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ABSTRACT

Objectives: The effects of HIV and antiretroviral therapy (ART) on microvascular function are poorly explored. We compared
retinal vessel functional responses to flicker light-induced provocation (FLIP) in people living with HIV (PLWH) and people
living without HIV (PLWoutH).

Methods: We included 115 PLWH and 51 PLWoutH with a median age of 41 years. Treated PLWH received similar first-line
fixed-dose combination ART. Clinical characteristics and retinal vessels functional responses to FLIP were compared in (a)
PLWH and PLWoutH; and (b) PLWH groups stratified by the median of (i) CD4-count (511 cells/mm?3), (ii) viral load (50 copies/
mL), and (iii) ART duration (57.6 months).

Results: PLWH were older, smoked more, and had a lower prevalence of hypertension than PLWoutH (p <0.05). Almost 64% of
PLWH were infected for more than 5years. Retinal vessel responses to FLIP were similar between PLWH and PLWoutH after
taking confounders into account. In addition, PLWH subgroups stratified according to immuno-virological status by CD4-count,
viral load, and ART duration showed no differences in retinal vessel responses to FLIP.

Conclusion: Living with HIV and receiving ART were not associated with altered microvascular function as assessed with
dynamic retinal vessel analysis in a South African case—control study.

Abbreviations: ANCOVA, analysis of covariance; ART, antiretroviral therapy; AUCy, |, area under the curve during flicker light-induced provocation; AUC,,, rest-after-flicker area under the
reaction curve; CD4, cluster of differentiation; CRP, c-reactive protein; CVD, cardiovascular disease; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; FLIP, flicker
light-induced provocation; HbA1lc, glycated hemoglobin Alc; HDL-C, high-density lipoprotein cholesterol; HIV, human immunodeficiency virus; I1-6, interleukin-6; LDL-C, low-density
lipoprotein cholesterol; MAP, mean arterial pressure; NNRTI, non-nucleoside reverse transcriptase inhibitors; NRTI, nucleoside reverse transcriptase inhibitors; NWU, North-West University;
PLWH, people living with HIV; PLWoutH, people living without HIV; PP, pulse pressure; SBP, systolic blood pressure; SCOPE, study of the consequences of the protease inhibitor era.
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1 | Introduction

A bi-directional relationship between viral infections and car-
diovascular disease (CVD) is evident, where viral infection may
increase CVD risk, and the presence of CVD may increase the
susceptibility to viral infection [1]. Sub-Saharan Africa has a
high prevalence of CVD, and it has the highest number of people
living with the human immunodeficiency virus (PLWH) [2, 3].
CVD and HIV, the most critical noncommunicable and com-
municable diseases, respectively, in South Africa, significantly
strain the country's public healthcare system and economy
[4, 5]. A meta-analysis of CVD risk among PLWH found that
the virus accounted for more than 15% of South Africa's CVD
burden [6]. The virus and specific antiretroviral therapies (ART)
particularly contribute to, among others, chronic inflammation,
dyslipidemia, and hypertension which creates a milieu primed
for vascular endothelial injury and dysfunction [2, 5, 7].

The interaction between HIV, ART, and vascular function is
complex, evidenced by contradicting findings in the literature.
Living with HIV and receiving ART have been related to arterial
stiffness [8] and impaired macrovascular endothelial function
[9] in developed countries. Long-term ART has been associ-
ated with markers of endothelial dysfunction in PLWH from
Botswana [10], but endothelial activation appeared to be greater
in ART naive PLWH from a South African study [11]. However,
recent studies reported no differences in macrovascular struc-
ture and function [12, 13] or markers of early vascular aging [14]
between PLWH receiving treatment and HIV-free participants
in South Africa.

Few studies investigating the vascular effects of HIV and ART
have considered microvasculature effects. The optimal per-
formance of the microcirculation ensures adequate tissue per-
fusion. By regulating vascular tone, inflammatory responses,
solute exchange, and hemostasis, the microcirculation is essen-
tial in maintaining peripheral and cerebral tissue function [15].
The cerebral microvascular function relies on effective neuro-
vascular coupling and optimal endothelial function, a process
that couples changes in neural activity with increases in mi-
crovascular vasodilation (and later vasoconstriction) and local
blood flow [16-18]. This process involves complex interactions
between components of the neurovascular unit (neurons, glial
cells, microvascular endothelium, vascular smooth muscle cells,
and pericytes) [16, 18]. Dysfunction of the neurovascular unit
has been associated with CVD incidence and development [19].

Data suggest that HIV-1 may impair microvascular function.
Cell-based studies showed that the HIV proteins, Tat, gp120, and
Nef induced microvascular endothelial cell apoptosis [20-23].
The immediate consequences may be reduced endothelium-
dependent vasodilatory responses of the microvessels in re-
sponse to increased metabolic demand [24]. In PLWH from
the observational Study of the Consequences of the Protease
Inhibitor Era (SCOPE), markers of T-cell dysfunction and in-
flammation were associated with peripheral microvascular
dysfunction as assessed by reactive hyperemia [25]. Similarly,
cerebral microvascular vasoreactivity, indicative of endothelial
function, is reduced in virologically suppressed PLWH receiving
ART [26]. While HIV infection and specific ART regimens that
include efavirenz disrupt neurovascular coupling as related to

increased blood-brain barrier permeability [7, 27, 28], the influ-
ence of HIV and ART on neurovascular coupling related to cere-
bral microvascular function is unknown. Additionally, previous
studies investigated microvascular manifestations of HIV-1
subtype B, whereas the HIV-I subtype C dominates in South
Africa [29], and PLWH follow a specific first-line ART regimen.
Therefore, it is unclear whether the microvascular function of
South African PLWH is similarly influenced.

