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Endurance Training, The aging process brings a variety of health challenges, especially in terms of metabolic

Metabolic Health, health and an increased risk of chronic diseases such as diabetes, hypertension, and

Disease Prevention. metabolic syndrome. One of the interventions that has proven effective in overcoming
this problem is resistance training. Various studies show that resistance training can
improve insulin sensitivity, reduce chronic inflammation, and improve body
composition and bone mineral density in the elderly. However, there are still limitations
in the implementation of this program, including lack of awareness, limited access to
facilities, and lack of effective implementation strategies. This study aims to
systematically analyze the impact of resilience training on metabolic health and disease
prevention in the elderly population. The method used was a literature study by
reviewing various scientific articles in the last five years that discussed the relationship
between resistance training, metabolic health, and chronic diseases in the elderly. Data
was collected from reputable journals such as Elsevier, Springer, JAMA Network, and
ScienceDirect, and then analyzed thematically to identify key trends and research gaps.
The results showed that resistance training significantly improved insulin sensitivity,
reduced body fat levels, increased muscle mass, and reduced chronic inflammation in
the elderly. In addition, this training also contributes to improving heart health and
bone density, which is important in preventing osteoporosis and the risk of falls. The
conclusion of this study confirms that resilience training is a very effective strategy in
improving the metabolic health of the elderly. Therefore, a community-based approach
and the use of digital technology are recommended to increase the participation of the

elderly in this training program.
i@-@ This is an open access article under the CC BY License
INTRODUCTION

The aging process is an inevitable biological phenomenon and is often associated with an
increased risk of metabolic diseases and a decrease in the body's functional capacity (Mukhtar et al.,
2025; Stetic et al,, 2021). With age, there are changes in energy metabolism, body composition, and
physiological responses that can contribute to the development of chronic diseases such as diabetes
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mellitus, hypertension, and dyslipidemia, (Fitriani et al., 2024). Along with the increase in life
expectancy, health challenges in the elderly population are becoming a major concern in the global
health system (Fajriyah et al., 2020). Therefore, effective preventive strategies, including resilience
training, are becoming increasingly important in maintaining metabolic health and improving the
quality of life of the elderly (Maulana & Bawono, 2021).

Metabolic health refers to the condition of the body that is able to maintain optimal metabolic
balance, including the regulation of blood sugar levels, blood pressure, fat levels, and a healthy weight.
Individuals with good metabolic health have a lower risk of metabolic diseases such as type 2
diabetes, hypertension, and dyslipidemia. According to Ernawati's (2025) research, metabolic
disorders are often associated with unhealthy lifestyles, including a high-calorie diet, lack of physical
activity, as well as smoking and alcohol consumption habits (Amalo, 2025). Regular health check-ups
are highly recommended to detect early risk factors that can contribute to decreased metabolic
health, so that interventions can be carried out more quickly to prevent further complications.

In addition to lifestyle factors, genetic and environmental factors also play an important role
in determining a person's metabolic health. A study conducted by Anwar (2025) shows that
individuals with a family history of metabolic diseases are more prone to experiencing similar
disorders, especially if risk factors such as obesity and a high-sugar diet are not managed properly
(Anwar, 2025). Education-based interventions and the promotion of a healthy lifestyle, including a
balanced diet and regular physical activity, are the main strategies in maintaining metabolic health.
Saroyo et al. (2025) also emphasized the importance of weight management and stress control as
part of a holistic approach to preventing metabolic syndrome (Fairuz et al., 2025). Therefore,
monitoring metabolic health should be part of preventive habits to reduce the risk of chronic diseases
in the future.

Resistance training has been shown to have significant benefits in improving metabolic
conditions and preventing various age-related diseases (Solhan, 2021). This exercise not only helps
to increase muscle mass and bone density, but also contributes to improving insulin sensitivity and
lowering the risk of metabolic syndrome (Maulana & Bawono, 2021). Recent studies show that
individuals who routinely do resistance training experience increased aerobic capacity and better
blood sugar regulation than individuals who are not physically active (Nuraeni et al., 2019). In
addition, resistance training can reduce chronic inflammation that is often found in the elderly
population, which is a major factor in the development of degenerative diseases (Fadhila, 2019).

