search terms included numerous occupational groups
considered to be at high risk of CI exposure on a daily basis,
such as police, corrections, and ambulance personnel, among
others. Results for other occupational groups are reported else-
where.14-16

Search Strategy
Systematic search was conducted in accordance with the
Institute of Medicine’s Standards for Systematic Reviews
and the PRISMA Statement frameworks.17,18 An intern-
ational team of experts provided guidance in the development
of the initial search strategy. The initial search was pilot tested
by a research librarian and subsequently peer-reviewed by
second research librarian using the PRESS review criteria.19

The search was translated across the following databases:
Medline (OVID), EBM Reviews (OVID), PsycINFO
(EBSCO), CINAHL (EBSCO), PILOTS database, and
Web of Science (ISI). We constrained our search to articles
published between 1980 and 2017 to exclude any studies
published before the first inclusion of PTSD as a diagnostic
label in the Diagnostic and Statistical Manual of Mental
Disorders (DSM).20

The completed search results were exported to DistillerSR
(Evidence Partners, Ottawa, Canada) and duplicates were
removed. The search was then registered in PROSPERO
International Prospective Register of Systematic Reviews
(Registration: CRD42017074722). Two team members indi-
vidually screened the title and abstracts. Any articles reporting
a clear prevalence outcome for PTSD, acute stress disorder,
MDD, or ADs for a high-risk sample were considered eligible.
A secondary search was also manually completed using the
citation lists of eligible articles.

Data Extraction
Once the screening process for all primary and secondary
search articles was complete, each article was independently
read and reviewed by 2 team members according to criteria
developed by team consensus. Discrepancies were resolved
through discussion between the 2 reviewers and a third team
member if necessary.

Quality Assessment
The quality of each article was assessed using Munn’s
Prevalence Critical Appraisal Instrument.21 Questions con-
cerned issues of methodological rigor pertaining to sample,
recruitment, demographics, measurement, analysis, and bias
and were answered with a fixed format of yes, no, unclear,
or n/a. Completion of the questionnaire in DistillerSR gener-
ated an automatically-computed quality score out of 10, which
we subsequently categorized into 3 levels of quality based on
standards used by the Health Evidence Quality Assessment
Tool22: high quality (8-10), medium quality (5-7), and low
quality (≤4).

In addition to the quality assessment form, the team developed
a subjective rating scale for each article as a method of iden-
tifying the level of contribution that each article had for the
research question (strong, moderate, weak, or none). The team
recognized that an article may be of high quality, but it may
only provide minimal contribution to the research question.
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Strength of Evidence
In evaluating support for the hypothesis that prevalence of
TRMDs is elevated in high-risk working groups, we developed
a conservative set of criteria to rank each individual article’s
strength of evidence using the Canadian general population
as a standard of comparison. Prevalence estimates for the general
population comparison were taken from data provided by
Statistics Canada,23,24 and comprise pooled data from
Canadian andAmerican samples. By these standards, the 1-year
and lifetime prevalence of PTSD in the general population is
3.5% and 8%, respectively. These standards represent a
conservative benchmark for comparison, as the lifetime preva-
lence of PTSD in Canada is substantially higher than in many
other countries.25,26 For MDD, comparison standards for 1-year
and lifetime prevalence were 4.7% and 11.3%, respectively. For
ADs, we used prevalence of generalized anxiety disorder as a
conservative standard, as prevalence of this disorder according
to Statistics Canada is higher than that of other ADs of adult-
hood such as panic disorder. The 1-year and lifetime prevalence
standards were 3% and 5%, respectively.

Each article’s strength of evidence was rated based on a com-
bination of the prevalence estimate reported, study quality,
and contribution to the research question. Any article where
the prevalence outcome reported was lower than the 1-year
prevalence in Canada was rated “no evidence” regardless of
its quality and contribution. Articles where quality and contri-
bution were both considered low/weak were also rated “no evi-
dence” regardless of prevalence. Articles where the prevalence
reported exceeded the lifetime Canadian prevalence could be
rated as “strong” or “moderate” evidence depending on their
quality and contribution. Articles where prevalence fell
between the 1-year and lifetime estimates for the general pop-
ulation could be rated as “weak” or “no evidence,” again
depending on their quality and contribution.

