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SUMMARY: The aim of this study was to establish an age-related dynamic of change model for predicting changes in body
composition indicators in professional firefighters. The study included a total sample of 145 subjects, comprising préifefigioteas
from Serbia (Age: 36.6 7.6 yrs., Min — Max: 21.0 — 52.0 yrs.). Four basic variables were analysed: Body Mass - BM, Body Fat Mass
- BFM, Skeletal Muscle Mass - SMM, and Visceral Fat Area - VFA, as well as five derived, or index, variables: Body Ma€3Ntidex -
Percentage of Body Fat - PBF, Percentage of Skeletal Muscle Mass - PSMM, Protein-Fat Index - PFI, and Index of Body - IBC
Composition. The results showed a statistically significant dynamic of change as a function of age for eight of the ex@ahlaed va
while only one (Skeletal Muscle Mass — SMM) was not statistically significant. The highest statistical significance indgnasicfs
of change as a function of age was found for the variable VFA (F = 35.241, p = 000) and the variable PSMM (F = 31.398).p = 0.00
Professional firefighters in Serbia fall into the category of people with normal nutritional indicators. However, due haatdiocnéase
in visceral fat (VFA) combined with a dominant decrease in the proportion of skeletal muscles in the body (PSMM), it cdndaelcon
that they are exposed to a risk of developing various chronic diseases, while their working conditions, which promotegegitain n
lifestyle habits, also contribute to the observed increase in body fat components.
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INTRODUCTION

As one of the most demanding physical occupations, It has been determined that there is a high
firefighting involves exposure to extreme heat environmengyevalence of obesity and excessive weight amongst
that can affect both one's capacity to work and one's healfiinefighters, which is characterised as a critical issue
These thermal extremes may occur in outdoor or indobecause, in addition to a higher risk of morbidity and
settings and result from a combination of natural or artificiahortality, excess body fat correlates with low fitness levels
ambient conditions, the rate of metabolic heat generati¢Rostoret al, 2011). Obesity was also found to be highly
from physical work, or workplace-specific processeprevalent among American firefighters (a prevalence of
(Cheunget al, 2016). Due to working in these advers&4-35 %). This phenomenon is considered extremely
conditions, firefighters have to wear bulky and heavpegative as it reduces work performance efficiency and
personal protective equipment (PPE), including selfeads to an increased risk of injuries or a sudden heart
contained breathing apparat®&CBA), weighing more than attack while at work. Sudden cardiac events are the leading
40 kg. This increases stress and creates difficulties, suchcagise of duty-related deaths in the fire service, with
further increasing aerobic and anaerobic energy consumptie@ronary heart disease and cardiac structural changes
reduced mobility, and increased perception of effort whilécardiomegaly and LVH) identified in over 80 % of cardiac
performing firefighting tasks (Phillipst al, 2016). cases (Mathiast al, 2021).
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This study focusses on determining the relationshipFl, calculated as the relationship between proteins (in kg)
between age and the characteristic variables that define #mal body fat mass (in kg), expressed in kg, and Index of
body composition of firefighters. The aim is to define specifiBody Composition - IBC, calculated as the relationship
dynamic of change models for the examined variables bétween BMI and PBF, expressed in Index Units (Kekic
body composition in relation to the age of professionall., 2018, 2020; Dopsaj al, 2020a).
firefighters. This will provide quantitative standards as
mathematical models to predict the examined phenomen@&iatistics.All raw data were analysed using basic descriptive
thus representing an initial description of the state of thigatistical procedures, with the descriptive statistical
aspect of the firefighting system, specifically the dynamigsarameters calculated as: Mean Mean Value - Mean,
of change in body composition as a function of age i&tandard Deviation - SD, Coefficient of Variation - cV (%),

professional firefighters. Minimum and Maximum value - MIN and Absolute Value
of Standard Error of Measurement - MAX, SEM (aps.), and
MATERIAL AND METHOD Relative Value of Standard Error of Measurement SEM (%).

