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ABSTRACT… Objectives: In the presence of the rising incidence of cardiovascular disease in 
the developing world, it is imperative to focus on prevention. Many cardio-metabolic risk factors 
are responsible for development of atherosclerosis in hypertensive patients. It is important to 
know which factors contribute the most to this condition. Study Design: Cross Sectional study. 
Setting: Departments of Medicine and Radiology at Creek General Hospital, United Medical 
and Dental College, Karachi. Period: June 2015 to June 2016. Material & Methods: A cross 
sectional study was planned and the subjects were selected by consecutive sampling. Physical 
examination data and laboratory reports were obtained. All the subjects underwent Carotid 
Doppler studies. The data as analyzed on SPSS ver.20.0. Relationship of the variables to CIMT 
was ascertained by Pearson’s Correlation in both hypertensive and non-hypertensive subjects. 
P-value of <0.05 was considered significant. Results: All the variables like age, BMI, glycemic 
indices and the different fractions of the lipid profile were significantly higher in hypertensive 
patients. CIMT was significantly higher in hypertensive patients. The studied cardiometabolic 
variables were related to CIMT in both groups of patients but these variables were related more 
strongly in subjects without hypertension confirming the assumption that hypertension plays a 
major role in atherosclerosis. Conclusion: Hypertension is one of the most potent modifiable 
risk factors contributing to atherosclerosis.
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INTRODUCTION
Carotid Doppler studies are used to assess 
both clinical and sub-clinical atherosclerosis 
by measuring carotid intima media thickness 
(CIMT), carotid plaques and carotid stenosis. 
These studies have been used as a supplement 
to Framingham risk score to improve the 
categorization of  cardiovascular risk.1 CIMT is an 
independent predictor of cardiovascular mortality 
and morbidity.2 The convenience and ease of 
use, combined with the prediction capacity for 
subsequent coronary artery disease and stroke 
has made it a commonly employed clinical and 
research tool.3 Measurement of CIMT has enabled 
clinicians to decide about the feasibility of using 
aggressive treatment for primary and secondary 
prevention of atherosclerotic diseases. It has also 
been used to assess response to therapy and 
demonstrate regression of CIMT.4,5 

Cardiovascular disease is associated with multiple 
risk factors, both modifiable and non-modifiable. 
Hypertension is an important modifiable risk 
factor. Many prospective epidemiological studies 
have shown a strong correlation of hypertension 
with coronary artery disease, heart failure, 
cerebrovascular accidents and peripheral vascular 
disease.6 Primary prevention plays an important 
part in reducing the prevalence and incidence of 
cerebrovascular mortality. This fact is supported 
by evidence that management of hypertension 
improved cardiovascular health.7 Hypertension 
contributes to cardiovascular disease through 
atherosclerosis. Atherosclerosis can be assessed 
non-invasively by carotid doppler studies. 
Because of an epidemic rise of cerebrovascular 
diseases in South Asia the impact of hypertension 
and other risk factors, on atherosclerosis needs to 
be estimated in this population. Atherosclerosis 
is the pathophysiological process leading 
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to cardiovascular disease. Measurement of 
atherosclerosis by non-invasive carotid Doppler 
studies allows us to diagnose the presence and 
extent of atherosclerosis and its’ response to 
management. All risk factors for cardiovascular 
disease lead to atherosclerosis. If we could identify 
the role played by different factors it would allow 
us to focus on management of the conditions 
which have maximal effect on atherosclerosis. 
Thus both primary and secondary prevention of 
cardiovascular disease will be optimized.

The purpose of our study was to evaluate the 
prevalence of increased CIMT in hypertensive 
patients, and to assess the impact of different 
cardio-metabolic risk factors on CIMT in these 
patients.

MATERIAL & METHODS
This was a cross-sectional descriptive study 
conducted in the Departments of Medicine and 
Radiology at Creek General Hospital, United 
Medical and Dental College, Karachi. We included 
66 hypertensive patients with 67 non-hypertensive 
controls in the study. Patients with acute illness 
and known coronary artery disease, congestive 
cardiac failure, cerebrovascular accident or 
peripheral artery disease were excluded.

