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Abstract

The aim of the study was to assess whether long-term antiretroviral therapy (ART) is associated with
the risk of coronary plaques in HIV-infected cardiovascularly asymptomatic African Americans.
Between August 2003 and December 2007, 176 HIV-infected cardiovascularly asymptomatic
African Americans were consecutively enrolled in an observational study investigating the effects
of ART on subclinical atherosclerosis in Baltimore, Maryland. Computed tomography coronary
angiography was performed to detect coronary plaques. The overall prevalence rate of coronary
plaques was 30%. After adjusting for sex, total cholesterol, and cocaine use, logistic regression
analysis revealed that exposure to ART for >18 months (adjusted OR: 2.20, 95% CI:1.01, 4.79) was
independently associated with the presence of coronary plaques. A higher HIV viral load was
univariately associated with the presence of noncalcified plaques. Use of ART (>18 months) was
independently associated with the presence of noncalcified plaques (adjusted OR: 7.61, 95% ClI:
1.67, 34.7), whereas cocaine use (>15 years) was independently associated with the presence of
calcified plaques (adjusted OR: 2.51, 95% CI: 1.11, 5.67). This study suggests that long-term
exposure to ART may be associated with coronary plaques. Because long-term use of ART and HIV
replication may be associated with the presence of noncalcified plaques, some of which may be more
vulnerable to rupture, an intensive lifestyle intervention to reduce traditional risk factors for coronary
artery disease (CAD) is ultimately vital to those who are on ART. This study also suggests that
cocaine cessation is the single most effective strategy to prevent CAD in HIV-infected cocaine users.
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INTRODUCTION

Since the introduction of highly active anti-retroviral therapy (HAART), there has been a
dramatic improvement in survival among persons with HIV infection. As HIV-infected
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individuals now live longer, cardiovascular complications have emerged. However, the
etiologies of cardiovascular complications in HIV-infected persons remain poorly understood
since investigations of the etiologies may have been confounded by a variety of factors,
including severity of HIV infection, classes of antiretroviral therapy (ART), and drug use. A
pathological study showed that HIV directly infected human arterial smooth muscle cells,
suggesting that HIV infection per se might explain the exacerbated atherosclerosis and
vasculopathy in HIV-infected individuals [1]. The long-term effects of ART on clinically
symptomatic coronary artery disease (CAD) in HIV-infected persons have been reported, but
the findings are not consistent [2-5]. Recent studies suggest that ART might promote
subclinical atherosclerosis [6], and certain class of ART may be associated with a lower
cardiovascular risk [7]. Although compared with those investigations, some large, much better
controlled studies suggest no impact on subclinical atherosclerosis of either HIV infection
alone or the use of ART or protease inhibitors (PIs) as a class, when individual drugs were
evaluated (such as ritonavir and NNRTIs), an association was seen [8,9]. The prevalence of
carotid plaque and carotid artery intima-media thickness and their relation to HIV infection
and ART have been reported [10]; however, little work has been done to investigate the effects
of HIV infection and ART on coronary plaques. Although underlying traditional risk factors
have been implicated in cardiovascular complications in HIV-infected individuals, their
relative contributions to CAD, especially early-stage CAD, in this population have not been
addressed. Furthermore, little is known about how some nontraditional risk factors, such as
use of illicit drugs, may interact with ART and traditional risk factors and thus may have
additional impact on CAD.

In a study using CT coronary angiography, the authors recently found that long-term use of
ART (=6 months) was independently associated with the presence of significant coronary
stenosis (defined as >50%) [11]. However, since the prevalence of significant coronary stenosis
was low (15%), the power to identify factors that were independently associated with
significant coronary stenosis was limited. The aim of the present study was to examine the
long-term effects of ART and other factors on coronary plaques, an early stage of CAD. The
primary objectives of this study were (1) to estimate the prevalence of the presence of coronary
plaques by using contrast-enhanced CT coronary angiography in HIV-infected persons and (2)
to examine the individual and combined effects of ART and other factors, including cocaine
use, on the presence of coronary plaques and plague composition in African Americans with
HIV infection.

