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BACKGROUND: Persons with HIV have a higher prevalence of coronary artery disease compared with their HIV-negative coun-
terparts. Earlier identification of subclinical atherosclerosis may provide a greater opportunity for cardiovascular disease risk
reduction. We investigated coronary cross-sectional area (CorCSA) by noncontrasted computed tomography imaging as a
noninvasive measure of arterial remodeling among virally suppressed persons with HIV.

METHODS AND RESULTS: We assessed 105 persons with HIV with a spectrum of cardiometabolic health. All participants un-
derwent computed tomography imaging to assess the mean corCSA of the proximal left anterior descending artery and 28
participants underwent additional coronary computed tomography angiography. Partial Spearman rank correlations adjusted
for cardiovascular disease risk factors were used to assess relationships of corCSA with anthropometric measurements,
HIV-related factors, and plasma cytokines. Mean corCSA measured by noncontrast computed tomography and coronary
computed tomography angiography were strongly correlated (p=0.91, P<0.0001). Higher mean corCSA was present in those
with coronary artery calcium (P=0.005) and it correlated with participants’ atherosclerotic cardiovascular disease risk score
(p=0.35, P=0.01). After adjusting for established cardiovascular disease risk factors, we observed an inverse relationship
between corCSA and CD4* T-cell count (p=-0.2, P=0.047). Removal of age from the model strengthened the relationships
between corCSA and antiretroviral therapy duration (from p=0.19, P=0.08 to p=0.3, P=0.01). CorCSA was also inversely cor-
related with plasma IL-10 (p=-0.25, P=0.03) but had no relationship with IL-6 (p=0.11, P=0.4) or IL-18 (p=0.08, P=0.5).

CONCLUSIONS: Positive coronary arterial remodeling, an imaging marker of subclinical atherosclerosis, is associated with a
lower CD4 T-cell count, lower circulating IL-10, and possibly a longer antiretroviral therapy duration in persons with HIV.
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CLINICAL PERSPECTIVE
What Is New?

e Coronary cross-sectional area, a measure of
positive coronary arterial remodeling, can be
reliably measured using noncontrast computed
tomography imaging and is strongly corre-
lated with computed tomography angiogram
measurements.

e Low CD4* T-cell count and low plasma IL-10 in
persons with HIV is associated with positive ar-
terial remodeling.

What Are the Clinical Implications?

e Inpersons with HIV on antiretroviral therapy with
low CD4* T-cell counts, the risk of cardiovas-
cular disease may be higher and needs to be
considered when stratifying risk.

e Where coronary artery calcium may not be a
reliable measure of subclinical atherosclero-
sis in persons with HIV because of soft plaque
predominance, coronary cross-sectional area
measured on noncontrast computed tomogra-
phy imaging may be an additional measure that
needs to be studied further.

Nonstandard Abbreviations and Acronyms

CorCSA coronary cross-sectional area

IL-13 interleukin 18
IL-6 interleukin 6
IL-10 interleukin 10

PWH persons with HIV

of cardiovascular disease (CVD) compared with the

general population, as well as a higher prevalence
of noncalcified plaque.!”” Calcified plagque is measured
using cardiac computed tomography with a noncontrast
imaging technique and the coronary artery calcium (CAC)
score has been demonstrated to be an independent pre-
dictor of near-term clinical events for multiple race—ethnic
groups, sex, and during early adult life. Previous studies
have demonstrated that the amount of calcified plaque
is strongly correlated with cardiac events,® predicts the
incidence,’®™ and assesses the prevalence'® of CVD in
the general population'®%; but although the CAC score
is correlated with total coronary plaque calcified and non-
calcified histology,'® the CAC score is not able to directly
measure noncalcified plaque.’ Alternative imaging with
coronary computed tomography angiography (CCTA) can
assess the luminal diameter, noncalcified plaque burden,

Persons with HIV (PWH) have a 2-fold increased risk

J Am Heart Assoc. 2022;11:€025768. DOI: 10.1161/JAHA.122.025768

Coronary Arterial Remodeling and Lower CD4

and arterial remodeling, but this imaging modality is rec-
ommended in the general population when there is sus-
picion of CVD and not as a routine screening measure.

Noncalcified plaque accumulation is accompanied by
compensatory arterial enlargement, a process described
by Glagov et al in 1987 This compensatory, positive
remodeling in arteries with plaque buildup initially main-
tains the luminal area because of the expansion of the
external arterial diameter despite plague accumulation.'®
A study of HIV-positive men in the MACS (Multicenter
AIDS cohort study) found that HIV-positive men were
more likely to have positive arterial remodeling on CCTA
imaging compared with HIV-negative men even after ad-
justment for demographic and coronary artery disease
risk factors.' A similar study also using CCTA showed a
higher prevalence of positively remodeled plaque in HIV-
positive compared with HIV-negative men.°

The coronary artery cross-sectional area (corCSA)
can be measured on noncontrast CT images with the
limitation that the lumen cannot be defined second-
ary to the lack of intravascular contrast. The external
CorCSA enlarges in the setting of positive arterial wall
remodeling and thus is comparable to CCTA and in-
travascular ultrasound. Furthermore, it can be accu-
rately measured on submillimeter thick, noncontrast
CT images.?' Unlike CCTA, which involves identifying
plagues and measuring the vessel diameter enlarge-
ment through the use of contrast, corCSA measures
the wall-to-wall dimensions using similar high-resolution
ECG-gated images without the addition of intravenous
contrast. Given the increased likelihood of noncalci-
fied plaque among PWH with atherosclerotic disease,
which often would not be detected on standard CAC
scoring, the measurement of corCSA from the same
imaging approach may be valuable as a noninvasive
risk stratification tool in the HIV population. In this
study, we measured CorCSA of the proximal left an-
terior descending artery (LAD) from noncontrast CAC
imaging among nondiabetic, prediabetic, and diabetic
PWH. A subset of participants had noncontrasted CT
imaging and CCTA performed during the same exam-
ination. We hypothesized that corCSA, as a marker of
arterial remodeling and the potential presence of non-
calcified plaque, would be associated with other CVD
risk factors. Demonstrating the feasibility of measuring
CorCSA and its association with established markers
of CVD and related disease may support CorCSA as a
new imaging biomarker of importance to help identify
drivers of CVD in PWH.

