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Abstract : Alternate nostril breathing (ANB) may modulate cardiorespiratory and autonomic functions. However, the studies are scarce and
results highly conflicting. The present study was conducted in healthy
young volunteers comprising of males (n=20) and females (n=20) in range
of 17–22 years. In both groups respiratory rate (RR/min), heart rate (HR/
min), systolic blood pressure (SBP; mm Hg), diastolic blood pressure (DBP;
mm H g ) , p e a k e x p i r a t o r y f l o w r a t e ( P E F R ; L / m i n ) a n d g a l v a n i c s k i n
resistance (GSR; µV) were recorded thrice; once as control and then after
15 min (acute exposure) and following 8 wks of training in ANB (15 min
daily).
In males the control RR was 16.60 ± 2.01, HR 75.75 ± 11.07, SBP115.9 ± 7.33, DBP 70.4 ± 6.28 and PEFR 550.00 ± 51.50. After 15 min of
ANB – RR (14.75 ± 1.41, P<0.001), HR (68.45 ± 12.41, P<0.01) and SBP
(113.6 ± 6.04, P<0.05) fell significantly. After 8 wks of ANB training RR
(12.35 ± 1.35, P<0.0001), HR (63.20 ± 11.11, P<0.001), SBP (109.5 ± 5.61,
P<0.001), declined to much greater extent and PEFR (571.50 ± 46.26,
P<0.01) rose significantly.
In females the control RR was 17.25 ± 1.89, HR-74.90 ± 12.85, SBP106.70 ± 6.91, DBP-68.70 ± 5.52 and PEFR-394.50 ± 44.89. After 15 min
of ANB RR (15.05 ± 1.54, P<0.001) and HR (64.75 ± 9.80, P<0.001) showed
significant decline with concomitant rise in PEFR (407.00 ± 2.31, P<0.05).
Following 8 wks training the decrement in RR (12.60 ± 1.50, P<0.0001)
and HR (63.30 ± 8.65, P<0.001) was maintained. SBP (103.10 ± 4.92,
P<0.001) and DBP (65.8 ± 5.54, P<0.001) decreased further and PEFR
(421.00 ± 38.51 P<0.001) rose, GSR was unaffected by ANB in both males
and females.
These results suggest that in general there is a tilt towards
parasympathetic dominance by alternate nostril breathing. This breathing
may be a useful adjuvant to medical therapy of hypertension and COPD.
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INTRODUCTION
Empirical observations by ancient sages
had already established that both nostrils
do not work simultaneously, but alternately
in a cyclic manner. According to yoga, this
phenomenon is a consequence of the
alternation of the flow of subtle energy in
the Ida and Pingala (1). Presumably, this
fact was incorporated in development of
pranayama technique where one deliberately
practices these breathing patterns. Kayser
(2) defined nasal cycle as a phenomenon of
the alternating congestion, decongestion
response of erectile tissue of nasal turbinate
and septum of two nostrils, which effectively
altered the unilateral nasal resistance and
was existent on account of prevailing
sympathetic
or
parasympathetic
tone.
Sympathetic vasoconstriction will decrease
air resistance allowing greater passage of
air while parasympathetic vasodilatation
will increase nasal resistance and will
decrease the airflow. Thus, alternation may
reach a transition point where air flow may
be
transiently
equal
bilaterally.
The
observation gains strength from the fact that
in Horner’s syndrome nasal cycle is absent
on denervated side (3, 4). Using mask flow
technique of active posterior rhinometry and
other techniques, the percent incidence of
nostril dominance was 72% (5) to 80% (6, 7)
and cycle length has been variously
described as ranging from 30 minutes (6) to
2-7 hours (3).
Alternate nostril breathing (ANB) is an
integral part of pranayama. It has been
known to alter cardio respiratory and
autonomic parameters. However the reports
on influence of ANB on heart rate (8, 9),
systolic and diastolic blood pressure (8, 9)
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and galvanic skin resistance (8, 10) are very
conflicting with investigators describing
either a decline, increment or no change in
individual variables.
The present study was, therefore,
undertaken to investigate the effects of
alternate nostril breathing on cardiorespiratory and autonomic parameters in
young healthy medical students.
MATERIAL AND METHODS
The present study was
conducted on 40 healthy medical student
volunteers of first year MBBS of both
sexes. These comprised of 20 males and 20
females in age range of 17–22 years. The
experimental protocol was explained to them
and written consent obtained. All the
procedures were non-invasive and the study
plan was approved by the Ethics Committee
of Himalayan Institute of Medical Sciences.
All the subjects were healthy and free from
any cardio-respiratory ailments and were not
on any medication. Smokers were excluded
from the study. The subjects were of same
socio-economic and nutritional status as they
hailed from upper middle class and upper
class of society sharing common hostel
accommodation and food.
Subject Population :

