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Abstract: Approximately 45% of on-duty related mortalities were due to sudden cardiac death,
with many of these fatalities related to cardiovascular disease and overexertion, while performing
emergency duties. Therefore, the aim of this systematic review was to determine the association
between cardiovascular disease risk factors and cardiorespiratory fitness in firefighters. A literature
search of PubMed, SCOPUS, Web of Science, Embase, EBSCOHost, and ScienceDirect was conducted;
the Rayyan® intelligent systematic review tool was used to screen and select studies for inclusion.
The appraisal tool for cross-sectional studies and the Critical Appraisal Skills Programme toolkit
were used for methodological assessment of included studies. Data were analyzed using the Re-
view Manager 5.3 and MedCalc® statistical softwares to determine the effects of obesity (Z = 10.29,
p < 0.001) and aging (Z = 4.72, p < 0.001) on cardiorespiratory fitness. Furthermore, there was a
significant effect for cardiorespiratory fitness level on systolic blood pressure (Z = 5.94, p < 0.001),
diastolic blood pressure (Z = 2.45, p < 0.001), total cholesterol levels (Z = 3.80, p < 0.001), low-density
lipoprotein cholesterol (Z = 4.44, p < 0.001), triglycerides (Z = 3.76, p < 0.001) and blood glucose
concentration (Z = 4.78, p < 0.001). Cardiovascular disease risk factors and cardiorespiratory fitness
were significantly and inversely associated in firefighters. Fire service departments should adopt
behavioral intervention strategies to maintain optimum cardiovascular disease risk factor profiles
and cardiorespiratory fitness among firefighters to ensure their occupational well-being.

Keywords: firefighters; cardiovascular disease risk factors; cardiorespiratory fitness; aging; obesity;
hypertension; dyslipidemia; diabetes; systematic review

1. Introduction

Firefighting is an extremely hazardous occupation, where firefighters not only are
required to contend with severe temperatures but are also required to perform emergency
rescues and are routinely exposed to hazardous chemicals and fumes [1–4]. The hazardous
nature of the profession requires firefighters to wear personal protective equipment (PPE),
and in some departments, PPE can weigh up to 29.3 kg [5], which places significant
strain on firefighters [6–8]. In addition, many firefighters have been reported to have
underlying cardiovascular disease (CVD) risk factors, which significantly predispose them
to cardiovascular events while on duty [9–12]. This translates into an excessively high
mortality rate of nearly 50% related to on-duty sudden cardiac death (SCD) [1–3,13]. This
is largely due to the physically demanding nature of their occupation, which requires
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firefighters to sustain a high level of physical intensity for prolonged periods, particularly
when involved with fire suppression [2,3]. If underlying CVD risk factors are present, this
predisposes firefighters to cardiac incidents while on duty [1,4]. Therefore, firefighters are
expected to maintain optimum cardiovascular conditioning to reduce the likelihood of
duty-related morbidity and mortality [2,3,14,15].

The most prevalent CVD risk factors among firefighters include obesity ranging between
14% and 60% [16–19], hypertension between 10% and 44% [17,20–23], cigarette smoking
ranging between 11% and 39% [24–30], dyslipidemia between 20% and 56.5% [17,27,31–33],
and physical inactivity between 14.7% and 70% [10,34–39]. These risk factors have been re-
ported to consistently lower cardiorespiratory fitness in firefighters [30,35,40–42], primarily
due to reducing vascular elasticity, reducing preload, and increasing afterload, and subse-
quently, reducing stroke volume and oxygen transportation to working muscles [43–47].
Firefighters, by maintaining their cardiorespiratory fitness through regular physical activity,
can reduce their likelihood of CVD events, especially as they age [35,48,49]. Moreover,
maintaining a healthy diet can assist in reducing the likelihood of CVD [50–53]. Previous
systematic reviews have focused on the impact of firefighting tasks and the physiological
responses while completing those tasks [54], and the physiological responses of firefighters
that wear PPE and self-contained breathing apparatus gear [8]. Two studies have reported
that significant physiological responses occurred while firefighters performed occupational
tasks and especially while wearing full PPE and breathing apparatuses [8,54]. We are not
aware of systematic reviews conducted on the effect of CVD risk factors on cardiorespi-
ratory fitness in firefighters. The relatively low number of studies published on the effect
of CVD risk factors on cardiorespiratory fitness is a concern, given the high number of
CVD-related fatalities in firefighters [2,4,13,55]. Crucial new knowledge on the effect of
CVD risk factors and which risk factors have the most significant effect on cardiorespiratory
fitness is needed to assist in the formulation of policies to assist in maintaining firefighters’
cardiovascular health and fitness.

Therefore, this systematic review aimed at determining the association between CVD
risk factors and cardiorespiratory fitness in firefighters. The research question guiding this
study was: What is the association between CVD risk factors and cardiorespiratory fitness
in firefighters?

2. Materials and Methods

Each phase of the screening procedure was completed in accordance with the PRISMA
standards for systematic reviews, which are illustrated in a flow diagram [56] (Figure 1).
The guidelines for Meta-analysis of Observational Studies in Epidemiology (MOOSE)
and Quality of Reporting of Meta-analysis (QUOROM) were utilized to complete the
methodology of the current review [56,57].

2.1. Summary of Methods

The exposures assessed included CVD risk factors in relation to cardiorespiratory
fitness in firefighters. There were no limitations to the publication year when considering
studies for this review.

The inclusion criteria were as follows:

(i) Studies that included full-time, part-time, and volunteer adult male and female fire-
fighters between the ages of 18 and 65 years;

(ii) Cross-sectional, observational, and experimental (intervention) study designs;
(iii) Studies that investigated the association between CVD risk factors or health metrics

and cardiorespiratory fitness in firefighters;
(iv) Studies that were available in full text or that could be acquired through a request

from the authors.
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The exclusion criteria were as follows:

(i) Studies that failed to mention exposure and outcome measures, such as cardiorespira-
tory fitness and risk factors for cardiovascular disease;

(ii) Various forms of reviews, such as systematic reviews, literature reviews, scoping
reviews, etc.;

(iii) Non-English language articles.

The comprehensive systematic review protocol can be found on PROPERO (CRD-
42022330510).

2.2. Study Selection, Screening, and Data Management

To find all pertinent papers, the two primary reviewers (J.R. and R.N.) conducted a
thorough literature search of Web of Science, SCOPUS, PubMed/Medline, ScienceDirect,
and EBSCOHost, using a combination of search terms (Supplementary File S1). Search
outputs were compiled into the Zotero™ reference software, where duplicates were then
removed. The remaining entries were imported into Rayyan Systems Inc. [58] where
the titles and abstracts were screened for eligibility, using the categories of included, ex-
cluded, and unsure. Reasons for exclusion were provided as comments for each excluded
study. The two principal reviewers used an initial rudimentary data extraction form
(Supplementary File S2) to obtain the primary characteristics of each study, which com-
prised general study information, including authors and affiliations, publication date, study
title, design, and country, as well as the exposure evaluated and outcome measures. Then,
using a thorough data extraction form, study parameters were retrieved, including the
sampling strategy, sample size, and participant’s information that included age, height,
weight, body mass index (BMI), percentage of body fat, and maximum oxygen consumption
(VO2max) (Supplementary File S3). Lastly, the details of the main exposures and outcomes
for the current review were extracted and included CVD risk factors and cardiorespiratory
fitness measures. Studies that qualified for the meta-analysis were entered into the Review
Manager 5.3 [59] (The Cochrane Collaboration, London, UK) and MedCalc® statistical
software Ltd. (Ostend, Belgium, version 20.104).

2.3. Critical Appraisal of Included Studies

The methodological evaluation of the included studies was carried out using the ap-
praisal tool for cross-sectional studies (AXIS checklist) (Table S1, Supplementary File S4) [60]
and The Critical Appraisal Skills Programme (CASP) toolkit (Middle Way, Oxford, UK)
(Table S2 Supplementary File S4) ((https://casp-uk.net/casp-tools-checklists/) (accessed
on 1 September 2021)). For evaluating the quality of cross-sectional studies, it has been
demonstrated that the CASP toolkit (Middle Way, Oxford, UK) and the AXIS toolkit are
relevant and dependable resources [60,61]. According to the AXIS checklist, each study
that was given a score, between 15 and 17 points was considered to be “good” quality and
a score from 18 to 19 points was considered to be “high” quality. For the CASP toolkit, all
studies were considered to be high quality, as all boxes were ticked.

