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ANTIRETROVIRAL THERAPY AND ARTERIAL ELASTICITY IN HIV-INFECTED PATIENTS
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Abstract Cardiovascular risk is increased in HIV-infected patients and has become a leading cause of morbi-
mortality in this population. The purpose of this study is to compare HIV-infected patients on antiret-
roviral therapy (ART) and ART-naive HIV-infected patients regarding arterial elasticity. From September 2010 to
September 2015, 105 HIV-infected subjects were enrolled, 41 ART-naive and 64 on ART with stable viral sup-
pression. Elasticity of large and small arteries (LAE and SAE) was assessed by analysis of radial pulse waveforms
using a calibrated device. A single set of measurements was performed. Multivariate linear regression models
were constructed to estimate independent correlates of arterial elasticity. On-ART and ART-naive patients were
similar with respect to gender, age, body mass index, Framingham cardiovascular risk score, smoking habits,
and CD4+ counts. Median time on treatment was 60 months and 79% of patients were on regimens based on
non-nucleoside reverse-transcriptase inhibitors. No significant differences in LAE and SAE assessments were
found between groups. However, time on ART and cholesterol levels were independently associated with LAE
impairment. No association between arterial elasticity and CD4+ counts was found. We conclude that cumulative
exposure to ART may play a role on LAE impairment and deserves further investigation.
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Resumen Tratamiento antirretroviral y elasticidad arterial en pacientes con infeccion por HIV. El riesgo
cardiovascular esta incrementado en los pacientes HIV seropositivos y se ha convertido en una de las
principales causas de morbimortalidad en esta poblacion. El objetivo de este estudio fue comparar la elasticidad
de grandes y pequeias arterias (LAE y SAE) en pacientes infectados por HIV con y sin terapia antirretroviral.
De septiembre de 2010 a septiembre de 2015 se enrolaron 105 pacientes con infeccion por HIV, 41 virgenes de
antirretrovirales y 64 con tratamiento estable en supresion viral. LAE y SAE fueron evaluados mediante analisis
de la onda de pulso radial. Se construyeron modelos de regresion lineal multiple para evaluar los predictores
independientes de la elasticidad arterial. Los grupos en tratamiento y naive fueron similares con respecto al
sexo, edad, indice de masa corporal, indice de Framingham, tabaquismo y recuento de CD4+. La mediana de
tiempo en tratamiento antirretroviral fue 60 meses y el 79% de los pacientes recibieron inhibidores no nucleosi-
dicos. No hubo diferencias significativas entre los grupos en los valores de LAE y SAE. Sin embargo, el tiempo
en tratamiento y el nivel de colesterol plasmatico se asociaron independientemente con deterioro de LAE. No
observamos asociaciones entre la elasticidad arterial y los recuentos de CD4+. Concluimos que la exposicion
acumulada al tratamiento antirretroviral podria contribuir al deterioro de la LAE. Este hallazgo merece ulterior
investigacion.
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The prevalence of cardiovascular disease has in-
creased in HIV-infected patients and represents a major
cause of morbidity and mortality in this population®. This
rise in cardiovascular risk has been attributed to metabolic
changes related to antiretroviral therapy (ART) exposure?,
a higher prevalence of the traditional risk factors for
atherosclerosis® 4, and the effects of HIV infection itself®.
ART interruption has also been associated with a higher
cardiovascular risk as compared with continuous therapy®.
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Data from previous studies have indicated increased
arterial stiffness in patients with uncontrolled infection as
compared with age matched HIV negative controls” 8. Fur-
thermore, several studies have linked prolonged exposure
to ART with greater stiffness®'!, whereas others have
demonstrated improvements in endothelial function in
patients after starting treatment'2.

This study aims to assess the elasticity of large and
small arteries in ART-naive and ART-treated HIV-infected
patients, and to examine the association of cumulative
exposure to ART with impaired arterial elasticity.

