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Abstract:

Global diabetes prevalence has risen to hundreds of millions, with the International Diabetes Federation (IDF)
reporting several million cases in Indonesia since 2021. A significant challenge persists in identifying a physical
exercise method that effectively reduces blood glucose levels and is readily accessible to the general populace.
Therefore, this research aimed to investigate the impact of a 30-day step-up and step-down exercise program on
blood glucose levels. A pre-experimental design was used, with seven participants subjected to the intervention
over 30 days. The protocol consisted of the step-up and step-down exercise, with the duration gradually
increasing over time to ensure progression. The Fasting Blood Glucose (FBG) test was administered before and
after the intervention to assess the changes in blood glucose levels. Furthermore, data analysis was conducted
using the Paired Sample T-Test, with SPSS version 25 adopted for statistical processing. The measurements
before and after exercise intervention reported a statistically significant reduction in blood glucose levels, with a
p-value of 0.025. The results showed that engaging in the step-up and step-down exercise over 30 days, with
progressively increasing duration, was effective in reducing blood glucose levels. This form of physical exercise
offered a practical and accessible option for individuals aiming to prevent or manage diabetes, provided blood
glucose levels were below 300 mg/dL or with approval from a healthcare professional. The research showed the
potential of simple physical exercise in diabetes management, reporting the importance of regular exercise as
part of a comprehensive method for health.
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Introduction

Diabetes mellitus is a chronic metabolic disease with increasing prevalence worldwide. According to
the International Diabetes Federation (IDF), approximately 537 million individuals worldwide have diabetes.
The latest IDF survey, conducted in 2021, showed that the number of cases in Indonesia was 19,465,102
(International Diabetes Federation, 2021). This increasing number is a very important and urgent issue that
requires immediate attention, considering the impact on individuals' health as well as the country's quality of life
and economy. In Indonesia, efforts to reduce the number of cases are a challenge for the government, the
community, and healthcare professionals.

Diabetes occurs due to disturbances in glucose metabolism, resulting in high levels (Mistry et al., 2023;
Oliver, 2023; Shah et al., 2024). This excess blood glucose is caused by excessive consumption of sugar-
containing foods and disruptions in the process of converting blood glucose into energy due to an imbalance in
the insulin hormone (Korytko et al., 2025; Macfarlane et al., 2024; Mellem et al., 2024). The condition is
increased through excessive consumption of high-sugar foods in modern society, often accompanied by a less
active lifestyle. The ineffectiveness of insulin in converting blood glucose into energy necessitates a more
holistic method, even though excessive sugar consumption can be controlled through a healthier diet.

Insulin is a hormone produced by the pancreas and plays a crucial role in helping the body convert
blood glucose into energy. In diabetes patients, the body's sensitivity decreases, leading to uncontrolled increases
in blood glucose levels (Aye, 2021; Faridi, 2023; Maidaniuk et al., 2024). Therefore, strategies to improve
insulin sensitivity are crucial in efforts to reduce blood glucose levels in diabetes patients.

An effective method proven to enhance insulin sensitivity is regular physical activity. Previous research
have shown that physical exercise can enhance insulin's ability to convert blood glucose into energy (Adi et al.,
2022; Ajith & Meera, 2023; Goktas & Ersoy, 2023). Exercise that includes large muscle groups and moderately
heavy loads, such as resistance training, can improve blood glucose metabolism (Park et al., 2017; Seo et al.,
2021; Yagiz et al., 2022; Zouita et al., 2023). Despite the abundant evidence on the benefits of physical activity,
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only a few individuals can immediately adapt to high-intensity exercise. Individuals with sedentary lifestyles
may struggle to initiate and maintain consistency in regular exercise. In this context, a more adaptive and gradual
method acceptable to all groups is needed. The step-up and step-down exercise program constitutes an adaptable
method featuring progressively extended exercise durations from 3 to 30 minutes, designed to promote the
body's gradual physiological adjustment. The program is designed to provide a solution for individuals desiring
to increase physical activity without feeling burdened by high exercise duration and intensity. Therefore, this
research aims to explore the effect of a gradual step-up and step-down exercise program on lowering blood
glucose levels. The uniqueness lies in the adjustment of exercise duration, allowing individuals to adapt more
easily and effectively. Other advantages of exercise include flexibility, the ability to be performed at home,
weather independence, and relatively low cost. The program is accessible to many individuals as a sustainable
alternative in managing diabetes. This research holds substantial importance by stating the mechanisms through
which incremental physical exercise can affect a reduction in blood glucose levels among diabetes patients.
Furthermore, the formulation of more equitable and cost-effective strategies has been reported for diabetes
prevention and management, benefiting the wider community.

