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Abstract  :  The  a im of  the  present  s tudy was  to  assess  the  associa t ion
between smoking and the alteration in plasma concentration of lipid profile
and l ipid peroxides.  Fourteen smokers  and 11 age matched control  were
enro l led .  P lasma leve ls  of  fas t ing  choles te ro l ,  t r ig lycer ides ,  l ipoprote in
cholesterol and malondialdehyde were estimated. In smokers the levels of
tota l  choles terol ,  LDL choles terol ,  Non-HDL choles terol  and MDA were
signif icant ly elevated when compared with the controls .  The atherogenic
index as indicated by various risk ratios were also found to be increased
in smokers as compared to controls .  These f indings indicate that  current
smokers  a re  a t  a  p ro -  a the rogen ic  s t a t e  and  as  in  o the r  coun t r i e s ,  in
Ind ia  smokers  r equ i re  pa r t i cu la r  a t t en t ion  in  t e rms  o f  pub l i c  hea l th
i n t e r v e n t i o n s .
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INTRODUCTION

Smoking i s  an  esca la t ing  publ ic  hea l th
problem especial ly in a  developing country
like India (1). Cigarette smoke is a dominant
r i sk  fac tor  fo r  p remature  o r  acce le ra ted
per iphera l ,  coronary ,  and  ce rebra l
atherosclerotic vascular diseases (2–4). A one
to threefold increase in  r isk of  myocardial
in f rac t ion  (MI)  has  genera l ly  been  no ted
among cur ren t  c igare t te  smokers  (5 ) .  The
mechanism by  which  c igare t te  smoking
causes  MI  remains  obscure ,  bu t  c igare t te
smoking have been found to alter the levels
of lipoproteins (6–9).

P lasma l ipopro te in  abnormal i t i es  a re
said to be the underlying major risk factors
and may even be essential  for  the common
occur rence  of  a therosc le ro t ic  vascu la r
d i seases  (10) .  C l in ica l ,  gene t ic ,  and
ep idemio log ica l  ev idence  ind ica tes  tha t
e leva ted  leve l s  o f  low dens i ty  l ipopro te in
(LDL) are one important risk factor for the
disorder (11).

Oxida t ive  pa thway appears  to  be  one
impor tan t  mechanism for  modi fy ing  LDL,
because  a  wide  var ie ty  o f  s t ruc tura l ly
unrelated antioxidants inhibit  atherosclerosis
in  an imal  models  o f  hypercholes te ro lemia
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(12,  13).  In vi tro  and in vivo  s tudies have
impl icated a  number  of  potent ia l  oxidat ive
pa thways ,  inc lud ing  those  depending  on
redox-act ive metal  ions,  ceruloplasmin,  15-
lipoxygenase, and nitric oxide synthase (14–
17) .  The  phys io log ica l  re levance  of  these
pa thways  to  the  pa thogenes i s  o f  human
vascular disease remains poorly understood.
However  recen t ly ,  the re  has  been  in tense
interest in the notion that lipid peroxidation
is one of the pathological processes impairing
the  func t ion  of  a r te r ia l  endothe l ia l  ce l l s
(18).

Oxidat ive  damage to  unsa tura ted  l ip ids
is a well established general mechanism for
ox idan t  media ted  ce l lu la r  in ju ry  (19) .  In
addi t ion to  extensive  exper imenta l  s tudies ,
increased  l ip id  perox ida t ion  has  been
repor ted  in  a  wide  var ie ty  of  c l in ica l  and
toxicological conditions (20). Cigarette smoke
conta ins  ox id iz ing  subs tances  among i t s
> 4000  iden t i f i ed  cons t i tuen ts  (21) ,  a long
with several compounds such as polyphenols
tha t  a re  po ten t  an t iox idan ts  (22) .  Because
oxida t ive  modi f ica t ion  domina tes  cur ren t
ideo logy  concern ing  the  pa thogenes i s  o f
a theroscleros is ,  many s tudies  have focused
on oxidative stress as a probable cl inically
re levan t  fac tor  in  c igare t te  smoke- re la ted
atherogenesis  and cancer  (23) .