MATERIALS AND METHODS

All the data that support the findings of this study are
available from the corresponding author upon reason-
able request.
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Study Participants

We enrolled 105 PWH with a range of metabolic and car-
diovascular health from the Vanderbilt Comprehensive
Care Clinic between August 2017 and June 2018.
Participants were recruited as nondiabetic (hemoglobin
Alc [HbA1c] <5.7% and/or fasting blood glucose [FBG]
<100mg/dL), prediabetic (HbAlc 5.7% to 6.4% and/or
FBG 100 to 125mg/dL) or diabetic (HbA1c >6.5% and/or
FBG=126mg/dL, and/or those on antidiabetic medica-
tions). This classification was maintained throughout this
article when discussing the demographics of the cohort.
In participants who had discrepancy between HbAlc
and FBG, FBG was used to classify patients, because
HBA1c is known to sometimes underestimate blood
glucose in PWH. Participants were on ART for at least
18months with sustained virologic suppression (serum
HIV-1 RNA quantification <400copies/mL) and a CD4*
T-cell count >350cells/uL for the previous 12months.
We excluded individuals with known inflammatory
or rheumatologic conditions, heavy alcohol use (>11
drinks per week), and self-reported cocaine, ampheta-
mine, or nonprescribed opiate use. Anthropometric
measurements including body mass index (BMI), waist
circumference, hip circumference, and CVD-related
laboratory values were measured within 1week of CT
imaging (Table 1). Atherosclerotic cardiovascular dis-
ease risk was calculated using the American College of
Cardiology Risk calculator.?> The study was approved
by the Vanderbilt University Medical Center Institutional
Review Board. All participants provided written informed
consent. The investigators carried out the study follow-
ing the guidelines of the United States Department of
Health and Human Services. This study is registered on
clinicaltrials.gov (NCT04451980).

Laboratory Testing

Laboratory testing obtained during this study included
FBG, HbA1c, total cholesterol, low-density lipoprotein
cholesterol (LDL), high-density lipoprotein cholesterol,
triglycerides, high-sensitivity C-reactive protein, CD4*
T-cell count at the start of therapy, current CD4* T-cell
count, current CD8* T-cell counts, total white blood
cells, and plasma cytokines.

Cell-Associated HIV DNA and RNA
Quantification

HIV reservoir activity and size were assessed by quanti-
fying the cell-associated HIV-1 RNA and cell-associated
HIV-1 DNA.?® Intracellular RNA and DNA were isolated
from cryopreserved peripheral blood mononuclear cells
using the AllPrep DNA/RNA Mini Kit (Qiagen). Cellular
integrity for RNA analysis was assessed by the meas-
urement of total extracted RNA and evaluation of the
IPO-8 housekeeping gene.?* Unspliced cell-associated
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HIV-1 RNA and total cell-associated HIV-1 DNA were
quantified using a real-time polymerase chain reaction
approach with primers/probes targeting conserved re-
gions of HIV LTR/gag as previously described.?®

CT Imaging

A noncontrast ECG-gated CT of the thorax was
performed using a Siemens Somatom Force multide-
tector scanner (Erlangen, Germany) or GE Healthcare
Revolution CT (Waukesha, WI). CorCSA was measured
on an Apple MacPro workstation using OsiriX (OsiriX,
Pixmeo, Geneva, Switzerland) and an in-house, cus-
tomized program.?® Coronary cross-sections were
measured in the proximal left anterior descending
artery (LAD; American Heart Association coronary
segment 6) in 3 sequential locations from proximal to
distal as shown (Figure 1A). To measure corCSA, the
technician identified the ostium of the LAD and traced
the centerline of the vessel on 0.6-mm-thick CT slices.
The proximal 10mm of the LAD was identified, 3 equi-
distant points marked, diameter measured externally
from outer wall to outer wall, and the area measured
in cm?. The mean corCSA of the 3 sections was cal-
culated. Total CAC (Agatston units) was measured in
epicardial coronary arteries as previously reported.?”
This included the LAD, right coronary artery, left coro-
nary artery (main), and left circumflex coronary artery.

Coronary CT Angiography

We obtained CCTAs on 28 of the 105 participants in
this study. Before all contrast scans, a prospectively
ECG-triggered Calcium Scoring scan was performed
as above. CCTAs were performed using whole heart
scans or GE Healthcare Revolution CT (Waukesha,
WI). A B-blocker (metoprolol) was administered to par-
ticipants whose heart rates were >75 beats per minute,
and a cardiac gating with multiphase reconstruction
and motion correction was utilized (Snapshot Freeze).
Patients with acute or chronic kidney injury, and/or al-
lergy to iodinated contrast were excluded.

Plasma Cytokine Measurements

All plasma cytokines were measured using a standard
multiple immunoassay panel (MesoScale, Rockville,
MD) as previously published.?®