The study was conducted over a period of 
one year from June 2015 to June 2016. After 
approval by the Ethical Review Committee of the 
institution, a proforma was filled for every patient. 
The data included patient details regarding 
anthropometric measurements, clinical data and 
laboratory investigations. The variables included 
age, gender, BMI, smoking, blood pressure 
both systolic and diastolic, blood glucose levels 
and fasting lipid profile. All patients underwent 
carotid Doppler studies by a single operator 
using a Toshiba Nemio 35 in B-mode with a 15 
Hz transducer. The CIMT was measured as the 
distance between the lumen and intima interface; 
and the media and adventitia junction at the far 
wall of both common carotid arteries and their 
mean was taken as CIMT.

SPSS 20.0 was used for analysis of the data. 
Categorical variables were described using 

mean and percentage and they were compared 
using Chi square test. Continuous variables 
were described as mean and standard deviation 
and t-test was used to compare these variables. 
Pearson correlation was used to examine the role 
of different cardio-metabolic risk factors on CIMT 
in both the hypertensive and control populations. 
P-value of<0.05 was considered significant.

RESULTS
The study population included 66 hypertensive 
patients and 67 non-hypertensive subjects. There 
were 42 male and 91 female subjects. The mean 
age of the hypertensive cohort was 49.7±12.6 
while that of the non-hypertensive population 
was 41.4±17.5 years. This age difference was 
statistically significant. Weight and BMI was also 
significantly higher in hypertensive patients. 
(Table-I) All the fractions of the lipid profile and 
the indicators of glycemic control were also 
significantly high in hypertensive patients. Carotid 
intima media thickness was significantly higher in 
hypertensive patients.

The Pearson’s correlation showed that 
although age, BMI, systolic and diastolic blood 
pressure, fasting and random blood glucose 
levels, total cholesterol, LDL cholesterol and 
triglycerides were all associated with CIMT 
in both hypertensive and non-hypertensive 
subjects; they were more strongly related to 
CIMT in non-hypertensive patients as compared 
to the hypertensive subjects. (Table-II) CIMT 
was greater in hypertensive patients (Table-I), 
therefore it is deduced that hypertension has the 
greatest impact on subclinical atherosclerosis in 
this cohort.

DISCUSSION
The main objective of the study was to assess the 
role played by different cardio-metabolic risk factors 
towards atherosclerosis in hypertensive patients. 
The factors usually associated with atherosclerosis 
such as BMI, systolic blood pressure, diastolic 
blood pressure, fasting and random blood glucose, 
total cholesterol, LDL cholesterol, HDL cholesterol 
were found to be significantly associated with 
hypertensive subjects as compared to subjects with 
normal blood pressures. 
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CIMT was also significantly higher in hypertensive 
patients. The remarkable point is that the 
correlation coefficient for these factors showed 
a stronger relationship in non-hypertensive 
patients as compared to hypertensive patients. 
HbA1c was the only exception. This focuses 
our attention to the fact that blood pressure 
plays a more important role in development of 
atherosclerosis as compared to other risk factors 
in hypertensive patients. Although the measures 
of glycemic control and the different fractions 
of the fasting lipid profile were all higher in the 

hypertensive population they were more strongly 
related to CIMT in the subjects with normal 
blood pressure. These factors play an important 
role in the development of atherosclerosis. But 
hypertension overwhelms these factors and 
leads to a greater CIMT. Therefore an optimal 
control of hypertension should be the mainstay of 
prevention of atherosclerosis.

