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Introduction: Firefighters experience many exposures associated with negative health outcomes. Because
of this, there are many studies on the subject. Our objective here was to conduct an umbrella review of
systematized reviews to identify firefighting activities and related exposures associated with negative
health outcomes.
Methods: A comprehensive search of the PubMed, Web of Science, and Scopus (Health) was conducted
using all firefighter systematized reviews. We extracted the country and date of the review, type of
firefighter, types of exposure, and related health outcomes. Risk of bias was based on AMSTAR-2
checklist.
Results: In 1130 studies, 47 systematized reviews were included, mostly in the last 5 years and from
North America and Australia. The topics were diverse, ranging from general aspects to specific exposures,
such as polycyclic aromatic hydrocarbons, wildland fires, organizational, traumatic, or psychological
stress exposure, and from prevention or surveillance to specific health effects (e.g., cancer, mental health,
musculoskeletal disorders, cardiovascular, and pulmonary health, etc.). The risk of bias assessment using
the selection grid shows a significant heterogeneity, though some studies were of very high quality.
Discussion: This umbrella review provides a comprehensive description of systematized reviews
describing populations of firefighters, including information on exposure, health outcomes, and illness/
injury prevention.
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1. Introduction

Many events have demonstrated the crucial role of adequately
trained health and safety professionals in responding to health and
environmental crises. [1e3]. In addition to healthcare sector
workers and security professionals, firefighters represent a signif-
icant workforce that is required to respond to numerous excep-
tional situations [4e6]. Moreover, the nature of their occupation
entails tasks that inherently impact their health and well-being [7].
Given the multitude of specific, acute, and chronic forms of expo-
sures from; environmental, occupational, and lifestyle throughout
their lifetime, the term “occupational exposome” seems especially
appropriate for this population of workers. This concept is based on
the “exposome” definition, which emerged following the success in
mapping the human genome. The exposome integrates the multi-
plicity, temporality, and variability of exposures, as well as their
interaction with one another [8,9]. For example, firefighters are
exposed to chemicals substances during fires, elevated tempera-
tures, noise, and other biomechanical factors. They also face shift
work, long working hours [10,11], numerous psychosocial risk
factors, including those associated with work organization, culture,
and constraints unique to their occupation. [12]. Additionally, there
may be variability in the level of exposure depending on the tasks
performed, the work organization, the protective equipment, the
seniority/rank (or lack thereof), duration of employment, and even
their lifestyle individual factors. As such, the resulting health con-
sequences are directly related to this exposome, and requires the
translation of such knowledge to those affected. Despite the exis-
tence of numerous valuable studies with valuables systematic re-
views allowing a high level of evidence, the consistency of data
necessitates this review. Since there is no overview of such reviews,
our objective was to conduct an umbrella review of systematized
publications to identify firefighting activities associated with
negative health outcomes, in order to highlight the multifaceted
nature of occupational hazards faced by firefighters.

2. Methods

This review was conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-analyses state-
ment (PRISMA), see supplemental materials [13]. Four steps were
performed in this umbrella review: A. inclusion step (database/
syntax, title and abstract, full paper), B. extraction step, C. quality
step, and D. synthesis step.

For A. inclusion step, we conducted the review search in three
online databases: PubMed, Web of Science, and Scopus (Health) to
identify systematic reviews published in peer-reviewed journals.
Additional relevant systematic reviews were also searched in da-
tabases from NIOSH (National Institute for Occupational Safety and
Health), EU-OSHA (EuropeanAgency for Safety andHealth atWork),
and thefirst 40 references of Google Scholar. The search strategyand
inclusion criteria were defined according to the PI/ECO (Population
and Intervention/Exposure, Comparison, andOutcome) approach. A
librarian assisted in the development of the final search string
syntax. The final search work was conducted without date limits
until August 2024, with an update onDecember 1st. In detail, search
was based on human studies of firefighters (Population, all type of
fire/firefighters). The search strategy employed the truncation of the
term “firefight” and aimed to identify the selected keywords within
the article titles, abstracts, and keywords/medical subheading fields
(for PubMed). The term “review” was considered a keyword rather
than a filter to enhance the search’s sensitivity, in order to include
systematized reviews (e.g., systematic, scoping, rapid, and umbrella
review). Details of exposure relevant tohealth or health outcomes in
this population (exposure/outcome), were checked manually
as well as the effect measure (if present, meta-risk or meta-
prevalence), without mandatory comparators. PubMed searches
included: "fire fight"*[Title/Abstract] OR firefight*[Title/Abstract]
OR “firefighters" [MeSHTerms] ANDReview [Title/Abstract];Web of
Science: TS¼(“ fire fight *" OR " firefight *" AND TS ¼ review*);
Scopus (health): ((TITLE-ABS-KEY (firefight*) OR TITLE-ABS-KEY
(fire fight*)) AND TITLE-ABS-KEY (review*) AND (LIMIT-TO (SUB-
JAREA,"MEDI”) OR LIMIT-TO (SUBJAREA,"HEAL”)). Search results
were imported to the web-based systematic review tool, Covidence
(Veritas Health Innovation, Australia, https://www.covidence.org/).
Duplicate records were removed. During title and abstract
screening, all records were assessed independently by two co-
authors (AD and HD) according to the previously outlined eligibility
criteria. Disagreements regardingwhich articles should be included
were resolved by consensus between the two authors. A similar
approach was used for full-text record screening (i.e., those that did
not fit the inclusion criteria, including those with irrelevant study
designs, populations, or settings).

For B. the extraction step, the first author’s name, the year of
publication and nationality of the first author, PI/ECO criteria,
country of the review, type of firefighters, types of exposure and
health outcomes, and intervention/prevention were extracted.

For C. the quality step, risk of bias was based on AMSTAR-2 [14].
Similarly to the inclusion step, all records were assessed indepen-
dently by two coauthors (AD and HD). Disagreements were also
resolved by consensus between the two authors.

D. the synthesis step includes a table with the type of work, the
main result, the risk of bias map, and a graphical abstract for
firefighters.

The review’s protocol was registered in PROSPERO as
CRD42024557030.

3. Results

There are a large number of published systematized reviews on
this particular population (1127 þ 3 added in the update), focusing
on firefighter exposures and their related health effects, of which 47
reviews were extracted. (Fig. 1 [15e61]). Notably, one study in the
form of a Monograph published by theWorld Health Organization’s
(WHO) International Agency for Research on Cancer (IARC) in 2022
[35], which includes a metaanalysis published as a separate study
[27]. The first systematized review included was published in 2003,
and half of the included systematized reviews were published in the
last four years. North America and Australia were the first regions to
publish this type of study, consistent with the countries where the
original studies were published. Among the 47 systematic reviews, a
total of 1214 studies involving firefighters were included (distribu-
tion on number of studies included: median 25.5, minimum 2,
maximum 66 [40,41,59]). The number of firefighters included in
each individual study also varied depending on its purpose (from 14
in an intervention study to 45,698 in a large cohort study [40,46]).

The topics are diverse (Fig. 2), ranging from general aspects to
specific exposures, such as specific chemical agents, such as poly-
cyclic aromatic hydrocarbons (PAH), wildland fires, and indoor air
in fire stations, to agents of other types (organizational, traumatic
or psychological stress), from prevention or surveillance to specific
health effects (cancer, mental health, musculoskeletal disorders,
cardiovascular and pulmonary health, etc.). Table 1 lists the main
studies and their classification (their abstracts are provided in
supplemental materials). The assessment of the risk of bias (RoB)
according to the selection grid shows that the heterogeneity of the
studies is significant, as shown in Fig. 3, though there are several
studies of very high quality [20,27,48].

