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Abstract : 13 essential hypertensive patients aged 41 to 60 years were
given yoga training for 60 min daily, Monday through Saturday, for a
total duration of 4 weeks. Blood pressure and heart rate (HR) were
measured with non-invasive semi-automatic blood pressure monitor.
Measurements were recorded before the training and at weekly intervals
during the 4 week training period. Results of our study show a significant
(P<0.001) reduction in resting HR and rate-pressure-product (RPP) after
2 weeks of yoga training. Systolic pressure (SP), diastolic pressure (DP)
(P<0.001) and mean pressure (MP) (P<0.05) showed a significant reduction
at 3 weeks of training period. After 4 weeks of training, there was further
fall in SP, DP, pulse pressure (PP) (P<0.05), MP (P<0.001), HR and RPP.
Isometric handgrip test before yoga training produced a significant rise in
SP and MP and insignificant rise in DP, HR and RPP. After yoga training,
there was a significant rise in all these parameters. Our results show that
yoga training optimises the sympathetic response to stressful stimuli like
isometric handgrip test and restores the autonomic regulatory reflex
mechanisms in hypertensive patients.
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INTRODUCTION
Modern man has become a victim of
daily stress and stress related disorders like
essential hypertension, angina, insomnia
a n d i m p o t e n c y. B e i n g h o l i s t i c i n t h e i r
approach, yogic techniques are ideal for
improving one's ability to withstand
stressful stimuli. There is evidence that
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yoga is effective for prevention as well as
management of bronchial asthma (1), stress
due to exams (2), anxiety and depression
(3), stress in hypertensive patients (4) and
in the cure/control of essential hypertension
(5). Yoga is also known to improve the
subjective well being (3, 6). Nonpharmacological control of essential
hypertension with relaxation methodologies

60

Vijayalakshmi

et

al

in the form of yoga (7, 8, 9), transcendental
meditation (10) and progressive muscular
relaxation (11) has become more popular
recently, though these techniques have been
practised in the past (12). Most of these
techniques produce long-lasting changes in
the blood pressure (BP) and heart rate (HR)
if they are practised regularly (8, 12).
Earlier studies by Selvamurthy et al (5)
have shown that some yogic postural
exercises can control essential hypertension.
Many references are available on nonpharmacological control of essential
hypertension (11, 13, 14) and a number of
workers have used shavasan and other yogic
techniques for the control of essential
hypertension (7, 15, 16).
Rate-pressure-product (RPP) is a reliable
index of myocardial oxygen consumption and
cardiac work and it correlates well with the
myocardial oxygen consumption of normal
subjects as well as patients with angina
pectoris (17). Yogasans may influence RPP
by altering pre-load and or after-load.
However, there is paucity of literature on
the effect of yogasans on RPP in essential
hypertension. In view of this, the present
work was planned to study the effect of yoga
training on BP, HR and RPP. Since vascular
reactivity response can readily be detected
by isometric stress (18), we extended our
work to study the cardiovascular response
to stress with isometric hand-grip (IHG) test
before and after yoga training.
METHODS
Thirteen male patients attending
JIPMER staff clinic for essential
hypertension volunteered to be subjects for
this study. All the patients were having
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uncomplicated essential hypertension for 3
to 17 (6.84 ± 1.39 SEM) years and were
under treatment with Atenolol. Their age
was 41 to 60 (50 ± 1.84 SEM) years, height
160 to 170 (163.84 ± 1.01 SEM) cm and
weight 62 to 76 (71.07 ± 1.13 SEM) kg. After
explaining purpose and design of the study,
informed consent was obtained from them.
They were taught yogasans and pranayams
and practised the same under our direct
supervision daily for one hour, Monday
through Saturday for a total duration of four
weeks. The yogasans and pranayams taught
were :
Asans : naukasan, vipareetakarani, matsyasan,
shashasan, shavasan with kayakriya
Pranayams : pranava, chandra anuloma and
savitri pranayams.
Basal recordings were taken in sitting
posture after 10 min of rest in a chair.
Systolic pressure (SP), diastolic pressure
(DP), mean pressure (MP) and HR were
recorded by non-invasive semi-automatic
blood pressure monitor (Press-Mate 8800,
Colin Corporation, Japan). Pulse pressure
(PP = SP-DP) and RPP (RPP=HR × SP × 10–2)
were calculated. HR and BP response to
isometric handgrip was determined by
asking the subject to sustain the handgrip
for 2–3 min using partially inflated
sphygmomanometer cuff so as to maintain
the mercury column at a level corresponding
to 1/3 of maximum voluntary contraction
pressure (19). In our pilot study we found
that our hypertensive patients could
maintain the handgrip for 2–3 min as
compared to 3–4 min in normal young
subjects. Hence in the present study the
duration of isometric handgrip exercise was
kept at 2–3 min.
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HR and BP were recorded before the
yoga training and at weekly intervals during
the four week training period. The response
to IHG test was measured before and at the
end of four week study period. Results were
expressed as mean ± SEM. Data were
analysed by repeated measures analysis of
v a r i a n c e ( A N O VA ) , f o l l o w e d b y Tu k e y Krammer multiple comparison test.
Students paired ‘t’ test was used to compare
the parameters after the handgrip exercise
and resting values and also for percentage
(delta) changes before and after yoga
training. For all comparisons, P<0.05 was
considered statistically significant.
RESULTS
SP showed an insignificant increase in
TABLE I :