Linear regression analysis was used to calculate the linear
This was a non-experimental study with an applietelationship between the observed body composition
scientific research character. Laboratory measurement wasiables, as a predictive variable, and age as a criterion
chosen (MIL, Faculty of Sport and Physical Educationjariable. Thus, the regression coefficient presented a
University of Belgrade, Serbia) as the primary researatynamic of change model for a particular variable over the
technique, using a random sample of firefighters from trabserved period of time, i.e. one calendar year. All analyses
Republic of Serbia. were performed using Microsoft Office Excel 2007 and IBM
SPSS v23.0 statistical software. P-values of less than 0.05
Subjects.The study involved a total sample of 145 subjectsyere considered statistically significant, for a 95 % level of
comprising professional firefighters from Serbia (Age: 36.6 probability (Hairet al, 1998).
7.6 yrs.). Participants were informed about the aim of the study
and were selected randomly on a voluntary basis to particip®&SULTS
in it. The research was conducted according to the Declaration
of Helsinki (Christie, 2000) and with the permission of the Table | shows the results of descriptive statistics for
Ethics Committee of the Faculty of Sport and Physicahe analysed variables. Based on these, it can be concluded
Education, University of Belgrade (02 No. 484-2). that the relative error value of the arithmetic mean ranges
from only 0.30 % for BH to 6.09 % for PFI (Table I).
Body Composition Measurement and VariablesBasic
anthropometric parameters and body compaosition Figures 1 to 9 show the dynamics of change models,
measurements were taken between 7.30 a.m. and 9.30 asdefined regression dependencies, between the analysed
according to procedures described previously (Kakil, individual body composition variables across different age
2018; Dopsagt al, 2020a; Rakiet al., 2022). Body height groups in a cross-section of professional firefighters. The
was measured using an anthropometer (GPM, Swiss madepression models showed that five variables exhibited
while body composition was assessed using the electricaathematically positive dynamics of change, i.e. anincrease
multichannel bioimpedance method (BIA) with an InBodyn the nominal values of the variables as a function of age
720 device (Biospace Co., Ltd, Seoul, Korea) (Dops$aj (Fig. 1 — BM; Fig. 2 — BMI; Fig. 3 — BF; Fig. 4 — PBF; Fig.
al., 2023). 7 —-VFA), three displayed a negative trend, i.e. a decrease in
the nominal values of the variables as a function of age (Fig.
In addition to body height as a basic body longitudindd — PSMM; Fig. 8 — PFI; Fig. 9 — IBC), while no significant
variable (BH, expressed in cm), the following 9 variableshange with age was established for one variable (Fig. 5 —
were used as a system of body composition indicators: foBMM).
primary variables Body Mass - BM as the basic body volume
variable, Body Fat Mass - BFM as the total amount of fat Table Il presents the results of the defined regression
(ballast) tissue mass in the body, Skeletal Muscle Massnodels for the analysed variables. Based on the results, it
SMM as the total amount of skeletal muscle (contractilean be concluded that a statistically significant change as a
tissue mass in the body, all expressed in kg, and Visceral Raiction of age in professional firefighters was determined
Area - VFA, expressed in ¢nfive derived, or index, for eight of the examined variables, while only one (SMM)
variables Body Mass Index - BMI, expressed in Kg/mwas not determined to be statistically significant. The highest
Percentage of Body Fat - PBF, and Percentage of Skeledtdtistical significance was established for VFA (F = 35.241,
Muscle Mass - PSMM, expressed in %, Protein-Fat Indexp-= 0.000) and PSMM (F = 31.398, p = 0.000).
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Table I. Basic descriptive statistics for the analysed body composition variables among professional firefighters.
SEM

MEAN SD cV (%) Min Max (Aps.) SEM (%
Age (yrs.) 36.6 76 20.76 21.0 52.0 063 1.72
Work Exp (yrs.) 124 77 61.99 10 310 0.75 6.05
BH (cm) 180.6 6.5 3.60 161.9 195.6 054 0.30
BM (kg) 90.8 12.7 13.94 63.0 1268 1.05 116
BMI (kg/m?) 27.83 3.60 12.95 19.91 39.22 030 1.08
BFM (kg) 19.6 8.1 41.27 2.0 46.1 0.67 343
SMM (kg) 40.6 47 1157 30.9 55.4 0.39 0.96
PBF (%) 21.07 6.62 31.42 2.96 38.97 055 261
VFA (sz) 99.4 36.8 371 19.6 195.7 3.06 3.08
PFI (1U) 091 0.67 73.39 0.31 6.55 0.06 6.09
PSMM (%) 45.06 4.04 8.97 31.37 56.92 0.34 0.75
IBC (1U) 1482 0.682 46.04 0.77 7.07 0.06 3.82
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Firefighters - Serbia DISCUSSION
250 ~ y =2.1579x + 20.461
R2=0.1977

