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ABSTRACT

Introduction: Hypertensionand Diabetes are two major risk factors for atherosclerotic disease. Carotid artery intima
media thickness(cIMT) is considered a reliable surrogate measure for diagnosing subclinical atherosclerosis, its
progression and regression. Paucity of available data regarding mean value of cIMT highlights the importance of defining
the cut off value of cIMTin a specified population. Very limited studies have been done on sonographic evaluation
of mean cIMT and carotid artery injury in hypertension and diabetes in Nepalese population. This study, therefore
aims to determine mean cIMT in Nepalese population and to analyze effect of Hypertension and diabetes on cIMT.
Methods: Cross-sectional hospital based study was conducted within the period of 18 months. B-mode ultrasound
was used to measure cIMTin bilateral common carotid arteries. Comparison of mean cIMT was done amongst healthy,
hypertensive and diabetes with hypertensive patients. Duration of disease was also considered. Data analysis was
done with “R” analytical study. Results were expressed as mean # standard deviation. Results: Total1005 (508 female
and 497 male) adult patients with age range of 30 to 85 years were assessed.Among these 329(32.74%) were healthy
adults, 341(33.93%) were hypertensive and 335(33.33%) were diabetes with hypertensive patients. The mean cIMT
in cases was more than controls (P < 0.001) bilaterally with diabetes having an additive effect.There was also positive
correlation of measured value with duration of disease and age of patients. Conclusion: The present study found that
mean cIMT in cases was more than controls.There is an additional effect of Diabetes on cIMT in hypertensive patient.
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Age and duration of disease can accelerate atherosclerosis.
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INTRODUCTION

Chronic diseases with major health concern worldwide
include hypertension, diabetes and chronic kidney diseases.
Hypertension (HTN) and Diabetes Mellitus (DM) are the two
most prevalent and major risk factors for atherosclerotic
cardiovascular disease leading to death and disability.*
Researches have shown that atherosclerotic process occurs
in carotid, cerebral and coronary arteries at the same time
leading to various complications like ischemic heart disease,
cerebrovascular accidents and peripheral vascular disease.*
Moreover, presence of DM has increased risk of coronary
artery disease (CAD) and often causes silent ischemia.® Thus
early detection of atherosclerotic changes can prevent serious
complications thereby decreasing morbidity and mortality.®

Carotid artery intima-media thickness (cIMT) measurement is
considered a reliable surrogate measure of the initial phases
of vascular atherosclerosis and is a strong predictor of its
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complications as it represents vessel wall alterations over
time caused by different risk factors.'*” Newer imaging
techniques using ultrasound with inte-grated backscatter,
Magnetic resonance imaging and multi-slice computerized
tomography can directly visualize atherosclerotic changes
in the arteries .Further, these techniques give additional
(lipid
ulcerated).®Still B-Mode ultrasound is the modality of choice

information about plaque core, calcified, or
for cIMT measurement as it is non-invasive ,accurate, safe,

cost effective and easily available tool.*#

Multiple studies regarding the measurement of cIMT
conducted in past have shown positive correlation between
increased cIMT and cardiovascular risk factors and
diseases, cerebrovascular accidents,however there is large
variations of data regarding its mean diameter in the general
population.t479

Still limited researches have been done regarding the
additional effect of DM on cIMT in hypertensive patient.!*
In context to Nepalese population ,very limited studies have
reported mean cIMT for cardiovascular risk assessment
and to the best of our knowledge, the exact data regarding
duration of disease and atherosclerotic changes is still not
available in our country.

Therefore the main objective of this study is to measure
the mean cIMTin Nepalese population and to assess the
incidence of carotid injury in hypertensive patient, analyze
the additional effect of DM and finally to find the correlation
of cIMT with duration of disease.

METHODS

Cross-sectional hospital based study was conducted in
the department of Radiodiagnosis of National Academy of
Medical Sciences (NAMS), Bir hospital, Kathmandu over a
period of 18 months from August 2018 till February 2019.
We included both male and female patients between the
ages of 30 and 85 years attending Radiology department for
ultrasonography after obtaining informed consent.Ethical
approval was obtained from IRB of the hospital. Patients were
categorized to healthy control group, hypertensive group and
hypertension with diabetes group. Duration of the diseases
was considered in hypertensive group and hypertension
with diabetes group.These groups were further categorized
with disease duration less than 5 years, 5-10 years and more
than 10 years. Participants with diabetic complications
(Retinopathy, Neuropathy and Nephropathy), Renal disease,
Secondary HTN,Cardiac or Cerebral disease, Fatty liver were
excluded from the study. Hitachi, Aloka Ultrasound machine
of radiology department of Bir hospital with high frequency
linear probe (5-12 MHz) was used to measure and calculate
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the intima media thickness of common carotid artery (CCA).

