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Abstract

Objective—Positive remodeling (PR), a coronary artery characteristic associated with risk for 

myocardial infarction (MI), may be more prevalent in HIV-infected (HIV+) people. We evaluated 

the prevalence of PR using coronary CT angiography (CCTA) in HIV+ and HIV-uninfected (HIV

−) men.

Methods/Results—Men enrolled in the Multicenter AIDS Cohort Study underwent CCTA if 

they were 40–70 years, had normal kidney function and no history of coronary revascularization. 

Multivariable logistic regression models were used to estimate the odds ratio (OR) of PR by HIV 

serostatus, adjusting for demographics and coronary artery disease (CAD) risk factors. Analysis of 

PR among atherosclerotic segments further adjusted for plaque type and stenosis. The prevalence 

of PR was 8.4% versus 12.1% (p=0.10) for HIV− and HIV+ men, respectively. After demographic 

adjustment, HIV+ men had twice the odds of PR [OR 2.01(95% CI 1.20–3.38)], which persisted 

after CAD risk factor adjustment [1.76(1.00–3.10)]. Higher systolic blood pressure, total 

cholesterol, diabetes medication use, older age, segment number with plaque present, mixed and 

non-calcified plaque, and stenosis>50%, were associated with increased odds of PR, while higher 

HDL cholesterol, higher nadir CD4 count, and black race were associated with lower PR odds. 
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Among atherosclerotic segments, the association between HIV infection and PR persisted, but was 

not statistically significantly.

Conclusion—HIV+ men have more positively remodeled arterial segments, which may be due 

to more coronary segments with atherosclerosis or HIV-related immunosuppression. Further 

studies are needed to evaluate whether PR contributes to higher rates of MI in HIV+ individuals.
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1. Introduction

HIV infection is associated with an increased risk for cardiovascular disease, including 

myocardial infarction and sudden cardiac death [1–3]. Proposed mechanisms include a 

higher prevalence of traditional coronary artery disease (CAD) risk factors, the use of 

antiretroviral therapy, especially protease inhibitors (PI), with associated dyslipidemia and 

insulin resistance [4–6], and HIV infection itself, which results in chronically elevated 

inflammation and immune activation [7,8]. A higher prevalence of non-calcified coronary 

plaque on coronary CT angiography (CCTA) has been associated with HIV infection [9–11]. 

CCTA allows assessment of plaque morphology [12], and can identify plaque characteristics 

known to be potentially “vulnerable” to rupture [13], thus possibly leading to an increased 

risk for acute coronary syndromes. High-risk plaque characteristics that are detectable using 

CCTA include positive arterial remodeling (Figure 1), low attenuation plaque (LAP), and 

spotty calcifications. Plaques with these features have been associated with acute myocardial 

infarction in autopsy studies and with invasive imaging such as intravascular ultrasound 

[14–16]. A previous smaller study found a higher prevalence of positive remodeling in HIV-

infected individuals compared with uninfected controls [17]. Our study builds on this work 

by examining the associations between positive remodeling and HIV serostatus, 

demographic characteristics, CAD risk factors, HIV-associated factors, coronary plaque 

composition, and inflammatory biomarkers in the Multicenter AIDS Cohort Study (MACS).

2. Methods

Established in 1984, the MACS was created with 3 fundamental goals; 1) to identify the 

natural history of AIDS, 2) to identify risk factors and expression of the infection and, 3) to 

collect biologic specimens for future study [18]. This study enrolled HIV-infected (HIV+) 

and –uninfected (HIV−) men who have sex with men during three enrollment periods from 

1984–5, 1987–91, and 2001–2003 in Baltimore, Chicago, Pittsburgh, and Los Angeles. A 

cross-sectional cardiovascular study within MACS enrolled participants aged 40–70 years, 

weight < 300 lbs, and without prior history of heart surgery (coronary artery bypass surgery, 

valve surgery, or coronary angioplasty). Participants in the cardiovascular study completed a 

non-contrast computed tomography (CT) scan to assess coronary artery calcium (CAC) and 

