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Introduction

Several reports have indicated that HIV-positive 
patients have an increased risk of CVD. Some studies 
have demonstrated a relationship between antiretrovi-
ral use (particularly protease inhibitors) and increased 
risk of cardiovascular events [1-5]. However, the exact 
mechanism and the characteristics of vascular wall 
damage in HIV-positive patients has never been stud-
ied in detail and we have no tangible evidence that 
the pathogenesis of these lesions is the same as that of 
atheromasic lesions found in HIV-negative patients. 
Moreover, recent studies disclosed that patients with 
a low CD4+ cell count could be at higher risk of sub-
clinical arterial lesions [6] or CVD [7]. This prompted 
the hypothesis that alternative mechanisms may be 
at work other that those linked to lipid changes and 
the “classic” risk factors for atheroma. More recently, 
the use of abacavir was associated with an excess risk 
of CVD [8]. High sensitivity-C-reactive protein and 
interleukin-6, two proinflammatory cytokines, were 
found higher in patients receiving abacavir than in 
those given other NRTIs [9]. These data suggest that 
both immune deficiency and use of drugs such as 
abacavir could cause vascular inflammation which can 
determine or precipitate a CVD event. 

Given that atheromasic lesions are the major (if not 
the only) determinant of CVD, one could ask: what is 

atheroma? For many years, development of atheroma 
has been attributed to a process whereby blood-borne 
cholesterol and inflammatory cells work together to 
incorporate lipids into the vascular wall, resulting in 
the formation of plaques that obstruct blood flow. As 
we have become more familiar with the disease proc-
ess, it has become recognized that atherogenesis is 
mainly an inflammatory disease. Factors that induce 
and promote inflammation participate in all stages of 
atherosclerosis, from the early lesion to the final events 
culminating in acute thrombotic complications. 

Experimental and human studies of atherosclero-
sis demonstrate that inflammatory molecules are 
expressed early in the process of lipid accumulation 
in the artery wall. Injury to the endothelium increases 
its adhesiveness and permeability to leukocytes and 
platelets. The initial injury to the endothelium not only 
facilitates leukocyte adhesion, but also promotes the 
development of vasoactive and chemoattractive mol-
ecules, inflammatory cytokines and a variety of growth 
factors.  Continued inflammatory stimuli result in 
recruitment of macrophages and lymphocytes, which 
can induce further damage and eventually lead to focal 
areas of necrosis [10,11]. 

The traditional cardiovascular risk factors, such as 
hypercholesterolemia and modified lipids and lipo-
proteins, elevated blood pressure, high plasma homo-
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cysteine concentrations, glycation end products of 
hyperglycemia and insulin resistance are currently 
seen as factors associated with increased inflamma-
tion [12-14]. The adhesion to and subsequent transmi-
gration of leucocytes across the endothelium are very 
early inflammatory events mediated by endothelial 
cellular adhesion molecules (CAM) and other mol-
ecules present on leukocytes and other blood cells 
[15-23]. Adhesion molecules involved in firm adhe-
sion and subsequent transmigration are intercellular 
adhesion molecule 1 (ICAM-1) and vascular adhe-
sion molecule 1 (VCAM-1) both belonging to the 
immunoglobulin superfamily [24]. E-selectin seems 
to be the most specific endothelial CAM, while both 
VCAM-1 and ICAM-1 are also produced by other cell 
types, such as lymphocytes, epithelial cells, monocytes 
and smooth muscle cells. P-selectin is also contained 
in the platelet α-granules [25]. Many other molecules 
are involved in the processes of endothelial damage, 
such as tissue factor, von Willebrand factor (VWF), 
thrombomodulin, tissue plasminogen activator (tPA), 
plasminogen activator inhibitor1 (PAI-1), nitric oxide 
(NO) and, most importantly, C reactive protein (CPR). 
A significant association between increasing con-
centrations of soluble ICAM-1, VCAM-1, P-selectin 
and E-selectin and cardiovascular events has been 
described [15, 26-28, 25, 29-33]. The role of inflam-

mation in the pathogenesis of atherosclerosis is sum-
marized in Fig. 1.

