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Subclinical Carotid Atherosclerosis in HIV-Infected Patients
Role of Combination Antiretroviral Therapy
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Juan L. Gimeno-Bayén, MD; Pere Saballs, MD; José L. Lopez-Colomés, MD; Juan Pedro-Botet, MD

Background and Purpose—Whether or not combination antiretroviral therapy (CART) alone directly contributes to
accelerating atherosclerosis in HIV-infected patients has not been studied in depth. This study aimed to ascertain the
relationship between this therapy and subclinical carotid atherosclerosis according to cardiovascular risk.

Methods—Sixty-eight HIV-infected patients with =1 cardiovascular risk factors and 64 with =2 risk factors completed
the study protocol consisting of clinical, laboratory, and vascular evaluation by carotid high-resolution B-mode
ultrasonography. Univariate and multivariate logistic regression analyses were performed with the presence of
subclinical carotid atherosclerosis, defined by carotid intima-media thickness >0.8 mm or the presence of plaque being

the dependent variable.

Results—Among the 132 enrolled patients, 93 (70.5%) were on CART and 39 (29.5%) had never been on antiretroviral
therapy. In accordance with cardiovascular risk stratification, subclinical carotid atherosclerosis was found in 26.6% (17
of 64 patients) of the very low—risk group (10-year coronary risk <5%), 35.3% (12 of 34 patients) of the low-risk group
(10-year coronary risk between 5% and 9%) and 76.5% (26 of 34 patients) of the moderate/high-risk group (10-year
coronary risk =10%). Thus, 55 (41.7%) of the 132 HIV-infected patients had subclinical carotid atherosclerosis, and
independent variables associated with carotid atherosclerosis (odds ratio; 95% CI) were: CART exposure (10.5; 2.8 to
39) and 10-year coronary risk =10% (4.2; 1.5 to 12). In very low coronary risk patients (<5%), age (per 10-year
increment: 4.01; 1.12 to 14.38), systolic blood pressure (per unit mm Hg 1.07; 1.01 to 1.14), and CART exposure (8.65;
1.54 to 48.54) were independently associated with subclinical carotid atherosclerosis.

Conclusions—CART should be considered a strong, independent predictor for the development of subclinical atheroscle-
rosis in HIV-infected patients, regardless of known major cardiovascular risk factors and atherogenic metabolic
abnormalities induced by this therapy. (Stroke. 2006;37:812-817.)
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Combination antiretroviral therapy (CART) has dramati-
cally reduced morbidity and mortality in HIV-infected
patients.! However, the potential for maintaining these pa-
tients on treatment for decades may be limited by a variety of
adverse effects observed in patients on CART, including
dyslipidemia, fat redistribution, insulin resistance, and pre-
mature atherosclerosis,># particularly when therapy contains
protease inhibitors.>-8 This fact has raised the concern that the
HIV-infected population may be at increased risk for cardio-
vascular disease in the long term, as has been described in 2
large prospective studies.®'©

The absolute cardiovascular risk in any individual is
determined by a complex interplay of several risk factors that
include older age, positive family history, smoking, hyper-
tension, elevated blood lipids, diabetes, and other determi-
nants.!' Among the latter, the relationship between CART
and atherosclerosis in HIV-infected patients remains unclear.

Proatherogenic metabolic abnormalities induced by CART
and chronic inflammation associated with HIV infection,
together with other infectious agents, can certainly increase
the cardiovascular risk in these patients. The degree to which
classic cardiovascular risk factors are responsible, as opposed
to HIV-related factors, is not known. In this respect, whether
the antiretroviral treatment regimen itself directly contributes
to accelerating atherosclerosis has not been vigorously scru-
tinized. Dressman et al recently showed in mice the first
evidence that CART, and specifically protease inhibitors at a
dosage that did not induce hyperlipidemia are potent promot-
ers of atherosclerosis.'> To assess the role of CART as a
possible cardiovascular risk factor in HIV-infected patients,
we evaluated the presence of subclinical carotid atheroscle-
rosis in these patients at different cardiovascular risk levels,
with special emphasis on those at low and very low cardio-
vascular risk.
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Methods
Subjects and Study Protocol

