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Abstract  :  P resen t  s tudy  examined  the  e f fec t  o f  shor t - t e rm c iga re t t e
smoking on insul in  res is tance and l ip id  prof i le  in  asymptomat ic  heal thy
adults .  This case control  study comprised of 44 healthy male subjects in
the age group of 18–40 yrs having BMI 25+3 and WHR < 1.0. Of these 22
smokers  were  inc luded  in  the  s tudy  g roup  and  22  non-smokers  in  the
control  group.  Subject  selection was done such that  one smoker and one
non-smoker  s ibl ing or  f i rs t  degree  male  re la t ive  were  se lected f rom the
same family.  We compared fast ing plasma glucose,  insulin,  l ipid profi le ,
and homeostat ic model assessment index (HOMA Index) as a measure of
insul in resis tance between both the groups.  Our observat ion showed that
s ign i f i can t ly  h igher  va lues  o f  se rum g lucose  (133 .36 ± 23 .45  mg/d l ;
P<0.001), serum insulin (32.04 ± 6.0 2 µU/ml; P<0.001) and HOMA index
(3.62 ± 0.21; P<0.001) were found in smokers as compared to non-smokers
(serum glucose 86.95 ± 19.32 mg/dl, insulin 20.09 ± 4.8 µU/ml, HOMA index
3.29 ± 0.30). No significant difference was observed for number of subjects
having insul in  res is tance  (HI>3.8)  and l ip id  prof i le  in  both  the  groups .
Thus  i t  appears  tha t  smokers  a re  p rone  to  deve lop  hyper insu lenemia ,
hyperg lycemia  and  the  metabol ic  syndrome.
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INTRODUCTION

Smokers have been found to be at  high
r i sk  compared  to  non-smokers  fo r
deve lopment  o f  d iabe tes  and  a  s t rong
re la t ionsh ip  be tween  tobacco  smoke  and
metabol ic  syndrome among adolescents  has
been observed (1). Various studies show that
long  te rm smoking  decreases  the  insu l in
sens i t iv i ty  (2–4) ,  Adverse  e f fec t s  due  to

short-term smoking have been also observed
(5–8); however very few studies (1, 8, 9) are
available regarding the effect  of  short- term
cigare t te  smoking  on  insu l in  res i s tance  in
human. Previous studies have defined long-
te rm smoking  as  smoking  of  > 1  pack /day
for  more  than  15  years  and  shor t - t e rm
smoking  as  >1  pack /day  for  l ess  than  10
years  (7 ) .  In  p resen t  s tudy  we  have
examined the  ef fec ts  of  shor t - te rm (acute)
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smoking on serum l ipid profi le  and insulin
resistance in young apparently healthy male
subjects ,  who were smoker for  at  least  s ix
months  to  maximum for  two years  and
smoking more  than  f ive  c igare t te  per  day.
We recru i ted  non-smoking  male  sub jec t s
either siblings or first-degree male relatives
f rom the  same fami ly  as  cont ro l .  Thus
objective of  this  s tudy was to evaluate the
acute effects of cigarette smoking on insulin
res i s tance  and  se rum l ip id  p rof i l e  in
apparen t ly  hea l thy  sub jec t s .

M E T H O D S

This was a  cross  sect ional  case control
s tudy.  Male  smokers  smoking a t  leas t  f ive
f i l t e r  c igare t tes  per  day  for  a t  l eas t  s ix
months  and  maximum for  two years ,  aged
be tween  18–40  years  (mean±SD 33 .4±7 .8
yrs) having BM 25±3 and waist to hip ratio
<1 .0  (mean±SD 0 .9±0 .22)  were  taken  as
s tudy  group .  Subjec t s  wi th  IBM >27 and
WHR >1.0 have high r isk for  development
of metabolic syndrome (10, 11) so they were
exc luded  f rom the  s tudy .  BMI (mean±SD:
26 .3±2 .7) ,  WHR (mean±SD:  0 .86±0.25) ,
phys ica l  ac t iv i ty  and  d ie t -matched  non-
smokers  o f  s imi la r  age  group  (mean±SD:
32±6.9 yrs) from same families (non smoking
male siblings or first degree male relatives)
were taken as control group. This was done
so  the  ef fec t  of  o ther  confounding fac tors
including genetic factors on observations of
the  s tudy  could  be  min imized .  Al l  the
sub jec t s  inc luded  in  the  s tudy  were
normotens ive ,  non-a lcohol ic ,  and  non-
diabetic and were from similar socioeconomic
s ta tus  hav ing  no  o ther  sys temic  and
metabol ic  d i seases .  Fami ly  h i s to ry  of
metabolic diseases including diabetes,  IHD,
and  hyper tens ion  was  ob ta ined .  Subjec t s

