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Abstract
Objective—To assess the association of HIV infection, HIV disease parameters (including CD4+
T-cell counts, HIV viral load, and AIDS) and antiretroviral medication use with subclinical carotid
artery atherosclerosis.

Design—Cross-sectional study nested within a prospective cohort study

Methods—Among participants in the Women's Interagency HIV Study (1,331 HIV-infected
women, 534 HIV-uninfected women) and Multicenter AIDS Cohort Study (600 HIV-infected men,
325 HIV-uninfected men), we measured subclinical carotid artery lesions and common carotid artery
intima-media thickness (CIMT) using B-mode ultrasound. We estimated adjusted mean CIMT
differences and prevalence ratios (PRs) for carotid lesions associated with HIV-related disease and
treatments, with multivariate adjustment to control for possible confounding variables.

Results—Among HIV-infected individuals, a low CD4+ T cell count was independently associated
with an increased prevalence of carotid lesions. Compared to the reference group of HIV-uninfected
individuals, the adjusted PR for lesions among HIV-infected individuals with CD4+ T-cell count
<200 cells/mm3 was 2.00 (95% confidence interval 1.22, 3.28) in women and 1.74 (95% confidence
interval 1.04, 2.93) in men. No consistent association of antiretroviral medications with carotid
atherosclerosis was observed, except for a borderline significant association between protease
inhibitor use and carotid lesions in men (with no association among women). History of clinical
AIDS and HIV viral load were not significantly associated with carotid atherosclerosis.
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Conclusions—Beyond traditional cardiovascular disease risk factors, low CD4+ T-cell count is
the most robust risk factor for increased subclinical carotid atherosclerosis in HIV-infected women
and men.

Recent studies among HIV-infected populations have linked use of combination antiretroviral
therapy with increased risk of cardiovascular disease (CVD) events [1-4] and subclinical
atherosclerosis [5-7]. Among HIV-infected individuals, low CD4+ T-cell count has also been
identified as a vascular risk factor [5]. However, the data have not been consistent as other
studies have not confirmed the reported associations of antiretroviral use [8-11] or low CD4+
T-cell count [2] with clinical or subclinical CVD.

Several potential mechanisms have been described that may link HIV disease and its treatment
with increased risk of vascular disease. Individuals with untreated HIV infection have
decreased levels of high-density lipoprotein cholesterol (HDL-C) and increased levels of
triglycerides [12-14], which are adverse risk factors for vascular disease. On the other hand,
persons with untreated HIV infection also have reductions in low-density lipoprotein
cholesterol (LDL-C) and total cholesterol, which may be favorable characteristics with regard
to atherosclerotic risk [12-14]. Initiation of antiretroviral therapy tends to normalize lipid
parameters (total cholesterol, LDL-C and triglycerides, but not HDL-C) [14]. Some therapies,
notably protease inhibitors (PI), may have adverse effects on LDL-C and triglyceride levels,
blood pressure, and risk of diabetes [15-19]. Use of nucleoside analogs has been associated
with body fat changes, insulin resistance and diabetes [20-22]. Circulating markers of
inflammation such as C-reactive protein (CRP) may be elevated among individuals with HIV
infection, especially during progression to AIDS [23].

The purpose of the present investigation was to assess the association of HIV infection, HIV
disease parameters (including CD4+ T-cell counts, HIV viral load, and AIDS) and
antiretroviral medication use with subclinical vascular disease. We report the results from two
studies, conducted in parallel, within the Women's Interagency HIV Study (WIHS) and the
Multicenter AIDS Cohort Study (MACS). WIHS and MACS are population-based US cohort
studies that offer several important strengths, including large sample size, inclusion of HIV-
uninfected persons who were recruited from the same at-risk populations as the HIV-infected
individuals, and extensive longitudinal, protocol-driven data collection on clinical, behavioral,
and demographic variables. The present report describes data from the baseline phase of a
WIHS-MACS Carotid Ultrasound Substudy, which features standardized image acquisition
and measurement of carotid artery intima-media thickness, a quantitative measure of
atherosclerosis burden.

Methods
Study participants The WIHS [24] and MACS [25] are ongoing prospective cohort studies of
individuals in the United States with HIV infection and HIV-uninfected comparison groups.
The WIHS began in 1994 and has enrolled a total of 3,766 women across six sites in San
Francisco, Los Angeles, Chicago, Washington, DC, Brooklyn, and Bronx, NY. The WIHS
cohort initially enrolled 2,054 HIV-infected women and 569 HIV-uninfected women in 1994
−1995 and then was expanded in 2001−2002 with the addition of 737 HIV-infected women
and 406 HIV-uninfected women. Both HIV-infected and HIV-uninfected WIHS participants
were recruited from venues such as primary care clinics, hospital-based programs, community
outreach sites, women's support groups, drug rehabilitation programs, and HIV testing sites.

