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BACKGROUND: Cigare tte  s m ok ing is  ge ne rally cons ide re d as  a pow e rful ris k  factor for coronary arte ry dis e as e
(CAD) and cardiac m ortalitie s . Aim  w as  to find out pre dictive  value  of s m ok ing for e xte nt of coronary arte ry dis e as e
(CAD) am ong m ale s  us ing ECG-gate d m yocardial pe rfus ion im aging (GMPI). MATERIAL AND METHODS: Total
5421m ale  patie nts  w e re  include d and divide d into s m ok e rs  (n=1619 ; m e an 12 ± 2 cigare tte s /day) and non-s m ok e rs
(n=3802). One  day s tre s s /re s t GMPI protocol us ing Tc-9 9 m  MIBI w as  pe rform e d in all patie nts . RESULTS: Th is
pros pe ctive  s tudy w as  conducte d from  January 2010 till January 2014. Sm ok e rs  w e re  found to h ave  h igh e r incide nce
of abnorm al GMPI at re lative ly low e r e ffort tole rance . Incide nce  of re ve rs ible  is ch e m ia w ith  trans ie nt is ch e m ic dilatation
(TID) w as  s im ilar w h ile  fixe d and m ixe d pe rfus ion de fe cts , pre dom inantly large r s iz e d de fe cts  w ith  LV dys function
w as  h igh e r in s m ok e rs  th an non-s m ok e rs   (p<0.05). Us ing m ultivariate  analys is , s m ok ing w as  found to be  an
inde pe nde nt ris k  factor for CAD w ith  s yne rgis tic e ffe ct w ith  oth e r ris k  factors  lik e  obe s ity, h ype rte ns ion, diabe te s ,
dys lipide m ia and fam ily h is tory for CAD. CONCLUSION: Sm ok e rs  te nd to h ave  h igh e r incide nce  of abnorm al GMPI
w ith  large r s iz e  fixe d and m ixe d pe rfus ion de fe cts  and m ore  s e ve re  LV dys function th an non-s m ok e rs . No s ignificant
diffe re nce  w as  note d for inducible  is ch e m ia and TID be tw e e n tw o groups . Sm ok ing is  an inde pe nde nt ris k  factor for
CAD h aving s yne rgis tic e ffe cts  w ith  oth e r ris k  factors .
Key words:  Gate d MPI; Cigare tte  s m ok ing;  Fixe d de fe ct; pre dictive  value

ABSTRACT

Subm itte d 1 O ctobe r 2014, Acce pte d 27 Octobe r 2014

e m is s ion com pute riz e d tom ograph y (GSPECT) h as
be e n on th e  h oriz on of clinical cardiology for las t
four de cade s .  Th e  prim ary re as ons  for th is  popu-
larity are  its  h igh  diagnos tic capability and ability
to provide  prognos tic inform ation u s e ful in ris k
s tratification and clinical de cis ion m ak ing.2

Cigare tte  s m ok ing is  one  of th e  m ajor ris k  factors
for CAD and for e ach  10 cigare tte s  pe r day th e re
is  an incre m e ntal incre as e  in cardiovas cular m orta-
lity in m e n (18% ) and in w om e n (31% ).3 Studie s  h ave

Introduction

Th e  coronary h e art dis e as e  (CAD) continue s  to be
a le ading caus e  of m orbidity and m ortality am ong
adults  in Europe  and North  Am e rica. Non-m odifiable
ris k  factors  include d age , ge nde r and fam ily h is tory
w h ile  im portant m odifiable  ris k  factor are  diabe te s
m e llitus  (DM ), h ype rte ns ion (H TN), dys lipide m ia
and cigare tte  s m ok ing.1 Th e  m yocardial pe rfus ion
im aging (M PI) u s ing ECG-gate d s ingle  ph oton
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s h ow n th at s m ok ing e xe rts  its  e ffe cts  by e ndoth e lial
dys function,4 de s tabiliz ing e xis ting plaq ue s  and/or
incre as ing th rom boge nicity, irre s pe ctive  of plaq ue
s iz e .5

Annualiz e d e ve nt rate  for s h ort and long te rm  car-
diac e ve nts  in curre nt s m ok e rs  h as  be e n found
h igh e r th an non- s m ok e rs  de s pite  a norm al M PI
s tudy.6 Th e  aim  of th is  s tudy w as  to find out th e
pre dictive  value  of s m ok ing as  an inde pe nde nt ris k
factor for s e ve rity of pe rfus ion abnorm alitie s  on
GMPI in m ale  s m ok e rs .

