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IntrOductIOn
Physical fitness is individual’s capability to work with full strength 
and maximum attention; not succumbing to unjustified tiredness 
due to continuous work [1]. Some of the vital elements of physical 
fitness are cardiopulmonary fitness, muscle strength and force of 
contraction, body fat and muscle contents and flexibility [2]. Cardio-
respiratory fitness is heart and lung’s collective ability to transport 
and deliver adequate oxygen and body’s ability to utilize maximum 
oxygen during the work so that work performance could last longer 
with sustained vigor. Adequate supplement and maximum utilization 
of supplied oxygen would enable person to work efficiently for long. 
For better physical work performance, there are numbers of cardio-
respiratory adjustments being made by the body such as increase 
respiratory rate, oxygen uptake, heart rate, cardiac output and 
importantly marked increase in utilization of available oxygen by 
the cells [3].

Maximum oxygen consumption or aerobic capacity is abbreviated 
as VO2 max. In VO2 max, ‘V’ signifies the volume of the O2 that is 
being utilized by exercising muscles in the body, whereas; ‘max’ 
indicate the maximum amount of O2 that is utilized during muscular 
exercise. Generally, there is linear relation between exercise and 
VO2 max therefore; it increases as exercise intensity increases. 
However, at the physiological limit in spite of further increase in 
exercise intensity, oxygen consumption remains same and attains 
plateau. This highest rate of oxygen utilization is maximum oxygen 
consumption (VO2 Max) or maximum aerobic capacity [4]. Genetics 
plays a major role in a person’s VO2 max. Nevertheless maintaining 
very high levels of VO2 max is possible when one has proper training. 
VO2 max is considered as one of the strong indicator or marker for 
cardio-respiratory fitness or health by World Health Organization 
(WHO) demonstrating its strong association with better physical 
performance. Studied epidemiological data reveals that having 
a proportionally high VO2 max is a strong sign of health and life 
expectancy in all age group individuals [3,5,6].

In developing countries like India with the increasing automated 
work environment, there is marked decline in physical activity at 
work places. Sedentary life style and eating habits have proven side 
effects over health conditions. As per the documented surveys and 
data available, Yoga is one of the most practiced complementary 
or alternative interventions to achieve best possible physical and 
mental health [7,8].

Positive health benefits of regular physical exercise on 
cardiopulmonary fitness by improving aerobic capacity are well 
documented in scientific literature [9]. However, data on effectiveness 
of long-term training of yoga on cardio-respiratory fitness in healthy 
adults with large sample is least available. Therefore, the present 
study was aimed to assess the efficacy of long-term yogic exercise 
on cardio-respiratory health markers in healthy adults. The part of 
study has been already published which had the same samples and 
weekly yoga exercise schedule [10].

MAtErIALS And MEtHOdS
In this pre- and post yoga interventional study, minimum sample 
size (n) was determined by using formula in [11] and minimum 
sample size =188. Therefore 200 healthy individuals (120 male and 
80 female) with age ranging between 30 to 50 years with mean 
age of 39±0.95 years were selected. Written consent was obtained 
from study subjects. Individuals with any systemic disease, mental 
disorders, pregnant women and practicing any type of physical 
exercise or yoga were excluded from study. Healthy individuals 
willing to practice yoga continuously for six months (one hour 
per day, weekly six days) were included in the present study. The 
study was approved by institutional ethical committee (Registration 
No. ECR/581/INST/MH/2014) and conducted at Department of 
Physiology, MGM Medical College Aurangabad, India, during period 
of February 2016 to February 2018. Yoga was practiced under the 
supervision of qualified yoga teacher. Weekly yoga exercise schedule 
is shown in [Table/Fig-1] [10].
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ABStrAct
Introduction: Sedentary lifestyle is one of the major Cardio-
vascular risk factor. Although, yoga is used as a mind-body 
exercise to increase physical fitness, data on effectiveness 
of long-term training of yoga on cardio-respiratory fitness in 
healthy adults is least available.

Aim: To find out the effect of Yoga practice on Physical Fitness 
Index (PFI) and Maximum Oxygen Consumption (VO2 max) in 
healthy adults.

Materials and Methods: A pre-post interventional study was 
conducted on 200 (120 male and 80 female) healthy subjects. 
An intervention of Yoga (Asanas, Pranayama and Meditation) 
for six months (one hour per day, six days per week) was given. 

