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Abstract  :  Breathing is  the most  vi tal  funct ion for  maintenance of  l i fe .
Slow and deep breathing is an integral  part  of Pranayama and i t  reduces
dead space ventilation and renews air  throughout the lungs.  The reported
beneficial effects of deep breathing as a part of either long term or short
term practice of pranayama are well documented. However our knowledge
about the effects of a few minutes’ of deep breathing on human ventilatory
parameters  i s  poor .  In  the  present  s tudy ,  we  examined  the  re la t ionship
between exposure to short duration of deep breathing and performance on
Pulmonary Funct ion Tests  before  and af ter  the  deep breathing.

The  s tudy  was  conduc ted  in  a  homogenous  g roup  o f  12  vo lun tee r s
conta in ing  4  females  and  8  males  who were  wel l  t ra ined  in  pulmonary
func t ion  t e s t ing  (PFT)  be fo re  the  s t a r t  o f  the  s tudy .  The  vo lun tee r s
performed deep breathing (DB) exercise for 2, 5 and 10 minutes at the rate
of 6 breaths per minute under guidance, and the duration of DB exercise
for that day was randomly selected for each group. PFT was done before
and af ter  the DB exercise .

There was a significant (P<0.05) increase in vital capacity (VC) after 2
and 5 minutes’ DB exercise and a consistent improvement in tidal volume
(TV) and minute venti lat ion (MV) after  the DB exercise in al l  the three
groups,  though i t  wasn’t  s tat is t ical ly signif icant .  There was a signif icant
(P<0.05) increase in forced vi tal  capacity (FVC) after  2 minutes’  of  DB
exerc i se  and  a  cons i s t en t  inc rease  in  a l l  t he  th ree  g roups  in  fo rced
inspiratory vi ta l  capaci ty  (FIVC) and peak inspiratory f low rate  (PIFR),
though this increase was not statistically significant. This shows that deep
breathing exercise,  even for a few minutes’ duration is beneficial  for the
lung funct ions .
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INTRODUCTION

Slow and especially deep breathing, as it
i s  in  Pranayama brea th ing  exerc i se ,  i s
economica l  because  i t  r educes  dead  space
vent i l a t ion .  I t  a l so  renews  a i r  th roughout
the lungs in contrast with shallow breathing
which  renews  a i r  on ly  a t  the  base  o f  the
lungs. The reported beneficial effects of deep
breathing as  a  par t  of  e i ther  long term or
shor t  t e rm prac t ice  o f  p ranayama a re  an
improvement  in  ven t i l a to ry  func t ions  (1 ) ,
effect on grip strength (2) and also on heart
rate variabil i ty (3).  I ts  effects as a part  of
comprehensive yoga therapy intervention are
well documented (4).

Even a few successive episodes of deep
inhalations are known to influence the lung
and ai rway dynamics  (1) .  Deep inhalat ions
ei ther  can increase  or  decrease  the  a i rway
resistance depending on many variables (5).
The  ro le  o f  deep  brea th ing  on  re lease  o f
sur fac tan t  and  consequent  change  in
pulmonary  compl iance  and  o ther  lung
functions has been extensively studied, both
in cultured pulmonary epithelial cells (6) and
in isolated and intact lungs of many different
animals (7, 8, 9). But whether the same type
of  phenomenon occurs  in  in tac t  human
subjects  and whether  that  can a l ter  any of
the  parameters  o f  pu lmonary  func t ions
tes t ing has  not  been s tudied in  deta i l .  Al l
the  ava i lab le  s tud ies  main ly  d i scuss  the
ef fec t s  o f  a t  l eas t  a  shor t  t e rm prac t ice
extended over a period of a few days to weeks
of  p ranayama ra ther  than  acu te  e f fec t s  o f
pranayama. The present study was conducted
to study the acute effects of a brief period
of  prac t ice  of  deep  brea th ing  exerc i se  for
2–10  minutes ’  dura t ion  on  the  pu lmonary
funct ions .