acting nitrate  w e re  s toppe d 24-48 h ours  prior th e
te s t. D ipyridam ole  inte rve ntion w as  pe rform e d
(0.567 m g/k g for 4 m inute ) in patie nts  w h o w e re
unable  to pe rform  dynam ic e xe rcis e  or h aving le ft
bundle  branch  block  (LBBB) on re s ting ECG or
s pe cifically as k e d by th e  re fe rring ph ys icians  due
to lim ite d e xe rcis e  capacity (s m ok e rs : 32% ; non-
s m ok e rs : 36% ).  Te a, coffe e  and xanth ine  de rivative s
w e re  s toppe d 24 prior in patie nts  s ch e dule d for
dipyridam ole  te s t. A ris e  in  10 be ats  (from  bas e -
line ) or drop of  10 m m H g of s ys tolic blood pre s -
s ure  w ith  or w ith out s ym ptom s  or ST ch ange s  w e re
cons ide re d as  ade q uate  re s pons e  to dipyridam ole .
Tc-9 9 m  MIBI w as  give n 1 m inute  be fore  te rm inating
e xe rcis e  or 3-4 m inute  afte r dipyridam ole  infus ion.

Gated SPECT Myocardial Perfusion Imaging:

All patie nts  unde rw e nt s am e  day (re s t/s tre s s  or
s tre s s /re s t) m yocardial pe rfus ion GSPECT us ing
Tc-9 9 m  MIBI. 10-15 m Ci (370-555 MBq ) of Tc-9 9 m

Variables Total Male
Pateitns

5421

Smokers
(Group A)

1619

Non-Smokers
(Group B)

3802

Statistical difference b/w
Group A & B

Test Value
(t-test/X2)

P Value

Age  (m e dian ± SD) yrs
BMI (m e an ± SD)
Kg/m 2
Obe s ity
H ype rte ns ive
Diabe te s  Me llitus
Dys lipide m ia
Fam ily H is tory
Know n CAD
Bruce  protocol
Ph arm acological
protocol
% MAPH R
METS
Abnorm al MPI
Re ve rs ible  de fe cts
    Sm all s iz e d
    Me dium  s iz e d
    Large  s iz e d
Fixe d de fe cts
    Sm all s iz e d
    Me dium  s iz e d
    Large  s iz e d
Mixe d de fe cts
(large  s iz e d)
TID
LV dys function
     % LVEF
     EDV (m l)
     ESV (m l)

56 ± 11
26.783 ±

4.544
2289  (42% )
3278 (60% )
1887 (35% )
1782 (33% )
1888 (35% )
603 (11% )
3527 (65% )
189 4 (35% )

87 ± 10
8.288 ± 5.032
29 59  (55% )
1002 (18% )
  336 (06% )
  478 (09 % )
  188 (03% )
1661 (31% )
  278 (05% )
    561 (10% )
   822 (15% )
29 6 (05% )

29 6 (05% )
1849  (34% )
 38 ± 11%

164 ± 71 m l
103 ± 52 m l

55 ± 11
26.39 9  ±

4.567
648 (40% )
9 21 (57% )
516 (32% )
526 (32% )
589  (36% )
19 2 (12% )
109 3 (68% )
526 (32% )

85 ± 10
7.9 9 8 ± 2.203

9 9 0 (61% )
308 (19 % )
104 (06% )
141 (09 % )
63   (04% )
547 (34% )
81 (05% )
179  (11% )
287 (18% )
135 (08% )

9 1 (06% )
603 (37% )

36 ± 11
170 ± 58 m l
110 ± 52 m l

56 ± 11
26.674 ±

4.59 5
1641 (43% )
2357 (62% )
1371 (36% )
1256 (33% )
129 9  (34% )
411 (11% )
2434 (64% )
1368 (36% )

87 ± 10
8.234 ± 3.143
19 69  (52% )
   69 4 (18% )
   232 (06% )
   337 (09 % )
   125 (03% )
1114 (29 % )

    19 7 (05% )
    382 (10% )
    535 (14% )

161 (04% )

205 (05% )
1246 (33% )

