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

There  a re  severa l  s tud ies  sugges t ing  a

p lace  for  yoga  in  the  management  o f
diabetes mellitus (1–5). While details of the
yogic intervention may differ widely, asanas
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Abstract  :  The  s tudy  was  conduc ted  to  examine  the  hypo thes i s  tha t
yogasanas help in the treatment of  diabetes mell i tus by releasing insulin
from the pancreas .  Twenty heal thy young voluntees  (17 male,  3  female;
age  19–31  yea r s )  pa r t i c ipa ted  in  the  s tudy .  Each  vo lun tee r  pe r fo rmed
four sets  of  asanas in random order  for  5 consecutive days each with a
2-day  gap  be tween consecut ive  se ts  of  asanas .  The  four  se ts  of  asanas
were :  ( I )  dhanurasana  +  matsyendrasana ,  ( I I )  ha lasana  +  va j rasana ,
( I I I )  naukasana  +  bhu jangasana ,  and  ( IV)  se tubandhasana  +
pavanamuktasana. Blood samples were collected on days 4 and 5 of each
set  of  asanas  for  measurement  of  g lucose  and insul in  levels  before  the
asanas ,  wi th in  10  min  a f t e r  pe r fo rming  the  asanas ,  and  30  min  a f t e r
ingest ion of  75 g glucose,  which in turn was ingested immediately after
the second blood sample. A standard 75 g oral glucose tolerance test (OGTT)
was also done before and after the study. On the days of the pre-study or
post-study OGTT, no asanas were done. The serum insulin levels after the
asanas  were  lower  (P<0.05)  than those  before  the  asanas .  However ,  the
serum insulin level 0.5 h after the post-asana oral 75 g-glucose challenge
was higher (P<0.05) in Set IV than the 0.5 h postprandial insulin level in
the pre-study OGTT; the same trend was observed in other  sets  as  wel l
a l though s ta t i s t ica l ly  not  s ign i f icant .  The  observa t ions  sugges t  tha t  the
performance of asanas led to increased sensitivity of the B cells of pancreas
to the glucose s ignal .  The increased sensi t ivi ty  seems to  be a  sustained
change resulting from a progressive long-term effect of asanas. The study
i s  s ign i f i can t  in  tha t  i t  has  fo r  the  f i r s t  t ime  a t t empted  to  p robe  the
mechanism by which yogasanas  help  diabetes  mel l i tus .
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(phys ica l  pos tures )  a re  invar iab ly  a t  l eas t
one  component  o f  the  in te rven t ion .  Some
yogic practitioners claim that a few selected
asanas  tha t  involve  twis t ing  or  fo ld ing  of
the  abdomen are  par t icu la r ly  benef ic ia l  in
d iabe tes  because  they  re lease  insu l in  by
compress ing  the  pancreas  (6) .  The  present
s tudy  was  des igned  to  examine  th i s
hypothes i s ,  and  to  the  bes t  o f  our
knowledge ,  i s  the  f i r s t  s tudy to  do  so .  In
the  present  s tudy,  serum concentra t ions  of
insu l in  measured  ‘ immedia te ly’  a f te r  the
asanas,  and the insul inemic response to  an
oral glucose challenge after asanas was also
evaluated in healthy young human subjects.
In  add i t ion  to  these  acu te  responses ,  the
long-term effect of performing asanas for 4
weeks  on  g lucose  to le rance  was  a l so
i n v e s t i g a t e d .

M E T H O D S

The study was done on 20 healthy young
volunteers  (17  male ,  3  female ;  age  19–31
year ) .  Al l  o f  them were  non-smokers  and
non-a lcohol ics ,  and  none  of  the  female
volun teers  was  p regnant .

Dur ing  the  4-week  s tudy  per iod ,  every
volun teer  per formed the  fo l lowing  se t s  o f
asanas  for  5  consecut ive  mornings  each.

Se t  I : Dhanurasana  (Bow pose)  and
Ardhamatsyendrasana (Half  spinal
tw i s t ) .

Se t  I I : Halasana  (P lough  pose)  and
Vajrasana (Thunderbol t  pose) .

Se t  I I I : Naukasana  (Boa t  pose)  and
Bhujangasana (Cobra  pose) .

Set  IV : Setubandhasana (Bridge pose) and
Pavanmuktasana  (Wind  re leas ing
pose) .

The asanas of sets I – III were found to
be  e f fec t ive  in  reduc ing  fas t ing  and
pos tprandia l  g lucose  in  d iabe tes  by  Sahay
(1). The asanas in set IV are not specifically
advised for diabetics, and served as controls.