METHODS
Study participants

Between August 2003 and December 2007, 176 HIV-infected African American participants
were consecutively enrolled in an observational study investigating the effects of antiretroviral
regimens on subclinical atherosclerosis at the Johns Hopkins Hospital, Baltimore, Maryland.

Inclusion criteria were age between 25 and 54 years and African American race (self-
designated). Exclusion criteria were (1) any evidence of hypertension or CAD, (2) any
symptoms believed to be related to CAD, (3) any evidence of renal insufficiency, (4) known
allergy to the contrast used for the CT, and (5) pregnancy. Each subject was interviewed to
obtain information on sociodemographic characteristics, cigarette smoking, alcohol use, illicit
drug-use behaviors, medical history, and all medications used. Cocaine use was defined as
chronic use of cocaine by any route for at least 6 months, administered at least four times a
month. Information was collected about the frequency (how many times a day in the past week,
in the past month), patterns/forms of cocaine (speedball, crack, etc.), administration mode
(injection, smoking, etc.), and duration of cocaine use. Information was also collected about
use of other drugs, such as opiates, benzodiazepines, or methamphetamine. A medical chart
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review was used to confirm information on medical history and medications that was provided
by the subjects. Each subject also had a physical examination, and several tests were performed:
namely, a fasting lipid profile, high-sensitivity C-reactive protein (hs-CRP) test, contrast-
enhanced 64-slice multidetector computed tomography (MDCT) for coronary artery calcium
(CAC), and CT coronary angiography.

The Committee on Human Research at the Johns Hopkins School of Medicine approved the
study protocol, and all study participants provided written informed consent. All procedures
used in this study were in accordance with institutional guidelines.

Coronary CT angiography with a 64 slice Siemens MDCT scanner

A noncontrast MDCT scan was performed on a Sensation 64 Cardiac Siemens Medical
Solutions scanner (Erlangen, Germany) to determine the CAC score with a sequential scan of
3-mm slices with prospective ECG triggering, 30 x 0.6-mm detector collimation, and tube
current 135 mAs at 120 kV. Subsequently, CT coronary angiography (CTA) was performed
on the same equipment using 80 mL of isosmolar contrast agent (320 mg iodine/mL) injected
at4-5mL/s. CAC score, volume, and mass were measured on a workstation (Leonardo, Syngo,
Siemens Medical Solutions, Malvern, PA). Regions of interest were placed over each of the
coronary arteries with the threshold for pixels greater than 130 HU for determining calcified
plaque.

Two reviewers (H.P. and E.K.F.) independently evaluated (both were blinded to the risk profile
of participants) the contrast-enhanced MDCT scans by examining the axial slices, curved
multiplanar reformations, and thin-slab maximum intensity projections. The coronary artery
tree was segmented according to the modified American Heart Association classification, and
the segments were investigated for plaque and lumenal narrowing [12]. The coronary arteries
were divided into proximal, mid, and distal segments, with each segment investigated for
lumenal narrowing. Plaques were classified as calcified or noncalcified. Noncalcified
atherosclerotic plaque was defined as a soft tissue attenuation structure in the coronary artery
wall with a CT density that was less than that of calcified plaque, as well as less than that of
the contrast in the lumen, but was greater than the adjacent epicardial fat. For determining the
mean attenuation of noncalcified plaques, the vessel segment was displayed in the short axis
plane orthogonal to the vessel or the long axis plane of the vessel on 0.75-mm-thick slices in
multiplanar reformation. The plane that demonstrated the thickest width of the plaque was
selected for measuring the attenuation. The largest possible region of interest was then
manually placed on the plaque, avoiding overlap with adjacent tissue or vessel lumen.

Statistical analysis

Statistical analysis was performed with SAS. All continuous parameters were summarized by
medians and interquartile ranges (IQRs), and all categorical parameters were summarized as
proportions. To compare between-group differences, the nonparametric Wilcoxon two-sample
test was used for continuous variables, and the Fisher's exact test was used for categorical
variables.

