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	ABSTRACT
Declining lower limb muscle strength, impaired balance, and poor glycemic control are prevalent functional and metabolic challenges among older adults, particularly those living with diabetes mellitus. These conditions substantially increase the risk of falls, functional dependence, and chronic complications, underscoring the need for effective, low-cost, and community-based exercise interventions. This study aimed to examine the effects of a combined elderly exercise and balance training program on leg muscle strength, balance performance, and blood glucose levels in elderly individuals with diabetes, with the hypothesis that the integrated intervention would yield superior outcomes compared to usual activity. An experimental study employing a two-group pretest–posttest control group design was conducted. A total of 40 elderly participants aged 60–69 years were randomly assigned to a treatment group (n = 20) or a control group (n = 20). The treatment group participated in a combined program of elderly gymnastics and balance training conducted twice weekly for six weeks, while the control group continued their usual daily activities. Leg muscle strength was assessed using a leg dynamometer, balance performance was measured with the Timed Up and Go (TUG) test, and fasting blood glucose levels were measured using a calibrated glucometer. The results demonstrated a significant increase in lower limb muscle strength, a meaningful improvement in balance performance, and a significant reduction in blood glucose levels in the treatment group, whereas the control group showed minimal or no changes across all outcome measures. These findings indicate that integrating balance training into elderly exercise programs is more effective than usual activity alone in improving both functional and metabolic outcomes. The study supports the implementation of combined exercise and balance training as a practical strategy to promote healthy ageing and improve diabetes management in elderly populations.
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INTRODUCTION 
Population ageing has emerged as one of the most critical global demographic challenges of the 21st century, driven by increased life expectancy alongside declining fertility and mortality rates (United Nations, 2020). This phenomenon is particularly evident in developing countries undergoing rapid demographic transition, including Indonesia. As the third-largest elderly population in Asia after China and India, Indonesia currently has more than 25 million individuals aged 60 years and above, a number projected to increase to nearly 100 million by 2050 (Ekasari et al., 2019). National demographic indicators confirm that Indonesia has entered an ageing society, as the proportion of older adults has surpassed the 7% threshold and reached approximately 10% of the total population (BPS, 2023).
This demographic shift poses substantial public health challenges, especially related to degenerative diseases, functional decline, and chronic metabolic disorders among older adults. Ageing is accompanied by progressive physiological deterioration affecting musculoskeletal strength, neuromuscular coordination, balance control, and metabolic regulation (World Health Organization, 2015). Reduced leg muscle strength, impaired postural stability, joint pain, and elevated blood glucose levels are commonly reported conditions among elderly individuals, particularly those diagnosed with diabetes mellitus (Amir & Lutfi, 2021; Wardhani & Nisa, 2023). These conditions significantly increase the risk of falls, physical disability, loss of independence, and diminished quality of life (Sherrington et al., 2017; Ambrose et al., 2019).
In Indonesia, national health surveys indicate that a substantial proportion of older adults experience functional limitations that interfere with daily activities, resulting in frequent outpatient visits and increased reliance on self-medication practices (BPS, 2020). Diabetes prevalence among the elderly further exacerbates these challenges by accelerating muscle weakness, balance impairment, and fall risk through mechanisms involving insulin resistance, peripheral neuropathy, and reduced muscle glucose uptake (Colberg et al., 2016; American Diabetes Association, 2023). Consequently, there is an urgent need for sustainable, low-cost, and community-based non-pharmacological interventions capable of simultaneously maintaining physical function, enhancing balance, and improving metabolic control among elderly individuals with diabetes.
A growing body of evidence highlights the crucial role of physical exercise in promoting healthy ageing and preventing functional decline. Community-based elderly gymnastics programs have been widely implemented in Indonesia and other Asian countries due to their simplicity, safety, and cultural acceptability. Empirical studies report that elderly gymnastics can improve physical fitness, flexibility, balance, independence in activities of daily living, and reduce musculoskeletal discomfort (Aprilia et al., 2022; Lestari, 2022; Hidayat, 2023; Pratama et al., 2023).