HIV and endothelial damage

Given the role of inflammation at all stages of athero-
sclerosis, it is not surprising that HIV infection per 
se could represent a risk factor for the development 
of endothelial damage. Various studies have demon-
strated that HIV virus can activate the endothelium 
either directly or by a leukocyte-mediated inflamma-
tory cascade [34-38]. This is particularly true during 
the advanced stages of the disease: Lafeuillade et al. 
compared HIV-positive patients with HIV-negative 
controls, showing increased concentrations of VWF 
in association with disease progression [39]. Increased 
soluble ICAM-1 concentrations in HIV-positive 
patients were also demonstrated [40]. On the other 
hand, higher concentrations of soluble ICAM-1 were 
seen in AIDS patients with acute opportunistic infec-
tions compared with HIV-positive patients without 
infections, both values being higher than those of HIV-
negative patients [41]. A correlation between ICAM-1 
concentrations, disease progression and reduction 
of CD4+ cell count was also reported. Increased 
leukocyte adherence to the aortic endothelium of 
HIV-positive patients and increased VCAM-1 and 
E-selectin plasma concentrations from these patients 
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Figure 1: The role of inflammation in the pathogenesis of atherosclerosis: 
1) Inflammation of the endothelium stimulates the production of adhesion molecules (E-Selectin, ICAM-1, PECAM-1 ). 
2) Chemotactic cytokines (MCP-1 e M-CSF) lead the migration of monocytes and macrophages.
3) Leukocytes turn into macrophages and activate the receptor for the oxidized LDL cholesterol.
4) TNFß and TNFα are produced by lymphocytes. Metalloproteases are responsible for local necrosis. 
5) IL-6 induces the production of Tissue Factor (TF) and PAI-1 Plasminogen Activator Inhibitor (PAI-1), that activate coagula-
tion and inhibit fibrinolysis.
Courtesy of Prof. Claudio Ferri.
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add further experimental evidence of endothelial cell 
involvement in AIDS disease [42]. ICAM-1/ICAM-2 
ratio rather than individual CAM rates correlated 
with the decrease in CD4+ cell count in a small group 
of HIV-infected patients [43]. Table 1 summarizes the 
major studies evaluating the changes in markers of 
endothelial activation in HIV-positive patients.

In summary, it is clear that endothelium injury is 
associated with the progression and severity of HIV 
infection. 

The role of HAART
The introduction of HAART raised an important 
question: do antiretroviral drugs increase or reduce 
endothelial injury due to the activation of adhesion 
molecules? 

By reducing viral load and hence inflammation, antiret-
rovirals might be expected to downregulate endothelial 
inflammatory components. However, since these drugs 
also induce proinflammatory alterations of lipid profile, 
they might paradoxically promote atherosclerosis.

A small group of HIV-positive patients with a CD4+ 
cell count below 500/μL received a PI-based HAART 
for nine months. Plasma L-selectin concentrations 
were progressively normalised in almost all patients 
and VCAM-1 concentrations were partly reduced, 
while no changes in E-selectin or ICAM-1 levels were 
seen during therapy [44]. Comparing concentrations 
of different CAM and other endothelial biomarkers in 
two groups of patients receiving different antiretroviral 
regimens including PIs or NNRTIs, all the parameters 
measured seemed to be substantially decreased but not 

normalised by either HAART regimen. This suggests 
that the reported reversal of endothelial activation by 
HAART is mediated by control of viral replication 
rather than by specific mechanisms associated with 
drug class [45]. 

Other studies support the hypothesis that HAART 
does activate endothelial function: de Gaetano Donati  
et al. [46] measured ICAM-1 and P-selectin concentra-
tions (as well as tPA and PAI-1) in a group of patients 
undergoing either PI or NNRTI therapy and compared 
them with naive HIV-positive patients. P-selectin, t-PA 
and PAI-1 levels were all significantly higher in both 
HAART subgroups, whereas ICAM-1 concentrations 
did not differ significantly from those measured in the 
naive group. 