2.4. Study Selection

The database searches yielded a total of 1881 entries (Figure 1). Of these, 1205 duplicates
were removed. Of the remaining 677 studies screened via titles and abstracts, 56 studies met
the inclusion criteria, and full texts were screened for final inclusion in the review. Reasons
for exclusion included not investigating either the exploratory or outcome variables; studies
that were qualitative in design, the main focus of the manuscript not being aligned with
the current study, studies that were reviews, and studies that were not available in full-text.
Following the full-text screening, 31 papers, in total, were eliminated, leaving 25 studies
eligible to move forward with the data extraction and narrative synthesis. The reasons
for exclusion included the association between the exploratory variable and the outcome
variable not being analyzed. From this, 16 studies were suitable for inclusion in the meta-
analysis after data extraction. Nine studies were excluded from the meta-analysis due to

https://casp-uk.net/casp-tools-checklists/
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the data not being suitable for the analysis. The reasons for exclusion were, firstly, that
studies did not include the means and standard deviation for both the CVD risk factors
and the cardiorespiratory fitness measures. Secondly, there were no comparisons made
between healthy firefighters and those with CVD risk factors and firefighters with good or
poor cardiorespiratory fitness.
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2.5. Data Analysis
2.5.1. Assessment of Overall Effect Size

The data were imported and analyzed using Review Manager 5.3 [59,63–65]. The
outcome measure (cardiorespiratory fitness) was analyzed as a continuous variable and
dichotomous variable. The mean difference (MD), with a 95% confidence interval (CI) of
estimation was used as effect estimates of the association between cardiovascular disease
risk factors and cardiorespiratory fitness in firefighters [64]. For cardiorespiratory fitness
measures that were dichotomous, the measure of 12 METS or greater was used to classify
firefighters as being fit, and less than 12 METS as unfit. A meta-analysis of correlations was
conducted using the MedCalc® statistical software Ltd. (Ostend, Belgium, version 20.104).
Using the inverse variance approach, the R values from the pooled studies were grouped
based on correlation coefficients of similar exposures and outcomes and aggregated into
a single, exemplary effect estimate [66]. The following formula was used to convert the
original R values to a general test measure using Fisher’s “R” to “Z” transformation [66]:

Zri =
1
2

ln
(

1 + ri
1 − ri

)
s

2
z
=

1
n − 3

(1)

To ascertain the correlation between the exposure and the outcome variables, the
Fisher’s Z values from the original studies were pooled using the random effect model [67].

Interpretation of correlation coefficient strength [67]:

Very high correlation, from 0.90 to 1.00 (−0.90 to −1.00);
High correlation, from 0.70 to 0.90 (−0.70 to −0.90);
Moderate correlation, from 0.50 to 0.70 (−0.50 to −0.70);
Low correlation, from 0.30 to 0.50 (−0.30 to −0.50);
Negligible correlation, from 0.00 to 0.30 (−0.00 to −0.30).

2.5.2. Classification of Cardiovascular Disease Risk Factors and Cardiorespiratory Fitness

Across studies, similar criteria were used to classify CVD risk factors. Age, as a risk
factor, was classified as an age ≥45 years for males and ≥55 years for females. Obesity
was classified as a body mass index (BMI) ≥30 kg·m−2. Hypertension was classified as
a systolic blood pressure ≥140 mm Hg, or a diastolic blood pressure ≥90 mm Hg, or
having been previously diagnosed with hypertension by a medical professional. Cigarette
smoking was classified as being a current cigarette smoker or having quit within 6 months.
Physical inactivity was classified as not exercising at a moderate intensity for at least
30 min, for at least three times a week. Dyslipidemia was classified as a total cholesterol
concentration ≥5.18 mmol·L and a low-density lipoprotein ≥3.34 mmol·L or having been
diagnosed by a medical professional. Diabetes was classified as a fasting blood glucose
concentration ≥7.0 mmol·L or having a diagnosis by a medical professional. Firefighters
were classified as being fit by meeting the minimum required cardiorespiratory fitness
levels of 12 metabolic equivalents (METS), which is an oxygen consumption (VO2) of
42 mL·kg·min, that has been accepted as the minimum required cardiorespiratory fitness
level needed for the profession. Firefighters that did not meet the 12 METS cut-off were
categorized as not meeting the minimum required cardiorespiratory fitness level. Studies
using the 12 METs cut-off were categorized as dichotomous variables and the CVD risk
factors were continuous. Studies using relative VO2 were used as a continuous variable
and CVD risk factors were used as dichotomous variables.
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2.5.3. Assessment of Heterogeneity and Publication Bias

The I2 and chi-square tests were employed as the two techniques to determine the
degree of heterogeneity amongst the included studies [60]. These techniques have been used
in previous meta-analyses to evaluate the effect of heterogeneity of the meta-analysis [60].

The following criteria were used to interpret I2 statistics:

(i) From 0% to 30%, indicated heterogeneity may not be important;
(ii) From 31% to 60%, indicated that there was moderate heterogeneity;
(iii) From 61% to 80%, indicated that there was substantial heterogeneity;
(iv) From 81% to 100%, indicated that there was considerable heterogeneity.

2.5.4. Risk of Bias

The Begg’s test and Egger’s test were run using the Statistical Package for the Social
Sciences (SPSS®, Chicago, IL, USA) version 28 to evaluate the risk of bias in the studies
included in the meta-analysis.

2.5.5. Subgroup Analysis and Investigation of Heterogeneity

To account for the presence of heterogeneity, a subgroup analysis was performed to
explore the possible sources of the heterogeneity within studies [61]. The subgroup analysis
was conducted on studies that used either a treadmill testing protocol, bicycle ergometer
protocol, field tests, non-exercise measures, and direct VO2max estimation using gas analysis.

3. Results
3.1. Study Characteristics

The included studies encompassed 21 cross-sectional studies, three cohort studies,
and one case-controlled study, conducted between 1991 and 2021, and included a total of
7822 firefighters. Studies were conducted on fire departments located in various regions
globally, where multiple variations of cardiorespiratory fitness tests were used to estimate
cardiorespiratory fitness. A summary of the included studies is found in Table 1. The
detailed critical appraisal of the studies may be found in Supplementary File S4.
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Table 1. Characteristics of included studies in the narrative synthesis and quantitative meta-analysis.

References Study Design
and Setting Sample Cardiovascular Disease

Risk Factors
Cardiorespiratory
Fitness

Performance
Measures Outcome

Atikah et al. [67] Cross-sectional study
Malaysia, Kebangsaan

385 Male
firefighters

Age: N/A
BMI: N/A

VO2max: 26.49 ±
5.14 mL·kg·min

20 m shuttle
run test

The cardiorespiratory fitness of
firefighters aged between 20 and
28 years old was significantly higher as
compared with firefighters aged
between 29 and 37 years old and
between 38 and 46 years old.

Baur et al. [68] Cross-sectional study
USA, Massachusetts

957 Male
firefighters

Age: 39.6 ± 8.5 years
BMI: 29.4 ± 4.3
BF%: 21.6 ± 6.0

MaxMETs:
12.0 ± 1.9 METs

Maximal treadmill
exercise stress test

The number of metabolic syndrome risk
factors was significantly different
between maximum MET groups
(<0.00001). Metabolic syndrome
was a significant predictor of
cardiorespiratory fitness (CRF).

Baur et al. [69] Cross-sectional study
USA, Massachusetts

968 Male
firefighters

Age: 39.5 ± 8.6 years
BMI: 29.3 ± 4.3 kg·m−2

BF%: 21.0 ± 5.6%
Cigarette smokers: 23.9%
SBP: 122.6 ± 12.0 mmHg
DBP: 78.6 ± 8.6 mmHg
TC: 5.02 ± 0.96 mmol·L
LDL-C: 3.22 ± 0.83 mmol·L
HDL-C: 1.13 ± 0.30 mmol·L
TG: 1.5 ± 1.3 mmol·L

METs: 12.0 ±
1.9 METs

Maximal treadmill
exercise stress test

There were significant associations
between max METs and age, BMI,
systolic blood pressure (SBP), diastolic
blood pressure (DBP), triglycerides,
total cholesterol, low-density
lipoprotein cholesterol (LDL-C), and
blood glucose.

Baur et al. [70] Cross-sectional
study USA

804 Male
firefighters

Age: 37.4 ± 8.4 years
BMI: 29.3 ± 4.4 kg·m−2 MaxMETs: 10.7 ± 2.0 Maximal treadmill

stress test

Cardiorespiratory was significantly
related to age, physical activity, and
BMI in firefighters.

Barry et al. [49] Cross-sectional
study USA 30 Male firefighters

Age: 34.45 ± 7.15 years
Height: 180.74 ± 6.80 cm
Body mass: 94.70 ± 10.65 kgs
BMI: 28.97 ± 2.52 kg·m−2

WC: 96.48 ± 7.95 cm

VO2max: 40.82 ±
6.95 mL·kg·min

Treadmill graded
exercise stress test

There were significant correlations
between sedentary time (r = −0.62,
p < 0.001), vigorous physical activity
time (r = −0.48, p < 0.001), waist circum-
ference (WC) (r = −0.55, p < 0.01), and
BMI (r = −0.53, p < 0.01) and VO2max.
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Table 1. Cont.

References Study Design
and Setting Sample Cardiovascular Disease

Risk Factors
Cardiorespiratory
Fitness

Performance
Measures Outcome

Cameron et al. [71] Cross-sectional study
USA, San Diego

1169 Male
firefighters

Age: 38.1 ± 0.3 years
Height: 178.79 ± 6.65 cm
Weight: 88.42 ± 13.36 kgs
BMI: 27.65 ± 3.79 kg·m−2

METs: 13.96 ±
2.43 METs

Maximal treadmill
graded exercise
stress test

Cardiorespiratory fitness was
significantly different between age
groups in firefighters (p < 0.001).

Delisle et al. [72] Cross-sectional study
USA, Florida

30 Male and female
firefighters

Age: 31.9 ± 6.4 years
BF%: 26.0 ± 6.4%
BMI: 27.2 ± 3.8 kg·m−2

VO2max: 44.6 ±
3.9 mL·kg·min

Bruce treadmill
protocol

Cardiorespiratory fitness was
significantly and moderately associated
with percentage body fat (r = −0.7353,
p = 0.0001), DBP (r = −0.541,
p = 0.0035), BMI (r = −0.5445, p = 0.003),
1-min recovery HR (r = 0.537,
p = 0.0038), and body composition
(r = −0.5178; p = 0.008).

