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Abstract : Diabetes mellitus (DM) is one of the important risk factors for
cardiac diseases. Type 2 DM is the commonest form of diabetes, which is
characterized by insulin resistance.  Insulin resistance can be preceded by
long term abnormality in glucose homeostasis which is called pre-diabetes.
Recent ly ,  pre-d iabetes  has  been  sugges ted  to  have  an  increased  r i sk  of
cardiovascular disease. Considering that India has been declared as a diabetic
capital  of  the world i t  deemed pert inent  to assess  the exact  load of  pre
diabetics and non diabetics landing in myocardial infarction. We analyzed
retrospectively the data of all patients admitted for the first time for acute
myocardial  infarct ion (MI)  and evaluated the  load of  non diabet ics ,  pre
diabetics and diabetics among them. We found difference in the severity of
d i seases  and  degree  of  b iochemica l  a l t e ra t ions  among the  th ree  groups
suggesting that abnormal glucose homeostasis has no role on the severity
of MI.  No previous studies have invest igated the difference in male and
female MI patients with respect to their glucose metabolism and its impact
on the  sever i ty  of  the  d isease .  Our  s tudy reveals  tha t  males  even wi th
normal  glucose level  are  a t  increased r isk to  develop MI.  Males  on the
other  hand have  increased  r i sk  for  MI  when compared  to  females  wi th

normal  glucose homeostasis .
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INTRODUCTION

India  has  been  dec la red  as  a  d iabe t ic
capital of the world with an estimated load
of about 4.1 million diabetic patients. Every
fifth diabetic in the world is an Indian (1).
Insulin resistant DM is the commonest form
which  accounts  fo r  90% of  the  d iabe t ic

popula t ion  in  the  wor ld  (1 ) .  I t  deve lops
following long standing episodes of abnormal
glucose homeostas is .

DM is one of the risk factors of cardiac
diseases such as IHD, CAD, MI etc (2,  3).
CAD is  one  of  the  commones t  causes  of
morb id i ty  and  mor ta l i ty  wor ldwide  in
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and  phys io log ica l  parameters  and  card iac
markers at  the time of admission. Also, we
inves t iga ted  the  male- female  d i f fe rence  in
MI  cases  fo r  the  assoc ia ted  abnormal i ty
which was not done in any of the previous
s tud i e s .

MATERIALS AND METHODS

The card iac  marker  enzymes ,
biochemical ,  physiological  and hematologic
parameters  o f  MI  cases  admi t ted  to  PIMS
from the  per iod  of  2006  to  2008  were
collected. MI was confirmed based on their
clinical features, ECG recordings and cardiac
marker  enzymes .  The  phys io log ica l
parameters at the time of admission such as
age, heart  rate,  systolic and diastolic blood
pressures  and  resp i ra to ry  ra te  were  no ted
down.

Al l  b iochemica l  parameters  were
es t imated  in  the  c l in ica l  b iochemis t ry  l ab
us ing  commerc ia l  k i t s  adap ted  to
au toana lyser .  Glucose  was  es t imated  by
glucose oxidase peroxidase method (Enzopak;
Reckon Diagnostics,  India).  Troponin I  was
assessed by rapid sensitive immunochemistry
method  (Biomed,  Ind ia ) .  Card iac  enzymes
used as markers of MI such as total CK, CK-
MB and  LDH were  assessed  by  k i t s  f rom
Enzopak (Reckon Diagnostics,  India).  Lipid
profile parameters such as total cholesterol,
t r ig lycer ide  and  HDL choles te ro l  were
ana lysed  by  us ing  k i t s  f rom Siemens
(Siemens;  Siemens Health Care Diagnostics
Inc.  USA).  Sodium, potassium and chloride
were  assessed  in  a  semi  au tomated
electrolyte analyzer (Ilyte, India). Total cell
count ,  hemoglobin and packed cel l  volume
were  ana lyzed  us ing  commerc ia l  k i t s

developed and developing countries. A drastic
rise in the stressful yet sedentary life style,
food  in take  r i ch  in  h igh  energy  and  fa t ,
smoking, lack of physical  activit ies leading
to obesi ty  has  led to  the  sharp r ise  in  MI
cases even in developing countr ies .  IHD is
estimated to be the most important cause of
mor ta l i ty  by  the  end  of  2020  wor ld  wide
(4).

