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ABSTRACT

Introduction: Women are more likely to be overweight
and obese, which can affect reproductive health and preg-
nancy. Many are unaware of this condition, often because of
busy lifestyles that limit exercise, rest, and healthy eating.

Objectives: This study aimed to explore the relationship
between body fat percentage, visceral fat, cell age, and basal
metabolic rate (BMR) with body mass index (BMI) as an ini-
tial screening tool for overweight and obesity.

Methods: This study used a cross-sectional design and a
sampling technique with consecutive sampling. The study was
conducted on adult women with an age range 19-27 years
which is the period between early adulthood and productive
age. The subject measurement location was centred on the
Yapenas 21 Maros Nursing Academy, Adatongeng, Turikale
District, Maros Regency. South Sulawesi, Indonesia. The total
final sample obtained was 105 subjects.

Results: The data collected in this study consisted of an-
thropometric and body composition measurements. Body
Mass Index (BMI) was manually calculated using the standard
formula, whereas body composition parameters including
body fat percentage, visceral fat, cellular age, and basal
metabolic rate (BMR were obtained using a bioelectrical
impedance analysis (BIA) device. The BIA method estimates
these values based on the body’s electrical conductivity in
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combination with demographic factors such as age, sex,
height, and weight. Spearman Rho correlation tests showed
significant correlations (p<0.05), with strong positive correla-
tions for body fat (r=0.724), visceral fat (r=0.941), cell age
(r=0.949), and BMR (r=0.898) with BMI.

Conclusion: Higher values of body fat percentage, visceral
fat, cell age, and BMR corresponded to a higher BMI. There-
fore, BMI is thus a relevant predictor of metabolic health.
Positive lifestyle changes such as regular exercise and a
healthy diet can prevent metabolic-related diseases.
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ABBREVIATIONS
BMR : Basal Metabolic Rate.
BMI : Body Mass index.
BIA : Bioelectrical Impedance Analysis.

NEAT : Non-exercise activity thermogenesis.

INTRODUCTION

Overweight and obesity are significant nutritional problems
in adult women. This is because women are more likely than
men to be overweight and obese, which has far-reaching im-
plications for reproductive health and particularly in preg-
nancy. In theory, adulthood begins around at >18 years of
age and the period of reproductive age. This period repre-
sents a physiologically mature population in a transitional
lifestyle stage and aexperiencing an increased risk of early
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onset of body composition-related health issues. Targeting
this age group allows for early identification of risk factors as-
sociated with overweight, obesity, and metabolic health!.

Many factors affect the nutritional status of adults, one of
which is their daily food consumption habits. Eating habits were
not influenced by the nutrients in the food. The environment is
one of the many factors that influence eating habits. Adults
usually tend not to pay attention to what they eat. Generally,
adults prefer to eat oily, savory, and sweet foods. Fibre-rich
foods such as vegetables and fruits are ignored. Consequently,
the intake of energy (calories) in the body is excessive?.

Being overweight and obese are significant risk factors for
various cardiometabolic diseases, including metabolic syn-
drome, type 2 diabetes mellitus, hypertension, dyslipidemia,
cardiovascular disease, and non-alcoholic fatty liver disease.
Being overweight as an adult increases susceptibility to
metabolic complications as one ages. In women, obesity is
also associated with a higher risk of unfavorable pregnancy
outcomes such as gestational diabetes, preeclampsia, opera-
tive delivery, fetal macrosomia, and neonatal morbidity. The
prevalence of metabolic syndrome is especially high among
overweight and obese women, and this risk increases further
with advancing age and degree of obesity3*.