Weight, Body Mass Index (BMI), Basal Metabolic Rate (BMR), 
Physical Fitness Index (PFI) and VO2 max were determined. 
PFI and VO2 max were determined by using modified Harvard 
Step Test (HST) and modified Queen’s College Step Test (QST), 
respectively. Data was collected at baseline and after six months 
of yoga training. Collected result data was analysed by using 
paired t-test.

results: Yoga practice for six months caused significant 
reduction in weight and BMI (p<0.0001) and significant increase 
in BMR (p=0.005), PFI (p<0.0001) and VO2 max (p<0.0001).

conclusion: The findings of this study suggest that yoga is an 
effective mind-body modality to enhance cardio-respiratory 
fitness and reduce adiposity in healthy adults.
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Day Yogic exercise with timing

Monday and 
Thursday

Prayer (4 min); Joint Movements (6 min); Suryanamaskar 
(12 min); Tadasan, Trikonasan, Virbhadrasan, Vrukshasan, 
Shavasana (21 min); Pranayama (15 min): Yogshwasan, 
Anulom-Vilom, Kapalbhati, Bhastrika; Prayer (2 min).

Tuesday and Friday

Prayer (3 min); Joint Movements (6 min); Suryanamaskar (12 
min); Naukasan, Dhanurasan, Setubandhasan, Sarpasan, 
Shalbhasan,  Shavasana  (21 min), Pranayama (15 min): 
Yogshwasan, Anulom-Vilom, Kapalbhati, Bhramari; Prayer 
(2 min).

Wednesday

Prayer (3 min); Joint Movements (6 min); Suryanamaskar 
(10 min); Pachimottanasan, Sarvangasan, Halasan, 
Pawanmuktasan, Gomukhasan, Vakrasan,  Shavasana  (21 
min); Pranayama (15 min): Yogshwasan, Anulom-Vilom, 
Kapalbhati, Bhramari; Prayer (2 min).

Saturday
Prayer (3 min); Joint Movements (6 min); Suryanamaskar (15 
min); Meditation (32 min); Prayer (4 min)

Sunday Holiday

[table/Fig-1]: Weekly schedule for yoga exercise at Yoga centre.

Data was collected at baseline (pre-yoga) and after six months of 
yoga training (post-yoga). Weight, BMI, BMR, PFI and VO2max were 
determined. BMI was calculated by using formula: BMI=weight (kg)/
height (m2); BMR was determined by using Harris-Benedict equation 
[12]. PFI and VO2 Max were estimated by using modified HST [13-
15]  and modified QST [16,17], respectively.

Physical Fitness Index (PFI): PFI was measured by using HST. In 
this modified step test 18 inches step was used. The subjects were 
asked to step up and step down in up-up and down-down fashion 
at the rate of 30 steps per minute keeping time on metronome for 
the duration of 5 minutes unless subject stops from exhaustion. 
The recovery pulse rate was counted at 1 to 1.5; 2 to 2.5 and 3 to 
3.5 minutes recovery. PFI was calculated by using formula as PFI = 
(Duration of exercise in sec x 100) / {2 x (sum of 1 to 1.5, 2 to 2.5, 
3 to 3.5 minutes recovery)}.

Maximum Oxygen consumption (VO2max): In this modified 
step test 16.25 inches step was used. The subjects were asked to 
step up and down in up-up and down-down fashion at the rate of 
24 steps per minute for male and 22 steps per minutes for female 
keeping time on metronome for 3 minutes unless subject stops 
from exhaustion. The recovery pulse was counted from 5 to 20 
seconds after stoppage of exercise. VO2 Max was calculated by 
using formulae for male subject, VO2 Max = 111.33–0.42 (Pulse 
count in 15 sec x 4); and for female subject, VO2 Max = 65.81 – 
0.1847 (Pulse count in 15 sec x 4).

Basal Metabolic rate (BMr): BMR was calculated by using Harris-
Benedict equation [12], as- for men, BMR=66+ (13.7 x weight (kg)) + 
(5 x height (cm)) – (6.8 x age (years)); and for female, BMR=655+ (9.6 
x weight (kg)) + (1.8 x height (cm)) – (4.7 x age (years)).

StAtIStIcAL AnALYSIS
Collected result data was statistically analysed by using data SPSS 
(Version 24th). Pre and post-yogic values were compared applying 
paired t-test. In the statistical analysis, p-value was established at 
5% level of significance.

rESuLtS
Pre-yogic exercise and post-yogic exercise mean weight, BMI and 
BMR were measured and summarized in [Table/Fig-2]. It shows a 
significant reduction in mean weight by 1.87kg (p<0.0001) mean 
BMI by 0.67kg/m2 (p<0.0001). While BMR was significantly higher 
by 20.44 calories per day (p=0.005).

