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Abstract

Objectives—HIV infection is associated with increased prevalence of subclinical coronary
plaque. The extent to which such plaque reflects effects of HIV infection or effects of long-term
antiretroviral (ART) use remains unclear and was the goal of this analysis.

Design and Methods—We compared the prevalence and extent of coronary plaque and stenosis
between users of specific ART drugs or drug classes using coronary computed tomography (CT)
among HIV-infected men in the Multicenter AIDS Cohort Study. To account for time-dependent
confounders, including cardiovascular disease (CVD) risk factors and time-varying reasons for
using specific treatments, we conducted fully adjusted logistic and linear models with inverse
probability of treatment weighting.

Results—There were 618 men who underwent non-contrast coronary CT; 450 also underwent
coronary CT angiography. At the time of scanning 81% had undetectable plasma HIV RNA. In
fully adjusted models, cumulative use of zidovudine, abacavir, darunavir and protease inhibitors as
a drug class were inconsistently associated with specific forms of plaque presence or extent.

Conclusions—Among virally suppressed HIV-infected men with extensive ART exposure, no
consistent associations between use of specific ART drugs and both subclinical coronary plaque
presence and extent were apparent. Our findings support the hypothesis that, among virally
suppressed persons, type of ART used is not in general a major determinant of subclinical
coronary plaque risk.
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Introduction

Methods

In the era of highly active antiretroviral therapy (HAART), AIDS-related mortality has
decreased significantly and age-related chronic non-opportunistic illnesses have become
dominant causes of morbidity and mortality among aging HAART-treated HIV-infected
persons, with cardiovascular disease (CVD) among these (1, 2). Compared to HIV-
uninfected individuals, those who are HIV-infected have higher rates of acute coronary
events (3) and subclinical coronary plaque (4, 5). Our group has reported on an increased
prevalence of noncalcified coronary plaque among HIV-infected men compared with
uninfected men (4). This association was recently confirmed in a meta-analysis that included
9 studies and more than 1200 HIV-infected individuals (6).

Chronic HIV infection is associated with increased levels of systemic immune activation and
inflammation, both of which have been associated with increased risk of atherosclerosis in
HIV-infected individuals (7-9). Several antiretroviral drugs and drug classes (including
protease inhibitors, thymidine analog nucleotide reverse transcriptase inhibitors (TANRTIS)
and abacavir) have been linked to metabolic abnormalities, such as insulin resistance and
changes in body habitus, and increased risk of myocardial infarction(10-14). The extent to
which HIV-associated subclinical coronary plaque reflects effects of long-term use of
antiretroviral therapy (ART) versus effects of HIV infection itself remains unclear. Absence
of association between specific ART drugs and subclinical plague would suggest that the
increased risk of or subclinical plaque is likely due to HIV infection and that ART type is a
less important determinant of cardiovascular disease risk than achievement and maintenance
of HIV virologic suppression, a factor known to be associated with avoidance of adverse
cardiovascular clinical outcomes (15, 16). To address this gap we sought to characterize the
associations between use of specific ART drugs or drug classes and presence and extent of
subclinical coronary plague among HIV-infected men.

Study population

The Multicenter AIDS Cohort Study (MACS) is an ongoing prospective cohort study of HIV
infection among homosexual and bisexual men (17). Initial enrollment took place between
1984 and 1985 with subsequent enrollment periods between 1987 and 1991 and again
between 2001 and 2003. Enrollment criteria into the ancillary cardiovascular study included
active participation in MACS, age between 40 and 70 years, weight less than 136 kg, and no
history of prior percutaneous coronary intervention or cardiac surgery. Participants
underwent a non-contrast coronary computed tomography (CT) scan for coronary artery
calcium (CAC) scoring. Men with glomerular filtration rate > 60 mL/min/1.73m?2, no history
of atrial fibrillation and no contrast allergy also underwent coronary CT angiography. The
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institutional review boards of all participating institutions approved this study. All
participants provided informed consent.

