2202 ‘TT Yo\ uo Aq Bio'sjeulnofeye//:dny wouy papeojumoq

Journal of the American Heart Association

ORIGINAL RESEARCH

Treated HIV Infection and Progression of
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BACKGROUND: Although =70% of the world’s population of people living with HIV reside in sub-Saharan Africa, there are
minimal prospective data on the contributions of HIV infection to atherosclerosis in the region.

METHODS AND RESULTS: We conducted a prospective observational cohort study of people living with HIV on antiretroviral
therapy >40 years of age in rural Uganda, along with population-based comparators not infected with HIV. We collected data
on cardiovascular disease risk factors and carotid ultrasound measurements annually. We fitted linear mixed effects mod-
els, adjusted for cardiovascular disease risk factors, to estimate the association between HIV serostatus and progression of
carotid intima media thickness (cIMT). We enrolled 155 people living with HIV and 154 individuals not infected with HIV and
collected cIMT images at 1045 visits during a median of 4 annual visits per participant (interquartile range 3-4, range 1-5).
Age (median 50.9 years) and sex (49% female) were similar by HIV serostatus. At enroliment, there was no difference in mean
cIMT by HIV serostatus (0.665 versus 0.680 mm, P=0.15). In multivariable models, increasing age, blood pressure, and non—
high-density lipoprotein cholesterol were associated with greater cIMT (P<0.05), however change in cIMT per year was also
no different by HIV serostatus (0.004 mm/year for HIV negative [95% CI, 0.001-0.007 mm)], 0.006 mm/year for people living
with HIV [95% ClI, 0.003-0.008 mm], HIVxtime interaction P=0.25).

CONCLUSIONS: In rural Uganda, treated HIV infection was not associated with faster cIMT progression. These results do not
support classification of treated HIV infection as a risk factor for subclinical atherosclerosis progression in rural sub-Saharan
Africa.
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been associated with increased rates of preclinical to a higher prevalence of traditional cardiovascular
atherosclerosis, cardiovascular events, and cardio- disease (CVD) risk profiles, the increased risk persists
vascular death.'-® Whereas a portion of the increased after adjusting for these factors.” Consequently, CVD

In the United States and Europe, HIV infection has risk among people living with HIV (PLWH) is ascribed
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CLINICAL PERSPECTIVE

What Is New?

e In one of the first cohort studies in sub-Saharan
Africa to include the collection of longitudinal
data on carotid intima thickness, we found no
difference in the presence or progression of ca-
rotid atherosclerosis over time between people
with and without HIV.

What Are the Clinical Implications?

e Qur data reinforce the need to promote local
risk factor and outcome data collection to bet-
ter elucidate the risk factors and public health
response to cardiovascular disease among
people living with HIV in sub-Saharan Africa.

Nonstandard Abbreviations and Acronyms

cIiMT carotid intima media thickness
NNRTI nonnucleoside transcriptase inhibitor
PLWH people living with HIV

UGANDAC Ugandan Non-communicable

Diseases and Aging Cohort Study

risk calculators appear to underestimate event risk in
this population.® Although the field awaits the results
of a large multinational study to assess the benefit of
empiric statin therapy for the prevention of CVD events
among PLWH with low to moderate risk,® the American
College of Cardiology now considers HIV infection as a
CVD risk enhancer.'®"

However, extrapolation of these data to HIV-
endemic settings has been challenged by the lack of
similarly supportive prospective data on relationships
between HIV infection and CVD in such settings.”
Although modeling studies suggest that a high bur-
den of CVD is attributable to HIV in sub-Saharan
Africa, these estimates presume that relationships
between HIV and CVD risk in the global north are gen-
eralizable to the global south.'® To date, few primary
studies from sub-Saharan Africa have estimated as-
sociations between HIV and CVD risk. The majority of
such studies have focused on risk factor prevalence,
have assessed CVD risk before antiretroviral therapy
(ART) suppression, have lacked HIV-uninfected com-
parator groups, and/or have been primarily cross-
sectional in nature (particularly in the case of studies
of atherosclerosis).'#28

Studies among appropriately matched people with
and without HIV infection and monitored over time are
needed to better advise CVD guidelines for PLWH in
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sub-Saharan Africa. To address this gap in the litera-
ture, we enrolled individuals with treated HIV infection
from an ambulatory clinic in Uganda and sex-matched
and age-matched comparators not infected with HIV
from the clinic catchment area into a longitudinal pro-
spective cohort study. Participants were followed
annually for a median of 4 years to measure the pro-
gression of carotid atherosclerosis. Our overarching
aim was to determine the contribution of treated HIV
infection to preclinical atherosclerosis progression in
rural sub-Saharan Africa. We hypothesized that, after
adjustment for CVD risk factors, HIV serostatus would
confer increased risk of carotid atherosclerosis pro-
gression over time.

