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BACKGROUND: Cardiovascular disease risk prediction models underestimate CVD risk in people living with HIV (PLWH). Our
goal is to derive a risk score based on protein biomarkers that could be used to predict CVD in PLWH.

METHODS AND RESULTS: In a matched case—control study, we analyzed normalized protein expression data for participants
enrolled in 1 of 4 trials conducted by INSIGHT (International Network for Strategic Initiatives in Global HIV Trials). We used
dimension reduction, variable selection and resampling methods, and multivariable conditional logistic regression models to
determine candidate protein biomarkers and to generate a protein score for predicting CVD in PLWH. We internally validated
our findings using bootstrap. A protein score that was derived from 8 proteins (including HGF [hepatocyte growth factor] and
interleukin-6) was found to be associated with an increased risk of CVD after adjustment for CVD and HIV factors (odds ratio:
217 [95% Cl: 1.58-2.99]). The protein score improved CVD prediction when compared with predicting CVD risk using the
individual proteins that comprised the protein score. Individuals with a protein score above the median score were 3.10 (95%
Cl, 1.83-5.41) times more likely to develop CVD than those with a protein score below the median score.

CONCLUSIONS: A panel of blood biomarkers may help identify PLWH at a high risk for developing CVD. If validated, such a score
could be used in conjunction with established factors to identify CVD at-risk individuals who might benefit from aggressive risk
reduction, ultimately shedding light on CVD pathogenesis in PLWH.
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ith effective combination antiretroviral therapy
W(ART), people living with HIV (PLWH) are living

longer, shifting the primary driver of morbidity
and mortality for PLWH from opportunistic infections to
chronic age-related diseases, such as cardiovascular
diseases (CVD)."®* PLWH are estimated to have a 1.5- to
2-fold increased risk for CVD when compared with peo-
ple without HIV.* Even in virally suppressed individuals
who are HIV-positive, CVD risk is higher than in a popu-
lation that is HIV negative.® Therefore, HIV infection itself

is considered a significant risk factor for CVD. Yet CVD
screening and prevention methods are currently devel-
oped in the general population and do not perform well
in a population that is HIV-positive.5” With a high propor-
tion of people with HIV living to older ages, it is imperative
to develop CVD risk models tailored to a population that
is HIV-positive.

Protein levels could improve prediction of cardio-
vascular health and as such, the development and use
of protein panels could better predict CVD outcomes.®

Correspondence to: Sandra E. Safo, PhD, Division of Biostatistics, School of Public Health, University of Minnesota, 420 Delaware St SE, Minneapolis, MN

55455. Email: ssafo@umn.edu

Supplemental Material is available at https://www.ahajournals.org/doi/suppl/10.1161/JAHA.122.027273
*A complete list of the ESPRIT, INSIGHT FIRST, SMART and START study groups can be found in the Appendix in the Supplemental Material.
This article was sent to Pamela N. Peterson, MD, Deputy Editor, for review by expert referees, editorial decision, and final disposition.

For Sources of Funding and Disclosures, see page 9.

© 2023 The Authors. Published on behalf of the American Heart Association, Inc., by Wiley. This is an open access article under the terms of the Creative
Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in any medium, provided the original work is properly cited, the use

is non-commercial and no modifications or adaptations are made.
JAHA is available at: www.ahajournals.org/journal/jaha

J Am Heart Assoc. 2023;12:e027273. DOI: 10.1161/JAHA.122.027273


https://orcid.org/0000-0001-9593-4778
mailto:
https://orcid.org/0000-0003-1483-3794
https://orcid.org/0000-0002-5542-1545
https://orcid.org/0000-0002-0993-6839
https://orcid.org/0000-0001-9986-069X
https://orcid.org/0000-0003-2292-6544
https://orcid.org/0000-0002-3368-5005
https://orcid.org/0000-0002-6446-183X
mailto:ssafo@umn.edu
https://www.ahajournals.org/doi/suppl/10.1161/JAHA.122.027273
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://www.ahajournals.org/journal/jaha

Safo et al

CLINICAL PERSPECTIVE

What Is New?

e As a strategy to identify potential protein bio-
markers that can improve cardiovascular dis-
ease risk prediction in people living with HIV, we
applied state-of-the-art statistical methods to
proteomics data from participants enrolled in 1
of 4 trials by INSIGHT (International Network for
Strategic Initiatives in Global HIV Trials).

e We discovered 8 proteins that when combined
into a score was strongly associated with cardi-
ovascular disease risk in people living with HIV.

What Are the Clinical Implications?

e A panel of blood biomarkers was found to be
more predictive of cardiovascular disease risk
than the individual proteins.

e The protein score could be used in conjunction
with established factors to identify individuals at
risk of cardiovascular disease who might benefit
from aggressive risk reduction.

Nonstandard Abbreviations and Acronyms

ENet elastic net method

CCL25 C-C motif chemokine 25

HGF hepatocyte growth factor

IDI integrated discriminant improvement

NRI net reclassification index

PLA2G7 platelet-activating factor
acetylhydrolase

PLSDA partial least squares discriminant
analysis

PLWH people living with HIV

SCGB3A2 secretoglobin family 3A member
VIP variable importance in projection

In the general population, a proteomic risk score has
been shown to perform better than the Framingham
risk score for individuals with stable coronary heart dis-
ease.®? Protein biomarkers in inflammation and met-
abolic regulation pathways such as CRP (C-reactive
protein), insulin-like growth factor, and leptin have been
found to be related to CVD outcomes.!" Proteins cap-
ture more variability than standard clinical characteris-
tics and thus have the potential to contribute to a more
individualized CVD risk assessment.® The development
of a proteomic risk score for CVD in an ethnically and
racially diverse population that is HIV-positive has not
yet been explored. We derive a proteomic risk score in
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PLWH to aid in HIV-specific risk assessment. We hy-
pothesize that by using proteomics data we will identify
novel proteins and that a derived protein score will be
able to more accurately discriminate CVD cases from
controls compared with the individual proteins alone.

METHODS

Requests for data can be made through the INSIGHT
(International Network for Strategic Initiatives in Global
HIV Trials) website at http:/insight-trials.org/. Proposals
are revised by the INSIGHT Scientific Steering
Committee, all individuals consented to studies of
genomics, which covers the institutional review board
approval and consent for this project. Codes used in
the analysis may be requested from the corresponding
author.

Population

Participants were enrolled in 1 of 4 trials conducted
by the Community Programs for Clinical Research
on AIDS and INSIGHT (International Network for
Strategic Initiatives in Global HIV Trials): FIRST (Flexible
Initial Retrovirus Suppressive Therapies),'>™® ESPRIT
(Evaluation of Subcutaneous Proleukin [Interleukin-2] in
a Randomized International Trial),'"* SMART (Strategies
for Management of Antiretroviral Therapy),’® or START
(Strategic Timing of Antiretroviral Therapy).'® Enrollment
in these trials occurred from 1999 to 2013. The results
and population under study for each of these trials have
been published previously and are reviewed here.'?®
For all studies, race and ethnicity were self-reported.
FIRST enrolled ART-naive participants at sites across
the United States who were randomly assigned in a
ratio of 1:1:1 to a protease inhibitor strategy, a nonnu-
cleoside reverse transcriptase inhibitor strategy, or a
3-class strategy with both a protease inhibitor and a
nonnucleoside reverse transcriptase inhibitor. ESPRIT
enrolled patients with HIV who had CD4+ cell counts
300 or more per cubic millimeter and were randomly
assigned to receive interleukin-2 plus ART or ART
alone from sites across the world including Africa,
Asia, Australia, Europe, Israel, North America, South
America, and Mexico. SMART randomly assigned
people with HIV who had a CD4+ cell count of more
than 350 per cubic millimeter to the continuous use of
ART or the episodic use of ART from sites across the
world including Africa, Asia, Australia, Europe, Israel,
North America, South America, and Mexico. START
randomly assigned people with HIV who had a CD4+
count of more than 500 cells per cubic millimeter to
start ART immediately or to defer it until the CD4+ count
decreased to 350 cells per cubic millimeter or until the
development of the acquired immunodeficiency syn-
drome or another condition that dictated the use of
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antiretroviral therapy. Individuals were enrolled from
Africa, Asia, Australia, Europe, Israel, North America,
South America, and Mexico. CVD case was defined as
stroke, myocardial infarction, coronary revasculariza-
tion, coronary artery disease (CAD) requiring surgery,
or death from CVD, including unwitnessed deaths with
unknown cause.""'® For all studies, an end point re-
view committee reviewed documentation provided by
clinical sites using prespecified criteria.'® Myocardial in-
farction was defined following the universal definition.®
Strokes were defined using 5 criteria: (1) acute onset
with clinically compatible course; (2) computed tomog-
raphy or magnetic resonance imaging compatible with
diagnosis of stroke and current neurologic signs and
symptoms; (3) stroke diagnosed as cause of death at
autopsy; (4) positive lumbar puncture compatible with
subarachnoid hemorrhage; and (5) death certificate or
death note from medical record listing stroke as the
cause of death. Coronary revascularization or CAD
requiring surgery required a medical record from the
hospitalization where the procedure was performed.
A participant was considered as having a stroke if the
first and second criteria were met, the third was met,
the first and fourth criteria were met, or the first and
fifth criteria were met. Cause of death was coded using
documentation of the death provided by the clinical
sites using the Coding of Death in HIV system.?° In all
studies, cause of death was coded using documenta-
tion of the death provided by the clinical sites using
the Coding of Death in HIV system.?® Each CVD case
was matched with 2 controls based on age (+5years)
at baseline, treatment arm of study, and randomiza-
tion date (+90days). The matching within treatment
arm accounts for ART differences between treatment
regimens during the study alongside ART differences
between and within the studies included. When con-
trols were not found during the first round of matching,
the age and randomization date criteria were widened.
All cases and controls consented to the collection of
DNA and have genomics data. Stored plasma samples
were used to measure protein biomarkers for a case—
control CVD substudy.