Computed tomography scanning and analysis

These procedures have been described in detail elsewhere (18). Briefly, men received beta-
blockers or calcium channel blockers as needed in preparation for cardiac imaging.
Sublingual nitroglycerin was administered prior to intravenous contrast injection unless
contraindicated. Imaging equipment consisted of either 64-slice or 320-row multi-detector
CT. All CT images were transferred to a core CT reading center (Los Angeles Biomedical
Research Institute at Harbor-UCLA Medical Center) where readers, blinded to participant
characteristics assessed the presence, size, and composition of coronary plaque and the
degree of luminal stenosis in all assessable coronary artery segments. Plaque size for each
segment was graded as 0 for no plaque; 1 for a mild; 2 for a moderate; or 3 for a severe
amount. Segment stenosis was defined as 0 (none), 1 (1%to 29% vascular luminal
narrowing), 2 (30% to 49%), 3 (50% to 69%), or 4 (70%, stenosis). The overall extent of
atherosclerosis (expressed as total plaque score) was calculated by summing the plaque size
score for all assessable coronary segments that showed any plaque (calcified, noncalcified,
or mixed), up to a maximum score of 45. Each coronary segment was classified as normal or
containing calcified, noncalcified, or mixed (<50% of plaque area occupied by calcium)
plaque. The calcified, noncalcified, and mixed plaque scores for each participant were
calculated by separately summing the scores for calcified, noncalcified, and mixed plaque
across all coronary segments. CAC score was computed using the Agatston method from
non-contrast images (19).

Clinical variables

MACS participants are seen approximately every 6 months at research visits that include
physical examination and cardiovascular disease risk factor assessment based on self-
reported clinical history and blood tests. Race was based on self-report (Caucasian, African
American, Hispanic/other). Standardized laboratory measurements performed at the time of
visit included CD4 + T lymphocyte cell counts/mm?3 (CD4); CD4/CD8 + T lymphocyte cell
counts/mm3 ratio (CD4/CD8 ratio); plasma HIV RNA levels in copies/mm3; fasting serum
glucose, total cholesterol and high-density lipoprotein (HDL) cholesterol levels; and
hepatitis B (HBV) and hepatitis C (HCV) viremia. The estimation of cumulative pack-years
of tobacco use, prescription of lipid lowering, diabetes and anti-hypertensive medications
was based on self-report using a standardized questionnaire. HIV parameters including
history of clinical AIDS and ART use were assessed at each study visit.

We evaluated cumulative use of classes of ART drugs and then of specific ART drugs in
association with coronary plaque presence and extent. Specific ART drugs evaluated were
chosen by the investigators on the basis of clinical data reported from our and other cohorts
and other published data that have identified associations between specific drug use with
risks for CVD, including plasma hyperlipidemia (protease inhibitors (PIs), including
pharmaco-enhancing doses of ritonavir), insulin resistance (Pls, stavudine), body habitus
changes (PlIs, stavudine), risk of myocardial infarction (MI) (lopinavir/ritonavir, other Pls,
abacavir) or other metabolic abnormalities (the TANRTIs zidovudine and stavudine) (10-14,
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20-22). We defined cumulative use of classes of ART and specific ART drugs as continuous
variables; individuals not exposed to the drug or drug class were considered to have a
cumulative use of zero.

Statistical analysis

We analyzed the presence and extent of coronary plaque as separate outcomes. Each plaque
outcome was analyzed independently including presence and extent of CAC; total, calcified,
noncalcified and mixed plaque; and coronary stenosis. The presence of CAC or plaque was
defined as a score greater than zero; presence of coronary stenosis was defined as stenosis >
50%. To assess associations between ART use and presence of plaque or coronary stenosis
we performed logistic regression with the cumulative use of the drug of interest (per 1 year)
as the predictor variable and adjusted for race and age at the time of scanning (minimally
adjusted model). Since prior medical history (including CVD risk factors) may affect use of
medications which then may affect these same risk factors, we used inverse probability of
treatment weighting (IPTW) of the models that were fully adjusted by demographics, HIV
parameters and CVD risk factors to account for this time-dependent confounding (23).

