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n INTRODUCTION

T
he introduction of highly active antiretrovi-
ral therapy (HAART) regimens has signifi-
cantly modified the course of HIV disease,

with longer survival and improved quality of life.
Though inconclusive at this time, early data raised
concerns about an increase in both peripheral and
coronary arterial disease with HAART [1]. Several
factors may contribute to an increased risk of car-
diovascular disease in HIV-infected patients.
These factors include chronic inflammation due
to HIV infection per se, metabolic changes asso-
ciated with PI therapy, and the intersection of tra-
ditional risk factors with HIV-specific factors [2].
Measurement of carotid artery intima-media
thickness (IMT) withcolour-doppler ultrasonog-
raphy is a well-accepted, non-invasivemethod of
assessing atherosclerosis. Carotid IMT measure-
ments correlate well with pathological measure-
ments and are potent predictors of myocardial in-
farction and stroke [3]. In the present study, we e-
valuated lipid abnormalities, carotid IMT, im-
muno-virological factors and traditional cardio-
vascular risk factors in a cohort of highly-treated
HIV-1 patients.

n METHODS

This observational study was carried out in the
period between March 2007 and August 2007.
Fifty-two consecutive HIV-1 infected patients
were enrolled in the study. All were subjected
to ultrasonography of the epi-aortic vessels us-

ing an ATL 3000 power colour-Doppler with 5-
10 mgHz probes according to standardized
methods. Patients were examined in the supine
position with their neck rotated 45 degrees in
the direction opposite the site being examined.
The carotid trunk was identified with the use of
both B-mode and pulsed-wave colour Doppler
ultrasonography, and the following segments
were examined: common carotid artery, carotid
bifurcation, and internal and external carotid
arteries. All arteries underwent longitudinal
and transverse scanning as well as flow analy-
sis. Plaque was defined as a protrusion into the
vessel lumen of at least 2 mm, as measured
from the border between the adventitial and
medial layers. The percentage of vessel obstruc-
tion was measured along the longitudinal axis
and classified as stenosis of up to 30%, stenosis
of 31 to 50%, stenosisof 51 to 70%, or stenosis of
71 to 100%. When more than one plaque was
found, the greatest degree of obstruction was
recorded, as well as the number and site of as-
sociated ipsilateral and contralateral smaller le-
sions. In addition, the measureof the IMT of the
right and left common carotid arteries was ob-
tained 1 to 3 cm proximally to the carotid bifur-
cation and expressed in millimetres. The higher
of the two values was recorded. The repro-
ducibility of the ultrasonographic assessment
of carotid atherosclerosis was evaluated in 100
consecutive patients byhaving the test repeated
by another operator within one hour after the
first examination. Characteristics of the intima
were evaluated and an IMT of >1 mm was con-
sidered to be pathological. The following risk
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factors for cardiovascular diseases (CVD) and
HIV-1 infection were measured: Centers for
Disease Control and Prevention (CDC) stage,
CD4 cell count, viral load, duration of infection,
history of HAART, body mass index (BMI;
weight ÷ square of height), waist circumfer-
ence, cigarette smoking, family history of CVD,
sedentary lifestyle (definite as <1 h/week of
sport), active drug addiction, alcohol consump-
tion (defined as >80 g/day), systolic blood pres-
sure, blood glucose, total cholesterol, triglyc-
erides, HDL and LDL cholesterol. All data were
collected by means of a spreadsheet using an
Access/Excel Microsoft program. Univariate
comparison of parameters between groups was
performed by using the t test for continuous
variables and the χ2 test for categorical vari-
ables. The values are reported as mean and
standard deviations and p values were consid-
ered as significant when <0.05. Informed con-
sent was obtained from the patients.

n RESULTS

Table 1 shows the demographic and baseline
clinical, immunological and virological charac-
teristics of the study group. Eighty percent of
the patients were male. The age of the subjects
was 43.9±5.9 years. Mode of exposure to HIV
was known for all patients; the largest exposure
group was that exposed through heterosexual
contact (46.3%), followed by Intravenous Drugs
Users (IVDU) (30.7%), and Men who had Sex
with Men (MSM, 23.%). The current and nadir
CD4 cell count was 338.9±178.7 and 135.8±96.5,
respectively. 
The log10 viral load was 2.6±0.6 copies/mL. The
baseline triglycerides, cholesterol, high-density
lipoprotein (HDL)-cholesterol, low-density

Table 1 - Basal characteristics of 52 patients.