Beyond functional benefits, structured exercise interventions have demonstrated positive effects on metabolic health. Regular physical activity improves insulin sensitivity, increases glucose uptake by skeletal muscle, and contributes to better glycemic control in elderly individuals with diabetes (Amir & Lutfi, 2021; Colberg et al., 2016). Meta-analytic evidence further supports that exercise-based interventions reduce fasting blood glucose and HbA1c levels in older adults when performed consistently and progressively (Umpierre et al., 2011; Boule et al., 2013).
Balance training has also gained substantial attention as an effective strategy for fall prevention in older populations. Balance-focused exercises enhance postural control, neuromuscular coordination, and proprioceptive function, thereby reducing fall incidence and fall-related injuries (Knight et al., 2017; Sherrington et al., 2019). Recent guidelines emphasize that balance training should be an essential component of exercise programs for older adults, particularly those with functional impairments or chronic conditions (WHO, 2020).
However, most existing interventions examine elderly gymnastics, aerobic exercise, resistance training, or balance training as stand-alone modalities. While these approaches provide partial benefits, emerging evidence suggests that multimodal exercise programs integrating strength, balance, and coordination components may yield superior outcomes compared to single-mode interventions (Cadore et al., 2014; Liu et al., 2022). Such integrative approaches are increasingly recommended in geriatric exercise science to address the multifactorial nature of ageing-related decline.
Despite the growing recognition of multimodal exercise benefits, empirical studies specifically examining the combined effects of elderly gymnastics and balance training remain limited, particularly within the context of elderly individuals with diabetes in community settings. Many elderly gymnastics programs emphasize low-intensity, rhythmic movements and flexibility, which may be insufficient to induce meaningful improvements in lower limb muscle strength or dynamic postural stability (Wardhani & Nisa, 2023). Furthermore, conventional elderly exercise routines often lack adequate balance challenges and proprioceptive stimulation, reducing their effectiveness in fall risk reduction (Sherrington et al., 2017).
From a metabolic perspective, low-intensity exercise alone may produce modest effects on blood glucose regulation compared to programs involving higher neuromuscular engagement and energy expenditure (Brewster, 2024; LeWine, 2023). Balance training, when designed with dynamic and functional movements, can increase muscular activation and metabolic demand, potentially enhancing insulin sensitivity and glucose utilization (Knight et al., 2017; Cadore et al., 2014). However, few studies have empirically tested whether integrating balance training into elderly gymnastics programs yields additive or synergistic effects on functional and metabolic outcomes.
Moreover, research focusing on elderly populations with diabetes often prioritizes glycemic control while underemphasizing functional outcomes such as muscle strength and balance, despite their critical role in maintaining independence and preventing falls. This fragmented research approach limits the development of comprehensive, evidence-based exercise models tailored to the complex needs of elderly individuals with chronic metabolic conditions. Therefore, there is a clear research gap regarding the effectiveness of integrated elderly gymnastics and balance training interventions in simultaneously improving musculoskeletal function, postural stability, and blood glucose levels among elderly individuals with diabetes.
Based on the identified gaps, the present study aims to investigate the effectiveness of a combined exercise program consisting of elderly gymnastics and balance training in improving leg muscle strength, balance performance, and blood glucose levels among elderly individuals with diabetes. Specifically, this study seeks to determine whether an integrated exercise intervention produces superior functional and metabolic outcomes compared to usual physical activity.
The novelty of this research lies in its integrative intervention approach, which simultaneously targets three critical domains of healthy ageing: musculoskeletal strength, postural stability, and glycemic control. Unlike previous studies that examine these outcomes in isolation, this study adopts a holistic exercise model grounded in geriatric exercise science and metabolic physiology. Furthermore, the intervention is designed to be community-applicable, low-cost, and culturally adaptable, enhancing its potential for large-scale implementation in primary healthcare and community health programs.
Using an experimental two-group pretest–posttest design, this study is expected to contribute empirical evidence supporting the development of comprehensive exercise strategies for elderly individuals with diabetes. The findings are anticipated to strengthen theoretical understanding of multimodal exercise effects in ageing populations while providing practical recommendations for clinicians, physiotherapists, and community health practitioners in promoting healthy ageing and improving quality of life among older adults.