METHODS

Because of the sensitive nature of the data collected
for this study, requests to access the data set from
qualified researchers trained in human subject confi-
dentiality protocols may be sent to the corresponding
author.

Study Setting and Participants

The UGANDAC (Ugandan Non-communicable
Diseases and Aging Cohort Study) was a longitudinal
prospective cohort study that enrolled PLWH taking
ART and HIV-uninfected, population-based compara-
tors (NCT02445079). We have reported full details of
the study design previoulsy.?'?"?8 We recruited PLWH
age >40 years and on ART for a minimum of 3 years
from the HIV clinic at the Mbarara Regional Referral
Hospital Immune Suppression Syndrome Clinic. The
HIV clinic serves a catchment area that includes the
periurban Mbarara area and a large expanse of rural
subdistricts in the region. After recruitment of PLWH,
we recruited sex-matched and age-matched (by quar-
tile of the PLWH population) comparators in a 1:1 ratio
from the clinic catchment area using census data from
a population-based partner study.?® We conducted
2 waves of enrollment between December 2013 and
December 2014 and between July 2015 and June
2016.

Study Procedures

Study participants were seen once annually for collec-
tion of measures until study completion in May 2018.
Before each encounter, individuals not infected with HIV
underwent confirmatory HIV testing following Ugandan
Ministry of Health HIV Testing Guidelines.3° At each visit,
research nurses collected CVD risk factor data including
smoking history, blood pressure measurements (Omron
Healthcare Inc., Bannockburn, IL), hemoglobin Alc test-
ing (Siemens Vantage, Siemens Healthcare Diagnostics,
Tarrytown, NY), and blood samples for lipids and
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inflammatory markers, which were cryopreserved at
-80°C and later tested at the Laboratory for Clinical
Biochemistry Research at the University of Vermont, as
previously described.?® CD4 count and viral load data
were abstracted from the HIV clinic database.

Carotid Ultrasound Measurement and
Interpretation

Two study staff members (J.H.K. and P.B.) were trained
in carotid ultrasonography through the University of
Wisconsin Carotid Intima Media Thickness Course
and conducted all ultrasonography procedures.®!
Ultrasound images were collected using a Sonosite
M-Turbo machine (Sonosite, Bothell, WA). We used a
standardized imaging protocol to collect bilateral ca-
rotid artery images from the anterior, lateral, and pos-
terior positions.®? Full interpretation and quality control
methods for image interpretation have been described
previously.?" In brief, we used a semiautomated edge-
detection software platform (SonoCalc, Version 5.0,
Sonosite) to measure 1-cm segments of the distal wall
of the common carotid artery just proximal to the bulb,
resulting in up to 6 carotid intima media thickness
(cIMT) measures per participant per visit. All measure-
ments were confirmed by a single reader (I.Y.) and re-
viewed for quality control by the study board-certified
cardiologist (L.C.H.). Images of poor quality and those
that were not captured at the same anatomical posi-
tion required to measure the similar segment of the
common carotid artery as other years in the study
were discarded from the analysis.

Statistical Analysis

We first summarized the median observation time,
compared reasons for dropout, and summed the pro-
portion of high-quality cIMT images (both overall and
by HIV serostatus). To assess for a possible bias at-
tributed to loss from observation, we also compared
sociodemographic and clinical factors between par-
ticipants who completed <2 versus >3 study vistis. We
then compared sociodemographic and CVD factor
risk data, including Framingham risk score,®® by HIV
serostatus. We used mixed effects regression models
to test the hypothesis that HIV infection was associ-
ated with the magnitude and trends over time of pre-
clinical carotid atherosclerosis. Our primary outcome
of interest was annual mean cIMT, estimated as the
average value of all cIMT measures at each study visit.
Our primary exposures of interest were HIV serostatus
and years of observation. We fitted linear mixed effects
models with time-updated mean cIMT as the outcome
variable, a random effect for individual, HIV serostatus,
time (years of observation), an HIV-by-time product
term, and the following potential confounder variables
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(enrollment value carried forward, unless otherwise
indicated): age, sex, mean systolic blood pressure,
mean diastolic blood pressure, glycated hemoglobin
Alc, smoking status (never, former, current), body
mass index (categorized as <18.5, 18.5-25, 25-30,
>30 kg/m?), total cholesterol (per mg/dL), high-density
lipoprotein (HDL; per mg/dL), non-HDL cholesterol (per
mg/dL), creatinine (per mg/dL), aloumin (per g/dL), log-
transformed hs-CRP (high-sensitivity C-reactive pro-
tein; per mg/L), log-transformed soluble CD14 (per ng/
mL), log-transformed soluble CD163 (per ng/mL), and
log-transformed interleukin-6 (per pg/mL).