Best-Evidence Synthesis
Following the rating of individual studies’ strength of evi-
dence, interpretation of the literature was conducted based
on these ratings using best-evidence narrative synthesis.27

This method is ideally suited for systematic review of highly
heterogeneous literatures due to its reliance on systematic
application of search and review procedures, and relative
robustness against issues of interpreting statistical hetero-
geneity that arise in quantitative procedures such as meta-
analysis.28 Best-evidence narrative synthesis proceeds by
weighting higher-quality evidence and reducing or eliminating
the contribution of lower-quality evidence in interpreting data
across the literature. The criteria we used within the present
systematic review have been published elsewhere.29,30

RESULTS AND DISCUSSION
Our systematic search of the literature on TRMDs in high-risk
personnel resulted in a total of 2766 original citations. Of

these, 223 articles were eligible to be included for full review,
32 of which concerned firefighters exposed to large-scale natu-
ral or manmade disaster (Figure 1). Within this dataset, 10
studies reported mental health outcomes on a sample that
was duplicated in another study within the dataset. Where
multiple studies reported on the same sample, we included
the results from either the highest-quality study, or the most
recent study where quality was equal between studies. Our final
dataset of articles for inclusion in the present review comprised
22 studies with unique samples, published between 1986 and
2016 (Table 1). The majority of studies collected data from
samples comprising 100% firefighters, while a small number
examined firefighters in concert with other first responder
groups (eg, police). Prevalence was reported separately for fire-
fighters in all eligible studies. For the sake of clarity, we present
more detailed findings in concert with brief discussion for each
disorder outcome separately below.

PTSD Outcomes
Twenty of the 22 studies (90.1%) reviewed reported preva-
lence estimates for PTSD. Prevalence varied widely across
studies from 0.90% to 32.5% (M = 12.3%; Median =
10.5%; see also Table 1). Despite the substantial variability
in the literature, strong evidence exists in support of the
hypothesis that the prevalence of PTSD is elevated in fire-
fighters exposed to disaster relative to the general Canadian
population (8%). Below, we examine several possible sources
of variability in prevalence outcomes across the literature.

Methodological Factors
The prevalence outcomes reported across high-quality
studies demonstrated a slight positive skew (M = 14.6%;
Median = 8.8%) not observed across medium-quality studies
(M = 11.0%; Median = 12.0%), suggesting a tendency for
higher-quality studies to report a somewhat greater frequency
of high prevalence estimates. However, no significant differ-
ence in prevalence outcomes was found between the 8 high-
quality and 8 medium-quality studies by means of a 2-tailed
t-test with unequal variances assumed (P = 0.43). The dataset
included only 2 low-quality studies.

The selection of measurement tool used to assess PTSD
appeared to be associated with prevalence outcomes in our
observations of the dataset. However, measurement tools var-
ied considerably and we did not have adequate data to conduct
a statistical analysis of potential differences across all tools. The
assessment of PTSD across the literature was conducted using
formal diagnostic criteria (DSM-III or DSM-IV; 4 studies), the
Impact of Events Scale (IES; 5 studies), the PTSD Checklist
(PCL/PCL-C/PCL-m; 7 studies), the PTSD Self-Rating Scale
(PTSD-SRS; 1 study), the Self-Rating Inventory for PTSD
(SRIP; 1 study), the Mississippi Scale for PTSD – Civilian
(CMS), and the General Health Questionnaire (GHQ;
1 study).
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Observationally, diagnostic standard assessments (M= 13.5%;
Median = 12.9%) produced prevalence outcomes, on average,
that fell between those produced by the use of the PCL
(M = 7%; Median = 9%) and the IES (M = 20.6%;
Median = 21.4%). We suggest that variance in PTSD out-
comes as a function of measurement tool is a critically impor-
tant area of methodological focus for future study of high-risk
personnel. To date, for example, a small number of studies
have shown that the IES and IES-R do not share the same
factor structure in civilian versus firefighting samples.63,64

Wagner64 demonstrated differences in the IES-R between fire-
fighters (n = 94) and controls (n = 91) that although the
validated 3-factor structure of the IES-R fit control data nicely,
a 2-factor structure provided a better fit to the firefighting sam-
ple, with factors “general posttraumatic stress symptomology”
and “sleep.”

Smith and Paton63 reported similar findings comparing the IES
across different high-risk occupations and geographical
regions, including firefighting and social services from
Australia, the United Kingdom, and Japan. These authors

suggest that given substantial cross-occupational and cross-cul-
tural differences in the factor structure of the IES, this scale
does not assess a universally homogeneous construct and
its use in high-risk occupational groups should be closely
examined. Further work remains to be done concerning the
methodological issue of measurement, and indeed, cross-
occupational validation of PTSD measurement tools.