Statistical Analysis

We calculated the medians and 25th and 75th percen-
tiles of continuous variables and proportions of cat-
egorical variables. We first compared the clinical and
demographic characteristics among PWH by meta-
bolic status using the Kruskal-Wallis test or Wilcoxon
rank-sum test for continuous variables and Pearson
x° test for categorical variables. Mean CorCSA was
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Table 1. Clinical Demographics Stratified by Metabolic Status
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Age, y 105 45 [37-52] 44 [37-57] 54 [48-58] 48 [38-56] 0.007*
Race: White 0.65%/5, 0508/, 0.44'/,, 0.53%/, 5 0.4
Race: Black 0.30"/, 0.42'%/ 4 0.47%/, 0.39%,05
Sex: Male 105 0.81%%,, 0.78%/,, 0.69%/,, 0.76%%/,,, 0.5
Systolic blood pressure, 92 131 [122-140] 130 [120-139] 132 [118-140] 130 [120-140] 0.9
mmHg
Hypertension: Yes 105 0.65%/4, 0.59'%,, 0.612%/44 0.62%/,5 1.0
Tobacco use: Yes 103 0.30"/,, 0.31"/,4 0.10%,, 0.24%%/, 0.1
Statin use: Yes 98 0.25%/, 0.33"%/44 0.57"/4, 0.38%/gg 0.03"
Anthropometric measurements
Hip circumference, cm 103 107 [104-116] 110 [103-117] 104108123 109 [104-118] 07
Body mass index, kg/m? 105 31 [28-35] 32 [29-35] 33 [30-39] 32 [29-36] 0.05*
Waist circumference, cm 103 104 [95-109] 106 [93-113] 110 [107-120] 107 [98-113] <0.001*
Body surface area, cm? 105 2.2[2.0-2.2] 2.2[2.0-2.3] 2.2[21-2.4] 2.2[2.0-2.3] 0.3
Laboratory values
Fasting blood glucose, mg/ 103 90 [82-95] 111 [106-117] 174 [129-234] 108 [91-129] <0.001*
dL
Hemoglobin Alc, % 104 5.3 [5.0-5.4] 5.6 [5.2-5.9] 6.8 [6.2-8.8] 5.5[5.2-6.0] <0.001*
Total cholesterol, mg/dL 105 173 [154-202] 180 [166-214] 175 [150-196] 175 [157-202) 0.6
HDL, mg/dL 105 45 [35-55] 40 [34-50] 42 [34-46) 42 [34-51] 0.6
LDL, mg/dL 103 96 [85-122] 111 [93-127] 90 [81-105] 99 [83-120] 0.05*
Triglycerides, mg/dL 105 74 96161 90145211 119174272 83127214 0.004*
Creatinine, mg/dL 105 1.0 [0.9-1.1] 1.0[0.8-1.2] 1.0 [0.8-1.1] 1.0 [0.9-1.1] 0.6
HsCRP, mg/dL 104 2.7 [1.4-4.9] 2.9 [1.1-4.0] 3.0 [2.1-7.2] 2.9 [1.4-4.6] 0.5
HIV laboratory values
CD4 at ART start, cells/mL 102 533 [389-645] 422 [288-572] 399 [241-718] 465 [296-643] 0.4
Duration on ART, y 103 6.7 [4.4-11.7] 7.1 [3.2-10.5] 8.9 [5.2-16.1] 7.2 [4.2-12.6] 0.2
CD4 count, cells/mL 105 813 [683-944] 786 [627-964] 952 [732-1172] 840 [673-1044] 0.05*
CD4 count, % 105 37 [31-40] 34 [29-38] 40 [36-47] 37 [31-42] <0.001*
Median CD4, cells/mL} 105 775 [628-912] 810 [664-949] 855 [719-1087] 821 [670-947] 0.4
Mean CD4, cells/mLT 105 809 [632-914] 796 [661-923] 843 [729-1134] 819 [670-939)] 0.4
Hepatitis C positivity: yes 105 0.08%/;, 0.08%/44 0.12%/,, 0.10'%,44 0.8
CD8 at enroliment, cells/mL | 104 792 [620-1053] 826 [660-1211] | 810 [674-1033] 802 [660-1071] 0.9
White blood cells, cells/mL 102 6.4 [56.1-7.9] 7.6 [6.5-8.7] 6.7 [6.0-8.3] 6.8 [5.8-8.6] 0.09
Cell-associated HIV RNA, 45 1342 [517-3280] 992 [375-2116] 1075 0.2
copies/mL [435-2932]
Cell-associated HIV DNA, 45 630 [235-1419] 424 [248-1169] 466 [234-1362] 0.9
copies/mL
Computed tomography measurements
CAC>0 105 0.03Y,, 0.33'%/,44 0.44"%/,, 0.2677/ 45 <0.001*
CAC total, Au 104 0.2+1.4 99.7+325.3 328.3+943.3 132.5+£559.7 <0.001*
CAC risk group: 105 0.005*
No CAC Au, 0 0.97%/, 0.67%/44 0.53"/, 0.73"" 105
Low CAC Au, 1-100 0.03"/,, 0.17%44 0.16%5, 0.11"%/,5
Moderate CAC Au, 0.00%, 0.11%/4 0124, 0.08%44
101-300
High CAC Au, >300 0.00%,;, 0.06%/,44 0.16%4, 0.07"/105
corCSA ROl a, cm? 105 0.22[019-0.26] | 0.24[0.18-0.29] | 0.26 [0.20-0.31] 0.23[0.19-0.29] | 0.1
(Continued)
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Table 1. Continued
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Nondiabetic, Prediabetic, Combined,
HIV-positive individuals N N=37 N=36 Diabetic, N=32 N=105 Test statistic
corCSA ROl b, cm? 105 0.19[0.16-0.23] 0.22[0.18-0.25] | 0.23[0.17-0.28] 0.21 [0.17-0.26] 0.08
corCSA ROl ¢, cm? 105 0.18 [0.14-0.20] 0.18 [0.14-0.25] 0.21 [0.16-0.25] 0.19 [0.14-0.24] 0.04*
Mean CorCSA, cm? 105 0.17 [0.19-0.23] 0.17 [0.22-0.26] | 0.18[0.23-0.28] 0.17 [0.21-0.26] 0.08

N is the number of non-missing values. Tests used: Kruskal-Wallis test for continuous variables; Pearson x? test for categorical variables; and Wilcoxon
test (cell-associated HIV RNA/DNA). ART indicates antiretroviral therapy; Au, Agatston units; CAC, coronary artery calcium; CorCSA, coronary cross-sectional
area; HDL, high-density lipoprotein cholesterol; hs-CRP, high-sensitivity C-reactive protein; LDL, low-density lipoprotein cholesterol; and RO, region of interest.

