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rurales y urbanas en Mamuju

Abstract
_________________________________________________________________________________|
Introduction: this study examines factors influencing adolescent obesity in Mamuju Regency. It

focuses on urban-rural differences.

Objective: this study examines factors influencing adolescent obesity in urban and rural
Mamuju Regency.

Methodology: a quantitative, cross-sectional correlational design was used with 320 students
from 44 vocational high schools in remote villages and central urban Mamuju. Participants
were selected via purposive sampling, targeting schools with at least 20 cases of obesity. Data
were collected through a virtual survey using Google Forms, covering sociodemographic data,
physical activity (IPAQ-short), mental health indicators (DASS-42), sleep quality (PSQI), and
BMI. The analysis involved descriptive statistics, Spearman's rank correlation, Mann-Whitney
tests, and ordinal regression (IBM SPSS Statistics).

Results: results showed that in urban adolescents, sleep quality significantly correlated with
BMI (p = 0.01, OR =2.295), as did the physical activity (p = 0.04, OR = 2.365) and stress levels
(p =0.38, OR = 1.343). Among rural adolescents, physical activity (p = 0.02, OR = 3.197), sleep
quality (p = 0.07, OR = 2.967), and stress levels (p = 0.25, OR = 2.981) were significantly asso-
ciated with BMIL.

Discussion: lifestyle influences adolescents' nutritional status in Mamuju Regency, with sleep
quality and physical activity affecting BMI in urban areas, while physical activity is key in rural
areas. Targeted interventions are essential to reduce obesity.

Conclusions: the findings emphasize the role of lifestyle factors like sleep quality, physical ac-
tivity, and stress in managing BMI among adolescents, highlighting the need for targeted inter-
ventions to reduce obesity.

Keywords
Adolescents; body mass index; physical activity; sleep quality; stress.
Resumen

Introduccidn: este estudio examina los factores que influyen en la obesidad adolescente en Ma-
muju, enfocandose en las diferencias entre zonas urbanas y rurales.

Objetivo: este estudio analiza los factores que afectan la obesidad adolescente en las zonas ur-
banas y rurales de Mamuju.

Metodologia: se utiliz6 un disefio cuantitativo, transversal y correlacional con 320 estudiantes
de 44 escuelas de Mamuju, seleccionados por muestreo intencional en escuelas con al menos
20 casos de obesidad. Los datos se recolectaron mediante una encuesta virtual (Google Forms)
que incluy6 datos sociodemograficos, actividad fisica (IPAQ-corto), salud mental (DASS-42), ca-
lidad del suefio (PSQI) e IMC, y se analizaron con estadisticas descriptivas, correlacién de Spear-
man, pruebas de Mann-Whitney y regresion ordinal (IBM SPSS).

Resultados: los resultados mostraron que, en adolescentes urbanos, la calidad del suefio (p =
0.01; OR = 2,295), la actividad fisica (p = 0.04; OR = 2,365) y el estrés (p = 0.38; OR = 1.343) se
correlacionaron con el IMC. En adolescentes rurales, la actividad fisica (p = 0.02; OR = 3.197),
el suefio (p = 0.07; OR = 2.967) y el estrés (p = 0.25; OR = 2.981) se asociaron con el IMC.
Discusidn: el estilo de vida influye en el estado nutricional de los adolescentes en Mamuju, afec-
tando el IMC en zonas urbanas y rurales. Se requieren intervenciones para reducir la obesidad.
Conclusiones: los hallazgos destacan el impacto de factores como el suefio, la actividad fisica y
el estrés en el IMC adolescente, resaltando la necesidad de intervenciones para reducir la obe-
sidad.

Palabras clave

Adolescentes; indice de masa corporal; actividad fisica; calidad del suefio; estrés.
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Introduction
|
In 2030, Indonesia will experience a demographic bonus in which the number of individuals in the pro-
ductive age group (15-64 years) surpass the number of non-productive age group (Mukri, 2018). Demo-
graphic bonus refers to a condition where the young population is larger than the old population (Umar,
2017). Indonesia is one of the developing countries in the world that faces problems with malnutrition,
namely obesity. Based on Riskesdas 2018 data, it was recorded that 16.6% of adolescents aged 13-15
years were obese (Riskesdas, 2018). By 2030, an estimated 9 million children and adolescents aged 5-
19 will be obese in Indonesia (Cho et al.,, 2018). During adolescence, various biological, psychological,
and social changes can affect daily living habits, including physical activity, sleep patterns, stress levels,
and nutritional status (Joshi et al., 2023).