In terms of synthesis, this review highlights topics that are
no longer debated, such as cancer risk in firefighters, but also

https://www.covidence.org/


Fig. 1. Flow chart.

A. Descatha et al / Review of Firefighters Work Exposome and Related Disorders 147
musculoskeletal disorders, and mental health disorders (Table 1).
Indeed, recent high-quality syntheses with metaanalyses showed
consistent increase risk of some cancers, such as mesothelioma and
bladder cancer which exhibited low heterogeneity andwere largely
robust across sensitivity analyses, and relevant exposures of fire-
fighters [27,35]. Furthermore, we found robust results based on
metaanalyses from different parts of the world showed consistent
high prevalence of musculoskeletal disorders of body area
[49,39,55]. Mental health is important with a high proportion of
posttraumatic stress disorders and also related to daily occupa-
tional stress [21,56,59].

Nevertheless, there remain many research gaps where system-
atic reviews need to be developed:

Nevertheless, there remain many areas where systematic re-
views need to be developed, such as:

1. Specific intervention and prevention studies,
2. Studies in different contexts, given the differences that may
exist between countries,

3. Differences among sub-populations (type of firefighter, sex,
race and age),

4. The importance of questions related to wildland fires (two last
review included are on this subject),

5. The impact of training methods,
6. The question of selection effects (as seen for lung disease),
7. The global consideration of exposures or specific exposures

(e.g., PFAS),
8. The additive, multiplicative, or interaction effects from agents

acting in synergy with each other have not been adequately
assessed,

9. Health outcomes, including health effects that are difficult to
measure in the short term and within small sample pop-
ulations, such as endocrine and reproductive effects or other
sex-specific or rare subtypes of cancers.



Fig. 2. Translational summary.
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4. Discussion

This systematized overview provides a comprehensive descrip-
tion of systematized reviews describing populations of firefighters,
including information on exposure, health, and prevention. The
health of firefighters is an important topic that has been the subject
of numerous systematic reviews, yet the inconsistency of the data
and the wide variability of workplace exposures contribute to
persistent gaps in the literature. This umbrella review approach
makes it possible to select only the highest level of evidence and to
provide a synthesis for professionals and researchers alike.

Several limitations need to be discussed: first, there was a de-
viation from the original protocol regarding the use of the AMSTAR-
2 grid, which was considered more operational for assessing the
RoB of systematic reviews than the navigation guide or other
[62,63]. Additional keywords were checked with the help of the
librarian of Angers University to ensure that a systematic review
was not overlooked, in particular the two-word term "fire fight*"
and “fire personnel”. In addition to these discrepancies, reviews
based on exposure and health outcomes did not include general
promotion not related to work or even on duty perfor-
mance [64,65]. Furthermore, conference proceedings and even
letters might have been interesting [66]. Moreover, it was decided
to extract only systematic reviews and not narrative reviews and
books, some of which are of high quality [67]. To limit this bias,
systematized reviews extracted were systematic reviews, scoping



Table 1
Included systematic reviews

Study Title Topic (exposure/
outcome/

intervention)

Country
of first
author

affiliation

Published
Year

Start of
study

End of
study

Number of
firefighter
studies
included

Metaanalysis?
(yes/no)

Main conclusions
(with exposure/outcomes)

Adetona 2016 Review of the health effects of wildland fire
smoke on wildland firefighters and the
public.

Wildfire USA 2016 1990 2013 37 No Need of more studies on wildfires
exposure

Alves 2023 Exploring clinical trials to manage
firefighters’ sleep quality: A PRISMA
compliant systematic review.

Intervention Portugal 2023 2011 2021 7 No Relation between sleep disorders, shift
work (exposure), and occupational
health outcomes, and education/
intervention/

Andrews 2019 The effects of exercise interventions on
health and fitness of firefighters: A meta-
analysis

Intervention Ireland 2019 1983 2015 7 Yes Exercise interventions (resistance
active training) positively improve
physiological parameters as proxy of
outcome

Barbosa 2022 The effect of fire smoke exposure on
firefighters’ lung function: A meta-
analysis.

Respiratory Portugal 2022 1990 2018 24 Yes Fire smoke exposure on firefighters’
lung function (outcome), not related
(though variation)

Barros 2023 Biomonitoring of firefighting forces: A
review on biomarkers of exposure to
health-relevant pollutants released from
fires.

Monitoring Portugal 2023 2015 2021 52 No Chemical exposure (biomonitoring).
Urine þþ blood þ, all increase by
firefighting activities

Beckett 2023 The prevalence of metabolic syndrome and
its components in firefighters: A
systematic review and meta-analysis.

Cardiovascular England 2023 2008 2023 25 Yes Prevalence of metabolic syndrome
(outcome) 22.3% (17.7-27.0%) among
firefighters

Berger 2012 Rescuers at risk: A systematic review and
meta-regression analysis of the
worldwide current prevalence and
correlates of PTSD in rescue workers.

Mental Brazil 2012 2008 2011 28 Yes Among firefighters, high prevalence
(7.3%) of posttraumatic stress
disorder (outcome)

Bralewska 2024 Air pollution inside fire stations: State-of-
the-art and future challenges.

Air pollution
inside

Poland 2024 1987 2023 32 No Air pollution exposure inside fire
stations (related to equipment,
trucks, and combustion tools)

Carr-Pries 2022 Scoping review of the occurrence and
characteristics of firefighter exercise and
training injuries.

Physical Canada 2022 2002 2020 23 No Physical exposure by exercise and
training is associated to injuries
(musculoskeletal outcome)

Casjens 2020 Cancer risks of firefighters: A systematic
review andmetaanalysis of secular trends
and region-specific differences

Cancer Germany 2020 1959 2018 25 Yes Exposure as firefighters differently
associated with cancer around the
world and with secular trend
(outcome)

Chakr 2024 The role of personal protective equipment
(PPE) in reducing firefighter exposure to
chemical hazards: A systematic review

Prevention Australia 2024 2013 2023 21 No Respirators provide protection, though
not complete

Cuenca-Lozano
2023

Occupational hazards in firefighting:
systematic literature review.

General Ecuador 2023 2013 2021 15 No All exposure/risk of firefighter
(bibliometric analyze).

Prevention is needed

DeBono 2023 Firefighting and cancer: A metaanalysis of
cohort studies in the context of cancer
hazard identification.

Cancer Canada 2023 1959 2022 35 Yes Evidence to support a causal
relationship between occupational
exposure as a firefighter and certain
cancers (mesothelioma/bladder)

DiNota 2021 Coping among public safety personnel: A
systematic review and metaanalysis.