Experimental Protocol : Three students (males
or females) reported daily in the laboratory.
Height, weight, age, dietary habits were
recorded and body surface area (BSA)
calculated by ‘Dubois Nomogram’ (11). A
baseline record (which also served as control)
of respiratory rate (RR/min), heart rate (RR/
min), systolic blood pressure (SBP; mm Hg),
diastolic blood pressure (DBP; mm Hg), peak
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expiratory flow rate (PEFR; L/min) and
galvanic skin resistance (GSR; µv) was
obtained. Then they practiced ANB for 15
min (acute exposure) and all the variables
were again recorded. By end of two wks all
20 males and 20 females had their control
and acute effects (15 min) recorded. After
this schedule all 20 males and 20 females
started practicing ANB (15 min daily) for 8
wks. Variables were again recorded after
completing their 8 wks training (following
15 min ANB). BP, ECG and GSR were
recorded as quickly as possible followed by
other variables. On an average all the
variables were recorded within 15 min of
cessation of ANB. Respiratory Rate was
recorded by observing the movement of
abdominal wall in lying down position. Heart
Rate was calculated from R-R interval of
EGG in lead II. From 20 complexes of Lead
II, four R-R intervals were sampled at three
places. Mean of these 12 R-R intervals was
calculated.
Electrocardiogram–This
was
recorded by ECG Machine (T-108, BPL,
Banglore) in lying down position. Blood
pressure was recorded by digital BP monitor
AND model, No. DA-767 (Vatsalya trading
Co., Dehradun) in lying down position. Peak
Expiratory Flow Rate recorded by Wright’s
peak flow meter (INCO, Ambala) in standing
position. Best of the three values was noted.
Galvanic Skin Resistance was recorded by
EDG machine, J & J model No. T-68
(Medicaid system, Chandigarh) in lying
down position in air conditioned room by
tying electrodes on the index and ring finger
of right hand.
Alternate Nostril Breathing (1)
This was done in sitting posture and
subject followed the instructions given below.
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•

Sit in a calm, quiet, airy place in an easy
and steady posture with the head, neck
and trunk erect and in a straight line
and to keep the body still.

•

Bring the right hand upto the nose; fold
the index and middle fingers so that the
right thumb can close the right nostril
and the ring finger can close the left
nostril (Vishnu Mudra).

•

With the right nostril closed by the right
thumb, exhale completely through the
left nostril. The exhalation should be,
controlled and free from exertion and
jerkiness.

•

At the end of the exhalation close the
left nostril with the ring finger, open the
right nostril and inhale slowly and
completely. Inhalation should be smooth,
controlled and of the same duration as
exhalation.

•

Repeat this cycle of exhalation through
the left nostril and inhalation through
right nostril, exhale completely through
the same nostril keeping the left nostril
closed with ring finger.

•

At the end of this exhalation close the
right nostril and inhale through the left
nostril and repeat this for two more
times.
In
summary,
one
exercise
consisted of 3 cycles of exhalation
through the left nostril and inhalation
through the right nostril followed by 3
cycles of exhalation through the right
nostril and inhalation through the left
nostril and this was repeated for about
15 min.
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Analysis of data :
Mean and standard
deviation (±SD) of all observations were
calculated and comparisons were done
between values of control (mean and ±SD)
with that of 15 min (acute exposure) and
control with 8 wks training by applying
paired Student’s ‘t’ test. Statistical significance

was assigned at P<0.05.

RESULTS
The results are summarized in Tables I
and II. In the males, the height was –
173.5 ± 6.2 cm, weight – 62.9 ± 7.4 kg and
BSA 1.6 ± 0.1 m2 and in the females the
height was 157.5 ± 4.5 cm, weight 51.5 ± 6.3
kg and BSA 1.4 ± 0.1 m 2 .

TABLE I :

Parameters
Control

HR/min
7 5 . 7 5± 1 1 . 0 7

In males, after 15 min of alternate nostril
breathing RR (P<0.01) and SBP (P<0.05) fell
significantly, DBP, PEFR and GSR showed
insignificant change. After 8 wks of training
RR (P<0.0001), HR (P<0.001) and SBP
(P<0.0001) declined to much greater
extent and PEFR rose significantly (P<0.01),
(Table-I).
In females after 15 min-RR (P<0.0001)
and HR (P<0.001) showed significant decline
with concomitant rise in PEFR; DBP and
GSR did not change significantly. Following
8 wks training the decrement in RR
(P<0.0001) and HR (P<0.0001) was maintained,
SBP (P<0.01) and DBP (P<0.001) decreased
further and PEFR rose (P<0.001) while GSR
was again unaltered (Table II).

Effect of ANB on different variables in males (n = 20).