Parameter
SP (mm Hg)
DP (mm Hg)
PP (mm Hg)
MP (mm Hg)
HR (bpm)
RPP (units)
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the 1st week, after which it decreased
progressively. This decrease was statistically
significant at 3rd and 4th week of the
training period (P<0.001). DP also showed
a marginal increase in the 1st week and a
subsequent progressive decrease. This
decrease was statistically significant at 3rd
and 4th week (P<0.001). PP decreased
significantly at 4th week (P<0.05). MP
increased insignificantly at 1st week after
w h i c h i t d e c r e a s e d p r o g r e s s i v e l y, t h e
decrease being statistically significant at
3 r d and 4th week (P<0.05 and P<0.001
respectively). An insignificant decrease in
HR was found at 1st week. Subsequently it
showed progressive and statistically significant
(P<0.001) decrease at 2nd, 3rd and 4th
week. The pattern of changes in RPP was
similar to that of the HR (Table I).

Systolic pressure (SP), diastolic (DP), pulse pressure (PP), mean pressure (MP),
heart rate (HR) and rate-pressure product (RPP) before yoga training (control) and
at 1, 2, 3 and 4th week of the training. Data are expressed as mean ± SEM. Results
of post-hoc test (Tukey-Kramer multiple comparison test) are given in the footnote.

Control

1st week

2nd week

3rd week

4th week

F ratio

P value

141.69± 3.42
87.85± 1.58
53.85± 3.55
105.23± 2.54
84.38± 3.51
119.77± 6.23

145.15± 3.51
88.31± 1.63
56.85± 2.59
109.62± 2.31
79.15± 3.87
115.57± 7.52

136.69± 2.29
82.46± 1.62
54.23± 2.71
101.31± 1.60
73.15± 3.16
99.90± 4.42

127.92± 3.72
77.92± 2.30
50.00± 3.07
97.15± 2.96
73.54± 3.01
94.04± 4.75

120.69± 2.28
75.77± 2.24
44.92± 3.00
92.77± 2.21
74.23± 3.04
89.40± 3.69

27.50
13.62
5.29
11.47
9.15
18.47

<0.0001
<0.0001
<0.0001
<0.0001
<0.0001
<0.0001

Comparison
P value
<0.001
SP: control Vs 3rd t week
SP: control Vs 4th week
<0.001
SP: 1st week Vs 2nd week
<0.05
SP: 1st week Vs 3rd week
<0.001
SP: 1st week Vs 4th week
<0.001
SP: 2nd week Vs 3rd week
<0.05
SP: 2nd week Vs 4th week
<0.001
DP: control Vs 3rd week
<0.001
DP: control Vs 4th week
<0.001
DP: 1st week Vs 3rd week
<0.001
DP: 1st week Vs 4th week
<0.001
DP: 2nd week Vs 4th week
<0.05
PP: control Vs 4th week
<0.05
PP: 1st week Vs 4th week
<0.01
PP: 2nd week Vs 4th week
<0.05
For all other comparisons, P>0.05.