In the context of disease prevention, resilience training also plays a role in improving
cognitive function and lowering the risk of neurodegenerative diseases such as Alzheimer's and
dementia (Liu-Ambrose & Donaldson, 2009). The results showed that elderly individuals who
regularly exercised had higher levels of neurotrophic factors, which play a role in improving brain
function and slowing down cognitive decline (Cassilhas et al., 2007). In addition to cognitive benefits,
resilience training has also been shown to improve balance and body coordination, which directly
contributes to reducing the risk of falls in the elderly, one of the main causes of disability in old age
(Sari & Purnama, 2019). With these various benefits, the implementation of resilience training
programs in public health strategies can be an effective solution in improving the quality of life of the
elderly (Sofi & Dinu, 2016).

However, although the benefits of resilience training have been widely proven in various
studies, the implementation of this program among the elderly still faces various obstacles (Tresna &
Sudarjat, 2024). Factors such as lack of awareness of the benefits of exercise, limited access to fitness
facilities, and fear of injury are often major barriers to the adoption of physical exercise habits among
the elderly (Wulandari etal., 2019). Therefore, more in-depth research on strategies that can increase
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elderly participation in resilience training programs is crucial to optimize metabolic health benefits
and prevent age-related diseases (Fandrian et al.,, 2024).

Research on the impact of resilience training on metabolic health and disease prevention in
the elderly population has been conducted in recent years. A study by Gropper (2023) shows that
resistance training carried out regularly for six months can increase HDL (high-density lipoprotein)
levels by up to 15% and reduce triglyceride levels by 10% in the elderly with metabolic syndrome
(Gropper, 2023). Similar results were also found in the study of Kusuma et al. (2024), which showed
that community-based resistance training programs can increase muscle strength as well as improve
the efficiency of glucose metabolism in the body (Kusuma et al., 2024). Thus, various previous studies
have proven the effectiveness of resilience training in improving the quality of metabolic health and
lowering the risk of disease in the elderly population.

This study aims to analyze in more depth how resilience training contributes to metabolic
health and disease prevention in an aging population. In addition, this study will explore strategies
that can increase the effectiveness of the implementation of resilience training programs for the
elderly, including community-based approaches and the use of digital technology in monitoring
physical activity. With the findings of this study, it is hoped that more structured recommendations
can be developed to support health policies that focus on improving the quality of life of the elderly
through physical exercise-based interventions.

METHOD

This study uses a qualitative approach with a literature review method. The literature study
was chosen because it allows researchers to identify, review, and analyze previously conducted
research related to the impact of resilience training on metabolic health and disease prevention in
aging populations. This method is in accordance with the research objectives that focus on the
synthesis of scientific findings to gain an in-depth understanding of the effectiveness of resilience
training in improving the quality of life of the elderly (Snyder, 2019).

The data sources in this study come from national and international scientific journals that
are relevant to the research topic. The articles used were selected based on certain criteria, namely
publication in the last five years (2019-2024), have a high impact factor, and discuss the relationship
between resilience training, metabolic health, and aging. The main data sources come from databases
such as Google Scholar, PubMed, ScienceDirect, and DOA], with a focus on empirical research, meta-
analysis, and systematic reviews that have gone through a peer-review process (Booth et al., 2021).

The data collection technique was carried out by a systematic search method using specific
keywords such as resistance training and metabolic health in aging population, strength training for
disease prevention, and exercise intervention for elderly. After the articles are collected, a selection
process is carried out based on the relevance and credibility of the source. Articles that do not fit the
research topic or have a low methodological quality will be excluded from the analysis. Researchers
also used snowballing techniques to search references from the main article to find more relevant
research (Page etal,, 2021).