The Clopper-Pearson approach was used to calculate 95% exact binomial confidence intervals.
A logistic regression model was used to examine associations between factors and the presence
of coronary plaques [13]. Univariate logistic regression models were first fitted to evaluate the
crude association between the presence of coronary plaques and each of the factors—age, sex,
total cholesterol, HDL-C, LDL-C, triglycerides, hsCRP, cigarette smoking, alcohol use,

glucose level, BP, body mass index, current CD4 cell count, current HIV RNA quantification,
ART, and cocaine or other illicit drug use, individually. Variables on cocaine and other illegal
drug use included frequency, forms, administration mode (injection, smoking, etc.), and
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duration of use. Since the median years of cocaine use was 16, cocaine use was categorized as
both a dichotomous variable “cocaine use >15 years vs. otherwise” and a trichotomous variable
“never used, used for <15 years, or used for >15 years.” ART was categorized on the basis of
exposure to three classes—nucleoside reverse transcriptase inhibitors (NRTIS), nonnucleoside
reverse transcriptase inhibitors (NNRTIs), and protease inhibitors (PIs) —and the duration of
ART use. Those factors that were significant at the p <0.10 level in the univariate models were
put into the multiple logistic regression models to identify the factors that were independently
associated with coronary plaques. Those variables that ceased to make significant contributions
to the models were deleted in a stagewise manner, yielding the final models. To explore whether
short-term (up to 6 months) use of ART increased or decreased the CAD risk, duration of ART
use was categorized as trichotomous (ART naive or use for <6 months, use for between 6.1
and 18 months, or use for >18 month). The Framingham risk score was calculated to estimate
the CAD risk [14].

To evaluate the magnitude of potential risk associated with ART, the squared multiple
correlation coefficient R2 proposed for the logistic regression model was used to measure the
proportion of variation explained (PVE) by potential risk factors [15]. This measure is similar
to the multiple R? of the general linear model and has an intuitively clear interpretation. The
p-values reported are two-sided. A p-value <0.05 indicated statistical significance.

General characteristics

The general and clinical characteristics of the study participants, with or without coronary
plaques, are presented in Table 1.

According to the Framingham risk score algorithm, 94 (53.4%) of the total 176 participants
(63 of the 111 men and 31 of the 65 women) had low risk of CAD; 22 (42.3%) of the 52
participants with coronary plaques (18 of the 42 men and 4 of the 10 women) had low risk of
CAD [9].

Prevalence of coronary plaques

The overall prevalence of the presence of coronary plaques was 29.5% (52/176, 95% CI: 22.9%,
36.9%), whereas the prevalence in those who never used cocaine and were not on ART was
6.7% (1/15, 95% CI: 0.2%, 32.0%).

Prevalence by duration of ART use

Prevalence,

There was no statistical difference between the prevalence of coronary plaques in those who
were ART naive (20.8%) and those who used ART for < 6 months (15.8%) (p>0.6); therefore,
ART naive and ART < 6 months subjects were further analyzed as a single group. The
prevalences of the presence of coronary plaques, non-calcified plaques, and calcified plaques,
by duration of ART use, are presented in Figure 1.

by duration of cocaine use

The prevalences of plaques, by the duration of cocaine use, are presented in Figure 2. The
difference in prevalence between those who had never used cocaine (13.0%) and those who
had used cocaine for <15 years (24.7%) was not significant (p>0.2); however, the prevalence
in those who used cocaine for >15 years (43.3%) was significantly higher than that in those
who had not used cocaine (p<0.01) and that in those who used cocaine for <15 years (p<0.01).

The prevalences of noncalcified plaques, by the duration of cocaine use, are shown in Figure
3. The prevalences of noncalcified plaques were 13.0% (3/23), 4.3% (4/93), and 15.0% (9/60)
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in those who had never used cocaine, who had used cocaine for <15 years, and who had used
cocaine for >15 years, respectively. The prevalences of calcified plaques were 0.0% (0/23),
20.4% (19/93), and 28.3% (17/60) in those who had never used cocaine, who had used cocaine
for <15 years, and who had used cocaine for >15 years, respectively.

Prevalence, by duration of cocaine use and ART exposure

The prevalences were 15.2% (12/79) in those who had never used cocaine or used it <15 years
and were never on ART or were on ART <18 months; 37.8% (14/37) in those who had never
used cocaine or had used it <15 years but were on ART >18 months; 35.0% (14/40) in those

who used cocaine for >15 years and never were on ART or on ART <18 months; and 60.0%

(12/20) in those who had used cocaine >15 years and were on ART >18 months (Figure 4).

