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ABSTRACT

OBJECTIVE: To analyze obesity-related behaviors among adolescents at senior high school
residing in Tomohon City, Indonesia.

METHODOLOGY: This analytical cross-sectional study used purposively selected samples
of 468 young adolescents aged 15-18 years with obesity, defined as a BMI of 30.0-39.9
kg/m?. Obesity class (Class I: 30.0-34.9 kg/m?; Class II: 35.0-39.9 kg/m?) was the dependent
variable. Data were collected using valid questionnaires and anthropometric measurements of
participants. Chi-Square tests based on Odds Ratios were conducted; bivariate analysis and
binary logistic regression were used for multivariate analysis. Notably, 69.7% of those
surveyed had class I and 30.3% had class II obesity. In the bivariate analysis, all four
independent variables were significantly associated with obesity class (p < 0.05).

RESULTS: Class II obesity was associated with highly sedentary behavior (OR=1.74, 95%
CI: 1.12-2.69, p=0.013), poor dietary patterns (OR: 1.67(1.09-2.56);P =0.019), light physical
activity 1.61 (95% CI: 1.05-2.49, p = 0.031), and short sleep duration of <6 h per night (OR
=1.56(95 % CI 01-2.42)p =0.047). The most common cause was lack of exercise. The fit of
the model was adequate (Hosmer-Lemeshow p = 0.733; AUC = 0.68).

CONCLUSION: In adolescents, the degree of obesity was significantly associated with
sedentary behavior, diet, physical activity, and sleep duration, with sedentary behavior as the
strongest predictor.

KEYWORDS: Adolescent Obesity, Physical Activity, Sedentary Behavior, Sleep Duration,
Obesity Classification

J Liaquat Uni Med Health Sci October 22, 2026 doi: 10.22442/jlumhs.2026.01520 Page 1 of 10



ONLINE FIRST

INTRODUCTION

The NCD Risk Factor Collaboration reported that age-standardized obesity prevalence among
children and adolescents aged 5-19 years increased from 0.7% in 1975 to 5.6% in 2016
globally; however, trajectories vary by region over the last two decades '. Global statistics
indicate that the prevalence of adolescent obesity has increased significantly throughout the
early 21st century, and the rise in youth obesity prevalence is expected to continue. This
phenomenon suggests a complex epidemic trajectory driven by changing lifestyle patterns in
everyday life.

A meta-analysis showed that globally, adolescents with obesity are at a heightened risk of
hypertension progression and other metabolic disorders compared to those with normal
weight. These findings align with adult observational data confirming the persistence of
childhood obesity and increased disease risk later in life . In addition, longitudinal studies
reveal that most obese adolescents will carry on as adults and that adolescent obesity is
harder to tackle *.

The major modifiable risk factors for obesity in adolescents are the unhealthy behaviour
patterns linked to eating, physical activity & sedentary behavior and sleeping habits . In
adolescents, poor dietary practices, low levels of physical activity, and long hours of
sedentary behavior are projected to be significant associated risk factors for obesity in
multicountry analyses °. There are also high chances of obesity in many countries due to the
high consumption of sweetened beverages, ultra-processed foods, and long hours on screens.
These complex interrelations between these lifestyle behaviours make it important to
investigate the relationship of dietary approaches with obesity risk .

Still, while the majority of earlier studies in this field have looked at these lifestyle factors
separately or at the offspring's obesity risk status in broad terms without particular
consideration for objectively measured patterns and levels of obesity (e.g. whether the
combined contributions of diet, physical activity, sedentary behavior, and sleep duration to
obesity differ), this has been investigated infrequently in studies among high-risk adolescents
who are already overweight or have high adiposity, especially in resource-limited populations
such as smaller Indonesian cities. This is a limitation because, rather than distinguishing
which behavioral factors better predict obesity severity, the studies only predicted the
presence of obesity.

Despite this evidence, most previous studies have examined these lifestyle factors in isolation
or focused broadly on obesity prevalence without differentiating obesity severity. Few studies
have simultaneously assessed the combined influence of diet, physical activity, sedentary
behavior, and sleep duration among already obese adolescents, particularly in
underrepresented populations such as those in smaller Indonesian cities. This gap limits
understanding of which behavioral factors most strongly contribute to obesity severity, not
just its presence.

