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ABSTRACT

Antiretroviral therapy (ART) in HIV-infected patients has been associated with an increased risk of cardio-
vascular disease. This study evaluates vascular endothelial dysfunction of the peripheral circulation in Brazil-
ian HIV-infected subjects on ART or naive to ART compared to a control group matched for age and body
mass index (BMI). We performed a cross-sectional comparative study to measure postischemic peak flow-me-
diated dilation (FMD) of the brachial artery and the response to glyceryl trinitrate (GTN) in HIV-infected
patients and healthy controls in Salvador, Bahia, Brazil. Endothelial vasomotor function was evaluated by as-
sessing brachial artery FMD. Forty-four HIV-infected individuals (33 ARV treated and 11 ART naive) were
compared to 25 healthy controls matched for age and BMI. FMD % was significantly lower for the ART-ex-
perienced patients compared to the ART-naive patients and was also significantly different from controls
(ART experienced 8.2 � 6.0% vs. 19.3 � 4.8% vs. 23.3 � 6.1%), respectively (p � 0.0001). The cholesterol,
triglyceride, and ALT levels were significantly higher in the ART-experienced group compared to the ART-
naive and control subjects (p � 0.028); however, linear regression analysis revealed a statistically significant
association of endothelial dysfunction as a dependent variable only with ARV treatment in HIV-infected sub-
jects (p � 0.03). The association of endothelial dysfunction with ARV therapy in HIV-infected patients was
independent of protease inhibitor-containing regimens or dyslipidemia. This dysfunction may contribute to
the risk for HIV-associated atherosclerosis.
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INTRODUCTION

ANTIRETROVIRAL (ARV) DRUG combination therapy has pro-
foundly altered both the course and prognosis of disease in

HIV-infected persons.1 Whereas the advent of protease inhibitor-
containing antiretroviral regimens was associated with a dramatic
decrease in morbidity and mortality and with improved quality of
life for HIV-infected treated patients, long-term adverse reactions
have been linked to metabolic changes such as insulin resistance,
abnormalities in lipid metabolism, Lipodystrophy, and increased
risk of myocardial infarction and coronary artery calcification.2

Among the most robust prospective observational cohort studies
in HIV-infected individuals is the D:A:D cohort; data from this
cohort were recently published demonstrating an increased inci-
dence of myocardial infarction in HIV-infected persons associ-

ated with the duration of exposure to protease inhibitor (PI)-based
regimens but not with nonnucleoside reverse transcriptase inhib-
itor (NNRTI)-based therapy.3

The mechanisms involved in increased atherogenesis in HIV-
infected populations remain elusive.4–6 It has been demon-
strated in murine and human studies that ARV drugs may in-
duce endothelial dysfunction.7,8 Several clinical studies found
endothelial function to be impaired in HIV-infected persons on
PI-containing regimens. Also, the correlation between CD4�

cell counts, viral load, and flow-mediated dilation supports the
notion of infection/inflammation and ARV drugs as factors as-
sociated with endothelial dysfunction.9–12 Flow-mediated va-
sodilation (FMD) of the brachial artery, as measured by high-
resolution ultrasound, has been shown to be significantly lower
in HIV-infected individuals than historical or uninfected
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controls.13–15 Also, impaired FMD has been detected in HIV-
infected children independent of antiretroviral therapy.16 Re-
cently, two studies have documented that endothelial dysfunc-
tion is associated with either high HIV viral load independent
of PI therapy17 or with ARV treatment even in HIV-infected
individuals with low risk for cardiovascular disease based on
analysis of other risk factors.18

The following data represent a cross-sectional study we per-
formed of endothelial function in HIV-infected patients who
were on ARV therapy or were naive to ARV treatment com-
pared to healthy controls matched for age and body mass in-
dex (BMI) in Brazil.

MATERIALS AND METHODS

Study design

We performed a cross-sectional comparative study to mea-
sure postischemic peak FMD of the brachial artery and the re-
sponse to glyceryl trinitrate (GTN) in HIV-infected patients and
healthy controls in Salvador, Bahia, Brazil.