Materials and methods

In this cross sectional study, HIV-infected patients attending
the HIV Unit of the Hospital J. M. Ramos Mejia (Buenos Aires)
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were asked to participate if they were receiving effective ART
(defined as HIV RNA levels of < 50 copies/ml for at least 12
months), or if they were ART-naive (defined as never having
received previously any type of antiretroviral therapy, includ-
ing mother to child prophylaxis) with CD4 cell counts > 350
cell/mm3. Subjects with known cardiovascular disease were
excluded as were pregnant women and patients with active
bacterial infections or systemic vasculitis, as these conditions
may affect measurements.

All participants provided informed consent prior to this
study, which was approved by the Ethics Research Committee
of the Hospital J M Ramos Mejia.

Patients attended a single visit in which they were admin-
istered a structured questionnaire, an electrocardiogram, the
arterial elasticity assessment and a peripheral blood draw. The
structured questionnaire included topics such as demographic
characteristics, smoking habits, use of illicit drugs, history of
diabetes mellitus or arterial hypertension and concomitant
medications. Medical records were reviewed for detailed data
regarding time from HIV diagnosis, type and duration of ART,
hepatitis C status, current and nadir CD4+ lymphocyte cell
counts and HIV-RNA levels. Total cholesterol and triglycerides
were measured using standardized methods at the central lab-
oratory of the hospital after fasting for a minimum of 8 hours.
Body Mass Index was calculated as weight (in kilograms)
per height (in square meters). Hypertension was defined as
a systolic blood pressure > 140 mmHg or a diastolic blood
pressure > 90 mmHg or the use of antihypertensive drugs.

Diabetes mellitus was defined by fasting glucose > 126
mg/dl or current treatment.

Elasticity of large and small arteries (LAE and SAE, respec-
tively) were derived from the radial diastolic pulse waveform
analysis using a calibrated device model CR-2000 (Vascular
Profiler Hypertension Diagnostics Inc., Eagan, MN). Radial
pulse waveform analysis is a non-invasive technique based
on the Windkessel model'® that provides information regarding
elasticity of large (aorta and conduit arteries) as well as small
arteries (peripheral branches and microvascular components).
Its rationale and procedures have been previously described,
and this technique has been widely used in large cardiovas-
cular cohorts'16,

Subjects were examined in supine position after resting
for at least 10 minutes in a quiet room. A tonometer sensor
was placed at the dominant wrist over the radial artery in
order to record the pulse contour. Once a stable 30-second
measurement of the radial pulse waveform was achieved,
an analog tracing was digitized at 200 samples per second,
excluding the dicrotic notch, and stored in a personal com-
puter system. During the arterial elasticity assessment, an
automated blood pressure measurement was performed on
the contralateral arm.

The pulse waveform has two peaks within the diastolic
curve: the first reproduces the capacitance of the proximal
aorta, and the second represents the oscillatory wave of the
elasticity in smaller arteries. The device brings the informa-
tion of the LAE (expressed in mlI/mmHg x 10) and SAE (in ml/
mmHg x 100) for each measurement performed. For analysis,
we used the average of three consecutive measurements
made for each patient separated by a 10-minute period. Caf-
feine ingestion and cigarette smoking were not allowed within
8 hours of examination.

All measurements were performed by a trained investigator
who was unaware of the patients’ clinical data.

Descriptive statistics are reported as means + SDs or
medians with interquartile range for continuous data (IQR) or
percentage for categorical variables. Univariate linear regres-
sion examined the degree of association between LAE, SAE
and either clinical or HIV-related variables. A multivariate
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model was constructed including all the variables that had
a p value < 0.05 in the univariate linear regression or were
considered relevant according to previous data. All analyses
were performed using SPSS 20.0 statistical software.

Results

Demographic and clinical characteristics of the 105 par-
ticipants are presented in Table 1. Overall, 68.5% of the
patients were male, with a mean age of 35 years and a
median time of 6 years from HIV diagnosis. Both the ART
(n: 64) and ART-naive groups (n: 41) were similar with
respect to sex, age, body mass index, smoking habits,
triglycerides, Framingham risk score, hepatitis C status,
hypertension history, and CD4+ counts at the time of the
study. A higher proportion of patients in the naive group
were men who have sex with men (61% vs. 34%), and as
expected, the ART group had a significantly lower CD4+
cell count nadir and a longer time from HIV diagnosis.