Increased levels of soluble adhesion molecules could be 
the consequence of autoreactive cell destruction by an 
improved autoimmune system and/or the efficacy of a 
therapy in destroying the most active or sensitive cells. 
However, the possibility that HAART directly induc-
es endothelial activation was recently documented. 
Zhong et al. [47] showed for the first time that ritonavir, 
at concentrations comparable with those attainable in 
vivo, directly caused endothelial mitochondrial DNA 
damage and cell death. Other convincing evidence was 
provided by an experiment in healthy volunteers given 
indinavir for four weeks: a significant endothelial dys-
function was measured by invasive monitoring of arte-
rial blood flow, possibly mediated by nitric oxide. Such 
a result was independent of lipid profiles [48]. Jiang 
et al. treated male Sprague-Dawley rats with clinically 
relevant doses of AZT, indinavir or AZT plus indina-
vir finding that AZT and AZT plus indinavir treat-
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Table 1: Studies evaluating the changes in markers of endothelial activation in HIV-positive patients.

Author and year of 
publication

No. of 
HIV 
pts

Endothelial marker Results Association with 
disease progression

Lafeuillade 1992 125 VWF, tPA Increased VWF and 
tPA yes

Most           1993 76 ICAM-1 Increased ICAM-1 no
Diez-Ruiz   1993 27 ICAM-1 Increased ICAM-1 no
Puppo        1993 66 ICAM-1 Increased ICAM-1 yes
Sipsas        1994 60 ICAM-1 Increased ICAM-1 yes
Zangerle    1994 47 ICAM-1 - no
Sfikakis      1995 72 E-selectin Increased E-selectin yes

Nordøy       1996 65 E-selectin, VCAM-1, 
ICAM-1

Increased VCAM-1 
and ICAM-1

yes VCAM-1 and 
ICAM-1

Zietz         1996 32 VCAM-1
 E-selectin 

Increased VCAM-1 
and
 E-selectin

-

Galea         1997 132 ICAM-1,-2,-3 VCAM-1 Increased ICAM-1,-
2,-3 and VCAM-1 Yes ICAM-1

Seigneur     1997 90 WWF, thrombomodulin
E-selectin

Increased WWF, 
thrombomodulin
E-selectin 

yes

Holme        1998 20 P-selectin Increased P-selectin -

Hadigan     2001 86 tPA,PAI-1 Increased tPA and 
PAI-1 -

de Larrañaga                
2003 92 VWF, tPA Increased WWF -
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ments dramatically reduced endothelium-dependent 
vessel relaxation [49]. However, AZT treatment did 
not significantly alter plasma levels of cholesterol or 
triglyceride. In addition, plasma endothelin-1 levels 
were elevated in rats treated with AZT plus indinavir. 
Indinavir treatment alone increased plasma cholesterol 
levels but had no effect on endothelial function.
In summary, it is plausible that HIV virus, as well as 
immune reconstitution induced by and HAART itself 
promote premature endothelial lesions mediated by 
a massive activation of inflammatory molecules and 
cells. Metabolic disturbances attributed to antiretrovi-
rals should also be taken into account, but as an indi-
rect means to promote atherosclerosis and, possibly, in 
a second phase of the vascular disease. An exhaustive 
review of these topics is provided by de Gaetano Do-
nati et al. [50].

