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BACKGROUND: Coronary artery disease (CAD) is a leading cause of death among the 38.4 million people with HIV globally. The
extent to which cardiovascular polygenic risk scores (PRSs) derived in non-HIV populations generalize to people with HIV is
not well understood.

METHODS AND RESULTS: PRSs for CAD (GPS,,,,) and lipid traits were calculated in a global cohort of people with HIV treated with
antiretroviral therapy with low-to-moderate atherosclerotic cardiovascular disease risk enrolled in REPRIEVE (Randomized Trial to
Prevent Vascular Events in HIV). The PRSs were associated with baseline lipid traits in 4495 genotyped participants, and with sub-
clinical CAD in a subset of 662 who underwent coronary computed tomography angiography. Among participants who underwent
coronary computed tomography angiography (mean age, 50.9 [SD, 5.8] years; 16.1% women; 41.8% African, 57.3% European, 1.1%
Asian), GPS,,,, Was associated with plaque presence with odds ratio (OR) per SD in GPS, ,;; of 1.42 (95% Cl, 1.20-1.68; P=3.8x1079),
stenosis >50% (OR, 2.39 [95% Cl, 1.48-3.85]; P=3.4x10-%, and noncalcified/vulnerable plaque (OR, 1.45 [95% CI, 1.23-1.72];
P=9.6x107%). Effects were consistent in subgroups of age, sex, 10-year atherosclerotic cardiovascular disease risk, ancestry, and
CD4 count. Adding GPS,,, to established risk factors increased the C-statistic for predicting plaque presence from 0.718 to 0.734
(P=0.02). Furthermore, a PRS for low-density lipoprotein cholesterol was associated with plagque presence with OR of 1.21 (95% Cl,
1.01-1.44; P=0.04), and partially calcified plaque with OR of 1.21 (95% ClI, 1.01-1.45; P=0.04) per SD.

CONCLUSIONS: Among people with HIV treated with antiretroviral therapy without documented atherosclerotic cardiovascular
disease and at low-to-moderate calculated risk in REPRIEVE, an externally developed CAD PRS was predictive of subclinical
atherosclerosis. PRS for low-density lipoprotein cholesterol was also associated with subclinical atherosclerosis, supporting
a role for low-density lipoprotein cholesterol in HIV-associated CAD.
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HIV (PWH) globally.! With the widespread use diseases, most notably atherosclerotic cardiovascular
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CLINICAL PERSPECTIVE
What Is New?

Cardiovascular disease such as coronary artery
disease is a leading cause of morbidity and death
in people with HIV (PWH); quantification of cu-
mulative genetic risk using polygenic risk scores
(PRSs) has potential as a complementary modality
for predicting coronary artery disease in PWH.

e An externally developed PRS for coronary
artery disease was predictive of subclinical
coronary artery disease in a diverse cohort of
PWH treated with antiretroviral therapy without
documented cardiovascular disease at low-to-
moderate traditional risk and improves upon
prediction by traditional risk estimators.

e PRSs for other cardiometabolic traits such
as lipid levels and blood pressure were also
predictive in this cohort of PWH.

What Are the Clinical Implications?

e (Cardiovascular PRSs derived in the general
population may further guide risk stratification
among a vulnerable cohort of PWH without
documented cardiovascular disease and at
low-to-moderate estimated risk, who may be
otherwise missed by traditional risk predictors.

e By using existing PRSs to effectively identify in-
dividuals with the greatest subclinical atheroscle-
rosis, this study directly supports clinical use of
PRSs for primary prevention of cardiovascular
disease in this vulnerable population of PWH.

e The genetic association of low-density lipo-
protein cholesterol with coronary artery plaque
among PWH supports the role of low-density
lipoprotein cholesterol in HIV-associated coro-
nary atherosclerosis.

Nonstandard Abbreviations and Acronyms

ARIC Atherosclerosis Risk in Communities
PCE pooled cohort equation

PRS polygenic risk score

PWH people with HIV

REPRIEVE Randomized Trial to Prevent
Vascular Events in HIV

population.2® Mortality from ASCVD such as coronary
artery disease (CAD) has now risen to be one of the
leading non-AIDS causes of death in PWH, outpacing
rates in the general population.

PWH remain at outsized risk for ASCVD despite ef-
fective viral suppression with ART.>® Proposed causes
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include increased inflammation, thrombosis, vulnerable
noncalcified plagues, and atherogenic lipid profiles with
notably elevated oxidized low-density lipoprotein cho-
lesterol (LDL-C).5® Indeed, studies comparing partici-
pants with or without HIV infection found that traditional
risk models for CAD, such as pooled cohort equations
(PCEs) or Framingham Risk Scores,” are frequently in-
accurate among PWH compared with the general pop-
ulation.®® The mechanisms driving the excess risk are
poorly understood. Therefore, there is a critical need to
develop improved strategies to predict ASCVD in this
population, and to identify asymptomatic PWH at great-
est risk for future ASCVD to guide preventive measures.

CAD has a strong genetic component,'® and corre-
sponding polygenic risk scores (PRSs) have emerged
as a tool to stratify lifetime genetic risk for ASCVD in the
general population.”® Risk mitigation interventions
such as lifestyle adjustments and cholesterol-lowering
medications may be targeted to individuals found to be
at increased polygenic risk on the basis of epidemio-
logical and post hoc analyses of clinical trials.'*'® While
it is well appreciated that PRSs perform differentially
by genetic ancestry,”” recent analyses have shown that
age and sex also influence CAD PRS performance.’®®
Therefore, there is a need to assess generalizability
of CAD PRS, and its role in stratifying HIV-associated
CAD is not well understood. Coronary computed to-
mography angiography (CCTA) has emerged as a
powerful tool to extract surrogate indices for clinical
CAD risk to assess such novel biomarkers.20:21

In this study, we demonstrated the ability of poly-
genic scores to predict subclinical CAD, atheroscle-
rotic plague phenotypes, and related cardiometabolic
traits among the largest and most diverse cohort of
PWH without prior evidence of ASCVD and at low-to-
moderate traditional ASCVD risk, enrolled in a primary
prevention trial.?? Qur findings offer new insights in
risk stratification and mechanisms of HIV-associated
atherosclerosis.