The sociodemographic factors of adolescents in urban and rural areas have a significant impact on their
lifestyles (Santos Labrador & Melero Ventola, 2023). Life for urban adolescents is often characterized
by restricted space and time, which can lead to unhealthy lifestyles. These limitations may hinder their
opportunities for physical activity. Additionally, the high exposure to digital media in urban environ-
ments can negatively impact sleep quality, while the increased academic pressures can elevate stress
levels among adolescents living in these areas (Sismoyo, 2022).

Teenagers in rural areas face unique but significant challenges. While they typically have more space for
physical activities, limited access to sports facilities and recreational options frequently hinders them
(Christiana et al., 2021). Additionally, low digital literacy in rural areas can restrict access to health in-
formation. The demands of household chores and family responsibilities can contribute to both physical
and mental strain. These factors may negatively impact sleep quality and increase stress levels among
rural adolescents (Maita et al., 2024).

Engaging in physical activity is crucial for maintaining adolescents' physical, mental health and BMI (Es-
trada-Araoz et al., 2024). The World Health Organization advises that adolescents engage in at least 60
minutes of moderate to vigorous physical activity every day (WHO, 2019). Regular physical activity
helps maintain an ideal body weight and reduces the risk of cardiovascular disease. It also improves
sleep quality, lowers stress, and reduces BMI (Wilson et al., 2022). Good sleep quality is also crucial for
maintaining body mass index during adolescence ((Grimaldi et al., 2023)). Getting sufficient sleep is es-
sential for maintaining hormonal balance, particularly hormones controlling appetite, such as leptin and
ghrelin. When sleep quality declines, these hormones' production becomes imbalanced, leading to in-
creased appetite and excessive calorie consumption (Akhlaghi & Kohanmoo, 2023). Stress in teenagers
can originate from several sources, including academic pressure, social demands, and the rapid physical
and emotional changes during puberty. A heavy workload, exam preparation, and high expectations for
achievement can all contribute to significant mental stress for young people (Doane et al., 2023).

In addition, pressure from the social environment, such as the desire to be accepted by peer groups,
family expectations, and social media's influence, can also cause stress (Bai et al., 2024). Stress during
adolescence has a significant effect on body mass index (Kipp etal,, 2021). When adolescents experience
stress, their bodies respond by increasing the production of the hormone cortisol. When cortisol is se-
creted in high amounts over time, it can affect metabolic processes and increase appetite, especially for
foods high in sugar and fat. As a result, this can lead to excessive calorie consumption, which may con-
tribute to a higher body mass index (Kuckuck et al., 2023).

Investigating the relationships between physical activity, sleep quality, stress levels, and Body Mass In-
dex in adolescents is crucial, as these factors are interconnected and provide a comprehensive view of
adolescent health (Smout et al., 2024). Adolescent health is crucial to fostering a productive and quality
generation for the nation (Baltag & Banerjee, 2024).
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The lifestyle differences between adolescents living in villages and cities significantly impact their health
and well-being. In Mamuju Regency, this difference is seen in the broader access to nature and open
spaces for village adolescents, which supports higher physical activity habits. On the other hand, denser
and more dynamic urban life often limits physical activity and increases social and academic pressures,
potentially leading to higher stress levels. Urban lifestyles also usually introduce teenagers to more in-
tense use of digital media, which can affect adolescent sleep quality.

Body mass index is an essential component in viewing adolescents' health status. Non-ideal BMI can
trigger various health problems, both short-term and long-term. This study analyzes the factors influ-
encing BMI in vocational high school students in the Mamuju district by considering the differences be-
tween rural and urban areas.

Method

|
Various variables, including physical activity, stress levels, sleep quality, and body mass index (BMI).
These variables were assessed objectively through numerical data and statistical methods. The study
employed a non-experimental design, observing the variables in their natural state without manipula-
tion (Miftah, 2017). In addition, this study is correlational with a cross-sectional design, aiming to de-
termine possible relationships between research variables where data are collected at one point in time.