The retina allows for noninvasive assessment of microvascular
structure and function [17, 18]. Structural retinal vessel param-
eters, such as narrower central retinal artery equivalent, wider
central retinal vein equivalent, and reduced arterio-venous
ratio, have been associated with CD4 count decline [30], higher
viral loads, and highly active ART duration [31]. Research re-
garding the effect of HIV and ART on retinal microvascular
function is, however, lacking. The exposure of retinal vessels
to a metabolic challenge, namely flicker light-induced provoca-
tion (FLIP), evokes a vascular response characterized by ves-
sel dilation and constriction followed by a return to baseline
vessel diameter. This method is widely accepted for assessing
microvascular endothelial function, and the ability of the ret-
inal vasculature to respond to FLIP has been thought to be
influenced by endothelial function, local metabolic demand,
and neurovascular coupling [17, 32-34]. The value of dynamic
retinal vessel analysis in the assessment of CVD risk is high-
lighted by studies that reported associations between atten-
uated retinal vessel dilation in response to FLIP and various
CVD outcomes, such as coronary artery disease [35] and stroke
[36]. To our knowledge, the EndoAfrica-NWU study is the first
study to conduct dynamic retinal vessel assessments on PLWH
and people living without HIV (PLWoutH) [5]. To elaborate
on the microvascular function and CVD risk of South African
PLWH, we aimed to compare retinal vessel baseline diameters
and functional responses in PLWH and PLWoutH, and to con-
sider the influence of HIV-related immune-virological markers
(CD4 count, viral load, and ART duration) on microvascular
function.

2 | Methodology
2.1 | Study Design and Participant Selection

The current study forms part of the EndoAfrica-NWU (vascu-
lar endothelial dysfunction: the putative interface of emerging
cardiovascular risk factors affecting populations living with and
without HIV in sub-Saharan Africa) case-control study, previ-
ously introduced by Fourie et al. [5]. Baseline data collection took
place at the Hypertension Research and Training Clinic of the
North-West University (NWU) between August 2017 and June
2018. The study adhered to the Declaration of Helsinki and was
approved by the Health Research Ethics Committee of the NWU
(NWU-00045-15-A1) and the North-West Department of Health.

Participants were recruited from clinics and HIV-support
groups in and near the town of Potchefstroom (North West
province of South Africa). Eligible PLWoutH were recruited
from the Hypertension Research and Training Clinic database
of individuals interested in future research projects. The study
included 382 participants of African descent (aged 18-60years)
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with a confirmed HIV diagnosis (n=278) and PLWoutH
(n=104). Most of the PLWH (n=247) received the same first-
line ART regimen, which consisted of a fixed-dose combination
of two nucleoside reverse transcriptase inhibitors (NRTI) (em-
tricitabine and tenofovir) and a non-nucleoside reverse tran-
scriptase inhibitor (NNRTI) (efavirenz). Furthermore, of the
278 PLWH taking part in the study, n=9 individuals were on
ART for <4weeks or were newly diagnosed with HIV infection,
whereas n=22 PLWH defaulted from their ART before data
collection commenced by either interrupting or discontinuing
ART. Individuals were excluded from the EndoAfrica-NWU
study if they were on second-line ART, had co-infections such
as tuberculosis or Pneumocystis pneumonia, were pregnant, or
<3 months postpartum. In the EndoAfrica-NWU study, various
measurements were performed as previously described [5]. The
protocol was based on that of the parent EndoAfrica Study [37].
Functional retinal vessel measurements described in this manu-
script were an additional measurement to the EndoAfrica-NWU
study and not part of the protocol of the parent study. Because
of time constraints in the study protocol and to accommodate
study participants time spent in the clinic, on each given exam-
ination day, retinal vessel functional measurements were only
performed when the time schedule allowed for it, resulting in
measurements obtained from n =166 participants (43% of the co-
hort). Figure 1 provides a summary of the participant selection.

Exclusion criteria:
» Second-line ART
» Co-morbidities
(e.g. tuberculosis)
* Pregnancy
» <3 months postpartum

v

382 Participants included at baseline (aged 18-60 years)

PLWH (n = 278) PLWoutH (n = 104)

* Received first-line ART
(n =247)

+ Defaulted from ART
(n=22)

* Newly diagnosed or <4
weeks ART
(n=9)

(" Additional Exclusion
criteria:

Participants with missing

retinal vessel functional

responses to FLIP data

\_ (n = 216) Yy,
v

4 )\
Einal study sample (n = 166):
115 PLWH

* 51 PLWoutH
_

J

FIGURE 1 | Participant selection for the EndoAfrica-NWU case-
control study. ART, anti-retroviral therapy; FLIP, flicker light-induced

provocation; PLWH, people living with human immunodeficiency
virus; PLWoutH, people living without with human immunodeficiency

virus.

2.2 | The General Procedure of Investigation

Data collection took place between approximately 08:00 and
12:00 each workday. Six to eight participants, who were inter-
ested in the study and met the inclusion criteria, were sched-
uled per day for data collection. They were requested to refrain
from any food or fluid intake from 22:00 the previous evening.
On the day of data collection, the participants were transported
to the Hypertension Research and Training Clinic and arrived
at approximately 08:00. After obtaining informed consent, the
participants provided morning urine spot samples and a nurse
obtained blood samples. Anthropometric and cardiovascular
measurements (clinic blood pressure and retinal vascular imag-
ing) followed, and participants also completed a questionnaire
about their lifestyle (e.g., smoking habits and alcohol consump-
tion), and medication use.

A professional HIV counselor interacted with the participants in
a private room. If they were unsure about their HIV status, an
HIV test was performed after the participant gave permission.
Immediate feedback on available results was provided, and par-
ticipants were referred to a medical professional or local clinic
if necessary.

