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ABSTRACT

Background: Duplex ultrasound (DUS) has become
one of the main assessing methods for carotid diseas-
es. Duplex ultrasound uses two techniques, traditional
B-mode ultrasound and Doppler US. The screening of
carotid artery stenosis using ultrasonography is essen-
tial for not only daily clinical settings but also man-
agement of patients with stiffness in carotid artery
through the cross sectional area of the carotid artery.
By comparing the people of rural and urban area, we
will know about the stiffness caused by pollution.
Objective: To compare the Carotid Artery Stiffness in
adults belonging to Urban and Rural areas of Punjab by
ultrasonography.

Methodology: It was cross-sectional analytical study
conducted in Department of Diagnostic Radiology, at
Nishtar Hospital, Sehat Medical Complex, Lahore. Du-

-

ration of study was 7 months. Total sample size was
135.

Result: In urban areas, the mean RCC stiffness was
notably higher at 324.13 compared to the rural popu-
lation’s lower mean of 222.20. Similarly, the LCC stiff-
ness in urban adults exhibited a higher mean of 329.52,
while rural adults showed a lower mean of 239.34. The
diameter measurements during systole and diastole
also displayed variations between urban and rural set-
tings. RCC diameter during diastole showed a statisti-
cally significant difference with an urban mean of 0.27
compared to the rural mean of 0.24.

Conclusion: Urban populations exhibited significantly
higher RCC and LCC stiffness compared to rural coun-
terparts. Additionally, urban individuals demonstrated
larger RCC diameters during systole and diastole.
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Introduction

Carotid artery stiffness is a crucial factor linked to
cardiovascular health. Cardiovascular diseases (CVDs)
pose a significant health burden globally, with arterial
stiffness being a crucial indicator of vascular health and
a predictor of CVD risk. Understanding the variations
in carotid artery stiffness among populations residing
in different environments, specifically urban and rural
areas, and holds paramount importance for preventive
healthcare strategies. Research indicates that stiffness
in the carotid artery differs between hypertensive and
non-hypertensive adults, particularly in those old-
er than 40 years [1]. Carotid stiffness has associations
with the development and progression of carotid ar-
tery disease, being an independent factor for stroke
and dementia [2]. Furthermore, studies have explored
characteristics and risk factors of carotid atherosclero-
sis in populations at high risk of stroke in both urban
and rural settings [3]. The non-invasive identification of
arterial stiffness through routine ultrasound examina-
tions of the carotid arteries emerges as a potent clinical
strategy in preventing cardiovascular diseases (CVD).
Carotid ultrasound, among various imaging modalities,
stands out for its capability to non-invasively evaluate
vascular anatomy and function, emphasizing its signifi-
cance in proactive CVD prevention [4,5]. Carotid ather-
osclerotic plaques represent later stages of disease than
CIMT and arterial stiffness. CIMT is seen as a double
line pattern visualized between the intimal-luminal and
the medial-adventitial interfaces of the carotid wall in
a longitudinal view by B-mode ultrasound. IMT is pref-
erably measured along the posterior wall of the CCA at
least 5 mm below its termination. CCA IMT is relatively
higher in old age and obese patients. Many invasive and
noninvasive techniques to measure arterial stiffness are
used. Methods such as dispensability, compliance, elas-
tic modulus, and B-stiffness index are based upon the
assessment of diameter and volume change during the
cardiac cycle for the corresponding change in arterial
pressure. Carotid artery is affected by many environ-
mental factors such as obesity, hypertension, hyper-
lipidemia, diabetes, obesity, and age. In this Era Carotid
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artery, stiffness is a significant factor that serves as a
marker of cardiovascular problems. Which may further
lead to stenosis, plaque formation that further leads to
embolism. Age-related modification in intima-media
thickness and carotid artery stiffness and play develop-
ment are sped by risk factors, including hypertension
[6].

The rationale of comparing carotid artery stiffness
in adults belonging to urban and rural areas of Punjab
could be to investigate the impact of the environment
and lifestyle on cardiovascular health. The carotid ar-
tery is a major blood vessel in the neck that supplies ox-
ygen-rich blood to the brain. When this artery becomes
stiff or narrow, it can lead to various cardiovascular
diseases, including stroke, heart attack, and peripheral
artery disease.

Material and Method:

It was a cross-sectional analytical study conducted
in the Department of Diagnostic Radiology, at Nishtar
Hospital, Sehat Medical Complex, Lahore. The duration
of study was 7 months. The total sample size was 135.
Both males and females were included. All normal adult
individuals of urban and rural areas of Punjab were in-
cluded. Individuals with any underlying pathologies of
carotid artery were excluded. Data was analyzed using
SPSS software version 25.

