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Abstract 

Volume of oxygen maximum uptake (VO2 max) is utilize during intense exercise, serving as a key 

indicator of cardiovascular fitness and aerobic endurance. The main objective of this study was to do a 

systematic review to examined the effects of pranayama intervention on volume of oxygen maximum 

uptake. Data was collected from PubMed, JSTORE and Web of Science. Randomized controlled trials 

published in English from the inception of the database until 31st September, 2025, were included. Only 

pranayama as intervention were included in the study. The Pranayama intervention also had a significant 

effect on VO2 max. It may be concluded that pranayama can be elicited significantly improvement in the 

VO2 max that may be due to increase in aerobic capacity. 
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Introduction  

The utmost ability to transport and consume oxygen is known as maximal oxygen 

consumption (VO2max), and it's frequently used to gauge an individual's aerobic capacity. In 

general, VO2max declines gradually as one age; beyond the age of 25, the rate of reduction is 

roughly 10% per ten years, and it was estimated that this decline would reach 15% between the 

ages of 50 and 75 [1, 2, 3]. Furthermore, a prior meta-analysis showed that age-related decreases 

in VO2max were roughly 0.40, 0.39, and 0.46 ml/kg/min annually for males who were 

sedentary, active, and trained, and 0.35, 0.44, and 0.62 ml/kg/min annually for females who 

were sedentary, active, and trained [4, 5, 6]. Reduced maximal heart rate and stroke volume, 

decreased blood volume from pooling from less efficient muscle pump action of the valves in 

the extremities, stiffening of the heart muscle fibers and thickening and stiffening of the 

arterial walls, decreased peripheral oxygen extraction, and a maximal A-V O2 difference are 

some of the factors that contribute to age-related declines in VO2max [7, 8, 9, 10]. The decrease in 

VO2max also seems to be significantly influenced by age-related muscle loss, or sarcopenia; 

by the age of 50, almost 10% of muscle mass has been lost, and this rate only rises in the 

ensuing decades. Muscle strength decreases by 15% every decade in the 60s and 70s and 

increases to 30% around the age of 80 due to sarcopenia [11]. According to a prior study by 

Fleg and Lakatta (1988), inactive people's VO2max decreased with age due in part to their 

whole body lean mass [12]. Those that were active had similar outcomes [13, 14]. But compared to 

sedentary people, active people showed a slower rate of decrease [3, 15]. Therefore, training and 

possibly training type (e.g., upper vs. lower extremity exercise) as well as other factors, such 

how muscle mass is measured (e.g., just active muscles vs. total lean body or skeletal muscle 

mass), can affect the effect of muscle mass on VO2max [13]. Muscle mass has a strong 

correlation with aerobic capacity (VO2max), and in both younger and older athletes, rowing 

VO2max was higher than cycling VO2max. Additionally, younger subjects showed a greater 

change in VO2max with rowing than with cycling when compared to older subjects. When the 

active muscle mass being recruited for the particular exercise mode was taken into account, 

older subjects' VO2max during cycling did not differ significantly from that of younger 

subjects, who were recruiting less muscle mass; however, older subjects' VO2max during 

rowing remained lower than that of younger subjects, who were recruiting more muscle mass.  
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These results imply that the total active muscle mass being 

recruited during exercise affects VO2max, with the higher the 

VO2max, the more muscle mass is used. These findings also 

imply that muscle mass may have less of an impact on 

VO2max in older subjects than in younger ones. In addition, 

older participants required more cardiac effort (higher HR) at 

a given VO2. As people age, their aerobic capacity usually 

decreases. Regardless of exercise modality, we found that 

older subjects in the current investigation had lower VO2max 

than younger subjects. VO2max typically decreases by 10% 

every ten years [1, 2, 3]. Athletes and active people seem to 

experience a higher rate of VO2max decline than sedentary 

people [16, 17, 18]. A higher starting VO2max could be the cause 

of this [17]. This hypothesis hasn't been well explored yet, 

though, because the results can vary depending on the study 

design (cross-sectional and longitudinal) and the non-linearity 

of VO2max variations in sedentary and athletic/active people 
[3, 19]. Numerous research has looked into the factors 

underlying the age-related loss in aerobic capacity over the 

years. The Fick equation states that the arterio-venous O2 

differential and maximal cardiac output determine VO2max. 

Decreases in maximal heart rate and stroke volume [20, 21, 22], 

as well as the maximal arterio-venous O2 differential [23], are 

the causes of age-related losses in VO2max. However, the 

mechanism is not easily explained due to a number of 

confounding factors, including skeletal muscle mass, training 

volume, vascular conductance, skeletal muscle mitochondrial 

density and enzyme activity, and the lungs' diffusion capacity. 

