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ABSTRACT

Background: Adolescent obesity has bene an increasing public health challenge, with logrgn impacts on

quality of life and an elevated risk of degenerative aiss. The urgency to address this condition continues to
grow due to its rising prevalence and the potential for adverse heattintaeg in adulthood. This study aimed to
determine the prevalence of obesity and analyze factors associated with obesity among students at SMA Negeri 1
Penebel, Tabanan.

Methods: This study employed an analytical observational design with a-sex¢®nalapproach involving 140
respondents. Data were collected through anthropometric measurements auimgatered questionmais
assessing genetic factors, sex, physical activity level, and sleep duration. Data analysis was conducted using the
Chi-square¢ st , Fi sher’ s Exact Test, and multivariate | og
Results: The prevalence of obesity among students at SMA Negeri 1 Penebel, Tabanan was 37.1%. Bivariate
analysis demonstrated significant associations between genetic factors (6rah0 sleep duration (p = 0.013)

with obesity. In contrast, sex (p = 0.073) and physical activity level (p = 0.824) wesggnificantly associated

with obesity status. Multivariate analysis indicated that genetic factors were the strongest indgpedittot of

obesity among students (p = 0.031).

Conclusion: Genetic factors and sleep duration were significantly associated with obesity, with genetic factors
identified as the most dominant predictor. The high prevalence of obesity underscores thantepof
preventive health interventions focusing on modifiable risk factors, particularly among students with a genetic
predisposition.
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INTRODUCTION and 13.5%n those aged 188 yearsAdolescence represents a
Obesity has emerged as ajonaglobal public health critical developmental period characterized by rapid physical
concern and has become a leading contributor to chronic heaifowth, hormonal changes, and evolving behavioral patterns,
conditions. It is characterized by excessive accumulation of bodyaking individuals particularly vulnerable to excessiveight
fat, with its prevalence showing a steady upward trend over timgain®
The World Health Organization (WH@gported that the global Obesity has been associated with an increased risk of
prevalence of obesity has increased approximately threefold sinseveral longerm  degenerative  conditions, such as
1975 affecting both developed and developirmuntries This  cardiometabolic  diseases, type 2 diabetes mellitus,
rising trend reflects rapid lifestyle transitions, urbanization, anehusculoskeletal disorders, and selected cahBegond physical
shifts toward energglense dietsral sedentary behaviordn  health consequencesobesity also negatively —affected
Indonesia, the burden of obesity has increased substantially oygychological welbeing, contributing to depression, stress, body
the past decade. National health survey data from the Basinage disturbances, low setteem, and poor quality of Ife.
Health Research indicated that the prevalence of obesity amoimglividuals with obesity often experienced societal stigma in the
individuals aged over 18 years rosenird5.4% in 2013 to 21.8% form of teasing, discriiation, and acial exclusion, which
in 2018.2 Indonesia is currently experiencing a triple burden adffected their educational attainment, employment prospects, and
malnutrition, including stunting, wasting, and obesity, whicheconomic opportuniti€s. Additionally, obesity had been
poses complex public health challenges. Among adolescents,
obesity prevalence has reached 16% in thged 4315 years
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associated with impaired cognitive function in adolescent$ylATERIALS AND METHIODS
including decreased memory, attentimmy executive functioh. This research was designed as an analytic observational
Obesity resulted from a persistent imbalance betweegrosssectional study conducted at SMA Negeri 1 Penebel,
energy intake and energy expenditure, which led to excessive fabanan, from February to ApP025. The study population
accumulation. Sustained adipose tissue expansion promoteehsisted of all active students enrolled at SMA Negeri 1 Penebel,
adipocyte enlargement and proliferation and contribtgea state totaling 494 students. The minimum sample size was calculated
of chronic lowgrade inflammation, marked by immune cell using the Lemeshow formula with finite population correction at a
infiltration and increased production of inflammatory mediator©95% confidence level and 5% mg@r of error. A stratified
and adiposeerived hormones’ random sampling technigque was applied, in which the population
Energy balance was regulated through interactions betweas grouped into strata based on grade leve{I(X The student