Present work is an attempt to determine
the  a l t e ra t ions  in  p lasma fas t ing
t r ig lycer ide ,  to ta l  cho les te ro l ,  HDL,  LDL,
VLDL,  non-HDL choles te ro l  and  the
atherogenic indices as  indicated by various
r i sk  ra t ios  in  a  g roup  of  smokers .  In
addi t ion ,  we  have  examined  the  e f fec t  o f
smoking  on  l ip id  perox ida t ion  and  the
possible interact ion of  l ipid peroxides with
lipid profile.

MATERIAL AND METHODS

Four teen  hea l thy  smokers  (mean  age
38 .86 ± 4.35  years )  were  rec ru i ted  in  the
s tudy .  E leven  hea l thy  sub jec t s  (mean  age
38 .18 ± 3.37  years )  were  enro l led  fo r  the
compara t ive  assessment .  Smokers  were
included if they had a history of smoking 10
or  more  c igare t tes  per  day.  No par t ic ipant
had  a  h i s to ry  of  hyper tens ion ,  d iabe tes
mel l i tus  o r  any  o ther  sys temic  d i sease
predisposing them to endothelial dysfunction.
Further exclusion cri teria were,  current  use
of  an t iox idan ts  o r  vasoac t ive  medica t ions .
Al l  par t i c ipan ts  gave  wr i t t en  in formed
consent  and this  protocol  was approved by
the  Ins t i tu t iona l  research  commit tee  and
human e th ics  commit tee .

Overn igh t  fas t ing  b lood  samples  were
taken  by  venipunc ture  in  tubes  conta in ing
EDTA.  The  samples  were  cen t r i fuged
(2500 × g 10 minutes at 4°C) and the plasma
thus obtained were used for  the est imation
of lipid profile and MDA.

Malondialdehyde was measured using the
established thiobarbituric acid (TBARS) method
(24). This assay is based on the formation of
red  adduc t  in  ac id ic  medium be tween
thiobarbi tur ic  ac id  and malondia ldehyde,  a
co lor less  p roduc t  o f  l ip id  perox ida t ion ,
measured at 532 nm. The MDA values were
calculated using the extinction coefficient of
MDA-thiobarbituric acid complex 1.56 × 105

l × mol –1 × cm–1 a t  532 nm and expressed as
nmol /ml .

P lasma HDL choles te ro l  was  es t imated
using Agappee diagnostic kits adapted to the
550  Express  P lus  au to  ana lyzer  (Ciba
Corning Diagnost ics ,  Oberl in ,  OH).  Plasma
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t r ig lycer ide  and  to ta l  cho les te ro l  were
estimated using the kits supplied by Accurex
(Thane ,  Ind ia )  and  Bicon  Diagnosemi t te l
Productions (Germany),  respect ively in 550
Express Plus auto analyzer. LDL cholesterol
was calculated by Friedwald’s and Fredickson’s
fo rmula .

Non HDL choles terol  i s  def ined as  the
difference between total cholesterol and HDL
cholesterol  and includes al l  the cholesterol
presen t  in  l ipopro te in  par t i c les  cons idered
to be atherogenic. It was calculated as total
cho les te ro l  minus  HDL choles te ro l .  R isk
rat ios were calculated as  Total  cholesterol /
HDL choles te ro l ,  LDL choles te ro l /HDL
choles te ro l ,  Non-HDL choles te ro l /HDL
choles te ro l  and  these  ra t ios  mul t ip l i ed  by
their  respective MDA values (25).

Stat i s t i ca l  ana lys i s :

All  var iab les  a re  shown as  the
mean ± SD.  The  da ta  be tween  cont ro l  and
tes t  g roups  was  compared  us ing  unpa i red
student’s t  test .  Correlation was determined
by  Pearson’s  cor re la t ion  coef f ic ien t .  The
level  of  s ignif icance used was  p  less  than
0.05.

R E S U L T S

The values of  l ipid peroxides and l ipid
prof i l e  a re  p resen ted  in  Table  I .  Both
the  groups  were  comparab le  in  age .
There  was  a  s ign i f ican t  d i f fe rence  in  the
MDA, total cholesterol,  LDL and Non HDL
leve ls  be tween  the  two groups .  P lasma
triglycerides and HDL cholesterol  were not
s ta t i s t i ca l ly  d i f fe ren t  be tween  the  two
groups .

The  a therogenic  index  as  ind ica ted  by
var ious  r i sk  ra t ios  a re  shown in  Table  I I .