Donovan et al. [41] Cross-sectional study
USA, Colorado

214 Male
firefighters

Age: 39 ± 9
Height: 179 ± 6 cm
Weight: 88 ± 15 kg
BMI: 28 ± 4 kg·m−2

BF%: 21 ± 7%
WC: 94 ± 11 cm
SBP: 129 ± 12 mmHg
DBP: 83 ± 8 mmHg
TG: 1.4 ± 0.9 mmol·L
HDL-C: 1.2 ± 0.3 mmol·L
FGL: 4.8 ± 0.5 mmol·L
CS: 3.7%

VO2max: 46.3 ±
6.1 mL·kg·min

Bruce treadmill
protocol

After controlling for age,
cardiorespiratory fitness was inversely
associated with increasing metabolic
abnormalities (p < 0.001).
Estimated VO2max values for
firefighters with 0, 1, 2, and 3 metabolic
abnormalities were 47.8 mL·kg·min,
47.7 mL·kg·min, 45.2 mL·kg·min, and
43.6 mL·kg·min, respectively.
The estimated VO2max for subjects with
two, three, or more metabolic
abnormalities were found to be
significantly lower than that of subjects
with zero or one metabolic abnormality.
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Table 1. Cont.

References Study Design
and Setting Sample Cardiovascular Disease

Risk Factors
Cardiorespiratory
Fitness

Performance
Measures Outcome

Durand et al. [35]

Cross-sectional
cohort study
USA, Kansas and
Missouri

527 Full-time male
firefighters

Age: 37.2 ± 8.6 years
BMI: 29.3 ± 4.5 kg·m−2

METs: 12.7 ±
1.6 METs

Bruce or modified
Bruce protocols

Among the four CRF outcome variables,
max-METs was significantly different
among the three PA categories after
adjusting for age, BMI, and smoking
status (p < 0.001). The association with
CRF was strong across all three
measures of PA dimensions, as well as
with total weekly aerobic exercise.

Espinoza et al. [73] Cross-sectional study
Chile., South America

76 Volunteer male
firefighters

Age: 27.5 years
Height: 172 cm
BMI: 27.7 kg·m−2

SBP: 120 mmHg
DBP: 73 mmHg
FGL: 5.4 mmol·L

VO2max:
44 mL·kg·min Leger test

CRF was negatively correlated
with age, BMI, WC, BF%, SBP, DBP,
and blood glucose.
CRF was significantly different among
normal-weight and obese firefighters.

Kirlin et al. [74] Cross-sectional study
USA, San Diego

96 Full-time female
firefighters

Age group: 25–34 vs. 35–44 vs.
45–54 vs. 55+ years
Height: 170.7 ± 4.9 vs.
169.4 ± 5.4 168.4 ± 5.7 vs.
167.9 ± 4.3 cm
Weight: 72.2 ± 10.2 vs.
74.2 ± 13.4 vs. 73.6 ± 13.4 vs.
68.7 ± 9.3 kgs
BMI: 24.7 ± 3.3 vs. 25.8 ± 4.4
vs. 25.9 ± 4.4 vs.
24.4 ± 3.8 kg·m−2

BF%: 22.9 ± 7.0 vs. 25.1 ± 8.2
vs. 26.7 ± 7.7 vs. 24.0 ± 6.4%

VO2max: 50.9 ± 7.4
vs. 45.0 ± 7.1 vs.
42.8 ± 6.4 vs.
45.2 ± 5.1
METs: 14.6 ± 2.1 vs.
12.9 ± 2.0 vs.
12.2 ± 1.8 vs.
12.9 ± 1.5 METs

Graded exercise
test

CRF decreased significantly across the
age groups. Post hoc analysis showed a
significantly lower relative VO2max in
the 35–44 age group as compared with
the 25–34 age group and in the 45–54 age
group as compared with the 25–34 age
group. Post hoc analysis of absolute
VO2max revealed a significantly higher
CRF in the 25–34 age group as
compared with the 35–44 group, the
45–54 age group, and the 55+ group.

Kiss et al. [75] Cross-sectional study
Belgium, Ghent 1249 Firefighters

Age: 38 ± 10 years
BF%: 24.6 ± 7.0%
BMI: 26.0 ± 3.8 kg·m−2

VO2max: 46.5 ±
8.8 mL·kg·min

Maximal treadmill
exercise stress test

Cardiorespiratory fitness was
significantly different between age
groups, BF% categories, and BMI
categories in firefighters. In addition,
age, BF%, and BMI were significant
predictors of cardiorespiratory fitness.
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Table 1. Cont.

References Study Design
and Setting Sample Cardiovascular Disease

Risk Factors
Cardiorespiratory
Fitness

Performance
Measures Outcome

Houck et al. [76] Cross-sectional study
USA, New Mexico

80 Male and female
firefighters

Age: 34.9 ± 7.9 years
Height: 178.2 ± 6.2 cm
Weight: 85.0 ± 12.0 kgs
BMI: 26.7 ± 3.0 kg·m−2

BF%: 18.7 ± 6.3%
SBP: 122.0 ± 8.4 mmHg
DBP: 78.3 ± 7.2 mmHg

VO2max: 38.4 ±
6.8 mL·kg·min

Graded
exercise test
Bicycle
ergometer test

Cardiorespiratory fitness was
significantly and negatively associated
with BF% (r = −0.597), BMI
(r = −0.497), maximal SBP (r = −0.305),
maximal DBP (r = 0.262), and resting
HR (r = 0.320). Lean body mass was
significantly positively correlated with
cardiorespiratory fitness (r = 0.576).

Li et al. [77] Cross-sectional study
USA, Colorado

294 Full-time male
and female
firefighters

Age: 46.88 ± 5.67 years
Height: 1.78 ± 0.10 m
Weight: 89.2 ± 17.3 kgs
BMI: 28.6 ± 10.1 kg·m−2

BF%: 23.8 ± 7.01%

VO2 max: 44.5 ±
5.94 mL·kg·min

Maximal
exercise test

Results of bivariate logistic regression
show that %BF (odds ratio [OR] = 1.24,
p < 0.01), estimated VO2 max
(OR = 0.90, p < 0.05), and metabolic
syndrome (OR = 2.66, p < 0.05).
The age group (p < 0.001) was
significantly related to 10-year ASCVD
risk. BMI and sex were not significantly
associated with 10-year ASCVD risk. No
significant association was found between
VO2 max and 10-year ASCVD risk.

Li et al. [78] Cross-sectional study
USA, Colorado

1099 Male and
female firefighters

Age: 37.2 ± 9.8 years
Male: 37.1 ± 9.8;
female 38.0 ± 10.1
BF%: female: 21.1 ± 7.9%;
male: 18.4 ± 6.7%

VO2max: 46.9 ±
6.8 mL·kg·min Bruce protocol

In total, 49% of firefighters did not meet
the minimum cardiorespiratory fitness
level of 42.0 mL·kg·min.
VO2 max, body fat values, and age
group were significantly associated
with the number of metabolic syndrome
components among males and body fat
values, but VO2max and age group,
were not significantly associated with
the number of metabolic syndrome
components among females.
VO2 max (p < 0.001) was negatively
associated with the number of
metabolic syndrome components.
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Table 1. Cont.

References Study Design
and Setting Sample Cardiovascular Disease

Risk Factors
Cardiorespiratory
Fitness

Performance
Measures Outcome

Seyedmedi et al. [30] Cross-sectional study
Iran, Tehran

157 Male
firefighters

Age: 34.18 years
BMI: 25.61 kg·m−2

Aerobic fitness:
33.76 mL·kg−1·min−1

SBP: 116.93 mmHg
DBP: 76.03 mmHg
TC: 5.22 ± 0.72 mmol·L
LDL-C: 3.11 ± 0.63 mmol·L
HDL-C: 1.02 ± 0.17 mmol·L
TG: 1.6 ± 0.7 mmol·L
FGL: 5.0 ± 0.6 mmol·L

METs: 9.64 METs YMCA bicycle
ergometer test

Significant differences between
individuals with >11 MET versus
individuals with <9 MET for all factors
with the exception of total cholesterol,
fasting blood sugar, and SBP.
The high CRF group was significantly
younger with lower BMI, triglycerides,
LDL, resting heart rate, DBP,
and higher HDL.
The frequency of subjects with CVD risk
factors in the group with AF < 9 MET
was significantly higher than that in the
group with AF ≥ 9 MET (p < 0.05) for
all factors except triglycerides.
Individuals with low AF were more
than 5 times as likely to smoke, not
participate in physical activity, and
have higher LDL-C levels than
firefighters with high AF.

McAllister et al. [79] Cross-sectional study
USA, Texas

46 Full-time
firefighters

Age: 37.2 ± 8.9
BF%: 24.1 ± 5.4
BMI: 29.5 ± 5.5
FGL: 5.1 ± 0.6 mmol·L
TC: 4.79 ± 0.77 mmol·L
LDL-C: 2.97 ± 0.87 mmol·L
HDL-C: 1.20 ± 0.34 mmol·L
TG: 1.5 ± 1.2 mmol·L

VO2max: 35.0 ± 9.6 Bruce protocol

There were significant differences
among BMI (p < 0.01), BF% (p < 0.001),
cholesterol (p < 0.05), triglycerides
(p < 0.001), HDL-C (p < 0.05), and
LDL-C (p < 0.01) between the low fit
and high fit groups.
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Table 1. Cont.