To estimate stabilized weights (SW), we ran two logistic models - a numerator model and a
denominator model, to predict a specific ART drug use (yes or no) since last visit using
longitudinal data from the visit when the ART drug was first used in the cohort up to the
time of CT-scanning. The logistic model determining the numerator of the weights included
time-fixed covariates (i.e., race and cohort entry status (enrolled after 2001 vs. pre-2001)),
treatment history (i.e., cumulative years of any ART use before the drug was first used in the
cohort, the same drug use at one visit before current visit, and the same drug use at two
visits before current visit), and calendar year of the visit. The denominator model included
all variables in the numerator model and also time-dependent covariates at the prior visit,
which included: study center, age (years), body mass index (BMI, per 1 unit), cumulative
pack-year smoking (per 1 year), prescription of anti-hypertensive medication (yes/no),
systolic blood pressure (per 10mmHg), prescription of anti-diabetic medication (yes/no),
fasting serum glucose (per 10 mg/dL), prescription of lipid-lowering medication (yes/no),
HDL cholesterol (per 10 mg/dL), total cholesterol (per 10 mg/dL), chronic HBV infection
(positive hepatitis B surface antigen), chronic HCV infection (detectable HCV RNA),
CD4/CD8 ratio, HIV RNA (per 1 log10) and history of clinical AIDS (yes/no). For each
individual 7at each visit /, we first calculate weights as the ratio (R;j) of the probability of
treatment received from the numerator model to the probability of treatment received from
the denominator model, and then multiply all weights (Ri1, Riz, ..., Rj(j-1), Rjj) from the prior
visits up to current visit to get SWj;. For example, suppose an individual reported using
abacavir at the first visit, but not at the second visit. Then his SWj, at the second visit is the
product of Rj; (for the probability of receiving abacavir at the first visit) and R;, (for the
probability of not receiving abacavir at the second visit). This was performed separately for
each ART drug or class examined. The SW calculated at the last visit closest to CT-scanning
were used in the fully-adjusted model, where we used logistic regression with generalized
estimating equation including the cumulative use of the ART drug of interest (per 1 year
increase) as a predictor variable with IPTW adjustment and further adjusted for age at the
time of CT scanning, and all variables in the numerator model for weights. If the weights in

AIDS. Author manuscript; available in PMC 2016 December 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Thomas et al.

Results

Page 5

fully-adjusted model were greater than ten, they were set to ten, which was >99th percentile
of all weights (24). We used multiple imputation to generate missing values for those
individuals who had missing covariates (25).

Five imputation data sets were created by using multivariate normal model including all
variables in the denominator model for getting the SW. The final estimates of the association
between plaque presence and cumulative ART drug use were obtained by averaging the
weighted estimates from the five imputation data sets. Among men with coronary plaque
present (i.e. plaque scores greater than zero), linear regression models were used to assess
the association between ART use and extent of plaque (log-scale). The linear regression
models were adjusted in the same manner as the logistic models. All analyses were done by
using SAS 9.4 (SAS Institute, Cary, North Carolina, USA).

A total of 618 HIV-infected men underwent non-contrast coronary CT scanning; 450 also
underwent coronary CT angiography. The median age at the time of scanning was 53 years.
Demographic and clinical characteristics prior to CT scanning are described in Table 1. At
the time of scanning 81.4% of men had undetectable plasma HIV RNA levels (< 50
copies/mm3) and a median CD4 of 599. The median time since HAART initiation was 12
years and 56.3% of men had received mono- or dual- nucleotide reverse transcriptase
inhibitors (NRTI) therapy before HAART initiation. Details about exposure to ART drug
classes and specific ART drugs are described in Table 2.

The overall prevalence of CAC was 53.1% with a median CAC score of 70. Among men
who underwent coronary CT angiography (n=450) the prevalence of total plague score >0
(any coronary plaque) was 77.6% (table S1, Supplemental Digital Content 1). Noncalcified
plaque was the most prevalent plaque type, identified in 63.3% of men overall. Figure 1
shows the age- and race-adjusted prevalence of specific types of plaque stratified by duration
of exposure to each of the ART drugs and drug class selected for analysis. In these
minimally adjusted models, the only consistent and significant (£=0.042) dose-effect
response observed was CAC with increased use of darunavir. Long-term use (> 4 years) of
darunavir use also was associated with stenosis.

