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ABSTRACT

	Background:Aging is associated with a progressive decline in lung volumes, expiratory capacity, and respiratory endurance. Regular physical activity has been shown to improve pulmonary function; however, its role in preserving overall lung capacity and breath holding ability across different age groups remains inadequately explored.
Objectives:The present study aimed to evaluate the effect of exercise and age on lung volumes, expiratory capacity, and breath holding time in young and elderly adults.
Methods:This cross-sectional study included healthy young and elderly adults, categorized into exercisers and non-exercisers. Pulmonary function was assessed by spirometry using standard guidelines. The parameters analysed included forced vital capacity (FVC), forced expiratory volume in one second (FEV₁), FEV₁/FVC ratio, maximal voluntary ventilation (MVV), peak expiratory flow (PEF), and breath holding time (BHT). Breath holding time was measured after deep inspiration using a stopwatch, and the best of three attempts was recorded. Statistical analysis was performed to compare pulmonary parameters across age and exercise groups.
Results:Exercisers demonstrated significantly higher values of FVC, FEV₁, MVV, PEF, and BHT compared to non-exercisers in both age groups. Young adults showed superior lung volumes and expiratory capacity than the elderly participants. However, elderly exercisers maintained better pulmonary function and longer breath-holding time than elderly non-exercisers, indicating a protective effect of regular physical activity against age-related respiratory decline.
Conclusion:Regular physical activity significantly improves lung volumes, expiratory capacity, and breath holding ability in both young and elderly adults. Exercise appears to mitigate the age-related decline in respiratory function, highlighting its importance as a non-pharmacological strategy for maintaining optimal pulmonary health across the lifespan.
Study design: Cross- sectional, comparative.
Place and Duration of Study: Anand and Kheda district from not necessary duration. From 1st September 2023 to 31st August 2025.
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1. INTRODUCTION

Pulmonary function is a crucial determinant of respiratory efficiency, physical performance, and overall health. Lung volumes, expiratory capacity, and ventilatory endurance are influenced by multiple physiological and lifestyle factors, among which age and physical activity play a significant role. Aging is associated with progressive structural and functional changes in the respiratory system, including reduced lung elastic recoil, increased chest wall stiffness, decreased alveolar surface area, and weakening of the respiratory muscles. These changes collectively result in reduced lung volumes, diminished expiratory flow rates, and decreased respiratory endurance; thereby compromising functional capacity in older adults [1,2]. Spirometry is a widely accepted, non-invasive method for assessing pulmonary function and provides valuable information regarding lung volumes and airflow dynamics. Forced vital capacity (FVC) reflects lung volume and compliance, while forced expiratory volume in one second (FEV₁) represents expiratory capacity and airway patency. The FEV₁/FVC ratio assists in identifying ventilatory patterns, and maximal voluntary ventilation (MVV) reflects the combined efficiency of respiratory muscles, lung mechanics, and airway resistance. Peak expiratory flow (PEF) is an indicator of maximal airflow and is influenced by large airway function and respiratory muscle strength. Together, these parameters provide a comprehensive insight into lung mechanics, airway patency, and respiratory muscle performance [3,4]. In addition, breath-holding time (BHT) is a simple, non-invasive measure that reflects respiratory muscle endurance, lung volume utilization, and tolerance to hypoxic and hypercapnic stimuli [5]. Reduced breath-holding capacity has been associated with advancing age and sedentary behaviour, whereas individuals who engage in regular physical activity tend to demonstrate better breath control and respiratory endurance. Regular physical exercise induces several beneficial adaptations in the respiratory system. Physical activity enhances respiratory muscle strength and endurance, improves chest wall mobility, and promotes efficient breathing patterns. Exercise-trained individuals often exhibit higher lung volumes, improved expiratory capacity, and greater ventilatory endurance compared to sedentary individuals [6,7]. These adaptations may attenuate the age-related decline in pulmonary function and help preserve respiratory efficiency in older adults. Despite extensive research on the effects of aging and exercise on pulmonary function, limited studies have examined lung volumes, expiratory capacity, and breath-holding time collectively across different age groups. Understanding the combined influence of age and physical activity on these parameters is important for developing preventive strategies to maintain optimal respiratory health throughout life. Therefore, the present study aimed to evaluate the effect of exercise and age on lung volumes, expiratory capacity, and breath-holding time in young and elderly adults, and to determine whether regular physical activity mitigates age-related deterioration in respiratory function.

