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Abstract

The digital lifestyle has led to an increase in sedentary behavior among sports stu-
dents, which affects their body composition and metabolic status. An imbalance
between physical activity and energy intake can alter the BMR (Basal Metabolic
Rate). However, descriptive data on these variables among sports students remain
limited. This study aims to describe body composition characteristics and Basal
Metabolic Rate (BMR) in male sports students, and to illustrate the relationship be-
tween BMR and various body composition parameters. This study used a quantita-
tive descriptive design with a cross-sectional approach. The study subjects consisted
of 18 male sports students aged 18-23 years. Body composition measurements in-
cluded Body Mass Index (BMI), Percent Body Fat (PBF), Body Fat Mass (BFM),
Fat-Free Mass (FFM), Total Body Water (TBW), and Basal Metabolic Rate (BMR)
using the InBody 370 device based on bioelectrical impedance analysis (BIA). The
data were analyzed using descriptive statistics and presented as means, category per-
centages, and a correlation matrix. Results: 66.67% of sports students had a BMR
in the normal range, 16.67% in the low range, and 16.67% in the high range. In
general, most body composition parameters were within the normal range, with a
predominance of fat- free mass. Correlation analysis showed that BMR had a very.
strong relationship with FFM and TBW, a strong relationship with BMI, a moder-
ate relationship with BFM, and a weak relationship with PBF. Most male sports
students had relatively normal body composition profiles and BMR. BMR in this
group was mainly influenced by active metabolic tissue components, particularly
fat-free mass and total body water.
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INTRODUCTION

The development of lifestyle in the digital
era has brought significant changes, even among
sports students. Many students lead sedentary
lifestyles, spending their leisure time on gadgets
and social media (Tyas & Jannah, 2024).
Research shows that a sedentary lifestyle poses a
serious challenge to maintaining balance in body
composition and metabolic status (Hanifah dkk.,
2023). In addition, a sedentary lifestyle also poses
a risk for metabolic syndrome and other health
risk factors. An imbalance among energy intake,
physical activity, and metabolism can increase
body fat and decrease muscle mass (Chomiuk
dkk., 2024). Therefore, understanding the
relationship between body composition and basal
metabolic rate (BMR) is important for objectively
assessing students’ physical condition. Assessing
metabolic parameters and body composition is
important as early indicators of health risks in
the young adult population (Zigova dkk., 2023).
This monitoring also helps prevent long-term
metabolic disorders associated with a sedentary
lifestyle (Kochman dkk., 2022).

Conceptually, body composition refers to
the relative proportions of the components that
make up the human body, particularly fat mass
and fat-free mass, which are closely related to an
individual’s health status and physiological and
metabolic functions (Roundtable on Obesity
Solutions dkk., 2024) on Obesity Solutions dkk.,
2024). Body composition components include
percent body fat (PBF), total body water (TBW),
and fat-free mass (FFM). FFM includes muscle,
organs, bones, and body fluids, which are the
main determinants of BMR because muscle tissue
is metabolically active (Buscemi dkk., 2025).
PBF influences BMR through the relationship
between body fat and muscle mass (Gitsi dkk.,
2024). Meanwhile, TBW (Rosenbaum dkk.,
2025) not an active metabolic tissue, but it has a
crucial relationship (Guan dkk., 2022).

Physical education students with low BMR
tend to have higher body fat (Fields dkk., 2024).
Body composition characteristics and BMR
are influenced by age, gender, physical activity,
diet, and genetics (Verma dkk., 2023). Research
shows that variations in FFM are the dominant
indicator of BMR differences among individuals.
Therefore, body composition analysis is the
primary approach in understanding the basal
energy requirements and metabolic status of
active individuals (Hasan, et al., 2021).