38 ± 11
161 ± 76
100 ± 51

3.063
2.020

4.070
11.671
7.831
0.472
1.9 20
1.035
7.831
7.831

6.739
2.747
36.754
0.69 4
0.0039
0.0027
3.253
8.431
0.005
1.123
13.79 0
36.083

2.068
 7.89 7
 6.127
-4.265
-6.569

0.0022*
0.0434*

0.0436*
0.0006*
0.0051*
0.49 23
1.659

0.3089
0.0051*
0.0051*

<0.0001*
0.006*

<0.0001*
0.4048
0.9 502
0.9 589
0.0713
0.0037*
0.9 45

0.289 2
0.0002*
<0.0001*

0.1504
0.0050*
<0.0001*
<0.0001*
<0.0001*

Table 1: Patie nts ’ de m ograph ics

Methods

Study Design and Patients’ Demographic: Th is
w as  a pros pe ctive  s tudy conducte d at Nucle ar Car-
diology De partm e nt of K arach i Ins titute  of H e art
Dis e as e s  (KIH D), Karach i, Pak is tan. Cons e cutive
patie nts  w e re  accru e d from  January 2010 till
January 2014. Th e  s tudy w as  duly approve d by th e
e th ical com m itte e  of ins titute . W e  include d 5421
cons e cutive  m ale  patie nts  w ith  h is tory of s us pe cte d
or k now n CAD w h o w e re  re fe rre d for a s tre s s  MPI
during s tudy pe riod. Th e s e  patie nts  w e re  groupe d
as  s m ok e rs  (n= 1619  patie nts ) w h o w e re  curre ntly
s m ok ing or h ad le ft s m ok ing le s s  th an 1 ye ar. Non-
s m o- k e rs  (n= 3802 patie nts ) include d th os e  w h o
ne ve r s m ok e d or h ad le ft s m ok ing m ore  th an 1
ye ar. Sm o-k e rs  group as  com pare d w ith  non-s m ok e rs
w as  re lative ly younge r (55 ± 11 ye ar vs . 56 ± 11
ye ar) and h ad low e r BMI (26.39 9  ± 4.567 vs . 26.674
± 4.59 5) w ith  low e r pre vale nce  of H TN (57%  vs .
62% ) and DM (32%  vs . 36% ). Alth ough  num e rical
diffe -re nce s  w e re  s m all but s tatis tically s ignificant.
For fam ily h is tory, dys lipide m ia and h is tory of CAD,
no s ignificant diffe re nce  w as  note d be tw e e n tw o
groups  (Tab. 1).

Stress Protocol: Dynam ic e xe rcis e  (e ith e r Bruce
or Modifie d Bruce  protocol) w as  pe rform e d us ing
tre adm ill  (68%  in Sm ok e rs  and 64%  in non-s m ok e rs
group) and e xe rcis e  w as  cons ide re d ade q uate  w h e n
patie nt ach ie ve d 85%  of age  pre dicte d targe t
h e art rate  (220-age ) or de ve lope d typical angina
or dys pne a or > 2 m m  ST de pre s s ions  in 2 or m ore
le ads . Be ta-block e rs , calcium -block e r and long



Confounding factors
Smokers :

Non Smokers

True Positive
cases of CAD

Smokers :
Non Smokers

Odd ratios
for CAD

Smokers :
Non Smokers

95% Confidence
interval

(lower-Upper
limits)

Z
statistics

P Value

No factors
(n=300:611)
Obe s ity
(n=648:1641)
H ype rte ns ive
(n=821:2357)
Diabe te s  Me llitus
(n=516-1371)
Dys lipide m ia
(n=526-1256)
Fam ily H is tory
(n=589 -129 9 )