Procedure:

Data was collected after getting approval from Re-
search Ethical Committee at the University of Lahore.
Patients were recruited for the study keeping in mind
the inclusion and exclusion criteria. Informed consent
was taken from each study participant and all possible
benefits and expected risks. Basic demographic and
clinical information were noted down on a pre-designed
data collection sheet by the researcher. Ultrasound was
performed using Toshiba Xario XG with Linear Probe
(7MHz-10MHz). We performed the scan by bringing the
patient to the couch. The subject was supine during the
carotid artery examination and made comfortable in a
position that allows head rotation to the left side. We
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performed the exam by standing or sitting at the end of
the examination table near the participant’s head or by
standing on the patient’s right side. The top of the head
was about three inches from the end of the examination
table and the head was rotated 45 degrees to the left.
Four measurements were taken for each patient. Two
measurements for the right systolic/diastolic diameters
and two for the left systolic/diastolic were taken.

Data Analysis Procedure:

Data was analyzed using SPSS software version 25.
Frequencies and Percentages were calculated for qual-
itative variables. Mean + SD was calculated for quantita-
tive variables. An Independent sample t-test was applied
to check the association between rural/urban areas and
stiffness/diameter of the carotid artery. A P-value less
than 0.05 was considered significant.

Results:

The mean age was 30.3 * 12.0 years and a body mass
index (BMI) was 25.1 = 5.13. Gender distribution re-
vealed a slight majority of females, constituting 66.7%,
while males accounted for 33.3%. The participants were
equally distributed between rural and urban areas, with
50.4% residing in rural regions and 49.6% in urban set-
tings. In terms of health indicators, the prevalence of
obesity was notable, with 40% of the participants being
obese and 60% being non-obese. Hypertension, a key
cardiovascular risk factor, was observed in 25.9% of
the population (Table 1). In urban areas, the mean RCC
stiffness was notably higher at 324.13 compared to the
rural population’s lower mean of 222.20. Similarly, the
LCC stiffness in urban adults exhibited a higher mean
of 329.52, while rural adults showed a lower mean of
239.34. The diameter measurements during systole and
diastole also displayed variations between urban and ru-
ral settings. RCC diameter during diastole showed a sta-
tistically significant difference with an urban mean of
0.27 compared to the rural mean of 0.24 (Table 2). These
findings suggest distinct patterns of carotid artery stiff-

HJR

ness and diameter dynamics between urban and rural
populations, emphasizing the potential influence of
environmental and lifestyle factors on vascular health.
Results did not reveal a significant difference in RCC and
LCC stiffness between those with and without hyperten-
sion (p-values of 0.812 and 0.421, respectively). How-
ever, significant variations were observed in diameter
measurements. Individuals with hypertension showed
a higher mean RCC diameter during systole (0.3600)
compared to those without hypertension (0.3020), and
similar trends were noted in LCC diameter during sys-
tole and both RCC and LCC diameters during diastole
(Table 3). No significant difference in RCC and LCC stiff-
ness between obese and non-obese individuals (p-values
of 0.706 and 0.208, respectively) was found. However,
significant variations were observed in diameter meas-
urements. Obese individuals showed a higher mean RCC
diameter during systole (0.33) compared to non-obese
(0.30), and similar trends were noted in LCC diameter
during systole (Table 4). During systole, males shows
a mean right carotid artery diameter of 0.33, whereas
females showed a slightly lower mean of 0.30 (p-value
= 0.016). Similarly, for left carotid artery diameter dur-
ing systole, males had a mean of 0.34, and females had a
mean of 0.29 (p-value = 0.003). In diastole, the trend con-
tinued with males having a higher mean RCC diameter
of 0.280 compared to females of 0.25, with a significant
p-value of 0.036. The same pattern was observed in LCC
diameter during diastole, with males having a mean of
0.28 and females having a lower mean of 0.24 (p-value =
0.001). Moreover, in stiffness, non-significant differenc-
es were found between genders. For RCC stiffness, males
exhibited a mean of 283.86, and females had a mean of
267.25 (p-value = 0.660). Similarly, LCC stiffness showed
amean of 306.09 for males and 273.10 for females (p-val-
ue = 0.409) (Table 5). These findings suggest that gender
differences in carotid artery stiffness are more promi-
nent in diameter measurements during both systole and
diastole, while stiffness itself does not show significant
variations.
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Table 1: Descriptive statistics