According to  ((Tatsuta dkk., 2012)
Differences in the proportion of active metabolic
tissue influence the BMR-to-FFM ratio among

athletes, so individuals with lower FFM tend
to have higher basal energy requirements. The
findings align with the study by (Gasperin-
Rodriguez dkk., 2022), which used a cross-
sectional design in a sample of prospective sports
students and measured body mass index, body
fat percentage, fat-free mass, and BMR. A similar
study in Indonesia used a cross-sectional design
to analyze the relationship between Body Mass
Index (BMI) and Basal Metabolic Rate (BMR)
in adolescents and found that BMR varied with
body composition characteristics (Munawaroh,
2021). Previous studies have focused only on
professional athletes with different training
programs and metabolic conditions (Schranner
dkk., 2021). Differences in physical characteristics
and training loads mean that student athletes’
metabolic responses differ from those of
professional athletes. This reinforces the need for
studies of the sports student population to obtain
a more detailed picture of metabolism (Dehghani
dkk., 2025).

Although the relationship between body
composition and basal metabolic rate has
been widely reported, most prior studies have
focused on professional athletes or the general
population with varying exercise characteristics
and metabolic conditions. Descriptive data on the
characteristics of BMR and body composition in
male sports students, particularly using a BMR
classification approach based on the upper and
lower limits of measurement tools, remain
limited. This condition indicates the need for
research that provides an objective, contextually
descriptive account of the metabolic status of
the sports student population, an active group
with varying activity patterns and lifestyles.
Sports students are in a transitional phase
between the general population and athletes, thus
having unique and heterogeneous physiological
characteristics. Limited data on this group could
create an information gap in developing evidence-
based health and fitness programs.

Therefore, this study aims to describe the
characteristics of body composition, including
weight, body mass index (BMI), percent body
fat (PBF), free fat mass (FFM), total body water
(TBW), and basal metabolic rate (BMR) in male
sports students. This study also presents BMR
classification based on the upper and lower limit
guidelines for BMR from Inbody 370 as an initial
interpretation of metabolic health status. The
results of this study are expected to serve as the
basis for future research on sports physiology,
nutrition, and energy metabolism. Practically,
the results can be used by coaches, lecturers, and
students to design appropriate training programs
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and nutritional intake patterns. The novelty
of this research lies in the interpretation of
metabolic health and BMR classification among
sports students, so the results are expected to
serve as an initial reference for further studies
on energy metabolism and physical performance
in active populations. This descriptive approach
is expected to provide an initial overview of the
metabolic condition of sports students based on
objective data. The research findings also have
the potential to support the development of
promotional and preventive policies in higher
education sports environments.

METHOD

This study used a quantitative, descriptive
design with a cross-sectional approach, in which
all data were collected at a single time point wit-
hout any specific treatment. The descriptive de-
sign was chosen to describe the characteristics
of body composition and Basal Metabolic Rate
(BMR) in male sports students based on measu-
rement results. The cross-sectional approach was
used to obtain an overview of participants’ phy-
siological condition at a specific point in time,
aligning with the study’s mapping and descriptive
objectives rather than to analyze cause-and-effect
relationships.

The research subjects consisted of 18 ac-
tive male sports students from the Faculty of
Sports Science and Health. Subject selection was
conducted using purposive sampling, selecting
participants based on criteria aligned with the
research objectives. This research was used to ob-
tain subjects with relatively uniform characteris-
tics, especially in terms of gender and age range
specific criteria. There were inclusion criteria: 1)
Subjects were male sports students, 2) Subjects
were aged 19-23 years. 3) Subjects were in good
physical condition when taking the test. The
exclusion criteria include 1) Subjects who, at the
time of data collection, experience certain physi-
cal conditions that may hinder the measurement
process, 2) Subjects who are under 19 years of
age or over 23 years of age, and 3) Subjects who
have incomplete measurement data.

Body composition and Basal Metabo-
lic Rate (BMR) measurements were performed
using an InBody 370 (JMZL570; Biospace Co.,
Ltd., Seoul, Korea), which operates on the prin-
ciple of multifrequency bioelectrical impedance
analysis (BIA). This method was used because
it is non-invasive and commonly used for body
composition measurements. Before measure-
ment, participants were instructed to fast for at
least 2 hours and avoid strenuous physical activi-
ty. At the time of measurement, participants were

asked to remove their shoes, any metal objects
that could affect the results, and electronic de-
vices that could interfere with the process. Basic
data such as weight, height, age, and gender were
entered into the device. Next, participants stood
on the device, held the electrodes as instructed,
and maintained a relaxed posture during the me-
asurement. The parameters obtained included
body weight and body fat percentage. (PBF),
body mass index (BMI), fat-free mass (FFM), to-
tal body water (TBW), and BMR, which included
lower and upper limits.

