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ABSTRACT
Diabetes Mellitus (DM) requires disciplined self-management through diet and physical activity. Failure to adhere to these pillars can lead to unstable blood glucose levels. Lifestyle-based education is one of the most effective ways to reduce the burden of diabetes in the elderly. Key lifestyle factors such as diet, interpersonal relationships, spiritual growth, and stress management play an important role in improving health and managing diabetes. Poor eating habits, including low fruit and vegetable intake and high sugar consumption, are common in elderly with diabetes. Objective: To analyze the effect of healthy lifestyle education on nutritional intake, physical activity, and blood sugar levels in DM patients at the Tompaso Community Health Center. Method: Pre-experimental research with a one-group pretest-posttest design. The sample consisted of DM patients who were given dietary and physical activity education interventions. Intake data were measured by food recall, physical activity with a questionnaire (MET), and blood sugar levels were measured before and after the intervention. Data analysis used statistical tests (Paired T-Test).
The study results showed significant changes in nutritional intake: energy decreased (1270.6 kcal to 1236.5 kcal), carbohydrates decreased drastically (2131 grams to 1828 grams), while protein and fat experienced adjustments. Physical activity increased significantly from an average of 452.88 METs to 725.15 METs. Average blood sugar levels decreased from 130.06 mg/dL to 125.212 mg/dL with a p-value of 0.000 ().
Conclusion: Healthy lifestyle education effectively improved diet, increased physical activity, and lowered blood sugar levels in patients with diabetes mellitus at the Tompaso Community Health Center. Future research should explore the long-term impact and integration of similar education programs into broader public health strategies.
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INTRODUCTION
         Diabetes mellitus, often abbreviated as DM, is a condition caused by metabolic disorders in the body. The body's inability to effectively produce insulin, a hormone that regulates blood sugar balance, is often the cause. As a result, blood sugar levels rise, a condition known as hyperglycemia. Due to damage to the pancreatic beta cells, which are responsible for insulin synthesis, this disease is characterized by high blood sugar levels (Ratih et al., 2020).
        Risk factors for diabetes mellitus can be divided into two categories: modifiable and non-modifiable. Non-modifiable factors include genetic predisposition, age, and gender. Meanwhile, modifiable factors relate to lifestyle, such as a high-sugar diet and smoking.(Fitriyah & Herdiani, 2022). In addition, research by Azriful et al. (2024) shows that lack of physical activity contributes to an increased risk of diabetes mellitus. Therefore, it is crucial to raise public awareness regarding the factors that influence this disease (Kesehatan, 2024). One very important aspect for people with diabetes mellitus is controlling blood glucose levels. Choosing the right foods can help maintain balanced blood sugar levels in those with diabetes. Thus, dietary factors and meal planning are closely related to the management of diabetes mellitus.(Garedo et al., 2024)    
        An unhealthy and unbalanced diet can trigger diabetes mellitus. Therefore, changing eating habits is crucial for people with diabetes to maintain stable blood glucose levels. With proper dietary management, the risk of hyperglycemia and serious complications can be reduced.(Kisnawaty et al., 2023).
        Good, regular physical activity has many benefits for the body, especially for people with diabetes mellitus. It can help control blood glucose levels, maintain weight, and increase physical strength. Exercise, such as gymnastics, plays a crucial role in managing diabetes mellitus. It not only improves insulin sensitivity but also contributes to blood sugar control.(Balyan et al., 2023).Physical activity plays a vital role in managing T2DM by improving insulin sensitivity, supporting weight management, and improving cardiovascular health. Even modest increases in physical activity have been shown to significantly improve glycemic control and reduce dependence on medications.(Hadi et al., 2025)However, in Indonesia, as shown in previous studies, public awareness of the importance of physical activity is still low.(Bayudam & Yuliastrid, 2022).  
      The development of technology and increasingly modern lifestyle changes have caused many people to live a sedentary lifestyle, with minimal physical activity in their daily lives.(Rokhim & Suyoko 2024). Much of the work being done online, the increasing use of private vehicles, and people's tendency to spend their free time on digital devices are further reducing daily physical activity levels. This situation has resulted in an increased risk of NCDs and a decreased overall quality of life for the community. Likewise, inBangladesh, physical inactivity is common among T2DM patients due to factors such as urbanization, sedentary work, and limited recreational facilities.(Moniruzzaman et al., 2017).
Lifestyle modifications, including diet, smoking cessation, and reducing alcohol consumption, are also important for managing T2DM. A diet high in fiber and low in processed sugars improves glycemic control and reduces diabetes-related complications.(Ambika Satija, 2018)Smoking and excessive alcohol consumption further impair glycemic control and increase cardiovascular risk.(Hadi et al., 2025)In Bangladesh, dietary habits and lifestyle behaviors are shaped by cultural and socioeconomic factors, which may influence the success of general lifestyle recommendations.(Rahman, 2022).
        The importance of investigating the effects of physical activity and lifestyle on T2DM patients, as found in the Bangladesh study, is crucial. Understanding the relationship between physical activity, lifestyle, and diabetes management is crucial for tailoring interventions to the specific needs of this population. Identifying lifestyle patterns that influence glycemic control can facilitate the development of personalized treatment plans.(Shin et al., 2020)Such research provides insights that can guide prevention strategies to reduce the incidence of T2DM. By highlighting modifiable risk factors, public health initiatives can be designed to promote healthy behaviors and effectively address the burden of diabetes in Bangladesh.(Chowdhury et al., 2024).
         Many people with diabetes have limited knowledge about diet and the importance of exercise. High carbohydrate consumption and low physical activity (sedentary) are the main triggers for glycemic control failure. At the Tompaso Community Health Center, 199 people were still found to have uncontrolled blood sugar levels or a lack of regular education.
        Unlike previous studies that focused solely on total calorie restriction, this study highlights macronutrient recomposition and a significant increase in MET (Metabolic Equivalent of Task) units through an adaptive educational approach in a rural area (Tompaso Community Health Center). This provides a new perspective that effective glycemic control depends not only on reduced intake but also on a balanced diet and measured physical activity intensity.