From January to December 2003, a cross-sectional study was
conducted in HIV-infected patients managed at the outpatient infec-
tious disease unit of the Hospital del Mar, Barcelona. The first 100
HIV patients having a 0 to 1 cardiovascular risk factors were selected
because, with few exceptions, subjects in this category have a low
coronary risk.!! In the same period, the first 100 HIV patients with
=2 cardiovascular risk factors were also recruited. Exclusion criteria
included withdrawal of CART and evidence of clinical signs of
active AIDS in the 3 months before entry because of their possible
impact on anthropometric, blood pressure, and laboratory parame-
ters. Furthermore, established coronary heart disease, other athero-
sclerotic diseases, and diabetes mellitus were the cardiovascular
exclusion criteria. The protocol study approved by the local ethics
committee consisted of clinical, laboratory, and vascular evaluation
to assess the presence of subclinical carotid atherosclerosis in this
particular clinical setting. Finally, 70 HIV-infected patients with a O
to 1 risk factor and 62 with =2 cardiovascular risk factors agreed to
participate and completed the study protocol. All participants were
=20 years of age and were evaluated by trained physicians after
giving their written informed consent.

Data Collection

Age, sex, HIV disease status according to the 1993 Centers for
Disease Control and Prevention classification of HIV disease,!? HIV
exposure (mutually exclusive in the following order: intravenous
drug use, male homosexual activity, heterosexual activity), and type
and duration of CART were recorded. Lipodystrophy was defined
and categorized by the blinded physician (H.K.)-assessed presence of
peripheral lipoatrophy (face, arms, legs, buttocks, and prominent
veins), central lipohypertrophy (abdomen, breasts, dorsocervical
region), and mixed lipodystrophy. Blood pressure, weight, and
height were measured by standard methods.

Venous blood samples were taken in the morning after a fast of
=12 hours. Total cholesterol concentration was determined using
enzymatic methods in a Cobas Mira automatic analyzer (Baxter
Diagnostics AG). High-density lipoprotein (HDL) cholesterol was
measured using separation by precipitation with phosphotungstic
acid and magnesium chloride. CD4 lymphocyte cell count and HIV
RNA viral load (Nuclisens Easy Q HIV-1; Biomérieux) were
performed at the time of the study; the nadir of CD4 cell count and
baseline viral load levels were recorded.

Ultrasonography Measurements

Carotid high-resolution B-mode ultrasound imaging was performed
to measure intima-media thickness (IMT) by a single trained
investigator (N.C.) blinded to all clinical information using a Sequoia
512 ultrasound system (Acuson) with an 8L5 (5 to 8 MHz) variable
frequency linear probe, depending on the anatomy of the subject.'*
Carotid arteries were scanned from the lowest part visible in the
supraclavicular fossa to the submandibular angle. Plaque was de-
fined as a focal structure invading the lumen with an IMT =1.2 mm.
When a plaque was identified at a predefined point, the IMT was
determined in adjacent segments. The presence of subclinical carotid
atherosclerosis was identified as IMT >0.8 mm, presence of plaque,
or both.'#

Cardiovascular Risk Assessment

Cardiovascular risk was assessed by the Framingham risk score in all
HIV-infected patients according to the National Cholesterol Educa-
tion Program Adult Treatment Panel IIL,'! even in subjects with a 0
to 1 risk factor, in whom risk assessment is not necessary. For the
purpose of the present study, cardiovascular risk in HIV-infected
patients was categorized as very-low (<5%, group A), low (5% to
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9%, group B) and moderate/high 10-year coronary risk (=10%,
group C).

Statistical Analysis

Student 7 test was performed to assess differences between 2 means.
When data were not distributed normally, Mann—Whitney U test was
used. Either x* test or Fisher exact test was used to examine the
degree of association of categorical variables. Computed factors in
the univariate analysis were age, sex, body mass index, HIV
transmission group (dichotomized as intravenous drug users versus
sexual transmission), HIV clinical stage (dichotomized as C stage
versus A and B stages of CDC), current and nadir CD4 cell count,
plasma HIV RNA categorized as detectable (>500 copies/mL) or
undetectable, duration of CART, and type of CART classified by 2
modes: antiretroviral naive (never exposure to antiretroviral ther-
apy), no previous protease inhibitor exposure, past or current
protease inhibitor exposure; and antiretroviral naive, current non-
nucleoside reverse transcriptase inhibitor—based therapy and current
protease inhibitor-based therapy.

