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Introduction

Diabe te s  M e llitus  (DM) is  cons ide re d as  a global
e pide m ic as  it is  cons ide re d to affe ct 366 m illion
pe ople  by ye ar 2030.1 Coronary arte ry dis e as e  (CAD)
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OBJECTIVE: To find out clinical outcom e s  in diabe tics  w ith  norm al s tre s s  m yocardial pe rfus ion s cans  (MPS)
h aving glycos ylate d h e m oglobin (H bA1c) > or  7.3. MATERIAL AND METH OD: Th is  w as  a pros pe ctive  s tudy
conducte d at nucle ar cardiology de partm e nt of Karach i Ins titute  of H e art Dis e as e s  (KIH D), Karach i, Pak is tan.
Total 251 diabe tics  w h o h ad a norm al s tre s s  MPS w e re  include d. On th e  bas is  of th e ir H bA1c th e s e  patie nts
w e re  cate goriz e d into Group A (H bA1c >7.3) and Group B (H bA1c  7.3). Th is  cut-off w as  tak e n from  our
pre vious ly publis h e d s tudy pe rform e d upon e arly coh ort.Th e s e  patie nts  w e re  follow e d for 05 ye ars  for fatal and
non-fatal m yocardial infarction (FMI and NFMI). Follow -up w as  not available  in 29  patie nts , w h o w e re  e xclude d
from  th e  s tudy le aving a coh ort of 222. RESULTS: Group A include d 57 w h ile  Group B h ad 165 diabe tics  w ith
a m e an age  of 59  vs . 57 ye ars  and m ale  to fe m ale  ratio of 42:58%  vs . 40:60%  re s pe ctive ly (non-s ignificant).
M e an body m as s  inde x (BMI) in Group A and B w as  28.318 vs . 27.532 k g/m 2 (non-s ignificant). Me an H bA1c and
fas ting blood glucos e  in Group A w e re  s ignificantly h igh e r th an Group B (8.363 vs . 6.630 and 135 m g%  vs . 120
m g%  re s pe ctive ly).  No s ignificant diffe re nce  w as  s e e n in pre vale nce  of h ype rte ns ion, dys lipide m ia, fam ily h is tory
of coronary arte ry dis e as e  (CAD) and s m ok ing be tw e e n tw o coh orts . Dipyridam ole  s tre s s  w as  us e d in 58%  vs .
56%  in Group A and B re s pe ctive ly (non-s ignificant) w h ile  no s ignificant diffe re nce  w as  s e e n in e ffort tole rance
(Me tabolic Eq uivale nt Tas k ; METS) of participants  of both  groups .  In both  groups  s tre s s  M PS w as  norm al w ith
norm al le ft ve ntricular function param e te rs  (non-s ignificant). During 05 ye ars  follow -up, no s ignificant inte rgroup
diffe re nce  in FMI incide nce  w as  s e e n (02 vs . 01 FMIs  in Group A and B re s pe ctive ly, p-value  non-s ignificant).
H ow e ve r, s ignificantly h igh  NFMI w as  s e e n in Group A as  com pare d to Group B [11 (19 .301% ) vs . 04 (0.2.420% ),
s ignificant p value ]. Im portant to note  th at th is  diffe re nce  w as  s ignificant only in las t 03 ye ars  of follow -up.
CONCLUSION: W e  conclude  th at diabe tics  w ith  im paire d glyce m ic control (H bA1c >7.3) h ad h igh e r non-fatal
MIs  afte r 02 ye ars  of a norm al MPS th an diabe tics  w ith  be tte r control.  W arranty pe riod of a norm al MPS in poorly
controlle d diabe tics  is  s h orte r and fre q ue nt re te s ting in s ubs e q ue nt ye ars  is  w arrante d.
Ke y W ords : MPS, Diabe te s , Glycos ylate d H e m oglobin, w arranty pe riod, ne gative  pre dictive  value
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is  re s pons ible  for m ore  th an 75%  of de ath s  in diabe tics
w h ich  is  cons ide re d as  aris k  e q uivale nt for CAD.2 For
m onitoring of diabe te s  ce rtain bioch e m ical m ark e rs
lik e  glycos ylate d h e m oglobin (H bA1c; 6.5%  i.e .
diabe te s ) provide s  long te rm  glyce m ic control and
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cons ide re d robus t indicator of glyce m ia th an s h ort
te rm  glyce m ic m ark e rs  lik e  2 h ours  pos tprandial or
fas ting blood s ugar (FBS).3 Indo-Pak is tani diabe tic
population h as  gre ate r s us ce ptibility to th e  m e tabolic
s yndrom e  and th e re  is  re porte d h igh e r incide nce  of
CAD as s ociate d m ortality in diabe tic by 2.78 tim e s
as  com pare d to 1.46 tim e s  in Europe ans  counte rpart.3