19 0:317

363:79 5

547:1171

355:807

29 8:638

352:652

1.602

1.355

1.481

1.541

1.324

1.474

1.207-2.127

1.129 -1.627

1.269 -1.728

1.243-1.9 11

1.077-1.628

1.209 -1.79 5

3.259

3.260

4.9 9 0

3.9 41

2.661

3.852

0.0011*

0.0011*

<0.0001*

0.0001*

0.0078*

0.0001*

Table 2: Pre dictive  value s  for coronary arte ry dis e as e  be tw e e n
s m ok e rs  and non-s m ok e rs  w ith  confounding factors
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MIBI w as  adm inis te re d intrave nous ly for firs t s tudy
(re s t in re s t/s tre s s  or s tre s s  in s tre s s /re s t protocol)
and 25-30 m Ci (9 25-1110 MBq ) for s e cond s tudy
(s tre s s  in re s t/s tre s s  or re s t in s tre s s /re s t protocol).
ECG-gate d s tre s s  and non-gate d re s t SPECT
acq uis itions  w e re  pe rform e d us ing de dicate d dual
h e ad cardiac (Cardio MD, Ph ilips ) gam m a cam e ra
w ith  low  e ne rgy all purpos e  (LEAP)  collim ator, 32
proje ctions  around a 180 de gre e  arc, a 64 x 64
m atrix and 16 fram e s  pe r cardiac cycle . Im age
re cons truction and LV functional param e te rs  (EF,
EDV, ESV and w all m otion [W M]) 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. An EF
 50% , ESV  70 m l and W M s core  of z e ro (in a
17 s e gm e nt m ode l) w e re  cons ide re d norm al.
Sim ilarly, GMPI w ith  SSS, SRS and SDS <2 w e re
cons ide re d as  norm al. Pe rfus ion de fe cts  w e re
re porte d as  s m all (2-3 s e gm e nts ), m e dium  (4-5
s e gm e nts ) and large  (6 s e gm e nts ) and all s can
w e re  re ad by tw o nucle ar cardiologis t w ith  m ore
th an 07 ye ar e xpe rie nce . Abnorm al GM PI w as
confirm e d by coronary angiogram  ± 1 m onth .

Statistical analysis: 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  2 te s t for cate gorical
variable s . Continuous  variable s  w e re  de s cribe d by
m e an ± s tandard de viation (SD). K aplan–Me ie r
cum ulative  s urvival analys is  for M ACE lik e  fatal
and non-fatal M Is  w as  pe rform e d, and s urvival
curve s  w e re  com pare d by th e  Logrank  te s t.
Univariate  and m ultivariate  Cox’s  proportional
h az ard re gre s s ion m ode ls  w e re  us e d to ide ntify
inde pe nde nt pre dictors  of e nd points  of inte re s t.
Th e  ris k  of a variable  w as  e xpre s s e d as  a h az ard
ratio w ith  a corre s ponding 9 5%  confide nce  inte rval.
Statis tical s ignificance  w as  de fine d as  P<0.05.
Com m e rcially available  pack age s  M e dcalc®  and
s tatis tical pack age  for s ocial s cie nce s  (SPSS 17® )
w e re  us e d.

Incide nce  of anabnorm al GM PI w as  s ignificantly
h igh e r in s m ok e rs  th an non-s m ok e rs  group (61%
vs . 52% , s ignificant p value ). No s ignificant diffe -
re nce  w as  s e e n for re ve rs ible  pe rfus ion de fe cts
(ove rall and s iz e  bas e ) be tw e e n tw o groups . Inci-
de nce  of fixe d pe rfus ion de fe cts  (both  ove rall and
large  s iz e  de fe cts ) and m ixe d pe rfus ion de fe cts
w as  s ignificantly h igh e r in s m ok e rs  th an non-
s m ok e rs  group. Incide nce  of trans ie nt is ch e m ic
dilatation (TID) w as  not s ignificantly diffe re nt be t-
w e e n tw o groups . Th e  incide nce  of le ft ve ntricular
dys function and its  s e ve rity w as  s ignificantly h igh e r
in s m ok e rs  th an non-s m ok e rs  group (Tab. 1).
Multivariate  analys is  re ve ale d s m ok ing as  a s trong
inde pe nde nt ris k  factor for CAD (OR=1.602; 1.207-
2.127; p=0.0011). Sm ok ing w as  found to h ave  a
confounding e ffe ct w ith  oth e r ris k  factors  lik e  obe s ity,
DM, H TN, dys lipide m ia and fam ily h is tory for CAD
(Tab. 2).

Resutls

Th e  functional capacity of s m ok e rs  group as
de picte d by m e tabolic e q uivale nts  (METS) w as
s ignificantly low e r th an non-s m ok e rs  group (Tab.1).