World Health Organization (WHO) data from 2016 show that
more than 1.9 billion adults aged >18 years are overweight.
Of these, more than 650 million adults are obese. The overall
prevalence of overweight and obesity was higher in women
(44.4%) than that in men (26.6%). The majority of these in-
cidences occur in developing countries®®. The prevalence of
overweight ini Indonesian women was 15.1%, and that of
obesity was 29.2% in 2018. South Sulawesi had the 6th high-
est obesity rate, while Makassar exceeded the prevalence of
South Sulawesi (19.1%) and National (21.8%) at 24.05%. In
the Maros District, overweight and obesity in adult females
were 15.61% and 23.75%, respectively, compared to malest-’.
The prevalence of central obesity at the age of >15 years in
Indonesia is also mostly experienced by women (42.1%) and
men (11.3%) men8. In 2030-2040, Indonesia is projected to
have a population of 297 thousand people and 64% of them
are of productive age®, so this is a challenge so that produc-
tive age can be optimised with good health status.

Essentially, overweight and obese conditions occur because of
the continuous accumulation of triglycerides in adipose tissue.
Initially, adipocytes undergo hypertrophy and eventually de-
velop into hyperplasia. This causes white adipose tissue (WAT)
to produce leptin, which regulate fat tissue mass and controls
lipid reserves. Leptin levels increase as triglyceride levels in adi-
pose tissue increase. As a result, leptin resistance increases ap-
petite (unsatiety)?0.

Leptin is characterised by an increase in body fat percentage,
which reflects the size of hypertrophied subcutaneous
adipocytes!0. The results of research by Sumadewi et al. (2017)
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showed that serum leptin levels are positively and significantly
correlated with body mass index (BMI)!!. Meanwhile, excess
visceral fat can be detected by measuring the waist circumfer-
ence. An increase in visceral fat is associated an increase re-
lease of free fatty acids into the portal circulation, which in turn
contributes to the development of insulin resistance and other
components of metabolic syndrome!2. However, recently, vis-
ceral fat has also been detected through bioelectrical impe-
dance analysis (BIA)!3. The use of modern imaging technolo-
gies such as BIA can provide more precise results'4.

Some studies using BIA have been conducted by Gotera
et al. (2014), which showed a positive correlation between vis-
ceral fat levels and triglycerides and LDL and a negative corre-
lation between visceral fat levels and HDL levels!3. Agustiyawan
et al. (2025) showed a significant positive relationship between
body fat percentage, visceral fat levels, and the risk of cardio-
vascular disease!4. Susantini et al. (2021) also reported an as-
sociation between BMI, body fat percentage, and visceral fat
levels!>. Munawaroh et al. (2021) showed an association be-
tween BMI and obesity status with increasing cellular age, but
no association with basal metabolic rate (BMR)16,

On the other hand, monitoring of nutritional status such
as body fat percentage, visceral fat composition, basal
metabolic rate (BMR), and cell age of early adult women
through the Bioelectrical Impedance Analyzer (BIA) in
Maros Regency is still very limited which relates to Body
Mass Index (BMI). In fact, early adult women are produc-
tive ages that will produce the forerunners of the nation’s
next generation. The nutritional status of early adults is
also very interesting because it is difficult for this group to
have a healthy lifestyle, given the busyness in the world of
careers and education, so that less rest, less exercise, and
the difficulty of consuming healthy foods are due to limited
time. Therefore, this study aimed to determine the rela-
tionship between body fat percentage, visceral fat compo-
sition, basal metabolic rate (BMR), and cell age with body
mass index (BMI) of adult women as an initial screening for
monitoring overweight and obesity.

METHOD
Study Design, Place, and Time

This study had a cross-sectional design. The variables studied
were body mass index (BMI), percent body fat, visceral fat con-
tent, basal metabolic rate (BMR), and cell age, all measured at
a single point in time. The study was conducted from February
to April 2025. The location of the subject measurements was
centered on the Yapenas 21 Maros Nursing Academy Campus,
Adatongeng, Turikale District, Maros Regency.

Data Collection

Subjects in this study were obtained based on consecutive
sampling, non-probability technique, which is a sampling tech-
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nique in which all subjects who come and meet the selection
criteria were included in the study until the required number of
subjects is met. The inclusion criteria are as follows: (1) adult
women aged 19-29 years which is the period between early
adulthood and productive age. Focusing on this age group al-
lows for the early identification and potential prevention of
these risk factors before they progress into chronic conditions?;
(4) Students or alumni from universities located in the Maros
regency; (3) Ability to understand and follow the research; and
(4) Willingness to become research subjects. The exclusion cri-
teria are as follows: (1) Pregnancy; (2) Smoking; and (3) Alco-
hol consumption. The sampling process concludes when either
the required number of participants is reached (sample satura-
tion) or the predetermined time frame has ended (time satura-
tion). The total final sample obtained was 105 subjects.

