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Abstract
Cerebrovascular accident or stroke is defined by an abrupt onset of neurological deficit that is attributable
to a focal vascular cause. Stroke is a major cause of morbidity and mortality worldwide. This may result
from brain infarction or hemorrhage. Carotid atherosclerosis is a reasonable risk factor for cerebral ischemic
stroke. Deranged lipid metabolism due to various modifiable and non-modifiable risk factors leads to the
pathogenesis of atherosclerosis. This study is intended to find out any association between altered lipid
metabolism (Cholesterol, Triglycerides, LDL : HDL ratio) and development of cerebral ischemia. An observational
case control study was conducted with 50 cases of cerebral ischemia and 50 age & sex matched healthy
controls within age group 50-70 years. After inclusion of cases and controls and taking informed consent
they underwent history taking, proper clinical examination &biochemical  investigations (lipid profile). Then
data were collected and results were statistically analyzed using Chi-square test & Independent Sample “T-
test”. The study showed altered lipid profile is associated with cerebral ischemia by increasing carotid intima
media thickness (IMT). There was significant (p<0.001) dyslipidemia (NCEP ATP III guidelines) in cases as
compared to controls. Hence early diagnosis and monitoring of dyslipidemia and  treatment of the high risk
group with anti hyperlipidemic drugs will help to prevent the incidence of cerebral ischemic stroke thereby
reducing morbidity and mortality.

Indian J Physiol Pharmacol 2014; 58(4) : 354–364

Introduction

Cerebrovascular accident or stroke is defined by an
abrupt onset of neurological deficit that is attributable
to a focal vascular cause (1). Stroke is a major
cause of morbidity and mortality worldwide. This may
result from brain infarction or hemorrhage. Majority
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and Biochemistry at R.G. Kar Medical College,
Kolkata from January, 2010 to July, 2011. After
receiving approval from the Ethics committee for
human experiments of the institute selection of cases
and controls were done by simple random sampling.
Study populat ion included 50 s troke patients
diagnosed by a neurologist as per WHO definition
(8) and CT Scan (Computed Tomography) suggestive
of cerebral infarction. Age sex matched 50 apparently
healthy individuals were taken as “control group”. All
the volunteers were explained the purpose of the
experiment, and a written consent was obtained from
each of them.

Subject exclusion criteria :

Severely ill subjects.

Patients with cerebral hemorrhage.

TIA without any CT Scan features of ischemic
stroke.

Intracranial neoplasm.

Patients suffering from meningitis, neurocysticercosis
or any infections.

Head Injury.

Intracranial aneurysms.

AV malformations.

Any cardiac source of embolism.

H/O intake of any lipid lowering drugs.

H/O Smoking.

Coronary Heart disease

Subject inclusion criteria :

1. Diagnosed stroke patients as per WHO definition
(8) as “Rapidly developing clinical signs of focal
or global neurological deficits lasting for 24 hours
or longer or resulting in death with no apparent
cause other than vascular origin”.

(80%) are due to ischemic cerebral damage as a
result of decrease in cerebral perfusion pressure (2).
A fall in cerebral blood flow to zero causes death of
brain tissue within 4-10 min; values <16-18 ml/100 g
tissue per minute cause infarction within an hour ;
and values < 20 ml/100 g tissue per minute cause
ischemia without infarction unless prolonged for
several hours or days (3). Even today cerebrovascular
accident stands as the third major killer in western
countries after coronary artery disease & cancer.
Atherosclerosis is a progressive inflammatory disease
characterized by accumulation of lipids and fibrous
elements in the large arteries (4). The early lesions
of  atherosclerosis consists of sub endothelial
cholesterol engorged macrophages called foam cells.
More advanced lesions are characterized by the
accumulation of lipid rich necrotic debris and smooth
muscle cells. Carotid Intima-Media thickness (CIMT)
is a non-invasive alternative marker of atherosclerotic
disease that has been used extensively. CIMT is
defined as the distance between the lumen-intima
interface, which corresponds to the inner and outer
echogenic lines seen on the B-mode ultrasound
(Carotid Doppler)  image. Increased CIMT has
consistently been shown to predict future vascular
events (5, 6). While there is an overwhelming amount
of evidence relating high levels of serum total and
LDL cholesterol and low levels of HDL cholesterol
with coronary atherosclerosis, the relation between
serum lipids, l ipoproteins and cerebrovascular
atherosclerosis is less clear. Studies of cholesterol
levels in stroke patients have revealed results varying
from insignificant changes to a moderate elevation.
The meager reports available in Indian patients who
have dif ferent social, living and dietary habits
compared to western population, prompted us to
undertake this study.