Proteomics Data From Olink,
Normalization, and Quality Control

We used a baseline plasma specimen from con-
senting individuals to measure protein biomark-
ers from 5 Olink multiplex panels (Cardiovascular |l
Cardiovascular lll, Immune Response, Inflammation,
and Cardiometabolic). Each panel has 92 target pro-
teins. Detection and sample analysis of proteins from
Olink is performed using proximity extension analy-
sis with the target protein detected through high-
throughput real-time polymerase chain reaction.?' The
proximity extension analysis assay by Olink has been
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used in the general population for identifying risk fac-
tors for CVD, and inclusion of proteins in the specified
panel were chosen based on previously established
risk factors and potential risk factors, with collabora-
tion from leading experts in the fields.??

The data were intensity normalized, meaning that
the data are adjusted to make the median value for
each assay on each plate equal to the median for that
of the other plates. The data are presented as normal-
ized protein expression values and are reported on the
log, scale. To monitor the quality of assay performance
and the quality of each individual sample, 4 internal
controls for each sample are added. There are 2 steps
of quality control: (1) each sample plate with above 0.2
normalized protein expression value when evaluated
on the SD of the internal controls pass this first step,
and (2) samples that deviate <0.3 normalized protein
expression value from the median value of the controls
for each individual sample pass this step.

Risk Factors

CVD-specific risk factors considered were sex; age;
history of CVD at baseline, defined as prior CAD requir-
ing treatment, prior myocardial infarction, prior stroke,
or prior CAD requiring surgery; lipid-lowering medica-
tion at baseling; blood pressure lowering medication
at baseline; self-reported race or ethnicity, which was
categorized for SMART, START, and FIRST as either
Black, Hispanic, Asian, White, or Other, with ESPRIT
as either Black, Asian, White, or Other; and diabetes.
Any individual who did not identify as Black was cat-
egorized as non-Black. A patient was considered to
have diabetes if they received a diagnosis of diabetes
requiring drug treatment. One risk factor not included
was smoking status at baseline, because it was not
measured in ESPRIT. We do consider supplementary
analysis on a subgroup with smoking status measure-
ments in Data S1. HIV-specific baseline factors that
were considered were ART use, CD4+ values, and HIV
RNA values.

Statistical Analysis
Protein Biomarker Identification

We searched for candidate proteins that are able to
differentiate CVD cases from controls using bootstrap,
partial least squares discriminant analysis (PLSDA),
and PLSDA with regularized logistic regression via the
elastic®® net (PLSDA+ ENet). Before bootstrapping, we
filtered out proteins with low potential to distinguish
between cases and controls via a multivariable con-
ditional logistic regression model predicting CVD case
status using each protein while adjusting for age, sex,
and Black race and ethnicity. We retained proteins that
had P values <0.05. We then created 200 bootstrap
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data sets by randomly sampling the data (n=390) with
replacement, keeping the ratio of CVD cases and con-
trols. For each bootstrapped set, we fit a 2-component
PLSDA model. We used PLSDA variable importance
in projection (VIP) scores to identify proteins that con-
tributed most to the differentiation of CVD cases from
controls. Following previous studies, we used cutoff
values of 1, 1.5, and 2 for the average (over the 200 VIP
scores) VIP score. Because there were many proteins
with average VIP scores >1, we implemented a logis-
tic regression model with an ENet penalty®* on each
bootstrap data set to reduce the list of potential protein
biomarkers. To do this, we ranked proteins based on
the frequency of nonzero coefficients out of the 200
ENet models. Proteins ranked in the top 25th percen-
tile were considered as having more potential for dif-
ferentiating CVD cases from controls. Note that instead
of performing all the analyses on the observed data we
used bootstrap for stability in the proteins identified.
Further, this allowed the data to be used for the protein
score and multivariable model developments to be dif-
ferent from the data used for biomarker identification.

Protein Score Development

We developed a protein score to assess the contri-
bution of the identified protein biomarkers in a single
combined measure. For each bootstrap data set and
each protein, we used a conditional logistic regres-
sion model to obtain the log odds ratio of the protein
in predicting CVD case status. A weighted mean (over
the 200 log-odds ratios from the conditional logistic
regression models) was then used to obtain an overall
log-odds ratio for each protein. We used the full data
set and the weighted mean for each protein to de-
rive the protein score. We estimated the protein score
for each individual as the sum of the products of the
weighted mean for each protein and the correspond-
ing protein data for that individual.

Model Development, Performance, and
Internal Validation

We used multivariable conditional logistic regression
models to investigate the following models: (1) baseline,
(2) baseline+individual proteins, and (3) baseline+protein
score. The baseline model included both HIV-related
factors—specifically CD4 and RNA values at baseline—
and CVD-related factors—specifically sex, age, body
mass index, diabetes status, race, prior history of CVD,
and lipid and blood pressure-lowering medication vari-
ables allmeasured at baseline. For prediction estimates,
we assessed the area under the curve (AUC) from the
receiver operating characteristic curve and reported
classification accuracy, sensitivity, and specificity esti-
mates. These estimates were obtained from the optimal
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cutoff point on the receiver operating characteristic
curve (ie, Youden’s index). We assessed whether add-
ing the protein score to the baseline model (ie, model 3)
improved prediction more than adding each individual
protein included in the score to the baseline model (ie,
model 2). We assessed the improvements in the perfor-
mance of model 2 over 1 and of model 3 over 1 using
the difference in the area under the receiving operating
characteristic curve, the continuous or categorical free
net reclassification improvement (NRI),?526 and the inte-
grated discriminant improvement (IDI).2>2” The NRI?26
is based on the notion that a valuable new biomarker
will tend to increase predicted risks for cases and de-
crease predicted risks for controls. The IDI?>27 gives the
difference in discrimination slopes between the mod-
els compared. For the computations of NRI and IDI,
we used the CVD events and predicted probabilities
based on the conditional logistic regression models.
The continuous NRI was used because that does not
depend on prespecified risk categories. In sensitivity
analyses, we adjusted for the inflammatory biomarker,
high-sensitivity CRP (hsCRP), and the coagulation bio-
marker, D-dimer, as PLWH with higher levels of these
inflammatory biomarkers are more likely to experience
fatal CVD events. We carried out separate analyses for
individuals who were on ART at baseline, those who
did not have any prior history of CVD at baseline, and
those with data on smoking status at baseline. In the
absence of external validation data, we internally vali-
dated our findings using bootstrap. For internal valida-
tion, we repeated each step of the model development
from candidate protein biomarker selection to protein
score development to model development and finally to
performance assessment. Please refer to Data S1 for
details and Figure S1 for flow chart of our analyses pro-
cess. We performed all analyses using R software ver-
sion 3.6.0 (The R Foundation).?® Statistical significance
was ascertained at a 2-sided significance level of 0.05,
and because these are exploratory analyses we did not
perform any adjustment for multiplicity.

