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Abstract : To determine the various factors influencing glycemic response
to  p iog l i t azone  mono  the rapy  in  newly  d iagnosed  As ian  Ind ian  T2DM
pat i en t s .

Thir ty  T2DM pat ients  (age 53.23±8.067 yrs ,  M :  F ra t io  14:16)  were
treated with piogli tazone for  at  least  14 weeks.  Relat ionship between i ts
glucose lowering effect and following patient parameters was studied: BMI,
W:H ratio, HOMA-R, HOMA-β  and Pro12Ala polymorph of PPAR-γ  gene.

Glycemic targets  could be achieved in  20 (66.67%) subjects .  Al l  the
parameters were comparable among responders and non-responders at  the
star t  of  therapy.  All  the part ic ipants  were homozygous for  Pro al le le  of
Pro12Ala  po lymorph  of  PPAR-γ  gene .  There  was  a  s ign i f ican t  pos i t ive
assoc ia t ion  be tween  g lycemic  response  to  p iog l i t azone  and  W:  H ra t io
(beta = 0.426, P = 0.034) and HOMA-R (beta = 0.563, P = 0.008).

Primary pioglitazone failure cannot be explained on the basis of body fat
and its distribution, insulin resistance and secretory function and Pro12Ala
polymorph of  PPAR-γ  gene.  Among responders  centra l  obesi ty  and high
insul in resis tance were associated with bet ter  glycemic response.
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Abbreviat ions :  BMI :  body mass  index ,  W:H ra t io :  wais t  to  h ip  ra t io ,
HOMA-R: homeostasis  model  assessment  of  insul in resis tance,  HOMA-β :
homeostasis  model  assessment of  beta cel l  function,  PPAR-γ:  peroxisome
proliferator activated receptor gamma, T2DM: type-2 diabetes mell i tus.
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In i t i a l  eva lua t ion  inc luded  de ta i l ed
history, physical examination, and laboratory
inves t iga t ions :  fas t ing  p lasma g lucose ,
insulin, lipid profile, SGOT/PT, HbA1c. All
biochemical  invest igat ions were done using
Merck Spectra  2  auto  analyzer  and HbA1c
was  done  wi th  Biorad  DiaSTAT machine .
Insul in was est imated using DPC Immulyte
2000 chemiluminescence analyzer. Following
parameters  were  es t imated  f rom in i t i a l
evaluation (1) BMI, (2) W: H ratio, (3) HOMA-
R,  (4)  HOMA-β  Genotyp ing  for  Pro12Ala
polymorph  of  PPAR-γ  gene  was  done  by
PCR-RFLP method (10).

Al l  pa t ien t s  were  t rea ted  wi th
p iog l i t azone ,  30  mg once  a  day .  P lasma
glucose was checked at least once a week in
those  doing se l f  home glucose  moni tor ing.
It was also checked every month in hospital
laboratory during their  off ice  vis i t .  SGOT/
PT were  measured a t  2  weeks  and then a t
two monthly interval.  HbA1c was measured
af te r  3  months .  Al l  the  pa t ien t s  were
followed for at least 14 weeks. Those subjects
achieving glycemic targets (either lab fasting
glucose  < 126 mg/dl  or  HbA1c < 7%) were
labe led  as  responders .  HbA1c  7% i s  the
American Diabetes Association recommended
target  of glycemic control .  Those with less
than 10% fal l  in  lab fas t ing glucose value
were labeled primary non responders. Those
with more than 10% fall  in fasting glucose
but  no t  ach iev ing  g lycemic  ta rge t s  were
labe led  as  par t ia l  responders .  Approval  of
inst i tut ional  e thics  committee was obtained
and wri t ten consent  was obtained from the
par t i c ipan t s .

Stat i s t i ca l  ana lys i s

The  da ta  i s  p resen ted  as  mean  and

INTRODUCTION

Asian Indians are known for a tendency
towards  cen t ra l  obes i ty  and  h igh  insu l in
res i s tance  (1–3) .  Fur thermore ,  d iabe t ic
patients belonging to this population not only
have higher W.H. rat io,  plasma FFA levels
and HOMA-R,  but  a lso  show a  s igni f icant
posit ive associat ion between FFA level  and
HOMA-R(4) .  These  f ind ings  sugges t
s ign i f ican t  ro le  o f  FFA media ted  insu l in
resis tance in  the  pathogenesis  of  T2DM in
th i s  popula t ion .  P iog l i t azone ,  a  PPAR-γ
agonis t  se lec t ive ly  decreases  insu l in
res i s tance  by  decrease  in  FFA leve l s  and
seems  to  be  the  mos t  appropr ia te  an t i -
d iabe t ic  d rug  for  th i s  popula t ion  (5–7) .
However ,  there  a re  on ly  a  few s tud ies  on
efficacy of this drug in this population (8).
Moreover ,  i t  i s  a l so  no t  ce r ta in  tha t
what  pa t ien t  charac te r i s t i cs  cou ld  p red ic t
be t te r  g lycemic  response  to  p iog l i t azone
in  th i s  popula t ion .  Therefore ,  we
s tud ied  re la t ionsh ip  be tween  impor tan t
pa t ien t  charac te r i s t i cs  and  response  to
p iog l i t aone  monotherapy  in  As ian  Ind ian
T2DM pat ients .

