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ABSTRACT

Urban adolescents tend to increase fast-food consumption and engage in unbalanced physical activity, which may contribute to abnormal
Body Mass Index (BMI) and increase the risk of type 2 diabetes mellitus (DM). This study aimed to analyse the relationships among diabetes
mellitus knowledge, fast-food dietary patterns, and physical activity with BMI among adolescents. A cross-sectional study was conducted
among 290 urban adolescents from public senior high schools in Bekasi City, Indonesia, in December 2025, using stratified cluster sampling.
DM knowledge was measured using the Diabetes Knowledge Questionnaire-24 (DKQ-24), fast-food intake using the Food Frequency
Questionnaire (FFQ), and physical activity using the International Physical Activity Questionnaire (IPAQ). BMI was calculated from weight
and height measurements. Data were analysed using Chi-Square and binary logistic regression tests with a significance level of o = 0.05. Fast-
food dietary pattern (x2 = 11.237; p = 0.010) and physical activity (2 = 17.584; p = 0.001) were significantly related to BMI; DM knowledge
was not (2 = 1.838; p = 0.934). Fast-food dietary pattern was the dominant clinical factor for abnormal BMI (OR = 2.447; 95% CI 0.852—
7.032; p = 0.098). Although fast-food dietary patterns showed a higher odds ratio for abnormal BMI, the association was not statistically
significant (p = 0.098); however, the finding may still indicate a potential clinical trend that warrants attention. Physical activity was
significantly associated with adolescent BMI. Nurses and health professionals should develop school-based nutrition education to reduce fast-
food consumption and prevent early type 2 DM.
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INTRODUCTION

The increasing prevalence of type 2 diabetes mellitus (T2DM) and adolescent obesity has become a
major global public health concern. The World Health Organization (WHO) reported a substantial rise in
overweight and obesity among adolescents over recent decades, contributing to an increased risk of metabolic
disorders, including T2DM!. Adolescence is a critical developmental period in which unhealthy lifestyle
behaviors may persist into adulthood and increase long-term health risks. In Indonesia, the prevalence of
overweight and obesity among adolescents continues to increase®. Data from Riskesdas 2018 showed that obesity
among adolescents aged 1318 years has risen significantly, particularly in urban areas®. Rapid urbanization,
technological development, and lifestyle changes have contributed to unhealthy eating behaviors and reduced
physical activity among adolescents. These conditions place urban adolescents at greater risk for abnormal Body
Mass Index (BMI) and metabolic diseases.

Dietary pattern is one of the major determinants associated with adolescent obesity and T2DM risk.
Frequent fast-food consumption is commonly characterized by high levels of calories, saturated fat, sugar, and
sodium, while containing limited nutritional value*. Previous studies have shown that excessive fast-food intake
is associated with overweight, obesity, insulin resistance, and other metabolic abnormalities among adolescents.
The increasing accessibility and popularity of fast food among urban youth further contribute to unhealthy dietary
habits. Physical activity and diabetes knowledge also play important roles in adolescent health. Regular physical
activity can improve insulin sensitivity, maintain energy balance, and reduce the risk of obesity and T2DM.
However, many adolescents fail to achieve the recommended level of moderate-to-vigorous physical activity and
increasingly engage in sedentary behaviors, including prolonged screen time’. In addition, adequate diabetes
knowledge may encourage adolescents to adopt healthier lifestyles, although knowledge alone does not always
translate into healthy behavior because environmental and social factors may influence daily practices. Previous
studies have mostly examined dietary patterns, physical activity, or diabetes knowledge separately in relation to
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obesity and diabetes risk®. Limited studies in Indonesia, particularly among urban adolescents, have
simultaneously analysed these factors in relation to BMI as an indicator of metabolic risk. Furthermore, evidence
regarding the dominant factor associated with abnormal BMI among adolescents remains inconsistent. Therefore,
this study aimed to analyse the relationships among diabetes knowledge, fast-food dietary patterns, and physical
activity with BMI among urban adolescents’.

Recent studies have reported emerging findings regarding the increasing shift in adolescent lifestyle
behaviors after rapid urbanization and digitalization. Adolescents are now more frequently exposed to online food
delivery services, high-calorie processed foods, and prolonged screen-based activities, which contribute to
unhealthy dietary patterns and reduced physical activity. Several studies have shown that these behavioral changes
are associated with increasing BMI and early metabolic disturbances among adolescents, even at younger ages.
This trend indicates that adolescent obesity and T2DM risk are no longer limited to adults but are becoming
important adolescent health issues globally and nationally®. New evidence also suggests that the relationship
between fast-food consumption and adolescent metabolic health is more complex than previously understood.
Recent findings indicate that adolescents with frequent fast-food intake often demonstrate clustering unhealthy
behaviors, including low physical activity, irregular sleep patterns, and prolonged sedentary time. These combined
behaviors may contribute more strongly to abnormal BMI and insulin resistance than single risk factors alone.
Therefore, current research increasingly recommends analysing multiple lifestyle determinants simultaneously to
better understand adolescent metabolic risk profiles®.