The measurement data were processed in
Microsoft Excel and analyzed using the latest
version of JASP. Descriptive statistics were used
to characterize the respondent data, including the
mean and standard deviation (SD). The Shapiro-
Wilk test was used to assess the distribution of the
data, and Pearson correlation was used to exa-
mine the relationship between Basal Metabolic
Rate (BMR) and body composition indicators in
normally distributed data. The significance level
was set at P < 0.05. BMR values were compared
with the lower and upper limits of the reference
tool (lower limit and upper limit) to describe the
distribution of basal metabolic values in sports
students. The data were presented in tables and
matrices to facilitate interpretation.

RESULTS AND DISCUSSION

Table 1 presents the participants’ charac-
teristics as mean values * standard deviation,
along with the results of the Shapiro—Wilk nor-
mality test for each variable.

Table 1. Description of the table

Characteristics of N=18
participants Mean + SD p (sig)
Height (cm) 167.5+ 4.5 0.929
Age (years) 20.7+£1.3 0.026
Weight (kg) 60 8.1 0.839

PBF (%) 159+4 0.398
BFM (kg) 9.7£33 0.654
FFM (kg) 502+57 0.419
BMI (kg/m?) 213+£23 0.883
TBW (1) 36.9+42 0.362
BMR (kcal/day) 1,455.6+125.1 0.416

Note: PBF = percent body fat, BFM = body fat mass,
BMI = body mass index, TBW = total body water,
BMR = basal metabolic rate

This study involved 18 male sports stu-
dents. The measurement data were presented to
illustrate body composition and basal metabo-
lic rate. The average age of the participants was
20.7 £ 1.3 years. The Shapiro-Wilk normality
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test indicated that the age data were not normally
distributed (p = 0.026), whereas the other variab-
les were normally distributed (P > 0.05). Meanw-
hile, the participants’ height (167.5 * 4.5 cm; p
= 0.929), weight (60.0 + 8.1 kg; p = 0.839), and
body mass index (21.3 + 2.3 kg/m?; p = 0.883)
were normally distributed. Body composition
analysis showed that participants’ average per-
cent body fat (PBF) was 15.9 = 4.0% (p = 0.398).
The average body fat mass (BFM) was recorded
at 9.7 £ 3.3 kg (p = 0.654). The average Fat Free
Mass (FFM) of participants was 50.2 + 5.7 kg (p
= 0.419). The average Total Body Water (TBW)
was 36.9 £ 4.2 L, and the distribution was normal
(p = 0.362).

Table 2. Distribution of Basal Metabolic Rate
(BMR) Categories Among Participants

Category N=18
BMR kkcal/day n %
Low <1.361,4 3 16.67
1.361,4-
Normal 15818 12 66.67
High > 1.581,8 3 16.67

Note. BMR = basal metabolic rate

Table 2. Shows the distribution of Basal
Metabolic Rate (BMR) categories among study
participants (n = 18). The participants’ BMR va-
lues had a mean of 1,361.4 £ 134 kcal. Based on
the classification used, the upper limit of BMR
was 1,581.8 + 163.9 kcal/day. BMR classification
in this study was divided into three categories, na-
mely low (< 1,361.4 kcal/day), normal (1,361.4—
1,581.8 kcal/day), and high (> 1,581.8 kcal/day).
Based on the frequency distribution, 12 partici-
pants (66.67%) were in the normal BMR catego-
ry. Meanwhile, 3 participants (16.67%) were in
each of the low-BMR and high-BMR categories.
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Figure 1. Correlation Matrix of BMR and Body
Composition

