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with the majority of sufferers aged over fifteen years. Cases of
diabetes mellitus have risk factors that will increase the incidence of
. diabetes mellitus in 3-4 years later, especially in adolescence related
contact: to bad habits towards lifestyle, one of which is lack of physical
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activity. Some physical activities that are suitable for adolescents
such as aerobic exercise that can reduce blood sugar levels.
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For data analysis using Paired Sample T-Tests and ANCOVA.
Results: The results showed a significant decrease in blood sugar
levels in the intervention group p-value 0.00, while the control
group p-value 0.77. Aerobic exercise has an effect on blood sugar
levels with a p-value of 0.00. Conclusion: Aerobic exercise can
reduce blood sugar levels while in adolescents at risk of diabetes
mellitus. Health promotion programs in schools should integrate
regular aerobic exercise sessions into the physical education
curriculum, particularly targeting adolescents at risk of diabetes
mellitus
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Introduction

Diabetes mellitus is currently one of the most prevalent degenerative diseases (Rahmala et
al., 2023). This chronic condition occurs when the body either fails to produce adequate insulin
or is unable to utilize it effectively (Amidos Pardede et al., 2022). Over the past 30 years, the
global prevalence of diabetes mellitus has continued to rise, with approximately 422 million
individuals affected worldwide (WHO, 2023). According to the International Diabetes
Federation (IDF) in 2021, around 537 million adults aged between 20 and 79 years are living
with diabetes, marking an increase of 24.0%. Indonesia ranks fifth globally, with 19.47% of its
population affected by the disease (IDF, 2021). Nationally, there are 877,531 diagnosed cases
across all age groups, including 638,178 cases among individuals aged over 15 years (SKI,
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2023). In Bandung City, the number of diabetes cases reached 44,329, rising from 43,761 in
2021 (Dinkes Bandung City, 2021). The prevalence also appears to be higher among older
adults, particularly in the age groups 55-64 years (5.65%), 65—74 years (5.41%), and 75 years
and above (3.23%) (Riskesdas, 2019). Several risk factors contribute to the development and
progression of diabetes, which may stem from both internal (biological) and external
(environmental) sources (Kabosu et al., 2019).

Various factors contribute to the risk of developing diabetes mellitus. Some of these
factors are modifiable, including lifestyle choices, sleep patterns, stress management, and
levels of physical activity. Others, such as age and genetic predisposition, are non-modifiable
(Puspasari et al., 2022). Inadequate control of these modifiable risk factors significantly
increases the likelihood of developing diabetes. Individuals who fail to adopt healthier
behaviors may progress to diabetes within 3—4 years (Putri et al., 2023). Often, diabetes
mellitus remains undetected until complications arise. Therefore, early preventive efforts are
essential, especially during adolescence (Opara et al., 2020). Adolescents are considered at
increased risk due to their tendency toward unhealthy lifestyle habits (Al-Shudifat et al., 2017).
Research has shown a growing number of diabetes cases among children and adolescents
across various countries, although the rates are still lower than in adults and the elderly (Qifti
et al., 2020). In Indonesia, medical diagnoses indicate that 159,014 individuals aged 15-24
years have diabetes mellitus (Ministry of Health RI, 2018). Globally, adolescents represent a
significant demographic, with an estimated 1.2 billion individuals, accounting for
approximately 16% of the total population (UNICEF, 2019). The adolescent stage, defined as
ages 10-19 years, is marked by rapid mental, physical, emotional, and social development
(WHO, 2018). During this period, adolescents are particularly vulnerable to diabetes due to
unhealthy behaviors such as poor dietary intake, low fruit and vegetable consumption, frequent
intake of sugary drinks, smoking, and insufficient physical activity (Yuningrum et al., 2021).

According to the 2018 Basic Health Research, one of the notable risk factors for diabetes
mellitus among adolescents is insufficient physical activity, reported at 33.5% (RISKESDAS,
2019). Currently, many teenagers spend their leisure time engaging in sedentary behaviors
such as playing online games, watching television, using computers, and browsing on mobile
phones (Qifti et al., 2020). In contrast, adolescents can maintain their health through simple
physical activities like sweeping, gardening, mopping, making the bed, and exercising (Darti et
al., 2021). If no preventive actions are taken, diabetes mellitus may develop within the next
decade, particularly among adolescents at moderate to high risk. While lifestyle changes play a
crucial role in prevention, other factors such as body mass index—especially obesity—must
also be considered (Opara et al., 2020). Additional risk factors include a family history of
diabetes, the presence of hypertension, and low levels of physical activity, all of which
significantly contribute to the likelihood of developing diabetes mellitus (Al-Shudifat et al.,
2017).