Variables demonstrating a univariate relationship (P<<0.05) with
the outcome variable were included in the logistic regression analysis
to assess the effect of independent variables on the presence of
subclinical carotid atherosclerosis. Backward stepwise logistic re-
gression analysis was used. The variables included in the logistic
regression model 1 (all patient group) were age (per 10-year
increment), known duration of HIV infection in years, nadir CD4 cell
count (categorized as >200/mL or =200/mL), CART classified as
antiretroviral naive (reference group) and CART exposure, time in
years of CART exposure, lipodystrophy categorized as absent
(reference group), lipoatrophy, lipoaccumulation pattern with or
without lipoatrophy, and Framingham risk score. Model 2 of the
logistic regression analysis included only very low cardiovascular
risk patients (<<5%; patient group A), and the selected variables were
the same as the previous model, whereas the Framingham risk score
was excluded, and total cholesterol, current smoking status, systolic
blood pressure, and gender were included. A P value <0.05 was
considered statistically significant. All statistical analyses of data-
base results were performed with the Statistical Package for the
Social Sciences (SPSS for Windows; v.11.5).

Results

Among the 132 enrolled patients with HIV infection, 93 (70.5%)
were on CART and 39 (29.5%) naive. The latter had a younger
age (37.4*8.5 years versus 45.6%9.7 years; P<<0.0001) and
lower total cholesterol concentration (170.2+34.8 mg/dL versus
238.3%+48.8 mg/dL; P<<0.0001) compared with those on CART.
There were no differences in gender, smoking status, systolic
blood pressure, HDL cholesterol, and body mass index between
groups. According to the cardiovascular risk stratification, 64
HIV-infected patients were at very low (32 naive patients), 34 at
low, and 34 at moderate/high cardiovascular risk. The main
differences between the very low 10-year risk (<5%; patient
group A) and other groups were predominance of younger age,
female sex, naive patients and viral load >500 copies/mL, fewer
current smokers, lower systolic blood pressure and total choles-
terol concentration, higher HDL cholesterol concentration, and
normal fat distribution (Table 1).

Median (interquartile range) carotid IMT in relation to the
Framingham risk score was 0.54 mm (0.45 to 0.63 mm),
0.59 mm (0.5 to 0.7 mm), and 0.65 mm (0.57 to 0.75 mm) for
HIV patients of group A, B, and C, respectively. Subclinical
carotid atherosclerosis was found in 26.6% of the very
low-risk group (17 of 64 patients), 35.3% of the low-risk
group (12 of 34 patients), and 76.5% of the moderate/high-
risk group (26 of 34 patients). A carotid plaque was detected



2202 ‘9 yore |\ uo Aq Bio'sfeuno feye//:dny wouy papeojumoq

814 Stroke March 2006
TABLE 1. Characteristics of the 132 HIV-Infected Patients According to the Framingham Risk Score
FRS<5% FRS 5% to 9% FRS=10%

Characteristics Group A (n=64) Group B (n=34) Group C (n=34) P
Age, y (mean=SD) 38.3(8.5) 44.2 (6.2) 51.2 (10.5) 0.0001
Male sex, % 43 (67.2) 28 (82.4) 32 (94.1) 0.004
Family history of premature CHD, % 0(15.6) 5(14.7) 2(5.9 0.3
Body mass index, kg/m? (mean=SD) 23. 4( 3) 23.3(3) 24.9(3.9) 0.04*
Current smokers, % 21(32.9) 22 (64.7) 24 (70.6) 0.0001
SBP, mm Hg (mean+SD) 113.7 (10) 118.2 (12.8) 128.9 (21.2) 0.05
Total cholesterol, mg/dL (mean=SD) 196.2 (53.9) 229.5(38.3) 247.4 (53.9) 0.003
HDL cholesterol, mg/dL (mean=SD) 43.2 (13.5) 43.2 ( 3) 38(9.4) 0.07*
Intravenous drug users, % 4(6.3) 2(35.3) 7 (20.6) 0.002
Known duration of HIV infection, y (IQR) .6 (2.2-10.6) .9 (5.5-14.4) .4 (6.8-12.8) 0.002
Nadir CD4 cell count, <106 cells/L (IQR) 336 (184-493) 230 (59-383) 149( 6-244) 0.02
CD4 cell count, <10 cells/L (IQR) 4 (401-785) 6 (475-787) 463 (335-913) 0.46
Viral load<<500 copies/mL, % 34 (53.1) 23 (67.6) 28 (82.4) 0.01
HIV disease category C, %t 0(15.6) 12 (35.3) 10 (29.4) 0.07
Median time antiretroviral therapy, y (IQR) 0 (0-6.6) .2(2.3-10.1) .1(5.5-9.4) 0.004
CART exposure 0.0001