Participants

The research location is in the urban and rural of Mamuju Regency, which consists of 44 vocational high
schools. The study population was 6841 high school students registered as students in 2024. A sample
of 320 students was selected using the purposive sampling method to ensure data representativeness
with the criteria of vocational high schools that have an obesity incidence of 15 students in a school.

Procedure

Data collection was conducted through a virtual survey using Google Forms. This survey was specifically
designed to gather information related to the research variables. It consisted of five main parts:

The first section includes sociodemographic data, such as gender, age, and location of residence, which
helps provide context for the research results and a more detailed analysis of variables based on demo-
graphic characteristics. The second part uses the International Physical Activity Questionnaire (IPAQ-
short), which consists of 7 items to evaluate daily activity, including vigorous physical activity, moderate
physical activity, walking, and sitting time for 1 week (Macfarlane et al., 2007). The third part utilized
the Depression, Anxiety, and Stress Scale (DASS-42), which assesses the severity of these emotional
symptoms through 42 items rated on a Likert scale. (Gandasari, 2024). The fourth part adopted the sleep
quality scale (PSQI), which evaluates subjective sleep quality, sleep latency, nighttime sleep duration,
sleep efficiency, sleep disturbances, use of sleeping medication, and daytime activity disturbances. The
PSQI consists of 7 items rated on a Likert scale (Kurniawan & Meiyanti, 2021). The fifth section uses the
Body Mass Index measurement to assess students' nutritional status. BMI is calculated using the for-
mula: body weight (in kilograms) divided by the square of height (in meters). The BMI categories adhere
to the standards established by the Ministry of Health of the Republic of Indonesia (Kemenkes, 2014).

Data analysis

The data collection procedure was carried out systematically. The researcher obtained permission from
the school and invited students to participate via WhatsApp messages. These messages included a link
to the survey, an explanation of the study's purpose, and detailed instructions on how to complete it.
The survey was closed after reaching 320 student participants. Data analysis was conducted using IBM
SPSS Statistics version 25.0, including descriptive and inferential analysis. Descriptive analysis was used
to describe the essential characteristics of the sample, such as gender, age, and place of residence.
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Results related to physical activity, depression, anxiety, stress, sleep quality, and BMI are presented in
visual form for straightforward interpretation. Kolmogorov-Smirnov test was applied to test the nor-
mality of the data. The non-parametric analysis includes the Mann-Whitney test to identify differences
between groups based on gender and residence and the Kruskal-Wallis test to compare variables be-
tween age groups. The Ordinal Regression Test analyzes the relationship between ordinal scale depend-
ent variables and one or more independent variables. This test helps determine the factors contributing
significantly to the dependent variable. The principles of research ethics in Indonesia conducted this
study. Students received a clear explanation of the study's purpose and the potential risks and benefits
involved. Their consent was obtained voluntarily, and their right to withdraw from the study at any time
was fully respected. Additionally, measures were implemented to protect privacy and confidentiality,
ensure anonymity, and secure information management.

Results
___________________________________________________________________________________]
This study used 320 students, 160 from rural and 160 from urban areas. The results of Table 1 show a
significant age difference between students in urban and rural areas. The average age of students in
urban areas is 15.38 + 0.76 years, while students in rural areas have a higher average age, which is 16.29
* 0.92 years. Most students in both areas are 17 years old, with a percentage of 57% in urban areas and
59% in rural areas. Gender differences are also seen, although not significant. There are more female
students in urban areas (60%) than in rural areas (57%), while more male students are found in rural
areas (43%) than in urban areas (40%).

