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ABSTRACT 
Objective: This study aimed to investigate whether human immunodeficiency virus (HIV) 
infection affects carotid and brachial artery wall thickness and whether measurement of 
this thickness contributes to traditional cardiovascular risk scoring in individuals living 
with HIV. 

Materials and Methods: The patient group included people living with HIV who were fol-
lowed up in the infectious disease clinic, and the control group included patients with-
out HIV. In both groups, carotid artery intima-media thickness (cIMT) was measured with 
B-mode ultrasonography (B-USG). cIMT 0.9 mm and above was considered subclinical ath-
erosclerosis. 

Results: The patient group consisted of 66, and the control group consisted of 40 partic-
ipants. The median cIMT of the patient and control groups was 0.92 (0.45-1.45) mm and 
0.55(0.35-1.25) mm, respectively (p<0.001). Brachial artery IMT was significantly higher in 
the patient group with 0.45 (0.30-0.76) mm, while it was 0.35 (0.17-0.50) mm in the control 
group (p<0.001). Although the difference between the cIMT and brachial artery IMT results 
of the patient and control groups was significant between 18-59 years of age, this difference 
disappeared in older ages. In the patient group, subclinical atherosclerosis was detected 
with cIMT in individuals under 30 years of age for whom FRS (Framingham risk score) could 
not be calculated and in low-risk groups according to FRS (20% and 62.9%, respectively).

Conclusion: cIMT and brachial artery IMT were found to be significantly higher in people 
living with HIV. The cIMT measurement seems to be very useful in calculating the CVD risk 
in individuals living with HIV, especially at young ages, in catching patients who are over-
looked by traditional scoring systems.
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INTRODUCTION

The use of antiretroviral therapy (ART) in in-
dividuals with the human immunodeficiency 
virus (HIV) has significantly increased their 

life expectancy. Nevertheless, an increase in  the 
frequency of chronic diseases such as diabetes 
mellitus (DM), hypertension (HT), and cardiovascu-
lar disease (CVD) in this population with advancing 
age is expected (1). Also, they are at greater risk for 
subclinical atherosclerosis and CVDs than people 
without HIV (2). 

Carotid artery intima-media thickness (cIMT) is a 
measurement method of subclinical atherosclero-
sis used to predict future CVD events in the gener-
al population (3). It was demonstrated in previous 
studies that HIV infection is an independent risk 
factor for subclinical atherosclerosis (4). In many 
studies investigating the relationship between 
HIV infection and cIMT, it was shown that cIMT 
was higher in individuals with HIV. Several studies 
showed that traditional CVD risk factors become 
more dominant with advancing age in individuals 
with HIV, and the relationship between HIV and 
cIMT weakens in this age group (5-9). In addition, 
in a small number of studies conducted in the gen-
eral population, a positive correlation was found 
between brachial artery intima-media thickness 
(IMT) measurement and Framingham risk score 
(FRS) in predicting CVD risk, and it was emphasized 
that brachial artery IMT could also be predictive in 
cardiac risk assessment (10, 11). 

In this study, we aimed to investigate whether HIV 
infection affects carotid and brachial artery wall 
thickness and whether measurement of this thick-
ness contributes to traditional cardiovascular risk 
scoring in individuals living with HIV.

MATERIALS AND METHODS

We compared people living with HIV under ART fol-
lowed in the infectious diseases clinic with a con-
trol group consisting of patients with similar char-
acteristics who did not have HIV. The control group 
was selected from patients who applied to the out-
patient clinic with diagnoses such as urinary tract 
infection, upper respiratory tract infection, or skin 

soft tissue infection without a diagnosis of cardi-
ological disease. The age and gender distributions 
of the groups were similar. Inclusion criteria were 
determined as being older than 18 years of age, con-
tinuing their follow-up in our hospital, and agree-
ing to participate in the study. Patients who did not 
come for regular follow-up, had missing data, and 
had already experienced CVD were excluded.