Thus this study is intended to correlate the Common
Carotid Artery Intima Media Thickness (CCA-IMT)
with lipid profile (Cholesterol, Triglycerides, LDL:HDL
ratio) in cerebral ischemia.

Material and methods

An observational, case control type of study (7) was
conducted in the Department of Physiology in
collaboration with Department of Medicine, Radiology
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2. Patients admitted with cerebrovascular accident
confirmed to be ischemic in nature on CT scan.

3. Subjects  wi th f i r s t  a t tack  of  s t roke were
chosen.

4. Age: The interest of this study is focused on
elder ly age group.  Studies  conducted  by
Bhattacharya et al (9), Dalal et al (10) and
Sridharan et al (11), showed that mean age for
onset of stroke in India ranges from 63-65 for
men and 57-68 for women. So this study was
aimed at 50-70 yrs age group of subjects.

The controls were apparently healthy and age-
sex matched with cases.

Study parameters :

His tory and  Phys ica l  Exam inat ion wi th
examination of the Nervous System in details.

Biochemical Tests: (1) Lipid Profile (after 12 hrs
overnight fasting) for Cholesterol (CHOD/PAP
Method), Triglycerides by (GPO/PAP Method)
LDL: HDL ratio. (HDL by PEG Precipitation
method and LDL by Friedewald’s formula (Total
Cholesterol) (Triglycrides/5) (HDL Cholesterol).

Carotid Doppler Study was performed only with
appropriate high frequency transducers with
patient in supine position. High resolution B
mode, colour Doppler ultrasonography of both
carotid arteries were performed with an ultrasound
machine (Image Point HX)) equipped with a 10
MHz linear array transducer. After the carotid
arteries were located by transverse scans the
probe was rotated 90° to obtain and record a

longitudinal image of the anterior and posterior
walls. The maximum IMT was measured at the
near and far walls of the common carotid artery,
the bifurcation, and the internal carotid arteries
and was expressed as a mean aggregate value.
In the study values greater than 0.8 mm (0.08 cm)
were considered abnormal (12, 13, 28).

Plain CT scan of Brain

Plan of statistical analysis

Datas were compiled in MS excel worksheet
(Office document 2007) and analysis done in
SPSS VERSION 17 statistical software (for
windows).

Resul ts  were  s tat is t i ca l ly ana lyzed us ing
following statistical tests :

Chi-square test.

Independent Sample “T-test”.

Multiple Regression Analysis.

Mean and Standard deviation were calculated
from the results of individual parameters (14).

P value of <0.05 was considered to be significant
and P<0.001 as highly significant. The results
were calculated within 95% confidence limits.

Results

An observational case control study was performed
at R.G. Kar Medical College and Hospital, Kolkata.

TABLE I : Basic characteristics of subjects.

Basic characterist ics Case (N=50) Control (N=50) P value
Mean±SD Mean±SD

Age (yrs) 61.72±6.93 59.38±5.74 >0.05
Systolic BP (mm of Hg) 154.60±16.13 135.48±14.45 >0.05
Diastolic BP (mm of Hg) 97.72±16.07 90.88±11.50 >0.05
Fasting Blood Sugar (mg/dl) 103.20±40.57 117.92±33.85 >0.05
Post Prandial Blood Sugar (mg/dl) 134.24±60.62 148.48±50.80 >0.05

P value <0.05 is considered to be significant.
P value <0.001 is considered to be highly significant.
BP - Blood Pressure, FBS - Fasting Blood Sugar, PPBS - Post Pandrial Blood Sugar.
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TABLE II : Comparative study of lipid parameters between cases and controls.