Table 1. Characteristic of student (N=320)

Socio-demographic Category U;:;zrrll (11568) Rl\/lllg;(ilgg) P-Value
Age 15.38+0.76 16.29 + 0.92 0.00#
15 49 (30%) 29 (18%)
16 22 (13%) 37 (23%)
17 89 (57%) 94 (59%)
Gender 0.02#
Male 64 (40%) 70 (43%)
Female 96 (60%) 90 (57%)
# Mann-Whitney
Table 2. Characteristic of Variable the urban and rural adolescent characteristic
Variable Category Urban (160) Rural (160)
Physical activity
High 69 (43%) 104 (65%)
Moderate 58 (36%) 37 (23%)
Low 33 (21%) 19 (12%)
Stress level
Normal 20 (12%) 41 (25%)
Moderate 52 (32%) 32 (20%)
Severe 70 (43%) 78 (48%)
Very severe 18 (13%) 10 (7%)
Quality sleep
Good 72 (45%) 114 (71%)
Bad 88 (55%) 46 (29%)
BMI
Underweight 8 (12%) 33 (21%)
Normal 112 (70%) 97 (61%)
Overweight 30 (18%) 30 (18%)

Based on the data in Table 2, significant differences exist between urban and rural adolescents regard-
ing physical activity, stress levels, sleep quality, and BMI status. Rural adolescents tend to be more
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physically active, with 65% reporting high physical activity compared to 43% in urban areas. Addi-
tionally, the incidence of low physical activity is lower in rural areas (12%) than in urban areas (21%).
This suggests that rural communities engage more frequently in health-promoting physical activities.
In terms of stress levels, urban adolescents generally experience higher stress. Specifically, 43% of ur-
ban adolescents reported severe stress levels, with 13% experiencing very severe stress. Conversely,
while 48% of rural adolescents also reported severe stress, a more significant percentage (25%) re-
ported normal stress levels compared to urban adolescents, where only 12% reported everyday
stress. This indicates that urban life may be more stressful, potentially increasing the risk of stress-
related disorders. Regarding sleep quality, rural adolescents demonstrate better overall sleep. A signif-
icant 71% of rural adolescents reported good sleep quality, whereas only 45% of their urban counter-
parts reported the same. This disparity may be influenced by higher noise levels, pollution, and stress
in urban environments, which can disrupt sleep. Finally, when examining BMI status, a majority of ur-
ban adolescents (70%) have a normal BM], although a noteworthy 18% are categorized as obese. In
contrast, while the obesity rate among rural adolescents is similar, there is a higher prevalence of un-
derweight adolescents in rural areas (21%) compared to urban areas (12%). This suggests differences
in diet and lifestyle, potentially linked to access to healthy food and active living.

Table 3. Participants characteristic variable in urban and rural

Variable Category Area Mean = Sd Statistic PValue
T —
o sz

S —

T — T

Sleep quality lljkrfr?; 57.671264?6 0.00°
Sleep duration lljzr:r?; ;g(l) i 1;}5 0.24#

Bed time (hh:mm) lgi);:ll ;i;gi 1(2); 0.03#

Wake time (hh:mm) Uerrzrll gggg i 82; 0.38#
T —
Depression Uerrzrll :g izgi 0.17#

Aty ura i72s7

stress Ifzrfr? 8.81.42} i Asfa 0221
Body mass index Ig?rzrll Zii? i ;;s 0.02*
Underweight Ig?rzrll 1;; i 82 0.44+#

T s

Overweight [ljlrt?erll ;gg i ;; 0.63#

* Spearman’s Rank
# Mann-Whitney

Based on the data analysis in Table 3, several significant differences were found between adolescents
in urban and rural areas. Overall, the physical activity of adolescents in rural areas (3353.9 + 2851.8
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METSs) was significantly higher than that of urban adolescents (1727.6 + 1367.8 METs, p-value = 0.00).
In the high physical activity category, the average rural (701.2 + 662.9 METSs) was also higher than ur-
ban (551.5 + 686.1 METs, p-value = 0.00). Physical activity at a moderate level also showed significant
differences, with rural adolescents (551.5 + 686.1 METs) being more active than urban (460.5 + 556.9
METs, p-value = 0.04). Low physical activity showed a significant difference (p-value = 0.22). In terms
of sleep quality, urban adolescents have worse sleep quality scores (7.7 + 6.0) compared to rural (5.01
* 4.6), with a significant difference (p-value = 0.00). In addition, urban adolescents' bedtimes tend to
be later (22:14 + 1:22) than rural adolescents (21:59 + 1:08), with a significant difference (p-value =
0.03). Sleep duration also differs significantly between urban (7:30 *+ 1:48) and rural (7:01 * 1:30, p-
value = 0.24), as does wake-up time (urban: 06:08 + 0:53; rural: 05:35 * 0:43, p-value = 0.38). There
was a significant difference in overall stress levels between urban (26.62 * 13.68) and rural (27.91
15.35, p-value = 0.11). Similarly, depression scores (urban: 9.9 + 4.84; rural: 8.9 *+ 4.61, p-value = 0.17)
and anxiety (urban: 7.9 + 5.5; rural: 8.7 £ 5.7, p-value = 0.114) did not show any significant difference.
Specific stress levels also showed significant differences between urban (8.2 + 4.6) and rural (8.14 *
6.13, p-value = 0.22). From the aspect of body mass index, although urban adolescents had a higher
average BMI (23.29 + 3.16) compared to rural (20.41 + 2.57), this difference was significant (p-value =
0.02).