Demographic characteristics of all participants, co-
morbid diseases, family history of heart disease, risk 
factors for CVD, medications, examination findings 
such as blood pressure measurement, body mass 
index (BMI), and routine laboratory tests including 
hemogram, biochemistry, C-reactive protein (CRP), 
erythrocyte sedimentation rate (ESR), lipid panel, 
and HbA1c were recorded. In addition to routine 
laboratory tests in individuals with HIV, descriptive 
information such as HIV RNA and CD4 T-lympho-
cyte values and the ART regimen used was record-
ed. In order to predict cardiovascular risk, the two 
risk scores, D:A:D score and FRS for individuals aged 
30 years and above, were calculated in the patient 
group, while only FRS was calculated in individuals 
aged 30 years and above in the control group. The 
FRS 2008 version was calculated using variables of 
age, total and high-density lipoprotein cholesterol, 
systolic blood pressure, hypertension, smoking and 
diabetes status (11). According to FRS, patients were 
classified as low (<10%), moderate (10-20%) and 
high (>20%) risk. The D:A:D score was calculated 
by considering age, gender, total and HDL choles-
terol level, smoking status, systolic blood pressure, 
history of diabetes, family history of CVD, and ex-

HIGHLIGHTS

•	 The relationship between HIV and carotid artery 
intima-media thickness (cIMT) is more signifi-
cant in the male gender.

•	 The cardiovascular disease risk in patients whose 
Framingham risk score (FRS) cannot be calculat-
ed or who have a low FRS can be determined only 
by cIMT.

•	 The use of carotid and brachial artery ultra-
sonography in HIV-infected individuals will help 
in the early detection of patients at risk for cardi-
ovascular disease.
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posure to indinavir, lopinavir, and abacavir. In the 
D:A:D system, patients’ CVD risk was classified as 
low (<1%), moderate (1% to 5%), and high (≥5%) (12).

Because of the variation in CVD risk according to 
age and gender, the data obtained in the study 
were compared according to age (under 40 years 
old and above) and gender groups. The cIMT, bra-
chial artery IMT and FRS data obtained in the 
patient and control groups were re-evaluated 
among these subgroups. In addition, according to 
the results of cIMT measurements, the patients 
were divided into subclinical atherosclerosis and 
non-atherosclerosis groups, and their data were 
re-evaluated in this respect. We also investigated 
the independent risk factors for increased cIMT 
and brachial artery IMT. 

Ankara Yıldırım Beyazıt University Ankara City Hos-
pital Clinical Research Ethics Committee approved 
the study on September 2, 2020, with decision num-
ber E1-20-919. Informed consent was obtained from 
all participants. 
 
cIMT and Brachial Artery Intima-Media 
Thickness (IMT) Measurement
cIMT measurement was performed by the same ra-
diologist in the radiology department of our hospi-
tal using high-resolution B-mode ultrasonography 
(B-USG). The ultrasound machine with software 
version R3 and lineer probe (11L4) (GE HealthCare, 
USA) was used for measurements. cIMT was mea-
sured on a longitudinal scan showing two bright 
lines on the posterior wall of the distal common 
carotid artery, 2-3 cm proximal to the bifurcation 
on both sides. Measurements were repeated three 
times for both sides, and the average values were 
calculated. Patients with cIMT ≥0.9 mm were con-
sidered to have subclinical atherosclerosis (13). 

In the literature, there are no reference values for 
brachial artery IMT for determining atherosclero-
sis in the general population. Brachial artery IMT 
measurement was performed from the segment 
with clearly defined anterior and posterior intimal 
surfaces before the brachial artery branches off 
in the antecubital fossa. Brachial artery IMT mea-
surements were measured three times from the 
far wall of the probe and averaged. In our study, 

the average of the results measured on the right 
and left sides were used as cIMT and brachial ar-
tery IMT values. 
 