We fitted the following 4 sets of models: (1) sin-
gle variable models including each covariate only;
(2) multivariable models that included each covariate
and adjusted for age and study observation time; (3)
a multivariable model including all covariates, aside
from biomarkers of inflammation, that reached statis-
tical significance (as indicated by a P value of <0.25)
for an association with mean cIMT in the age and ob-
servation time-adjusted models; and (4) a final mul-
tivariable model similar to model 3 with the addition
of biomarkers of inflammation. For collinear variables
achieving significance in minimally adjusted models
(eg, total cholesterol and non-HDL cholesterol), we
selected the variable with the greatest z score for
incorporation into the multivariable model. The mul-
tivariable models included terms for HIV serostatus
(to estimate the contribution of HIV to mean cIMT at
enrollment), observation time at each visit (to estimate
the change in mean cIMT over time in HIV-negative
individuals), and a product term for HIV by observa-
tion time (to estimate the difference in change in mean
cIMT over time between PLWH and comparators not
infected with HIV).

Finally, we repeated the aforementioned process
but restricted the analytic sample to PLWH and in-
cluded HIV-specific explanatory variables, including
CD4 count nadir (cells/gL), CD4 count at enroliment
(cells/pL), time-updated CD4 count (cells/pL), viral sup-
pression at enrollment (defined as below the limit of
the assay used, which ranged from 40 to 550 copies/
mL), time-updated viral suppression, and the use of a
protease inhibitor versus a NNRTI (honnucleoside tran-
scriptase inhibitor)-based regimen.

Ethical Considerations

The study protocol was reviewed and approved
by human subjects research review committees at
Mbarara University of Science and Technology, Mass
General Brigham, and the Ugandan National Council
of Science and Technology. All participants gave
signed informed consent or, for those unable to write,
provided a thumbprint in the presence of a witness.
Data requests from researchers with human subjects
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confidentiality training may be sent to Mark Siedner at
msiedner@mgh.harvard.edu.

RESULTS

A total of 309 individuals, including 155 (50%) PLWH,
were enrolled between December 2013 and May
2016. All enrolled participants contributed at least 1
cIMT measurement to the analysis. Valid cIMT meas-
urements were collected at 1045 of 1108 (94%) study
visits during a median of 4 annual visits (interquartile
range [IQR], 3-4; range, 1-5) and over a median of
3.0 years of observation time (IQR, 2.0-3.2; range, 0-
4.3 years). Data from 1036 of these 1045 visits (99%)
had complete covariate data and were included in mul-
tivariable models. The proportion of visits with a valid
cIMT measurement was similar among participants not
infected with HIV (485/523 [93%)]) and among PLWH
(560/585 [96%)]). The number of visits per participant
is summarized in Table S1 and was determined largely
by the duration of time between enrollment and study
closure. Demographic and clinical characteristics for
participants completing <2 versus >3 cIMT visits are
presented in Table S2. The 2 groups were similar, save
a moderately lower proportion of women who com-
pleted >3 visits.

Of the 309 enrolled participants, 278 (90%) were re-
tained until study closure. Of the other 31 individuals,
12 (38.9%) were PLWH, and the reasons for dropout
were the following: 14 (4.5%) disenrolled, 9 (2.9%) were
deceased, 6 (1.9%) were lost to follow-up, and 2 (0.7%)
individuals not infected with HIV were disenrolled after
an HIV seroconversion.

