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I N T R O D U C T I O N

Yogic  techniques  p roduce  remarkable
phys io log ica l  changes  and  have  sound
sc ien t i f i c  bas i s  (1 ,  2 ,  3 ) .  P ranayam,  the
fourth step of ashtang yoga is an important
component of yoga training.  Earl ier  reports
f rom our  l abora tor ies  have  demons t ra ted
improved reaction time (RT) and respiratory
pressures  fo l lowing  twelve  weeks  yoga
t ra in ing  tha t  inc luded  asans  as  wel l  as
pranayams (2) .  Malathi  et  a l  (4)  also have

demons t ra ted  a  s ign i f ican t  reduc t ion  in
v isua l  reac t ion  t ime  (VRT)  and  audi to ry
reaction time (ART) following six weeks of
yoga training. There are a number of reports
on the effect of long-term yoga training on
pulmonary functions (5, 6, 7, 8, 9). However,
to the best of our knowledge, the effect of
shor t - t e rm pranayam t ra in ing  on  RT and
pulmonary function has not been studied so
far.  Moreover,  l i terature is deficient on the
ef fec t  o f  yoga  t ra in ing  on  resp i ra to ry
pressures i .e. ,  maximum expiratory pressure
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Abstract :  We planned to undertake a comparative study of the effect of
short term (three weeks) training in savitri  (slow breathing) and bhastrika
( fas t  b rea th ing)  p ranayams  on  resp i ra to ry  p ressu res  and  endurance ,
reaction time, blood pressure, heart rate,  rate-pressure product and double
product. Thirty student volunteers were divided into two groups of fifteen
each. Group I  was given training in savitri  pranayam that involves slow,
rhythmic ,  and deep breathing.  Group I I  was  g iven t ra in ing in  bhas t r ika
pranayam,  which  i s  be l lows- type  rap id  and  deep  b rea th ing .  Paramete r s
were  measured  be fo re  and  a f t e r  th ree  week  t r a in ing  pe r iod .  Sav i t r i
p ranayam produced  a  s ign i f i can t  inc rease  in  r e sp i ra to ry  p ressu res  and
respira tory endurance.  In  both the  groups,  there  was an appreciable  but
s ta t i s t i ca l ly  ins ign i f i can t  shor ten ing  o f  reac t ion  t ime .  Hear t  r a te ,  r a te -
pressure product and double product decreased in savitr i  pranayam group
but increased significantly in bhastrika group. It is concluded that different
types  of  pranayams produce di f ferent  physiological  responses  in  normal
young volunteers .
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(MEP)  and  maximum insp i ra tory  pressure
(MIP) .  In  yoga  t rad i t ion ,  i t  i s  t aught  tha t
d i f ferent  pranayams have d i f ferent  ef fec ts .
Raghuraj  e t  a l  (10)  have s tudied the acute
effect  of fast  and slow pranayams on heart
ra te  var iab i l i ty  whi le  Te l les  and  Des i ra ju
(11)   have  demons t ra ted  the  hear t  ra te
changes during the performance of different
pranayams.  However ,  there  are  only  a  few
comparat ive s tudies  on the effects  of  s low
and fas t  p ranayam t ra in ing .  Hence ,  we
planned  to  under take  a  compara t ive  s tudy
of  the  e f fec t  o f  shor t - t e rm ( th ree  weeks)
t ra in ing  in  s low and  fas t  p ranayams on
VRT, ART, MEP and MIP. We also planned
to study their effects on blood pressure (BP),
heart rate (HR), double product (Do P) and
ra te -pressure  p roduc t  (RPP)  s ince  RPP i s
an  eas i ly  measurab le  index  of  myocard ia l
oxygen consumption and load on the  hear t
(12) .  Thus  the  ob jec t ive  o f  the  p resen t
s tudy  was  to  do  a  compara t ive  s tudy  of
the effect of short  term (three weeks) slow
and fas t  p ranayam t ra in ing  on  RT and
card ioresp i ra to ry  var iab les .