The MACS was initiated in 1984 as a study of men who have sex with men at four study sites
in Baltimore/Washington, DC, Chicago, Los Angeles, and Pittsburgh. A total of 6,973 men
were enrolled during 3 time periods: 1,813 HIV-infected and 3,141 HIV-uninfected men in
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1984−1985, 425 HIV-infected and 243 HIV-uninfected men in 1987−1990, and 705 HIV-
infected and 646 HIV-uninfected men, primarily minority individuals, in 2001−2003. Among
the 4,030 men who were seronegative at enrollment, 637 subsequently became HIV-infected.

In April 2004, through coordinated efforts by the WIHS and MACS investigators, a vascular
disease substudy was initiated in each cohort which included B-mode ultrasound imaging of
the carotid arteries. All WIHS participants were eligible for the vascular substudy, while in
MACS, eligibility was restricted to men who reported no history of coronary heart disease
(CHD) (including angina, myocardial infarction [MI], or coronary revascularization). For the
present analyses, we excluded WIHS women with a history of CHD (100 HIV+, 7.5% and 38
HIV-, 7.1%). The MACS vascular substudy also excluded men who were who under 40 years
of age or more than 300 lbs; this was because the MACS vascular substudy also included
coronary artery calcium measurements (described elsewhere) [26], which provide little
information among younger individuals and for technical reasons are difficult to perform in
the morbidly obese. After applying exclusion criteria, carotid ultrasound measurements were
available for a total of 1331 HIV-infected and 534 HIV-uninfected WIHS participants and 600
HIV-infected and 325 HIV-uninfected MACS participants.

All individuals provided informed consent and these studies were approved by local
Institutional Review Boards.

Data collection High resolution B-mode carotid artery ultrasound was used to image the far
wall of the right common carotid artery (CCA), internal carotid artery (ICA), and carotid bulb
according to the procedure of Hodis and colleagues [27]. Sonographers at each of the WIHS
and MACS sites were uniformly trained at the University of Southern California
Atherosclerosis Research Unit Core Imaging and Reading Center (CIRC). Subclinical
atherosclerosis was measured by: 1) right distal CCA intima-media thickness (CIMT); and 2)
presence of lesions defined as a focal intima-media thickness (IMT) >1.5 mm in any of the
imaged segments. Intima-media thickness was centrally measured from standardized
ultrasound images of the carotid artery by automated computerized edge detection (Prowin,
Patent, 2005, 2006) [28]. The coefficient of variation of repeated measures of CIMT, with
repeat scans guided by the initial images, was 1.8% (ICC = 0.98) at WIHS sites (n = 113 WIHS
women) and 1.0% (ICC = 0.99) at MACS sites (n = 38 healthy volunteers). Data from the
vascular measurements was combined with demographic, clinical, and laboratory variables
collected in standardized fashion at baseline and semi-annual WIHS and MACS core visits.

Study variables The definition of highly-active antiretroviral therapy (HAART) was based on
the US Department of Health and Human Services (DHHS) treatment guidelines
(www.aidsinfo.gov) as use of: (a) 2+ nucleoside reverse transciptase inhibitors (NRTIs) in
combination with at least one PI or one non-nucleoside reverse transcriptase inhibitor
(NNRTI); (b) one NRTI in combination with at least one PI and at least one NNRTI; or (c) an
abacavir or tenofovir containing regimen of 3+ NRTIs in the absence of both PIs and NNRTIs,
except for the three-NRTI regimens consisting of: abacavir + tenofovir + lamivudine, or
didanosine + tenofovir + lamivudine. Cumulative duration of exposure to PIs, NNRTIs, and
NRTIs was defined based on data that was reported semi-annually on the use of individual
antiretroviral medications. History of AIDS defining illness according to the 1993 Centers for
Disease Control and Prevention case definition was determined by self-report in WIHS, and
by medical records confirmation in MACS. For subjects who were already treated with
HAART at the time of study enrollment, we obtained prior medication history and the CD4+
T-cell count prior to HAART initiation by medical record review. Additional CD4+ T-cell
counts and HIV-1 RNA quantification levels were determined from specimens collected at the
time of the semi-annual study visits. Beginning in 1997, participants were instructed to fast for
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at least 8 hours prior to blood draws. Laboratory values including glucose, total cholesterol,
HDL-C, LDL-C, and triglycerides were measured at central laboratories.