In the area of physical activity, recent studies have highlighted that not only the duration but also the
intensity and consistency of activity influence adolescent metabolic outcomes. Moderate-to-vigorous physical
activity has been associated with better BMI control and improved insulin sensitivity, whereas prolonged
sedentary behavior remains independently associated with obesity risk!?. Furthermore, evidence after the COVID-
19 pandemic showed a substantial decline in adolescent physical activity levels due to increased screen time and
reduced outdoor activities, particularly in urban populations''. These findings emphasize the urgent need to
evaluate physical activity patterns among adolescents in current urban contexts. Recent research has also expanded
the understanding of diabetes knowledge as a behavioral determinant. Although adolescents may possess adequate
knowledge regarding diabetes prevention, several studies found that knowledge does not always lead to healthy
practices. Social environment, peer influence, family habits, and accessibility of unhealthy foods may weaken the
implementation of healthy behaviors'?. Consequently, researchers now emphasize the importance of integrating
cognitive and behavioral factors when assessing adolescent obesity and diabetes risk. However, studies examining
diabetes knowledge together with fast-food dietary patterns and physical activity in relation to BMI among
Indonesian urban adolescents remain limited, creating an important research gap addressed by this study.

MATERIALS AND METHODS

This study employed a quantitative design with a cross-sectional approach to analyse the relationships
among diabetes mellitus (DM) knowledge, fast-food dietary patterns, physical activity, and Body Mass Index
(BMI) among adolescents. The study was conducted in senior high schools in Bekasi City, Indonesia, in December
2025. Ethical approval was obtained from the Health Research Ethics Committee of Universitas Bani Baleh with
ethical clearance number EC.070/KEPK/FKF-UBS/XI1/2025. All respondents received an explanation regarding
the study objectives and signed informed consent forms prior to data collection. The study population consisted
of adolescents aged 14 —18 years enrolled in public senior high schools in Bekasi City. The inclusion criteria were:
(1) active students present during data collection, (2) willingness to participate in the study. The exclusion criteria
included: (1) respondents diagnosed with chronic diseases or metabolic disorders, (2) respondents currently
following a special diet program, and (3) incomplete questionnaire responses. Respondents were selected using a
stratified cluster sampling technique. The population was first stratified based on grade levels (Grade X, XI, and
XII), and several classes from each grade were randomly selected as clusters. Eligible students from the selected
classes were then recruited as respondents after screening based on the inclusion and exclusion criteria. Based on
the sample size calculation and adjustment for possible incomplete data, the minimum required sample size was
290 respondents. The sample size was determined using the Slovin formula with a significance level (a) of 5%
and a margin of error (standard error) of 5%. A total of 290 adolescents who met the study criteria were included
in the final analysis.

Data were collected using standardized instruments. DM knowledge was assessed using the Diabetes
Knowledge Questionnaire (DKQ) Cronbach’s o= 0.73'3, fast-food dietary patterns were measured using the Food
Frequency Questionnaire (FFQ)'4, and physical activity was assessed using the International Physical Activity
Questionnaire (IPAQ) Cronbach’s a = 0.884'%, Physical activity levels were classified into low, moderate, and
high categories based on the official IPAQ scoring guidelines. All instruments had been previously tested for
validity in earlier studies. Anthropometric measurements were conducted directly by trained researchers and
assistants using standardized procedures. Body weight was measured using a digital scale with 0.1 kg precision,
while height was measured using a microtoise with 0.1 cm precision. Respondents were instructed to remove their
footwear and wear light clothing during the measurements. BMI was calculated using the formula weight
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(kg)/height (m?) and classified according to the WHO (2000) criteria for adults into categories Underweight
(<18,5), Normal (18,5-24,9), Overweight (25-29,9), Obesity (=30).

Data analysis was performed using SPSS software with a significance level set at a = 0.05. Univariate analysis
was used to describe respondent characteristics and study variables in the form of frequencies, percentages, means,
and standard deviations. Bivariate analysis was conducted using the Chi-Square (y?) test to identify relationships
between independent variables and BMI status. Variables with p-values < 0.25 in the bivariate analysis were
included in the multivariate analysis using binary logistic regression with the Enter method.

