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Abstract : Surya Namaskar (SN), a popular traditional Indian yogic practice
called “Sun Salutations”, includes practice of twelve physical postures
involving alternate backward bending and forward bending postures. The
practice of twelve postures in succession makes one round of its practice.
Many people practise it as part of their daily physical fitness regimen. No
study is available to compare cardiorespiratory responses of SN with bicycle
exercise (BE). 20 healthy Yoga instructors practicing various Yogic practices
including SN since last 7-8 years participated in the study. They performed
SN in the laboratory according to their customary daily practice routine.
The subject also performed incremental load bicycle exercise test till

exhaustion on their second visit for measuring their VO2 max. SN and BE
were compared at three similar exercise intensity levels in terms of % of

VO2 max. The exercise intensities were light (10-20% VO2 max), moderate
(21-40% VO2 max) and high intensities (41-50% VO2 max). Heart rate at
high work intensity was significantly higher in BE than SN (P<.001).
Ventilation and carbon dioxide output were significantly higher in BE than
SN at high exercise intensity (P<0.001). Overall, cardiorespiratory stress is
less in SN than BE at similar work intensities.
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INTRODUCTION

Surya Namaskar (SN), a traditional
Indian Yogic practice, involves performing
twelve physical postures with alternate

forward and backward bending (1). Practicing
twelve physical postures of SN constitute one
round of its practice. Each forward bending
posture is practiced with exhalation to
residual volume and backward bending

Indian J Physiol Pharmacol 2013; 57(2) : 169–176



170 Sinha et al Indian J Physiol Pharmacol 2013; 57(2)

posture with inhalation to total lung capacity
(TLC). The practice of SN has become very
popular amongst people since its practice
gives the benefit of aerobic exercise along
with stretching o f  muscles .  The deep
breathing performed with each posture also
renders some benefits of breathing exercise.

Bicycle exercise (BE), a very popular
form of aerobic exercise and people practice
in gym or at home. It is a dynamic exercise
involving mostly the lower limb muscles
unlike SN where almost all muscles of the
body get involved. The SN is having both
the static and dynamic components of the
exercise; the variation of these components
depends on the pace it is practiced. Slower
pract ice  wi l l  br ing  in  more  isometr ic
component whereas faster practice will cause
preponderance of dynamic components.

The energy cost and cardiorespiratory
changes during the practice of SN in yoga
trainees was reported first by the author (2).
In another study, the author reported
cardiorespiratory responses and energy cost
of practicing two consecutive rounds of SN
at slow and fast pace and also studied how
much time is normally taken by Yoga
Instructors when they performed SN at slow
and fast pace (3). Mody Found out average
work intensity for practicing one round of
SN was 7.67 kcal/min  during performance
of 04 rounds of SN in 30 min, in trainees
who underwent training in SN for 2 years.
He observed that regular practice of SN may
maintain or improve cardiorespiratory fitness
as well as promote weight management (4).
Bhavanani et al studied the comparative
differential effects of six months of slow and
fast  SN training on cardiorespiratory
parameters and muscle endurance in 42

school children aged 12-16 years. They
concluded that the effects of fast SN training
are similar to those of physical aerobic
exercise with increased muscular endurance
and power, whereas the effects of slow SN
training are similar to those of Yoga training
with fall in cardiovascular parameters toward
lower normal values (5). Sasi et al reported
increase of  systolic blood pressure, peak
expiratory flow rate, forced vital capacity and
reduction of respiratory rate, heart rate and
diastol ic  blood pressure in 115 school
children aged 10-14 years after practice of
30-40 minutes of daily SN for 45 days (6).
Hagins et al reported that yoga practice
incorporating SN for more than 10 minutes
may constitute some portion of sufficient
intense physical activity and can improve
cardiorespiratory  f i tness  in  unf i t  or
sedentary individuals (7). Bhutkar et al
evaluated the effects of regular practice of
sun salutation on muscle strength, general
body endurance and body composition (8). In
another study, Bhutkar et al observed that
regular SN practice improved cardiopulmonary
efficiency in healthy adolescents and was
beneficial for both males and females (9).