Pre -d iabe t ic  syndrome i s  def ined  as  a
state of fasting plasma glucose with ≥ 100 mg/
dl (5.6 mM/L) but ≤ 126 mg/dl (7.0 mM/L)
and/or post  prandial  2 hour plasma glucose
with ≥ 140 mg/dl (7.8 mM/L) but ≤ 200 mg/dl
(11.1 mM/L) (5).  Department of Health and
Human Serv ices  (HHS)  and  the  Amer ican
Diabetes Association (ADA) from 27 March
2002 are using the new term pre-diabetes to
descr ibe an increasingly common condi t ion
in which blood glucose levels are higher than
normal but not yet diabetic such as impaired
g lucose  to le rance  and  impai red  fas t ing
g lucose .  Mos t  people  wi th  th i s  condi t ion
go on to develop type 2 diabetes within 10
y e a r s .

The prediabetic patient load in India was
around  85 .6  mi l l ion  in  2003  and  i t  i s
expected to rise upto 132 million by the year
2025 (6).  Epidemiological studies, including
the Paris Prospective Study (7) have shown
that  pre-diabetes  confers  an  increased r i sk
of  cardiovascular  disease (CVD).  However ,
the exact load of normoglycemic form of MI
is not known. Hence, we studied the data of
acute  MI  pa t ien ts  admi t ted  to  Pondicher ry
Ins t i tu te  of  Medical  Sciences  (PIMS) f rom
the year 2006 to 2008. Patients were mostly
from Pondicherry and Tamilnadu and made
a retrospective analysis of theirs biochemical



336 Nanda   e t  a l Ind ian  J  Phys io l  Pharmaco l  2009 ;  53(4 )

(Transas ia ,  Ind ia )  adap ted  to  au tomated
coulter  (Sysmex XT 1800i,  USA).  Bleeding
t ime  and  c lo t t ing  t ime  were  done  by
capi l la ry  method and  ESR was  de termined
by Wintrobe’s method. RBC, platelet count,
MCV, MCH and MCHC were determined from
per iphera l  smear .  PT-INR was  eva lua ted
us ing  commerc ia l  k i t s  (Tul ip  Diagnos t ics ,
India) .

The  pa t ien t s  were  d iv ided  in to  3
ca tegor ies  nondiabe t ic  [ fas t ing  p lasma
glucose ≤ 100 mg/dl (5.6 mM/L)], prediabetic
[fasting plasma glucose with ≥ 100 mg/dl  but
≤ 126 mg/dl (7.0 mM/L) and/or post prandial
2 hour plasma glucose with ≥ 140 mg/dl (7.8
mM/L)  bu t  ≤ 200  mg/d l  (11 .1  mM/L)]  and
diabetic (fasting plasma glucose ≥ 126 mg/dl)
as  assessed  f rom the i r  fas t ing  and /or
postprandial  glucose values.

RESULTS

A to ta l  o f  n ine ty  seven  cases  were
studied out of  which 31 were diagnosed as
d iabe t ic ,  32  as  p red iabe t ic  and  34  as
normoglycemic according to their fasting and
random b lood  g lucose  leve l s .   When  we
exc luded  pa t ien t s  wi th  fami ly  h i s to ry  of
diabetes ,  the  above l i s t  came down to  17 ,
26  and  26  respec t ive ly .  The  whole  s tudy
was  accord ing ly  d iv ided  in to  3  g roups :
nondiabet ic ,  pre-diabet ic  and diabet ic .  This
made diabetic cases 24.63%, normoglycemic
cases 37.68 % and prediabetic cases as 37.68
% in  our  s tudy  popula t ion .  I t  was  found
tha t  the  to ta l  nondiabe t ic  popula t ion
(normoglycemic  and  pred iabe t ic ) ,  which
excludes MI cases simultaneously diagnosed
as  d iabe t ic ,  was  a round 75% in  our  s tudy
(Table I).