The  vo lun teer  per formed a  se t  o f
asanas  f rom Monday through Fr iday.  After
a 2-day gap (Saturday and Sunday),  he/she
s ta r ted  wi th  the  nex t  se t  o f  asanas .  The
sequence  of  the  four  se t s  o f  asanas  was
r a n d o m i z e d .

Blood samples were collected on days 4
and 5 (Thursday and Friday) of each set of
asanas  for  measurement  o f  g lucose  and
insul in  a t  the  fol lowing t ime points :

(a) before  the  asanas

(b) within 10 min of finishing with the
a s a n a s .

S ince  the  sub jec t  came a f te r  an
overnight  fast  for  asanas,  both (a)  and (b)
were  fas t ing  samples .  Af te r  co l lec t ing
sample  (b) ,  the  subjec t  was  g iven  a  dr ink
containing 75 g glucose dissolved in 300 mL
water .  A thi rd  blood sample  was col lected
30 min after ingestion of the glucose drink.
An oral  glucose tolerance test  (OGTT) was
done 2–3 days before and after  the 4-week
s tudy .  The  exper imenta l  des ign  has  been
shown below.

Days  1–5 ,  Monday – Fr iday ,  ↑ ,  B lood
samples; OGTT, Oral glucose tolerance test.
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water, lemon juice added to it, and the drink
admin is te red  to  the  sub jec t  o ra l ly .
Thereaf te r  venous  b lood  samples  were
drawn a t  30-min  in te rva l s  t i l l  2  h  a f te r
ingest ion of  the  dr ink.

Serum glucose – Serum concentration of
g lucose  was  de te rmined  by  the  g lucose
oxidase  method  us ing  k i t s  ob ta ined  f rom
Randox Laboratories Ltd., Antrim, U.K. The
in t ra -assay  and  in te r -assay  coef f ic ien t s  o f
variat ion for  glucose were 2.1% and 4.0%,
respec t ive ly .

Serum insulin – Serum concentrat ion of
insulin was determined by radioimmunoassay
using kits obtained from Medicorp, Canada.
The intra-assay and inter-assay coeff icients
of variation for insulin were 3.6% and 5.6%,
respec t ive ly .

Estimates of  insulin sensit ivi ty – Indices
of  insu l in  sens i t iv i ty  were  ca lcu la ted
us ing  formulae  for  ( i )  homeos ta t ic  model
assessment  (HOMA) for  insu l in  res i s tance
(7) ,  and ( i i )  quanti tat ive insul in sensi t ivi ty
check index (QUICKI) (8).

Data analysis – The glucose and insulin
va lues  before  the  asanas  were  compared
wi th  those  a f te r  the  asanas .  The  0 .5  h
pos tprandia l  g lucose  and  insu l in  a f te r  the
asanas  were  compared  wi th  the  0 .5  h
postprandial glucose and insulin in the pre-
study standard OGTT. All these comparisons
were  made  by  S tudent ’ s  t - t es t .  The
comparisons of the insulin values have been
made for  log- t ransformed values .

The  Eth ics  Commit tee  o f  Al l  Ind ia
Inst i tu te  of  Medical  Sciences  approved the
study. Volunteers were enrolled in the study
after  they had given their  informed writ ten
consent  for  par t ic ipa t ion .

The protocol – On each of the days that
the volunteer came for asanas, the sequence
of events was as follows :

Fast ing blood sample*

Brea th ing  exerc ises :  5  min

(a) Dog brea th ing

(b) Tiger  b rea th ing

Stre tching  exerc ises :  10  min

Tadasana  (Pa lm t ree  pose)

Neck rol ls

Shoulder  movements

Arm ro ta t ion

Elbow movements

Finger  movements

Wais t  bends

Knee  ro ta t ion

Ankle  movements

Asanas  as  per  the  Set :  10 min

Each  asanas  fo r  30  sec  a t  a  t ime
thr ice  wi th  an  in te rva l  o f  1  min
be tween  the  asanas .

Shavasana (Corpse  pose) :  5  min

Blood sample within 10 min*

75 g glucose drink*

Blood sample 30 min after the glucose drink*

*Only on days 4 and 5 of each set

Oral glucose tolerance test – After having
been on an unrestricted carbohydrate diet  for
a t  l eas t  3  days ,  the  subjec t  repor ted  a f te r
an overnight fast .  The patient  was made to
sit  peacefully in a comfortable environment
for 30 min, and then a venous blood sample
(fast ing)  was col lected.  Then 75 g glucose
was dissolved in 300 mL of refrigerated cold
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R E S U L T S