Statistical Analysis Our analysis proceeded in three steps. First, we compared average CIMT
levels and the prevalence of carotid lesions among HIV-infected individuals versus those who
were HIV-uninfected. Second, we investigated the association of CIMT and carotid lesions
with measures of HIV disease progression, by conducting separate analyses with variables for
recent and nadir CD4+ T-cell counts, recent and peak HIV viral loads, and history of AIDS
defining illness (each variable was considered in a separate model). Third, we examined CIMT
and carotid lesions in relation to duration of specific antiretroviral therapies among HIV-
infected participants, with separate models for the duration of PI use, NNRTI use, and NRTI
use (per 2 years of use).

For these models, we utilized multivariate linear regression to estimate adjusted mean
differences in CIMT associated with HIV-related and treatment-related variables. Multivariate
log-binomial/Poisson regression was used to assess the adjusted prevalence ratios (PR) relating
HIV-related and treatment-related variables with the presence of lesions in any segment of the
right CCA, ICA or carotid bulb. All multivariate models were adjusted for age, race/ethnicity,
education, income, family history of MI, smoking, alcohol, opiate and injection drug use, and
study site. In order to assess whether associations between HIV-related variables and CIMT
or lesions might be mediated by metabolic CVD risk factors, we also performed further
adjustment for diabetes (based on measured glucose levels or history of diabetes treatment),
body mass index (BMI), systolic blood pressure, LDL-C, HDL-C, and use of lipid-lowering
medication. Data was complete for all analytical covariates for 1100 HIV-infected (89%) and
433 HIV-uninfected (87%) WIHS participants and 515 HIV-infected (86%) and 300 HIV-
uninfected (92%) MACS participants. We utilized (single-chain) Markov-chain Monte Carlo
multiple-imputation methods for missing data, using separate imputations for each constructed
model [29]. Analyses were conducted using SAS (Version 9.1, Cary, NC) with appropriate
multiple-imputation inference. The authors had full access to the data, take responsibility for
its integrity, and have read and agree to the manuscript as written.

Results
Participant characteristics Table 1 presents characteristics of WIHS and MACS participants
stratified by HIV and HAART use. Statistically significant differences were present by HIV
infection and HAART use in age, race/ethnicity, education (among men only), income,
smoking, alcohol and injection drug use, family history of MI (among men only), diabetes
(among men only), lipids and use of lipid-lowering medication, BMI, and systolic blood
pressure (among women only) (Table 1). Older age was associated with higher mean CIMT
and higher prevalence of carotid lesions (Figure).

HIV-infected versus HIV-uninfected In multivariate analyses, HIV-infected women had
significantly lower CIMT than HIV-uninfected women (adjusted mean difference in CIMT =
−12 μm, 95% confidence interval −23, −2 μm, p = 0.02), after adjustment for age, race,
education, income level, family history of MI, current smoking, alcohol consumption, opiate
use, injection drug use, and study site (Table 2). This association was attenuated and not
statistically significant after additional adjustment for metabolic variables including history of
diabetes, lipid levels and hyperlipidemic therapy, BMI, and blood pressure. In men, CIMT did
not differ significantly between HIV-infected and HIV-uninfected groups, although the point
estimates suggested that as in women, HIV-infected men appeared to have lower CIMT.
Carotid lesions were not significantly associated with HIV infection in either sex.
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CD4+ T-cell count, AIDS, and HIV viral load No association was observed between the most
recent CD4+ T-cell count and mean CIMT (data not shown). Multivariate-adjusted analyses
indicated a significant 70% to 100% increase in the prevalence of carotid lesions among HIV-
infected individuals with CD4+ T-cell count below 200 cells/mm3, as compared to HIV-
uninfected individuals (Table 3). Results were similar after additional adjustment for metabolic
CVD risk factors (Table 3), and after excluding from the analysis HIV-infected individuals
who had never been treated with antiretroviral therapies (data not shown). In additional
analyses, which incorporated historical data on CD4+ T-cell count and AIDS, neither the lowest
measured CD4+ T-cell count, nor prior AIDS defining illness, were associated with CIMT or
lesions. The most recent HIV viral load measurement was not associated with CIMT or lesions.