BMI value was obtained from weight divided by square
height. BMI (body mass index) categories using standard
measurement criteria for Asian populations!’, namely under-
weight (<18.5 kg/m?2), normal (18.5-22.9 kg/m?), overweight
(>22.9-27.5 kg/m?2), and obesity (>27.5 kg/m?2). Measure-
ments were performed using the Omron Bioelectrical
Impedance Analyzer (BIA) for weight and body composition
measurements including body fat percentage, visceral fat
level, basal metabolic rate (BMR), and cell age (accuracy
+400 g for 40.0-135.0 kg; £1%), as well as an Onemed-
brand manual height meter with an accuracy of 0.1 cm.
Participants were instructed to refrain from engaging in stren-
uous physical activity and from consuming heavy meals for at
least three hours prior to the measurement. As the measure-
ments were conducted at different times for each subject,
participants were asked beforehand whether they had eaten
and how long ago, to ensure consistency. All participants
were adequately hydrated at the time of assessment. Prior to
measurement, participants removed all jewelry and watches,
wore light clothing, and removed their shoes to minimize
measurement variability.

Body fat percentage categories were obtained from Omron’s
Karada Scan Body Composition Monitor (model HBF-375,
Japan) and further refined based on studies using similar BIA
devices by Molz et al. (2023)!8, to ensure relevance to the
population studied, which was differentiated by sex for
women: low: 5-19.9%, normal: 20-29.9%, and high, >30%.
The reference value of visceral fat content was normal: <10,
high: >10. Classified the cell age into two groups: those with
cell age < chronological age and those with cell age > chrono-
logical age based on the results obtained from the Omron BIA
device. Omron describes the cell age feature as an estimate
derived from body weight, body fat percentage, and skeletal
muscle mass. This feature does not directly measure cellular
age at the biomolecular level, but rather reflects an index of
overall body composition and physical health. Cell age is ex-
pressed in years and reflects an estimate of biological aging
based on body composition metrics, rather than chronological

time alone. This categorization was also applied in the study
by Munawaroh et al. (2020)16.

Basal Metabolic Rate (BMR) values were obtained using
the Omron BIA device, which estimates BMR via a propri-
etary algorithm incorporating demographic variables (age,
sex, height, weight) and body composition data derived
from bioelectrical impedance analysis (BIA). The BMR val-
ues were subsequently categorized into three groups:
<1200 kcal/day, 1200-1300 kcal/day, and >1300 kcal/day,
based on the observed distribution among participants.
This classification is supported by the physiological princi-
ple that BMR increases with greater body mass, especially
in individuals with higher lean body mass. These groupings
also reflect commonly cited BMR ranges for healthy adult
women, as estimated by the Mifflin-St Jeor equation?®.

Body weight and body composition were taken twice for
each subject to ensure the accuracy and reliability of the BIA
device. The average of the two readings was calculated and
used as the final recorded value for each parameter. These
averaged results are presented in the data collection table.

Statistical Analysis

The data analysis was performed using a correlation test.
Before the statistical tests, the Kolmogorov-Smirnov normal-
ity test was performed. Normally distributed data were sub-
jected to statistical analysis using the Pearson’s correlation
test; otherwise, Sperman’s rho was used. This statistical test
was used to determine whether there was a correlation be-
tween body fat percentage, visceral fat composition, cell age,
BMR, and BMI. The test results were considered significant if
the p-value wass less then 0.05. Then the r value from the
correlation test was interpreted as 0 (nil), +/-0.1-0.3 (weak),
+/-0.4-0.6 (moderate), +/-0.7-0.9 (strong), +/-1 (perfect)?.
The data were processed using microsoft excel and continued
with statistical tests were performed using statistical product
and service solutions (SPSS) IBM version 26. This study also
added a graph in the form of a simple scatter plot to observe
the increase in the correlation of each variable using a linear
regression equation.