2.3 | Biochemical Analyses

Blood samples were taken to the onsite laboratory immediately
after collection. The blood samples were prepared using stan-
dardized procedures and stored at —80°C until analyses were
performed [5]. The National Health Laboratory Services de-
termined CD4 count (Beckman Coulter FC500 MPL/CellMek,
Miami, FL, USA) and viral load (Cobas AmpliPrep/COBAS
TaqMan HIV-1 test, version 2.0) from EDTA blood samples. The
remaining blood samples were analyzed at the onsite laboratory.

Serum levels of total cholesterol, triglyceride, high-density lipo-
protein cholesterol (HDL-C), and low-density lipoprotein cho-
lesterol (LDL-C) were measured with the Cobas Integra 400 plus
(Roche, Basel, Switzerland) using homogeneous enzymatic col-
orimetric assays. The total cholesterol to HDL-C ratio (total cho-
lesterol: HDL-C) was also calculated. The Cobas Integra 400plus
(Roche, Basel, Switzerland) was used to measure plasma glucose,
glycated hemoglobin (HbA1lc), and high-sensitivity C-reactive
protein (CRP). The enzymatic reference method with hexoki-
nase and a turbidimetric inhibition immunoassay were used
to analyze plasma glucose and HbAlc, respectively. CRP was
analyzed with the high-sensitive particle enhanced turbidimet-
ric assay. The Cobas e411 analyzer (Roche, Basel Switzerland)
was used to measure Interleukin-6 (IL-6) with the electrochem-
iluminescence immunoassay. Serum creatinine was quantified
with the kinetic colorimetric assay (Cobas Integra 400plus) and
used in The Chronic Kidney Disease Epidemiology formula to
calculate the estimated glomerular filtration rate (¢GFR).

2.4 | Anthropometric Measurements
Standardized procedures were followed for anthropomet-

ric measurements [38]. These measurements included waist
circumference (Lufkin steel anthropometric tape, W606PM;
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Lufkin, Apex, USA), body weight (SECA 813 Electronic scale,
SECA, Hamburg, Germany), and body height (SECA 213
Stadiometer, SECA, Hamburg, Germany). The participants’
body mass indexes were calculated by dividing their body
weight (in kilogram) by the square of their height (in meter).

2.5 | Clinic Blood Pressure

Brachial systolic blood pressure (SBP) and diastolic blood pres-
sure (DBP) measurements were obtained in duplicate with the
OMRON M6 automatic digital blood pressure monitor (Omron
Healthcare, Kyoto, Japan) with the participants in a seated posi-
tion. The final blood pressure measurements were used in this
study. When a participant had a mean office SBP of >140mmHg
and/or a DBP >90mmHg and/or was using antihypertensive
medication, they were classified as being hypertensive accord-
ing to the 2021 European guidelines for managing arterial hy-
pertension [39].

2.6 | Retinal Imaging

The intraocular pressure of the participants was measured
with a Tono-Pen Avia applanation tonometer (Reichert 7-0908,
ISO 9001, New York, USA) after local anesthetic eye drops
(Novasine Wander 0.4% Novartis) were administrated to both
eyes. Participants with a history of epilepsy or high intraocular
pressure were excluded from this procedure. An eye drop con-
taining 1% tropicamide and bensalconiumchloride 0.01% (m/v)
(MYDRIACYL 1% ophthalmic solution; Alcon Laboratories,

South Africa) was administered to the right eye approximately
30min prior to retinal imaging to induce mydriasis. The
IMEDOS Dynamic Retinal Vessel analyzer (DVA) fitted with
a Zeiss Fundus Camera FF-450 Plus (Imedos Systems GmbH,
Jena, Germany) was used for dynamic retinal vessel analysis
according to a standardized FLIP protocol [40], using RVA
4.61 software (Imedos Systems GmbH, Jena, Germany). The
assessment consisted of three flicker light provocation cycles,
and the measurement lasted 350s. Each cycle had three phases,
namely a 50-s baseline phase, followed by 20s of FLIP, and an
80-s recovery/baseline phase. The last 30s of the previous cycle
was used as the baseline phase of the subsequent cycle. For the
measurement, arteriolar and venular segments between 0.5
and 2.0 optic disc diameters from the optic nerve head border
in the upper (mostly) or lower temporal quadrant of the fun-
dus image were used. Measurements were performed with the
camera set at a 30° angle, and the participant focused on the
tip of a fixation rod. After the measurement, the raw numerical
data that the DVA generated were exported to a Microsoft Excel
template with macros. Retinal arteriolar and venular parame-
ters in response to flicker light provocation were determined
as previously described [41] and are summarized in Table 1.
Variables listed include those describing retinal vessel dilation,
constriction (arteriolar) or minimum response (venular), and
rest-after-flicker phases. Of note, changes in vessel diameters
during each cycle were calculated as a percentage of the cor-
responding baseline diameter. Absolute vessel diameters (mea-
sured in measuring units [MU]) of the vessel segment selected
in the measurement were calculated individually as the median
value over the last 30s of the first baseline phase prior to flicker
stimulation.

TABLE1 | Parameters derived from the smoothed averaged flicker response curve.

