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Summary

Background: Recent reports of myocardial infarction in
young persons infected with human immunodeficiency virus
(HIV) who are receiving protease inhibitor therapy have raised
concerns about premature coronary artery disease in this pop-
ulation. However, endothelial dysfunction, hypercoagulabili-
ty, hypertriglyceridemia, and abnormal coronary artery path-
ology have been observed in association with HIV infection
prior to the availability of protease inhibitor therapy.

Hypothesis:The study was undertaken to determine the asso-
ciation between endothelial function, viral load, CD4+ count,
and other well-established risk factors for atherosclerosis.

Methods:This prospective, case-controlled study compared
viral (HIV) load and the CD4+ T-lymphocyte count and en-
dothelial function in 24 HIV-positive carriers. Brachial artery
diameter, HIV viral load, and CD4 count were measured.

Results: We found that viral load correlated inversely with
endothelial function; the higher the viral load, the worse the
endothelial dysfunction (p< 0.005).

Conclusion: High viral load appears to be associated with
endothelial dysfunction in patients with HIV. This preliminary
observation supports the infectious theory that viruses may
play an important role in the pathogenesis of atherosclerosis.
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Introduction

Endothelial dysfunction, hypercoagulability, hypertriglyc-
eridemia, and abnormal coronary artery pathology have been
described in association with human immunodeficiency virus
(HIV) infection prior to the availability of protease inhibitor
therapy.1 Endothelial cell products playing a role in hemosta-
sis were studied in 125 HIV-positive patients. Antigenic von
Willebrand factor increased significantly with disease pro-
gression and correlated closely with CD4+ cell counts and
beta 2-microglobulin levels. Mean total protein S levels were
lower in HIV-positive patients, and were associated with a de-
crease in free protein S levels in 27.2% of the patients.2

Cytomegalovirus (CMV) DNA has been demonstrated in
atherosclerotic coronary arteries in restenotic lesions, and pri-
or infection with CMV could be a strong independent risk fac-
tor for restenosis after coronary atherectomy.3 We have shown
that patients who had a high anti-CMV titer had a higher
prevalence of coronary artery disease and a higher restenosis
rate than CMV-seropositive patients with low antibody titers.4

These and other data indicate a possible etiological link be-
tween viruses and atherosclerosis. An established hypothesis
is that chronic infection with Chlamydia pneumonia, cyto-
megalovirus, hepatitis A, and Helicobacter pylori may cause
long-standing inflammation that leads to endothelial dysfunc-
tion and eventually clinical atherosclerosis.5

In this preliminary study, the associations between endo-
thelial function, viral load (VL), CD4+ count, as well as other
well-established risk factors for atherosclerosis were studied
in four young patients with HIV.

Methods

This is a prospective case-controlled pilot study, in which
24 HIV-positive carriers were studied, among them 4 patients
who were followed for 3 months. Endothelial function, VL,
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lipid profile, CD4 count, and antibodies against CMV (IgG
type) were measured. The study was approved by the Internal
Review Board of the hospital, and the 24 participants signed
an informed consent form before entering the study.

The Laboratory Methods: the Vascular Studies

These studies were performed in the vascular laboratory,
using the technique of Celermajer.6 All subjects lay supine,
and an imaging study of the left brachial artery was performed
using high-resolution ultrasound (Vivid 5 7.5 MHz linear-ar-
ray transducer, GE Vingmed, Atlanta, Ga., USA) following 10
min of rest. Baseline images and measurements of the brachial
artery proximal to the antecubital fossa were obtained. After
finding the clearest view, the skin was marked and the arm re-
mained in the same position throughout the study. Baseline
measurements included brachial artery diameter and flow ve-
locity, measured by pulse-Doppler at approximately 70˚ to the
vessel. Endothelium-dependent vasodilation was assessed by
measuring the maximum increase in diameter of the brachial
artery during reactive hyperemia created by an inflated cuff
(250 mmHg for 5 min) on the forearm. After cuff deflation,
flow velocity was measured for the first 15 s, then the artery lu-
men was recorded continually for the next 90 s of hyperemia.
Arterial diameter was measured in millimeters from the inti-
ma–blood interface on both the anterior and posterior walls,
coincident with the R wave on the ECG. Fifteen min later a re-
peat baseline measurement of diameter and flow velocity was
recorded, followed by a nitroglycerin tablet (0.4 mg) given
sublingually, to assess endothelium-independent vasodilation.
Three min later, diameter and flow velocity measurements
were recorded. The vascular measurements were performed
on subjects who were identified only by a nurse. The vascular
study operators were blinded to the patients’ identity and clin-
ical condition.

