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Introduction. Fire�ghting is a strenuous occupation that requires �re�ghters to be in peak physical condition. However, many
�re�ghters have risk factors for cardiovascular disease, impaired musculoskeletal health, and are not physically �t for duty, which
all negatively impact their occupational performance. �erefore, the aim of this review is to determine the relationship between
cardiovascular disease risk factors, musculoskeletal health, physical �tness, and occupational performance in �re�ghters.Methods.
�e electronic databases PubMed, SCOPUS, andWeb of Science were searched online via the library portal of the University of the
Western Cape. Publications and grey literature between the years 2000 to present were used. In total, 2607 articles were identi�ed;
after the removal of duplicates 1188 articles were then screened, and were excluded for not meeting initial screening criteria. �e
remaining 209 full-text articles were screened based on the inclusion and exclusion criteria, where 163 articles were excluded. Only
studies that were quantitative were included. �is left 46 articles that were then �nally included in the current narrative review.
Results. �e current literature indicated that signi�cant relationships existed between cardiovascular risk factors, musculoskeletal
health, physical �tness, and occupational performance.�e results indicated �re�ghters who were aged, obese, physically inactive,
cigarette smokers, and un�t were at the highest risk for cardiovascular and musculoskeletal health complications, and unsat-
isfactory occupational performance. Musculoskeletal health complications signi�cantly a�ected occupational performance and
work ability and were related to physical �tness of �re�ghters. Most cardiovascular risk factors were related to physical �tness, and
all physical �tness parameters were related to occupational performance in �re�ghters. Conclusion. �e overwhelming evidence in
the current review established that physical �tness is related to occupational performance. However, the relationship between
cardiovascular risk factors and musculoskeletal health in relation to occupational performance is less clear and still understudied.
Signi�cant gaps remain in the literature.

1. Introduction

Fire�ghting is a strenuous occupation that places tremen-
dous strain on the body, where �re�ghters are routinely

exposed to life-threatening situations, severe temperatures,
hazardous chemicals, and fumes [1, 2]. �ese severe con-
ditions necessitate that �re�ghters wear personal protective
equipment that is heavy and insulated, augmenting the
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physiological load already placed on the cardiovascular and
musculoskeletal systems [3]. -ese types of strenuous
working conditions cause high levels of chronic cardio-
vascular and physical strain, predisposing firefighters to
cardiovascular disease, musculoskeletal injury, morbidity
and in extreme cases, mortality [1, 4, 5]. Firefighters are,
therefore, required to be in optimal physical conditioning to
overcome many of these work-related challenges to their
health [6–8].

Previous research indicates that amongst the emergency
services, firefighters have the highest percentage of mortality
(45%) due to sudden cardiac death (SCD), which is related to
the presence of multiple cardiovascular disease (CVD) risk
factors and low levels of physical fitness [1, 4, 5]. Current
literature indicates that the majority of firefighters are either
obese (63%) or physically inactive (49%) and unfit (27.1%),
and engaged in poor dietary practices [9–14]. In addition,
many of them were hypertensive (42%), smokers (21%),
diabetic (15%), or had a muscular disorder (25%) [9–14].-e
presence of multiple CVD risk factors substantially in-
creased the cardiovascular strain, and negatively affected
their cardiovascular fitness and occupational performance
[3, 15, 16]. Musculoskeletal injuries amongst firefighters
occurred most commonly in the fire station, and were due to
trips, slips, or falls. Either while performing physical ac-
tivities in the fire station or when responding to emergency
situations, and occurred more frequently in aged, obese, and
inactive firefighters [17, 18]. -e lower limbs, back, and
shoulders were the most common anatomical sites of injury
and musculoskeletal disorders [17–21]. -ese injuries and
disorders frequently caused chronic pain and inflammation,
and decreased the work-ability of firefighters, and negatively
affected their musculoskeletal health and occupational
performance [17, 21, 22]. Cardiovascular disease and
musculoskeletal health are significantly related to and affect
the occupational performance of firefighters [9, 23–27].
Maintenance of physical fitness is an essential preventative
tool not only in maintaining cardiovascular and musculo-
skeletal health but also in maintaining satisfactory occu-
pational performance in firefighters [6, 28, 29].

-ere have been very few studies investigating the re-
lationship between CVD risk factors, musculoskeletal health,
physical fitness, and occupational performance in fire-
fighters. -erefore, this narrative review will investigate the
relationships between these variables in firefighters, and how
these may affect the overall health, wellness, and perfor-
mance of firefighters. -e objectives are to examine the
relationship between each of these key outcome variables
independently, and to highlight gaps in the literature for
future research. -e authors hypothesise that there will be
significant relationships between CVD risk factors, mus-
culoskeletal health, physical fitness, and occupational per-
formance in firefighters.

1.1. Understanding the Key Concepts in the Review. In the
present review, CVD risk factors encompass all the metrics
related to increased cardiovascular risk status or decreased
cardiovascular health. -ese parameters include aging,

obesity, hypertension, diabetes, dyslipidaemia (hyper-
cholesteremia), cigarette smoking, physical inactivity, a poor
diet, and heart rate variability (HRV) [30, 31]. Heart rate
variability is the variation in the time interval between
consecutive heartbeats in milliseconds [1, 32].

Musculoskeletal health encompasses all factors related to
the reduced integrity of the musculoskeletal system, and
includes acute and/or chronic injuries, musculoskeletal
disorders, discomfort, and pain [33–35].

Physical fitness includes all the components of health-
related physical fitness that refers to the ability to perform
muscular work satisfactorily and includes cardiorespiratory
fitness, body composition, muscular strength, muscular
endurance, and flexibility [36]. All components of health-
related physical fitness are linked to occupational perfor-
mance in firefighters.

Occupational performance refers to the ability to per-
form one’s job adequately, to the standards that are required
in the specific occupation, which, in this case, refers to
firefighting [37]. For firefighters, occupational performance
includes the ability to perform core duties, such as hose drag,
victim drag, equipment carry, door breaches, and ceiling
breaches.

2. Methods

2.1. Literature Search Strategy. -e following electronic
databases were searched: PubMed, SCOPUS, and Web of
Science. Grey literature included the Networked Digital
Library of -eses and Dissertations. Only publications be-
tween the years 2001 to December 2021 were used. Keywords
and medical subject heading (MeSH) terms were used in
various arrangements according to the specific database
searched. An example of a search string used for a database
search can be seen in Table 1:

2.2. Graphical Bibliography of Literature Search. Figure 1
explains the search results from PubMed, SCOPUS, and
Web of Science as a diagram. -e search results were saved
and exported to Zotero™, where references were checked for
duplicates. -ereafter, the citations were exported to
VOSviewer™ where the bibliographic analysis was con-
ducted. -e diagram explains the central themes of the
study, which were identified during the literature search
procedure.-e diagram indicates the commonly used terms,
keywords, themes, and subthemes in the various articles
from the electronic databases and their association with each
other. -e diagram was normalized using LinLog/modu-
larity. -e size of the node and line width between nodes
indicates the commonality and popularity of the search
terms, keywords, and co-occurrences. -e co-occurrence
and network strength of the keywords are represented by the
size of the node and the degree of spread of the network from
individual nodes. -e colour schemes are coded by thematic
area and web/link strength between the keywords. For ex-
ample, the adult male node is the largest node located close
to the middle of the diagram, indicating that adult male
firefighters are the most frequently studied key terms in
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firefighters. Nodes located on the periphery of the diagram
are the least occurring keywords, with the lowest network
strength to other nodes/co-occurrences.

2.3. Inclusion and Exclusion Criteria. -e inclusion criteria
were studies involving all types of firefighters, that used CVD
risk factors and/or musculoskeletal health/disorders/injuries
and/or physical fitness and/or occupational/professional/
work/job performance (Table 2). Studies involving all types
of firefighters, active duty, seasonal, contract, volunteer, new
recruits, of all ages, genders, and ethnicities were included.
Studies that did not meet the purpose of the literature review
(e.g., not using two or more of the variables, i.e., CVD risk
factors, musculoskeletal health, physical fitness, or occu-
pational performance) were excluded. In addition, inter-
vention and review studies were excluded from this review.
To limit the possibility of selection or reviewer bias, all
studies related to the present review were included.

Key terms were searched in various combinations in
PubMed, Web of Science, and Scopus (Table 3). In total, 807
articles were found in PubMed, 973 in Web of Science, and
823 in SCOPUS, totalling 2603 articles. Four studies were
found from grey literature searchers. After each search, the
search results were exported as either txt, RIS or BibTeX files,
and files were then imported into Zotero™ reference
manager, for further screening and checking for
duplications.

2.4. Screening Procedure. In total, 2603 articles were iden-
tified through electronic database searches and four articles
through a search of the grey literature (Figure 2). After
removal of the duplicates (Zotero™), 1188 articles remained,
which were then screened for eligibility using the titles and
abstracts, and 980 articles were excluded for not meeting the
review requirements (title, abstract, and keywords). -e
remaining 209 articles were screened based on the inclusion
and exclusion criteria, as well as the full-text, where 161
articles were excluded for the following reasons: being an
intervention study; the relationship between the variables
not clearly described; inconclusive results reported; the
outcome variables were not aligned with the scope of this
review. A total of 46 articles were finally identified, which
were included in the narrative review.

2.5. Data Extraction. -e principal investigator designed a
spreadsheet in Microsoft Excel® for the data extraction. -e
extraction of data is a descriptive summary of the results that
align with the objectives of the current review [38]. Five
categories of data were extracted from each article and were
populated in the spreadsheet. -e categories included ref-
erence (author), year, sample size, research design, and
outcomes of the study. Data were extracted by the authors JR
and LL.

Table 1: Search strategy for PubMed.

Order Search terms
#1 “firefighter” [MeSH] OR “fire and rescue personnel” [MeSH] OR “fire fighters” [MeSH] OR “fire fighter” [MeSH]

#2

“Cardiovascular system”[MeSH] OR (“cardiovascular”[All fields] AND “system”[All fields]) OR “cardiovascular system”[All fields]
OR “cardiovascular”[All fields] OR “cardiovasculars”[All fields] OR “cardiovascular abnormalities”[MeSH] OR “cardiovascular

health” OR “HRV”[All fields] OR “heart rate variability” [All fields] OR “Heart Rate
“Interval” [All fields] OR “RR variability” [All fields] OR “cycle length variability” [All fields] OR “heart period variability” [All
fields] OR “autonomic function” [All fields] OR “vagal control” [All fields] OR “lipid profile” [MeSH] OR “cholesterol” [MeSH]
“diabetes” OR “blood glucose” OR “age” OR “obesity” OR “blood pressure” OR “blood glucose” OR “Diet” OR “eating habits” OR

“eating culture”

#3 “muscular injury” (MeSH) OR (“musculoskeletal” [All fields] AND “system” [All fields]) OR “muscular pain” OR “chronic pain”
OR “acute pain” “acute injury” OR “muscular health”

#4 “Physical fitness” [MeSH] OR “exercise” [All fields] OR “physical exertion” [All fields] OR “fitness” OR “body composition”
[MeSH] OR “muscle” AND (“strength” OR “endurance” OR “flexibility” OR “power”) OR “cardiorespiratory”

#5

“work performance” [All fields] OR “endurance” [All fields] OR “fitness” [All fields] OR “performance” [MeSH] AND “work
performance/classification” [MeSH] OR “occupational health” OR “employee health” [MeSH] OR “occupational performance” OR
“work ability” OR “health, industrial” [MeSH] OR “industrial health” [MeSH] OR “occupational safety” [MeSH] OR “safety,
occupational” [MeSH] “body composition” [MeSH] OR “muscle” AND (“strength” OR “endurance” OR “flexibility” OR “power”)

OR “cardiorespiratory”

#6 #1 AND #2 OR #1 AND #3 OR #1 AND #4 OR #1 AND #2 AND #3 OR #1 AND #2 AND #4 OR #1 AND #3 AND #4 OR #1 AND
#2 AND #3 AND #4 OR #1 AND #5 OR #2 AND #5

Figure 1: Bibliometric analysis of database search results.

Journal of Environmental and Public Health 3



3. Results

From the 46 studies, 26 were published from North America
(USA= 21; Canada = 5), 10 studies were published from
Europe (Central Europe = 8; United Kingdom= 2), 3 studies
were published from Asia (1 =Korea; 1 =Tehran; 1 =China),
2 were published from Australia, and 1 study from Africa
(Ghana). In the literature, most studies investigated the

relationship between CVD risk factors and physical fitness
or the relationship between physical fitness and occupational
performance.-e high morbidity and mortality rates seen in
firefighters reflected the relatively high volume of literature
in these areas, as over 45% of firefighter fatalities were due to
poor or deleterious cardiovascular health [15].

-e effects of musculoskeletal health have been under-
studied in firefighters, particularly in relation to CVD risk

Records identified through 
database searching

(n =2603)

Additional records identified 
through grey literature

(n = 4)

Records remaining after duplicates removed
(n = 1188)

Records screened
(n = 1188)

Full-text articles 
excluded, with reasons

(n =163)
Intervention study.