Table 4. Kruskal-Wallis test

Variable Group Statistic

Age (N 320) Sig

15 (78)
PA 16 (59) 0.00*
17 (183)

15 (78)

sQ 16 (59) 0.40*
17 (183)
15 (78)

LS 16 (59) 0.214
17 (183)
15 (78)

BMI 16 (59) 0.00*
17 (183)

Table 4 of the Kruskal-Wallis test shows significant differences in several variables based on age
group. Physical activity (PA) has a significance value of 0.00 (p < 0.05), indicating that there are differ-
ences in the level of physical activity between the age groups of 15, 16, and 17 years. A similar thing
happened to sleep quality (SQ), with a significance value of 0.040 (p < 0.05), indicating that age affects
the quality of sleep in adolescents. Body Mass Index also showed a significant difference with a p-value
of 0.00 (p < 0.05), indicating a variation in BMI based on age group. However, for the level of life stress
(LS), the results showed no significant difference with a significance value of 0.214 (p > 0.05). This in-
dicates that life stress levels are relatively similar among the age groups of 15, 16, and 17 years.

Table 5. Ordinal regression analysis urban determinant of BMI

Predictor Body mass index urban students
. (95%CI)
Variable Coefficient Sig Lower Upper
Sleep quality 2.295 0.01* 0.627 2.837
Physical activity 2.365 0.04* 1.342 5.665
Stress level 1.343 0.38* 1.295 5.040
Constant -4,985 0.01

Analysis of Table 5 ordinal regression in urban adolescents showed that sleep quality had a significant
relationship with BMI (p=0.01, OR=2.295, 95% CI: 0.627-2.837). Physical activity was significantly re-
lated to BMI (p=0.04, OR=2.365, 95% CI: 1.342-5.665). Stress level showed a significant relationship
Sre,
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with BMI (p=0.38, OR=1.343, 95% CI: 1.295-5.040), which showed that stress level significantly af-
fected BMI in urban students.

Table 6. Ordinal regression analysis rural determinant of BMI

Predictor Body mass index rural students
. (95%CI)
Variable Coefficient Sig Lower Upper
Physical activity 3.197 0.02* 1.469 6.246
Sleep quality 2.967 0.07* 0.523 7.376
Stress level 2.981 0.25*% 0.671 1.636
Constant -4.675 0.00*

Analysis of Table 6 ordinal regression in rural adolescents showed that Physical activity showed a sig-
nificant relationship with BMI (p=0.02, OR=3.197,95% Cl: 1.469-6.246). Sleep quality significantly cor-
related with BMI (p=0.07, OR=2.967, 95% CI: 0.523-7.376). And Stress level showed a significant rela-
tionship with BMI (p=0.25, OR=2.981, 95% CI: 0.671-1.636).