By design, participant sex (48.9% female) and me-
dian age at enrollment (50.9 years; IQR, 47.8-55.3)
were similar by HIV serostatus (Table 1). Compared
with individuals not infected with HIV, PLWH had
lower systolic blood pressure (112.5 mm Hg versus
117.8 mm Hg; P=0.01) and lower diastolic blood
pressure (69.0 mm Hg versus 77.0 mm Hg; P<0.001),
and fewer were ever smokers (P<0.001). This combi-
nation of features led to a lower 10-year Framingham
risk score among PLWH compared with the par-
ticipants not infected with HIV (4.5% versus 6.1%;
P=0.02). A similar proportion of participants had a re-
ported history of hypertension in both groups (11.6%
versus 13.6%; P=0.59), yet among those with such
a history, PLWH were significantly more likely to re-
port taking antihypertension therapy (66.7% versus
28.6%; P=0.02).

Compared with comparators not infected with HIV,
PLWH had higher mean levels of hs-CRP and soluble
CD14 at enroliment (P<0.001). The majority of PLWH
(142/155, 92%) were taking an NNRTI-based regi-
men at enrollment. The median nadir CD4 count was
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118 cells/pL (IQR, 74-183), but most had attained im-
mune reconstitution with a median CD4 count by study
enrollment (median, 433 cells/uL; 1QR, 335-559), and
most (133/155, 85.8%) had a viral load less than the
limit of detection at enroliment. The majority remained
virally suppressed throughout the observation period
(113/155, 72.9%).

Unadjusted mean cIMT at enrollment was 0.665 mm
among PLWH and 0.680 mm among participants
not infected with HIV (difference, 0.017 mm; 95% ClI,
—0.006 to 0.041 mm; P=0.15). In single-variable, mixed
effects regression models, multiple CVD risk factors,
including older age, female sex, current smoking, and
higher measures of systolic and diastolic blood pres-
sure, hemoglobin Alc, body mass index, total and
non-HDL cholesterol, and hs-CRP, were all associated
with mean cIMT (Table 2).

In unadjusted models, mean cIMT increased
by 0.005 mm/year of observation (95% CI, 0.003-
0.007 mm/year) and was no different by HIV se-
rostatus (HIV negative 0.004 mm/year [95% Cl,
0.001-0.007 mm/year] versus PLWH 0.006 mm/year
[95% CI, 0.003-0.008 mm/year], HIV-by-time inter-
action; P=0.32). In multivariable models adjusted for
CVD risk factors, HIV serostatus was associated with
neither mean cIMT at enrollment (mean difference,
-0.014 mm; 95% CI, 0.034-0.006 mm; P=0.17) nor
with progression of mean cIMT over time (difference,
0.002 mm/year; 95% CI, —0.002 to 0.006 mm/year,
HIV-by-time interaction; P=0.25; Figure). Addition of in-
flammatory markers to the model did not have mean-
ingful effects on associations between HIV and cIMT at
enrollment or progression over time (Table 2).

In models restricted to PLWH, we found that age,
systolic blood pressure, non-HDL cholesterol, hs-CRP,
and years of observation were associated with cIMT
(Table 3). In models adjusted for time-updated CD4
count and viral load, we found that use of protease
inhibitor-based ART at enrollment was associated with
increased cIMT compared with use of NNRTI-based
ART (0.047 mm; 95% CI, 0.010-0.084 mm), but that
time-updated CD4 count and HIV-1 RNA viral suppres-
sion were not.

DISCUSSION

In a prospective observational HIV cohort study in
rural Uganda with >1000 annual study visits over
a median of 4 visits per participants, we found no
evidence for an increased prevalence or progres-
sion of preclinical atherosclerosis among individuals
with treated HIV infection compared with compara-
tors not infected with HIV in rural Uganda. Our re-
sults are generally consistent with other data from
sub-Saharan Africa, which, unlike many studies from
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Table 1. Participant Characteristics at Enrollment

HIV and Carotid Atherosclerosis in Uganda

Characteristic Total Cohort (n=309) HIV- (n=154) PLWH (n=155) P Value*
Age, y 50.9 (47.8 to 55.3) 51.0 (48.1 t0 55.7) 50.8 (47.3 to 54.9) 0.42
Female sex 151 (48.9) 77 (50.0) 74 (47.7) 0.69
Mean systolic BP, mm Hg 114.5 (105.5 to 126.5) 117.8 (108 to 131.5) 112.5 (100.0 to 120.0) 0.01
Mean diastolic BP, mm Hg 73.0 (66.0 to 81.5) 77.0 (68.5 to 84.0) 69.0 (63.5to 79.0) <0.001
HbA1c, % 5.3(6.0t05.7) 5.5(5.2t05.9) 5.2 (5t05.6) 0.26
Smoking category <0.001