Study population

A total of 150 HIV-infected individuals were screened to en-
roll 44 eligible participants in the study (33 ARV treated and
11 naive) according to prespecified inclusion and exclusion cri-
teria; 25 healthy controls matched for age and BMI were also
recruited. Among the ARV-treated patients 20 were on PI-con-
taining regimens and 13 were on NNRTI-containing regimens.
HIV-infected participants were included if they were adult pa-
tients with a confirmed diagnosis of HIV, aged 18–56 years old,
ART naive, or on continuous treatment with highly active an-
tiretroviral therapy (HAART) (defined as three ARV drugs from
two ARV classes) for at least 6 months, and a Karnofsky per-
formance status of �80%.18,19

Exclusion criteria included at least one of the following con-
ditions: previous history of cardiomyopathy, hypertensive disease
(diastolic pressure �90 mm Hg, systolic �140 mm Hg), thyroid
dysfunction, use of anovulatory agents, severe liver disease, the
presence of sustained arrhythmia, chronic pulmonary obstructive
diseases, diabetes mellitus, renal failure, major systemic illness,
current use of hormone therapy or lipid-lowering drugs, hemo-
globin levels �8.0 g/dl, and body mass index �30 kg/m2. Also,
patients were excluded if they had evidence of any inflammatory
condition at the time testing was performed, were current smok-
ers, or had a family history of premature coronary artery disease.
A control group of 25 healthy individuals with normal lipid lev-
els and matched for age and BMI was also studied. The study was
approved by the two institutions participating in the study: the
University Hospital Professor Edgard Santos, Salvador, Bahia,
Brazil, and the HIV/AIDS Reference Center (CREAIDS ) of the
state of Bahia, Brazil, and was reviewed by the local and National
Ethics Research Committee in Brazil. All subjects gave informed
consent prior to enrolling in the study.

Laboratory evaluation

Venous blood was obtained after a 10–12 h fast with the sub-
ject resting in a semirecumbent position. Hemoglobin levels,
total serum cholesterol, high-density lipoprotein (HDL) cho-

lesterol, and triglyceride levels were measured by an enzyme
colorimetric method. Serum low-density lipoprotein (LDL)
cholesterol was a calculated value based on the modified
Freidewald formula: LDL cholesterol � total cholesterol �
(0.46 � triglyceride) � HDL cholesterol, where all values are
in mmol/liter. When serum triglyceride levels exceeded 5.0
mmol/liter, direct measurement of LDL cholesterol was under-
taken retrospectively, using an enzymatic colorimetric assay.
Virological and immunological assessments were carried out in
the HIV State reference laboratory. These included measure-
ment of plasma HIV RNA levels (Roche Amplicor HIV mon-
itor, version 1.5, Ultrasensitive 	50 copies/ml limit of detec-
tion) and T cell subset analysis by flow cytometry, including
absolute and percentage CD4� and CD8� cell counts/mm3.
BMI was calculated according to the nomogram of kg/m2.

Vascular measurements

Ultrasonography was carried out with a GE VIVID 3 Expert
ultrasound system and scans were analyzed by a trained oper-
ator using high-resolution ultrasound equipped with a 7.5–12
MHz linear array transducer and computerized edge-detection
software. Doppler speed was 50 mm/s with a 4000-Hs filter.
Subjects were studied following published methods for ultra-
sound assessment of endothelial-dependent flow-mediated bra-
chial artery vasodilation.20 Briefly, all subjects were fasted for
at least 8–12 h before the study, then were allowed a light low-
fat breakfast. In addition, subjects were asked to refrain from
exercise and from ingestion or use of substances that might
affect FMD, such as caffeine, high-fat foods, vitamin C, or to-
bacco, for at least 4–6 h before study procedures were per-
formed. All patients were evaluated in a quiet, 22°C tempera-
ture-controlled room. All vasoactive medications were avoided
24 h prior to the examination. ARV medications were allowed
for those patients on ART at the time they entered the study.