The risk ratio calculated as total cholesterol
/HDL choles te ro l .  LDL choles te ro l /HDL
choles te ro l ,  Non  HDL choles te ro l /HDL
choles te ro l  were  s ign i f ican t ly  e leva ted  in
smokers  when compared to  controls .

Since increased lipid peroxidation is also
a risk factor for MI,  i t  has been suggested

TABLE I : P lasma  l ip id  pe rox ides  and  l ip id  p ro f i l e s
in  smokers  and  cont ro l s .

Controls Smokers ‘P’
(n=11) (n=14) value

MDA (nmol/ml) 5.48± 0.37 6.47± 0.35 0.001

Total cholesterol 189.91± 4.13 204.29± 20.24 0.021
(mg/dl)
HDL cholesterol 42.64± 2.54 40.64± 3.99 0.143
(mg/dl)
LDL cholesterol 122.75± 3.25 140.61± 20.52 0.006
(mg/dl)
VLDL cholesterol 24.71±2.17 23.70± 3.27 0.365
(mg/dl)
Non HDL 147.27± 4.29 162.93± 20.80 0.016
cholesterol (mg/dl)
Triglycerides 123 .55± 10.83 118 .50± 16.35 0.365
(mg/dl)

n = number  o f  sub jec t s ;  Va lues  a re  mean±SD;
A ‘P’<0.05 was considered significant .

TABLE I I : Atherogenic index as indicated by various
r i sk  ra t ios .

Controls Smokers ‘P’
(n=11) (n=14) value

Total cholesterol/ 4.47±0.25 4.98±0.72 0.022
HDL-C

LDL-C/HDL-C 2.88±0.21 3.44±0.69 0.011

Non HDL-C/HDL-C 3.47±0.25 3.89±0.69 0.049

(Total cholesterol/ 24.49±2.12 32.17±4.29 0.001
HDL-C) × MDA

(LDL-C/HDL-C) × 15.80±1.53 22.18±4.04 0.001
MDA

(Non HDL-C/ 19.00±1.86 25.07±4.03 0.001
HDL-C) × MDA

n = number  o f  sub jec t s ;  Va lues  a re  mean±SD;
A ‘P’<0.05 was considered significant .
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tha t  MDA values  mul t ip l ied  by  r i sk  ra t ios
prov ides  a  new index  which  se rves  as  a
be t te r  p red ic to r  o f  MI .  Al l  the  ra t ios
multiplied by MDA values were significantly
e leva ted  in  smokers  when  compared  wi th
cont ro ls .

No s ignif icant  corre la t ion was obta ined
between MDA and lipid profile in smokers.

D I S C U S S I O N

Free radical  mediated l ipid peroxidation
has  been  assoc ia ted  wi th  the  pa thogenes i s
of many diseases and clinical conditions (26).
Malondialdehyde (MDA) an end product  of
lipid peroxidation in plasma may come from
three  d i f fe ren t  sources :  (a )  c i rcu la t ing
endogenous  l ip id  perox ides ,  (b )  MDA
produced  in  p la te le t s  dur ing  pros tag landin
H 2 and  thromboxane  (TXA 2)  syn thes i s  and
(c) from other sources (27–29).

The increased level of MDA demonstrated
by us is an evidence of intensification of lipid
perox ida t ion  processes  in  smokers  which
may cause  chron ic  s t ress  fo r  endothe l ia l
ce l l s  (29) .  On the  o ther  hand,  i t  can  a l so
reor ien ta te  enzymat ic  sys tems  of  the
arachidonic acid cascade towards intensified
TXA 2 syn thes i s  (30) .  Th is  inc reased  l ip id
peroxidation in smokers are consistent with
tha t  repor ted  by  severa l  au thors  (31 ,  32) .
An increased level  of  MDA has  a lso  been
documented in smokers by Kharb et al (33).

Ample  ev idence  ex i s t s  to  sugges t  tha t
smoking influences plasma l ipoprotein l ipid
concent ra t ions  and  may thus  media te  an
impor tan t  ro le  in  the  deve lopment  o f
atherosclerot ic  vascular  disease (6–9) .