To better characterize independent associations between cumulative exposure to specific
ART drugs or to ART drug class with the presence and extent of coronary plaque we
performed multivariable analysis as previously described (Table 3 and 4). Among the NRTIs
evaluated, in fully adjusted models cumulative use of zidovudine was not associated with the
presence of CAC, coronary plaque or stenosis. Among men in whom plaque was present,
however, longer use of zidovudine was associated with increased extent of total plaque score
and mixed plaque (3.3% increase per 1 year [standard error (SE)=0.012], £=0.005 and 2.5%
increase per 1 year [SE=0.011], P=0.022). There was an association between zidovudine use
and increased presence and extent of noncalcified plaque that was of borderline statistical
significance (0.05</<0.10). In fully adjusted models, cumulative use of abacavir was
significantly associated with increased presence of noncalcified plaque (OR 1.1 [95% CI
1.01-1.19] per year, P=0.024) but not with extent of noncalcified plaque or with presence or

AIDS. Author manuscript; available in PMC 2016 December 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Thomas et al.

Page 6

extent of CAC, other forms of plaque or coronary stenosis. No significant associations with
stavudine were observed.

Although in the minimally adjusted model cumulative use of Pls was associated with the
presence of stenosis, it was not associated with the presence of CAC, coronary plaque or
coronary stenosis in fully adjusted models. However, among men for whom coronary plaque
was present, longer duration of Pl use was associated with increased extent of total plaque
score in fully adjusted models (2.7% increase [SE=0.013] per year, £=0.042). Analysis by
specific protease inhibitor type revealed that longer darunavir use was associated with
increased presence of calcified plaque (OR 2.28 [95% CI 1.04-5.02] per year, P=0.04) but
not with extent of calcified plaque in fully adjusted models. Cumulative use of darunavir was
associated with increased extent of CAC and total plaque score (38 % increase [SE=0.134]
per year, P=0.005 and 26% increase [SE=0.11] per year, P=0.018, respectively). Its
associations with increased presence of coronary stenosis and extent of mixed plaque were
of borderline statistical significance (0.05</<0.10). No other associations with specific
protease inhibitors were observed in the fully adjusted models.

To further explore characteristics of men exposed to zidovudine and darunavir (the two
antiretroviral drugs whose use demonstrated the most significant associations with coronary
plague) we examined differences in HIV characteristics between men who were exposed
compared to men who were naive to each of these drugs. We found that men who received
zidovudine and men who received darunavir had longer median durations of HIV infection,
lower median CD4 counts at the time of HAART initiation and a higher percentage of visits
with detectable HIV RNA (>= 50 copies/mm3) compared to men who had not received these
medications (table S2, Supplemental Digital Content 2).

Discussion

In this very-well characterized, longitudinally followed group of aging HIV-infected men,
the presence and extent of subclinical coronary plaque was inconsistently linked to the use
of antiretroviral therapy, either specific drugs or drug classes. When associations between
cumulative use of ART and plaque were found, they in general involved modest effect sizes
and marginal statistical significance for either plaque presence orplaque extent but not both.
The HIV-infected participants were, in general, a group that was durably virologically
suppressed while receiving combination ART. While we did not have available for
comparison a sizable group of HIV-infected persons who were not receiving ART, the
implications of these findings may include that the types of ART used do not comprise a
distinct substantial risk for coronary plaque presence or extent. Furthermore, these findings
support the hypothesis that ART type is a less important determinant of cardiovascular
disease risk than achievement and maintenance of HIV virologic suppression, a factor
known to be associated with avoidance of adverse cardiovascular clinical outcomes (15, 16).
In this context, our findings support the assertion that virologic suppression achieved
through ART use may outweigh or even offset any potential negative impact of individual or
combination ART on coronary atherogenesis or its predisposing conditions.
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We found that cumulative use of the TANRTI zidovudine was significantly associated with
increased extent of total plague score and mixed plaque; also with presence and extent of
noncalcified plaque with borderline statistical significance. While positive associations
between use of TANRTIs and increases in traditional CVD risk factors have been reported
extensively in the literature, we found no significant associations between stavudine, the
other commonly used TANRT]I, and coronary plaque, raising the question of a possibly
unique risk conferred by zidovudine use that might be distinct from the class effects of
TANRTIs. Alternatively, these associations might be a surrogate marker for longer duration
of HIV infection, including more prolonged exposure to unsuppressed HIV viral replication
among persons exposed to zidovudine.