During the ultrasound procedure, a high-resolution trans-
ducer was placed 5–10 cm proximal to the antecubital crease
of the right arm. A pneumatic cuff was placed around the sub-
ject’s left up arm, and after scanning the baseline artery diam-
eter for 2 min, the cuff was inflated to 50 mm Hg above sys-
tolic pressure for 5 min and was then released to induce reactive
hyperemia. Continuous recording of scanned longitudinal im-
ages of the artery was initiated after 60 s of cuff deflation and
continued for a further 5 min. A second resting scan was
obtained at least 10 min after cuff deflation to ensure that the
brachial artery diameter returned to the basal level prior to sub-
lingual administration of GTN (5 mg). The artery was subse-
quently scanned for a further 5–6 min. Images were recorded
on CD ROM for retrospective analysis. Projections and echo-
graphic measurement were performed simultaneous with EKG
II derivation.20,21

Analyses of postischemic FMD of the brachial artery and the
response to GTN were analyzed using highly sensitive software
designed by Medware Brazil. An observer visually determined
the section of the artery providing the most consistent image
during the period of flow-mediated dilation and baseline and
subsequent measurements were confined to this area. This tech-
nique was repeated to allow separate analysis of the endothe-
lium-independent response to GTN. All diameter measurements
were R-wave gated on the electrocardiogram and performed in
a blinded fashion. R-wave diameters were continuously
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recorded throughout the entire study allowing objective deter-
mination of peak flow-mediated dilation. Data are presented as
percentage changes in brachial artery diameter from baseline in
response to ischemia (FMD) and GTN. At the end of the ex-
amination, subjects were hydrated orally with 500 ml of water
and rested in a horizontal position for 5–10 min before being
allowed to stand up.

Statistical analysis

Data analysis used the statistical program SPSS version 11.5.
All quantitative variables in the text are expressed as mean 

SD (standard deviation). A univariate analysis of quantitative
variables was performed by use of ANOVA or nonparametric
tests for comparing demographic, lipid, metabolic, and im-
munological data, protease inhibitor use, and physiological vari-
ables among the two patient and control groups. For continu-
ous variables, the normality of data distribution was assessed
using the Shapiro Wilk test. For multiple comparisons Turkey
adjustments were made. If the Levene test indicated unequal

variances, the nonparametric Kruskal–Wallis test was used. The
Pearson product–moment coefficient of correlation (r) (two-
tailed) was computed to identify relationships between vari-
ables. Multivariate linear regression analysis was performed
with FMD as the outcome incorporating variables associated in
the univariate analysis to establish the predictive power of vari-
ables associated with FMD and GTN percentage. p 	 0.05 was
considered statistically significant.

RESULTS

Demographic characteristics of the study groups

A total of 150 HIV-infected subjects were randomly selected
from two clinic populations in Salvador, Bahia, Brazil to par-
ticipate in the study. Thirty-five individuals were excluded for
the following reasons: 8 had arterial hypertensive disease, 3 had
diabetes mellitus, 6 were smokers, 3 had an acute inflamma-
tory process at the time of evaluation, and 15 had a family his-
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TABLE 1. GROUP COMPARISONS OF DEMOGRAPHIC, METABOLIC, AND IMMUNOLOGICAL PARAMETERS, AND VASCULAR FUNCTIONa

HIV-infected individuals

Antiretroviral therapy
Healthy

Yes No individuals

Mean SD Mean SD Mean SD p

Demographics
Age (years) 39.2 8.5 33.8 6.4 441.7 12.3 0.054
Male:female 22:11b 3:8b 8:17b 0.011
Body mass index (kg/m2) 22.1 2.4 23.0 2.4 23.3 3.0 0.2
Systolic blood pressure 115.8 11.4 112.3 7.5 118.0 8.4 0.22
Diastolic blood pressure 76.5 8.9 78.2 9.8 75.2 7.4 0.58