METHODS 
Study Design
This study employed an experimental design using a two-group pretest–posttest control group approach, which is widely recognized as a robust design for evaluating causal relationships between interventions and outcome variables in exercise and health sciences (Creswell & Creswell, 2018; Thomas et al., 2015). This design was selected to examine the effects of a combined elderly exercise and balance training program on leg muscle strength, balance performance, and blood glucose levels in elderly individuals with diabetes.
Random allocation was applied to minimize selection bias and enhance internal validity, consistent with recommendations for controlled intervention studies in geriatric and clinical exercise research (Schulz et al., 2019). Measurements were conducted before (pretest) and after (posttest) the six-week intervention period to assess both within-group changes and between-group differences, enabling a comprehensive evaluation of intervention effectiveness (Portney & Watkins, 2020).
Study Population and Sample
The study was conducted at the Abdie Harapan Elderly Care Community, Biringkanaya District, Makassar City, Indonesia, from June to July 2024. The target population consisted of elderly individuals aged 60–69 years, an age range commonly associated with early functional decline and increased metabolic risk (WHO, 2015; Sherrington et al., 2017).
A total of 40 eligible participants were recruited using purposive sampling and subsequently randomized into two groups: a treatment group (n = 20) and a control group (n = 20). The sample size was considered adequate for detecting moderate intervention effects in experimental exercise studies involving older adults (Cadore et al., 2014; Liu et al., 2022).
Inclusion criteria were: (1) willingness to participate throughout the study period, (2) baseline lower limb muscle strength within functional limits, (3) balance performance indicating either good mobility or balance impairment, defined as a Timed Up and Go (TUG) score ≥ 10 seconds, and (4) fasting blood glucose levels above 100 mg/dL, indicating impaired glucose regulation or diabetes (American Diabetes Association, 2023). Exclusion criteria included the presence of acute musculoskeletal injury, uncontrolled cardiovascular disease, neurological disorders affecting mobility, or severe musculoskeletal pain, as these conditions may confound exercise responses or increase injury risk (Nelson et al., 2014; Colberg et al., 2016).
Dropout criteria were predefined and included voluntary withdrawal, absence from three consecutive exercise sessions, or injury occurrence during the intervention, in line with ethical and methodological standards in longitudinal intervention studies (Portney & Watkins, 2020).
Intervention Protocol
The treatment group participated in a combined elderly exercise and balance training program, conducted twice weekly for six weeks, with each session lasting 45–60 minutes. The intervention duration and frequency were selected based on evidence indicating that 6–8 weeks of structured exercise are sufficient to elicit measurable improvements in muscle strength, balance, and glycemic control among older adults (Boule et al., 2013; Sherrington et al., 2019).
Elderly exercise (elderly gymnastics) consisted of low- to moderate-intensity rhythmic movements emphasizing joint mobility, flexibility, and general aerobic activation, which are commonly recommended for older populations due to their safety and accessibility (Aprilia et al., 2022; Hidayat, 2023). Balance training was integrated into each session and progressively intensified through exercises such as side walking, crossover walking, tandem walking, single-leg standing, and toe-standing. These exercises were selected based on their proven effectiveness in improving postural control, proprioception, and lower limb neuromuscular activation (Knight et al., 2017; Sherrington et al., 2019).
The integration of balance training was designed to increase neuromuscular engagement and functional challenge beyond conventional elderly exercise routines, thereby enhancing both functional and metabolic adaptations (Cadore et al., 2014; Liu et al., 2022). All exercise sessions were supervised by the researcher and trained assistants to ensure correct technique, safety, and adherence to the protocol, consistent with best practices in exercise intervention studies involving elderly participants (Nelson et al., 2014).
The control group continued their usual daily activities without participation in structured exercise programs during the study period.
Data Collection Techniques and Instruments
Data collection was conducted one day before and one day after the intervention period to minimize acute exercise effects. Leg muscle strength was measured using a leg dynamometer, an instrument with established validity and reliability for assessing lower limb strength in older adults (Harbo et al., 2012; Bohannon, 2015). Higher values indicated greater muscle strength.
Balance performance was assessed using the Timed Up and Go (TUG) test, a widely used functional mobility test with high reliability and predictive validity for fall risk in elderly populations (Podsiadlo & Richardson, 1991; Beauchet et al., 2017). Shorter completion times indicated better balance and mobility.
Fasting blood glucose levels were measured using a calibrated glucometer following standardized procedures. Capillary blood glucose measurement is commonly employed in community-based diabetes research and has demonstrated acceptable accuracy for monitoring glycemic changes in intervention studies (American Diabetes Association, 2023; Colberg et al., 2016).
Data Analysis
Data were analyzed using statistical software. Descriptive statistics were used to summarize participant characteristics based on age and sex. Normality of data distribution was assessed using the Shapiro–Wilk test, which is recommended for small sample sizes (Ghasemi & Zahediasl, 2012).
For normally distributed variables, paired t-tests were applied to analyze within-group pretest–posttest differences. For non-normally distributed data, the Wilcoxon signed-rank test was used. Between-group comparisons were conducted using the Mann–Whitney U test. Statistical significance was set at p < 0.05, consistent with conventional standards in biomedical and exercise research (Field, 2018).