No. Parameter

Unit Description/Explanation

1 Percentage maximal dilation in response
to FLIP. Termed maximal dilation

2 Time to maximal vessel dilation

3 Area under the curve during flicker light-

induced provocation (AUCan)

4 Percentage absolute maximal constriction after
flicker stimulation, termed maximal constriction; in
venules, it is referred to as the minimum reaction

5 Time to maximal vessel constriction. In venules, it
will be referred to as the time to minimum reaction

6 The area under the reaction curve
during vessel constriction. In veins, it
is referred to as the area under

7 Rest-after-flicker area under the

reaction curve (AUCy, )

% The absolute maximum of the reaction curve
taken between the start of the flicker stimulation
and 30s after flicker initiation. Expressed as
a percentage of baseline vessel diameter

S Taken with time of flicker as 0s

%.S Describes the curve form during flicker
stimulation (0-20s). For values under the
100% line, the area was negative

% The minimum value occurring after maximum
flicker induced dilation. Expressed as a
percentage of baseline vessel diameter

S Taken with time of flicker as 0s

%.S Calculated between 15 and 45s after the end of the
flicker stimulation. Describes the arterial constriction
response or venous behavior after cessation of flicker.
For values under the 100% line, the area was negative

%.S Provided information on the vessel behavior long
term after the flicker calculated between 50 and

80s after the completion of flicker stimulation. For

values under the 100% line, the area was negative

Abbreviations: AUCy, ,,, area under the curve during flicker light-induced provocation; AUC

induced provocation.

resp Fest-after-flicker area under the reaction curve; FLIP, flicker light-
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2.7 | Statistical Analyses

All statistical analyses were performed with IBM SPSS ver-
sion 26.0 (IBM Corporation, Armonk, NY, USA) software.
Continuous data's normality was visually inspected using Q-Q
plots and numerically assessed according to the skewness and
kurtosis coefficients, as well as the results of Kolmogorov-
Smirnov tests. Non-normally distributed data were log,,
transformed. Basic characteristics and retinal vessel func-
tional responses to FLIP were compared between PLWH and
PLWoutH with independent t-tests (results reported as arith-
metic means and standard deviations) or Mann-Whitney U
tests (results reported as medians with 25th and 75th percen-
tiles) for normally distributed and skewed continuous data,
respectively. Pearson's chi-square test was used to compare
categorical data, and results were reported as proportions.
Similarly, basic characteristics were compared between
groups that were stratified based on the median values of (i)
CD4 count (511 cells/mm?), (ii) viral load (50 copies/mL), and
(iii) ART duration (57.6 months). Retinal vessel functional re-
sponses were compared between PLWH and PLWoutH, and
between the respective median split groups with analysis of
covariance (ANCOVA), while adjusting for confounders. We
initially adjusted for age and smoking status when compar-
ing PLWH with PLWoutH, as these confounders have been
associated with attenuated microvascular dilatory responses
[42] and a disruption in neurovascular coupling [43]. In sub-
sequent analysis when comparing PLWH and PLWoutH and
when comparing the median split groups, we adjusted for
basic characteristics that differed significantly between the re-
spective groups. Lastly, we determined relationships between
ART duration, CD4 count, and viral load with Spearman rank
correlation analyses.

3 | Results

3.1 | Comparisons of Participant Characteristics
for Those With Retinal Data Compared With Those
Without

We excluded 216 participants with missing retinal vessel
functional data from the main EndoAfrica-NWU study.
Table S1 shows a comparison of basic characteristics between
those with versus those without data within the PLWoutH
and PLWH groups. For PLWoutH, those without retinal ves-
sel functional data were older with higher HDL-C levels.
In PLWH, those with missing retinal vessel functional data
had statistically higher prevalence of hypertension, higher
total cholesterol to HDL-C ratio, lower HDL-C and higher
HbAIc levels. Despite these differences, the mean values for
these parameters (total cholesterol, HDL-C, total cholesterol
to HDL-C and HbAlc) in the PLWH all fell within the same
clinical category. Nevertheless, comparisons between PLWH
and PLWoutH reported in the present study were mostly
comparable to the group differences reported in the overall
EndoAfrica-NWU study population [5]. The exception was
that hypertension status and eGFR, only tended to be higher
in PLWoutH compared with PLWH (p=0.070 and 0.055, re-
spectively) in the parent study, but reached statistical signifi-
cance in the present study.

3.2 | Basic Characteristics and Retinal Vessel
Functional Responses in PLWH Compared With
PLWoutH

Table 2 shows the basic characteristics of the study population.
PLWH were older (p<0.001), smoked more (p=0.006), and had
a lower hypertension prevalence (p =0.038) and body mass index
(p=0.012) than the PLWoutH. Sex distribution between the two
groups was similar. Total cholesterol (p=0.004) and HDL-C lev-
els (p<0.001) were higher in PLWH, but their total cholesterol:
HDL-C (p=0.027), HbA1c levels (p =0.015), and eGFR (p=0.014)
were lower than that of PLWoutH. Almost 64% of the PLWH were
infected for more than 5years. The median duration of ART was
57.6 (26.6; 98.9) months, but 13.9% of PLWH defaulted from ART
by either interrupting or discontinuing their treatment.

An unadjusted comparison between the raw retinal vessel diame-
ter responses to FLIP is presented in Figure 2. Retinal vessel func-
tional responses to FLIP were comparable between groups prior
to any adjustment, and following adjustment for age and smoking
status (data not shown). We subsequently adjusted for all basic
characteristics that differed significantly between the respec-
tive groups (identified in Table 2) with the findings presented in
Table S2 and Figure 3. Arteriolar (p=0.338) and venular baseline
diameters (p=0.300) were similar between PLWH and PLWoutH
(Figure 3a). Maximal dilation of the retinal arteriole (p=0.847)
and venule (p=0.225), as well as maximal arteriolar constriction
(p=0.345) and venular minimum reaction (p=0.874) were also
comparable between the two groups (Figure 3b). No differences
were evident between the groups for arteriolar and venular AUC
parameters (AUC; p, AUC during constriction, rest-after-flicker
value), or for the time to maximal dilation and constriction/mini-
mum reaction (Figure 3c,d) (all p-values>0.05). We repeated the
analysis between the two groups in a sensitivity analysis, addition-
ally adjusting for defaulting from ART, but the results remained
unchanged (data not shown). Retinal vessel functional responses
to FLIP did not differ between hypertensive PLWH and PLWoutH,
or between normotensive PLWH and PLWoutH (Table S3).