RESULTS
Table 1. Distribution of caracteristic responden
No Variable Category Frequency (n) Percentage (%)
1 Age 14-18 Years 290 100%
2 Gender Male 103 35,35
Female 187 64,65
3 Knowledge (DKQ) Total score
Good 12 4.1%
Satisfactory 120 41.4%
Poor 158 54.5%
4 Dietary Pattern (FFQ Fast Total score
Food)
Good 24 8.3%
Not Good 266 91.7%
5 Physical Activity (IPAQ) Total score
Light 0 0%
Medium 54 18.6%
Heavy 236 81.4%
6 Body Mass Index (BMI) kg/m?
Underweight (<18,5) 42 14.5%
Normal (18,5-24,9) 175 60.3%
Overweight (25-29,9) 50 17.2%
Obesity (=30) 23 7.9%
Table 2. The Relationship Between Independent Variables and BMI
No Variable 1 df p-value Result
1 Dietary Pattern x BMI 11.237 3 0.010 * Significant
2 Physical Activity x BMI 17.584 3 0.001 * Significant
3 Knowladge x BMI 1.838 6 0.934 Not Significant

* Signifikan pada oo = 0.05

Table 3. Binary Logistic Regression Results of BMI Risk Factors

Predictor B SE Wald p-value OR 95% CI for OR
Dietary Pattern (Poor) 0.895 0.548 2.668  0.098 2.447 0.852-7.032
Physical Activity (Heavy) 0.449 0.408 1.213  0.270 1.566  0.706 - 3.475
DM Knowledge (Poor) -0.089 0234 0145 0.704 0915 0.580-1.443
Constant -1.234 0512 5.809 0.016

Logistic regression test with a = 0.05. OR = Odds Ratio; CI = Confidence Interval
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Table 4. Logistic Regression Model Fit Statistics

Statistic Value
Hosmer-Lemeshow 2 0.483
Degrees of Freedom (df) 8
Hosmer-Lemeshow p-value 0.786
Nagelkerke R? 0.040
Overall Classification Accuracy (%) 54.9

The results of the Chi-Square test show that there is a significant relationship between fast food
consumption and BMI (p = 0.010). This means that the more often teenagers consume fast food, the greater the
likelihood of having a BMI above normal. These findings are in line with '® research, which states that excessive
consumption of high-calorie and saturated fat foods increases the risk of obesity, a major risk factor for the
occurrence of type 2 diabetes in adolescents. In addition, there is a significant relationship between physical
activity and BMI (p = 0.001). Adolescents with low physical activity tend to have a higher BMI compared to
physically active adolescents. Physical activity plays an important role in maintaining energy balance and glucose
metabolism in the body, so low activity becomes a predisposing factor for weight gain and the risk of type 2
diabetes!”. Meanwhile, there is no significant relationship between knowledge about type 2 DM and BMI (p =
0.934). This indicates that the level of knowledge among adolescents about type 2 diabetes has not yet fully
influenced healthy lifestyle behaviors and nutritional status. It is likely that, although adolescents are aware of the
risks of diabetes, this has not been followed by real behavioral changes such as dietary regulation and physical
activity. These findings are in line with the research'8, which states that an increase in knowledge does not always
lead to lifestyle changes without environmental support and consistent healthy habits.

In the multivariate logistic regression analysis, poor dietary patterns showed a higher odds ratio for
abnormal BMI (OR = 2.447; 95% CI: 0.852—7.032). However, the association was not statistically significant (p
= 0.098), indicating that dietary pattern cannot be considered an independent predictor of abnormal BMI in this
study (Table 3).The logistic regression model demonstrated an acceptable fit to the data. The Hosmer—Lemeshow
goodness-of-fit test showed no significant difference between the observed and predicted values (y* = 0.483; p =
0.786), indicating that the model fit the data adequately. The Nagelkerke R* value was 0.040, suggesting that
approximately 4.0% of the variation in BMI status was explained by the predictors included in the model.
Furthermore, the classification table indicated an overall prediction accuracy of 54.9%, demonstrating a modest
ability of the model to classify adolescents into normal and abnormal BMI categories (Table 4).

Nevertheless, clinically, it appears that adolescents with heavy physical activity tend to have a greater
chance of having a normal BMI compared to those with light physical activity. The insignificance of these results
may be due to the variation in the intensity and duration of physical activity among respondents, which was not
measured in detail, thus its impact on BMI is not statistically apparent. The variable of knowledge about type 2
DM shows a p-value of 0.704 with an OR of 0.915, indicating that the level of knowledge does not significantly
affect BMI. These results illustrate that although some adolescents have a basic understanding of diabetes and its
risk factors, this knowledge has not yet been fully translated into tangible preventive behaviors, such as dietary
regulation or increased physical activity. Low awareness in implementing health knowledge can be an obstacle in
efforts to control ideal body weight. The regression constant value (B = -1.234; p = 0.016) indicates that without
the influence of the three independent variables, the likelihood of adolescents having a normal BMI is higher
compared to those with excess BMI. This indicates that there are other factors outside the model, such as sleep
patterns, psychological stress, and genetic factors, that may also play a role in the nutritional status of adolescents.