Factors associated with the presence of coronary plaques

By univariate logistic regression analyses, traditional risk factors associated with the presence
of coronary plaques included age >50 years, male sex, total serum cholesterol >160 mg/dL,
triglycerides >130 mg/dL, and Framingham risk score >3. Nontraditional risk factors
associated with the presence of coronary plaques included cocaine use for >15 years, and the
use of NRTIs, NNRTIS and Pls for >18 months, use of NNRTIs for >18 months (Table 2).

The final multiple logistic regression model indicated that a significant risk of the presence of
coronary plagques was associated with previously described conventional risk factors, including
age (adjusted OR: 3.11 (95%CI: 1.04, 9.30), male sex (adjusted OR: 4.23 (95% CI: 1.79, 10.0),
and total cholesterol >160 mg/dL (adjusted OR: 2.47, 95% CI: 1.16, 5.27). The analysis also

showed that both cocaine use for >15 years (adjusted OR: 2.67, 95% CI: 1.23, 5.83) and use

of ART for >18 months (adjusted OR: 2.20, 95% CI: 1.01, 4.79) were independently associated
with the presence of coronary plaques (Table 2).

Factors associated with the presence of noncalcified coronary plaques

By univariate logistic regression analyses, none of the traditional risk factors previously
described was associated with the presence of noncalcified plagues. Among the nontraditional
risk factors investigated, a higher HIV viral load and exposure to any ART (NNRTI, NRTIS,
or PI) for >18 months were significantly associated with the presence of noncalcified plaques
(Table 2).

The final logistic regression model indicated that only the use of any ART for >18 months
(adjusted OR: 7.61, 95% ClI: 1.67, 34.7) was independently associated with the presence of
noncalcified coronary plaques (Table 2).

Factors associated with the presence of calcified coronary plaques

By univariate logistic regression analyses, traditional risk factors associated with the presence
of calcified coronary plaques included male sex, triglycerides >130 mg/dL, and Framingham
risk score > 3. The only nontraditional risk factor associated (marginally) with the presence of
calcified coronary plaques was cocaine use for >15 years (Table 2).

The final multiple logistic regression model indicated that a significant risk of the presence of
calcified plagues was associated with previously described conventional risk factors, including
male sex (adjusted OR: 4.32 (95% ClI: 1.60, 11.7) and triglycerides >130 mg/dL (adjusted OR:
3.39, 95% CI: 1.52, 7.57). The analysis also showed that, as compared with no cocaine use,
use of cocaine for >15 years (adjusted OR: 2.51, 95% CI: 1.11, 5.67) was also independently
associated with the presence of calcified coronary plaques (Table 2).
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Proportion of variation of the presence of coronary plaques explained by duration of cocaine
use and duration of ART use

According to the PVE analysis, male sex, cocaine use (used for <15 years or used for >15
years), total cholesterol concentration (=160 mg/dL), and use of ART (naive or used for <6
months, used for >6 but <18 months, or used for >18 months) combined explained 20.9% of
variation. Male sex, duration of cocaine use, total cholesterol, and duration of ART use
explained about 5.6%, 4.7%, 4.1%, and 6.5%, respectively, of variation in the presence of
coronary plaques, after adjusting for other covariates.

DISCUSSION

Our findings demonstrate that the overall prevalence of coronary plaques in a population of
HIV-infected African Americans was provocatively high—29.5% (52/176, 95% ClI: 22.9%,
36.9%). Notably, since this study excluded those with hypertension, a major risk factor for
CAD, and those older than 54 years, the prevalence rate in an “unselected” population of
African Americans with HIV infection might be even higher. According to our observation,
the prevalence rate of coronary plaques in those who were free of HIV infection and drug use
and resided in socially and demographically similar neighborhoods was just 21%. Thus, this
study highlights a potential impending epidemic of premature CAD in African Americans with
HIV infection.