Comparison
MP: control Vs 3rd week
MP: control Vs 4th week
MP: 1st week Vs 2nd week
MP: 1st week Vs 3rd week
MP: 1st week Vs 4th week
MP: 2nd week Vs 4th week
HR: control Vs 2nd week
HR: control Vs 3rd week
HR: control Vs 4th week
RPP: control Vs 2nd week
RPP: control Vs 3rd week
RPP: control Vs 4th week
RPP: 1st week Vs 2nd week
RPP: 1st week Vs 3rd week
RPP: 1st week Vs 4th week

P value
<0.05
<0.001
<0.05
<0.001
<0.001
<0.05
<0.001
<0.001
<0.001
<0.001
<0.001
<0.001
<0.01
<0.001
<0.001
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Cardiovascular response to isometric handgrip (IHG) test before and after yoga training for 4 weeks.

Before yoga training
Parameter
SP (mm Hg)
DP (mm Hg)
PP (mm Hg)
MP (mm Hg)
HR (bpm)
RPP (units)

Rest
141.69± 3.42
87.85± 1.58
53.85± 3.55
105.23± 2.54
84.38± 3.51
119.77± 6.23

IHG
160.46± 7.90*
95.69± 5.93
64.77± 5.06
131.46± 4.78****
90.46± 3.92
147.11± 11.68

After yoga training
% change
13.12± 4.87
8.68± 6.24
26.52± 12.09
24.91± 3.63
8.84± 5.77
24.95± 10.78

Rest
120.69± 2.28
75.77± 2.24
44.92± 3.00
92.77± 2.21
74.23± 3.04
89.40± 3.69

IHG
145.00± 4.40****
93.15± 3.64***
53.54± 2.98
118.69± 2.95****
87.00± 3.78**
126.44± 7.14**

% change
20.08± 2.93
24.32± 6.00
24.50± 8.66
28.42± 3.78*
18.33± 5.07
42.51± 7.57

SP : systolic pressure; DP : diastolic pressure; PP : pulse pressure; MP : mean pressure; HR : heart rate;
RPP : rate pressure product.
Values are means ± SEM for 13 subjects.
*P<0.05, **P<0.02, ***P<0.01, ****P<0.001 compared to the rest value.

Before yoga training IHG test produced
an increase in all the parameters mentioned
above. However, the increase was significant
in SP and MP (P<0.05 and P<0.001
respectively) (Table II). After four week yoga
training, IHG test produced more
pronounced and statistically significant
increase in all the parameters. The
percentage (delta) changes in the
parameters before and after yoga training
were found insignificant.
DISCUSSION
In the present study, we have recorded
time course of the effect of yoga training on
BP and HR in essential hypertensive
patients. The marginal and insignificant
increase in BP at the end of the first week
is likely to be due to adjustment of the
subjects to the study environment. From
second week onwards there was a significant
and progressive decrease in HR and RPP
and from 3rd week onwards in SP, DP and
MP as well. Our results are in agreement
with the findings of Patel and North (16)
who have reported that six weeks treatment
with yoga relaxation produces a significant