METHODS

The data that support the findings of this study
are available from the corresponding author upon
reasonable request.

Study Participants

Our study consisted of 4495 genotyped PWH without
clinical cardiovascular disease (CVD) with low-to-
moderate estimated cardiovascular risk, out of 7770
total who were enrolled in REPRIEVE (Randomized Trial
to Prevent Vascular Events in HIV) (Figure S1A).%® Data
were derived from a subset of the REPRIEVE cohort
(N=4837) enrolling from 52 AIDS Clinical Trial Group sites
participating in REPRIEVE, for whom genotyping was
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performed. REPRIEVE is a prospective, randomized,
placebo-controlled trial assessing the efficacy of
pitavastatin calcium versus placebo for the prevention
of major adverse cardiovascular events.?? Participants
were enrolled in >100 sites across 12 countries during
2015 to 2019. Inclusion criteria included age >40 and
<rbyears, on any ART regimen for at least 6 months
before study entry, CD4+ T-cell count >100cells/
mm3, and fasting LDL-C meeting specific thresholds
depending on the 10-year ASCVD risk score estimated
by the 2013 American College of Cardiology/American
Heart Association PCEs (Figure S1B).?> Exclusion
criteria included history of ASCVD and prior diagnoses
of stable or unstable angina. Further details regarding
inclusion and exclusion criteria and the design of
REPRIEVE have been previously published.?®?? As
final data collection is ongoing in REPRIEVE, baseline
data were used for these analyses.

Our CCTA analyses included a subset of 662 geno-
typed participants, of 805 total from the United States,
who were enrolled into the REPRIEVE Mechanistic
Substudy (Figure S1A).2%24 In the Mechanistic Substudy,
each participant received CCTA that quantified baseline
subclinical CAD at 31 US sites. Enroliment was screened
on the basis of willingness and absence of contraindica-
tions to CCTA (eg, known contrast reaction).

Each clinical research site obtained institutional re-
view board/ethics committee approval and any other
applicable regulatory entity approvals. Participants
were provided with study information, including dis-
cussion of risks and benefits, and signed the approved
declaration of informed consent. Secondary use of the
data for the present analyses were approved by the
Massachusetts General Hospital Institutional Review
Board (protocol no. 2020P003693).

Genotyping and Polygenic Risk Score
Calculation
Genotyping was performed using lllumina Infinium HTS
(llumina, Inc., San Diego, CA). From the original 729804
variants, 625869 variants (85.8%) remained after re-
moving variants that were duplicates, multiallelic, >2%
variant missingness, minor allele count <3, and located
on the Y chromosome or mitochondrial genome. Twelve
of the 4495 (0.27%) participants were noted to have ei-
ther undefined self-reported sex assigned at birth, >5%
missingness, or heterozygosity >+4 SD from the mean;
these participants were not excluded from analysis.

Genotype data were imputed using TOPMed via an
online server (https:/imputation.biodatacatalyst.nhlbi.
nih.gov/) using the parameters: TOPMed r2 Reference
Panel, GrCh37/hg19 Array Build, 0.001 rsq filter, and
Eagle v2.4 Phasing.?®

A recently developed PRS for CAD, GPS,,,*
was constructed using LDPred2,%” incorporating the
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weighted effects of over 1.2million single-nucleotide
polymorphisms from 58 genome-wide association
studies for CAD (>222000 cases and >914 000 con-
trols), other atherosclerotic diseases, and their risk fac-
tors from multiancestry cohorts external to REPRIEVE,
as previously described.?® The scoring weights were
applied to the TOPMed?® imputed genotype of each
REPRIEVE participant using the Plink software? to ob-
tain raw polygenic scores for CAD.

The PRS for lipid profiles and blood pressure for each
REPRIEVE participant was constructed by applying pub-
licly available scoring weights (https://www.pgscatalog.
org/publication/PGP000332/),%° externally derived from
the UK Biobank,® to the TOPMed imputed genotype of
each REPRIEVE participant using the Plink software to
obtain raw polygenic scores. The specific weights for
each trait are: LDL-C (PGS002654), high-density lipopro-
tein cholesterol (HDL-C; PGS002646), total cholesterol
(PGS002669), triglyceride (PGS002670) concentrations,
and systolic blood pressure (PGS002666) and diastolic
blood pressure (PGS002639).

Final PRS values were residualized, population
structure adjusted, and standardized, as is standard
for the field.3":32 This is accomplished by calculating the
residuals from multidimensional linear regression with
raw PRS as the outcome, and covariates using 10 prin-
cipal components derived from principal component
analysis®™ of the genotype from the entire study popu-
lation. The rationale is that adjustment for these prin-
cipal components minimizes genetic association test
confounding caused by population stratification.3334

Study Outcomes
Baseline characteristics included age, sex (assigned at
birth), self-reported ancestry, body mass index, smok-
ing history, physical activity, and diet (physical activ-
ity and diet assessments were conducted using the
Rapid Eating and Activity Assessment for Patients
Questionnaire).®® Laboratory measurements included
CD4 count® and serum concentrations of total choles-
terol, LDL-C, HDL-C, oxidized LDL-C, triglycerides, and
glucose. Ancestry was defined to be the estimated ge-
netic similarity based on self-report or computationally
derived values, determined using the following strat-
egy: participants were assigned to African, European,
South Asian, or East Asian ancestry on the basis of self-
report, and others (ie, “Unknown,” “Other,” “American
Indian,” “More Than One Race,” or “Asian” without
specifying either South or East Asian), assigned to 1 of
the 4 ancestries using the nearest neighbor classifica-
tion algorithm to the principal component of genetic
ancestry'® from the 1000 Genomes Project.®’