MATERIALS AND METHODS

      Quantitative research with a Quasi-experimental research design with a pre-post test or experiment is an experimental activity. The research was carried out in January 2025. The location of implementation was in the Tompaso Community Health Center work area.
      The population of Diabetes mellitus sufferers at the Tompaso Health Center is 99 people from all villages in the Tompaso sub-district. The sampling technique uses Non-Probability sampling with a sample size of 50 respondents. The research sample is determined by total sampling that meets the criteria.
Inclusion criteria consist of:
a. Diabetes mellitus sufferers who can read and write.
b. Diabetes mellitus sufferers who have good hearing.
c. Diabetes mellitus sufferers who are willing to be respondents.
Exclusion criteria consist of:
a. DM sufferers who were sick and were being treated at the time the study was conducted.
b. DM sufferers who moved house at the time the study was conducted.
c. DM sufferers who experience complications such as stroke, CKD.
 
TYPES AND METHODS OF DATA COLLECTION

1. Data Types
Data types consist of primary data and secondary data.
a. Primary data includes data on preference levels, sample characteristics, intake, physical activity levels and blood sugar levels.
b. Secondary data includes the profile of Kotabunan Community Health Center
2. How to collect data
a. Macronutrient intake was obtained based on the results of a 24-hour recall analyzed using a nutrient survey.
b. Data on physical activity levels were obtained based on interviews using the GPAQ questionnaire and analyzed using calculations of physical activity levels in low, medium and high categories.
c. Blood sugar level examination data is carried out directly.


DATA ANALYSIS
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      To determine the effect of physical activity education and dietary patterns on blood sugar levels of diabetes mellitus sufferers before and after the educational intervention, a paired t-test analysis was carried out. There is a difference if the p value is <0.05 (CI 95%).


RESULTS AND DISCUSSION
1. Sample Character

      The sample consisted of 52 people with diabetes mellitus at the Tompaso Community Health Center. The average age of the sample was 46-64 years (46.3%), and the majority were female (74.9%).

Table 1. Sample Distribution Based on Age, Gender and Occupation.
	Characteristics
	Amount
	%

	Age
20 - 45 years
46 - 64 years
> 65 years
	
9
24
19
	
17.2
46.3
36.5

	Total
	52
	100

	Gender
Woman
Man
	
39
13
	
74.9
25.1

	Total
	52
	100

	Work
Work
Doesn't work
	
33
19
	
63.4
36.6

	Total
	52
	100


      

2. Nutritional Intake

      Nutrient intake is the amount of nutrients consumed from food. Sample nutrient intake is the intake of macronutrients (energy, protein, fat and KH) before and after the intervention.

