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INTRODUCTION

Stroke is the second leading cause of  mortality worldwide.1 
It remains the leading cause of  serious long-term 
morbidity.2 According to the estimates by the National 
Commission on Macroeconomics and Health, in India 
there will be 1.67 million stroke cases in 2015.3 The cost 
of  stroke is in billions of  rupees every year which include 
treatment, rehabilitation and productivity loss of  stroke 
survivors. The cost in terms of  pain and suffering of  
patients and their families is immeasurable. The available 
data indicate that stroke occurring in young people is 

more often atherothrombotic in origin in developing 
countries.4 The risk factors for atherosclerosis and stroke 
include systolic or diastolic hypertension, diabetes, 
hypercholesterolemia, cigarette smoking, heavy alcohol 
consumption and oral contraceptive use. The increased 
intima-media thickness of  common carotid artery (CIMT) 
is considered useful indicator of  early atherosclerotic 
changes.5 Recent studies have showed that stroke ratio of  
cerebral infarct to hemorrhage is 1.86:1 to 2.21:1.6 So, this 
study was done to correlate the relationship between 
atherosclerotic risk factors and CIMT in acute ischemic 
stroke patients.
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Introduction: Stroke is the second leading cause of mortality worldwide. Ischemic stroke is 
more prevalent than hemorrhagic stroke and atherosclerosis is the major cause of ischemic 
stroke. The increased carotid artery intima-media thickness (CIMT) is considered to be useful 
indicator of early atherosclerosis. So, this study was aimed to correlate the relationship between 
atherosclerotic risk factors and intima-media thickness of carotid artery in patients with acute 
ischemic stroke. Material and Methods: In this cross-sectional study, 100 consecutive patients of 
acute ischemic stroke and 50 healthy relatives of patients as control were studied for presence 
of atherosclerotic risk factors and carotid artery intima-media thickness by B-mode Doppler 
ultrasonography. Results: In this age and sex matched study, higher CIMT measurement was 
found among patients of acute ischemic stroke than healthy controls (0.849 ± 0.196 vs 0.602 ± 
0.092; p < 0.001). The CIMT was well correlated with smoking (Beta = 0.295; t = 5.728; 
95% CI 0.088 to 0.181; p < 0.001); hypertension (Beta = 0.387; t = 6.518; CI 0.112 to 
0.209; p < 0.001); di abetes (Beta = 0.237; t = 4.848; CI 0.074 to 0.175; p < 0.001); 
hypercholesterolemia (Beta = 0.292; t = 5.840; CI 0.096 to 0.195; p < 0.001), but not 
with age (p = 0.153). The CIMT was also found to be higher among acute ischemic stroke 
patients who were smoker, hypertensive, diabetic and hypercholesterolemic than non-smoker, 
normotensive, non-diabetic and normo-cholesterolemic respectively. Conclusion: The CIMT 
being indicator of atherosclerosis can be used as future predictor of ischemic stroke.
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MATERIALS AND METHODS

Study site
This cross-sectional study was done at our institution 
during the period from March, 2011 to February, 2012. 
This institution is tertiary referral centre for patients of  
neighbouring seven districts and part of  neighbouring 
State. All participants were provided with written informed 
consent and the study protocol was approved by the Ethical 
Committee of  the institution.

Cases
The study subjects include consecutive 100 patients with 
acute ischemic stroke who were admitted in the hospital 
for treatment. The patients who qualified WHO definition 
of  stroke as “rapidly developing clinical signs or focal 
(or global) disturbances of  cerebral function lasting for 
more than 24 hours (unless interrupted by surgery or death) 
with no apparent cause other than of  vascular origin”, 
presented within 5 days of  first symptoms and diagnosed 
cerebral infarction by either computed tomography scan 
or magnetic resonance imaging were included in this study. 
Exclusion criteria were previous history of  cerebro or 
cardiovascular events (cerebral ischemia or hemorrhage, 
ischemic heart disease or acute myocardial infarction), 
renal failure, valvular heart disease, atrio-ventricular block, 
atrial fibrillation and patients on drugs like statins, aspirin, 
angiotensin converting enzyme inhibitor, angiotensin 
receptor blocker.

Controls
The control subjects were 50 healthy age and sex matched 
relatives and friends of  stroke patients. In control group, 
all participants were non-smoker, non-hypertensive, 
non-diabetic and with normal lipid levels.