MATERIALS AND METHODS

The s tudy was  conducted  on  30  T2DM
subjects diagnosed as per American Diabetes
Association criteria and already on standard
d ie t  and  exerc i se  and  in  whom g lycemic
targets were not achieved (i.e. fasting plasma
glucose < 126 mg/dl, HbA1c < 7%). Exclusion
criteria included (1) history of liver disease
or SGOT/PT > 2.5 time upper limit of normal,
(2)  congest ive heart  fai lure NYHA grade 3
or above, (3) obesity (BMI > 30), (4) active
infection, (5) history of allergy to pioglitazone
(9).
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standard deviation. Student’s t-test was used
for comparison of data between two groups.
ANOVA was  done  s tudying  re la t ionsh ip
between patient characteristics and glycemic
response to piogl i tazone.

RESULTS

Table I  shows baseline information.  All
the participants were homozygous for Pro12
var ian t  o f  PPAR-γ  gene  (F ig .  1 ) .  Al l  the
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F ig .  1 : PCR-RFLP analys is  for  Pro12Ala  polymorphism of  PPAR-γ  gene:  Diges t ion
of  exon-2  ampl i f i ca t ion  p roduc t s  by  HgA1 res t r i c t ion  enzyme.
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TABLE I : Base l ine  in fo rmat ion  o f  the  pa r t i c ipan t s .

Mean S D

Age (yr) 53.23 8.067
M: F ratio 14:16
BMI (kg/M2) 25.207 5.0158
W:H ratio 0.927 0.0933
Fasting plasma glucose (mg/dl) 178.233 38.4839
HbA1c (%) 8.70 00.5292
Fasting plasma insulin (µIU/ml) 13.33 4.3623
HOMA-R 6.06767 2.18928
HOMA-β 46.494 21.1378

subjects completed at least 14 weeks follow-
up. The mean duration of follow up was 15.4
weeks .  Glycemic  ta rge t s  ( fas t ing  p lasma
glucose < 126 mg/dl or HbA1c < 7.0) could be
achieved in  20 (66.67%) subjects .  In  three
subjec t s ,  though  they  cou ld  no t  reach
glycemic targets, but there was at least 10%
fall in fasting plasma glucose. Seven (23.34%)
subjec ts  were  pr imary  non-responders ,  and
3  sub jec t s  were  par t i a l  r esponders  (On
average ,  fas t ing  p lasma g lucose  decreased
by  41 .2  mg/d l  and  HbA1c by  0 .617%) .
Average  weigh t  ga in  was  3 .2  kg .  None
of  the  pa t ien t s  had  s ign i f ican t  change  in
SGOT/PT or any other major side effect. Mild
edema deve loped  in  2  sub jec t s .  No  major
card iovascu la r  even t  was  observed  dur ing
the  s tudy .

Table  I I  shows  compar i son  of
character is t ics  of  t rea tment  responders  and
non- responders .  I t  was  observed  tha t
responders and non-responders did not differ
in terms of age, sex, fasting plasma glucose
and HbA1c, BMI, W: H ratio, HOMA-R and
HOMA-β.

Tab le  I I I  shows  re la t ionsh ip  be tween
pa t ien t  charac te r i s t i cs  and  g lycemic
response  to  p iog l i t azone .  I t  should  be

TABLE I I : Compar i son  o f  pa t i en t  cha rac te r i s t i c s
among  responders  and  non- responders .

Characteristic Responders
N o n -

t * P**responders

Age (yr) 52.7± 8.98 55.0± 3.79 -0.65 N S
W:H ratio 0.92± 0.08 0.96± 0.11 -1.01 N S
BMI (kg/M2) 24.74± 5.59 26.75± 1.76 -0.92 N S
Fasting plasma 178.04± 41.72 183.14± 27.45 -0.30 N S
glucose
(start ing)
mg/dl
Fasting plasma 120.35± 28.43 196.14± 34.33 -5.89 <.0001
glucose (after
14 weeks)
mg/dl
HbA1c (starting) 8.06± 0.51 8.10± 0.61 -0.16 N S
HbA1c (after 7.20± 0.45 8.27± 0.51 5.23 <.0001
14 weeks)
HOMA-R 6.08± 2.27 6.04± 2.06 0.04 N S
HOMA-β 47.50± 21.80 43.20± 20 0.46 N S

*t value on student’s t- test ;  **P value <0.05 was
taken as significant.

TABLE I I I : ANOVA tab le  dep ic t ing  re la t ionsh ip
be tween  pa t i en t  cha rac te r i s t i c  and
glucose  lower ing  e f fec t  o f  p iog l i tazone .

