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Abstract
Background: Firefighting imposes extreme physical and psychological demands.
Elevated body mass index (BMI) and high body fat percentage (FAT%) may impair
operational performance and increase cardiometabolic risk. This study provides the
first comprehensive, age-stratified analysis of BMI and FAT% among professional
firefighters in Montenegro. Methods: A cross-sectional sample of 148 male career
firefighters (mean age 35.4 ± 11.3 years; range 20–60 years) from nine municipalities
(Budva, Danilovgrad, Kolasin, Kotor, Mojkovac, Niksic, Pluzine, Podgorica, Zabljak)
was assessed between April 2024 and February 2025. Anthropometric measures
included body height, weight, and pectoral, abdominal, and front-thigh skinfolds. BMI
was calculated (kg/m2), and FAT% estimated via the Jackson & Pollock three-site
equation. One-way Analysis of Variance (ANOVA) with Bonferroni post-hoc tests and
Multivariate Analysis of Variance (MANOVA) examined age-group differences (seven
categories: <25, 25–29, 30–34, 35–39, 40–44, 45–49, ≥50 years). Results: Mean BMI
and FAT%were 28.05± 4.44 kg/m2 and 21.12± 8.15%, respectively—both in the over-
weight/above-average ranges. Both indicators increased significantly with age (BMI: F
= 3.071, p = 0.007; FAT%: F = 4.735, p < 0.001), with marked differences between
firefighters <30 years and those ≥35 years. While BMI plateaued after age 45, FAT%
continued to rise, suggesting age-related lean-mass loss. Conclusions: A majority of
Montenegrin firefighters exceed recommended BMI and FAT% thresholds, with a clear
age-related deterioration in body composition. We recommend implementing routine,
career-long monitoring of body composition, coupled with targeted fitness and nutrition
interventions, to enhance operational readiness and long-term health.
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1. Introduction

Obesity and changes in body composition represent a growing
public health challenge in modern society. According to the
World Health Organization [1], obesity has reached the level
of a global epidemic, with serious implications for morbid-
ity, mortality, and the overall functioning of contemporary
healthcare systems. Although initially considered a problem
typical of developed countries and urban areas, recent studies
indicate that obesity is increasingly present in rural areas and
developing countries as well [2]. Montenegro is no exception
to this trend [3].
Particular attention in the context of public health and pro-

fessional capacity must be given to members of Public Safety
Systems, including firefighters. Their work is characterized by
high physical demands, operation in stressful and hazardous
conditions, and the need for rapid and effective response [4].
Increased body mass and reduced functional fitness can signif-
icantly impair their ability to perform professional tasks, thus

affecting the safety of firefighters themselves, their colleagues,
and the civilians they protect [5, 6]. In addition to these opera-
tional demands, the profession of firefighting involves meeting
specific general and special requirements [7], including good
health status, sufficient physical and psychophysical fitness,
and the ability to perform under specific and often extreme
conditions. In Montenegro, these criteria are verified through
systematic medical check-ups, assessments of work capacity,
and often through periodic physical training and evaluations
[7]. These aspects further support the need for analyzing
body mass and composition as key indicators of functional
readiness.
Despite the physically demanding nature of the job, nu-

merous international studies show that firefighters are not
immune to modern lifestyles, marked by reduced physical
activity during off-duty hours, poor nutrition, chronic stress,
and sleep disturbances caused by shift work [8–10]. These
factors increase the risk of excessive body mass, obesity, and
related chronic diseases. Previous global research highlights
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a high prevalence of firefighters classified as overweight or
obese based on body mass index (BMI), along with elevated
levels of body fat percentage (FAT%) [11–13]. These findings
raise concern regarding the physical readiness of professionals
whose roles are critical in emergency response and public
protection.
Within the Public Safety Systems in Montenegro, previous

studies have examined police and military personnel, also
reporting a high proportion of individuals with unfavorable
body composition indicators [14, 15]. However, when it comes
to firefighters, there have been no official data or systematic
research conducted on their physical condition to date (Au-
thor’s review of available literature, 2025). Based on these
insights, it is evident that examining the specific nutritional and
body composition profiles of this population in a local context
is necessary. In emergency response scenarios, appropriate
body composition can be critical for the efficiency and safety
of interventions. This study represents the first scientific
attempt to analyze the body composition of firefighters in
Montenegro, addressing a significant gap in the literature and
opening avenues for further research and practical application.
Body mass index (BMI) and body fat percentage (FAT%)