Overall, the results of this study indicate that diet is the most clinically dominant factor affecting the
increase in BMI, although not yet statistically significant. These findings are consistent with the research results
which state that the consumption of fast food and high-calorie foods among adolescents is a major factor that
increases the risk of obesity and type 2 diabetes. Thus, health education interventions and the promotion of a
healthy lifestyle need to focus on improving eating behaviors and increasing awareness of physical activity as
preventive measures to curb the rise in BMI and the risk of diabetes among adolescents.
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DISCUSSION

Lifestyle Behaviors and Adolescent BMI

The present study demonstrated that dietary patterns and physical activity were significantly associated
with BMI among urban adolescents, while Diabetes Mellitus (DM) knowledge was not significantly related to
BMI status. In the multivariate analysis, poor dietary patterns showed the highest odds ratio for abnormal BMI,
although the association did not reach statistical significance. These findings suggest that lifestyle-related
behaviors, particularly eating habits and physical activity, remain important determinants of adolescent nutritional
status in urban settings'®.

The significant relationship between fast-food dietary patterns and BMI is consistent with previous
studies reporting that frequent fast-food consumption contributes to overweight and obesity among adolescents.
Research conducted in Indonesia and other countries has shown that adolescents who regularly consume energy-
dense foods high in saturated fat, sugar, and sodium are more likely to experience excessive weight gain and
metabolic disturbances*. Urban adolescents are particularly vulnerable because of easier access to fast food,
aggressive digital marketing, and changing social lifestyles that normalize unhealthy eating behaviors. Similar
findings were reported indicating that unhealthy dietary habits are strongly associated with increased BMI and
obesity risk among adolescents®.

Mechanistically, excessive fast-food consumption contributes to positive energy imbalance due to high
caloric intake combined with low nutritional quality. Fast food is generally low in fiber and micronutrients but
high in refined carbohydrates and fats, which may increase adipose tissue accumulation and insulin resistance
over time. Adolescents are also more likely to consume fast food in combination with sugar-sweetened beverages
and irregular eating schedules, which further increase metabolic risk?!. In the present study, the odds ratio for poor
dietary patterns indicated a higher likelihood of abnormal BMI; however, the association was not statistically
significant (p = 0.098).

Nevertheless, several limitations should be considered when interpreting this finding. Dietary patterns
were measured using self-reported FFQ data, which may be affected by recall bias and underreporting. In addition,
the FFQ focused primarily on fast-food frequency and may not fully capture total caloric intake, portion size, or
overall dietary quality. The cross-sectional design also limits causal interpretation between dietary behavior and
BMI.

Physical Activity and BMI Paradox in Adolescents

This study also found a significant relationship between physical activity and BMI in the bivariate
analysis; however, physical activity was not statistically significant in the multivariate model. Interestingly, most
respondents were categorized as having high physical activity levels based on IPAQ classification, despite a
substantial proportion still presenting abnormal BMI. This finding indicates that high reported physical activity
does not necessarily correspond to healthy BMI outcomes among adolescents.

Previous studies have generally demonstrated that regular moderate-to-vigorous physical activity reduces
obesity risk and improves metabolic health through increased energy expenditure and insulin sensitivity.
However, several recent studies have also reported inconsistent findings among adolescents, particularly when
physical activity is measured using self-reported questionnaires??. IPAQ-based assessments may overestimate
activity levels because adolescents often misinterpret activity intensity or duration. Furthermore, IPAQ was
originally developed for adults and has recognized limitations when applied to adolescent populations, particularly
in distinguishing structured exercise from routine daily activities?.

Adolescents with high physical activity may still consume excessive calories through unhealthy dietary
patterns, thereby maintaining positive energy balance despite increased activity. Additionally, sedentary behaviors
such as prolonged screen time were not specifically measured in this study and may coexist with periods of high
physical activity?*. Thus, adolescents may simultaneously report high activity levels while also engaging in long
sedentary periods that negatively affect metabolic health. Another possibility is that some overweight adolescents
intentionally increase physical activity as part of weight-control efforts, which may create reverse causality within
the cross-sectional design®.