Ethical Approval

This study was approved by the Ethics Committee for
Research Involving Human Subjects, Faculty of Public Health,
Hasanuddin University (number: 663/UN4.14.1/TP.01.02/2024).
This study complied with the principles of the Declaration of
Helsinki since 1964 (last revised in Finland 2024) regarding re-
search on human subjects?!,

RESULT

This study was conducted on early adult female subjects
aged 19-27 years, which is the reproductive age period.
As many as 105 have patients met the inclusion criteria. As
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shown in Table 1, the majority of participants fell into the
underweight BMI category (28.6%). Interestingly, as much
as 45.7% had excess BMI status when accumulated from
the total overweight (27.6%) and obesity (18.1%). This in-
dicates that there is a double burden of malnutrition, in
which undernutrition occurs simultaneously with overnutri-
tion and obesity.

Table 1 also shows that the majority of the subjects had
excess fat (44.8%), although visceral fat was still largely
within normal conditions (83.8%). However, considering the
wide range between the values, there were still some sub-
jects with high visceral fat levels. In addition, the cellular age
of the subjects showed that most fell into the category that
did not correspond to their chronological age (58.1%) and
most subjects have a BMR of less than 1200 calories
(58.1%). This may indicate that almost most of the subjects
did not have a healthy body.

Table 2 shows the results of the bivariate correlation analy-
sis conducted on each variable. Based on the normality test,
most of the data did not follow a normal distribution in the
Kolmogorov-Smirnov test, only the body fat percentage data
followed a normal distribution with a p-value of 0.200 (p >0.05)
(Table 1); therefore, the data were analyzed using the spear-
man rho correlation test. The test results show that all the vari-
ables are significant (p <0.05), which means that all the vari-
ables are correlated. The r values showed a strong positive
correlation in succession for body fat at r=0.724, visceral fat at
r=0.941, cell age at r=0.949, and BMR at r=0.898 with BMI.
Graphical explanations are shown in Figure 1 in the form of
scatter plots for each variable.

For all variables in figure 1 part (a), (b), (c), and (d), the
coefficient of determination (R2) was calculated based on the
correlation coefficient. The R2 values indicate the extent to
which BMI, as the independent variable, explains the variation

Tabel 1. Distribution of subjects based on Body Mass Index (BMI), Body Fat, Visceral Fat, Cell Age, and Basal Metabolic Rate (BMR) (n=105)

Variable of Category n % Meant SD Interval Kolmogorov-Smirnov Test
BMI 22.96+5.64 15.4-38.20 0,011
Underweight 30 28.6
Normal 27 25.7
Overweight 29 27.6
Obese 19 18.1
Body fat 28.48+8.83 7.7-48.65 0.200*
Low 20 19.0
Normal 38 36.2
High 47 44.8
Visceral Fat 5.08+5.39 0.50-26.00 <0.001
Normal 88 83.8
High 17 16.2
Cell age 28.28+11.01 18-57 <0.001
< chronological age 44 41.9
> chronological age 61 58.1
BMR 1198.07+203.46 913.5-1976 0.001
<1200 kkal/day 61 58.1
1200-1300 kkal/day 17 16.2
>1300 kkal/day 27 25.7

Based on: Primary data, 2025, * Data has a normal distribution.
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Tabel 2. Results of the Correlation Test Between Total Fat Percentage, Visceral Fat Percentage, Cell Age, and Basal Metabolic Rate (BMR)

with Body Mass Index (BMI)

BMI
Variabel Explanation
p-value r
Body Fat (%) <0.001* 0.724 Strong positive statistical corellation
Visceral Fat (%) <0.001* 0.941 Strong positive statistical corellation
Cell Age (years) <0.001* 0.949 Strong positive statistical corellation
BMR (kcal/day) <0.001* 0.898 Strong positive statistical corellation
* Spearman rho test, significant if the p <0.05.
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A positive correlation coefficient indicates a direct relationship, meaning that higher BMI values are associated with increases
in these body composition parameters.