A subset of participants included in our analy-
ses had undergone CCTA as part of the REPRIEVE
Mechanistic Substudy. The computed tomographic
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imaging was performed using a 64-slice or greater
computed tomographic scanner at the enrolled sites.?°
CAD was assessed in a standardized fashion by a
central core laboratory with expert readers blinded to
clinical and treatment information with excellent repro-
ducibility.?® Measurements of subclinical CAD included
coronary artery calcium scores, and the presence of
plagque, stenosis >50%, noncalcified plaque, and vul-
nerable plaque features defined by the presence of
any 1 of 3 phenotypes: positive remodeling (remodel-
ing index >1.1), low attenuation (<30 Hounsfield units),
and napkin-ring sign (low central attenuation with ring-
like peripheral high attenuation).?#3® Measurements
also include computed tomographic Leaman scores,
which account for the degree of stenosis, coronary
dominance, plaque location, and composition.®® All
measurements were compared in the entire cohort
and in subgroups on the basis of demographics, 10-
year ASCVD risk score, and other baseline features.?°

Statistical Analysis

Distribution of GPS,,,; percentiles were determined
among cases and controls for each subclinical CAD
phenotype and compared using the 2-sided Student’s
t test. Participants were also subgrouped by low
(<5%), borderline (5%—7.5%), or intermediate (>7.5%)
ASCVD risk on the basis of the PCE 10-year estimated
risk. Within each subgroup, Leaman scores were
compared between participants in the top and bottom
PRS tertile using the 2-sided Wilcoxon rank-sum test.
Odds ratios (ORs) based on GPS,,,, for subclinical
CAD, along with associated 95% Cls and P values,
were computed using logistic regression; covariates
were age, sex, and the first 10 principal components
of ancestry.”>4% All reported ORs are per standard
deviation in PRS; all PRSs are standardized (centered
around mean with a unit SD) in this study. GPS,, ;; was
also associated with plaque presence by subgroups
distinguished by sex, age, 10-year ASCVD risk, CD4
nadir,®® and ancestry. Comparisons between GPS,,
and Leaman score or natural logarithm of the coronary
artery calcium score+1 were performed using linear
regression analysis (adjusting for age, sex, and top
10 principal components derived from genotype),
and by comparing the average concentration per
quintile of GPS,,,,. Statistical testing for differences
in OR between subgroups was determined by a
multiple-degrees-of-freedom test for heterogeneity
using metagen in R (R Foundation for Statistical
Computing, Vienna, Austria). The variance explained
by each putative CVD risk factor (GPS,,;, sex, age,
ancestry, use of antinypertensive medication, smoking
status, systolic blood pressure [SBP], and baseline
concentrations of LDL-C, HDL-C, and glucose) for
predicting plaque presence was determined using
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Nagelkerke pseudo R? and associated P values, using
the Nagelkerke function in R. Area under the receiver
operating characteristic curve, or C-statistic, for logistic
regression to predict subclinical CAD phenotypes was
determined using the Cstat function in R, with 95% Cls
calculated with bootstrapping using the boot function.
Comparisons between LDL-C PRS and LDL-C or
oxidized LDL-C concentrations were performed using
linear regression analysis (adjusting for age, sex, and
top 10 principal components derived from genotype),
and by comparing the average concentration per
percentile of LDL-C PRS. Similar comparisons were
conducted for HDL-C, total cholesterol, triglycerides,
SBP, and diastolic blood pressure.

RESULTS

Overall participant characteristics among partici-
pants enrolling from AIDS Clinical Trial Group sites in
REPRIEVE are shown in Table S1. Among the cohort
of 4495 participants in REPRIEVE with polygenic risk
data available (Figure S1A), the mean age at study
enrollment was 49.9 [SD, 6.4] years. A total of 1652
(36.8%) participants were women, and 2327 (51.8%)
were of African ancestry, 1118 (24.9%) of European an-
cestry, 600 (13.3%) of East Asian ancestry, and 450
(10.0%) of South Asian ancestry (Table S2). The me-
dian estimated 10-year ASCVD risk was 3.9% (inter-
quartile range, 1.7-6.6). At the time of enrollment, there
were several differences in baseline characteristics
between participants among different traditional 10-
year ASCVD risk categories (low, 0%—-<5% [n=2644,
58.8%), borderline, 5%-7.5% [n=1040, 23.1%), and
intermediate, >7.5% [n=804, 17.9%)]) by the PCEs.*!
Patients with higher ASCVD risk were more likely to be
older; men; smokers; hypertensive; of African ances-
try; and have higher triglyceride and glucose concen-
trations and lower HDL-C, CD4 count, and estimated
glomerular filtration rate.*? There were no differences
in physical activity, body mass index, and LDL-C con-
centration at the time of enrollment among patients in
different ASCVD risk tertiles.