Discussion
__________________________________________________________________________________________________________________|
This study aims to identify factors that influence body mass index in adolescents in urban and rural
areas in Mamuju district. The analysis results show that one of the dominant factors influencing BMI
conditions in urban adolescents is sleep factors. This finding aligns with research by Triplett et al,,
(2024) which confirms a significant relationship between sleep quality and duration and a person's
weight status, especially in the adolescent age group. Adolescence is a critical phase in physical devel-
opment and body metabolism (Harkness et al., 2024). Adolescents who sleep less than 6 hours per night
have a higher risk of obesity than those who sleep more than 8 hours per night (Grimaldi et al., 2023;
Morgan et al., 2024). Environmental factors play an important role in influencing the sleep quality of
adolescents in urban areas (Shirzad et al., 2022). Urban noise pollution is a common problem affecting
sleep quality among adolescents. High noise levels are associated with later bedtimes and reduced sleep
duration, possibly contributing to sleep deprivation (Ganatra, 2024).

Morgan et al.,, (2024) revealed that adolescents living in areas with high noise levels are more suscepti-
ble to sleep pattern disorders. This disruption not only impacts the quality of rest but also contributes
to increased stress and anxiety (Najmaldin Ezaldin Hassan, 2024). The research results by Rogers et al,,
(2024) show thatlack of sleep can disrupt the hormones that regulate hunger and satiety, namely leptin
and ghrelin. Leptin signals satiety, while ghrelin is responsible for increasing hunger. Lack of sleep will
decrease leptin levels and increase ghrelin levels, which leads to increased food intake and the risk of
weight gain (Konuksever & Sahinduran, 2024).

Urban teenagers tend to have high consumption patterns of fast food and sweet drinks, especially those
with poor sleep patterns (Lee et al., 2024). This is supported by research conducted by Akhlaghi & Ko-
hanmoo, (2023) which shows that adolescents with poor sleep duration tend to consume more calories
in processed, high-fat, and high-sugar foods, contributing to increased BMI. In addition, poor sleep qual-
ity in adolescents is associated with decreased physical activity levels. (Machado-Rodrigues et al., 2025).
The results of research conducted by Aliah et al., (2023) showed that urban adolescents who experience
sleep disorders tend to feel more tired during the day, which leads to decreased motivation to do phys-
ical activity. This decrease in physical activity directly impacts the body's energy balance, where the
energy consumed is greater than the energy expended, thus causing an increase in BMI (Liu & Li, 2024).

The following analysis shows that physical activity is closely related to the increase in BMI of urban
adolescents. This phenomenon indicates that low levels of physical activity in urban environments con-
tribute to the increase in BMI of adolescents, which can have an impact on long-term health risks, such
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as obesity and metabolic diseases. (Wulandari et al., 2025). Urban teenagers spend more time on sed-
entary activities, such as watching television, playing games, or using digital devices for long periods.
These habits reduce their chances of engaging in physical activities that can burn calories and maintain
the body's energy balance (Zink et al., 2024). Research conducted by Kolunsarka et al., (2024) showed
that adolescents who do more sedentary activities have a higher risk of experiencing increased BMI than
those who are physically active. In addition, easy access to motorized vehicles and public transportation
in urban areas also reduces their opportunities to walk or cycle, which are simple but effective forms of
physical activity in managing weight.

In addition to mobility factors, urban environments less supportive of physical activity also contribute
to the increase in adolescent BMI. Limited green open spaces, sports fields, and fitness facilities leave
adolescents with few options for regular exercise. On the other hand, rapid urbanization often reduces
the availability of public areas that can be used for physical activity (Sheng et al., 2025). This aligns with
research conducted by Bringolf-Isler et al., (2024) which shows that children and adolescents with lim-
ited access to sports facilities and parks tend to exercise less and are at greater risk of being overweight.

The following analysis shows that stress levels are closely related to the increase in BMI of urban ado-
lescents. Stress experienced by adolescents can trigger physiological and behavioral changes that have
an impact on weight regulation. Factors such as academic pressure, social demands, and unhealthy life-
styles are the primary triggers of stress among urban adolescents, which ultimately contribute to weight
gain (Aulianti & Puspitasari, 2021).

Physiologically, chronic stress can activate the body's stress response system, primarily by activating
the hypothalamic-pituitary-adrenal axis. Activation of the HPA axis increases the secretion of the hor-
mone cortisol, known as the stress hormone (Duncan et al., 2024). Excess cortisol can increase appetite
and a preference for high-calorie foods, such as fatty and high-sugar foods. This makes adolescents more
susceptible to energy surpluses, contributing to weight gain and higher BMI (Kuckuck et al., 2023). In
addition, stress can also inhibit the body's metabolism and increase fat accumulation, especially in the
abdominal area. Research shows that adolescents with high levels of stress are more likely to experience
increased visceral fat, which is associated with metabolic health risks such as insulin resistance and
hypertension (Batur, 2025).