are considered key parameters for assessing nutritional status
and body composition, and their use is particularly relevant
among populations exposed to high physical and psychological
demands. BMI is calculated as the ratio of body weight to
height squared (kg/m2), while FAT% provides a more detailed
insight into the ratio of fat and lean tissue. Ideally, both
indicators should be interpreted complementarily [16].
To date, no systematic research inMontenegro has examined

the nutritional status of firefighters by age group using both
BMI and FAT%. Therefore, the main objective of this study is
to provide the first comprehensive assessment of body mass
index and fat percentage among firefighters in Montenegro,
analyzing differences in BMI and FAT% across various age
categories. The results may contribute to the development
of specific recommendations for maintaining and improving
the physical health and professional readiness of firefighters
in Montenegro, and raise the question of the need for regional
standards in evaluating body composition among Public Safety
Systems personnel.

2. Materials and methods

The study was conducted on a sample of 148 male profes-
sional firefighters employed in fire and rescue services in nine
Montenegrin municipalities: Budva, Danilovgrad, Kolasin,
Kotor, Mojkovac, Niksic, Pluzine, Podgorica, and Zabljak.
Considering that Montenegro has a relatively small number of
professional firefighters, this sample represents 24.14% of the
total firefighter population in the country [17], thus ensuring
high representativeness of the obtained data.
This research followed a cross-sectional study design, aim-

ing to analyze differences among age categories at a single
point in time. All participants were clinically healthy and
without diagnosed physical deformities, as verified through of-
ficial medical documentation and records of systematic health
examinations for the current year. The average age of partici-
pants was 35.40 ± 11.32 years, with an age range of 20 to 60

years. Based on chronological age, firefighters were divided
into seven age groups: Group I (under 25 years; n = 39; Mean
(M) = 22.96 ± 1.24), Group II (25–29 years; n = 24; M =
26.65 ± 1.35), Group III (30–34 years; n = 15; M = 32.19
± 1.44), Group IV (35–39 years; n = 14; M = 37.55 ± 1.66),
Group V (40–44 years; n = 16; M = 42.16 ± 1.64), Group VI
(45–49 years; n = 21; M = 47.42 ± 1.34), and Group VII (50
years and older; n = 19; M = 53.96 ± 3.20). All participants
were informed about the purpose of the study, potential risks,
and benefits of participation, and provided written, voluntary
informed consent. Measurements were conducted from 24
April 2024, to 26 February 2025. All procedures followed the
ethical principles of scientific research and were approved by
the Ethics Committee Western Balkan Sport Innovation Lab.
The variable sample included five anthropometric measure-

ments: body height, body weight, and skinfold thicknesses at
the abdominal, pectoral, and anterior thigh sites. All measure-
ments were carried out by trained and certified assessors, and
the reliability of their work was verified in accordance with
the standards of the International Society for the Advancement
of Kinanthropometry (ISAK) [18]. Based on the collected
data, two key body composition indicators were calculated:
Body Mass Index (BMI) and Body Fat Percentage (FAT%).
BMI was calculated using the standard formula: body weight
in kilograms divided by the square of body height in meters
(kg/m2). Body fat percentage was calculated based on body
density using the following formula: body density = 1.10938
− 0.0008267× (sum of three skinfolds) + 0.0000016× (sum of
three skinfolds)2 − 0.00002574× age. FAT%was then derived
using the equation: FAT% = (4.95/body density − 4.50)× 100.
Thismethod corresponds to the Jackson&Pollock equation for
estimating body fat in males [19].
The age of each participant was determined directly from

their date of birth. Collected data were statistically processed
using IBM SPSS Statistics, version 20.0 (IBMCorp., Armonk,
NY, USA). Basic measures of central tendency and variability
were calculated for descriptive statistics, both for the entire
sample and for each age group individually. To assess differ-
ences in body mass index and body fat percentage among age
categories, both univariate (one-way ANOVA) and multivari-
ate analysis of variance (MANOVA)were applied, followed by
Bonferroni Post Hoc testing. Statistical significance was set at
p < 0.05.