Regarding body constitution, the results showed that the
average values of BH, BM, and BMI for the sample of
professional firefighters were: 180:6.10 cm, 90.& 12.7 kg,
and 27.83 3.60 kg/nd respectively (Table I). When compared
to standards for the general population of Serbia [BH = 181.61
+6.76 cm, BM = 87.6& 14.73 kg, BMI = 27.74 4.26 kg/ni
(Dopsajet al, 2018a)], it can be argued that professional

: : ; \ , , : : \ firefighters have lower BH (-1.01 cm), higher BM (3.12 kg),
o0 B N % A4 NS0 anda slightly higher BMI value (0.09 kg/mFor the derived

Age (yrs.) o . "
Fig. 7. Relationship betf;vér;n VFA and age amonody composition variables, firefighters had average PBF values

while average values for the general population are PBF =21.90
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40 - Firefighters - Serbia + 7.40 % and PSMM = 44.954.28 % (Dopsagt al, 2020a;

35 4 o Dopsajet al, 2021). Although these values are very similar, it

30 o can be concluded that professional firefighters have a lower PBF
| o (-0.83 %) and a higher PSMM (0.11 %).

25 o y = -0.0249x + 1.8202
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Based on the standards for the police in Serbia (Vukovic
et al, 2022), with average values of PBF = 21+1895 % and
PSMM = 44,99+ 3.59 %, it can be argued that professional
firefighters have a lower PBF (-0.11 %) and a slightly higher
0.0 ' ' ; - - ‘ ' \ ' PSMM (0.07 %). Since the values for these two variables are

15 20 25 30 35 40 45 50 55 60 . L . . . .
quite similar, it can be argued that professional firefighters and
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Fig. 8. Relationship between PFI and age amoriplice in Serbia are comparable in terms of body fat and muscle
professional firefighters. mass composition.
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it ] s J = -0.0256x + 2.4192 The results showgd that the_ ratio of pro_teln (as pure

40 | R2=0.0815 contractile mass, essential for quality motor skills) to fat (as

35 4 o o ballast mass in terms of quality motor skills) in the body, i.e.

3.0 the PFl variable, was 0.910.67 kg. This is 0.04 kg higher than

the average values for the Serbian working population (PFI =
0.87+ 0.46 kg) (Dopsagt al, 2018b). This means that, on
average, professional firefighters have 40 g of protein more per
kg of body fat than the general population in Serbia.

25 4
2.0 4
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15 20 25 30 3% 40 45 50 55 60 Previously published data show that the average IBC

. .  Age(yrs) value for the Serbian police is 0.210.22 %/kg/m, while for
Fig. 9. Relationship between IBC and age amonghe examined firefighters, it was considerably higher - IBC =
professional firefighters. 1.48+ 0.68, an increase of 0.57. Analytically speaking, since a

Table Il. Model summary results for regression analyses.

Model Summary Results ANOVA ofdgression . .
Variable r Adj. R St. Emr. Est. F value p sig. Equation Modefor Prediction
BM (kg) 0.209 0.037 1241 6518 0.012 BM = 78.043 + (0.348 « Age)
BMI (kg/m?) 0.236 0.049 351 8.406 0.004 BMI = 23.738 + (0.112 « Age)
BF (kg) 0.345 0113 7.62 19.293 0.000 BF =6.166 + (0.367 « Age)
PBF (%) 0.359 0.122 6.20 21.090 0.000 PBF = 9.640 + (0.312 « Age)
SMM (kg) 0.082 0.000 470 0973 0326 SMM =42.468 —(0.051 * Age)
PSMM (%) 0424 0.174 3.67 31.398 0000 PSMM=53.319 —(0.226 » Age
VFA (cnr) 0.445 0.192 3314 35.241 0.000 VFA= 20458 +(2.158« Age)
PFI (1U) 0.283 0.074 0.64 12433 0.001 PFI =1.819 — (0.025+ Age)
IBC (1U) 0.285 0.075 0.66 12.681 0.001 IBC = 2420 — (0.026+ Age)
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lower index value indicates a higher fat content in terms efkplains 7.5 % of the common variance at a highly
body composition, it can be concluded that the examinathtistically significant level and with a standard error of
firefighters have a physique characterised by a lower fptediction of 0.66 IU (Table Il, p = 0.001).
content than the police.
The only variable for which no statistically significant