Gate d m yocardial pe rfus ion s tudy (GMPS) is  th e
m os t com m only us e d functional im aging tool for
diagnos is  and ris k  s tratification of CAD.4 Th e  ne gative
pre dictive  value  (NPV) of a norm al GMPS is  >9 9 % .5,6

but re lative ly h igh e r e ve nts  h ave  be e n re porte d in
diabe tics  w ith  a ne gative  MPS.7  Im paire d glyce m ic
control (H bA1c >7.0) is  re porte d to be  as s ociate d
w ith  h igh e r cardiac e ve nt rate s .8,9  Th e  aim  of th is
s tudy w as  to find out clinical outcom e s  in diabe tics
w ith  norm al M PS h aving H bA1c  or  7.3.

w e re  s toppe d 24-48 h ours  prior th e  te s t. Te a, coffe e
and xanth ine  de rivative s  w e re  s toppe d 24 h ours  prior
in patie nts  s ch e dule d for dipyridam ole  te s t. Afte r 30-
45 m inute s  gate d SPECT im age s  w e re  acq uire d

Acq uis ition Protocol: All patie nts  unde rw e nt s am e
day (s tre s s -re s t / re s t-s tre s s  or s tre s s  only if norm al)
gate d SPECT MPI us ing dual h e ad (Cardio-MD,
Ph ilips ) de dicate d cardiac gam m a cam e ra fitte d w ith
low  e ne rgy all purpos e  (LEAP) collim ator, 32 pro-
je ctions  around an 180 de gre e  arc and a 64 x 64
m atrix. Im age  re cons truction and LV functional para-
m e te rs  lik e  le ft ve ntricular e je ction fraction (LVEF),
e nd dias tolic volum e  (EDV), e nd s ys tolic volum e
(ESV), w all m otion (W M) and trans ie nt is ch e m ic dila-
tation (TID) w e re  conte m plate d by us ing com m e rcially
available  As tonis h ®  and Autoq uan®  s oftw are
pack age s  re s pe ctive ly. A GMPS w ith  s um  s tre s s  s core
(SSS), s um  re s t s core  (SRS), s um  diffe re nce  s core
(SDS) >2 and TID >1.22 w as  cons ide re d abnorm al.

Follow  Up: All patie nts  (or a fam ily m e m be r in cas e
patie nt h as  e xpire d) w e re  inte rvie w e d on te le ph one
(24-60 m onth s  afte r GMPI) re garding m ajor acute
cardiac e ve nts  (MACE) lik e  fatal or non-fatal MIs .
Patie nts  w h o could not be  contacte d (29  patie nts )
w e re  e xclude d from  th e  s tudy population.

Statis tical Analys is : Data w as  analyz e d by us ing
com m e rcially available  pack age s  th e  M e dcalc®
s tatis tical s oftw are  ve rs ion 11.3.10 and s tatis tical
pack age  for s ocial s cie nce s  (SPSS ve rs ion 17® ).
Com paris ons  be tw e e n patie nt groups  w e re  pe rform e d
us ing Stude nt’s  t te s t for continuous  variable s  and
th e  Ch i-s q uare  (2) te s t for cate gorical variable s .
Continuous  variable s  w e re  de s cribe d by m e an ± s tan-
dard de viation (SD). Re ce ive r ope rating ch aracte ris tics
curve s  (ROC) w e re  plotte d for diagnos tic s tre ngth  of
H BA1C, fas ting blood s ugar (FBS) and duration of
DM for CAD. Kaplan Me ie r plot for e ve nt fre e  s urvival
and for purpos e  of com paris on of s urvival curve s
logrank  te s t w as  applie d. For all P-value s  <0.05 w e re
s e le cte d as  s ignificant.