RESULTS AND DISCUSSION 
Result
Table 1.
Respondent Characteristics
	Respondent Characteristics
	Treatment Groups
	Control Group

	Gender
a. Male
b. Female
	
5 (25)
15 (75)
	
7 (35)
13 (65)

	Total
	20
	20

	Mean ± SD
Min-max
	62,30 (1,949)
60-66
	62,25 (2,175)
60-66

	Total
	20
	20


Source: Primary Data

Table 1. shows that both groups were more female than male. For the treatment group, 25% were male and 75% were female. For the control group, 35% were male and 65% were female. The age group for both the treatment and control groups was predominantly 60-63 years old.
Table 2.
Distribution of Muscle Strength Criteria in Treatment and Control Groups Before and After Intervention
	Muscle strength criteria
	Treatment Groups
	Control Group

	
	Pre test
	Post test
	Pre test
	Post test

	
	n
	%
	n
	%
	n
	%
	n
	%

	Very poor
Poor
Medium
Good
	1
13
6
0
	5
65
30
0
	2
4
9
5
	10
20
45
25
	5
12
3
0
	25
60
15
0
	4
13
3
0
	20
65
15
0

	Total
	20
	100
	20
	100
	20
	100
	20
	100


Source: Primary Data
Table 2. presents the distribution of muscle strength levels among participants in the treatment and control groups at pretest and posttest measurements. Muscle strength was categorized into four levels: very poor, poor, medium, and good. The treatment group demonstrated a clear shift toward higher muscle strength categories after the intervention, with an increase in the proportion of participants classified as having good muscle strength and a reduction in poor and medium categories. In contrast, the control group showed minimal changes in muscle strength distribution between pretest and posttest.
Table 3.
Distribution of Balance Criteria in Treatment and Control Groups Before and After Intervention
	Balance criteria
	Treatment Groups
	Control Group

	
	Pre test
	Post test
	Pre test
	Post test

	
	n
	%
	n
	%
	n
	%
	n
	%

	Normal
Good mobility
	0
20
	0
100
	4
16
	20
80
	4
16
	20
80
	5
15
	25
75

	Total
	20
	100
	20
	100
	20
	100
	20
	100


Source: Primary Data
Table 3. shows the distribution of balance performance categories among participants in the treatment and control groups at pretest and posttest. Balance was classified into two categories, namely normal and good mobility, based on Timed Up and Go (TUG) test performance. The treatment group demonstrated an improvement in balance after the intervention, indicated by an increase in the proportion of participants categorized as having normal balance at posttest. In contrast, the control group showed relatively stable balance distributions between pretest and posttest, with only minimal changes observed.
Table 4.
Distribution of Blood Glucose Criteria in Treatment and Control Groups Before and After Intervention
	Blood glucose criteria
	Treatment Groups
	Control Group

	
	Pre test
	Post test
	Pre test
	Post test

	
	n
	%
	n
	%
	n
	%
	n
	%

	Normal
Pre-diabetes
Diabetes
	0
0
20
	0
0
100
	5
7
8
	25
35
40
	0
0
20
	0
0
100
	0
4
16
	0
20
80