RESULTS

Study Population

Of the 390 individuals with and without CVD included
in our analyses, the median (interquartile range) age at
baseline was 47 (41-54) years and median (interquar-
tile range) body mass index at baseline was 24.6 (22.2—
27.2) kg/m°. Thirteen percent of participants were
female, and 17% were Black. At baseline, 4.9% of par-
ticipants had a history of a CVD event, 69% were on
ART, 18% were taking blood pressure medication, and
19% were taking lipid lowering medication. Baseline
demographic and other characteristics of the study
participants by case/control status are presented in



Safo et al Protein Biomarkers of CVD in HIV Infection

Table 1. Baseline Characteristics for Cases and Controls
Overall Case Control P value

N 390 131 259
Study: N (%) 1.00

Evaluation of Subcutaneous Proleukin 228 (58.46) 77 (58.78) 151 (58.30)

[Interleukin-2] in a Randomized

International Trial

Flexible Initial Retrovirus Suppressive 24 (6.15) 8 (6.11) 16 (6.18)

Therapies

Strategies for Management of 48 (12.31) 16 (12.21) 32 (12.36)

Antiretroviral Therapy

Strategic Timing of Antiretroviral 90 (23.08) 30 (22.90) 60 (23.17)

Therapy
Region: N (%) 0.78

Africa 6 (1.54) 2 (1.53) 4 (1.54)

Asia 12 (3.08) 2 (1.53) 10 (3.86)

Australia/New Zealand 33 (8.46) 13 (9.92) 20 (7.72)

Europe 164 (42.05) 55 (41.98) 109 (42.08)

North/South America 175 (44.87) 59 (45.04) 116 (44.79)
Male sex: N (%) 341 (87.44) 120 (91.60) 221 (85.33) 0.1
Non-Black race*: N (%) 324 (83.08) 109 (83.21) 215 (83.01) 1.00
History of cardiovascular disease: N (%) 19 (4.87) 16 (12.21) 3(1.16) <0.01
Body mass index, kg/m?: mean (SD) 25.38 (5.03) 25.81 (5.58) 2516 (4.72) 0.23
Age, y: mean (SD) 47.69 (9.14) 48.60 (9.57) 47.23 (8.89) 0.16
Diabetes diagnosis: N (%) 0.07 (0.25) 0.09 (0.29) 0.06 (0.23) 0.22
CD4+ count, cells/mm?: mean (SD) 547.79 (215.29) 541.02 (233.76) 551.22 (205.71) 0.66
HIV RNA, copies/mL: mean (SD) 22540.37 (138511.71) 35856.41 (224730.34) 15779.12 (57288.42) 0.18
On antiretroviral therapy: N (%) 271 (69.49) 93 (70.99) 178 (68.73) 0.73
On lipid-lowering treatment: N (%) 72 (19.10) 32 (25.20) 40 (16.00) 0.04
On blood pressure treatment: N (%) 66 (17.51) 33 (25.98) 33 (13.20) <0.01
Proteomic risk score: mean (SD) 0.00 (1.00) 0.50 (0.95) -0.25 (0.93) <0.01
High-sensitivity C-reactive protein, ug/mL: 3.70 (6.23) 4.49 (8.46) 3.30 (4.68) 0.08
mean (SD)
D-dimer, pg/mL: mean (SD) 0.41 (0.56) 0.51 (0.87) 0.37 (0.28) 0.02

P values comparing cases and controls for continuous variables are obtained using Kruskal-Wallis tests, and P values for binary/categorical variables
are obtained using chi-square tests. History of cardiovascular disease at baseline defined as prior coronary artery disease (CAD) requiring treatment, prior
myocardial infarction, prior stroke, or prior CAD requiring surgery. On antiretroviral therapy is defined as on therapy at baseline or at study initiation. Race was
self-reported race.

*Non-Black race includes people who self-identified as White, Asian, Hispanic, or Other races or ethnicities.

Table 1. Compared with those who did not develop
CVD during follow-up, participants who developed
CVD during follow-up were more likely at baseline to
have a history of CVD at baseline, to be male, and be
taking blood pressure- and lipid-lowering medications.
Refer to Table S1 for the breakdown of CVD events.

Proteins Identified by PLSDA and
PLSDA+ENet

Out of the 459 proteins passing the proteomics quality
control step, 107 proteins passed the filtering step with
a P value <0.05. A protein that appears on multiple
panels passed if it met this criterion for at least 1 panel.
The number of significant proteins from the individual
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panels (ignoring overlaps) were as follows: CVD3 (28),
immune response (20), cardiometabolic (16), CVD2
(17), and inflammation (26). Table S2 gives all statisti-
cally significant proteins used in PLSDA.

Twenty-nine proteins were identified as being more
able to distinguish between CVD cases and controls
with average VIP scores >1 (Table S2). A protein that
appeared on multiple panels is selected if it has VIP>1
for at least 1 panel. After using a logistic regression with
an ENet penalty on the 29 proteins identified with aver-
age VIP scores >1, 8 proteins (FAM3B, ITGA11 [integrin
ald], IL6 [interleukin-6], HGF [hepatocyte growth factor],
CCL25 [C-C motif chemokine 25], gastrotropin, PLA2G7
[platelet-activating factor acetylhydrolase], SCGB3A2
[secretoglobin family 3A member]) were identified as
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having more potential for differentiating CVD cases from
controls. Table S3 gives the count and proportions of
times these 8 proteins had nonzero coefficients from
the ENet model across all 200 bootstrap sets. A pro-
tein score consisting of these 8 proteins was then de-
veloped. When the average VIP score cutoff criterion
was set to 1.5 or 2, only 1 protein (gastrotropin) was
selected. Figure S2 gives the correlation of these pro-
tein biomarkers. The correlation between the proteins
ranged from —0.13 to 0.36, and none of the proteins was
highly correlated (ie, >0.5) with the other proteins.

Comparison of Baseline and Protein
Models

A multivariable conditional logistic regression model
predicting CVD case status using the protein score with
adjustment for CVD- and HIV-related risk factors was sta-
tistically significant (P<0.05 [95% ClI, 1.58-2.99]; Figure
and Table S4). A 1-SD increase in the protein score was
associated with an odds ratio (OR) for CVD of 2.17. The
proteins FAM3B, IL6, HGF, gastrotropin, PLA2G7, and
SCGB3A2 were each statistically significant (P<0.05)
when added to the baseline model (Table 2) and their
corresponding ORs were lower than the OR for the
protein score in the protein score+baseline model (we

Protein Biomarkers of CVD in HIV Infection

are able to directly compare the ORs of the individual
proteins to that of the protein score because these pro-
teins and the protein score have each been standard-
ized to have variance 1). Further, IL6 and PLA2G7 had
AUC values that were somewhat higher than the other
proteins (Table 3), and similar to the AUC from the pro-
tein score+baseline model. However, the NRIs for IL6
and PLA2G7 were 0.40 (95% CI, 0.19-0.61) and 0.28
(95% ClI, 0.06-0.49), respectively, as compared with
0.66 (95% Cl, 0.46-0.86) for the baseline+protein score
model. The protein score+baseline model had an AUC
of 0.73 (95% ClI, 0.65-0.81), which was a 5.8% im-
provement in AUC over the baseline model (AUC=0.69
[95% ClI, 0.60-0.78]), or a 17.4% (0.73-0.69)/(0.73—
0.50) improvement in prediction ability (Table 3). The
prediction accuracy, sensitivity, and specificity esti-
mates (evaluated at the optimal cutoff point) for the pro-
tein score+baseline model were 0.75, 0.78, and 0.73,
respectively, compared with 0.65, 0.81, and 0.57 for
the baseline model. The NRI (Table 4) was 0.66 (95%
Cl, 0.46-0.86); this was driven more by net proportion
of cases assigned a higher risk (NRI of cases is 0.41
[95% CI, 0.25-0.57]) than in net proportion of controls
assigned a lower risk (NRI of controls is 0.25 [95% ClI,
0.13-0.37]). The IDI was estimated to be statistically sig-
nificant (IDI=0.09 [95% CI, 0.06-0.14]). Three of the 8

Forest Plot of Coefficients from Logistic Regression Model
Variable Odds Ratio P value
CD4 (cells/mm3) 1.00 0.95 .
RNA (copies/mL) 1.00 0.85 .
Females 0.53 0.18 .
Age (y) 1.20 <0.01 .
BMI (kg/m2) 1.01 0.63 .
Diabetes 0.72 0.56 .
Black race 1.19 0.67 .
Lipid-lowering medication 0.96 0.92 .
BP lowering medication 1.46 0.33 .
CVD at baseline 3.22 0.10 .
Protein score 217 <0.01 .
0 05 1 15 2 25 3 35 4 45 5
Odds Ratio (<1 is Lower Risk, >1 is Higher Risk)
Figure. Conditional logistic regression model of CVD on standardized protein score.