One further methodological variable of interest in predicting
prevalence of PTSD in firefighters was region of study. In the
general population, the lifetime prevalence of PTSD varies
substantially across countries,65 and in routine firefighting
work, cross-national differences in PTSD prevalence have
been documented across European countries.66 Few cross-
national comparisons have been conducted for samples of
high-risk personnel; thus, we aimed to provide a synthesis of
regional differences. However, when we examined the studies
in our dataset, grouped by continent, we noted that region of
study was conflated with the type of disaster. In particular, all
of the studies of PTSD conducted in North America con-
cerned acts of terrorism, while studies conducted elsewhere

FIGURE 1
PRISMA Flow Diagram of Study Inclusion for Systematic Review.
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TABLE 1
Summary of Evidence and Prevalence of TRMDs Across Studies

Article Quality Contribution Population Design Sample Size Measure PTSD Depression Anxiety
Soo, Webber,
Gustave, et al
(2011)31

High Definite American
firefighters
exposed to WTC
attacks

Mixed methods
longitudinal study
with serial cross-
sectional analyses

Year 1: 8669
(100% male)

Year 2: 1159
Year 3: 2816
Year 4: 4161
Year 6: 4343
Year 7: 6041
Year 8: 6588
Year 9: 6895

PCL ≥ 44
PCL-m ≥ 9 þ endorse
symptoms in each
DSM cluster

Years 1-4 overall:
10%

Year 9: 7.4%

Witteveen,
Bramsen, Twisk,
et al (2007)32

High Definite Duplicate sample with Huizink, Slottje, Witteveen, et al. (2006)33

Berninger, Webber,
Niles, et al.
(2010)34

High Definite American
firefighters
exposed to WTC
attacks

Longitudinal survey 5656 (100% male) PCL-m ≥ 9 Baseline: 8.6%
3-4 Year follow-up:
11.1%

Niles, Webber,
Gustave, et al.
(2011)35

High Definite Duplicate sample with Berninger, Webber, Niles, et al. (2010)34

Beaton, Murphy,
Johnson, et al.
(2004)36

High Definite American
firefighters
indirectly exposed
to WTC attacks

Longitudinal survey 261 (91% male) IES ≥ 26 8% at baseline, pre-
WTC attacks

26% at 1-month
following WTC
attacks

McFarlane (1988)37 High Moderate Australian
firefighters
exposed to large
wildfire

Longitudinal interviews
with data reported for
8 months post-
disaster

50 (gender not
reported)

Structured Clinical
Interview for DSM-III

22% 16% 16%

Berninger, Webber,
Cohen, et al.
(2010)38

High Moderate Duplicate sample with Berninger, Webber, Niles, et al. (2010)34

Huizink, Slottje,
Witteveen, et al.
(2006)33

High Weak Dutch firefighters
exposed to plane
crash

Historical cohort 334 exposed
(100% male)

194 not exposed
(100% male)

SRIP ≥ 39
SCL-90 scores
exceeding 65th

percentile for the
Dutch general
population

5.4% exposed
2.6% controls

20.1% 27.2%

Webber, Glaser,
Weakley, et al.
(2011)39

High Weak American
firefighters
exposed to WTC
attacks

Mixed methods
longitudinal with serial
cross-sectional
examination

9715 (100% male) PCL-C ≥ 44
CES-D ≥ 16

7% 19.5%

Chiu, Webber, Zeig-
Owens, et al.
(2011)40

High Moderate Retired American
firefighters
exposed to WTC
attacks

Cross-sectional survey
and diagnostic
interview

1915 (100% male) PCL ≥ 44
DIS

PCL: 16%
DIS: 6%
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TABLE 1
Continued

Article Quality Contribution Population Design Sample Size Measure PTSD Depression Anxiety
Chiu, Webber, Zeig-
Owens, et al.
(2010)41

High Weak Retired American
firefighters
exposed to WTC
attacks

Cross-sectional survey
and diagnostic
interview

1915 (100% male) CES-D-m ≥ 16
DIS

CES-D-m:
36%

DIS: 7%

Saroja, Kasmini,
Muhamad, et al.
(1995)42

High Weak Malaysian
firefighters
exposed to
building collapse

Cross-sectional survey 123 (100% male) IES, using the sample
mean as a cut-point
for clinical referral

32.5%

Al-Naser and Everly
(1999)43

Low Moderate Kuwaiti firefighters
exposed to the
Iraqi invasion of
Kuwait

Cross-sectional survey 108 (100% male) IES ≥ 26 18.5%

Chui, Niles,
Webber, et al.
(2011)44

Moderate Definite Duplicate sample with Chiu, Webber, Zeig-Owens, et al. (2011)40

McFarlane (1986)45 Medium Definite Australian
firefighters
exposed to large
wildfire

Longitudinal survey and
diagnostic interview

459 (gender not
reported)

GHQ-12 ≥ 2
Structured Clinical
Interview for DSM-III

SCID: 18.5% at 8
months post-
disaster

GHQ:
32% at 4 months,
22.4% at 8 months
27% at 11 months
30 % at 29 months

Chang, Lee,
Connor, et al.
(2003)46

Medium Moderate Taiwanese
firefighters
involved in rescue
efforts following
an earthquake

Cross-sectional survey 84 (100% male) IES ≥ 26 21.4%

North, Tivis,
McMillen, et al.
(2002)47

Medium Moderate Duplicate sample with North, Tivis, McMillen, et al. (2002)48

Witteveen, Van der
Ploeg, Bramsen,
et al., (2006)49

Medium Moderate Duplicate sample with Huizink, Slottje, Witteveen, et al. (2006)33