Relationship between 
variables not described. 
Inconclusive results 
reported.
Outcome variable not 
aligned with the review.

Records excluded
(n = 980)

Full-text articles 
assessed for eligibility

(n = 209)

Studies included in 
narrative synthesis

(n = 46)

Duplicates removed
(n = 1419)

Figure 2: Flowchart of the study selection.

Table 2: Inclusion and exclusion criteria of the literature search.

Inclusion criteria Exclusion criteria

(i) Studies involving firefighters, either career, part-time, or volunteer. (i) Studies that did not include firefighters only (other
emergency services and populations excluded).

(ii) Studies investigating the relationships between cardiovascular disease risk
factors, musculoskeletal health/disorders/injuries, physical fitness metrics,
and occupational performance.

(ii) Review studies.

(iii) Studies published after the year of 2000. (iii) Intervention studies.

(iv) Quantitative or mixed methods studies. (iv) Qualitative studies that do not include quantitative
statistical analysis.
(v) Languages other than English.
(vi) Articles where full-text was not available.

Table 3: Search results from electronic databases.

Database Search results
PubMed 807
Web of science 973
SCOPUS 823
Grey literature 4
Total 2607
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status and occupational performance [39, 40]. -ese factors,
ultimately, result in impaired occupational performance in
firefighters, placing them at significant risk of CVD and
musculoskeletal injury [15, 39]. -e following results are
separated into themes concerning the relationships between
the variables.

3.1. Cardiovascular Disease Risk Factors and Musculoskeletal
Health. Six studies investigated the relationship between
cardiovascular and musculoskeletal health.-e results of the
studies are summarized in Table 4. -e results indicated that
age, obesity, and cigarette smoking were significantly as-
sociated with reduced musculoskeletal health, specifically, in
the lower back and lower extremities [19, 21, 22].

Negm et al. [45] conducted a cross-sectional study on 294
full-time male firefighters in Hamilton Trenholm, Canada,
investigating their musculoskeletal health. -e study reported
that aged firefighters (≥42) were significantly related to poorer
musculoskeletal health, specifically to lower extremity disability
(p � 0.03) and severe low back pain (p< 0.001). In addition,
aged firefighters were more likely to have multiple sites with
poor or severe musculoskeletal health. Similarly, Jang et al. [43]
conducted a study on 392 full-time firefighters in Dongguk,
Goyang, Korea, and found that age was a significant predictor
of lumbar intervertebral disc degeneration (p< 0.05) in fire-
fighters. -is was supported in another study, which reported
that age was a significant predictor of back pain (p � 0.002) in
firefighters [44]. Likewise, an earlier study by Gordon and
Lariviere [42] on 252 full-time male and female firefighters
from Ontario, Canada, reported that age was a significant
predictor of musculoskeletal injury (OR=6.49, p< 0.05). Aged
firefighters are more likely to have poor musculoskeletal health
compared to their younger counterparts. [42].

Damrongsak et al. [44] conveniently sampled 298 male
firefighters in the South-eastern regions of the United States
(US). -e study investigated the predictors of back pain and
reported that the combination of occupational stress, age,
history of back pain, and obesity (BMI) were significant
predictors of current back pain in firefighters (χ2 = 127.84,
df = 4, p< 0.0001). Jahnke et al. [22] conducted a cross-
sectional study on 347 full-time firefighters from Kansas,
Missouri, Iowa, Nebraska, North Dakota, South Dakota,
Colorado, and Wyoming which investigated the factors that
affected injury prevalence. -e study noted that obesity
(BMI and WC) was significantly related to poor musculo-
skeletal health, and increased the risk of firefighters sus-
taining acute musculoskeletal injuries when on duty by 5.2
and 2.8 times, respectively. In addition, another study re-
ported that cigarette smoking was significantly related to
musculoskeletal injuries in firefighters [21]. Similarly,
Poston et al. [41] reported that, in 478 full-time male fire-
fighters age, obesity and smoking status were significant
predictors of poor musculoskeletal health (p< 0.001).
Moreover, firefighters categorised with class II and III
obesity were more likely to sustain injuries (OR= 4.89).
Likewise, Jahnke et al. [21] reported that firefighters who
were former smokers were more likely to sustain a mus-
culoskeletal injury compared to nonsmokers (OR= 1.84).

3.2. Cardiovascular Disease Risk Factors and Physical Fitness.
Fourteen studies investigated the relationship between CVD
risk factors and physical fitness in firefighters. -e results of
the studies are summarized in Table 4. Overall, higher levels
of physical fitness, particularly cardiorespiratory fitness,
were related to improved CVD risk status in firefighters
[8, 29, 46–48, 78]. -is relationship has been studied, more
thoroughly in firefighters, as both factors represent essential
components in firefighters’ health, wellness, and occupa-
tional performance [8, 47].

Kiss et al. [51] investigated cardiorespiratory fitness in
1225 firefighters from East-Flanders Province, Belgium. -e
study reported that age (R2 � 0.28, p< 0.001) and obesity
(R2 � 0.28, p< 0.001) were significant predictors of cardio-
respiratory fitness (Table 4). -e study noted that age and
obesity should be monitored closely in firefighters, especially
between the ages of 30–50 years, when the risk escalates
exponentially. A limitation of the study was that only male
firefighters were included, due to the low number of female
firefighters. Kirlin et al. [54] investigated the effect of age on
physical fitness in a sample of 97 female firefighters from San
Diego, USA. -e study reported that, in female firefighters,
age was significantly related to cardiorespiratory fitness
(p< 0.001). Interestingly, age was not associated with
muscular endurance in females.

Phillips et al. [7] investigated the effect of obesity on
physical fitness in 414 full-time male firefighters from
Alberta, Canada. -e study found that obese firefighters
had a significantly shorter treadmill time (p< 0.05) and
lower cardiorespiratory fitness (p< 0.05) compared to
firefighters with normal body weight. A study that inves-
tigated the CVD risk factors in 294 full-time firefighters in
Colorado, USA, reported that improved cardiorespiratory
fitness was a significant predictor of better cardiovascular
risk status (OR � 2.87, p< 0.05) [55]. -is was supported by
another study which reported that increased cardiorespi-
ratory fitness was inversely related to deleterious cardio-
vascular risk status (p< 0.001) in male firefighters [46].
Barry et al. [56] investigated the relationship between body
composition and physical activity on cardiorespiratory
fitness in 29 conveniently sampled full-time male fire-
fighters and found that central obesity (β� 0.482, p< 0.001)
and vigorous physical activity (β� 0.560, p< 0.001) were
significant predictors of cardiorespiratory fitness. How-
ever, the small sample size limited the generalizability of
the results. -e results of Barry et al. were supported by an
earlier study by Punakallio et al. [24] which found that
firefighters who exercised at least four to five times a week
(p � 0.016) maintained cardiorespiratory fitness through-
out their careers, and that aging (p � 0.048), regular
smoking (p � 0.048), and alcohol consumption (p � 0.018)
were significant predictors of a decline in cardiorespiratory
fitness.

Baur et al. [47] conducted a large-scale cross-sectional
study on 968 male firefighters from the US and reported that
higher cardiorespiratory fitness was significantly associated
with improved CVD risk status, specifically, to lower systolic
blood pressure (SBP) (p< 0.001), body fat percentage (BF%)
(p< 0.001), triglycerides (p< 0.001), low-density lipoprotein

Journal of Environmental and Public Health 5



Ta
bl

e
4:

Re
la
tio

ns
hi
p
be
tw
ee
n
C
V
D

ri
sk

fa
ct
or
s
m
us
cu
lo
sk
el
et
al

he
al
th
,p

hy
sic

al
fit
ne
ss
,a
nd

oc
cu
pa
tio

na
lp

er
fo
rm

an
ce

(n
�
46
).

Re
fe
re
nc
es

Ye
ar

Sa
m
pl
e
an
d
se
tti
ng

St
ud

y
de
sig

n
(s
am

pl
in
g)

O
ut
co
m
e

Ca
rd
io
va
sc
ul
ar

di
se
as
e
ris
k
fa
ct
or
s
an

d
m
us
cu
lo
sk
el
et
al

he
al
th

(n
�
7)

Po
st
on

et
al
.[
41
]

20
11

47
8
fu
ll-
tim

e
m
al
e
fir
efi
gh

te
rs

C
ro
ss
-s
ec
tio

na
l

(i)
A
ge
,B

M
I,
sm

ok
in
g
st
at
us
,a

nd
ge
ne
ra
lh

ea
lth

w
er
e
sig

ni
fic
an
t

pr
ed
ic
to
rs

of
w
or
k
in
ju
ry

(p
<
0.
00
1)
.

U
SA

(ii
)F

ir
efi
gh

te
rs
ca
te
go
ri
se
d
w
ith

cl
as
sI
Ia

nd
II
Io

be
sit
y
w
er
e
sig

ni
fic
an
tly

m
or
e
lik

el
y
to

su
st
ai
n
in
ju
ri
es

(O
R:

4.
89
).

Ja
hn

ke
et

al
.[
22
]

20
13

34
7
fu
ll-
tim

e
fir
efi
gh

te
rs

Pr
os
pe
ct
iv
e
co
ho

rt

(i)
O
be
se

fir
efi
gh

te
rs

w
er
e
5.
2
tim

es
m
or
e
lik

el
y
to

ex
pe
ri
en
ce

m
us
cu
lo
sk
el
et
al

in
ju
ry
.

K
an
sa
s,
M
iss

ou
ri
,I
ow

a,
N
eb
ra
sk
a,
N
or
th

D
ak
ot
a,
So
ut
h
D
ak
ot
a,

C
ol
or
ad
o,

an
d
W
yo
m
in
g,

U
S

(ii
)
Fi
re
fig

ht
er
s
w
ith

ce
nt
ra
lo

be
sit
y
w
er
e
2.
8
tim

es
m
or
e
lik

el
y
to

ex
pe
ri
en
ce

m
us
cu
lo
sk
el
et
al

in
ju
ry
.

Ja
hn

ke
et

al
.[
21
]

20
13

46
2
fu
ll-
tim

e
fir
efi
gh

te
rs

C
ro
ss
-s
ec
tio

na
l

(i)
C
ig
ar
et
te

sm
ok

er
s
w
er
e
m
or
e
lik

el
y
to

su
st
ai
n
in
ju
ri
es

co
m
pa
re
d
to

no
ns
m
ok

er
s.

K
an
sa
s,
M
iss

ou
ri
,I
ow

a,
N
eb
ra
sk
a,
N
or
th

D
ak
ot
a,
So
ut
h
D
ak
ot
a,

C
ol
or
ad
o,

an
d
W
yo
m
in
g,

U
S

G
or
do

n
an
d

La
ri
vi
er
e
[4
2]

20
14

25
2
fu
ll-
tim

e
m
al
e
an
d
fe
m
al
e
fir
efi
gh

te
rs

C
ro
ss
-s
ec
tio

na
l

(i)
A
ge

(O
R:

6.
49
)
an
d
ye
ar
s
of

ex
pe
ri
en
ce

(O
R:

0.
1)

w
er
e
sig

ni
fic
an
t

pr
ed
ic
to
rs

of
in
ju
ry
.

O
nt
ar
io
,C

an
ad
a

Ja
ng

et
al
.[
43
]

20
16

39
2
fu
ll-
tim

e
fir
efi
gh

te
rs

C
ro
ss
-s
ec
tio

na
l

(i)
A
ge

w
as

a
sig

ni
fic
an
t
pr
ed
ic
to
r
of

lu
m
ba
r
in
te
rv
er
te
br
al

di
sc

de
ge
ne
ra
tio

n
(p
<
0.
05
),
re
ga
rd
le
ss

of
co
re

jo
b
de
sc
ri
pt
io
n.

D
on

gg
uk

,G
oy
an
g,

K
or
ea

D
am

ro
ng

sa
k
et

al
.[
44
]

20
17

29
8
m
al
e
fir
efi
gh

te
rs

co
nv

en
ie
nt
ly

sa
m
pl
ed

C
ro
ss
-s
ec
tio

na
l

(i)
A
ge

(p
�
0.
00
2)
,B

M
I
(χ

2
�
12
7.
84
,d

f�
4,

p
<
0.
00
01
),
cu
rr
en
t
ba
ck

pa
in
,o
cc
up

at
io
na
ls
tr
es
s,
hi
st
or
y
of

ba
ck

pa
in

w
er
e
sig

ni
fic
an
tp

re
di
ct
or
s

of
cu
rr
en
t
ba
ck

pa
in
.