Psychological Canada 2021 2001 2019 10 Yes Exposure to psychologically traumatic
events can result in posttraumatic
stress outcomes

(continued on next page)
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Table 1 (continued )

Study Title Topic (exposure/
outcome/

intervention)

Country
of first
author

affiliation

Published
Year

Start of
study

End of
study

Number of
firefighter
studies
included

Metaanalysis?
(yes/no)

Main conclusions
(with exposure/outcomes)

Engelsman 2020 Biomonitoring in firefighters for volatile
organic compounds, semivolatile organic
compounds, persistent organic
pollutants, and metals: A systematic
review

Monitoring Australia 2020 1982 2019 34 No Exposure to volatile organic
compounds, semi-volatile organic
compounds, persistent organic
pollutants, and metals
(biomonitoring) due to smoke

Frost 2021 The effects of sleep on firefighter
occupational performance and health: A
systematic review and call for action

Organizational USA 2021 2005 2021 15 No Poor sleep exposure and cognitive
performance/overall health

Golka 2008 Fire fighters, combustion products, and
urothelial cancer

Cancer Germany 2008 1977 2005 20 No Exposure as firefighters is not
associated with urothelial cancer
(outcome)

Groot 2019 A systematic review of the health impacts of
occupational exposure to wildland fires

Wildfire Canada 2019 1985 2016 32 No Wildfire exposure and need for future
research

Hwang 2021 Health risks of structural firefighters from
exposure to polycyclic aromatic
hydrocarbons (PAH): A systematic review
and meta-analysis.

PAH USA 2021 1997 2020 20 Yes Structural firefighters from exposure to
PAH. Location/duration.

Hwang 2022 Urinary metabolites of polycyclic aromatic
hydrocarbons in firefighters: A systematic
review and metaanalysis.

Monitoring USA 2022 1997 2021 27 Yes Hydroxylated PAH (biomonitoring)
increase after fire activities

WHO IARC 2022 Occupational Exposure as a Firefighter Cancer (Exposure) Canada 2022 1959 2022 No (DeBono) Evidence to support a causal
relationship between occupational
exposure as a firefighter and certain
cancers (mesothelioma/bladder)

Igboanugo 2021 Health outcomes of psychosocial stress
within firefighters: A systematic review
of the research landscape

Psychological Canada 2021 2006 2020 29 No Psychosocial stressors exposure and
health and well-being outcomes

Jahnke 2024 Metaanalysis of incidence and mortality of
firefighter cancer: An update on emerging
science

Cancer USA 2024 2008 2020 24 Yes Exposure as firefighters differently
associated with incidence/mortality
of cancer (outcome) in/outside United
States

Khoshakhlagh 2023 Global prevalence and associated factors of
sleep disorders and poor sleep quality
among firefighters: A systematic review
and metaanalysis.

Mental Iran 2023 2000 2022 47 Yes Among firefighters, sleep disorders
(outcome) 30.5% (25.9%-35.1%)

Khoshakhlagh 2024 The global prevalence of musculoskeletal
disorders among firefighters: A
systematic review and metaanalysis

Musculoskeletal Iran 2024 1993 2021 31 Yes High prevalence of musculoskeletal
disorders (outcome)

Kim 2022 Noncancer health risks in firefighters: A
systematic review

General Republic of
Republic of
Korea

2022 1978 2021 66 Yes Description of all noncancer diseases,
with variations on job type, years of
service, rank, country)

Kyron 2021 Prospective risk and protective factors for
psychopathology and wellbeing in
civilian emergency services personnel: A
systematic review.

Psychological Australia 2021 1988 2019 66 No Psychological risk and protective
factors (including workplace
exposure) and mental health
outcomes

Lee 2023 Cancer risk and mortality among
firefighters: A metaanalytic review

Cancer USA 2023 1978 2022 38 Yes Exposure as firefighters associated with
skin and prostate cancer (outcome)

LeMasters 2006 Cancer risk among firefighters: A review
and metaanalysis of 32 studies.

Cancer USA 2006 1975 2003 32 Yes Exposure as firefighters associated with
multiple myeloma (outcome)
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Li 2022 Efficacy of cooling garments on exertional
heat strain recovery in firefighters: A
systematic review and metaanalysis

Intervention China 2020 1999 2021 12 No Interventions using cooling garments
are an effective adjunct therapy to
mitigate exertional heat stress
(outcome) though more studies are
needed

Lyra 2021 Occupational exposure to suicide: A review
of research on the experiences of mental
health professionals and first responders.

Mental New Zealand 2021 2010 2019 3 No Between 34%-92.4% of firefighters had
been exposed to suicide, and mental
health (outcome)

Macmillan 2021 Systematic review of randomized control
trial health promotion intervention
studies in the fire services: Study
characteristics, intervention design and
impacts on health

Intervention Australia 2020 1986 2019 11 No Health promotion intervention studies
in the fire services are possible and
effective on health outcome

McEntire 2013 Mitigation and prevention of exertional
heat stress in firefighters: A review of
cooling strategies for structural
firefighting and hazardous materials
responders.

Physical USA 2013 1989 2011 27 No In term of exertional heat stress as
exposure management, still
considerable work needed

Murphy 2022 Musculoskeletal injury epidemiology in law
enforcement and firefighter recruits
during physical training: A systematic
review

Musculoskeletal Australia 2022 2003 2020 8 No Among firefighters (including in law
officers) prevalence and incidence
rates for musculoskeletal injuries
(outcome) is high though large
variation

Nazari 2020 Prevalence of musculoskeletal disorders
among Canadian firefighters: A
systematic review and metaanalysis

Musculoskeletal Canada 2020 2015 2018 5 Yes Simulated physical exertion exposure
during firefighting tasks are
physiologically demanding

Nazari 2021 Quantifying physiological responses during
simulated tasks among Canadian
firefighters: A systematic review and
metaanalysis

Physical Canada 2021 1999 2019 10 Yes Structural and wildfire firefighting
exposure can cause dehydration
(outcome)

Serrano-Ibáñez 2023 Psychological variables associated with
posttraumatic stress disorder in
firefighters: A systematic review.

Mental Spain 2023 2011 2020 19 No Among firefighters, work factors (e.g.
operational stress, job duration)
associated with posttraumatic stress
disorder (outcome)

Slattery 2018 The long-term rate of change in lung
function in urban professional
firefighters: A systematic review

Respiratory Australia 2018 1974 2016 22 No Change in lung function (outcome)
among urban professional firefighters
only significant for “nonroutine”
severe exposures

Sousa 2022 Exposure to PAHs during firefighting
activities: A review on skin levels,
in vitro/in vivo bioavailability, and health
risks.

PAH Portugal 2022 1991 2021 13 No HAP exposure of firefighters’ skin,
mainly on the neck

Sritharan 2017 Prostate cancer in firefighting and police
work: a systematic review and
metaanalysis of epidemiologic studies.

Cancer Canada 2017 1980 2017 31 Yes Exposure as firefighters moderately
associated with prostate cancer
(outcome)

Tahernejad 2024 A systematic review and metaanalysis of
musculoskeletal disorders among
firefighters

Musculoskeletal Iran 2024 1998 2022 26 Yes Among firefighters (exposure), high
prevalence of musculoskeletal
disorders (outcome)

Wagner 2021a Systematic review of mental health
symptoms in firefighters exposed to
routine duty-related critical incidents

Mental Canada 2021 1980 2017 40 No Impact of potentially traumatic
exposure in firefighting personnel on
mental health symptoms (outcome)

Wagner 2021b Mental disorders in firefighters following
large-scale disaster

Mental Canada 2021 1980 2017 32 No Impact of disaster exposure in
firefighting personnel on
posttraumatic stress disorders
(outcome)

(continued on next page)

A
.D

escatha
et

al
/
Review

of
Firefighters

W
ork

Exposom
e
and

Related
D
isorders

151



Ta
b
le

1
(c
on

ti
nu

ed
)

St
u
d
y

Ti
tl
e

To
p
ic

(e
xp

os
u
re
/

ou
tc
om

e/
in
te
rv
en

ti
on

)

C
ou

n
tr
y

of
fi
rs
t

au
th
or

af
fi
lia

ti
on

Pu
bl
is
h
ed

Y
ea

r
St
ar
t
of

st
u
d
y

En
d
of

st
u
d
y

N
u
m
be

r
of

fi
re
fi
gh

te
r

st
u
d
ie
s

in
cl
u
d
ed

M
et
aa

n
al
ys
is
?