TABLE I : Percen tage  load  o f  ma le  and  female  MI
pa t i en t s  in  d i f fe ren t  g roups  wi th  the i r
phys io log ica l  v i t a l  pa ramete r s .

Non-diabetic Pre-diabetic Diabetic
(n=26) (n=26) (n=17)

Percen tage 37.68% 37.68% 24.63%

Female: Male 2:24 6:20 6:11

Females 2/14(14.28%) 6/14(42.85%) 6/14(42.85%)

Males 24/55(43.63%) 20/55(36.36%) 11/55(20.00%)

Age 58.38± 14.88 55.80± 14.15 61.17± 10.26
(Years)

H R 80.21± 11.67 86.52± 16.98 89.53± 12.51
(per min)

S B P 123.81± 20.62 127.92± 29.00 153.57± 41.43
(mm H g )

D B P 78.81± 12.65 80.80± 15.25 90.85± 18.50*
(mm H g )

Respiratory 26.80± 8.43 27.83± 15.98 47.00± 28.68
rate (per
minu te )

EF (%) 46.76± 9.73 40.73± 15.05 49.80± 12.19

Data presented as mean±SD. Analysis done by one
way ANOVA. *P<0.05 compared with both prediabetic
and nondiabetic groups. EF: ejection fraction.

To ta l ly  31  cases  t es ted  pos i t ive  fo r
troponin I, out of  which 12 were diagnosed
as diabet ic ,  9  as  pre  diabet ic  and 10 were
normoglycemic cases. However, the severity
of myocardial dysfunction as assessed by the
e jec t ion  f rac t ion  in  ECHO was  no t
statist ically different among the sub groups
(Table II).

There was no statistical difference among
the 3 groups in their systolic blood pressure,
heart  rate  and respiratory rates at  the t ime
of admission (Table II) .  However,  diastolic
b lood  pressure  was  s ign i f ican t ly  h igh  in
diabetic MI patients .

There  was  no  d i f fe rence  in  the
hematological  parameters (Table III)  among
the groups. Also, there was no difference in
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any other  biochemical  parameters  among 3
groups (Table  I I I ) .  However ,  to ta l  CK and
CK-MB were  h ighes t  in  p red iabe t ic  g roup
among all  groups (Table III).

Except  PCV,  there  was  no  s ign i f ican t
di f ference  in  any of  the  physiological  and
hematological parameters among female and
male cases of MI (Table IV to VI).

TABLE II : Cardiac markers, enzymes and lipid profile
of MI patients in different groups.

Non-diabetic Pre-diabetic Diabetic
(n=26) (n=26) (n=17)

Troponin 9/31(29.03%) 10/31(32.25%) 12/31(38.70%)
I positive
(>1 ng/
mL)

C K 517.16± 490.99 1024.75± 640.96* 556.00± 493.76
(U/L)

CKMB 125.71± 104.72 195.61± 179.24* 68.75± 59.60
(U/L)

L D H 360.00± 162.63 460.50± 397.34 256.28± 122.79
(U/L)

T C 169.87± 51.46 151.20± 38.12 187.57± 68.32
(mg/dL)

T G 125.00± 62.22 161.77± 69.04 146.71± 47.50
(mg/dL)

H D L 35.62± 7.83 33.44± 3.35 34.71± 7.06
(mg/dL)

LDL 110.12± 44.49 93.22± 20.84 119.28± 60.41
(mg/dL)

VLDL 21.00± 5.22 29.75± 12.06 27.33± 8.31
(mg/dL)

N a + 136.83± 4.40 135.86± 5.87 136.20± 3.62
(mM/L)

K + 4.37± 0.50 4.42± 0.66 4.18± 0.89
(mM/L)

Cl– 91.60± 28.82 95.83± 26.21 102.80± 4.84
(mM/L)

Data presented as mean±SD. Analysis was done
by one-way ANOVA. *P<0.05 compared with both
non-diabetic and diabetic groups.