The measurements were carried out by a single observer
with the subject lying down, neck extended and head slightly
turned in the direction opposite to the carotid artery being
examined. Measurement of cIMT were done bilaterally
at one centimeter below (proximal) the bifurcation of
common carotid artery.’? The arteries were examined in the
anterolateral, postero-lateral, and medio-lateral directions.
Double-line density on an ultrasound image is identified
allowing the definition of intima-media and media-adventitia
interfaces.The distance between the intimal-luminal (LI)
and the medial-adventitial (MA) is taken. Inter-faces is
taken in a region without plaque as the cIMT measure as
shown in Figure 1. Mean values of right and left CCA were
calculated and expressed in millimeter. Data were entered in
an word Excel and statistical analysis was performed with
“R” analytical study and independent Z test was done to
correlate between increased cIMTamong three groups and
duration of the disease. Results were expressed as mean *
standard deviation for mean Carotid IMT bilaterally.
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Figure 1: Intima-media complex in the CCA
RESULTS

Total 1005 adult patients who met the inclusion criteria were
included in our study. 508 were female and 497 were male.
Among them Normal healthy group were 329(32.74%),
Hypertensive group were 341(33.93%), and Hypertensive
along with Diabetic group were 335(33.33%).Table 1 shows
number of cases according to sex in three different groups
of study.

Table 1: No of cases according to sex in various study groups

Group
Sex
Normal Hypertensive Hypertensive + Diabetic
Male 170 152 175
Female 159 189 160
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The mean cIMT in control group was 0.592+0.139mm with
range of 0.4-1.2mm on right side and 0.594+0.151mm
ranging from 0.3-1.2mm on left side.

In-patients with HTN, the mean cIMT of Right CCA was
0.856+0.157 mm with range of 0.5 to1l.4mm and of Left CCA
is 0.871+0.163 mm ranging from 0.5-1.3mm.

Similarly, in patients having both HTN and DM, the mean
cIMT on right side was 1.0+0.15 mm with a range of 0.7mm -
1.3mm and 1.02+0.148 mm, ranging from 0.7- 1.4mm on left
side.Table 2 shows variation of Mean IMT of CCA in three-
study groups.

Table 2: Mean intima media thickness (IMT) of CCA in three
study groups

Right CCA IMT Left CCAIMT
Mini- Maxi- Mini- Maxi-
Group Mean sD mum mum Mean sD mum mum
(mm) value value (mm) value value
(mm) (mm) (mm) (mm)
Normal  0.592 0.139 0.4 1.2 0.594 0.151 0.3 1.2
HTN 0.856 0.157 0.5 1.4 0.871 0.163 0.5 1.3
HTN+DM 1.0 0.15 0.7 1.3 1.02  0.148 0.7 1.4

Similarly box plot in Figure 2 shows the distribution of right
and left cIMT in three groups which shows in comparison
to normal healthy individual, there is increase in cIMT in
hypertensive patient independently and there is an additive
effect of diabetes on cIMT in patient with hypertension.

RT CCA IMT (mm)

hypertensive

GROUP

1 1
HIN+DM nomal
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Figure 2: Box plot showing effect of HTN and DM on cIMT

The result also shows mean cIMT was directly affected by
the duration of the disease.There is significant increase in
cIMT with duration of the disease. Table 4 shows the effect
of duration of HTN and HTN with DM on CCA IMT.

Table 4: Mean CCA IMT in correlation with duration of the
disease

Dura- Right CCA Left CCA
tion of
Disease HTN HTN+DM HTN HTN+DM
(years)  Mean  sd(mm) Mean £ sd (mm) Mean tsd (mm) Mean % sd(mm)
<5 0.747+0.131 0.81+0.09 0.748+0.146 0.852+0.09
5-10 0.875+0.139 0.959+0.093 0.896+0.123 0.996+0.108
>10 0.946+0.131 1.12+0.09 0.968+0.136 1.13+0.09

In patients diagnosed as hypertensive for < Syears, cIMT
was 0.747%0.131mm on right side and 0.748+0.146 on left
sided, with duration 5-10years is 0.875+0.139mm on right
side and 0.896+0.123 mm on left side and with duration
>10 years 0.946+0.131mm on right side and 0.968+0.136
on left side. Similarly in patients with both hypertension
and diabetes for <5years,Right cIMT was 0.81+0.09mm
and Left cIMTwas 0.852+0.09mm,with duration 5-10years
was 0.959+0.093mm on right side and 0.996+0.108 mm on
left side and with duration >10 years was1.12+0.09mm on
right side and 1.13+0.09 on left side. The data is statistically
significant (P=<0.001).

The value of right cIMT in female was 0.80+ 0.22mm
(mean+Sd) and in males, 0.82+0.22mm(p-value=0.22).The
value of left cIMT in females was 0.81% 0.23mm and males,
0.84+0.22mm (p-value=0.13).No significant difference was
observed between males and females andin right and left
cIMT.

There was significant correlation of mean cIMTwithage.
We performed Simple regression of cIMTon age. Age was
significant to predict cIMT (p-value= <0.001). It was found
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that one-year increase in age increasescIMT by 0.01mm.
DISCUSSION

Increasing cIMT is an independent risk factor and

a measurable one in the diagnosis of subclinical
atherosclerosis.**711 The main aim of our study was to assess
the intima media thickness of CCA in healthy Nepalese
population, measure effect of HTN alone and DM with HTN
on cIMT and finally to analyze relation of carotid injury with

duration of the disease.