Metabolic status
Total chol (mmol/liter) 5.1 0.8 4.5 0.6 4.5 0.6 0.028c

HDL chol (mmol/liter) 1.2 0.3 1.4 1.2 1.4 0.5 0.19
LDL chol (mmol/liter) 3.1 0.7 2.8 0.7 2.6 0.7 0.157
TG (mmol/liter) 1.7 1.1 1.4 1.3 1.0 0.5 0.023d

Glucose (mmol/liter) 4.9 0.5 5.0 0.6 4.7 0.5 0.321
Uric acid (mg/dl) 5.4 1.4 5.8 1.2 4.6 1.1 0.022e

Creatinine (mmol/dl) 0.9 0.3 0.9 0.3 0.8 0.2 0.262
Aminotransferase (AST) U/liter 32.6 23.8 24 5.8 24.3 5.6 0.572
Alanine (ALT) U/liter 39.9 26.5 23.5 6.4 24.7 5.6 0.004f

Immunological status
CD4 count (106/1) 382.5 219.3 487.6 152 ND ND 0.095

Virological status
Viral load (log10) 2.4 2.2 3.4 2.3 ND ND 0.27

Vascular function
Baseline artery diameter (mm) 3.5 0.7 3.38 0.7 3.32 0.75 0.36
FMD (%) 8.2 6.0 19.3 4.8 23.3 6.1 	0.0001
GTN (%) 13.4 6.3 13 6.9 ND ND 0.86

aTotal chol, total cholesterol; TG, triglyceride; FMD %, flow-mediated dilation; GTN (%), responses to glyceryl trinitrate-
mediated dilation; ARV, using antiretroviral therapy.

bProportion.
cHIV/ARV versus healthy individuals (0.015).
dHIV/ARV versus healthy individuals (0.04).
eNo. intergroup significance.
fHIV/ARV versus healthy individuals (0.036) and HIV/non-ARV (0.01).



tory of premature coronary heart disease. Thirty individuals re-
fused participation in the study and 41 did not show up for the
laboratory evaluations. The remaining study population was
composed of 69 participants, 44 HIV-infected individuals and
25 age- and BMI-matched healthy controls. Among the 44 HIV-
infected individuals, 11 (25%) were naive to ARVs and 33 (75

%) were on HAART for a total duration of 35.3 
 30.0 months
(median 25 months, range 2–144 months).

There were 25 (57%) males and 19 (43 %) females in the
HIV-infected groups, with a mean age of 38 
 8.3 years (range
21–56 years), and 8 (32%) males and 17 (68%) females, with
a mean age of 41.7 
 12.3 years (range 20–56 years) in the
control group. Table 1 summarizes the baseline characteristics
of the enrolled individuals. The only statistically significant dif-
ference was in the proportion of males and females among HIV-
infected individuals who were ARV naive versus those who
were ARV treated (p � 0.01).

Vascular function

The overall mean FMD % for all HIV-infected subjects was
10.9 
 7.5 (range 1.47–35.7) compared to the healthy control
group 23.3 
 6.1 (range 10.77–35.4). There were no significant
differences between HIV-infected patients and controls in the
baseline brachial artery diameter, but FMD % was significantly
lower for HIV-infected patients on HAART vs. controls and vs.
HIV-infected ARV-naive patients (p � 0.0001). Figure 1 de-
picts these comparison data. Also, no statistically significant
difference was noted among those 20 patients on PI-containing
regimens vs. those on NNRTI regimens. There was no statisti-
cally significant difference in the endothelial independent re-
sponses to GTN for patients in the HIV/ARV-treated group vs.
the HIV/ARV-naive patients; the FMD % poststimulus was
13.4 
 6.3 vs. 13.0 
 6.9, respectively (p � 0.86).