Our study found that short-term use (<18 months) of ART was not associated with an elevated
risk of coronary plaques. This finding is somewhat consistent with the SMART trial, which
suggested that short-term use of ART reduced cardiovascular risk [16]. Nevertheless, after
controlling for traditional risk factors and cocaine use, our study revealed that long-term use
of ART (for >18 months) was associated with a more than 3-fold increased risk. According to
the PVE analysis, long-term use of ART may be more important than other factors to explain
the presence of coronary plaques. The finding differs somewhat from the Data Collection on
Adverse Events of Anti-HIV Drugs (DAD) study, which suggests that Pls and possible selected
NRTIs, but not NNRTIs, are associated with an increased risk of Ml [5]. Similar to DAD, we
found a linear trend suggesting a dose-response relationship effect of ART on the risk of the
presence of coronary plaques.

This study suggests that the prolonged use of ART, including NRTIs, NNRTIs, or Pls, increases
the risk of the presence of noncalcified, but not calcified, plaques. In particular, long-term use
of any ART was associated with a 12-fold increased risk of noncalcified coronary plaques. The
precise mechanisms underlying the association between long-term ART use and noncalcified
plaques remain unclear. Nevertheless, our data show that a higher HIV RNA level was
associated by univariate analysis with the presence of noncalcified plaques (OR=5.40, 95%
Cl:1.10, 26.4), suggesting that HIV replication may play a role in promoting their development.

Noncalcified plaques are early-stage plaques in nature since early stages of atherosclerotic
lesions are not associated with significant cell death and, therefore, are largely devoid of
calcium [17]. Nevertheless, according to the AHA classification, which is based on histologic
features rather than functional significance, a large number of vulnerable plagues are
predominantly noncalcified and nonstenotic and similar to type IV (atheroma) atherosclerotic
lesions [18]. The potential clinical significance of type IV lesions can be great, even though
this advanced lesion may not cause much narrowing of the lumen [19].

According to our data, approximately 30% of the noncalcified plaques had CT density values
less than 50 Hounsfield units (HU), suggesting that these plaques may have a large lipid core
and therefore may be more vulnerable to rupture. On the other hand, long-term cocaine use is
associated with the presence of calcified plaques, not noncalcified plaques. Long-term cocaine
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use may cause continuing cell death, leading to calcification of the extracellular matrix within
the intima [17]. The identification of noncalcified plaques may be of importance since it has
been reported that despite having significantly less coronary calcium, African Americans
nevertheless have more CHD events (new-onset angina pectoris, Ml, or death from CAD) than
non-black subjects with similar risk factors [20-22]. One possible explanation is that plaque
composition, particularly the quantity of coronary calcium, varies with ethnicity, and
atherosclerotic plaques in African Americans may be more susceptible to rupture than plaques
in non-African American subjects [23]. Long-term cocaine use has been implicated with
significant coronary stenosis [6].

We recognize several limitations to this study. First, the participants were not a random sample
of those with HIV infection, and therefore the results may not be generalizable to other
populations. Second, since a large majority of participants were cigarette smokers, the effects
of cigarette smoking on coronary plaques could not be fully evaluated, either individually or
combined. Third, the study is cross-sectional in nature and therefore causality could not be
determined. Some potentially confounding factors, such as duration of time with HIV infection
and socioeconomic status, were not available. Furthermore, since this study was performed in
African Americans living in inner-city Baltimore, where cocaine use is often intertwined with
other drug addictions, the effects of these drugs (or multiple-drug interactions) on CAD could
not completely be controlled for by statistical analyses. Fourth, although both questionnaire
and urine drug-testing were used to identify drug use, the quantity used may not be accurately
estimated and drug use could be under-estimated. Fifth, although a synergistic effect of long-
term cocaine use and use of ART was suggested (Figure 4), our sample size probably did not
give us sufficient power to detect a significant effect. A larger study will be needed to identify
synergistic effects. Lastly, the study did not collect the data on inflammatory conditions (e.g.,
lupus, psoriasis, inflammatory bowel disease) although those with these conditions may be
more likely to acquire CAD since coronary artery disease is a chronic inflammatory condition.