So
ut
he
as
te
rn

U
ni
te
d
St
at
es
,U

SA

N
eg
m

et
al
.[
45
]

20
17

29
4
fu
ll-
tim

e
fir
efi
gh

te
rs

C
ro
ss
-s
ec
tio

na
l

(i)
O
ld
er

(≥
42

ye
ar
s)

fir
efi
gh

te
rs

ha
d
sig

ni
fic
an
tly

m
or
e
se
ve
re

lo
w
er
-

ex
tr
em

ity
di
sa
bi
lit
y
an
d
m
or
e
se
ve
re

ba
ck

pa
in

H
am

ilt
on

,T
re
nh

ol
m
e,
C
an
ad
a

(ii
)
O
ld
er

fir
efi
gh

te
rs

w
er
e
sig

ni
fic
an
tly

m
or
e
lik

el
y
to

ha
ve

m
ul
tip

le
m
us
cu
lo
sk
el
et
al

di
so
rd
er
s.

Ca
rd
io
va
sc
ul
ar

di
se
as
e
ris
k
fa
ct
or
s
an

d
ph
ys
ic
al

fit
ne
ss

(n
�
17
)

D
on

ov
an

et
al
.

[4
6]

20
09

21
4
m
al
e
fir
efi
gh

te
rs

C
ro
ss
-s
ec
tio

na
l

(i)
C
ar
di
or
es
pi
ra
to
ry

fit
ne
ss

w
as

in
ve
rs
el
y
re
la
te
d
to

m
et
ab
ol
ic

ab
no

rm
al
iti
es

(p
<
0.
00
1)
.

C
ol
or
ad
o,

U
SA

Ba
ur

et
al
.[
47
]

20
11

96
8
m
al
e
fir
efi
gh

te
rs
,

C
ro
ss
-s
ec
tio

na
l

(i)
M
et
ab
ol
ic
eq
ui
va
le
nt
s(
M
ET

s)
w
er
ei
nv

er
se
ly
re
la
te
d
to

di
as
to
lic

bl
oo

d
pr
es
su
re

(D
BP

),
bo

dy
fa
t,
tr
ig
ly
ce
ri
de
s,
lo
w
-d
en
sit
y
lip

op
ro
te
in

ch
ol
es
te
ro
l(
LD

L-
C
)
an
d
to
ta
l/h

ig
h-
de
ns
ity

ch
ol
es
te
ro
l(
TC

/H
D
L-
C
)

ra
tio

,a
nd

hi
gh

-d
en
sit
y
lip

op
ro
te
in

ch
ol
es
te
ro
l(
H
D
L-
C
).

U
SA

Pu
na
ka
lli
o
et

al
.

[2
4]

20
12

70
m
al
e
fir
efi
gh

te
rs

ag
ed

30
to

44
ye
ar
s

Lo
ng

itu
di
na
l

(i)
In
cr
ea
se
d
w
ee
kl
y
ex
er
ci
se

re
du

ce
d
th
e
de
cl
in
e
in

ca
rd
io
re
sp
ir
at
or
y

fit
ne
ss
.

Fi
nl
an
d

(ii
)
Re

gu
la
r
sm

ok
in
g
an
d
m
or
e
th
an

15
un

its
of

al
co
ho

la
w
ee
k
w
er
e

sig
ni
fic
an
tp

re
di
ct
or
s
of

a
de
cl
in
e
in

ca
rd
io
re
sp
ir
at
or
y
fit
ne
ss
.

Ba
ur

et
al
.[
48
]

20
12

11
49

m
al
e
fir
efi
gh

te
rs
,U

SA
C
ro
ss
-s
ec
tio

na
l

(i)
C
ar
di
or
es
pi
ra
to
ry

fit
ne
ss

w
as

in
ve
rs
el
y
as
so
ci
at
ed

w
ith

EC
G

an
d

au
to
no

m
ic
ex
er
ci
se

te
st
in
g
ab
no

rm
al
iti
es

be
fo
re

an
d
af
te
ra

dj
us
tm

en
tf
or

ag
e,
BM

I
an
d
m
et
ab
ol
ic

sy
nd

ro
m
e.

M
ay
er

et
al
.[
49
]

20
12

83
fu
ll-
tim

e
fir
efi
gh

te
rs

C
ro
ss
-s
ec
tio

na
l

(i)
Ba

ck
an
d
co
re

m
us
cu
la
r
en
du

ra
nc
e
w
as

27
%

lo
w
er

in
ob

es
e

fir
efi
gh

te
rs
.B

ac
k
an
d
co
re

m
us
cl
e
en
du

ra
nc
e
w
er
e
re
la
te
d
to

ob
es
ity

.

Ta
m
pa
,F

lo
ri
da
,U

SA

(ii
)
Si
gn

ifi
ca
nt

ne
ga
tiv

e
co
rr
el
at
io
ns

w
er
e
re
po

rt
ed

be
tw
ee
n
ba
ck

en
du

ra
nc
e
an
d
ag
e
(p
<
0.
05
),
BM

I
(p
<
0.
01
),
an
d
BF

%
(p
<
0.
01
),
an
d

be
tw
ee
n
co
re

en
du

ra
nc
e
an
d
BM

I(
p
<
0.
01
),
BF

%
(p
<
0.
01
),
an
d
fa
tf
re
e

m
as
s
(p
<
0.
05
).

6 Journal of Environmental and Public Health



Ta
bl

e
4:

C
on

tin
ue
d.

Re
fe
re
nc
es

Ye
ar

Sa
m
pl
e
an
d
se
tti
ng

St
ud

y
de
sig

n
(s
am

pl
in
g)

O
ut
co
m
e

Po
pl
in

et
al
.[
50
]

20
13

57
7–

79
9
fu
ll-
tim

e
fir
efi
gh

te
rs

Lo
ng

itu
di
na
l

(i)
A
ge

w
as

a
sig

ni
fic
an
tm

od
ifi
er

of
V
̇O
2m

ax
(p
<
0.
00
1)
.

So
ut
hw

es
te
rn

St
at
es
,U

SA

K
iss

et
al
.[
51
]

20
14

12
25

fir
efi
gh

te
rs

C
ro
ss
-s
ec
tio

na
l

(i)
C
ar
di
or
es
pi
ra
to
ry

fit
ne
ss

w
as

sig
ni
fic
an
tly

re
la
te
d
to

ag
e-
gr
ou

p,
bo

dy
m
as
s
in
de
x
(B
M
I)

gr
ou

ps
,a

nd
bo

dy
fa
tp

er
ce
nt
ag
e.

Ea
st
-F
la
nd

er
s
Pr
ov
in
ce
,B

el
gi
um

W
al
ke
re

ta
l.
[5
2]

20
14

73
fu
ll-
tim

e
m
al
e
fir
efi
gh

te
rs
,A

us
tr
al
ia

C
ro
ss
-s
ec
tio

na
l

(i)
A
gi
ng

w
as

sig
ni
fic
an
tly

re
la
te
d
to

po
or

ca
rd
io
re
sp
ir
at
or
y
fit
ne
ss

(p
<
0.
05
).

(ii
)A

gi
ng

w
as

re
la
te
d
to

a
sig

ni
fic
an
td

ec
re
as
e
in

ca
rd
io
re
sp
ir
at
or
y
fit
ne
ss

be
tw
ee
n
th
e
35
–4

4
an
d
45
–5

4-
ye
ar

ag
e
gr
ou

ps
(p
<
0.
00
1)
.

Po
pl
in

et
al
.[
53
]

20
15

79
9
fu
ll-
tim

e
fir
efi
gh

te
rs

Re
tr
os
pe
ct
iv
e

oc
cu
pa
tio

na
l

co
ho

rt

(i)
A
ge

w
as

ne
ga
tiv

el
y
co
rr
el
at
ed

w
ith

V
̇O

2m
ax

(r
�

−
0.
36
8,

p
<
0.
05
),

fle
xi
bi
lit
y
(r

�
−
0.
16
0,

p
<
0.
05
).

So
ut
hw

es
te
rn

st
at
es
,U

SA
(ii
)
BF

%
w
as

ne
ga
tiv

el
y
co
rr
el
at
ed

w
ith

V
̇O

2m
ax

(r
�

−
0.
44
8,

p
<
0.
05
),

gr
ip

st
re
ng

th
(r

�
−
0.
19
1,

p
<
0.
05
),
an
d
fle
xi
bi
lit
y
(r

�
−
0.
13
5,

p
<
0.
05
).

Se
ye
dm

eh
di

et
al
.

[2
9]

20
16

15
7
fu
ll-
tim

e
m
al
e
fir
efi
gh

te
rs
,T

eh
ra
n

C
ro
ss
-s
ec
tio

na
l

(i)
C
ar
di
or
es
pi
ra
to
ry

fit
ne
ss

(V
̇O
2m

ax
)
w
as

sig
ni
fic
an
tly

co
rr
el
at
ed

w
ith

ag
e,
BM

I,
ci
ga
re
tte

sm
ok

in
g,
ph

ys
ic
al
ac
tiv

ity
,L
D
L-
C
,H

D
L-
C
,S
BP

,D
BP

,
an
d
he
ar
t
ra
te

(p
≤
0.
05
).

K
ir
lin

et
al
.[
54
]

20
17

97
fe
m
al
e
fir
efi
gh

te
rs
,S

an
D
ie
go
,U

SA
C
ro
ss
-s
ec
tio

na
l

(i)
Re

la
tiv

e
V
̇O

2,
ab
so
lu
te

V
̇O
2
an
d
m
ax
im

um
M
ET

s
w
er
e
sig

ni
fic
an
tly

as
so
ci
at
ed

w
ith

ag
e.

Li
et

al
.[
55
]

20
18

29
4
fu
ll-
tim

e
fir
efi
gh

te
rs
,C

ol
or
ad
o,

U
SA

C
ro
ss
-s
ec
tio

na
l

(i)
BF

%
(p
<
0.
01
),
es
tim

at
ed

V
̇O

2m
ax

(p
<
0.
05
),
m
et
ab
ol
ic

sy
nd

ro
m
e

(p
<
0.
05
),
an
d
ag
e
gr
ou

p
(p
<
0.
00
1)

w
er
e
sig

ni
fic
an
tly

re
la
te
d
to

10
-y
ea
r

at
he
ro
sc
le
ro
tic

ca
rd
io
va
sc
ul
ar

di
se
as
e
ri
sk
.

Ba
rr
y
et

al
.[
56
]

20
19

29
m
al
e
fu
ll-
tim

e
fir
efi
gh

te
rs

co
nv

en
ie
nt
ly

sa
m
pl
ed
,U

SA
C
ro
ss
-s
ec
tio

na
l

(i)
W
ai
st

ci
rc
um

fe
re
nc
e
(W

C
)
w
as

a
sig

ni
fic
an
t
pr
ed
ic
to
r
of

V
̇O
2m

ax
.

(ii
)
M
or
e
ph

ys
ic
al
ly

ac
tiv

e
fir
efi
gh

te
rs

ha
d
a
hi
gh

er
V
̇O
2m

ax
.

Es
pi
m
oz
a
et

al
.

[5
7]

20
19

76
vo
lu
nt
ee
r
m
al
e
fir
efi
gh

te
rs
,C

hi
le

C
ro
ss
-s
ec
tio

na
l

(i)
A
ge
,B

M
I,
W
C
,w

ai
st
-t
o-
hi
p
ra
tio

(W
H
R)
,B

F%
an
d
fa
tm

as
s
w
as

sig
ni
fic
an
tly

co
rr
el
at
ed

w
ith

V
̇O
2m

ax
.

(ii
)
Re

st
in
g
he
ar
t
ra
te

(R
H
R)
,S

BP
,D

BP
,a
nd

bl
oo

d
gl
uc
os
e
w
er
e

sig
ni
fic
an
tly

co
rr
el
at
ed

w
ith

V
̇O
2m

ax
.

Po
rt
o
et

al
.[
58
]

20
19

64
fu
ll-
tim

e
fir
efi
gh

te
rs

(3
8
on

-d
ut
y
an
d
26

off
-d
ut
y)
,f
ed
er
al

D
ist
ri
ct

(B
ra
sil
ia
),
Br
az
il

C
ro
ss
-s
ec
tio

na
l

(i)
C
ar
di
or
es
pi
ra
to
ry

fit
ne
ss

(V
̇O
2m

ax
)
w
as

po
sit
iv
el
y
co
rr
el
at
ed

w
ith

ov
er
al
lc
ar
di
ac

au
to
no

m
ic
fu
nc
tio

n
an
d
hi
gh

er
pa
ra
sy
m
pa
th
et
ic
ac
tiv

ity
(p

�
0.
03
).

Ya
ng

et
al
.[
59
]

20
19

15
62

fu
ll-
tim

e
fir
efi
gh

te
rs

pa
rt
ic
ip
at
ed

at
ba
se
lin

e
an
d
11
04

of
th
es
e
fir
efi
gh

te
rs

pa
rt
ic
ip
at
ed

at
fo
llo

w
-u
p,

In
di
an
a,
U
SA

Re
tr
os
pe
ct
iv
e

lo
ng

itu
di
na
lc

oh
or
t

(i)
A
ge
,B

M
I,
SB

P,
D
BP

,t
ot
al

ch
ol
es
te
ro
l(
TC

),
LD

L-
C
,t
ri
gl
yc
er
id
es
,

gl
uc
os
e
co
nc
en
tr
at
io
n,

an
d
sm

ok
in
g
st
at
us

w
er
e
sig

ni
fic
an
tly

di
ffe
re
nt

be
tw
ee
n
pu

sh
-u
p
ca
te
go
ri
es

(u
pp

er
bo

dy
en
du

ra
nc
e)
.