The viral load: Plasma HIV ribonucleic acid (RNA) levels
were performed using the RT-PCR NASBA kit (Nuclisens,
Organon-Teknika, Boxtel, The Netherlands). The limit of de-
tection was 50 copies per ml.

The CD4 count: Lymphocyte subpopulations were char-
acterized by the monoclonal antibodies against CD3/CD4

and CD3/CD8, measured by the fluorescent activated cell
scanner (FACS) (FACS Caliber [Becton Dickinson], San
Jose, Calif., USA).

The cytomegalovirus antibodies: The antibody titer was
measured by enzyme-linked immunosorbent assay (ELISA)
methods (Organon-Teknika).

Statistical Methods

The two-tailed paired Student’s t-test was used for analysis.
A p value of <0.05 was considered statistically significant.

Results

Twenty four HIV-positive carriers (mean age 30 ± 14 years,
all men) took part in the study. Of these, 17 had low VLs 
(a range of 30–5100 HIV RNA copies/ml, mean ± standard
deviation (SD) = 694.21 ± 1428.25), and 7 had high VLs
(15,000–46,000 HIV RNA copies/ml, mean ± SD = 25,666.67
± 17,616.28). The results showed that those who had low VLs
had normal endothelium-dependent vasodilation (mean ± SD
of 10.958 ± 3.789 mm), while those who had high VLs had
poor endothelium-dependent vasodilation (3.619 ± 1.488
mm), with a significant difference between them (p < 0.005)
(Table I). There was no difference between the two groups of
patients (with the high and low VLs) in relation to endotheli-
um-independent vasodilation: 13.186 ± 5.175 mm for patients
with low VL, and 13.323 ± 5.270 mm for patients with high
VL (p = NS) (Table I).

Four patients (of the 24 enrolled patients), aged 27, 29, 35,
and 44 years, were followed for 3 months. The first patient was
treated with zidovudine (AZT) 300 mg b.i.d., lamuvidine
(3TC) 150 mg b.i.d., and efavirenz (Stocrin®, Bristol-Myers
Squibb, Princeton, N.J., USA) 600 mg once daily. The second
one was treated with zidovudine (AZT) 300 mg b.i.d., lamuvi-
dine (3TC) 150 mg b.i.d., and nevirapin 200 mg b.i.d. The third
patient was not treated. The fourth patient was treated with
stavudine (D4T) 40 mg b.i.d., nevirapine 200 mg b.i.d., and
amprenavir 1200 mg b.i.d.

The first patient had a very high plasma VL at the beginning
of the study (260,000 HIV RNA copies per ml), which de-
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TABLE I Brachial artery measurements (mean ± standard deviation) in relation to the viral load of the 20 human immunodeficiency virus (HIV)-
positive patients whose viral load was measured only once

Low VL High VL Low VL High VL
(<10,000) (>10,000) (<10,000) (>10,000) 