Naive, % 32 (50) 6(17.6) 1(2.9)

Current NNRTI, % 16 (25) 16 (47.1) 17 (50)

Past or current NNRTI, % 5(7.8) 4(11.8) 5(14.7)

Current P, % 16 (25) 12 (35.3) 16 (47.1)

Past or current Pl, % 27 (42.2) 24 (70.6) 28 (82.4)
Lipodystrophy 0.04

No fat redistribution, % 49 (76.6) 18 (52.9) 14 (41.2)

Lipoatrophy, % 6(9.4) 6(17.6) 7 (20.6)

Lipohypertrophy, % 1(1.6) 1(2.9) 2(5.9

Mixed lipodystrophy, % 8(12.5) 9(26.5) 11 (32.4)

CHD indicates coronary heart disease; FRS, Framingham risk score; IQR, interquartile range; NNRTI, non-nucleoside reverse
transcriptase inhibitors; Pl, protease inhibitors; SBP, systolic blood pressure.
*Differences between groups A and C; tHIV clinical categories: A (asymptomatic, acute HIV, or persistent generalized

lymphadenopathy); B

in 49 (37.1%) HIV-infected patients, with 15 being from the
very low-risk group (23.4%), 11 from the low-risk group
(32.3%), and 23 from the moderate/high-risk group (67.6%).
Thus, 55 (41.7%) of the 132 HIV-infected patients presented
subclinical carotid atherosclerosis and associated factors are
shown in Table 2. As expected, HIV-infected patients with
subclinical carotid atherosclerosis were the oldest with a
predominance of CART exposure, abnormal fat distribution,
the lowest CD4 cell count and highest known duration of HIV
infection and cardiovascular risk. Furthermore, in the very
low cardiovascular risk HIV-infected group, only 2 of 32
(6.3%) naive patients had subclinical atherosclerosis versus
15 of 32 (46.9%) CART-exposed patients.

The univariate and multivariate analyses of factors associ-
ated with subclinical carotid atherosclerosis are shown in
Table 3 for all patient groups and in Table 4 for patients with
exclusively very low cardiovascular risk. The most signifi-
cant results for all patient groups were (odds ratio [OR]; 95%
CI): CART exposure (10.5; 2.8 to 39) and 10-year coronary
risk =10% (4.2; 1.5 to 12) as independent variables associ-
ated with subclinical carotid atherosclerosis. In very low

(symptomatic, not categories A or C); and C (AIDS indicator conditions).'3

cardiovascular risk (<<5%) patients, age (per 10-year incre-
ment: 4.01; 1.12 to 14.38), systolic blood pressure (per
unit mm Hg: 1.07; 1.01 to 1.14), and CART exposure (8.65;
1.54 to 48.54) were independent predictors of subclinical
carotid atherosclerosis.

Discussion
Measurement of carotid IMT with B-mode high-resolution
ultrasound is a well-accepted noninvasive method of assess-
ing atherosclerosis.'> Because carotid IMT measurements
correlate satisfactorily with pathological measurements'® and
are potent predictors of myocardial infarction and stroke,
even after adjustment for other risk factors,'’-20 carotid
B-mode high-resolution ultrasound imaging has been used in
several studies to evaluate cardiovascular risk in HIV-
infected patients.”-$:21-27 Most but not all of these studies have
in fact shown an increased prevalence of subclinical athero-
sclerosis in patients receiving CART. The main result of the
present study was that CART exposure was the most power-
ful predictor of carotid atherosclerosis in HIV-infected pa-
tients after controlling for Framingham risk score. The
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TABLE 2. Factors Associated With the Presence of Subclinical Carotid Atherosclerosis