By the age of 50, skeletal muscle mass has decreased by 10%, 

and by the age of 80, it has decreased by 30% [24, 25]. Age-

related decreases in VO2max are further triggered by the 

normal age-related loss of muscle mass (sarcopenia) and the 

extra changes in body composition that often follow a 

decrease in physical activity in older patients [26]. Skeletal 

muscle mass was a significant driver of aerobic ability, 

according to earlier research by Flegg and Lakatta (1988), 

who measured muscle mass using 24-hour urine creatinine 

excretion [12]. Furthermore, using a DEXA scan to measure 

upper and lower appendicular muscle mass (logical active 

muscle mass during treadmill exercise), Proctor and Joyner 

(1997) discovered a substantial correlation between active 

muscle mass and VO2max. [13]. Alternatively, we compared 

the association between VO2max and LBM for rowing 

activity and LMM for cycling exercise in order to be more 

focused on the active muscles used during exercise in our 

experiment. We found a significant correlation between 

muscle mass and VO2max in both groups, which is in line 

with other research. Secher et al. (1974) noted that individuals 

exhibited higher oxygen uptake during combined arm and leg 

exercise compared to arm or leg exercise alone, which is 

further supported by this study [27]. Additionally, following 

strength training, VO2max increased [26, 28]. As a result, there 

is a strong correlation between skeletal muscle mass and 

VO2max, which leads to the age-related decrease in VO2max. 

Even though a similar amount of muscle mass was added, we 

found that older subjects showed a smaller change in 

VO2max from cycling to rowing than younger subjects. 

Additionally, correcting for LBM during rowing did not 

completely account for the age-related differences in 

VO2max between young and old people. This finding might 

indicate that skeletal muscle mass has less of an impact on 

VO2max in older subjects than in younger ones. In older, 

healthy, and trained cohorts, age-related decreases in 

maximum heart rate and stroke volume are comparatively 

well-documented [20, 21, 29]. Age-related declines in VO2max 

are also caused by decreasing cardiac output and decreased 

blood supply [30, 31]. This theory is in line with earlier research 

by Hagberg et al. (1985), which found that the hemodynamic 

difference between younger runners and older athletes is 

primarily explained by the lower maximal HR [21]. The current 

study evaluated changes in VO2max due to pranayama and 

mechanism behind it. With a pragmatic approach, the study 

offers a cross-sectional view of the particular population. A 

longitudinal study design, however, would yield more data 

than what can be inferred from cross-sectional researchers. 

Despite being a reasonable assumption, the pranayama does 

not account for the additional muscle mass that will be 

recruited during yoga, such as the respiratory muscles. The 

VO2max of older and younger patients did not significantly 

differ, despite a further analysis that pranayama VO2max 

with LBM. The researcher therefore assumed that this 

restriction had no bearing on the result. However, this study 

did evaluate how pranayama-induced adaptations in might 

affect muscle recruitment (e.g., force output associated with 

concentric versus eccentric contractions) during pranayama. 

Although one might anticipate that body posture or position 

might affect the study's findings, since body posture was 

consistent across pranayama types, the effect of posture in this 

study should be negligible.  

 

Methods 

A systematic literature search was conducted in PubMed, 

Web of Science, and J-Store with no data restrictions, up to 

30th September, 2025. Yoga training intervention studies 

along with pranayama were included. In total, data from 1059 

participants in 253 and 13 research articles were included for 

the synthesis of this review regarding measures of VO2max, 

muscle fiber cross-sectional area, and fiber type proportion 

were extracted from these studies.  

 

Results and Discussion 

Peak VO2 was measured as an endpoint in both experiments. 
[32, 33]. According to the meta-analyses, participants in the 

yoga group significantly outperformed controls in terms of 

peak VO2 (by 3.87 mL·kg-1·min-1, 95% CI: 1.95, 5.80, N = 

59). Furthermore, the yoga group's peak VO2 improved by 

22.0%, according to the meta-analysis. At baseline and at the 

conclusion of the intervention, the mean peak VO2 in the two 

studies under analysis was 15.85 mL·kg-1·min-1 and 19.05 

mL·kg-1·min-1, respectively. In particular, from baseline to 

post-intervention, the WMD in peak VO2 peak was 3.97 

mL·kg-1 ·min-1. The amount of change is comparable to a 

prior meta-analysis that assessed the impact of several 

exercise methods in CHF patients [34, 35]. The degree of 

improvement and the peak VO2 of 19.05 mL·kg-1 ·min-1 

attained following the intervention are other significant 

factors to be discussed. Complete and independent life (e.g., 

walking upstairs, gardening, etc.) has been shown to require a 

minimum peak VO2 of 15 mL·kg-1 ·min-1 for women and 18 

mL·kg-1 ·min-1 for men aged 85. [36]. As a result, yoga helps 

people with CHF manage their health and perform daily tasks 

more effectively. It has been demonstrated that yoga helps 

CHF patients recover. It is commonly known that 

improvements of more than 10% following a cardiovascular 

rehabilitation program are satisfactory and indicate a 

favourable prognosis for individuals with congestive heart 

failure (CHF), when peak VO2 is taken into account [37]. Yoga 

has been shown to help with major mental health issues like 

depression and anxiety. Furthermore, it has been discovered 

that yoga is essential for improving patients' ability to 
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exercise. The findings are consistent with those of earlier 

research on exercise training [38]. Additionally, a variety of 

factors, including culture and individual approach, may affect 

how yoga works as a therapy. In spite of this, yoga seems like 

a promising cardiac rehabilitation technique that merits more 

research using better-controlled RCTs. This meta-analysis, 

taking into account the available data, demonstrated that yoga 

increased peak VO2.  

 

Conclusion 

It may be concluded that pranayama may elicited the increase 

in vo2 max by improving respiratory muscle mass and 

oxidisation capacity. 
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