This study aimed to evaluate the factors associated with changes in obesity status among high
school adolescents in Tomohon City, with the target age range of adolescents aged 15-18
years attending public high schools, related to diet, physical activity, sedentary behavior, and
sleep duration, as well as to determine the most common contributing factors that affect
obesity severity. The novelty of this study lay in the use of the multivariate approach, which
included four health behavior variables in a population of obese adolescents, an
underrepresented population in previous studies. Because this study used categories,
respondents were classified by degree of obesity (classes I and IT). However, previous studies
generally focused on obesity prevalence or a single factor.
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METHODOLOGY

Design and Setting

This study employed a cross-sectional observational design conducted in Tomohon City,
North Sulawesi, Indonesia, a small urban municipality with a population of approximately
104,000. Local health authorities reported rising adolescent obesity prevalence, and the study
selected Tomohon because it was feasible of access public senior high schools within a
geographically compact urban setting. Public and private high schools in the city were
included to enhance sample diversity.

Sample

The study population comprised senior high school adolescents (grades X—XII, aged 15-18
years) enrolled during the 2025-2026 academic year. Data collection occurred between
November 2025 and April 2026.

Sampling was conducted purposively. A total of 12 senior high schools (8 public, 4 private) in
Tomohon City were approached, but only 10 agreed to participate. We anthropometrically
screened all students in grades X—XII (N = 3,214). Of these, 527 met the obesity z-score
threshold (> +2 SD). Exclusion criteria included diagnosed endocrine conditions affecting
body weight (e.g., hypothyroidism, Cushing's syndrome; n = 4), pregnancy (n = 2), school
absence during data collection (n = 31), and incomplete questionnaire responses (n = 22). The
final analytic sample comprised 468 adolescents with obesity. The purposive, non-probability
design limits generalizability to the broader Indonesian adolescent population, and findings
should be interpreted within this context.

Variables

The dependent variable was obesity severity: Class I obesity (BMI-for-age z-score +2 to +3
SD) versus Class II obesity (BMI-for-age z-score > +3 SD).

Independent variables were operationalized as follows:

Dietary intake: Assessed via a validated food frequency and dietary habits questionnaire.
Scores at or above the median were classified as "Good"; below the median as "Poor."
Respondent characteristics (grade, age, sex) were collected for descriptive purposes. Trained
enumerators obtained anthropometric measurements (weight and height) using a calibrated
digital scale (precision: 0.1 kg) and portable stadiometer (precision: 0.1 cm), following
WHO-standardized procedures.

A pilot test was conducted among 30 adolescents outside the study sample. Item-total
correlation analysis retained items with r-calculated exceeding r-table. Cronbach's alpha
coefficients were as follows: dietary habits questionnaire (a0 = 0.74), PAQ-A (a = 0.78),
sedentary behavior questionnaire (o = 0.72), and sleep duration questionnaire (o0 = 0.73), all
exceeding the 0.70 acceptability threshold.

Data Collection

The investigation proceeded in four phases: (1) preparation—obtaining permits from local
government and school authorities, training enumerators on anthropometric protocols and
questionnaire administration; (2) screening—measuring BMI-for-age z-scores of all enrolled
students to identify eligible participants; (3) data collection—supervised self-administration
of questionnaires and anthropometric measurements; and (4) verification—checking data
completeness and consistency. Data processing included editing, coding, double-entry, and
cleaning.

Data Analysis

Analyses were conducted at o = 0.05. Univariate analysis calculated frequency distributions
and percentages. Bivariate analysis employed chi-square tests with Odds Ratios (OR) and
95% Confidence Intervals (CI). Multivariate binary logistic regression (Enter method)
identified determinants of Class II obesity. Model fit was assessed using the Omnibus Test,
Hosmer-Lemeshow Goodness-of-Fit Test (adequate fit if p > 0.05), and Nagelkerke R2.
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Discriminatory ability was evaluated by the Area Under the ROC Curve (AUC). Regression
coefficients, standard errors, Wald statistics, adjusted ORs, 95% ClIs, and p-values were
reported; statistical significance required p < 0.05 and 95% CI excluding 1.

Ethical Considerations

The Health Polytechnic of the Ministry of Health Manado granted ethical approval
(Reference No. IRB-2025-0283). Written informed consent was obtained from
parents/guardians of participants under 18 years of age, and written assent was obtained from
all participating adolescents. Participants aged 18 provided their own informed consent.
Participation was voluntary, and respondents could withdraw at any time without
consequence. All data were anonymized using coded identifiers, stored in password-protected
databases accessible only to the research team, and handled in accordance with applicable
data protection regulations.

RESULTS

Table I presents the demographic and behavioral characteristics of the participants. The
largest group was in Class XI (49.4%), was 15 years old (43.1%), and was female (70.3%).
The majority of respondents had Class I Obesity (69.7%), had adequate dietary habits
(65.4%), were physically active (66.5%), had low sedentary behavior (67.1%), and had
adequate sleep duration (68.4%).