Among our studied subset of 662 participants with
both genetic and CCTA data (Figure S1A), the mean
age at study enrollment was 50.9 [SD, 5.8] years. A total
of 106 (16.1%) participants were women, 277 (41.8%)
were of African ancestry, 379 (57.3%) of European an-
cestry, 6 (0.9%) of East Asian ancestry, and 1 (0.2%) of
South Asian ancestry (Table). The median estimated
10-year ASCVD risk was 4.5% interquartile range, 2.6—
6.8). Similar to the general cohort, there were several
differences in baseline characteristics when catego-
rized by ASCVD risk tertiles. With respect to plaque
characteristics, 325 (49.2%) had evidence of plaque,
268 (40.6%) had visible noncalcified plague segments,
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24 (3.7%) had stenosis >50%, and 153 (23.2%) had
plague with vulnerable features, including 149 (22.6%)
with positive remodeling, 40 (6.1%) with low attenua-
tion, and 22 (3.3%) with a napkin-ring sign on CCTA.
As expected, participants with higher ASCVD risk ex-
hibited more evidence of subclinical atherosclerosis in
this genotyped subset (Tablg).?44’

We calculated the PRS for CAD, GPS,,;,%¢ for 662
participants in the Mechanistic Substudy. Across mul-
tiple measures of subclinical CAD, participants with ev-
idence of CAD had a significantly higher PRS percentile
compared with participants without evidence of CAD
(Figure 1A). The average PRS percentile among par-
ticipants with plaque present on CCTA was 53.2 com-
pared with 45.0 among participants without plaque
(P=2.9x107%), and similarly 56.8 versus 48.1 for noncal-
cified plaque (P=0.017), 55.2 versus 47.2 (P=0.0027)
for plague with vulnerable features, 54.2 versus 45.2
for visible noncalcified plagque or plaque with vulner-
able features (P=8.4x107%), and 66.1 versus 48.2 for
stenosis >50% (P=0.0033) (Figure 1A; Table S3). While
high CAD PRS was significantly associated with the
average Leaman score only among those with low
traditional clinical risk (0%—-<5%) ASCVD category,
enrichment was not significantly different across bor-
derline and intermediate risk categories (Figure 1B).
We used logistic regression to calculate the associa-
tion between plaque presence and GPS,,,; (Table S4).
Overall, GPS,,; was associated with plaque presence
on CCTA with an OR of 1.42 per SD in GPS,, ,; (95% ClI,
1.20-1.68; P=3.8x10%; Figure 2). The significant as-
sociation between GPS,,,, and plague presence was
consistent across multiple important demographic and
clinical subgroups, including those of male sex at birth,
ages <50 and >50vyears, ASCVD risk <5%, CD4 na-
dirs of 50 to 199cells/uL and 200 to 249 cells/uL, and
European and African ancestries (Figure 2).

Among the participants of the Mechanistic
Substudy, GPS,,,; was significantly associated with
multiple subclinical CAD features detected by CCTA,
particularly certain high-risk features (Figure 3A). Such
features included stenosis >50% with an OR of 2.39
per SD in GPS,,; (95% Cl, 1.48-3.85; P=3.4x10"%) and
visible noncalcified plaque or plaque with vulnerable
features (OR, 1.45 [95% CI, 1.23-1.72]; P=9.6x1079).
Furthermore, GPS,,,; was linearly associated with
Leaman scores (0.402 per SD in GPS,,; P=1.2x107%)
and the natural logarithm of coronary artery cal-
cium scores (0.308 per SD in GPS,,,; P=4.0x107%
Table S5). This was consistent with significant differ-
ences in Leaman or natural logarithm coronary artery
calcium scores (P=0.0088 and P=0.012, respectively)
between those in the top and bottom quintiles in
GPS,,,; (Figure 3B and 3C).

In addition to the aforementioned metrics for as-
sociation, the variance explained by GPS,,, was

J Am Heart Assoc. 2024;13:e033413. DOI: 10.1161/JAHA.123.033413

Polygenic Scores and Cardiovascular Disease in HIV

significant for multiple measures of subclinical CAD,
with Nagelkerke “pseudo” R?=0.027 (P=4.3x107%) for
plaque presence (Figure S2A through S2C). Variance
explained by GPS,,,; was especially strong for high-
risk CAD phenotypes, often comparable with many
established ASCVD risk factors. For predicting non-
calcified or vulnerable plaques, GPS,,,, had a vari-
ance explained of R?=0.029 (P=2.4x10"%), compared
with 0.056 (P=2.8x1077) for age, 0.031 (P=1.5x10"4) for
sex, 0.038 (P=2.6x107%) for LDL-C, 0.016 (P=0.0065)
for use of antihypertensive medication, and 0.032
(P=0.0020) for smoking status. For predicting stenosis
>50%, GPS,,,; had a variance explained of R?=0.099
(P=1.0x10"%), compared with 0.049 (P=0.0075) for
age, 0.071 (P=0.0011) for sex, and 0.062 (P=0.028) for
smoking status.

Next, we determined the ability of GPS,,, to dis-
criminate for subclinical CAD over PCE, the standard
for ASCVD risk prediction, using the area under the
receiver operating characteristic curve, or C-statistic.*3
GPS,,: (with age and sex) performed better than PCEs,
and combining GPS,, ;; with PCEs led to an improved
C-statistic for presence of plaque of 0.734, a significant
increase of 0.016 (95% CI, 0.003-0.033) from 0.718
with PCE alone (Figure 4A and 4B). The combined C-
statistic was 0.700 for visible noncalcified plaque or
plague with vulnerable features, and 0.819 for stenosis
>50%, an increase of 0.024 (95% CI, 0.0045-0.045)
and 0.065 (95% CI, 0.0076-0.113), respectively, from
C-statistics with PCEs alone. Similar findings were ob-
tained for noncalcified or vulnerable plague and ste-
nosis >50% (Figure 4A and 4B). Finally, the change in
C-statistic with leave-one-out of either GPS,,; or each
component of the PCE exhibited comparable results
with that of Nagelkerke pseudo R? (Figure 4C through
4E, S2D).%¢