*Statistical significance defined as P<0.05.

fMedian and mean CD4 T-cell counts over the duration of therapy at the Vanderbilt Comprehensive Care Clinic.

compared between groups using Kruskal-Wallis or
Wilcoxon rank-sum tests. We assessed the relation-
ships between corCSA and clinical demographic
measures using scatter plots and partial Spearman
rank correlations. Partial Spearman’s correlation was
our preferred method of analysis because it results
in a single number between —1 and 1 with a simple
interpretation. Additionally, it allowed us to examine
Spearman’s correlation after adjusting for covariates
and to compare directly to the unadjusted version to
understand the impact of adjusting for covariates.
Correlations between mean corCSA and anthropo-
metric measurements, laboratory measurements,
and HIV factors were also assessed using Spearman
rank.

Covariate-adjusted estimates of partial Spearman
rank correlations were calculated using probability-
scale residuals from cumulative probability models
with logit link functions; adjustment variables included
potentially confounding CVD risk factors.?® We first
performed a partial Spearman rank correlation anal-
ysis that included all PWH adjusted for hypertension,
sex, smoker status, statin use, and CAC. Additional
analysis that was performed to investigate the relation-
ship with HIV-related factors did not include LDL, or
high-density lipoprotein cholesterol as covariates be-
cause our unadjusted correlation analysis suggested
that there was no relationship between LDL or high-
density lipoprotein cholesterol with mean corCSA in
this cohort. Also including them in the model did not
change the strength of the associations. Among the
nondiabetic HIV-positive participants alone, partial
Spearman correlation analysis was adjusted for hyper-
tension, sex, smoker status, and statin use. Analysis of
corCSA and HIV-related factors were adjusted for age,
HbA1c, hypertension, sex, smoker status, BMI, statin
use, and CAC in all PWH. We performed similar analy-
ses that were stratified by diabetes status and adjusted
for age, HbA1c, BMI, and sex in nondiabetic PWH. We
added CAC to the analysis of prediabetic and diabetic
PWH. Analyses were performed using R versions 3.6.1
and 4.0.2. (http://www.R-project.org) and Graph Pad
Prism software.

J Am Heart Assoc. 2022;11:€025768. DOI: 10.1161/JAHA.122.025768

RESULTS

Clinical Demographics of PWH

A total of 37 nondiabetic, 36 prediabetic, and 32 dia-
betic PWH were included in the analysis. The cohort
was 24% female, 39% Black, with a median age of
48years, current CD4 T-cell count of 840cells/mL,
and ART duration of 7 years (Table 1). PWH with dia-
betes were older compared with nondiabetic and pre-
diabetic PWH but had a similar distribution of race
and sex. Metabolic syndrome measures including
FBG, triglyceride levels, waist circumference, and BMI
were generally higher in PWH with diabetes except for
LDL, which was lower in PWH with diabetes, because
of statin therapy (Table 1). The CD4* T-cell count, re-
ported as absolute count (P=0.05) and percentage
at the time of study enroliment (P<0.001) differed by
metabolic status (Table 1). Females with HIV had a
higher BMI (P=0.003), higher percentage of current
CD47 T cells (P=0.02), and lower HIV cell-associated
DNA (P=0.03) and RNA (P=0.01) than males with HIV
(Table $1).

corCSA as a Measure of Subclinical
Cardiovascular Disease in PWH

When comparing by diabetes status, PWH with dia-
betes had higher mean corCSA compared with par-
ticipants without diabetes (Figure 1B, Table 1). Not
surprisingly, we detected CAC in a higher proportion
in PWH with diabetes and those who were predia-
betic compared with PWH without diabetes, P<0.001
(Table 1). Stratification by CAC in PWH showed larger
mean corCSA measurements in PWH with detectable
coronary calcium on CT, P=0.005 (Figure 1C). Mean
corCSA did not differ by sex (P=0.7) (Table 2). We also
found that atherosclerotic cardiovascular disease risk
score in this cohort was higher in persons with CAC
(Figure 1D) and correlated with the corCSA measure-
ments (Figure 1E). Moreover, mean corCSA meas-
urements in noncontrast CT imaging were strongly
correlated with CCTA measurements performed on
the same day (Table 2, Figure 1F).
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Figure 1. Mean corCSA is higher with coronary calcium and correlated with ASCVD risk.

Representative computed tomography image (CT) demonstrating the technique for measuring coronary cross-sectional area (corCSA)
of the proximal left anterior descending coronary artery (LAD) using previously published methods. The proximal 1.0cm of the LAD was
identified, at 3 equidistant points as labeled a, b, and c. The corCSA includes the area of the wall of the vessel as well as the lumen.
Mean corCSA is the average of all 3 areas (A). Notched box plots showing mean corCSA by diabetes status (B) and by quantifiable
calcium on CT imaging (C). Box plots showing current atherosclerotic cardiovascular disease (ASCVD) risk score in persons with HIV
(PWH) with and without coronary artery calcium (CAC) (D) and correlation between ASCVD risk score and corCSA (E). Correlation plot
of corCSA measurements obtained by noncontrast CT and coronary computed tomography angiography imaging (n=28). Analyses
were performed using Kruskal-Wallis test (B), Mann-Whitney U tests (C and D), and Spearman rank correlation (E and F).
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Association Between Mean corCSA and
Established CVD Risk Factors Among PWH

Among all 105 PWH included in this study, independ-
ent of metabolic status, mean corCSA was significantly
correlated with BMI (p=0.23, P=0.016), waist circum-
ference (p=0.32, P<0.001), age (p=0.32, P<0.001), and
HbA1c (p=0.29, P<0.01) with no significant relationship
between mean corCSA, weight, height, LDL, high-
density lipoprotein cholesterol, triglycerides, and cre-
atinine (Figure 2). After adjusting for hypertension, sex,
smoking status, statin use, and CAC prevalence (in all
PWH, n=105), there remained a significant correlation
between mean corCSA with age (p=0.25, P<0.05),
and waist circumference (p=0.22, P<0.05) (Figure 3A).
When stratified by diabetes groups, mean corCSA re-
mained correlated with age (p=0.43, P<0.05) in PWH
without diabetes (Figure 3B). We did not adjust for CAC
prevalence in PWH without diabetes, because only
1 participant in this subgroup had CAC on imaging.
There was no significant correlation observed in PWH
who were prediabetic and those who diabetic in the
fully adjusted model (Figure 3C).