Defining risk factors
The criteria for presence of  risk factors are as follows: 
(1) Hypertension – if  measured blood pressure was 
≥ 140/90 mmHg on two occasions and/or treated for 
hypertension before stroke; (2) Diabetes Mellitus – if  
presented with a history of  diabetes mellitus and/or were 
on diet control, hypoglycemic drugs or received insulin 
treatment or had random blood sugar >200 mg% during 
hospital stay; (3) Smoking – ‘Smoker’ group comprises ever 
smoker, current smoker and ex-smoker. An ‘ever smoker’ 
was defined as a person who self‑reported smoking at least 
100 cigarettes during the course of  his/her lifetime or having 
smoked pipes or cigars for six months or more. A “current 
smoker” was defined as a person who self‑reported smoking 
within the calendar year prior to the year of  diagnosis while 
an “ex‑smoker” was defined as an ever smoker who had 
quit smoking for more than one calendar year prior to the 
diagnosis year.7 Non‑smoker’ group was defined as a person 

who didn’t meet the criteria for ever smoker, current smoker 
or ex-smoker; (4) Hypercholesterolemia – considered 
when a patient who had a diagnosis of  it and/or was on  
prescribed diet or lipid lowering agents or had fasting 
cholesterol >200 mg/dl during hospital stay.

Data collection
For cases, using a structured proforma we abstracted 
demographic, clinical and investigative data from records. 
The blood pressure, fasting glucose and fasting lipid 
examination was done at approximately a week or later after 
stroke onset, as elevated blood pressure, hyperglycemia and 
lower blood lipids are well documented findings during 
acute phase of  stroke. Blood glucose and cholesterol were 
estimated on automated systems with standardized kits using 
enzymatic methods for both cases and controls. The CIMT 
was measured with a duplex ultrasound system in the 
B‑mode (Phillip’s HD‑7 with CW and PW option) with 
linear transducer of  7.5 MHz based on technique validated 
by Pignoli et al.8 The longitudinal view of  the normal carotid 
wall demonstrates two parallel echogenic lines, separated by a 
hypoechoic to anechoic region. The first echoic line bordering 
the vessels lumen representing the lumen-intima interface; 
the second echoic line is caused by the media-adventitia 
interface. The distance between these two lines-represents 
the intima-media thickness of  the carotid.9 The IMT 
measurement of  both right and left sides of  the carotid 
bifurcation, internal carotid and common carotid arteries were 
taken. The mean value of  above six sites was used for analysis.

Statistical analysis
All data were analysed by standard statistical methods 
using SPSS software, 20th version. The student’ t-test 
for continuous variables, chi-square test for categorical 
variables and simple regression analysis for correlation was 
used for statistical comparison. The p value < 0.05 was 
considered as statistically significant for all tests.

RESULTS

On comparing, mean age and gender distribution between 
case and control groups showed no significant difference 
(Table 1). Among the 100 cases of  ischemic stroke 
and 50 controls, mean CIMT values showed significant 
differences (Table 2). The risk factors for stroke affecting 
CIMT were analysed by simple regression analysis and it 
showed that the CIMT correlated positively with smoking, 
hypertension, diabetes mellitus and hypercholesterolemia, 
but not with age (Table 3). The ischemic stroke patients 
with presence of  risk factors such as smoking, hypertension, 
diabetes mellitus, and hypercholesterolemia presented with 
significantly higher CIMT values than patient with absence 
of  risk factors (Table 4).
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of  the global burden of  stroke is borne by developing 
countries, where the average age of  patients with stroke 
is 15 years younger than that of  developed countries.11 
In India the incidence of  stroke is likely to increase in the 
coming years due to: a) increase in population; b) increase 
in life expectancy; c) rapid urbanization from migration of  
village population to cities; d) changing life styles involving 
sedentary habits, smoking, excess alcohol use etc.; e) rising 
stress level in life.12 Non modifiable risk factors for stroke 
include increasing age, sex, race/ethnicity, family history, 
genetic factors and low birth weight. Well documented 
risk factors that clearly benefit from specific management 
include hypertension, cigarette smoking, atrial fibrillation, 
dyslipidemia, diabetes mellitus and asymptomatic carotid 
stenosis. The other well documented risk factors are 
cardiovascular and peripheral arterial disease, sickle 
cell disease and obesity. Less well documented or 
potentially modifiable risk factors include metabolic 
syndrome, hyperhomocysteinemia, hypercoagulability, oral 
contraceptive use, inflammatory process, migraine headache 
and sleep apnoea.13 The results of  previous hospital based 
studies suggest that ischemic stroke is polyetiologic 
disturbances. The synergistic action of  hypertension, 
diabetes mellitus and hyperlipidemia predisposes patient 
for lacunar stroke. The current treatment for patient with 
established stroke is relatively ineffective and it is important 
to identify the risk factors of  stroke in a particular patient 