Next, we evaluated the performance of polygenic
scores in predicting other cardiometabolic traits in this
cohort of PWH. We calculated the PRS for LDL-C using
weights previously derived from PolyPred,?® then com-
pared them with fasting LDL-C and oxidized LDL-C
concentrations obtained at baseline. LDL-C PRS was
linearly associated with fasting LDL-C (8.86 mg/dL per
SD in PRS, P=1.04x10-%%) and oxidized LDL-C concen-
trations (2.97 mg/dL per SD, P=1.76x10"% (Figure 5A
and 5B; Table S6). The difference in average LDL-C
concentrations between the top and bottom percentiles
of PRS was 44.8 mg/dL, and 19.9 mg/dL for oxidized
LDL-C concentrations (Figure 5C and 5D). In addition,
LDL-C PRS was associated with presence of plaque®
with an OR of 1.21 (95% ClI, 1.01-1.44; P=0.039) and
partially calcified plaque with OR of 1.21 (95% ClI, 1.01-
1.45; P=0.041) per SD in PRS (Figure S3A and S3B).

We calculated PRS for total cholesterol, total tri-
glycerides, and HDL-C, and compared them with the
respective baseline values for each participant. We
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Table. Baseline Characteristics for Participants With CCTA Measurements Stratified by ASCVD Category

All participants ASCVD risk 0% to <5% | ASCVD risk 5%-7.5% | ASCVD risk >7.5%

Variable (N=662), mean (SD) | (n=368), mean (SD) (n=162), mean (SD) (n=130), mean (SD) P value
Age, y 50.9 (6.8) 48.6 (4.7) 52.5 (5.5) 55.1(5.8) <0.0001
Body mass index, kg/m? 27.2 (4.4) 27.3 (4.4) 271 (4.0) 274 (4.7) 0.515
Total years smoked 21.5(12.2) 19.1 (11.0) 21.1 (11.7) 26.3 (13.7) <0.0001
CD4 count, cells/mm? 628.9 (268.9) 633.1 (278.5) 624.1 (259.8) 623.2 (253.9) 0.984
eGFR, mL/min 88.7 (16.4) 89.4 (16.1) 88.5 (16.3) 86.8 (17.0) 0.123
LDL-C concentration, mg/dL 107.4 (30.3) 106.2 (30.1) 111.8 (32.5) 105.8 (27.8) 0.977
HDL-C concentration, mg/dL 50.1 (17.7) 52.4 (17.7) 48.0 (19.4) 46.2 (14.6) 0.0008
Triglyceride concentration, mg/dL 134.3 (83.4) 124.3 (73.5) 146.5 (97.5) 147.7 (87.4) 0.0037
Glucose concentration, mg/dL 93.0 (12.1) 92.2 (12.2) 92.8 (11.6) 95.4 (12.4) 0.0078

All participants, ASCVD risk 0% to <5%, ASCVD risk 5%-7.5%, ASCVD risk >7.5%,
Variable n/N (%) n/N (%) n/N (%) n/N (%)
Sex

Female 106/660 (16.1) 90/368 (24.5) 13/162 (8) 3/130 (2.3)

Male 554/660 (83.9) 278/368 (75.5) 149/162 (92) 127/130 (97.7)
Ancestry

African 277/662 (41.8) 129/368 (35.1) 70/162 (43.2) 77/130 (59.2)

European 379/662 (57.3) 234/368 (63.6) 92/162 (56.8) 52/130 (40)

East Asian 6/662 (0.9) 5/368 (1.4) 0/162 (0) 1/130 (0.8)

South Asian 1/662 (0.2) 0/368 (0) 0/162 (0) 0/130 (0)
Hypertension 206/662 (31.1) 79/368 (21.5) 52/162 (32.1) 75/130 (57.7)
Physical activity

Poor 220/655 (33.6) 117/364 (32.1) 54/161 (33.5) 49/130 (37.7)

Intermediate 357/655 (54.5) 205/364 (56.3) 84/161 (562.2) 68/130 (52.3)

Ideal 78/655 (11.9) 42/364 (11.5) 23/161 (14.3) 13/130 (10)

Diet

Poor 179/659 (27.2) 92/368 (25) 49/162 (30.2) 38/129 (29.5)

Intermediate 355/659 (53.9) 192/368 (52.2) 89/162 (54.9) 74/129 (57.4)

Ideal 125/659 (19) 84/368 (22.8) 24/162 (14.8) 17/129 (13.2)
Plaque characteristics

Any plaque 325/660 (49.2) 147/368 (39.9) 91/162 (56.2) 87/130 (66.9)

Stenosis >50% 24/650 (3.7) 7/366 (1.9) 8/159 (5) 9/125 (7.2)

Calcified plaque 117/660 (17.7) 45/368 (12.2) 34/162 (21) 38/130 (29.2)

Plague with vulnerable features 153/660 (23.2) 66/368 (17.9) 38/162 (23.5) 49/130 (37.7)

Low-attenuation plaque 40/660 (6.1) 13/368 (3.5) 10/162 (6.2) 17/130 (13.1)

Partially calcified plaque 229/660 (34.7) 104/368 (28.3) 66/162 (40.7) 59/130 (45.4)

Noncalcified plaque 73/660 (11.1) 35/368 (9.5) 20/162 (12.3) 18/130 (13.8)

Visible noncalcified plaque 268/660 (40.6) 123/368 (33.4) 77/162 (47.5) 68/130 (52.3)

segments

Visible noncalcified plaque or 282/660 (42.7) 132/368 (35.9) 79/162 (48.8) 71/130 (54.6)

plaque with vulnerable features

Napkin-ring sign 22/660 (3.3) 6/368 (1.6) 5/162 (3.1) 11/130 (8.5)

Plaque present 325/660 (49.2) 147/368 (39.9) 91/162 (56.2) 87/130 (66.9)