Never 163 (52.8) 72 (46.8) 91 (68.7)

Former 105 (34.0) 50 (32.5) 55 (35.5)

Current 41 (13.9) 32 (20.8) 9 (5.8
BMI, kg/m? 21.8 (19.6 t0 25.2) 21.6 (19.1 t0 24.9) 22.0 (19.9t0 25.2) 0.26
BMI category, kg/m? 0.04

18-25 197 (63.8) 94 (61.0) 103 (66.5)

<18 32 (10.4) 23 (14.9) 9(5.8)

25-30 51 (16.5) 21 (13.6) 30 (19.4)

>30 29 (9.4) 16 (10.4) 13(8.4)
Total cholesterol, mg/dL 160 (136 to 182) 161 (139 to 181) 160 (131 to 183) 1.0
HDL cholesterol, mg/dL 45 (36 to 53) 45 (37 to 52) 44 (36 to 55) 0.49
Non-HDL cholesterol, mg/dL 108 (91 to 136) 108 (92 to 136) 108 (91 to 139) 0.71
Creatinine, mg/dL 0.77 (0.70 to 0.84) 0.77 (0.71 t0 0.84) 0.76 (0.69 to 0.84) 0.57
Albumin, g/dL 4.3 (4110 4.5) 4.3 (41 t04.5) 4.3 (410 4.5) 0.75
Framingham 10-y risk, % 5.2(291t08.9) 6.1 (31t09.4) 4.5(27107.8) 0.02
Reported history of hypertension, 39 (12.6) 21 (13.6) 18 (11.6) 0.59
%
Current use of antihypertensive 18 (46.1) 6 (28.6) 12 (66.7) 0.02
therapy, %
Log10 hs-CRP, mg/L -0.10 (-0.40 t0 0.38) -0.22 (-0.64 to -0.16) 0.11 (-0.30 to 0.50) <0.001
Log10 soluble CD14, ng/mL 312 (3.03 t0 3.22) 3.08 (3.01 to 3.16) 317 (3.08 to 3.25) <0.001
Log10 soluble CD163, ng/mL 2.69 (2.56 to 2.80) 2.70 (2.56 t0 2.82) 2.68 (2.56 to 2.79) 0.16
Log10 IL-6, pg/mL -0.40 (-0.53 to -0.22) -0.40 (-0.52 to -0.27) -0.40 (-0.53 to —-0.18) 0.53
Log10 FABP-2, pg/mL 3.22 (3.07 t0 3.37) 3.20 (3.0510 3.32) 3.25(3.08 t0 3.42) 0.01
Nadir CD4 count, cells/pL N/A N/A 118 (74 t0 183)
Enroliment CD4 count, cells/pL N/A N/A 433 (335 to 559)
Virologic suppression at N/A N/A 133 (85.8)
enrollment
Sustained virologic suppression N/A N/A 113 (72.9)
during observation
cIMT study visits completed 3 (4to4) 3 (2to4) 4 (3to 4) 0.002

Data are provided as number (percentage) or median (interquartile range). BMI indicates body mass index; BP, blood pressure; cIMT, carotid intima media
thickness; FABP-2, fatty acid binding protein-2; HDL, high-density lipoprotein; HbA1c, hemoglobin Alc; hs-CRP, high-sensitivity C-reactive protein; IL-6,

interleukin 6; N/A, not applicable; and PLWH, people living with HIV.

* Pvalues represent comparisons of summary measures between people living with HIV and HIV-uninfected individuals using rank-sum testing for nonnormally
distributed continuous variables, t tests for normally distributed continuous variables, and ¥ testing for categorical variables.

the global north, have demonstrated null or inverse
associations between HIV infection and preclinical
atherosclerotic burden.34-%6 In 1 important exception,
a large study from South Africa (n=1927) detected
higher mean cIMT among older PLWH on ART com-
pared with comparators not infected with HIV and
PLWH not on ART.%” QOur study builds on prior work
with long-term prospective observation to measure
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progression of disease over time. Although addi-
tional longitudinal data from sub-Saharan Africa that
capture CVD events will be required to conclusively
elucidate these relationships, our results do not pro-
vide evidence for an increased risk of atherosclerosis
among PLWH on ART treatment in the region.
Overall, we found a low rate of progression of ca-
rotid atherosclerosis in this Ugandan subpopulation
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Figure. Scatter plot and model-adjusted estimates of mean cIMT by HIV serostatus over 4 years of observation in Uganda.
cIMT indicates carotid intima media thickness. Estimates derived from a linear mixed effects model with cIMT as outcome and
the following predictors of interest: sex, age, diastolic blood pressure, hemoglobin Alc, non-HDL cholesterol, and high-sensitivity

