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ABSTRACT

Basal metabolic rate is influenced by different procedures practiced in yoga that may have stimulatory or
inhibitory effects. In daily life however, these procedures are usually practiced in combination. The purpose
of the present study was to investigate the net change in the basal metabolic rate (BMR) of individuals
actively engaging in a combination of yoga practices (asana or yogic postures, meditation and Pranayama or
breathing exercises) for a minimum period of six months, at meditation hall, Department of Yoga &
Naturopathy, Manav Bharti University, Solan, Himachal Pradesh.
The measured BMR of individuals practicing yoga through a combination of practices was compared with
that of control subjects who did not practice yoga but led similar lifestyles.
The BMR of the yoga practitioners was significantly lower than that of the non-yoga group, and was lower by
about 13 % when adjusted for body weight (P < 0.001). This difference persisted when the groups were
stratified by gender; however, the difference in BMR adjusted for body weight was greater in women than
men (about 8 and 18% respectively). In addition, the mean BMR of the yoga group was significantly lower
than their predicted values, while the mean BMR of non-yoga group was comparable with their predicted
values derived from 1985 WHO predictive equations.
This study reveals that there is a significantly reduced BMR, probably linked to reduced arousal, with the
long term practice of yoga using a combination of stimulatory and inhibitory yogic practices.

INTRODUCTION

Yoga is an ancient technique practiced by sages and yogis as a desirable and healthy way of life. The very meaning
of yoga is to achieve a balance within the internal and external environment, thereby seeking to attain mental,
spiritual and physical well-being. This is made possible through the practice of "Pranayama" or breathing exercises,
"Asana" or specific postures, and Meditation (Taimni LK the Science of Yoga. 1961..) It is thought that practicing
yoga over a period of time leads to a decrease in respiratory rate, muscular relaxation along with calming of the
mind, which might be interpreted at least partly as a decreased state of arousal (M M Yogi: The science of being and
art of living. 1969. And Nagendra HR & Nagarathna R: New perspectives in stress management. 1977.) Many
acute studies have demonstrated that Transcendental Meditation, Zen Meditation, Om Meditation, and Yogic
Relaxation reduce the resting oxygen consumption rate, respiratory rate, heart rate, and the spontaneous galvanic
skin response (Hoffman JW mp et all Reduced synthetic nervous system responsively associated with the relaxation
response. Science 1982, 215(4529):190-2. & Wallace R.K. et al, A wakeful hypometabolic physiological state. Am
J Physiol 1971, 221:795-99? And Wallace RK & Benson H: The physiology of meditation. 1972:86-91. Telles S et
all Breathing through a particular nostril can alter metabolic and autonomic activities. Indian J Physiol
Pharmacology 1994, 38:133-37. And Telles S et all Autonomic changes during OM Meditation. Indian J Physiol
and Pharmacology 1995, 39:418-20.) These changes are thought to be due to decreased arousal as well as decreased
mental and muscular activity. It should be noted that the findings referred to above, particularly with reference to
meditation, are different from those found during sleep, to the extent that these are observed in a wakeful relaxed
state, and usually in the sitting posture.
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In contrast to the reduced physiological and metabolic activity observed during meditation and relaxation posture
types of asana, Pranayama and other specific asana could acutely increase the metabolic rate. An increase of 19% in
oxygen consumption has been observed during the practice of one type of Pranayama called the Ujjayi Pranayama
(Miles WR: J Appl Physiol 1964, 19:75-82.). Breathing through a particular nostril, while performing the Surya
Anuloma Viloma (right nostril breathing), has been shown to increase oxygen consumption by 28% (Telles S et all
Indian J Physiol Pharmacology 1994, 38:133-37). Other specific asana can also increase the metabolic rate
transiently over the short term (Rai L and Ram K: Indian J Physiol Phar- macol 1993, 37:45-50 and Rai L et al
Indian J Physiol and Pharmacology 1994, 38:29-33). The increase in oxygen consumption during these yogic
practices is due the muscular activity associated with the posture assumed during the asana, or due to an increase in
voluntary deep inhalation and exhalation during the Pranayama (Miles WR: J Appl Physiol 1964, 19:75-82.) There
are at least two questions that arise from these findings.
First, yoga practitioners usually combine techniques such as Pranayama, asana as well as meditation in their daily
yoga practice. While the acute effect of each of these techniques has been documented, the combined effect of these
practices, with their stimulatory or inhibitory effect on the BMR, is unknown. Second, the experiments referred to
above have documented the acute effect of yoga practices on the oxygen consumption. From a daily living
viewpoint, it is desirable to demonstrate the effect of a long-term combined yoga routine on the BMR.
There- fore, the primary aim of this study was to answer these questions by studying the effect of a long term (six
months or greater) practice of combined techniques of yoga, on the BMR of young to middle aged men and women.