Positive remodeling 149/660 (22.6) 65/368 (17.7) 37/162 (22.8) 47/130 (36.2)

Table of baseline characteristics for 662 participants with CCTA measurements, including stratification, into ASCVD tertiles (0% to <56%, 5%-7.5%, and >7.5%).
The top section of baseline characteristics (rows Age to Triglyceride concentration) lists the mean (SD) value among all participants, in addition to stratification
by ASCVD tertiles. P value corresponds to Student’s t test between <5% and >7.5% ASCVD risk cohorts. The bottom section of baseline characteristics (rows
Sex to Plaque characteristics) counts the number of participants in each variable subcategory among all participants, in addition to stratification by ASCVD
tertiles. ASCVD indicates atherosclerotic cardiovascular disease; CCTA, coronary computed tomography angiography; eGFR, estimated glomerular filtration
rate; HDL-C, high-density lipoprotein cholesterol; and LDL-C, low-density lipoprotein cholesterol.

J Am Heart Assoc. 2024;13:e033413. DOI: 10.1161/JAHA.123.033413 6



Zou et al Polygenic Scores and Cardiovascular Disease in HIV

P=0.60
A B
Presence Noncalcified Vulnerable Vulnerable or Stenosis 4
of plaque plaque plaque noncalcified plaque >50%
100 100 100 100 100 g 3
° ®
= 75 75 75 75 75 % 2
3 £
o}
5 50 50 50 50 50 S 1
Q. -
%)
¢ 25 25 25 25 25 0
o | Low Borderline Intermediate
0 0 0 0 0 Pooled Cohort Equations Risk Category
B Without phenotype B With phenotype @ Bottom BMiddle BTop
Figure 1. Associations between GPS,,,, and measures of subclinical CAD.

A, Violin plots with box and whiskers showing the distribution of GPS,, , percentiles among participants either negative (blue) or
positive (red) for 5 measures of subclinical CAD. The whiskers represent maximum and minimum, box span from first to third quartiles,
and the middle line represents median. B, Among participants stratified at low (<5%), borderline (5%-7.5%), or intermediate (>7.5%)
risk by PCEs, the plot of the average Leaman score between participants was determined to be in the bottom (<33.3%), middle
(83.3%—66.7%), and top (>66.7%) tertiles of CAD PRS, respectively. The difference between CAD tertiles was significant (P=7.2x107%)
for the low PCE risk category (n=365) but not significant between tertiles in the borderline (n=159) and intermediate (n=125) categories
(P=0.72 and P=0.60, respectively). CAD indicates coronary artery disease; and PCEs, pooled cohort equations.

found linear associations between PRSs for these 3
traits and the measured baseline values, with 9.23mg/
dL (P=7.76x107%9) for total cholesterol, 14.77 mg/dL
for triglycerides (P=4.06x10"%%), and 4.52mg/dL
(P=3.06x10""9) for HDL-C per SD of their respec-
tive PRS (Table S6; Figure S4A through S4C). In ad-
dition, we performed the same analysis on SBP and
diastolic blood pressure, finding linear associations

between PRSs and measured baseline values for both
SBP and diastolic blood pressure, with 2.06 mmHg
(P=3.70x107%?) and 1.26 mmHg (P=2.84x107"8) per SD
of their respective PRS (Figure S4D and S4E). Unlike for
LDL-C PRS, there were no significant associations be-
tween PRS for total cholesterol, triglycerides, HDL-C,
SBP, or diastolic blood pressure, and subclinical CAD
phenotypes (Table S7).

Affected / Total (%) Odds Ratio  95% CI PValue Het PValue
;otal 325/662 (49.1%) 1.42 1.202-1.679  0.0000 ——
ex
Female 29/106 (27.4%) 1.55 0.940-2.544  0.0862 P=071
Male 296 / 554 (53.4%) 1.40 1.164-1.680  0.0003 : ——
Age (years)
<50 106 / 277 (38.3%) 1.36 1.059-1.743  0.0160 P=0.71 —_—
>50 219 /383 (57.2%) 1.45 1.148-1.827  0.0018 : — .
ASCVD risk
<5% 147 /368 (39.9%) 1.45 1.165-1.810  0.0009 ——
5-7.5% 91/162(56.2%) 1.36 0.940-1.970  0.1023 P=0.63
>7.5% 87 /130 (66.9%) 1.14 0.742-1.764  0.5424
CD4 nadir (celis/mm?)
<50 85/ 146 (58.2%) 1.26 0.892-1.772  0.1915
50-199 89 /194 (45.9%) 1.49 1.068-2.074  0.0188 ey o
200-349 80 /170 (47.1%) 1.70 1.130-2.565  0.0109 =
350+ 637132 (47.7%) 1.32 0.905-1.926  0.1500
Ancestry
African 113 /277 (40.8%) 1.38 1.037-1.826  0.0268 —_—
European 210/ 379 (55.4%) 1.42 1.149-1.761  0.0012 P=0.86 —a—
Other 2/6(33.3%) = — —
f T T 1
0.65 0.95 1 2 3
QOdds Ratio (OR)

Figure 2. Associations between GPS,,,, and plaque presence, by participant subgroups.

