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Background and aims: People living with HIV(HIV+) are surviving longer due to effective 

antiretroviral therapy. Cardiovascular disease is a leading cause of non-AIDS related clinical 

events. We determined HIV-related factors associated with coronary artery stenosis progression.

Methods: We performed serial coronary CT angiography among HIV+ and HIV-uninfected 

(HIV−) men in the Multicenter AIDS Cohort Study. The median inter-scan interval was 4.5 

years. Stenosis was graded as 0,1-29,30-49,50-69 or ≥70%. Progression was defined as an 

increase ≥2 categories. Suppressed HIV infection was consistent viral loads <50 copies/mL 

allowing 1 “blip”<500 copies/mL, otherwise considered viremic. Multivariable Poisson regression 

analysis assessed adjusted associations between HIV serostatus and viremia with coronary stenosis 

progression.

Results: The sample included 310 HIV+ (31% viremic) and 234 HIV− men. The median 

age was 53 years, 30% Black and 23% current smokers. Viremic men were 2.3 times more 

likely to develop coronary stenosis progression than HIV− men (adjusted RR 2.30;95%CI, 

1.32-4.00,p=0.003), with no difference in progression between HIV+ suppressed and HIV− men 

(RR 1.10;95%CI,0.70-1.74,p=0.67). There was a progressive increase in adjusted relative risk with 

greater viremia (p=0.03). Men with >1 viral load >500 copies/ml demonstrated greatest stenosis 

progression (RR 3.01;95%CI, 1.53-4.92, p=0.001 compared with HIV− men). Suppressed HIV+ 

men with suboptimal antiretroviral adherence had greater stenosis progression (RR 1.91; 95%CI 

1.12-3.24,p=0.02) than HIV+ suppressed men with optimal adherence.

Conclusions: Coronary artery stenosis progression was associated with suboptimal HIV RNA 

suppression and antiretroviral therapy adherence. Effective ongoing HIV virologic suppression and 

antiretroviral therapy adherence may mitigate risk for coronary disease events among people living 

with HIV.

Keywords

atherosclerosis; HIV; coronary artery disease; coronary CT angiography; epidemiology

1. Introduction:

The introduction of combination antiretroviral therapy (cART) in the mid-1990s transformed 

HIV infection from a fatal condition to a chronic disease(1). Viral suppression with cART 

dramatically improved HIV prognosis; however, multiple comorbidities continue to limit the 

health span of people living with HIV (HIV+)(2). Cardiovascular disease (CVD), including 

coronary artery disease, has emerged as a leading cause of non-AIDS related morbidity 

and mortality in people living with HIV(3). We previously demonstrated in the Multicenter 

AIDS Cohort Study (MACS) that HIV+ men had greater prevalence of coronary artery 

atherosclerosis than HIV-uninfected men (HIV−), and that coronary artery stenosis was 

associated with lower nadir CD4+ T cell count(4). The mechanisms leading to these findings 

are incompletely understood.

Untreated HIV infection is associated with heightened immune activation and markedly 

elevated circulating inflammatory markers (5, 6). The SMART study demonstrated that 

cART treatment interruption was associated with increased risk for CVD compared with 

continuous treatment(5). Viral “blips”, defined as transient detectable low-level viremia 
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below 500 copies/mL in HIV RNA viral load (VL), occur commonly (~10%) among treated 

and suppressed HIV+ individuals(7). “Blips” are ascribed to measurement imprecision or 

technical issues, suboptimal adherence to cART, or viral release from reservoirs. Conflicting 

data exist regarding the clinical significance of “blips” and low level viremia (8, 9). In 

addition, the potential impact of viral “blips”, cART adherence, and magnitude of measured 

viremia on coronary artery progression is unknown.

The purpose of this study was to evaluate associations between degree of viral control and 

adherence to cART with progression of coronary artery stenosis(10).

2. Patients and methods:

HIV+ and HIV− men were recruited from the Multicenter AIDS Cohort Study (MACS). The 

MACS is a well-characterized longitudinal, prospective observational cohort study which 

includes HIV+ and at-risk (HIV−) gay and bisexual men in Baltimore, MD/Washington, DC, 

Chicago, IL, Los Angeles, CA, and Pittsburgh, PA (11). Men were recruited into the MACS 

in 1984-85, with additional enrollment in 1987-1990, 2001-2003 and 2010-2018. Men were 

seen semi-annually, with standardized interviews, physical examinations, and blood and 

urine collection.

All eligible MACS participants were invited to participate in the baseline MACS coronary 

CT angiography (CTA) study from 2010-2013. Enrollment criteria included age 40-70 years, 

weight < 300 pounds, and no history of cardiac surgery, coronary artery angioplasty or 

stent placement, since these procedures would interfere with assessment of atherosclerosis 

by CTA. Eligibility for contrast administration included lack of known contrast allergy 

and estimated glomerular filtration rate (GFR) ≥ 60 ml/min/1.73m2. Serum creatinine was 

measured at each visit and within 30 days prior to CT scanning. Although the CKD-epi 

formula is now the standard method, GFR was estimated using the Modification of Diet 

in Renal Disease (MDRD) equation to be consistent with the eligibility criteria used at 

baseline(12). Coronary CTA was completed in 765 men (453 HIV+ and 312 HIV−)(4). All 

surviving men with coronary CTA at baseline and ongoing eGFR > 60 ml/min/m2 were 

invited to undergo repeat CTA 3-6 years later (2015-2017). The median interscan interval 

was 4.5 years (IQR 3.9-4.9).