The characteris t ics  of  the subjects  have
been  summar ized  in  Table  I .  The  se rum
concentrations of glucose and insulin before,
and  immedia te ly  a f te r  asanas  have  been
given in Table II.  There was no significant
difference between the serum glucose levels
before  and  immedia te ly  a f te r  the  asanas .
Fur ther ,  the  se rum g lucose  0 .5  h  a f te r  an
oral  75 g-glucose chal lenge in  case of  the
four  se t s  o f  asanas  was  no t  s ign i f ican t ly
different from the 0.5 h postprandial plasma
glucose level (mean ± SD, 140.1 ± 36.7 mg/
dL) in the standard OGTT done before the
s tudy .  However ,  the  se rum insu l in  l eve l s
after the asanas were significantly (P<0.05)
lower than those before the asanas. Further,
the serum insulin 0.5 h after the oral 75 g-
glucose challenge in Set IV was significantly
h igher  than  the  0 .5  h  pos tprandia l  insu l in
level (mean ± SD, 635.7 ± 357.2 picomoles/
L)  in  the  s tandard  OGTT done  before  the

s tudy.  The  t rend was  s imi lar  in  Sets  I ,  I I
and III, but the differences were statistically
not  s ign i f icant .

The  resu l t s  o f  s tandard  OGTT done
before and after  the study have been given
in  Table  I I I .  Compar ison of  corresponding
pre-s tudy and pos t -s tudy levels  revealed  a
significant (P<0.05) difference only in case
of the 0.5 h insulin levels .  However,  there
was no significant change in area under the
2-h insul in curve (AUC).

In order to examine whether the changes
observed  in  Table  I I  were  spec i f ic  to  the
asanas  in  the  var ious  se ts ,  or  had evolved
over 4 week during the study, the same data
has been analysed as a function of time from
week 1 through week 4 as shown in Table
IV. The trend towards a higher insulin level
0 .5  h  a f te r  the  pos t -asana  75-g  g lucose
challenge, as compared to the corresponding
level before the study first appears in week
2. This difference is significant (P<0.05) in
week 3,  and the  t rend pers is ts  in  week 4.

As  compared  wi th  the  pre-s tudy OGTT
data ,  the re  was  no  s ign i f ican t  change  in
HOMA and  QUICKI  es t imates  o f  insu l in
sens i t iv i ty  dur ing  the  s tudy  whether  we
cons ider  ind iv idua l  se t s  o f  asanas ,  o r  the
weekly progression, or the post-study OGTT.

TABLE I : Charac ter i s t ics  of  the  subjec ts .

Charac ter i s t i c Value  (mean±SD)

Age (years) 23.8± 4.0
Height  (m) 1.6± 0.05
Weight  (kg) 57.2± 6.3
BMI (kg/m2) 21.2± 1.6

TABLE II : Glucose and insul in levels  before and af ter  various sets  of  asanas.

Plasma g lucose  (mg/dL) Serum insu l in  (p icomoles /L)
A s a n a s

Before asanas After asanas After glucose Before asanas After asanas After glucose

Set I 83.9± 13.2 81.7±12.4 142.1±23.1 139.0±37.9 125.1±35.6* 820.3±427.5
Set II 81.2±13.9 79.3±15.2 142.6±25.9 156.6±82.6 132.1±35.6* 814.5±368.1
Set III 83.8±18.6 83.0±15.3 142.9±25.8 144.4±54.0 123.8±37.9* 833.8±472.4
Set IV 76.4±15.1 74.7±16.4 136.3±27.9 150.8±67.0 136.4±56.4* 868.0±395.5+

*P<0.05, as compared to ‘Before asanas’.
+P<0.05, as compared to 0.5 h value in Pre-study OGTT (Table III).
Values  are  shown as  means±SD.
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D I S C U S S I O N

Since the serum insulin levels within 10
min of performing a variety of asanas were
not  h igher  than  those  before  the  asanas ,
there  is  no evidence for  re lease  of  insul in
from the pancreas as a result of performing
the  asanas .  On  the  con t ra ry ,  the  insu l in
leve l s  a f te r  the  asanas  were  s ign i f ican t ly
lower  a f te r  the  asanas  than  before  the
asanas  (Table  I I ) .  Fur ther ,  pos tprandia l
serum insulin 0.5 h after ingestion of 75 g
g lucose  was  h igher  a f te r  the  asanas  than
the  cor responding  va lue  in  the  OGTT
performed before any set of asanas had been
done .  This  d i f fe rence  was  s ta t i s t i ca l ly
significant only in Set IV, but the trend in
o ther  se t s  was  a l so  the  same (Table  I I ) .
These  observa t ions  sugges t  tha t  the
per formance  of  asanas  l ed  to  increased
sensitivity of the B cells of pancreas to the