St
ra
us
s
et

al
.[
8]

20
21

97
fu
ll-
tim

e
fir
efi
gh

te
rs
<6

0
ye
ar
s.
W
es
tp
ha
lia
,G

er
m
an
y

C
ro
ss
-s
ec
tio

na
l

(i)
BM

I,
W
C
,B

F%
,a
nd

re
st
in
g
SB

P,
tr
ig
ly
ce
ri
de
s,
an
d
to
ta
lc
ho

le
st
er
ol

va
lu
es

w
er
e
sig

ni
fic
an
tly

lo
w
er

w
ith

in
cr
ea
se
d
ca
rd
io
re
sp
ir
at
or
y
fit
ne
ss

(V
̇O
2m

ax
)
(p
<
0.
05
,a
ge
-a
dj
us
te
d)
.

Ca
rd
io
va
sc
ul
ar

di
se
as
e
ris
k
fa
ct
or
s
an

d
oc
cu
pa
tio

na
lp

er
fo
rm

an
ce

(n
�
6)

A
ir
ila

et
al
.[
60
]

20
12

40
3
m
al
e
fir
efi
gh

te
rs
,K

uo
pi
o,

Fi
nl
an
d.

Lo
ng

itu
di
na
l

(i)
A
ge

(r
�

−
0.
33
,p
<
0.
01
)a

nd
BM

I(
r�

−
0.
15
,p
<
0.
05
)w

er
e
ne
ga
tiv

el
y

re
la
te
d
to

w
or
k
ab
ili
ty
,a
nd

ci
ga
re
tte

sm
ok

in
g
w
as

ne
ga
tiv

el
y
re
la
te
d
to

w
or
k
de
m
an
ds

(r
�

−
0.
10

p
<
0.
05
),
an
d
ph

ys
ic
al

ex
er
ci
se

w
as

po
sit
iv
el
y

re
la
te
d
to

w
or
k
ab
ili
ty

in
de
x
(r

�
0.
01
5,

p
<
0.
01
)
an
d
w
or
k
de
m
an
ds

(r
�
0.
01
8,

p
<
0.
01
).

Journal of Environmental and Public Health 7



Ta
bl

e
4:

C
on

tin
ue
d.

Re
fe
re
nc
es

Ye
ar

Sa
m
pl
e
an
d
se
tti
ng

St
ud

y
de
sig

n
(s
am

pl
in
g)

O
ut
co
m
e

W
al
ke
re

ta
l.
[5
2]

20
14

73
fu
ll-
tim

e
m
al
e
fir
efi
gh

te
rs
,A

us
tr
al
ia

C
ro
ss
-s
ec
tio

na
l

(i)
A
gi
ng

w
as

sig
ni
fic
an
tly

re
la
te
d
to

w
or
se

pe
rf
or
m
an
ce

of
sim

ul
at
ed

op
er
at
io
na
lp

ow
er

te
st
in
g
ta
sk
s
(p
<
0.
00
1)
.

(ii
)
H
os
e-
dr
ag

tim
es

sig
ni
fic
an
tly

in
cr
ea
se
d
be
tw
ee
n
25
–3

4
an
d
45
–5

4
(p
<
0.
00
1)

an
d
35
–4

4
an
d
45
–5

4
ye
ar

ag
e-
gr
ou

ps
(p
<
0.
00
1)
.D

um
m
y-

dr
ag

tim
es

sig
ni
fic
an
tly

in
cr
ea
se
d
be
tw
ee
n
25
–3

4
an
d
45
–5

4
(p
<
0.
00
1)
,

an
d
35
–4

4
an
d
45
–5

4-
ye
ar

ag
e-
gr
ou

ps
(p
<
0.
00
1)
.

Fi
ro
oz
eh

et
al
.

[6
1]

20
17

37
5
fu
ll
tim

e
m
al
e
fir
efi
gh

te
rs
,T

eh
ra
n

C
ro
ss
-s
ec
tio

na
l

(i)
A
ge

(r
�
-0
.2
77
,p

�
0.
00
1)
,B

M
I
(r

�
−
0.
18
7,

p
�
0.
00
1)

an
d
w
or
k

ex
pe
ri
en
ce

(r
�

−
0.
28
1,

p
�
0.
00
1)

w
er
e
ne
ga
tiv

el
y
co
rr
el
at
ed

w
ith

w
or
k

ab
ili
ty
.

(ii
)
Le
isu

re
tim

e
ph

ys
ic
al

ac
tiv

ity
(r

�
0.
20
6,

p
�
0.
00
1)

w
as

re
la
te
d
to

w
or
k
ab
ili
ty
.

Ph
ill
ip
s
et

al
.[
7]

20
17

41
4
m
al
e
fir
efi
gh

te
rs
,A

lb
er
ta
,C

an
ad
a

Lo
ng

itu
di
na
l

(i)
-

e
ob

es
e
fir
efi
gh

tin
g
gr
ou

p
ha
d
a
sig

ni
fic
an
tly

sh
or
te
rt
re
ad
m
ill
tim

e,
lo
w
er

re
la
tiv

e
V
̇O
2m

ax
an
d
ab
so
lu
te

V
̇O
2m

ax
.

(ii
)-

e
he
av
ie
st
gr
ou

ps
ha
d
sig

ni
fic
an
tly

lo
w
er

co
m
pl
et
io
n
tim

es
fo
rt
he

ho
se

dr
ag
,w

ei
gh

te
d
sle

d
pu

ll,
fo
rc
ib
le

en
tr
y,

an
d
vi
ct
im

re
sc
ue
.

(ii
i)
-

e
lig
ht
es
tfi

re
fig

ht
er
s
ha
d
a
sig

ni
fic
an
tly

lo
w
er

tim
e
fo
r
th
e
la
dd

er
cl
im

b.

N
az
ar
ie

t
al
.[
26
]

20
18

46
m
al
e
an
d
3
fe
m
al
e
fir
efi
gh

te
rs

be
tw
ee
n
th
e
ag
es

of
20
–6

9
ye
ar
s,
C
an
ad
a

Se
co
nd

ar
y
an
al
ys
is

(i)
A
ge

an
d
gr
ip
st
re
ng

th
w
er
es
ig
ni
fic
an
tp

re
di
ct
or
so

fh
os
ed

ra
g
an
d
st
ai
r

cl
im

b
co
m
pl
et
io
n
tim

es
(p
<
0.
05
).

Sa
ar
ie

t
al
.[
62
]

20
20

74
fu
ll-
tim

e
m
al
e
fir
efi
gh

te
rs

w
er
e
co
nv

en
ie
nt
ly

sa
m
pl
ed
,

K
en
tu
ck
y,

U
SA

C
ro
ss
-s
ec
tio

na
l

(i)
O
ld
er

fir
efi
gh

te
rs
(≥
37

ye
ar
s)
ha
d
an

8.
8%

in
cr
ea
se

in
co
m
pl
et
io
n
tim

e
fo
r
th
e
fir
efi
gh

tin
g
co
ur
se
.

(ii
)A

ge
w
as

po
sit
iv
el
y
co
rr
el
at
ed

w
ith

co
ur
se

tim
e
(r

�
0.
29
7,

p
�
0.
01
7)
.

X
u
et

al
.[
63
]

20
20

20
fu
ll-
tim

e
m
al
e
fir
efi
gh

te
rs
,S

ou
th
ea
st

C
hi
na

C
ro
ss
-s
ec
tio

na
l

(i)
H
ig
h
BF

%
w
as

as
so
ci
at
ed

w
ith

po
or

pe
rf
or
m
an
ce

in
ab
ili
ty

te
st
s.

N
or
ri
s
et

al
.[
64
]

20
21

19
fu
ll-
tim

e
m
al
e
fir
efi
gh

te
rs
,T

ex
as
,U

SA
C
ro
ss
-s
ec
tio

na
l

(i)
A
ge

an
d
fa
tm

as
s
w
er
e
sig

ni
fic
an
t
pr
ed
ic
to
rs

of
w
or
k
effi

ci
en
cy
.

M
us
cu
lo
sk
el
et
al

he
al
th

an
d
ph
ys
ic
al

fit
ne
ss

(n
�
5)

W
yn

n
an
d

H
aw

do
n
[6
5]

20
12

Fi
re
fig

ht
er

re
cr
ui
ts

w
ith

m
in
im

um
ca
rd
io
re
sp
ir
at
or
y
fit
ne
ss

st
an
da
rd

(3
98

fu
ll-
tim

e
an
d
48

pa
rt
-t
im

e
re
cr
ui
ts
)
an
d
w
ith

ou
t

fit
ne
ss

st
an
da
rd

(1
98

fu
ll-
tim

e
an
d
20
6
pa
rt
-t
im

e
su
bj
ec
ts
).

N
or
th
er
n
En

gl
an
d

C
oh

or
t

(i)
In
ju
ry
-r
el
at
ed

re
st
ri
ct
io
ns

w
er
e
m
or
e
lik

el
y
w
he
re

no
ca
rd
io
re
sp
ir
at
or
y
fit
ne
ss

st
an
da
rd

w
as

ap
pl
ie
d.

(ii
)F

ir
efi
gh

te
rs
w
ith

a
hi
gh

er
V
̇O
2m

ax
co
rr
el
at
ed

w
ith

a
lo
w
er
in
ci
de
nc
eo

f
in
ju
ri
es

(p
<
0.
01
)

Bu
tle
r
et

al
.[
66
]

20
13

10
8
tr
ai
ne
e
fir
efi
gh

te
rs
,O

ra
ng

e
C
ou

nt
y,

U
SA

C
oh

or
t

(i)
-

re
e
fu
nc
tio

na
lm

ov
em

en
t
sc
re
en
in
g
(F
M
S)

m
ov
em

en
ts

w
er
e

sig
ni
fic
an
tp

re
di
ct
or
so

fi
nj
ur
y
i.e
.,
th
es
it-
an
d-
re
ac
h
(O

R:
1.
24
),
th
ed

ee
p-

sq
ua
t(
O
R:

1.
21
),
an
d
th
e
pu

sh
-u
p
(O

R:
1.
30
).

Ja
hn

ke
et

al
.[
21
]

20
13

46
2
fu
ll-
tim

e
fir
efi
gh

te
rs
,K

an
sa
s,
M
iss

ou
ri
,I
ow

a,
N
eb
ra
sk
a,

N
or
th

D
ak
ot
a,
So
ut
h
D
ak
ot
a,
C
ol
or
ad
o,

an
d
W
yo
m
in
g,

U
SA

C
ro
ss
-s
ec
tio

na
l

(i)
In
ju
ri
es

w
er
e
4.
6
tim

es
m
or
e
lik

el
y
to

be
su
st
ai
ne
d
w
he
n
fir
efi
gh

te
rs

re
gu
la
rly

ex
er
ci
se
d,

w
hi
le

on
du

ty
.I
nc
re
as
ed

V
̇O

2m
ax

(O
R:

1.
06
)
an
d

st
re
ng

th
(O

R:
4.
03
)
w
er
e
sig

ni
fic
an
tly

as
so
ci
at
ed

w
ith

in
ju
ry

w
hi
le

ex
er
ci
sin

g
or

tr
ai
ni
ng

.

8 Journal of Environmental and Public Health



Ta
bl

e
4:

C
on

tin
ue
d.

Re
fe
re
nc
es

Ye
ar

Sa
m
pl
e
an
d
se
tti
ng

St
ud

y
de
sig

n
(s
am

pl
in
g)

O
ut
co
m
e

Po
pl
in

et
al
.[
50
]

20
13

57
7–

79
9
fu
ll-
tim

e
fir
efi
gh

te
rs
,S

ou
th
w
es
te
rn

St
at
es
,U

SA
Lo

ng
itu

di
na
l

(i)
Fi
re
fig

ht
er
s
in

th
e
lo
w
es
tfi

tn
es
s
ca
te
go
ry

(V
̇O
2m

ax
<
43

m
L·
kg

−
1 ·m

in
−
1 )
w
er
e2

.2
tim

es
m
or
e
lik

el
y
to

su
st
ai
n
in
ju
ry

th
an

fir
efi
gh

te
rs

in
th
e
hi
gh

es
t
fit
ne
ss

le
ve
lc

at
eg
or
y

(V
̇O
2m

ax
>
48

m
L·
kg

−
1 ·m

in
−
1 )
.

(ii
)
A

V
̇O
2m

ax
be
tw
ee
n
43

an
d
48

m
L·
kg

−
1 ·m

in
−
1
w
er
e
1.
38

tim
es

m
or
e

lik
el
y
to

in
cu
r
in
ju
ry
.