Figure 1. Shows the correlation matrix
between Basal Metabolic Rate (BMR) and body
composition indicators, including Fat-Free Mass
(FFM), Total Body Water (TBW), Body Mass
Index (BMI), Body Fat Mass (BFM), and Per-
cent Body Fat (PBF) in male sports students (n
= 18). The correlation matrix provides a visual
representation of the direction and strength of
relationships between variables, facilitating the
identification of patterns of association between
BMR and body composition components. Re-
sults of the correlation analysis between basal
metabolic rate (BMR) and body composition
indicators in participants (n = 18). BMR had a
very strong correlation with FFM and TBW (r =
1.000). These findings indicate that increases in
fat-free mass and total body water were followed
by increases in BMR in all participants. This very
high correlation illustrates a consistent linear re-
lationship between BMR and metabolically acti-
ve body components. In addition, BMR showed a
strong positive correlation with BMI (r = 0.893),
indicating that participants with higher BMI ten-
ded to have higher BMR. However, because BMI
is a general indicator of body size, this correla-
tion represents the Influence of total body size
on BMR without distinguishing its constituent
components. The correlation between BMR and
Body Fat Mass (BFM) was moderate (r = 0.548).
This result indicates that body fat mass remains
positively associated with BMR, although the st-
rength of this association is lower than that bet-
ween BMR and Percent Body Fat (PBF) is weak
(r = 0.230), indicating that body fat percentage
does not correlate strongly with variation in BMR
among participants in this study. Overall, the
correlation matrix shows that variation in BMR
among male sports students is more closely asso-
ciated with absolute body mass components and
fat-free mass than with body fat proportion.

The results of this study show that some
male sports students have body composition and
basal metabolic rate (BMR) values consistent
with those of an active population. The average
body fat percentage, fat mass, fat-free mass, and
body fluid are within the normal range according
to the measurement standards used. In addition,
the respondents’ BMR values are generally wit-
hin the normal range for their age group. These
findings provide initial evidence that sports stu-
dents, even though not all undergo structured
training programs like professional athletes, still
exhibit relatively well-maintained physiological
profiles.

The body composition of sports students
is academically and practically exposed to higher
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levels of physical activity than that of non-sports
students. Physical activity, through practical lec-
tures and daily activities, helps maintain body
composition and basal metabolism. The results
of this study show that the physiological charac-
teristics of sports students lie between those of
the general population and those of athletes. In
sports science, sports students are often positio-
ned as a transitional group between the general
population and athletes. This group has higher
exposure to physical activity than non-athletic
students, but does not always undergo strict pe-
riodization of training and physiological monito-
ring as elite athletes (Morais dkk., 2025). There-
fore, the body composition and basal metabolic
profile of athletic students serve as a model for
understanding the impact of moderate physical
activity on metabolic health (Antoni dkk., 2025).

The findings of this study are consistent
with previous research, which shows that the
physiological condition of sports students is well
maintained due to higher overall physical activi-
ty levels than in the general population (Kljajevié
dkk., 2021). The development of a sedentary li-
festyle in the digital age not only contributes to
a decline in physical fitness but can also increase
the risk of health problems such as obesity and
a weakened immune system (Chim dkk., 2020;
Rivera-Carranza dkk., 2025). This indicates that
physical activity is crucial for students in main-
taining their metabolic function (Morgan dkk.,
2024). Students have shown that structured phy-
sical activity and sports practices play a protec-
tive role against the negative effects of a seden-
tary lifestyle (Zhang dkk., 2025). Several recent
studies show that students with a sports backg-
round have more stable body composition and
metabolic profiles despite low physical activity
(Mudarra-Garcia dkk., 2025). Although students
in sports have greater exposure to physical acti-
vity, the risk of sedentary behavior remains rele-
vant in modern academic life (Junger dkk., 2025).
Long periods of sitting during theoretical lectures
and independent study are reported to reduce the
benefits of physical activity on metabolism when
not balanced by daily physical activity (Li dkk.,
2025).