MATERIALS AND METHODS

Subjec t s  and  tra in ing :

The  presen t  s tudy  was  conduc ted  on
th i r ty  hea l thy  volunteers  of  e i ther  gender .
The i r  age  was  15–18  y ,  weigh t  40–60  kg
and  he igh t  155–170  cm.  They  were  non
smokers  and  were  no t  on  any  medica t ion
prior to this  study.  Clearance was obtained
f rom Ins t i tu te  E th ics  Commit tee .  The
subjects were familiarized with the aims and
objectives of the study as well as laboratory
envi ronment  and  wr i t t en  consen t  was
obta ined  f rom the i r  paren ts .  They  were
d iv ided  in to  two groups  of  f i f t een  each .
Group I  was  taught  s low brea th ing  savi t r i

p ranayam whi le  g roup  I I  was  taught  fas t
b rea th ing  bhas t r ika  p ranayam.  The
techniques  o f  these  p ranayams a re  g iven
elsewhere (13, 14). Briefly, savitri pranayam
is a slow, deep and rhythmic breathing, each
cyc le  hav ing  a  ra t io  o f  2 :1 :2 :1  be tween
insp i ra t ion  (purak) ,  he ld- in  (kumbak) ,
expirat ion (rechak),  and held out (shunyak)
phases  o f  the  resp i ra to ry  cyc le .  Bhas t r ika
pranayam i s  a  be l lows- type  fas t  b rea th ing
involving forceful contraction of inspiratory
as well  as expiratory muscles.  The subjects
were given pranayam training and practised
the same under the guidance of a qualif ied
yoga  teacher .  P rac t ice  sess ions  were
conduc ted  f ive  days  a  week  dur ing  the
morning hours for thirty minutes for a total
dura t ion  of  three  weeks .  As  the  per iod  of
t ra in ing  was  on ly  th ree  weeks  and  as  the
subjec t s  fo rmed the i r  own cont ro l ,  a
separate control group was not incorporated.

Parameters : MEP was determined by asking
the  sub jec t  to  b low aga ins t  a  mercury
co lumn af te r  t ak ing  a  fu l l  b rea th  and  to
main ta in  the  co lumn a t  the  maximum
possible  level  for  about  two seconds .  MIP
was  de te rmined  by  ask ing  the  sub jec t  to
perform maximum inspiratory effort  against
mercury  co lumn af te r  b rea th ing  ou t  fu l ly .
The  maximum insp i ra tory  pressure  tha t
could be maintained for  about  two seconds
was  no ted .  Resp i ra to ry  endurance  was
de te rmined  by  ask ing  the  sub jec t s  to  take
in  a  fu l l  b rea th  and  b low aga ins t  the
mercury column up to a pressure of 20 mm
Hg. Time in seconds that the subject could
main ta in  the  mercury  leve l  a t  20  mm Hg
was  no ted .  We de te rmined  resp i ra tory
endurance at 20 mm Hg instead of the usual
40 mm Hg since some of our subjects were
unable to raise and/or maintain the mercury
leve l  a t  40  mm Hg.  Care  was  taken  to
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between these two deflections.  At least  ten
t r ia l s  were  recorded  for  each  sub jec t  and
mean  of  th ree  s imi la r  observa t ions  was
taken  as  a  s ing le  va lue  fo r  s ta t i s t i ca l
analysis  (2) .

Out of fifteen subjects of group I, seven
dropped out and the number of subjects who
completed the study was eight.  From group
I I ,  th ree  sub jec t s  d ropped  ou t  and  twelve
completed the study.  Pre-  and post- training
record ings  o f  a l l  the  parameters  were
made in  morning,  about  two hours  af ter  a
l igh t  b reakfas t .  A  few days  before  ac tua l
measurements, the subjects were famil iar ized
wi th  the  p rocedures  and  mock  tes t ing
was  done  un t i l  we  were  sa t i s f ied  tha t
they  unders tood  and  per formed the  tasks
cor rec t ly .

Stat i s t i ca l  ana lys i s :  The  va lues  ob ta ined
before  and  a f te r  the  t ra in ing  per iod  were
compared  us ing  S tudent ’ s  pa i red  t - t es t .
Di f fe rence  of  the  va lues  be tween  the  two
groups  was  compared  us ing  S tudent ’ s
unpaired t-test.  A p value of less than 0.05
was  accep ted  as  ind ica t ing  s ign i f ican t
d i f ference  be tween the  compared values .