(ii
i)
Im

pr
ov
in
g
re
la
tiv

e
ae
ro
bi
c
ca
pa
ci
ty

by
on

e
m
et
ab
ol
ic

eq
ui
va
le
nt

re
du

ce
d
th
e
ri
sk

of
in
ju
ry

by
14
%
.

Po
pl
in

et
al
.[
53
]

20
15

79
9
fu
ll-
tim

e
fir
efi
gh

te
rs
,S

ou
th
w
es
te
rn

St
at
es
,U

SA
Re

tr
os
pe
ct
iv
e

oc
cu
pa
tio

na
l

co
ho

rt

(i)
Fi
re
fig

ht
er
sw

ith
lo
w
er

ca
rd
io
re
sp
ir
at
or
y
fit
ne
ss
w
er
e
at
in
cr
ea
se
d
ri
sk

of
in
ju
ry
.

(ii
)
-

e
ri
sk

of
in
ju
ry

w
as

1.
82

tim
es

m
or
e
lik

el
y
fo
r
th
e
le
as
t
fit

fir
efi
gh

te
rs
.

(ii
i)
W
he
n
re
st
ri
ct
ed

to
sp
ra
in
sa

nd
st
ra
in
s,
th
e
ri
sk

of
in
ju
ry

in
cr
ea
se
d
to

2.
90
.

M
us
cu
lo
sk
el
et
al

he
al
th

an
d
oc
cu
pa
tio

na
lp

er
fo
rm

an
ce

(n
�
5)

Pu
na
ka
lli
o
et

al
.

[6
7]

20
14

41
1
fu
ll-
tim

e
m
al
e
fir
efi
gh

te
rs
,H

el
sin

ki
,F

in
la
nd

Lo
ng

itu
di
na
l

(i)
M
us
cu
lo
sk
el
et
al

pa
in

(M
SP

)
in

m
or
e
th
an

on
e
sit
e
di
m
in
ish

ed
w
or
k

ab
ili
ty
.

(ii
)
Lo

w
ba
ck

pa
in

(O
R

�
1.
9)

fo
re
ar
m

an
d
ha
nd

s
pa
in

(O
R

�
1.
9)

pr
ed
ic
te
d
di
m
in
ish

ed
w
or
k
ab
ili
ty

(ii
i)
Pa

rt
ic
ip
an
ts
w
ho

w
er
e
on

di
sa
bi
lit
y
pe
ns
io
n
w
er
e
ol
de
r,
m
or
e
of
te
n

ha
d
po

or
w
or
k
ab
ili
ty
,a
nd

ha
d
sli
gh

tly
m
or
e
M
SP

at
ba
se
lin

e.
(iv

)A
ve
ra
ge
-(
O
R:

3.
1)
-t
o-
hi
gh

(5
.3
)
ph

ys
ic
al
w
or
kl
oa
d
w
as

a
sig

ni
fic
an
t

ri
sk

fa
ct
or

fo
r
re
tir
in
g
on

di
sa
bi
lit
y
pe
ns
io
n.

K
od

om
-W

er
ed
u

[6
8]

20
18

32
0
fu
ll-
tim

e
fir
efi
gh

te
rs

C
ro
ss
-s
ec
tio

na
l

(i)
W
or
k-
re
la
te
d
m
us
cu
lo
sk
el
et
al

di
so
rd
er
s
(W

M
SD

)
w
er
e
sig

ni
fic
an
tly

re
la
te
d
to

w
or
k
de
m
an
ds

(r
�
0.
02
3)

an
d
ta
sk

ch
ar
ac
te
ri
st
ic
s
(r

�
0.
02
6)
.

W
or
k
de
m
an
ds

(β
�
0.
22
6,

p
<
0.
01
)
an
d
ta
sk

ch
ar
ac
te
ri
st
ic
s
(β

�
0.
21
4,

p
<
0.
01
)
w
er
e
sig

ni
fic
an
t
pr
ed
ic
to
rs

of
W
RM

SD
s.

-
e
gr
ea
te
r
A
cc
ra

re
gi
on

of
G
ha
na

M
ac
D
er
m
id

et
al
.

[4
0]

20
19

29
3
fu
ll-
tim

e
m
al
e
an
d
fe
m
al
e
fir
efi
gh

te
rs

C
ro
ss
-s
ec
tio

na
l

(i)
Fi
re
fig

ht
er
sw

ho
re
po

rt
ed

m
od

er
at
e-
se
ve
re

m
us
cl
e
an
d
jo
in
tp

ro
bl
em

s
to
ok

10
se
co
nd

s
lo
ng

er
to

pe
rf
or
m

th
e
st
ai
r
cl
im

b,
bu

tw
er
e
no

t
st
at
ist
ic
al
ly

sig
ni
fic
an
t.

H
am

ilt
on

,O
nt
ar
io
,C

an
ad
a

Sa
re
m
ie
ta

l.
[6
9]

20
19

25
0
fu
ll-
tim

e
fir
efi
gh

te
rs

C
ro
ss
-s
ec
tio

na
l

(i)
W
or
k
ab
ili
ty

in
de
x
ha
d
ne
ga
tiv

e
co
rr
el
at
io
n
w
ith

di
sc
om

fo
rt

in
th
e

w
ri
st
s
(r

�
–0

.1
70
,p

�
0.
00
7)
,l
eg
s
(r

�
–0

.1
29
,p

�
0.
04
2)
,a

nd
an
kl
es

(r
�
–0

.1
76
,p

�
0.
00
5.

Te
hr
an

(N
or
th
,S

ou
th
,E

as
t,
an
d
W
es
t)

N
az
ar
ie

t
al
.[
39
]

20
20

32
5
fu
ll-
tim

e
fir
efi
gh

te
rs

C
ro
ss
-s
ec
tio

na
l

su
rv
ey

(i)
Fi
re
fig

ht
er
s
w
ith

sp
in
al

pa
in

ex
pe
ri
en
ce
d
sig

ni
fic
an
tly

m
or
e
ou

tp
ut

lim
ita

tio
n.

Fi
re
fig

ht
er
s
ab
ov
e
45

ye
ar
s
ex
pe
ri
en
ce
d
m
or
e
ph

ys
ic
al

w
or
k

lim
ita

tio
ns
.-

e
nu

m
be
r
of

m
us
cu
lo
sk
el
et
al
pa
in

sit
es
,a
ge
,a
nd

ye
ar
s
of

se
rv
ic
e
pr
ed
ic
te
d
oc
cu
pa
tio

na
lo

ut
pu

t
an
d
w
or
k
lim

ita
tio

ns
.

H
am

ilt
on

,O
nt
ar
io
,C

an
ad
a

Ph
ys
ic
al

fit
ne
ss

an
d
oc
cu
pa
tio

na
lp

er
fo
rm

an
ce

(n
�
11
)

vo
n
H
ei
m
bu

rg
et

al
.[
70
]

20
06

13
fu
ll-
tim

e
m
al
e
fir
efi
gh

te
rs

ag
ed

be
tw
ee
n
24

an
d
56

ye
ar
s.

C
ro
ss
-s
ec
tio

na
l

(i)
V
̇O

2m
ax

w
as

a
sig

ni
fic
an
tp

re
di
ct
or

of
sim

ul
at
io
n
pe
rf
or
m
an
ce

tim
e.

Be
tte

r
w
or
k
pe
rf
or
m
an
ce

w
as

re
la
te
d
to

fir
efi
gh

te
rs

w
ho

w
er
e
st
ro
ng

er
,

he
av
ie
r,
an
d
ta
lle
r.

N
or
d-
Tr
øn

de
la
g
C
ou

nt
y,

N
or
w
ay

Journal of Environmental and Public Health 9



Ta
bl

e
4:

C
on

tin
ue
d.

Re
fe
re
nc
es

Ye
ar

Sa
m
pl
e
an
d
se
tti
ng

St
ud

y
de
sig

n
(s
am

pl
in
g)

O
ut
co
m
e

El
sn
er

an
d

K
ol
kh

or
st

[8
4]

20
08

20
fu
ll-
tim

e
m
al
e
fir
efi
gh

te
rs

C
ro
ss
-s
ec
tio

na
l

(i)
-

er
e
w
as

a
m
od

er
at
el
y
st
ro
ng

in
ve
rs
e
re
la
tio

ns
hi
p
be
tw
ee
n
th
e

av
er
ag
e
V
̇O
2m

ax
du

ri
ng

th
e
fir
efi
gh

tin
g
sim

ul
at
io
n
pr
ot
oc
ol

an
d

pe
rf
or
m
an
ce

tim
e.

Sa
n
D
ie
go
,U

SA

Sh
ea
ff
et

al
.[
72
]

20
10

33
fu
ll
tim

e
fir
efi
gh

te
rs
,m

al
e
(2
6)

an
d
fe
m
al
e
(7
)a

ge
d
be
tw
ee
n

18
an
d
45

ye
ar
s

C
ro
ss
-s
ec
tio

na
l

(i)
V
̇O
2m

ax
,u

pp
er

bo
dy

st
re
ng

th
,g
ri
p
st
re
ng

th
,a
nd

th
e
H
R
re
sp
on

se
to

st
ai
r
cl
im

bi
ng

w
er
e
sig

ni
fic
an
tly

re
la
te
d
to

be
tte

r
pe
rf
or
m
an
ce

on
th
e

ca
nd

id
at
e
ph

ys
ic
al

ab
ili
ty

te
st

(p
<
0.
01
).
A
bs
ol
ut
e
V
̇O
2m

ax
pr
ed
ic
te
d

ca
nd

id
at
e
ph

ys
ic
al

ab
ili
ty

te
st

pe
rf
or
m
an
ce

(p
�
0.
00
1)
.

Ba
lti
m
or
e,
W
as
hi
ng

to
n,

U
SA

M
ic
ha
el
id
es

et
al
.

[7
3]

20
11

90
fu
ll-
tim

e
fir
efi
gh

te
rs

C
ro
ss
-s
ec
tio

na
l

(i)
A
bi
lit
y
te
st

(A
T)

co
m
pl
et
io
n
tim

e
w
as

as
so
ci
at
ed

w
ith

ab
do

m
in
al

st
re
ng

th
(p
<
0.
01
),
re
la
tiv

e
po

w
er

(p
<
0.
01
),
up

pe
r-
bo

dy
m
us
cu
la
r

en
du

ra
nc
e
an
d
up

pe
r-
bo

dy
st
re
ng

th
(p
<
0.
01
).
Po

or
pe
rf
or
m
an
ce

on
th
e

A
T
w
as

as
so
ci
at
ed

w
ith

hi
gh

re
st
in
g
he
ar
t
ra
te

(p
<
0.
01
),
hi
gh

BM
I

(p
<
0.
01
),
hi
gh

BF
%
(p
<
0.
01
),
ag
in
g
(p
<
0.
01
),
an
d
hi
gh

W
C
(p
<
0.
01
).

A
rk
an
sa
s,
U
SA

H
ei
m
bu

rg
et

al
.

[7
4]

20
13

63
fu
ll-
tim

e
fir
efi
gh

te
rs
.

C
ro
ss
-s
ec
tio

na
l

(i)
Fi
re
fig

ht
er
s
w
ith

hi
gh

er
a
V
̇O
2m

ax
w
ho

w
er
e
st
ro
ng

er
co
m
pl
et
ed

th
e

sim
ul
at
io
n
pr
ot
oc
ol

fa
st
er

(p
<
0.
05
).
So
m
e
fir
efi
gh

te
rs

w
ith

be
lo
w

av
er
ag
e
st
re
ng

th
w
er
e
am

on
g
th
e
qu

ic
ke
st
,i
nd

ic
at
in
g
th
at

a
m
in
im

al
st
re
ng

th
w
as

ne
ed
ed

to
pe
rf
or
m

w
el
l,
an
d
st
re
ng

th
be
yo
nd

th
at
po

in
td

id
no

ti
m
pr
ov
e
pe
rf
or
m
an
ce

tim
es
.

Tr
on

dh
ei
m
,N

or
w
ay
.

K
le
in
be
rg

et
al
.

[7
5]

20
16

46
fu
ll-
tim

e
m
al
e
fir
efi
gh

te
rs

ag
ed

24
to

50
ye
ar
s

C
ro
ss
-s
ec
tio

na
l

(i)
Q
ua
dr
ic
ep
s
m
us
cl
e
st
re
ng

th
w
as

sig
ni
fic
an
tly

as
so
ci
at
ed

w
ith

st
ai
r

cl
im

b
tim

e
(r

�
20
.4
92
,p

�
0.
00
1)
,a

nd
re
m
ai
ne
d
sig

ni
fic
an
t
af
te
r

ad
ju
st
m
en
t
fo
r
ag
e
an
d
BM

I.
N
or
th

C
ar
ol
in
a,

U
SA

Si
dd

al
et

al
.[
76
]

20
18

68
(6
3
m
al
e;
5
fe
m
al
e)

fu
ll-
tim

e
fir
efi
gh

te
rs

C
ro
ss
-s
ec
tio

na
l

(i)
A
ge
,s
ex
,h
ei
gh

ta
nd

/o
rl
ea
n
m
as
sw

er
en

ot
sig

ni
fic
an
tp

re
di
ct
or
so

ft
he

fir
efi
gh

te
r
sim

ul
at
io
n
te
st

(F
FS

T)
pe
rf
or
m
an
ce

tim
e.
-

e
st
ro
ng

es
t

pr
ed
ic
to
r
of

FF
ST

tim
e
w
as

ab
so
lu
te

V
̇O
2
an
d
fa
tm

as
s.