Resutls

Cigare tte  s m ok ing pre dis pos e s  th e  individual to
s e ve ral diffe re nt clinical ath e ros cle rotic s yndrom e s ,
including s table  angina, acute  coronary s yndrom e s ,
s udde n de ath  and s trok e .4 Cigare tte  s m ok ing w as
als o found to be  an inde pe nde nt pre dictor of ne w
coronary le s ion form ation in th e  Canadian Coronary
Ath e ros cle ros is  Inte rve ntion trial.7 Nucle ar car-
diology lite rature  is  rich  w ith  e vide nce  of h igh e r
incide nce  of abnorm al M PIs  and pre dictive  value s
for various  ris k s  factors  of CAD. H ow e ve r, to th e
be s t of our lite rature  s e arch , data is  s care  about
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th e  patte rn of pe rfus ion abnorm alitie s  in individuals
w ith  cigare tte  s m ok ing as  an inde pe nde nt ris k
factor. Th is  s tudy e laborate s  various  patte rns  of
pe rfus ion abnorm alitie s  and s e ve rity of LV dys -
function in cigare tte  s m ok e rs  w ith  k now n or s us -
pe cte d CAD and cigare tte  s m ok ing as  an inde pe n-
de nt ris k  factor. As  e xpe cte d s m ok e rs  w e re  found
to h ave  h igh e r incide nce  of an abnorm al GMPI th an
non-s m ok e r counte rpart indicating unde rlying CAD
and th is  incide nce  is  in concordance  w ith  a re ce ntly
publis h e d s tudy from  India.8 In s m ok e rs  GMPI did
s h ow  s ignificantly h igh e r burde n of fixe d (e s pe cially
large  s iz e ) and m ixe d pe rfus ion de fe cts  th an non-
s m ok e rs  and th is  could be  e xplaine d by its  e ffe cts
on e ndoth e lial dys function, e nh ance d th rom bo-
ge ne city, and de s tabiliz ing th e  plaq ue  irre s pe ctive
of its  s iz e .6 A re ce nt s tudy w ith  pos itron e m is s ion
tom ograph y (PET) MPI (PET-MPI) h as  s h ow n re du-
ce d coronary flow  re s e rve  and large r pe rfu s ion
de fe cts  (both  re ve rs ible  and fixe d de fe cts ) in
s m ok e rs .9  Th e  h igh e r burde n of fixe d and m ixe d
pe rfus ion abnorm alitie s  is  th e  s e ntine l re as on for
m ore  s e ve re  LV dys function in s m ok e rs . W orth  to
m e ntion th at incide nce  of oth e r cofounding ris k
factors  lik e  DM and H TN w as  s ignificantly low e r in
s m ok e rs . Studie s  h ave  s h ow n a dire ct corre lation
be tw e e n cigare tte  dos e -re s pons e  re lations h ip be t-
w e e n curre nt s m ok ing and coronary ath e ros cle ros is
in as ym ptom atic individuals .10 H ow e ve r, our s tudy
did not e xplore  th is  as pe ct due  to lack  of incons is te nt
data re garding pe r day cigare tte  cons um ption and
is  cons ide re d as  a lim itation of s tudy. It is  im portant
to m e ntion th at pre dictive  value  of norm al GMPI
h as  be e n found s ignificantly low e r in s m ok e rs  w ith
an incre as e d s h ort and long te rm  ris k  of cardiac
de ath  and acute  m yocardial infarction in a re ce ntly
publis h e d s tudy.6 But w e  did not follow  th e  patie nts
w ith  norm al SPECT GM PI to find out ne gative
pre dictive  value  and th is  m ay cons ide re d as  a
lim itation too. In th is  s tudy cigare tte  s m ok ing w as
found to be  a s trong inde pe nde nt ris k  factor for
CAD and th is  s upports  th e  ide a th at s m ok ing e xe rts
its  e ffe cts  by de s tabiliz ing e xis ting plaq ue s  and/or
incre as ing th rom boge nicity, irre s pe ctive  of plaq ue
s iz e .5 Th is  is  in concordance  w ith  findings  of various
trials  w h ich  h ave  ide ntifie d cigare tte  s m ok ing as
an inde pe nde nt ris k  factor h aving s yne rgis tic e ffe ct
w ith  oth e r ris k  factors .11

New Knowledge Gained

In s m ok e rs  GMPI is  ch aracte riz e d by h igh e r m agni-
tude  of fixe d and m ixe d (pre dom inantly large  s iz e d)
pe rfus ion de fe cts  but s im ilar is ch e m ic burde n th an
non-s m ok e rs .

Conclusions

W e  conclude  th at cigare tte  s m ok e rs  te nd to h ave
h igh e r incide nce  of abnorm al GMPI w ith  large r s iz e
fixe d and m ixe d pe rfu s ion de fe cts  th an non-
s m ok e rs . No s ignificant diffe re nce  w as  note d for
inducible  is ch e m ia and TID be tw e e n tw o groups .
Cigare tte  s m ok ing is  an inde pe nde nt ris k  factor for
CAD h aving s yne rgis tic e ffe cts  w ith  oth e r ris k
factors .
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