North, Tivis,
McMillen, et al.
(2002)48

Medium Moderate American
firefighters
exposed to the
Oklahoma City
Bombing

Cross-sectional
diagnostic interview

181 (97% male) DIS (DSM-III) 13.3%

McFarlane (1992)50 Medium Moderate Duplicate sample with McFarlane & Papay (1992)51

Medium Moderate Cross-sectional survey 246 exposed (97%
male)

0.9% in exposed
group
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TABLE 1
Continued

Article Quality Contribution Population Design Sample Size Measure PTSD Depression Anxiety
Morren, Yzermans,
van Nispen,
et al.(2005)52

Dutch firefighters
exposed to a large
explosion

71 not exposed
(89% male)

PTSD-SRS scored
according to DSM-IV
symptom clusters

No prevalence
outcomes were
recorded for
controls

van der Velden,
Christiaanse,
Kleber, et al.
(2007)53

Medium Moderate Dutch firefighters
exposed to a large
explosion

Longitudinal survey
with measurements
2-3 weeks post-
disaster (T1) and 18
months post-disaster
(T2)

639 exposed (97%
male)

132 not exposed
(97% male)

IES ≥ 26 16.2% at T1
(exposed)

4.8% at T2
(exposed)

The IES was not
administered to
controls

McFarlane (1988)54 Medium Weak Duplicate sample with McFarlane (1988)37

Skogstad, Heir,
Hauff, et al.
(2016)55

Medium Weak Norwegian male
firefighters
exposed to
terrorist attack

Cross-sectional survey 102 (99% male) PCL ≥ 50 2%

Slottje, Witteveen,
Twisk, Smidt et al.
(2008)56

Medium Weak Duplicate sample with Huizink, Slottje, Witteveen, et al. (2006)33

Corrigan,
McWilliams, Kelly,
et al. (2009)57

Medium Weak American
firefighters
exposed to WTC
attacks

Cross-sectional survey 8487 (100% male) PCL-C modified to have
yes/no answers and
scored per DSM-IV
symptom cluster
domains

12%

McFarlane and
Papay (1992)51

Medium Weak Australian
firefighters
exposed to a large
wildfire

Diagnostic interview
conducted 42months
post-disaster

398 (gender ratio
not reported)

DIS (DSM-III) 12.5% *
*Sample is 147 at-
risk participants
screened in
McFarlane
(1992).50 The
value reported
here reflects an
approximate,
imputed
prevalence for the
broader
longitudinal
sample of 398
individuals (the
remaining 251
individuals not
screened at 42

8.5% 10.2% had
anxiety
disorder
3.8% had
panic

disorder
6.4% had
generalized
anxiety
disorder

Firefighters
and

M
entalDisorders

510
Disaster

M
edicine

and
Public

H
ealth

Preparedness
VO

L.15/N
O
.4

https://doi.org/10.1017/dm
p.2020.61 Published online by Cam

bridge U
niversity Press

https://doi.org/10.1017/dmp.2020.61


TABLE 1
Continued

Article Quality Contribution Population Design Sample Size Measure PTSD Depression Anxiety
months were
presumed to have
no disorders
based on previous
screenings)

Tak, Driscoll,
Bernard, et al.
(2007)58

High Moderate American
firefighters
involved in rescue
efforts after
Hurricane Katrina

Cross-sectional survey 525 (96% male) CES-D ≥ 22 27%

Witteveen, Huizink,
Slottje, et al.
(2010)59

Medium Definite Duplicate sample with Huizink, et al. (2006)33

Perrin, DiGrande,
Wheeler, et al.
(2007)60

Medium Definite American
firefighters
exposed to WTC
attacks

Cross-sectional survey 3232 (gender ratio
not reported)

PCL-C scored with
DSM-IV symptom
clusters combined
with PCL-C ≥ 44

12.2%

Sakuma,
Takahashi, Ueda,
et al. (2015)61

Medium Moderate Japanese
firefighters
involved in Great
East Japan
Earthquake
response

Cross-sectional survey 327 (100% male) PCL-S ≥ 44 þ DSM-IV
symptom clusters

PHQ-9 ≥ 10 þ DSM-IV
symptom clusters

1.6% 3.8%

Hagh-Shenas,
Goodarzi,
Dehbozorgi, et al.
(2005)62

Low Weak Firefighters involved
in Bam
earthquake
response

Cross-sectional survey 36 Persian version of the
CMS (ESHEL) ≥ 107

2.8%
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were mixed with respect to event type, and more commonly
examined personnel in the wake of natural disaster. As such,
we elected to report on prevalence as a function of the type of
event under study (below). However, the above-mentioned
results of Smith and Paton63 point similarly to a need for better
understanding of regional and cultural context in the measure-
ment of PTSD.