Ba
th
,E

ng
la
nd

,U
ni
te
d
K
in
gd
om

N
az
ar
ie

t
al
.[
26
]

20
18

46
m
al
e
an
d
3
fe
m
al
e
fir
efi
gh

te
rs

be
tw
ee
n
th
e
ag
es

of
20
–6

9
ye
ar
s.

Se
co
nd

ar
y
an
al
ys
is

(i)
G
ri
p
st
re
ng

th
an
d
lo
w
er

bo
dy

st
re
ng

th
w
er
e
sig

ni
fic
an
tp

re
di
ct
or
s
of

ho
se

dr
ag

an
d
st
ai
r
cl
im

b
co
m
pl
et
io
n
tim

es
(p
<
0.
05
),
re
sp
ec
tiv

el
y.

C
an
ad
a

Sk
in
ne
re
ta
l.
[7
7]

20
20

42
m
al
e
av
ia
tio

n
re
sc
ue

fir
efi
gh

te
rs

(A
RF

F)

C
ro
ss
-s
ec
tio

na
l

(i)
V
̇O
2m

ax
(p
<
0.
00
1)
,a
na
er
ob

ic
st
ep

te
st
(p
<
0.
00
1)
,h
ei
gh

t(
p

�
0.
03
8)

an
d
le
an

m
as
s
(p

�
0.
00
5)

w
er
e
in
ve
rs
el
y
co
rr
el
at
ed

w
ith

A
RF

F
em

er
ge
nc
y
pr
ot
oc
ol

sim
ul
at
io
n
pe
rf
or
m
an
ce

tim
e.
Sl
ow

er
pe
rf
or
m
an
ce

tim
e
w
as

as
so
ci
at
ed

w
ith

hi
gh

er
fa
t
m
as
s
(p

�
0.
04
3)

an
d
BF

%
(p

�
0.
00
1)
.M

us
cu
la
rs

tr
en
gt
h,

m
us
cu
la
r
en
du

ra
nc
e
an
d
fle
xi
bi
lit
y
w
er
e

no
tr
el
at
ed

to
pe
rf
or
m
an
ce

on
th
e
sim

ul
at
ed

A
RF

F
em

er
ge
nc
y
pr
ot
oc
ol
.

Q
ue
en
sla

nd
,A

us
tr
al
ia

X
u
et

al
.[
63
]

20
20

20
fu
ll-
tim

e
m
al
e
fir
efi
gh

te
rs

C
ro
ss
-s
ec
tio

na
l

(i)
H
ig
h
BF

%
w
as

as
so
ci
at
ed

w
ith

po
or

pe
rf
or
m
an
ce

in
ab
ili
ty

te
st
s,

V
̇O

2m
ax
w
as

as
so
ci
at
ed

w
ith

in
cr
ea
se
d
pe
rf
or
m
an
ce
,a
nd

up
pe
ra

nd
lo
w
er

bo
dy

m
us
cu
la
rp

ow
er

w
er
eb

ot
h
in
ve
rs
el
y
re
la
te
d
to

fir
efi
gh

te
ra

bi
lit
y
te
st

co
m
pl
et
io
n
tim

e.
So
ut
he
as
t
C
hi
na

N
or
ri
s
et

al
.[
64
]

20
21

19
fu
ll-
tim

e
m
al
e
fir
efi
gh

te
rs

C
ro
ss
-s
ec
tio

na
l

(i)
Ex

pe
ri
en
ce
,j
um

p
he
ig
ht
,i
nv

er
te
d
ro
w
en
du

ra
nc
e,
re
la
tiv

e
be
nc
h
an
d

sq
ua
ts

tr
en
gt
h,

an
d
re
la
tiv

e
V
̇O
2
w
er
e
sig

ni
fic
an
t
pr
ed
ic
to
rs

of
w
or
k

effi
ci
en
cy

(p
<
0.
05
).

Te
xa
s,
U
SA

N
ot
e.
St
ud

ie
s
th
at

w
er
e
in
cl
ud

ed
w
er
e
ca
te
go
ri
se
d
ch
ro
no

lo
gi
ca
lly
.F

ew
st
ud

ie
s
co
m
pa
re
d
va
ri
ab
le
s
in

m
or
e
th
an

on
e
re
la
tio

ns
hi
p
an
d,

th
er
ef
or
e,
fe
w

st
ud

ie
s
ar
e
re
pe
at
ed

in
th
e
ta
bl
e.

10 Journal of Environmental and Public Health



cholesterol (LDL-C) (p< 0.001) total cholesterol (TC)
(p � 0.005), and total/high-density lipoprotein cholesterol
ratio (TC/HDL-C) (p< 0.001). Higher cardiorespiratory
fitness was also associated with higher HDL-C [47]. Simi-
larly, Seyedmehdi et al. [29], in 157 full-timemale firefighters
in Tehran, reported that cardiorespiratory fitness was sig-
nificantly correlated with age (OR� 4.86, p � 0.011), obesity
(BM and WC) (OR� 4.69, p � 0.009), cigarette smoking
(OR� 6.64, p � 0.045), physical inactivity (OR� 5.53,
p � 0.003), blood cholesterol (OR� 5.44, p � 0.010), SBP
(OR� 7.50, p � 0.045) and diastolic blood pressure (DBP)
(OR� 2.70, p � 0.045), and heart rate (p � 0.001). Strauss
et al. [8] also studied about 97 full-time firefighters in
Germany and reported that age (β� −2.04, p< 0.001),
obesity (BMI, WC, and BF%) (β� −1.07; β� −3.23;
β� −2.20, p< 0.001), SBP (β� −1.58, r� 0.007), DBP
(β� −1.36, p � 0.001), triglycerides (β� −12.38, p � 0.0024),
and total cholesterol (β� −4.90, p � 0.0067) were significant
predictors of cardiorespiratory fitness. Likewise, Espinoza
et al. [57] investigated 76 volunteer Chilean male firefighters
and reported that obesity (β� −10.8, p< 0.001), central
obesity (β� −7.71, OR� 12.35, p< 0.001), and altered glu-
cose (β� −4.4, OR� 2.87, p � 0.019) were significant pre-
dictors of cardiorespiratory fitness.-e study also found that
age (r� −0.36, p< 0.001), heart rate (r� −0.27, p< 0.01), SBP
(r� −0.24, p< 0.03), and DBP (r� −0.25, p< 0.02) were
negatively correlated with cardiorespiratory fitness. [57] -e
previous studies only investigated male firefighters, which
limits the generalizability of the results.

Yang et al. [59] investigated the association between
muscular endurance (push-up capacity) and CVD risk
factors in 1562 full-time firefighters in Indiana, USA, and
found that push-up capacity was significantly related to
CVD risk factors, specifically, age (p< 0.001), obesity
(p< 0.001), blood pressure (BP) (p< 0.001), TC (p � 0.02),
LDL-C (p � 0.04), triglycerides (p< 0.001), blood glucose
(p< 0.001), and smoking (p< 0.001). A limitation of the
study was that the researchers investigated push-ups only
and did not control for other physical fitness measures,
which could have influenced the results. Also, the result
cannot be generalized to women or older firefighters, as the
cohort consisted of middle-aged male firefighters only.
Another study on the impact of obesity on back and ab-
dominal muscular endurance in 83 full-time firefighters
from Florida, USA, 57 reported that back and core muscular
endurance was 27% lower for obese firefighters compared to
nonobese firefighters, and that significant negative corre-
lations were reported between back endurance and age
(r� −0.22, p< 0.05) and obesity (r� −0.44, p< 0.01) and
between core endurance and obesity (r� −0.47, p< 0.01).
Studies by Poplin et al. [50, 53] reported similar results in
which aging was negatively correlated with V̇O2max
(r� −0.368, p< 0.05), and flexibility (r� −0.160, p< 0.05),
and that BF% was negatively correlated with V̇O2max
(r� −0.448, p< 0.05), grip strength (r� −0.191, p< 0.05),
and flexibility (r� −0.135, p< 0.05).

Baur et al. [48] investigated the relationship between
physical fitness and autonomic abnormalities (heart rate
recovery, chronotropic insufficiencies, ST elevation or

depression, ventricular tachycardia, sustained supraven-
tricular tachycardia, and exercise-induced left or right
bundle branch block) in 1149 full-time male firefighters
from the USA and reported that cardiorespiratory fitness
was inversely associated with ECG and autonomic abnor-
malities (OR= 0.63, p< 0.001), and remained significant
after being adjusted for age (p< 0.001), BMI (p< 0.001), and
metabolic syndrome (p< 0.001). Similarly, Porto et al. [58]
reported that a positive correlation existed between higher
cardiorespiratory fitness and overall cardiac autonomic
function and parasympathetic activity (p< 0.001). Auto-
nomic function provides a valuable measure in determining
CVD risk in firefighters and requires more research to in-
vestigate its use.

3.3. Cardiovascular Disease Risk Factors and Occupational
Performance. Six studies examined the relationship between
CVD risk factors and occupational performance in fire-
fighters. -e results of the studies are shown in Table 4.
Walker et al. [52], in 73 full-time male Australian fire-
fighters, found significant differences between age-groups
for cardiorespiratory fitness (ω2 � 0.23, p< 0.001), overall
strength (ω2 � 0.21, p � 0.001), dummy drag (ω2 � 0.26,
p< 0.001), and hose drag (ω2 � 0.46, p< 0.001). Similarly,
Nazari et al. [26] reported that age was a significant predictor
of hose drag (β� 0.48, p � 0.003) and stair climb (β� 0.46,
p � 0.030) in firefighters. Saari et al. [62] investigated the
influence of age on occupational performance in 74 full-time
male firefighters in Kentucky, USA, reported that aging
correlated with occupational course time (r� 0.297,
p � 0.017). Aged firefighters (≥37 years) had an 8.8% longer
completion time compared to younger firefighters.-e study
also reported a trend between obesity and course time, but
the relationship was not statistically significant. Another
study found that aging (r� 0.42, p< 0.01) and obesity
(r� 0.57, p< 0.01) were significantly correlated with poorer
performance in the physical ability test (PAT) in firefighters
[73]. In addition, a high resting heart rate as correlated with
poorer occupational performance (r� 0.36, p< 0.01). -ese
results were supported by two studies which reported that
high BF% was associated with poor performance in the
physical ability tests [63], and that aging and fat mass were
significant predictors of work inefficiency in firefighters [64].

Firoozeh et al. [61] conducted a study on 375 full-time
male Australian firefighters and reported that age
(r� −0.277, p � 0.001) and obesity (r� −0.187, p � 0.001)
were negatively correlated with work ability, and that lei-
sure-time physical activity (LTPA) (r� 0.206, p � 0.001)
correlated to work ability. Similarly, an earlier study by
Airila et al. [60] reported that, in 403 male Finnish fire-
fighters, age (r� −0.33, p< 0.01), obesity (r� −0.15,
p< 0.01), and cigarette smoking (r� 0.10, p< 0.05) were
negatively correlated with work ability, and that physical
exercise (r� −0.15, p< 0.01) correlated with work ability and
work demands. A model reported that various CVD risk
factors, such as alcohol consumption, obesity, cigarette
smoking, and physical activity were significant predictors of
work ability (R2 � 0.48, p< 0.001) [60]. Nazari et al. [39]
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reported that aged firefighters (≥45 years) experienced
significantly more physical work limitations than their
younger counterparts (β� 0.27, p � 0.004). In the studies by
Firoozah et al., Airila et al., and Nazari et al., work ability was
self-reported, and not verified using simulation tasks, which
could include subjective bias in the reporting.

In contrast to the previous studies, Phillips et al. [7]
reported that obese firefighters had significantly faster
completion times for the hose drag (r� −0.44, p< 0.05),
weighted-sled pull (r� −0.36, p< 0.05), forcible entry
(r � -0.27, p< 0.05), and victim rescue (r� −0.21, p< 0.05),
whereas normal weight firefighters only performed better on
the ladder climb task (r� −0.24, p< 0.05). However, the
uniformity of body mass across participants was not con-
trolled, and the results may not be a true reflection of the
effect of obesity on occupational performance.

3.4.MusculoskeletalHealth andPhysical Fitness. Five studies
investigated the relationship between musculoskeletal health
and physical fitness in firefighters. -e results are summa-
rized in Table 4. All aspects of physical fitness play an
important role in the maintenance of musculoskeletal
health, through increased skeletal muscle strength, con-
nective tissue integrity, and increased bone mineral density
[45, 79–81]. High levels of physical fitness may prove
beneficial for firefighters and can significantly reduce the
incidence of injuries [79].