Odds ratios for women compare women to men; Black race is compared with non-Black race or
ethnicity. BMI indicates body mass index; BP, blood pressure; CD4, CD4+ count at baseline; and CVD,
cardiovascular disease. CVD at baseline was defined as prior coronary artery disease (CAD) requiring
treatment, prior myocardial infarction, prior stroke, or prior CAD requiring surgery. Race was self-reported

race.
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Table 2. Conditional Logistic Regression Model of CVD on Each of the Standardized Protein Used to Develop the Protein

Score

Variable Odds ratio SE P-value Lower CI Upper Cl

Baseline
+ FAM3B 1.48 0.14 0.01 112 1.95
+ Integrin a1 0.85 0.13 0.20 0.66 1.09
+ Interleukin-6 1.54 0.13 0.00 1.18 2.00
+ Hepatocyte growth factor 1.63 0.15 0.00 1.22 217
+ C-C motif chemokine 25 1.26 012 0.06 0.99 1.61
+ Gastrotropin 0.72 014 0.02 0.55 0.95
+ Platelet-activating factor 1.48 0.14 0.01 1.12 1.95
acetylhydrolase
+ Secretoglobin family 3A member 1.32 013 0.03 1.03 1.69

Here, n=375 (cases=126 and controls=249) as there were 15 samples with missing values. Baseline is a model with the following variables: CD4, RNA, sex,
age, body mass index, diabetes status at baseline, prior history of CVD, lipid-lowering medication, and blood pressure-lowering medication. CVD indicates

cardiovascular disease.

proteins in the protein score (FAM3B, ITGA11, IL6) were
found on the immune response Olink panel; 2 (HGF and
CCL25) were from the inflammation panel; gastrotropin,
SCGBBA2, and PLA2G7 were from the CVD2, CVD3,
and cardiometabolic panels, respectively. A description
of each protein is found in Data S1.

Categorization of Protein Score and
Association With CVD Risk

To further assess the impact of the protein score on
CVDrrisk, we categorized the protein score and consid-
ered associations of the categorized score with CVD.
When the score was categorized above and below the
median protein score, individuals with a protein score

above the median were 3.1 times more likely to have
CVD compared with individuals with a score below the
median (Table S5). When the score was dichotomized
as those individuals with scores in the top 25% versus
those with scores in the bottom 75%, we found that
those with scores in the top 25% were 2.9 times more
likely to have CVD compared with those with scores in
the bottom 75% (Table S5).

DISCUSSION

Our assessment of the contribution of protein bio-
markers to CVD risk prediction showed that a pro-
tein risk score developed using 8 proteins—FAMB3B,
ITGA11, IL6, HGF, CCL25, gastrotropin, PLA2G7,

Table 3. Incremental Contribution of Individual Proteins and Protein Score to CVD Risk When Added to Baseline Model (n=375)

Change in AUC
Model AUC | Lower Cl | Upper Cl | from baseline NRI among cases NRI among controls | Overall NRI
Baseline* 0.69 |0.60 0.78
+ FAM3B 0.71 |0.63 0.80 0.02 0.22 (0.05, 0.39) 0.04 (-0.08, 0.17) 0.27 (0.06, 0.48)
+ Integrin a1 0.69 |0.61 0.78 0.004 0.13 (-0.05, 0.30) -0.00(-0.13, 0.12) 0.12 (-0.09, 0.34)
+ Interleukin-6 0.73 | 0.65 0.81 0.04 0.24 (0.07, 0.41) 0.17 (0.04, 0.29) 0.40 (0.19, 0.61)
+ Hepatocyte growth factor 0.71 |0.62 0.80 0.02 0.18 (0.00, 0.35) 0.12 (-0.01, 0.24) 0.29 (0.08, 0.50)
+ C-C motif chemokine 25 071 |0.62 0.80 0.02 0.06 (-0.11, 0.24) 0.14 (0.02, 0.26) 0.20 (-0.01, 0.42)
+ Gastrotropin 0.70 |0.62 0.79 0.01 0.22 (0.05, 0.39) 0.12 (-0.01, 0.24) 0.34 (0.13, 0.55)
+ Platelet-activating factor 0.72 |0.64 0.80 0.03 0.14 0.13 0.28 (0.06, 0.49)
acetylhydrolase (0.03, 0.32) (0.01,0.26)
+ Secretoglobin family 3A 0.70 |0.62 0.79 0.01 0.18 (0.00, 0.35) 0.16 (0.03, 0.28) 0.33(0.12, 0.54)
member
+ Protein score from all 8 0.73 |0.65 0.81 0.04 0.41 (0.25, 0.57) 0.25(0.13, 0.37) 0.66 (0.46, 0.86)
proteins

Baseline® is a model with the following variables: CD4, RNA, sex, age, body mass index, diabetes status at baseline, prior history of cardiovascular disease,
lipid-lowering medication, and blood pressure-lowering medication. The proteins FAM3B, IL6, HGF, gastrotropin, PLA2G7, and SCGB3A2 were each statistically
significant (P<0.05) when added to the baseline model. Protein score was statistically significant (P<0.01) when added to the baseline model. Odds ratio for
protein score: 2.17 (Cl, 1.58-2.97). AUC indicates area under the curve; CCL25, C-C motif chemokine 25; FAM3B, protein FAM3B; HGF, hepatocyte growth
factor; IL6, interleukin-6; NRI, net reclassification index; PLA2G7, platelet-activating factor acetylhydrolase; and SCGB3A2, secretoglobin family 3A member.
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Table 4. Reclassification Table Using Category-Free NRI. Model With Protein Score in Addition to Baseline Variables

Reclassified Reclassified
upwards n downwards N
All (proportion) (proportion) NRI
Number of cases 126 88.96 (0.71) 37.04 (0.29) Among cases 0.41 (0.25-0.57)
Number of controls 249 92.88 (0.37) 153.88 (0.62) Among controls 0.25 (0.13-0.37)
Overall NRI (Cl) 0.66 (0.46-0.86)

Net reclassification index (NRI) of cases is greater than NRI of controls. This suggests that addition of the protein score helps increase predicted risk for those

with cases more than it decreases predicted risk for controls.

SCGB3A2—was associated with CVD risk. A descrip-
tion of current literature for each protein is found in
Data S1. Of these 8 proteins, IL6 is the only one to have
previously been associated with CVD in both PLWH
and the general population.'”?%80 HGF and PLA2G7
have both been found to be associated with coronary
heart disease in the general population.®'-** The results
here indicate that both HGF and PLA2G7 are poten-
tially also associated with CVD in PLWH. In the general
population, dysregulation of FAM3B is associated with
diabetes, a known risk factor for CVD.3% CCL25 is re-
lated to T cells, which are involved in the development
and progression of CVDs in the general population.3®
One novel protein is ITGA11, which has not been ex-
tensively studied in humans.®"3® Another novel protein
is gastrotropin, a member of the fatty acid-binding pro-
tein family, which is thought to serve an integral role in
metabolic function.®%4% SCGB3A2 has been found in a
case—control study in a Korean population to contrib-
ute to susceptibility to asthma.*!42

The protein score predicted CVD better when
added to both HIV and CVD risk factors compared
with models with the individual proteins and HIV and
CVD risk factors. The model with the protein score and
HIV and CVD risk factors showed better prediction
performance compared with the HIV and CVD factors
only model. When the protein risk score was dichot-
omized, our analyses showed that individuals with
a score above the median score were 3 times more
likely to develop CVD, which is illustrated in Table S5.
The inclusion of D-dimer and hsCRP in the baseline
model did not alter our findings, illustrated in Tables S6
and S7, respectively. The following subgroup analyses
were done: the first, restricted to individuals on ART at
baseline, is shown in Table S8, the second, restricted
to individuals with no prior history of CVD, is shown in
Table S9, and the third, restricted to individuals with
smoking data at baseline, is shown in Tables S10 and
S11, all again demonstrated the ability of the protein
score to discriminate between CVD cases and con-
trols. Model performance statistics from the sensitiv-
ity analyses were comparable to model performance
statistics from the full population. Using resampling
techniques, we were able to internally validate our find-
ings; internal validation results are shown in Table S12.
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Please refer to Data S1 for results on sensitivity, sub-
group, and internal validation analyses.

A proteomic risk score has been shown to perform
better than the Framingham risk score for individuals
with stable coronary heart disease.®'° Proteins are able
to capture variability beyond standard clinical charac-
teristics and thus could contribute to an individualized
CVD risk assessment.® This article identified candidate
proteins and derived a proteomic risk score in PLWH to
aid in HIV-specific risk assessment.