EDD EDD EID EID 

Basal (mm) 4.71 ± 0.64 5.06 ± 0.87 4.77 ± 0.61 5.00 ± 0.80 
Hyperemia (mm) 5.21 ± 0.63 5.29 ± 0.81 5.40 ± 0.68 5.60  ± 0.55 
FMD (%) 10.96 ± 3.78 3.62  ± 1.48 a 13.18 ± 5.17 13.19 ± 6.95

a p < 0.05.
VL = viral load; HIV RNA copies/ml.
Abbreviations: FMD = flow-mediated diameter, EDD = endothelium-dependent diameter, EID = endothelium-independent diameter, RNA = ri-
bonucleic acid.
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creased to 1000 HIV RNA copies per ml after 3 months. The
second patient initially had 160,000 plasma HIV RNA copies
per ml that declined to < 50 copies per ml after 3 months. The
third patient had a VL of 8,500 HIV RNA copies per ml at the
start, and this was increased to 24,000 HIV RNA copies per ml
3 months later. The fourth patient had 16,000 HIV RNA cop-
ies at entry to the study, and the VL decreased to 9,600 after 3
months (Table II).

The CD4 count was above 500 cells/mm3 in three patients
at the start and after 3 months. The fourth patient had low CD4
counts—138 and 137 cells/mm3, respectively. Anti cytomeg-
alovirus antibody (IgG) levels were 1:600, negative, 1:600,
and negative, respectively (Table II).

The lipid profile was unchanged during the follow-up peri-
od, and the low-density lipoprotein (LDL) cholesterol levels
were all approximately 100 mg/dl in three patients, with no
change in the two visits. The fourth patient had high total
cholesterol (365 and 370 mg%) and LDL cholesterol (250 and

255 mg%). The first and fourth patients had high triglyceride
(TG) levels, which did not change with time. The other two pa-
tients had low TG levels (Table II).

The vascular studies demonstrated a statistically significant
difference in endothelium-dependent dilation (EDD) between
the two periods: at a low VL (< 10,000 copies per ml), the
mean diameter of the brachial artery increased from 4.88 ±
0.48 mm at baseline to 5.53 ± 0.56 mm (EDD of 13.37 ±
4.65%) after hyperemia; at a high VL (> 10,000 copies per
ml), the baseline brachial artery diameter was 4.68 ± 0.23 and
4.68 ± 0.52 mm (EDD of �0.14 ± 7.6%) after hyperemia
(Table III). Measurements of the brachial artery after nitro-
glycerin (endothelium-independent diameter [EID]) demon-
strated a change from 4.91 ± 0.31 mm at baseline to 5.90 ±
0.36 (after nitroglycerin) when the patients were at low VLs
(EID 20.11 ± 5.53%). At higher VLs, the baseline diameter
rose from 4.75 ± 0.2 to 5.50 ± 0.25 mm after nitroglycerin
(EID of 15.88 ± 4.39%) (Table III). A significantly worse
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TABLE III Brachial artery measurements (mean ± standard deviation) in relation to the viral load of the four human immunodeficiency virus
(HIV)-positive patients whose viral load was changed with time

Low VL High VL Low VL High VL
(<10,000) (>10,000) (<10,000) (>10,000) 

EDD EDD EID EID 

Basal (mm) 4.88 ± 0.48 4.68 ± 0.23 4.91 ± 0.31 4.75 ± 0.2 
Hyperemia (mm) 5.53 ± 0.56 4.68 ± 0.52 5.90 ± 0.36 5.50 ± 0.25 
FMD (%) 13.37 ± 4.65 a �0.14 ± 7.6 20.11 ± 5.53 15.88 ± 4.39

a p<0.005.
VL = viral load; HIV RNA copies/ml.
Abbreviations as in Table I.