3.3 | Retinal Vessel Functional Responses Between
CD4-Count, Viral Load, and ART Duration Groups

Figures S1-S3 and Table S5 demonstrate adjusted comparisons
where we explored whether certain HIV-related characteris-
tics, including CD4 count, viral load and ART duration, may
influence retinal microvascular function in response to FLIP.
In these analyses, we adjusted only for baseline characteristics
that differed significantly between the median split groups, as
reported in Table S4. We found no differences in the retinal
vessel parameters between the respective groups. Furthermore,
we did not find any relationship between duration of ART in
PLWH and their CD4 counts (r,=0.11, p=0.267) or viral loads
(r,=0.09; p=0.361) (results not shown).

4 | Discussion
This was the first study in a South African population to describe

microvascular function in PLHW by comparing retinal ves-
sel functional responses between PLWH and PLWoutH, and to
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TABLE 2 | Comparison of characteristics between people living with HIV and those living without HIV.

PLWoutH (n=51) PLWH (n=115) 4]
Demographic characteristics
Age (years) 35.6+9.8 41.8+8.6 <0.001
Male, n (%) 14/51 (27.5) 29/115 (25.2) 0.762
HIV-related characteristics
CD4 count (cells/mm?) — 511 (337; 741) —
Viral load (copies/mL) — 50 (10; 197) —
HIV duration >5years, n (%) — 73/115 (63.5) —
ART duration (months) — 57.6 (26.6; 98.9) —
Defaulted from ART or no ART, n (%) — 16/115(13.9) —
Anthropometric measurements
Waist circumference (cm) 87.3x16.1 83.1+12.4 0.103
Body mass index (kg/m?) 29.0+8.1 25.7+6.7 0.012
Lifestyle characteristics
Smoked, 1 (%) 19/51 (37.3) 68/114 (60.5) 0.006
Consumed alcohol, n (%) 34/51 (66.7) 82/114 (71.9) 0.494
Physically active, n (%) 41/51 (80.4) 102/114 (89.5) 0.113
Cardiovascular profile
SBP (mmHg) 120+15 119+21 0.643
DBP (mmHg) 87+15 83+13 0.061
MAP (mmHg) 98 +14 95+15 0.245
PP (mmHg) 32(28; 39) 33 (28; 41) 0.459
Hypertensive, n (%) 25/51 (49.0) 37 (32.2) 0.038
Antihypertensive medication use, n (%) 9/51 (17.6) 15/115(13.0) 0.437
Biochemical markers
Total cholesterol (mmol/L) 2.70+£0.67 3.1+0.74 0.004
HDL-C (mmol/L) 0.85+0.23 1.17+0.44 <0.001
Total cholesterol:HDL-C 3.34+£1.20 2.90+1.17 0.027
LDL-C (mmol/L) 1.51 (1.22;2.04) 1.67 (1.38; 2.16) 0.271
Triglycerides (mmol/L) 0.60 (0.46; 0.85) 0.69 (0.51; 1.02) 0.134
HbAlc (%) 5.44 (5.20; 5.68) 5.31(5.12; 5.50) 0.015
Glucose (mmol/L) 3.30(3.00; 3.97) 3.59 (3.16; 3.87) 0.289
CRP (mg/L) 1.72 (0.52; 4.87) 2.38 (1.09; 5.50) 0.257
IL-6 (pg/mL) 2.33(0.75; 4.38) 2.77 (1.82; 4.38) 0.267
eGFR (mL/min/1.73m?) 124.30+13.51 117.80+16.38 0.014

Note: Parameter values are displayed as arithmetic mean + standard deviation for normally distributed data or median (25th; 75th percentiles) for variables that were
not normally distributed. The chi-square (x?) tests were used to compare proportions and prevalence and are indicated as frequencies (%).
Abbreviations: ART, anti-retroviral therapy; CRP, C-reactive protein; DBP, diastolic blood pressure; eGFR, estimated glomerular filtration rate; HbAlc, glycated
hemoglobin; HDL-C, high-density lipoprotein cholesterol; HIV, human immunodeficiency virus; IL-6, interleukin-6; LDL-C, low-density lipoprotein cholesterol;
PLWH, people living with HIV; PLWoutH, people living without HIV; SBP, systolic blood pressure; total cholesterol:HDL-C, total cholesterol to high-density
lipoprotein cholesterol ratio. Bold p-values highlight comparisons that were statistically significantly different at p <0.05.

consider the influence of HIV-related immune-virological mark-
ers on microvascular function. We observed no significant dif-
ferences in retinal vessel functional responses to FLIP in PLWH

and PLWoutH. In addition, retinal vessel functional responses
to FLIP within the PLWH group were not influenced by CD4
count, viral load, or ART duration.
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The analysis of possible functional responses of the retinal
microvasculature to light flicker provocation reflects the
state of neurovascular coupling [16-18]. In addition, retinal
vessel functional responses to FLIP are considered an indi-
cator of systemic microvascular endothelial function [17].
During flicker light exposure, stimulated neurons and as-
trocytes release vasoactive substances that induce relaxation
of arteriolar and venular smooth muscle cells and pericytes
surrounding the capillaries [18]. The resulting increase in

blood flow also increases shear stress, which further facili-
tates endothelium-dependent flow-mediated dilation of the
microvessels [18]. After maximal vasodilatory responses, the
microvessels undergo reactive constriction before returning
to baseline diameters [18]. Our results indicate for the first
time that individuals living with HIV and receiving ART, in
the EndoAfrica-NWU study, did not appear to show compro-
mised microvascular function. This supports results from the
brachial artery where flow-mediated dilation, a marker of
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macrovascular endothelial function, did not differ between
PLWH and PLWoutH from the same cohort [13].