The results of the defined regression models showetange in terms of its dynamics in relation to age was
that five of the variables exhibited a statistically significandetermined is SMM (Table II, Fig. 5). It did not change
positive change, i.e. an increasing trend in terms of thsatistically significantly (p = 0.736, and p = 0.326, Table
numerical values of the variables as a function of age.ll} across the age range of the examined sample (31 years,
was found that BM increased by an average of 0.348 kg pex. from 21 to 52 years of age). Nominally speaking, SMM
year (Table I, Fig. 1). Although the model explains only 3.decreased by an average of -0.051 kg per year (51 g of
% of the common variance, it is still highly statisticallyskeletal muscle reduction per year of life) (Fig. 5).
significant with a prediction error of 12.41 kg (Table Il, p =
0.012). The variable that determines a person's nutritional Overall, the obtained results indicate certain
status, i.e. the level of BMI in the examined sample, alsegularities in body composition changes among professional
increased by an average of 0.112 Igfer year (Table I, firefighters in relation to their specific lifestyle and working
Fig. 2). The model explains 4.9 % of the common varian@nvironment. Notably, the highest level of change relates to
and is highly statistically significant, while the predictiorthe increase in VFA, while the decrease in the relative
error was determined to be 3.51 k§(fable Il, p = 0.004). representation of the PSMM also stood out.

The BF in firefighters increased by an average of It has been established that an increase in VFA during
0.367 kg per year (Table I, Fig. 4). The defined modaine's lifetime is a risk factor linked to the development of
explains 11.3 % of the common variance and is highiyetabolic disorders and chronic diseases (diabetes and
statistically significant with a prediction error of 7.62 kgcoronary heart disease). This increase often stems from
(Table II, p = 0.000). On the other hand, PBF increased bphealthy habits such as smoking, alcohol consumption, and
an average of 0.312 % per year (Table I, Fig. 5). Again, tlam unhealthy diet that is high in fat (Seidell & Bouchard,
defined model is highly statistically significant (Table I, p1997). An epidemiological study conducted in Japan found
= 0.000) and explains 12.2 % of the common variance withat adopting a lifestyle that does not increase VFA plays an
a model prediction error of 6.20 %. The final variablémportant role in preventing metabolic syndrome and that
exhibiting an increasing trend was that defining the level diiere is a greater chance of high triglyceride levels and low
fatininternal organs, i.e. VFA. This showed the highest levblgh-density lipoprotein cholesterol levels in subjects with
of dependence on age, with a common variance of 19.2vsceral fat over 50 cm2 (Matsushégal., 2013).

(Table Il, p = 0.000). It increased by 2.1582gmer year,

with the predictive error of the model calculated at 33.14 This increase in visceral fat and also the increasing

cn? (Tables | and Il, Fig. 8). trend in total body fat at a level of 0.3673 kg per year, which
all leads to increasing body weight and affects nutrition levels

On the other hand, the results showed that thré@.1118 kg/m per year), indicates the likely dominance of
variables had a negative correlation with age, i.e. thdygher caloric intake in relation to caloric expenditure as a
exhibited a decreasing trend with increasing age. Theserk-life pattern in the examined sample. This, along with
variables are PSMM, PFI, and IBC. The PSMM in themoking and stress, can also have a negative impact on the
examined sample of firefighters decreased at an averageneflth and career of firefighters (Seidell & Bouchard, 1997;
-0.226 % per year (Table |, Fig. 7). The defined modéllatsushitaet al, 2013). On the other hand, the stability
explains 17.4 % of the common variance and is highlgetermined in terms of changes in SMM still indicates that
statistically significant level with a prediction error of 3.6 there is no loss of muscle mass over the observed lifespan.
% (Table II, p = 0.000). The index that defines the ratio of
pure contractile (protein) and ballast (fat) components in the The average SMM in men aged 30-39.9 years is
body (PFI) decreased by an average of -0.025 index unit8.78+ 5.53 (Dopsagt al, 2020b), which closely matches
(Table I, Fig. 9), with the defined model explaining 7.4 % othe SMM values determined in this study for professional
the common variance at a highly statistically significant levdirefighters of the same average age (40t60.70 kg).
and with a model prediction error of 0.64 1U (Table Il, p #However, the results showed that the trend of muscle mass
0.001). The (IBC, which defines the relationship betwednss is less marked among professional firefighters than
the BMI and the PBF, also decreased by an average admong the general male population in Serbia. This can be
0.026 index units (Table I, Fig. 10). The defined modaittributed to the physical demands of their job, i.e. regular
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