(y
es
/n
o)

M
ai
n
co

n
cl
u
si
on

s
(w

it
h
ex

p
os
u
re
/o
u
tc
om

es
)

W
al
k
er

20
16

Th
e
im

p
ac
t
of

fi
re

su
p
p
re
ss
io
n
ta
sk
s
on

fi
re
fi
gh

te
r
h
yd

ra
ti
on

:
A
cr
it
ic
al

re
vi
ew

w
it
h
co

n
si
d
er
at
io
n
of

th
e
u
ti
lit
y
of

re
p
or
te
d
h
yd

ra
ti
on

m
ea

su
re
s.

Ph
ys
ic
al

A
u
st
ra
lia

20
16

20
00

20
15

10
N
o

St
ru
ct
u
ra
l
an

d
w
ild

fi
re

fi
re
fi
gh

ti
n
g
ca
n

ca
u
se

d
eh

yd
ra
ti
on

(o
u
tc
om

e)
.A

d
lib

it
u
m

d
ri
n
ki
n
g
m
ay

be
su

ffi
ci
en

tb
u
t

n
ot

fo
r
d
u
ri
n
g
in
te
n
se
,l
on

ge
r

d
u
ra
ti
on

,h
ot

st
ru
ct
u
ra
l
fi
re

op
er
at
io
n
s

W
es
t
20

24
A
re
vi
ew

of
oc

cu
p
at
io
n
al

ex
p
os
u
re
s
to

ca
rc
in
og

en
s
am

on
g
w
ild

la
n
d
fi
re
fi
gh

te
rs
.

W
ild

fi
re

U
SA

20
24

19
92

20
22

49
N
o

W
ild

la
n
d
fi
re
fi
gh

te
rs

ar
e
re
gu

la
rl
y

ex
p
os
ed

to
ca
rc
in
og

en
s.

W
ah

20
24

Sy
st
em

at
ic

re
vi
ew

of
im

p
ac
ts

of
oc

cu
p
at
io
n
al

ex
p
os
u
re

to
w
ild

fi
re

sm
ok

e
on

re
sp

ir
at
or
y
fu
n
ct
io
n
,s
ym

p
to
m
s,

m
ea

su
re
s
an

d
d
is
ea

se
s.

W
ild

fi
re

A
u
st
ra
lia

20
24

19
91

20
23

26
N
o

W
ild

fi
re
s
(e
xp

os
u
re
)
or

p
re
sc
ri
be

d
bu

rn
s
h
as

bo
th

re
sp

ir
at
or
y
ou

tc
om

e

W
u
20

19
Th

e
p
re
va

le
n
ce

of
m
od

er
at
e-
to
-h

ig
h

p
os
tt
ra
u
m
at
ic

gr
ow

th
:
A
sy
st
em

at
ic

re
vi
ew

an
d
m
et
aa

n
al
ys
is

M
en

ta
l

C
h
in
a

20
19

20
06

20
17

2
Y
es

Le
ve

l
of

p
os
tt
ra
u
m
at
ic

st
re
ss

gr
ow

th
(o
u
tc
om

e)
,a

m
on

g
p
er
so
n
s
(i
n
cl
u
d
in
g

fi
re
fi
gh

te
rs
)

Saf Health Work 2025;16:145e155152
reviews, and metaanalyses. The heterogeneity visible in the bias
assessment table highlights this limitation and makes it possible to
meet the objective of providing an “overview” of reproducible
reviews.

Nevertheless, the systematic approach of this umbrella review
provides an important global overview in a societal context of
recognition, professionals feedback (health literacy), and research
development for firefighters, who have a particular exposome and
health effects that require singular surveillance. Indeed, the review
covers a wide range of exposures and health outcomes relevant to
firefighters, including chemical exposures, physical strain, and
psychological stress. This breadth is valuable in understanding the
multifaceted nature of occupational hazards faced by firefighters.

Cancers among firefighters have long been discussed. Previously
(in 2010), IARC concluded that “Occupational exposure as a fire-
fighter is possibly carcinogenic to humans (Group 2B)” [68]. It was
only in 2023, that sufficient evidence among human and strong
mechanistic evidence allowed IARC to conclude “Occupational
exposure as a firefighter is carcinogenic to humans (Group 1), and
causes mesothelioma and bladder cancer in humans” [35]. These
associations vary temporally and regionally; however, consis-
tencies among those highest-powered studies make this relation-
ship clear. Different other cancers have also been suggested, such as
blood cancer (multiple myeloma, non -Hodgkin lymphoma), skin
cancer (melanoma and other skin cancer), prostate cancer. Physical
strain leads to musculoskeletal disorders among firefighters with
prevalence depending on definition and body areas. Exercise and
training, as well as injuries are involved. Mental health disorders
with posttraumatic stress disorders are also no longer debatable,
with interaction between personal and work factors, though
further research is needed to evaluate the potential contribution
from physical and psychological trauma that predates employment
in the fire service.

However, this umbrella review also highlighted some research
perspectives that require national and international collaboration
to be addressed. These include the type of firefighters, sex, age, type
of duties, and trainingmethods.With climate change driven events,
wildland fires and urban interface fires have become a growing
concern for governmental and health authorities. Monitoring and
protection (neither too much nor too little, given the immediate
side effects) require large-scale (both in time and participant size)
studies according to international standards. In terms of protection
methods, for example, we could model standards similar to those
used in drug development. Consequently, in addition to a preclin-
ical phase of laboratory tests, a clinical phase could be conducted on
a non-firefighter population with similar “healthy worker” char-
acteristics (equivalent to healthy volunteer phase studies), on
firefighters with random selection in terms of efficacy and toler-
ance (equivalent to phases 2 and 3), including tolerance adapted to
protection (for example, where “perfect airway protection” might
be too heavy/hot/unbreathable/expensive), and a real-life post-
marketing evaluation (vigilance) could be carried out. In the short,
medium, and long term, systematic but also original studies need to
be carried out, taking into account exposures in different contexts
and in the different comparative populationsmentioned above, and
while integrating different exposures within an overall exposome
framework (e.g., endocrine disruptors and PFAS (Per- and poly-
fluoroalkyl substances), long working hours, etc.). It is also impor-
tant to provide an operational translation for all stakeholders to
avoid over-pessimistic interpretations in the absence of in-
terventions proven to improve health outcomes. At the same time,
wemust promote the importance of global prevention in the face of
excessive risks associated with the occupation of firefighting. Fig. 2
is an illustration of the main results of this overview, which can be
spread to the firefighting community, though details and



Fig. 3. Risk of bias, AMSTAR-2 evaluation.
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applications need to be explained by practitioners working for
improving occupational health and safety of firefighters locally.