Median HIV RNA for the ART-naive patients was 26
419 copies/ml.

Twelve patients in the ART group and thirteen patients
in the ART-naive group had reported inhaled cocaine
abuse. Of them, two patients in the ART group and one
patient in the ART-naive group had a history of intrave-
nous drug use (> 5 years ago), but none of the patients
reported current drug use.

One diabetic patient was part of the ART-naive group.
Two and three patients in the ART and ART-naive groups,
respectively, were taking antihypertensive medications (4
patients with a regimen of enalapril, and 1 patient with am-
lodipine). None of the patients used lipid-lowering drugs.

Two patients (one from each group) were coinfected
with HCV.

Most of the patients on ART (76.5%; 49/64) were on
efavirenz, a non-nucleoside reverse-transcriptase inhibitor
and 18.7% (12/64) on protease inhibitor-containing regi-
mens, with a median time of exposure to ART of 60 months
(IQR: 25-97 months).

We found no significant differences between the
groups in median LAE for patients on ART: 16.86 (IQR:
13.63-18.90 ml/mmHg x 10) compared with ART-naive
subjects: 17.30 (IQR: 14.21-18.70 ml/mmHg x 10) p: 0.53.
Differences in SAE measurements did not reach statistical
significance either: median 6.83 (IQR: 5.56-8.96 ml//mmHg
x 100) for patients on ART and 7.80 (IQR: 6.30-9.56 ml/
mmHg x 100) for ART-naive group; p: 0.18).

When assessing factors associated with LAE and
SAE among the entire study population (Table 2), older
age and male sex were associated with changes in SAE,
but only male sex remained as a significant predictor in
multivariate regression.

On the other hand, LAE exhibited a significant inverse
relationship with total and low density lipoprotein choles-
terol levels, years since HIV diagnosis and time on ART.
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TABLE 1.— Clinical, immunological, and virological characteristics of the study participants, overall and

according to ART status
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Total ART-naive group On-ART group

N: 105 (n: 41) (n: 64)
Mean age (SD), yrs 35 (£7) 34 (£9) 36 (+6)
Male sex % (n) 68.5 (679) 78 (32) 62.5 (40)
Body mass index, median (IQR) 24.4 (22.0-26.7) 24.4 (22.1-26.6) 24.4 (21.7-26.7)
MSM,* % (n) 44.7 (47) 61.0 (25) 34.4 (22)
Current smoking, % (n) 43.8 (46) 48.8 (20) 40.6 (26)
Arterial blood pressure, median (IQR) 84.5 (79-90) 84.5 (79.5-91) 84.5 (78-90)
History of cocaine abuse, % (n) 23.8 (25) 31.7 (13) 18.7 (12)
Framingham risk score, median (IQR) 1 (<1-2) 1 (<1-2) 1 (<1-2)
Current CD4+ cell counts, median (IQR) 505 (387-703) 526 (427-723) 493 (360-700)
Nadir CD4+ cell counts, median (IQR) 285 (167-449) 481 (360-556) 189 (114-280)
Total cholesterol levels, median (IQR), mg/dl 178 (154-202) 157 (145-182) 186 (165-206)
LDLcT levels, median (IQR), mg/dl 106 (85-129) 95 (83-116) 111 (87-133)
Triglycerides levels, median (IQR), mg/dl 118 (80-164) 114 (77-151) 123 (84-172)
Years from HIV diagnosis, median (IQR) 6 (2-10) 3 (1-4) 7 (3-12)
Years on ART, median (Range) - 4 (1-12)
NNRTI* exposure, % (n) - 78.1 (50)

*MSM: Men who have sex with men; TLDLc: Low density lipoprotein cholesterol; *NNRTI: Non-nucleoside reverse-transcriptase

inhibitors; IQR: Interquartile range.

In a multivariate analysis including age, sex, body mass
index, cocaine abuse, years since HIV diagnosis, CD4+
nadir, triglycerides, total cholesterol, and time on ART,
only the last two variables remained as independent fac-
tors associated with LAE.