R E S U L T S

The results are given in Table I. All the
values  of  the  two groups  were  comparable
before  t ra ining per iod.  In  savi t r i  pranayam
group  there  was  s ign i f ican t  (P<0 .05)
increase  in  MEP,  MIP and  resp i ra to ry
endurance after  three weeks of the training
period.  In  bhastr ika pranayam group,  there
was highly signif icant  (P<0.01) increase in
resp i ra to ry  endurance  and  an  ins ign i f ican t
increase  in  MEP and  MIP.  BHT increased
s ign i f ican t ly  (P<0 .05)  in  the  bhas t r ika
pranayam group  and  ins ign i f ican t ly  in

prevent  l eak  th rough  mouthpiece  by
securing the lips with fingers of the subject.
A mouthpiece  made  of  g lass  he lped  us  to
observe  tha t  the  sub jec t s  per formed the
maneuver  p roper ly .  Brea th  ho ld ing  t ime
(BHT)  was  de te rmined  by  no t ing  the
maximum t ime in  seconds  tha t  the  subjec t
could hold his/her breath after breathing in
fully.  For MEP, MIP, respiratory endurance
and BHT,  a  minimum of  three  t r ia l s  were
g iven  wi th  res t  per iod  of  th ree  minutes
between the tr ials  and the highest  of  three
s imi la r  bes t  per formances  was  taken  for
s ta t i s t i ca l  ana lys i s  (2 ) .  BP and  HR were
measured using a portable non-invasive BP
moni tor  (Omron  Inc . ,  Japan) .  RPP was
calculated as SP × HR × 10–2 where SP is
sys to l ic  p ressure  and  the  va lue  thus
obta ined  was  expressed  as  mm Hg.  bea t s
per  minute .  10 –2.  S imi la r ly ,  Do P  was
calculated as MP × HR where MP is  mean
pressure  and  i t  was  expressed  in  mm Hg.
bea t s  per  minute .

VRT and ART were  measured wi th  the
subjec t  s i t t ing  comfor tab le  in  a  cha i r .  To
avoid  the  e f fec t  o f  l a te ra l ized  s t imulus ,
visual and auditory signals were given from
the front of the subject who was instructed
to use his  dominant  hand while responding
to  the  s igna l  (2 ) .  RT was  measured  on  a
fas t  moving  paper  us ing  a  kymograph  by
asking the subject to open as quickly as he
could ,  a  t ap  key  tha t  was  kep t  in  se r ies
with a magnetic t ime marker and connected
a l te rna t ive ly  to  a  l igh t  o r  sound  source .
St imulus  appl ied by complet ing the  c i rcui t
was marked by downward deflection of the
reco rd ing .

Subjec t ’ s  response  by  break ing  the
circuit was marked by upward deflection on
the recording. RT was calculated as the time
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TABLE I : Effect  of  3  weeks  t ra in ing in  savi t r i  and bhast r ika  pranayams on maximum expira tory  pressure
(MEP),  maximum inspira tory  pressure (MIP), respira tory  endurance,  breath  holding t ime (BHT),
visual  react ion t ime (VRT),  auditory reaction time (ART), systolic pressure (SP), diastolic pressure
(DP), mean pressure (MP), heart rate (HR), rate-pressure product (RPP) and double product (Do P).

Sav i t r i  Pranayam Bhas t r i ka  Pranayam

Before A f t e r Before A f t e r

MEP (mm Hg) 55.00± 4.72 70.88± 6.77* 58.42± 5.62 60.00± 7.07
MIP (mm Hg) 45.75± 4.27 65.25± 8.13* 56.50± 6.93 60.00± 7.88
Respi ra tory  endurance  ( s ) 22.38± 2.86 30.38± 4.01* 20.33± 3.11 27.75± 2.70**
BHT (s) 50.75± 8.73 58.50± 3.70 51.36± 10.42 64.00± 11.55*
VRT (ms) 196.20± 8.53 179.61± 14.71 179.92± 5.62 178.75± 10.18
ART (ms) 141.85± 6.34 127.94± 6.7 135.75± 5.80 115.94± 8.97
SP (mm Hg) 100.50± 3.57 98.00± 3.62 100.58± 3.52 102.08± 3.75
DP (mm Hg) 64.13± 1.73 61.00± 2.14* 60.00± 2.72 64.33± 3.47
MP (mm Hg) 76.25± 2.05 73.31± 2.40 73.53± 2.53 77.84± 3.01
HR (bpm) 72.00± 3.4 68.00± 2.99 72.92± 2.14 79.33± 3.11+