adipose tissue, gastrointestifaormones, and central ural  attendance list obtained from the school administration was used
mechanisms, with a key role played by hypothalamic cdfitrol as the sampling frame. Within eastratum, participants were
Leptin, insulin, peptide YY (PYY), and cholecystokinin (CCK) randomly selected using the random function in Microsoft Excel.
acted as anorexigenic signals that suppressed food intake, wheregsal allocation was applied to ensure balanced representation
ghrelin served as an orexigenic moine that stimulated hunger. between male and female students within each grade level. A total
Cortisol also played an important role in energy regulationof 146 students were initially seled, consistig of 36 students
Elevated cortisol levels, particularly during periods of stress drom grade X, 46 from grade XI, and 64 from grade XII.
sleep deprivation, were associated with heightened appetite, Inclusion criteria were active students of SMA Negeri 1
increased visceral fat storage, and tlevelopment of insulin Penebel who were willing to participate and signed informed
resistancé™? consent prior to completing the questionnaire. Ekuolusriteria
Obesity is influenced by multifactorial interactions included students who were currently undergoing a weight loss
involving individual, physiological, socioeconomic, and program, had a history of chronic diseases such as diabetes
environmental determinants. Biological factors such as genetigsiellitus or heart disease that could affect body weight status, were
sex, and age play an important role &edmining individual absent due to illness or permission during datseaah, or
susceptibility to obesity. In addition, physiological and behavioragubmitted incomplete questionnair@hesity was assessed using
factors, including levels of physical activity, sleep duration, andbody mass index (BMI) according to the ABacific criteria.
dietary patterns, significantly contribute to energy imbalance anfinthropometric measurements were obtained using standardized
excessive fat accumulation.sirfficient physical actity, short  digital scales and microtoise instruments. Data on gdaetirs,
sleep duration, and unhealthy dietary habits characterized by higex, physical activity, and sleep duration were collected through
energy intake and low nutritional quality have been consistentltructured questionnaires. Physical activity was assessed using the
associated with an increased risk of obéditFurthermore, International Physical Activity Questionnaire (IPAQ), while sleep
socioeconomic and environmial factors, such as urbanization, duration was evaluated using the Pittsburgiei®iQuality Index
accessibility to higlralorie foods, and limited opportunities for (PSQI). Data analysis was performed using SPSS software.
physical activity, may exacerbate these risks, particularly amorigescriptive analysis was conducted to summarize participant
adolescent¥' characteristics, followed by bivariate analysis usinggghare or
However, despite the increasing prevalence of adolescefti s her ’
obesity in Indnesia, data regarding the associated risk factomere subsequently included in binary logistic regression to
among high school students in specific local settings remaidentify independent factors associated with obesity. Statistical
limited, particularly in semirban and rural areas such assignificance was defined at p < 0.05. Ethical clearance was
Tabanan, Bali. Understanding the contributing factors in thisbtained from the Ethics Committee of the Faculty oflielere,
population is essentid@o support the development of targeted Udayana University (Approval No.
schoolbased and communitgvel prevention strategies. 0270/UN14.2.2.VII.14/LT/2025).
Therefore, this study aimed to determine the prevalence of obesRESULT
and to analyze the association betwgemetic factors, sex, Characteristics of study participants
physical activity level, and sép duratiorwith obesity among From 146 students who were recruited at the beginning of
high school students at SMA NegeRPenebel, Tabanan. the study, six were excluded because of incomplete data or
ineligibility. Thus, the final analysis was conducted &AO
students. The descriptive profile of the partioigds summarized
in Table 1.
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Table 1.Characteristics Distribution of Students at SMA Negeri 1 Penebel, Tabanan

Variable n %
Obesity (kg/m?)
-Obese (=2 25) 52 37.1
- Non-obese (< 25) 88 62.9
Genetic
-Yes 10 7.1
- No 130 929
Sex
- Male 71 50.7
- Female 69 493
Physical Activity (METs/weak)
- Light (< 600 38 271
- Moderatg(600- <1500) 64 457
-Vigorous (= 1500) 38 271
Sleep Duration(hour/night)
- Insufficient(< 7) 37 264
- Adequate (7) 65 46.4
- Good (8- 10) 38 271