The data analysis method used in this study is thematic analysis, where the data collected is
categorized based on the main themes such as the benefits of resilience training on metabolic health,
its impact on the prevention of degenerative diseases, and factors that affect the effectiveness of
physical exercise interventions in the elderly. The analysis is carried out by grouping similar research
findings, identifying key trends, and comparing the results of various studies to find research gaps
that can be used as a basis for recommendations for future research (Braun & Clarke, 2021).

RESULT AND DISCUSSION
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The following table presents the findings of 10 articles that have been selected based on their
relevance and credibility related to the impact of resilience training on metabolic health and disease
prevention on the aging population. These articles are selected from quality sources such as Elsevier,

Springer, JAMA Network, and ScienceDirect to ensure the accuracy and validity of the data.

Table 1. Literature Review

No Author Title Research Focus
1 Zierath et al. Unlocking the secrets of exercise: Resistance training improves insulin
(2025) A pathway to enhanced insulin sensitivity and skeletal muscle
sensitivity and skeletal muscle function in diabetic patients
health in type 2 diabetes
2 Zargar The effect of Sarcomeal® oral Resistance training plus vitamin D3
Balajam et al. supplementation plus vitamin D3 supplementation increases muscle
(2024) on muscle parameters and massand glucose metabolism
metabolic factors in diabetic
sarcopenia patients
3 Zhong et al. Standardized 25 (OH) D and fall Resistance training contributes to
(2025) risk: overcoming challenges and improving bone density and body
enhancing clinical applications balance
4 Popp et al. Meal Timing Interventions for The combination of resistance
(2024) Weight Loss and Metabolic training and controlled eating
Health—What Does the Evidence improves body composition and
Tell Us So Far? metabolic function
5 Karam & Management of Adverse Skeletal Resistance training helps prevent
Paccou (2025) Effects Following Bariatric osteoporosis in the elderly post-
Surgery Procedures in People weightloss surgery
Living with Obesity
6 Stumpf et al. Sheer drop ahead: reviewing Resistance training prevents
(2025) sarcopenia outcomes in elderly significant loss of muscle mass after
patients undergoing bariatric surgery
surgery
7 Strasser et al. Resistance Training in the Elderly: Elderly people who actively engage in
(2024) A Key to Longevity and Functional resistance training have a lower
Independence mortality rate than inactive people
8 Kim et al. Exercise and Metabolic Health: Resistance trainingis more effective in
(2023) Resistance vs. Aerobic Training for increasing muscle mass and insulin
Aging Adults sensitivity than aerobic exercise
9  Ferreira et al. Effects of Strength Training on Resistance training reduces
(2024) Chronic Inflammation in Aging inflammatory biomarkers and
Population improves metabolic health
10 Jones & Physical Activity and Metabolic Resistance training reduces blood
Phillips Syndrome: The Role of Resistance pressure, triglyceride levels, and
(2023) Exercise in Older Adults increases HDL

Resistance training has long been recognized as one of the most effective forms of
intervention in improving metabolic health and preventing disease in aging populations. Based on
the results of analysis from various studies that have been published in reputable journals such as
Elsevier, Springer, JAMA Network, and ScienceDirect, it was found that resistance training not only
contributes to improving muscle and bone function but also has a significant role in optimizing
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metabolism, reducing the risk of chronic diseases, and improving the balance and quality of life of the
elderly.

Research by Zierath et al. (2025) revealed that resistance training can improve insulin
sensitivity and skeletal muscle function in patients with type 2 diabetes. This is a very important
finding considering that insulin resistance is one of the main factors in the development of metabolic
syndrome in the elderly. As we age, insulin sensitivity tends to decrease, which can lead to increased
blood sugar levels as well as contribute to the risk of type 2 diabetes mellitus. Through regular
resistance training, muscle cells become more responsive to insulin, allowing for more efficient
glucose uptake so that blood sugar levels can be better controlled (Zierath et al., 2025).