The study was approved by the Institutional Review Boards of all participating sites. All 

participants signed informed consent.

2.1 Coronary CT angiography and determination of stenosis progression

Coronary CT angiography scanning and analysis procedures have been described(13). CTA 

images were analyzed by trained, experienced readers masked to participant characteristics 

including HIV serostatus. Coronary artery segments were delineated using the American 

Heart Association coronary tree model (15-segment model at baseline; 18-segment model 

at follow-up)(14, 15). Using axial images, multi-planar reconstructions, and maximum 

intensity projections, readers assessed the degree of luminal narrowing (stenosis) in each 

assessable coronary segment. The most narrowed diameter in each segment was reported 

even when plaque was eccentric. Segment stenosis categories were defined as: none, 1-29% 
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(minimal), 30-49% (mild), 50-69% (moderate), or ≥70% (severe). (In a prior study, inter-

rater reliability for total stenosis score: correlation coefficients ranged from 0.91-0.93, 

among any 2 of 3 readers) (16). A clinical CTA report was sent to participants and their 

medical providers with participant permission; additional follow-up was determined by the 

participant and his medical providers.

2.2 Coronary artery stenosis progression outcome definitions

We defined subclinical coronary artery stenosis progression in three ways (Table 1). The 

primary outcome, segment-level stenosis progression, measured the progression of coronary 

artery stenosis within coronary artery segments. This dichotomous outcome was defined as 

an increase in a segment’s stenosis grading by at least 2 categories, i.e., none to ≥ mild 

(30-49%), minimal (1-29%) to ≥ moderate (50-69%) or mild (30-49%) to severe (≥70%). 

Requiring a two-category increase avoids inclusion of small changes. Twelve coronary 

segments were defined identically in the baseline and follow-up CT readings; the remaining 

three segments were harmonized to their corresponding segments in the coronary tree at 

follow-up, with change in stenosis calculated for up to 14 coronary segments per person. 

All coronary artery segments visualized at both time points for which baseline stenosis 

was <50% were included in this analysis. We also evaluated two secondary outcomes at 

the individual-level: 1) incident (new) stenosis ≥50% captured progression to moderate or 

severe stenosis (stenosis burden ≥50% in any arterial segment) among individuals without 

significant stenosis at baseline; 2) vessel involvement progression measured an increase 

in the number of major coronary arteries affected (i.e. single, double, or triple vessel 

disease). For this analysis, each segment was assigned as left main, left anterior descending, 

circumflex or right coronary artery systems. The dichotomous outcome was defined as an 

increase in the number of major coronary arteries with stenosis ≥50% among men with ≤2 

vessel (major coronary artery) stenosis at baseline.

2.3 HIV exposure definitions

Plasma HIV RNA viral load (VL) was measured semi-annually between the two CT scans 

(interscan interval) using assays with a lower limit of detection of 50 copies/ml or 20 

copies/mL; suppressed VL was defined as <50 copies/ml. Durable HIV viral suppression 

was defined as VL<50 copies/ml at each interscan visit, allowing for one “blip” (50-500 

copies/ml) during this period; men having any VL>500 copies/ml, or more than one “blip” 

during the interscan interval were considered “viremic”. The primary exposure variable 

of HIV serostatus and viral suppression had three categories: HIV− (reference), HIV+ 

suppressed, and HIV+ viremic.

2.4 CVD risk factors and HIV parameters

Standardized data collection at the semi-annual MACS visit was used to measure CVD 

risk factors and HIV parameters; participants completed a median of 9 visits (IQR 8-10) 

during the interscan interval. Race/ethnicity was self-reported. Participants self-reported 

antiretroviral medication use and the use of medications to treat hypertension, diabetes, 

or lipid abnormalities through standardized interview procedures that included the use 

of participants’ pharmacy lists and pill bottles to enhance recall. Glucose, total and high-

density lipoprotein cholesterol (HDL), and triglycerides concentrations were measured. Low 
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density lipoprotein cholesterol (LDL) concentration was calculated using the Friedewald 

equation or measured directly when triglycerides were >400 mg/dL or from nonfasting 

samples. Baseline atherosclerotic CVD (ASCVD) Risk Score (Pooled Cohort Equation) was 

calculated(17). Participants were screened prospectively for serum hepatitis C virus (HCV) 

antibody and, if positive, plasma HCV RNA was measured using a quantitative real-time 

polymerase chain reaction assay. Hepatitis C status was assessed at baseline CTA as there 

were no incident HCV cases between CTAs. Quality-controlled flow cytometry measured 

CD4+ T-cell counts, and medical record review confirmed history of AIDS-defining 

malignancies or opportunistic disease. Self-reported history of injection drug use, alcohol 

use averaging>14 drinks/week and any crack or cocaine use since the visit prior to the 

CTA were obtained. Cumulative duration of combination antiretroviral therapy use (cART) 

was updated at each visit. Adherence to cART was assessed at every visit by comparing self-

reported number of pills taken to that prescribed over the prior 4 days for each medication 

and whether use in this 4-day period was typical for use since last study visit. Adherence 

was categorized as 100% (yes) if the participant reported complete adherence during the 

prior 4 days and this was typical of their adherence since the prior study visit; otherwise, 

adherence was categorized as <100% (no)(18). Complete adherence (yes) over the interscan 

period was defined as complete adherence at each visit; otherwise, adherence was <100% 

(no).