2. methodology

This study was a cross-sectional observational analysis conducted to assess the effects of exercise and age on lung volumes and expiratory capacity in adults. Participants were divided into four groups: Young Exercisers (18–24 years), Young Non-Exercisers (18–24 years), Elder Exercisers (60–75 years), and Elder Non-Exercisers (60–75 years), with 20 individuals in each group and balanced sex distribution. Healthy adults without any history of respiratory, cardiovascular, or musculoskeletal disorders were included, while those with chronic illnesses or extreme BMI values were excluded. Exercisers were required to have engaged in at least 150 minutes of moderate-intensity physical activity per week for six months prior to participation. Anthropometric measurements, including height, weight, and Body Mass Index (BMI), were recorded for all participants to account for potential confounding factors in pulmonary function.
Pulmonary function was evaluated using a calibrated digital spirometer following standard guidelines. Measurements included Forced Vital Capacity (FVC), Forced Expiratory Volume in 1 second (FEV₁), FEV₁/FVC ratio, Maximum Voluntary Ventilation (MVV), Peak Expiratory Flow (PEF), and Breath Holding Time (BHT). Each test was performed three times, with the highest value recorded for analysis. Data were analyzed using descriptive statistics and two-way ANOVA to determine the effects of age and exercise on lung function, with post hoc comparisons performed where appropriate. Ethical approval was obtained from the Institutional Ethics Committee, and written informed consent was obtained from all participants. A p-value <0.05 was considered statistically significant, ensuring reliability and validity of the findings.

3. results

Effect of Exercise: Young and elderly exercisers have higher FVC, FEV₁, MVV, PEF, and breath-holding time compared to their non-exercising peers, showing that regular physical activity improves lung volumes, maximal airflow, ventilatory capacity, and respiratory endurance.
Effect of Age: Elderly participants show lower values across all parameters than young participants, with non-exercisers being the lowest, indicating that aging reduces lung function, but exercise can partially mitigate this decline.





Table 1. Lung Volumes and Expiratory Parameters Across Groups. Values represent Mean ± Std. dev.

	Parameter
	Young Exercisers
	Young Non-Exercisers
	Elder Exercisers
	Elder Non-Exercisers
	P (Exercise)
	P (Age)

	FVC (L)
	4.2±0.3
	3.8±0.4
	3.9±0.3
	3.5±0.4
	0.002
	<0.001

	FEV₁ (L)
	4.21±0.28
	3.55±0.35
	3.95±0.3
	3.28±0.32
	0.001
	<0.001

	FEV₁/FVC (%)
	84.5±2
	83.9±2.1
	84.1±1.8
	83.5±1.9
	0.05
	0.04

	MVV (L/min)
	150±12
	138±10
	142±11
	130±9
	0.001
	<0.001

	PEF (L/s)
	10±1.1
	9.1±0.9
	9.6±1
	8.7±0.8
	0.003
	<0.001

	Breath Holding Time (sec)
	50±5
	42±4
	46±4
	38±3
	0.002
	<0.001
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Fig. 1.Effect of Exercise on Lung Function and Breath Holding Time in Young and Elder Adults

Table 2. Sex-Specific Pulmonary Function Across Groups. Values represent Mean ± Std. dev.

	Parameter
	Young Exercisers Male 
	Young Exercisers Female 
	Young Non-Exercisers Male 
	Young Non-Exercisers Female 
	Elder Exercisers Male Mean

	FVC (L)
	4.4±0.3

	4±0.25
	4±0.35
	3.6±0.3
	4.1±0.3

	FEV₁ (L)
	4.45±0.28
	3.97±0.3
	3.8±0.33
	3.3±0.31
	4.05±0.29

	FEV₁/FVC (%)
	84.5±1.8
	84.4±1.7
	84±2
	83.8±1.9
	84.2±1.6

	MVV (L/min)
	155±11
	145±10
	140±12
	136±11
	145±10

	PEF (L/s)
	10.5±1
	9.5±0.9
	9.5±0.8
	8.7±0.9
	10±1

	BHT (sec)
	52±5
	48±4
	44±3
	40±3
	48±4


Males generally have higher lung volumes and airflow than females across all groups.Exercise benefits both sexes, preserving lung function even in older adults.

Table 3. Lung Function According to BMI Groups Across Age and Exercise. All values expressed as Mean ± Std. dev.

	Parameter
	Young Normal BMI 
	Young Overweight 
	Elder Normal BMI 
	Elder Overweight 
	P (BMI)
	P (Exercise)

	FVC (L)
	4.3±0.28
	4±0.32
	4±0.3
	3.6±0.35
	0.04
	0.002

	FEV₁ (L)
	4.3±0.3
	4±0.34
	3.95±0.28
	3.3±0.31
	0.05
	0.001

	FEV₁/FVC (%)
	84.5±1.8
	83.8±1.9
	84±1.7
	83.2±2
	0.06
	0.05

	MVV (L/min)
	152±10
	145±12
	143±11
	132±9
	0.03
	0.001

	PEF (L/s)
	10.2±1
	9.2±1.1
	9.8±0.9
	8.6±0.8
	0.04
	0.003

	BHT (sec)
	51±5
	44±4
	46±4
	38±3
	0.02
	0.002



Higher BMI slightly reduces lung volumes and airflow. Exercise seems to mitigate the negative effect of higher BMI on lung function, especially in the young group.