MATERIALS AND METHODS

The study was conducted at meditation hall, Department of Yoga & Naturopathy, Manav Bharti University, Solan,
and Himachal Pradesh. One hundred and four subjects, 39 women and 65 men in the age range of 20–60 years, were
recruited for this study after giving their informed consent. Subjects with chronic disease or those on medications or
with organ system dysfunction were excluded. The subjects were divided into two groups; a yoga group (n = 55)
who were those practicing combined yoga (practice of asana, Pranayama and meditation) for the past six months or
more, and a non yoga group (n = 49), who were those subjects not practicing yoga but working as volunteers. The
yoga and non yoga groups were further stratified based on gender. The number, age and physical characteristics of
the subjects are provided in Table 1.
The yoga group practiced a mixed set of yoga techniques daily, in the form of asana (postures) and deep relaxation
technique, Pranayama (breathing techniques) and meditation, for at least the past 6 months or more. The asana
postures started with stretching techniques followed by standing, supine, prone and sitting postures.

Table 1: Age and anthropometric characteristics of men and women belonging to yoga
and non yoga groups.

Groups Yoga Non Yoga
Total N 55 49
Group Age (y) 34.18 ± 11.3 32.66 ± 9.77

Weight (kg) 57.78 ± 8.57 59.28 ± 8.62
Height (M) 1.61 ± 0.01 1.56 ± 0.18
BMI (kg/m2) 21.61 ± 3.36 21.47 ± 2.66

Women N 24 15
Age (y) 32.9 ± 11.24 33.3 ± 9.53
Weight (kg) 55.9 ± 8.2 55.3 ± 9.3
Height (M) 1.58 ± 0.07 1.50 ± 0.16
BMI (kg/m2) 22.2 ± 3.8 22.0 ± 2.8

Men N 31 34
Age (y) 35.5 ± 11.4 32.0 ± 10.0
Weight (kg) 59.8 ± 9.0 63.3 ± 8.0
Height (M) 1.65 ± 0.13 1.62 ± 0.21
BMI (kg/m2) 21.02 ± 3.0 20.9 ± 2.5

Values are mean ± 1 SD.
No significant difference between groups
Chaya et al. BMC Complementary and Alternative Medicine 2006 6:28 doi:10.1186/1472-
6882-6-28
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The standing postures were the side bending triangle posture (trikon asana), forward bending (padahast asana),
backward bending (ardha chakr asana) and side lateral bending (ardha kati chakr asana) techniques. The supine
postures were straight leg raising and shoulder stand posture (sarvang asana), while the prone postures were locust
(shalabh asana), serpent (bhujang asana) and bow (dhanur asana) postures. The sitting postures were the moon
(shasank asana), hardy (vajr asana), and the half matsyendra (ardha matsyendra) postures. The asana were
followed by a deep relaxation technique, which was performed for 6 minutes with closed eyes with specific
instructions relating to awareness and relaxation of different parts of the body. The Pranayama phase consisted of
fast breathing techniques such as forceful exhalation (kapala-bhathi), and breathing through the mouth with tongue
folded (shirttail and Sitkari), sectional breathing addressing the lower, middle and upper lobes of the lungs
(vibhagiya Pranayama), and a slow breathing technique or alternate nostril breathing (Nadisuddhi Pranayama). At
the end of the Pranayama, the practitioner no significant difference between groups assumed the supine posture in a
totally relaxed state with closed eyes (also called the corpse posture or Savasana) for 3–6 minutes, in which the aim
was to achieve an awareness of relaxation of every part of the body. Meditation practices were performed in the
sitting position starting with breath awareness and relaxation. More detailed descriptions of these techniques are
available in yogic texts (Nagarathna R and Nagendra HR 2nd edition. Bangalore, Swami Vivekananda yoga
Prakashana; 2004.)