References Study Design
and Setting Sample Cardiovascular Disease

Risk Factors
Cardiorespiratory
Fitness

Performance
Measures Outcome

Nogueira et al. [19] Cross-sectional
studyBrazil

4237 Full-time male
firefighters

Age: 39 (22–49) years
BMI: 26.6 (16.9–43.8) kg·m−2

WC: 90.0 cm (55.0–136.0)
BAI = 24.9 (10.5–38.3)
BF% = 21.7% (14.0–34.3%)

VO2max:
42.4 mL·kg·min 12 min Cooper test

VO2max was negatively correlated with
age (r = 20.21, p < 0.001), WC (r = 20.50,
p < 0.001), BMI (r = −0.45, p < 0.001),
and BAI (r = −0.35, p < 0.001).
The proportion of obese FF among the
less fit firefighters was 5.5-fold higher
than among the fittest group.
Poor cardiorespiratory fitness (<12 METs)
was associated with all indices of obesity,
i.e., BMI (p < 0.001), BAI (p < 0.001), BF%
(p <0.001), and WC (p < 0.001).

Perroni et al. [42] Cross-sectional study
Italy, Rome

161 Male
firefighters

Age: 33 ± 7 years
Height: 176 ± 6 cm
Weight: 75.8 ± 8.4 kgs
BMI: 24.4 ± 2.3 kg·m−2

VO2max: 51.8 ± 6.8
mL·kg·min

Queensland
College step test

Age was significantly related to
cardiorespiratory fitness in firefighters.

Porto et al. [80] Cross-sectional study
Brazil 38 Firefighters Age: 41 years

BMI: 26.1 kg·m−2
VO2max:
42.4 mL·kg·min

SRPA
questionnaire
estimated VO2max

PNN50, rMSSD, and LHR were
significantly different between
cardiorespiratory fitness categories.
Fitter firefighters had better
heart rate variability.

Poston et al. [81] Cross-sectional study
USA, Missouri

478 Full-time and
199 volunteer
firefighters

Age: 38.64 ± 10.57 years
Height: 178.45 ± 6.45 cm
Weight: 92.33 ± 16.47 kgs
BMI: 28.86 ± 4.83 kg·m−2

BF%: 25.56 ± 6.95%
SBP: 125.9 ± 13.2 mmHg
DBP: 79.2 ± 10.6 mmHg
TC: 4.06 ± 1.03 mmol·L
LDL-C: 2.6 ± 0.9 mmol·L
HDL-C: 0.98 ± 0.32 mmol·L
TG: 1.4 ± 0.9 mmol·L

METs: 10.9 ± 2.5
VO2max: 37.8 ±
8.1 mL·kg·min

Self-report of
physical activity
questionnaire

Obese firefighters had significantly
lower cardiorespiratory fitness than
non-obese firefighters.
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Table 1. Cont.

References Study Design
and Setting Sample Cardiovascular Disease

Risk Factors
Cardiorespiratory
Fitness

Performance
Measures Outcome

Punakallio et al. [82] Longitudinal study
Finland, Helsinki

78 Full-time male
firefighters

Age group: 30–34 vs.
40–44 years
Age: 32.5 ± 1.5 vs.
41.8 ± 1.4 years
Height: 179.8 ± 6.0 vs.
176.6 ± 5.5 cm
Weight: 83.6 ± 8.0 vs.
83.6 ± 8.4 kgs
BMI: 25.9 ± 2.2 vs.
26.9 ± 2.7 kg·m−2

Experience: 10.4 ± 2.5 vs.
19.3 ± 2.3 years

VO2max: 41.7 ± 6.42
vs. 36.0 ± 5.97
mL·kg·min

Incremental
exercise bicycle
ergometer test

Age-standardized regular smoking
(p = 0.048) and the sum of variables
related to lifestyle factors (p = 0.034)
significantly predicted absolute
VO2max after 13 years.

Strauss et al. [40] Cross-sectional study
Germany, Westphalia

97 Full-time male
firefighters

Age: 40.5 ± 9.0 years
BMI: 25.9 ± 3.2 kg·m−2

BF%: 17.7 ± 6.2%
WC: 89.8 ± 10.0 cm
Experience: 16.3 ± 9.1 years
SBP: 126.4 ± 9.8 mmHg
DBP: 84.1 ± 7.4 mmHg
TC: 5.1 ± 0.9 mmol·L
LDL-C: 2.9 ± 0.8 mmol·L
HDL-C: 1.4 ± 0.3 mmol·L
TG: 1.6 ± 0.8 mmol·L

METs: 10.7 ±
1.8 METs

Bicycle
spiroergometric
exercise stress test

Higher lipid concentrations, DBP, SBP,
heart rates, WC, BF%, and years of
work experience were inversely related
to lower cardiorespiratory fitness levels.
Significant associations were present
between higher cardiorespiratory
fitness and lower BMI (p < 0.0001), WC
(p < 0.0001), BF% (p < 0.0001), SBP
(p = 0.0061), triglycerides (p = 0.0018),
and total cholesterol levels (p = 0.0443).
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Table 1. Cont.

References Study Design
and Setting Sample Cardiovascular Disease

Risk Factors
Cardiorespiratory
Fitness

Performance
Measures Outcome

Vandersmissen
et al. [83]

Cross-sectional
study Belgium

605 Full-time male
firefighters

Age: 40.4 ± 11.5 years
BMI: 25.9 ± 3.4 kg·m−2

WC: 92.3 ± 10.3 cm
HRmax: 99.7 ± 7.6 bpm

VO2max: 43.3 ±
9.8 mL·kg·min

Maximal treadmill
and bicycle
ergometer exercise
stress test

Cardiorespiratory capacity was
significantly related to age (p < 0.001),
BMI (p < 0.001), and WC (p < 0.001).
Firefighters older than 45 years and
those that were obese or had central
obesity had a mean VO2max under
42 mL·kg·min.

Vicente et al. [84] Cross-sectional
study Italy

104 Full-time male
firefighters

Age: 47.1 ± 6.8 years
BMI: 26.6 ± 2.5 kg·m−2

BF%: 22.9 ± 5.0
SBP: 125.4 ± 21 mmHg
DBP: 88.9 ± 21.6 mmHg

VO2max: 45.7.3 ±
7.0 mL·kg·min Shuttle test

CRF was significantly different between
the age group categories (p < 0.001).
There was a significant negative
correlation between CRF and age
(r = −0.50, p < 0.01).

Note: Units of measurements: m—meters; cm—centimeters; kgs—kilograms; VO2—oxygen consumption; VO2max—maximum oxygen consumption; HR—heart rate; BMI—body mass
index; WC—waist circumference; BF%—body fat percentage; BAI—body adiposity index; kg·m−2—kilograms per meter squared; mL·kg·min.- milliliters per kilogram per minute;
bmp—beats per minute; SBP—systolic blood pressure; DBP—diastolic blood pressure; TC—total cholesterol; LDL-C—low-density lipoprotein cholesterol; HDL-C—high-density
lipoprotein cholesterol; TG—triglycerides; FBG—fasting blood glucose; PNN50—successive normal sinus (NN) intervals exceeding 50 ms, rMSSD—root mean square root of successive
differences; LHR—low/high-frequency ratio; ASCVD—atherosclerotic cardiovascular disease.
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3.2. The Association between Aging and Cardiorespiratory Fitness in Firefighters

Aged firefighters had a significantly worse cardiorespiratory fitness level as compared
with younger firefighters [71–75,83,84]. In addition, aged firefighters were less likely to meet
the minimum cardiorespiratory requirements for firefighting. In Figure 2A, age had a signif-
icant negative pooled random effect on cardiorespiratory fitness (MD = −7.59 mL·kg·min,
Z = 4.94, p < 0.001] [71,74,75,83,84], with substantial heterogeneity (I2 = 96%), but no indica-
tion of publication bias (p = 0.623) (Figure S2C: Supplementary File S5). After subgroup anal-
ysis, heterogeneity remained at a considerable level (I2 = 72%) for non-treadmill testing. Not
meeting the minimum cardiorespiratory fitness level had a significant positive pooled ran-
dom effect on age in firefighters (MD = 9.33 years, Z = 5.94, p < 0.001) [30,40,69] (Figure 2B),
with considerable heterogeneity present (I2 = 65%) between studies; however, there was no
evidence of publication bias (Egger’s test p = 0.263) (Figure S2D: Supplementary File S5).
After subgroup analysis, heterogeneity was reduced to 0% when a bicycle ergometer testing
protocol was used.
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3.3. The Association between Obesity and Cardiorespiratory Fitness in Firefighters

Obese firefighters had reduced cardiorespiratory fitness, with many of them
not meeting the minimum recommended requirement of 42 mL·kg·min for active
duty [19,49,72,73,75,79,83–86]. In Figure 3A, we show that obesity had a significant nega-
tive pooled random effect on cardiorespiratory fitness (MD = −8.24 mL·kg·min, Z = 10.29,
p < 0.001) [19,73,75,83,85], with considerable heterogeneity between studies (I2 = 87%), and
no indication of publication bias (Egger’s Test p = 0.089) (Figure S3C: Supplementary File S5).
After subgroup analysis, there was homogeneity (I2 = 0%) present between studies when car-
diorespiratory fitness was assessed using a treadmill protocol. The effect remained for obese as
compared with non-obese firefighters on cardiorespiratory fitness (MD = −8.09 mL·kg·min,
Z = 15.64, p < 0.001) [73,85]. In Figure 3B, not meeting the minimum cardiorespiratory
fitness level had a significant positive pooled random effect on BMI (MD = 2.72 kg·m−2,
Z = 5.62, p < 0.001) [30,40,69,79], with moderate heterogeneity between studies (I2 = 64%);
however, no indication of publication bias was seen (Egger’s test p = 0.598) (Figure S3D:
Supplementary File S5). After subgroup analysis, heterogeneity was reduced (I2 = 31%)
when a treadmill testing protocol was used to estimate cardiorespiratory fitness.
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(B) the association between cardiorespiratory fitness and BMI with subgroup analysis [30,40,69,79].