RPP (mm Hg. bpm.10–2) 71.79± 2.53 66.24± 2.73 73.51± 3.57 79.87± 4.63+

Do P (mm Hg. bpm) 5457.13± 190.61 4968.88± 226.63 5368.61± 260.04 6230.79± 460.28*+

Values are expressed as mean±SEM. *P<0.05,  **P<0.01 by paired t- test .  +P<0.05 by unpaired t- test .

savitri  pranayam group. Although there was
a  decrease  in  VRT and  ART in  bo th  the
groups ,  th i s  decrease  was  s ta t i s t i ca l ly
ins ign i f ican t .  Fo l lowing  th ree  weeks  of
t ra ining,  HR,  RPP,  and Do P decreased in
sav i t r i  p ranayam group  and  increased  in
bhas t r ika  p ranayam group  and  the
d i f fe rence  be tween  the  two groups  was
s ta t i s t i ca l ly  s ign i f ican t  (P<0 .05)  when
compared by students unpaired t-test .  There
was also a significant decrease (P<0.05) in
diastol ic  pressure (DP) in savi tr i  pranayam
group fol lowing three weeks of  t ra ining.

D I S C U S S I O N

Respi ra to ry  musc les  a re  v i ta l  and
eva lua t ion  of  the i r  per formance  i s
impor tan t .  Maximum expi ra tory  and
insp i ra to ry  p ressures  re f lec t  the  s t reng th
of  musc les  o f  exp i ra t ion  and  insp i ra t ion
respectively. They are sensitive, reproducible
and  can  be  a l t e red  in  pa t ien t s  even  when
there  is  l i t t le  abnormal i ty  in  o ther  indices
of  pu lmonary  func t ion  such  as  fo rced
vital capacity (15).  Three weeks training in

sav i t r i  p ranayam produced  an  apprec iab le
and  s ign i f ican t  inc rease  in  MEP and  MIP
(28 .9% and  42 .6% respec t ive ly) .  On  the
other  hand,  t ra ining in  bhast r ika  pranayam
produced  a  s ta t i s t i ca l ly  ins ign i f ican t
increase  in  these  parameters .  Resp i ra to ry
endurance  increased  apprec iab ly  a f te r
sav i t r i  a s  wel l  as  bhas t r ika  p ranayam
training (35.7% and 36.5% respectively).  In
an earlier work, we have reported that yoga
t ra in ing  produces  a  s igni f icant  increase  in
MEP, MIP as well  as respiratory endurance
(2) .  The  pre- t ra in ing  va lues  of  resp i ra tory
pressures  and  endurance  a re  lower  in  the
present study as compared to earlier studies
(2,  15).  This might be due to the fact  that
our subjects had less muscle mass since they
had lower body weight and were younger in
age  as  compared  to  our  ea r l i e r  s tudy .
Resp i ra to ry  pressures  a re  known to  be
volume-dependent  (15) .  We measured MEP
after  the  subject  took in  a  ful l  breath and
MIP after breathing out fully since Chen &
Kuo (16)  have  repor ted  tha t  insp i ra to ry
muscle strength is higher at residual volume
whi le  expi ra tory  muscle  s t rength  i s  h igher
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near  to ta l  lung  capac i ty .  Yoga  t ra in ing  i s
known to improve pulmonary function.  The
marked  increase  in  resp i ra to ry  pressures
and endurance in our group I subjects shows
tha t  sav i t r i  p ranayam i s  an  e f fec t ive  way
to  develop respi ra tory  muscula ture .  Savi t r i
and  bhas t r ika  p ranayams involve  deep
inspiratory as well as expiratory efforts and
thus  exerc i se  insp i ra to ry  as  wel l  as
expiratory muscles.  The significant increase
in respiratory endurance in both the groups
is consistent with the observations of Chen
& Kuo (16) that  physical  activity increases
resp i ra to ry  musc le  endurance .  S ince  MEP.
MIP and respiratory endurance are  easy to
perform, sensitive and reproducible (16). We
recommend that  measurement of  respiratory
musc le  s t reng th  and  endurance  should  be
done  rou t ine ly  in  s tud ies  de te rmin ing  the
effectiveness of yoga training, studying and
moni tor ing  the  e f fec t  o f  t rea tment  in
pa t ien t s  wi th  d i seases  assoc ia ted  wi th
musc le  weakness .