The prevalence of hypertension is increasing in 
the low and middle income countries8 and with it 
the complications associated with hypertension, 

Variables Total Population
N=133

Patients with 
Hypertension (cases)

N=66(49.6%)

Patients without 
Hypertension (controls)

N=67(50.4%)
P-Value

AGE (years) 45.5±15.7 49.7±12.6 41.4±17.5 0.000#

Gender
Male 42(31.6%) 24(36.4%) 18(26.9%)

0.114*
Female 91(68.4%) 42(63.6%) 49(73.1%)

Weight(Kg) 65.3±15.3 70.1±15.9 60.7±13.3 0.000#
BMI(Kg/Cm2) 25.7±6.0 27.4±6.8 24±4.58 0.000#
Systolic BP(Mmhg) 124.6±16.7 134.2±16.7 115.1±10.0 0.000#
Diastolic BP(Mmhg) 80.8±10.3 86.5±9.5 75.2±7.9 0.000#
Fasting Blood Glucose (Mg/Dl) 101.2±47.2 108.1±49.9 94.4±43.6 0.018#
Random blood glucose (Mg/Dl) 162.6±91.0 182±99 143.6±78.2 0.001#
Hba1c (%) 6.4±2.1 6.69±2.2 6.1±2 0.03#
Total Cholesterol(Mg/Dl) 170.4±39.0 181.5±33.9 159.6±40.9 0.000#
LDL(Mg/Dl) 111.0±26.8 116±25.8 106.1±27.0 0.000#
HDL(Mg/Dl) 39.3±10.5 38.2±8.24 40.55±12.4 0.003#
Triglyceride(Mg/Dl) 160.5±85.0 185.4±89.5 136±73.0 0.067#
Intimal Thickness(Mm) 0.88±0.17 0.969±0.17 0.80±0.13 0.000#

Table-I. Characteristics of the population.

Variable Pearson’s  Correlation 
Coefficient P-Value Pearson’s  Correlation 

Coefficient P-Value

Hypertensive  
N=66(49.6%)

Non-hypertensive
N=67(50.4%)

Age 0.398 0.000* 0.49 0.000*
Weight -0.098 0.264 0.16 0.064
Bmi -0.103 0.2 0.148 0.087
Systolic bp 0.045 0.61 0.263 0.002*
Diastolic bp -0.074 0.4 0.200 0.021*
Fbs 0.392 0.000* 0.464 0.000*
Rbs 0.371 0.000* 0.396 0.000*
Hba1c 0.427 0.000* 0.416 0.000*
Total cholesterol 0.372 0.000* 0.376 0.000*
Ldl 0.296 0.001* 0.385 0.000*
Hdl 0.146 0.096 0.027 0.75
Tg 0.251 0.004* 0.318 0.000*
Table-II. Relationship of cardiometabolic risk factors with CIMT in hypertensive and non-hypertensive populations.

*Chi-square  -  #Student t-test  -  *Significant Relationship.
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especially the cardiovascular complications are 
also becoming more common. Hypertension 
contributes towards coronary, cerebral and 
peripheral atherosclerosis.9,10,11 The thickening 
of carotid intima media is an early stage of 
atherosclerosis. It is followed by formation of 
plaques and then carotid stenosis.12 Increased 
CIMT in hypertensive patients makes the subject 
susceptible to all types of cerebrovascular 
accidents.10 This association is especially 
evident with ischemic strokes.14 Increased CIMT 
is associated with cardiovascular disease, both 
coronary artery disease and cerebrovascular 
accidents.15 Increased CIMT>1mm is strongly 
related to severe coronary artery disease.16

Blood pressure plays an important role in the 
development of atherosclerosis. Control of blood 
pressure may lead to its’ regression. Lowering the 
systolic blood pressure in type 2 diabetic patients 
has been documented to lead to a reduction in 
CIMT.17

CIMT was greater in hypertensive subjects in our 
study. This has been observed in a number of 
local and international studies.18,19 A European 
study showed that low insulin sensitivity, high 
systolic blood pressure, male gender and long 
term smoking was associated with a CIMT of 
≥1.2mm.20 High blood pressure causes increased 
thickening of carotid wall by intimal thickening, 
atherosclerotic lesions and medial hypertrophy. 
This thickening is due to not only the high blood 
pressure but also the hemodynamic factors like 
cardiac output, heart rate, wall stress, shear 
stress and pulse pressure. 