	
Table 2. Distribution of samples based on macronutrient intake
	Nutritional Intake
	Mean±SD
	Min-Max

	Pre Energy
	1270.6 cal ± 498.36
	425 - 2326 cal

	Energy Post
	1236.5 cal±361.95
	643 - 2081 cal

	Protein Pre
	44.03 gr ± 17.85
	14 - 83 gr

	Protein Post
	46.51±14.03
	23 - 74 gr

	Pre Fat
	23.03 gr ± 16.80
	3 – 69 gr

	Fat Post
	31.36 gr ± 18.12
	7 – 79 grams

	KH Pre
	2,131 gr ± 9.66
	2.59 – 421 gr

	KH Post
	1,828 gr ± 7.44
	2.59 – 386 gr




      The sample macronutrient intake based on table 2 shows that the average energy intake before was 1270.6 kcal, energy after 1236.5 kcal, protein before 44.03 grams, protein after 46.51 grams, fat before 23.03 grams, fat after 31.36 grams, carbohydrate after 2131 grams and carbohydrate after 1828 grams.

3. Physical activity

      Physical activity was the indicator assessed in this study as a result of the intervention or education provided over 7 days. Physical activity before and after can be seen in Table 3.

Table 3. Physical activity of samples before and after intervention
	Physical activity
	Mean±SD
	Min-Max

	Pre-physical activity
	452.88 MET ±708.64
	0 – 3478 MET

	Post physical activity
	725.15 MET ±668.77
	0 – 3607 MET




[bookmark: _Hlk154489661]The physical activity of the sample based on Table 3 appears to have increased, with the average physical activity before the intervention being 452.88 MET and the physical activity after the intervention being 725.15 MET.

4. Blood sugar level analysis
      Analysis of blood sugar levels before and after the provision of education on diet and physical activity showed changes in energy intake before 1270.6 cal, energy after 1236.5 cal, protein before 44.03 grams, protein after 46.51 grams, fat before 23.03 grams, fat after 31.36 grams, carbohydrates before 2131 grams and carbohydrates after 1828 grams. In addition, the assessment indicator in this intervention is physical activity which has increased, it can be seen that the average physical activity before the intervention was 452.88 MET and physical activity after the intervention was 725.15 MET. The results of the analysis test on blood sugar levels before and after the intervention. about distribution In the paired t test there was a significant difference in value between blood sugar levels before education and after education about diet and physical activity with a mean value before treatment of 130.06 decreasing to 125.212 after receiving intervention in the form of education about diet and physical activity. The results of the data obtained using the paired t-test showed that there was an influence of providing education about diet and physical activity on blood sugar levels as indicated by a p-value of 0.000 <0.05.

DISCUSSION

 	The results of the study showed that before the intervention of providing education, respondents who had a poor diet were 37 people with a percentage of 71.1%, and respondents who had a sufficient diet were only 11 people with a percentage of 21.1%, and the fewest respondents had a diet that was more. And the results of the study after the intervention showed that there was an increase in the number of respondents who had a sufficient diet of 13 people with a percentage of 25.1% and those who had a diet that was more before and after the intervention there was no change. This shows that there was a change in the respondents' eating patterns after the intervention was carried out. Eating patterns including the amount, type and irregular schedule can have an impact on blood sugar levels which are indicators of the risk or incidence of diabetes mellitus.
In this study, the educational intervention resulted in an increase in average healthy lifestyles before the intervention compared to after the intervention. This finding is in line with research,  (Rababa et al., 2021;Jiang et al., 2019)where education was positively correlated with the lifestyle of the study subjects. This finding is also in line with research by Sarah et al., (2023) which showed that educational interventions focused on dietary adherence and self-care behaviors significantly improved health outcomes in patients with type 2 diabetes.(Sara et al., 2023)Similarly, Ranjbaran et al. highlighted the effectiveness of Health Action Process Approach (HAPA)-based interventions in improving adherence to diet and medication, emphasizing the importance of self-efficacy and planning in diabetes management.(Ranjbaran et al., 2022)This finding is supported by the fact that educational interventions improve lifestyle, and these lifestyle improvements, through a causal relationship, lead to a significant reduction in diabetes complications in older adults. Key factors in diabetes management include dietary adherence, stress avoidance, and adherence to medication regimens. Diabetes has earned a special place among non-communicable diseases due to its complications. It can easily lead to leg amputations by creating foot ulcers.(Rakhshani et al., 2026).    