Vascular lesions in HIV: atherosclerosis or arteri-
tis?
For all these reasons, it could be hypothesized that 
the prominent role played by the inflammatory events 
involving the endothelium could affect the structure 
and the histological composition of the arterial lesions 
in HIV-positive patients and that these could differ 
from those found in classical atheromasic lesions. 
Moreover, this could explain the events observed in 
D:A:D: and SMART studies [6-9].
Two cases of HIV-1 positive patients with asympto-
matic hemodynamically significant stenosis of the 
internal carotid arteries have been described [51]. The 
first 1.5 cm of the internal carotid arteries was resected 
in both patients with re-implantation of the remaining 
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artery on the external carotid artery. Histology revealed 
extensive inflammatory infiltration of the vascular wall, 
fragmentation of the internal elastic lamina and the 
elastic fibers of the media, and fibrosis of the adventitia 
(see Fig. 2a and 2b). The characteristics of these lesions, 
which were more similar to those of arteritis rather than 
classical atherosclerosis, could shed a new light on the 
pathogenesis of vascular risk in HIV-1 positive patients. 
This unexpected pattern of carotid damage prompted 
the authors to perform an in-depth investigation of the 
characteristics of carotid plaques in a group of HIV-
positive patients [52]. The results were compared with 
those obtained from young patients with atherosclerosis 
of the epi-aortic vessels and patients with arteritis. The 
patients underwent ultrasonography of the epi-aortic 
vessels using a latest generation power color-Doppler 
with 7.5 MHz probes. The study population included 
61 HIV-positive patients and 47 HIV-negative patients 
(37 atherosclerotic patients and ten with arteritis). 
Compared with HIV-negative atherosclerotic hypoe-
chogenic lesions (81.8% vs 29%) that were homogene-
ous both in their parietal and endoluminal portions 
(96.7% vs 21.6% and 88.5% vs 54.0%, respectively), 
with a smooth or slightly irregular surface (99.0% vs 
56.7%) (p=0.001 for all differences). No statistically 
significant differences were seen between HIV-positive 
and arteritis patients. The study disclosed that the 
ultrasonographic structure of the epi-aortic lesions in 
HIV-positive patients substantially differs from those of 
the plaques in atherosclerotic patients, while they share 
similar characteristics as patients with arteritis. 
An unpublished study aimed at the evaluation of 
immune reconstitution as another condition implicated 

Figure 2a. Patient 1: Histology of the carotid plaque 
revealed: “Intimal lesion with fragmentation of the 
internal elastic lamina, atrophy and fragmentation of 
the elastic fibers of the media  with fibrosis and scars; 
fibrosis of the adventitia. Wide flogistic infiltration, with 
lymphomonocytes and plasma cells along all the thickness 
of the wall and around the vasa vasorum” (Reference 42).

Figure 2b. Patient 2: “Arterial fragment consisting 
of intima and part of the media with  marked 
fibrotic component and flogistic infiltration, with 
lymphomonocytes and plasma cells involving both the 
intima and the media” (Reference 42). 
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in the increase in circulating proinflammatory factors 
undertook color Doppler ultrasonography of the epi-
aortic vessels in 263 patients starting antiretroviral ther-
apy at baseline and after 12 months. An intima media 
thickness > 0.9 mm and/or atherosclerotic plaques 
were considered pathologic findings.  After 12 months 
of antiretroviral therapy, patients with <50 CD4+ cell 
count/mm3 at baseline were divided into three groups 
based on CD4+ at follow-up: A) patients with <100 
CD4+ (# 41); B) patients with 100-199 CD4+ (# 50) and 
C) patients with > 200 CD4+ (# 62). The data were com-
pared with those observed in 110 patients starting their 
antiretroviral therapy with > 200 CD4+ and remaining 
over this value at follow-up (group D). The four groups 
were comparable for sex, mean age and other risk fac-
tors for CVD.  Antiretroviral drugs were well balanced 
among the groups.
As shown in table 2, patients with < 50 CD4+ cell count 
at baseline that reached values >100 (group C) showed 