Characteristic

Male [No (%)] 42 (80.7)

IVDU [No (%)] 16 (30.7)

MSM [No (%)] 12 (23.0)

Heterosex [No (%)] 24 (46.3)

Age [mean ± DS] (years) 43,88±5,89

HIV infection [mean ± DS] (months) 94.4±16.0

Current CD4 count [mean ± DS] 338.9±178.7
(cell/mL)

Nadir CD4 count [mean ± DS] 135.8±96.5
(cell/mL)

HIV-RNA viral load (log copies/mL) 2,.6 ± 0,.6

CDC stage

A [No (%)] 15 (28.8)

B [No (%)] 17 (32.7)

C [No (%)] 20 (38.5)

Therapy

PI based regime [No (%)] 22 (42.3)

NNRTI based regime [No (%)] 18 (34.6)

NRTI based regime[No (%)] 12 (23.1)

History of PI based regime 34.6±27.4
[mean ± DS] (months)

History of NNRTI based regime 42.4±22.7
[mean ± DS] (months) 

History of NRTI based regime 44.3±34.3
[mean ± DS] (months) 

Familial Family history of CVD 22 (42.3)
[No (%)]

Cigarette smoking [No (%)] 26 (50.0)

Systolic blood pressure 120.0±15.9
[mean ± DS] (mmHg)

Diabetes [No (%)] 10 (19.2)

Alcohol abuse [No (%)] 10 (19.2)

Co-infection HCV/HIV [No (%)] 12 (23.1)

Sedentary life [No (%)] 21 (41.2)

Active drug addiction [No (%)] 2 (3.8)

Triglycerides [mean ± DS] (mg/dL) 217.6±127.7

Cholesterol [mean ± DS] (mg/dL) 193.6±43.1

HDL cholesterol [mean ± DS] 52.5±29.0
(mg/dL)

LDL cholesterol [mean ± DS] 110.3±48.9
(mg/dL)

Glycaemia [mean ± DS] (mg/dL) 96.4±18.5

BMI [mean ± DS] (kg/m2) 23.0±3.87

Waist circumference 84.1±21.9
[mean ± DS] (cm)

Table 2 - Carotid intima-media characteristics.

IMT >1 mm [No (%)] 22 (42.3)

Unilateral [No (%)] 10 (45.4)

Bilateral [No (%)] 12 (54.6)

Right carotids (mm) [mean ± DS] 0.95±0.55

Left carotids mm [mean ± DS] 1.13±0.70

Atheromatous plaques [No (%)] 14 (26.9)

Unilateral [No (%)] 8 (57.2)

Bilateral [No (%)] 6 (42.8)
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Table 3 - Analysis of risk factors.

IMT >1 mm IMT <1 mm P value

Family history of cardiovascular disease [No (%)]
Yes 12 (54.5) 10 (45.5) 0.12
No 10 (33.3) 20 (66.6)

Cigarette smoking [No (%)]
Yes 10 (38.5) 16 (61.5) 0.57
No 12 (46.1) 14 (53.9)

Sedentary life [No (%)]
Yes 10 (47.6) 11 (52.4) 0.86
No 14 (45.2) 17 (54.8)

Diabetes [No (%)]
Yes 4 (40.0) 6 (60.0) 0.86
No 18 (56.2) 24 (43.8)

Alcohol abuse [No (%)]
Yes 2 (20.0) 8 (80.0) 0.11
No 20 (47.6) 22 (52.4)

Therapy [No (%)]

PI 12 (54.5) 10 (45.5) 0.12
Others 10 (33.3) 20 (66.7)

NNRTI 6 (33.3) 12 (66.7) 0.34
Others 16 (47.0) 18 (53.0)

NRTI 4 (33.3) 8 (66.7) 0.47
Others 18 (45.0) 22 (55.0)