Int. J. Environ. Res. Public Health 2023, 20, 2816 17 of 27

3.4. The Effect of Cardiorespiratory Fitness on Blood Pressure in Firefighters

Systolic and diastolic blood pressure significantly and inversely influenced the car-
diorespiratory fitness in firefighters [30,40,69,72,73,79]. Furthermore, higher blood pressure
measurements reduced the overall cardiorespiratory fitness in firefighters since those
with higher blood pressure were less likely to meet the minimum cardiorespiratory re-
quirements for firefighting. In Figure 4A, not meeting the minimum cardiorespiratory
fitness level had a significant positive pooled random effect on systolic blood pressure
(MD = 5.69 mm Hg, Z = 5.94, p < 0.001) [30,40,69], with no heterogeneity between studies
(I2 = 0%) (Figure S4C, Supplementary File S5). Not meeting the minimum cardiorespira-
tory fitness level had a significant positive pooled random effect on diastolic blood pressure
in firefighters (MD = 3.43 mm Hg, Z = 2.45, p = 0.01) (Figure 4B) [30,40,69] with consider-
able heterogeneity present (I2 = 63%) between studies; however, there was no evidence of
publication bias (Egger’s test p = 0.269) (Figure S4D, Supplementary File S5). After sub-
group analysis, heterogeneity was reduced to 0% when a bicycle ergometer testing protocol
was used. The effect remained significant for cardiorespiratory fitness levels on diastolic
blood pressure after subgroup analysis (MD = 5.01 mm Hg, Z = 3.95, p < 0.001) [30,40].

Int. J. Environ. Res. Public Health 2023, 20, 2816 15 of 26 
 

 

[19,73,75,83,85]; (B) the association between cardiorespiratory fitness and BMI with subgroup 
analysis [30,40,69,79]. 

3.4. The Effect of Cardiorespiratory Fitness on Blood Pressure in Firefighters 
Systolic and diastolic blood pressure significantly and inversely influenced the 

cardiorespiratory fitness in firefighters [30,40,69,72,73,79]. Furthermore, higher blood 
pressure measurements reduced the overall cardiorespiratory fitness in firefighters since 
those with higher blood pressure were less likely to meet the minimum cardiorespiratory 
requirements for firefighting. In Figure 4A, not meeting the minimum cardiorespiratory 
fitness level had a significant positive pooled random effect on systolic blood pressure 
(MD = 5.69 mm Hg, Z = 5.94, p < 0.001) [30,40,69], with no heterogeneity between studies 
(I2 = 0%) (Figure S4C, Supplementary File S5). Not meeting the minimum 
cardiorespiratory fitness level had a significant positive pooled random effect on diastolic 
blood pressure in firefighters (MD = 3.43 mm Hg, Z = 2.45, p = 0.01) (Figure 4B) [30,40,69] 
with considerable heterogeneity present (I2 = 63%) between studies; however, there was 
no evidence of publication bias (Egger’s test p = 0.269) (Figure S4D, Supplementary File 
S5). After subgroup analysis, heterogeneity was reduced to 0% when a bicycle ergometer 
testing protocol was used. The effect remained significant for cardiorespiratory fitness 
levels on diastolic blood pressure after subgroup analysis (MD = 5.01 mm Hg, Z = 3.95, p 
< 0.001) [30,40]. 

 
Figure 4. The association between cardiorespiratory fitness and blood pressure in firefighters: (A) 
The association between cardiorespiratory fitness and systolic blood pressure [30,40,69]; (B) the 
association between cardiorespiratory fitness and diastolic blood pressure with subgroup analysis 
[30,40,69]. 

3.5. The Effect of Cardiorespiratory Fitness on Blood Cholesterol Concentration in Firefighters 
Total cholesterol was significantly related to cardiorespiratory fitness in firefighters 

[30,40,69,79]. In addition, LDL-C [30,40,69,79] and triglycerides [30,40,69,79] were 
significantly and negatively related to cardiorespiratory fitness, with those firefighters 
being less likely to meet the minimum cardiorespiratory fitness requirements for 
firefighting. The meta-analysis indicated that there was a significant positive pooled 
random effect for not meeting the minimum cardiorespiratory fitness level on total 

Figure 4. The association between cardiorespiratory fitness and blood pressure in firefighters: (A) The
association between cardiorespiratory fitness and systolic blood pressure [30,40,69]; (B) the association
between cardiorespiratory fitness and diastolic blood pressure with subgroup analysis [30,40,69].

3.5. The Effect of Cardiorespiratory Fitness on Blood Cholesterol Concentration in Firefighters

Total cholesterol was significantly related to cardiorespiratory fitness in firefi-
ghters [30,40,69,79]. In addition, LDL-C [30,40,69,79] and triglycerides [30,40,69,79] were
significantly and negatively related to cardiorespiratory fitness, with those firefighters being
less likely to meet the minimum cardiorespiratory fitness requirements for firefighting. The
meta-analysis indicated that there was a significant positive pooled random effect for not
meeting the minimum cardiorespiratory fitness level on total cholesterol concentration
in firefighters (MD = 0.39 mmol·L, Z = 3.80, p < 0.001) [30,40,69,79] (Figure 5A), with
moderate heterogeneity among the studies (I2 = 52%), but there was no indication of
publication bias (Egger’s Test p = 0.312, Figure S5D, Supplementary File S5). After subgroup
analysis, heterogeneity was reduced (I2 = 37%) when testing used a bicycle ergometer
protocol but remained moderate. Not meeting the minimum cardiorespiratory fitness
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level had a significant pooled random effect on LDL-C concentration (MD = 0.30 mmol·L,
Z = 4.44, p < 0.001) [30,40,69,79] (Figure 5B), with low heterogeneity among the included
studies (I2 = 12%). There was a significant pooled effect for not meeting the minimum
cardiorespiratory fitness on triglyceride concentration in firefighters (MD = 0.51 mmol·L,
Z = 3.76, p < 0.001] [30,40,69,79] (Figure 5C), with considerable heterogeneity (I2 = 69%)
among the studies; however, there was no evidence of publication bias (Egger’s test
p = 0.144) (Figure S5F, Supplementary File S5). Heterogeneity was not removed following
subgroup analysis (I2 = 75%).
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3.6. The Effect of Cardiorespiratory Fitness on Blood Glucose in Firefighters

Blood glucose was significantly and negatively related to cardiorespiratory fitness
in firefighters [30,69,73,79]. There was a significant positive pooled random effect for
cardiorespiratory fitness on blood glucose concentration in firefighters (MD = 0.32 mmol·L,
Z = 2.33, p < 0.001) [30,69,79] (Figure 6A). There was considerable heterogeneity (I2 = 72%)
present among the studies (Figure S6B, Supplementary File S5), but there was no indication



Int. J. Environ. Res. Public Health 2023, 20, 2816 19 of 27

of publication bias (Egger’s test p = 0.362). After subgroup analysis, heterogeneity was not
reduced (I2 = 81%).
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3.7. The Associations between Cigarette Smoking, Physical Inactivity, CVD Risk, and Heart Rate
Variability and Cardiorespiratory Fitness in Firefighters

Punakallio et al. [82] and Durand et al. [35] reported that cigarette smoking was
significantly associated with cardiorespiratory fitness in firefighters. Physical inactivity was
significantly related to cardiorespiratory fitness in firefighters [35]. Li et al. [77] reported that
overall, the 10-year ASCVD risk was not significantly related to cardiorespiratory fitness,
after controlling for BF% in firefighters. Metabolic syndrome and an increasing number of
cardiometabolic risk factors were significantly and negatively related to cardiorespiratory
fitness in firefighters [41,70,78]. Porto et al. [80] reported that the number of times the
change in successive normal sinus intervals exceeds 50 ms (PNN50), the root mean square
of successive differences between normal heartbeats (rMSSD), and low-frequency and high-
frequency ratio (LHR) were significantly different between cardiorespiratory fitness levels.

