Original Article

Accelerated subclinical atherosclerosis in human
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ABSTRACT

Background: The life expectancy of human immunodeficiency virus (HIV) infected individuals has significantly increased
following the introduction of combination antiretroviral therapy (cART). It is believed that because of their longevity these
patients are more prone to atherosclerosis. This increased risk is not only linked to traditional risk factors for atherosclerosis,
but also to HIV infection and cART. Objective: To identify the effects of HIV and cART (both protease inhibitor [PI] and
non-PI based regimes) on carotid artery intima-media thickness (CIMT), a surrogate marker of subclinical atherosclerosis.
Patients and Methods: Our cross-sectional study was done at a nodal HIV referral center. The study included 84 HIV-infected
patients (24 exposed to PI-based cART, 30 to non-PI based cART, 30 not on cART) and 30 healthy age-matched controls. CIMT
was measured ultrasonographically using high frequency B mode probe. The metabolic profile of the patients was also compared.
Results: Using ANOVA the CIMT in patients on PI-based cART (0.82 + 0.17 mm) was significantly higher as compared to non-PI
based cART (0.47 + 0.09 mm), HIV-infected patients not on ART (0.47 + 0.09 mm) and healthy control group (0.44 + 0.09 mm).
When CIMT from non-PI based cART was compared with patients not on ART and healthy controls the difference was found
not to be significant. Using linear regression analysis, the significant risk factors for this difference in CIMT in the PI-based
regime included lower CD4 counts and higher total cholesterol. Conclusions: HIV-infected patients on PI-based cART are at risk
for developing subclinical accelerated atherosclerosis. This will make them more prone to acute coronary syndromes, strokes,
and peripheral vascular disease. Advanced HIV infection and high total cholesterol per se may also contribute to this risk of
atherosclerosis. Screening using CIMT measurement and rigorous risk factor management is advocated for these patients.
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INTRODUCTION risk due to accelerated atherosclerosis is becoming
significant. The factors responsible for this increased

Human immunodeficiency virus (HIV) infected  risk for atherosclerosis are not entirely clear. Some
patients are believed to be at increased risk for =~ have shown this risk to be associated with chronic
atherosclerosis and cardiovascular all-cause mortality  inflammation and endothelial dysfunction despite
including myocardial infarction and stroke.l'"?l As  virological control with antiretroviral therapy.”® Others
the longevity of these patients is increasing the  have attributed it to traditional risk factors such as
Access this article online smoking, dyslipidemia, and advancing age."! There are

Quick Response Code: also studies, which have reported increased risk with

Website: . . . .
. combination antiretroviral therapy (cART).P!
www.j-hhr.org

The introduction of cART in clinical practice has
resulted in a dramatic reduction of morbidity
and mortality associated with HIV infection.
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However, several studies have demonstrated the
development of cardiovascular risk factors, including
dyslipidemia, insulin resistance, fat redistribution,
and hypertension with use of the drugs, especially
protease inhibitor (PI) based regimes.!*! Although
PI-containing antiretroviral regimens have led to a
notable extension of life expectancy in HIV-positive
patients, prolonged lipid and glucose metabolism
abnormalities due to these regimes could significantly
affect the long-term prognosis and outcome of
HIV-infected persons. An increasing concern is
mounting particularly about the increased risk of
acute coronary syndromes associated with new potent
antiretroviral combinations.”! In particular, some
studies have demonstrated a correlation between
antiretroviral therapy and increased risk of coronary
heart disease.

The relationship between cerebrovascular disease
and the use of cART in HIV-infected patients is still a
matter of research. Several studies have investigated a
possible association between antiretroviral treatment
and cerebrovascular disease using various statistical
approaches, but they often reported inconsistent
and not comparable results. Classical vascular risk
factors (male gender, age, family history of coronary
heart diseases, smoking, arterial hypertension, diabetes,
and dyslipidemia) obviously contribute to an increased
risk of cerebrovascular complications in HIV-infected
patients. On the other hand, recent data have
highlighted systemic inflammation as a crucial factor
in the pathogenesis of carotid lesions in HIV-positive
subjects,® and Maggi et al. have evidenced that the
ultrasonographic structure of the carotid lesions in
HIV-infected individuals substantially differ from
those of classical atherosclerotic plaques and share
similar features with patients affected by arteritis.”!

