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Abstract 

Physical activity plays a vital role in maintaining metabolic health and preventing various chronic diseases such 
as obesity, type 2 diabetes, and cardiovascular disease. Metabolic responses to exercise vary across different age 
groups, influenced by physiological changes such as decreased muscle mass, insulin sensitivity, and aerobic 
capacity. This study uses a systematic literature review method by examining studies discussing metabolic 
changes during and after exercise in various age groups. Searches were conducted through databases including 
PubMed, ScienceDirect, Google Scholar, and Consensus using keywords such as metabolic response to 
exercise, age-related metabolic adaptations, and exercise and metabolism across lifespan. The studies analyzed 
included metabolic measurements such as oxygen consumption (VO₂), energy expenditure, insulin sensitivity, 
and fat and carbohydrate metabolism. The review showed that younger individuals generally have higher 
metabolic efficiency compared to older adults, although exercise benefits all age groups. Energy expenditure 
increases with exercise intensity, but no significant differences were observed across age groups during low to 
moderate intensity exercise. High-intensity interval training (HIIT) significantly increased fat oxidation in 
middle-aged adults. Additionally, older sedentary individuals exhibited higher postprandial triglyceride levels 
than younger or more active individuals. The timing of exercise also influenced metabolic responses: morning 
exercise was more effective in enhancing lipid metabolism, while afternoon workouts were more optimal for 
improving insulin sensitivity. 
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A. Introduction 
Physical inactivity is considered the 

fourth leading behavioral risk factor for 

global mortality (Kohl et al., 2012). The 

World Health Organization (WHO) 

recommends that adults engage in at least 

150 minutes of moderate-intensity physical 

activity or 75 minutes of vigorous-intensity 

activity weekly, in addition to muscle-

strengthening activities twice per week and 

minimizing sedentary time (Sallis et al., 

2016). These guidelines similarly apply to 

individuals under 18 and older adults. 

More than twenty chronic conditions can 

be prevented through regular exercise, 

including coronary heart disease, stroke, 

type 2 diabetes, certain cancers, obesity, 

mental health issues like depression, and 

neurological conditions such as dementia 

(Booth et al., 2012). Exercise not only 

reduces disease risk but also enhances 

well-being and quality of life. 

Harnessing the power of physical 

activity can have broad public health 

impacts. Since physical activity 

encompasses complex and heterogeneous 

actions, implementing it can be 

challenging. It can be categorized by 

domain (occupational, leisure, 

transportation, home), dimensions 

(frequency, intensity, duration), context 

(access to green spaces, facilities, financial 

and social support), motivation (reasons for 

engaging in PA), and type (ranging from 

aerobic treadmill exercises to yoga, 

household chores, and gardening). 

Globally, exercise is a key factor in maintaining 

metabolic health and preventing chronic diseases such 

as obesity, type 2 diabetes, and cardiovascular disease. 

Physical activity improves energy metabolism 

efficiency, insulin sensitivity, and optimal use of 

energy substrates such as fat and carbohydrates. With 

aging, physiological changes occur that affect 

metabolic responses to exercise, such as muscle mass 

loss (sarcopenia), altered glucose metabolism, and 

decreased aerobic capacity. Studies show that although 

exercise increases energy expenditure across all ages, 

the optimal intensity and duration vary. One study 

found that energy expenditure during hydraulic 

resistance training depended on training load but 

showed no significant differences across age groups 

(Ngamsa-Ard et al., 2016). 

Regionally, social, economic, and facility access 

factors influence patterns of physical activity. Some 

studies indicate that higher levels of physical activity 

affect postprandial metabolism, particularly in 

controlling triglyceride and blood glucose levels across 

different age groups (Koemel et al., 2019). Other 

research suggests that exercise timing impacts 

metabolic responses, with certain times of day 

optimizing metabolic benefits, especially in older 

individuals (Sato, 2023). 

In Indonesia, trends show challenges in adopting an 

active lifestyle, especially among children and the 

elderly. According to the Indonesian Ministry of 

Health, metabolic disease prevalence like obesity and 

type 2 diabetes is increasing due to sedentary lifestyles. 

Research shows that exercise reduces metabolic 

syndrome risk and enhances aerobic capacity in at-risk 

individuals (Shin et al., 2011). Furthermore, age-
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specific training programs have proven 

effective in improving insulin sensitivity 

and reducing metabolic disease risk in 

older adults (Finucane et al., 2010). 

Therefore, understanding differences in 

metabolic responses to exercise across age 

groups is crucial for designing more 

specific and effective physical activity 

recommendations within Indonesia’s 

public health context. This study aims to 

review existing literature to understand 

metabolic mechanisms during exercise 

across different age groups and their 

implications for disease prevention and 

improving public quality of life. 

 
B. Methods 

This study uses a systematic literature 

review to examine metabolic responses to 

exercise in various age groups. Data 

sources include relevant scientific journals 

published within the last ten years, accessed 

via databases such as PubMed, 

ScienceDirect, Google Scholar, and 

Consensus. Keywords included metabolic 

response to exercise, age-related metabolic 

adaptations, and exercise and metabolism 

across lifespan. Article selection was based 

on predetermined inclusion and exclusion 

criteria. Only studies discussing metabolic 

changes during or after exercise in different 

age groups and including measurements 

like oxygen consumption (VO₂), energy 

expenditure, insulin sensitivity, and 

fat/carbohydrate metabolism were included. Only peer-

reviewed experimental or clinical trials were considered 

valid. 