3.8. Correlations between Cardiovascular Disease Risk Factors and Cardiorespiratory Fitness

In Table 2, there was a significantly low negative correlation between age and cardiores-
piratory fitness (R = −0.471, p < 0.001) [72,73,75], with moderate heterogeneity (I2 = 47%).
After subgroup analysis, homogeneity (I2 = 0%) was present among the studies, when
treadmill testing was used to assess cardiorespiratory fitness. There was a significantly
moderate negative correlation between obesity and cardiorespiratory fitness (R = −0.595,
p < 0.001) [49,72,73,75,76,84,86] with substantial heterogeneity (I2 = 77%) among the studies.
In subgroup analysis, there was no heterogeneity between studies using a cycle ergometer
for testing (I2 = 0%). There was a significantly high negative correlation between central
obesity and cardiorespiratory fitness (R = −0.715, p < 0.001) [49,73], with considerable
heterogeneity (I2 = 80%) among the studies. There was a significantly moderate nega-
tive correlation between body-fat percentage and cardiorespiratory fitness (R = −0.663,
p < 0.001) [72,73,76,84], moderate heterogeneity (I2 = 55%) among the studies, and no indi-
cation of publication bias (Egger’s test p = 0.455). Heterogeneity was reduced (I2 = 27%)
following subgroup analysis on testing procedures that used a cycle ergometer. There
was a significantly negligible negative correlation between systolic blood pressure and car-
diorespiratory fitness (R = −0.190, p = 0.007) [72,73,84], with homogeneity (I2 = 0%) present
among the studies. There was a significantly low negative correlation between diastolic
blood pressure and cardiorespiratory fitness (R = −0.267, p = 0.028) [72,73,84], with moder-
ate heterogeneity (I2 = 47%) present among the studies and no indication of publication
bias (Egger’s test p = 0.089). Heterogeneity was not reduced in subgroup analysis.
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Table 2. The correlations between age, obesity, and blood pressure and cardiorespiratory fitness.

Outcome No. of
Studies

No. of
Participants R (95% CI) Z Score p (Overall Effect)

Heterogeneity I2;
Cohen’s Q;
p-Value

Egger’s Test
Intercept (95%CI); p

Begg’s Test
(τ; p)

Age 4 1434 −0.471 (−0.562 to −0.369) −8.073 <0.001 ** 47%; 5.66; 0.129 1.72 (−0.65 to 4.10); 0.089 0.67; 0.174
Treadmill testing 2 105 −0.334 (−0.497 to −0.150) −3.460 0.001 ** 0%; 0.24; 0.628 1.40 (–); <0.001 1.00; 0.317
Gas analysis 2 1254 −0.451 (−0.654 to −0.188) −3.215 0.001 ** 63%; 2.67; 0.102 1.93 (–); <0.001 1.00; 0.317
Obesity 7 1632 −0.595 (−0.681 to −0.493) −9.263 <0.001 ** 73%; 22.08; <0.001 −1.28 (−4.12 to 1.57); 0.301 −0.19; 0.538
Treadmill testing 3 1330 −0.645 (−0.819 to −0.362) −3.879 <0.001 ** 90%; 20.89; <0.001 −2.71 (−42.69 to 37.28); 0.548 −0.33; 0.602
Non-Treadmill testing 4 302 −0.560 (−0.634 to −0.476) −10.769 <0.001 ** 0%; 1.03; 0.793 0.59 (−6.08 to 7.27); 0.739 0.33, 0.602
Gas analysis 3 245 −0.658 (−0.808 to −0.428) −4.652 <0.001 ** 85%; 13.57; 0.001 −34.02 (−691.86 to 623.82); 0.629 −0.33; 0.602
Central obesity 2 105 −0.715 (−0.884 to −0.3810 −3.543 <0.001 ** 80%; 4.96; 0.026 6.43 (–); <0.001 1.00; 0.317
Body-fat percentage 4 290 −0.663 (−0.753 to −0.550) −8.640 <0.001 ** 55%; 6.62; 0.085 −3.26 (−18.49 to 11.98); 0.455 −0.67; 0.174
Cycle ergometer testing 2 110 −0.639 (−0.739 to −0.511) −7.715 <0.001 ** 27%; 1.37; 0.241 −3.34 (–); <0.001 −1.00; 0.317
Systolic blood pressure 3 209 −0.190 (−0.319 to −0.053) −2.716 0.007 ** 0%; 0.37; 0.829 −0.49 (−17.06 to 16.08); 0.772 −0.33; 0.602
Treadmill testing 2 105 −0.230 (−0.406 to −0.0367) −2.326 0.020 * 0%; 0.03; 0.854 0.53 (–); <0.001 1.00; 0.317
Diastolic blood pressure 3 209 −0.267 (−0.475 to −0.030) −2.202 0.028 * 47; 1.72; 0.129 1.72 (−0.65 to 4.10); 0.089 0.67; 0.174
Treadmill testing 2 105 −0.375 (−0.622 to −0.059) −2.310 0.021 * 57%; 2.33; 0.127 −4.41 (–); <0.001 −1.00; 0.317

Note: * indicates significant <0.05; ** indicates significant <0.01. Italics—indicates subgroup analysis.
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4. Discussion
4.1. Summary of Evidence

To the best of the authors’ knowledge, this is the first systematic review and meta-
analysis performed to examine the relationship between CVD risk factors and cardiorespi-
ratory fitness in firefighters. The results indicated that CVD risk factors had a statistically
significant and inverse association with cardiorespiratory fitness in firefighters. This was
particularly true for age, obesity, blood pressure, and blood lipid concentration. Collectively,
having a better overall cardiovascular disease risk profile may have a compounded effect
on firefighters’ health, significantly improving their overall cardiorespiratory fitness and
reducing their on-duty risks.

4.2. Cardiovascular Disease Risk Factors and Cardiorespiratory Fitness

Aged firefighters had poorer cardiorespiratory fitness as compared with younger fire-
fighters. In addition, firefighters that did not meet the minimum required cardiorespiratory
fitness were older than those who met the minimum required cardiorespiratory fitness
level. Aging causes a decrease in vascular elasticity, which may negatively affect blood
flow toward muscles [87,88]. In addition, the atrial and ventricular chambers of the heart
show reduced elasticity [46,89], which negatively affects stroke volume and reduces blood
flow toward the working muscles [88,89]. Furthermore, aging has been shown to reduce
muscle functions, particularly those related to muscular force production [46]. Research
has indicated that firefighters tend to become more physically inactive as they age, which
may assist in the steady decline in cardiorespiratory fitness seen in this population with
time [35,48,49].

The results of our systematic review and meta-analysis indicated that obese firefight-
ers had a significantly lower cardiorespiratory fitness level as compared with non-obese
firefighters. In addition, firefighters that did not meet the minimum cardiorespiratory
fitness levels had a higher BMI than those that met the requirement. Previous system-
atic reviews have indicated that obesity significantly reduced cardiorespiratory fitness in
sportsmen [90,91] and emergency occupations alike [8,92,93]. Moreover, obesity has been
shown to increase the incidence of duty-related fatalities in firefighters [2]. Obesity increases
non-functional mass in firefighters that are required to be carried. Increased peripheral
resistance subsequently increases blood pressure, which reduces atrial preload, negatively
affecting stroke volume and oxygen uptake to working muscles [47,94]. Increased fat mass
increases the effort of respiratory muscles to expand the rib cage, reducing the available
oxygen content toward working muscles [95]. Firefighters are required to carry additional
weight while on duty [5], and therefore, firefighters are required to have a much higher
cardiorespiratory fitness to cope with these stressors [6,83,96]. Obese firefighters who carry
additional heavy protective gear may be significantly predisposed to poorer occupational
performance [6,83,96] and significantly higher cardiorespiratory strain [3].

Firefighters that met the minimum cardiorespiratory standard had lower systolic and
diastolic blood pressure than firefighters that did not meet the minimum requirements.
Increased blood pressure, due to reduced vascular elasticity and increased total peripheral
resistance, directly reduced stroke volume [97]. As mentioned previously, a reduction in
stroke volume diminishes the quantity of oxygen transported to working muscles, limiting
oxygen usage and energy production [43,97]. Firefighters should maintain normal and
preferably optimal blood pressure levels throughout their careers to maintain adequate
cardiorespiratory fitness levels, through multiple interventions.

In the present study, firefighters that did not meet the minimum cardiorespiratory
fitness standard for firefighting had significantly higher concentrations for total cholesterol,
LDL-C, triglycerides, and blood glucose. The current results were supported by previous
literature that indicated physical fitness was significantly related to LDL-C and triglyceride
concentrations [45,98,99]. Rumora et al. [100] reported that high LDL-C levels impaired
mitochondrial function, by reducing oxygen uptake and subsequently reducing aerobic
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capacity. Physical activity was reported to improve blood lipid concentrations, specifi-
cally in reducing LDL-C and increasing HDL-C [99]. In addition, previous reviews have
indicated that blood glucose and diabetes were significantly related to cardiorespiratory
fitness [44,101]. The prevalence of diabetes is relatively low in firefighters; however, dia-
betes may have the highest overall impact on their overall cardiorespiratory fitness levels
among the haematological parameters [9,12,27,30,33,69,102].

In previous studies, cigarette smoking and physical activity were investigated in rela-
tion to cardiorespiratory fitness in firefighters; however, insufficient studies were available
to perform a meta-analysis. The results indicated that cigarette smoking was significantly
related to declining cardiorespiratory fitness levels in firefighters over time. This was
supported by the results of previous systematic reviews that indicated cigarette smoking
negatively affected the cardiorespiratory fitness of healthy adult males [103]. In addition,
exposure to passive smoke was also related to reduced cardiorespiratory fitness [103].
Physical inactivity, especially in obese firefighters, was significantly related to poorer car-
diorespiratory fitness in firefighters. This is supported by a previous systematic review in
young adults, where longer duration of physical activity sessions and higher frequency
of physical activity were significantly related to cardiorespiratory fitness [104]. Only one
study was found that investigated the overall effect of cardiovascular risk status on car-
diorespiratory fitness in firefighters, indicating that a significant gap exists. This has been
proven in previous research where higher cardiorespiratory fitness improved overall car-
diovascular risk and all-cause mortality [105,106]. Similar to overall cardiovascular disease
risk, only one study was found that investigated heart rate variability and cardiorespiratory
fitness. The results indicated that heart rate variability increased as cardiorespiratory fitness
increased, suggesting that optimal cardiovascular health was related to higher levels of
cardiorespiratory fitness [80].