2.5 Statistics

The comparison of outcomes and participant characteristics by the three exposure groups, 

HIV−, HIV+ suppressed, and HIV+ viremic, were described using Kruskal Wallis and 

Chi-squared tests. Association between HIV exposure groups and segment-level stenosis 

progression was assessed using Poisson regression models, with a log link and an offset 

for the duration between scans (time at risk for stenosis to progress). This approach is 

preferable to logistic regression, which does not account for differences in the duration of 

at-risk time. We accounted for the statistical dependence between the repeated measures 

of stenosis progression (within multiple coronary artery segments) in the same individual 

using generalized estimating equation(19). We assumed an exchangeable correlation matrix 

and implemented the model with the GENMOD command with the REPEATED statement 

in SAS. Multivariable analyses adjusted for age, race (White, Black, Hispanic/other), 

education, CT scanning site, cohort recruitment wave (pre- or post-2001), systolic BP, use of 

hypertension medications, total and HDL cholesterol, use of cholesterol medications, fasting 

glucose, use of diabetes medications, cigarette smoking (pack-years) during the interscan 

period, and body mass index. These covariates were identified a priori for inclusion in 

the multivariable model irrespective of statistical significance. Sequentially adjusted models 

evaluated four additional factors: chronic hepatitis C infection, history of injection drug 

use, heavy alcohol use (>14 drinks/week on average at baseline CTA scan), and any 

use of cocaine since the visit prior to baseline CTA scan, as potential confounders of 

the association between HIV category and stenosis progression; statistically significant 

predictors were included in the multivariable model. Unless otherwise noted, covariate 

measures utilized data from all interscan study visits; averaging the values of continuous 

variables and defining medication use by its use in ≥20% of interscan visits. We conducted a 

sensitivity analysis that eliminated covariates with p-values >0.20.
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The secondary individual-level outcomes of incident stenosis ≥ 50% and vessel involvement 

progression were evaluated using multivariable Poisson regression with an offset for 

duration between scans, adjusting for the same covariates as described above.

Additionally, we evaluated associations between segment-level stenosis progression and 

history of clinical AIDS, nadir CD4+ cell count, cumulative years and type of cART 

received, proportion of visits with suppressed VL, average CD4+ cell count between CTAs, 

and cART adherence, each in separate multivariable analyses among HIV+ men, adjusting 

for covariates specified above.

We also assessed the association between more specific viremic categories of 1)durable 

suppression with all viral loads <50 copies/ml; 2) one “blip” 50-500 copies/ml; 3)“low level 

viremia” defined as at least two viral loads 50-500 copies/ml among men with all viral loads 

<500 copies/ml; and 4) at least 1 viral load ≥500 copies/ml during the interscan period and 

segment-level stenosis, relative to HIV− men. We performed a global test for trend using the 

categories as a continuous variable. Analyses were performed with SAS 9.4.

3. Results:

The participant flow diagram is shown in Figure 1. A follow-up CTA was performed on 556 

men (317 HIV+ and 239 HIV−), representing 70% and 77% of HIV+ men and HIV− men 

with baseline CTA data, respectively. The lower rate of follow-up CTA in HIV+ men was 

largely secondary to higher mortality (5% HIV+ and 2% HIV− men) and a greater incidence 

of reduced kidney function (low eGFR) between the baseline and follow-up CT visit (9% 

HIV+ and 3% HIV−), precluding eligibility for contrast. Regardless of HIV serostatus, men 

who did not complete a follow-up coronary CTA tended to have more traditional CVD risk 

factors than those who did (Supplementary Table S1). Nine men were excluded from these 

analyses since they were known to have had a coronary intervention (angioplasty and/or 

stent) during the follow-up period and 3 were excluded due to missing data.

The segment-level stenosis progression analysis included 544 men who contributed a 

median of 13 coronary artery segments to the analysis (IQR 13-14) for a total of 7,196 

coronary artery segments. The characteristics of this study population are shown in table 

2, with HIV+ men stratified by viremic status. Differences were most pronounced between 