Analyses of metabolic and other 
laboratory parameters

Comparisons among the three study groups for demographic,
clinical, metabolic, and immunological parameters as well as
vascular function are presented in Table 1. Significantly higher
total cholesterol (p � 0.03) and triglyceride levels (p � 0.02)
were noted in the HIV/ARV-treated group compared to the
HIV/ARV-naive group and controls. Also, uric acid (p � 0.02)
and ALT (p � 0.004) plasma levels were significantly higher
in the HIV-infected patients compared to the controls. A post
hoc test for significant variables among the three groups con-
firmed the statistical significance of total cholesterol for com-

ANDRADE ET AL.30

N�

0
25 11 7

Healthy ARV (1–11 mo)
25

AIDS-ARVn

ARV Use

ARV (12 or more mo)

10

20

F
lo

w
 M

ed
ia

te
d 

D
ila

ta
tio

n 
(%

)

30

40

TABLE 2. MULTIVARIATE LINEAR REGRESSION MODEL OF FMD %, INCORPORATING VARIABLES

ASSOCIATED IN THE UNIVARIATE ANALYSISa,b

Variables B SE B � t p

Constant 30.886 7.234 4.270 0.00
HIV infection �4.618 2.276 �0.243 �2.029 0.05
Use of ARV �7.049 3.239 �0.378 �2.176 0.03
Time of ARV over 12 months �5.317 2.884 �0.273 �1.843 0.07
Sex (female) �1.165 1.690 �0.063 �0.689 0.49
Age �0.107 0.077 �0.117 �1.390 0.17
Triglycerides �0.006 0.009 �0.058 �0.650 0.52
Use of PI �0.296 2.438 �0.014 �0.121 0.90

aR2 � 0.64; adjusted R2 � 0.59; ARV, antiretroviral therapy.
bMultivariate linear regression analyses were undertaken to assess the variables associated with

flow-mediated dilation of the brachial artery (FMD) in the univariate analysis. No other variables
were significantly associated with the FDM other than the use of the ARV (p � 0.02) in the model.

FIG. 1. Brachial postischemic flow-mediated dilation (FMD
%) of HIV-infected individuals with and without ARV therapy
experience compared with normal individuals. AIDS-ARVn,
AIDS patients naive to ARV therapy; ARV (1–11 mo), AIDS
patients on ARV therapy for 1–11 months; ARV (12 or more
mo), AIDS patients on ARV therapy for 12 or more months.
Box plot showing differences among the study groups. The lines
in the boxes are the median values; the borders of the boxes
represent 25% and 75% quartiles. The arrows are the maximum
and minimum excluding the outlier (open circle).



parisons of the HIV/ARV vs. control group (p � 0.015), triglyc-
eride levels of HIV/ARV vs. the control group (p � 0.04), and
ALT of HIV/ARV vs. either the ARV-naive or the control group
(p � 0.036 and p � 0.01, respectively ) but not uric acid (p �
0.06). Multivariate linear regression analyses were undertaken
to assess the association of FMD % variability and the other
parameters studied. Linear regression analyses revealed that no
factor other than use of ARV therapy was associated with low
FMD % responses postischemic stimulus (Table 2). Also, anal-
ysis of associations between the duration of ARV therapy and
FMD % was not statistically significant for those with less than
12 months compared to those who received HAART for 12 or
more months. There was no significant difference in FMD %
for those receiving protease inhibitor-containing regimens com-
pared to nonprotease inhibitor-containing regimens.

Since there was a statistically significant difference in the
proportion of men to women participants among the study
groups, an analysis by sex/gender was performed to assess sex
influence on the results. Table 3 shows the comparison of FMD
% among male and female participants in the study; no differ-
ences were noted.

DISCUSSION

Endothelial dysfunction is a key event in the initiation and
progression of atherosclerotic vascular disease.22 In this cross-
sectional study of endothelial function in HIV-infected patients
we demonstrated that the vascular reactivity of HIV-infected
patients is impaired overall and more profoundly in those on
ARV treatment compared to ARV-naive individuals.