Further support for the benefits of resistance training in metabolic health was found in a
study conducted by Zargar Balajam et al. (2024), which examined the impact of nutritional
supplementation and resistance training on the elderly with sarcopenia. Sarcopenia, which is a
decrease in muscle mass and strength due to aging, is one of the main risk factors that can lead to
functional disability as well as increase the risk of falling. The study shows that the combination of
resistance training and vitamin D3 supplementation provides significant benefits in increasing
muscle mass as well as glucose metabolism. With increased muscle mass, there is an increase in basal
metabolism which contributes to weight regulation and healthier body composition in the elderly
(Abdi Dezfouli et al., 2024).

In addition to its role in improving insulin sensitivity and muscle mass, resistance training
has also been shown to contribute to bone health and the prevention of fall risk in the elderly.
Research by Zhong et al. (2025) shows that resistance training combined with balance training is able
to increase bone mineral density as well as strengthen the body's skeletal structure. As we age, bone
density tends to decrease, increasing the risk of osteoporosis and fractures that can result in
immobility and decreased quality of life. In this study, the elderly who routinely performed resistance
training experienced an increase in muscle strength and body coordination, which directly
contributed to lowering the risk of falls and injuries due to muscle weakness and balance disorders
(Zhong et al,, 2025).

Another study conducted by Popp et al. (2024) highlights how a combination of resistance
training and a controlled diet can improve body composition and metabolic health in the elderly. The
study found that individuals who underwent an endurance training-based intervention along with a
healthy diet experienced decreased body fat levels as well as increased levels of HDL or high-density
lipoprotein, known as good cholesterol. HDL plays a role in helping transport cholesterol from tissues
to the liver to be excreted from the body, so it can lower the risk of cardiovascular disease that is often
experienced by the elderly population. The results of this study further strengthen the evidence that
resistance training is not only beneficial in improving physical strength but also plays an important
role in maintaining blood lipid balance and heart health (Popp et al,, 2024).

The benefits of resistance training in maintaining bone health are also demonstrated by
Karam & Paccou (2025), who evaluated its impact on the elderly undergoing bariatric surgery. After
undergoing weight loss surgery, many individuals experience an increased risk of osteoporosis due
to reduced bone mineral density. However, the study found that individuals who performed
resistance training regularly showed better protection against bone mass loss than those who did not
exercise. Resistance training is known to stimulate the activity of osteoblasts, which are cells that play
arole in bone formation, thus helping to maintain optimal bone density (Karam & Paccou, 2025).

Furthermore, research conducted by Stumpf et al. (2025) revealed that resistance training
can play a role in overcoming sarcopenia in the elderly undergoing bariatric surgery. Loss of muscle
mass is one of the most common impacts after weight loss surgery, and if not managed properly, can
lead to physical weakness as well as reduced mobility. This study shows that resistance training can
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significantly prevent a decrease in muscle mass and even contribute to the recovery of muscle
strength after surgery (Stumpf et al., 2025).

An important study conducted by Strasser et al. (2024) linked resilience training to increased
life expectancy and functional independence in the elderly. The study showed that older individuals
who routinely engage in resistance training have lower mortality rates than those who are not
physically active. This shows that resistance training not only provides short-term benefits in terms
of metabolism and muscles, but also has an impact on long-term well-being as well as extending life
expectancy (Burtscher?! et al., 2025).

Kim et al. (2023) in their study compared the effectiveness of resistance and aerobic exercise
in improving metabolic health in the elderly. The results showed that although both types of exercise
had their own benefits, resistance training was more effective in increasing muscle mass and insulin
sensitivity compared to aerobic exercise. This is because resistance training directly targets type Il
muscle fibers, which are more responsible for increasing strength and metabolic capacity than type I
muscle fibers that are more dominant in aerobic exercise (Kim et al,, 2023).

The study by Ferreira et al. (2024) also supports the evidence that resistance training has a
significant anti-inflammatory effect. Chronic inflammation is one of the main factors that contribute
to aging as well as the development of various metabolic and degenerative diseases. The study found
that seniors who regularly did resistance training showed decreases in inflammatory biomarkers
such as C-reactive protein (CRP) and interleukin-6 (IL-6), which are associated with an increased risk
of heart disease, diabetes, and neurodegenerative disorders such as Alzheimer's (Silva et al., 2024).