PTSD and Type of Disaster Exposure
Ten studies in the present dataset examined PTSD in fire-
fighters following response to acts of terrorism, while 11 studies
investigated PTSD in the wake of other large-scale events,
including both natural (earthquakes, large wildfires) and man-
made (plane crash, explosion, building collapse) disasters. Of
interest, there appeared to be a trend toward lower rates of
PTSD in the wake of exposure to man-made disaster events
(M = 11.3%; Median = 8.8%) relative to natural disasters
(M = 14.6%; Median = 17%)a. However, this difference
was not statistically significant when compared by means of
2-tailed t-test (P > 0.50).

The relatively higher rate of PTSD following natural disasters
compared with man-made disasters was unexpected. Previous
reviews of PTSD prevalence following disaster that have been
conducted with mixed samples (ie, survivors, responders, and
general population members) have shown that the prevalence
of PTSD is typically lower following natural disasters compared
with man-made disasters, particularly those involving acts of
mass violence such as terrorist acts.67-69 Due to the small data-
set, it is difficult to interpret these discrepancies. Several
explanations are possible.

First, because our review focuses specifically on 1 occupational
group, it is possible that this pattern of findings reflects an
important difference between firefighters and other responder
and/or survivor groups following disaster. Differences in PTSD
prevalence between firefighters and other occupational groups
have been documented in the literature. In the present dataset,
Sakuma and colleages61 reported that firefighters were signifi-
cantly less likely to have probable PTSD as compared to
municipal and hospital workers exposed to the Great East
Japan Earthquake. In contrast, Perrin and colleagues60

reported that firefighters exposed to the New York City
World Trade Center (WTC) attacks were approximately
twice as likely to have PTSD as police responders. This finding
has also been supported by systematic review.70 Taken
together, these findings highlight a need for continued study
of intra- and inter-occupational factors in understanding
PTSD risk. It is possible that PTSD risk following different
types of exposure varies across occupational and other groups.

Second, the majority of studies concerning firefighters exposed
to man-made disaster in the present dataset focus on terrorist
acts, with heavy focus on exposure to theWTC attacks of 9/11,
which may have impacted personnel differently than other
large-scale disasters. This is a question we are unable to address
within the present dataset due to inadequate data across disas-
ter categories.

A third possibility is that, related to the heavy focus of
research on the WTC attacks in the present dataset, the rel-
atively lower prevalence rates following man-made disasters
observed here may reflect the organizational response to the
event in addition to the impact of the event itself. Based on
our preliminary observations, we speculate that the extensive
organizational response to theWTC attacks may have served
a protective role for responders. During and following the
WTC attacks, tens of thousands of workers in multiple
high-risk occupational groups were involved in rescue and
recovery efforts, beginning on the day of the attacks and
extending for several months. Following the attacks, the
Centers for Disease Control and Prevention implemented
the WTC Health Program, under which emergency respond-
ers to the attacks are eligible for screening every 18 months,71

which includes numerous metrics of both physical andmental
health.

The WTC Health Program has enrolled over 70,000 emer-
gency responders as of 2018.72 It is federally run and covers
treatment for WTC-related health conditions including sev-
eral TRMDs. To our knowledge, no other program exists on
this scale of organizational response to work-related CI expo-
sure. Thus, it is possible that large-scale organizational
response to disaster exposure is associated with the relatively
lower prevalence estimates observed in these samples relative
to other large-scale disasters in the present dataset. To our
knowledge, there are no extant studies that compare rates of
TRMDs in personnel enrolled in the WTC Health Program
with those not enrolled, likely due to feasibility and ethical
issues with recruitment. Organizational response as a possible
protective factor against TRMDs in firefighters exposed to
large-scale events is a largely unexplored question that merits
further study.

Still other alternative explanations for our findings are pos-
sible. Given adequate data, it would be informative to compare
3 categories of disaster events: terrorist acts, other man-made
disasters (eg, explosions), and natural disasters in firefighters.
These 3 categories of disaster have been previously docu-
mented to impact individuals differentially when mixed sam-
ples are examined.67-69 Additionally, some disasters (eg,
hurricanes) are predictable ahead of time, while others (eg, ter-
rorist acts, explosions, earthquakes) are not. The contribution
of predictability of large-scale disaster to TRMD risk, especially
within populations that receive formal training to prepare
members for high-stress events, is an important question cur-
rently unexplored in the literature.

aAlthough it is the case that region of study is conflated with event type in our data, it is
worth noting that the lifetime PTSD prevalence in the general population of the United
States is considerably higher than in several other countries26,64; thus, a region-based
hypothesis would predict higher prevalence estimates for studies conducted in the
United States, and this is not the case here.
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Predictive Factors for PTSD Following Disaster
We conducted a qualitative synthesis of the most commonly
studied predictive factors for PTSD symptoms. Based on
review of the eligible studies, we grouped predictive factors
into (1) sociodemographic predictors of PTSD (eg, age,
gender, years of service), and (2) exposure-related factors
(eg, severity, duration of exposure).