Menstruating women performed only Pranayama and meditation. The non yoga group did not practice any asana,
Pranayama, meditation or special techniques, but otherwise lived a life that was similar to that of the yoga group,
since they were volunteers at meditation hall, were vegetarian and did not drink or smoke.
During the measurement, the subjects had an early vegetarian dinner before 1800 h the previous night, followed at
least 8 hours of sleep, and reported in the fasted state to the metabolic laboratory at 0530 h the next morning. Their
body weight was measured to the nearest 10 g by a digital weighing scale (Soehnle, Germany), and height was
measured to the nearest 0.1 cm by using a standard stadiometer. The subjects then rested in the supine posture for 20
minutes before the measurement of BMR in a quiet, thermo neutral room. The women were assessed without regard
to the stage of their menstrual cycle. The BMR was measured by indirect calorimetric (Oxycon-Pro, Jaeger,
Germany), using a face mask and breath by breath analysis of oxygen consumption (VO2) and carbon dioxide
production (VCO2) for a period of 20 minutes; respiratory quotient (RQ) and energy expenditure (EE) were
calculated from these variables. Other respiratory variables collected were the ventilation volume and the breath
flow rate. The machine was calibrated daily for flow volume and gas analysis by using certified gases (5.2 % of CO2

and balance nitrogen, and atmospheric air, BOC, UK). The 1985 FAO/WHO/UNU prediction equations were used
to obtain predicted values of BMR based on age, gender and body weight.
The data are presented as mean ± SD (standard deviation). Comparisons between the groups were performed using
the Student independent t test, and analysis of covariance was used to adjust the BMR for differences in body weight
between the groups. Differences were considered to be significant at p < 0.05.

RESULTS

The yoga group consisted of 24 women and 31 men, while the non yoga group consisted of 34 men and 15 women
respectively (Table 1). There were no significant differences in age or anthropometric parameters between the
groups in terms of age and body weight, even when stratified for gender. The measured and predicted BMR of the
subjects is shown in (Table 2). Overall, there was significant decrease (15%) in the measured BMR of the yoga
group when compared with the non yoga group (p < 0.000). When stratified by gender, the measured BMR of the
yoga group was lower than the measured BMR in women (16%, p < 0.001) and men (12%, p < 0.001) of the non
yoga group.

Table 2: BMR values in yoga and non-yoga groups with their Mean predicted values

Yoga n = 55 Non Yoga n = 49
BMR (Kcal/d) 1197.6 ± 238.3 **,+ 1420.2 ± 251.2
BMR ¶ 20.6 ± 3.6 ** 23.6 ± 4.6
Predicted BMR (Kcal/d) 1388.2 ± 169.9 1423.1 ± 151.5
Mean ± 1 SD
** P < 0.001, yoga group compared with non yoga group
+ P < 0.001 BMR of subjects in each group compared with their predicted values
¶ Adjusted for body weight
Chaya et al. BMC Complementary and Alternative Medicine 2006 6:28 doi:10.1186/1472-6882-6-28
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The significant difference in BMR persisted even after adjustment for body weight by analysis of covariance
between the yoga group men and women (Table 3), and the difference between yoga and non-yoga groups was of
the order of about 9 and 18% in men and women respectively. When differences were analyzed between genders
within groups, women in the yoga group had a significantly lower BMR when compared to men after adjusting for
body weight, but this gender difference was not observed in the non yoga group (Table 3). However, there was no
significant difference between the non yoga group men and women after adjusting for body weight.

Table 3: Gender wise comparison of BMR of yoga and non yoga groups along with their predicted values.

Women Men
Yoga(n = 24) Non Yoga (n =15) Yoga(n =31) Non Yoga(n =34)

BMR (Kcal/d) 1061.0 ± 201.9‡,** 1275.1 ± 226.2 1303.3 ± 210.9‡,** 1484.3 ± 237.2
BMR ¶ 19.1 ± 3.5‡,** 23.5 ± 5.2 21.8 ± 3.3‡,* 23.7 ± 4.4
Predicted BMR
(Kcal/d)

1249.7 ± 98.5 1244.9 ± 82.1 1495.5 ± 131.5 1501.7 ± 98.7

Mean ± 1 SD
** P < 0.001, yoga group compared with non yoga group
* P < 0.05, yoga group compared with non yoga group
‡ P < 0.001, BMR of subjects in each group compared with their predicted values
¶ Adjusted for body weight
Chaya et al. BMC Complementary and Alternative Medicine 2006 6:28 doi:10.1186/1472-6882-6-28

(Table 4) shows a comparison of yoga and non yoga group stratified by gender in all the other measured respiratory
parameters. In addition to the BMR difference in the yoga group described above (Table 2, 3), there was also a
significant decrease in other respiratory parameters between yoga and non yoga groups, such as in VO2, VCO2,
respiratory minute ventilation volume (VE, for men only) and breath flow rate (BF) (Table 4). There was no
significant difference in heart rate (HR) between groups, however, there were small but significant differences in the
RQ between the yoga and non yoga groups, although these differences were in different directions for men and
women.