Fig. 2. Comparison of Lung Volumes & Expiratory Parameters Across Age & BMI Groups

The analysis of lung volumes and expiratory capacity among 80 participants, divided into Young Exercisers (YE), Young Non-Exercisers (YNE), Elder Exercisers (EE), and Elder Non-Exercisers (ENE), revealed clear effects of both exercise and age. Forced Vital Capacity (FVC) was highest in Young Exercisers (4.2 L) and lowest in Elder Non-Exercisers (3.5 L), demonstrating that regular physical activity supports larger lung volumes, while aging is associated with a decline in total lung capacity. Forced Expiratory Volume in one second (FEV₁) followed a similar trend, with Young Exercisers showing the highest mean value (4.21 L) and Elder Non-Exercisers the lowest (3.28 L), indicating that exercise enhances expiratory airflow, whereas aging and inactivity contribute to reduced airway function. The FEV₁/FVC ratio remained relatively stable across groups but was slightly higher in exercisers, suggesting better efficiency of expiratory flow relative to lung volume. Maximum Voluntary Ventilation (MVV), reflecting overall ventilatory capacity, was highest in Young Exercisers (150 L/min) and lowest in Elder Non-Exercisers (130 L/min), highlighting the protective effect of exercise on respiratory endurance. Peak Expiratory Flow (PEF) mirrored these trends, with exercisers showing superior expiratory force, and the inclusion of Breath Holding Time further confirmed improved respiratory control in active participants. Overall, these results indicate that regular exercise enhances lung volumes, airflow, and respiratory endurance in both young and elderly individuals, while aging, particularly in sedentary adults, leads to a notable decline in these pulmonary parameters.

4. Discussion
The findings of the present study demonstrate a significant influence of both exercise and age on lung volumes, expiratory capacity and respiratory endurance. The highest FVC and FEV₁ values observed in Young Exercisers indicate that regular physical activity enhances lung compliance, strengthens respiratory muscles, and promotes optimal alveolar ventilation. These findings support the concept that regular physical exercise increases chest wall mobility and diaphragmatic efficiency, allowing for greater lung expansion and expiratory airflow. In contrast, Elder Non-Exercisers exhibited the lowest FVC and FEV₁, highlighting the compounded effects of aging and physical inactivity. Age-related structural changes such as reduced lung elasticity, loss of alveolar surface area, and weakening of respiratory muscles contribute to decreased lung volumes and expiratory flow rates, thereby impairing overall respiratory performance. However, elderly individuals who engaged in regular exercise demonstrated significantly better pulmonary function than their sedentary counterparts, highlighting the protective role of physical activity against age-associated respiratory decline.
Maximum Voluntary Ventilation (MVV) and Peak Expiratory Flow (PEF) emphasize the beneficial effects of exercise on ventilator capacity and expiratory force. Young and Elder Exercisers showed higher MVV values suggesting improved respiratory muscle endurance and neuromuscular coordination, while elevated PEF compared to non-exercisers, reflects better large airway function and expiratory strength. Breath Holding Time, which was longer in exercisers of both age groups, indicates enhanced ventilator control and tolerance to hypoxic and hypercapnia conditions. The relatively stable FEV₁/FVC ratios across groups suggest that while exercise primarily improves absolute lung volumes and airflow, it may not drastically alter the proportion of lung capacity exhaled in the first second. Overall, the findings underscore the critical role of regular physical activity in mitigating age-related decline in pulmonary function, reinforcing its importance as a non-pharmacological intervention for maintaining respiratory health across the lifespan.
5. CLINICAL SIGNIFICANCE
The study highlights that regular physical activity substantially improves lung volumes, expiratory flow rates, and ventilatory capacity, even in older adults. These findings are clinically important as reduced pulmonary function is associated with increased risk of respiratory infections, reduced exercise tolerance, and early onset of chronic respiratory conditions. By demonstrating that exercise mitigates age-related decline, this study provides evidence for prescribing physical activity as a preventive and therapeutic measure in respiratory health management.
6. CONCLUSION
This study confirms that physical activity has a protective effect on lung volumes and expiratory capacity, while aging is associated with a natural decline in pulmonary function. Young and elderly exercisers consistently demonstrated superior FVC, FEV₁, MVV, PEF, and breath holding time compared to their non-exercising counterparts, emphasizing the importance of regular exercise across the lifespan. Maintaining an active lifestyle not only improves respiratory efficiency but also contributes to overall health, supporting its role as a simple yet effective strategy to prevent age-related pulmonary decline.
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