TABLE III : Hematological  parameters of MI patients
in different groups.

Non-diabetic Pre-diabetic Diabetic
(n=26) (n=26) (n=17)

Hb (g/dL) 11.92± 2.40 12.88± 2.10 12.07± 3.39

PCV (%) 37.44± 5.85 37.27± 10.38 39.26± 8.63

ESR (in 53.33± 12.04 71.00± 33.15 42.00± 36.76
first hr)

BT (minute) 2.2± 0.17 2.12± 0.50 2.15± 0.70

CT (minute) 3.65± 0.49 3.88± 0.64 5.40± 1.82

PT-INR 1.62± 0.83 1.07± 0.10 1.26± 0.37

Data presented as mean±SD. Analysis was done
by one-way ANOVA.

TABLE IV : Percentage load of male and female MI
patients in different groups with their
physiological  vital  parameters.

F e m a l e M a l e
(n=14) (n=55)

Age (Years) 59.64± 11.63 57.70± 14.09
HR (per min) 88.50± 13.62 83.87± 14.72
SBP (mm Hg) 138.33± 42.81 130.85± 28.55
DBP (mm Hg) 81.66± 16.42 82.57± 15.66
Respiratory rate 23.75± 6.65 34.70± 20.12
(per minute)
E.F. (%) 38.42± 14.98 46.11± 12.08

Data presented as mean±SD. Analysis was done
by Student’s unpaired t  test .

TABLE V : Cardiac markers, enzymes and lipid profile
of MI patients in different groups.

F e m a l e M a l e
(n=14) (n=55)

Troponin I  positive 8/14 (57.14%) 23/55 (41.81%)
( > 1 n g / m L )

CK (U/L) 949.44± 694.20 685.37± 566.84

CKMB (U/L) 154.36± 148.55 133.57± 139.52

LDH (U/L) 456.60± 356.57 259.12± 99.73

TC (mg/dL) 164.12± 69.43 168.88± 44.21

TG (mg/dL) 120.57± 27.36 155.23± 68.04

HDL (mg/dL) 36.28± 6.31 33.82± 5.97

LDL (mg/dL) 111.42± 58.35 104.41± 36.57

VLDL (mg/dL) 24.14± 5.45 27.14± 11.11

Na+ (mM/L) 134.91± 4.23 136.66± 4.89

K+ (mM/L) 4.35± 1.04 4.34± 0.56

Cl– (mM/L) 99.33± 7.43 95.33± 26.65

Data presented as mean±SD. Analysis was done
by Student’s unpaired t  test .
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d iagnosed as  f rank cases  of  d iabetes .  This
shows that both males and females with their
b lood  g lucose  in  p red iabe t ic  range  a re
vulnerable to develop MI. It also shows that
d iabe tes  mel l i tus  i s  more  assoc ia ted  wi th
female  gender  in  t e rms  of  r i sk  for  MI
espec ia l ly  in  MI  pa t ien t s  wi th  an  average
age above 50 years.

The percentage of troponin I positive case
was highest for diabetic group and least for
normoglycemic cases. However, the severity
of myocardial dysfunction as assessed by the
e jec t ion  f rac t ion  in  ECHO was  no t
statistically different among the sub groups.
On the other hand pre diabetic MI patients
had  a  h igher  l eve l  o f  CK and  CK-MB
indica t ing  tha t  b iochemical  sever i ty  of  MI
might  be  more  in  th i s  g roup .  This  shows
that prolonged period of high level of sugar
a t  the  onse t  of  acute  MI  can  increase  the
severity of the disease which was independent
of their prior history of DM. When analyzed
differently, it also points out that nondiabetic
indiv idual  (normoglycemic  as  wel l  as  pre-
diabetics) in this region form a major fraction
of the population in terms of risk-group for
myocardial infarction when compared to the
diabetic population even though India is now
considered as diabetic capital  of the world.
Thus, our study is first of its kind to report
the higher incidence of AMI in nondiabetic
and  pred iabe t ic  pa t ien t s ,  con t ra ry  to  the
existing knowledge that MI is common mainly
in diabetics.  Diastolic BP was significantly
h igh  in  d iabe t ics ,  which  i s  an  expec ted
f ind ing  as  hyper tens ion  i s  p reva len t  in
diabetes  pat ients .  However ,  AMI was more
in  nondiabet ics  and prediabet ics  inspi te  of
the i r  normal  d ias to l ic  p ressure .  Th is
indicates  that  hypertension as  a  r isk factor
for AMI may not be contributing significantly