In  the  p resen t  s tudy ,  inc reased  LDL
choles te ro l  l eve l s  were  found  in  smokers
when compared with controls .  Low densi ty

lipoprotein has a positive relationship to the
risk of coronary heart disease. A plethora of
ev idence  sugges t s  tha t  ox ida t ion  of  low
dens i ty  l ipopro te in  genera tes  po ten t  p ro-
atherogenic  mediators  (12–17) .  Lipoprote in
oxidation is presumed to occur in the artery
and the specific cell type(s) or mechanism(s)
tha t  may  genera te  superox ide  rad ica l s ,
hydrogen peroxide or lipid peroxides outside
the cell  may contribute to the oxidation of
LDL (34). This result is in accordance to the
report of Khavrana et al and Whig et al (35,
36) .  They  found  tha t  smokers  had  h igher
va lues  o f  LDL choles te ro l  compared  wi th
non-smokers .  Cont ra ry  repor t  to  th i s  has
also been documented by Sirisali  et  al  who
found that total and LDL cholesterol did not
vary between smokers and non smokers (37).
This difference in observation can be due to
ethnic  d i f ferences  in  the  s tudy popula t ion.
Ta i  e t  a l  have  repor ted  tha t  in  As ia  the
ep idemio logy  of  a therosc le ros i s  has
increased  t remendous ly ,  wi th  few e thn ic
groups  be ing  a f fec ted  a t  pa r t i cu la r ly  h igh
ra te  (38) .  This  d i f ference  in  suscept ib i l i ty
has  been  a t t r ibu ted  to  the  var ia t ion  in
gene t ic  and  ep igene t ic  fac tors  which  can
influence the l ipid profile levels.

Non-HDL cholesterol  has been found to
be a better tool for screening and assessing
the  r i sk  fo r  a therosc le ros i s  (10) .  In  the
presen t  s tudy ,  the  l eve l  o f  non-HDL
cholesterol  level  was s ignif icant ly  elevated
in smokers when compared to controls.  The
atherogenic rat ios that  indicate the r isk for
the  deve lopment  o f  a therosc le ros i s  were
found to be significantly elevated in smokers
when compared to controls .

The  cons te l l a t ion  of  these  a l t e red
l ipopro te ins  a long  wi th  l ip id  perox ides
suggests that smokers are at a high risk for
the development  of  coronary heart  disease.
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Cigare t te  smoking  has  been  found  to
increase the concentrat ions  of  t r iglycer ides
and  lowers  the  concent ra t ion  of  HDL
choles te ro l  (39 ,  40) .  These  changes  were
found to contribute towards the atherogenic
poten t ia l  o f  c igare t te  smoking .  But  in  the
presen t  s tudy  we  found  no  s ign i f ican t
d i f fe rence  be tween  smokers  and  cont ro l s
wi th  regard  to  the  t r ig lycer ide  and  HDL
cholesterol values. We also did not find any
cor re la t ion  be tween  l ip id  perox ides  wi th
l ip id  p rof i l e .  P rev ious  s tudy  has  shown a
correlation between lipid peroxides with both
total cholesterol and triglycerides in patients
suffering from cardiovascular disorders (41).
The limited number of subjects analyzed in
the  p resen t  s tudy  cou ld  be  the  reason  for
the  l ack  of  cor re la t ion  be tween  l ip id
perox ides  wi th  HDL choles te ro l  and
tr ig lycer ides  in  smokers .

In  summary  the  f ind ings  f rom the

present  study have both cl inical  as well  as
publ ic  hea l th  impl ica t ions .  For  c l in ic ians ,
our  f ind ing  reemphas izes  the  po in t  tha t
individual  l ipid profi le  parameters  may not
prov ide  the  t rue  p ic tu re  o f  the  r i sk  o f
atherosclerosis.  Antioxidant supplementation
a lmos t  ce r ta in ly  has  benef ic ia l  e f fec t s  on
modify ing the  apparent ly  revers ib le  events
of  a therosc le ros i s ;  ye t  smoking  cessa t ion
should  be  the  p r imary  goa l  o f  r i sk  fac tor
modif icat ion in smokers.  Future s tudy with
more number of samples would through more
l ight  to the relat ionship between MDA and
other l ipid profile,  yet  the results from the
present study points to the fact that current
smokers  have  an  e leva ted  r i sk  fo r  hear t
d i sease .
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