In  g roup  I I  sub jec t s ,  t r a in ing  in
bhastr ika pranayam produced a  s tat is t ical ly
s ign i f ican t  inc rease  in  BHT.  In  sav i t r i
p ranayam group ,  a l though  the  increase  in
BHT was  apprec iab le  (15 .3%) ,  i t  was  no t
s ta t is t ica l ly  s ignif icant .  This  might  be  due
to small sample size (n=8) of group I.  Our
resu l t s  a re  s imi la r  to  the  f ind ings  o f
Makwana et  a l  (7)  who have reported that
yoga training produces a significant increase
in BHT. Nayar et al (17) also have reported
a  h ighly  s igni f icant  increase  in  BHT af ter
yoga  t ra in ing .  They  have  sugges ted  tha t
pranayam be  used  as  shor t  per iod  of
consc ious  con t ro l  o f  ra te  and  dep th  of
brea th ing  as  hea l th  p romot ing  exerc i se .

In  bo th  the  groups ,  ART was  shor te r
than  VRT and  th i s  i s  cons i s ten t  wi th  the
results of our previous study (2). This is in

cont ras t  to  the  f ind ings  o f  Shenvi  and
Balasubramanian  (18)  who have  repor ted
tha t  VRT i s  shor te r  than  ART in  boys  as
well as girls. After pranayam training, there
was a reduction in VRT as well as ART in
both the groups. Although the decrease was
appreciable, i t  was statistically insignificant
and this  may be due to small  sample s ize.
It is also probable that with longer duration
of pranayam training there may be a further
and statistically significant decrease in VRT

and ART in  bo th  the  groups .  RT i s  an
indi rec t  index of  the  process ing abi l i ty  of
cen t ra l  nervous  sys tem and  a  s imple  and
inexpens ive  means  for  de te rmin ing
sensorimotor performance (2).  Shortening of
VRT as well as ART after pranayam training
s ign i f ies  g rea te r  a rousa l ,  improved
concen t ra t ion  and  fas te r  respons iveness .

I t  i s  wel l  known tha t  yoga  t ra in ing
decreases  HR and  BP (1) .  In  the  p resen t
s tudy ,  sav i t r i  p ranayam t ra in ing  resu l ted
in  a  s ta t i s t i ca l ly  ins ign i f ican t  decrease  in
res t ing  HR and  SP and  a  s ta t i s t i ca l ly
significant (P<0.05) reduction in DP. It may
be not iced that  the  durat ion of  t ra ining in
the present study was short (3 weeks). It is
likely that with longer training, BP and HR
may show further and  significant decrease.
Sav i t r i  p ranayam,  which  i s  a  s low and
rhythmic  brea th ing ,  has  been  found  to
produce deep psychosomatic  relaxat ion and
decrease  in  oxygen  consumpt ion  (1) .  A
reduction in BP and HR by savitri pranayam
indicates a decrease in sympathetic activity.
Bhas t r ika  pranayam involves  fo rcefu l
contraction of respiratory muscles (including
abdomina l  musc les ) .  The  increase  in  HR,
RPP and Do P in bhastrika pranayam group
suggests an increase in sympathetic activity.
In this connection,  it is interesting to know
that  Raghuraj  et  al  (10) have reported that
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nad ishuddi  ( s low brea th ing  th rough
a l te rna te  nos t r i l s )  reduces  sympathe t ic
ac t iv i ty  whi le  kapa labha t i  (b rea th ing  a t
h igh  f requency  wi th  fo rcefu l  abdomina l
cont rac t ions)  p roduces  sympathe t ic
s t imulat ion.  In  the present  s tudy,  RPP and
Do P decreased  in  savi t r i  pranayam group
and increased in bhastrika pranayam group.
RPP i s  an  index  of  myocard ia l  oxygen
consumpt ion  and  work  done  and  ind ica tes
load on heart (12). Hence the present study
demons t ra tes  tha t  sav i t r i  p ranayam
decreases  whi le  bhas t r ika  p ranayam
increases  load  on  hear t .

In  conclus ion ,  the  present  s tudy shows
that  savi t r i  ( s low brea th ing)  and bhas t r ika

( fas t  b rea th ing)  p ranayams have  d i f fe ren t
physiological effects. While training in slow
breath ing  pranayam reduces  HR,  RPP,  and
Do P,  fast  breathing pranayam produces an
increase  in  these  parameters .  Fur ther ,
p ranayam t ra in ing  increases  resp i ra to ry
musc le  s t reng th  and  endurance .
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