Table 4: Gender wise comparisons of respiratory and cardiac parameters of yoga and non yoga group.

Women Men
Yoga (n = 24) Non Yoga (n =15) Yoga (n = 31) Non Yoga (n = 34)

VE [l/min] 5.5 ± 1.2 6.1 ± 1.1 6.1 ± 1.0** 7.2 ± 1.3
BF [1/min] 14.8 ± 3.7** 17.7 ± 2.1 12.6 ± 3.5** 15.0 ± 3.2
VO2 [ml/min] 155.4 ± 27.6** 185.4 ± 32.7 192.4 ± 28.2** 212.9 ± 33.6
VCO2 [ml/min] 142.2 ± 26.2* 160.3 ± 26.6 169.7 ± 27.7** 194.0 ± 31.7
RQ 0.91± 0.07* 0.87 ± 0.06 0.88 ± 0.05* 0.91 ± 0.06
HR [beats/min] 69.6 ± 9.0 72.1 ± 5.8 64.2 ± 9.7 64.7 ± 11.2
Mean ± SD
** P < 0.001, yoga group compared with non yoga group
* P < 0.05, yoga group compared with non yoga group
VE (minute ventilation rate), BF (breath flow), VO2 (volume of oxygen consumed/minute)
VCO2 (volume of carbon dioxide expired/minute), RQ (respiratory quotient), HR (heart rate)
Chaya et al. BMC Complementary and Alternative Medicine 2006 6:28 doi:10.1186/1472-6882-6-28

When compared to predicted BMR (predicted by gender and age based equations based on body weight and
height), both men and women in the yoga group showed a lower measured BMR (p < 0.001). On the other hand, the
BMR of the non yoga group, taken as a whole, or stratified by gender, was comparable with their predicted values
(Tables 2, 3).

DISCUSSIONS AND CONCLUSION

Yoga is a state (meaning union) which is defined as a high level of consciousness achieved through a fully rested
relaxed body and a fully awake and relaxed mind (Wallace RK et al Am J Physiol 1971, 221:795-99?).
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The effect of yoga on body function may be related to decreased arousal or a decrease in sympathetic nervous
system activity. Meditation or relaxation according to yogic scriptures is a calming of the mind, slowing of the
breath and relaxation of the muscles (Taimni LK: 1961and Maharishi M Yogi1969 and Nagendra HR and
Nagarathna R 1977) and this is consistent with the effect of small changes in the psychological state on heart rate,
respiratory rate and energy expenditure (Wallace RK and Benson H: 1972: 86-91 and Telles S et al 1994, 38:133-37
and Telles S at al 1995, 39:418-20). Earlier studies have demonstrated that transcendental meditation, Zen
meditation, Yogic meditation and certain Pranayama and relaxation techniques reduce O2 consumption, CO2