Statistical Analysis 
The statistical analyses were performed using the 
Statistical Package for Social Sciences (SPSS) 20.0 
(IBM Corp., Armonk, NY, USA).  Descriptive statis-
tics were shown as mean ± standard deviation for 
variables with normal distribution, median (mini-
mum-maximum) for variables with non-normal 
distribution, and frequency and percentage for 
nominal variables. The Kolmogorov-Smirnov test 
was used to assess the normality assumption.

The significance of the difference between the two 
groups was examined using the Student’s t-test 
or Mann-Whitney U test. Nominal variables were 
evaluated with the Pearson chi-square. Univariate 
regression analysis was applied to determine the 
factors affecting cIMT and brachial artery IMT. The 
variables that were considered in the analyses for 
cIMT and brachial artery IMT were age, gender, BMI, 
smoking, DM, HT and living with HIV.  The variables 
with a significance level of p-values below <0.20 
from the univariate analysis were identified as 
candidate variables for the multivariate model. A 
multiple linear regression model was created with 
the backward method. The results were considered 
statistically significant when the p-value was <0.05. 
ROC analysis was used to evaluate the discrim-
ination of cIMT and brachial artery IMT between 
patients and healthy individuals. The cut-off point 
was determined with the Youden index. Sensitivi-
ty and specificity values ​​for the cut-off point were 
calculated.

RESULTS 

The patient group consisted of 66 participants 
living with HIV under ART, and the control group 
consisted of 40 participants without HIV. The mean 
age was 39.8±11.8 years in the patient group and 
40.4±12.6 years in the control group (p=0.81). Gen-
der distribution was similar between the groups 
(p=0.84). All individuals in the patient group were 
receiving ART and achieved viral suppression. 
Smoking rates of the patient and control groups 
were similar (p=0.085). The median BMI of the pa-
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tient group was 24.7 kg/m², which was lower than 
the control group (p=0.016) (Table 1).

When the groups were compared in terms of cIMT 
measurement results, the median value of cIMT in 
individuals with HIV was detected to be significant-

ly higher than the control group (0.92 [0.45-1.45] 
mm vs. 0.55 [0.35-1.25] mm; p<0.001). Similarly, 
brachial artery IMT measurement was significant-
ly higher in the patient group (0.45 [0.30-0.76] mm 
vs. 0.35 [0.17-0.50] mm; p<0.001). While the rate of 
subclinical atherosclerosis was 57.6% in individuals 

Characteristics
People living with HIV

n=66
Control group

n=40 p

Age, years * 39.8±11.8 40.4±12.6 0.8

Gender, male, n (%) 57 (86.4) 34 (85) 0.84

Smoking, n (%) 41 (62.1) 18 (45) 0.08

BMI (kg/m2)** 24.7 (18.3-40.5) 26.5 (17.7-32.4) 0.016

HbA1c (%)** 5.3 (4-13.5) 5.6 (4.5-10) 0.009

Hypertension, n (%) 7 (10.6) 7 (17.5) 0.31

Systolic blood pressure (mmHg)* 129.12±10.28 124.35±8.42 0.015

Diastolic blood pressure (mmHg)* 79.62±8.21 77.15±6.01 0.101

Family history for heart disease, n (%) 27 (40.9) 3 (7.5) <0.001

Laboratory results

Urea (mg/dL)** 29.0 (19-95) 27.5 (11-44) 0.112

Creatinine (mg/dL)** 0.9 (0.5-1.5) 0.9 (0.4-1.2) 0.463

AST (U/L)** 17.5 (6-43) 21 (9-54) 0.094

ALT (U/L)** 22 (12-76) 30.5 (10-119) 0.003

ESR (mm/h.)** 12 (2-46) 6 (2-16) <0.001

CRP (mg/L)** 5 (0-174) 3 (1-17) <0.001

Total cholesterol (mg/dL)** 172.5 (95.0-314) 189.5 (119-308) 0.021

HDL (mg/dL)** 38 (19-62) 40.9±9.7 <0.001

LDL (mg/dL)** 107.5 (48-262) 167.5 (52-627) <0.001

Triglyceride (mg/dL)** 134.5 (49-623) 114.5 (36-230) 0.02

FRS (10-year CVD risk), n (%)

<10% 27 (52.9) 19 (63.3)

0.6610-20% 13 (25.5) 6 (20)

>20% 11 (21.6) 5 (16.7)

Table 1. Comparison of baseline demographic and clinical characteristics, laboratory results, and Framingham risk 
scores of the patient and control groups.