4.3. Strengths and Limitations

The overall quality of the studies that were included in our review was high, with
most studies being above a score of eighteen. This study provided valuable evidence in an
understudied research field in firefighters. An inherent weakness is that insufficient studies
have investigated all the cardiovascular disease risk factors in firefighters, specifically
cigarette smoking, physical inactivity, and a family history of cardiovascular disease. In
addition, only one study used an overall risk score to determine cardiovascular risk on
cardiorespiratory fitness. Several studies that were included did not include a selection
procedure that would allow researchers to choose individuals who were representative
of the intended population and the sample frame was not taken from an appropriate
population base. A limited number of studies were available for many of the analyses,
reducing the strength of the inferences that could be made. Lastly, cardiorespiratory
fitness was not consistently measured in the same way, which likely contributed to the
heterogeneity of results that could not be explained through subgroup analysis.

5. Conclusions

The current systematic review and meta-analysis support previous findings suggesting
that firefighters need to maintain optimum cardiovascular health and cardiorespiratory
fitness throughout their careers. As the reciprocal relationship indicated, this will re-
duce the likelihood of firefighters’ cardiorespiratory fitness dropping below the minimum
requirements for firefighting. Decreased cardiorespiratory fitness was attributed to the
development and progression of CVD risk factors, which was most notable in firefighters
not meeting the minimum recommended fitness level. Given that firefighters actively
maintain their cardiorespiratory fitness levels, this is expected to have a positive effect
on their cardiovascular health, subsequently reducing the risk of CVD-related morbidity
and mortality. Fire and Rescue departments should promote regular physical activity and
behavioral medication programs designed to not only increase the cardiorespiratory fitness
of firefighters but improve their overall cardiovascular health status. It is recommended
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that fire departments should adopt scheduled physical activity or exercise programs while
firefighters are on-duty and should ensure that firefighters are regularly assessed to mea-
sure their cardiorespiratory health. Future research should focus on the collective effect
that an increased CVD risk status may have on cardiorespiratory fitness in firefighters. In
addition, more studies should be conducted on cardiorespiratory fitness in relation to total
fitness. i.e., muscular endurance, muscular strength, flexibility, and body composition. Few
studies investigated the relationship between heart rate variability and cardiorespiratory
fitness, indicating a significant research gap in this particular area.

6. Patents
Protocol Registration

Details of the protocol for this systematic review were registered on PROSPERO
(CRD42022330510) and can be accessed at: https://www.crd.york.ac.uk/prospero/display_
record.php?ID=CRD42022330510 (accessed on 18 December 2022).

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/ijerph20042816/s1, Supplementary File S1: Search strategry; Supplementary
File S2: Data extraction form; Supplementary File S3: Data extraction form; Supplementary File S4:
Table S1. critical appraisal of cross-sectional studies (adapted from the appraisal tool for cross-sectional
studies checklist); Table S2: Critical Appraisal Skills Programme of cohort and case-controlled studies
(adapted from the Critical Appraisal Skills Programme). Supplementary File S5: Figure S2C: Funnel plot
for publication bias; Figure S2D: Funnel plot for publication bias; Figure S3C: Forest plot for publication
bias; Figure S3D: Forest plot for publication bias; Figure S4C: Forest plot for publication bias; Figure S4D:
Forest plot for publication bias; Figure S5D: Forest plot for publication bias; Figure S5E: Forest plot for
publication bias; Figure S5F: Forest plot for publication bias; Figure S6B: Forest plot for publication bias.

Author Contributions: Conceptualization, J.R. and L.L.; methodology, J.R. and A.P.K.; software, J.R.;
validation, J.R., L.L., A.P.K., D.L.S. and E.S.S.; formal analysis, J.R.; investigation, J.R.; resources, J.R.;
data curation, J.R.; writing—original draft preparation, J.R.; writing—review and editing, J.R., L.L.,
A.P.K., D.L.S. and E.S.S.; visualization, J.R L.L., A.P.K., D.L.S. and E.S.S.; supervision, L.L., A.P.K.,
D.L.S. and E.S.S.; project administration, J.R., L.L., A.P.K., D.L.S. and E.S.S.; funding acquisition, J.R.
All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the National Research Foundation (NRF), grant number
141282 and The Ryoichi Sasakawa Young Leaders Fellowship Fund (SLYFF).

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: All data generated or analyzed during this study are included in the
published review article.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Smith, D.L.; Haller, J.M.; Korre, M.; Sampani, K.; Porto, L.G.G.; Fehling, P.C.; Christophi, C.A.; Kales, S.N. The Relation of

Emergency Duties to Cardiac Death Among US Firefighters. Am. J. Cardiol. 2019, 123, 736–741. [CrossRef] [PubMed]
2. Smith, D.L.; Barr, D.A.; Kales, S.N. Extreme Sacrifice: Sudden Cardiac Death in the US Fire Service. Extrem. Physiol. Med. 2013,

2, 6. [CrossRef] [PubMed]
3. Smith, D.L.; DeBlois, J.P.; Kales, S.N.; Horn, G.P. Cardiovascular Strain of Firefighting and the Risk of Sudden Cardiac Events.

Exerc. Sport Sci. Rev. 2016, 44, 90–97. [CrossRef] [PubMed]
4. Soteriades, E.S.; Smith, D.L.; Tsismenakis, A.J.; Baur, D.M.; Kales, S.N. Cardiovascular Disease in US Firefighters: A Systematic

Review. Cardiol. Rev. 2011, 19, 202–215. [CrossRef]
5. Henderson, N.D.; Berry, M.W. Field Measures of Strength and Fitness Predict Firefighter Performance on Physically Demanding

Tasks. Pers. Psychol. 2007, 60, 431–473. [CrossRef]
6. Marcel-Millet, P.; Ravier, G.; Grospretre, S.; Gimenez, P.; Freidig, S.; Groslambert, A. Physiological Responses and Parasympathetic

Reactivation in Rescue Interventions: The Effect of the Breathing Apparatus. Scand. J. Med. Sci. Sports 2018, 28, 2710–2722.
[CrossRef]

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022330510
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42022330510
https://www.mdpi.com/article/10.3390/ijerph20042816/s1
https://www.mdpi.com/article/10.3390/ijerph20042816/s1
http://doi.org/10.1016/j.amjcard.2018.11.049
http://www.ncbi.nlm.nih.gov/pubmed/30567633
http://doi.org/10.1186/2046-7648-2-6
http://www.ncbi.nlm.nih.gov/pubmed/23849605
http://doi.org/10.1249/JES.0000000000000081
http://www.ncbi.nlm.nih.gov/pubmed/27111479
http://doi.org/10.1097/CRD.0b013e318215c105
http://doi.org/10.1111/j.1744-6570.2007.00079.x
http://doi.org/10.1111/sms.13291


Int. J. Environ. Res. Public Health 2023, 20, 2816 24 of 27

7. Taylor, N.A.S.; Lewis, M.C.; Notley, S.R.; Peoples, G.E. A Fractionation of the Physiological Burden of the Personal Protective
Equipment Worn by Firefighters. Eur. J. Appl. Physiol. 2012, 112, 2913–2921. [CrossRef]

8. Li, J.; Wang, Y.; Jiang, R.; Li, J. Quantifying Self-Contained Breathing Apparatus on Physiology and Psychological Responses
during Firefighting: A Systematic Review and Meta-Analysis. Int. J. Occup. Saf. Ergon. 2022. [CrossRef]

9. Ras, J.; Leach, L. Prevalence of Coronary Artery Disease Risk Factors in Firefighters in the City of Cape Town Fire and Rescue
Service–A Descriptive Study. J. Public Health Res. 2021, 10. [CrossRef]

10. Risavi, B.L.; Staszko, J. Prevalence of Risk Factors for Coronary Artery Disease in Pennsylvania (USA) Firefighters. Prehosp.
Disaster. Med. 2015, 31, 102–107. [CrossRef]

11. Smith, D.L.; Graham, E.; Stewart, D.; Mathias, K.C. Cardiovascular Disease Risk Factor Changes Over 5 Years Among Male and
Female US Firefighters. J. Occup. Environ. Med. 2020, 62, 398–402. [CrossRef] [PubMed]

12. Drew-Nord, D.C.; Hong, O.S.; Froelicher, E.S. Cardiovascular Risk Factors among Career Firefighters. AAOHN J. 2009, 57, 415–424.
[CrossRef] [PubMed]

13. Farioli, A.; Yang, J.; Teehan, D.; Baur, D.M.; Smith, D.L.; Kales, S.N. Duty-Related Risk of Sudden Cardiac Death among Young US
Firefighters. Occup. Med. (Chic Ill) 2014, 64, 428–435. [CrossRef] [PubMed]

14. Smith, D.L. Firefighter Fitness: Improving Performance and Preventing Injuries and Fatalities. Curr. Sports Med. Rep. 2011, 10,
167–172. [CrossRef]