elimination, metabolic rate, heart rate, pulse rate, breath rate measured immediately prior to, during and after the
meditation or relaxation techniques (Wenger MA and Bagchi BK Behavl Sci. 1961, 6:312-23 and  Kasamatsu A and
Hirai T 1966, 20:315-36 and Telles S and Desiraju T 1991, 94:357-63and Telles S at al 2000, 25:221-27 and
Wallace RK et al Am J Physiol 1971, 221:795-99? And Wallace RK and Benson H: 1972:86-91). Recordings of the
EEG in subjects practicing transcendental meditation have also demonstrated a predominant alpha wave activity
(even with eyes half open) which progressively increased in amplitude and decreased in frequency during the first
stage of transcendental meditation, followed by occasional theta waves in the second stage of meditation (Banquet
JP 1973, 35:143-55) While the voluntary cessation of the heart beat by a yogi has been recorded (Benson H et al
1990, 16:90-5), yogic and Zen mediators could also reduce their oxygen consumption, metabolic rate, and heart rate
for short periods of time by (Bagchi BK and Wenger MA 1957, 7(suppl):132-49 and Kasamatsu A and Hirai T 1966,
20:315-36) These acute studies suggest that the mechanism by which this may occur is a possible alteration of
autonomic nervous function, and studies showing decreased arousal with yoga (Orme-Johnson DW 1973, 35:341-9
and Telles S at al 2000, 25:221-27) support this view.
The reduction in BMR in long term yoga practitioners might be considered to be a form of adaptation through
reduced arousal in healthy, well nourished men and women, which, while similar in direction, is probably different
from the adaptation to chronic under nutrition (Shetty PS 1935:267-84 and Shetty PS 1999, 53(Suppl):814-33) The
importance of the present study is that it sought to evaluate real life practice of yoga, which usually combines
several techniques and is practiced over a period of time. It also suggests a hierarchy of effects, such that the
predominant outcome with mixed yoga practice (using techniques that have a stimulatory or inhibitory Effect) is one
of inhibition. The difference in BMR (adjusted for body weight) was much greater for the women rather than men in
this study. It is possible the yoga training was more effective in women or that women respond differently to the
practice of yoga, since women can respond differently to different levels of stress (Al’Absi M and Wittmers LE Jr
2003, 25(1):25-33 and Traustadottir T at al Stress 2003, 6(2):133-40). This is not unreasonable, and certainly needs
further investigation. One drawback in the present study was that the phase of the menstrual cycle of the women was
not constant during the measurement period, nor was a detailed menstrual history obtained. The present study also
did not measure body composition, and it is possible that the differences in BMR may disappear after correcting for
body composition differences. It is difficult to ascribe a direct mechanism related to yoga through physiological
means, since these were not measured. The interesting follow up to these studies is to observe how long these
changes last after the cessation of yoga practice, and whether the continued practice of such a lifestyle would bring
certain changes that are more persistent in nature at the cellular level. There were no large differences in RQ
between the groups; although there was a small but significant difference between yoga and non yoga groups in the
RQ, this was different in direction between men and women, and in general, the rounded off value of the RQ in all
groupswas0.9.This is consistent with a high carbohydrate intake population, as has been shown earlier (Kurpad AV
at al BrJNutr1989, 61:201-8) and does not explain the difference between groups.
The BMR can also adapt to the nutritional status and physical activity of the individual. Metabolic adaptations in
terms of a reduced BMR are known to occur in acute (Shetty PS 1999, 53(Suppl):814-33) and chronic (Soares MJ
and Shetty PS Eur J Clin Nutr 1991and Shetty PS 45:363-73) under nutrition. The subjects in the present study were
normally nourished and did not report any acute weight change during the last six months, and the women were non-
pregnant and non-lactating. Physical activity is also known to influence the BMR, for example, endurance trained
athletes have been shown to have a higher BMR (Sjodin AM et al Med Sci Sports Exerc 1996, 28:85-91) and high
intensity exercise on the previous day has been shown to increase the BMR (Williamson DL and Kirwan JP J
Gerontology A Biol Sci Med Sci 1997, 52(6):M352-355) although low and moderate intensity exercises does not
seem to have a similar effect (Ribera J et al Br J Nutr 2000, 83:355-62). Notwithstanding the latter finding, it
would seem likely that yoga, which is a mild to moderate form of activity (Rai L and Ram K Indian J Physiol Phar-
macol 1993, 37:45-50 and Rai L et al Indian J Physiol and Pharmacology 1994, 38:29-33), would, if at all, increase
the BMR. However, this study shows that yoga, when practiced in a combined mode, with asana, Pranayama and
meditation over a period of time, actually reduces the BMR. Other respiratory parameters such as minute ventilation
volume and breath flow rate also were lower in the yoga group suggesting a controlled pattern of breathing. Both
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groups of subjects had similar resting heart rates suggesting that there was no actual change in physical fitness
between the groups.
An interesting implication that underlies the reduced BMR with long term combined yoga practice is whether it
creates a propensity for weight gain and fat deposition. The latter is a problem in India, in which higher adiposity is
observed at a lower body mass index, and in general, urban prevalence of chronic non-communicable disease is high
(Ramachandran A et al Diabetologia 1997, 40:232-37 and WHO Expert Consultation Lancet 2004, 363:157-63). In
contrast, yoga is thought to be associated with positive effects on health, and this might be related to other
concomitant beneficial changes in appetite, food intake and body composition. The effect of a lowered BMR on the
risk for chronic disease needs to be evaluated through follow up studies, with measurements of the effect of long
term combined yoga on the appetite, weight stability, sense of well-being and body composition. In conclusion, the
present study demonstrates that the long term practice of yoga and meditation leads to a decline in the BMR, and
this decline is seen in men and women.
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