C-reactive protein.

among the total cohort of PLWH and participants
who were HIV negative (0.004 mm/year; 95% Cl,
0.001-0.007). By contrast, numerous clinical cohort
studies in the United States that include PLWH have
tended to demonstrate substantially greater progres-
sion in common carotid atherosclerosis over time
among both PLWH and comparators not infected
with HIV, ranging from ~0.006 to 0.050 mm/year.8-41
Despite the low rates of progression demonstrated,
we estimated a nonsignificantly greater rate of cIMT
progression among PLWH compared with compar-
ators not infected with HIV in Uganda (difference
of 0.002 mm/year; 95% CI, —0.002 to 0.006 mm/
year). Although this null finding might be attribut-
able to limited power, the Cls we estimated at least
partially exclude a clinically meaningful effect of HIV
on atherosclerosis progression. For example, large
observational cohorts and a recently published
meta-analysis including >100 000 individuals have
demonstrated that a threshold change in cIMT of
0.010 mm/year is required to predict a 10% increased
rate of CVD events.*>43 Nonetheless, the upper limit
of our 95% CI (0.06 mm/year) does not fully exclude
a clinical significant increased rate of change over
time among PLWH.

J Am Heart Assoc. 2021;10:e019994. DOI: 10.1161/JAHA.120.019994

Data from the global north have largely demon-
strated relationships between HIV infection and athero-
sclerotic disease that appear to exceed risk afforded
by traditional factors.**®" Notably, studies from the
United States investigating the effect of HIV infection
on cIMT progression are somewhat less robust, with
reports variously demonstrating large and null effect
sizes.38:40.52538 However on balance, the body of liter-
ature in this area has resulted in advocacy to include
HIV as CVD risk enhancer in guidelines.”®"" The ef-
fect of HIV infection on CVD risk tends to be greatest
among people with lower CD4 counts and detectable
viremia,?>®+%% put whether such relationships apply to
other populations is less well established. Similar to
data from the global north, in this cohort from Uganda,
we showed persistent elevations in markers of in-
flammation among ART-treated PLWH with immune
reconstitution compared with individuals not infected
with HIV?® and that elevated hs-CRP was associated
with preclinical atherosclerosis.*®% Also similar to
prior data, we found preliminary evidence that use of
older generation protease inhibitor-based ART (86%
of those taking protease inhibitor-based therapy were
on lopinavir/ritonavir) was associated with greater cIMT
in models adjusted for age, viral load suppression,
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Table 3. Mixed Effects Linear Regression Models for Correlates of Carotid Intima Thickness Restricted to People Living
With HIV Over 4 Years of Observation in Rural Uganda