TABLE II Viral load, CD4 count, and the lipid profile of the four human immunodeficiency virus (HIV)-positive carriers whose viral load was
changed with time

Low VL High VL Low VL High VL Low VL High VL Low VL High VL 

Patient No. 1 2 3 4

Age (years) 27 29 35 44
CD4 (cells/mm3) 602 759 1,131 862 775 491 138 137
CD4 (%) 40 34 48 40 29 29 9 6 
VL (copies/ml) 1,000 260,000 < 50 160,000 8,500 24,000 9,600 16,000
CMV titer (IgG) 1:600 Neg 1:600 Neg
Cholesterol (mg%) 188 190 163 157 153 123 365 370 
LDL-C (mg%) 106 95 102 93 97 66 250 255 
HDL-C (mg%) 34 34 47 40 35 32 46 50 
TG (mg%) 238 303 72 120 104 125 347 498 

VL = viral load; HIV RNA copies/ml.
Low VL = < 10,000 HIV RNA copies/ml.
High VL = > 10,000 HIV RNA copies/ml.
Abbreviations: CMV = cytomegalovirus, LDL-C = low-density lipoprotein cholesterol, HDL-C = high-density lipoprotein cholesterol, TG =
triglyceride. Other abbreviations as in Table I.
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EDD was demonstrated when the VL was high (>10,000 HIV
RNA copies per ml). There was no change in EID at the two
visits (whether the patient had a high or a low VL) (Table III).

Discussion

In this study we used a noninvasive method for studying
EDD (as a bioassay for nitric oxide bioavailability) and EID
(as a bioassay for the vascular smooth muscle activity) in pa-
tients with HIV. Our results demonstrated that in the four pa-
tients whom we followed, the VL load correlated inversely
with endothelial function, without any relation to antiretroviral
drugs, CD4 count, or the lipid profile. It is interesting to men-
tion that a change in VL was associated with a change in en-
dothelial function; thus, when the VL was increased, endothe-
lial function became worse, and vice versa. The same trend
was observed whether the high VL was detected in the first
measurement and decreased later on, or whether a low VL was
observed first. The change in endothelial function correlated
inversely with the VL, and the change was observed within 3
months of follow-up.

The other 20 patients in whom only the first VL measure-
ment was taken also demonstrated an inverse correlation
with VL.

As the survival of HIV-infected patients is increasing, vas-
cular complications may be expected to become more preva-
lent.7, 8 Therefore, an improved understanding of the mecha-
nisms of endothelial function and dysfunction is needed. It is
still controversial whether the antiretroviral therapy (especial-
ly protease inhibitors)9 is responsible for the hyperlipopro-
teinemia and the accelerated atherosclerosis in HIV-positive
patients,7, 8 or maybe it is the natural history of the disease and
the longer survival of these patients.

An alternate explanation is a hypercoagulable state which
has been demonstrated in patients with HIV, involving an in-
crease in von Willebrand factor (vWf) and in plasminogen-ac-
tivating inhibitor 1 (PAI-1) and a decrease in mean protein S
levels.10 It is suggested that vascular endothelial cell injury is
associated with disease progression and might result from sev-
eral distinct mechanisms of HIV pathogenesis. In this condi-
tion, endothelial damage may contribute to the occurrence of
more severe vascular complications, such as venous and/or ar-
terial thrombosis.

The Infectious Theory

The infectious theory of atherosclerosis was suggested in
the past.11 Both antigens and nucleic acid sequences of CMV
were detected in smooth muscle cells from carotid artery
plaques,12 and polymerase chain reactions demonstrated
CMV DNA in arterial samples from patients with atheroscle-
rosis who underwent vascular surgery more often than con-
trol subjects.13 It has been demonstrated that patients with
atherosclerosis had higher antibody titer against CMV14 and
that one-third of the atherosclerotic lesions obtained by coro-
nary atherectomy contained CMV DNA sequences.4 Smooth
muscle cells that were grown from such lesions expressed

IE84 (one of the immediate early proteins of the virus that
binds and inhibits p53).4 These effects may enhance the pro-
liferation of smooth muscle cells or inhibit apoptosis, either of
which may contribute to accelerated atherosclerosis. Prior in-
fection with CMV has been suggested as a strong indepen-
dent risk factor for restenosis after coronary atherectomy,15

and there is a graded relation between the odds of intimal-me-
dial thickening and levels of CMV antibodies that remained
significant after adjustment for the main cardiovascular risk
factors.16, 17