Variables Frequencies (%)
Age 30.3+12.0
BMI 25.1+5.13

Gender Male - 45 (33.3%)

Female - 90 (66.7%)

Area Rural - 68 (50.4%)
Urban - 67 (49.6%)

Obesity Obese - 54 (40%)
Non-obese - 81(60%)

Hypertension Yes - 35 (25.9%)
No - 100 (74.1%)

Table 2: Comparison of carotid artery stiffness with adults of urban and rural areas

Area N Mean Std. Deviation Std. Error Mean P-value

RCC Stiffness Urban 67 324.1307 251.18731 30.68741 .001
Rural 68 222.2097 130.89626 15.87350

LCC Stiffness Urban 67 329.5258 268.96603 32.85943 .000
Rural 68 239.3474 140.20047 17.00180

RCC Diameter (systole) Urban 67 .3301 .07995 .00977 .048
Rural 68 .3041 07118 .00863

LCC Diameter (systole) Urban 67 .3209 .07967 .00973 237
Rural 68 .3049 07724 .00937

RCC Diameter (Diastole) Urban 67 .2796 .07306 .00893 .004
Rural 68 .2463 .05925 .00718

LCC Dimeter (Diastole) Urban 67 .2693 .07583 .00926 113
Rural 68 .2496 06744 .00818

Table 3: Comparison of carotid artery stiffness with Hypertension

Hypertension N Mean Std. Deviation  Std. Error Mean  P-value

RCC Stiffness Yes 35 280.38 | 202.887 34.294 .812
No 100 270.13 207.450 20.745

LCC Stiffness Yes 35 267.52 185.802 31.406 421
No 100 289.90 | 228.726 22.872

RCC Diameter (systole) Yes 35 .3600 .08458 .01430 .000
No 100 .3020 .06770 .00677

LCC Diameter (systole) Yes 35 .3663 .08493 .01435 .000
No 100 .2941 .06720 .00672

RCC Diameter (Diastole) Yes 35 .2997 .07683 .01299 .001
No 100 .2499 .06028 .00603

LCC Dimeter (Diastole) Yes 35 .3034 .07933 .01341 .000
No 100 .2439 .06288 .00629
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Obesity N Mean Std. Deviation  Std. Error Mean  P-value
RCC Stiffness Obese 54 264.58 186.90 25.43 .706
Non-obese 81 278.26 218.09 24.23
LCC Stiffness Obese 54 296.97 259.78 35.35 .208
Non-obese 81 275.52 186.21 20.69
RCC Diameter (systole) Obese 54 .3331 .08876 .01208 .029
Non-obese 81 .3063 .06551 .00728
LCC Diameter (systole) Obese 54 .3383 .08963 .01220 .002
Non-obese 81 .2958 .06548 .00728
RCC Diameter (Diastole) Obese 54 2744 .07595 .01034 .106
Non-obese 81 .2551 .06193 .00688
LCC Dimeter (Diastole) Obese 54 .2793 .08332 .01134 .008
Non-obese 81 .2460 .06057 .00673
Table 5: Comparison of carotid artery stiffness with gender
Gender N Mean Std. Deviation Std. Error Mean P-value
RCC Diameter (systole) Male 45 .3393 .07936 .01183 0.016
Female 90 .3059 .07295 .00769
LCC Diameter (systole) Male 45 .3409 .08081 .01205 0.003
Female 90 .2988 .07395 .00780
LCC Dimeter (Diastole) Male 45 .2882 .06790 .01012 0.001
Female 90 .2449 .07016 .00740
RCC Diameter (Diastole) Male 45 .2802 .06963 .01038 0.036
Female 90 .2541 .06628 .00699
RCC Stiffness Male 45 283.8676 224.20991 33.42324 0.660
Female 90 267.2553 196.67605 20.73148
LCC Stiffness Male 45 306.0976 185.01312 27.58013 0.409
Female 90 273.1051 232.89242 24.54902

Discussion:

Our study aims to investigate the differences in ca-
rotid artery stiffness among adults living in urban and
rural areas of Punjab. Cardiovascular health is a topic of
significant concern, with artery stiffness being an essen-
tial factor in predicting and understanding cardiovascu-
lar diseases. Carotid artery stiffness is a crucial factor

linked to cardiovascular health. Research indicates that
stiffness in the carotid artery differs between hyperten-
sive and non-hypertensive adults, particularly in those
older than 40 years [7]. Carotid stiffness has associa-
tions with the development and progression of carotid
artery disease, being an independent factor for stroke
and dementia [8]. Current study showed the mean RCC
stiffness higher at urban areas (324.13) as compared to
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Graph 1: Box-plot Shows RCC stiffness mean between
urban and rural areas of Punjab

the rural population’s (222.20). Similarly, the LCC stiff-
ness in urban adults showed a higher mean of 329.52,
while rural adults showed a lower mean of 239.34. A
study was conducted on 52 healthy children living in
a small town on the Amalphitan Coast. A statistically
significant difference was found in carotid arterial stiff-
ness between children living closer to the main street
and other children, both those living between 330 and
730 meters from the main street and those living more
than 750 meters from the main street. This showed that
long-term residential exposure to fine particulate mat-
ter is associated with the thickness of the intimal and
media layers, which is another marker of early vascular
atherosclerosis [9]. Another study shows a significant
arterial stiffness difference in children living closer to
the main street and those living away. The complex
mixture of substances that make up gaseous and parti-
cle phases of air pollution is mostly caused by the com-
bustion of fossil fuels in modern urban centers. Blacher
et.al has shown that increased carotid artery stiffness,
indicated by higher CIMT, is strongly associated with
adverse cardiovascular outcomes and overall mortali-
ty. Arterial stiffness is often considered a reflection of
underlying vascular damage, atherosclerosis, and re-
duced arterial compliance [10].These environmental
factors may be Pollution due to traffic. Populations re-
siding in rural areas often exhibit a heightened burden
of carotid plaque, coronary artery disease, and cardio-
vascular risk factors compared to their urban counter-
parts [11]. This suggests a potential disparity in cardio-
vascular health between rural and urban communities.

42

VOLUME 9 | ISSUE 3

200000
150000

1000.00 o

S
2 835
o
7 %
°
S

0000 ;

LCC STIFFNESS

rural urban
AREA

Graph 2: Box-plot Shows LCC stiffness mean between
urban and rural areas of Punjab

A cross-sectional study on rural Chinese adults found
significantly higher carotid arterial stiffness parame-
ters, including Dd, PWV, o, and B, particularly in indi-
viduals with diabetes [1]. This emphasizes the impact of
specific health conditions on arterial stiffness in rural
settings. Compared to people living in cities, people in
rural areas had a higher prevalence of cardiovascular
risk factors and carotid plaque coronary artery disease
[12,13]. However, there is not enough data available for
estimating the worldwide prevalence of carotid ather-
osclerosis in rural areas [14]. Although carotid plaques
and increased intima-media thickness are well-estab-
lished markers for subclinical and clinical carotid ar-
tery disease, screening for the condition in the general
public is still debatable [15,16]. The assessment of ca-
rotid plaque burden, progression, risk stratification,
and evaluation of new risk factors have all benefited
from the use of other ultrasonography modalities, such
as 3D ultrasound imaging [17].

Sex differences play a crucial role in cardiovascular
risk factors, influencing arterial stiffness and related
conditions. Traditional cardiovascular disease (CVD)
risk factors, including aging, hypertension, diabetes,
and obesity, have been associated with elevated arte-
rial stiffness [18]. Obesity, specifically overweight and
obesity, contributes to arterial stiffness, emphasizing
the impact of body weight on cardiovascular health
[19]. Additionally, hypertension and obesity are linked,
as self-reported hypertension increases the risk of re-
nal cell carcinoma, particularly in women and men,
highlighting the intricate connection between these
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risk factors [20]. Gender-related differences in the pro-
gression of carotid stiffness have been observed, with
specific relationships noted in women between carotid
stiffness and pulse pressure [21]. Furthermore, female
gender is associated with higher susceptibility to arte-
rial stiffening in obesity, potentially predisposing indi-
viduals to hypertension development [22].

Conclusion:

Urban populations exhibited significantly higher
RCC and LCC stiffness compared to rural counterparts.
Additionally, urban individuals demonstrated larger
RCC diameters during systole and diastole. Hyper-
tension did not significantly impact carotid stiffness,

HJR

while individuals with hypertension exhibited larger
RCC and LCC diameters during systole. Obesity did not
show a significant association with carotid stiffness,
but obese individuals had larger RCC and LCC diam-
eters during systole and larger LCC diameter during
diastole. Gender differences were observed in carot-
id diameters during systole and diastole, but carotid
stiffness did not differ significantly between males
and females. These insights contribute to understand-
ing the complex interplay of demographic factors in
determining carotid artery health, emphasizing the
importance of considering urban-rural distinctions
and individual health conditions in cardiovascular re-
search R
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