Mean corCSA Is Associated With HIV-
Related Variables That Vary With Diabetes

We evaluated the relationship between mean corCSA
and HIV-related measures using unadjusted Spearman
rank correlations. Duration of ART was positively cor-
related with mean corCSA (P=0.004) among all PWH
and strongest in PWH without diabetes (Figure 4A) and
males (Figure 4B). We also considered that older PWH
were more likely to have had HIV for a longer period
of time. We calculated the “HIV age” of each partici-
pant as the duration of time on ART (years) divided
by their age (yrs.). There was a correlation between
mean corCSA and HIV age that was not statistically
significant (P=0.05) in the entire group but significant
in PWH without diabetes (P=0.044) (Figure 4C) and
HIV-positive men (P=0.048) (Figure 4D). Other HIV-
related measurements that included nadir CD4 T-cell
count (P=0.57, Figure 4E) and current CD4* T-cell
count (P=0.067, Figure 4F) were not significant in all
PWH. The current CD4* T-cell count was negatively

Coronary Arterial Remodeling and Lower CD4

correlated with mean corCSA in PWH with diabetes
(P=0.048) and PWH who were prediabetic (P=0.044).
Although cell-associated RNA and DNA quantification
was perfomed in a small subset of participants, there
was a positive correlation between mean corCSA and
cell-associated HIV RNA (P=0.05) and DNA (P=0.04) in
PWH with diabetes (Figure 4G through 4H).

We performed a partial Spearman correlation anal-
ysis of all PWH adjusted for CVD risk factors including
age, HbAlc, hypertension, waist circumference, sex,
smoker status, statin use, and CAC prevalence. We ob-
served a negative correlation between mean corCSA
and the current CD4 T-cell count (p=-0.2, P=0.047)
in all PWH (Figure 5A). Removal of age strengthened
the relationships between mean corCSA with HIV age
(p=0.25, P=0.03) and ART duration (p=0.3, P=0.01),
while CD4 T-cell count remained the same (p=-0.2,
P=0.049) (Figure 5B).

When we stratified the analysis by diabetes status
adjusted for age, HbAlc, waist circumference, and sex
only, there was no significant relationship between
mean corCSA and HIV-related factors in PWH without
diabetes (Figure 6A). Duration of ART (p=0.37, P=0.02),
HIV age (p=0.32, P=0.07), but not current CD4 T-cell
count were correlated with mean corCSA with the ex-
clusion of age in PWH without diabetes (Figure 6B).
This was different in PWH who were prediabetic and
those with diabetes adjusted for age, HbAlc, waist
circumference, hypertension, sex, and CAC. We ob-
served a negative correlation between corCSA and the
current CD4 T-cell count (p=-0.28, P=0.03), and no
significance with the white blood cell count (p=-0.25,
P=0.08), (Figure 6C). Significance after the exclusion of
age was higher for the white blood cell count (p=-0.31,
P=0.02), unchanged for the current CD4 T-cell count
(p=-0.28, P=0.02), but not significant for the duration
of ART (p=0.21, P=0.15) (Figure 6D).

IL-10 Is Inversely Related to Arterial
Remodeling
We measured several plasma cytokines related to

macrophage activation including IL-1b, IL-6, tumor
necrosis factor-a, growth differentiation factor 15,

Table 2. Noncontrast CT and Contrast CT Measures of Proximal LAD CSA (mm?) in OsiriX (n=28 Paired Studies Done Same

Day)
Noncontrast CT Contrast CT
Measure Mean (SD) Median 25th, 75th percentiles Mean (SD) Median 25th, 75th percentiles
Area-a 21.4 (5.6) 20.8 17.3,24.9 17.6 (5.5) 1841 12.7,21.9
Area-b 20.2 (6.9) 18.6 16.1,25.2 16.2 (4.8) 17.0 11.5,19.3
Area-c 18.8 (5.6) 19.0 14.7, 221 15.4 (4.9) 14.9 11.2, 201
Mean 201 (5.2) 20.5 156.6, 24.6 16.4 (4.8) 16.9 11.7,19.6

Area-a, b, ¢ represent the CSA of 3 equidistant points measured 1 cm proximal of the LAD. CSA indicates cross-sectional area; CT, computed tomography;

LAD, left anterior descending coronary artery; and SD, standard deviation.
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Figure 2. Mean coronary cross-sectional area (corCSA) correlation with cardiovascular disease risk

factors.

Unadjusted Spearman rank correlation plots of mean corCSA and weight (A), height (B), body mass index
(C), waist circumference (D), age (E), low-density lipoprotein cholesterol (LDL) (F), high-density lipoprotein
cholesterol (HDL) (G), hemoglobin Alc (H), triglycerides (I), and creatinine (J). Statistical analyses were performed

using Spearman rank correlation.
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Figure 3. Mean coronary cross-sectional area (corCSA) correlates with age
and waist circumference in adjusted models.

Partial Spearman rank correlation analysis adjusted for hypertension (HTN), smoker
status, sex, statin use, and coronary artery calcium (CAC) prevalence in all persons with
HIV (PWH) (n=105) (A), PWH without diabetes (n=38) (B), and PWH who were prediabetic/
diabetic (h=68) (C). HDL indicates high-density lipoprotein cholesterol; HsCRP, high-
sensitivity C-reactive protein; and LDL, low-density lipoprotein cholesterol.