Lipid parameters Case (N=50) Control (N=50) ‘t’ value P value

Cholesterol (mg/dl) 166.14±44.59 124.06±18.82 6.148 p<0.001
LDL:HDL    2.79±0.93 1.42±0.284 10.024 p<0.001
Triglyceride (mg/dl) 194.44±48.22 91.04±19.81 14.025 p<0.001

(A) (B)

(C)

Diagram 1 : Table II and Diagrams 1A, 1B, 1C shows a significant difference (p<0.001) of lipid
profiles (Cholesterol, LDL:HDL and Triglyceride) between cases and controls.

TABLE III : Comparative study of Avg. Imt
between cases and controls.

Parameter Case Control ‘t’ value P value

Avg. IMT (cm) 0.09±0.04 0.078±0.032 2.093 p<0.05

On an average about 100 patients of  cerebral
ischemia got admitted every year over the past 3
yrs. As the duration of this study was about 1 yr 6
mths and due to single person constraint hundred
cases of stroke (CVA) were selected from the Indoor
Department of Medicine and among them 50 patients
were included in this study following strict inclusion

& exclusion criteria. Results were evaluated and
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Diagram 2 : There is a significant difference (p<0.05) of Avg. IMT between cases and controls.

TABLE IV : Correlation between lipid profile parameters and average IMT.

Cases (N=50) Controls (N=50)
Lipid profile parameters

Pearson’sCorrelation Significance Pearson’sCorrelation Significance
Coefficientwith Avg. IMT (r) (2-tailed) Coefficientwith Avg. IMT (r) (2-tailed)

Cholesterol (mg/dl) 0.675 p<0.001 0.626 P<0.001
LDL:HDL 0.664 p<0.001 0.560 p<0.001
Triglyceride (mg/dl) 0.594 p<0.001 0.584 p<0.001

analysed on the basis of the specific objectives of
the study.

Discussion

Stroke is an important cause of mortality and
morbidity worldwide. Carotid atherosclerosis is a
reasonable risk factor for cerebral ischemic stroke.
Deranged lipid metabolism due to various modifiable
and non-modi f iab le r isk  factors  leads  to the
pathogenesis of atherosclerosis. Gradual deposition
of l ipoproteins in the carotid arteries leads to
increased carotid artery Intima Media Thickness
(IMT) and gradually plaque formation occurs. Rupture
and dislodgement of a plaque leads to embolism
and subsequent  ischem ic  s t rok e .  W i th  th is
background we have done an observational study with
50 cases of cerebral ischemia and 50 age and sex

matched controls based on the three specif ic
objectives of the study. After collecting data, results
and statistical analysis was done. Regarding the basic
characteristics from Table I there is insignificant
(p>0.05) difference of age, SBP, DBP, FBS, PPBS
between cases & controls. So cases and controls
are matched according to age, SBP, DBP, FBS,
PPBS. Earlier studies of Bhattcharya S et al (9),
Dalal P et al (10), Sridharan S et al (11)  showed that
the mean age of onset of stroke for men in India
ranges from 63-65 for men and 57-68 for women,
hence we have taken the same range of age as
study population.