3. Results

The average values of body mass index (BMI) and body fat
percentage (FAT%) for the entire sample and across age groups
are presented in Table 1. Descriptive statistics show a clear
trend of increasing BMI and FAT% with age among firefight-
ers. The average BMI for the entire sample was 28.05 ± 4.44
kg/m2, indicating the overweight category. The lowest values
were recorded in groups I (26.74 ± 3.89) and II (26.32 ±
5.01), while the highest were found in groups IV, V, and VI
(approximately or above 30 kg/m2). Similarly, the average
FAT% in the sample was 21.12 ± 8.15%, with the lowest
values in group I (16.92 ± 7.86) and the highest in group V
(25.99 ± 7.56). These values indicate an overall increase in
body mass and fat tissue with age.
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TABLE 1. Anthropometric measures and body composition indicators of study sample and subsamples.

Variables All
(n = 148)

I
(n = 39)

II
(n = 24)

III
(n = 15)

IV
(n = 14)

V
(n = 16)

VI
(n = 21)

VII
(n = 19)

Mean ± SD

Age (yr) 35.40 ±
11.32

22.96 ±
1.24

26.65 ±
1.35

32.19 ±
1.44

37.55 ±
1.66

42.16 ±
1.64

47.42 ±
1.34

53.96 ±
3.20

Body Height (cm) 183.04 ±
6.46

181.38 ±
7.00

182.37
± 4.93

184.92
± 8.05

184.34
± 6.24

183.51
± 6.52

183.00
± 5.31

184.67 ±
7.30

Body Weight (kg) 94.16 ±
16.87

88.05 ±
14.15

87.51 ±
17.06

93.88 ±
14.80

103.05
± 26.76

101.63
± 14.48

99.54 ±
13.93

96.50 ±
12.70

Pectoral Skinfold (mm) 16.94 ±
8.95

13.36 ±
8.69

14.50 ±
9.91

15.75 ±
7.87

19.50 ±
8.43

21.76 ±
9.07

20.94 ±
8.86

17.91 ±
5.65

Abdominal Skinfold (mm) 33.67 ±
15.47

27.37 ±
14.30

31.34 ±
19.9

34.56 ±
12.74

40.76 ±
12.16

43.66 ±
16.11

34.36 ±
15.18

34.46 ±
9.42

Front thigh Skinfold (mm) 20.58 ±
9.89

20.29 ±
9.58

21.03 ±
11.30

20.73 ±
7.05

24.26 ±
12.97

21.59 ±
10.38

20.42 ±
9.64

17.05 ±
7.92

Body Mass Index (kg/m2) 28.05 ±
4.44

26.74 ±
3.89

26.32 ±
5.01

27.42 ±
3.96

30.11 ±
6.42

30.20 ±
4.30

29.67 ±
3.50

28.30 ±
2.74

Body Fat Percentage (%) 21.12 ±
8.15

16.92 ±
7.86

18.68 ±
9.60

20.92 ±
6.55

24.89 ±
7.32

25.99 ±
7.56

23.79 ±
7.45

23.17 ±
4.71

Mean: Arithmetic mean; SD: Standard deviation.

Trends in the distribution of BMI and FAT% are further
illustrated in Fig. 1, clearly showing the increase of both
variables with age, with a leveling off in the oldest group.
To simultaneously assess the effect of age on BMI and

FAT%, a multivariate analysis of variance (MANOVA) was
conducted. The Wilks’ Lambda statistic showed that age
groups had a significant joint effect on these two variables
(F = 0.809, p = 0.002). This finding confirms that age has
a measurable impact on the overall pattern of changes in body
composition.
The results of the one-way analysis of variance (ANOVA)

indicate that age has a significant impact on both body com-
position indicators (Table 2). For body mass index (BMI),
the F-value was 3.071; p = 0.007, while for body fat percent-
age (FAT%), the difference was even more pronounced—F =
4.735; p < 0.001. These findings confirm the existence of
statistically significant differences between age groups for both
parameters. However, these differences were not uniformly
distributed—more substantial changes were observed between
the younger groups (I and II) and the older groups (III, IV,
and V), while the oldest groups (VI and VII) exhibited more
similarity, suggesting a possible stabilization pattern in later
life.
The Bonferroni post hoc test revealed that the youngest