CCTA between 2010–2013 unless contraindicated by chronic kidney disease (estimated 

glomerular filtration rate <60 ml/min/m2 using the MDRD equation within 30 days or at 

prior MACS examinations), atrial fibrillation or IV contrast allergy. The analytic sample 

includes all participants who underwent CCTA.
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Participants were seen during routine MACS research visits every 6 months for standardized 

interviews, physical examination, and blood and urine collection for concurrent laboratory 

analyses and storage. Data were collected regarding demographic, HIV clinical parameters, 

and CAD risk factors, including age, race, measured blood pressure, fasting glucose, fasting 

lipid panel, and body mass index (BMI = weight/height2), self-reported current smoking and 

use of medications (antiretrovirals and non-HIV medications) from the study visit prior to 

the CT measurements. Measures of HIV disease activity in HIV+ men included plasma HIV 

RNA levels (50 copies/mL limit of detection using Roche ultrasensitive assay), CD4+ T-cell 

counts, and history of a medical record confirmed AIDS-defining malignancy or 

opportunistic infection.

Details about CT scanning procedures and analysis have been previously described [19]. 

Briefly, non-contrast CT scans were analyzed for CAC using the Agatston method [20]. 

CCTA images were analyzed using the modified 15-segment model of the American Heart 

Association for plaque presence and extent, coronary artery stenosis, plaque composition 

and remodeling index [21]. Manual inspection, in both cross-section and longitudinal 

reconstruction, was used for determining the remodeling index (lesion diameter/reference 

diameter). For each segment with plaque present, coronary arterial remodeling was defined 

as an increase in vessel diameter at least 10% larger at the plaque site in comparison with the 

reference segment set proximal to the lesion in a normalappearing vessel segment (reference 

segment) [13]. Calcified atherosclerotic plaque was defined as any structure with attenuation 

>130 HU visualized separately from the intravascular lumen, identified in at least two 

independent planes. Non-calcified atherosclerotic plaque was defined as any discernible 

structure that could be clearly assignable to the vessel wall, with a CT density less than the 

contrast-enhanced coronary lumen but greater than the surrounding connective tissue, and 

identified in at least two independent planes. Finally, mixed plaque included lesions with 

less than 50% of plaque area occupied by calcium. Coronary stenosis was defined as greater 

than 50% in any coronary segment. The segment involvement score (SIS) was defined as the 

number of coronary segments with plaque present. The CT readers were blinded to 

participant characteristics, including HIV serostatus.

A panel of biomarkers was measured from blood samples drawn at the time CT images, 

including inflammatory biomarkers that have been associated with risk for CAD and/or HIV 

infection or therapy including high sensitivity C-reactive protein (CRP), fibrinogen, 

monocyte chemotactic protein 1 (MCP-1), interleukin 6 (IL-6), D-dimer, intercellular 

adhesion molecule 1 (ICAM-1), soluble tumor necrosis factor alpha receptor type I 

(sTNFαRI) and type 2 (sTNFαRII), sCD14, and sCD163. The assays were performed in Dr. 

Russell Tracy’s laboratory in Vermont.

Statistical methods

The distributions of demographic, behavioral, and clinical characteristics among HIV+ and 

HIV- men were compared using the chi-square or Wilcoxon rank sum tests for categorical 

and continuous variables, respectively. The distribution of the number of coronary arteries 

with remodeling was graphed overall and by HIV serostatus. We used multiple imputation 

to estimate values for nine CAD risk factor covariates with missing values (each <4% 

Miller et al. Page 3

Atherosclerosis. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



missing). The predictors for the multivariate imputation model included lipid-lowering, 

antihypertensive, and hypoglycemic medication use after or within 5 years prior to the CT 

scan, in addition to all covariates and outcome variables from the fully adjusted models. 

Missing values were imputed five times based on the distribution of covariates using the 

data augmentation Markov chain Monte Carlo (MCMC) method assuming a multivariate 

normal distribution [22]. We used logistic regression models, pooled across the multiple 

imputation datasets, to assess the association between HIV and the presence of any coronary 

artery remodeling. We fit minimally adjusted models that accounted for age, race, study site, 

and cohort enrollment period (pre- vs. post-2001). Fully adjusted models further accounted 

for established CAD risk factors: BMI; current smoking; use of hypertension, diabetes or 

lipid-lowering medications; and systolic blood pressure (SBP), fasting glucose, total and 