Despite its limitations, this study provides disturbing new evidence of the presence of early-
stage CAD in cardiovascularly asymptomatic HIV-infected African Americans. The study also
highlights the urgent need for an aggressive reduction of the risk for CAD in HIV-infected
persons who are on ART (at least the HAART that was commonly prescribed at the time of
this study). Since this study also suggests that long-term ART use and HIV replication might
be associated with the risk of noncalcified plaques, an intensive lifestyle intervention to reduce
traditional risk factors for CAD is ultimately vital to those who are on ART. Further studies
should be conducted to validate this finding since noncalcified plaques may be vulnerable to
rupture. This study also suggests that cocaine cessation is the single most effective strategy to
prevent CAD in HIV-infected cocaine users.
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Characteristics of Study Participants, by the Presence of Coronary Plagques”

Table 1

Total Presence of Coronary Plaques
Characteristic p-value
(N =176) No (N = 124) Yes (N = 52)

Age (years) 44.2 (39.9-47.3) | 42.9 (38.6-46.0) | 47.3 (43.5-49.5) | <0.0001
Female (%) 36.9 444 19.2 0.002
Family history of CAD (%) 23.8 22.6 26.9 0.54
CD4 (count/mm®) 344 (177-498) | 346 (177-516) | 314 (216-498) | 0.67
Plasma HIV viral load (copies/mL) | 581 (30-14789) | 638 (30-22771) | 300 (30-12852) | 0.60
Cocaine use (%) 90.9 88.7 96.2 0.12
Cocaine use >15y (%) 34.1 27.4 50.0 0.004
Cigarette smoking (%) 86.4 85.5 88.5 0.60
Cigarette smoking >15 y (%) 77.8 75.0 84.6 0.53
Alcohol use (%) 89.8 88.7 92.3 0.47
hsCRP >2 mg/dL (%) 41.7 27 39.2 0.67
hsCRP (mg/dL) 1.5 (0.6-4.1) 1.5 (0.6-4.4) 1.5 (0.6-3.4) 0.62
Systolic BP (mm Hg) 111 (103-120) | 111(103-119) | 111 (108-121) | 0.24
Diastolic BP (mm Hg) 74 (69-81) 73 (69-81) 77 (66-82) 0.44
Glucose (mg/dL) 84 (78-90) 84 (78-89) 86 (80-94) 0.14
BMI (kg/m?) 23.8(21.5-27.3) | 24.1 (21.9-27.3) | 23.7 (21.4-27.2) | 0.71
Total cholesterol (mg/dL) 161(142-186) | 158 (137-181) | 170 (157-196) | 0.005
LDL-C (mg/dL) 86 (70-107) 81 (67-107) 94 (80-113) 0.019
HDL-C (mg/dL) 49 (38-60) 48 (38-59) 51 (35-63) 0.80
Triglycerides (mg/dL) 107 (73-151) | 100 (72-138) | 132 (78-173) | 0.025
Years of cocaine use 13 (5-20) 11 (5-17) 16 (6-22) 0.013
Duration of ART use (mo)

NRTIs 0 (0-12) 0 (0-12) 0 (0-30) 0.048

NNRTIs 0 (0-0) 0 (0-0) 0 (0-15) 0.0017

Pls 0 (0-12) 0 (0-6) 0 (0-24) 0.06

All 3(0-24) 1 (0-20) 19 (0-47) 0.001
Coronary calcification (%) 25.6 4.8 75.0 <0.0001
Framingham risk score 3.5(2.0-5.0) 3(2-4) 5 (4-8) <0.0001
Framingham score >3.0 (%) 69.5 61.3 90 <0.0001

Page 10

Abbreviations: CAD = coronary artery disease; CD4 = CD4 cell count; HIV = human immunodeficiency virus; hsCRP = high sensitivity C-reactive
protein; BP = blood pressure; Glucose = fasting glucose; BMI = body mass index; LDL-C = low-density lipoprotein cholesterol; HDL-C = high-density
lipoprotein cholesterol; Framingham score = Framingham risk score; NRTIs = nucleoside reverse transcriptase inhibitors; NNRTIs = nonnucleoside

reverse transcriptase inhibitors; Pls = protease inhibitors; ART = antiretroviral therapy.

*
Median (interquartile range) for continuous variables, proportion (%) for categorical variables.
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