Materials & Methods
Procedure
A pre-experimental design with a one-group pretest-posttest method was used to measure changes in
participants' blood glucose levels before and after exercise intervention. Blood glucose levels were measured as
baseline data (pre-test) before the intervention. After participants were subjected to the 30-day step-up and step-
down exercise program, blood glucose levels were remeasured (post-test). Subsequently, the comparison before
and after the intervention was analyzed to evaluate the impact of exercise on reducing blood glucose levels.
During the exercise program, participants were not permitted to change eating habits. This was
conducted to ensure the recorded changes were influenced by the effect of physical exercise, and not by other
external factors such as dietary changes. Therefore, controlling for dietary factors ensured that the results were
more accurate and reflective of physical exercise on blood glucose levels. This step-up and step-down exercise
program was implemented for 30 days, divided into 6 weeks. Exercise was conducted Monday through Friday,
with Saturday and Sunday allocated for rest and recovery. In addition, the duration was gradually increased,
from 3 to 30 minutes on the last day. This duration adjustment allowed the participants to gradually adapt to the
increased intensity. Table 1 shows the distribution of exercise duration from the first to the last day of the
program.
Table 1 Division of Exercise Duration Progression

Duration Days
3 minutes 1-3

6 minutes 4-6

9 minutes 7-9
12 minutes 10-12
15 minutes 13-15
18 minutes 16-18
21 minutes 19-21
24 minutes 22-24
27 minutes 25-27
30 minutes 28-30

Each session was performed at an intensity appropriate to the stage, ranging from light to intense
exercise at the end of the program. This step-up and step-down program was designed to maximize the
effectiveness of exercise without overburdening participants, with the goal of gradually and safely lowering
blood glucose levels.

Variables

The independent variable was the step-up and step-down exercise performed over 30 days with a
progressively increasing duration. Meanwhile, the dependent variable was blood glucose levels. This research
aimed to determine the impact of a 30-day step-up and step-down exercise intervention, implemented with
progressively extended durations, on blood glucose levels among human participants.

Participants

The participants totaled 10 individuals determined based on several factors, including willingness to
engage, the management of the research, and the financial resources available. The selected participants were in
good health and capable of engaging in physical activity. This was performed to avoid potential risks because of
poor health or physical condition, since exercise could be strenuous for participants not accustomed to the
activity. Table 2 shows the characteristics of the participants.
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Table 2 Participant Characteristics

No. Characteristics Number of individuals
1 Male 10 individuals
2 Age

24 years 1 individual

25 years 4 individuals

26 years 1 individual

27 years 1 individual

28 years 1 individual

29 years 2 individuals

The participation of the participants was based on a mutually beneficial relationship. Compensation
with cash was carried out as reimbursement during the exercise program. Before participation, the participants
showed explicit consent and assented to adhere to all research regulations. This was documented through a form
comprehensively outlining the objectives, potential hazards, anticipated benefits, assurances of confidentiality,
and fundamental rights. The research was conducted in accordance with the ethical guidelines and received
approval from the Ethics Committee of Brawijaya University, Indonesia, under approval number 143/EC/KEPK-
UM/04/2024. During the intervention, 3 participants were eliminated for not adhering to the regulations,
including missing several exercise sessions and consuming foods or drinks. Therefore, the data analyzed were
derived from the 7 participants who completed the exercise program and complied with the regulations.
Research Instruments