Contrary to our findings, Yung et al. [44] suggested that auto-
regulation capabilities of the retinal microcirculation may be
impaired in PLWH as they presented with a reduced perifoveal
capillary blood flow velocity compared with age-matched con-
trols. Furthermore, studies from developed countries, where
the HIV-1 subtype B dominates, have found that the virus can
adversely impact microvascular function by inducing micro-
vascular endothelial cell apoptosis [20-23] and contributing to
endothelial dysfunction [7]. Associations were also found be-
tween peripheral microvascular dysfunction, T-cell dysfunc-
tion, and inflammation in PLWH from the SCOPE study [25].
Moreover, in another SCOPE sub-study, cerebral vasoreactivity
in response to inhaled carbon dioxide was reduced in virally
suppressed PLWH who were receiving ART [26]. Callen et al.
also found a reduction in cerebral vasoreactivity in response to
intravenous administration of acetazolamide in a small virolog-
ically suppressed HIV-positive female cohort. The authors sug-
gested that reduced cerebrovascular reactivity may be related to
HIV-induced dysfunction of the neurovascular unit [45], but the
precise mechanism is unclear. It has been shown that HIV can
disrupt neurovascular coupling related to blood-brain barrier
function by infecting and activating various components of the
blood-brain barrier neurovascular unit, including pericytes and
astrocytes [27].

Based on geographic region-specific information [29], PLWH
in this South African cohort were most likely infected with
the HIV-1 subtype C, and not subtype B, which has been the
focus of most other vascular studies. Reported characteristic
differences between the subtypes may explain why the virus
might not directly contribute to altered microvascular func-
tion in PLWH from our study. Subtype C was found to have an
overall slower rate of viral replication [46] and CD4 cell count
decline compared with subtype B [47]. We suspect that atten-
uated viral replication may have protected our participants
from microvascular dysfunction as it limits the number of
virions that may contribute to microvascular endothelial cell
damage. Our study's relatively low median viral load (50 cop-
ies/mL) and high CD4 count (511 cells/mm?) in PLWH may
reflect the subtype-specific characteristics. Alternatively, it
could be argued that effective ART rather than the subtype it-
self may contribute to the aforementioned features. However,
ART duration did not correlate with either viral load or CD4
count in our study. Persistent viral replication and CD4 cell
decline generally induce chronic inflammation [48]. However,
our study's systemic inflammatory markers were similar be-
tween PLWH and their controls, further reinforcing the possi-
bility of low-level viral replication.

Interestingly, in PLWH from the same parent study that our co-
hort was drawn from low-level viremia (defined as a viral load of
50-999 copies/mL), which can be caused by ongoing viral repli-
cation, did not associate with overall cardiovascular risk [49]. In
the current study, viremia status did not influence retinal ves-
sel functional responses to FLIP, as we observed no differences
in these responses between people with virological suppression
(<50copies/mL) [49] and those with low to high-level viremia
(=50copies/mL). Similarly, Swart et al. [13] did not observe

macrovascular differences between South African PLWH from
the EndoAfrica study who were stratified similarly. However,
it is possible that the period of HIV exposure might have been
too short to induce notable effects on microvascular function.
Prolonged viral exposure has been associated with greater vascu-
lar injury [2] and almost 64% of the PLWH from our study have
been exposed for more than 5Syears. However, in support of this,
we did not see blood pressure differences between PLWH and
PLWoutH over 10years in a different cohort [50]. Nevertheless,
additional longitudinal studies are required to determine if per-
sistent low to high-level viremia may contribute to microvascular
dysfunction and/or endothelial function changes.

Endothelial dysfunction of the macro- and microvessels was
found to be more pronounced in participants with immuno-
suppressive CD4 counts (<200cells/mm?) [51]. Our study's
25th percentile value for CD4 count in PLWH was higher than
200 cells/mm?, which may explain why microvascular function
did not differ between median CD4 count groups. In another
South African study, flow-mediated dilation did not differ be-
tween PLWH groups stratified by the median split of CD4 count
(525 cells/mm?) [13]. Moreover, Dysangco et al. [52] found no dif-
ferences in microvascular endothelial function among HIV-free
participants and PLWH who had CD4 counts >200 cells/mm?3.
The high CD4 count of PLWH in their study also showed no cor-
relation with markers of endothelial function [52]. We suggest
that altered microvascular function may only occur at immuno-
suppressive CD4 counts. A slower rate of CD4 cell decline may
delay the onset of microvascular dysfunction in the EndoAfrica-
NWU cohort, but further investigation is warranted.

Except for the direct influence of the virus, we expected poorer
microvascular function in PLWH as they were older and smoked
more than their controls. Aging attenuates microvascular vaso-
dilatory responses by reducing nitric oxide bioavailability, in-
creasing oxidative stress, contributing to arteriolosclerosis, and
enhancing endothelial cell apoptosis [42]. Similarly, smoking
has also been associated with endothelial dysfunction of resis-
tance arteries [53] and disruption of neurovascular coupling
[43]. Despite the adverse impact of aging and smoking on micro-
vascular function, retinal vessel functional responses remained
similar between PLWH and PLWoutH, even after adjusting for
these confounders. Whether this is due to a protective effect of
ART (discussed briefly below) is unknown.