HIV− men and HIV+ men who were viremic during the interscan interval (31.6% of HIV+ 

men). HIV+ men and especially viremic men were younger, more likely to be co-infected 

with hepatitis C virus, Black or Hispanic, less educated, have higher average fasting glucose 

and triglycerides, and were more likely to be current smokers, crack/cocaine users, and to 

have recently injected drugs than HIV− men. They also had lower average systolic BP, 

and total, LDL and HDL cholesterol levels. Use of cholesterollowering medications was 

greatest among HIV+ suppressed men, and increased during the follow-up period in all 

three groups. The ASCVD risk score using the Pooled Cohort Equation was highest among 

men without HIV (7.6%; p=0.04), but did not differ significantly between HIV+ viremic 

and HIV+ suppressed men (6.5 % vs 5.9%,p=0.94). During the interscan interval, 21.2% 

of HIV+ suppressed men had one “blip” in VL, and the remaining HIV+ suppressed men 

had no “blips”. Among men categorized as viremic, 73.5% had ≥1 VL measurement ≥500 
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copies/mL while the remaining 26.5% had ≥2 VL of 50-499 copies/mL but none ≥500 

copies/mL. Averaging VL measures across interscan visits for each person, the median 

average interscan VL among HIV+ viremic men was 857 (IQR 73, 11,121) copies/mL. 

HIV+ viremic men had lower CD4+ T cell counts and reported cART use during fewer visits 

during the interscan interval than HIV+ suppressed men. The latter were also less adherent 

when on cART, had a shorter durations of cART use, and were more likely to be receiving 

protease inhibitor-based cART. The use of integrase inhibitors at baseline was rare (n=13).

Coronary artery stenosis ≥50% was seen in 13-15% of men at baseline, but very few of 

these men had more than single vessel coronary artery disease (Table 3). Table 4 shows 

the relative risk (RR) from the segment-level stenosis progression analysis, accounting 

for interscan interval length and adjusting for demographics and CVD risk factors. HIV+ 

viremic men were 2.3 times more likely to have segment-level stenosis progression than 

HIV− men (adjusted RR [aRR] 2.30; 95%CI, 1.32-4.00, p=0.003). In contrast, there was 

no significant difference in relative risk of segment-level stenosis progression between 

HIV+ suppressed and HIV− men (aRR 1.10, 95%CI 0.70-1.74, p=0.67). Relative to HIV+ 

suppressed men, HIV+ viremic men had 2.18 times the risk of stenosis progression (aRR, 

2.18, 95%CI 1.26-3.79, p=0.006, data not shown). Traditional CVD risk factors were 

also independently associated with stenosis progression, including age, race, cigarette 

smoking (pack-years) during the interscan interval, total and HDL cholesterol levels. 

Use of cholesterol medications was associated with an increased risk of segment-level 

stenosis progression compared to non-use. Cocaine use was independently associated with 

progression. History of injection drug use, heavy alcohol use, and chronic hepatitis C virus 

infection were not associated with progression and were not included as covariates in the 

main model (p-values>0.20). In a sensitivity analysis with a parsimonious model excluding 

non-significant covariates, the magnitude and statistical significance of HIV viremia and 

the other significant predictors of stenosis progression remained consistent (Supplementary 

Tables S2–S4).

Among HIV+ men, stenosis progression was not significantly associated with cART 

duration (aRR 0.95, 0.75-1.23, p=0.69), cART type (aRR 1.04, 0.57-1.90, p=0.89 for 

protease-inhibitor based cART; aRR 1.05, 0.60-1.84, p=0.86 for non-nucleoside reverse 

transcriptase inhibitor-based cART; both compared to nucleoside reverse transcriptase 

inhibitor-based/other), history of clinical AIDS (aRR 1.32, 0.63-2.75, p=0.46), nadir CD4 

(aRR 0.99, 0.98-1.01, p=0.31), or average interscan CD4+ T cell count(aRR 1.00, 0.99-1.01, 

p=0.48), independent of HIV viremic status and the other covariates in the multivariable 

models.

We also evaluated the association between HIV serologic and viremic categories and two 

secondary outcomes, incidence of coronary artery stenosis ≥50%, and progression of the 

number of major coronary arteries with stenosis ≥ 50% (i.e. single, double, or triple vessel 

disease), shown in Figure 2. The observed incidence of coronary stenosis ≥ 50% was 1.2/100 

person-years among HIV− men, 1.9/100 person-years among HIV+ suppressed men, and 

2.6/100 person-years among HIV+ viremic men. The incidence of new coronary artery 

stenosis ≥ 50% among men without moderate or severe stenosis at baseline was more than 

4 times greater in HIV+ viremic men than HIV− men (aRR 4.63, 1.70- 12.59, p= 0.003). 
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There was no significant difference in incident stenosis among HIV+ suppressed compared 

with HIV− men (aRR 1.82, 0.74-4.44, p=0.19). HIV+ viremic men had a significantly 

greater risk of progression of vessel involvement than HIV− men (aRR 2.68, 1.18-6.09, 

p=0.019). There was no significant difference in progression of vessel involvement in HIV+ 

suppressed men compared with HIV− men (aRR 1.29, 0.63- 2.65, p=0.49).