The study of endothelial function in HIV infection and the
influence of antiretroviral treatment on endothelial function
constitute an exciting new field in clinical research.9,11,16 Cur-
rent data suggest that ARV therapy and protease inhibitors in
particular are independently associated with an increased risk
for cardiovascular morbidity and mortality.3,23–28 The largest
observational experience is reported from the D:A:D multina-
tional cohort study initiated in 1999, which has enrolled more
than 23,468 prospectively followed adult subjects; this study
demonstrated an increased risk of coronary heart disease asso-
ciated with the use of ARV therapy. The relative risk was 1.26
(95% CI 1.12–1.41) per additional year of ARV exposure25 with

the highest risk associated with the use of protease inhibitor-
based regimens.3

Endothelial dysfunction is characterized by decreased nitric
oxide (NO) bioavailability, with further endothelial “activation”
leading to a proinflammatory proliferative and prothrombotic
state of the endothelium.29 The observed accelerated rate of ath-
erosclerosis could either be caused directly by virus infection
or other infection of the endothelium itself or by a side effect
of chronic uses of therapeutic drugs.30,31

Experimental studies demonstrate a direct impact of HIV-1
components in the genesis of endothelial dysfunction.32,33 This
may explain the endothelial dysfunction documented in our pa-
tients naive to ARV with no other known risk factors for car-
diovascular disease. A similar association was also observed in
a recent large study,17 which reported a strong association of
HIV status, current smoking status, and BMI with endothelial
dysfunction. This study used logistic regression analysis to look
at the importance of different cardiovascular risk factors and
their contribution to endothelial dysfunction leading to in-
creased noise in the analysis. Additionally, a large proportion
of HIV-infected patients in this study included current or for-
mer intravenous drug users, which is a known risk factor for
endothelial dysfunction. A unique contribution of our study is
that we tried to exclude individuals with common known coro-
nary risk factors as well as those who had a history of intra-
venous drug use; however, our study did not specifically ex-
clude patients with high cholesterol or triglyceride levels. In
this select group of patients, we compared patients on ARVs
with those who remained untreated and we found a trend to-
ward a lower FMD % in our HIV treatment-naive patients com-
pared to controls. This was similar to a finding by Blanco et
al.,18 who also observed a significant association of lower FMD
% for ARV-treated patients and a trend for ARV naive patients,
both compared to controls. These data suggest a direct effect
of HIV on endothelial function.

An important clinical question is whether potent ARV treat-
ment with a PI- or NNRTI-containing regimen further adds to
or has a greater effect on cardiovascular disease risk than the
HIV infection itself? In one study of healthy volunteers, indi-
navir caused impaired endothelial-dependent vasodilation after
4 weeks.8 In contrast, another study demonstrated no direct as-
sociation of low FMD % in healthy volunteers treated with
lopinavir–ritonavir over the course of 1 month. In this study,
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TABLE 3. FMD RESPONSE BY SEX/GENDER WITHIN THE STUDIED GROUPSa

Use of ARV therapy in HIV
infected

Healthy
Yes No controls Total

Gender N Mean SD N Mean SD N Mean SD N Mean SD

Male 22 8.8 6.9 3 14.3 1.9 8 25.0 7.4 33 13.2 9.6
Female 11 6.9 3.6 8 21.1 4.2 17 22.5 5.3 36 17.4 8.4
Total 33 8.2 6.0 11 19.2 4.8 25 23.3 6.1 69 15.4 9.2

p 0.39 0.03 0.34 0.06

aN, number of patients; SD, standard deviation; p, p value.



FMD % significantly increased after lopinavir–ritonavir expo-
sure following stimulus with the endothelial-dependent stimu-
lator acetylcholine in contrast to low FMD % during specific
inhibition of NO synthase by NG -monomethyl-arginine. Based
on this work, lopinavir–ritonavir does not appear to directly
promote endothelial cell dysfunction.34 Certainly long-term co-
hort studies are necessary to answer the questions about which
ARV regimens will not have deleterious effects, or may even
be protective of endothelial function, and as a consequence re-
duce the risk of cardiovascular disease over time in HIV-in-
fected patients.

Results gained from the investigation of endothelial function
as a marker of coronary heart disease risk have served to fur-
ther characterize potential mechanisms by which HIV influ-
ences this risk. Much work is yet to be done. Large clinical tri-
als with long-term periodic measurements of endothelial
function in HIV-infected patients may be warranted, especially
for those individuals on ARV therapy.
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