J Am Heart Assoc. 2022;11:€025768. DOI: 10.1161/JAHA.122.025768 9



€20C ‘vz Arenue[ uo Aq 310°sjeurnofeye,//:dyy woiy papeojumoq

Werede et al

Coronary Arterial Remodeling and Lower CD4

0.3

Mean corCSA cm?
(=]
b

=

(2]

Mean corCSA cm?

0.4

o
w

Mean corCSA cm?
=]
[

=]

o

0.44

0.14

i «'* R=0.19, p = 0.054
R = 0.079, p = 0.68

R =0.33, p=0.044
10 20 30 40 50
HIV Age, % (Duration ART/Age)

N, . 5
. il NP
— ) .
r—__.;4_;5 «* . v

:."- = e * L B = .
il . R'=-0057, p=057

R = -0.00099, p = 1°

2 =-0.13, p = 0.43

o

0.4

Mean corCSA cm?

0.1

0 500

1000

CD4 at start, cells/uL

.

e R = 0.095, p = 0.53
R =0.41, p = 0.05
0 4000 8000 12000

Cell HIV RNA (copies/ml)

Study group
== Diabetic
= Pre-Diabetic
wi= Non-Diabetic

Study group
=®= Diabetic
w@ pre-Diabetic
wi= MNon-Diabetic

Study group
=®= Diabetic
== pre-Diabetic
wi= Non-Diabetic

Study group

== piabetic
Non-Diabetic

B 04

Mean corCSA cm?
= =
1] {5

o
e

Mean corCSA cm?

0.1+

0.4+

Mean corCSA cm?

o
i

=
o

o
o

R = 0:28, p = 0.0038
o R =0.16, p = 0.45
10 20 30
Duration ART, yrs.
‘R =0.19, p = 0.054
iy R =0.078, p = 0.71
Sex
== Female
wip= Male
= 1
0 10 20 30 40 50
HIV Age, % (Duration ART/Age)
" R =-0.18, p = 0.067
. *  R=-0.35p=0.048
- 2 0.9z
Study group
== Diabetic

500

CD4 count, cells/uL

=@ Ppre-Diabetic
wip= Non-Diabetic

1000 1500

W

Mean éorCSA '-‘-',"3‘2
o ¢

o
=

¥ R=0.12, p = 0.42
R =0.43, p=0.04

Study group
== Diabetic
Mon-Diabetic

4000 6000

2000
Cell HIV DNA (copies/ml)

Figure 4. Mean coronary cross-sectional area (corCSA) positively correlates with duration of antiretroviral therapy (ART),
cell-associated HIV RNA/DNA, and negatively with CD4 T cell count.
Unadjusted correlation plots of mean corCSA and duration of ART in all persons with HIV (PWH) by diabetes status (A) and sex (B).
Similar correlation plot of mean corCSA and HIV age (a calculation of the duration of ART divided by age at study enrollment) stratified
by metabolic status (C) and sex (D). Mean corCSA was also measured against CD4 T-cell count at the start of therapy (E), CD4 at study
enrollment (F), cell-associated HIV RNA (G), and cell-associated HIV DNA (H). Spearman rank test was used for statistical analysis.
Note that the correlations are rank-based whereas the slopes are based on the original data, and therefore, they may not always be in
the same direction (eg, Spearman’s correlation=—0.016 for those who were nondiabetic in (F), but slightly positive slope with Pearson’s
correlation=0.17, P=0.33).
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Figure 5. Mean coronary cross-sectional area (corCSA) is correlated with antiretroviral therapy (ART) duration and the

current CD4 T-cell count.

Partial Spearman correlation analysis adjusted for cardiovascular disease risk factors (A), and with age removed from the model (B).
CAC indicates coronary artery calcium; CVD, cardiovascular disease; HbAlc, hemoglobin Alc; HTN, hypertension; and PWH, persons

with HIV.
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Figure 6. Mean coronary cross-sectional area (corCSA) correlation with HIV risk factors differs by diabetes among all PWH.
Partial Spearman correlation analysis adjusted for HbA1c, sex, and waist circumference in PWH without diabetes with (A) and without
age (B). A similar analysis in PWH with prediabetes and diabetes adjusted for HbA1c, waist circumference, HTN, sex, and CAC
prevalence with (C) and without age (D). ART indicates antiretroviral therapy; CAC, coronary artery calcium; HbA1c, hemoglobin Alc;

HTN, hypertension; and PWH, persons with HIV.

and IL-10. There were no significant differences in the
plasma cytokine levels by diabetes status except for
growth differentiation factor 15 (Figure 7A). Growth
differentiation factor 15 was higher in PWH with di-
abetes (P<0.0001). We also measured differences in
plasma cytokines between individuals with and with-
out CAC on imaging. Growth differentiation factor 15
(P<0.001), interferon-y (P=0.03), and sCD163 (P=0.04)
were higher in participants with CAC (Table 3). Partial
Spearman rank adjusted for CVD risk factors includ-
ing age, sex, HbAlc, hypertension, BMI, smoker
status, statin use, and CAC showed an inverse asso-
ciation between IL-10 and corCSA (p=-0.25, P=0.02)
among all PWH (Figure 7B). When we stratified this by
diabetes status, the correlation between corCSA and
plasma IL-10 in nondiabetic (P=0.11), prediabetic, and
diabetic PWH (P=0.05) was not statistically significant
(Figure 7C through 7D).

DISCUSSION

In this study, mean corCSA was used as a measure of
positive arterial remodeling from noncontrast CT imag-
ing and suggests that independent of diabetes, and

after adjusting for traditional CVD risk factors, PWH
on ART for a longer duration may have larger arteries,
which could partly be from noncalcified plaque and
inflammation of the vessel related to other processes
including HIV and co-infection with other viruses such
as cytomegalovirus.®® This would be consistent with
a previous study using CCTA in PWH, which showed
that positive remodeling was significantly greater when
there was mixed plaque with or without stenosis com-
pared with calcified plaque.’® Mean corCSA measured
by noncontrast CT imaging was associated with tradi-
tional risk factors, the strongest being age and HbA1c.
When we adjusted for traditional CVD risk factors, we
observed that ART duration and current CD4* T-cell
count were modestly associated with corCSA.