Note: n =Frequency; % = Percentage
sleep, followed by good sleep duration (27.1%, n = 38) and

Table 1 showsthat the prevalence of obesity among insufficient sleep (26.4%, n = 37)

stucerts at SMA Negeri 1 Penebel was 37.1% (n = 52), whil ivariate association between risk factors and obesit
62.9% (n = 88) wer@onobese. Most respondents 92.9% (n = qtatus y

130) reported no family history of obesity, whereas only 7.1% (h Folowing the descriptive anmalysis of respondent

= 10) had a postive genetic history. The sex distribution Waawaractdstics, bivariate analysis was conducted to evaluate the

relatively balanced, consisting 60.7% males (n = 71) and o . : :
X . - . .~ association between each independent variable and obesity status.
0, =
49.3% females (n = 69). Reding physical activity, the majority This analysis aimed to identify variables that demonstrated a

9 = i i .. . ; . . . .
of s_tgdents (45'7/.0’ n 64) were ca.tegorlze.d as having mOderg{gtstlcally significant relationship with obesity and to determine
activity levels, while light and and vigoroastivity levels were

equally represented (27.1%, n = 38 each). In terms of sle otential predictors for further multivariate analysis. The resuits of
duration, nearly half of thstudent§46.4%, n = 65) had adequate € bivariate analysis are presented in Table 2.
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Table 2. Bivariate Analysis of Factors Associated with Obesity

Variable Obese Non-Obese P
n (%) n (%)
Genetic
-Yes 8 (800) 2 (200) 0.006*
-No 44 (338) 86 (662)
Sex
- Male 32 (451) 39 (549) 0.073
- Female 20 (290) 49 (710)
Physical Activity (METs/weak)
- Light (< 600) 15 (395) 23 (605)
- Moderatg(600- <1500) 22 (344) 42 (656) 0.824
- Vigorous( =50Q) 15 (395) 23 (605)
Sleep Duration(hour/night)
- Insufficient(< 7) 21 (568) 16 (432)
- Adequatg7) 18 (27.7) 47 (723) 0.013
- Good(8 - 10) 13 (342) 25 (658)
Not e: a = Fi s h ersgumre Eestae Pearfan €ltjuae Test = Ch i

Based on the statistical analysis in Tablestudents with by adequatsleep (27.7%, n = 18) and good pléd4.2%, n =
genetic factors had a higher prevalence of obesity (80%, n = &B), and a significant association was confirmed by the Pearson
compared to those without genetic factors (33.8%, n = 44), witBhi-square test (p = 0.013).

Fisher’'s Exact Test indiTating a significant association
0.006). The prevalence of obesity was higher among maM ultivariate analysis of independent predictors of
students (45.1%, n = 32) than female students (29%, n = 20pesity

however, the Chi-square testshowed no  significant A multivariate logistic regression analysis was
association between sex and obdgity 0.073)The prevalence performed to determine the independent factors associated
of obedly wasrelative similar acrossignificant physical with obesity after adjustment for potential confounders.
activty levels, including  light (39.5%, n = 15)moderate  Variables that demonstrated a bivariateatue of < 0.25,
(34.4%, n = 22)and vigorous activity (39.5%, n = 15), with no including genetic history, sex, and sleep duration, were
association observed (p = 0.824). In contrast, obesity prevaleneatered into the final model. The results of the multivariate
varied significantly by sleep duration, with the highest prevalencanalysis are summarized in Table 3.

among students with insufficient sleep (56.8%, n =#lpwed

Table 3. Multivariate Logistic Regression Ahgis of Factors Associated with Obesity

Variable P
Genetic 0.031
Sex 0.112
Sleep Duration 0.043
Adequate vs Good 0.392
Insufficientvs Good 0.143

netic history and sex. Sex was not significantly associated
ith obesity in the multivariate model (p = 0.112),
indicating that it was not a strong independent predictor of

The contribution of each factor to obesity was assess
after adjusting for the presence of other ahlés in the
model. Genetic history emergedas the most dominant P
predictor of obesity (p = 0.031). g?seélbyslggﬁ study.