Meanwhile, participants’ basal metabo-
lic rates showed that male sports students were
within the normal range. This indicates that me-
tabolic function is optimal when energy intake,
energy use, and body composition are balanced
(Kurosaka dkk., 2023). These metabolic charac-
teristics align with those of individuals with do-
minant muscle mass, who engage in regular phy-
sical activity and maintain an active lifestyle. A

stable basal metabolic rate in young adulthood is
an important indicator for maintaining long-term
energy balance and preventing premature meta-
bolic dysfunction (Oshita dkk., 2024). Resear-
chers emphasize that BMR is influenced not only
by age and body size but also by the distribution
of active metabolic tissue, particularly skeletal
muscle mass (Hasan, at al., 2021).

These findings are supported by internatio-
nal research showing that physical activity levels
in young adults are significantly associated with
Basal Metabolic Rate (BMR) and body compo-
sition parameters, particularly fat-free mass, the
primary active metabolic tissue (Jaremkow dkk.,
2023). Other studies also report that the balance
between energy intake and expenditure is a key
factor in regulating basal metabolism and main-
taining optimal metabolic function in physically
active individuals (Kurosaka dkk., 2023). Addi-
tionally, research on athletic populations shows
that individuals with regular physical activity and
good body composition tend to have a more stab-
le metabolic profile, which contributes to long-
term health maintenance and physical readiness
(Jagim dkk., 2023). A stable metabolic profile
not only supports physical performance but also
has implications for recovery, injury prevention,
and the sustainability of physical activity (Red-
dy dkk., 2025). This makes BMR and body com-
position important parameters for monitoring
the health of athletic students (Stampoulis dkk.,
2025). These findings are reinforced by research
(Kumaat dkk., 2025), which shows that Structu-
red physical activities, such as aerobic exercise
and yoga, contribute to physiological adaptations
that support endurance and the stability of phy-
siological responses, thereby helping maintain
physical readiness and the sustainability of long-
term physical activity.

The results of this study’s analysis indicate
that fat-free mass is the primary determinant of
basal metabolic rate. Sports students with higher
FFM generally have a higher BMR, as fat-free tis-
sue, particularly skeletal muscle and organs, is the
most metabolically active tissue. Fat-free tissue
(muscle and organs) and skeletal muscle contri-
bute the largest proportion to oxygen consump-
tion and high energy turnover in muscles during
rest. Physiologically, these are the most metabo-
lically active components of the body and requi-
re more energy at rest than fat tissue (Gitsi dkk.,
2024). The strong relationship between FFM and
BMR reflects the central role of muscle mass as a
determinant of resting energy expenditure (Zhou
dkk., 2024).

Conversely, body fat mass and body fat
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percentage have a much smaller effect on BMR
than FFM (Van Dessel dkk., 2024). An increase
in BFM or PBF does not automatically increase
BMR, because fat tissue is much more metaboli-
cally passive than muscle. Adipose tissue is called
metabolically passive tissue because its main fun-
ction is to serve as an energy reserve rather than to
use energy (Kazak, 2023). Fat cells (adipocytes)
have fewer mitochondria than muscle and other
metabolically active organs (Zhu dkk., 2022), so
the contribution of adipose tissue to BMR is very
small. The role of FFM in metabolism is also evi-
dent in the increase in Total Body Water (TBW),
which serves as an indicator of active metabolic
mass and hydration status in athletic students
(Tseng dkk., 2024). The dominance of FFM and
the stability of TBW in this study indicate that
the participants have relatively good physiologi-
cal conditions, reflecting their ability to maintain
fitness despite not undergoing an intensive trai-
ning program. Total body water is directly rela-
ted to fat-free mass because most of the body’s
water is distributed in muscle tissue and organs
(Zaplatosch dkk., 2025). Therefore, TBW is often
used as a proxy for FFM in analyses of energy
metabolism (Liu dkk., 2022). Evidence from the
correlation test results between Basal Metabolic
Rate (BMR) and body composition shows that
this study shares a similar pattern with previous
research: Body Fat Mass (BFM) has a moderate
positive correlation with BMR, although not as
strong as the relationship with fat-free mass, be-
cause fat tissue has low metabolic activity (Kara-
gun & Baklaci, 2024).