	Total
	20
	100
	20
	100
	20
	100
	20
	100


Source: Primary Data
Table 4. presents the distribution of blood glucose categories among participants in the treatment and control groups at pretest and posttest measurements. Blood glucose levels were classified into normal, pre-diabetes, and diabetes categories based on fasting blood glucose criteria. The treatment group demonstrated a substantial improvement following the intervention, with a marked shift from the diabetes category at pretest to normal blood glucose levels at posttest. In contrast, the control group showed minimal change in blood glucose distribution, with the majority of participants remaining in the diabetes category after the study period.
Table 5.
Data Normality Test Using the Shapiro–Wilk Method
	Saphiro-Wilk
	Treatment Groups
	Control Group

	
	n
	α
	n
	α

	Pre-test muscle strength
	20
	0, 304
	20
	0, 030

	Post-test muscle strength
	20
	0, 231
	20
	0, 027

	Pre-test balance
	20
	0, 069
	20
	0, 105

	Post-test balance
	20
	0, 014
	20
	0, 236

	Pre-test blood glucose
	20
	0,004
	20
	0,004

	Post-test blood glucose
	20
	0,001
	20
	0,019


Source: Primary Data
Table 4. presents the results of the normality test for muscle strength, balance, and blood glucose data in both the treatment and control groups at pretest and posttest measurements. The Shapiro–Wilk test was used to assess data distribution. A significance value (α) greater than 0.05 indicates normally distributed data, while a value less than 0.05 indicates non-normal distribution. The results show that muscle strength data in the treatment group were normally distributed at both pretest and posttest, whereas several balance and blood glucose variables did not meet the normality assumption, particularly in the treatment group. These findings justified the use of both parametric and non-parametric statistical tests in subsequent analyses.
Table 6.
Comparison of Average Muscle Strength Before and After Intervention
	Variable
	Group
	Mean ±SD
Pre Test
	Mean ±SD
Post Test
	P-value

	Muscle strength
	Control
	102,20
	103,15
	<0,001**

	
	Intervention
	115,70
	141,05
	<,0001*


Source: Primary Data Description: *paired sample t-test, **Wilcoxon test
Table 6. presents the comparison of mean muscle strength values before and after the intervention in the control and intervention groups. Muscle strength is expressed as mean ± standard deviation (SD). The intervention group showed a statistically significant increase in muscle strength following the exercise program, whereas the control group demonstrated only a minimal change. Statistical significance was determined using appropriate paired tests based on data distribution.
Table 7.
Comparison of Average Balance Before and After Intervention
	Variable
	Group
	Mean ±SD
Pre Test
	Mean ±SD
Post Test
	P-value

	Balance
	Control
	11,500
	11,850
	0,059*

	
	Intervention
	13,140
	10,515
	<0,001**


Source: Primary Data Description: *paired sample t-test, **Wilcoxon test
Table 7. presents the comparison of mean balance values before and after the intervention in the control and intervention groups. Balance performance is expressed as mean ± standard deviation (SD). The intervention group showed a statistically significant improvement in balance following the combined exercise program, as indicated by a reduction in balance time, while the control group did not demonstrate a statistically significant change. Statistical analyses were conducted using appropriate paired tests based on data distribution.
Table 8.
Comparison of Blood Glucose Before and After Intervention
	Variable
	Group
	Mean ±SD
Pre Test
	Mean ±SD
Post Test
	P-value

	Blood Glucose
	Control
	201,20±77,510
	200,65±79,164
	0,794**

	
	Treatment
	184,85±63,331
	136,20±47,786
	<0,001**


Source: Primary Data, Description: *paired sample t-test, **Wilcoxon test
Table 8. presents the comparison of mean blood glucose levels before and after the intervention in the control and intervention groups. Blood glucose values are expressed as mean ± standard deviation (SD). The intervention group showed a statistically significant reduction in blood glucose levels following the combined exercise program, whereas no significant change was observed in the control group. Statistical analyses were performed using appropriate paired tests according to data distribution.
Table 9.
Difference in Mean Muscle Strength Between the Treatment and Control Groups
	Change in mean muscle strength
	n
	Treatment
	Control
	Average difference
	p-value