wi th  any  metabol ic  o r  sys temic  d i seases ,
add ic t s  o f  o ther  fo rm of  tobacco  in take
(12)  and  a lcohol  were  exc luded  f rom the
s t u d y .

Af te r  t ak ing  c lea rance  f rom the  e th ics
commit tee  o f  King  George’s  Medica l
Univers i ty  and  in formed consen t  f rom the
subjec ts  for  par t ic ipa t ion  in  the  s tudy;  60
subjects  f rom 30 famil ies  of  Lucknow ci ty
were enrolled in the study ini t ial ly;  out  of
which 16 subjects (8 families) did not turn
up for the study. Hence finally 22 smokers
and  22  non-smokers  par t i c ipa ted  in  the
s t u d y .

Five  ml  of  fas t ing blood was col lected
from each subject  and serum was separated
for  g lucose ,  insu l in  and  l ip id  p rof i l e
estimation. Estimation of serum glucose was
done  by  GOD-POD method  (Randox
Labora tor ies  L td . ,  Ant r im,  U.K. ) .  Serum
insu l in  was  es t imated  by  immuno
rad iomet r ic  assay  method  us ing  insu l in
IRMA kit (Immunotech Radiova Prague) and
lipid profi le  by enzymatic  method (Randox
Labora tor ies  L td . ,  Ant r im,  U.K. )  Insu l in
Resistance (IR) was calculated by Homeostatic
model  assessment  index  (HOMA Index)
(13).

HOMA Index= Fast ing Glucose m . mole l X Fast ing Insu lin m U ml
22.5

b g b g

If subjects had no clinical and biological
cri teria of IR, a laboratory diagnosis of IR
is made when the value of HOMA index is
equalled or exceeded 3.8 (14). Subjects with
HOMA index >3.8 are prone for development
of  metabol ic  syndrome.  Al l  da ta  was
s ta t i s t i ca l ly  ana lyzed  by  us ing  unpa i red
s tudent  t  t es t  and  F isher–I rwin  tes t .
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R E S U L T S

The  observed  va lues  fo r  fas t ing  se rum
l ip id  p rof i l e ,  g lucose ,  insu l in  and  insu l in
res i s tance  a re  g iven  in  Table–I .  There
were  no  s ta t i s t ica l ly  s igni f icant  d i f fe rence
in  the  leve l s  o f  TG,  VLDL,  and  HDL
between  smokers  and  non-smokers .  Serum
choles te ro l  and  LDL leve l s  were  s l igh t ly
higher in smokers than nonsmokers but  the
d i f fe rence  was  no t  s ta t i s t i ca l ly  s ign i f ican t
(Table–I) .

Fas t ing  se rum insu l in ,  p lasma g lucose
and values for HOMA index (Table–I) were
observed  to  be  s ign i f ican t ly  h igher  in
smokers  (P>0.001)  than  non-smokers .
However no significant numbers of subjects
were observed having IR (HOMA index > 3.8)
in study as well as control groups. Only two
smokers and one non-smoker from respective
groups had HOMA index > 3.8.

D I S C U S S I O N

In our study, the two groups of subjects
( smokers  and  non-smokers )  were  of
comparable  sex ,  age ,  BMI,  WHR, physica l
ac t iv i ty  l eve l  and  d ie t ,  even  gene t ic
compos i t ion  to  some ex ten t  (as  we  have
taken  cont ro l  and  s tudy  groups  f rom the
same family).  They were non-diabetic,  non-
alcoholic, normotensive subjects belonging to
same socioeconomic s tatus .