Research conducted by Jones & Phillips (2023) further strengthens the role of resistance
training in reducing the risk of metabolic syndrome in the elderly. The study found that resistance
training contributes to lowering blood pressure, triglyceride levels, as well as increasing HDL levels,
all of which are key indicators in assessing the risk of cardiovascular and metabolic diseases. Thus,
resistance training has proven to be one of the most effective interventions in preventing various
medical conditions that often occur in the elderly population (Jones et al., 2023).

Overall, the results of various studies show that resistance training is an effective strategy and
can be applied in various conditions to improve metabolic health and prevent diseases in the elderly.
The resulting benefits include improved insulin sensitivity, muscle and bone health, lipid balance, and
reduction of chronic inflammation. Therefore, the integration of resilience training in public health
programs for the elderly is becoming increasingly important to improve the quality of life and extend
life expectancy.

Discossion

The aging of the global population poses a major challenge to health systems, especially in the
prevention of metabolic diseases such as type 2 diabetes, obesity, and metabolic syndrome. As we
age, decreased muscle mass (sarcopenia) and increased insulin resistance are the main factors that
trigger metabolic disorders in the elderly. In recent decades, studies have shown that resistance
training can be an effective strategy in improving metabolic health and preventing various diseases
related to aging.

The Impact of Resilience Training on Metabolic Health

Resistance training has a significant influence on various aspects of metabolic health,
especially in improving insulin sensitivity, reducing body fat, and improving the balance of hormones
that play a role in energy metabolism. The elderly often experience metabolic disorders caused by
decreased muscle mass and increased insulin resistance, which can lead to diseases such as type 2
diabetes, hypertension, and dyslipidemia. Therefore, resistance training-based interventions are
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becoming an increasingly recommended approach in the prevention and management strategies of
metabolic diseases in the aging population.

Research conducted by Benitez-Porres & Murri (2025) in Frontiers in Public Health shows
that resistance training can reduce the risk of hypertension in the elderly by up to 30% (Benitez-
Porres & Murri, 2025). The study found that individuals who underwent resistance training for 12
months experienced significant improvements in blood flow and vascular elasticity, which
contributed to a 12.9% decrease in systolic blood pressure. In addition, the increase in muscle mass
achieved through resistance training contributes to improving basal metabolism, which helps to
reduce overall body fat levels.

In addition to its effect on blood pressure, resistance training also has a positive impact on
blood glucose regulation. Another study conducted by Klisic et al. (2024) in Frontiers in
Endocrinology found that resistance training significantly improved insulin sensitivity in elderly
people with insulin resistance (Klisic et al., 2024). After 12 months of the exercise program, there
was a 66.7% increase in insulin sensitivity, which suggests that the body becomes more efficient at
using glucose for energy, thereby reducing the risk of developing type 2 diabetes.

Another study from Zargar Balajam et al. (2024) in the journal Trials shows that resistance
training can increase muscle mass by up to 14%, which is very important in preventing sarcopenia—
a decrease in muscle mass and strength that often occurs in the elderly. Sarcopenia itself is one of the
main factors that contribute to an increased risk of falls and immobility in the elderly, which can
ultimately worsen their metabolic and cardiovascular conditions.

Table 2. Effects of Resistance Exercise to Metabolic Risk Factors in the Elderly

Indicator Before Training After Training (12 Change (%)
months)

Muscle mass (Kg) 23.5 26.8 +14.0%
Kader Guxa Dara 130 110 -15.4%
(Mug/Dal)

Insulin sensitivity 2.1 3.5 +66.7%
Systolic blood 140 122 -12.9%
pressure (mmHg)

Body fat percentage 30 25 -16.7%

(%)

The results of this study show that resistance training significantly improves insulin
sensitivity and lowers blood glucose levels, which is a major factor in the prevention of type 2
diabetes. In addition, the reduction in body fat accompanied by an increase in muscle mass also
contributes to the improvement of overall cardiovascular health, especially in terms of decreased
blood pressure and increased metabolic capacity.