*Mean ± SD
**Median (min-max)
FRS were only calculated for individuals aged 30 and over.

ALT: Alanine transaminase, AST: Aspartate transaminase, BMI: Body mass index, CRP: C-reactive protein, CVD: Cardiovascular disease, 
ESR: Erythrocyte sedimentation rate, FRS: Framingham risk score, HDL: High-density lipoprotein, LDL: Low-density lipoprotein,  
SD: Standard deviation.
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with HIV, this rate was 5.0% in the control group 
(p<0.001) (Table 2). Atheroma plaque was present in 
four patients in the patient group and one in the 
control group. In both groups, the cIMT value of 
atheroma plaque was 1 mm and above. The partic-
ipants’ cIMT and brachial artery IMT values were 
evaluated in two groups under 40 years of age and 
above. In the patient group, cIMT and brachial ar-
tery IMT were significantly higher among patients 
both under and over 40 years compared with the 
control group (p<0.001 for all). On the other hand, 
the FRS risk score distribution of the patient and 
control groups was similar in both age groups 
(p=1.0 for <40 years, and p=0.34 for 40 years and 
older) (Table 1). 

Although the cut-off value for cIMT for detecting 
atherosclerosis in the general population is 0.9 mm, 
we found the cut-off value for cIMT in individuals 
living with HIV as 0.70 mm (sensitivity=0.879 spec-
ificity=0.775; p<0.001) (Figure 1). In addition, al-
though there is no cut-off value determined in the 
literature for brachial artery IMT, we determined 
the cut-off value for detecting atherosclerosis for 
individuals living with HIV as 0.385 mm (sensitivi-
ty=0.818, specificity=0.675; p<0.001) (Figure 2).

When the FRS and ultrasonographic measurement 
results were compared according to gender groups, 
the median cIMT value was 0.83 (0.45-1.17) mm 
in females living with HIV, while it was 0.5 (0.4-
0.9) mm in females in the control group (p=0.066). 
The median cIMT value was 0.93 (0.55-1.45) mm in 
males in the patient group, while it was 0.58 (0.35-
1.25) mm in males in the control group (p=0.001). 
Brachial artery IMT was higher in males in the pa-
tient group compared to males in the control group 
(p<0.001) (Table 2).

When individuals with HIV were evaluated within 
themselves, smoking rates and BMI values, disease 
duration, and duration of ART use were similar in 
the groups with and without subclinical atheroscle-
rosis. HIV-specific parameters such as maximum 
HIV RNA and minimum CD4 T lymphocyte count 
were similar in patients with and without subclini-
cal atherosclerosis (p=0.11 and p=0.82, respectively) 
(Table 3). Subclinical atherosclerosis was present in 
62.9% of patients with low risk based on the FRS 
system and 20% of patients for whom FRS could 
not be calculated. When patients were divided into 
groups according to the D:A:D system, subclinical 
atherosclerosis was found in 39.1% of low-risk pa-
tients (Figure 3).

Figure 1. ROC curve for cIMT. Figure 2. ROC curve for brachial artery IMT.
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Characteristics
People living with HIV

n=66
Control group

n=40 p

cIMT (mm), median (min-max) 0.92 (0.45-1.45) 0.55 (0.35-1.25) <0.001

Subclinical atherosclerosis, n (%) 38 (57.6) 2 (5.0) <0.001

Brachial artery IMT (mm), median (min-max) 0.45 (0.30-0.76) 0.35 (0.17-0.50) <0.001

Framingham risk score, IMT: Intima-media thickness.