HDL cholesterol (HDL-C), among participants not receiving hypertension, diabetes or lipid-

lowering medications, respectively. To quantify the extent to which the number of segments 

with plaque (SIS) affects the risk of PR (i.e., a segment could not have PR if there was no 

plaque present in that segment), we included SIS as a continuous variable in a multivariate 

model. The biomarkers previously described were individually added into the multivariable 

model and retained if they were statistically significant at the 0.05 level. The biomarker 

analyses were also stratified by HIV status to explore any differential effects of the 

biomarkers in HIV-infected compared to HIV-uninfected men. A sub-analysis was limited 

to men with CAC scores of 0. Among HIV+ men, we further expanded the model to assess 

the association of detectable HIV RNA, current and nadir CD4+ T-cell counts, history of an 

AIDS-defining illness, and duration of highly active antiretroviral therapy (HAART) and 

protease inhibitor use with positive remodeling. These factors were missing for less than 4% 

of HIV-infected men and were not imputed. Each HIV disease characteristic or treatment 

factor was included sequentially to the fully adjusted multivariate prediction model, and all 

variables with a p-value of 0.05 or less were included together in a final model for HIV+ 

men.

To account for previously described differences in the number of atherosclerotic segments 

and plaque characteristics by HIV serostatus [9], we used a multilevel model to assess the 

effect of plaque characteristics (calcified plaque, non-calcified plaque without stenosis > 

50%, mixed plaque without stenosis, non-calcified plaque with stenosis, and non-calcified 

plaque without stenosis) and HIV infection on PR among coronary artery segments with 

plaque. The analysis used the generalized linear latent and mixed model (gllamm program) 

with a binomial distribution, logit link, and adaptive quadrature, with the artery segment as 

the primary unit of analysis and the individual as the second level [23]. In addition to HIV 

infection, plaque type, and stenosis, the models included the demographic and 

cardiovascular risk factors used in the individual-level analyses. Statistical significance was 

defined by a p-value <0.05. All analyses used Stata 13.1 (StataCorp, College Station, TX).

3. Results

A total of 764 CCTA results were available for analysis. Characteristics of the study 

population by HIV serostatus are described in Table 1. As previously published, HIV+ men 

had a higher prevalence of non-calcified plaque [8]. At least one positively remodeled 

arterial segment on CCTA was seen in 8.4% (26/311) of HIV− men and 12.1% (55/453) of 
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HIV+ men (Chi-square test p=0.10) (Figure 2). Two or more arterial segments with positive 

remodeling were found in 1.9% (6/311) of HIV− men and 3.1% (14/453) of HIV+ men, but 

the distribution of the number of segments with positive remodeling did not significantly 

differ by HIV serostatus in unadjusted analysis (p=0.09). HIV+ men had twice the odds of 

any positive remodeling compared with HIV− men (OR: 2.01 [95% CI: 1.20–3.38]; 

p=0.008) after adjustment for age, race, study site, and cohort status (minimally adjusted 

model) (Table 2). After additional adjustment for CAD risk factors (fully adjusted model), 

this relationship slightly attenuated but remained statistically significant (OR 1.76 [1.00–

3.10]; p=0.049).

Results of a model that includes cardiovascular risk factors as predictors of PR is shown in 

Table 2. PR was positively associated with increasing age, total cholesterol, systolic blood 

pressure, and receiving diabetes medications and was inversely associated with HDL 

cholesterol and black race in the multivariable model (p< 0.05 for all). PR was not 

associated with fasting glucose, BMI, use of lipid lowering medication, or being a current 

smoker. In a model that further included SIS, each additional artery segment with 

atherosclerosis incrementally increased the participants’ odds of PR by 33 percent 

(p<0.001). The selected inflammatory biomarkers (CRP, ICAM-1, sTNFαRI, sTNFαRII, 

IL-6, sCD14, sCD163, MCP-1, D-dimer and fibrinogen) were not associated with positive 

remodeling, and were thus not retained in the multivariate model (all p>0.05, data not 

shown). The biomarkers were not associated with PR in the HIV-stratified models.