SBP mm Hg
1 1 5 . 9 0± 7 . 3 3

After 15 min

6 8 . 4 5± 1 2 . 4 1 * *

1 1 3 . 6 0± 6 . 0 4 *

After 8 wks

6 3 . 2 0± 11.11*** 1 0 9 . 5 0± 5.61****

DBP mm Hg

RR/min

7 0 . 4± 6 . 2 8

1 6 . 6± 2 . 0 1

7 0 . 8 0± 6 . 3 0

g

6 8 . 0 0± 6 . 1 9 g

PEFR

L/min

5 5 0 . 0 0± 5 1 . 5 0

GSR µV
1 2 . 5 1± 5 . 7 3

g

1 2 . 6 9± 3 . 8 0 g

1 4 . 7 5± 1.41***

5 4 7 . 5 0± 4 3 . 9 9

1 2 . 3 5± 1.35****

5 7 1 . 5 0± 4 6 . 2 6 * * 1 3 . 0 5± 5 . 5 4 g

Values are expressed as mean ± SD.
*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001, g P>0.05.
P value is comparison of control with after 15 min and control with after 8 wks.

TABLE II :

Parameters
Control

Effect of ANB on different variables in females (n = 20).

HR/min

SBP mm Hg

DBP mm Hg

7 4 . 9 0± 1 2 . 8 5

1 0 6 . 7 0± 6 . 9 1

6 8 . 7 0± 5 . 5 2
g

After 15 min

6 4 . 7 5± 9.80***

1 0 6 . 2 0± 5 . 3 9

After 8 wks

6 3 . 2 0± 8.65***

1 0 3 . 1 0± 4 . 9 2 * *

6 8 . 3 0± 5 . 2 4
6 5 . 8 0± 5 . 5 4

g

RR/min

PEFR

L/min

GSR µV

1 7 . 2 5± 1 . 8 9

3 9 4 . 5 0± 4 4 . 8 9

1 0 . 8 2± 6 . 3 7

1 5 . 0 5± 1.54****

4 0 7 . 0 0± 4 2 . 3 1 *

1 0 . 8 6± 5 . 8 2 g

1 2 . 6 0± 1.50****

4 2 1 . 0 0± 38.51***

1 0 . 8 0± 6 . 3 3 g

Values are expressed as mean ± SD.
*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001, g P>0.05.
P value is comparison of control with after 15 min and control with after 8 wks.
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DISCUSSION
The results of ANB could also be
compared to reports available on pranayam
as both are fairly similar. We found that
there was a significant reduction in HR and
SBP both after acute and 8 wks ANB in both
sexes and significant reduction in DBP only
after 8 wks in females. The earlier studies
have described no change (12), decline (8, 9,
13–16) and increment (17) in HR. Our
observations are thus in conformity with
few (8, 9, 13–16) and contrary to others
(17). The individuals differ in relation to
their parasympathetic (vagal) tone and
sympathetic activity levels as evident
from great variation in resting heart rate
from 60–90 /min (18). The HR responses will
therefore depend on the algebraic summation
of sympathetic and parasympathetic activation
further modulated by hypocapnoea and lung
stretch receptor responses (19, 20). Both
tachycardia (20, 21) and bradycardia (22, 23)
occur following pulmoflation which would
account for bradycardia responses of ANB
in our study.
The decline in SBP both in males and
females and DBP in females compares
well with few earlier studies (8, 10, 14, 24)
but contradicted by another who observed
no change in this parameter (25). SBP
is determined by venous return and
sympathetic and parasympathetic drive.
Pulmoflation
produces
wide
spread
vasodilatation in skeletal muscle vasculature
due to withdrawal of sympathetic tone (26).
This would lead to less venous return and
consequently SBP declined in both sexes.
The significant decline in DBP following
8 wks in females could be explained by
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following mechanisms – a) DBP depends on
peripheral resistance and lung inflation has
been known to decrease systemic vascular
resistance (27). This response is initiated by
pulmonary stretch receptors
which bring
about withdrawal of sympathetic tone in
skeletal muscle blood vessels leading to wide
spread
vasodilatation
thus
decreasing
peripheral resistance (26). b) Female
hormone oestrogen lowers plasma cholesterol
significantly
and
produces
a
rapid
vasodilation
by
increasing
the
local
production of Endothelium Derived Relaxing
Factor (EDRF) i.e. Nitric Oxide (NO; 28).
When flow to tissue is suddenly increased
by arteriolar dilatation, the large arteries
to the tissues also dilate, this flow induced
dilation is due to local release of NO (29).
Hypocholesterolemia
delays
onset
and
severity of atheroslerosis and hence relaxing
effects are augmented. The absence of
oestrogen in males renders them more
prone to atherosclerosis which denudes the
endothelium and reduces production of
EDRF (30). Further, atherosclerotic vessels
respond more vigorously to vasoconstrictor
NE
released
at
sympathetic
efferent
nervendings. These variables will eventually
produce less vasodilatation in the males as
compared to females, this explains absence
of decline in DBP in males. The DBP did
not change in females following an acute
exposure of ANB (15 min) presumably
because the vasodilator effect of lung
inflation was balanced by sympathetic and
parasympathetic interactions of ANB.
The
dissimilarities
between
our
observations on HR, SBP and DBP with
those of others could emanate from the fact
that others have not studied the effect of
ANB per-se but only as a part of many
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variables. Further, the time duration of
exposure was also at variance, for example