Among participants with CCTA measurements, the table (left) and forest plot (right) show the OR and associated P value for the
association between CAD PRS and presence of plaque. Plot includes the OR after categorizing participants on the basis of sex, age,
10-year ASCVD risk, nadir CD4 count, and ancestry. Het P Value lists the P values from the multiple-degrees-of-freedom test for
heterogeneity for different subgroup ORs of each category. ASCVD indicates atherosclerotic cardiovascular disease; CAD, coronary
artery disease; CCTA, coronary computed tomography angiography; OR, odds ratio; and PRS, polygenic risk score.
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A Outcome Affected / Total (%) 9995 95%Cl P Value
Stenosis Over 50% 24/652(3.7%) 239 1.484-3.852  0.0003 |
Visible Noncalcified Plaque or with Vulnerable Features 282/662 (42.6%) 145 1.232-1.718  0.0000 ——
Visible Noncalcified Plaque Segments 268/662 (40.5%) 145 1.226-1.715  0.0000 ——
Partially Calcified Plaque 229/662 (34.6%) 144 1.209-1.708  0.0000 —.—
Plaque Present 325/662 (49.1%) 142  1.202-1.679  0.0000 — .
Plague with Vulnerable Features 1537662 (23.1%) 1.38 1.141-1.669 0.0009 —
Noncalcified Plaque 731662 (11%) 131  1.025-1.679  0.0308 —_——
. I T ]
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Figure 3. Associations between GPS,,,, and different measures of subclinical CAD.

A, Among participants with CCTA measurements, the table (left) and forest plot (right) show the OR and associated P value for the
association between CAD PRS and different measures of subclinical CAD along each row. Vulnerable plaque features include napkin-
ring sign, low attenuation plaques, and positive remodeling. The mean of the Leaman score (B) and natural logarithm (In) of theCAC
score+1 (C), by quintile of GPS,,;. Error bars correspond to the standard error. Significant difference in Leaman score and In(CAC+1)
between the top and bottom quintiles of PRS (P=0.0088 and P=0.012, respectively), with the Wilcoxon rank-sum test. CAC indicates
coronary artery calcium; CAD, coronary artery disease; CCTA, coronary computed tomography angiography; OR, odds ratio; PRS,
polygenic risk score; and REPRIEVE, Randomized Trial to Prevent Vascular Events in HIV.

DISCUSSION

Individuals with HIV remain at higher risk for ASCVD de-
spite effective viral suppression using ART. Improved
prediction of ASCVD risk in this vulnerable popula-
tion, such as by accounting for cumulative genetic risk
through PRS, may lead to better clinical care. In this
study, we demonstrated that PRS for CAD and other
cardiometabolic traits, which have been optimized for
the general population, are applicable to a global cohort
of participants with HIV without previously documented
ASCVD and at low-to-moderate traditional estimated
risk. Our findings support the applicability and poten-
tial clinical use of polygenic scores for cardiometabolic
traits in individuals with HIV in several ways.

First, cardiometabolic PRSs derived from individ-
uals without HIV identify PWH who have subclinical
CAD, and this risk was consistent across subgroups
by key sociodemographics, including age, sex, 10-
year ASCVD risk, ancestry, and HIV-specific features.
This association between PRS and CAD was particu-
larly strong with more severe CAD phenotypes such
as stenosis >50% and noncalcified plaque or plaque
with vulnerable features, which are each strongly as-
sociated with incident major adverse cardiovascu-
lar events.3®4* Together, these results demonstrate
that, while HIV provides strong acquired stimuli for

J Am Heart Assoc. 2024;13:e033413. DOI: 10.1161/JAHA.123.033413

atherogenesis, genetic predisposition still also plays a
role in atherogenesis among PWH.

Second, our population of PWH, those without
documented evidence of ASCVD and calculated to
have low-to-medium traditional risk for future clinical
events, is unique and warrants specialized study. PWH
exhibits excess and unique ASCVD characteristics,
such as increased noncalcified plaque, suggesting
additional pathophysiology at play in driving excess
cardiovascular risk.>® Because they are categorized
as low-to-medium ASCVD risk, combined with in-
creased discrimination and disparities in PWH access-
ing medical care, this population is highly vulnerable
to be missed by screening measures for primary pre-
vention.*%48 By showing that existing polygenic scores
effectively identify those with the greatest subclinical
atherosclerosis in this population, our study supports
clinical use of PRS for primary prevention of CVD in this
vulnerable population.

Third, this is the most diverse population evaluated
for cardiometabolic PRS in PWH and the largest study
to directly measure subclinical CAD in a subset of par-
ticipants. The 4495 genotyped participants enrolled in
REPRIEVE are of majority non-European ancestry, of
whom 662 also have subclinical CAD measurements
from CCTA, enabling comparison between PRS and
direct measures of CAD. A related study of 6284
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Figure 4.

Importance of different CAD risk factors in predicting subclinical CAD.

A, Plot of C-statistics (y axis) for 3 different subclinical CAD phenotypes (x axis) with GPS,,,, (with age and sex) alone, PCE alone,
or GPS,,,; with PCE. Significance values determined using bootstrapping. B, ROC curves corresponding to the same outcome
and color labels shown in (A) (which report on area under the ROC, or C-statistic). C through E, Plots of increase in C-statistic
(v axis), from a model with leave-one-out of GPS,,,, or each nongenetic ASCVD risk factor (x axis), compared with a combined
model with both GPS,,; and nongenetic factors, for 3 different subclinical CAD phenotypes (each graph). An asterisk above the bar
indicates significant increase at P<0.05, determined using bootstrapping. Figure S2D and S2E lists the corresponding plot values and
P values, respectively. CAD indicates coronary artery disease; HDL-C, high-density lipoprotein cholesterol; HTN med, antihypertensive
medication; LDL-C, low-density lipoprotein cholesterol; PCE, pooled cohort equation; ROC, receiver operating characteristic; and

SBP, systolic blood pressure.

PWH from the Centers for AIDS Research Network of
Integrated Clinical Systems found correlations between
PRSs for lipid traits and corresponding concentrations
in serum, but we now extend insights to CAD PRSs
and for subclinical CAD.*” Another study in 345 PWH
from the Swiss HIV cohort study found CAD PRSs to
be associated with subclinical CAD presence alone
from CCTA but restricted to a cohort of exclusively
European ancestry.*®49 To our knowledge, our studly is
the first to demonstrate that a new multiancestry PRS?®
can reliably predict multiple measures of subclinical
CAD, especially high-risk plaque phenotypes, among
PWH from diverse ancestries.