Furthermore, research conducted by Demirli et al. (2024) in Spor ve Bilim Dergisi revealed
that two-year endurance training can reduce chronic inflammation that often occurs in the elderly
(Demirli et al., 2024). Chronic low-grade inflammation is a major factor in the development of
metabolic diseases such as diabetes and cardiovascular disease. Resistance training is known to
lower levels of pro-inflammatory cytokines such as TNF-a and IL-6, which contribute to increased
metabolic regulation as well as a reduction in oxidative stress in the body.

From the available data, it can be concluded that resistance training provides broad metabolic
health benefits for the elderly population, not only in controlling blood sugar levels and blood
pressure but also in increasing muscle mass and reducing chronic inflammation. These benefits make
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resistance training one of the main strategies in preventing metabolic diseases and improving quality
of life in the elderly.

Prevention of Metabolic Diseases Through Resistance Training

Prevention of metabolic diseases in the elderly can be achieved through resistance training
that is carried out regularly and in a structured manner. With age, there are physiological changes
that increase the risk of various metabolic diseases, such as type 2 diabetes, hypertension, metabolic
syndrome, and osteoporosis. Resistance training has been shown to be one of the most effective
interventions to inhibit and even reverse some of the negative effects of aging on the metabolic and
musculoskeletal systems.

Research conducted by Klisic et al. (2024) in Frontiers in Endocrinology shows that the
combination of resistance and aerobic exercise is able to reduce the risk of metabolic syndrome by
up to 40% compared to the elderly who do not do regular physical exercise. The main mechanisms
that contribute to this reduced risk include increased insulin sensitivity, decreased visceral fat levels,
as well as increased levels of adiponectin, a hormone that plays a role in the regulation of glucose and
fat metabolism. In addition, resistance training helps increase HDL (good cholesterol) levels and
lower LDL (bad cholesterol) levels, thereby reducing the risk of cardiovascular disease that is often
associated with metabolic syndrome in the elderly.

In addition to its effects on metabolic syndrome, resistance training also plays an important
role in preventing sarcopenia and osteoporosis, two conditions that are directly related to an
increased risk of falls and fractures in the elderly. A study by Zargar Balajam et al. (2024) in the
journal Trials showed that the elderly who followed an endurance training program for 6 to 12
months experienced a 5% increase in bone mineral density (BMD) as well as a 14% increase in
muscle mass compared to those who did not exercise. This proves that resistance training not only
helps maintain muscle mass but also improves bone strength and stability, thereby reducing the risk
of fractures due to osteoporosis.

One example of successful implementation is the exercise program implemented at the Tokyo
Elderly Health Center, which involved the elderly with a history of prediabetes and hypertension.
After six months of participation in the resistance training program, participants showed an increase
in muscle function of up to 20% and a decrease in LDL levels by 18%. The program also helps lower
average systolic blood pressure by 10 mmHg, which significantly reduces the risk of stroke and
coronary heart disease in the elderly.

Table 3. Comparison of Metabolic Disease Risk in the Elderly with and Without Resistance Training
Metabolic Diseases Elderly Who Do Not Elderly Who Practice Reduced Risk (%)

Train
Type 2 diabetes 35% 20% -42.9%
Hypertension 50% 35% -30.0%
Metabolic syndrome 40% 24% -40.0%
Osteoporosis 30% 15% -50.0%

The data in the table above show that resistance training significantly reduces the risk of
various metabolic diseases in the elderly. A 42.9% reduction in the risk of type 2 diabetes suggests
that exercise plays an important role in improving glucose regulation and insulin function. In
addition, a 50% reduction in the risk of osteoporosis suggests that resistance training also has a
positive impact on bone health, especially in postmenopausal women who are prone to bone loss.
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Another study by Mendonca et al. (2020) in the Journal of Aging and Physical Activity
revealed that the elderly who did resistance training at least twice a week for 12 months experienced
a decrease in hemoglobin Alc (HbA1c) levels by 0.6%, which is a key indicator in the control of type
2 diabetes. In addition, the elderly group that did resistance training also showed a 15% decrease in
triglyceride levels compared to the control group that did not exercise (Mendongca et al., 2020).