DISCUSSION

All cases registered had first  at tacks of
acute MI. There was no significant difference
in  the i r  age ,  e jec t ion  f rac t ion ,  hear t  r a te ,
and systol ic  blood pressure  among these  3
groups. Our data is in support with previous
finding by Oten et al (8) where they showed
that among non-diabetic patients with acute
myocard ia l  in fa rc t ion ,  those  wi th  h igher
b lood  g lucose  a t  hosp i ta l  admiss ion  had
higher rates of  death,  re-hospital izat ion for
heart failure, and re-hospitalization for non-
fatal  re- infarct ion.

Male gender is recognized as a risk factor
for coronary artery disease below the age of
45  (9) .  In  our  s tudy ,  male  cases  were
predominant with an incidence of 79.71% and
females were only 20.28%. However, it  was
surpr i s ing  to  no te  tha t  among the  female
MI cases maximum percentage of cases were
in  p red iabe t ic  g roup  (43 .75%)  which  was
equal to that in diabetic group (43.75%).  On
the  o ther  hand ,  among males  we  found
major i ty  in  nondiabe t ic  range :  44 .64% in
normoglycemic range followed by pre diabetic
range (39.28%). Only 16.07% of males were

TABLE VI : Hematological  parameters of MI patients
in different groups.

F e m a l e M a l e
(n=14) (n=55)

Hb (g/dL) 12.95± 2.43 12.23± 2.52

P C V 31.51± 14.58 39.04± 5.55*

ESR (mm/60 min) 54.00± 19.79 60.27± 28.77

BT (minutes) 2.20± 0.17 2.13± 0.55

CT (minutes) 4.33± 0.57 4.31± 1.44

PT- INR 1.20± 0.18 1.32± 0.59

Data presented as mean±SD. Analysis was done
by Student’s unpaired t  test .  *P<0.05.
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in  the  genes is  of  th is  dysfunct ion  in  non-
diabetics  and prediabetics .

DM is already an established risk of MI
(2).  However,  acute MI being an extremely
stressful condition, is associated with release
of  higher  level  of  s t ress  hormones such as
cor t i so l  and  ca techolamines  tha t  have  an
insu l in  an tagonis t i c  ac t ion ,  which  can
increase  the  b lood  g lucose  l eve l .  Hence ,
s t ress  induced  hyperg lycemia  a t  admiss ion
for AMI may overestimate the frequency of
DM (10). Also, increased casual blood glucose
a t  the  t ime  of  admiss ion  i s  no t  a lways  a
reliable measure to establish a diagnosis of
d iabe tes  (11) .  There fore ,  inc reased  b lood
glucose for diagnosing diabetes at  the t ime
of onset of AMI should be re-evaluated before
devis ing  fur ther  t rea tment  fo r  DM dur ing
follow up period. Conversely,  in our study,
it was the nondiabetic and pre-diabetic cases
that formed the majority (75%), which shows
tha t  r i sk  fac tors  o ther  than  DM had  a
s t ronger  assoc ia t ion  wi th  the  inc idence  of
MI in these cases.  Nonetheless,  i t  has been
reported that among the non-diabetic patients
wi th  acu te  MI ,  those  wi th  h igher  b lood
glucose  a t  admiss ion  had  h igher  ra tes  o f
dea th ,  re -hosp i ta l i sa t ion  fo r  hear t  f a i lu re ,
and  re -hosp i ta l i sa t ion  fo r  non- fa ta l
re infarc t ion  (8) .  Hence ,  the  impor tance  of
evaluation of plasma glucose during AMI for
a  bet ter  prognosis  during fol low up per iod
can not  be disregarded.