glucose signal. Performance of asanas in the
fas t ing  s ta te  was  presumably  accompanied
by  s teady  and  acce le ra ted  u t i l i za t ion  of
g lucose ,  bu t  se rum g lucose  d id  no t  fa l l
s ign i f ican t ly  a f te r  the  asanas .  The  reason
possibly was that  the B cel ls  responded to
accelerated glucose ut i l izat ion with prompt
decrease  in  insu l in  re lease .  On  the  o ther
hand, administration of 75 g glucose led to
a  p rompt  increase  in  insu l in  re lease  in
amounts  g rea te r  than  under  s imi la r
c i rcumstances  before  the  subjec t  had  been
in i t i a ted  in to  any  asanas .  Thus  the
increased sens i t iv i ty  of  B cel ls  to  g lucose
which we have hypothesized seems to work
both ways,  reducing insul in release briskly
when  g lucose  leve l  t ends  to  fa l l ,  and
increas ing  insu l in  re lease  sharp ly  when
glucose level  tends to r ise.

The next  quest ion which needs  to  be

TABLE III : Oral  g lucose tolerance before  and af ter  the  s tudy.

Plasma g lucose  (mg/dL) Serum insu l in  (p icomoles /L)

Pre - s tudy Pos t - s tudy Pre - s tudy Pos t - s tudy

Fasting 83.3± 16.2 82.7± 13.4 152.9± 61.3 153.8± 63.6
0.5 h 140.1± 36.7 146.6± 27.2 635.7± 357.2 787.4± 402.4*
1.0 h 128.8± 29.4 120.2± 21.6 606.9± 224.1 661.7± 408.1
1.5 h 107.0± 30.8 103.0± 29.7 543.6± 331.2 518.6± 242.5
2.0 h 100.0± 24.4 103.8± 23.0 371.5± 175.1 458.1± 211.9

*P<0.05, as compared to ‘Pre-study’.
Values  are  shown as  means±SD.

TABLE IV : Sequent ia l  glucose and insul in  levels  before  and af ter  asanas .

Per iod Plasma g lucose  (mg/dL) Serum insu l in  (p icomoles /L)
of  the
s t u d y Before asanas After asanas After glucose Before asanas After asanas After glucose

Week 1 79.6± 15.6 76.5± 13.3 131.8± 21.8 165.1± 93.0 141.6± 54.9 773.6± 359.4
Week 2 77.2± 16.5 74.2± 16.9 138.2± 24.7 147.2± 42.6 127.5± 36.8 855.5± 434.6
Week 3 83.0± 15.2 81.4± 13.6 147.0± 28.3 156.0± 49.1 120.8± 36.8 841.1±363.0*
Week 4 85.6± 13.8 86.5± 13.7 146.9± 25.1 140.7± 53.8 127.5± 36.1 866.3± 494.4

*P<0.05, as compared to 0.5 h value in Pre-study OGTT (Table III).
Values  are  shown as  means±SD.
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answered  i s  whe ther  the  increased
sensitivity of B cells is  the acute effect of
per forming  asanas ,  o r  whether  i t  i s  a
sus ta ined  change  resu l t ing  f rom a
progressive long-term effect  of  asanas.  The
la t te r  seems  to  be  the  case  because  the
higher insulin level at 0.5 h is observed also
in the post-study OGTT, a day on which no
asanas  were  done.  Fur ther ,  the  progress ive
development of the effect  is  revealed when
the  resu l t s  a re  a r ranged  sequent ia l ly  in
te rms  of  t ime  (Table  IV) .  The  0 .5  h
postprandia l  insul in  levels  are  h igher  than
the  cor responding  pre -s tudy  OGTT va lue
from wk 2 onwards, but not in wk 1. Since
the  se ts  of  asanas  were  done in  a  random
sequence, the effect seems to be due to the
progressive build up of enhanced sensitivity
of  B ce l l s  i r respect ive  of  the  asanas  done
rather than the specific effect of any set of
a s a n a s .

Thus,  the results  of  the present  study
have  cha l lenged  the  exp lana t ion  popula r

among yoga  teachers  tha t  asanas  he lp
diabetes by releasing insulin. The study also
suggests an alternative explanation in terms
of  the  asanas  enhancing  the  sens i t iv i ty  of
the B cel ls  of  the  pancreas  to  the  glucose
s igna l .  Al though  a  var ie ty  o f  phys ica l
exerc i ses  a re  known to  enhance  the
peripheral sensitivity to insulin (9), we have
come across only one earlier study that has
hinted  a t  a  change in  the  sens i t iv i ty  of  B
cells as a result of a physical activity (10).
Further  s tudies are needed to examine how
far the results of the present study are valid
a l so  fo r  those  hav ing  d iabe tes  mel l i tus ,
specially because of the dramatic differences
tha t  have  been  repor ted  ea r l i e r  be tween
diabet ics  and non-diabet ics  (11) .
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