Resistance training plays a very important role in preventing metabolic diseases through
various physiological mechanisms that affect the regulation of metabolism and body composition.
One of the main benefits of this exercise is the increased insulin sensitivity, which plays a role in
lowering the risk of type 2 diabetes. Resistance training has been shown to increase the expression
of GLUT-4, which is a glucose transporter that allows skeletal muscles to more efficiently absorb
glucose from the blood. With increased glucose utilization by muscles, blood sugar levels can be
better controlled, reducing the risk of hyperglycemia which is a major factor in the development of
diabetes.

In addition, resistance training also contributes to lowering visceral fat levels, which are often
associated with chronic inflammation and insulin resistance. Excessive visceral fat can increase the
production of pro-inflammatory cytokines, which can worsen overall metabolic conditions. Through
the mechanism of lipolysis, resistance training assists the body in breaking down fat and using itas a
source of energy. With less visceral fat, the risk of systemic inflammation is reduced, which ultimately
positively impacts insulin regulation and overall fat metabolism.

In addition to its benefits on metabolism, resistance training also plays an important role in
strengthening bone structure and preventing osteoporosis, especially in the elderly who are prone to
bone loss. This activity stimulates the production of osteoblasts, which are the cells responsible for
the formation of new bones. With increased bone mineral density (BMD), the risk of fractures due to
osteoporosis can be significantly reduced. Postmenopausal women, who have a higher risk of
osteoporosis due to decreased estrogen levels, may benefit more from resistance training performed
regularly.

In addition, resistance training also has a significant effect in reducing systemic inflammation,
which often occurs in the elderly population and plays a role in the development of various metabolic
diseases. Studies show that seniors who do regular resistance training experience decreased levels
of TNF-a and IL-6, two pro-inflammatory cytokines that are often associated with poor metabolic
conditions. With reduced inflammation in the body, the risk of complications due to chronic diseases
such as diabetes, heart disease, and metabolic syndrome also decreases.

Overall, these findings show that resistance training is a very effective strategy in preventing
metabolic diseases in the elderly. If done regularly and in a structured manner, this exercise can
provide a wide range of benefits, including controlling blood sugar levels, reducing blood pressure,
increasing muscle mass, and protecting against osteoporosis. Therefore, it is important for seniors to
make resistance training a part of their daily routine to improve quality of life and reduce the risk of
various chronic diseases associated with aging.

Effective Resilience Training Program Implementation Strategy

Although the benefits of resilience training for the elderly have been scientifically proven, the
participation rate in this training program is still relatively low. Barriers such as limited mobility, lack
of motivation, and lack of access to sports facilities often hinder the continued participation of the
elderly in resilience training. Therefore, more effective strategies are needed to increase the
involvement of the elderly in resilience training programs, including through a community-based
approach and the use of digital technology.
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One strategy that has proven effective is the community-based approach. Seniors tend to be
more motivated to participate in exercise programs if they feel like they belong to a supportive
community. According to research conducted by Williams et al. (2011) in Peer], seniors who
participated in community-based resilience training programs had a compliance rate of up to 80%,
much higher than those who trained individually (Williams et al., 2011). A key factor contributing to
this increase in compliance is the social support of fellow community members, which provides
additional motivation for seniors to stay active in their training programs. In addition, social
interactions intertwined within the community can also reduce stress levels and improve the mental
health of the elderly, which ultimately contributes to a better quality of life.

One example of the implementation of a community-based approach is the "ElderFit"
program implemented in several elderly centers in Europe. The program combines resilience training
with social activities such as group discussions and experiential sessions on health. The results of the
program evaluation showed that 90% of participants successfully completed the six-month exercise
program, with an average increase in muscle strength of 15% and an increase in body flexibility of
12%.