U n - S t a n d -
Patient s tandardized ardized
charac- coefficient coefficient T S i g n
teristic (B)

B Std error

Cons tan t 247.112 90.151 2.741 .011
BMI –2.825 1.640 –.325 –1.723 .097
W:H ratio –199.145 88.669 –.426 –2.246 .034
HOMA-R 11.214 3.862 –.563 2.904 .008
HOMA-β –0.389 –0.188 –.188 –1.031 .312

noted that  there  was  a  s ignif icant  posi t ive
assoc ia t ion   be tween  W:  H ra t io  and
HOMA-R and  the   g lycemic  response  to
piogl i tazone.

DISCUSSION

The presen t  s tudy  i s  a  p i lo t  s tudy  to
de te rmine  fac tors  in f luenc ing  g lucose
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lower ing ef f icacy of  p iogl i tazone in  Asian
Ind ian  d iabe t ics .  The  resu l t s  show tha t
glycemic targets  could  be  achieved in  two
th i rd  o f  the  par t i c ipan ts  ( t rea tment
responders ) .  Among the  responders  the
g lucose  lower ing  e f fec t  was  be t te r  in
those  hav ing  cen t ra l  obes i ty  and  h igher
insu l in  res i s tance .  In  23 .34% of  pa t ien t s
there  was  no  s ign i f ican t  g lucose  lower ing
response  to  th i s  d rug  (pr imary  fa i lu re ) .
This  fa i lu re  cou ld  no t  be  exp la ined
because of age, sex, fasting plasma glucose
or  HbA1c  a t  s ta r t  o f  t rea tment ,  body
fa t  d i s t r ibu t ion  or  insu l in  res i s tance /
secretion functions and Pro12Ala polymorph
of PPAR-γ  gene.

Pioglitazone has several advantages over
sulfonylurea. It does not cause hypoglycemia,
preserves pancreatic beta cell function, there
i s  no  secondary  fa i lu re ,  no  s ign i f ican t
drug  in te rac t ions ,  i t  i s  sa fe  and  can  be
administered once a day irrespective of food
in take  (11–14) .  Moreover ,  th i s  d rug  a l so
has  favorab le  e f fec t  on  progress ion  of
a therosc le ros i s  (15–16) .  Our  f ind ing  tha t
g lycemic  ta rge t s  cou ld  be  ach ieved  in  as
many as two third of subjects, suggests that
this could be the first line anti diabetic drug
for  As ian  Ind ians ,  pa r t i cu la r ly  those  who
have  cen t ra l  obes i ty  o r  h igh  insu l in
resistance.  However,  i t  is  worth mentioning
here that study subjects in the present study
had relatively milder degree of hyperglycemia
(HbA1c 7–9%).  Also  the  g lucose  lower ing
ef f icacy  of  p iog l i t azone  observed  in  the
presen t  s tudy  i s  a lmos t  s imi la r  to  tha t
observed in western population (decrease in
fasting plasma glucose by about 50 mg/dl and
HbA1c by 0.8–1.1%) (11–13, 17). An important
limitation of this study is that cardiovascular

endpoints were not studied and only glycemic
parameters  were mainly s tudied.  Therefore,
drawing any conclusion about its superiority
from cardio protection point of view is not
possible in this short  term study. However,
there is no data on the role of pioglitazone
in progression of atherosclerosis in high risk
Asian  Indian  popula t ion  and  needs  fur ther
inves t iga t ions .

An in te res t ing  f ind ing  in  the  p resen t
s tudy  was  tha t  a lmos t  a  quar te r  o f
participants were primary non-responders to
pioglitazone and they could not be identified
on the  basis  of  age,  sex,  body weight ,  fa t
distr ibution,  insulin resistance or  secret ion.
The cause of primary pioglitazone failure is
no t  known and  i s  an  in te res t ing  f ie ld  o f
inves t iga t ion .  Though  the  p r imary  fa i lu re
could  be  because  of  severa l  reasons  l ike ,
defec t s  in  d rug  absorp t ion  or  metabol i sm,
polymorphs  of  PPAR-γ  o r  i t s  co-ac t iva tor
gene, altered expression of PPAR-γ  gene in
adipose tissue or even polymorphs of genes
t ranscr ip t ion  of  which  i s  con t ro l led  by
ac t iva ted  PPAR-γ .  A  la rge  number  of
PPAR-γ  gene  po lymorphs  have  been
iden t i f i ed  wi th  a  spec t rum of  phenotyp ic
mani fes ta t ions  and  vary ing  f requency  in
different races (18). Pro12Ala polymorph of
PPAR-γ has been found to be associated with
better glycemic response with rosigli tazone,
but  not  wi th  p iogl i tazone (19–20) .  Al l  the
par t i c ipan ts  in  the  p resen t  s tudy  were
homozygous for Pro polymorph and primary
piogli tazone fai lure could not  be explained
on  i t s  bas i s .  There fore ,  de ta i l ed  s tudy  of
PPAR-γ  gene,  i ts  co activator and response
e lements  i s  sugges ted  for  the  purpose  of
identifying markers of  primary piogli tazone
fa i lu re .
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