We did not observe significant differences between
arterial elasticity and current or nadir CD4+ counts.

Discussion

In this study, we found no differences in LAE and SAE
between ART-naive patients and well-controlled HIV
subjects receiving ART. However, cumulative exposure to
ART appeared to be associated to the impairment of large
arterial elasticity in a cohort of patients mainly exposed to a
non-nucleoside reverse-transcriptase inhibitor (efavirenz).

Recently, data from the START arterial elasticity sub-
study was presented'”. Authors found that immediate ART
initiation did not modify significantly small or large arterial
elasticity when compared to deferred ART initiation. Fur-
thermore, the treatment groups did not show significant
within-person changes in arterial elasticity during the
follow-up period.

It should be noted, however, that the median time
from HIV diagnosis in the START arterial elasticity sub-
study was 1.3 years compared to 6 years in our study.
Furthermore, in START, median time on ART was 30 and
7 months in the early and deferred groups respectively.

Patients in our study were exposed longer to ART, with
a median of 60 months and a maximum reaching 108
months. Our results are consistent with results of previ-
ous studies suggesting association of an increased arte-
rial stiffness with a longer duration of ART. Indeed, in an
investigation conducted by Sevastianova et al°, duration
of antiretroviral therapy (p: 0.046), cumulative exposure
to nucleoside reverse transcriptase inhibitors (p: 0.032),
and protease inhibitors (p: 0.011) were identified as
independent factors predicting the heart rate corrected
augmentation index. In the study by Schillacchi et al™,
cumulative duration of treatment was a predictor of aortic
pulse wave velocity, each 5 years of treatment duration
being independently related to a 1.35 m x s-1 increase
in pulse wave velocity. Carotid intima-media thickness,
arterial stiffness and other markers of endothelial function
were compared in a study by van Vonderen et al'® involv-
ing 37 treatment-naive men following the initiation of two
different ART regimens. Carotid intima-media thickness
and femoral arterial stiffness increased after 24 months
of ART, whereas serum markers of endothelial function
improved regardless of the ART composition.

Furthermore, in our study, patients had initiated ART
at a lower CD4+ nadir than those in the START arterial
elasticity sub-study. In previous reports, initiation of anti-
retroviral therapy at higher nadir CD4+ T-cell counts was
associated with reduced arterial stiffness in HIV-infected
patients'®2°. However, other studies failed to demonstrate
this association?'.
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TABLE 2.— Large and small arteries elasticity. Univariate and multivariate associations