Eight studies examined relationships between various socio-
demographic factors and PTSD. The most consistently exam-
ined relationship in the present dataset was that between age at
time of exposure and PTSD, examined in 7 studies conducted
following multiple types of large-scale disaster, all but 1 of
which showed no significant association of PTSD with
age.31,34,40,42,53 Chang and colleagues46 reported on 84 fire-
fighters in Taipei who were involved in rescue/recovery efforts
following an earthquake that individuals with probable PTSD
(IES ≥ 26) were more likely to be younger. Of interest, having
greater than 3 years of service was also found to predict higher
rates of PTSD46; thus, these results suggest a possible need to
examine age and years of service in interaction with 1 another.
Broadly speaking, it does not appear that age alone is a strong
predictor of PTSD risk following disaster exposure across
studies.

Ten studies also examined the relationship between PTSD and
various incident-related factors, including the intensity and
duration of exposure, contact with deceased bodies, personal
loss or injury, previous disaster experience, and others. All
studies but 2 reported at least 1 significant association between
exposure-related factors and PTSD. Huizink and colleagues33

examined rates of PTSD in Dutch firefighters following the
Amsterdam Air Disaster, which resulted in 43 fatalities and
large-scale property loss. The authors compared rates of prob-
able PTSD (SRIP ≥ 39) in 334 firefighters exposed to the dis-
aster with 194 unexposed controls and found that prevalence
(5.4% vs 2.6%, respectively) did not differ significantly as a
function of disaster exposure. Sakuma and colleagues61 exam-
ined incident-related factors including type of work during dis-
aster response (eg, supervisory or on-site), whether firefighters
had experienced death or loss of a colleague or loved one, and
near-death experiences, none of which were associated with
PTSD. However, it should be noted that, in both of these stud-
ies, the number of firefighters with PTSD was small (n = 18
and n = 12, respectively), and as such the lack of association
with predictive factors may be indicative of a power issue.

Four studies examining firefighters exposed to the WTC
attacks reported significant associations between being in
the first arrival group on-site and the development of
PTSD,33,39 the likelihood of recovery over longitudinal study63

and the likelihood of delayed onset PTSD.31,34 Previous disas-
ter experience was found to be predictive of developing
PTSD,34 but not to the likelihood of recovery or delayed onset
PTSD.31,34 Similarly, the duration of work at WTC sites was
not associated with the onset of PTSD45 but was associated

with delayed onset of the disorder.34 The remaining 4 studies
reported on large-scale disaster unrelated to terrorism, with
mixed findings. Contact with deceased bodies following an
earthquake was associated with significantly higher rates of
probable PTSD (IES ≥ 26) in 1 study.47 In others, it was
reported that personal bereavement and injury during disaster
response significantly predicted PTSD status,51 while intensity
of exposure and property loss did not directly predict disorder
diagnosis, but may have a mediated relationship to disorder
status through symptoms of intrusion.50 Of interest, Van der
Velden and colleagues53 examined disaster exposure in concert
with subsequent critical incident exposure in a group of fire-
fighters who were exposed to a large explosion, contrasted with
those not exposed. The results showed that disaster exposure
itself predicted IES scores; furthermore, there was a significant
interaction between disaster and subsequent critical incident
exposure. On its own, critical incident exposure was unrelated
to PTSD.53

The consistency of relationships between factors related to dis-
aster exposure and PTSD stands in contrast to findings con-
cerning routine exposures in firefighters, where the
relationship between incident-related factors and PTSD is
more mixed, as mentioned previously. An in-depth discussion
of findings concerning routine exposure is beyond the scope of
the present review. However, region of study is 1 factor that
varies across these outcomes. In the literature on routine expo-
sure, Kehl and colleagues66 have shown significant cross-
national differences in IES-R scores in European firefighters,
while Corneil and colleagues73 demonstrated that different
factors (eg, personal injury during a mission) predicted the
likelihood of probable PTSD in Canadian versus American
firefighters. In summary, it would appear that there are poten-
tial cross-national differences in the impact of routine incident
exposure on the development of PTSD in firefighters, while
disaster exposure appears to be more consistently linked with
symptoms across both region of study and the types of large-
scale events to which firefighters respond. This would not
be entirely unexpected given the presumed relative magnitude
of personal impact of routine duty-related incidents compared
with large-scale disaster.