The incremental AUC (5.8%), the NRI (0.66), and
the IDI (0.09) of the protein score, based on published
risk estimates, indicate a moderate improvement in
risk prediction. Similar improvements in the AUC were
shown in a 9-protein risk score developed and vali-
dated for coronary heart disease in Ganz et al.'® with
similar improvement in risk prediction with a C statistic
(or AUC) that ranges from 0.64 for refit Framingham
to 0.71 for refit Framingham plus 9-protein risk score,
which is a 10.9% improvement in risk prediction. This
is similar to our improvement from a 0.69 for the base-
line model to 0.73 for baseline plus our proteomic risk
score, which is a 5.8% improvement in risk prediction.

Our article has several strengths. One is the use of
an ethnically and racially diverse population, which pro-
vides information on understudied groups. However,
there was not sufficient sample size to evaluate if the
predictive value of the protein score was similar or dif-
ferent by race and ethnicity. A second strength is the
use of a population that is HIV-positive. PLWH are at
an increased risk for CVDs with substantial variability
in CVD risk that is left unexplained by established risk
factors. This study begins to characterize some of the
heterogeneity within PLWH. Third is the use of a pro-
tein score because of its potential clinical relevance.
Polygenic risk scores are often criticized for lack of
clinical relevance due to the need to use complex ma-
chinery and statistical methods to genotype every in-
dividual, which is not yet readily available in the clinical
setting. Comparatively the measurement of proteins
and this protein score, which involves only 8 proteins,
is potentially more clinically applicable as it is more
easily measurable and thus more clinically relevant.
A final strength is the use of state-of-the-art statistical
methods for biomarker identification.
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One limitation is a small (h=390) study sample size,
limiting power for detecting modest associations and
inhibiting our ability to validate the risk score on an
independent sample, instead we rely on resampling
techniques for validation. We did not have controls
who were HIV negative, so it is unclear whether the
increased risk is specific to HIV infection. Further, only
69% of participants were on ART so it is likely that our
findings will change if all participants were on ART. We
note that because we matched cases and controls
within treatment arms, ART differences between treat-
ment regimens during the study are minimized. When
we restricted our analysis to participants on ART at
baseline (n=269), the protein score was again statis-
tically significant, and improved prediction beyond the
baseline model. We observed that unlike in the com-
bined data where IL6 was likely driving the effect of the
protein score, in this subpopulation, no individual pro-
tein had an AUC that was comparable to the protein
score+baseline model. As another limitation, we did
not account for social determinants of health condi-
tions such as socioeconomic status and neighborhood
environment variables, which have been suggested to
affect CVD in the general population.*3 Finally, current
smoking status at baseline was not measured in all
the studies. As such, we did supplementary subgroup
analyses on the individuals with current smoking sta-
tus measurements. However, these results are limited
due to small sample size.

CONCLUSIONS

We find that a proteomic risk score developed in a mul-
tiethnic and muiltiracial cohort that is HIV-positive is a
potentially beneficial approach for capturing heteroge-
neity above and beyond established risk factors. We
developed a protein risk score that has high potential
for benefit in CVD risk prediction in PLWH. We also
provide a statistical approach to protein score devel-
opment that can be applied for more individualized risk
prediction.
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Data S1.

Supplemental Methods

Elastic Net Model after partial least squares discriminant analysis.

For proteins with VIP>1, a logistic regression model with elastic net penalty?* on each bootstrap dataset
was further considered. The elastic net penalty shrinks some protein coefficients to zero in the logistic
regression model so that proteins with zero coefficients can be deemed unimportant in discriminating
cases and controls, and hence may be deleted. To select the elastic net regularization parameter, cross-
validation using the cv.glmnet function in the R package glmnet* was used, and the elastic net parameter

was set to o =0.5. PLSDA was carried out with the R package DiscriMiner.

Internal Validation via Bootstrap

In the absence of external validation data, we internally validated our findings using bootstrap. We
repeated each step of the model development, from candidate protein biomarker selection to protein score
development. We obtained 200 bootstrap samples and we kept the proportions of cases and controls
similar to the proportions in the original data. For each bootstrap dataset, a two-component PLSDA model
was fit, and proteins with VIP>1 were kept. This step selected 31 proteins (compared to 29 proteins in the
original [discovery] analysis). There were 27 overlapping proteins meeting this criterion in both the
discovery and validation PLSDA models. As in the original analysis, logistic regression models with
elastic net were fit on each bootstrap validation data for proteins with VIP>1, and proteins with frequency
of nonzero coefficients in the top 25th percentile were used to develop protein scores. We identified the
same 8 proteins (FAM3B, ITGA1l, IL6, HGF, CCL25, GT, PLA2G7, and SCGB3A2) that were found in
the discovery analysis. We obtained 200 log-odds ratios for each protein using the bootstrap validation
data, and a weighted mean (over 200 log-odds ratios) was ascertained. In the discovery analysis, the

protein score and models were developed using the full dataset, but in order not to use the full dataset in



the validation step, we obtained a different set of bootstrap dataset (200 bootstrap datasets), and we
developed protein scores for each bootstrap dataset. Then for each bootstrap data, we fit the two models:
baseline, and baseline and protein score to obtain odds ratios and AUCs and their corresponding
variances. A fixed-effect meta-analysis using inverse-variance method was used to obtain weighted
averages and confidence intervals. The protein score from the validation analysis was statistically
significant with an odds ratio of 2.78 (Cl: 2.67-2.90) compared to an odds ratio of 2.17 (CI: 1.58 - 2.99)
from the discovery set. The validation AUCs for the baseline and baseline plus protein score models were
respectively 0.74 (Cl: 0.73-0.75) and 0.79(Cl: 0.78-0.80) (Table S12), representing an improvement in

AUC above the baseline model of 6.8% compared to 5.8% in the discovery analyses.



Data S2. Appendix: Study Group Authors

FIRST Study Group:
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Contributors: RDM, RMN, GP, LC, MBW, BS, and MD designed the study and wrote the study
protocol. RDM, RMN, GP, LC, YX, MJK, MBW, CH, and BS implemented the study. GP, LC, YX, and
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Trial participants:

Southern New Jersey AIDS Clinical Trials, Camden NJ, USA (K Casey, D Condoluci, D Mcintyre);
Wayne State University, Detroit MI, USA (L R Crane, P Chandrasekar, M Farrough); Houston AIDS
Research Team, Houston TX, USA (R C Arduino, M Rodriguez-Barradas, F Visnegarwala); Richmond
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Patients with Low CD4+ Counts under Active Antiretroviral Therapy (SILCAAT) Scientific Committee
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Washington: E Finley, F Gordin, A Sanchez, B Standridge, M Vjecha.

Endpoint Review Committee: W Belloso, R Davey, D Duprez, J Gatell, J Hoy, A Lifson, C Pederson, G
Perez, R Price, R Prineas, F Rhame, J Sampson, J Worley.

Data and Safety Monitoring Board: J Modlin, V Beral, R Chaisson, T Fleming, C Hill, K Kim, B
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Specimen Repository (SAIC Frederick, Inc.): S Brown.

Clinical Sites for ESPRIT and/or SILCAAT: Argentina: L Abusamra, E Angel, S Aquilia, W Belloso,
J Benetucci, V Bittar, E Bogdanowicz, P Cahn, A Casiro, J Contarelli, J Corral, L Daciuk, D David, W
Dobrzanski, A Duran, J Ebenrstejin, | Ferrari, D Fridman, V Galache, G Guaragna, S Ivalo, A
Krolewiecki, | Lanusse, H Laplume, M Lasala, R Lattes, J Lazovski, G Lopardo, M Losso, L Lourtau, S
Lupo, A Maranzana, C Marson, L Massera, G Moscatello, S Olivia, | Otegui, L Palacios, A Parlante, H
Salomon, M Sanchez, C Somenzini, C Suarez, M Tocci, J Toibaro, C Zala. Australia: S Agrawal, P
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Table S1: Cause of CVD case status:

Cause of CVD N
MI 26
Coronary Revascularization 64
Stroke 24
CVD Death or Unwitnessed Death and cause unknown 17

CVD Total 131



Table S2: Average variable importance in projection (VIP) for all 107 proteins. Some proteins were
represented in more than one panel.