Age-Adjusted and Year-Adjusted
Unadjusted Models Models Fully Adjusted Model
Characteristic Coefficient (95% CI) P Value Coefficient (95% Cl) P Value Coefficient (95% Cl) P Value
Age, pery 0.006 (0.004 to 0.008) <0.001 N/A 0.006 (0.004 to 0.008) <0.001
Female sex -0.006 (-0.034 to 0.022) 0.68 -0.001 (-0.026 to 0.025) 0.96
Mean systolic BP, mm Hg 0.001 (0.000 to 0.002) 0.005 0.001 (0.000 to 0.002) 0.03 0.001 (0.000 to 0.001) 0.06
Mean diastolic BP, mm Hg 0.001 (0.000 to 0.002) 0.08 0.001 (0.000 to 0.002) 0.05
HbAtc, % 0.017 (0.003 to 0.031) 0.02 0.017 (0.005 to 0.029) 0.007 0.008 (-0.005 to 0.022) 0.21
Smoking category
Never Reference Reference Reference
Former -0.011 (-0.044 to 0.022) 0.53 -0.019 (-0.049 to 0.010) 0.20 -0.023 (-0.053 to 0.008) 0.15
Current -0.041 (-0.108 t0 0.027) 0.24 -0.043 (-0.108 t0 0.017) 0.16 -0.034 (-0.094 to 0.026) 0.27
BMI category, kg/m?
18-25 Reference Reference Reference
<18 —-0.013 (-0.080 to 0.055) 0.71 -0.043 (-0.104 t0 0.018) 017 -0.042 (-0.101 t0 0.017) 0.16
25-30 0.016 (-0.024 to 0.056) 0.44 0.000 (-0.035 to 0.036) 0.98 -0.031 (-0.069 to 0.007) 0.1
>30 0.037 (-0.020 to 0.094) 0.20 0.019 (-0.032 to 0.070) 0.46 -0.020 (-0.073 to 0.033) 0.45
Total cholesterol, 10 mg/dL 0.006 (0.002 to 0.010) 0.003 0.004 (0.001 to 0.008) 0.02
HDL cholesterol, 10 mg/dL 0.005 (-0.007 to 0.017) 0.39 0.004 (—-0.006 to 0.015) 0.44
Non-HDL cholesterol, 0.006 (0.002 to 0.011) 0.01 0.005 (0.001 to 0.009) 0.02 0.004 (0.000 to 0.008) 0.04
10 mg/dL
Creatinine, mg/dL -0.023 (-0.125 t0 0.079) 0.66 0.000 (-0.091 to 0.092) 0.99
Albumin, g/dL -0.001 (-0.041 to 0.040) 0.98 -0.003 (-0.039 to 0.033) 0.87
Log10 hs-CRP, mg/L 0.040 (0.012 to 0.069) 0.005 0.020 (-0.007 to 0.047) 014 0.025 (-0.002 to 0.051) 0.07
Log10 soluble CD14, ng/mL | —0.053 (-0.182 to 0.075) 0.42 —-0.042 (-0.158 to 0.074) 0.48
Log 10 soluble CD163, ng/ 0.045 (-0.043 to 0.133) 0.32 0.037 (-0.043 to 0.116) 0.37
mL
Log10 IL-6, pg/mL 0.028 (-0.021 to 0.077) 0.27 0.021 (-0.023 to 0.065) 0.36
Log10 FABP-2 0.014 (-0.049 to 0.077) 0.66 0.028 (-0.028 to 0.085) 0.33
Pl-based ART (vs NNRTI) 0.028 (-0.015 to 0.071) 0.20 0.042 (0.002 to 0.082) 0.04 0.047 (0.010 to 0.084) 0.05
CD4 count nadir, cells/uL 0.000 (0.000 to 0.000) 0.07 0.000 (0.000 to 0.000) 0.79
CD4 count at enrollment, 0.000 (0.000 to 0.000) 0.30 0.000 (0.000 to 0.000) 0.69
100 cells/uL
Time-updated CD4 count, 0.002 (-0.002 to 0.007) 0.30 -0.000 (-0.005 to 0.004) 0.89
100 cells/pL
Viral load suppression at 0.032 (-0.012 to 0.077) 0.15 0.009 (-0.032 to 0.050) 0.44
enrollment
Time-updated viral load 0.014 (0.001 to 0.027) 0.03 0.010 (-0.003 to 0.022) 014 0.010 (-0.002 to 0.022) 0.12
Years of observation 0.006 (0.003 to 0.008) <0.001 N/A 0.005 (0.003 to 0.008) <0.001

ART indicates antiretroviral therapy; BMI, body mass index; BP, blood pressure; FABP-2, fatty acid binding protein-2; HbA1c, hemoglobin Alc; HDL, high-
density lipoprotein; hs-CRP, high-sensitivity C-reactive protein; IL-6, interleukin 6; N/A, not applicable; NNRTI, nonnucleoside reverse transcriptase inhibitor;

and PI, protease inhibitor.

and CVD risk factors.5"-6% Thus, the pathophysiologic
mechanisms by which HIV and its treatment putatively
contribute to atherosclerotic CVD risk appear to apply
to sub-Saharan African populations as well.®!

Notably, unlike in the United States, where tra-
ditional CVD risk factors tend to be worse among
PLWH in many cohorts,”®? we found an inverse rela-
tionship in our cohort, such that PLWH had improved
profiles and lower Framingham risk scores than age

and sex-matched uninfected comparators. Indeed,
evidence is emerging across the sub-Saharan African
region that, although PLWH in sub-Saharan Africa also
have evidence of chronic immune activation despite
suppressive ART,?8.8364 they appear to have favorable
traditional CVD risk profiles compared with people
without HIV,16.198566 npotentially attributed to the fact
that the HIV care programs have become de facto
and well-funded primary care platforms not typically

J Am Heart Assoc. 2021;10:e019994. DOI: 10.1161/JAHA.120.019994 8
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afforded to the general public.” We found some sup-
porting evidence of this phenomenon in this cohort,
with a greater proportion of PLWH with self-reported
hypertension taking antihypertensives compared with
individuals not infected with HIV with self-reported
hypertension. Although the ultimate effect of these
countervailing forces remains unknown, our data lend
support to a hypothesis that relatively improved CVD
risk profiles among PLWH might reduce the deleteri-
ous effect of chronic inflammation to preclinical ath-
erosclerotic risk.