Mate rial and M e th ods

Study Population: Th is  pros pe ctive  s tudy w as  con-
ducte d at Nucle ar Cardiology De partm e nt of Karach i
Ins titute  of H e art Dis e as e s  (KIH D), Karach i, Pak is tan
from  January 2011 till De ce m be r 2012. Th is  s tudy
w as  approve d by ins titute  e th ical re vie w  com m itte e .
Total 251 diabe tics  w h o h ad a norm al s tre s s  MPS
w e re  include d. On th e  bas is  of th e ir H bA1c th e s e
patie nts  w e re  cate goriz e d into Group A (H bA1c >7.3)
and Group B (H bA1c  7.3). Th is  cut-off w as  tak e n
from  our pre vious ly publis h e d s tudy pe rform e d upon
e arly coh ort.10 Th e s e  patie nts  w e re  follow e d for 05
ye ars  for fatal and non-fatal m yocardial infarction
(FM I and NFMI re s pe ctive ly). Follow -up w as  not
available  in 29  patie nts , w h o w e re  e xclude d from  th e
s tudy le aving a coh ort of 222.

Stre s s  Protocol: Patie nts  w h o w e re  able  to pe rform
dynam ic e xe rcis e  w e re  s tre s s e d on tre adm ill according
to Bruce  or m odifie d Bruce  Protocol. 60-9 0 s e conds
prior to te rm inating th e  e xe rcis e , Te ch ne tium -9 9 m
Me th oxy Is oButyl Is onitrile  (Tc-9 9 m  MIBI) w as  adm i-
nis te re d intrave nous ly. Afte r 30-45 m inute s  gate d
SPECT im age s  w e re  acq uire d. Patie nts  w ith  lim ite d
e ffort tole rance  w e re  s tre s s e d us ing dipyridam ole
(0.142 m g/k g/m inute  for 04 m inute ) and Tc-9 9 m  MIBI
w as  adm inis te re d 3 m inute  afte r vas odilator inje ction.
Be ta and calcium  block e rs  and long acting nitrate

Re s ult

Total 222 diabe tics  w ith  norm al gate d MPS w e re
s e le cte d and on th e  bas is  of H bA1c, th e s e  w e re
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cate goriz e d in to tw o groups . Group A (H bA1c >7.3)

h ad 57 patie nts  w ith  a m e an age  of 59  ye ars , m ale

to fe m ale  ratio of 42:58%  and m e an H BA1C 8.363.

Group B (H bA1c 7.3) include d 165 diabe tics  w ith

m e an age  of 57 ye ars , m ale  to fe m ale  ratio of 40:60%

and m e an H bA1c of 6.630. Me an H bA1c, FBS and

duration of diabe te s  w e re  s ignificantly h igh e r in Group

A. No s ignificant diffe re nce  w as  s e e n in pre vale nce

of h ype rte ns ion (77 vs . 85% ), dys lipide m ia (42 vs .

42% ), fam ily h is tory for CAD (39  vs . 35% ) and s m ok ing

(18 vs . 13% ) in Group A and B re s pe ctive ly. In Group

A, 42%  unde rw e nt dynam ic s tre s s  w h ile  58%  h ad

ph arm acological s tre s s . In Group B, 44%  h ad dynam ic

and 56%  unde rw e nt ph arm acological s tre s s  (non-

s ignificant p-value ). Le ft ve ntricular functional para-

m e te rs  w e re  norm al in both  groups  (non-s ignificant

p-value ). During 05 ye ars  follow -up, no s ignificant

inte rgroup diffe re nce  in FMI incide nce  w as  s e e n (02

vs . 01 FMIs  in Group A and B re s pe ctive ly, p-value

non-s ignificant). H ow e ve r, s ignificantly h igh  NFMIs

w e re  s e e n in Group A as  com pare d to Group B [11

(19 .301% ) vs . 04 (0.2.420% ), s ignificant p value ]