Protein Average | Protein | Avera | Protein Avera | Protein Avera | Protein | Avera
VIP ge VIP ge VIP ge VIP ge VIP

GT 2.24 PLA2G | 1.12 CCL19 0.94 CSTS 0.84 PCSK9 0.79
7

ITGAl1l 1.43 EPHB4 | 1.11 KIM1 0.93 CCL3 0.83 COL18A | 0.79

1

ICAM1 1.39 CDCP1 | 1.11 IL10RB 0.93 LAMP3 0.83 REG3A |0.79

BTN3A2 1.30 TNFR1 | 1.06 TRAILR2 | 0.92 PGF 0.82 CPAl 0.79

SCGB3A2 | 1.28 IL6 1.06 MCP1 0.92 HNMT 0.82 PRSS2 0.78

TNFR2 1.28 UPAR | 1.05 PRSS8 0.91 GAL4 0.82 KRT19 0.77

TNFRSF10 | 1.28 CST3 1.04 CKAP4 0.90 IL8 0.82 ADM 0.77

A

CD83 1.28 CCL25 | 1.02 CDH1 0.89 TFF3 0.82 CCL11 0.77

GAS6 1.23 TCN2 [1.01 CCL18 0.89 IL6 0.82 CCL20 |[0.76

EFEMP1 1.22 CHI3L | 1.00 SPON2 0.89 CCL14 0.810 MCP3 0.76
1

HOSCAR 1.20 UPA 1.00 MCP1 0.88 MMP10 0.81 CCL11 0.76

LILRB4 1.18 IL18R1 | 0.99 NTPROB | 0.88 CXCL16 |0.81 ST2 0.76

NP

FAM3B 1.17 CX3CL | 0.97 LIFR 0.87 TNFSF13 | 0.81 CPB1 0.75
1 B

GDF15 1.17 CTSz 0.97 IL2RA 0.86 CTSL1 0.81 AREG 0.75




HGF 1.16 IL6 0.97 GAL9 0.85 PON3 0.81 SPON1 0.74
TNFRSF9 | 1.16 NCR1 | 0.96 IL17C 0.85 MMP7 0.80 AMBP 0.74
GRN 1.16 VEGF ]0.95 IGLC2 0.84 CLEC6A |0.80 TIMD4 | 0.74
A
TIMP1 1.15 IGFBP ] 0.95 FLT3L 0.84 FGF21 0.80 BNP 0.73
7
IL18BP 1.13 LTBR | 0.94 FGF23 0.84 ACE2 0.80 SIT1 0.72
CSF1 1.12 OPG 0.94 OPG 0.84 CLEC7A |[0.79 RARRE |0.72
S2
QPCT 0.71
FGF21 0.71
CLEC4D | 0.68
CHIT1 0.68
CLECA4C | 0.66
ITM2A | 0.66
DPP10 0.63




Table S3: Summary statistics for the number of times elastic net model had non-zero coefficients across the
200 bootstrap sets.

Protein Counts Proportions
HGF 199 0.995
IL6 193 0.965
FAM3B 187 0.935
SCGB3A2 187 0.935
GT 186 0.930
CCL25 180 0.900
ITGALlL 179 0.895
PLA2G7 167 0.835
GDF15 159 0.795
ICAM1 146 0.730
TNFR1 140 0.700
GRN 138 0.690
EFEMP1 128 0.640
UPAR 127 0.635
CDCP1 123 0.615
CST3 123 0.615
LILRB4 119 0.595
CSF1 119 0.595
BTN3A2 116 0.580
TCN2 116 0.580
TIMP1 115 0.575
CD83 114 0.570
GAS6 114 0.570
IL18BP 113 0.565
TNFRSF9 112 0.560
HOSCAR 112 0.560
TNFRSF10A 111 0.555
TNFR2 109 0.545

EPHB4 109 0.545



Table S4: Conditional logistic regression model of CVD on standardized protein score. (This was used to
generate forest plot in Figure 1. Here, n=375 as there were 15 samples with missing values.) OR for similar
model with viral load categorized as: viral load (>=500 copies/ML) vs viral load (< 500 copies/ML) was 1.31
(Cl: 0.60-2.84).

Variable Odds Ratio | Std Error | Pr(>|z|) LCI UClI
CD4 1.00 0.00 0.95 1.00 1.00
RNA 1.00 0.00 0.85 1.00 1.00
Females vs Males 0.53 0.47 0.18 0.21 1.33
Age 1.20 0.05 <0.01 1.08 1.33
BMI 1.01 0.03 0.63 0.96 1.07
Diabetes 0.72 0.56 0.56 0.24 2.16
Black Race 1.19 0.40 0.67 0.54 2.59
Lipid-lowering medication 0.96 0.38 0.92 0.45 2.04
BP-lowering medication 1.46 0.39 0.33 0.68 3.15
CvD 3.22 0.71 0.10 0.81 12.90
Protein Score 2.17 0.16 <0.01 1.58 2.99




Table S5: Odds ratios and AUC from categorizing protein score

(1.86 t0 5.49)

Protein Score Case individuals | Control Odds ratio (95% AUC
individuals Cl)
(n)
(n)
Median 0.74
Below 38 157 1.00
Above 93 102 3.15
(1.83-5.41)
Top 25% vs 0.69
bottom 75%
1 (Top) 55 43 291
(1.65,5.12)
2 76 216 1.00
Above 0 vs 0.75
below 0 protein
score
Below 39 159 1.00
Above 92 100 3.20




Table S6: Incremental contribution of proteins and protein score to CVD risk when added to the baseline
model. The baseline model includes the coagulation biomarker D-dimer. Here, n=364.

Model AUC LCI UcCl Change in | NRI among | NRI among | Overall
AUC from | cases controls NRI
Baseline
Baseline* 0.69 0.60 0.78 - - - -
0.73 0.65 0.81 0.04 0.15(- 0.02(- 0.17(-
+ FAM3B 0.03,0.32) 0.10,0.15) 0.04,0.39)
0.70 0.61 0.79 0.01 0.08(- -0.01(- 0.07(-
+ ITGA11 0.09,0.26) 0.13,0.12) 0.14,0.29)
0.70 0.61 0.78 0.01 0.15(- 0.12(- 0.26(0.05,0.
+1L6 0.03,0.32) 0.01,0.24) 48)
0.73 0.64 0.81 0.04 0.23(0.06,0. | 0.11(- 0.34(0.12,0.
+ HGF 40) 0.02,0.23) 55)
0.69 0.60 0.78 0.00 0.02(- 0.15(0.02,0. | 0.17(-
+ CCL25 0.16,0.19) 27) 0.05,0.38)
0.73 0.65 0.82 0.05 0.28(0.11,0. | 0.15(0.02,0. | 0.43(0.22,0.
+GT 45) 27) 64)
0.72 0.64 0.80 0.03 0.16(- 0.12(0.00,0. | 0.29(0.07,0.
+ PLA2G7 0.01,0.34) 25) 50)
0.71 0.63 0.80 0.03 0.10(- 0.12(- 0.21(0.00,0.
+SCGB3A2 0.08,0.27) 0.01,0.24) 43)
+ Protein score | 0.73 0.36 0.24 0.60
from all 8
proteins 0.65 0.82 0.05 (0.20,0.53) | (0.12,0.36) | (0.40,0.81)

Baseline* is a model with the following variables: CD4, RNA, sex, age, BMI, diabetes status at baseline, prior
history of CVD, lipid lowering medication, blood pressure lowering medication and D-dimer (log2 transformed).

The proteins FAM3B, IL6, HGF, GT, and PLA2G7 were each statistically significant (p-value<0.05) when added
to the baseline model.




Protein score was statistically significant (p < 0.00001) when added to the baseline model. Odds ratio for protein
score: 2.09 (Cl: 1.52, 2.88)

Of note, D-dimer was statistically significant (p-value =0.03) in the baseline model but not in the baseline + protein
score model (p-value>0.05).

Integrated Discriminant Index when protein score was added to the baseline* model was 0.08 (0.05, 0.10).




Table S7: Incremental contribution of proteins and protein score to CVD risk when added to the baseline
model. The baseline model includes the inflammatory biomarker hsCRP. Here, n=364.