Unlike previous studies, our cohort included PWH
with a spectrum of metabolic disease and used non-
contrast CT imaging.”®?® There were notable dif-
ferences in significance between nondiabetic and
prediabetic/diabetic PWH, which is likely confounded
by nontraditional variables that we did not include in our
models. Stratification of our analysis by diabetes sta-
tus revealed that corCSA was positively correlated with
ART duration in PWH without diabetes but not in PWH
who were prediabetic or diabetic despite the latter 2
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Figure 7. Mean coronary cross-sectional area (corCSA) is negatively associated with plasma IL-10.

Box plots showing plasma cytokines from nondiabetic, prediabetic combined with diabetic PWH (A). Forest plot showing the adjusted
(age, sex, HbAlc, HTN, waist circumference, smoker status, statin use, and the presence of CAC) correlation between corCSA
and cytokines in all PWH (B), PWH without diabetes adjusted for age, HbAlc, sex, and waist circumference (C), and PWH who
were prediabetic/diabetic adjusted for age, HbA1c, sex, waist circumference, and the presence of CAC (D). Mann-Whitney test and
partial Spearman rank test were used for statistical analysis. CAC indicates coronary artery calcium; HbA1c, hemoglobin Alc; HTN,

hypertension; and PWH, persons with HIV.

groups having larger corCSA. Based on the clinical de-
mographics, this could not be attributed to a difference
in ART duration by metabolic status. Another variable,
CD4 T-cell count at the time of the study, was different
by metabolic status (P=0.05) and correlated modestly
with higher corCSA in prediabetic and diabetic PWH
only. These differences by metabolic disease suggest
that other factors related to diabetes may alter the cir-
culating immune cell profile, which may be important.
Residual cardiovascular risk in PWH after adjustment

for CVD risk is thought to be caused by multiple factors
including inflammation.?®3° A persistent HIV viral reser-
voir, its effect on CD4 T-cell counts, and other chronic
viral co-infections may be important. The relationships
between mean corCSA, ART duration, and CD4 T cells
suggest that HIV status and the effect of the virus on
CD4 T cells may contribute to coronary arterial remod-
eling in PWH and CVD risk.

IL-10 is a pleiotropic hemopoietic cytokine that
is broadly expressed by cells of both the innate and

Table 3. Inflammatory Cytokines of PWH Stratified by Coronary Calcium Prevalence

No coronary calcium

N N=78 Coronary calcium N=27 Combined N=105 P value
GDF-15 pg/mL 93 512 [293-928] 1155 [658-1662] 656 [347-1088] <0.001*
IL-16 pg/mL 100 0.20 [0.17-0.24] 0.16 [0.14-0.24] 0.19 [0.16-0.24] 041
IL-6 pg/mL 102 1.38[0.94-1.81] 1.48 [1.05-1.76] 1.41 [0.99-1.80] 0.4
IL-10 pg/mL 102 0.31[0.25-0.45] 0.27 [0.23-0.39] 0.30[0.24-0.44] 0.2
IFN-y pg/mL 102 5.4 [41-8.2] 6.5 [5.8-11.7] 6.0 [4.3-9.4] 0.03*
TNF-a pg/mL 102 1.23 [1.00-1.38] 1.41 [1.00-1.60] 1.26 [1.00-1.46] 0.1

N is the number of nonmissing values. Test used: Wilcoxon test. GDF-15 indicates growth differentiation factor 15; IFN-y, interferon-y; PWH, persons with

HIV; and TNF-«a, tumor necrosis factor a.
*Statistical significance defined as P<0.05.
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adaptive immune system, and largely functions as a
regulatory cytokine.®' Some studies in HIV-negative
populations have reported a positive correlation be-
tween plasma IL-10 and increased risk of cardiovas-
cular events.®%33 Other studies in PWH have reported
an increase in the likelihood of noncalcified coronary
plaque with lower plasma IL-10 levels,** and lower
carotid intima thickness with higher levels of IL-10 in
PWH.35 In our study, mean corCSA was inversely cor-
related with plasma IL-10 while there was no statistical
difference in the plasma IL-10 levels in those with and
without CAC. Diabetes status did not seem to change
the direction of the relationship between corCSA and
IL-10, although significance was lost because of a
smaller number of participants in the metabolic sub-
groups. Further studies are needed to understand
mechanisms, because administering IL-10 is not likely
to be an intervention in PWH, because of the possible
effect on HIV viral persistence.

As the life expectancy of PWH increases, there
has been an increased prevalence of diabetes, hy-
pertension, dyslipidemia, and other comorbidities
predisposing to CVD.*® Rates of myocardial infarc-
tion or coronary heart disease in PWH are higher
with approximately 2-fold increased relative risk com-
pared with HIV-negative controls.”3"-# This increased
risk remained even when controlled for potential
confounders such as socioeconomic status or viral
load.®% This study provides an additional clinical end
point that could be used in research studies aimed at
understanding mechanisms that drive CVD in PWH.
This is because mean corCSA is affected by noncal-
cified coronary plague and calcified coronary plaque
and may be used to revisit studies where noncontrast
CT imaging was obtained but only CAC was included
in the analysis.

This study has several limitations including the
cross-sectional design, which precludes the assess-
ment of causality. We focused on PWH with and with-
out diabetes and had an unequal number of males and
females with 80 males and 25 females, which may limit
the generalizability of our study. Furthermore, with our
cohort we are not able to differentiate the influence of
HIV alone or ART. For the latter, future studies that re-
cruit HIV-negative participants on HIV pre-exposure
prophylaxis would serve as an important control to ad-
dress the effect of ART in individuals where HIV is not a
factor. A lack of a matched HIV-negative control group
with and without diabetes would have added great
value to understanding how HIV-related factors relate
to corCSA. Future studies with larger cohorts and HIV-
negative control groups are needed to further elucidate
not only the differences and applicability of each study
but also answer whether mean corCSA is comparable
with positive remodeling measurements using CCTA to
stratify the HIV-risk factors of CVD compared with CAC.