Restricting the analysis to 586 participants with coronary plaque present, a multilevel 

analysis that incorporated within-person correlation for multiple segments contributed by the 

same person was conducted to identify specific plaque characteristics associated with PR in 

each segment. A total of 1959 coronary segments with plaque present were included in the 

multivariable analyses after excluding 75 segments from 23 individuals missing some CAD 

covariates (data was not imputed for the segment-level dataset). The proportion of 

atherosclerotic segments with positive remodeling was higher among HIV+ compared to 

HIV− men (0.06 vs 0.04; Chi-square test p=0.03). After adjustment for age, race, and the 

previously defined CAD risk factors, and plaque type, the effect of HIV infection on PR in 

atherosclerotic segments became more attenuated and was no longer statistically significant 

(OR 1.52 [0.79, 2.95]). The odds of PR was 12.5 times greater in segments with mixed 

plaque and stenosis >50% (95% CI 4.45, 35.14), and 6.3 times greater in segments with 

mixed plaque but without stenosis (95% CI 2.62, 15.24), when compared to coronary 

segments with calcified plaque (both p<0.001); however the difference in the effect of 

mixed plaque with compared to without stenosis was not statistically significant (p=0.12). 

The odds of PR was 11.9 times greater in segments with non-calcified plaque and stenosis 

>50% (95% CI 4.09, 34.48), and 4.2 times greater in segments with non-calcified plaque but 

without stenosis (1.81, 9.55), when compared to coronary segments with calcified plaque 

(both p<0.001); and the difference in the effect of non-calcified plaque with compared to 

without stenosis was statistically significant (p=0.02).

Since non-contrast CT scans are sometimes utilized to screen for subclinical atherosclerosis, 

we evaluated the prevalence of positive remodeling in men with a CAC score of zero and its 

association with HIV infection in this setting. Among 374 men with a CAC score of zero, 
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7.1% (16/226) of the HIV+ and 2.7% (4/148) of the HIV− men had at least one positively 

remodeled arterial segment (p=0.07). Although of borderline statistical significance, HIV+ 

serostatus was associated with a three- fold increase in the odds of PR after adjustment for 

only demographics, OR 3.06 (0.96–9.74, p=0.06), and further for CAD risk factors (OR 3.33 

[0.90–12.31]; p= 0.07).

We evaluated the associations between HIV-related factors and the presence of PR among 

HIV+ men (Table 4). A history of AIDS increased the odds of PR by 2.40 (CI 1.04–5.57, 

p=0.04) after adjusting for CAD risk factors. The odds of PR decreased by about 20% 

(p=0.03) for each 100 CD4+ T cells/mm3 increase in nadir CD4+ T cell count. When both a 

history of AIDS and nadir CD4+ T cell count were included in the same model, the effect 

size persisted, but was no longer statistically significant for history of AIDS. PR was not 

associated with current CD4+ T cell count or detectable HIV viral load, nor duration on 

HAART or PI use.

4. Discussion

Positive remodeling has been shown to be associated with high-risk coronary artery plaque, 

which may predispose affected individuals to an increased risk of acute coronary syndromes 

[13]. In the general population, the presence of positive remodeling has been associated with 

incident coronary events even after accounting for the Framingham risk score [24,25]. We 

found that HIV+ men were 76 percent more likely to have positive remodeling after 

adjustment for demographic and CAD risk factors compared with HIVmen. Segment 

involvement score (SIS), which represents the number of coronary segments with plaque 

present, was strongly associated with positive remodeling, and a previous study in this 

population demonstrated that the SIS is on average 0.14 points higher on the natural log 

scale for HIV+ compared to HIV− men (p=0.02) [9]. After accounting for the number of 

atherosclerotic segments and plaque characteristics in a multilevel model, the odds of PR 

remained elevated in HIV+ men, but attenuated and was no longer statistically significant. 

These results demonstrate that HIV+ men have a higher prevalence of coronary arterial 

segments with PR, and that this increased risk is partially attributable to their having more 

atherosclerotic coronary segments and more non-calcified plaques (which are associated 

with PR).