Other cardiovascular characteristics known to create a mi-
lieu for vascular injury and disruption of neurovascular cou-
pling are systemic inflammation [54], dyslipidemia [55, 56],
and hypertension [17]. These characteristics usually accom-
pany HIV infection and specific ART use, such as protease
inhibitors [2, 3, 5, 57]. However, PLWH from our study had
similar levels of systemic inflammatory markers (CRP and
IL-6), a more favorable lipid profile (higher HDL-C and lower
total cholesterol:HDL-C), and lower BMI, Hbalc, hyperten-
sion prevalence compared with the PLWoutH. In a 10-year
South African follow-up study, increases in HDL cholesterol
and a lower hypertension prevalence at follow-up were also
evident in PLWH compared with controls [50]. HDL-C has
known anti-inflammatory, anti-thrombotic, anti-apoptotic,
and antioxidant functions and may protect against microvas-
cular endothelial dysfunction [58]. Interestingly, hypertension
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did not appear to play a role in our participants’ retinal vessel
functional responses, as the additional adjustment for hyper-
tension status upon the initial adjustment for age and self-
reported smoking left the results unchanged (data not shown).
This observation may be due to a proportion of the hyper-
tensive participants (58%, data not shown) having controlled
hypertension, since the group mean BP values were in the
normal range. It could be argued that in the PLWH from our
study, some of the beneficial determinants on vascular func-
tion noted outweigh or compensate for the detrimental deter-
minants on vascular function noted. We accounted for this by
adjusting the retinal vessel comparisons for all the basic char-
acteristics that differed between our groups in Table 2.

The beneficial cardiovascular characteristics of PLWH may also
be explained by the combined first-line ART that they received.
This notion is supported by Nkeh-Chungag et al. [59] who found
higher HDL-C levels in participants that followed the same
ART regimen as our cohort, compared with ART-naive PLWH.
Another study has also associated a longer duration of NNRTI
use with a lower prevalence of hypertension [60]. Moreover,
tenofovir disoproxil fumarate contributes to decreases in mono-
cyte activation and systemic inflammation biomarkers after
48 weeks of treatment [61]. It may explain why chronic inflam-
mation was not evident in PLWH from our study.

In contrast with these positive effects, efavirenz-based treat-
ments can directly impair endothelial function [62] and increase
cerebral microvascular endothelial cell permeability [7, 28]. As
our cohort also received efavirenz as part of their ART regimen,
the risk exists that long-duration ART may contribute to mi-
crovascular dysfunction. However, in the current study, a lon-
ger ART duration did not contribute to altered microvascular
function compared with PLWH that followed ART for a shorter
period.

The major strength of our study includes the method used for
the functional assessment of the microvasculature. This study
is the first to have conducted dynamic retinal vessel assess-
ments on PLWH and PLWoutH. This methodology allowed
the investigation of retinal microvascular endothelial function
and neurovascular coupling of PLWH [17]. However, we also
acknowledge that there were certain limitations in our study.
This study did not include any biomarkers of neurovascular cou-
pling, which prevented us from elaborating on this process. As
most of the PLWH in our study received ART, the number of
ART-naive participants was too small to compare microvascular
function between treated and untreated PLWH. Furthermore,
our study only included participants from one province in South
Africa, and our findings may thus not be translatable to all
South African PLWH. This study's cross-sectional design also
prevented us from proving or elaborating on causality. Lastly,
it could be argued that our study population was too small to
observe significant findings between the groups. The percent-
age maximum retinal arteriolar dilation in response to flicker
light is probably considered the most explored marker of this
measurement. In our study, the unadjusted and adjusted mean
difference between PLWoutH and PLWH was only 0.4% and
0.1%, respectively. Our study was not powered to detect a differ-
ence this small; however, we do not consider such a difference
meaningful. Upon review of a few studies reporting maximal

arteriolar dilation in response to FLIP between a “control” and
“unhealthy” group, the average difference in this parameter be-
tween these groups was calculated as 1.33% [63-67]. Given this
mean difference, for an unadjusted comparison between PLWH
and PLWoutH, 48 participants per group would be required to
achieve 80% power. It should also be mentioned that our study
had many more PLWH than PLWoutH. In addition, the percent-
age maximal artery dilation in response to flicker light observed
in our study was much higher than the 50th percentile (just
under 3.5%) of the normalized data from a European population
recently reported [68], suggesting that our group values may be
well within normal limits. Nevertheless, since our study is to our
knowledge the first to assess retinal vessel functional measure-
ments in response to FLIP, additional studies are encouraged to
test whether our findings are robust, but also to extend these
findings to other microvascular beds.

5 | Conclusion

Compared with PLWoutH, living with HIV and receiving ART
did not contribute to altered microvascular function as assessed
with dynamic retinal vessel analysis in a South African case-
control study embedded in the EndoAfrica-NWU cohort.

6 | Perspectives

Contradictory findings exist regarding the impact of HIV and
ART treatment on vascular function, with even less information
available on the microcirculation. This is an important gap in
the field as microvascular parameters seem to be early markers
of vascular risk. When assessed cross-sectionally, adults living
with HIV (63.5% had HIV for a duration of 5years), mostly on
fixed-dose combination first-line ART, demonstrated similar
retinal microvascular functional responses to FLIP when com-
pared to people living without HIV. In the context of our study,
retinal microvascular function appears to remain intact after a
relatively short duration of HIV infection and ART treatment.

Acknowledgments

We are grateful for the contribution of the recruitment team, partici-
pants of the EndoAfrica-NWU study, researchers and the postgraduate
students at the Hypertension Research and Training Clinic and labora-
tory at the North-West University.

Ethics Statement

The study adhered to the Declaration of Helsinki and was approved
by the Health Research Ethics Committee of the NWU (NWU-00045-
15-Al) and the North-West Department of Health.

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The dataset is the property of the North-West University under supervi-
sion of Wayne Smith. In this regard, W. Smith should be contacted if, for
any reason, the data included in this paper need to be shared.

90of11

85US017 SUOILLOD 3RO 3(cfedl|dde au Aq pausenob afe Saple YO ‘88N JO S9IN 10} Afeiq T BUIIUO AB|IM UO (SUORIPUOD-PUR-SLUIBY WD A8 | 1M ARRIq U1 |UO//SHRY) SUORIPUOD PUe SWiB L 38U} &3S *[7202/60/60] U0 Aeiqiauliuo AB|IM ‘JesseH JeHseAN Ag 8282T 001/ TTTT OT/I0p/L00 43| Im Afeiq1Bul|uo// Sy Woly papeojumoq ‘0 ‘6T.86vST



References

1. S. Bekkering and D. Burgner, “Viruses and Cardiovascular Disease:
From Bad to Worse,” Nature Cardiovascular Research 1, no. 7 (2022):
601-602.