Mean PFI and VO2 max at baseline and after six months of yoga 
practice is summarized in [Table/Fig-3]. It shows, after six months 
of regular yoga practice, PFI was significantly increased by 19.83 
(56.15%) (p<0.0001) and VO2 max by 6.30 ml/kg/min 14.43% 
(p<0.0001).

Variables Measurements
Mean±SD 

(n=200)
Mean  

Difference
t-

value
p-value

Weight 
(kg)

Pre-Yogic 
Exercise

69.19±10.95

1.87 8.22 p<0.0001***
Post-Yogic 
Exercise

67.32±8.82

BMI (kg/
m2)

Pre-Yogic 
Exercise

25.30±3.46

0.67 7.01 p<0.0001***
Post-Yogic 
Exercise

24.63±2.65

BMR

Pre-Yogic 
Exercise

1490.74±194.48

20.44 2.83 p=0.005**
Post-Yogic 
Exercise

1511.18±172.67

[table/Fig-2]: Comparison of Pre and Post-yogic exercise Weight, Body Mass 
Index (BMI), Basal Metabolic Rate (BMR). 
SD: Standard Deviation; ***p<0.0001; **p=0.005; statistical test: paired t-test

Variables Measurements
Mean±SD 

(n=200)
Mean  

Difference
t-

value
p-value

PFI

Pre-Yogic Exercise 35.31±16.89

19.83 24.20 p<0.0001***

Post-Yogic Exercise 55.13±19.67

VO2 Max 
(ml/kg/
min)

Pre-Yogic Exercise 43.73±6.28

6.30 18.02 p<0.0001***

Post-Yogic Exercise 50.04±6.95

[table/Fig-3]: Comparison of Pre and Post-yogic exercise PFI and VO2 max. 
SD: Standard Deviation; S: Significant; ***p<0.0001, statistical test: paired t-test

dIScuSSIOn
This study was aimed to find the effect of long-term training of yoga 
for six months on cardio-respiratory fitness by determining the PFI, 
and VO2 max profile along with the anthropologic parameters in 
healthy adults. 

We found a highly significant reduction (p<0.0001) in body weight 
and BMI (p<0.0001) following yoga training for six months. 
However, a significant increase in post-yogic BMR was noticed 
(p=0.005) [Table/Fig-2]. Post-yogic values for PFI and VO2max 
were significantly higher (p<0.0001) than its pre-yogic values [Table/
Fig-3]. These findings indicate positive effects of yoga on the cardio-
respiratory fitness.

The outcomes of this study i.e., reduction in weight and BMI after yoga 
practice were consistent with the findings of other studies [18,19]. 
Few other studies have also reported the reduction in BMI after 
yoga regimen [20,21]. Further, Parmar D et al., have reported that, 
overweight individuals were having less physical fitness in comparison 
to normal BMI individuals [22]. In the context of the findings of Parmar 
D et al., the present study reports an improvement in BMI after yoga 
practice [22]. Hence, we presume that the enhancement in physical 
fitness might be due to improvement in BMI.

Thuse MP in his study found the improvement in BMI and physical 
fitness efficiency following 14 weeks of yoga intervention [23]. 
Significant increase in maximum oxygen consumption (VO2 max) 
post-yogic exercise in our study matches with the findings of Tran 
MD et al., [24]. According to him, increase in VO2max may be 
attributed to increased muscular endurance resulting from the 
yoga practice. Our findings related to increase in PFI and VO2max 
were in accordance with findings of Balasubramanian B et al., [25]. 
They have reported significant rise in cardiopulmonary fitness after 
six months of yoga training. In their treatise, they made it clear that 
increase in VO2 max is due to increased oxygen consumption by 
the muscle as a result of yogic exercise which in turn suggests 
an increase in muscle blood flow. Further, Gharote MC, reiterates 
this effect is due to generalized decrease in vascular tone resulting 
from stimulation of parasympathetic activity during the yogic 
training [26].
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So, significant improvement in BMI, PFI and VO2 max by 
yogic exercises in healthy individuals adds extra fitness to 
cardiorespiratory health.

LIMItAtIOn
The present study was conducted on yoga group only. There was 
no control group considered. Measurement and comparison of PFI 
and VO2 max in yoga and control group would have given much 
more clear idea about the effect of yoga on cardiorespiratory fitness. 
Male and female subjects were included in the study but considered 
whole cohort as a single unit so, no separate analysis was done. 
In future, the study may be conducted with- i) yoga group along 
with control group; and ii) comparative analysis of data for male and 
female subjects, separately.

cOncLuSIOn
The outcomes of the present study may encourage implementing 
yoga exercise as cardio-respiratory fitness regimen. Regular yoga 
exercise may also be adopted as BMI improving workout.
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