MATERIALS AND METHODS

S u b j e c t s

The study was conducted in a homogenous
group  of  12  vo lun teers ,  4  females  and  8
males .  The  demographic  charac te rs  a re  as
fo l lows  (Mean±SD):  Age ,  23 .6±2 .6  years ,
weight,  61.1±15.7 kg and height,  1.64±0.08
m.  Informed wr i t t en  consent  was  ob ta ined
af te r  exp la in ing  the  p rocedure  and  the
protocol .  The subjects  were divided into  3
groups ,  each  con ta in ing  4  vo lun teers ,  by
random al locat ion.

M e t h o d o l o g y

All  the subjects  were very well  t ra ined
in pulmonary function test ing (PFT) before
the start of the study and it was made sure
tha t  the i r  per formance  on  PFT was  h ighly
reproducible.  Then the volunteers performed
deep breathing (DB) exercise for 2, 5 and 10
minutes at the rate of 6 breaths per minute,
guided by one of the investigators on three
different days, at  the same time, on all  the
days.  The duration of DB exercise for  that
day was arbitrarily selected for each group.

PFT was  done  jus t  before  the  s ta r t  o f
the DB exercise. After the DB, each subject
was given 5 minutes’ rest and the PFT was
aga in  per formed.  The  tes t  was  done  on  a
computerized spirometer (Model – Spirobank
G). The PFT was repeated at least twice both
before  and  a f te r  the  DB exerc i se  and  the
best of the three values was chosen at each
ins t ance .

The PFT parameters recorded were t idal
volume (TV),  respiratory rate (RR),  minute
ventilation (MV), expiratory and  inspiratory
times (te and ti), flow rate during inspiration
(TV/ti) and vital capacity (VC), which were
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significantly different when P<0.05.

RESULTS

All  the volunteers  completed the s tudy.
The resul ts  for  the  PFT parameters  dur ing
slow maneuver are shown in table1 for 2, 5
and 10 minutes .

There was a  consis tent  increase in  TV,
MV and VC after the DB exercise in all the
three  g roups ,  and  the  change  in  VC was
statistically significant after 2 and 5 minutes’
DB exercise as analyzed by two way ANOVA
though it was not so after 10 minutes’. These
changes are graphically represented in Fig. 1.

 There was a  t rend towards an increase in
the duration of inspiration, but without much

all  done with a s low maneuver.

In  the  fo rced  tes t ,  the  parameters
recorded were forced expiratory vital capacity
(FVC), forced expiratory volume in 1st second
(FEV1), percentage of vital capacity expelled
forcefully at the end of 1st second (FEV1%),
peak  expi ra tory  f low ra te  (PEFR) ,  mid
expi ra to ry  f low ra tes  (MEFR) ,  fo rced
inspira tory  vi ta l  capaci ty  (FIVC) and peak
inspiratory flow rate (PIFR).

Stat i s t i ca l  ana lys i s

The data of all  the subjects was pooled
under  the  head ing  base l ine ,  2  minutes ,  5
minutes and 10 minutes and compared using
Friedman’s ANOVA. A value of P<0.05 was
considered s ignif icant .  A post  hoc analysis
was  done  to  iden t i fy  which  groups  were
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TABLE 1 : Ef fec t s  o f  d i f f e ren t  dura t ion  o f  DB exerc i se  on  pa ramete r s  o f  S low maneuver  PFT.

TV (L) RR ( /min) MV (L /min) te  ( s ) t i  (s ) TV/ t i  (L / s ) VC (L)

B a s e l i n e 0 . 5 9 ± 0 . 1 6 16 .80±5 .42 9 . 3 5 ± 2 . 9 4 2 . 2 3 ± 0 . 7 0 1 . 7 2 ± 0 . 6 2 0 . 3 7 ± 0 . 1 3 3 . 5 0 ± 0 . 8 0
2  min 0 . 6 5 ± 0 . 1 7 17 .47±6 .49 10 .86±4 .19 2 . 2 0 ± 0 . 8 3 1 . 7 5 ± 0 . 7 9 0 . 4 2 ± 0 . 1 7 3 . 6 0 ± 0 . 7 8 *
5  min 0 . 6 5 ± 0 . 2 1 17 .18±6 .66 10 .56±4 .05 2 . 2 3 ± 0 . 8 0 1 . 7 8 ± 0 . 7 4 0 . 4 1 ± 0 . 1 7 3 . 5 6 ± 0 . 7 9 *
10  min 0 . 6 5 ± 0 . 2 2 16 .10±6 .91 10 .02±4 .45 2 . 4 3 ± 0 . 9 1 1 . 9 2 ± 0 . 7 7 0 . 3 8 ± 0 . 1 9 3 . 5 1 ± 0 . 7 8