In order to assess the risks associated with gradations of viremia during the interscan 

interval, HIV+ participants were divided into four categories: 1) all viral loads <50 

copies/ml; 2) one “blip” 50-499 copies/ml; 3) at least two viral loads 50-499 copies/ml 

with no measurement ≥500 copies/ml; and 4) at least 1 viral load ≥500 copies/ml [group 

median (IQR) VL 4457 (542-22,412)]. As shown in figure 2, the adjusted relative risk for 

segment-level stenosis progression increased as the extent of viremia increased, relative 

to HIV− men (trend test p=0.02); however, for individual categories of viremia, only the 

highest level (men with at least 1 viral load ≥500 copies/ml) was statistically significantly 

different than HIV− men (aRR 3.01, (1.53-5.92); p=0.001). Excluding men with viral load 

≥500 copies/ml, stenosis progression among the other HIV+ men (three groups combined) 

was elevated but not statistically significantly different compared to HIV− men (aRR 1.17, 

(0.76,1.81); p=0.48). We also conducted a sensitivity analysis among HIV+ men to assess 

the association between the percentage of visits with detectable HIV viral load and the 

progression of segment-level coronary stenosis. Each increase of 10 percentage points in 

visits with detectable viral load during the interscan interval was associated with a 16% 

higher risk of stenosis progression in the multivariable model.

Among men with viral suppression (allowing for one blip), 50% reported complete (100%) 

adherence with cART during the interscan period. We further divided the men with 

viral suppression by adherence status, using incomplete (<100%) cART adherence as a 

marker for potential exposure to low-level viral replication. Men with viral suppression and 

incomplete adherence, were less likely to be on statins or other lipid-lowering medications 

(42% versus 66%) than men with complete adherence. There were also trends towards a 

greater proportion of non-white men and mildly elevated glucose (Supplementary Table S5). 

After adjusting for interscan interval, demographics, CVD risk factors, and HIV disease 

progression markers, men with viral suppression who reported less than 100% adherence 

had an aRR of 1.91 (95%CI, 1.12-3.24, p=0.02) for segment-level stenosis progression 

compared with virally suppressed HIV+ men who reported complete adherence to cART. 

Viremic men had an aRR of 2.75 (95%CI, 1.51-5.01, p=0.001), compared to HIV+ men with 

viral suppression with complete adherence.

4. Discussion:

People living with HIV are at increased risk for atherosclerotic CVD(3). We found that 

progression of coronary artery stenosis, assessed by coronary CTA, was associated with the 

presence and magnitude of HIV viremia, traditional cardiovascular risk factors, cocaine use, 

and suboptimal cART adherence. There was an ordered increase in the risk for coronary 

artery stenosis progression with progressively greater levels of viremia during the interscan 

interval, from consistently suppressed, to low-level viremia “blips” <500 copies/mL, to 

a viral load >500 copies/mL, though only the highest exposure group was significantly 
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different from the other categories. The greatest risk for coronary artery disease progression 

was seen with the highest levels of HIV viremia.

Historically, ART was initiated when there was evidence of immune deficiency, specifically 

with CD4+ T cell counts beneath specific threshold values. The importance of viral 

suppression to prevent HIV disease progression and co-morbidity occurrence (5), such as 

CVD, has led to current recommendations to initiate cART promptly after HIV diagnosis 

regardless of CD4+ T cell counts, and to focus efforts on optimization of cART adherence 

and retention in care. We found that men with detectable viremia differed from those who 

were suppressed. They were more likely to be younger, Black, have less education, currently 

smoke, use cocaine, and report imperfect adherence to cART; they also had lower SBP 

and lower total and LDL cholesterol. Our finding that the risk of stenosis progression 

was significantly higher among HIV+ virally suppressed men with suboptimal adherence 

relative to HIV+ virally suppressed men reporting perfect adherence suggests that in people 

living with HIV viral suppression below the limits of detection of commercial assays may 

contribute to progression of coronary atherosclerosis. Suboptimal adherence among virally 

suppressed individuals is associated with higher systemic concentrations of inflammatory 

biomarkers than those who report complete adherence(18). Although viral blips and low-

level viremia were not associated with progression compared with HIV− men, the small 

but progressive increase in risk with gradations of inter-current viremia suggests that further 

research is needed to determine risk associated with low levels of HIV viremia and blips.

The risk for CVD events in people living with HIV is likely multifactorial, including 1) 

a high prevalence of traditional CVD risk factors, 2) heightened inflammatory response 

and immune dysregulation, and 3) metabolic side effects of some older ART agents (3). 

People living with HIV were randomized to ART treatment interruption compared with 

continuous ART in the SMART study, which demonstrated the association between ART 

disruption and viremia, the association between inflammation and CVD events(20), and 

the increased risk for CVD events with viremia and treatment interruption(5, 21). The 

START study randomized people living with HIV to immediate versus deferred ART based 

on CD4+ T cell counts. Immediate therapy led to a lower risk of AIDS and non-AIDS 

serious events and mortality; however, there was no association with CVD events, likely due 

to limited power(22). The heightened immune activation and inflammation present in the 

setting of HIV viremia demonstrated in these studies and others (23, 24), are likely drivers 

contributing to coronary plaque progression and coronary artery stenosis. In addition, in 

vitro and animal studies suggest that specific viral proteins may have effects on endothelial 

function and contribute to the pathogenesis of coronary atherosclerosis.(25, 26) The present 

study results support early and uninterrupted ART for people living with HIV to achieve 

durable viral suppression, which may reduce the risk of coronary artery stenosis progression, 

with vigilance required to address occurrences of suboptimal viral suppression and less 

than optimal adherence to cART. Although the number of people living with HIV who 

are prescribed ART and are virally suppressed has increased in recent years, there are still 

significant age and racial disparities, which need to be addressed (27–29). It is also possible 

that men with viral suppression had better cardiovascular outcomes in part due to access 

and behaviors related to other predictors of slower atherosclerosis progression, such as 

diet, exercise, avoidance of unhealthy behaviors, and health care utilization that were not 
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evaluated in our study. For example, men with viral suppression and adherence to cART, 

were more likely to receive lipid lowering medications than men less adherent to cART. 