Figure 1. Scatter plots were used to illustrate the strong positive correlations between BMI and (a) body fat percentage, (b) visceral

fat, (c) cell age, and (d) BMR
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in the dependent variables, namely total body fat, visceral fat,
cell age, and BMR. In addition, regression analysis was per-
formed using the equation Y = a + bX to predict the values
of the dependent variables based on BMI.

In Figure 1 part (a), a constant value of 3.95 and an IMT
regression coefficient of 1.07 were obtained, which means
that every 1 IMT increase will increase the body fat per-
centage by (3.95+1.07*1). A positive coefficient indicated a
positive relationship between the percentage of body fat
and BMI. The higher the body fat percentage, the higher is
the BML. The coefficient of determination (R2 = 0.471) indi-
cates that 47.1% of the variation in body fat percentage can
be explained by BMI, while the remaining 52.9% may be at-
tributed to other factors not included in the model. The
moderate strength of this correlation highlights the influ-
ence of BMI as a predictor, though not the sole determinant,
of body fat percentage. This condition was also the same for
visceral fat (b), cell age (c), and BMR (d) with BML.

DISCUSSION

This study found that BMI had a strong positive correla-
tion with body fat percentage, visceral fat composition, cell
age, and BMR in 105 participants. BMI is the easiest way to
estimate a person’s nutritional status; therefore, it can be
used as a control for a person’s lifestyle. Measurement us-
ing this method is very simple and can be used in large-
scale population studies. However, excess body mass in-
deks (BMI) is not always associated with excess body and
visceral fat. This is evidenced by the initial screening results
showing that there are several subjects with excess BMI,
but body and visceral fat tend to be normal or even low.
This phenomenon occurs because of the non-exercise ac-
tivity thermogenesis (NEAT) factor.

NEAT is an important component of daily energy expendi-
ture. It represents common daily activities, such as fidgeting,
walking, and standing, cooking, cleaning, gardening, typing,
and checking social media. Even high-effort NEAT movements
result in an expenditure of up to 2000 extra kcal per day be-
yond the basal metabolic rate, depending on the body weight
and activity level?2,

Therefore, this study provides a basis for screening for over-
weight and obesity in addition to the inclusion criteria for long-
term interventions that need to check total and visceral fat, in
addition to using BMI to obtain more accurate information.
The results of study Kurniawan et al. (2018) even showed that
body fat and visceral fat measurements were stronger predic-
tors of insulin resistance in obesity than BMI and waist cir-
cumference?3. Likewise, a study by Agustiyawan et al. (2025)
showed that there was a significant positive association be-
tween body fat and visceral fat with the risk of heart disease!“.

Table 1 shows that 44.8% of the subjects had high body
fat, but visceral fat was relatively normal (83.8%). This is
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because the subjects in this study were early adults and
post-productive women with an age range of 19-27 years.
In this age range, there is a tendency to store more fat in
the subcutaneous area than in the visceral area, mainly due
to differences in fat distribution influenced by estrogen,
compared with men. Therefore, although the overall body
fat increased, visceral fat was maintained at a lower level,
indicating that health risks related to visceral fat may remain
low in some cases.

Fats in the body are lipoproteins that contain triglycerides,
phospholipids and cholesterol combined with proteins. The
types of lipids that exist in the body are high-density lipopro-
tein (HDL), low-density liproprotein (LDL), veri low-density
lipoprotein (VLDL), and glycolipids. Excess fat in the body will
interfere with the control of the hypothalamic-pituitary axis,
affects visceral fat and circulating fat, interferes with the ac-
tivity of various regulators such as enzymes and hormones,
and affects various intermediate mediators such as increased
proinflammatory cytokines. These conditions cause chronic
inflammation and will cumulatively reduce organ function?®,

This study showed that there was a strong positive cor-
relation between body fat (r = 0.724) (p <0.001) and vis-
ceral (r = 0.941) (p <0.001) fat (Table 2 and Figure 1) with
BMI. Subjects with visceral fat in this study were more
obese than those with overweight. Individuals with obesity
tend to have excess visceral fat. Visceral fat can also affect
the size of the abdominal circumference, such that a higher
percentage of visceral fat will increases the risk of develop-
ing central obesity.