Increasing age, systolic blood pressure, elevated total cholesterol, and the use of diabetes 

medications were associated with positive remodeling. In contrast, black men and men with 

higher levels of HDL-C were less likely to have positive remodeling. We previously 

demonstrated a lower prevalence of CAC, calcified plaque, and stenosis greater than 50% 

among black participants compared to white participants [26]. Among HIV-specific factors, 

PR was positively associated with a history of AIDS and inversely associated with nadir 

CD4+ T cell count, although there were no associations with years on HAART or protease 

inhibitors. These results suggest that more advanced HIV infection, through mechanisms yet 

to be determined, might increase the likelihood of the development of positively remodeled 

coronary arteries.
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In our multilevel analysis after adjustment for HIV infection and CAD risk factors, we found 

that artery segments with noncalcified or mixed plaque and stenosis greater than 50% were 

far more likely to have positive remodeling compared to segments with calcified plaque. 

This may partially explain the higher rates of acute coronary syndrome associated with 

arteries demonstrating positive remodeling [13].

Several biomarkers have been postulated to be associated with vulnerable plaques, given the 

presence of inflammatory cell infiltration, especially macrophages, and overexpression of 

matrix metalloproteinases in coronary plaque [27,28]. However, none of the inflammatory 

biomarker levels we evaluated were associated with positive remodeling. This analysis was 

limited by having only one measurement of each biomarker that was measured from samples 

collected at the time of the scan and not prior to coronary CT evaluation.

Coronary artery calcium is a surrogate marker for atherosclerosis and a potent predictor of 

future cardiac events in the general population [29,30]. However, it is not a perfect tool and 

does not allow for assessment of other plaque types, specifically non-calcified and some 

mixed plaques, which may have a higher risk for rupture [31]. We found HIV+ men had an 

increased but not statistically significantly different odds of having positively remodeling 

despite a CAC score of zero. The clinical predictive utility of CAC measurement in HIV+ 

men requires further study, compared to the strong negative predictive value for future 

coronary events that is seen in the general population.

Our findings are consistent with a previous study of 102 HIV+ and 41 HIV− men from the 

Massachusetts General Hospital [17]. However, the prevalence of positive remodeling was 

significantly lower in our study, likely due to using a positive remodeling index definition of 

1.1 compared to the 1.05 definition used by the previous study. We used the remodeling 

index of 1.1 because Motoyama and colleagues found that this definition of positive 

remodeling was predictive of acute coronary syndrome [13]. To our knowledge, this is the 

largest study using CCTA to evaluate the presence of positive remodeling in HIV+ 

individuals. Furthermore, the MACS is a well-characterized cohort that includes HIV+ and 

HIV− men drawn from the same reference population. Limitations of our study include the 

cross-sectional study design, inclusion of men only, and lack of assessment for other types 

of vulnerable plaque including low attenuation plaque and spotty calcification.

5. Conclusion

HIV+ men were more likely to have coronary artery segments that were positively 

remodeled, a potential mechanism for the reported increased incidence of cardiovascular 

events in this population. Furthermore, positive remodeling was associated with a history of 

AIDS and inversely with nadir CD4+ T-cell count, suggesting that the duration of HIV 

infection or the severity of immunodeficiency prior to initiation of antiretroviral treatment 

are linked etiologically to high-risk plaque. The greater burden of atherosclerosis among 

HIV-infected men, in terms of the number of atherosclerotic segments and extent of non-

calcified plaque, accounted for some but not all of the association between HIV infection 

and positive remodeling. Future studies should investigate whether the presence of high-risk 

plaques identified on CCTA lead to more cardiovascular events in HIV+ individuals, and 
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whether earlier initiation of effective antiretroviral therapy helps prevent the development of 

high-risk coronary plaque.
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Highlights

• HIV+ men had more coronary artery segments with positively remodeling (PR)

• PR is associated with a history of AIDS and inversely with nadir CD4+ T-cell 

count

• PR is associated with age, systolic BP, elevated cholesterol, and diabetes meds

• PR is more likely in coronary segments with non-calcified plaque

Miller et al. Page 11

Atherosclerosis. Author manuscript; available in PMC 2016 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Coronary CT angiography showing an example of a vessel with and without positive 

remodeling.
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Figure 2. 
Distribution of the number of positively remodeled coronary arterial segments per 

participant, by HIV status. Abbreviations:HIV=human immunodeficiency virus, 

PR=positive remodeling. Difference in the number of positive remodeled coronary arterial 

segments by HIV status was assessed by Wilcoxon rank sum test.
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