Duration of antiretroviral medication use Compared with women, men had longer median
cumulative duration of antiretroviral drug exposure (including PIs, NNRTIs, and NRTIs)
(Table 4). Among men, we observed an association between longer duration of PI exposure
and increased PR for carotid lesions (adjusted PR per 2 years of PI use = 1.11, 95% confidence
interval 1.00, 1.24, p = 0.05), although this association was not significant after further
adjustment for metabolic risk factors (p = 0.08) (Table 4). In contrast to the results in men, no
significant association between duration of PI use and carotid lesions was found in women.
Further, NRTI and NNRTI use were not significantly associated with carotid lesions among
women or men, and no associations were observed between duration of antiretroviral therapy
and mean CIMT (data not shown).

CIMT and carotid lesions in relation to traditional CVD risk factors Analyses conducted among
all study participants showed significant associations between subclinical carotid
atherosclerosis and age, African-American race/ethnicity, smoking, diabetes, BMI, blood
pressure, and lipids (Table 5). The presence of carotid lesions was associated with increased
CIMT among both HIV-infected women (adjusted Δ CIMT = 34 μm, 95% confidence interval
16, 56, p<0.001) and HIV-infected men (adjusted Δ CIMT = 46 μm, 95% confidence interval
22, 73, p<0.001).

Discussion
This study did not confirm the presence of increased mean CIMT among HIV-infected as
compared with HIV-uninfected individuals, as has been previously reported [5,6]. However,
we did find that the frequency of carotid lesions (IMT > 1.5mm) was significantly increased
among HIV-infected men and women with evidence of more advanced HIV disease. Compared
with HIV-uninfected persons, the adjusted prevalence of carotid lesions was 70% to 100%
higher in HIV-infected persons who had a recent CD4+ T-cell count measurement below 200
cells/mm3. These findings are consistent with prior evidence that low CD4+ T-cell count may
increase risk of CVD in HIV-infected populations [5,30]. Prior studies have also suggested
increased risks of incident CVD events with each additional year of combination antiretroviral
therapy, particularly for regimens that include PIs [1,2]. Our data, based upon a surrogate
marker for CVD, provide little support for the conclusion that increased atherosclerotic
vascular disease is associated with longer duration of PI therapy. There was no evidence of
such an association among women, and among men a possible association between PI use and
carotid lesions was weak and not significant in multivariate models. This study among two
large population-based HIV cohorts has several strengths, including extensive data on an array
of potential confounders and metabolic risk mediators, and the inclusion of HIV-uninfected
comparison groups who were recruited using comparable methods and from similar venues as
the HIV-infected individuals and who also had HIV risk behaviors (eg, injection drug use,
receipt of blood products, high-risk sexual practices).
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Our finding that low CD4+ T-cell count is a vascular risk factor among HIV-infected
individuals is supported by previous observational data [5] and by secondary analyses from
the FIRST/ CPCRA 058 clinical trial [30]. In the Strategies for Management of Antiretroviral
Therapy (SMART) trial, HIV-infected individuals randomized to episodic antiretroviral
therapy (eg, “drug conservation” arm) guided by the CD4+ T-cell count had reduced CD4+ T-
cell count and increased risk of major CVD events as compared with those randomized to
continuous therapy [31]. The main results from SMART appear to be consistent with our
finding that immunosuppression was associated with increased atherosclerosis, although
subsequent analyses from SMART found that high (not low) CD4+ T-cell count was a predictor
of increased CVD risk in the drug-conservation arm [32]. The association between low CD4
+ T-cell count may plausibly be explained by chronic inflammation [23] or specific pathogen
exposures [33] in immunosuppressed HIV-infected individuals.

Prior data have suggested that use of antiretroviral therapy may increase CVD risk among HIV-
infected adults [1,2], although this is not entirely consistent with other studies, some of which
were based on subclinical rather than clinical CVD [8-10]. The Data Collection on Adverse
Events of Anti-HIV Drugs (DAD) Study Group [1], a large collaborative study of HIV-infected
cohorts, reported an adjusted 16% increase in the relative hazard of incident MI with each
additional year of PI-based combination antiretroviral treatment. The present study did not find
consistent evidence for an association between antiretroviral therapies and atherosclerosis.
There was no association whatsoever between use of PIs or other antiretroviral therapies and
atherosclerosis in women. Among men, a possible association between longer duration of PI-
based therapy and increased risk of carotid artery lesions was observed, but this finding was
non-significant in adjusted models. The possible reasons why the association between
antiretroviral therapies and atherosclerosis would differ by sex are unclear. This may reflect
random subgroup differences; poorer drug adherence or less aggressive antiretroviral therapy
among women as compared with men; the younger age of women as compared with men in
the study; or lower susceptibility to atherosclerosis among women than among men. On the
other hand, the lack of clear and consistent findings in this study is evidence against the
hypothesis that antiretroviral medications are an important cause of vascular disease.