Table 1: Comparison of age and sex among case 
and control group

Total 
number

Mean 
age (Yrs)

Standard 
deviation

Std. error 
of mean

P value

Age
Case 100 57.21 7.711 0.771 0.64*
Control 50 54.76 7.493 1.060

Number/out of total number P value
Sex

Male Case 64/100 0.809**
Control 33/50

Female Case 36/100
Control 17/50

* = Independent t‑test, ** = Chi‑square test

Table 2: Comparison of mean CIMT among case 
and control

Number Mean 
CIMT (mm)

Standard 
deviation

Std error 
of mean

P value

CIMT
Case 100 0.8492 0.19646 0.01965 <0.001
Control 50 0.6018 0.09244 0.01307

Table 3: Simple regression analysis to correlate risk factors for stroke with CIMT values
Model Unstandardized 

coefficients
Standardized 
coefficients

t Sig. 
(p value)

95% confidence 
interval for B

B Std. error Beta Lower Upper
Constant 0.435 0.106 4.117 < 0.001 0.226 0.644
Age 0.003 0.002 0.114 1.438  0.153 −0.001 0.007
Smoking 0.134 0.023 0.295 5.728 < 0.001 0.088 0.181
Hypertension 0.160 0.025 0.387 6.518 < 0.001 0.112 0.209
Diabetes 0.125 0.026 0.237 4.848 < 0.001 0.074 0.175
Hypercholesterolemia 0.146 0.025 0.292 5.840 < 0.001 0.096 0.195

Dependent variable: Carotid artery intima‑media thickness

Table 4: Comparison of CIMT values between different groups of patient with presence or absence of 
different risk factors for ischemic stroke
Risk factors No of cases/out of total Mean CIMT (mm) Standard deviation Std. error of mean P value
Smoking

Yes 32/100 1.0166 0.11614 0.02053 < 0.001
No 68/100 0.7704 0.17639 0.02139

Hypertension
Yes 62/100 0.9737 0.11565 0.01619 < 0.001
No 38/100 0.7196 0.17901 0.02557

Diabetes mellitus
Yes 22/100 1.0205 0.11627 0.02479 < 0.001
No 78/100 0.8009 0.18760 0.02124

Hypercholesterolemia
Yes 27/100 1.0278 0.10127 0.01949 < 0.001
No 73/100 0.7832 0.18161 0.02126

DISCUSSION

In Western countries, coronary heart disease (CHD) is 
more common than stroke, whereas in Asian-pacific 
countries, stroke outnumbers CHD.10 More than two-thirds 
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and to be aware that prevention i.e. timely identification 
and therapy for stroke risk factors is the most efficacious 
method of  stroke treatment.14 Of  all stroke, approximately 
70% are first time events, thus physicians have a great 
opportunity to identify patient who may benefit from 
risk factor modification. The ischemic stroke is mostly 
caused by abrupt interruption of  blood supply and 
irreversible damage to brain tissue. The mechanism of  
the arterial occlusion varies from cardiogenic embolus 
to degenerative disease of  small diameter penetrating 
arteries. Of  the various mechanisms, in‑situ atherosclerosis 
with superimposed occluding thrombosis and artery 
to artery embolization are thought to be common. 
The common noninvasive marker of  sub-clinical and 
clinical atherosclerosis include ankle brachial pressure index 
(ABPI), CIMT, aortic intima medial thickness (AoIMT), 
flow mediated brachial artery dilatation and the number and 
volume of  carotid plaque.15 The CIMT serves as a marker 
of  generalized atherosclerosis and it has been positively 
associated with CAD and stroke of  all types.16 A CIMT 
of  less than 0.55 mm have been found to be excellent 
marker of  the absence of  macrovascular abnormalities, 
especially coronary artery disease.15 A CIMT greater than 
1 mm is almost certainly indicative of  atherosclerosis and 
increased risk of  cardiovascular disease.17 The carotid wall 
thickening as measured in this study is not the cause of  
ischemic stroke. With rare exception, CIMT represents 
neither an ulcerated plaque nor a haemo-dynamically 
significant lesion. CIMT is noncasual (surrogate) marker 
of  many significant lesions elsewhere.