History of PIs based regime [mean ± DS] (months) 32.0±29.7 38.9±24.5 0.59

History of NNRTI based regime [mean ± DS] (months) 41.1±22.5 44.2±25.6 0.83

History of NRTI based regime [mean ± DS] (months) 44.2±34.3 58.9±25.5 0.04

Duration of HIV infection (months) 102.6±11.9 86.2±15.9 0.03

Nadir CD4 count (cell/mL) 91.8±79.8 168.1±94.3 <0.01

Current CD4 count (cell/mL) 357.72±267.3 403.3±243.3 0.52

HIV-RNA viral load (log copies/mL) 2.7±0.5 2.6±0.6 0.50

Triglycerides (mg/dL) 266.6±176.1 184.9±62.6 0.02

Cholesterol (mg/dL) 194,6±37.8 192.9±46.6 0.88

HDL cholesterol (mg/dL) 53,2±18.9 51.9±34.8 0.88

LDL cholesterol (mg/dL) 98.1±43.3 120.4±50.8 0.14

Glycaemia (mg/dL) 106.8±19.9 88.8±12.7 <0.001

Systolic blood pressure (mmHg) 118.5±16.7 21,3±15.1 0.60

BMI (kg/m2) 21.7±3.5 24.2±3.6 0.02

Waist circumference (cm) 84.9±8.5 91.9±9.3 0.02

Weight (Kg) 63.4±11.6 72.8±11.7 0.01
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lipoprotein (LDL)-cholesterol, and blood glu-
cose measurements were 217.6±127.7,
193.6±43.1, 52.5±29.0, 110.3±48.9, and 96.4±18.5,
respectively. Table 2 illustrates carotid intima-
media characteristics. Of the 52 patients, 42.3%
(22 of 52 patients) showed an IMT >1 mm and
among these 14 (26.9%) showed an atheroma-
tous plaque. The mean right and left carotid
IMT measurement was 0.95±0.55 and 1.13±0.70,
respectively. Two patients (9.1%) showed a
stenosisof up to 30%. The univariate analysis of
risk factors showed that IMT >1 mm was asso-
ciated with the duration of HIV infection
(p=0.03), nadir CD4 cell count (p<0.01), triglyc-
eride levels (p=0.02), blood glucose level
(p<0.001), BMI (p=0.02), waist circumference
(p=0.02), and weight (p=0.01). No association
was found between IMT and type or duration
of antiretroviral therapy (Table 3).

n DISCUSSION

The survival of patients with HIV infection has
dramatically increased with the use of HAART,
and this therapy has significantly reduced the
incidence of every AIDS-defining event [4]. As
a consequence, cardiovascular disease associat-
ed with HIV infection and AIDS, its treatment,
or related to “classic” non-HIV-related cardio-
vascular risk factors, becomes increasingly rele-
vant [5]. Several reports have been published
on this issue, evaluating the direct effect of
HAART on coronary heart events [6-9]. There is
a series of methods by which subclinical ather-
osclerosis can be detected (non-invasively), and
technologies are evolving very rapidly so that
definitive conclusions regarding the pros and
cons of one particular method will have to be
re-evaluated periodically [1]. 
Ultrasound imaging of peripheral arteries is
used to quantify the IMT and to detect plaques
within carotid and femoral arteries. In the gen-
eral population, high-resolution B-mode ultra-
sonography has been extensively used to mea-
sure the IMT of the carotid arteries. Its repro-
ducibility and validity as a measure of the ath-
erosclerosis process and as a marker of cardio-
vascular diseases have been well established in
non-HIV-infected patients [10-13]. Atheroscle-
rosis risk estimation and the impact of lipid-
lowering drug use on carotid IMT change have
been well documented outside HIV infection
[14]. The available information on this tech-
nique justifies using the IMT measure as a sur-