Intima media thickness is a strong and 
independent predictor of death and serious 
cardiovascular events in hypertensive patients 
with CAD. Many international studies have 
demonstrated the role of multiple cardio-
metabolic risk factors like hypertension, diabetes, 
dyslipidemia and smoking with increase in CIMT 
and its link with cardiovascular events.21 In our 
study we have measured CIMT in hypertensive 
patients and compared it with non-hypertensive 
patients. Incidence of hypertension increases 
with age. Age was strongly associated with a 

greater CIMT in both hypertensive and non-
hypertensive subjects in our study, as was 
observed elsewhere.22 Systolic blood pressure 
especially contributed to increasing CIMT.5,23  But 
diastolic blood pressure was not related to a high 
CIMT. Some studies have shown the association 
of an increased pulse pressure with CIMT.14,24 
Both systolic blood pressure and pulse pressure 
are  higher in older individuals, so age along with 
a higher blood pressure contributes to the higher 
CIMT in older individuals.25 Hypertension also 
leads to early development of carotid plaques.26,27 
Age has been found to be a major determinant 
of high CIMT. Many studies have shown the 
association of age with CIMT. CIMT increases 
0.05mm each year.28 BMI and physical activity 
also contribute to thickening of carotid wall.

In our study we also observed that when 
analyzed through correlation coefficient, the 
risk factors like the serum cholesterol, LDL and 
triglycerides as well as all measures of glycemic 
control like fasting and random blood sugars, 
and glycated hemoglobin were more strongly 
related to CIMT in non-hypertensive patients as 
compared to hypertensive patients. This fact 
supports the hypothesis that hypertension is the 
major contributor to CIMT as compared to other 
risk factors. In our study hypertensive patients 
showed a weaker relationship with different cardio-
metabolic risk factors. This could be due to the 
fact that hypertension itself was an independent 
risk factor and in hypertensive patients the total 
cholesterol, LDL cholesterol, fasting and random 
blood glucose levels and BMI were already 
higher than in non-hypertensive subjects. Blood 
pressure has been found to play a major role 
in the development of carotid atherosclerosis 
in patients with metabolic syndrome.29 While 
another study demonstrated that non-blood 
pressure component metabolic syndrome 
was also associated with the development of 
atherosclerosis in metabolic syndrome.30

It has also been demonstrated that systolic blood 
pressure contributes to increased CIMT even 
after adjusting for the confounding factors both 
in hypertensive and non-hypertensive subjects.5
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The systolic and diastolic blood pressures were 
not significantly related to CIMT in hypertensive 
patients in our study, this could have been due to 
the fact that when subjects are actively treated for 
a modifiable risk factor they lose their predictive 
value. Management of the modifiable risk factors 
will modify the subjects’ current status and these 
variables will not accurately correlate with the 
dependent variable. Thus CIMT measurement 
is very important and pertinent in such patients 
as it can be of assistance to evaluate the risk of 
cardiovascular events in these patients.17 

There is considerable overlap between the different 
cardio-metabolic risk factors especially diabetes 
and hypertension. Around 50-80% of the diabetic 
population has been shown to be hypertensive in 
different populations.31 These conditions are also 
associated with dyslipidemia and obesity. It is 
important to manage these factors concurrently. 
According to our study hypertension is one of the 
most important factors that needs to be managed 
to control the epidemic of cardiovascular disease 
in the South-Asian population.

CONCLUSION
 Hypertension itself thus was found to be 
the biggest player in the development of 
atherosclerosis. Adequate management of 
hypertension can prevent or even reverse 
atherosclerosis. Further studies with a larger 
sample size and with a study design to quantify 
the role of different cardiometabolic risk factors is 
required to further clarify the situation.
Copyright© 11 Nov, 2019.
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