In our study, cIMT on right side ranged from 0.4- 1.2mm with
mean of 0.592+0.139mm and 0.594 + 0.151mm with the
range was 0.3-1.2mm on left side which is similar to the study
done by Mirza et al,! Stein et al'?and Grobbee et al.!* Value
of mean cIMTin studies done by Baroncini et al,2Go’mez-
Marcos et al,’ Lee et al,** Lundbyet. al*® and Djaberi et al®in
healthy individual were 0.42 + 0.05 mm ,0.686 mm, 0.73 mm,
0.679£0.105mm and 0.58 +0.08 mm respectively .Study done
by Sapkota et al'* showed mean cIMT on right side was 1.1468
mm (SD 0.375), whereas mean cIMT on left side was 1.137
mm (SD 0.35). Similarly Touboulet al'” shows meancIMT
0.773+0.142mm and 0.726+0.149mm, Fracanzaniet al,'®
AL-Augpbi et al*and Mahmoud et al*® showcIMT range of 0.5
to 0.8 mm , 0.715mm (0.715-0.714mm) and 0.4-0.7mm
respectively in controls. Similarly Oli et al'® also found mean
cIMT on right 0.73 mm and on left side 0.77mm. Our study
is in tune with these studies. Howeverwide variations in the
value of cIMT highlights the importance of defining the cut off
value of mean cIMT in Nepalese population.

Despite the reference value of mean cIMT, various studies
done in past found that cIMT was significantly higher in HTN
not accounting for any treatment than that of the the healthy
group.t3914171922 The results of these studies are similar to
our study. Also, the mean cIMT in study done by Mandal et
al??for hypertensive patient is within the range of our result.
Lianget al® also found that mean cIMT was increased in both
smoking andHypertensive patient with increased the IMT/
Lumen ratio in HTN while smoking had no effect on this ratio
proving that HTN has more additive effect on cIMT than
other risk factors like smoking.

The variation in mean cIMT may also be attributed to
differences in duration of the diseases. Various studies
shows an annual increment in the thickness of cIMT in
HTN and DM.>?#2¢[n our study, mean cIMT has significantly
increased with the duration of the diseases and mean cIMT
was highest in patient with both HTN and DM with disease
duration>10years . Duration of disease thus increases the
risk of carotid injury. Naseh et al® contradict our findings. It
was found that there was no difference between the duration
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of HTN and mean cIMT.This may be due to differences in
sample size, study groups with history of hypertension for
at least five years, techniques and equipments used for the
study.

In our study patients having both hypertension and diabetes
had the highest mean cIMT. Other study also mentions that
HTN and DM has the greatest effect on mean cIMTthereby
increasing risk of atherosclerosis.'*” Considering duration
of the disease also, diabetes has additive effect on cIMT
which is similar to other studies.®?® Study shows that use
of hypoglycaemic drugs along with change in lifestyle
may help in decreasing intimal thickness and preventing
atherosclerotic related complications.'?® Early detection
of subclinical atherosclerosis may thus revert the process
of atherosclerosis there by decreasing cardiovascular and
cerebrovascular complications .

Considering right and left carotid arteries, mean cIMT was
greater in cases in comparison to controls and no significant
differences were found between right and left CCA.%*?° This
also supports our study where there is no difference in mean
cIMT of right and left CCA.

Regarding the sex of the patient, no significant difference was
observed in measurement of cIMT between male and female
which is in tune with study done by Naseh Getal.? The correlation
between age and mean cIMT was also found in our study which
is similar to study done by Naseh et al®*and Su et al.*°

We measured and compared mean cIMT among healthy,
hypertensive and HTN with DM groups, which showed
significant differences between control and hypertensive
groups with DM having an additive effect. Result also showed
significant correlation between increased cIMT and duration of
the disease. Our study is thus comparable with previous studies.
This implies that using similar equipment, methods and if done
by a qualified radiologist, the measurement of mean cIMT can
be reliable and is reproducible.

There are certain limitations in our study .We did not take the
parameters like height, weight, BMI. We could not avoid the
observer and technical errors.Some of the study shows that
only IMT of internal carotid had a significant relationship with
arterial risk factors such as age, sex, dyslipidemia HTN, diabetes,
and smoking.? Also Sapkota et al'® shows patient with multiple
risk factors had high cIMT of 1.2628 mm(SD 0.404).Further
research should thus focus to determine the effect of these risk
factors on CCA and its branches .Other limitation of the present
study was that medical treatment administered to hypertension
and diabetes was not considered. Lastly, the study was carried
out only in patients who visited our hospital and may not be
representative of the population.
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CONCLUSION

The mean cIMT in Nepalese population, incidence of carotid
injury in HTN with DM having additional effect on carotid
artery and correlation of carotid artery injury with duration
of the disease and age of the patient has been established
in our study. The results are comparable with previous
studies, so it can be used as a baseline for future population
based studies and clinical decision-making to prevent
complications related to vascular atherosclerosis. Moreover
the variations of cIMT with weight, height , blood lipid and
smoking if considered in the study will definitely increases
the sensitivity and specificity of ultrasonography for early
detection and prevention of various vascular complications.
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