Depression Outcomes
Only 7 studies in the present dataset examined the prevalence
of depression, which ranged from 3.8% to 36% (M = 18.7%;
Median = 19.5%; see also Table 1). Based on our review cri-
teria, strong evidence exists in support of elevated prevalence
compared with the general population, but it is clear that
depression is an understudied phenomenon following disaster
exposure compared with PTSD.

Predictive Factors for Depression
Five of the 7 studies examined possible predictive factors for
depression in disaster-exposed firefighters. Of these, 2 studies
investigated MDD following the WTC attacks. Webber and
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colleagues39 reported that the odds of having probableMDD in
the wake of the attacks were significantly higher for individuals
arriving first on-site on 9/11 compared with those who arrived
later. Of interest, Chiu and colleagues41 showed that this rela-
tionship, along with those of other predictors, was dependent
on the method of assessing MDD and the choice of measure-
ment threshold. The authors evaluated depressive symptoms
in retired FDNY firefighters exposed to the attacks using the
both the DSM-IV Diagnostic Interview Schedule (DIS) and
the Center for Epidemiological Studies Depression Scale
(CES-D) at both a liberal (CES-D ≥ 16) and conservative
(CES-D ≥ 22) threshold. The prevalence of depression in
the retired sample was 7% using the DIS, 36% using the
CES-D with liberal threshold, and 23% using the conservative
threshold.

Logistical hierarchical regression was performed for each
method of assessment to determine possible relationship
between MDD, demographic factors (age, retirement status,
disability vs no disability, years of service, and marital status
change), and intensity of exposure based on arrival time.
When MDD status was evaluated using the DIS, only partic-
ipants’ age predicted diagnostic status, such that retired fire-
fighters under 49 years of age were significantly more likely
to have MDD than those over 55. However, using the CES-
D with a liberal threshold, age showed no relationship to prob-
able MDD, while arriving early on-site, having retired with
disability status, and years of service were all associated with
elevated odds of probable MDD. At the more conservative
CES-D threshold, age was once again a significant predictor
of probable depression, as was arriving early on-site, having
retired with disability status, and experiencing a change in
marital status.41 These findings underscore the aforemen-
tioned significant source of cross-study variability conferred
bymethods of measurement. Not only did the estimated preva-
lence of MDD vary substantially according to measurement
tool and detection threshold within 1 sample, but vastly differ-
ent predictive relationships were found between MDD and
other factors in concert with approach to measurement.
There is a strong need for additional studies like that of
Chiu and colleagues41 to further clarify the role of measure-
ment approaches in understanding TRMD prevalence in
high-risk occupational groups.

Anxiety Outcomes
Of the TRMDs we evaluated, anxiety was the least well stud-
ied, with only 3 studies reporting prevalence following disaster
exposure, with prevalence outcomes ranging between 10.2%
and 27.2% (Table 1). According to our synthesis criteria, there
was insufficient evidence to draw conclusions regarding the
hypothesis of elevated prevalence.

The exploration of predictive factors for anxiety was limited
given the small number of studies. Huizink and colleagues,33

as described above, compared rates of anxiety in 334 Dutch

firefighters exposed to the Amsterdam Air Disaster with 194
unexposed firefighters and showed that the prevalence of prob-
able anxiety in each group as measured by the SCL-90 was not
significantly different between groups at 27.7% and 20.6%,
respectively. As such, disaster exposure in this sample of fire-
fighters did not appear to influence the prevalence of anxiety.
Similarly, McFarlane and Papay51 reported a prevalence of
10.2% for anxiety disorders (3.8% had panic disorder, and
6.4% had GAD according to DSM-III diagnostic criteria)
in 398 Australian firefighters exposed to a large wildfire,
and found that there were no exposure-related factors
that uniquely predicted a diagnosis of anxiety. Finally,
McFarlane37 examined the prevalence of both anxiety and
panic in 43 firefighters 8 months following exposure to a large
wildfire. In this study, both anxiety and panic were found to be
significantly more common in firefighters with PTSD than
without PTSD. Seventy-eight percent of firefighters with
PTSD had anxiety (n = 7) compared with 28% of those with-
out PTSD (n = 10). For panic diagnoses, 67% of those with
PTSD qualified (n = 6) compared with 15% of those without
PTSD (n = 5). These results are suggestive of a possible eleva-
tion of anxiety risk in firefighters with PTSD, but this interpre-
tation is somewhat complicated by the small number of
participants with PTSD, which makes the discrepancies in
the proportion of participants diagnosed less clear.
Additional work on predictive factors for anxiety in firefighters
should be of high priority.