Model AUC LCI UcCl Change in | NRI among | NRI among | Overall
AUC from | cases controls NRI
Baseline
Baseline* 0.73 0.65 0.81 = = = =
0.26(0.09,0. | 0.02(- 0.29(0.07,0.
+ FAM3B 0.72 0.63 0.80 -0.01 43) 0.10,0.15) 50)
0.08(- 0.01(- 0.09(-
+ ITGA11 0.73 0.64 0.81 0.00 0.09,0.26) 0.12,0.13) 0.13,0.31)
0.03(- 0.13(0.01,0. | 0.17(-
+IL6 0.70 0.62 0.79 -0.03 0.14,0.21) 26) 0.05,0.38)
0.21(0.04,0. | 0.12(- 0.33(0.11,0.
+ HGF 0.72 0.64 0.80 -0.01 39) 0.01,0.24) 54)
0.05(- 0.12(0.00,0. | 0.17(-
+ CCL25 0.73 0.64 0.81 -0.01 0.13,0.23) 25) 0.04,0.39)
0.30(0.13,0. | 0.16(0.03,0. | 0.45(0.24,0.
+GT 0.73 0.65 0.81 0.00 46) 28) 66)
0.16(- 0.14(0.02,0. | 0.30(0.09,0.
+ PLA2G7 0.72 0.63 0.80 -0.01 0.01,0.34) 27) 52)
0.13(- 0.12(0.00,0. | 0.26(0.04,0.
+SCGB3A2 0.72 0.62 0.79 -0.02 0.04,0.31) 25) 47)
+ Protein score | 0.75 0.37 0.19
from all 8 0.56
proteins 0.66 0.83 0.02 (0.20, 0.53) | (0.07,0.31) [ (0.35,0.76)

Baseline* is a model with the following variables: CD4, RNA, sex, age, BMI, diabetes status at baseline, prior
history of CVD, lipid lowering medication, blood pressure lowering medication and hsCRP (log2 transformed).

The proteins FAM3B, IL6, HGF, GT, and PLA2G7 were each statistically significant (p-value<0.05) when added
to the baseline model. SCGB3A2 was marginally significant (p-value=0.051).




Protein score was statistically significant (p < 0.00001) when added to the baseline model. Odds ratio for protein
score: 2.14 (Cl: 1.54, 2.97).

Of note, hsCRP was not statistically significant in both baseline and baseline + protein score models (p-
value>0.05).

Integrated Discriminant Index when protein score was added to the baseline* model was 0.08 (0.05, 0.10).




Table S8: Incremental contribution of protein factors to CVD risk when added to baseline model. Analyses

restricted to PLWH on ART at baseline, n=269

Model AUC LCI UcCl Change in | NRI among | NRI among | Overall
AUC from | cases controls NRI
Baseline

Baseline* 0.70 0.60 0.80 - - - -
0.09 0.01 0.09

+ FAM3B 0.69 0.59 0.79 -0.01 (-.12,.29) (-.14,.15) (-.16,.34)
0.13 -0.01 0.12

+ ITGA11 0.69 0.59 0.79 -0.01 (-0.07,0.33) | (-0.15,0.14) | (-0.13,0.38)
0.35 0.18 0.523

+IL6 0.69 0.59 0.79 -0.01 (0.16,0.54) | (0.03,0.32) | (0.28,0.76)
0.09 0.09 0.17

+ HGF 0.69 0.59 0.79 -0.01 (-0.12,0.29) | (-0.06,0.23) | (-0.08,0.42)
-0.02 0.11 0.09

+ CCL25 0.70 0.60 0.80 0.01 (-0.23,0.18) | (-0.04,0.25) | (-0.17,0.34)
0.30 0.10 0.40

+GT 0.71 0.61 0.81 0.01 (-0.11,0.50) | (-0.05,0.24) | (0.16,0.64)
0.17 0.13 0.30

+ PLA2G7 0.69 0.59 0.79 -0.01 (-0.03,0.38) | (-0.02,0.28) | (0.06,0.55)
0.15 0.11 0.26

+SCGB3A2 0.71 0.61 0.81 0.01 (-0.05,0.35) | (-0.04,0.25) | (0.01,0.51)

+ Protein score | 0.74 0.28 0.16

from all 8 0.45

proteins 0.64 0.83 0.04 (-0.09, 0.48) | (-0.02, 0.31) | (-0.20, 0.69)




Baseline* is a model with the following variables: CD4, RNA, sex, age, BMI, diabetes status at baseline, prior
history of CVD, lipid lowering medication, and blood pressure lowering medication.

The proteins IL6, HGF, and GT were each statistically significant (p-value<0.05) when added to the baseline
model. PLA2G7 was marginally significant (p-value =0.06).

Protein score was statistically significant (p < 0.01) when added to the baseline model. Odds ratio for protein score:
1.93 (CI: 1.35-2.77); Integrated Discriminant Index: 0.06 (0.04-0.09)




Table S9: Incremental contribution of protein factors to CVD risk when added to baseline model. Analyses
restricted to individuals with no prior history of CVD (n=356)

Model AUC LCI UcCl Change in | NRI among | NRI among | Overall
AUC from | cases controls NRI
Baseline

Baseline* 0.66 0.56 0.75 - - - -
0.24 0.04 0.28

+ FAM3B 0.67 0.58 0.76 0.01 (0.06, 0.42) | (-0.08,0.16) | (0.06,0.50)
0.05 0.00 0.05

+ ITGA11 0.65 0.56 0.75 -0.01 (-0.13,0.24) | (-0.12,0.12) | (-0.17, 0.28)
0.33 0.17 0.50

+IL6 0.67 0.58 0.77 0.01 (0.15,0.50) | (0.05,0.29) | (0.28,0.71)
0.22 0.11 0.33

+ HGF 0.67 0.58 0.77 0.01 (0.04, 0.40) | (-0.01, 0.24) | (0.11, 0.55)
0.11 0.12 0.23

+ CCL25 0.67 0.57 0.76 0.01 (-0.08, 0.30) | (-0.00, 0.25) | (0.01, 0.45)
0.24 0.08 0.32

+GT 0.68 0.59 0.77 0.02 (0.06,0.42) | (-0.04,0.21) | (0.10, 0.54)
0.22 0.11 0.32

+ PLA2G7 0.70 0.61 0.79 0.04 (0.04, 0.40) | (-0.02,0.23) | (0.10, 0.54)
0.18 0.18 0.36

+SCGB3A2 0.68 0.59 0.78 0.03 (-0.00, 0.37) | (0.06, 0.30) | (0.14,0.58)

+ Protein score 0.46 0.26

from all 8 0.72

proteins 0.70 0.61 0.79 0.04 (0.29,0.62) | (0.14,0.38) | (0.51,0.92)




Baseline* is a model with the following variables: CD4, RNA, sex, age, BMI, diabetes status at baseline, lipid
lowering medication, and blood pressure lowering medication.

The proteins FAM3B, IL6, HGF, CCL25, GT, PLA2G7 and SCGB3A2 were each statistically significant (p-
value<0.05) when added to the baseline model.

Protein score was statistically significant (p < 0.00001) when added to the baseline model. Odds ratio for protein
score: 2.16 (Cl: 1.57-2.96)

Integrated Discriminant Index when protein score was added to baseline model: 0.010 (0.07-0.12)




Table S10: Conditional logistic regression model of CVD on standardized protein score restricted to patients
with smoking status reported at baseline. The sample size is 149 (50 CVD cases and 99 CVD controls). Here,
we adjust for smoking status at baseline.

Variable Odds Ratio | Std Error | Pr(>|z|) LCI UCl
CD4 1.00 0.00 0.62 1.00 1.00
RNA 1.00 0.00 0.56 1.00 1.00
Females vs Males 0.26 0.78 0.09 0.06 1.21
Age 1.25 0.11 0.04 1.01 1.53
BMI 1.06 0.06 0.34 0.95 1.18
Diabetes 0.63 0.93 0.62 0.10 3.90
Black Race 1.93 0.61 0.28 0.58 6.43
Lipid-lowering medication 1.42 0.71 0.63 0.35 5.71
BP-lowering medication 1.02 0.55 0.97 0.35 2.98
CVvD 2.55 0.96 0.33 0.39 16.62
Smoking status (Yes vs No) 211 0.62 0.23 0.63 7.10
Protein Score 2.85 0.35 <0.01 1.45 5.63




Table S11: Incremental contribution of protein factors to CVD risk when added to baseline model that

includes smoking status. The sample size is 149 (50 CVD cases and 99 CVD controls).

Model AUC LCI UcCl Change in | NRI among | NRI among | Overall
AUC from | cases controls NRI
Baseline
Baseline* 0.79 0.68 0.91 - - - -
(includes
smoking
status)
0.84 0.73 0.94 0.04 0.48(0.24,0. | 0.07(- 0.55(0.24,0.
+ FAM3B 72) 0.12,0.27) 86)
0.77 0.65 0.90 -0.02 0.24(- 0.05(- 0.29(-
+ITGA11 0.03,0.51) 0.14,0.25) 0.04,0.62)
0.77 0.65 0.90 -0.02 0.12(- 0.09(- 0.21(-
+1L6 0.16,0.40) 0.10,0.29) 0.13,0.55)
0.76 0.64 0.89 -0.03 0.28(0.01,0. | 0.15(- 0.43(0.10,0.
+ HGF 55) 0.04,0.34) 76)
0.81 0.70 0.93 0.02 0.12(- 0.13(- 0.25(-
+ CCL25 0.16,0.40) 0.06,0.32) 0.08,0.59)
0.81 0.70 0.93 0.02 0.08(- 0.11(- 0.19(-
+GT 0.20,0.36) 0.08,0.30) 0.15,0.53)
0.82 0.71 0.94 0.03 0.20(- 0.09(- 0.29(-
+ PLA2G7 0.07,0.47) 0.10,0.29) 0.04,0.62)
0.77 0.65 0.89 -0.02 -0.12(- 0.13(- 0.01(-
+SCGB3A2 0.40,0.16) 0.06,0.32) 0.32,0.35)
+ Protein score
fromall 8 0.44(0.19, 0.19(0.00,0. 0.63 (0.32’
proteins 0.81 0.69 0.94 0.02 0.69) 38) 0.95)




Baseline* is a model with the following variables: CD4, RNA, sex, age, BMI, diabetes status at baseline, prior
history of CVD, lipid lowering medication, blood pressure lowering medication, and smoking status.