We found a limited positive association between abacavir use and presence, but not extent,
of noncalcified plaque. The existing literature on the association between abacavir and
cardiovascular disease is extensive, conflicting and not yet conclusive(26). Moreover,
reported associations between abacavir use and risk for Ml suggest that Ml risk is associated
with very recent abacavir use (usually within 6 months of use), implying that if such an
effect exists, it may be reversible with discontinued use of the drug (27). Furthermore, a
hypothesized mechanism by which abacavir use may be linked to Ml risk involves a net
positive effect upon intravascular platelet activation, also potentially reversible and thereby
not necessarily reflected in coronary plaque burden (28).

In this group of aging, virally suppressed HIV-infected men with extensive protease inhibitor
exposure, no consistent associations between protease inhibitor use and subclinical coronary
plaque presence and extent were apparent. Cumulative darunavir use was associated with a
substantial increase in prevalence of calcified plaque and extent of CAC and total plaque
score among the relatively few studied men (n=90) who were darunavir-exposed. Given this
small sample size, as evidenced by the broad confidence intervals, our measurement of the
effect size is probably not precise and inferences between darunavir use and coronary plaque
risk are not possible from these data alone. Also, the associations might reflect the effect of
longer duration of HIV infection and unsuppressed HIV viremia among darunavir-exposed
men compared to non-darunavir-exposed men. In support of this interpretation, unlike some
of the older protease inhibitors, darunavir use has not, per se, been demonstrated to
constitute a distinct association with factors known to increase CVD risk in the general
population, such as pro-atherogenic hyperlipidemia or insulin resistance (29, 30).
Furthermore, in the absence of clinical outcome data linking darunavir to increased CVD
events, our findings regarding association of its use with greater prevalence and amount of
specific plaque types among the relatively small number of darunavir users in our cohort
need to be interpreted with caution.

As was demonstrated in the SMART (Strategies for Management of Antiretroviral Therapy)
trial, the benefits of continuous ART-related HIV suppression (and possibly immune
repletion), regardless of the ART drugs used probably far outweigh any deleterious or CVD-
predisposing effects of any specific ART use that might be mediated through classic CVD
risk factors(16). HIV non-suppression is clearly associated with greater levels of systemic
inflammation and adverse immune activation (7, 31), processes that have been linked to
coronary atherogenesis in the general population (32). ART-induced HIV RNA suppression
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reduces systemic inflammation and immune activation, which in turn may decrease risk for
coronary atherogenesis and/or plaque progression (31).

It is important to note that in the current study our focus was on subclinical coronary plaque
measured by coronary CT and not on coronary artery disease (CAD)-related clinical events.
In the general population, however, the extent of CAC is a strong predictor of CAD events
(33). Also, the presence of noncalcified or mixed plaque has been associated with increased
risk of coronary events in symptomatic patients (34). Our group recently reported that HIV
infection was associated with a higher prevalence and extent of noncalcified plaque
compared to HIV-uninfected men (4). Our current findings suggest that overall exposure to
specific antiretroviral therapies is unlikely to be a significant driver of these associations.
HIV parameters including CD4 nadir, CD4 count and levels of inflammatory biomarkers
have been found to be independent risk factors for cardiovascular disease among HIV-
infected individuals, suggesting that HIV infection itself contributes to cardiovascular
disease risk (35). The association between duration of HAART use and coronary stenosis
recently reported by our group (4) may indicate that HAART use duration is a surrogate
marker for duration of HIV infection and less likely a discreet risk factor for coronary
stenosis associated with specific antiretroviral drug use.

Our study has important limitations including the cross-sectional nature of the plaque data,
and the fact that persons were exposed to many different ART therapies over time that were
variably remote from the time of scanning. We attempted to control for confounders using
multivariable analysis, however in this observational non-randomized study it is not possible
to control for all potentially confounding variables. Also, our study included only men who
have sex with men, therefore the findings might not be generalizable to women or to all men.