Subclinical Atherosclerosis in HIV Patients

Patients With Carotid

Patients Without Carotid

Atherosclerosis Atherosclerosis
n=>55 (41.7%) n=77 (58.3%) P
Age, y (mean=3D) 49.2+10.4 38.8+7.1 0.0001
Sex 0.9
Male, % 43(78.2) 60 (77.9)
Female, % 12 (21.8) 17 (22.1)
Body mass index, kg/m? (mean=+SD) 246+3.6 23.4+3.3 0.06
Smokers 04
Never or past, % 25 (45.5) 40 (51.9)
Current, % 30 (54.5) 37 (48.1)
Transmission group 0.8
Intravenous drug users, % 9(16.4) 14 (18.2)
Others, % 46 (83.6) 63 (81.8)
Known duration of HIV infection, y (IQR) 10.1 (6.7-12.8) 5.7 (2.5-11.2) 0.0001
Nadir CD4 cell count, <10° cells/L (IQR) 169 (76-319) 308 (142-463) 0.009
CD4 cell count, x10° cells/L 0.003
>200, % 32(58.2) 25 (32.5)
=200, % 23 (41.8) 52 (67.5)
HIV disease category 0.7
A+B, % 41 (74.5) 59 (76.6)
C, % 14 (25.5) 18 (23.4)
Median time CART, y (IQR) 7.1(5.5-9.5) 3(0-7.9) 0.0001
CART exposure 0.0001
Naive, % 3(5.5) 36 (46.8)
Never Pl, % 8(14.5) 6(7.8)
Past or current PI, % 44 (80.0) 35(45.4)
Current NNRTI-based therapy, % 29 (52.7) 29 (37.7)
Current Pl-based therapy, % 26 (47.3) 17 (22.1)
Lipoaccumulation pattern 0.004
No, % 28 (50.9) 53 (68.8)
Lipoatrophy, % 9(16.4) 10 (13.0)
Lipohypertrophy+mixed lipodystrophy, % 18 (32.7) 14 (18.2)
Framingham risk score 0.0001
<5, % 17 (30.9) 47 (61.0)
5-9, % 12(21.8) 22 (28.6)
=10, % 26 (47.3) 8(10.4)

relative contribution of CART to the accelerated atheroscle-
rosis in HIV patients is difficult to assess from the available
literature. Differences in measurement techniques, lack of
statistical power in smaller studies, and the fact that not all
addressed the length of CART exposure may account for the
contradictory results in these reports.

Some aspects of the present study should be highlighted.
First, we found that carotid IMT significantly rose as the
cardiovascular risk increased, as has been demonstrated
recently in a non—-HIV-infected population.?® Second, from a
clinical viewpoint, this is the first study to analyze the
prevalence of carotid atherosclerosis in relation to the Fra-
mingham risk score in this particular clinical setting. In this
regard, the prevalence of carotid atherosclerosis increased
from 26.6% in the very low-risk group to 35.3% in the
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low-risk group and 76.5% in the moderate/high-risk group,
respectively. Third, besides cardiovascular risk score, CART
exposure emerged as significantly and independently associ-
ated with the presence of carotid atherosclerosis in the
multivariate logistic regression analysis for all HIV-infected
patients. Although time exposure to CART was not an
independent factor in the logistic regression model, when
CART exposure was not taken into account in this model,
time exposure to CART emerged as significantly and inde-
pendently associated with the presence of carotid atheroscle-
rosis (data not shown). Finally, we separately analyzed an
HIV-infected group of patients at very low cardiovascular
risk (<5% at 10 years) given that they exhibit a maximum of
1 risk factor and rarely reach levels for intensive intervention.
In this subset, in addition to classic cardiovascular risk
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TABLE 3. Univariate and Multivariate Logistic Regression Backward Conditional Analysis of
Factors Associated With Subclinical Carotid Atherosclerosis in 132 HIV-Infected Patients