15. Smith, D.L.; Haller, J.M.; Benedict, R.; Moore-merrell, L. Cardiac Strain Associated with High-Rise Firefighting. J. Occup. Environ.
Hyg. 2015, 12, 213–221. [CrossRef]

16. Soares, E.M.K.V.K.; Smith, D.; Grossi Porto, L.G. Worldwide Prevalence of Obesity among Firefighters: A Systematic Review
Protocol. BMJ Open 2020, 10, e031282. [CrossRef]

17. Choi, B.K.; Steiss, D.; Garcia-Rivas, J.; Kojaku, S.; Schnall, P.; Dobson, M.; Baker, D. Comparison of Body Mass Index with
Waist Circumference and Skinfold-Based Percent Body Fat in Firefighters: Adiposity Classification and Associations with
Cardiovascular Disease Risk Factors. Int. Arch. Occup Environ. Health 2016, 89, 435–448. [CrossRef]

18. Damacena, F.C.; Batista, T.J.; Ayres, L.R.; Zandonade, E.; Sampaio, K.N. Obesity Prevalence in Brazilian Firefighters and the
Association of Central Obesity with Personal, Occupational and Cardiovascular Risk Factors: A Cross-Sectional Study. BMJ Open
2020, 10, e032933. [CrossRef]

19. Nogueira, E.C.; Porto, L.G.G.; Nogueira, R.M.; Martins, W.R.; Fonseca, R.M.C.; Lunardi, C.C.; de Oliveira, R.J. Body Composition
Is Strongly Associated with Cardiorespiratory Fitness in a Large Brazilian Military Firefighter Cohort: The Brazilian Firefighters
Study. J. Strength Cond. Res. 2016, 30, 33–38. [CrossRef]

20. Choi, B.K.; Schnall, P.; Dobson, M. Twenty-Four-Hour Work Shifts, Increased Job Demands, and Elevated Blood Pressure in
Professional Firefighters. Int. Arch. Occup. Environ. Health 2016, 89, 1111–1125. [CrossRef]

21. Choi, B.; Dobson, M.; Schnall, P.; Garcia-Rivas, J. 24-Hour Work Shifts, Sedentary Work, and Obesity in Male Firefighters. Am. J.
Ind. Med. 2016, 59, 486–500. [CrossRef] [PubMed]

22. Soteriades, E.S.; Hauser, R.; Kawachi, I.; Christiani, D.C.; Kales, S.N. Obesity and Risk of Job Disability in Male Firefighters. Occup.
Med. (Chic Ill) 2008, 58, 245–250. [CrossRef] [PubMed]

23. Nor, N.; Lee, C.J.; Park, K.S.; Chang, S.-J.; Kim, C.; Park, S. The Risk of Mortality and Cardiovascular Disease is Increased in
Firefighters with Elevated Blood Pressure Compared to the General Population. J. Hypertens 2019, 37, e11. [CrossRef]

24. Jitnarin, N.; Haddock, C.K.; Poston, W.S.C.; Jahnke, S. Smokeless Tobacco and Dual Use among Firefighters in the Central United
States. J. Environ. Public Health 2013, 2013, 675426. [CrossRef]

25. Haddock, C.K.; Jitnarin, N.; Poston, W.S.C.; Tuley, B.; Jahnke, S.A. Tobacco Use among Firefighters in the Central United States.
Am. J. Ind. Med. 2011, 54, 697–706. [CrossRef] [PubMed]

26. Planinc, N.; Kokalj-Kokot, M.; Pajk, A.; Zupet, P. P-100 Analysis of Voluntary Firefighters’ Health Status in Slovenia. Br. J. Sports
Med. 2016, 50, A88–A89. [CrossRef]

27. Martin, Z.T.; Schlaff, R.A.; Hemenway, J.K.; Coulter, J.R.; Knous, J.L.; Lowry, J.E.; Ode, J.J. Cardiovascular Disease Risk Factors
and Physical Fitness in Volunteer Firefighters. Int. J. Exerc. Sci. 2019, 12, 764–776.

28. Noh, J.; Lee, C.J.; Hyun, D.S.; Kim, W.; Kim, M.J.; Park, K.S.; Koh, S.; Chang, S.J.; Kim, C.; Park, S. Blood Pressure and the Risk of
Major Adverse Cardiovascular Events among Firefighters. J. Hypertens 2020, 38, 850–857. [CrossRef]

29. Leary, D.B.; Takazawa, M.; Kannan, K.; Khalil, N. Perfluoroalkyl Substances and Metabolic Syndrome in Firefighters: A Pilot
Study. J. Occup. Environ. Med. 2020, 62, 52–57. [CrossRef]

30. Seyedmehdi, S.M.; Attarchi, M.; Cherati, A.S.; Hajsadeghi, S.; Tofighi, R.; Jamaati, H. Relationship of Aerobic Fitness with
Cardiovascular Risk Factors in Firefighters. Work 2016, 55, 155–161. [CrossRef]

31. Byczek, L.; Walton, S.M.; Conrad, K.M.; Reichelt, P.A.; Samo, D.G. Implications for Occupational Health Nurse Practice. Aaohn
2004, 52, 66–77. [CrossRef]

32. Cohen, H.W.; Zeig-Owens, R.; Joe, C.; Hall, C.B.; Webber, M.P.; Weiden, M.D.; Cleven, K.L.; Jaber, N.; Skerker, M.; Yip, J.; et al.
Long-Term Cardiovascular Disease Risk Among Firefighters After the World Trade Center Disaster. JAMA Netw. Open 2019,
2, e199775. [CrossRef]

33. Smith, D.L.; Fehling, P.C.; Frisch, A.; Haller, J.M.; Winke, M.; Dailey, M.W. The Prevalence of Cardiovascular Disease Risk Factors
and Obesity in Firefighters. J. Obes. 2012, 2012, 908267. [CrossRef]

http://doi.org/10.1007/s00421-011-2267-7
http://doi.org/10.1080/10803548.2021.2024020
http://doi.org/10.4081/jphr.2021.2000
http://doi.org/10.1017/S1049023X15005415
http://doi.org/10.1097/JOM.0000000000001846
http://www.ncbi.nlm.nih.gov/pubmed/32097285
http://doi.org/10.1177/216507990905701004
http://www.ncbi.nlm.nih.gov/pubmed/19894672
http://doi.org/10.1093/occmed/kqu102
http://www.ncbi.nlm.nih.gov/pubmed/25104277
http://doi.org/10.1249/JSR.0b013e31821a9fec
http://doi.org/10.1080/15459624.2014.970272
http://doi.org/10.1136/bmjopen-2019-031282
http://doi.org/10.1007/s00420-015-1082-6
http://doi.org/10.1136/bmjopen-2019-032933
http://doi.org/10.1519/JSC.0000000000001039
http://doi.org/10.1007/s00420-016-1151-5
http://doi.org/10.1002/ajim.22572
http://www.ncbi.nlm.nih.gov/pubmed/26901392
http://doi.org/10.1093/occmed/kqm153
http://www.ncbi.nlm.nih.gov/pubmed/18204003
http://doi.org/10.1097/01.hjh.0000570476.35662.28
http://doi.org/10.1155/2013/675426
http://doi.org/10.1002/ajim.20972
http://www.ncbi.nlm.nih.gov/pubmed/21656838
http://doi.org/10.1136/bjsports-2016-097120.153
http://doi.org/10.1097/HJH.0000000000002336
http://doi.org/10.1097/JOM.0000000000001756
http://doi.org/10.3233/WOR-162375
http://doi.org/10.1177/216507990405200205
http://doi.org/10.1001/jamanetworkopen.2019.9775
http://doi.org/10.1155/2012/908267


Int. J. Environ. Res. Public Health 2023, 20, 2816 25 of 27

34. Mehrdad, R.; Movasatian, F.; Momenzadeh, A.S. Fitness for Work Evaluation of Firefighters in Tehran. Acta Med. Iran. 2013, 51,
265–269.

35. Durand, G.; Tsismenakis, A.J.; Jahnke, S.A.; Baur, D.M.; Christophi, C.A.; Kales, S.N. Firefighters’ Physical Activity: Relation to
Fitness and Cardiovascular Disease Risk. Med. Sci. Sports Exerc. 2011, 43, 1752–1759. [CrossRef] [PubMed]

36. Cavalcante Neto, J.L.; Calheiros, D.d.S.; Calheiros, D. dos S.; Neto, T. dos S.; Pinto, M.P.; da Rocha, D.F. Levels of Physical Activity
and Associated Factors between Military Policemen and Firemen. Work 2019, 62, 515–521. [CrossRef] [PubMed]

37. Eastlake, A.C.; Knipper, B.S.; He, X.; Alexander, B.M.; Davis, K.G. Lifestyle and Safety Practices of Firefighters and Their Relation
to Cardiovascular Risk Factors. Work 2015, 50, 285–294. [CrossRef] [PubMed]

38. Amodeo, K.L.; Nickelson, J. Predicting Intention to Be Physically Active among Volunteer Firefighters. Am. J. Health Educ. 2020,
51, 1–13. [CrossRef]

39. Soteriades, E.S.; Psalta, L.; Leka, S.; Spanoudis, G. Occupational Stress and Musculoskeletal Symptoms in Firefighters. Int. J.
Occup. Med. Environ Health 2019, 32, 341–352. [CrossRef]
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