Resu l t s  a re  shown Mean±SD.  *P<0 .05  as  compared  to  base l ine .

TABLE 2 : Ef fec t s  o f  d i f f e ren t  dura t ion  o f  DB exerc i se  on  pa ramete r s  o f  Forced  maneuver  PFT.

FVC (L) FEV1 (L) FEV1% (%) PEFR (L / s ) MEFR (L / s ) FIVC (L) PIFR (L/s )

B a s e l i n e 3 . 6 4 ± 0 . 8 2 3 . 1 9 ± 0 . 6 8 87 .80±6 .32 7 . 8 8 ± 2 . 3 8 3 . 7 9 ± 1 . 0 3 3 . 6 5 ± 0 . 8 3 6 . 5 4 ± 2 . 0 0
2  min 3 . 7 1 ± 0 . 8 1 * 3 . 2 2 ± 0 . 7 2 86 .93±7 .38 7 . 7 3 ± 2 . 5 5 3 . 8 2 ± 1 . 1 9 3 . 7 6 ± 0 . 8 2 6 . 5 9 ± 2 . 0 7
5  min 3 . 6 5 ± 0 . 8 0 3 . 1 9 ± 0 . 6 6 88 .05±6 .20 7 . 7 9 ± 2 . 5 1 3 . 8 3 ± 0 . 9 7 3 . 7 1 ± 0 . 8 3 6 . 6 2 ± 2 . 1 1
10  min 3 . 6 6 ± 0 . 8 5 3 . 1 7 ± 0 . 7 5 86 .91±6 .60 7 . 7 6 ± 2 . 6 0 3 . 7 0 ± 1 . 1 8 3 . 7 1 ± 0 . 8 3 6 . 7 7 ± 2 . 2 2

    Resu l t s  a re  shown Mean±SD.  *P<0 .05  as  compared  to  base l ine .

Fig .  2 : Ef fec t  o f  deep  b rea th ing  on  fo rced  v i t a l  capac i ty .  The  mean  va lues  a re  shown as  smal l  boxes ,  the
Mean±SE va lues  a re  shown as  l a rge  boxes  and  the  Mean±SD va lues  a re  shown as  e r ro r  ba r s .
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of a change in RR and expiratory time. Since
there was also a t rend towards an increase
in  t ida l  vo lume and  consequent  minute
ventilation, this was possible because of an
increase  in  inspi ra tory  f low which showed
increase in al l  the three groups,  though all
these  changes  d id  not  reach the  s ta t i s t ica l
significance levels.

The changes in PFT parameters of forced
maneuvers are shown in Table II. As can be
seen ,  the re  was  a  s ta t i s t i ca l ly  s ign i f ican t
increase  in  FVC af te r  2  minutes ’  o f  DB
exercise, but not so after 5 and 10 minutes’
of  DB exerc i se ,  which  i s  g raphica l ly
represented in Fig. 2. There were consistent
improvements  in  fo rced  insp i ra to ry
parameters. The FIVC was consistently more
af te r  the  DB in  a l l  the  3  g roups ,  wi th  a
s imi la r  t rend  in  PIF ,  though  was  no t
s ta t i s t ica l ly  s igni f icant .  There  was  a  t rend
towards a lower PEFR in al l  the 3 groups,
without any consistent change in FEV1 and
MEFR.