Butler et al. [66] reported that three flexibility move-
ments (fundamental movements) were significant predictors
of injuries in firefighters, namely, the sit-and-reach
(β� 0.218, p< 0.05), push-up (β� 0.190, p< 0.05), and deep
squat (β� 0.266, p< 0.05). Firefighters who performed
poorly on the sit-and-reach, deep squat, and push-up were
1.21, 1.24, and 1.30 times more likely to sustain injury,
respectively [66]. Flexibility, particularly related to funda-
mental movements, may prove to be an important measure
in preventing injuries in firefighters.

Wynn and Hawdon [65] conducted a study in 398 full-
time and 48 part-time recruits with no fitness standard, and
198 full-time and 206 part time recruits where a minimum
cardiorespiratory fitness standard of 42mL·kg·min was
applied, and reported that poor musculoskeletal health was
more likely to occur in the service where no physical fitness
standard was required. In addition, higher cardiorespiratory
fitness was a significant predictor of lower incidence of
musculoskeletal health issues [65]. A similar result was
reported by Poplin et al. [50] where a longitudinal study was
conducted investigating the effect of cardiorespiratory fit-
ness onmusculoskeletal health in 577 full-time firefighters in
the Southwestern States, USA. -e results indicated that
firefighters in the lowest fitness categories were 2.2 times
more likely to sustain injuries, compared to those in the
highest fitness categories. Furthermore, the study found that
firefighters with a cardiorespiratory fitness between 43 and
48mL·kg−1·minute−1 were 1.38 times more likely to sustain
injury. Improving cardiorespiratory fitness by one metabolic
equivalent was shown to reduce the risk of any injury by
14%. A later study by Poplin et al. [53] reported a similar

result with 799 full-time firefighters which noted that fire-
fighters with lower cardiorespiratory fitness were 1.82 times
more likely to sustain injury. When injury types were re-
stricted to sprains and strains exclusively, firefighters with
lower cardiorespiratory fitness were 2.90 times more likely
sustain an injury [53].

In contrast to the previous studies, a study by Dam-
rongsak et al. [44] found that high physical fitness did not
reduce the incidence of back pain in firefighters. Similarly,
Gordon and Lariviere [42] noted that higher cardiorespi-
ratory fitness was not significantly associated with better
musculoskeletal health in firefighters. Butler et al. [66] also
reported a similar result, where cardiorespiratory fitness was
not a predictor of injuries in firefighters. Interestingly, a
study by Jahnke et al. [21] in 462 full-time firefighters re-
ported that firefighters who exercised regularly while on duty
were 4.6 times more likely to sustain an exercise-related
injury. In addition, higher levels of cardiorespiratory fitness
and muscular strength increased exercise-related musculo-
skeletal injury risk by 1.06 and 4.03 times, respectively, while
on-duty. However, regular exercise when on duty did reduce
the incidence of injuries outside of the workplace. High
workload when on duty, compounded by exercise or
training workload and inadequate recovery possibly pro-
duced a burdensome triad that reduced musculoskeletal
health and contributed to the increased incidence of duty-
related injury [78, 82].

3.5. Musculoskeletal Health and Occupational Performance.
Five studies investigated the relationship between muscu-
loskeletal health and occupational performance in fire-
fighters. -e results of the studies are indicated in Table 4.
Firefighting is a physically demanding occupation that re-
quires the musculoskeletal system to be in good condition
for firefighters to perform at peak performance
[17, 39, 45, 83]. Chronic musculoskeletal pain and chronic
disorders negatively affect performance and reduce endur-
ance capacity and force production [79]. Musculoskeletal
health is essential for satisfactory work performance in any
emergency occupation, particularly in firefighting [80, 83].

Punakallio et al. [67] investigated the effect of muscu-
loskeletal health on self-reported work ability in 411 male
firefighters from Helsinki Finland and reported that mus-
culoskeletal pain (MSP) in more than one site was at in-
creased risk of diminished work ability.-e study also found
that musculoskeletal health isolated to the low back
(OR= 1.9), forearm, and hand (OR= 1.9) predicted di-
minished work ability. In addition, firefighters who were on
disability pension reported having poor work ability and
more musculoskeletal health concerns at baseline. Fur-
thermore, firefighters engaging in average-to-high physical
workload when on duty was a significant risk factor for
retiring due to deteriorated musculoskeletal health (OR: 3.1
to OR: 5.3, respectively). Similarly, Saremi et al. [69] in 250
Tehran firefighters reported an inverse relationship between
work-ability index and musculoskeletal discomfort in the
wrists (p � 0.007, r= –0.170), legs (p � 0.042, r= –0.129),
and ankles (p � 0.005, r= –0.176). Kodom–Wiredu [68]
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examined 320 full-time firefighters in the Greater Accra
region of Ghana found that work-related musculoskeletal
disorders (WRMSD) were significantly related to work
demands (r= 0.03) and task characteristics (r= 0.26), and
that increased work demands (β= 0.226, p< 0.01) and task
characteristics (β= 0.214, p< 0.01) were significant predic-
tors ofWRMSDs. Similarly, Nazari et al. [39] in 325 full-time
Canadian firefighters found a significant relationship be-
tween musculoskeletal health and self-reported physical
work limitations. -e study noted that firefighters with
spinal pain (p � 0.01) experienced significantly limited
occupational output. In addition, the number of musculo-
skeletal pain sites (p � 0.02) were significant predictors of
limited occupational output and work performance [39].
MacDermid et al. [40] in the sample of 293 full-time Ca-
nadian firefighters reported that firefighters with moderate-
to-severe muscle and joint complaints took on average 10
seconds longer to complete functional performance tasks,
but the results were not statistically significant [40]. How-
ever, the majority of studies were self-reported measures for
work ability and, therefore, may be subject to reporting bias.
More research needs to be conducted in this particular area,
where firefighters with pain or deteriorating musculoskeletal
health are assessed while performing simulated tasks, that
would be faced while on active duty.

3.6. Physical Fitness and Occupational Performance. Ten
studies investigated the relationship between physical fitness
and occupational health in firefighters. -e results are
summarized in Table 4. Due to the inherently physical nature
of firefighting, physical fitness is regarded as a fundamental
component for optimum occupational performance. Vari-
ous studies showed that muscular strength, muscular en-
durance, and cardiorespiratory fitness were significantly
related to firefighter occupational ability and performance
[83, 84].

von Heimburg et al. [70] in 13 male Norwegian fire-
fighters reported that cardiorespiratory fitness was a sig-
nificant predictor of simulation performance times (r� 0.53,
p � 0.05). Furthermore, stronger, heavier, and taller fire-
fighters had a significantly lower performance time
(p � 0.01). -e authors noted that the small sample size of
the study negatively impacted the generalizability of the
results. Another study with 20 male firefighters reported a
moderately strong and inverse relationship between car-
diorespiratory fitness and performance time in firefighter
simulation protocols [84]. -e small sample size and using
male firefighters only limits the generalizability of the results.
Skinner et al. [77] examined the predictors of task perfor-
mance in 42 male aerial firefighters from Queensland
Australia and found that cardiorespiratory fitness and body
composition were inversely correlated to firefighting sim-
ulation protocol performance time. Poor body composition
was significantly related to slower performance time on the
simulation. Similarly, Xu et al. [63] reported that poor body
composition (higher BF%) was associated with poor per-
formance on the work ability test in 20 full-time Chinese
firefighters. Superior cardiorespiratory fitness, and upper

and lower body muscular power, was inversely related to the
completion times in the work ability test.

Sheaff et al. [72] in 33 firefighters reported that certain
physical fitness parameters, such as cardiorespiratory fitness
(r= 0.602, p< 0.001), upper body strength (r= 0.485,
p< 0.001), and grip strength (r= 0.504, p � 0.009), were
significantly related to performance times in the Candidate
Physical Ability Test (CPAT). Cardiorespiratory fitness was a
significant predictor of CPAT performance. Similarly,
Michaelides et al. [73] reported that firefighter ability test
completion times were significantly related to abdominal
strength, relative power, upper-body muscular endurance,
and upper body strength. -e study also noted that poor
performance on the ability test was associated with poor
body composition. However, the studies by Sheaff et al. and
Michaelides et al. used small sample sizes with few females,
which negatively impacted the statistical power and gen-
eralizability of the results. Nazari et al. [26] noted that right-
hand grip strength was a significant predictor of hose drag
times, and that lower body strength was a significant pre-
dictor of stair climb in firefighters. In addition, cardiore-
spiratory fitness was significantly correlated with the task
times for the hose drag (r=−0.30, p � 0.01) and stair climb
(r= 0.31, p � 0.01), and that increased lower body strength
was significantly correlated with hose drag time (r=−0.20,
p � 0.01) [26]. -e importance of muscular strength in
occupational performance was emphasized by Kleinberg
et al. [75] who reported that lower body strength (r= 0.560,
p< 0.001) was significantly associated with stair climb time
in firefighters that remained significant after adjustment for
age and BMI.

A later study by Heimburg et al. [74] in 63 full-time
Norwegian firefighters reported that the treadmill and push
up tests (r� −0.42, p< 0.001), squat and raise (r� −0.54,
p< 0.001), and horizontal chest to bar pullups (r� −0.34,
p � 0.1) were significantly related to faster simulation task
times. Firefighters had a higher cardiorespiratory fitness and
were stronger completed the simulation protocol faster
(p< 0.05). Anomalies in the results existed, where fire-
fighters with below average strength completed the test the
quickest, indicating that a minimal strength was needed to
perform well, and strength beyond that point did not im-
prove performance times [74]. Comparably, a study on 68
full-time English firefighters from the United Kingdom
reported that cardiorespiratory fitness was the strongest
predictor of firefighter simulation task time [76]. However,
contrary to the previous studies, muscular strength was not
found to be a significant predictor of firefighter simulation
task time [76].

4. Discussion

In the present review, the most frequent relationships in-
vestigated were between CVD risk factors and physical
fitness (fourteen studies) and between physical fitness and
occupational performance (ten studies). -is may be due to
CVD risk factors and physical fitness being especially im-
portant for firefighters’ career longevity and work perfor-
mance [2, 3, 15]. In addition, the relationships between CVD
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risk factors, musculoskeletal health, and between muscu-
loskeletal health and physical fitness were understudied,
especially in relation to occupational performance. How-
ever, studies investigating musculoskeletal health and oc-
cupational performance reported that musculoskeletal
health negatively affected firefighter performance.

-ere was a significant inverse relationship between
increased CVD risk factors and reduced musculoskeletal
health in firefighters, which was particularly related to in-
creased age, obesity, cigarette smoking, and physical inac-
tivity. [22, 24, 43–45] Aging caused a decrease in bone
mineral density, a decrease in ligament and tendon elasticity,
and reduced tissue recovery and healing time that predis-
posed firefighters to injury while on duty [35, 45]. Obesity
increased the overall force placed on the musculoskeletal
system, particularly when engaged in activities of vigorous-
intensity, such as firefighting [12, 85, 86]. As seen in Figure 3,
obese firefighters fatigue at a faster rate, resulting in acute
traumatic injuries and chronic overuse injuries [22]. Fatigue
causes inadequate energy absorption, as well as reduced
control and regulation of limb movements [87]. -e present
review shows that smoking has a negative effect on tendon
health, bone mineral density, and hormone regulation,
particularly oestrogen and cortisol [34], and may partially
explain the decreased musculoskeletal health and increased
injury risk in firefighters. Physical activity has a protective
effect on the musculoskeletal system, particularly vigorous-
intensity activity [88]. Unfortunately, research shows that
firefighters tended to be physically inactive, with many not
reaching the minimum weekly recommended amount of
physical activity [9, 27, 47, 56, 78]. Aging, obesity, cigarette
smoking, and physical inactivity negatively affected both
cardiovascular and musculoskeletal health (Figure 3), and
should be identified early in firefighters and given particular
attention in the latter stages of their careers.

Cardiovascular disease risk factors, such as age, obesity,
lipid profile, blood glucose, blood pressure, cigarette
smoking, and physical inactivity were shown to be signifi-
cantly related to cardiorespiratory fitness and muscular
endurance in firefighters [9, 27, 29, 47, 48, 51, 54, 56, 58, 59].
In addition, back and core endurance were significantly
related to age and obesity in firefighters [49]. Furthermore,
CVD risk factors were significantly related to cardiorespi-
ratory fitness in firefighters [46, 55]. -e progressive dete-
rioration in cardiovascular, pulmonary, and musculoskeletal
health with increasing age accounted for the decrease in
cardiorespiratory fitness and muscular endurance in fire-
fighters [27, 89]. -is is further exacerbated by the constant
chemical and fume inhalation, which negatively effects
pulmonary functioning in firefighters [90]. In the case of
obesity, the increased weight and peripheral resistance to
blood flow increased the stress and workload placed on the
musculoskeletal and cardiovascular systems, resulting in a
decrease in endurance capacity [22, 91]. Consequently, with
aging, this effect is further compounded by the biological
deterioration in cardiovascular, musculoskeletal, and pul-
monary health [89].