Univariate Multivariate
(OR 95% CI) P (OR 95% CI) P
Age, per 10-year increment 4(2.3-6.9) 0.0001 *
Known duration of HIV infection, y 1.1(1.-1.2) 0.002
Time exposure to CART, y 1.2(1.1-1.3) 0.0001
Nadir CD4 cell count <200/mL 2.9(1.4-5.9) 0.004
Lipodystrophy
No lipodystrophy 1
Lipoatrophy 1.7 (0.6-4.7) 0.3
Lipoaccumulation or mixed 2.4 (1-5.6) 0.04
CART 0.0001
Naive 1 1
CART exposure 15.2 (4.4-52.9) 0.0001 10.5 (2.8-39)
Framingham risk score
<5% 1 1
5-9% 1.5(0.6-3.7) 0.4 0.8(0.3-2.2) 0.7
=10% 9(3.4-23.6) 0.0001 4.2 (1.5-12) 0.007

*Not included in the model because age is integrated in the Framingham risk score.

factors, CART exposure was again an independent predictor
of carotid atherosclerosis.

The relationship between carotid atherosclerosis and expo-
sure to different antiretroviral drugs was not initially consid-
ered in the present study because of the limited sample size
and difference in exposure times to individual drugs. Never-
theless, we wish to underline that 85% of our HIV-treated
patients had been exposed to protease inhibitor-based ther-
apy. If we had included current protease inhibitor exposure in
the regression analysis, the adjusted OR would have been
13.6 (95% CI, 3.3 to 52.6; P=0.0001) for all HIV patients
and 8.6 (1.3 to 55.7; P=0.02) for HIV-infected patients at
very low cardiovascular risk.

Limitations of the present study are mainly related to the
observational design and cross-sectional nature of the
current analyses. The results reported herein are only
associations from which no conclusions regarding causal-
ity can be drawn. Subclinical atherosclerosis reflects the
cumulative effects of risk factors acting over many years,
whereas we measured risk factors at 1 point in time only.
Thus, blood lipid concentrations, blood pressure, and
cardiovascular risk estimated at baseline may not accu-
rately represent lifetime exposure. Although sociodemo-
graphic characteristics of the clinical population studied
are quite similar to those of the Spanish HIV population in
accordance with the National AIDS Registry,>® data on

TABLE 4. Univariate and Multivariate Logistic Regression of Factors Associated With
Subclinical Carotid Atherosclerosis in HIV-Infected Patients With Very Low Cardiovascular

Risk (<5%)

Univariate OR Multivariate
(95% CI) P (OR 95% Cl) P

Age, per 10-year increment 5.3(1.8-16.2) 0.003 4.01(1.12-14.38) 0.03
Female sex 2.3(0.7-7.3) 0.1
Systolic blood pressure 1.07 (1.01-1.14) 0.01 1.07 (1.01-1.14) 0.05
Total cholesterol 1.02 (1-1.03) 0.007
Known duration of HIV infection, y 1.17 (1.03-1.33) 0.01
Time exposure to CART, y 1.2 (1.05-1.37) 0.008
Current smoker 0.8 (0.21-2.7) 0.7
Nadir CD4 cell count <200/mL 2.3(0.7-7.4) 0.1
Lipodystrophy

No lipodystrophy

Lipoatrophy 1.9(0.3-12.2) 0.4

Lipoaccumulation or mixed 49(1.1-21.5) 0.03
Antiretroviral therapy 0.01

Naive
CART exposure

13.2 (2.55-31.7) 0.001

1
8.65 (1.54-48.54)
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prevalence results could be generalized with caution to the
overall HIV population.

In summary, these data suggest that carotid atherosclerosis
in HIV-infected patients is related to conventional cardiovas-
cular risk factors, but that CART appears to play a major role
regardless of the atherogenic metabolic abnormalities in-
duced by these drugs. Although there is general consensus
that the substantial benefits of CART clearly outweigh the
possible complications associated with this therapy, it must
be borne in mind that with progressive aging of the HIV-
infected population and the expected long-term use of CART,
the need will arise to use different antiretroviral agents with
potentially less cardiovascular toxicity.

Acknowledgments
C.J. is recipient of a grant from the Fundaciéon IMIM (Institut
Municipal d’Investigacié Medica). We thank Christine O’Hara for
review of the English version of this manuscript.

References

1. Carr A. Improving the study, analysis, and reporting of adverse events
associated with antiretroviral therapy. Lancet. 2002;360:81-85.