In this group of aging HIV-infected, largely virally-suppressed men with extensive exposure
to ART, we found no consistent association between the use of specific ART drugs with both
the presence and extent of coronary plaque, despite the fact that use of some of the studied
drugs has been associated with clinical factors known to increase coronary plaque risk in the
general population. We hypothesize that the lack of consistent associations between ART
use and plaque presence and extent reflect that the durable benefits of prolonged HIV
suppression that ART use affords offset any drug-associated risks for coronary plaque in this
population. Future work should include systematic longitudinal evaluation of ART naive
persons who initiate specific ART therapy and assessment for the development and
progression of subclinical plaque as well as clinical CVD outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Prevalence of plaque by antiretroviral drug use stratified by duration of exposure and

adjusted for age and race

The points represent the plaque prevalence and the bars represent the 95% confidence
interval. CAC = coronary artery calcium, Pl = protease inhibitor, RTV = ritonavir, LPV =
lopinavir, DRV = darunavir, ATZ = atazanavir, D4T = stavudine, AZT = zidovudine, ABC =

abacavir
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Demographic, laboratory and clinical characteristics at time of coronary CT scanning

Characteristic, median (IQR) or %
Age (years)

African American

Hispanic/Other

CD4 count (cells/mm3)

CD4/CD8 ratio

Detectable viral load ™
Nadir CD4 count
History of AIDS
HAART use

HAART duration, years

ART use before HAART **

Duration of ART use before HAART, years
BMI, kg/m?

Cumulative pack-years smoking
Hypertension medications

Systolic blood pressure (mm Hg)

Diabetes medications

Fasting glucose (mg/dL)

Lipid-lowering medications

Total Cholesterol (mg/dL)

N =618
53(48-58)
34%

13.40%
599(422-756)
0.74(0.5-1.04)

18.60%
243(133-331)
14.20%

96%
12(9-14)
56.30%
8(3-11)
25(23-29)
6(0-24)
36.10%
126(115-136)
9.10%
98(90-107)
35.30%
185(159-212)

HIV RNA > 50 copies/mm3

*:

AIDS. Author manuscript; available in PMC 2016 December 20.

*
mono- or dual- NRTI therapy before HAART initiation; IQR = interquartile range; NRTI = nucleotide reverse transcriptase inhibitors HAART =
highly active antiretroviral therapy; BMI = body mass index; HDL = high density lipoprotein
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Table 2
Cumulative antiretroviral exposure at thetime of CT scanning

ART drug typeand drug
NRTI
abacavir
didanosine
emtricitabine
lamivudine
stavudine
tenofovir disproxil fumarate
zidovidine
NNRTI
delavirdine
efavirenz
etravirine
nevirapine
rilpivirine
Proteaseinhibitors
atazanavir
darunavir
fosamprenavir
indinavir
lopinavir
nelfinavir
ritonavir
saquinavir
Fusion/attachment inhibitors
enfuviritide
maraviroc
Integrase inhibitors
elvitegravir

raltegravir

Number of men ever exposed, n (%)
594(96.1)
270(43.7)
254(41.1)
417(67.5)
522(84.5)
340(55)
498(80.6)
437(70.7)
499(80.7)
16(2.6)
389(62.9)
36(5.8)
203(32.8)
5(0.8)
479(77.5)
192(31.1)
90(14.6)
48(7.8)
201(32.5)
186(30.1)
202(32.7)
369(59.7)
142(23)
27(4.4)
20(3.2)
12(1.9)
117(18.9)
2(0.3)
117(18.9)

Median duration of exposurein years (IQR)
11.9(8.2-14.7)
41(1.8-7.3)
2.2(0.8-4.6)
3.7(2.1-5.4)
7(3.7-9.9)
3.5(1.5-5.7)
4.9(3-7.1)
5(2-8.2)
5.2(2.4-9)
1.1(0.2-3)
41(1.3-7.8)
2.2(1.4-3.3)
3.2(0.9-7.2)
0.9(0.3-1)
7.3(3.9-10.9)
4(1.8-5.8)
1.6(0.7-3.1)
3.5(1.4-5.2)
2.8(0.9-5.1)
4.1(1.3-6.4)
2(0.6-4.2)
5.8(2.7-8.1)
2(0.6-4.2)
2(0.8-3.9)
1.4(0.6-3.5)
1.8(0.6-2.9)
1.8(0.8-2.7)
0.3(0.2-0.5)
1.8(0.8-2.7)

Page 14

ART = antiretroviral therapy; IQR = interquartile range; NRTI = nucleoside reverse transcriptase inhibitor; NNRTI = non-nucleoside reverse

transcriptase inhibitor
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