In conclusion, this study confirms the health impacts associated
with firefighters’ occupational exposures and presents a synthesis
of numerous systematic reviews of this population of workers. This
study also highlights the prospects for international collaborative
and integrated research. This work also translates general ideas for
the fire service, although appropriation by prevention researchers
remains necessary to ensure adequate benefits to the studied
population. Such research, including updated ones, remain crucial
for guiding awareness, prevention, and legislative/regulatory
changes necessary to better protect this worker group from the
harms associated with their occupation. Open documentation
centers (and translated) in each region are examples of trans-
lational work, providing the necessary literacy and awareness for
firefighters and related professionals, such as epidemiologists,
occupational hygienists, and exposure scientists. The appropriate
integration of artificial intelligence also holds potential benefits, as
for other medical areas, and also comes with drawbacks that
require attention [69,70]).
CRediT authorship contribution statement

Alexis Descatha: Writing e original draft, Supervision, Investi-
gation, Conceptualization. Hugues Dousseau: Writing e original
draft, Investigation, Formal analysis. Sabrina Pitet:Writinge review
& editing, Supervision, Investigation, Formal analysis. Francis Mag-
nolini: Formal analysis, Investigation, Supervision, Writing e orig-
inal draft. Neil McMillan: Writing e review & editing, Supervision,
Investigation, Formal analysis. Neil Mangelsdorf: Writing e review
& editing, Supervision, Investigation, Formal analysis. Rick Swan:
Writing e review & editing, Supervision, Investigation, Formal
analysis. Jean-Marie Steve:Writinge review & editing, Supervision,
Investigation, Formal analysis. Didier Pourret: Writing e review &
editing, Supervision, Investigation, Formal analysis. Marc Fadel:
Writing e review & editing, Supervision, Conceptualization.

Disclaimer

The views expressed in this paper are those of the authors and
do not necessarily reflect the views of the aforementioned



Saf Health Work 2025;16:145e155154
institutions. An oral presentation has been given by Alexis Descatha
in France to ISO TC94/SC14 group.

Declaration of competing interest

The authors are paid by their institution.

Acknowledgments

We thank Catherine Faïs, librarian at Angers University for her
help.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.shaw.2025.04.003.

References

[1] Checchi F, Warsame A, Treacy-Wong V, Polonsky J, van Ommeren M,
Prudhon C. 8 Public health information in crisis-affected populations: a review
of methods and their use for advocacy and action. Lancet 2017;390:2297e
313. https://doi.org/10.1016/S0140-6736(17)30702-X.

[2] Senay E, Bernstein A, Shephard P, Salas R, Rizzo A, Sherman JD, Richardson L,
Butts G, Marwah H, Solomon C, Galvez M, Thanik E, Pezeshki G, Zajac L, Lee A,
Sheffield P, Wright R. I mproving patient outcomes in the dual crises of
climate change and COVID-19: proceedings of the third annual clinical climate
change meeting, January 8, 2021. J Occup Environ Med 2021;63:e813e8.
https://doi.org/10.1097/JOM.0000000000002345.

[3] Miskel J. D isaster response and Homeland security: what works, what
Doesn’t. 1st ed. Stanford, Calif: Stanford University Press; 2006.

[4] Descatha A, Fadel M. H ealth and safety workforces: specific exposome means
specific occupational attention. J Occup Environ Med 2024. https://doi.org/
10.1097/JOM.0000000000003259.

[5] Descatha A, Gilbert F, Goldberg M, Zins M, Temime L, Pourret D, Fuentes S,
Mayet A, Geraut L, Roquelaure Y, Fadel M. The cohorts of “heros” in Con-
stances: soignances for healthcare workers, Coherances for safety and security
workers. Arch Des Maladies Professionnelles de l’Environnement 2023;84:
101850. https://doi.org/10.1016/j.admp.2023.101850.

[6] Woskie SR, Kim H, Freund A, Stevenson L, Park BY, Baron S, Herbert R, de
Hernández MS, Teitelbaum S, de la Hoz RE, Wisnivesky JP, Landrigan P. World
Trade Center disaster: assessment of responder occupations, work locations,
and job tasks. Am J Ind Med 2011;54:681e95. https://doi.org/10.1002/
ajim.20997.

[7] Plat MJ, Frings-Dresen MHW, Sluiter JK. A systematic review of job-specific
workers’ health surveillance activities for fire-fighting, ambulance, police
and military personnel. Int Arch Occup Environ Health 2011;84:839e57.
https://doi.org/10.1007/s00420-011-0614-y.

[8] Wild CP. Complementing the Genome with an “exposome”: the outstanding
challenge of environmental exposure measurement in molecular epidemi-
ology. Cancer Epidemiol Biomarkers Prev 2005;14:1847e50. https://doi.org/
10.1158/1055-9965.EPI-05-0456.

[9] Viel J-F, Bonvallot N, Dab W. Integration of occupational exposure into the
exposome. In: Wahrendorf M, Chandola T, Descatha A, editors. Handbook of
life Course occupational health. Cham: Springer International Publishing;
2023. p. 1e16. https://doi.org/10.1007/978-3-030-94023-2_7-1.

[10] Fent KW, Eisenberg J, Snawder J, Sammons D, Pleil JD, Stiegel MA, Mueller C,
Horn GP, Dalton J. Systemic exposure to PAHs and benzene in firefighters
suppressing controlled structure fires. Ann Occup Hyg 2014;58:830e45.
https://doi.org/10.1093/annhyg/meu036.

[11] Billings JM, Jahnke SA, Haddock CK. Daily variation in sleepiness among
firefighters while working the 24/48 and 48/96 shift schedules. Saf Sci
2024;169. https://doi.org/10.1016/j.ssci.2023.106335.

[12] Larrivière MAS, Kerekes Z, Valcheff D. Psychosocial hazards and risks. Health
risks and fair compensation in the fire service. 1st ed.2016 edition. Springer;
2015.

[13] Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gotzsche PC, Ioannidis JP,
Clarke M, Devereaux PJ, Kleijnen J, Moher D. The PRISMA statement for
reporting systematic reviews and meta-analyses of studies that evaluate
health care interventions: explanation and elaboration. PLoSMed 2009;6:
e1000100.

[14] Shea BJ, Reeves BC, Wells G, Thuku M, Hamel C, Moran J, Moher D, Tugwell P,
Welch V, Kristjansson E, Henry DA. Amstar 2: a critical appraisal tool for
systematic reviews that include randomised or non-randomised studies of
healthcare interventions, or both. BMJ 2017;358:j4008. https://doi.org/
10.1136/bmj.j4008.

[15] Adetona O, Reinhardt TE, Domitrovich J, Broyles G, Adetona AM, Kleinman MT,
Ottmar RD, Naeher LP. Review of the health effects of wildland fire smoke on
wildland firefighters and the public. Inhal Toxicol 2016;28:95e139. https://
doi.org/10.3109/08958378.2016.1145771.

[16] Alves S, Vaz J, Fernandes A. Exploring clinical trials to manage firefighters’
sleep quality: a PRISMA compliant systematic review. Int J Environ Res Public
Health 2023;20. https://doi.org/10.3390/ijerph20053862.

[17] Andrews KL, Gallagher S, Herring MP. The effects of exercise interventions on
health and fitness of firefighters: a meta-analysis. Scand J Med Sci Sports
2019;29:780e90. https://doi.org/10.1111/sms.13411.