2. Hadigan C, Meigs JB, Corcoran C, Rietschel P, Piecuch S, Basgoz N,
Davis B, Sax P, Stanley T, Wilson PW, D’Agostino RB, Grinspoon S.
Metabolic abnormalities and cardiovascular disease risk factors in adults
with human immunodeficiency virus infection and lipodystrophy. Clin
Infect Dis. 2001;32:130-139.

3. Carr A. HIV lipodystrophy: risk factors, pathogenesis, diagnosis and
management. AIDS. 2003;17(suppl 1):S141-S148.

4. Friis-Moller N, Weber R, Reiss P, Thiebaut R, Kirk O, d’Arminio
Monforte A, Pradier C, Morfeldt L, Mateu S, Law M, El-Sadr W, De Wit
S, Sabin CA, Phillips AN, Lundgren JD; DAD study group. Cardio-
vascular disease risk factors in HIV patients—association with antiret-
roviral therapy. Results from the DAD study. AIDS. 2003;17:1179-1193.

5. Carr A, Samaras K, Burton S, Law M, Freund J, Chisholm DJ, Cooper
DA. A syndrome of peripheral lipodystrophy, hyperlipidemia and insulin
resistance in patients receiving HIV protease inhibitors. AIDS. 1998;12:
51-58.

6. Periard D, Telenti A, Sudre P, Cheseaux J-J, Halfon P, Reymond MJ,
Marcovina SM, Glauser MP, Nicod P, Darioli R, Mooser V. Atherogenic
dyslipidemia in HIV-infected individuals treated with protease inhibitors.
Circulation. 1999;100:700-705.

7. Maggi P, Serio G, Epifani G, Fiorentino G, Saracino A, Fico C, Perilli F,
Lillo A, Ferraro S, Gargiulo M, Chirianni A, Angarano G, Regina G,
Pastore G. Premature lesions of the carotid vessels in HIV-1-infected
patients treated with protease inhibitors. AIDS. 2000;14:F123-F128.

8. Depairon M, Chessex S, Sudre P, Rodondi N, Doser N, Chave JP, Riesen
W, Nicod P, Darioli R, Telenti A, Mooser V; Swiss HIV Cohort Study.
Premature atherosclerosis in HIV-infected individuals—focus on protease
inhibitor therapy. AIDS. 2001;15:329-334.

9. Mary-Krause M, Cotte L, Simon A, Partisani M, Costagliola D; Clinical
Epidemiology Group from the French Hospital Database. Increased risk
of myocardial infarction with duration of protease inhibitor therapy in
HIV-infected men. AIDS. 2003;17:2479-2486.

10. The Data Collection on Adverse Events of Anti-HIV Drugs (DAD) Study
Group. Combination antiretroviral therapy and risk of myocardial
infarction. N Engl J Med. 2003;349:1993-2003.

11. National Cholesterol Education Program (NCEP) Expert Panel on
Detection, Evaluation, and Treatment of High Blood Cholesterol in
Adults (Adult Treatment Panel III). Third Report of the National Cho-
lesterol Education Program (NCEP) Expert Panel on Detection, Eval-
vation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III) final report. Circulation. 2002;106:3143-3421.

12. Dressman J, Kincer J, Matveev SV, Guo L, Greenberg RN, Guerin T,
Meade D, Li XA, Zhu W, Uittenbogaard A, Wilson ME, Smart EJ. HIV

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Subclinical Atherosclerosis in HIV Patients 817

protease inhibitors promote atherosclerotic lesion formation independent
of dyslipidemia by increasing CD36-dependent cholesteryl ester accumu-
lation in macrophages. J Clin Invest. 2003;111:389-397.

. Centers for Disease Control and Prevention: 1993 Revised classification

system for HIV infection and expanded surveillance case definition for
AIDS among adolescents and adults. Morbid Mortal Wkly Rep. 1992;
41(RR-17):1-19.

. Polak JF, O’Leary DH, Kronmal RA, Wolfson SK, Bond MG, Tracy RP,

Gardin JM, Kittner SJ, Price TR, Savage PJ. Sonographic evaluation of
carotid artery atherosclerosis in the elderly: relationship of disease
severity to stroke and transient ischemic attack. Radiology. 1993;188:
363-370.