Body Mass Index (BMI) shows a strong
correlation because it reflects overall body size,
which is associated with more active metabo-
lic tissue. Research supports these results (Kfir
dkk., 2023), which emphasizes the crucial role
of body composition, particularly Fat-Free Mass,
as the main determinant of BMR. The correlati-
on between BMI and BMR must be interpreted
cautiously because BMI does not distinguish bet-
ween muscle and fat mass (Mainous dkk., 2025).
Among sports students, a high BMI often reflects
greater muscle mass rather than body fat accumu-
lation (Pescari dkk., 2024).

Fat-Free Mass (FFM) is the strongest pre-
dictor of BMR because muscle and organ tissues
have the highest energy requirements (Yildirim
dkk., 2020). Body Fat Percentage (BFP) shows
only a weak relationship with BMR because fat
tissue has low metabolic activity. This pattern
aligns with research (Hasheem dkk., 2025), which
shows that, after accounting for muscle mass, fat
mass does not significantly affect basal metabolic

rate. This finding reinforces the theoretical frame-
work that individual variations in BMR are more
determined by the quantity and quality of active
metabolic tissue than by total body weight.

Total Body Water (TBW) also shows a very
strong correlation with BMR, consistent with its
role as an indicator of FFM, as most fat-free mass
is composed of water (blue, at al., 2023). Overall,
these findings confirm that the amount of active
metabolic tissue mass in the body primarily in-
fluences variation in BMR. The strong correla-
tion between TBW and BMR in this study can
be understood as a mathematical and physiologi-
cal consequence of the TBW-FFM relationship.
High correlation values do not indicate measure-
ment bias; rather, they reflect a biologically mea-
ningful relationship.

Physiologically, this indicates that students
in sports with low fat-free mass tend to have lo-
wer BMR, putting them at risk of energy deficit
if their training load is not balanced with ade-
quate nutritional intake. This condition requires
increased energy needs and muscle mass through
weight training. An intervention approach focus-
ed on increasing muscle mass is an important
strategy in increasing BMR and preventing chro-
nic energy deficits in athletic students.

Meanwhile, male sports students with high
body fat percentages should regulate their diet and
perform exercises such as HIIT, which is highly
effective at reducing body fat percentage and fat
mass while increasing fat-free mass (Khodadadi
dkk., 2023), along with resistance training, which
plays a crucial role in building and maintaining
muscle mass, improving strength, insulin sensiti-
vity, and glucose oxidation to help reduce body
fat and enhance physical condition (Moro dkk.,
2020). The combination of high-intensity exerci-
se. Resistance training has been shown to elicit
more optimal metabolic adaptations than a single
exercise modality (Wang dkk., 2024).

However, this study also has limitations,
as it only involved 18 sports students. This very
limited sample size may affect the representati-
on of the study results and reduce the statistical
strength of the findings. The study only involved
male participants, so the findings cannot be ge-
neralized to female students. To address these li-
mitations, future studies should include a broader
population.

But for this kind of qualitative approach
where necessary written description more detail,
for example the approach '-logy study, history,
analysis of discourse, writers can still write rese-
arch methode..
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CONCLUSION

This study concludes that male sports stu-
dents have body composition and basal metabolic
rate profiles within the normal range, indicating
relatively well-maintained basal metabolic con-
ditions and physiological balance. The findings
indicate that variations in basal metabolism are
primarily related to the dominance of active
metabolic tissue, particularly fat-free mass and
total body fluid. In contrast, fat mass and body
fat percentage play a more limited role. These
results meet the study’s objective of providing a
descriptive overview of the relationship between
body composition and basal metabolism in male
physical education students and confirm that a
normal metabolic status can be maintained even
when not all individuals undergo intensive struc-
tured training. Scientifically, this study strengt-
hens the understanding of fat-free mass as the
primary determinant of basal metabolism among
sports students and providesan empirical basis
for developing health-monitoring and physical
activity planning based on body composition in
sports education environments. Further research
is recommended to include a larger sample size
and female participants to enable broader genera-
lization. Additionally, using a longitudinal design
and including variables such as physical activity
levels, energy intake, and exercise type are ex-
pected to provide a more comprehensive picture
of changes in body composition and basal meta-
bolism among students.
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