[18] Barbosa JV, Farraia M, Branco PTBS, Alvim-Ferraz MCM, Martins FG, Annesi-
Maesano I, Sousa SIV. The effect of fire smoke exposure on firefighters’ lung
function: a meta-analysis. Int J Environ Res Public Health 2022:19. https://
doi.org/10.3390/ijerph192416799.

[19] Barros B, Oliveira M, Morais S. Biomonitoring of firefighting forces: a review
on biomarkers of exposure to health-relevant pollutants released from fires.
J Toxicol Environ Health B Crit Rev 2023;26:127e71. https://doi.org/10.1080/
10937404.2023.2172119.

[20] Beckett A, Scott JR, Chater AM, Ferrandino L, Aldous JWF. The prevalence of
metabolic syndrome and its components in firefighters: a systematic review
and meta-analysis. Int J Environ Res Public Health 2023;20. https://doi.org/
10.3390/ijerph20196814.

[21] Berger W, Coutinho ESF, Figueira I, Marques-Portella C, Luz MP, Neylan TC,
Marmar CR, Mendlowicz MV. Rescuers at risk: a systematic review and meta-
regression analysis of the worldwide current prevalence and correlates of
PTSD in rescue workers. Soc Psychiatry Psychiatr Epidemiol 2012;47:1001e
11. https://doi.org/10.1007/s00127-011-0408-2.

[22] Bralewska K. Air pollution inside fire stations: state-of-the-art and future
challenges. Int J Hyg Environ Health 2024;255. https://doi.org/10.1016/
j.ijheh.2023.114289.

[23] Carr-Pries NJ, Killip SC, MacDermid JC. Scoping review of the occurrence and
characteristics of firefighter exercise and training injuries. Int Arch Occup
Environ Health 2022;95:909e25. https://doi.org/10.1007/s00420-022-
01847-7.

[24] Casjens S, Brüning T, Taeger D. Cancer risks of firefighters: a systematic review
and meta-analysis of secular trends and region-specific differences. Int Arch
Occup Environ Health 2020;93:839e52. https://doi.org/10.1007/s00420-020-
01539-0.

[25] Chakr N, Sav A. The role of personal protective equipment (PPE) in reducing
firefighter exposure to chemical hazards: a systematic review. J Occup Envi-
ron Hyg 2024;21:831e41. https://doi.org/10.1080/15459624.2024.2400237.

[26] Cuenca-Lozano MF, Ramírez-García CO. Occupational hazards in firefighting:
systematic literature review. Saf Health Work 2023;14:1e9. https://doi.org/
10.1016/j.shaw.2023.01.005.

[27] DeBono NL, Daniels RD, Beane Freeman LE, Graber JM, Hansen J, Teras LR,
Driscoll T, Kjaerheim K, Demers PA, Glass DC, Kriebel D, Kirkham TL,
Wedekind R, Filho AM, Stayner L, Schubauer-Berigan MK. Firefighting and
cancer: a meta-analysis of cohort studies in the context of cancer hazard
identification. Saf Health Work 2023;14:141e52. https://doi.org/10.1016/
j.shaw.2023.02.003.

[28] Di Nota PM, Kasurak E, Bahji A, Groll D, Anderson GS. Coping among public
safety personnel: a systematic review and meta-analysis. Stress Health
2021;37:613e30. https://doi.org/10.1002/smi.3039.

[29] Engelsman M, Toms L-ML, Banks APW, Wang X, Mueller JF. Biomonitoring in
firefighters for volatile organic compounds, semivolatile organic compounds,
persistent organic pollutants, and metals: a systematic review. Environ Res
2020;188:109562. https://doi.org/10.1016/j.envres.2020.109562.

[30] Frost C, Toczko M, Merrigan JJ, Martin JR. The effects of sleep on firefighter
occupational performance and health: a systematic review and call for action.
Sleep Epidemiol 2021;1:100014.

[31] Golka K, Weistenhöfer W. Fire fighters, combustion products, and urothelial
cancer. J Toxicol Environ Health-B-Critical Rev 2008;11:32e44. https://
doi.org/10.1080/10937400701600396.

[32] Groot E, Caturay A, Khan Y, Copes R. A systematic review of the health impacts
of occupational exposure to wildland fires. Int J Occup Med Environ Health
2019;32:121e40. https://doi.org/10.13075/ijomeh.1896.01326.

[33] Hwang J, Xu C, Agnew RJ, Clifton S, Malone TR. Health risks of structural
firefighters from exposure to polycyclic aromatic hydrocarbons: a systematic
review and meta-analysis. Int J Environ Res Public Health 2021;18. https://
doi.org/10.3390/ijerph18084209.

[34] Hwang J, Xu C, Grunsted P, Agnew RJ, Malone TR, Clifton S, Thompson K, Xu X.
Urinary metabolites of polycyclic aromatic hydrocarbons in firefighters: a
systematic review and meta-analysis. Int J Environ Res Public Health 2022:19.
https://doi.org/10.3390/ijerph19148475.

[35] IARC. Occupational exposure as a firefighter. Lyon (FR): International Agency
for Research on Cancer; 2023.

[36] Igboanugo S, Bigelow PL, Mielke JG. Health outcomes of psychosocial stress
within firefighters: a systematic review of the research landscape. J Occup
Health 2021;63. https://doi.org/10.1002/1348-9585.12219.

[37] Jahnke SA, Jitnarin N, Haddock CK, Kaipust C, Carlos PostonWS, Hollerbach BS,
Crisp C, Metoyer BN. Meta-analysis of incidence and mortality of firefighter
cancer: an update on emerging science. Asian Pac J Cancer Preven 2024;25:
801e11. https://doi.org/10.31557/APJCP.2024.25.3.801.

[38] Khoshakhlagh AH, Al Sulaie S, Yazdanirad S, Orr RM, Dehdarirad H,
Milajerdi A. Global prevalence and associated factors of sleep disorders and
poor sleep quality among firefighters: a systematic review and meta-analysis.
Heliyon 2023;9:e13250. https://doi.org/10.1016/j.heliyon.2023.e13250.