Systemic factors that limit the ability to optimally address CVD risk factor modification and 

healthy behaviors need to be addressed.

There are limitations to this study. We observed a relatively small differential follow-up 

by HIV serostatus, with the HIV+ participants less likely to have a follow-up CT scan, 

mostly due to a higher proportion of deaths and incident kidney function decline below 

the eligibility threshold to receive intravenous contrast. This potential selection effect could 

lead to an underestimation of the relative risk of coronary disease progression among men 

with HIV, since those excluded due to kidney function decline and death likely had a 

higher risk for stenosis progression. Due to the limited number of clinical events in this 

cohort, we assessed predictors of coronary artery stenosis progression on coronary CTA, a 

clinically relevant outcome. In addition, the possibility of residual confounding exists due to 

unmeasured or inadequately measured factors. The MACS includes only gay and bisexual 

men; therefore, results may not be generalizable to women or other men living with HIV.

To our knowledge, this is the largest prospective serial CTA study to date in a cohort that 

includes people living with and without HIV; however, the number of men in this study with 

uncontrolled viremia was relatively small. A larger sample size could have led to greater 

precision in the estimates of risk. In addition, a larger sample size would be needed to 

determine with greater certainty that there is no difference in coronary stenosis progression 

risk in HIV+ suppressed men compared to HIV− men. The comparison group consisted of 

well-characterized HIV− men at risk for HIV. We found strong and consistent associations 

between HIV viremia and each of the three dimensions of stenosis progression assessed. 

The longitudinal nature of this study allowed for detailed prospective characterization and 

analysis of viral “blips”, low level viremia, and cART adherence, and included time-varying 

assessment of cardiovascular risk factors during the interscan interval.

In summary, coronary artery stenosis progression was associated with incomplete HIV 

viral suppression, suboptimal cART adherence, traditional CVD risk factors, and cocaine 

use. Effective ongoing HIV viral suppression, cART adherence, and control of CVD risk 

factors, including healthy behaviors, may mitigate increased risk for coronary disease events 

among people living with HIV. Additional studies are needed to ascertain the significance 

of isolated viral “blips” and low level viremia for the risk for CVD and to address ongoing 

disparities that exist among racial/ethnic groups.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights:

The extent of HIV viremia and traditional CVD risk factors are associated with 

progression of coronary artery stenosis.

Improved adherence to combination antiretroviral therapy may mitigate this increased 

risk.

Disparities exist in control of HIV viremia which require thoughtful interventions.
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Figure 1. Participant flow diagram.
The participant flow diagram is displayed. eGFR=estimate glomerular filtration rate; 
aparticipant excluded due to low eGFR documented between baseline CTA and enrollment 

screening for the follow-up CTA scan; bparticipant was enrolled for follow-up scan, but did 

not receive contrast CTA due to low eGFR at the study visit.
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Figure 2. Adjusted relative risk of stenosis progression by HIV viremic group.
The adjusted relative risks for coronary artery stenosis progression are presented. 

Relative risks are adjusted for age, race, education, study site, cohort enrollment date, 

interval scan time, CVD risk factors and cocaine use. Upper panel (A) sample sizes 

by outcome: 1) segment-level stenosis, HIV+ Viremic=1,299 segments/98 ids, HIV+ 

suppressed=2,793 segments/212 ids, and HIV−=3,104 segments/234 ids, 2) incident 

stenosis, HIV+ Viremic=85, HIV+ Suppressed=180, and HIV−=203, and 3) vessel-
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involvement progression, HIV+ Viremic=97, HIV+ Suppressed=211, and HIV−=230. 

HIV=human immunodeficiency virus, RR=relative risk, VL=viral load.
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Table 1.
Outcome definitions:

The outcome definitions for Segment-level stenosis progression, incident stenosis and vessel involvement 

progression are listed.

Outcome Definition 1 (Primary outcome): Segment-Level Stenosis Progression
Increase in stenosis by ≥ 2 stenosis categories
Dichotomous: Yes/No
Unit of analysis: coronary artery segment
Among coronary artery segments with stenosis < 50% at baseline
*Each participant may contribute up to 14 artery segments to the segment-level analysis

 5 Stenosis Categories:
 0- no plaque present
 < 30%- minimal
 30-49%- mild
 50-69%- moderate ≥ 70%- severe

Outcome Definition 2 (Secondary outcome): Incident Stenosis
Incident (new) stenosis ≥ 50% in an individual participant
Dichotomous: Yes/No
Unit of analysis: individual
Among individuals with stenosis <50% in all segments at baseline

Outcome Definition 3 (Secondary outcome): Vessel Involvement Progression
Increase in the number of major coronary arteries with stenosis ≥ 50%
Dichotomous: Yes/No
Unit of analysis: individual
Among individuals with ≤ double vessel disease at baseline.