Our study examined the effect of smoking
for less than two years on insulin resistance
and lipid profile. In contrast, earlier studies
have  shown tha t  long- te rm n ico t ine
consumpt ion  or  chron ic  c igare t te  smoking
increases  insu l in  res i s tance  (15–19) .  We
observed s ignif icant ly higher  fast ing serum
insulin, glucose and values of HOMA index
in  smokers  (Table–I )  as  compared  to
nonsmokers. However only two smokers and

TABLE I : Showing fasting serum lipid profile, insulin, glucose and HOMA index in 22 smokers and 22 non-smokers.

Smokers  (n=22) Non smokers  (n=22) P

Age (yrs) 33 .4±7 . 8 3 2±6 . 9
B M I 2 5±3 . 0 26 .3±2 . 7
W H R 0 . 9±0 .22 0 .86±0 .25
No.  of  c igare t tes /day 12 .4±6 . 3 N i l
Smoking  dura t ion  (months ) 21 .4± 5 . 4 N i l
TG (mg/dl) 105 .45± 32 .64 103 .64± 47 .62 0 .91
VLDL (mg/dl) 23 .07± 06 .51 21 .25± 11 .24 0 .95
Choles terol  (mg/dl) 150 .84± 26 .51 138 .05± 22 .56 0 .12
HDL (mg/dl) 45 .49± 12 .51 48 .27± 9 .67 0 .13
LDL (mg/dl) 72 .94± 18 .29 63 .40± 23 .28 0 .33
Cho/HDL ra t io 2 .71± 0 .67 2 .86± 1 .12 0 .58
LDL/HDL ra t io 1 .28± 0 .55 1 .37± 0 .85 0 .69
Insul in  (µU/l ) 32 .04± 6 .02 20 .09± 4 .80 0 .00092
Glucose (mg/dl) 133 .36± 23 .45 86 .95± 19 .32 0 .00089
HOMA index 3 .62± 0 .21 3 .29± 0 .30 0 .00068

(Al l  va lues  are  mean±sd)
Abbrev i a t i ons : Cho = Cholesterol, TG = Triglyceride, VLDL = Very Low Density Lipoprotein, HDL = High Density

Lipoprotein, LDL = Low Density Lipoprotein, HOMA = Homeostatic Model Assessment.
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to affect insulin action and glucose tolerance
Thus,  i t  seems reasonable to speculate that
the difference in fasting insulin and glucose
levels we observed between the two groups
were  secondary  to  c igare t te  smoking  and ,
theoretically,  could be caused by the direct
effects of nicotine, carbon monoxide, or other
agents  in  c igare t te  smoke.

The observations of the present study are
cons i s ten t  wi th  exper imenta l  s tud ies
demons t ra t ing  tha t  c igare t te  smoking  can
acutely impair insulin action (8, 24, 25) and
wi th  p rev ious  c ross -sec t iona l  f ind ings  o f
the  presence  of  hyperg lycemia  and  27
hyper insu l inemic  in  nondiabe t ic  smokers
(22 ,  26 ,  27) .  These  observa t ions  show
tha t  even  shor t - t e rm smokers  a re  p rone
for  deve lopment  o f  d iabe tes  because  of
hyper insu l inemia ,  hyperg lycemia  and
decrease  insul in  sens i t iv i ty .