. Greenland P, Smith SC, Grundy SM. Current perspective. Improving

coronary risk assessment in asymptomatic people: role of traditional risk
factors and non-invasive cardiovascular tests. Circulation. 2001;104:
1863-1867.

. Pignoli P, Tremoli E, Poli A, Oreste P, Paoletti R. Intimal plus medial

thickness of the arterial wall: a direct measurement with ultrasound
imaging. Circulation. 1986;74:1399-1406.

. Bots ML, Hoes AW, Koudstaal PJ, Hofman A, Grobbee DE. Common

carotid intima-media thickness and risk of stroke and myocardial
infarction: the Rotterdam Study. Circulation. 1997;96:1432-1437.

. Chambless LE, Heiss G, Folsom AR, Rosamond W, Szklo M, Sharrett

AR, Clegg LX. Association of coronary heart disease incidence with
carotid arterial wall thickness and major risk factors: the Atherosclerosis
Risk in Communities (ARIC) Study, 1987-1993. Am J Epidemiol. 1997,
146:483-494.

. O’Leary DH, Polak JF, Kronmal RA, Manolio TA, Burke GL, Wolfson

SK Jr. Carotid-artery intima and media thickness as a risk factor for
myocardial infarction and stroke in older adults. Cardiovascular Health
Study Collaborative Research Group. N Engl J Med. 1999;340:14-22.
Touboul PJ, Elbaz A, Koller C, Lucas C, Adrai V, Chedru F, Amarenco P.
Common carotid artery intima-media thickness and brain infarction: the
Etude du Profil Genetique de 1'Infarctus Cerebral (GENIC) case-control
study. The GENIC Investigators. Circulation. 2000;102:313-318.

Seminari E, Pan A, Voltini G, Carnevale G, Maserati R, Minoli L,
Meneghetti G, Tinelli C, Testa S. Assessment of atherosclerosis using
carotid ultrasonography in a cohort of HIV-positive patients treated with
protease inhibitors. Atherosclerosis. 2002;162:433—-438.

Chironi G, Escaut L, Gariepy J, Cogny A, Teicher E, Monsuez JJ,
Levenson J, Simon A, Vittecoq D. Carotid intima-media thickness in
heavily pretreated HIV-infected patients. J Acquired Immune Defic
Syndr. 2003;32:490-493.

Mercie P, Thiebaut R, Lavignolle V, Pellegrin JL, Yvorra-Vives MC,
Morlat P, Ragnaud JM, Dupon M, Malvy D, Bellet H, Lawson-Ayayi S,
Roudaut R, Dabis F. Evaluation of cardiovascular risk factors in HIV-1
infected patients using carotid intima-media thickness measurement. Ann
Med. 2002;34:55-63.

Hsue PY, Lo JC, Franklin A, Bolger AF, Martin JN, Deeks SG, Waters DD.
Progression of atherosclerosis as assessed by carotid intima-media thickness
in patients with HIV infection. Circulation. 2004;109:1603-1608.

Maggi P, Lillo A, Perilli F, Maserati R, Chirianni A; PREVALEAT
Group. Colour-Doppler ultrasonography of carotid vessels in patients
treated with antiretroviral therapy: a comparative study. AIDS. 2004;18:
1023-1028.

Alonso-Villaverde C, Coll B, Parra S, Montero M, Calvo N, Tous M,
Joven J, Masana L. Atherosclerosis in patients infected with HIV is
influenced by a mutant monocyte chemoattractant protein-1 allele. Cir-
culation. 2004;110:2204-2209.

Currier JS, Kendall MA, Zackin R, Henry WK, Alston-Smith B, Torriani
FJ, Schouten J, Mickelberg K, Li Y, Hodis HN; for the AACTG 5078
Study Team. Carotid artery intima-media thickness and HIV infection:
traditional risk factors overshadow impact of protease inhibitor exposure.
AIDS. 2005;19:927-933.

Touboul PJ, Labreuche J, Vicaut E, Amarenco P; GENIC Investigators.
Carotid intima-media thickness, plaques, and Framingham risk score as
independent determinants of stroke risk. Stroke. 2005;36:1741-1745.
Centro Nacional de Epidemiologfa ISC III. Vigilancia epidemioldgica del
Sida en Espafia. Situacién a 30 de junio de 2004. Bol Epidemiol Semanal.
2004;12:137-148.