Prev ious  repor t  sugges t s  tha t  pa t ien t s
who progress  to  type  2  d iabe tes  exh ib i t
additional risk for atherosclerotic disorders,
which manifests as a two- to fourfold increase
in  the  p reva lence  of  CVD,  s t roke ,  and
peripheral  vascular diseases,  compared with

non-diabetic subjects (7).  As the percentage
of  p red iabe t ic  pa t ien t s  in  our  da ta  was
significant, we propose that such individuals
should  be  moni tored subsequent ly  in  order
to prevent the full progress into frank cases
of DM.

Our data revealed that majority of males
even with normoglycemia have an increased
r i sk  of  MI .  On the  o ther  hand ,  the
percentage of  females  suffer ing from acute
MI in pre-diabetic group was similar to that
of  diabet ic  group.  Hence our data suggests
tha t  g lycemic  s ta tus ,  tha t  poses  a  r i sk  for
CVD, differs in male and female individuals.
The reason could be a difference in the basic
mechanism of carbohydrate metabolism and
insul in  sensi t ivi ty .  One report  f rom animal
experiment  indicates  that  females  are  more
prone to develop insulin resistance and hence
diabe tes  due  to  sexua l  d imorphism (12) .
Therefore ,  we  recommend tha t  espec ia l ly
ladies with fasting sugar in prediabetic range
should be screened and monitored for future
r i sks  o f  MI .  We a l so  sugges t  tha t  males
around  the  age  of  fo r ty  should  undergo
regular check up to ensure no occurrence of
future r isks of  MI.  There are several  other
r isk  fac tors  of  MI such as  l ip id  r ich  d ie t ,
s t ressful  l i fe  s tyle  and a  tendency towards
enhanced  in f lammat ion .  As  a l l  sub jec t s
included in this study had no family history
of  DM,  i t  a l so  can  be  inc luded  in  the
conclus ion tha t  a l l  individuals  i r respect ive
of their  glycemic status and family history
of diabetes mellitus around the age of forty
should  be  sc reened  and  ind iv idua ls  wi th
fasting sugar in prediabetic range should take
ex t ra  p recau t ion  in  t e rms  of  hea l thy  d ie t ,
l i fe  s tyle and regular  check up in order to
avoid or delay the risk of MI.
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CVD r i sk  fac tors  do  no t  au tomat ica l ly
lead to myocardial infarction or stroke. Time
is  a  necessary  cofac tor  tha t  permi t s  the
t ransmuta t ion  of  r i sk  markers  to  c l in ica l
events .  Never the less ,  d i f fe rence  in  d ie ta ry
pa t te rn ,  energy  ou t  pu t  by  da i ly  ac t iv i ty ,
c igare t te  smoking,  f ibr inolys is ,  endothel ia l
func t ion ,  basa l  l eve l s  o f  p ro inf lammatory
cy tok ines ,  adhes ion  molecu les ,  mat r ix
meta l lopro te inases  and  homocys te ine  e tc . ,
a re  fac tors  tha t  impose  d i f fe ren t ia l
sensi t ivi t ies  to the cardiovascular  health of
individuals in spite of other risk factors being
s imi la r .  The  demons t ra t ion  tha t  type  2

diabetes is preventable (13, 14) raises hope
for the possibility of concomitant prevention
of  the  CVD morbid i ty  and  mor ta l i ty
associated with pre-diabetes .  Therefore,  we
conc lude  tha t  pub l ic  awareness  has  to  be
created in the general population for regular
check up of these well known risk-factors of
CAD such  as  l ip id  p rof i l e ,  va r ious  s t ress
markers  and inf lammatory markers  such as
ul t rasensi t ive  CRP,  TNF-a e tc .  i r respect ive
of their  gender,  glycemic status and family
history which deems pert inent especially in
Indian population particularly in this region
of India.
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