The interpretation of this finding should therefore be approached cautiously. The use of IPAQ introduces
potential measurement bias due to self-reporting and limited sensitivity in adolescent populations. The study also
did not assess physical fitness, exercise intensity objectively, or sedentary behavior duration, all of which may
influence BMI outcomes?®. Future studies should consider using accelerometers or wearable activity trackers to
obtain more accurate assessments of adolescent physical activity patterns.

Diabetes Knowledge and Behavioral Translation

The present study found no significant relationship between DM knowledge and BMI among
adolescents. Although adequate health knowledge is generally considered an important factor in disease
prevention, this finding suggests that knowledge alone may not be sufficient to influence adolescent nutritional
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status. Most respondents demonstrated poor or moderate levels of diabetes knowledge, yet this did not directly
correspond with BMI categories?'?’.

This result is consistent with previous studies reporting that health knowledge does not always translate
into healthy behavior. Adolescents may understand the risks of obesity and diabetes but still engage in unhealthy
dietary habits and sedentary lifestyles due to environmental influences, peer pressure, family eating patterns, and
the widespread availability of fast food. Behavioral theories such as the Health Belief Model and Social Cognitive
Theory emphasize that behavior change is influenced not only by knowledge, but also by motivation, self-efficacy,
environmental support, and social norms. Therefore, adolescents with sufficient knowledge may still experience
difficulty implementing healthy lifestyles in daily life?®.

Mechanistically, the gap between knowledge and behavior may occur because adolescents are strongly
influenced by social and environmental contexts. School environments, online food marketing, peer interactions,
and family dietary practices can shape eating behaviors more strongly than cognitive understanding alone. In
addition, adolescents often prioritize convenience, taste preferences, and social acceptance over long-term health
considerations®. These factors may weaken the direct association between diabetes knowledge and BMI
outcomes.

Several limitations related to this finding should also be acknowledged. The DKQ-24 instrument
primarily measures cognitive understanding of diabetes rather than practical health literacy or actual preventive
behaviors. The questionnaire may therefore not fully capture adolescents’ ability to apply health knowledge in
everyday decision-making. Furthermore, psychosocial factors such as parental influence, socioeconomic status,
and emotional eating behaviors were not evaluated in this study, although they may significantly influence
adolescent BMI. Overall, the findings of this study highlight the importance of integrated school-based
interventions that simultaneously address dietary behaviors, physical activity, and health literacy among
adolescents. Preventive strategies should not focus solely on increasing knowledge but also on creating supportive
environments that encourage sustainable healthy lifestyles.

LIMITATIONS

This study has several limitations that should be considered when interpreting the findings. First, the
cross-sectional design limits the ability to determine causal relationships between dietary patterns, physical
activity, diabetes knowledge, and BMI among adolescents. Second, the use of self-reported questionnaires,
including the Food Frequency Questionnaire (FFQ), Diabetes Knowledge Questionnaire-24 (DKQ-24), and
International Physical Activity Questionnaire (IPAQ), may introduce recall bias, reporting bias, and
overestimation of responses, particularly in the assessment of physical activity among adolescents. Third, the
IPAQ instrument was originally developed for adults and may have limited sensitivity in accurately capturing
adolescent physical activity patterns and sedentary behaviors.

In addition, this study did not comprehensively assess other potential factors associated with adolescent
BMI, such as total daily caloric intake, sleep patterns, sedentary duration, socioeconomic status, parental
influence, and psychosocial factors. Anthropometric assessment was limited to BMI measurement without
evaluating body composition or central obesity indicators. Furthermore, the study was conducted only among
public senior high school students in Bekasi City, which may limit the generalizability of the findings to
adolescents in other regions or educational settings. Future studies are recommended to use longitudinal designs,
objective physical activity measurements, and broader behavioral assessments to better understand the
determinants of adolescent BMI and metabolic risk.

CONCLUSION AND RECOMMENDATIONS

This study demonstrated that fast-food dietary patterns and physical activity were significantly associated with
BMI among urban adolescents, while diabetes mellitus knowledge was not significantly related to BMI status. In
multivariate analysis, poor dietary patterns showed a higher odds ratio for abnormal BMI, although the association
was not statistically significant, indicating a potential clinical trend. These findings suggest that unhealthy dietary
behaviors remain an important factor influencing adolescent BMI in urban settings. Therefore, interventions aimed
at preventing adolescent obesity and future type 2 diabetes mellitus should not only focus on increasing health
knowledge but also emphasize behavioral modification, healthy eating practices, and supportive school
environments. School-based integrated health promotion programs involving nutrition education, physical activity
enhancement, and healthy lifestyle monitoring are recommended to support optimal adolescent health outcomes.
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