The research stages began with article 

identification and selection based on abstracts and topic 

relevance. Relevant articles were examined in detail to 

identify research methods, results, and reported 

conclusions. Data from various studies were analyzed 

descriptively to compare metabolic response 

differences across age groups. Additionally, trends, 

influencing factors, and research implications were 

explored to provide a comprehensive understanding. 

Synthesized findings were presented narratively and in 

tables to ease interpretation. This approach aims to 

offer deeper insights into how metabolism responds to 

physical activity throughout life stages and inform 

scientifically grounded exercise program designs suited 

to the metabolic needs of different age groups. 

 
C. Results and Discussion 

The literature review indicates that metabolic 

responses to exercise vary by age, particularly in terms 

of oxygen consumption, energy expenditure, fat and 

carbohydrate metabolism, and insulin sensitivity. 

Generally, younger individuals display higher 

metabolic efficiency compared to older adults, 

although physical activity still offers benefits across all 

age groups. 

1.	Energy	Expenditure	and	Oxygen	Consumption	

Several studies indicate that energy expenditure 

increases with exercise intensity, though differences 

between age groups are not significant during low to 

moderate intensity exercise. A study analyzing double-
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hydraulic resistance exercises (DHRE) 

across age groups found that despite 

increased energy expenditure with higher 

loads, there was no significant age difference between 

the 18–59 age range (Ngamsa-Ard et al., 2016). 

Age Group (years) Max Load Energy Expenditure (kcal/min) 
18–24 7.2 ± 0.5 
25–34 7.0 ± 0.6 
35–49 6.8 ± 0.4 
50–59 6.7 ± 0.5 

2.	Fat	and	Carbohydrate	Metabolism	

Energy substrate metabolism during 

exercise also varies by age. A study by 

Amaro-Gahete et al. (2020) found that 

middle-aged individuals undergoing 12 weeks of high-

intensity interval training (HIIT) experienced 

significant increases in fat oxidation during rest and 

exercise compared to those performing standard aerobic 

training. 

Group Pre-Intervention Fat Oxidation (g/min) Post-Intervention Fat Oxidation (g/min) 

Control 
 

 0.34 ± 0.02  
 

0.36 ± 0.03 
 

Aerobic 
 

 0.36 ± 0.02 
 

0.42 ± 0.04 
 

HIIT 
 

 0.35 ± 0.03 
 

0.50 ± 0.05* 
 

HIIT + EMS 
 

0.37 ± 0.02 
 

0.52 ± 0.06* 
 

3.	Insulin	Response	and	Postprandial	
Metabolism	

Research shows that age and physical 

activity level affect metabolic responses 

to high-fat meals. Koemel et al. (2019) found that 

older sedentary individuals had higher postprandial 

triglyceride levels than younger or physically active 

individuals. 

Group Total Triglyceride AUC 
(mg/dL × 6h) 

Active Youth 618.8 ± 103.1 
Sedentary Youth 836.4 ± 402.6 
Active Elderly 609.0 ± 234.6 
Sedentary Elderly 993.4 ± 80.9* 
*Significantly higher vs. active 
youth, p < 0.05 

 

4.	Optimal	Timing	for	Exercise	

Beyond intensity and type, exercise 

timing influences metabolic responses, 

especially in older adults. Sato (2023) 

found that time of day affects metabolic 

outcomes: morning exercise is more effective for lipid 

metabolism, while afternoon exercise better enhances 

insulin sensitivity. 

This review highlights that metabolic responses to 

exercise vary by age, exercise type, and timing. 
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Despite decreased metabolic efficiency in 

older adults, exercise significantly 

improves energy expenditure, fat 

oxidation, and insulin sensitivity. Thus, 

age- and metabolism-specific training 

programs can help optimize long-term 

health benefits. 

 
D. Conclusion 

Based on this review, metabolic 

responses to exercise vary across age 

groups, especially regarding energy 

expenditure, oxygen consumption, fat and 

carbohydrate metabolism, and insulin 

sensitivity. Younger individuals generally 

have higher metabolic efficiency than 

older adults, though exercise remains 

beneficial for all ages. Energy expenditure 

increases with intensity, but age-related 

differences are negligible at low to 

moderate intensities. HIIT has proven 

effective in significantly enhancing fat 

metabolism in middle-aged groups, 

suggesting it as a suitable intervention. 

Additionally, metabolic responses to high-

fat meals are influenced by age and 

activity levels, with older sedentary adults 

showing higher postprandial triglyceride 

levels. Exercise timing also plays a role: 

morning workouts better improve lipid 

metabolism, while afternoon sessions 

enhance insulin sensitivity. Therefore, 

age-specific, tailored training programs 

based on exercise type and timing can 

maximize the metabolic benefits of physical activity 

for maintaining health and preventing metabolic 

diseases across age groups 
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