Comparative study of lipid parameters between cases
and controls showed that mean Cholesterol of cases
is 166.14 mg/dl with SD 44.59 whereas that of
controls is 124.06 mg/dl with SD18.82; mean LDL:HDL
of cases is 2.79 with SD 0.93 and that of controls
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Diagram 3 : Scatter plot in between cholesterol (mg/dl) and AVG. IMT of Case (A)
(N=50) & Controls (N=50) (B). IMT - Intima Media Thickness (cm).

is 1.42 with SD 0.284 and mean Triglyceride of cases
is 194.44 mg/dl with SD 48.22 whereas that of
controls is 91.04 mg/dl with SD19.81. Hence there
is a significant difference (p<0.001) of lipid profiles
(Cholesterol, LDL:HDL and Triglyceride) between
cases and controls. It is well documented that
increasing levels of total plasma cholesterol and low
density lipoprotein cholesterol and decreasing level

of high density lipoprotein cholesterol, are strong
risk factors for coronary heart disease, while the
relation between risk of blood lipids and stroke is
much weaker (15, 16, 17). However recent studies
clarified the relationship between lipids and stroke,
as well as showing that the risk of stroke and
amount of carotid atheroma can be reduced with
cholesterol lowering drugs (18, 19, 20, 21, 22). On
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Diagram 4 : Scatter plot in between triglyceride (mg/dl) and AVG. IMT of Case (A) (N=50) & Controls (N=50) (B).

the other hand an inverse association between total
cholesterol and cerebral hemorrhage had been
reported (17, 23).

Our study also shows a strong positive correlation
(p<0 .001)  o f  Avg  IMT(cm )  w i th  Choles te ro l
(mg/dl)  both in cases (r=0.675)  and contro ls
is (r=0.626): Avg IMT(cm) with LDL:HDL both in
cases  ( r=0 .664)  and  con t ro ls  i s  ( r=0.560) :
Avg IMT(cm) with triglyceride both in cases (r=0.594)
and controls is (r=0.584). Scatter diagrams support

the findings.

O’Leary DH et al. (24) reported that an increased
carotid IMT is associated with a higher risk of stroke
and acute myocardial infarc tion in an elder ly
population and it is also a more powerful predictor of
cardiovascular disease than the conventional risk
factors for atherosclerosis. Similarly, Touboul PJ et
al. (25) demonstrated a greater CCA IMT in patients
with all major cerebral infarction subtypes compared
with controls.
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Diagram 5 : Scatter plot in between LDL:HDL and AVG. IMT of Case (A) (N=50) & Controls (N=50) (B).

From the Table IV and Scatter Plot diagrams 3A/B, 4A/B, 5A/B it is
evident that there is a significant correlation (p<0.001) between
Cholesterol, Triglyceride, LDL:HDL and Avg IMT of cases and controls.

TABLE V : Multiple regression analysis between different lipid
profile parameters with Average Imt of cases (N=50).

Model Standardized t Signif icance
coeff icients

Beta

Constant  0.287 0.776
Cholesterol +0.367  1.918 0.061
LDL: HDL +0.383  2.106 0.041 (p<0.05)
Triglyceride –0.043 –0.349 0.729

Predictors: Constant: Triglyceride, LDL:HDL & Cholesterol
Dependent Variable: Avg. IMT
From the above table  it is evident that among all the lipid
parameters  taken in  the  s tudy LDL:HDLrat iohas  a
significant correlation (p<0.05) with Avg IMT.

The multiple regression analysis between different
lipid profile parameters and Avg IMT of cases showed

For Cholesterol β = +0.367 (β – Standardized
Coefficient)

For LDL:HDL β = +0.383

For Triglyceride β = –0.043

Thus it is evident that among all the lipid parameters
taken in the study LDL:HDL ratio has maximum
correlation (p<0.05) with avg IMT.
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In the Helsinki Study, a 5-year clinical trial of more
than 4,000 middle-aged men with elevated lipids, the
LDL-C/HDL-C ratio had more prognostic value than
LDL-C or HDL-C alone (260. In a cross-sectional
study conducted by Enomoto M et al (27), a significant
assoc iat ion between IMT and proatherogenic
lipoprotein measurements was seen and the results
of multiple linear regression analysis showed that
the LDL-C/HDL-C ratio was the strongest predictor
for IMT progression.