There is a lack of data from the developing world
with respect to HIV, cART, and atherosclerosis. It
is important to know the risk factors, which lead
to the development of premature atherosclerosis in
patients living with HIV infection so that appropriate
management can be instituted in time. We designed
this cross-sectional study with the aim of addressing
the question that does HIV infection and the use of
cART (both PI and non-PI based regimes) increase
the chances of the patient developing atherosclerosis?
We used carotid intima-media thickness (CIMT) as
a surrogate marker of subclinical atherosclerosis.
Measurement of CIMT by high-resolution
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ultrasonography is a well-accepted, noninvasive
method of evaluating subclinical atherosclerosis, and
is a potent predictor of myocardial infarction and
stroke.l""!

MATERIALS AND METHODS

This cross-sectional case-control study was performed
at a tertiary care nodal reference center for HIV from
October 2010 to July 2012. Patients with HIV infection,
age between 18 and 45 years and who had the infection
for at least 1-year from the time of detection were
included in the study. All those on cART were included
in the study only if they had been on the drugs for
at least a period of 1-year. Patients were excluded if
they had traditional risk factors for atherosclerosis
specifically hypertension, diabetes, impaired glucose
tolerance, past history of stroke, acute coronary
syndrome or peripheral vascular disease. Age-matched
controls were recruited from relatives of the patients
who were HIV negative and did not have any of
the atherosclerosis risk factors as mentioned earlier.
Smoking, alcohol consumption, dyslipidemia, obesity,
and family history of stroke or coronary artery disease
were not considered as exclusion criteria either in the
subjects or in the controls. The subjects were further
subdivided into four groups as follows: Group 1
included patients on PI-based cART of at least 1-year
duration, Group 2 included patients having HIV
infection but not taking any form of antiretroviral
treatment, Group 3 included those patients who were
onnon-PIbased cART, and Group 4 included non-HIV
infected individuals acting as control group. The study
did not have any therapeutic implications; however
clearance from the institutional ethical committee was
obtained. Written informed consent was obtained from
subjects as well as controls.

Detailed history was recorded from each patient about
the duration of infection, details and duration of cART,
past history of any cerebrovascular, cardiovascular or
peripheral vascular disease, diabetes, hypertension,
and smoking. All the subjects and controls underwent
detailed clinical examination, which included
recording of blood pressure, body mass index (BMI),
and detailed physical examination. Laboratory tests
included fasting plasma glucose, lipid profile, and
CD4 count.

Visualization of CIMT was obtained via noninvasive
high-resolution B-mode carotid artery ultrasonography
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and was performed by an experienced radiologist who
was blinded to the HIV status and cART regimen of the
patients. CIMT readings were taken from the carotid
bulb or up to 1 cm of the proximal internal carotid
artery. Average of six readings (three on each side)
was taken. CIMT was expressed in millimeters.

Data was presented as mean + standard deviation
for descriptive data, while comparisons between
groups were performed using ANOVA test
(where appropriate), with significance levels placed
at P <0.05. Tuckey’s P value test was used for pairwise
comparison. Linear regression analysis was used
to find out significant risk factors. SPSS software
version 20 (IBM) was used for analysis.

RESULTS

There were 24 patients in Group 1 (HIV-infected
patients on Pl-based cART), 30 patients in
Group 2 (HIV-infected patients not on any ART),
30 patients in Group 3 (HIV-infected patients on non-PI
based cART), and 30 patients in the age-matched
healthy controls. The CIMT was significantly increased
in Group 1 (PI group) with P < 0.01 as compared to
other groups using ANOVA. The P values for pairwise
comparison using Tuckey’s test for CIMT are given
in Table 1. Group 1 (PI group) was significantly
different from others; however there was no difference
when Group 2 (HIV patients not on cART) and
Group 3 (HIV patients on non-PI based cART) were
compared to Group 4 (healthy controls) or to each other.

Table 2 shows the values of various risk factors
for atherosclerosis for each of the groups in the
HIV setting. These include the traditional risk
factors (which could not be excluded) and certain
HIV-associated factors, which may influence results.
Linear regression was used to test the relationship of
these variables to CIMT (the dependent variable). The
coefficients derived along with their significance are
shown in Table 3. There was a significant relationship

Table 1: P values of comparison of individual
groups with each other using ANOVA

of CIMT with CD4 counts and total cholesterol with
P <0.05. These have also been shown in the form of a
scatter plot [Figures 1 and 2]. CIMT was found to have
a significant inverse relationship with CD4 count in
that as the CD4 count fell the CIMT increased. Total
cholesterol was also found to increase significantly
with an increase in CIMT. Traditional risk factors
such as age, sex, smoking, and BMI were not found
to be significant among the groups. The duration of
HIV infection and the duration of ART were also not
found to be significant.