J Am Heart Assoc. 2022;11:€025768. DOI: 10.1161/JAHA.122.025768
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CONCLUSIONS

CAC alone may not capture the risk of subclinical
atherosclerosis in PWH where noncalcified plaque
is predominant and additional risk factors, above the
traditional, significantly increase the risk of CVD. Our
study shows that current CD4* T cell and plasma IL-
10 are negatively associated with corCSA. Although
CCTA is an alternative used to capture additional
characteristics of subclinical CVD, the strong correla-
tion between corCSA measured by noncontrast CT
imaging and CCTA suggests that mean corCSA may
be an additional tool that can be utilized to stratify
CVD risks in PWH while avoiding the need for intra-
venous contrast as well as additional radiation expo-
sure. This measure can also be applied to existing
studies with archived noncontrast CTs. Future larger
studies linking CCTA and noncontrast CT imaging
with inflammatory markers will provide a better un-
derstanding of possible targets to improve outcomes
in PWH.
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Table S1. Clinical Demographics of PWH Stratified by Sex

HIV-positive N Female Male Combined Test Statistic
Individuals N=25 N=80 N=105
Age, Yrs. | 105 47 [40, 57] 48 [37, 55] 48 [38, 56] 0.6
Metabolic Status:
Non-Diabetic 105 0.28 7/ 35 0.38 30/ 4, 0.35 37/4¢5 0.5
Pre-Diabetic 0.32 8/25 0.35 28/30 0.34 36/105
Diabetic 0.40 10/ 25 0.28 22/ 80 0.30 32/105
Tobacco use: yes 103 0.328/ 55 0.22 Y/ 0.24 /103 0.3
Statin use: yes 98 0.52 13/ 55 0.33%/ 53 0.3837/g8 0.09
Anthropometric Measurements
Hip circumference (cm) 103 116 [108, 124] 107 [103, 116] 109 [104, 118] 0.002*
Body mass index | g 34.6 [31.5, 40.2] 30.7 [28.9, 34.9] 31.5[29.2,35.8] 0.003"
(kg/m?)
Waist circumfer ?:;j 103 108 [99, 113] 107 [98, 113] 107[98,113] 0.6
Laboratory Values
Fasting Blood glucose, |, 4 116 [95, 130] 106 [90, 124] 108[91,129] 0.2
mg/dL
Hemoglobin A1C, % | 104 5.7 [5.3, 6.0] 5.5 5.2, 6.0] 55(5.2,6.0] 0.4
Total ChO/ef;ZZ/i 105 197 [163, 208] 172 [152, 196] 175[157,202]  0.07
HDL, mg/dL | 105 49 [43, 61] 39[33, 49] 42[34,51] <0.001*
LDL, mg/dL | 103 104 [84, 124] 96 [83, 118] 99[83,120] 0.5
Triglycerides, mg/dL 105 122 [81, 192] 130 [85, 227] 127 [83,214] 0.8
Creatinine, mg/dl 105 00.8[0.7,1.0] 1.0[0.9,1.1] 1.0[0.9, 1.1] <0.0011*
HsCRP, mg/dL | 104 4.4[1.8,8.7] 2.7[1.3, 4.0] 2.9[1.4,4.6] 0.04*
HIV Laboratory Values
(D4 atART start, |, 423 [276, 574] 490 [298, 645] 465[296,643] 0.7
cells/mL
Duration on ART, Yrs. | 103 9.0[4.7,13.1] 6.814.2,11.7] 7.2[4.2,12.6] 0.2
CD4 count, cells/mL 105 940 [732, 1114] 829 [598, 1008] 840[673,1044] 0.08
CD4 count, % | 105 3936, 43] 36 [30, 40] 37[31,42] 0.02*
*Median CD4, cells/mL 105 844 (736, 1030] 784 (635, 936] 821[670,947] 0.1
*Mean CD4, cells/mL 105 845 [754, 1057] 787 [635, 923] 819 [670,939] 0.06
Hepatitis Cpos’“";té's’ 105 0.12¥ 0.09 /50 0.10%5 0.6
CD8 at enroliment, |, 777 [627, 890] 821 [662, 1084] 802 [660,1071] 0.3
cells/mL
White blood cells,
cells/mL 102 6.8 [6.0, 8.8] 6.8 [5.6, 8.5] 6.8[5.8,8.6] 0.6
Cell associated HIV .
RNA, copies/mL 45 435 [130, 1198] 1376 [531, 3358] 1075 [435,2932] 0.01
Cell associated HIV *
DNA, copies/mL 45 240 [140, 531] 720 [284, 1558] 466 [234,1362] 0.03
Computed Tomography Measurements
CAC prevalence: yes 105 0.16 %/ 55 0.29 %/ 0.26 27/105 0.2
Total CAC, au | 104 0.0 [0.0, 0.0] 0.0 [0.0, 11.9] 0.0[0.0,49] 03
corCSA ROI a, cm? 105 0.23[0.20, 0.29] 0.24 [0.19, 0.29] 0.23[0.19,0.29] 09
corCSA ROl b, cm? 105 0.20[0.17,0.24] 0.21[0.17,0.26] 0.21[0.17,0.26] 0.7
COrCSAROIc, cm? | 105 0.18[0.15,0.21] 0.19[0.14, 0.24] 0.19[0.14,0.24] 0.8
Mean corCSA, cm? | 105 0.24[0.18, 0.25] 0.22[0.17, 0.26] 0.21[0.17,0.26] 0.7

N is the number of non-missing values. * Median and Mean CD4 T cell counts over the duration of therapy.
Tests used: Kruskal-Wallis and Wilcoxon rank-sum test for continuous variables, and Pearson Chi-square test for categorical
variables * Statistical significance is defined as p<0.05