Table I: Respondent Characteristics

Variables Category n %
Class X 207 44.2
X1 231 49.4
XII 30 6.4
Age (year) 15 202 43.1
16 145 31.0
17 86 18.4
18 35 7.5
Gender Male 139 29.7
Female 329 70.3
Adolescent Obesity Class | 326 69.7
Class 11 142 30.3
Dietary Habit Adequate 306 65.4
Inadequate 162 34.6
Physical Activity Active 311 66.5
Inactive 157 33.5
Sedentary Behavior Low 314 67.1
High 154 32.9
Sleep Duration Adequate 320 68.4
Inadequate 148 31.6

Table II shows bivariate associations between the independent variables and obesity class.
All variables were significantly associated with Class II obesity (p < 0.01). Higher odds ratios
(1.88-1.97) for Class II obesity were found with inadequate diet, physical inactivity, high
sedentary behavior, and inadequate sleep duration.
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Table II: Cross-tabulation of Independent Variables with Obesity in Adolescents

Independent Category Class I Class I1 Total n p- OR (95% CI)
Variables Obesity n (%)  Obesity n (%) (%) value

Dietary habit Adequate 228 (74.5) 78 (25.5) 306 (100)  0.001  1.91(1.28-2.85)
Inadequate 98 (60.5) 64 (39.5) 162 (100)

Physical Activity  Active 231 (74.3) 80 (25.7) 311 (100)  0.001  1.88 (1.26-2.82)
Inactive 95 (60.5) 62 (39.5) 157 (100)

Sedentary Low 234 (74.5) 80 (25.5) 314 (100) 0.001 1.97 (1.31-2.96)
Behavior High 92 (59.7) 62 (40.3) 154 (100)

Sleep Duration Adequate 237 (74.1) 83 (25.9) 320 (100)  0.002  1.89 (1.26-2.85)
Inadequate 89 (60.1) 59 (39.9) 148 (100)

Table III shows that all four variables remained significantly associated with Class II
obesity. Sedentary behavior had the strongest association with Class II Obesity (OR=1.74,
p=0.013), followed by diet (OR=1.67, p=0.019), physical activity (OR=1.61, p=0.031), and
sleep duration (OR=1.56, p=0.047). The model showed an acceptable fit (Hosmer-Lemeshow

p=0.733), moderate discrimination (AUC=068), and an overall accuracy of 71.2%.

Table III: Factors Associated with Class II Obesity in Adolescents

Independent Coefficient (B) SE Wald df OR 95% CI OR p-

Variables () (Exp B) (Lower—Upper) value
Diet 0.512 0.218 5.52 1 1.67 1.09-2.56 0.019
Physical Activity 0.478 0.221 4.68 1 1.6l 1.05-2.49 0.031
Sedentary Behavior  0.553 0.223 6.15 1 174 1.12-2.69 0.013
Sleep Duration 0.445 0.224 3.95 1 1.56 1.01-2.42 0.047
Constant -1.847 0.198 86.98 1 0.16 - <0.001
Model Evaluation
Omnibus Test (%) 28.74 4 <0.001
Hosmer—Lemeshow  5.23 8 0.733
Test (%)
Nagelkerke R? 0.12
AUC (95% CI) 0.68 (0.62- 0.74) <0.001
Sensitivity 33.1%
Specificity 87.4%
Overall Accuracy 71.2%
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DISCUSSION

Compared with a healthy diet, a poor nutritional diet was associated with an increased risk of
Class II obesity (OR = 1.67; p = 0.019). This result is consistent with other studies showing
that low fruit, vegetable, and fish consumption, along with higher fast-food and soft drink
consumption, are related to poorer health outcomes °. Diet and obesity are interconnected
through multiple direct and indirect pathways, including energy balance, physical activity and
association with other lifestyle behaviours >’

Adolescent eating patterns are known to be associated with other obesogenic behaviours
This was corroborated in a study of lifestyle patterns among Chinese adolescents, which
reported that low awareness of a healthy diet, combined with low physical activity, resulted
in a 1.432-fold increased risk of overweight and obesity compared with a healthy lifestyle
pattern ''. Unique lifestyle clusters, defined by dietary patterns, physical activity, sedentary
behalxéiours and sleep time, showed that poorer dietary patterns were related to higher obesity
risk "~

The pathways underlying the association between diet and obesity during adolescence are
complex. Poor nutrition is related both to positive energy balance and cognitive dysfunction,
which have serious negative consequences such as poor academic performance ', both of
which are associated with higher risk for adult obesity. Furthermore, dietary trends from
adolescence carry over into adulthood, making this developmental period critical for
establishing healthy eating habits *.