Physical activity refers to any movement that increases energy expenditure and plays a
vital role in maintaining overall health, improving quality of life, boosting the immune system,
and preventing obesity (Romadhoni et al., 2022). It also has a significant impact on blood
glucose regulation. During physical activity, muscles require more glucose for energy. If the
body cannot supply enough glucose to meet this increased demand—particularly during
intense exercise—blood sugar levels may decrease. On the other hand, limited physical activity
can impair glucose regulation, resulting in elevated blood sugar levels (Lubis & Kanzanabilla,
2021). Engaging in physical activity helps lower blood glucose levels by enhancing glucose
uptake by muscle cells (Ega Safitri et al., 2022). Exercise, in particular, can contribute to
energy expenditure ranging from 20% to 50% (Yuningrum et al., 2021). Several types of
physical activity are particularly suitable for adolescents, including walking, cycling, jogging,
and gymnastics (Mustofa et al., 2022). Aerobic exercise, in particular, has been shown to
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effectively reduce blood sugar levels in individuals with diabetes (Siregar, 2019). It is
considered one of the most accessible, enjoyable, and popular forms of exercise (Lubis &
Kanzanabilla, 2021). In addition to helping regulate blood glucose, acrobic exercise also offers
benefits such as supporting weight loss and alleviating symptoms of anxiety (Sari & Effendi,
2020).

Research conducted by Nababan & Nababan (2022) demonstrated that aerobic exercise
significantly reduces blood glucose levels in individuals with type 2 diabetes. In their study,
participants in the intervention group had an average blood glucose level of 192.73 mg/dl
before the intervention, which decreased to 153.80 mg/dl afterward. Similarly, Almeida et al.
(2020) reported a reduction of 29.53 mg/dl (20.52%) in the experimental group, while the
control group showed a smaller decrease of 14.52 mg/dl (11.41%). These findings highlight
the positive impact of aerobic exercise in lowering blood sugar levels among patients with type
2 diabetes mellitus. However, there is still a lack of research investigating the effects of aerobic
exercise on blood glucose levels in adolescents who are at risk for diabetes mellitus. To
identify adolescents at risk, the FRIDEM application can be used as a screening tool.

Method

The study was Quasi Experiment with a pre-test and post-test two group design. This
research was conducted on January 13 -31, 2025. The study population consisted of
adolescents from SMPN 2 Katapang. A purposive sampling method was applied. The sample
size was calculated using G*Power version 3.1.9.4 with the following specifications: statistical
analysis based on an F-test with ANCOVA (fixed effect, main effects, and interactions), effect
size f'= 0.4, significance level (a) = 0.05, statistical power (1 — ) = 0.8, numerator degrees of
freedom = 1, two groups, and one covariate. The inclusion criterion was enrollment in the
eighth grade, while the exclusion criterion was being identified as having a high risk of type 2
diabetes mellitus according to the E-FRIDEM application. The total sample consisted of 60
participants, evenly divided into an intervention group (n = 30) and a control group (n = 30).
Blood glucose levels were assessed using a digital glucometer. Measurements were taken both
before and after the aerobic exercise intervention. The equipment and materials used included a
GCU (Glucose, Cholesterol, and Uric Acid) device, glucose test strips, alcohol swabs, gloves,
an observation sheet for recording glucose results, and a pen. The intervention provided was a
physical activity in the form of aerobic exercise, conducted two times a week with a duration
of 30 minutes per session. The stages of aerobic exercise were divided into three parts, namely:
warm-up, main movements, and cool-down, in accordance with standard aerobic exercise
procedures.Statistical tests using Paired Sample T-Tests and ANCOVA.
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Results

Table 1. Demographic data: of the Respondents (N=60)

Intervention (n=30) Control (n=30) P-
value
Variables Mean+SD Min-Max Mean=SD Min-Max

Age 13.82 +.531 13-15 13.80 £ .407 13-14 0.278

Height 159.37 £10.785 141-185 155.70 £ 8.470 133-177 0.675

Boby 49.53 +£13.607 32-105 4820 £10.772 32-72 0.148

Weight

DM risk 2.67+1.093 1-6 2.53+1.532 1-7 0.707

score

Based on Table 1, the mean age of adolescents in both the intervention and control groups
was 13 years. The average height was 159 cm in the intervention group and 155 cm in the
control group. The mean body weight was 49 kg for the intervention group and 48 kg for the
control group. The average diabetes mellitus risk score was 2.67 in the intervention group and

2.53 in the control group.