 Vessel Involvement:
 None
 Single Vessel Disease
 Double Vessel Disease
 Triple Vessel Disease
 Four Vessel Disease

Atherosclerosis. Author manuscript; available in PMC 2023 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Post et al. Page 18

Table 2:

Characteristics of study participants, by HIV infection and viral suppression status

HIV− (n=234) HIV+ Suppressed 
(n=212)

HIV+ Viremic 
(n=98)

p-value

Age, years 55.3 (50.5, 62.8) 52.2 (48.3, 57.3) 49.2 (46.2, 54.2) <0.001

Race, white 68.4% 58.5% 27.6% <0.001

 Black 23.9% 25.9% 52.0%

 Other 7.7% 15.6% 20.4%

Education, college or greater 64.1% 47.6% 31.6% <0.001

Enrollment after 2001 34.6% 49.1% 68.4% <0.001

InterScan interval, years 4.2 (3.6, 4.9) 4.6 (4.0, 5.0) 4.5 (3.9, 5.0) 0.007

Smoking, never 23.2% 30.3% 24.5% <0.001

 Former 59.7% 47.4% 38.8%

 Current 17.2% 22.3% 36.7%

Cumulative pack-years up to baseline 2.5 (0, 21.9) 2.5 (0, 20.4) 5.4 (0, 19.1) 0.89

Cumulative pack-years, interscan interval 0(0,0) 0(0,0.1) 0(0,1.9) <0.001

Average body mass index, kg/m2 26.5 (23.9, 29.5) 25.5 (23.2, 28.5) 25.7 (23.3, 28.3) 0.14

Baseline hepatitis C viral infection 2.6% 6.7% 14.3% <0.001

Ever Injection Drug use 5.1% 13.7% 18.4% <0.001

Baseline recent injection drug use 0% 1.9% 3.1% <0.05

Ever crack/cocaine use 44.9% 54.7% 64.3% 0.003

Baseline recent crack/cocaine use (past 6 months) 8.6% 8.0% 18.4% 0.01

Baseline recent alcohol use ≥ 14 drinks/week 9.4% 5.7% 4.1% 0.14

Average systolic blood pressure, mmHg 129 (122, 136) 127 (119, 135) 126 (115, 133) 0.009

Average diastolic blood pressure, mmHg 78 (73, 82) 79 (74, 83) 78 (73, 83) 0.25

Hypertension medication use
a 41.5% 40.6% 34.7% 0.501

Average fasting glucose, mg/dL 94 (88, 101) 96 (91, 103) 95 (90, 102) 0.015

Diabetes medication use
a 8.1% 9.0% 9.2% 0.93

Average total cholesterol, mg/dL 184 (166, 207) 185 (166, 205) 169 (157, 189) <0.001

Average HDL cholesterol, mg/dL 55 (45, 61) 47 (39, 55) 44 (39, 53) <0.001

Average LDL cholesterol, mg/dL 108 (91,128) 106 (86, 123) 98 (80, 114) <0.001

Average triglycerides, mg/dL, median (IQR) 101 (78, 127) 134 (96,185) 133 (92, 175) <0.001

Cholesterol medication use
a 43.6% 54.2% 35.7% 0.005

Baseline cholesterol medication use 32.5% 37.1% 23.7% 0.069

Average HIV viral load, copies/mL, median (IQR) 13 (10, 18) 857 (73, 11,121) <0.001

Baseline ASCVD risk score (pooled cohort equation) 7.6 (4.1, 13.0) 5.9 (3.8, 9.9) 6.5 (3.7, 9.7) 0.04

Average percentage of interscan visits with HIV viral 
load>50, median (IQR)

0.0% (0.0%, 0.0%) 33.3% (20.0%, 
60.0%)

<0.001

All HIV viral loads<50 copies/mL 78.8% 0% <0.001

One HIV viral blip (50-500 copies/mL) 21.2% 0%
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HIV− (n=234) HIV+ Suppressed 
(n=212)

HIV+ Viremic 
(n=98)

p-value

≥ 2 blips (50-500 copies/mL) but no visits ≥ 500 
copies/mL

0% 26.5%

≥ 1 high HIV viral load (≥ 500 copies/mL) 0% 73.5%

Average CD4+ T cell count, cells/μL 677 (529, 851) 605 (383, 716) <0.001

Nadir CD4+ T cell count, cells/μL 291 (189, 418) 330 (237, 450) 0.09

Cumulative cART use up to baseline, years 9.9 (7.2, 12.9) 8.3 (3.4, 11.9) <0.001

100% of visits on cART 79.6% 52.0% <0.001

Baseline cART 95.3% 78.6% <0.001

Baseline cART regimen <0.001

 None 4.7% 21.4%

 Protease inhibitor-based cART 38.7% 54.1%

 Non-nucleoside reverse transcriptase inhibitor
based (NNRTI) cART

50.5% 19.4%

 Nucleoside reverse transcriptase inhibitor-based
(NRTI) cART

<1% <1%

 Other 4.7% 4.1%

Self-reported 100% adherence to cART during
interscan period

50.2% 17.3% <0.001

History of clinical AIDS 8.5% 10.2% 0.63

Medians and interquartile range or percentages shown. Average= mean across interscan visits, p-values from Kruskal Wallis or χ2 tests.

a
Cholesterol, hypertension and diabetes medication use was defined as user (≥20% of visits) or primarily non-user (<20% of visits) during the 

interscan interval.