	Pre test
	20
	115,70
	102,20
	13,50
	<0,001*


	Post test
Difference
	20
20
	141,05
25,35
	103,15
0,95
	37,90
24,40
	


Source: Primary Data, Note: *Mann Whitney Test
Table 9. presents the comparison of mean muscle strength between the treatment and control groups at pretest and posttest, as well as the mean change in muscle strength following the intervention. At baseline, a significant difference in muscle strength was observed between groups. After the intervention, the treatment group demonstrated a substantially greater increase in muscle strength compared to the control group, resulting in a significantly larger mean difference. Between-group comparisons were analyzed using the Mann–Whitney U test.
Table 10.
Difference in Mean Balance the Treatment and Control Groups
	Change in Balance
	n
	Treatment
	Control
	Average difference
	p-value

	Pre test
	20
	13,140
	11,500
	1,640
	<0,001*


	Post test
Difference
	20
20
	10,515
2,625
	11,850
0,350
	1,335
2,275
	


Source: Primary Data, Note: *Mann Whitney Test
Table 10. presents the comparison of mean balance values between the treatment and control groups at pretest and posttest, as well as the mean change in balance following the intervention. After the intervention period, the treatment group showed a greater improvement in balance compared to the control group, resulting in a significant between-group difference. Statistical analysis was performed using the Mann–Whitney U test.
Table 11.
Difference in Mean Blood Glucose the Treatment and Control Groups
	Change in Blood Glucose
	n
	Treatment
	Control
	Average difference
	p-value

	Pre test
	20
	184,85
	201,20
	16,35
	<0,001*


	Post test
Difference
	20
20
	136,20
48,65
	200,65
0,55
	64,45
48,10
	


Source: Primary Data, Note: *Mann Whitney Test
Table 11. presents the comparison of mean blood glucose levels between the treatment and control groups at pretest and posttest, as well as the mean change in blood glucose following the intervention. The treatment group demonstrated a substantially greater reduction in blood glucose levels compared to the control group after the intervention period, resulting in a significant between-group difference. Statistical comparisons between groups were performed using the Mann–Whitney U test.