(Tab. 1). Annualiz e  e ve nt rate s  for ove rall and NFMIs

w e re  s ignificantly h igh e r in Group A (Tab.1). Kaplan

Me ie r s urvival plot for FMIs  re ve ale d no s ignificant

diffe re nce  in s urvival be tw e e n 02 groups  (Fig. 1 and

2). Kaplan M e ie r s urvival plot for NFMIs  re ve ale d

s ignificant diffe re nce  in s urvival be tw e e n 02 groups

only in las t 03 ye ars  of follow -up (Fig. 3 and 4).

Figure  1: Kaplan Me ie r Survival plot for fatal cardiac e ve nt in
both  diabe tic groups  w ith  norm al m yocardial pe rfus ion im aging

re s ults .

*p<0.05
SD= Standard De viation
DM=Diabe te s  Me llitus
H bA1c= Glycos ylate d H e m oglobin
MPH R=Maxim um  Age  Pre dicte d H e art Rate
MET=Me tabolic Eq uivale nt Tas k

Table  1: Patie nts ’ de m ograph ics  of diabe tic w ith  norm al m yocardial
pe rfus ion im aging

Figure  2: Kaplan Me ie r Survival plot for non-fatal cardiac e ve nt
(is ch e m ia or h os pitaliz ation) in both  diabe tic groups  w ith  norm al

m yocardial pe rfus ion im aging re s ults .

Variables Group A
(HbA1c >7.3)

n=57

Age (mean ± SD) yrs

      Male: Female

Body Mass Index (kg/m2)

HBA1C

Fating Blood Sugar (mg/dl)

DM duration (months)

Risk Factor

   Hypertension

   Dyslipidemia

   Family history CAD

   Smoker

Stress protocol

   Bruce

   Persantin

   %MPHR

   METs

LV Function

    %LV Ejection Fraction

    End Diastolic Volume (ml)

    End Systolic Volume (ml)

Cardiac Events (05 years)

Fatal

Non-Fatal

Annualized event rate%

Overall

Fatal

Non-Fatal

Group B
(HbA1c 7.3)

n= 165

2/t-test
values

p-values

59 ± 10

24:33

(42: 58%)

28.318 ± 6.912

8.363 ± 1.183

135 ± 18

169 ± 94

44 (77%)

24 (42%)

22 (39%)

05 (18%)

24 (42%)

33 (58%)

89 ± 07

7.9 ± 2.1

64 ± 11

79 ± 29

27 ± 21

02 (3.510%)

11 (19.301%)

4.561%

0.702%

3.860%

57 ± 10

66:99

(40:60%)

27.532 ± 5.997

6.630 ± 0.668

120 ± 29

132 ± 85

140 (85%)

70 (42%)

57 (35%)

21 (13%)

72 (44%)

93 (56%)

88 ± 09

8.0 ± 2.0

65 ± 11

80 ± 27

30 ± 21

01 (0.606%)

04 (2.420%)

0.606%

0.121%

0.484%

-1.302

0.0700

-0.820

-13.590

-3.666

-2.756

1.908

0.000

0.293

0.861

0.0686

0.0686

-0.763

0.321

0.592

0.236

0.930

0.434

4.915

4.136

0.528

3.607

0.194

0.791

0.413

*<0.0001

*0.0003

*0.0063

0.167

1.000

0.588

0.353

0.793

0.793

0.446

0.748

0.555

0.813

0.354

0.510

*0.027

*0.042

0.467

*0.049
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Figure  3:  Ye arly dis tribution of %  e ve nt fre e  s urvival for fatal
cardiac e ve nts  in both  diabe tic groups  w ith  norm al m yocardial

pe rfus ion im aging re s ults .

Figure  4: Ye arly dis tribution of %  e ve nt fre e  s urvival for non-fatal
cardiac e ve nts  (is ch e m ia or h os pitaliz ation) in both  diabe tic groups

w ith  norm al m yocardial pe rfus ion im aging re s ults .