Light physical activity compared with heavy physical activity was associated with Class II
obesity (OR = 1.61; p = 0.031). This finding is consistent with extensive literature showing
that physical activity protects against obesity among adolescents '>'°. For example, the level
of physical activity is inversely associated with fatness markers in adolescents .

Physical inactivity mediates obesity through direct and indirect pathways. The direct and
indirect effects of physical exercise, in conjunction with diet, on energy expenditure, body
composition, appetite control, metabolic function and sleep quality have been demonstrated
'8 Structured physical activity also supports other healthy adolescent lifestyles, creating a
chain of positive effects on nutrition and overall health '°. Conversely, lower physical activity
has emerged as a key predictor of both the development and sustained presence of obesity,
relative to other detrimental lifestyle habits 20,

Lower physical activity may cluster with other obesity-promoting behaviours *'. Previous
research has shown that older adolescents and females are more likely of belong to the low
physical activity cluster”. The current sample was predominantly female (70.3%). Therefore,
its relatively high proportion of light physical activity (33.5%) underscores the importance of
targeted physical activity interventions for this population.

The strongest association was between high sedentary behaviour and Class II obesity (OR =
1.74; p = 0.013). Our findings corroborate ample evidence that sedentary behaviours,
especially screen-based activities, are independently associated with obesogenic factors in
children and adolescents ***.

Sedentary behaviour contributes to obesity through multiple pathways. Screen time, in
particular, has been associated with increased food consumption, exposure to food
advertising and dietary changes **. Research highlights a link between later sleep schedules,
often associated with high screen time, and higher caloric intake independent of total sleep
hours *. Sedentary behaviour has also been linked to metabolic alterations, including
impaired insulin sensitivity, which may precede weight gain and obesity '*.

Among sedentary Chinese adolescents, overweight prevalence was higher among those with
high screen-based activity (>2 hours/day) than those with low screen-based activity .
Moreover, insufficient sleep combined with prolonged screen time was associated with the
highest obesity risk (OR = 1.552, 95% CI: 1.162-1.911), indicating that effects of multiple

10
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unhealthy habits contribute to obesity ». Similarly, obese Turkish adolescents engaged in
nearly two additional hours of daily sedentary behaviour compared to normal-weight
counterparts b,

Insufficient sleep duration was also associated with a 56% increased risk of Class II obesity
(OR = 1.56; p = 0.047). This is consistent with the well-documented relationship between
short sleep duration and increased risk of overweight in childhood and adolescence .
Previous results indicated that less than 8 hours of sleep per day was positively associated
with BMI, fat mass density, and waist and hip circumference, with this association being
more pronounced in females ',

Multiple physiological and behavioural pathways mediate the relationship between
insufficient sleep and obesity. Restricted sleep increases hunger, appetite, and food intake,
disrupting energy homeostasis **. Leptin, a hormone that regulates food intake, is modulated
by sleep duration and represents an important link between sleep insufficiency, altered energy
expenditure, and obesity onset *’.

Our modelling revealed that sleep duration was the strongest predictor of obesity risk among
adolescents (Exp(B) = 0.103), consistent with findings that emphasise sleep in obesity
prevention *°. This accords with recommendations that sleep, alongside nutrition and physical
activity, should form part of obesity prevention public health policy *°.

Analyses of tracking changes in clustering of health behaviours show that 'healthy' and
'unhealthy' clusters persist over time *°. This implies that behavioural patterns become
habitual and resistant to change, and that establishing healthy behaviours in adolescence may
lead to behavioural persistence later in life %°.

This is vital for intervention timing. The model evaluation metrics (Nagelkerke R? = 0.12,
AUC = 0.68) suggest that although the assessed lifestyle attributes significantly contribute to
obesity classification, other influencing factors are also likely important contributors.
Previous studies have identified genetic factors, socioeconomic status, psychological factors
and environmental factors as additional risk factors for adolescent obesity ''2°.
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CONCLUSION

This study showed that dietary habits, physical activity, sedentary behavior, and sleep
duration were all significantly associated with Class II obesity among adolescents. Among
these factors, sedentary behavior was the strongest predictor, followed by inadequate dietary
habits, physical inactivity, and insufficient sleep duration. These findings suggest that
multiple modifiable behavioral factors, rather than a single determinant, influence the
severity of obesity in adolescents. Multivariate analysis confirmed that all four variables
independently contributed to higher obesity classifications, even after controlling for
potential confounding effects. These results underscore the importance of comprehensive
intervention strategies that simultaneously address multiple lifestyle behaviors, including
promoting healthy eating, increasing physical activity, reducing sedentary time, and ensuring
adequate sleep, to reduce the development of obesity among adolescents.
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