Table 2. Carotid and brachial artery intima-media thickness (IMT) measurements of the patient and control groups.

Factors

cIMT Brachial artery IMT

Univariate regression 
analysis results

Multivariable regression 
analysis results

Univariate regression 
analysis results

Multivariable regression 
analysis results

B SE 95% 
CI p Ba SE 95% 

CI p B SE 95% 
CI p Bb SE 95% 

CI p

Age 0.008 0.002 0.004-
0.012 <0.001 0.009 0.001 0.006-

0.011 <0.001 0.002 0.001 0.001-
0.004 0.001 0.003 0.001 0.001-

0.004 <0.001

Gender, male -
0.073 0.072

-
0.216-
0.07

0.31 0.005 0.027
-

0.05-
0.059

0.85

BMI 0.001 0.007
-

0.013-
0.014

0.92 -0.003 0.003
-

0.008-
0.002

0.29

Smoking 0.088 0.050
-

0.011-
0.187

0.08 - - - - 0.034 0.019
-

0.003-
0.072

0.07 - - - -

DM 0.029 0.109
-

0.188-
0.245

0.79 0.018 0.041
-

0.064-
0.1

0.66

HT 0.112 0.074
-

0.034-
0.258

0.13 - - - - -0.011 0.028
-

0.067-
0.045

0.69

Being infected 
with HIV 0.345 0.04 0.267-

0.424 <0.001 0.351 0.034 0.284-
0.417 <0.001 0.101 0.017 0.067-

0.135 <0.001 0.102 0.016 0.071-
0.134 <0.001

Table 3. Linear regression analysis results for cIMT and brachial artery IMT increase.

ªAccording to the multiple linear regression result; 1 unit increase in the age variable increases the cIMT value by 0.009 units.  
Being HIV+ increases the cIMT value by 0.351 units.
bAccording to the multiple linear regression result; 1 unit increase in the age variable increases the brachial mean value by 0.003 units.  
Being HIV+ increases the mean brachial artery IMT value by 0.102 units.

There is a moderately positive linear relationship between age and cIMT (r=0.395, p<0.001).  

There is no linear relationship between BMI and cIMT (p=-0.031, r=0.755).

There is a slightly positive linear relationship between age and brachial artery IMT mean (r=0.277, p=0.004).  

There is no linear relationship between BMI and brachial mean (p=-0.103, r=0.294). 

For linear regression analysis results for cIMT; R2=0.588

For linear regression analysis results for brachial artery IMT increase; R2=0.352

SE: Standard error, CI: Confidence interval, BMI: Body mass index, DM: Diabetes mellitus, HT: Hypertension.
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According to the results of multivariate analysis, 
age and HIV infection were independent risk fac-
tors for the increase in both cIMT and brachial 
artery IMT (Table 3). It was determined that living 
with HIV increased the cIMT value by 0.351 (95% 
CI=0.28-0.42) mm (p<0.001) and the brachial artery 
IMT value by 0.102 (95% CI=0.07-0.13) mm (p<0.001). 
 
DISCUSSION

Besides increased life expectancy, comorbidities 
are more common in individuals living with HIV 
compared to the uninfected population (14), and 
cardiovascular diseases take the first place among 
comorbidities (15-17). Detection of subclinical ath-
erosclerosis before end-organ damage due to ath-
erosclerosis occurs is an effective method for pre-
venting important diseases, especially CVD (18, 19). 
The rate of calcification in atherosclerotic plaques 
is lower in patients with HIV infection than in pa-
tients without HIV, and these plaques are more 
prone to rupture (20, 21). Hence, the detection of 
subclinical atherosclerosis is of greater importance 
in individuals with HIV than in the population with-
out HIV to prevent future complications. 