https://doi.org/10.1016/j.shaw.2025.04.003
https://doi.org/10.1016/S0140-6736(17)<?thyc=10?>30702-X<?thyc?>
https://doi.org/10.1097/JOM.0000000000002345
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref3
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref3
https://doi.org/10.1097/JOM.0000000000003259
https://doi.org/10.1097/JOM.0000000000003259
https://doi.org/10.1016/j.admp.2023.101850
https://doi.org/10.1002/ajim.20997
https://doi.org/10.1002/ajim.20997
https://doi.org/10.1007/s00420-011-<?thyc=10?>0614-y<?thyc?>
https://doi.org/10.1158/1055-9965.EPI-05-0456
https://doi.org/10.1158/1055-9965.EPI-05-0456
https://doi.org/10.1007/978-3-030-94023-2_7-1
https://doi.org/10.1093/annhyg/meu036
https://doi.org/10.1016/j.ssci.2023.106335
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref12
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref12
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref12
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref13
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref13
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref13
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref13
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref13
https://doi.org/10.1136/bmj.j4008
https://doi.org/10.1136/bmj.j4008
https://doi.org/10.3109/08958378.2016.1145771
https://doi.org/10.3109/08958378.2016.1145771
https://doi.org/10.3390/ijerph20053862
https://doi.org/10.1111/sms.13411
https://doi.org/10.3390/ijerph192416799
https://doi.org/10.3390/ijerph192416799
https://doi.org/10.1080/10937404.2023.2172119
https://doi.org/10.1080/10937404.2023.2172119
https://doi.org/10.3390/ijerph20196814
https://doi.org/10.3390/ijerph20196814
https://doi.org/10.1007/s00127-011-0408-2
https://doi.org/10.1016/j.ijheh.2023.114289
https://doi.org/10.1016/j.ijheh.2023.114289
https://doi.org/10.1007/s00420-022-<?show [?tjl=20mm]&tjlpc;[?tjl]?>01847-7
https://doi.org/10.1007/s00420-022-<?show [?tjl=20mm]&tjlpc;[?tjl]?>01847-7
https://doi.org/10.1007/s00420-020-01539-0
https://doi.org/10.1007/s00420-020-01539-0
https://doi.org/10.1080/15459624.2024.2400237
https://doi.org/10.1016/j.shaw.2023.01.005
https://doi.org/10.1016/j.shaw.2023.01.005
https://doi.org/10.1016/j.shaw.2023.02.003
https://doi.org/10.1016/j.shaw.2023.02.003
https://doi.org/10.1002/smi.3039
https://doi.org/10.1016/j.envres.2020.109562
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref30
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref30
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref30
https://doi.org/10.1080/10937400701600396
https://doi.org/10.1080/10937400701600396
https://doi.org/10.13075/ijomeh.1896.01326
https://doi.org/10.3390/ijerph18084209
https://doi.org/10.3390/ijerph18084209
https://doi.org/10.3390/ijerph19148475
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref35
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref35
https://doi.org/10.1002/1348-9585.12219
https://doi.org/10.31557/APJCP.2024.25.3.801
https://doi.org/10.1016/j.heliyon.2023.e13250


A. Descatha et al / Review of Firefighters Work Exposome and Related Disorders 155
[39] Khoshakhlagh AH, Yazdanirad S, Al Sulaie S, Mohammadian-Hafshejani A,
Orr RM. The global prevalence of musculoskeletal disorders among fire-
fighters: a systematic review and meta-analysis. Int J Occup Saf Ergon
2024;30:272e91. https://doi.org/10.1080/10803548.2023.2294627.

[40] Kim JA, Song SY, Jeong W, Jun JK. Non-cancer health risks in firefighters: a
systematic review. Epidemiol Health 2022;44. https://doi.org/10.4178/
epih.e2022109.

[41] Kyron MJ, Rees CS, Lawrence D, Carleton RN, McEvoy PM. Prospective risk and
protective factors for psychopathology and wellbeing in civilian emergency
services personnel: a systematic review. J Affective Disord 2021;281:517e32.
https://doi.org/10.1016/j.jad.2020.12.021.

[42] Lee DJ, Ahn S, McClure LA, Caban-Martinez AJ, Kobetz EN, Ukani H, Boga DJ,
Hernandez D, Pinheiro PS. Cancer risk and mortality among firefighters: a
meta-analytic review. Front Oncol 2023;13:1130754. https://doi.org/10.3389/
fonc.2023.1130754.

[43] LeMasters GK, Genaidy AM, Succop P, Deddens J, Sobeih T, Barriera-Viruet H,
DunningK, Lockey J. Cancer risk amongfirefighters: a review andmeta-analysis
of 32 studies. J Occup Environ Med 2006;48:1189e202. https://doi.org/10.
1097/01.jom.0000246229.68697.90.

[44] Li J, Zhu W, Wang Y, Li J. Efficacy of cooling garments on exertional heat strain
recovery in firefighters: a systematic review and meta-analysis. Textile Res J
2022;92:4521e35. https://doi.org/10.1177/00405175211037198.

[45] Lyra RL de, McKenzie SK, Every-Palmer S, Jenkin G. Occupational exposure to
suicide: a review of research on the experiences of mental health pro-
fessionals and first responders. PLoS One 2021;16:e0251038. https://doi.org/
10.1371/journal.pone.0251038.

[46] Macmillan F, Kolt GS, Le A, George ES. Systematic review of randomised
control trial health promotion intervention studies in the fire services: study
characteristics, intervention design and impacts on health. Occup Environ
Med 2021;78:454e63. https://doi.org/10.1136/oemed-2020-106613.

[47] McEntire SJ, Suyama J, Hostler D. Mitigation and prevention of exertional heat
stress in firefighters: a review of cooling strategies for structural firefighting
and hazardous materials responders. Prehosp Emerg Care 2013;17:241e60.
https://doi.org/10.3109/10903127.2012.749965.

[48] Murphy MC, George H-A, Naqi M, Owen PJ, Chivers P, Hart NH. Musculo-
skeletal injury epidemiology in law enforcement and firefighter recruits
during physical training: a systematic review. BMJ Open Sport Exerc Med
2022;8. https://doi.org/10.1136/bmjsem-2021-001289.

[49] Nazari G, MacDermid J, Cramm H. Prevalence of musculoskeletal disorders
among Canadian firefighters: a systematic review and meta-analysis. J Mil
Veteran Fam Health 2020;6:83e97. https://doi.org/10.3138/jmvfh-2019-
0024.

[50] Nazari G, Lu S, MacDermid JC. Quantifying physiological responses during
simulated tasks among Canadian firefighters: a systematic review and meta-
analysis. J Mil Veteran Fam Health 2021;7:55e75. https://doi.org/10.3138/
JMVFH-2019-0063.

[51] Serrano-Ibáñez ER, Corrás T, del Prado M, Diz J, Varela C. Psychological vari-
ables associated with post-traumatic stress disorder in firefighters: a sys-
tematic review. Trauma Violence Abuse 2023;24:2049e66. https://doi.org/
10.1177/15248380221082944.

[52] Slattery F, Johnston K, Paquet C, Bennett H, Crockett A. The long-term rate of
change in lung function in urban professional firefighters: a systematic review.
BMC Pulm Med 2018;18:149. https://doi.org/10.1186/s12890-018-0711-8.

[53] Sousa G, Teixeira J, Delerue-Matos C, Sarmento B, Morais S, Wang X,
Rodrigues F, Oliveira M. Exposure to PAHs during firefighting activities: a
review on skin levels, in vitro/in vivo bioavailability, and health risks. Int J
Environ Res Public Health 2022:19. https://doi.org/10.3390/ijerph191912677.

[54] Sritharan J, Pahwa M, Demers PA, Harris SA, Cole DC, Parent M-E. Prostate
cancer in firefighting and police work: a systematic review and meta-analysis
of epidemiologic studies. Environ Health 2017;16:124. https://doi.org/
10.1186/s12940-017-0336-z.

[55] Tahernejad S, Farahi-Ashtiani I, Veisani Y, Ghaffari S, Sahebi A, Makki F.
A systematic review and meta-analysis of musculoskeletal disorders among
firefighters. J Saf Res 2024;88:374e81. https://doi.org/10.1016/j.jsr.2023.11.009.