The exercise intensity of BE and other
dynamic and static exercises of varying work
intensity are well reported in the literature
(10-13) .  I t  was  hypothesized  that
cardiorespiratory responses of SN may be
lesser as compared to BE at similar work
intensity level. The reason for this premise
was based on an earlier study by the author
where they observed that oxygen demand of
SN was increased by 10% from 1st round to
2nd round of practice and heart rate reserve
by 2-10% from 1st round to 2nd round (3).
Whereas in BE, the exercise intensity at a
particular level of work intensity is exerted
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immediately unlike SN where the intensity
of the exercise increases progressively from
1st round to successive rounds. Further,
isometric component is comparatively higher
in SN than BE where there is preponderance
of dynamic component. The cardiorespiratory
responses to isometric and dynamic exercise
vary in great deal. Muscle metaboreflex,
central  command and type  o f  muscle
contraction, size of the muscle mass involved
and contract ion  intensi ty  a f fect  the
cardiorespiratory changes during exercise.
No scientific study is available where BE had
been compared with SN at similar energy
expenditure level. The present study was
carr ied  out  with  an a im to  compare
cardiorespiratory responses of SN with BE
at three levels of work intensities in terms

of percentage of VO2 max.

METHODS

Twenty young, clinically healthy male
volunteers from various yoga centers located
in and around Delhi, India participated in
the present study. They were aged between
20-26 years and belong to the same ethnic
group. Their height was 170.2±4.93 cm and
body weight was 62.2±3.76 kg.

The participants were non-smokers,
vegetarian and non-alcoholic. They were
practicing 3 rounds of SN along with other
Yogic practices 1 hour daily for last 7-8
years. The duration of performing 1 round
of SN practice was 3 min and 40 s.

Part ic ipants  gave  their  vo luntary
informed consent to participate in the study
and undertake physiological monitoring on
them during actual performance of SN in
the laboratory. They were being familiarized

with experimental set up and protocol before
carrying out any physiological recording on
them. The Institute Ethical Committee
approved the protocol of the study.

The participants performed SN in a dimly
lit, sound attenuated and thermoneutral
room in the laboratory along with other yogic
practices. It was ensured to provide adequate
rest period in between two yogic practices
by monitoring their  cardio-respiratory
parameters till it returned to the pre-yoga
baseline values. They performed only one

round of SN in the laboratory. The VO2 max
of the subjects was measured on their second
visit to the laboratory by an incremental load
bicycle exercise test till exhaustion. The
subjects first warmed up in bicycle at a
workload of 25 watt for 3 min. This was
followed by rest for 2 min and followed by
exercise at an incremental workload starting
from 25 watt till exhaustion. The subjects
performed exercise at each workload for 3
min.

The ventilatory parameters recorded
during SN and BE were oxygen consumption

(VO2 in L.min–1), carbon dioxide output (VCO2

in L.min–1), minute ventilation (VE in L.min–

1), tidal volume (VT in L.breath–1), breathing
rate (fR in breaths.min–1). Exercise test
assembly, Jaeger Oxycon Champion (Erich
Jaeger, Germany), was used for measuring
ventilatory parameters. Heart rate (HR- in
beats per minute) was measured by using
single lead ECG by putting three electrodes
on anterior surface of the chest. Derived
parameters like ventilatory equivalent for
oxygen (EQO2), ventilatory equivalent for
carbon dioxide (EQCO2) and oxygen pulse (O2P)
were calculated from the main parameters.
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The data was analyzed by using a
statistical software package Statistica 8.0.
First, data was checked for normality by
Shapiro Wilks ‘W’ statistic. A repeated
measure ANOVA with two factors was
applied to analyze the data. First factor was
exercise intensity which had three different

levels like light intensity (10-20% VO2 max),

moderate intensity (21-30% VO2 max) and

high intensity (40-50% VO2 max).  The
other factor was type of exercise which
again had two levels i .e .  SN and BE.
Posthoc analysis was done by applying
Tukey HSD for intragroup and intergroup
comparison.