our 8 wks versus immediate (12). In addition
our subject population was more homogeneous
and from a very narrow age range.
We observed decrement in RR and rise
in PEFR in both sexes. The decline in RR in
the present study is substantiated by certain
workers (31–34 ) but contradicted by other
authors who found no change in RR (10, 24)
The decline in RR in our study can be
explained by the influence of a probable
hypocapnoea
on
medullary
respiratory
center (35) and persistent voluntary effort
of breathing (ANB), producing inhibition of
rhythmic spontaneous breathing by a
phenomenon akin to over drive suppression.
The control PEFR value of 550 L/min in
males (Ht 173.3 cms) is surprisingly same
as 550 L/min (mean age 22 yrs, Ht 171.6
cms) and close to 587 L/min (mean age 18.3
yrs) in healthy medical students described
earlier (36, 37), similarly in females the
control PEFR 394 L/min (Ht 157.5 cms) is
again in the region of 320–470 L/min for
young females (38). Akin to our observation
of increases in PEFR in both sexes, others
have also reported rise in PEFR (10, 33, 39)
and FEV 1 (32, 40) while some observed no
change in PEFR (10). In our study PEFR
rose significantly only after 8 wks because
by that time thoraco-pulmonary compliance
had risen well above basal level due to
training in ANB. Stimulation of pulmonary
stretch receptors by inflation of the lung
reflexly relaxes smooth muscles of larynx
and tracheobronchial tree probably this
modulates airway caliber and reduces airway
resistance (41).
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Previous authors have reported that
yogic type exercise will increase PEFR
through following changes in respiratory
dynamics (39). 1) Increased respiratory
muscle strength by breathing exercise
2) cleansing of airways secretions, 3) yogic
breathing exercise strain practitioners to use
the diaphragmatic and abdominal muscles
more efficiently, thereby emptying and
filling the respiratory apparatus more
efficiently and completely, 4) the relaxing
effect of yoga inhibiting the constrictor tone
to bronchial smooth muscles.
Earlier investigators have suggested that
pranayam kind of breathing will enhance
muscles efficiency and compliance by
reducing elastic and viscous resistance of
lung present during inspiration (40) and by
offering physiological stimulation for release
of lung surfactant and prostaglandins into
alveolar
spaces
which
increase
lung
compliance (33).
Unaltered GSR of our study is in
agreement with reports describing no change
in GSR with ANB (8, 10). Presumably the
right and left nostril alternation cancel each
others effect.
Although we have analysed the data
for acute exposure also due to lack of
comparative studies these results will not
be discussed in detail. While changes in
different parameters by acute exposure of
ANB could be attributed to a balance
between sympathetic and parasympathetic
activation and certain amount of hypocapnea
which one expects once the breathing becomes
voluntary and greater respiratory muscle
efforts needed to inspire and expire through
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a single nostril, the changes following
training could presumably occur from
greater muscular efficiency and compliance
of the thoracic wall and lung interacting
with
sympathetic
and
parasympathetic
activating levels. It will be illogical to
explain the results purely from viewpoint of
sympathetic and parasympathetic activation
per-se.
The
future
studies
involving
alternate nostril breathing must take into
cognizance, the tremendous variations in
result reported by other workers and present
study and it would necessitate monitoring
of – a) the difference in eupnoeic tidal
volume, and tidal volume during alternate
nostril breathing, b) measurement of
circulating
catecholamines
with
this
breathing pattern, c) analysis of blood
gases for PO 2 and PCO 2 measurement during
this
maneuver,
d)
sympathetic
and
parasympathetic in-vivo action potential
recording from thoracic sympathetic ganglia
and thoracic vagus as GSR is only an
indirect method of assessing sympathetic
activation and in our study it was totally
inconclusive.
The general decrement in RR, HR, SBP
and DBP by ANB in both groups of males
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and females is in concert with earlier
proposition that these exercises tilt the
autonomic
balance
to
parasympathetic
dominance.
Conclusion

In the present study, both in males and
females, the two outstanding effects of
alternate nostril breathing were — a) there
was fall in blood pressure and b) rise in
PEFR. Therefore, this simple exercise can
be prescribed to hypertensive patients as an
adjuvant to medical therapy. This practice
attended by rise in PEFR obviously
offers an increment in cardio-respiratory
efficiency, and may be useful in COPD
patients also.
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