Elasticity of large arteries
Univariate analysis

Multivariate analysis

Elasticity of small arteries
Univariate analysis Multivariate analysis

Regression p Regression p Regression p Regression p
coefficient coefficient coefficient coefficient
(95% ClI) (95% ClI) (95% Cl) (95% CI)
Age (per year)* -0.06 0.342 0.12 -0.07 0.020 -0.03 0.388
(-0.17 to 0.06) (-0.08 to 0.32) 0.240 (-0.12 to -0.01) (-0.10 to -0.04)
Male sex* 0.95 0.290 0.41 0.712 1.14 0.011 1.21 0.026
(-0.82 to 2.73) (-1.80 to 2.61) (0.27 to 2.07) (0.15 to 2.27)
MSMT 0.91 0.281 0.58 0.175
(-0.75 to 2.56) (-0.26 to 1.41)
Smoking 0.00 0.990 -0.34 0.421
(-1.68 to 1.68) (-1.17 to 0.50)
Cocaine abuse* 1.89 0.052 0.63 0.641 0.43 0.385 0.29 0.653
(-0.01 to 3.80) (-2.08 to 3.35) (-0.55 to 1.41) (-0.99 to 1.58)
Body mass index* -0.18 0.095 0.19 0.194 -0.06 0.303 0.09 0.245
(-0.03 to 0.03) (-0.06 to 0.45) (-0.16 to 0.05) (-0.07 to 0.25)
Years since HIV -0.17 0.021 0.89 0.520 -0.06 0.125 0.07 0.887
diagnosis (-0.32 to -0.02) (-1.87 to 3.63) (-0.13 t0 0.02) (-0.84 t0 0.97)
(per year)*
CD4+ nadir (per 100 0.23 0.292 0.40 0.13 0.810 -0.10 0.616
cell/mm?3)* (-0.27 to 0.65) (-0.32 to 1.02) (-0.23 to 0.24) (-0.35 to 0.27)
Total cholesterol (per -0.34 0.004 -0.32 0.040 -0.10 0.102 -0.05 0.480
10 mg/dl)* (-0.57 to -0.11) (-0.61 to -0.01) (-0.22 to 0.02) (-0.19 to 0.10)
LDLc" (per 10 mg/dl) -0.33 0.017 -0.06 0.379
(-0.60 to -0.06) (-0.21 to 0.08)
Triglycerides (per 10 -0.09 0.074 -0.07 0.270 -0.03 0.268 -0.03 0.347
mg/dl)* (-0.18 to 0.01) (-0.19 to 0.06) (-0.08 to 0.03) (-0.11 to 0.04)
Framingham (per 1%) -0.02 0.872 -0.04 0.540
(-0.28 to 0.24) (-0.17 t0 0.89)
NNRTI* exposure (vs. 0.50 0.678 -0.87 0.195
protease inhibitors) (-1.90 to 2.90) (-2.22 to 0.46)
Time on ART (per -0.24 0.013 -0.43 0.007 -0.04 0.491 -0.14 0.126

year)* (-0.42 to -0.05) (-0.69 to -0.11)

(-0.15 to 0.07) (-0.32 to 0.04)

IMSM: Men who have sex with men; tLDLc: low density lipoprotein cholesterol; tNNRTI: Non-nucleoside reverse-transcriptase inhibitors

*Included in multivariate regression model

Previous works focused on the effects of HIV infection
itself on arterial walls reported worsening arterial elasticity,
based on comparisons of HIV-infected patients with non-
infected subjects. In a cross sectional study using pulse
waveform analysis to compare 32 ART-naive subjects with
30 HIV-negative controls, HIV infection was associated with
the impairment of both LAE and SAE, even after adjusting
for traditional cardiovascular risk factors®. In another cross
sectional study?? that compared arterial elasticity via pulse
wave velocity in 174 HIV-infected patients and 80 healthy
controls, virologically suppressed patients showed similar
arterial elasticity to non infected subjects. More recently,
Leite et al®® reviewed clinical studies published between

2009-2016 in adult populations to summarize some of the
current evidence concerning the association between HIV
infection and aortic stiffness. All the 18 studies included
compared HIV infected and uninfected patients. They found
discordant results regarding whether HIV-positive patients
had increased aortic stiffness compared with HIV-negative
controls; the main determinants of aortic stiffness reported
in these series were associated to traditional cardiovascu-
lar risk factors such as age, blood pressure, smoking and
metabolic syndrome. On the other hand, some HIV-related
variables —including CD4/CD8 ratio, current or nadir T-CD4
cell counts < 200/mm3— were also associated to an increase
in aortic stiffness.
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In our study, most patients were on efavirenz. Efa-
virenz use has previously been not only associated to
increase arterial stiffness but also to elevate markers of
atherosclerosis?.

While considering small arteries, female sex was as-
sociated to decreased elasticity, in line with other reports®®
while advancing age did not reach level of significance in
our multivariate analysis.

There are several limitations to our study. Its cross-
sectional design does not allow for the establishment of
causality when examining relationships between arterial
elasticity and predictor variables. It is worth noting that we
were able to enroll naive patients with a long time from HIV
diagnosis because we started this study before the launch-
ing of the 2015 WHO guidelines® recommending that ART
should be initiated in everyone living with HIV, independently
of the CD4+ cell counts. On the other hand, it includes heavily
treated patients with a long time since HIV diagnosis.

Our finding demonstrating an association between cu-
mulative exposure to ART and decreased LAE is intriguing
and deserves further investigation.
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