reduction in BP. Sunder et al (7) also have
demonstrated that shavasan therapy results
in statistically significant fall in both mean
systolic and diastolic pressures as well as
requirement of anti-hypertensive drugs.
Shavasan is known to produce psychosomatic
relaxation. In an earlier work from our
laboratories, we have demonstrated that
shavasan produces a consistent and
significant reduction in oxygen consumption
and this is associated with a feeling of
psychosomatic relaxation (20). Stress
reduction with behavioural procedures like
yoga is known to benefit hypertensive
patients by lowering their BP (13). Bera et
al (21) also have reported that the effects
of stress are reversed in significantly
shorter time in shavasan. Blackwell et
al (10) have also demonstrated that
transcendental meditation reduces anxiety
level and blood pressure. Malathi and
Damodaran have demonstrated the
beneficial role of yoga in not only causing
reduction in basal anxiety level but also
attenuating the increase in anxiety score
in stressful states like examination (2). The
early and significant reduction in BP and
HR in our subjects might be due to our
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training schedule consisting of shavasan as
well as relaxing postures (asans) and
breathing exercises (pranayams). A
significant reduction in RPP indicates a
decrease in myocardial oxygen consumption
and load on heart (17). This can be explained
on the basis of decrease in sympathetic drive
to the heart. Our findings are consistent
with those of Selvamurthy et al (5) who have
reported that yogic training produces a
significant decrease in BP associated with
improvement of baroreflex sensitivity and
attenuation of sympathetic and reninangiotensin activity.
IHG test provides pressor stimuli to
cardiovascular system through efferent
sympathetic pathways with a resultant
increase in HR and BP (19). BP response to
IHG in our study is in agreement with the
observation of other workers who have
reported a rise in BP with IHG in essential
hypertensive patients (22, 23). A blunted BP
response to IHG may be due to insufficient
sympathetic response in our hypertensive
patients. Normally, IHG test increases DP
by 16 mm Hg or more and a rise of 10 mm
Hg or less indicates abnormal cardiovascular
reflex regulation (24). In our subjects, IHG
test increased the mean DP by 8 mm Hg
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and HR by 6 beats/min before yoga training.
Both these changes were insufficient and
statistically insignificant. After yoga
training, HR as well as DP increased
significantly in response to IHG test. Here,
it is interesting to note that Selvamurthy
et al have concluded that yoga training
results in an improvement of baroreflex
sensitivity (5). Our results are different
from earlier studies reporting that
sympathetic reactivity is reduced following
yoga training (25) and the pressor response
to emotional and physical stimuli becomes
less exaggerated and less protracted
after yoga training (4). Our results suggest
that the vasoconstrictor and cardiac
acceleratory responses to IHG test are
subnormal in hypertensive patients and
yoga training improves these reflex
regulatory mechanisms. This is an interesting
observation and needs further study and
confirmation.
ACKNOWLEDGEMENTS
The authors wish to express their
gratitude to the Central Council for
Research in Yoga and Naturopathy (CCRYN)
and Director, JIPMER, Pondicherry, for
funding the Research Project.

REFERENCES
1.

J Physiol Pharmacol 2001; 45(1): 37–53.

Sathyaprabha TN, Murthy H, Murthy BTC. Efficacy
of naturopathy and yoga in bronchial asthma-a self
controlled matched scientific study. Indian J
Physiol Pharmacol 2001; 45(1): 80–86.

4.

2.

Malathi A, Damodaran A. Stress due to exams in
medical students - role of yoga. Indian J Physiol
Pharmacol 1999; 43(2): 218–224.

Patel C. Yoga and biofeedback in the management
of stress in hypertensive patients. Clin Sci Mol
Med Suppl 1975; 2: 171–174.

5.

3.

Ray US, Mukhpadhyaya S, Purkayastha SS et al.
Effect of yogic exercises on physical and mental
health of young fellowship course trainees. Indian

Selvamuthy W, Sridharan K, Ray US et al. A new
physiological approach to control of essential
hypertension. Indian J Physiol Pharmacol 1998;
42(2): 205–213.

6.

Malathi A, Asha D, Shah N et al. Effect of yoga

64

Vijayalakshmi

et

al

practices on subjective well being. Indian J Physiol
Pharmacol 2000; 44(2): 202–206.
7.

8.

9.