Discussion
The results showed significant differences between the treatment and control groups in muscle strength, balance, and blood glucose levels. These findings indicate that the combination of senior gymnastics and balance training provided superior effects compared to regular activity without structured intervention. Overall, these results reinforce the view that an integrated training approach is more effective in addressing the complexity of physical and metabolic decline in older adults than single-use exercises (Cadore et al., 2014; Sherrington et al., 2019; Liu et al., 2022).
Effect on Muscle Strength
The increase in muscle strength in the treatment group indicates that the integration of senior gymnastics with balance training can stimulate optimal neuromuscular adaptations. Balance training is known to trigger specific neural adaptations at the spinal and supraspinal levels, which enhance motor unit recruitment, synchronization of muscle contractions, and joint stability (Hrysomallis, 2011; Granacher et al., 2013). This mechanism is particularly relevant for older adults experiencing decreased neuromuscular control due to aging (Narici et al., 2015).
Research by Aartolahti et al. (2020) showed that a long-term combination of strength and balance training in older adults significantly impacts muscle strength and functional mobility, and plays a role in slowing age-related functional decline. This aligns with the findings of Cadore and Izquierdo (2015), who confirmed that multimodal training is more effective in improving functional capacity than strength or aerobic training alone.
The findings of this study also support the findings of Pristianto et al. (2016), who stated that both elderly exercise programs and the combination of elderly exercise and core stability training can improve balance and functional strength in older adults. However, the results of this study expand on these findings by showing that the combination of elderly exercise and balance training produces a greater effect, particularly on lower extremity muscle strength, which plays a crucial role in daily activities and fall prevention (Bohannon, 2015; WHO, 2020).
Effect on Balance
The results showed a more significant improvement in balance in the treatment group compared to the control group. Balance is the body's ability to maintain its center of mass stably above a support plane, both in static and dynamic conditions, involving the integration of the sensory, neuromuscular, and musculoskeletal systems (Bafirman & Wahyuri, 2019; Yasmasitha & Sidarta, 2020).
Balance training combined with senior gymnastics provides greater proprioceptive and vestibular stimulation, thereby improving postural control and neuromuscular coordination (Horak, 2016; Knight et al., 2017). Sherrington et al. (2019) confirmed that exercise programs that specifically challenge balance are highly effective in reducing the risk of falls in seniors.
The findings of this study are consistent with those of Andria et al. (2020), who reported improvements in static and dynamic balance in seniors after participating in senior gymnastics twice a week for four weeks. Furthermore, a literature review by Efendi et al. (2023), which analyzed eight scientific articles, concluded that senior gymnastics significantly improves balance in seniors and is recommended as a routine activity.
However, this study showed that the addition of structured balance training provided a stronger additional effect than exercise alone. This aligns with the findings of Listyarini and Alvita (2018), who stated that balance exercise significantly improved the balance of elderly people in the experimental group, while the group without intervention showed no significant changes. Physiologically, improved balance is also closely related to increased lower extremity muscle strength and endurance, which are the primary targets of the combination of exercise and balance training for elderly people (Granacher et al., 2013; Narici et al., 2015).
Effect on Blood Glucose
The decrease in blood glucose levels in the treatment group indicates that the combination of exercise and balance training provides significant metabolic benefits. Physical activity plays a key role in improving insulin sensitivity, increasing GLUT-4 translocation to muscle cell membranes, and enhancing glucose utilization as an energy source (Colberg et al., 2016; Bird & Hawley, 2017).
Although senior exercise is generally considered a light-to-moderate intensity activity, integrating it with dynamic and challenging balance exercises increases muscle engagement and energy expenditure, providing a greater metabolic stimulus (Cadore et al., 2014; Brewster, 2024). Furthermore, exercises involving repetitive muscle contractions contribute directly to lowering blood glucose through non-insulin-dependent mechanisms, which is particularly relevant for seniors with diabetes mellitus (American Diabetes Association, 2023).
The results of this study align with those of Amalia et al. (2020), who stated that regular senior exercise effectively lowers blood glucose levels in seniors with diabetes mellitus. Similar findings were also reported by Farida et al. (2020), who demonstrated that senior exercise can help control blood glucose, especially when accompanied by health education. However, this study adds evidence that the combination of senior exercise and balance training has the potential to provide more optimal effects than senior exercise alone, as it involves broader neuromuscular activation and higher functional intensity (Umpierre et al., 2011; Boule et al., 2013).
Theoretical and Practical Implications
Theoretically, the results of this study support the concept of multimodal exercise in geriatric exercise science, which emphasizes the importance of integrating strength, balance, and coordination components to achieve optimal functional and metabolic adaptations (Cadore & Izquierdo, 2015; WHO, 2020). Practically, the combination of geriatric exercise and balance training can be recommended as a simple, safe, and applicable exercise model in the geriatric community, particularly for older adults with balance disorders and diabetes mellitus.
Thus, the results of this study strengthen the evidence that an integrated exercise approach not only improves physical fitness but also contributes to blood glucose control and the prevention of functional complications in the elderly.
CONCLUSION 
This study demonstrates that a structured combination of elderly exercise and balance training produces significant improvements in lower limb muscle strength, balance performance, and blood glucose regulation among elderly individuals when compared with a control group. These findings provide empirical evidence that integrating balance-oriented exercises into conventional elderly exercise programs enhances neuromuscular activation, postural control, and functional stability, which are essential components of healthy aging. From a metabolic perspective, the observed reduction in blood glucose levels suggests that the combined intervention improves insulin sensitivity and skeletal muscle glucose utilization through increased neuromuscular engagement and energy expenditure.
Conceptually, this study supports the multimodal exercise framework, which emphasizes the integration of strength, balance, and coordination training to address the multifactorial decline associated with aging and chronic metabolic conditions. The results reinforce previous evidence that single-mode exercise interventions may be insufficient to optimize both functional and metabolic outcomes in elderly populations, particularly those with diabetes.
Despite these promising findings, the results should be interpreted with caution due to the relatively small sample size, the short intervention duration, and the single-community setting, which may limit external validity. Nevertheless, the study offers practical implications by highlighting a simple, safe, and community-applicable exercise model that can be incorporated into routine physical activity programs for elderly individuals. Future research is recommended to involve larger and more diverse samples, extend intervention durations, and include additional clinical and functional outcomes to evaluate long-term effectiveness and broader health implications.
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