DISCUSSION

It has been long suspected that HIV-infected patients
are more prone to develop accelerated atherosclerosis.
Recent literature has several studies documenting the
presence of accelerated atherosclerosis using different
surrogate markers, both biochemical and radiological.
However, the risk factors for the development of
accelerated atherosclerosis in HIV patients are
controversial.''! Some have suspected HIV infection
related endothelial dysfunction;® others have implicated
therapy with ART,™ while another group believes that
the traditional risk factors have a role to play.>'

Our study reveals that CIMT (as a marker of
accelerated subclinical atherosclerosis) is increased in
a subset of HIV-infected patients on PI-based regime
when compared to patients on non-PI based cART,
patients not on ART and healthy age-matched controls.
There was no significant difference in CIMT between
HIV-infected patients on non-PI based cART, patients
not on ART, and healthy age-matched controls. The
other significant finding from our study is that CIMT
has an inverse relationship with CD4 counts and direct
relationship with total cholesterol. This may suggest
that advanced HIV infection may also contribute
to atherosclerosis. The significantly higher total
cholesterol in Group 1 may be due to the PI effect or
due to advance HIV infection.

Previous studies have shown a variable association
between PI and CIMT in HIV-infected patients.
A very recent study by Chanthong et al. showed

SIeN PRI OV PIZNC (O U PI NS CIOUPI that perinatally HIV-infected adolescents who were
CIMT (mm) 0.8240.17 0.47+0.09 0.47£0.09  0.44+0.09 treated with Pl-based therapy had higher CIMT as
Group 1 (P) 0.002 0.002 0.001 13
Group 2 (P) 0.999 0.998 compared to non-PI based therapy.!"® Baker et al.
Group 3 (P) ) ) - 0:998 showed that the use of PI therapy had a greater effect
Group 4 (P) B} B} _ ) on the progression of CIMT in HIV-infected patients
CIMT: Carotid intima-media thickness as compared to nonnucleoside inhibitor use.!"!
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Table 2: Values in each group of different atherosclerosis risk factors, which might influence CIMT
as a marker of accelerated subclinical atherosclerosis

Characteristics Group 1 (n=24)

Group 2 (n=30)

Group 3 (n=30) Group 4 (n=30)

CIMT (mm) 0.82+0.17
Age (years) 38.3+5.0
Males (%) 21 (87.5)
Smokers 1

BMI (kg/m?) 20.943.0
Duration of infection (years) 6.943.0
Duration of ART (years) 3.4
Total cholesterol (mg/dL) 222.8+64.7
LDL (mg/dL) 100.5+28.8
HDL (mg/dL) 41.248.0
Triglycerides (mg/dL) 212.5x71.2
Fasting blood sugar (mg/dL) 94.446.1
CD4 counts 112.5+113.4

0.47+0.09 0.47+0.09 0.44+0.09
34.616.4 36.0+5.4 36.2+6.7
21 (70) 16 (53.3) 18 (60)
3 4 3
22.6+2.8 20.2+1.7 22.9+21
5.0+4.6 6.31£3.0 Not applicable
Not applicable 5.0 Not applicable
157.8+40.1 201.7469.8 162.9+23.0
86.7+43.4 95.4+38.2 97.0+13.7
40.3+8.3 42.9+18.7 46.1+7.7
154.3+42.9 223.5+147.4 118.7+16.8
90.3+6.7 93.616.4 92.5+8.4
447.7+158.7 356.5+230.1 Not done

CIMT: Carotid intima-media thickness, BMI: Body mass index, ART: Antiretroviral therapy, LDL: Low density lipoprotein, HDL: High density lipoprotein

Table 3: Coefficients and their P values of different risk factors obtained by linear regression analysis

Unstandardized coefficients Standardized coefficients t Significant
B SE Beta
Constant 0.002 0.062 0.025 0.980
Age 0.001 0.001 0.184 1.372 0.178
Sex -0.003 0.007 -0.057 -0.362 0.719
Duration of infection 0.000 0.001 0.065 0.420 0.677
Duration of cART -0.001 0.002 -0.116 -0.713 0.480
Smoking -0.001 0.012 -0.015 -0.090 0.929
CD4 -4.248E-5 0.000 -0.431 -2.288 0.027
Total cholesterol 0.000 0.000 0.468 2.200 0.033
Triglycerides -5.255E-6 0.000 -0.028 -0.139 0.890
LDL -8.345E-5 0.000 -0.130 -0.735 0.466
HDL 8.672E-5 0.000 0.059 0.342 0.734
BMI 0.002 0.001 0.199 1.326 0.192
Fasting blood sugar 0.000 0.000 -0.038 -0.269 0.790