An altered lipid profile negatively affected cardiorespi-
ratory fitness in firefighters [9, 29, 47]. -is relationship can

be explained in a study conducted by Rumora et al. [92],
where the results showed that dyslipidaemia caused altered
mitochondrial functioning that decreased energy produc-
tion. Reduced mitochondrial function negatively affects
aerobic performance [93]. High blood glucose concentra-
tions negatively affects glucose homeostasis and glucose
metabolism, and together with altered mitochondrial
function in skeletal muscles, these negatively affect endur-
ance capacity [94]. Elevated DBP and SBP also negatively
affect cardiorespiratory capacity, due to altered diastolic
atrial and ventricular filling, subsequently reducing the
stroke volume of the heart. In addition, the increase in blood
pressure increases the cardiac afterload, further reducing
stroke volume and cardiac output (Figure 3) [95]. Cigarette
smoking causes pulmonary damage and reduces the oxygen-
carrying capacity in the blood that may explain the inverse
relationship seen between the two factors [34]. Physical
inactivity augments the progressive decline in the cardio-
vascular, pulmonary, and musculoskeletal systems and,
thereby, partially explains the linear relationship with car-
diorespiratory fitness [48, 96].

Aging, obesity, cigarette smoking, and physical inactivity
were the CVD risk factors related to poor physical fitness,
occupational performance, and work ability in firefighters
[26, 52, 60–62, 69, 73]. In addition, increased leisure time
physical activity was positively related to work ability in
firefighters [61]. Firefighting often requires firefighters to
perform complex, vigorous-intensity activities that strain all
systems of the body. Aging generally reduces muscular force
production, cardiorespiratory efficiency, tissue elasticity,
healing, and repair, more especially when combined with an
unhealthy lifestyle [89]. -is directly affects the performance
of occupational tasks and partially explains the reduction in
work performance with progressively advancing age [27, 62].
-e pervasive physical inactivity and unhealthy lifestyle that
often accompanies firefighters as they age further exacer-
bates the deleterious effects of aging [9, 56, 78]. In addition,
obesity places significant strain on all bodily systems,
causing premature fatigue and, consequently, reduced oc-
cupational performance [73]. As a result of cigarette
smoking, the reduction in pulmonary capacity and oxygen-
carrying capacity also adversely affects occupational per-
formance [27, 96].

One study reported that increased body mass of fire-
fighters related to better performance on certain firefighter
specific tasks, especially tasks requiring significant muscular
[7]. -e relationship between increased body weight and a
reduction in task completion times may be related to the
increase in muscle mass that accounted for the increase in
body mass rather than an increase in fat [7]. Muscle strength
can be a significant factor in the optimal performance of
firefighters. Heavier firefighters may perform better on
strength-based occupational tasks but perform worse on
cardiorespiratory fitness tests [7, 26, 29, 47, 97]. Conse-
quently, for optimal work performance, firefighters require
delicate balance between cardiovascular fitness and mus-
cular strength for occupational task performance.

Current literature indicated that increased cardiorespi-
ratory fitness was significantly related to fewer
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musculoskeletal injuries in firefighters, and that three fun-
damental movements related to flexibility could predict
injuries, i.e., the sit-and-reach, push-up, and deep squat
[50, 53, 65]. Any form of physical activity has a protective
effect on musculoskeletal health, whether aerobic or an-
aerobic in nature and, furthermore, performing regular
aerobic exercise translates into improved cardiorespiratory
fitness [9, 21]. Flexibility, particularly in the lower back,
hamstrings, and hips, is related to reduced injury incidence
[66]. Functional flexibility is a critical fitness parameter in
firefighters, as their work requires awkward movement
patterns, such as bending, lifting, and crawling [66, 98].

In contrast, one study reported that firefighters who
exercised were not at lower risk of sustaining musculo-
skeletal injury [44]. Another study found that firefighters
who exercised, while on duty, were at higher risk for sus-
taining work-related injury [21]. A possible reason for the
increase in injury incidence in firefighters who exercised
while on-duty may be due to the chronic overload placed on
the muscular system, which led to acute overload injuries
[19, 99]. Firefighters who participate in regular physical
activity should monitor their overall workload and balance
the workload with adequate recovery time in order to reduce

the incidence of injury. Finding this “sweet spot” may prove
essential to maintaining optimal musculoskeletal health and
preventing injury.

Poor musculoskeletal health negatively affected occu-
pational performance and work ability in firefighters, and
was particularly related to low back, forearm, wrist, hand,
and leg discomfort [67–69]. Increased work demands and
the various types of task performed were significantly related
to musculoskeletal disorders [68]. Spinal pain and multiple
injuries were significantly related to limitations in occupa-
tional output and work performance [39]. Firefighters with
moderate-to-severe muscle and joint problems took 10
seconds longer to complete occupational performance tasks
[40]. Injuries and chronic pain reduced muscular force
production, and altered movement patterns to compensate
for the workload on the injured or painful area [39]. -e
reduced force production and protective movement patterns
acted as a subconscious protective mechanism that may
negatively affect on-duty performance [39, 80, 100]. -ese
altered movement patterns may become particularly ap-
parent in emergency situations, which require maximum
force production, muscular endurance, and coordination,
such as door breaches, equipment carries, and hose drags.

Obesity Diabetes Age Dyslipidaemia hypertension Cigarette smoking Poor diet Physical inactivity

Physical fitnessMusculoskeletal healthCardiovascular health

Stroke
volume

Vascular
function Inflammation MSK Pain MSK disorders

CV capacity MS and En. Flexibility Body comp.

RPEFatigueForceGuardingCV workloadBP responseSNS Activation

Upper extremities

Lower extremities

Stair climb Hose drag Equipment carry Ladder R & E Door breach

Completion times

Occupational performance

a)

b)

Figure 3: Flow diagram illustrating the relationship between CVD risk factors, musculoskeletal health, physical fitness, and occupational
performance in firefighters. (a) Indicates an unfit firefighter performing the stair climb test with much difficulty, and representing decreased
occupational performance; (b) indicates a fit firefighter performing the stair climbtest with ease, representing optimal occupational
performance. Black lines indicate cardiovascular disease risk factors; red lines indicates cardiovascular health and all related outcomes; blue
lines indicate musculoskelatal health and all related outcomes; green lines indicate physical fitness and all related outcomes; purple lines
indicate occupational performance and all related outcomes.
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However, more research is needed on the extent to which the
location and severity of injuries negatively affected occu-
pational performance, especially in firefighter specific tasks.

Cardiorespiratory fitness was significantly related to all
components of occupational task performance in firefighters
[26, 63, 72, 73, 77, 84, 101]. In addition, upper bodymuscular
strength and endurance were significant predictors of oc-
cupational performance [26, 72, 73]. Quadriceps strength
was a significant predictor of stair climb performance in
firefighters [75]. Firefighters routinely have to perform ac-
tivities that are exhaustive on the upper body, such as door
breaches, hose carries, hose drags, victim drags, and victim
carries [74, 76, 102]. In addition, firefighting simulation
tasks require predominantly upper body strength and en-
durance [63, 70, 74, 76, 77]. -erefore, firefighters with
greater upper body strength and endurance generally per-
form better on these tasks increased fat mass and lower lean
mass were significantly related to poor occupational per-
formance [63, 77]. Poor performance in firefighters with
unhealthy body composition may be related to the increased
muscular workload, as a result of the increased adiposity and
lower proportion of lean body mass [6, 7, 26, 63, 76, 77].

In firefighting, all health-related physical fitness pa-
rameters positively affected occupational performance
[70, 74]. However, beyond the threshold of desirable
physical fitness, this point further improves in fitness that
had little benefit on occupational performance [74]. -is
indicated that firefighters may be competent in performing
the occupational tasks, due to having sufficient physical
fitness, despite having underlying cardiovascular and
musculoskeletal health challenges. Consequently, firefighters
may be on active duty, while having underlying health
concerns, which may account for the high cardiovascular-
related morbidity and mortality [2, 11, 15, 103], and the high
rate of musculoskeletal related complaints that resulted in
early retirement in this population [19, 20, 69, 81]. All as-
pects of the firefighters’ health should be thoroughly
monitored throughout the firefighters’ career to ensure
career longevity and decrease the incidence of duty related-
deaths and early retirement. As previously discussed, larger
and heavier firefighters, who are often obese, tended to
perform better on strength-based tasks, such as the door
breach, equipment carry, and victim drags, but performed
worse on the cardiorespiratory fitness tests, such as the stair
climb and ladder raise tests, due to their excess body weight
that acted as a hindrance in these tasks [6, 26, 74, 76]. While
overweight and obese firefighters may pass the simulation
protocols, they remain at increased risk for early retirement,
morbidity, and mortality.

As seen in Figure 3, CVD risk factors, musculoskeletal
health, and physical fitness play a significant role in fire-
fighter occupational performance. Increased CVD risk in-
creases the cardiovascular strain associated with firefighting
and, in the same vein, reduced musculoskeletal health, in-
creased musculoskeletal pain and the risk of musculoskeletal
disorders, thereby, reducing muscular force and occupa-
tional. Poor physical fitness increases the cardiovascular
strain and reduces musculoskeletal health that causes an
overall decrease in cardiorespiratory capacity and

musculoskeletal strength, endurance, and flexibility, which is
further compounded by poor body composition. Together,
these factors cause increased fatigue and reduced the oc-
cupational performance for any given task and, as a con-
sequence, leads to slower task completion times and poor
overall occupational performance in firefighters.

-e literature indicates that most CVD risk factors have
a negative effect on physical fitness
[9, 27, 29, 47, 48, 51, 54, 56, 58, 59], and that physical fitness
and musculoskeletal health are significantly related
[50, 53, 65]. Because physical fitness is related to occupa-
tional performance, the assumption can be made that in-
creased CVD risk factors and reduced musculoskeletal
health would result in reduced occupational performance in
firefighters. However, this needs to be investigated further.

4.1. Strengths of the Study. -e majority of studies were
conducted in the USA, with relatively small sample sizes, and
involved males primarily, thus limiting the generalizability
of the results to the broader firefighting population. -e
narrative review involved an iterative process of checking
and cross-checking in order to ensure a narrative review of
the highest quality and rigour. -e quality assessment
process started with the identification of the search terms
and constructing the search string that was database specific,
and ended with the data extraction and interpretation of the
findings.

4.2. Limitations of the Study. -e limited number of elec-
tronic databases searched and that only articles in English
and in full-text were considered for selection are limitations
to the current literature review. -ere were no qualitative
studies included in the current study and, therefore, only
quantitative studies were used. No critical appraisal or risk of
bias tools were used to grade the included studies, however,
the authors attempted to maintain methodological trans-
parency and rigor throughout the review process.

5. Conclusion

Cardiovascular disease risk factors and physical fitness were
the most frequently studied areas in firefighters and
were significantly related. Cardiovascular disease risk factors
were significantly related to cardiorespiratory fitness in
firefighters, particularly age, obesity hypertension, dyslipi-
daemia, cigarette smoking, and physical inactivity. In ad-
dition, physical fitness, especially cardiorespiratory fitness,
was found to be significantly related to overall occupational
performance. Certain CVD risk factors were significantly
related to musculoskeletal health, and in particular, obesity
and cigarette smoking. Cardiovascular risk factors, such as
obesity and age were significantly related to worse occu-
pational performance. Musculoskeletal health, in relation to
occupational performance, is understudied; however, the
results indicated that poor musculoskeletal health was re-
lated to work and performance limitations. Overall, the
research indicated that aged, obese, and unfit firefighters
who smoked cigarettes and were physically inactive were at
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the highest risk for CVD and musculoskeletal health
complications, and produced unsatisfactory occupational
performance. Moreover, most CVD risk factors were related
to low levels of physical fitness. Due to limited research,
significant gaps still remain in the literature and, in par-
ticular, regarding the relationship between musculoskeletal
health and occupational performance. In addition, fire-
fighters are understudied in developing countries, and, in
particular, African countries.

5.1. Recommendations. More research should be conducted
investigating the relationship between CVD risk factors and
occupational performance, between musculoskeletal health
and physical fitness, and betweenmusculoskeletal health and
occupational performance. In addition, females were un-
derrepresented in many of the studies and, therefore, more
research involving female firefighters should be conducted.
-e majority of studies on firefighters were conducted in
developed countries and the results cannot be generalized to
firefighters in developing countries. Consequently, more
research is needed in developing countries to provide a more
holistic view of firefighters globally. -is will inform policy
makers, as well as fire departments on the most significant
factors influencing occupational performance in both de-
veloped and developing countries. -ere is a need by the fire
services to implement corrective intervention strategies
early, such as educational and lifestyle modification pro-
grammes, including physical training regimes designed to
address the high prevalence of CVD, musculoskeletal dis-
orders, and complaints, and the low levels of physical fitness
amongst the majority of firefighter and, thereby, attempt to
reduce the elevatedmorbidity andmortalities rates in the fire
services, globally.
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