In this present study, mean CIMT of  the study group was 
0.849 mm, which is almost similar to other Indian study like 
Sahoo et al (0.792 mm) and Mukherjee et al (0.66 mm), but 
western studies reported higher values.5,18 Cupin et al from Italy 
reported that mean CIMT in nonlacunar stroke and lacunar 
stroke patient was 1.04 mm and 0.91 mm respectively.19 Sau et 
al found that the CIMT is higher among dyslipidemic group 
(1.71 ± 0.57 mm) compared to non-dyslipidemic group (0.77 
± 0.10 mm) in patients with type 2 diabetes mellitus.20 They 
also observed that CIMT has positive correlation with higher 
blood levels of  HbA1C, total cholesterol, triglyceride, LDL-C, 
VLDL-C and negative correlation with HDL-C. Moreover, 
the CIMT was better correlated with LDL/HDL‑C and 
total cholesterol/HDL‑C than individual values of  total 
cholesterol, triglyceride, LDL-C, VLDL-C. The male diabetic 
and prediabetic are more prone to have higher CIMT values 
than their non-diabetic counterparts irrespective of  stroke 
type. 21 Mohan et al and Lorenz et al showed CIMT of  all 
varieties of  stroke were significantly higher than nonstroke 
controls.22,23 One of  the earlier reports from Salonen et 
al with data on 100 subjects, indicated that increasing 
age, LDL-cholesterol, pack-year of  smoking showed the 
strongest relationships with 2 Year progression of  CIMT.24 

In contrast, blood pressure levels and HDL cholesterol 
were not related to progression of  CIMT. But in our study, 
patients with high blood pressure had higher CIMT values. 
The Atherogene study among 502 subjects with suspected 
CAD indicated that age, male gender and current smoking 
were determinants of  CIMT progression over a period of  
2.5 year.25 The Atherosclerosis Risk in communities Study 
reported diabetes, current smoking, HDL cholesterol and 
pulse pressure to be positively related to increased progression 
of  CIMT from 1987 to 1998.26 Rotterdam Study indicated 
that moderate to severe progression of  common CIMT was 
related to age, BMI, male gender, current smoking, systolic 
blood pressure and hypertension. Lipid levels, however were 
not related to increased progression of  common CIMT.27 
In this present study hypercholesterolemia is positively 
correlated with CIMT. Davis et al found significant risk 
factors for increased CIMT were elevated LDL cholesterol 
and smoking in men and elevated LDL cholesterol and blood 
pressure in women.28 The CIMT increases as number of  risk 
factors for stroke increases.29 Increased CIMT seems to be a 
predictive factor for stroke.

The CIMT estimated by 2-dimensional ultrasonography 
does not measure medial and intimal thickness separately 
and therefore cannot distinguish between medial remodeling 
as a result of  an adapted response to tensile or hypertensive 
stress and intimal thickening which is primarily indicative of  
atherosclerosis.30 Whether CIMT increment is a modifiable 
risk factor with improved survival benefit, is still not 
known.21,31 There are several advantages to using CIMT 
testing: a) completely noninvasive; b) relative comfort and 
convenience for the patient being examined; c) does not 
involve radiation; d) lower cost and e) has the psychological 
advantages of  an imaging tool for atherosclerosis, as patients 
and physicians tend to believe in visible structures rather 
than abstract concepts. The CIMT itself  may not play a 
direct role in ischemic stroke and it can be considered an 
intermediate factor in the causal pathway between clinical 
risk factors and stroke. A large proportion of  cardio and 
cerebrovascular events including sudden cardiac death in 
the general population occur in previously asymptomatic 
subjects and are often unanticipated. This highlights 
the necessity to close the gaps that are left between risk 
assessment with traditional risk factors and the real event 
risk. The CIMT, as a biomarker halfway between risk factors 
and organ damage, has raised hopes of  bridging this gap.

Our study had several potential limitations. First; the 
number of  incident cases of  stroke was relatively small. 
Second, the study was conducted at tertiary care referral 
centre and may therefore be biased towards more 
severe form of  disease. Third, use of  community based 
population rather than cross-sectional design could reduce 
the possibility of  selection bias. Although this study did 
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not produce any new or surprising results, the value of  
Rural Medical College based studies like this one lies in 
strengthening the awareness of  influencing risk factors for 
stroke prevention. Nonetheless, our findings added to the 
exiting literature about the role of  CIMT measurement in 
predicting atherosclerosis and stroke.
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