While we found evidence that men and women with low CD4+ T-cell count have increased
occurrence of atherosclerotic lesions, the present study also suggested that overall carotid wall
thickness (i.e., mean CIMT) was significantly lower among HIV-infected women than among
HIV-uninfected women (with a similar trend in men). A possible explanation may be that HIV
infection is associated with favorable levels of some vascular risk factors including total
cholesterol, LDL-C, blood pressure, and BMI [14,19,34,35]. Consistent with this proposed
mechanism, we found that the association between HIV infection and reduced CIMT was
attenuated through adjustment for metabolic variables. We note that our observation of both
more frequent carotid lesions, and lower mean CIMT, in the HIV-infected population is
strikingly similar to the findings from carotid ultrasound studies of other inflammatory and
immune-related conditions. For example, women with systemic lupus erythematosus [36] and
rheumatoid arthritis [37] have increased prevalence of carotid lesions, but reduced mean CIMT,
compared with healthy controls. Histologic studies of carotid plaques in HIV-infected
individuals show extensive inflammatory infiltration of the vascular wall, more similar to
arteritis than to classical atheroma [38], which is further evidence of an atypical vascular
disease phenotype in the HIV-infected population.

The cross-sectional nature of the present study is an important limitation, because use of
antiretroviral medications, CD4+ T-cell cell counts, HIV viral loads, and CVD risk mediators
such as lipid levels are dynamic variables that change over time. Although vascular
measurements were only performed at a single timepoint, we did make use of extensive
longitudinal data on medication use and other HIV-related variables collected as part of the
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WIHS and MACS core protocols. This is an observational study, and it is possible that
associations of HIV infection, medications, and other HIV-related variables with subclinical
carotid atherosclerosis may not accurately represent causal relationships. Because this study
was conducted after the initial reports liking specific antiretroviral therapies with metabolic
disorders and CVD, channeling bias may have affected our results. This would have lead to an
underestimation of the risks associated with these therapies, if they tended to be avoided in
patients known to be at high vascular risk. As noted, the HIV-uninfected comparison groups
had similar characteristics and were recruited using similar methods as the HIV-infected
groups, albeit it is possible that relevant behaviors, comorbidities, social factors, health care
access, and other health-related practices may not have been balanced between the groups. For
technical reasons relating to a concurrent study of coronary calcium [26], men younger than
40 years were excluded from the study, which is a limitation as this group represents a large
fraction of the HIV-infected population. Likewise, our study excluded individuals with
preexisting CVD, who may be susceptible to adverse effects of HIV infection or therapies.
Finally, this was a study of subclinical atherosclerosis measures rather than hard CVD events.
While the carotid ultrasound protocol is a well-validated measure of atherosclerosis and
predictor of clinical cardiovascular events, other mechanisms such as increased coagulation or
impaired endothelial function may also lead to vascular events in HIV-infected populations
[39].

In conclusion, we found that HIV-infected women and men with a low CD4+ T-cell count had
a significantly increased prevalence of subclinical carotid artery lesions. Use of antiretroviral
therapies had no consistent association with atherosclerosis in this study. These findings
emphasize that the association of antiretroviral therapy use and other HIV-related variables
with atherosclerosis is in need of further study.
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Figure. Mean CIMT (A) and prevalence of carotid lesions (B), with 95% confidence intervals, by
age, HIV status, and sex
CIMT, carotid intima-media thickness
Sample sizes for each age/sex/HIV group shown at the top.
(A) Unadjusted mean CIMT was 722 μm in HIV-infected women, 716 μm in HIV-uninfected
women, 750 μm in HIV infected men, and 771 μm in HIV-uninfected men. Y axis: CIMT in
μm
(B) Carotid lesions defined as focal intima-media thickness >1.5 mm in any segment of the
right common carotid artery, internal carotid artery, or carotid bulb. Unadjusted prevalence of
lesions was 10% in HIV-infected women, 6% in HIV-uninfected women, 28% in HIV-infected
men, and 30% in HIV-uninfected men. Y axis: prevalence of lesions
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