groups (I and II) differed significantly from older groups IV, V,
and VI in terms of BMI (Table 3). For instance, the difference
between groups I and V was p = 0.007, and between II and
V was p = 0.005. These results suggest a sharp increase in
BMI with age, followed by a plateau, as the older groups (V,
VI, VII) showed no statistically significant differences among

themselves.
The Bonferroni post hoc test for FAT% showed even more

pronounced differences between age groups (Table 4). Group
I differed significantly from nearly all older groups: IV (p =
0.001), V (p < 0.001), VI (p = 0.001), and VII (p = 0.004).
Group II showed a similar pattern, differing from groups IV
(p = 0.016), V (p = 0.003), and VI (p = 0.026). Unlike BMI,
FAT% did not show a stabilization trend, remaining elevated
in older groups. This may suggest a redistribution of body
mass toward fat tissue at the expense of muscle mass, a known
consequence of aging and reduced physical activity.

4. Discussion

This study provides the first systematic, age-stratified analysis
of body-composition indicators among Montenegrin career
firefighters, based on the only nationally representative dataset
collected to date. With a sample covering more than 24% of
the national firefighter population and a parallel analysis of
both body-mass index (BMI) and body-fat percentage (FAT%),
the research delivers a detailed and nuanced insight into the
physical status of this critical professional group. Furthermore,
the age-specific findings contribute to understanding physio-
logical changes across career stages, whichmay inform recruit-
ment, training and health-monitoring practices. Given the lack
of local standards, these results may also serve as a foundation
for the future development of regional norms tailored to the
specific characteristics of public safety professionals in the
Western Balkans.
Results from this investigation reveal a pronounced
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FIGURE 1. Body composition indicators of study sample and subsamples. BMI: body mass index; FAT%: body fat
percentage.

TABLE 2. One-way analysis of variance in BMI and FAT% of the study sample.
Variables F p
BMI 3.071 0.007
FAT% 4.735 <0.001
F: f test; p: probability level; BMI: body mass index; FAT%: body fat percentage.

TABLE 3. Post hoc analysis of variance on BMI with study subsamples.
Group I II III IV V VI
II (p = 0.702)
III (p = 0.603) (p = 0.435)
IV (p = 0.012)* (p = 0.009)** (p = 0.091)
V (p = 0.007)** (p = 0.005)** (p = 0.071) (p = 0.957)
VI (p = 0.012)* (p = 0.009)** (p = 0.120) (p = 0.764) (p = 0.710)
VII (p = 0.192) (p = 0.131) (p = 0.547) (p = 0.230) (p = 0.192) (p = 0.313)
**: significance ≤ 0.01; *: significance ≤ 0.05.

TABLE 4. Post hoc analysis of variance on FAT% with study subsamples.
Group I II III IV V VI
II (p = 0.373)
III (p = 0.086) (p = 0.373)
IV (p = 0.001)** (p = 0.016)* (p = 0.162)
V (p < 0.001)** (p = 0.003)** (p = 0.065) (p = 0.693)
VI (p = 0.001)** (p = 0.026)* (p = 0.264) (p = 0.677) (p = 0.386)
VII (p = 0.004)** (p = 0.056) (p = 0.392) (p = 0.522) (p = 0.276) (p = 0.796)
**: significance ≤ 0.01; *: significance ≤ 0.05.
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age-related escalation in both body-mass index and body-
fat percentage. Every age group, without exception, fell
into the overweight or obese range: according to World
Health Organization cut-offs 45.95% of participants were
overweight and 29.05% obese, leaving just 23% within
the normal-weight band. FAT% offered an even starker
picture—35.81% of fire-fighters were classified as “poor”,
12.16% as “below average” and 18.24% as “average”, so
only 33.78% achieved “good” or “excellent” status according
to American College of Sports Medicine (ACSM) cut-offs
[1, 16]. The youngest cohort (<25 years) was the only group
whose mean FAT% reached even the “average” standard.
Multivariate analysis of variance (MANOVA) confirmed
a joint effect of age group on both BMI and FAT%, while
follow-up ANOVAs with post‑hoc tests detected significant
differences between younger (<30 years) and older cohorts
(>35 years). These findings echo the negative trajectory
reported worldwide among fire-fighters [20–22] and point to
an emerging sarcopenic shift in older personnel—a change
that can under-mine the strength, reaction speed and endurance
required for effective fire‑ground operations [23–25]. For
context, the overall Montenegrin mean (BMI 28.05 ± 4.44
kg/m2; FAT% 21.12 ± 8.15%) aligns closely with values
reported for the United States (BMI 29.1; FAT% 25.6) and
the United Kingdom (BMI 27.7 ± 4.2; FAT% 22.1 ± 5.4) but
lags behind Germany (BMI 25.9 ± 3.2; FAT% 17.7 ± 6.2),
Brazil (BMI 26.16 ± 3.32; FAT% 20.77 ± 6.82) and Serbia
(BMI 27.83 ± 3.6; FAT% 21.07 ± 6.62) [12, 13, 21, 26, 27].
Comparisons with other public-safety services in Montenegro
suggest that firefighters exhibit higher mean BMI and FAT%
than police officers and military personnel [14, 15]. However,
owing to differing selection criteria and occupational demands,
such intra-service contrasts should be interpreted with caution
and are mentioned here solely to highlight the need for
firefighter-specific monitoring and intervention strategies.
Interpretation of BMI in isolation is problematic for