HIV+ suppressed = HIV viral load consistently <50 copies/mL, one blip 50-500 copies/mL allowed; HIV+ viremic = detectable viremia >500 
copies/mL or >1 blip; HIV−= HIV-uninfected.

AIDS=acquired immune deficiency syndrome, cART=combination antiretroviral therapy, CI=confidence interval, HDL=high-density lipoprotein, 
HIV=human immunodeficiency virus, LDL=low-density lipoprotein

Atherosclerosis. Author manuscript; available in PMC 2023 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Post et al. Page 20

Table 3:

Characterization of baseline coronary artery stenosis and progression outcomes, by HIV serologic and viremic 

status

HIV− HIV+ Suppressed HIV+ Viremic

Individuals contributing to the segment-level progression analysis, N 234 212 98

Coronary artery stenosis ≥50% at baseline 31 (13.2%) 32 (15.1%) 13 (13.3%)

Vessel involvement among those with coronary artery stenosis ≥50% at baseline

   Single Vessel Disease 25 (80.6%) 26 (81.3%) 11 (84.6%)

   Double Vessel Disease 2 (6.5%) 5 (15.6%) 1 (7.7%)

   Triple Vessel Disease 4 (12.9%) 1 (3.1%) 1 (7.7%)

AHA coronary artery segments included in the analysis, per person, median 
(IQR)

13.5 (13.0, 14.0) 13.0 (13.0, 14.0) 13.0 (13.0, 14.0)

Total AHA coronary artery segments includedin the progression analysis, N 3,104 2,793 1,299

Extent of coronary artery stenosis at baseline

   None 2563 (82.6%) 2274 (81.4%) 1082 (83.3%)

   Minimal (<30%) 449 (14.5%) 382 (13.7%) 174 (13.4%)

   Mild (30-49%) 92 (3.0%) 137 (4.9%) 43 (3.3%)

Primary Outcome: Segment-level progression 61 (2.0%) 72 (2.6%) 47 (3.6%)

SECONDARY OUTCOMES

Vessel involvement, N 230 211 97

Vessel involvement progression 16 (7.0%) 21 (10.0%) 13 (13.4%)

Coronary artery stenosis incidence, N 203 180 85

Incident coronary artery stenosis ≥50% 10 (4.9%) 15 (8.3%) 10 (11.8%)

Numbers reported are counts and (percentages), unless otherwise specified. IQR=interquartile range. AHA coronary artery segments with baseline 
stenosis ≥50% were excluded from the segment-level analysis. The study population for vessel involvement progression excluded 6 men with triple 
vessel stenosis or greater at baseline. The study population for incident stenosis ≥50% excluded 76 men with prevalent stenosis ≥50% at baseline.

Atherosclerosis. Author manuscript; available in PMC 2023 July 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Post et al. Page 21

Table 4.

Adjusted relative risk of segment-level stenosis progression.

Adjusted RR (95% CI) p-value

HIV infection/viral suppression status- HIV− 1.0 (ref)

   HIV+ viremic 2.30 (1.32,4.00) 0.003

   HIV+ suppressed 1.10 (0.70,1.74) 0.67

Baseline age, per 10 years 1.41 (1.04,1.91) 0.03

Race-White 1.0 (ref)

   Black 0.42 (0.22,0.82) 0.01

   Hispanic/other 0.55 (0.24,1.26) 0.16

Interval cigarette smoking (per pack-year) 1.14 (1.03,1.26) 0.015

Fasting glucose
a
 (per 10 mg/dl)

1.02 (0.93,1.11) 0.69

Systolic blood pressure
a
 (per 10 mmHg)

1.06 (0.87,1.30) 0.57

Total cholesterol
a
 (per 10 mg/dl)

1.13 (1.05,1.22) 0.002

HDL cholesterol
a
 (per 10 mg/dl)

0.75 (0.62,0.92) 0.006

Lipid lowering medications
b 1.97 (1.22,3.18) 0.006

Baseline cocaine use 1.84 (1.10,3.08) 0.02

a
Averaged value among measurements across interscan visits.

b
Use of lipid-lowering medication at 20% or more interscan visits. N=7196 segments/544 men. Model adjusted for all variables shown above in 

addition to study site, cohort recruitment wave (pre or post 2001), education level, average body mass index across interscan visits, and use of 
hypertension medications, and diabetes medication at more than 20% of visits during the interscan period (all p > 0.10 except for study site). The 
generalized estimating equation model accounted for correlation between segments within individuals, and the interscan interval duration was a 
model offset. Abbreviations: CI=confidence interval, HDL=high-density lipoprotein, HIV=human immunodeficiency virus, RR=relative risk.
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