In our study the values of fasting serum
choles te ro l  and  LDL in  smokers  were  no t
s ign i f ican t ly  d i f fe ren t  f rom leve ls  in  non-
smokers  (Table–I ) .  However  o thers  have
shown raised post  absorptive levels  of  TG,
low HDL, and increased total cholesterol and
increased LDL in smokers than non-smokers
(26, 27, 29, 30), which were compatible with
IR (29). In our study we have not found any
s ign i f ican t  s ta t i s t i ca l  d i f fe rence  be tween
smokers and non-smokers in terms of fasting
l ip id  p rof i l e  p robably  because  we  have
included only non-diabetic, non-hypertensive
hea l thy ,  co l lege  going  s tudents  and  young
male  sub jec t s .  Smokers  reg i s te red  for  our
study did not  have a long smoking record.
Very  few subjec t s  had  demons t rab le  IR
(HOMA index ≥ 3.8) and an increase in TG,
LDL and total  cholesterol  are hal lmarks of
IR .

one non-smoker had IR.  We have observed
only  the  shor t - t e rm ef fec t  o f  c igare t te
smoking  on  insu l in  res i s tance .  On the
cont ra ry  ea r l i e r  s tud ies  have  shown the
ef fec t  o f  long- te rm smoking  on  IR.  The
degree of  IR and the extent  of  the re la ted
metabol ic  abnormal i t i es  a re  s t rongly
assoc ia ted  wi th  smoking  hab i t s  (15) .
However significantly high value of HOMA
index  in  smokers  as  compared  to  non-
smokers  shows  tha t  even  shor t - t e rm
cigare t te  smoking  decreases  insu l in
sens i t iv i ty .

The increase in fast ing glucose level  in
smokers could be due to decrease in cellular
g lucose  up take  and  u t i l i za t ion ,  the reby
sugges t ing  tha t  smoking  a f fec t s  a
mechanism involving ear ly  s teps  in  insul in
ac t ion  (e .g .  s igna l  t ransduc t ion ,  g lucose
t ranspor t ,  and /or  g lucose  phosphory la t ion)
or  by mechanisms operat ing simultaneously
on different biochemical pathways. Nicotine
may have  d i rec t  o r  ind i rec t  e f fec t  v ia
in te rac t ion  wi th  insu l in  recep tors  and  for
pos t  recep t ive  even ts .  Smoking  causes
increased  re lease  o f  ca techolamines  (20) ,
which  might  reduce  the  number  of  insul in
b ind ing  s i t es  as  wel l  as  decreas ing  the
synthesis of glucose transporters. There may
also be other indirect effect  of smoking on
insulin act ion;  for  instance,  elevated levels
of  FFA,  which  impai r  insu l in  media ted
glucose uptake (21).

In  our  s tudy  smokers  had  s ign i f ican t ly
high fas t ing  insul in  levels  as  compared to
non-smokers .  Other  c ross  sec t ional  s tudies
have also demonstrated that chronic smokers
were hyperinsulinemic during an OGTT (15,
22 ,  23) .  The  two groups  of  sub jec t s  were
comparab le  regard ing  the  var iab les  known
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In  the  p resen t  s tudy  no  s ign i f ican t
harmful effects of passive smoking regarding
lipid profile, fasting glucose, insulin and on
insu l in  sens i t iv i ty  have  been  observed  in
non-smokers compare to smokers; as we have
recruited non- smokers from the same family.
However some experimental observa t ions
have shown that acute exposure to cigarette
smoking in  both  smokers  and non-smokers
have  been  seen  to  s ign i f ican t ly  impai r
g lucose  to le rance ;  h igher  insu l in  leve ls  in
smokers  (8)  a lso  accompanied th is .  In  our
s tudy  probably  the  pass ive  exposure  to
smoking was not enough to show the harmful
effect in non-smokers.  However passive
smokers are undeniably at risk from exposure
to  c igare t te  smoke ,  the  ex ten t  o f  the  r i sk
and the passive nature of their  exposure to
this risk requires to be examined separately.

Thus  we  conc lude  tha t  a l though
hyperg lycemia ,  hyper insu l inemia ,  and  h igh
HOMA index was seen in smokers but their
lipid profile was unaffected. So, smokers can
be  counse l led  tha t  d i scon t inua t ion  of
smoking  espec ia l ly  in  ea r ly  s tages  cou ld
br ing  subs tan t ia l  reversa l  o f  the  damage
caused,  i f  any,  and hence  th is  i s  a  s t rong
motivating factor for smokers to discontinue
e a r l y .
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