Other viruses have been “accused” as well, for example,
the hepatitis A (HAV) virus.18 An association of herpesvirus
and atherosclerosis has been suggested by seroepidemiologic
studies and detection of the virus in arterial tissues.19

The Pathogen Burden Theory

Immunoglobin G antibodies to CMV, HAV, herpes sim-
plex virus type 1 (HSV1), HSV type 2 (HSV2), Chlamydia
pneumonia, and Helicobacter pylori levels were tested in
baseline blood samples from 890 patients who had significant
coronary artery disease on angiography. The mean follow-up
was 3 years. The baseline prevalence of antibodies directed
against CMV, HSV1, or HSV2, but not C. pneumonia and H.
pylori, was significantly higher among patients who subse-
quently developed myocardial infarction (MI) or death than
among control subjects. Increasing pathogen burden was sig-
nificantly associated with increasing risk of MI or death in a
dose-response fashion.20

Of 375 patients undergoing coronary angiography, 218 had
assessment of endothelial function using intracoronary acetyl-
choline (ACH). Immunoglobulin G antibody titers to CMV, 
C. pneumonia, H. pylori, HAV, and HSV-1 were measured.
Although positive serology to individual pathogen tended to
be associated with increased incidence of coronary arterioscle-
rosis (CAD), the pathogen burden correlated with the presence
of CAD even after adjustment for risk factors. The severity of
CAD was independently associated with the pathogen burden,
which was an independent predictor of endothelial dysfunc-
tion. The Ig-G antibody response to multiple pathogens (path-
ogen burden) is an independent risk factor for endothelial dys-
function and the presence and severity of CAD. Endothelial
dysfunction provides the crucial link by which pathogens may
contribute to atherogenesis.21

The Human Immunodeficiency Virus

A postmortem study on 15 patients with HIV revealed
thickening of the intima at the proximal coronary networks,
caused by a proliferation of secreting cells, phenotypically
identified as smooth muscle cells, with exaggerated produc-
tion of elastic fibers and in association with an increase in
the expression of tumor necrosis factor-alpha and inter-
leukin-1 alpha.22 The lesions were intermediate between the
lesions observed during common coronary atherosclerosis
and atherosclerosis associated with chronic rejection of car-
diac transplants.

152



A. Blum et al.: Viral load of HIV in endothelial dysfunction

The basic mechanism that could explain the endothelial
damage caused by viruses such as the sendai virus, influenza,
and HIV could be attributed to oxidative stress. Vascular ox-
idative stress is due to inflammatory and immune responses
of vascular cells and to reperfusion after recanalization of
blocked arteries. Studies of CMV interactions with smooth
muscle and endothelial cells could be used as a model for vi-
ral-endothelial/smooth muscle cell interactions. Infection
causes generation of intracellular reactive oxygen species
(ROS), which activate nuclear factor kappa B (NF�B), a cel-
lular transcription factor.22 Nuclear factor kappa B mediates
expression of the CMV promotor and of genes involved in the
immune and inflammatory responses.22

Cytomegalovirus is a common coinfecting organism in pa-
tients with HIV infection, and we cannot exclude its role in the
vasculopathy of these patients. However, the marked change
in HIV VL that was inversely associated with EDD may sug-
gest a role for HIV itself.

Our hypothesis is that the human immunodeficiency virus
has at least some of these capabilities and shares some of the
basic virus–endothelial/smooth muscle cell interactions that
have been demonstrated with CMV.

Conclusion

We conclude from our study that high viral load is associat-
ed with endothelial dysfunction in patients with HIV. This ob-
servation supports the viral-infectious theory of atherosclero-
sis, suggesting that viruses play a role in the pathogenesis of
atherosclerosis and demonstrating an inverse correlation be-
tween HIV VL and endothelial function. Studies with a large
cohort of patients over a prolonged time period are needed to
confirm and validate our observation.
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