rogate marker in order to evaluate atherosclero-
sis progression in HIV-infected patients. In our
study, IMT >1 mm was observed in 22 of the 52
patients. The univariate analysis of risk factors
showed that IMT >1 mm was associated with
the duration of HIV infection, nadir CD4 cell
count, and the conventional risk factors for
CVD. Why might duration of HIV infection and
a low nadir CD4 cell count be associated with
accelerated atherosclerosis independently of
other factors? Two independent lines of investi-
gation may provide a conceptual framework
for addressing this issue. First, progressive HIV
disease is associated with accelerated T-cell
proliferation, heightened T-cell activation, and
high levels of inflammatory markers [15-18].
Second, there is a general consensus that chron-
ic low-grade inflammation contributes to accel-
erated atherosclerosis [19]. 
Several mechanisms for this observation have
been proposed, including cytokine-mediated
increases in atheroma and/or an increased risk
of thrombosis [20]. This association between
HIV infection, chronic inflammation, and accel-
erated atherosclerosis may underlie how HIV
infection in general, and a low CD4 nadir in par-
ticular, predict a greater IMT. Finally, we ob-
served that no association existed between IMT
and type or duration of antiretroviral therapy.
This point is a controversial issue. Recently,
Maggi et al. carried out a colour-Doppler ultra-
sonography study of carotid vessels in 293 HIV-
infected patients treated with antiretroviral
therapy, separated into 105 patients on treat-
ment with Protease Inhibitors (PI; group I), 125
patients who were PI-naive (group II), and 63
patients who were treated with Nucleoside Re-
verse Transcriptase Inhibitors (NRTI), or who
were naive to antiretroviral therapy (group III).
More than 52% of patients in group I presented
acquired lesions of the vascular wall at ultra-
sonography, whereas similar lesions were
found in 15.2% of patients in group II and in
14.3% of those in group III [21]. 
Seminari et al. found that carotid IMT was in-
creased in 28 HIV patients receiving PI com-
pared with measurements in 15 PI-naive pa-
tients and 16 HIV-negative subjects [22]. How-
ever, in a case-control study, Chironi et al. re-
ported that 36 HIV patients receiving PI had
carotid IMT equal to that of non-HIV subjects
with similar lipid and glucose disturbances;
both groups had increased carotid IMT com-
pared with control subjects without lipid and
glucose abnormalities [23]. In another study of
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423 HIV-infected patients, conventional CVD
risk factors but not HAART, was associated
with an increased carotid IMT [24]. Currier et
al. conducted a prospective matched cohort
study in HIV-infected adults to determine
whether exposure to PI therapy or HIV infec-
tion was associated with an increased risk of
subclinical atherosclerosis. The authors found
no association between PI exposure or HIV in-
fection and carotid IMT. Significant predictors
of carotid IMT in a multivariate model includ-
ed HDL cholesterol, the interaction of HDL
cholesterol and triglycerides, age and BMI [25].
More recently, the same authors, in a small but
well-matched cohort study, failed to detect a
significant difference in the rate of progression

of carotid IMT between PI-treated and non-PI-
treated patients and between HIV-infected and
matched HIV-uninfected controls but observed
that, among HIV subjects, predictors included
nadir CD4 cell count and ritonavir use. To sum
up, the relationship between early IMT pro-
gression and subsequent clinical coronary
heart disease is difficult to define because the
underlying mechanisms must still be clarified.
The impact of individual measures to reduce
the cardiovascular risk should be evaluated
further.

Key words: HIV, cardiovascular diseases, carotid
artery intima-media thickness, colour-doppler
ultrasonography.

Gli autori hanno utilizzato l’esame eco-color-doppler
per misurare lo spessore intima-media carotideo in una
coorte di pazienti fortemente trattati. 
Complessivamente, sono stati arruolati nello studio 52
pazienti. Ventidue pazienti (42,3%) hanno mostrato un
IMT> 1 mm e, tra questi, 14 (26,9%) un placca atero-
matosica. L’analisi dei dati ha evidenziato che l’IMT >1

mm è associato alla durata dell’infezione da HIV
(p=0.03), al nadir dei CD4 (p<0.01) e ai comuni fatto-
ri di rischio cardiovascolari. 
Non sono state osservate associazioni tra l’IMT e la du-
rata o il tipo di terapia. 
Questi dati supportano il ruolo diretto dell’HIV nello
sviluppo del danno endoteliale.

RIASSUNTO

The authors used ultrasonography to measure
carotid artery intima-media thickness in a cohort
of antiretroviral-experienced patients. Overall, 52
patients were enrolled in the study. Twenty-two
patients (42.3%) showed a IMT >1 mm and among
these 14 (26.9%) showed a atheromatous plaque.
Data analysis showed that IMT >1 mm was associ-

ated with the duration of HIV infection (p=0.03),
nadir CD4 cell count (p<0.01), and conventional
cardiovascular risk factors. No association was
found between IMT and type or duration of anti-
retroviral therapy. These data confirm the direct
role of HIV in the development of endothelial
damage.

SUMMARY
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