Sunder S, Agrawal SK, Singh VP, Bhattacharya SK,
Udupa KN, Vaish SK. Role of yoga in management
of essential hypertension. Acta Cardiol 1984; 39(3):
203–208.
Frumkin K, Nathan RJ, Prout MF and Cohen MC.
Non pharmacologic control of essential
hypertension in man: a critical review of the
experimental literature. Psychosom Med 1978;
40(4): 294–320.
Murugesan R, Govindarajulu N, Bera TK. Effect of
selected yogic practices on the management of
hypertension. Indian J Physiol Pharmacol 2000;
44(2): 207–210.

10. Blackwell B, Bloomfield S, Gartside P et al.
Transcendental meditation in hypertension.
Individual response patterns. Lancet 1976; 31(1):
223–226.
11. Silverberg DS. Non-pharmacological treatment of
hypertension. J Hypertension (Suppl) 1990; 8(4):
21–26.
12. Datey KK, Deshmukh SN, Dalvi CP, Vinekar SL.
“Shavasana”: A yogic exercise in the management
of hypertension. Angiology 1969; 20: 325–333.
13. Anand MP. Non-pharmacological management of
essential hypertension. J Indian Med Assoc 1999;
97(6): 220–225.
14. Andrews G, Mac Mahon SW, Austin A, Byne DG.
Hypertension : Comparison of drug and non-drug
treatments. Br Med J (Clin Res Ed) 1982; 22(284):
1523–1526.
15. B r o w n s t e i n A K , D e m b e r t M L . Tr e a t m e n t o f
essential hypertension with yoga relaxation
therapy in a USAF aviator; a case report. Aviat
Space Environ Med 1989; 60(7): 684–687.
16. Patel C, North WR. Randomised controlled trial of
yoga and biofeedback in management of
hypertension. Lancet 1975; 19(2): 93–95.
17. Gobel FL, Nordstrom LA, Nelson RR, Jorgensen

Indian J Physiol Pharmacol 2004; 48(1)
CR, Wang Y. The rate-pressure-product as an index
of myocardial oxygen consumption during exercise
in patients with angina pectoris. Circulation 1978;
57: 549–556.
18. Porro T, Colombo F, Azzola FL, Orlandi L, Merati
MG, Libretti A. Diurnal blood pressure variability
in essential hypertension and vascular reactivity
to isometric stress. J Hum Hypertens 1995; 9(5):
329–335.
19. M a t h i a s C J , B a n n i s t e r R . I n v e s t i g a t i o n o f
autonomic disorders. In Bannister R, Mathias CJ
eds. Autonomic failure : A text book of clinical
disorders of the autonomic nervous system, Oxford.
Oxford University Press 1992; 266.
20. Madanmohan, Rai UC, Balavittal V, Thombre DP,
Swami Gitananda. Cardiorespiratory changes
during savitri pranayama and shavasan. The Yoga
Review 1983; 3(1): 25–34.
21. Bera TK, Gore MM, Oak JP. Recovery from stress
in two different postures and in shavasana – a yogic
relaxation posture. Indian J Physiol Pharmacol
1998; 42(4): 473–478.
22. Sumimoto T, Hamada M, Muneta S et al. Influence
of age and severity of hypertension on blood
pressure response to Isometric handgrip exercise.
J Hum Hypertens 1991; 5(5): 399–403.
23. Kazatane Y, Hamada M, Shigematsu Y, Hiwada K,
Kokubu T. Beneficial effect of long term anti
hypertensive therapy on blood pressure response
to Isometric handgrip exercise in patients
with essential hypertension. AMJ Ther 1995;
165–169.
24. Ewing DJ. Analysis of heart rate variability and
other non-invasive tests with special reference to
diabetes mellitus. In Bannister R, Mathias CJ eds.
Autonomic failure : A text book of clinical disorders
of the autonomic nervous system, Oxford. Oxford
University Press 1992; 322–323.
25. Khanam AA, Sachdeva D, Guleria R, Deepak KK.
Study of pulmonary and autonomic functions of
asthma patients after yoga training. Indian J
Physiol Pharmacol 1996; 40(4): 318–324.