Sleepduration also showed a significant overall association Based ora study involving 140 students at SMA Negeri 1
\(,:vét; :rti):c?rlg r(ep\/ezlegonﬁ)’)ﬁifr:gme\é?;f’e:r;itss bet\fvlggn Penebel, Tabanan, it was found that 37.1% (n = 52) of
ade puate and aooglee dugration (p = 0.392) between respondents were classified as obese. This prevalence was
insu?ficient an dg 00d pslee dura?io;l (' =" 0.143}is considered high compared to national and regional data. The
o 9 P n P =" Basic Health Researdieported thathe prevalence of obesity
indicated that although sleep duration contributed to th mong Indonesian adolescents agedi@6years in 2018 was
mpdel overall, no specific sleep category |ndependentI¥L3_5%§ Other studies conducted in Bali also reported lower
differed from the reference groupafter adjustment for
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prevalence rates, which found an obesity prevalence of 9.8%besity in both bivariate (p = 0.013) and multivariate analyses (p
among students at SMA Negeri 4fipasa” And astudy in = 0043). The highest prevalem of obesity (56.8%) was
Jembrana District that reported an obesity prevalence of 10.688bserved among students with insufficient sleep duration.
among adolescent giffs.Obesity occurring during adolescence According to the National Sleep Foundation, adolescents required
was likely to persist into adulthood, making early preventior8-10 hours of sleep per night, and shorter sleep duration
crucial, as this condition had serious implications for aébron contributed to obesityoy increasing sedentary behaviors and
degenerative diseasks. snacking during extended waking hotiré.Short sleep duration
One of the most prominent findings of this study was thalso disrupted appetitegulating hormones, characterized by
dominant role of genetic factors as predictors of obesity. Genetitecreased leptin and increased ghrelin levels, which enhanced
factors showed a significant association with obesity in bothunger and preference foghicalorie food$® Furthemore, sleep
bivariate analysis (p = 0.006) and multiste analysis after deprivation activated the hypothalarpéuitary-adrenal axis,
controlling for other variables (p = 0.031). These findings werdéncreasing cortisol production and contributing to visceral fat
consistent with a study which reported that students with geneticcumulation and insulin resistariéédowever, not all studies
predisposition had a 3fId higher risk of obesity. The Basic  showed consistent results research conducted in SMP Negeri
Health Researchiso reported that ctilen had a 480% risk of 22 Surakarta found no significant association between sleep
obesity if one parent was obese, and this risk increaseeB@%0 duration and obesity. These discrepancies suggested that the
when both parents were ob&Sghis strong association reflected impact of sleep duration depended on population characteristics
a complex genenvironment interaction, as obesity was largelyand the presence of other domiramifounding factors,
polygenic, resulting from the cunative effects of multtiple
genetic variants rather than a single gene. Many olvekitpd CONCLUSION
genetic variants were expressed in the central nervous system, The prevalence of obesity among students at SMA Negeri 1
particularly in appetite regulation, while others influencedPenebel, Tabanan, was 37.1%. Genetic predisposition emerged as
adipocyte biology? the strongest independent factor associated with obesity, followed
Bivariate analysis showed no significant assation by the influence of insufficiersleep duration. In contrast, sex and
between sex and obesity (p = 0.073), although the prevalencepbfysical activity level did not show a significant independent
obesity was higher among male students (45.1%) compared dssociation with obesity in this study population.
female students (29.0%). This finding contrasted with several
previous studies, which reported héglobesity prevalence among RECOMMENDATION
female adolescents. These differences were often attributed to Future studies were recommended to use stronger study
postpubertal hormonal changes that promoted fat accumufationdesigns and more objective measugeiiools to clarify obesity
However, the relationship between sex and obesity duringsk factors. Schools were encouraged to implement routine health
adolescence was complex and varied acropslgtions. Some screening and strengthen student education on healthy sleep and

studies spported the present findings, suggesting that maléfestyle behaviors. Local health authorities were advised to
adolescents had higher obesity prevalence due to differencespiioritize adolescent obesity prewen programs and involve
behavioral and sociocultural factors. Female adolescents tendegawents in addressing genetic risk and promoting supportive home

be more concerned about body image and weightrad,
whereas male adolescents were less likely to regulate dietary

environments.
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