In addition to biological mechanisms, stress also impacts changes in adolescent eating behavior. Many
adolescents who experience stress tend to consume more significant amounts of food or choose high-
calorie foods as a form of coping mechanism against the pressure they face, a phenomenon known as
emotional eating (Megiani et al., 2025). In urban environments, access to fast food and high-sugar drinks
is effortless, making it easier for stressed teenagers to choose unhealthy eating patterns. Consuming fast
food that is high in trans fats and added sugars can increase the risk of obesity and other metabolic
disorders (Nadila et al., 2024). In addition to affecting eating patterns, stress also impacts decreasing
physical activity. Teenagers who experience academic pressure or social problems tend to spend more
time on sedentary activities, such as playing games, watching television, or using social media, rather
than doing physical activities that can help maintain adolescent weight (Sukatemin et al., 2025). The
combination of high stress, unhealthy diet, and lack of physical activity can create a vicious cycle that
leads to a significant increase in BMI. If left untreated, this condition can increase the risk of adolescents
becoming obese in adulthood.

The results of the analysis show that physical activity significantly influences adolescents' body mass
index in rural areas. This reflects how an active lifestyle and rural environment contribute to adolescent
weight management through increased energy expenditure and healthier food consumption patterns.
This aligns with research conducted by Malik & Chatterjee, (2023) showing that adolescents in rural
areas have higher physical activity levels than urban adolescents. This physical activity is not only lim-
ited to sports but also includes various daily activities, such as walking, working in the fields, and doing
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household chores that require physical energy. The high frequency of these activities contributes signif-
icantly to increased daily energy expenditure, which ultimately helps maintain energy balance and sup-
ports more optimal weight management.

One of the factors that drives high physical activity in rural areas is limited access to motorized trans-
portation. Rural adolescents tend to walk or cycle to school and other activity places. In addition, they
also participate in various household chores, such as fetching water, washing clothes manually, and
helping parents with agricultural or livestock activities (Christianto, 2018). These activities increase
daily energy expenditure and form more active lifestyle habits compared to urban adolescents.

Differences in transportation patterns between rural and urban areas also significantly influence phys-
ical activity levels. Rural adolescents are more likely to walk or use bicycles as their primary means of
transportation, while urban adolescents rely more on motorized vehicles and public transportation. As
a result, urban adolescents tend to have a more sedentary lifestyle, with their daily physical activity
being more limited compared to rural adolescents (Zainuddin et al., 2024).

In addition, limited access to technology-based entertainment in rural areas also increases physical ac-
tivity. Rural adolescents spend more time outside the home playing or exercising (Katanic et al., 2023).

Furthermore, the analysis results show that sleep quality affects the BMI of rural adolescents. This find-
ing indicates that good sleep patterns contribute to metabolic balance, optimal hormone regulation, and
healthier weight management. Conversely, sleep disturbances or insufficient sleep duration can disrupt
physiological processes related to energy metabolism and appetite, resulting in unhealthy weight gain
or loss (Christoph et al.,, 2017). A study by Hsieh et al., (2023) showed that adolescents with shorter
sleep duration tend to have a higher risk of obesity due to uncontrolled increased calorie intake. In ad-
dition to hormonal influences, poor sleep quality can affect adolescents' physical activity levels. Adoles-
cents who experience sleep disorders or have insufficient sleep often feel tired during the day, making
them reluctant to do physical activity. The study by Christiana et al., (2021) showed that adolescents in
rural areas have more daily physical activities involving housework, farming, or long-distance travel by
walking or cycling, and lack of energy due to suboptimal sleep can reduce their involvement in these
activities. As a result, daily energy expenditure is lower, which can lead to energy imbalance and impact
weight gain. Furthermore, environmental factors in rural areas can also contribute to varying sleep qual-
ity. This is in line with research conducted by Olorunmoteni et al., (2024) which shows that adolescents
in rural areas tend to have better sleep quality compared to adolescents in urban areas due to a quieter
environment, minimal light and noise pollution, and a rhythm of life that is more in harmony with the
natural cycle of day and night. However, some factors can disrupt the sleep quality of rural adolescents,
such as the demands of household chores that must be done in the morning, irregular sleep hours due
to involvement in social activities or family work, and the use of electronic devices before bed which is
starting to increase among rural adolescents.