Our data reinforce the importance of improving pri-
mary healthcare delivery in sub-Saharan Africa to tar-
get CVD risk factor monitoring and control. High blood
pressure, impaired glucose tolerance, high cholesterol,
and in unadjusted models, higher body mass index
predicted a greater degree of carotid atherosclerosis
in our cohort. Whereas primary care guidelines for HIV
care are robust and largely successful across sub-
Saharan Africa, similar funding for and public health
attention to CVD risk factor screening, awareness, and
interventions in the general population has been com-
paratively scant in the region.%8""

This study was strengthened through prospective
observation of individuals over multiple years and se-
lection of community-dwelling, age-matched and sex-
matched comparators not infected with HIV enrolled
from the same geographic region as PLWH. The va-
lidity of our results is further supported by the fact that
multiple traditional risk factors, including high blood
pressure, elevated hemoglobin Alc, dyslipidemia,
older age, and observation time correlated with greater
cIMT.

As with all observational cohort studies, our results
are susceptible to unmeasured and residual confound-
ing. Although this is among the largest longitudinal
cohorts involving PLWH with carotid ultrasonography
in the region, our Cls, which extend to 0.06 mm/year
difference in progression between PLWH and individ-
uals not infected with HIV, allow for the possibility of
a deleterious (or beneficial) impact of HIV on athero-
sclerosis. Moreover, our primary outcome of interest,
cIMT, is a preclinical surrogate marker of atheroscle-
rosis, which is a validated predictor of CVD events in
the global north.*37273 However, validation data are not
available for sub-Saharan Africa. cIMT measurement
is also susceptible to variability between technicians
and readers. We attempted to mitigate these effects
through standardized training of ultrasonographers,
use of semiautomated detection software, and review
of all images by a board-certified study cardiologist.
Finally, our results should only be generalized to similar
populations, which include PLWH enrolled in routine
care who have largely achieved successful virologic
suppression in resource-limited, periurban and rural
locales in the region.

J Am Heart Assoc. 2021;10:e019994. DOI: 10.1161/JAHA.120.019994
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In summary, we found significant contributions of
traditional CVD risk factors, but not of treated HIV in-
fection, on carotid atherosclerosis over 4 years among
older individuals in Uganda. We found that PLWH had
increased biomarkers of inflammation but improved
CVD risk profiles and suspect that these forces might
offset each other. Future work in this area should con-
sider the effect of HIV on CVD outcomes and explore
broadening access to primary care of CVD disease
within the general population.
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Table S1. Total visits with a cIMT measurement by study group.

Total cIMT Total Cohort HIV- (n=154) PLWH (n=155)
Visits
1, n (%) 21 (7%) 17 (11%) 4 (3%)
2, n (%) 35 (11%) 25 (16%) 10 6%)
3, n (%) 97 (31%) 38 (25%) 59 (38%)
4,n (%) 119 (39%) 66 (43%) 53 (34%)
5,n (%) 37 (12%) 8 (5%) 29 (19%)

PLWH: People living with HIV
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Table S2. Participant demographic and clinical characteristics at enrollment by completion

of three or more study visits.

Completed two or Completed three or more cIMT P-value
fewer cIMT Visits visits (n=253)
Characteristics (n=56)
Age, median (IQR) 51 (49, 56) 51 (47, 55) 0.29
Female sex, n (%) 34 (61%) 117 (46%) 0.05
Systolic blood pressure, median 114 (107, 120) 115 (105, 128) 0.17
(IQR)
Hemoglobin Alc (median, IQR) 54 (4.1,5.9) 5.3(5.0,5.7) 0.48
Smoking history (n, %) 0.30
Never 27 (48%) 136 (54%)
Former 18 (32%) 87 (34%)
Current 11 (20%) 30 (12%)
Body mass index, median (IQR) 20.9 (18.6, 24.6) 22.0 (19.7, 25.2) 0.10