DISCUSSION

The alveoli of the lungs are the place for
gas exchange and also an area where there
is air – water interface. This interface causes
sur face  t ens ion  and  decreases  the
compliance,  which in turn reduces the lung
compl iance .  The  normal  sur face  tens ion  i s
reduced to a great extent by the surfactant,
which is a surface active agent secreted by
type  I I  pneumocytes .  The  re lease  o f
surfactant is helped by deep inspirations and
increases  the  compl iance  as  shown in  the
increased  compl iance  dur ing  the  def la t ion
phase of the pressure volume curve of a lung.
This  phenomenon has  been wel l  s tudied in
isolated animal lungs, in-situ lungs and also

in  the  cu l tu red  pu lmonary  ep i the l ia l  ce l l s
with  the  possible  mechanism of  exocytosis
(7, 8, 9).  This could be a possible explanation
for the beneficial effects seen in mechanically
ventilated lungs of acute lung injury, where
in  var iab le  t ida l  vo lumes  were  shown to
improve  a lveo la r  s tab i l i ty  and  b lood
oxygenat ion,  and decrease lung injury (10,
11).

The effects of deep inhalation in human
be ing  on  lung  and  a i rway  res i s tances  has
a l so  been  documented  (5)  so  a l so  a re  the
benef ic ia l  e f fec ts  of  long term pract ice  of
pranayama,  which  involves  s low and  deep
breathing (1,  2,  3,  4).  But there are hardly
any studies which have tried to explore the
effects of few minutes’ of deep breathing on
human ven t i l a to ry  parameters .  Our  s tudy
tr ies  to  see  these  changes .

Deep breathing,  even of a few minutes’
duration, as was done in this study, showed
a significant improvement in VC, and a trend
towards increased TV and MV, even though
in some cases there was a reduction in RR,
as could be seen after 10 minutes’ DB, which
shows that the increase in TV was more than
compensat ing for  the reduction in RR. The
slow rate of breathing is not only economical
in  t e rms  of  energy  spen t  on  work  of
breathing, but reduces dead space ventilation
by an  increase  in  VC and hence  improves
alveolar ventilation. Hence the improved MV
was  main ly  add ing  to  a lveo la r  ven t i l a t ion
which is a further advantage.  The increased
VC which was stat ist ical ly significant  even
when the DB was of short duration, indicates
that  a  long term pract ice might  improve i t
further,  as  has already been documented in
the  l i t e ra ture .  The  s lowing  of  b rea th  seen
af te r  10  minutes  o f  DB can  a l so  he lp  in
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reduc ing  the  sympathe t ic  ac t iv i ty  and
increas ing  the  parasympathe t ic  ac t iv i ty ,
which  a l so  has  been  demons t ra ted  for
pranayama (12) .

The beneficial  effects  seen in FVC and
the  t rend  seen  in  o ther  fo rced  insp i ra to ry
parameters like FIVC and PIF, indicate that
there could be a  change in the compliance
of  the  lungs .  The  fac t  tha t  a i rways  ge t
compressed dur ing forced expira t ion  might
have negated the beneficial  effects  of  deep
breathing on lung compliance and this might
be a  reason for  the type of  resul ts  in  this
study, which does not show any significant
improvement in forced expiratory parameters
l ike  FEV1,  PEFR and  MEFR.  But  dur ing
insp i ra t ion ,  whe ther  fo rced  or  no t ,  the
airway resistance decreases and hence does
not  oppose  the  a i r  movement .  Our  s tudy

shows a significant increase in the FVC, even
after just 2 minutes’ of DB exercise and also
a  t rend  towards  an  increase  in  FIVC and
PIF. This could be due to a possible increase
in surfactant levels, released because of deep
inhalations. Even 2 minutes’ of DB might be
good  enough  to  b r ing  about  a  s ign i f ican t
release of surfactant, which will increase the
lung compliance, even during the inspiratory
phase  of  the  lung .  Tha t  cou ld  be  an
explanation for the significant increase seen
in FVC after 2 minutes’ of DB with the trend
of improving PIF and FIVC seen after 2,  5
and 10 minutes’ DB.

In conclusion, deep breathing, even for a
few minutes’ duration seems to be beneficial
for  the  lung funct ions .  Fur ther  s tudies  are
needed to confirm the possible mechanism(s)
responsible for such an effect .
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