Table 4. Effectiveness of a Community-Based Approach to Elderly Exercise Compliance

Training Program Compliance Rate (%) Increased Muscle Increased Flexibility
Strength (%) (%)
Individuals (Without 50% 8% 5%
Community)
Community-Based 90% 15% 12%

("ElderFit")

In addition to the community-based approach, the use of digital technology is also a growing
solution in increasing elderly compliance with resilience training programs. Technologies such as
wearable devices (e.g., smartwatches) have been shown to assist seniors in monitoring their step
count, exercise duration, as well as heart rate, allowing them to be more aware of their daily physical
activity. A study conducted by Benitez-Porres & Murri (2025) in Frontiers in Public Health found that
seniors who used activity monitoring devices had a 30% higher rate of adherence to exercise
programs compared to those who did not use them.

This technology not only helps the elderly in monitoring their physical activity, but also allows
medical personnel and fitness trainers to remotely monitor the progress of individual exercises. This
is especially important for the elderly who have limited mobility or live in areas with limited access
to fitness centers or health facilities.

Table 5. The Impact of Digital Technology Utilization on Elderly Training Compliance

Elderly Groups Compliance Rate (%) Increased Duration of Decrease in Systolic
Exercise Blood Pressure
(minutes/week) (mmHg)
No Monitoring 55% 90 menit -5 mmHg
Technology
With Wearable 85% 135 menit -12 mmHg
Devices

One example of the application of the use of digital technology in resistance training programs
is the "ActiveAging" application, which is specifically designed to assist the elderly in undergoing
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home-based exercise programs. The app provides training guides that can be tailored to the user's
physical condition, as well as a monitoring feature that allows users to record and view their progress
at regular intervals. Studies conducted on users of this app showed that they experienced an increase
in average weekly exercise duration by 45 minutes longer than the control group that did not use the
app.

However, while digital technology provides many benefits, there are still some challenges in
its implementation. One of them is digital literacy in the elderly which is still relatively low in several
countries. Some seniors have difficulty using digital devices or feel uncomfortable with new
technology. Therefore, additional education and support from families or health workers are needed
so that the use of this technology can run more effectively.

Overall, the implementation strategy of resilience training programs for the elderly should
consider various aspects that can improve compliance and participant engagement. A community-
based approach has been shown to increase motivation and compliance through strong social
support, while the use of digital technology provides ease in monitoring and recording physical
activity. With the combination of these strategies, it is hoped that more elderly people can undergo a
sustainable resistance training program, so that the benefits of metabolic health and disease
prevention can be more optimal.

CONCLUSION

The results of this study show that resistance training has a significant impact on metabolic
health in the elderly population. This exercise effectively improves insulin sensitivity, reduces body
fat levels, as well as increases muscle mass, which contributes to the management of diabetes and
metabolic syndrome. In addition, resistance training has also been shown to reduce chronic
inflammation which is a major factor in the development of various degenerative diseases. In addition
to metabolic benefits, resistance training also plays a role in improving bone health, reducing the risk
of osteoporosis, and helping the elderly maintain body balance thereby reducing the risk of falling.
Thus, resilience training is the main strategy in maintaining the health of the elderly and improving
their quality of life.

From these findings, it is recommended that the elderly start implementing resistance
training as part of their daily routine. Governments and health care providers need to develop
community-based resilience training programs that can increase older people's engagement and
adherence to exercise. This program can be combined with educational sessions on the importance
of physical exercise as well as guidance from professionals so that the elderly can practice safely and
effectively. In addition, the use of digital technology such as fitness apps and physical activity
monitoring devices can help the elderly in monitoring their progress and increase motivation to stay
active.

For further research, further studies are needed on the effectiveness of resilience training
tailored to the physical condition of elderly individuals, as well as how social and cultural factors
affect their participation in the program. In addition, experimental research with a long-term design
is needed to evaluate the impact of resistance training on metabolic health in more depth. Studies
that integrate resilience training with nutrition interventions and technology-based therapies may
also provide new insights into the prevention of chronic diseases in elderly populations.
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