CIMT: Carotid intima-media thickness, BMI: Body mass index, LDL: Low-density lipoprotein, HDL: High-density lipoprotein, cART: Combination antiretroviral therapy,

SE: Standard error

CD4 count vs Intima media thickness
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Figure 1: Scatter plot showing significant inverse relationship of CD4
count with CIMT

However, there are other studies, which have
shown that there is no association between PI use
and increase in CIMT. A meta-analysis done in 2009
by Hulten concluded that HIV infection and PI
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Dependent Variable: CIMT
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Figure 2: Scatter plot showing significant direct relationship of
coefficients of CIMT with total cholesterol

exposure were not strong independent risk factors

of subclinical atherosclerosis.!"”! CIMT was used as
a marker of atherosclerosis. A study from Spain by
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Serrano-Villar et al. in 2012 did not find a significant
association between nucleoside analog or PI use and
increase in CIMT." A more recent study by Rose ef al.
in 2013 concluded that there was no significant
association between cART (both PI-based and non-PI
based regimes) and progression of atherosclerosis."”!

Our study adds strength to the evidence that PI-based
regime in HIV-infected patients may contribute to
accelerated atherosclerosis. The proposed mechanism
by which PIs induce accelerated atherosclerosis is
due to down-regulation of estrogen receptors. In a
recent study by Xiang et al. ritonavir was shown to
act as an antagonist for 17 B-estradiol in regulating
o subtype estrogen receptor function and early events
of atherosclerosis in Sprague-Dawley rats.["!

The other significant finding from our study was
that higher CIMT was associated with lower
CD4 count. This finding may suggest a role of
immunological changes in the pathogenesis of
accelerated atherosclerosis in patients surviving with
advanced HIV infection. Our study design does not
permit that question to be answered, and it may be
the topic for future research. It is also possible that
the significant association of lower CD4 count in the
subset of HIV patients on PI-based therapy and higher
CIMT in our study may be biased. PI-based therapy is
reserved for those who have failed first-line therapy.
A patient with failed first-line therapy will invariably
have falling or low CD4 counts and will be a candidate
for PI-based therapy, and this may have contributed
to the bias in that group. However, there are studies,
which have shown that advanced HIV infection due
to immune system dysregulation may itself be a risk
factor for atherosclerosis supporting the finding in
our study.”? A larger study designed to address that
question is needed.

Dyslipidemia has been linked to the use of cART,
especially Pl-based therapy and the finding in our
study may be linked to PTuse. We also found that total
cholesterol and triglyceride levels showed a higher but
nonsignificant trend in the non-PI based cART group.
This finding may merit further research with a larger
number of patients.

Strength of our study is the presence of age-matched
non-HIV-infected controls, group of patients not
exposed to ART, and as far as possible excluding
patients with traditional risk factors of atherosclerosis.
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The major limitation of this study is its cross-sectional
design and relatively small number of patients as it
is from a single center. There is no accepted absolute
value of CIMT correlating to increased cardiovascular
risk. The changes in CIMT when followed-up over
a period of time correlate better with such risk. We
measured CIMT and other metabolic parameters such
as total cholesterol, low-density lipoprotein levels, and
high-density lipoprotein levels at one particular time,
thus the effect of chronic exposure to cART and these
risk factors cannot be predicted unless these patients
are followed-up over a period of time.

CLINICAL IMPLICATIONS

Patients living with HIV infection are prone to
develop accelerated atherosclerosis. The pathogenesis
of atherosclerosis is likely to be multi-factorial. Our
study has demonstrated that patients on Pl-based
cART are more prone to develop subclinical
atherosclerosis. Advanced HIV infection and
dyslipidemia may also contribute to it. The accelerated
atherosclerosis will make these patients more prone
to acute coronary syndromes, myocardial infarction,
strokes, and peripheral vascular disease. Hence,
patients being placed on PI-based regimes and
patients with advanced HIV infection must be strictly
screened for traditional modifiable risk factors such as
hypertension, diabetes, smoking, dyslipidemia, etc.,
and intervention planned accordingly. Alternative
forms of cART may be considered if the patient has
multiple preexisting atherosclerosis risk factors.
These patients can be followed-up with periodic
CIMT screening to document an increase from
baseline.

DIRECTIONS FOR FUTURE RESEARCH

Prospective follow-up studies with larger number of
subjects can be planned to reinforce the findings from
this study and to find out new risk factors, which make
these patients more prone to atherosclerosis. Future
direction of studies can include the role of statins.
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