RESULTS

The cardiorespiratory responses during
SN and BE at similar low, moderate and high
exercise intensities were shown in Table I.
At  high exerc ise  intensi ty ,  HR was
significantly higher (P<0.001) in BE than SN.

The oxygen consumption and other
cardiorespiratory parameters during actual
practice of SN and BE were measured in the

laboratory. VO2 during SN practice was
found to vary from as low as 0.420 L.min–1

to 1.22 L.min–1. The VO2 max of the subjects
was 3 .0±0.48  L.min –1.  Three  exerc ise
intensities of SN equivalent to an energy

expenditure of 10-20% VO2 max, 21-40% VO2

max, 41-50% VO2 max % of VO2 max were
worked out. These exercise intensities were
described as l ight,  moderate and high
exercise intensity. The cardiorespiratory
parameters at an energy expenditure of 10-

20% O2 max, 21-40% VO2 max, 41-50% VO2

max % of VO2 max during SN were found
out. The cardiorespiratory parameters of BE

equivalent to 10-20% VO2 max, 21-40% VO2

max, 41-50% VO2 max exercise intensities
were also found out. SN and BE were then
compared keeping energy expenditure or
oxygen uptake level as constant.

TABLE I : Comparison of cardiorespiratory parameters of SN and BE at low (10-20% VO2max),
moderate (21-40% VO2max) and high (41-50% VO2max) exercise intensity.

10-20% VO2max 21-40% VO2max 41-50% VO2max
Parameters

SN (I) BE (II) SN (III) BE (IV) SN (V) BE (VI)

HR 84.0±11.17 78.4±12.16 94.5±15.66a3,b3 89.5±13.17b3 96.6±13.39a3,b3 108.6±11.96a3,b3,c3,d3,e3

O2P 5.38±2.53 5.49±1.73 7.84±2.12a3,b3,e3 8.06±1.63a3,b3,e3 13.04±3.79a3,b3,c3,d3 11.40±2.77a3,b3,c3,d3,e3

VCO2 0.350±0.93 0.359±0.11 0.600±0.15a3,b3,e3,f3 0.577±0.12a3,b3,e3,f3 0.900±0.17a3,b3,c3,d3 0.999±0.26a3,b3,c3,d3,e3

VE 12.57±3.86 14.59±3.24 18.87±5.41a3,b3 19.76±3.15a3,b3 25.52±4.63a3,b3,c3,d3 28.74±6.01a3,b3,c3,d3,e3

fR 17.62±3.70 18.04±4.23 18.52±7.14 22.14±4.03a3,b3,c2 23.23±4.29a3,b3,c3 24.36±3.47a3,b3,c3

VT 0.746±0.32 0.849±0.26a1 1.093±0.33a3,b2 0.921±0.24 1.129±0.26a3,b3,d1 1.195±0.27a3,b3,d2

EQO2 29.78±6.03 35.43±6.09a3 24.46±4.45a3,b3 28.98±4.85b3,c3 21.38±3.93a3,b3,c2,d3 23.63±2.13a3,b3,d3

EQCO2 35.21±4.71 42.08±7.99a3 30.84±3.07a3,b3 35.87±6.56b3,c3 28.03±2.11a3,b3,d3 29.01±2.25a3,b3,d3

Data presented are mean±SD. Analysis of data was done by two factors repeated measure ANOVA. Post-
hoc analysis was done by Tukey HSD test for intragroup and intergroup comparison of SN and BE.
a - significantly different from SN (I) group
b - significantly different from SN (II) group
c - significantly different from SN (III) group
d- significantly different from SN (IV) group
e - significantly different from SN (v) group
The numbers 1, 2 and 3 denotes the level of significance at P<0.05, P<0.01 and P<0.001 respectively.
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O2P was significantly higher in SN than BE
at high exercise intensity (P<0.001). At high

exercise intensity VCO2 was significantly
higher (P<0.001) in BE than SN.