The instrument used to measure blood glucose levels was the Fasting Blood Glucose (FBG) test. This
test was conducted after fasting for 8 to 12 hours, with blood samples taken in the morning before breakfast.
FBG was selected as the instrument for measuring blood glucose levels. Additionally, the instrument was
recognized as the primary test for diagnosing diabetes mellitus and prediabetes, as endorsed by the World Health
Organization (WHO) and the American Diabetes Association (ADA). FBG was also an accurate, simple, cost-
effective, and efficient blood glucose test method, requiring a short amount of time.

Statistical Analysis

The data obtained consisted of measurements of participants' blood glucose levels before and after the
step-up and step-down exercise over 30 days. Analysis was conducted using a paired sample t-test to assess the
difference in blood glucose levels between the two measurements. Before performing the t-test, the data were
assessed for normality using the Shapiro-Wilk test in SPSS version 25.

Results
Table 3 shows the measurement results of participants’ blood glucose levels taken before and after the step-up
and step-down exercise program.

Table 3 Test Results

Participant Pre-Test (mg/dL) Post-Test (mg/dL)
Participant 1 137 89

Participant 2 105 95

Participant 3 102 95

Participant 4 105 103

Participant 5 125 102

Participant 6 100 81

Participant 7 106 86

The data showed that the post-test values were lower than the pre-test values. Lower post-test values
suggested a reduction in participants' blood glucose levels. However, this observation was not sufficient since a
comparison test was necessary to assess the statistical significance of the reduction in blood glucose levels
among the participants.

Normality Test

Table 4 Normality Test

Kolmogorov-Smirnov Shapiroe-Wilk

Statistic df Sig. Statistic df Sig.
Pre-Test 0.25 7 0.20 0.93 7 0.57
Post-Test 0.15 7 0.20 0.96 7 0.79
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The normality test results showed a significance value of 0.57 and 0.79 for the pre-test and post-test,
respectively. These significance values greater than 0.05 reported that the pre-test and post-test data were
normally distributed. A paired sample t-test was performed for comparison, considering the normally distributed
data.

Comparison Test
Table 5 Paired Sample Statistics

Mean N Std. Deviation Std. Error Mean
Pair 1 Pre-Test 107.57 7 19.59 7.41
Post-Test 89.86 7 10.99 4.15

Table 6 Comparison Test Results Using The Paired Sample T-Test
Paired Differences

95% Confidence
Interval of the
Std. Error Difference Sig. 2-
Mean Std. Deviation Mean Lower Upper t f tailed)
Pair 1 Pre-Test 17.71 15.84 5.99 3.06 32.36 296 6 0.03
—  Post-
Test

Table 6 shows that the significance value is 0.03. The p-value less than 0.05 reported a significant
difference between blood glucose levels before and after completing exercise. Therefore, the step-up and step-
down exercise was effective in lowering blood glucose levels when performed consistently over 30 days with a
gradual increase in duration.

Dicussion

The results show that the step-up and step-down exercise, conducted over 30 days with a gradual
increase, can significantly reduce blood glucose levels. This is supported by the paired sample t-test results,
where the p-value of 0.03, less than 0.05, shows a significant difference in blood glucose levels before and after
exercise intervention.