Fourth, our results highlight the importance of PRSs
as an orthogonal and additive modality to traditional
risk factors and algorithms such as PCEs in predicting
ASCVD risk among asymptomatic PWH. In our cohort,
individuals of African ancestry had higher estimated
traditional 10-year ASCVD risk on the basis of PCEs,
which are predominantly composed of nongenetic
factors that would in theory dampen the strength of
polygenic association. However, we found that GPS,,
achieved comparable relative effects in estimating
polygenic risk for CAD between participants of African

J Am Heart Assoc. 2024;13:e033413. DOI: 10.1161/JAHA.123.033413

and European ancestries, supporting its generaliz-
ability as an orthogonal modality for cardiovascular
risk stratification in PWH. Furthermore, GPS,,,, was
comparable with sex, age, LDL-C concentration, and
smoking status at predicting subclinical CAD pres-
ence. Notably, including GPS,,,; significantly increased
the C-statistic compared with PCEs alone for assess-
ing ASCVD risk, attaining 0.73 for plague presence and
0.82 for high-risk plaque phenotypes. This is compara-
ble with studies in cohorts without HIV; genome-wide
CAD PRSs with known CVD risk factors in a French-
Canadian cohort of over 11000 participants yielded
C-statistic of 0.72-0.89 for prevalent CAD,%° and in the
ARIC (Atherosclerosis Risk in Communities) and MESA
(Multiethnic Study of Atherosclerosis) cohorts (7237
total participants), yielded C-statistics of 0.701 and
0.660, respectively.5 Our results were also comparable
with studies in PWH; genome-wide CAD PRSs in the
aforementioned Swiss HIV Cohort Study*®4° yielded a
C-statistic of 0.75 for subclinical CAD plagues using
nongenetic risk factors alone, which increased to 0.78
with inclusion of CAD PRSs.*®

Fifth, this study aids in identifying potential mech-
anisms for the elevated CVD risk in PWH, which can
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Figure 5. Associations between LDL-C PRS and LDL-C or oxidized LDL-C concentrations.

A, Plot of the baseline LDL-C concentration (mg/dL) with corresponding LDL-C PRS for each participant (x axis).
Correlation coefficient of 0.29. B, Plot of the baseline oxidized LDL-C concentration (mg/dL) with corresponding
LDL-C PRS for each participant (x axis). Correlation coefficient of 0.13. C, Plot of the mean baseline LDL-C
concentration (mg/dL), among participants in each LDL-C PRS percentile (x axis). D, Plot of the mean baseline
oxidized LDL-C concentration (mg/dL), among participants in each LDL-C PRS percentile (x axis). HDL-C indicates
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; PRS, polygenic risk score; and
REPRIEVE, Randomized Trial to Prevent Vascular Events in HIV.

guide new therapeutic approaches. We found that ge-
netic risk for elevated LDL-C, quantified as LDL-C PRS,
was associated with presence of subclinical CAD. This
finding supports a role for LDL-C in elevating risk for
CAD in PWH, and that lowering LDL-C, such as with a
statin,% may be a reasonable strategy for primary pre-
vention. This observation is consistent with the recently
released topline results of REPRIEVE, which showed
that LDL-C-lowering from pitavastatin calcium versus
placebo led to a reduction in major adverse cardiovas-
cular events among PWH.5%:54

PRSs have traditionally struggled in performance
in non-European ancestry groups, likely because cur-
rently available genome-wide association study data
sets to train PRSs are of predominantly European an-
cestry.®>=%" This study benefited from the use of GPS,
which was recently invented to excel at multiancestry
predictive performance,?® and using it we were able
to achieve comparable relative effects between partic-
ipants of European and African ancestries. To further
improve the applicability of PRSs, urgent efforts are still
needed to further diversify genome-wide association
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study data sets by recruiting a diverse population of
individuals, particularly those of African ancestry and
other populations currently underrepresented in ge-
nomics data sets.

This study is not without limitations. While the en-
tire genotyped cohort was large and included >4000
global participants, GPS,,,, was studied only among
those with measurements of subclinical CAD using
CCTA, which is a smaller number of participants from
the United States with more limited racial and ethnic di-
versity. Future studies with a greater number and more
diverse participants receiving CCTA would improve
generalizability and power in risk prediction for sub-
clinical CAD. In addition, as the REPRIEVE? trial fol-
low-up is ongoing with final data collection under way,
we are not yet able to examine associations with inci-
dent clinical cardiovascular outcomes. While we focus
on polygenic risk from traditional ASCVD risk factors
on cardiometabolic traits, this does not preclude the
presence of other mechanisms that act to exacerbate
CAD in PWH, such as increased inflammation, which
has been shown to be associated with plague in prior
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studies in the REPRIEVE cohort.?* Future studies that
evaluate the applicability of CAD PRSs to predict risk
for major adverse cardiovascular events in PWH, as
well as whether this risk is ameliorated with pharma-
cological, dietary, and lifestyle interventions, remains
to be determined.

CONCLUSIONS

In a diverse cohort of patients with HIV without known
CVD, high predicted polygenic risk for CAD was
associated with increased prevalence of subclinical
CAD. An LDL-C PRS was also predictive of subclinical
CAD, which is consistent with the role of LDL-C in HIV-
associated coronary atherosclerosis. PRSs for other
cardiometabolic traits including lipid profiles and blood
pressure were also predictive of corresponding traits
in this cohort. Altogether, our findings support the
validity and potential clinical use of polygenic scores
for cardiometabolic traits among PWH.
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