Overall respiratory stress was found to
be higher in BE than SN. At low and

moderate exercise intensities VE was not
though s igni f i cant ly  higher  in  BE as
compared to SN, but it was significantly
higher in BE than SN (P<0.001) at higher
work intensity. fR was found to be higher in
BE than SN at  three  levels  o f  work
intensities but it showed  significantly higher
value in BE than SN at moderate work
intensity only. At low exercise intensity, VT

was significantly lower in SN than BE
(P<0.05). EQO2, an estimate of required
amount of pulmonary ventilation for 1 L of
oxygen consumption, was significantly higher
in BE than SN at low and moderate exercise
intensities (P<0.001 in both cases). EQCO2

measures the volume of air flowing in the
lungs for removal of 1 L of CO2 from it in a
minute and it was significantly higher in BE
than SN at both low and moderate intensity
(P<0.001 in both the cases).

DISCUSSION

Cardiovascular response to exercise
depends on various factors namely the type
of exercise performed i .e.  isometric or
isotonic, size of the active muscle mass
involved, intensity of the muscle contraction
and duration of the exercise (13-15). Various
investigators have shown that isometric
muscular contraction induced increase in
heart rate is dependent upon the level of
force  generated in  the  muscle  during
isometric contraction (16-17). Afferent nerves

from working muscles are important in
determining the heart  rate  and blood
pressure responses to brief maximal static
exercise (18). However, others have reported
that cardiovascular response to  static
contraction is directly proportional to the size
of the active muscle mass involved (19-20).

Yogic  Asanas are  character ized by
presence of slow, static isometric component
(21).  The practice of SN involves both the
static  and dynamic components of  the
exercise. At lower exercise intensity, the
higher HR in SN might have been due to an
additional static exercise input over and
above its dynamic component.

It is reported that imposition of a static
exercise component on dynamic exercise
increases submaximal heart rate response
(22). At higher exercise intensity (41-50%

VO2 max), HR was seen to be higher in BE
than SN. HR regulating mechanisms are
different during dynamic exercise from static
exercise, with a predominant role of reflex
drive from muscles (‘muscle metaboreflex’)
in the former and of ‘central command’ in
the latter. Activation of central neuronal
circuits that occur during static or dynamic
exercise or even before the start of the
exercise is known as ‘central command’.
Central command controls parasympathetic
and sympathetic efferent activity that
determines the cardiovascular responses
during exercise. ‘Muscle metaboreflex’ drive
arises from the muscle as a result  of
accumulation of local metabolites within the
contracting muscles during exercise. This
reflex is known as ‘exercise pressor reflex’
or ‘muscle metaboreflex’.  During static
exercise, the rise in arterial blood pressure
occurs mainly via an increase in sympathetic
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activity to blood vessels due to ‘muscle
metaboref lex ’  act ivat ion,  whereas  the
increase in HR occurs mainly through a
decrease in parasympathetic activity to the
sinus node due to ‘central command (23).
However,  at variance,  the other study
pointed out that ‘muscle metaboreflex’
contributes to HR regulation during static
exercise via sympathetic activation (24).
Cardiovascular  responses  to  moderate
intensities of static contraction can be
produced primarily by motor command, but
both the  motor  command and muscle
chemoreflexes contribute to cardiovascular
responses at higher intensities of static
exercise (25).