Furthermore, the analysis results show that stress levels affect the BMI conditions of rural adolescents.
As a psychological factor, stress can affect the body's physiological systems, including the metabolic sys-
tem, diet, and physical activity, ultimately impacting weight balance. Although rural adolescents live in
a more natural environment and tend to have a more active lifestyle than urban adolescents, they are
still susceptible to stress due to various factors, such as academic pressure, household demands, limited
access to educational and entertainment facilities, and family economic conditions (Francis et al., 2024).
This phenomenon can also be experienced by adolescents living in rural areas, where psychological
stress often arises due to environmental demands or less supportive socio-economic conditions. Rural
adolescents often face various stressors, such as discrimination, adverse childhood experiences, victim-
ization, and limited access to social and economic resources (Azkiya et al., 2022). These pressures, if not
balanced with adequate coping mechanisms, can significantly increase adolescents' vulnerability to psy-
chological disorders such as depression. The results of Kuckuck et al., (2024) show that stress can trig-
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ger increased levels of cortisol, the stress hormone. Cortisol plays a role in regulating energy metabo-
lism, but excessive levels over a long period can cause increased appetite, especially for foods high in
sugar and fat. This often leads to uncontrolled weight gain. Rural adolescents who experience chronic
stress tend to have a preference for high-calorie foods as a coping mechanism, which ultimately in-
creases the risk of obesity.

The findings of this study emphasize the importance of addressing the mental health of rural adolescents
as part of a more comprehensive weight management strategy. Intervention programs that emphasize
stress management, such as coping skills training, increasing social support, and promoting physical
activity to manage stress, need to be developed to help adolescents cope with the stresses of their lives
without experiencing negative impacts on energy balance and weight. It can be concluded that lifestyle
plays an important role in determining the nutritional status of adolescents, both in urban and rural
areas of Mamuju Regency. In urban adolescents, sleep quality and physical activity significantly affect
body mass index, while stress levels contribute to a lesser extent. Meanwhile, in rural adolescents, phys-
ical activity is the most dominant factor, followed by sleep quality and stress. These findings emphasize
that to reduce the number of adolescent obesity, an approach is needed tailored to the environment's
characteristics—with a focus on improving sleep quality, consistent physical activity, and stress man-
agement. This targeted intervention can strategically create a healthier and fitter young generation
wherever they live.

Conclusions
__________________________________________________________________________________________________________________|
The results of this study indicate that in urban adolescents, sleep quality, physical activity, and stress
levels have a significant relationship with BMI. Meanwhile, in rural adolescents, physical activity, sleep
quality, and stress are significantly related to BMI. These findings indicate that lifestyle factors such as
sleep, physical activity, and stress play an important role in managing BMI in adolescents, both in urban
and rural areas. Although the current study provides new empirical data on factors influencing BMI in
urban and rural adolescents, it has several limitations. First, self-reporting may have influenced the re-
sults because some students may have intentionally intended to show that they were doing more phys-
ical activity than they were. This also applies to the questionnaires on stress levels and sleep quality,
which are subjective and may be influenced by students' perceptions to provide exaggerated answers.
Second, forthcoming investigations concerning adolescent body mass index should be predicated upon
theoretical frameworks to elucidate the behavioral transformations in adolescents that may facilitate
the implementation of efficacious interventions. Using a theory-driven methodology, research can ex-
plore the various factors influencing lifestyle choices, such as dietary habits, medical history, environ-
mental quality, economic conditions, and levels of nutritional knowledge among adolescents. This ap-
proach will provide a more comprehensive understanding of how these factors interact and change over
time. As a result, it will facilitate targeted and sustainable research initiatives aimed at managing and
preventing obesity among adolescents in both urban and rural settings.
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