Endothelial dysfunction and LDL oxidation by pass-
ing under the endothelium are the basic mecha-
nisms that initiate the atherosclerosis process. In 
individuals with HIV, ongoing chronic inflamma-
tion poses an extra risk for atherosclerosis (21). 
Although LDL was higher in our control group, the 
higher cIMT value in the patient group suggested 
that endothelial damage resulting from HIV-relat-
ed inflammation was a more effective mechanism 
than dyslipidemia in the pathogenesis of athero-
sclerosis.

In most studies, cIMT was found to be significant-
ly higher in individuals with HIV (4-11). Consistent 
with the literature, we found that cIMT values were 
higher in people living with HIV compared to the 
control group. While some of the clinical and labo-
ratory findings, accepted as the risk factors for CVD, 
were in favor of the patient group, some of them 
were in favor of the control group. These data sup-
ported the view that the high cIMT value in peo-
ple living with HIV could not be explained only by 
other risk factors for CVD (17, 22). In multivariate 

regression analysis, only increasing age and living 
with HIV were found as independent risk factors for 
increased cIMT. These findings show that HIV in-
fection is more determinant in increased cIMT and 
subclinical atherosclerosis. 

The increased cIMT and higher rate of subclinical 
atherosclerosis can be explained by the ongoing 
chronic inflammation associated with HIV infec-
tion (21). Supportingly, inflammation markers (CRP 
and ESR) were significantly higher in people living 
with HIV than in the control group. However, in the 
study, although inflammation markers were high-
er in the patient group than in the control group, 
no difference was found between patients with and 
without subclinical atherosclerosis. Considering 
the importance of inflammation in the pathogen-
esis of atherosclerosis, CRP and ESR would be ex-
pected to be higher in the group with subclinical 
atherosclerosis. Our study’s low number of patients 
with and without subclinical atherosclerosis may 
have caused such incidental results. In addition, 
ESR and CRP are only two of the markers of acute 
inflammation. Other inflammatory markers, such 
as microbial translocation markers (16S ribosomal 

Figure 3. Subclinical atherosclerosis rates of risk groups formed 
according to FRS and D:A:D system in the patient group.
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DNA and sCD14 and sTNFRI, IL-6, TNF-α) that we 
could not measure in this study might have played 
an important role in inflammation. If these markers 
could be measured, the difference between groups 
with and without subclinical atherosclerosis could 
have been more clearly demonstrated.

It is known that the risk of atherosclerosis and cIMT, 
an indicator of atherosclerosis, increase with age. 
The groups were re-evaluated as under and over 40 
years old, and cIMT and brachial artery IMT were 
found to be higher in the patient group in both age 
groups. The median cIMT was 0.83 mm in people 
living with HIV under the age of 40, close to the sub-
clinical atherosclerosis border. High cIMT levels de-
tected at an early age indicate that individuals living 
with HIV are at risk for atherosclerosis development 
from an early age. Another risk factor for CVD is the 
male gender (23). When the results of cIMT were 
compared among gender groups, cIMT was higher 
among men living with HIV compared to the con-
trol group among male participants; the absence of 
such a difference among women indicates that the 
relationship between HIV infection and atheroscle-
rosis is stronger in men than in women. 

In our study, FRS and D:A:D scores were calculat-
ed to examine the CVD risk. According to the FRS 
system, the risk distribution of the patient and 
control groups was similar. While the FRS catego-
rization evaluated according to age (30-39 years 
and ≥40 years) between the patient and control 
groups could not detect a difference between the 
two groups, the measured cIMT values revealed 
that individuals living with HIV were at higher risk 
for the development of atherosclerosis. Especially 
although individuals living with HIV appear in the 
low-risk group according to FRS at an early age, our 
results revealed that they had higher cIMT values. 
Even those under the age of 30, in whom FRS cannot 
be calculated, had a higher cIMT. Considering that 
the majority of the population with HIV worldwide 
consists of young adults, the HIV-cIMT relationship, 
which is more pronounced in the male gender, re-
veals the contribution of cIMT measurement to tra-
ditional risk scoring.