Variables Group A
with Persan-

tin (n=33)

Fatal Events

Non-Fatal Events

Group B
with Exer-
cise (n=24)

2

values
p-values

02 (6.06%)

05 (15.15%)

01 (4.166%)

04 (16.66%)

0.0982

0.0234

0.7540

0.8784

Variables Group A
with Persan-

tin (n=33)

Group B
with Exer-
cise (n=93)

2

values
p-values

Fatal Events

Non-Fatal Events

02 (6.06%)

05 (15.15%)

01 (1.075%)

03 (3.226%)

2.584

5.715

0.1080

*0.0168

Variables Group A
with Persan-

tin (n=24)

Group B
with Exer-
cise (n=72)

2

values
p-values

Fatal Events

Non-Fatal Events

01 (4.166%)

04 (16.66%)

00 (00%)

02 (1.212%)

3.000

8.825

0.08330

*0.0030

Table  2: Kaplan M e ie r Com parative  analys is  of cardiac e ve nts
in Pe rs antin and e xe rcis e  cardiac s tre s s  protocol for m yocardial

pe rfus ion im aging in both  groups

Dis cus s ion

H BA1C be ing a good m ark e r of glycate d prote ins
h as  be e n us e d as  m e as ure  of glyce m ic control and
various  s tudie s  h ave  found its  diagnos tic and prog-
nos tic s ignificance  in diabe tics  and non-diabe tics  as

w e ll.10 Unite d K ingdom  pros pe ctive  diabe te s  s tudy
(UKPDS) h as  s h ow n th at ade q uate  glyce m ic control
can re duce  th e  ris k  of m icrovas cular as  w e ll as
m acrovas cular dis e as e  in diabe tics .11 A large  body
of data h as  s h ow n th at s ignificantly low  e ve n rate
(0.6%  for FMI and NFMI) is  as s ociate d w ith  a norm al
MPS and 7.4%  for abnorm al MPS.12 In th is  s tudy
h igh e r ove rall e ve nt rate  de s pite  a norm al MPS is  in
accordance  w ith  publis h e d data.7 H igh e r e ve nt rate
in Group A (H BA1C > 7.3) is  pre s um ably caus e d by
m ore  advance d alth ough  s ubclinical vas cular dis e as e
in diabe tics  w ith  im paire d glyce m ic control. Th is  w as
als o s e e n in a s tudy publis h e d by our group re ve aling
H BA1C >7.3 as  a re liable  pre dictor of CAD.10 Th e s e
facts  re ve al th e  im portance  of couns e ling by clinicians
to th e ir diabe tic patie nts  w h o h ave  norm al MPS about
th e  im portance  of ade q uate  glyce m ic control in future .
Anoth e r im portant finding of th is  s tudy is  th at NPV
of norm al MPS w as  low  in firs t 02 ye ars  of follow  up.
But in las t 03 ye ars , s ignificantly h igh e r NFMI w as
obs e rve d in Group A (H BA1C >7.3). Sim ilar infe re nce
w as  als o obs e rve d by Giri e t al and a rapid progre s s ion
of CAD in diabe tic w as  cons ide re d as  th e  plaus ible
e xplanation.13 Th e s e  findings  s h ow  a s h orte r w arranty
pe riod of norm al MPS in diabe tics  w ith  im paire d gly-
ce m ic control. Sim ilar facts  w e re  obs e rve d by Ne s to
and colle ague s  w h o re com m e nde d m ore  fre q ue nt
as s e s s m e nts  in diabe tics  be caus e  of as s ociate d h igh
cardiac e ve nts  rate s .14 Our findings  are  als o in concor-
dance  w ith  Acam pa e t al.  s tudy concluding a s h orte r
w arranty pe riod varying w ith  glyce m ic control in
diabe tics  w ith  a norm al M PS.15

W e  conclude  th at diabe tics  w ith  im paire d glyce m ic
control (H BA1C >7.3) h ad h igh e r non-fatal MIs  afte r
02 ye ars  of a norm al MPS th an diabe tics  w ith  be tte r
control. W arranty pe riod of a norm al MPS in poorly
controlle d diabe tics  is  s h orte r and fre q ue nt re te s ting
in s ubs e q ue nt ye ars  is  w arrante d.
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