LIMITATIONS
The interpretation of data within the present review is subject
to several caveats. First, we have elected to focus on mental
health problems in firefighting samples, as previous work has
suggested that meaningful cross-occupational differences in
prevalence support this approach.70 However, this focus limits
our ability to generalize our findings to other first responder
groups. Second, we elected to conduct a qualitative rather
than quantitative synthesis due to the aforementioned hetero-
geneity of the literature on firefighters. Best-evidence narrative
synthesis is a robust approach in highly heterogeneous litera-
tures.27 However, despite the systematic nature of best-evi-
dence synthesis, our reports concerning predictive factors
comprise observational data based on evaluation of a hetero-
geneous literature. For instance, “sociodemographic factors” is
a broad category where assessing TRMD risk is concerned, and
this level of resolution is a limitation of both the present review
and the broader literature, which shouldmake efforts to further
elucidate the role of specific risk and protective factors in rela-
tion to firefighters’ mental wellbeing. As such, our findings
present a preliminary overview of the best-available evidence
and a foundation for further study of both risk and protective
factors for TRMDs as well as workplace prevention/interven-
tion strategies, which are at present drastically under-studied.

Finally, our synthesis of the literature is driven by the focus of
individual studies eligible for inclusion. As such, we report on a
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set of studies that includes many samples of firefighters who
responded to the WTC attacks and includes relatively fewer
samples exposed to large-scale natural disaster. As such, our
conclusions regarding the relative impact of man-made versus
natural disaster are preliminary and intended to stimulate
future study of possible occupation-specific differences in men-
tal health sequelae following different types of large-scale
disaster.

FUTURE DIRECTIONS
The present review highlights several pressing questions for
future study. First, while the literature on PTSD following dis-
aster exposure is growing, much more focused study of depres-
sive and anxiety symptoms in disaster-exposed firefighters is
needed. We found only 7 eligible studies of depressive symp-
toms and 3 of anxiety symptoms. Both depression and anxiety
may manifest in any population outside the context of trauma,
and depressive symptoms in firefighters have been previously
linked to nontraumatic job stress.12 The data in our review sug-
gest that depressive symptoms may also be uniquely impacted
by disaster exposure. The clarification of whether and when
these symptoms manifest in response to CI exposure in fire-
fighters has wide-ranging implications for workplace disability
policies, prevention, and intervention strategies.

Second, a concerning degree of variability in prevalence esti-
mates is observable as a function of how symptoms are assessed,
including selection of validatedmeasurement tools and thresh-
olds for determining the clinical relevance of symptoms.
Within-sample examinations of different measurement tools
and measurement thresholds for PTSD and depression demon-
strate the drastic impact that these methodological issues can
have on both estimations of prevalence and on the analysis of
predictive factors.33,60,61 However, while studies may report
prevalence across different measurement tools and/or thresh-
olds, the literature at present contains little discussion of which
method best captures symptoms of clinical relevance; indeed,
in cases where multiple thresholds are evaluated, researchers
tend to rely on the most conservative estimates,61 which
may ormay not be an optimal strategy for identifying personnel
in need of mental health intervention. Moreover, evidence
suggests that cross-occupational validation of measurement
tools is required; for instance, the factor structure of the IES
and IES-R have been shown to map uniquely to different occu-
pational and cultural groups.63,64 There is a strong need for
future work to consider the impact of measurement, as well
as the need for cross-occupational validation of measurement
tools, on understanding TRMD symptoms in firefighters.

Finally, the literature will benefit from extensive and detailed
study of risk and protective factors that predict TRMD risk in
firefighters. As we have mentioned above, it would be fruitful
from a public health preparedness standpoint to compare
TRMD symptoms following different types of disaster (eg,
natural disaster vs terrorist acts; predictable disaster vs

unpredictable disaster). Additionally, the prevalence of vari-
ous mental health symptoms in the general population varies
widely by country of study,65 and the literature on firefighters
would benefit from closer examination of regional differences
as a predictor of symptoms. Lastly, we argue that it is necessary
to expand the study of predictive factors for TRMD to include
interactionist models. Large-sample studies are capable of
exploring, for instance, whether sociodemographic factors
may interact with incident-specific factors (eg, years of service
× frequency of exposure) to predict TRMD symptoms in per-
sonnel. This domain of questioning is to date largely unex-
plored in the extant literature and would vastly enhance
understanding of the impact of disaster exposure on fire-
fighters, and in so doing, improve preparatory efforts toward
maintaining a healthy and efficient workforce.

CONCLUSIONS
The present systematic review evaluated the prevalence of
PTSD, MDD, and ADs in firefighters exposed to large-scale
disaster. We find strong evidence that the prevalence of both
PTSD and MDD is elevated in this population compared with
the general population of Canada. However, there is insuffi-
cient evidence in the literature to draw conclusions regarding
the prevalence of anxiety. The available literature broadly sug-
gests that the severity of PTSD and depressive symptomology is
related to specific aspects of disaster exposure over and above
the stresses of firefighting in general. Finally, the literature on
disaster exposure in firefighters is sorely lacking when it comes
to understanding ADs; thus, more work is needed to assess
prevalence of anxiety in firefighting populations.
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