SN practice is not a sustained heavy
intensity isometric muscle contraction to
fatigue; it is a moderate intensity static
contract ion .  The pract i t ioners  hold  a
particular posture for an average of 15-20
sec followed by transitioning into next
posture by dynamic action of the muscles,
thus causing cessation of isometric contraction
phase. Muscle metaboreflex during SN is not
powerful enough to cause an increase in
heart rate either by increased sympathetic
activity or reduced parasysmpathetic activity.
Lower HR in BE as compared to SN at low
and moderate exercise intensities might be
attributable to strong metaboreflex drive
from muscles  as  stat ic  contract ion o f
muscles during SN is primarily responsible
for autonomic control of HR than central
command mediated increase in HR during
dynamic exercise. In light static exercise,
the heart rate increases much more than
during dynamic exercise at the same oxygen
uptake level (26).When exercise intensity
has progressed into higher side, HR in BE
has become more than SN. The higher HR
at BE at high exercise intensity might have

been resulted  from increased central
command resulting in higher sympathetic
drive .  This  has surpassed the muscle
metaboref lex mediated sympathetic  or
parasympathetic action of HR increase as
seen in SN.

O2P indicates the myocardial oxygen
transport (14, 27). It was found to remain
almost similar at 10-20% and 21-40% of the

VO2 max. At 41-50% VO2max, comparatively
higher O2P in SN indicate better oxygen
transport in it than BE. Higher O2P in SN
was attributable to comparatively lower HR
during SN at this work intensity because
O2P is the ratio of O2 consumption to HR.

The increase in VE during exercise is partly
due to the proprioceptive afferent impulses
from the muscles and joints and partly due
to stimulatory collateral impulses from the
higher centres of the brain (motor cortex)
to the respiratory centre (28) .  During
exercise, muscle contraction takes place
because of the same stimulatory motor
impulses from the higher centres of the
brain. Thus, the brain tells the muscle what
and how much work to do and informs the
supporting cardiovascular and respiratory
systems of their task (28). In the present
study, the work intensity in SN as well as
in BE may be considered as moderate level

of exercise. Relatively higher value of VE in
BE at higher work intensity may be due to
more proprioceptive impulses from the
muscles, joints, and tendons concerned
or may be due to strong motor impulses
from the  higher  centres  o f  the  brain
commensurate  with  the  nature  and
frequency of the muscle contraction of BE.

VCO2 depends on the metabolic activity of
the cell that is further dependent upon the
intensity of the exercise. In the present
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study, the amount of carbon dioxide produced
in BE exceeded than that produced in SN at
higher level of work intensity (41-50% of the

VO2max). Though, SN is dynamic in nature
amongst other yogic asanas, it is executed
slowly unlike BE that is performed at a fixed
pace (55-60 revolutions per minute). At
similar level of energy demand (41-50% of

VO2max), the greater carbon dioxide output
in BE might be due to strong ventilatory
drive probably resulting from higher PCO2

in the blood produced during BE.

During the practice of  SN, load is
distributed amongst various groups of
muscles in the body unlike BE where load is
exerted constantly and exclusively on lower
limb muscles. The metabolic stress appeared
to be more in BE than SN at similar level of

energy demand (41-50% of VO2max).

Ventilatory equivalent for oxygen (EQO2)

at 10-20% and 21-40% of  the VO 2max
intensity was always significantly higher in
BE. This indicates that SN practitioners had
more efficient breathing patterns during its
practice at similar level of work intensity.
Ventilatory equivalent for carbon dioxide also
showed significantly higher value in BE at

10-20% and 21-40% of the VO2max. Work
intensity suggesting that SN practitioners

may have a lower metabolic load than
bicyclist.

Conclusion

Cardiorespiratory responses during SN
and BE were compared at three exercise
intensities in the present study. Overall,
cardiorespiratory stress in SN was found out
to be lesser than BE.

However, more in depth research is
needed to explore the relative contribution
of  ‘muscle  metaboref lex ’  and ‘ central
command’ during BE and SN with the help
of muscle sympathetic nerve activity, heart
rate variability and other autonomic neural
investigations.
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