a significant increase in the number of carotid lesions 
at follow-up. Moreover, comparing patients with <50 
cells at baseline (groups A+B+C) with patients with  
>200 cells (group D), the first group had a significant 
increase in lesions with respect to group D.  In conclu-
sion, these data show that patients  starting antiretrovi-
ral therapy with  a high degree of immune depression 
tend to develop more lesions than patients starting 
therapy in a relatively better immunologic condition. 
Moreover, patients experiencing a more rapid immune 
reconstitution develop a significantly higher number of 
subclinical vascular lesions. This suggests that inflam-
matory events characterizing both immune deficiency 
and immune reconstitution could play a role in the 
onset of CVD. 
In another unpublished study we evaluated the cardio-
vascular risk among naive subjects examining tradition-
al risk factors, immuno-virologic parameters, assessing 
the Framingham risk score (FRS) and the presence 
of subclinical carotid lesions by color Doppler ultra-
sonography. One hundred and seventy-two consecutive  
antiretroviral-naive patients were evaluated for family 
history of CVD, sedentary lifestyle, cigarette smoking, 
alcohol abuse, active drug addiction, values for fast-
ing glycemia, cholesterolemia and triglyceridemia and 
blood pressure. The ten year probability of acute coro-
nary events was assessed in all patients by the FRS. The 
patients underwent color Doppler ultrasonography. An 
intima media thickness > 0.9 mm and/or atherosclerotic 
plaques were considered pathologic findings.  
The association between pathological findings and pos-
sibly related variables was evaluated by means of t-test 
and chi-square or Fisher’s test, as appropriate. 

Paolo Maggi et al. ~ Endothelial inflammation in HIV ~ pp. 19/25

Table 2: The role of immune reconstitution in the onset of carotid lesions. CD4+ at follow-up: A) patients with <100 CD4+; B) 
patients with 100-199 CD4+; C) patients with > 200 CD4+ ; D) patients with > 200 CD4+.

Group patients with carotid lesions
baseline              Follow-up

% # % #
A 26.8 11 41.6 17 p= 0.27
B 28.0 14 42.0 21 p= 0.14
C 27.4 17 61,2 38 p= 0.0001
D 18.1 24 24.7 25 p= 0.71

To account simultaneously for the effects of several poten-
tial confounding factors, we used conditional multiple 
logistic regression to obtain odds ratios (OR) and their 
corresponding 95% CI. Thirty-six patients (20.9%) had 
subclinical atheromasic lesions at ultrasonographic 
investigation. The presence of lesions was significantly 
related to male sex (p=0.0047), age (0.003), sedentary 
lifestyle (0.05), CDC group C or CD4+<150 cells/mm3 
and VL>100.000 copies/ml (0.04). 
The presence of subclinical carotid lesions showed a 
highly significant direct association with the estimated 
FRS (<0.0001). In conclusion, the presence of subclinical 
atheromasic lesion was also high among patients naive 
to antiretrovirals. Some classic risk factors relate to the 
lesions and FRS is highly predictive, but an advanced 
stage of disease at follow-up plays a significant role. 
These additional data support the hypothesis that HIV 
infection per se  is a risk factor for atherosclerosis. We 
advise an ultrasonographic assessment both among pts 

with FRS ≥10% and among those in an advanced stage 
of disease.
The hypothesis of a two-step lesion
In the light of this evidence, we hypothesize that the 
atherosclerotic lesions in HIV-positive patients could 
develop in two distinct phases: the first characterized 
by a florid inflammation of the vascular wall, and a 
second phase in which the lesions could evolve towards 
the more classic feature of atheromasic plaques. The 
lesions in the first phase are probably determined by 
factors such as immune deficiency and consequent 
opportunistic events involving the arteries, immune 
reconstitution and hypothetically some drugs (PIs? 
Abacavir?). The lesions seem to be very premature, 
with the characteristics of arteritis, not prone to emboli 
detachment and consequently reversible. It is reason-
able to suspect that such a severe inflammation could 
determine a more evolutive, severe and extensive 
atheromasic lesion in the subsequent stage. The lesions 
in this second phase could be maintained by the classic 
risk factors like hypercholesterolemia, hypertriglyc-
eridemia and insulin resistance, due to the effect of the 
same antiretrovirals. 

Conclusions
The concept of two-step arterial lesions in HIV-positive 
patients opens several perspectives for their prevention. 
Avoiding opportunistic events involving the endothe-
lium or an abrupt immune reconstitution in the first 
phase could prevent the inflammatory lesions. In the 
second phase attention could shift toward the classic 
risk factors for atherosclerosis like metabolic distur-
bances, hypertension or cigarette smoking.
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