Table 2. Demographic data: gender in the intervention and control groups (N=60)

Variables Intervention Group Control Group P-value
(n=30) (n-30)
F % F %
Gender
Female 17 (51 %) 17 (51 %) 0.134
Male 13 (49 %) 13 (49 %)

Based on table 2, the gender in the intervention and control groups was the same,

more than half of the respondents were female (51%).
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Table 3. Blood sugar before and after intervention (n=60)

Intervention Group (n=30) Control Group (n=30)
Variables

Mean= SD Min-Max Mean+SD Min-Max
Pretest 123.00 £ 15.704 97-172 110.77 £ 14.123 80-142
Posttest 100.97 +10.804 80-124 115.70 £ 17.554 85-157

Based on Table 3, the intervention group had a mean blood sugar level of 123 mg/dL at
pretest and 100 mg/dL at post-test. In the control group, the mean blood sugar level was 110
mg/dL at pretest and 115 mg/dL at post-test.

Table 4. Analysis of differences in the value of blood sugar levels before and after aerobic exercise
in the intervention group and control group.

Variables t P-value
Intervention group pretest and posttest (n=30) 8.921 0.000
Control group pretest and posttest (n=30) -1.834 0.077

Based on table 4. the results of the paired sample t-test in the intervention group p-value =
0.000, and the control group with a p-value of 0.077

Table 5. Analysis of the effect acrobic exercise toward blood sugar levels

Source Type III Sum of df  Mean Square F Sig
Squares

Corrected Model 14970.111* 35 427.717 3.085 0.003
Intercept 20977.062 1 20977.062 151.298 0.000
Group 2398.294 1 2398.294 17.298 0.000
GDS_PRE 10055.961 34 295.764 2.133 0.028
Error 3327.539 24 138.647

Total 700751.000 60

Corrected Total 18297.650 59

Based on Table 5, the ANCOVA test showed a significance value of p = 0.000 when
comparing blood sugar levels between the intervention and control groups. This finding indicates
that aerobic exercise had a significant effect on reducing blood sugar levels among adolescents at
risk of diabetes mellitus.
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Discussion

The results showed a decrease in blood sugar levels in the intervention group, while an increase
was observed in the control group that did not receive aerobic exercise. This finding aligns with the
study by Nababan and Nababan (2022). Risk factors for diabetes include unhealthy lifestyles,
insufficient physical activity, and obesity; therefore, the primary step in managing diabetes risk is
prevention through regular physical activity (Ega Safitri et al., 2022). Adolescents aged 13—15 years
undergo significant growth and development, during which poor dietary habits and lack of exercise
can increase the likelihood of developing diabetes mellitus (Suha & Rosyada, 2022). Research by
Cahyani et al. (2024) also highlights that female adolescents are at greater risk, as women tend to have
a higher likelihood of weight gain or increased body mass index, coupled with hormonal factors that
may contribute to the development of diabetes mellitus (Imelda, 2019). Aerobic exercise is a form of
physical activity involving movements that engage large muscle groups of the body. This type of
exercise enhances muscle glucose utilization, meaning that during physical activity, muscles draw
upon glucose stores in the body. Conversely, insufficient physical activity can lead to elevated insulin
levels, as nutrients from food are not adequately burned but instead stored as sugar and fat (Purnama &
Sari, 2019). The findings of this study are consistent with those of Dewi and Susilawaty (2019), who
reported that aerobic exercise positively influences blood sugar control. In the present study, the
intervention consisted of aerobic exercise conducted three times for 30 minutes, integrated into the
scheduled sports lessons. The results confirm that aerobic exercise significantly impacts blood sugar
levels in adolescents at risk of diabetes mellitus. This aligns with the findings of Fitriani and Fadilla
(2020), who reported a significant effect of aerobic exercise on blood sugar levels (p = 0.00). By
increasing glucose uptake by the muscles, aerobic exercise contributes to lowering blood sugar levels
in adolescents at risk of diabetes mellitus.

Conclusion

This study demonstrates that aerobic exercise significantly reduces blood glucose levels in
adolescents at risk of type 2 diabetes mellitus. Contributing risk factors such as poor diet, physical
inactivity, obesity, and gender-specific physiological characteristics further support the importance
of early lifestyle interventions among adolescents. Health promotion programs in schools should
integrate regular aerobic exercise sessions into the physical education curriculum, particularly
targeting adolescents at risk of diabetes mellitus. Structured aerobic activities can serve as a
preventive strategy to manage blood glucose levels and reduce the long-term risk of type 2
diabetes.
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