In this study, educational interventions led to an increase in average nutritional status before and after the intervention. These results are consistent with research from(Sibagariang & Lumban Gaol, 2022)  Diet also significantly influences blood sugar levels in people with diabetes mellitus, as revealed in the study. The results showed that respondents who maintained a healthy diet did not develop diabetes mellitus. Conversely, many respondents did not maintain regular eating habits, did not limit their consumption of high-sugar foods, and frequently consumed fried foods and sweetened drinks.(Sibagariang & Lumban, 2022).
The results of this study are also in line with research by Ischak et al., (2024) who stated that of the total of 84 respondents, the majority showed poor eating patterns, with 59 of them (70.2%) identified as such. The results of the statistical analysis showed a p-value of 0.011, which indicates a significant relationship between eating patterns and blood sugar levels in diabetes mellitus patients at the Internal Medicine Polyclinic of Selasih Regional General Hospital, Pelalawan Regency. The odds ratio (OR) value obtained was 4.365, which means that patients with poor eating patterns have a 4.365 times higher risk of experiencing uncontrolled blood sugar levels.(Ischak et al., 2024).     
In this study, the educational intervention led to an increase in mean nutritional status in the intervention group compared to the control group. This finding is consistent with research(Mirzaei et al., 2020)and (Marques et al. (2019) explained that education has succeeded in improving the eating habits of the elderly through health interventions on individual behavior, encouraging compliance and increasing patient determination to adhere to their diet.  

The results of the study showed that before the intervention, the respondents had the most low levels of physical activity, as many as 45 respondents with a percentage of 86.6%, moderate activity as many as 5 respondents with a percentage of 9.6% and the least had high activity as many as 2 people with a percentage of 3.8%. And the results of the study after the intervention showed an increase in the number of respondents with moderate levels of physical activity as many as 24 people with a percentage of 46.2%, low physical activity as many as 26 respondents with a percentage of 50% and respondents with high physical activity there was no change after the intervention. The results of the study showed that before the education, most respondents with diabetes mellitus did not have sufficient physical activity and were classified as low-level physical activity, the majority of elderly people did not exercise. People who do not exercise, their muscles do not use sugar reserves for energy, this causes their blood sugar levels to increase.
The results of this study align with research by Al Ozairi et al. (2023), which showed that physical activity can help lower blood sugar levels in people with diabetes mellitus. Furthermore, physical activity performed at night has also been shown to be beneficial in reducing blood glucose levels. Exploratory analysis indicates that physical activity can extend sleep duration and reduce the incidence of hyperglycemia.(Al Ozairi et al., 2023) 
The results of this study align with those of Azhari and Septimar (2022), who stated that there is a significant relationship between physical activity and blood glucose levels, with a p-value of 0.03 (<0.05). Physical activity helps control blood glucose levels. Based on this and previous research, it can be concluded that the majority of people with type 2 diabetes mellitus have a good level of physical activity. This is due to their awareness of maintaining their health, such as regular light exercise and adjusting their diet to control blood glucose levels.    (Azhari & Septimar, 2022).
This study demonstrates that a combined approach of physical activity and dietary modification is effective in improving body composition, glycemic control, lipid profiles, and insulin sensitivity in male recreational athletes aged 30–45 years with type 2 diabetes. These findings suggest that integrating structured exercise, particularly resistance training, with individualized dietary guidance provides substantial benefits in managing glycemic levels and reducing cardiovascular risk. In clinical practice, this highlights the practical value of lifestyle-based strategies as an essential part of diabetes care.(Chouk et al., 2025). 
The results of the study showed that the blood sugar levels of respondents before the intervention showed that most had controlled blood sugar levels of 48 respondents with a percentage of 92.3% and those who were not controlled were 5 people with a percentage of 7.7%. and the blood sugar levels of respondents after education showed that 100% of respondents had controlled blood sugar levels.
The results of this study are in line with research by Lestari (2022) which shows a significant influence between adherence to dietary patterns and physical activity on blood sugar levels in diabetes mellitus patients at the Cipayung District Health Center.(Lestari & Nusantara, 2022).

CONCLUSION

1. The sample macronutrient intake based on table 2 shows that the average energy intake before was 1270.6 kcal, energy after 1236.5 kcal, protein before 44.03 grams, protein after 46.51 grams, fat before 23.03 grams, fat after 31.36 grams, carbohydrate after 2131 grams and carbohydrate after 1828 grams.
2. Physical activity increased The physical activity of the sample showed that the average physical activity before the intervention was 452.88 MET and physical activity after the intervention was 725.15 MET.
3. Paired test analysis showed that education regarding diet and physical activity influenced blood sugar levels in diabetes mellitus patients before and after the education. The study found changes in blood sugar levels followed by changes in diet and physical activity behavior.

SUGGESTION

      The public is encouraged to maintain a regular diet, adhering to the 3 Js (amount, type, and schedule of meals) to control blood sugar levels and prevent the risk of diabetes mellitus. Adequate physical activity is also recommended to help the body manage blood sugar levels, especially for those with diabetes mellitus.Future research should explore the long-term impact and integration of similar educational programs into broader public health strategies.
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