Several studies have shown that in adult women after the
age of 30 years, factors such as decreased metabolism, hor-
monal changes (such as decreased estrogen and testos-
terone), decreased physical activity, as well as stress factors
and unhealthy diet, all contribute to increased visceral fat.
Visceral fat is more risky than subcutaneous fat due to its as-
sociation with various metabolic syndrome health problems
such as diabetes, cardiovascular disease, hyperlipidemia, and
hypertension. Visceral fat tends to increase with age until
menopause?*. Research Gotera et al. (2024) in the age range
of 26-48 years showed that visceral fat was positively corre-
lated with fasting blood glucose (r = 0.326) (p <0.001), LDL
(r = 0.251) (p = 0.007), triglyseride (r = 0.47) (p <0.001),
and negatively correlated with HDL (r = -0.446) (p <0.001)15,
Research Muhdar et al. (2025) showed that 42.20% of late
adult female subjects with an age range 60-69 years were
obese with an increase in visceral fat (>10%) as much as
37% 23, Thus, visceral fat increases with age and triggers an
increase in various metabolic syndrome health problems.

Visceral fat in the abdominal region is a predominant risk
factor for metabolic syndrome and can lead to future health
costs if not prevented early. Visceral fat deposits are associ-
ated with the formation of enlarged and dysfunctional adi-
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pose tissue. This dysfunctional adipose tissue secretes proin-
flammatory biomarkers such as prostaglandins, C-reactive
protein (CRP), and cytokines such as interleukin-interleukin
(interleukin-6), tumor necrosis factor alpha (TNF-a) and lep-
tin. These inflammatory mediators contribute to the devel-
opment of type 2 diabetes, hyperlipidemia, and cardiovascu-
lar diseases later in lifel>.

In addition to body and visceral fat, this study also tested
the correlation between cell age and BMI. Cell age is part of
the body composition results obtained through the
Bioelectrical Impedance Analyzer (BIA). This feature reflects
overall body composition and physical health, not direct cel-
lular age. This study involved subjects who did not engage in
regular physical activity, which may have influenced the rela-
tionship between BMI and cellular aging. Nonetheless, the re-
sults offer a foundation for further research on the aging pro-
cess in individuals who develop fat-related disorders later in
life, particularly with the support of appropriate analytical
tools. Table 1 shows that most participants at cell age were
older than their chronological age (58.1%). The results of the
correlation test of cell age with BMI also showed that there
was a strong correlation (r = 0.949) (p <0.001) (Table 2 and
Figure 1); incicating that high body fat, including visceral fat,
contributes positively to increased oxidative stress, chronic in-
flammation, and metabolic disorders, all of which accelerate
cellular aging. These processes exacerbate damage to body
cells, shorten telomeres and impair the function of vital or-
gans. The higher the excess body fat, the more likely the
body is to experience faster biological aging and an increased
risk of various age-related diseases such as diabetes, heart
disease, and other metabolic disorders. This is also in accor-
dance with research Munawaroh et al. (2021), who found a
significant relationship between cell age and BMI*®,

The results of a meta-analysis Lin et al. (2021) showed that
overweight or obese children have shorter telomere length
than normal weight children (SMD: -0.85; 95% CI: -1.42 to
-0.28; p <0.01)%, Thus, cellular responses triggered by ex-
cessive consumption are thus responsible for the increasing
the rate of aging. Foods high in macronutrients such as car-
bohydrates and fats are likely to be the toxic effects of excess
consumption. Consequently, obesity is a side effect of exces-
sive food consumption status and the fulcrum is the cellular
nutrient-sensing pathway. Numerous studies have shown that
dietary components have the potential to reverse epigenetic
changes associated with aging and influence cellular age.
These findings open promising opportunities for the develop-
ment of future anti-aging therapies?’. In addition to dietary
improvements, managing physical activity levels is essential.
However, the interplay between caloric intake and physical ac-
tivity is complex and warrants further research to fully under-
stand its impact on overall health?8,