[56] Wagner S, White N, Buys N, Carey M, Corneil W, Fyfe T, Matthews L, Randall C,
Regehr C, White M, Alden L, Krutop E, Fraess-Phillips A, Fleischmann M.
Systematic review of mental health symptoms in firefighters exposed to
routine duty-related critical incidents. Traumatology 2021;27:285e302.
https://doi.org/10.1037/trm0000275.

[57] Wagner SL, White N, Randall C, Regehr C, White M, Alden LE, Buys N,
Carey MG, Corneil W, Fyfe T, Matthews LR, Fraess-Phillips A, Krutop E. Mental
disorders in firefighters following large-scale disaster. Disaster Med Public
Health Prep 2021;15:504e17. https://doi.org/10.1017/dmp.2020.61.

[58] Walker A, Pope R, Orr RM. The impact of fire suppression tasks on firefighter
hydration: a critical review with consideration of the utility of reported hy-
dration measures. Ann Occup Environ Med 2016;28. https://doi.org/10.1186/
s40557-016-0152-x.

[59] Wu X, Kaminga AC, Dai W, Deng J, Wang Z, Pan X, Liu A. The prevalence of
moderate-to-high posttraumatic growth: a systematic review and meta-
analysis. J Affective Disord 2019;243:408e15. https://doi.org/10.1016/
j.jad.2018.09.023.

[60] Wah W, Gelaw A, Glass DC, Sim MR, Hoy RF, Berecki-Gisolf J, Walker-Bone K.
Systematic review of impacts of occupational exposure to wildfire smoke on
respiratory function, symptoms, measures and diseases. Int J Hyg Environ
Health 2024;263:114463. https://doi.org/10.1016/j.ijheh.2024.114463.

[61] West M, Brown S, Noth E, Domitrovich J, Navarro DuBose K. A review of
occupational exposures to carcinogens among wildland firefighters. J Occup
Environ Hyg 2024;21:741e64. https://doi.org/10.1080/15459624.2024.
2388532.

[62] Perry R, Whitmarsh A, Leach V, Davies P. A comparison of two assessment
tools used in overviews of systematic reviews: ROBIS versus AMSTAR-2. Syst
Rev 2021;10:273. https://doi.org/10.1186/s13643-021-01819-x.

[63] Johnson PI, Sutton P, Atchley DS, Koustas E, Lam J, Sen S, Robinson KA,
Axelrad DA, Woodruff TJ. The Navigation Guide - evidence-based medicine
meets environmental health: systematic review of human evidence for PFOA
effects on fetal growth. Environ Health Perspect 2014;122:1028e39. https://
doi.org/10.1289/ehp.1307893.

[64] MacMillan F, Kolt GS, Le A, George ES. Systematic review of randomised control
trial health promotion intervention studies in the fire services: study charac-
teristics, intervention design and impacts on health. Occup Environ Med 2020.
https://doi.org/10.1136/oemed-2020-106613 oemed-2020-106613.

[65] Farinha VM, Borba EF de, Santos PP dos, Ulbrich AZ, Ribeiro EJF, Tartaruga MP.
Association of physical and emotional parameters with performance of fire-
fighters: a systematic review. Int J Environ Res Public Health 2024;21:1097.
https://doi.org/10.3390/ijerph21081097.

[66] Valek SA, Rousseau MA, Nelson KC, Kannler C, Tran T. Melanoma risk among
career firefighters: a systematic review of case-control studies. J Am Acad
Dermatol 2023;88:1189e92. https://doi.org/10.1016/j.jaad.2022.11.058.

[67] Guidotti TL, editor. Health risks and fair compensation in the fire service.
Springer; 2016. 2015.

[68] IARC. Painting, Firefighting, and Shiftwork 98. Lyon (FR): Int Agency Res
Cancer; 2010. p. 1e818.

[69] Yang Y, Wang H, Ji C, Niu Y. Artificial intelligence-driven diagnostic systems for
early detection of diabetic retinopathy: integrating retinal imaging and clinical
data. SHIFAA 2023;2023:83e90. https://doi.org/10.70470/SHIFAA/2023/010.

[70] El-Helaly M. Artificial intelligence and occupational health and safety, benefits
and drawbacks. Med Lav 2024;115:e2024014. https://doi.org/10.23749/
mdl.v115i2.15835.

https://doi.org/10.1080/10803548.2023.2294627
https://doi.org/10.4178/epih.e2022109
https://doi.org/10.4178/epih.e2022109
https://doi.org/10.1016/j.jad.2020.12.021
https://doi.org/10.3389/fonc.2023.1130754
https://doi.org/10.3389/fonc.2023.1130754
https://doi.org/10.<?show [?tjl=20mm]&tjlpc;[?tjl]?>1097/01.jom.0000246229.68697.90
https://doi.org/10.<?show [?tjl=20mm]&tjlpc;[?tjl]?>1097/01.jom.0000246229.68697.90
https://doi.org/10.1177/00405175211037198
https://doi.org/10.1371/journal.pone.0251038
https://doi.org/10.1371/journal.pone.0251038
https://doi.org/10.1136/oemed-2020-106613
https://doi.org/10.3109/10903127.2012.749965
https://doi.org/10.1136/bmjsem-2021-001289
https://doi.org/10.3138/jmvfh-2019-0024
https://doi.org/10.3138/jmvfh-2019-0024
https://doi.org/10.3138/JMVFH-2019-0063
https://doi.org/10.3138/JMVFH-2019-0063
https://doi.org/10.1177/15248380221082944
https://doi.org/10.1177/15248380221082944
https://doi.org/10.1186/s12890-018-0711-8
https://doi.org/10.3390/ijerph191912677
https://doi.org/10.1186/s12940-017-<?thyc=10?>0336-z<?thyc?>
https://doi.org/10.1186/s12940-017-<?thyc=10?>0336-z<?thyc?>
https://doi.org/10.1016/j.jsr.2023.11.009
https://doi.org/10.1037/trm0000275
https://doi.org/10.1017/dmp.2020.61
https://doi.org/10.1186/s40557-016-<?thyc=10?>0152-x<?thyc?>
https://doi.org/10.1186/s40557-016-<?thyc=10?>0152-x<?thyc?>
https://doi.org/10.1016/j.jad.2018.09.023
https://doi.org/10.1016/j.jad.2018.09.023
https://doi.org/10.1016/j.ijheh.2024.114463
https://doi.org/10.1080/15459624.2024.<?show [?tjl=20mm]&tjlpc;[?tjl]?>2388532
https://doi.org/10.1080/15459624.2024.<?show [?tjl=20mm]&tjlpc;[?tjl]?>2388532
https://doi.org/10.1186/s13643-021-<?thyc=10?>01819-x<?thyc?>
https://doi.org/10.1289/ehp.1307893
https://doi.org/10.1289/ehp.1307893
https://doi.org/10.1136/oemed-2020-106613
https://doi.org/10.3390/ijerph21081097
https://doi.org/10.1016/j.jaad.2022.11.058
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref67
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref67
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref68
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref68
http://refhub.elsevier.com/S2093-7911(25)00027-7/sref68
https://doi.org/10.70470/SHIFAA/2023/010
https://doi.org/10.23749/mdl.v115i2.15835
https://doi.org/10.23749/mdl.v115i2.15835

	Work Exposome and Related Disorders of Firefighters: An Overview of Systematized Reviews
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	CRediT authorship contribution statement
	Disclaimer
	Declaration of competing interest
	Acknowledgments
	Appendix A. Supplementary data
	References