personnel within Public Safety Systems—firefighters, police
officers andmilitary servicemembers alike. Self-selection into
these occupations and sustained on-the‑job physical training
foster considerable muscular development [28], so BMI alone
can-not distinguish muscle from adipose tissue [29]. Regional
studies across the Dinaric Alps further demonstrate body-size
variability linked to geography and lifestyle [30, 31], and
several authors from the Western Balkans have therefore
questioned the suitability of universal BMI cut-offs for this
region (personal communication, Stevo Popovic, 2024). The
present findings lend cautious support to that view: in the
youngest cohorts—Groups I–II (<30 years)—the mismatch
between BMI and FAT% is pronounced, implying that
high BMI values often reflect greater muscle mass rather than
excess fat. FromGroup III (30–35 years) onward, concordance
between the two indicators becomes progressively clearer,
and in Groups IV–VII (>35 years) BMI aligns closely with
elevated FAT%, indicating that age-related loss of lean mass
makes BMI a more reliable marker of adiposity.
This study has certain limitations, including its cross-

sectional design, potential volunteer bias, and a possible
healthy-worker effect that may mask early attrition of less-
fit individuals and the absence of detailed injury-history

or rehabilitation data—factors that could alter muscle–fat
balance. Nevertheless, its principal strength lies in the robust,
nationally representative sample (148 firefighters, >24% of
the work-force) and the standardised measurement protocol.
Future longitudinal work incorporating physical-activity logs
and medical-intervention records would refine these insights.
Building on these findings, we recommend systematic,

career-long surveillance of firefighters’ body composition,
rather than a one-off check during recruitment. The emphasis
should be on regular evaluations that monitor changes in
body weight and composition over time. We therefore
recommend a comprehensive framework that couples periodic
anthropometric assessments with targeted physical-training
programmers, nutrition support and individually tailored
conditioning plans. Such a coordinated, multidisciplinary
approach is likely to preserve functional capacity, reduce
health risks and enhance the operational effectiveness of
Montenegro’s fire-service personnel.
In addition, given the safety-critical nature of frontline fire-

fighting, it may be appropriate to consider differentiated oper-
ational responses in cases where markedly unfavorable body-
composition profiles persist despite structured support and
intervention. Temporary restrictions from the most physically
demanding and high-risk duties could be considered, alongside
a defined period focused on restoring adequate physical fitness
and body composition. If, following this period, minimum
functional and health-related standards remain unmet, longer-
term reassignment away from frontline duties—or, in excep-
tional circumstances and in accordance with legal and orga-
nizational frameworks, separation from operational roles—
may warrant careful consideration. Such measures would
be grounded not in punitive intent, but in the fundamental
responsibility of fire services to protect public safety, co-
worker wellbeing, and property.

5. Conclusions

Most Montenegrin firefighters exceed recommended
thresholds for body mass and body-fat percentage. This
imbalance becomes more pronounced with age and is
accompanied by a gradual decline in lean tissue—a
combination that jeopardises both operational readiness
and long-term cardiometabolic health. These findings
underscore the need for age-adjusted, career-long monitoring
of body composition and for tailored fitness-and-nutrition
programmers to preserve a fit, resilient and deployable
workforce.
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