In this study, the subjects’ BMR was tested which is also
obtained from the BIA results. BMR values were empirically

categorized into three groups (<1200, 1200-1300, and
>1300 kcal/day) based on the observed distribution of BMR
among the participants. This categorization aimed to estimate
the body’s energy expenditure at complete rest. It was not
based on standardized clinical cutoffs but was developed as a
data-driven approach. Interestingly, these groupings also re-
flect commonly cited BMR ranges in healthy adult women as
estimated by the Mifflin-St Jeor equation, which supports
their physiological plausibility'®. The results showed that most
subjects had a BMR <1200 kcal/day (58.1%), which is in line
with the underweight results found in BMI (28.9%) (Table 1).
Interestingly, the spearman rho test showed a strong correla-
tion between BMR and BMI (r = 0.898) (p <0.001) (Table 2
and Figure 1), indicating that the higher the BMI, the higher
the BMR, especially in people who are larger and have more
body tissue. To the best of our knowledge, this stratification
approach has not been widely used in previous studies. The
observed association between higher BMR categories and in-
creased BMI may reflect the known physiological relationship
between lean body mass and basal energy expenditure. Given
that BMR is primarily determined by fat-free mass, this clas-
sification may serve as a novel framework for interpreting
variations in metabolic health within a population.

In obese people, a higher amount of body fat requires more
energy to maintain, which can lead to a higher BMR com-
pared to that in leaner individuals. This means that the body
works harder to maintain body balance in individuals with
more body fat. In addition, in larger people, even though
body weight is mostly composed of fat, a larger amount of
body tissue overall requires more energy to support daily
body functions. However, despite a higher BMR, other factors
such as lack of physical activity and body composition (fat vs.
muscle), can affect total energy expenditure. Explained that
the comparison of energy expenditure between non-obese
and obese individuals, the results showed different behaviors
in obese individuals. However, the specific energy expenditure
component (rest, activity or food thermogenesis) that plays a
major role in creating this difference is yet to be identified.
Thus, more complex energy-related studies are required®.

This suggests that health monitoring from early adulthood
is essential to prevent further increases in metabolic risk later
in life. Positive lifestyle changes such as regular aerobic and
resistance exercise programs and/or a healthy diet with calo-
rie restriction, can positively affect endocrine and metabolic
function and act as preventative measures against various
age-related diseases30.

Limitations

This study has several limitations. The total number of par-
ticipants was determined using consecutive sampling rather
than probability-based sampling methods, meaning the sub-
jects were not selected to represent the broader population.
Data collection was conducted at a single time point, involv-
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ing only individuals who met the inclusion criteria and were
present at the research site, thus eliminating the risk of par-
ticipant attrition during the study period. As this study served
as an initial screening for future clinical research, consecutive
sampling was chosen to facilitate subject selection for subse-
quent phases. To ensure data homogeneity, participants were
recruited from a similar academic and geographical back-
ground specifically, students and recent alumni from a uni-
versity located in Maros Regency. BMI measurements were
obtained using the same device, the Omron Karada Scan
Body Composition Monitor. To ensure measurement validity,
manual calculations were also performed to cross-verify the
BMI values automatically generated by the BIA tool. This pro-
cedure was intended to distinguish between the anthropo-
metric variables namely BMI and body composition and also
to minimize redundancy and potential overlap in the data
analysis process.

CONCLUSION

This study shows that there is a strong correlation between
body fat percentage, visceral fat composition, cell age, and
BMR, and BMI. Interestingly, the screening results showed a
complicated situation, in that underweight and overweight
subjects were almost comparable. This suggests that there is
a double burden of malnutrition, with undernutrition occur-
ring at the same time as overnutrition and obesity, and that
health monitoring from early adulthood is essential to prevent
further increases in metabolic risk later in life. Positive lifestyle
changes such as regular aerobic and resistance exercise pro-
grams and/or a healthy diet with calorie restriction can posi-
tively affect endocrine and metabolic function and act as pre-
ventative measures against many age-related diseases.
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