One of the important results of our study was the 
detection of subclinical atherosclerosis in 62.9% 

of the patients who fall into the low-risk group, 
according to the FRS system. The most important 
contribution of cIMT measurement emerges in 
the low-risk group. The contribution of cIMT mea-
surement to FRS has been investigated in several 
studies in the general population. Although it is not 
thought to have a significant contribution accord-
ing to the previous studies, in our study, subclini-
cal atherosclerosis was detected with cIMT in more 
than half of the patients in the low-risk group in 
individuals living with HIV (24-27). Besides, the de-
tection of subclinical atherosclerosis in 20% of in-
dividuals for whom FRS could not be calculated re-
vealed the power of IMT in this group. Considering 
the groups classified according to the D:A:D score, 
although the detection of subclinical atherosclero-
sis in 39.1% of the patients in the low-risk group 
showed that the D:A:D system was superior to the 
FRS in predicting the CVD risk, D:A:D still missed 
a large number of the patients with a substantial 
CVD risk, and these patients appear to be detect-
able only with cIMT. In the control group, the prob-
ability of being overlooked in terms of subclinical 
atherosclerosis seems to be very low in people with 
low risk, according to FRS. The reason for this is that 
the chronic inflammatory state in individuals liv-
ing with HIV is ignored in systems such as FRS and 
D:A:D (11, 28). Therefore, the contribution of cIMT 
measurement to the classical risk scoring systems 
in individuals with HIV at early ages is an expected 
result that is more pronounced in low-risk groups.

Recently, it was investigated whether brachial artery 
IMT measurement can be used as a predictor of ath-
erosclerosis. Studies investigating the relationship 
between brachial artery IMT and atherosclerosis are 
limited in the literature (10, 29, 30). In our study, the 
brachial artery IMT was significantly higher in the 
patient group, which was expected to have a high 
risk of CVDs. The similarity between carotid and 
brachial artery IMT measurement results suggests 
that brachial artery IMT measurement can also be 
used to determine atherosclerosis burden in indi-
viduals living with HIV. In the literature, there are 
no reference values for brachial artery IMT for de-
termining atherosclerosis in the general population; 
our study will contribute to the available literature 
in this field. Additionally, we determined new cut-
off values for cIMT and brachial artery IMT for de-
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termining atherosclerosis in individuals living with 
HIV. Measurement of brachial artery IMT in individ-
uals with HIV and reevaluation of cIMT and brachial 
artery IMT in age and gender subgroups make our 
study powerful. Another strength of our study is the 
comparison between classical risk estimation scores 
and carotid and brachial IMT values to determine 
the best method for estimating CVD risk.	

Our study had several important limitations. First, 
since it coincided with the COVID-19 pandemic, 
there were disruptions in outpatient follow-ups, 
and the predicted number of patients could not 
be reached. Besides, the relationship between CVD 
risk scores, carotid and brachial artery IMT mea-
surements and the development of cardiovascular 
events in the follow-up of the patients could not be 
examined because the long-term follow-up results 
had not been performed. Also, the R2 value for lin-

ear regression analysis results for brachial artery 
IMT increase was 0.352. This low value should be 
supported by larger studies with more participants.

In conclusion, the fact that the relationship be-
tween HIV and cIMT is more significant in the 
male gender. Furthermore, the CVD risk in patients 
whose FRS cannot be calculated or who have a low 
FRS can be determined only by cIMT, showing that 
cIMT measurement is a very advantageous way of 
estimating CVD risk in people living with HIV, pre-
dominantly in males and young adults. The use of 
carotid and brachial artery ultrasonography, which 
is a non-invasive, inexpensive and easily applica-
ble method, in individuals living with HIV will help 
in the early detection of patients at risk for CVDs 
and taking necessary precautions, minimizing car-
diovascular events that may develop during the fol-
low-up of patients.
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