The reduction in blood glucose levels occurs due to regular physical activity. The results show that

regular physical activity increases insulin sensitivity, facilitating the conversion of blood glucose into energy
(Bakara & Kurniyati, 2022; Bistara et al., 2022; Sukkriang et al., 2021). Therefore, regularly performing the
step-up and step-down exercise can help reduce blood glucose levels.
A deeper observation shows that exercise includes large muscles, particularly the legs, supporting the entire body
weight (Branch et al., 2022; Kume et al., 2022a, 2022b; Kuo et al., 2021). Naturally, engaging large muscles in
the step-up and step-down exercise requires a significant amount of energy. Insulin will need a large amount of
blood glucose to be converted into energy. The results suggest that endurance exercise has an impact on
optimizing insulin function (Yaping et al., 2020). Maintaining consistent movement during the step-up and step-
down exercise for an extended duration poses a significant challenge. Exercise performed for an extended
duration includes individuals’ physical stamina (Prieto-Gonzalez & Sedlacek, 2022; Sun, 2023; Zrzavy et al.,
2021). The step-up and step-down activity performed in this research is considered an endurance exercise. In line
with previous research, exercise reduces blood glucose levels when performed for a duration of 30 minutes. The
entire procedure can be carried out by the general community as a method of preventing or curing diabetes.
Individuals who have not experienced exercise for 30 minutes face challenges and mental pressure (Guszkowska
& Wojcik, 2021; Han, 2021; Kaplan & Andre, 2021). Therefore, the gradual duration adjustment serves as a
solution for the community to build up to the 30-minute exercise duration. Several results have proven that
gradual physical exercise reduces the mental pressure needed to perform physical activity (Kalb et al., 2020;
Portela-Pino et al., 2021; Silva et al., 2024).

This research has limitations since only 7 participants were available for analysis. Furthermore, some
participants were eliminated for not adhering to the regulations. Future research should include a larger sample
size and participants who can effectively participate, as well as a control group to provide a more substantial
comparison. The results should be shared with the community to aid diabetes prevention and management.
Active mediation must also be conducted with the Indonesian Ministry of Health and healthcare institutions in
providing education and supporting the community to implement step-up and step-down exercise.

Conclusions

In conclusion, the step-up and step-down exercise performed for 30 days significantly reduced blood
glucose levels. The paired t-test results reported a p-value of 0.03, below the 0.05 threshold, showing a
significant difference between blood glucose levels before and after exercise. The results suggested that the step-
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up and step-down exercise program had the potential to be an effective intervention in lowering blood glucose
levels. This contributed to diabetes prevention or management in both diagnosed and high-risk individuals.

In a practical context, the step-up and step-down exercise was an easily accessible alternative for improving
physical fitness without the need for specialized equipment. This exercise offered flexibility in terms of time and
intensity, allowing individuals to start with a shorter duration before increasing to 30 minutes. Therefore,
exercise was suitable for individuals who were not accustomed to intensive physical activity, facilitating
adaptation to a healthier lifestyle change.

From a theoretical perspective, the results supported previous research reporting the importance of
physical exercise in improving insulin sensitivity and converting blood glucose into energy. This research added
a new dimension by showing the effectiveness of performing the step-up and step-down exercise in reducing
blood sugar levels. The result expanded the literature on diabetes management through physical interventions
acceptable to a wider population.

Several limitations could be reported, even though the results were promising. First, this research was
conducted with only one group of participants, without a control group, which affects the generalizability of the
results. Second, other factors such as stress levels, sleep quality, and genetic factors were not fully controlled
since participants were not allowed to change diets. This research implied that the step-up and step-down
exercise program could be adopted as part of a more accessible and affordable diabetes prevention and
management strategy. The program served as an effective solution in communities without easy access to
exercise facilities, or requiring a gradual method to initiate physical activity. Therefore, health professionals
must consider the program as part of an exercise-based intervention to reduce diabetes rates.

Future research are recommended to conduct further trials with more rigorous experimental designs,
such as using control groups and expanding the participant sample to increase the validity and generalizability of
the results. Furthermore, the long-term impact of the step-up and step-down exercise on diabetes management
and other factors can also be investigated. This research provides strong preliminary evidence that gradually
performing the step-up and step-down exercise can be an effective method for lowering blood glucose levels.
Practical and theoretical contributions are also offered to diabetes prevention and management.
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