No individual protein was statistically significant (p-value> 0.05) when added to the baseline model that included
smoking status.

Protein score was statistically significant (p =0.0025) when added to the baseline model that included smoking
status. Odds ratio for protein score: 2.56(Cl: 1.39 — 4.70)

Integrated Discriminant Index when protein score was added to baseline model: 0.10 (0.05-0.14)




Table S12: Odds ratios and AUCs for discovery and validation sets.

Model Discovery Internal Validation
Baseline 0.69 (95% CI:0.60-0.78) 0.74 (95% CI: 0.73-0.74)
Baseline + Protein Score 0.73 (95% CI:0.65-0.81) 0.79 (95% CI: 0.78- 0.80)

Odds ratios for protein score in validation set is 2.78 (Cl: 2.67, 2.90) and discovery set is 2.17 (Cl: 1.58-2.99)
Baseline* is a model with the following variables: CD4, RNA, sex, age, BMI, diabetes status at baseline, prior history of
CVD, lipid lowering medication, and blood pressure lowering medication,



Figure S1: Schematic representation of statistical approach

Start with 459 Removed proteins with p-value
proteins, 131 cases greater than .05 from adjusted
and 259 controls conditional logistic regression model
(107 proteins remain)

On each bootstrapped training 29 proteins selected

dataset fitted a two-component
PLSDA model and got a
variable importance in
projection (VIP) score for each
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Figure S2: Correlation between pairs of proteins used in the protein score.
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C. Description of Proteins Used in the Protein Score

Inflammation Panel:

Hepatocyte Growth Factor (HGF):

The protein HGF and its receptor c-MET are involved in tissue repair and respond to tissue injury. HGF has been
proposed as a potential clinical biomarker for CVD*® HGF has already been shown to be associated with stroke,
CHD, atherosclerosis, and the progression of atherosclerosis in an ethnically diverse, general population. 3%

C-C motif chemokine 25 (CCL25):
CCL-25 is involved in T-cell development. T-cells are involved in the development and progression of CVDs,
including atherosclerosis.*

Immune Response Panel:

Protein FAM3B (FAM3B):

Vascular smooth muscle cells (VSMCs) play an important role in the development of CVDs. % FAM3B is secreted
with insulin and regulates glucose homeostasis. As such, dysregulation of FAM3B is associated with diabetes,
which is a risk factor known to be associated with CVD. 3%

Integrin a11 (ITGA11):
Integrins have two functions: 1) extracellular matrix cell attachment and 2) signal transduction from the extracellular
matrix.%” In mouse models, overexpression of integrin a11 induces cardiac fibrosis and left ventricular

hypertrophy.38

Interleukin-6 (1L6):

IL6 has been extensively studied in both healthy and HIV positive populations. IL6 is a marker of inflammation and
coagulation. Increased levels of plasma IL6 has been shown to associated with increased risk of CVD,
atherosclerosis, and mortality in an HIV positive population even when treated with ART":22:30

Cardiovascular 2 Panel:

Gastrotropin (GT):

Gastrotropin, also known as the ileal fatty acid binding protein, (FABP6) is a member of the fatty acid-binding
protein (FABPs) family, which regulates general metabolic function via FABPs central role in fatty acid transport,
metabolism, and storage. FABPs have been associated with a number of diseases including cardiovascular disease
and are thought to serve an integral role in metabolic function.3® FABP6 is more specifically known to be involved
in bile acid metabolism. There has been shown to be a protective association between FABP6 Thr79Met
polymorphism and incident type 2 diabetes.*°

Cardiovascular 3 Panel

Platelet-activating factor acetylhydrolase (PLA2G7):

PLA2G7 is found in both high-density lipoprotein (HDL) and low-density lipoprotein (LDL). In population studies
it has been shown that overexpression of PLA2G7 is associated with increased coronary heart disease (CHD). 334 |t
is thought that with individuals with low LDL cholesterol levels it can help predict CHD risk. 3334

Cardiometabolic Panel

Secretoglobin Family 3A Member (SCGB3A2):

A case-control study in a Korean population on SNPs in the SCGB3A2 gene potentially contributes to susceptibility
to asthma. #* The SCGB3AZ2 gene is also known as the uterus globulin associated protein 1 (UGRP1) found that
UGRP1 may be able to predict graves’ disease patients who develop hypothyroidism.*?



D. Sensitivity and Subgroup Analyses

When we added the inflammatory biomarkers D-dimer and hsCRP individually (as logz-transformed measures) to
the baseline model and we considered the protein score + baseline model, the protein score was again statistically
significant (p <0.0001) [Tables S6-S7]. Further, the AUCs and NRIs estimates from the baseline + protein score
model were again higher than those from the baseline + individual proteins models. With the exception of the
protein SCGB3A2, the proteins FAM3B, IL-6, HGF, GT, and PLA2G7 were each statistically significant (p-
value<0.05) when added to the baseline model.

Considering the 269 participants with complete data (92 cases and 177 controls) who were on ART at baseline, we
observed that a one standard deviation increase in the protein score was associated with an odds ratio for CVD of
1.93 (Cl: 1.35 - 2.78) [Table S8] compared to 2.17 (CI: 1.58 - 2.99) [Figure 1] in the combined data (i.e. data on
those with ART and no ART at baseline). Unlike in the combined data where IL6 was likely driving the effect of the
protein score, in this subpopulation, no individual protein had an AUC that was comparable to the protein score
(Table S8). Further, the AUC for the baseline model was 0.70 (ClI: 0.60- 0.80), and the AUC for the baseline +
protein score model was 0.74(ClI: 0.64 - 0.83). There was a 16.7% increase in prediction when the analysis was
restricted to those on ART at baseline, compared to a 17.4% increase in prediction for the full population. The NRI
for the protein score + baseline model was 0.45 (ClI: 0.20 - 0.69) in this subgroup as compared to 0.66 (Cl: 0.46 -
0.86) in the combined data. Table S8 gives the NRI and IDI estimate for the protein score + baseline model
restricted to individuals on ART at baseline as well as the incremental contributions of each protein.

When we restricted our analyses to individuals with no history of CVD (n=356, 110 cases and 246 controls), the
protein score was again statistically significant (Table S9). A one standard deviation increase in the protein score
was associated with an odds ratio for CVD of 2.16 (Cl: 1.57-2.96) compared to 2.17 (CI: 1.58 - 2.99) in the
combined data. The AUC for the baseline model was 0.66 (CI: 0.56-0.75). The AUC when PLA2G7 was added to
the baseline model was the same as the AUC when the protein score was added to the baseline model (0.70) but the
protein score + baseline model had a higher NRI (0.72 vs 0.32); the NRI for the full population was 0.66 (Cl: 0.46 -
0.86).

We considered a sensitivity analysis that included individuals with smoking status. Here, the sample size was 149
with 50 CVD cases and 99 CVD controls. When we added smoking status to the baseline model, the protein score
from the protein score + baseline model was statistically significant (p-value =0.0024) [Table S10]. On the other
hand, no individual protein achieved statistical significance when each was added to the baseline model that
included smoking status as a covariate. A one standard deviation increase in the protein score was associated with an
odds ratio for CVD of 2.85 (Cl: 1.45- 5.63). The AUC for the baseline model was 0.79 (CI: 0.68- 0.91), and the
AUC for the baseline + protein score model was 0.81 (Cl: 0.69 - 0.94). This corresponded to a 6.8% increase in
prediction compared to a 17.4% increase for the full population. Further, FAM3B, CCL25, GT, and PLA2G7 had
AUC values that were similar or slightly higher than the AUC from the protein score + baseline model (Table S11).
However, the NRI for these individual proteins were lower than the NRI from the baseline + protein score model.
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