S umm ar y

Cerebrovascular accident or Stroke is a major cause
of morbidity and mortality worldwide. This may result
from brain infarction or hemorrhage. Among all the
neurological disorders of adult life, stroke ranks first
in frequency & importance. Carotid atherosclerosis
is a reasonable risk factor for cerebral ischemic
stroke. Deranged lipid metabolism due to various
modifiable and non-modifiable risk factors leads to
the pathogenesis of atherosclerosis.

Thus this study is intended to correlate the Common
Carotid Artery Intima Media Thickness (CCA-IMT)
with lipid profile (Cholesterol, Triglycerides, LDL:HDL
ratio) in cerebral ischemia.

On this background three specific objectives of our
study were –

To find out any association between altered lipid
m etabo l ism  and deve lopment  o f  ce rebra l
ischemia.

To find out the correlation between carotid IMT
changes and altered lipid profile.

An observational case control study was conducted
at the Dept. of Physiology, R.G. Kar Medical College
& Hospital in collaboration with Dept. of Radiology,
Dept. of Biochemistry for the period of January 2010
to July, 2011. After Ethical Committee clearance,
100 cerebral infarction cases, were randomly selected
from stroke patients attending Medicine department
R.G. Kar Medical College. Among them 50 patients
were included in this study following strict inclusion
& exclusion criteria. Age & sex matched 50 healthy

controls were included according to inclusion &
exclusion criteria from the Department of Physiology
& Biochemistry. After inclusion of cases & controls,
every subjects were explained about the whole
procedure and consent formed duly signed. After that
they underwent h istory tak ing, proper  c l inical
examination,& special investigations (lipid profile,
carotid doppler). Then data were collected, grand
charts are formed, and then by using SPSS (version-
17) sof tware’s stat is t ical analysis  were done.
Following results were obtained.

Mean age group of stroke patients were 61.72 with
SD 6.93, & range is 50 years to 70 years. There
were equal number of male female, as we excluded
more male patient due to smoking history. Most of
the patient were hypertensive. Mean SBP is 154.60
mm of Hg & DBP is 97.72 mm of Hg. Mean of
cholesterol, LDL:HDL, Triglyceride were 166.14, 2.79,
194.44 respectively. There was significant (p<0.001)
dyslipidemia (NCEP ATP III guidelines) in cases as
compared to controls. There was significant positive
correlation of average IMT with levels of Cholesterol
(r=+0.675, p<0.001), LDL:HDL (r=+0.664, p<0.001)
& Triglycerides (r=+0.294, p<0.05) in cases. Even
we found that average IMT  increases with increasing
the level of cholesterol, LDL:HDL, triglyceride in
control. So dyslipidemia is an important risk factor
for increasing average IMT in high risk group. Multiple
Regression Analysis shows that among the multiple
lipid profiles, the most important factor for increasing
average IMT is LDL:HDL.

Conclusion

From the above study it can be concluded that altered
lipid profile is associated with cerebral ischemia by
increasing carotid intima media thickness (IMT).
Among the  multiple lipid profiles, the most important
factor for increasing average IMT is LDL:HDL.LDL:HDL
had al ready been an  im portant  mark er  f o r
cardiovascular disease but our study shows its
importance in relation to cerebrovascular disease
also. Gradual deposition of lipoproteins in the carotid
arteries leads to increased carotid artery Intima
Media Thickness (IMT) and gradually plaque formation
occurs. Rupture and dislodgement of a soft plaque
leads to embolism and subsequent ischemic stroke.
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Further studies are necessary to establish whether
immediately after an ischemic event initiating an
aggressive medical (statin) or surgical therapy will
reduce the risk of stroke and the risk of subsequent
ischemic events.

So monitoring the lipid profile at regular intervals
may prevent many complications due to accelerated
atherosclerosis in many patients. Hence early
diagnosis of dyslipidemia and  treatment of the high
risk group with anti hyperlipidemic drugs will help to
prevent the incidence of cerebral ischemic stroke
thereby reducing morbidity and mortality.

Limitations of the study

A. Small sample size.

B. Study period was only one year.

C. Follow up was not possible.
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