2. L. Dominick, N. Midgley, L. M. Swart, et al., “HIV-Related Cardiovas-
cular Diseases: The Search for a Unifying Hypothesis,” American Jour-
nal of Physiology. Heart and Circulatory Physiology 318, no. 4 (2020):
H731-h746.

3. H. Strijdom, P. De Boever, T. S. Nawrot, and N. Goswami, “HIV/
AIDS: Emerging Threat to Cardiovascular Health in Sub-Saharan Af-
rica,” South African Medical Journal 106 (2016): 537.

4. B. M. Mayosi, A. J. Flisher, U. G. Lalloo, F. Sitas, S. M. Tollman, and
D. Bradshaw, “The Burden of Non-Communicable Diseases in South
Africa,” Lancet 374, no. 9693 (2009): 934-947.

5.C. M. T. Fourie, S. Botha-Le Roux, W. Smith, et al., “Vascular Func-
tion and Cardiovascular Risk in a HIV Infected and HIV Free Cohort of
African Ancestry: Baseline Profile, Rationale and Methods of the Lon-
gitudinal EndoAfrica-NWU Study,” BMC Infectious Diseases 20, no. 1
(2020): 473.

6. A. S. Shah, D. Stelzle, K. K. Lee, et al., “Global Burden of Athero-
sclerotic Cardiovascular Disease in People Living With HIV: Sys-
tematic Review and Meta-Analysis,” Circulation 138, no. 11 (2018):
1100-1112.

7. C. Marincowitz, A. Genis, N. Goswami, P. De Boever, T. S. Nawrot,
and H. Strijdom, “Vascular Endothelial Dysfunction in the Wake of HIV
and ART,” FEBS Journal 286, no. 7 (2019): 1256-1270.

8. 0.J.Rider, M. Asaad, N. Ntusi, et al., “HIV Is an Independent Predic-
tor of Aortic Stiffness,” Journal of Cardiovascular Magnetic Resonance
16, no. 1 (2014): 57.

9. A. Solages, J. A. Vita, D. J. Thornton, et al., “Endothelial Function
in HIV-Infected Persons,” Clinical Infectious Diseases 42, no. 9 (2006):
1325-1332.

10. M. Mosepele, T. Mohammed, L. Mupfumi, et al., “HIV Disease Is
Associated With Increased Biomarkers of Endothelial Dysfunction
Despite Viral Suppression on Long-Term Antiretroviral Therapy in Bo-
tswana,” Cardiovascular Journal of Africa 29, no. 3 (2018): 155-161.

11. C. M. Fourie, A. E. Schutte, W. Smith, A. Kruger, and J. M. van
Rooyen, “Endothelial Activation and Cardiometabolic Profiles of
Treated and Never-Treated HIV Infected Africans,” Atherosclerosis 240,
no. 1 (2015): 154-160.

12. E. Phalane, C. Fourie, A. Schutte, I. Kruger, and C. Mels, “Arterial
Structure and Function in Africans With HIV for >5 Years: Longitudi-
nal Relationship With Endothelial Activation and Cardiovascular Risk
Markers,” HIV Medicine 22, no. 8 (2021): 650-661.

13. C. Swart, C. Fourie, P. De Boever, et al., “Comparison of Endothe-
lial Function and Cardiometabolic Profiles of People Living With HIV
in Two South African Regions: The EndoAfrica Study,” Cardiovascular
Journal of Africa 33, no. 1 (2022): 15-20.

14. A. Louwrens, C. M. T. Fourie, S. B. Roux, and Y. Breet, “Age-Related
Differences in the Vascular Function and Structure of South Africans
Living With HIV,” Southern African Journal of HIV Medicine 23, no. 1
(2022): 1335.

15. A. M. Troy and H. M. Cheng, “Human Microvascular Reactivity: A
Review of Vasomodulating Stimuli and Non-Invasive Imaging Assess-
ment,” Physiological Measurement 42 (2021): 09TRO1.

16. E. A. Newman, “Functional Hyperemia and Mechanisms of Neu-
rovascular Coupling in the Retinal Vasculature,” Journal of Cerebral
Blood Flow and Metabolism 33, no. 11 (2013): 1685-1695.

17. M. Lim, M. B. Sasongko, M. K. Ikram, et al., “Systemic Associations
of Dynamic Retinal Vessel Analysis: A Review of Current Literature,”
Microcirculation 20, no. 3 (2013): 257-268.

18. H. Hanssen, L. Streese, and W. Vilser, “Retinal Vessel Diameters and
Function in Cardiovascular Risk and Disease,” Progress in Retinal and
Eye Research 91 (2022): 101095.

19. H. Girouard and C. Iadecola, “Neurovascular Coupling in the Nor-
mal Brain and in Hypertension, Stroke, and Alzheimer Disease,” Jour-
nal of Applied Physiology (1985) 100, no. 1 (2006): 328-335.

20.N. A. Khan, F. Di Cello, M. Stins, and K. S. Kim, “Gp120-Mediated
Cytotoxicity of Human Brain Microvascular Endothelial Cells Is De-
pendent on p38 Mitogen-Activated Protein Kinase Activation,” Journal
of Neurovirology 13, no. 3 (2007): 242-251.

21.E. A. Acheampong, Z. Parveen, L. W. Muthoga, M. Kalayeh, M.
Mukhtar, and R. J. Pomerantz, “Human Immunodeficiency Virus Type
1 Nef Potently Induces Apoptosis in Primary Human Brain Microvascu-
lar Endothelial Cells via the Activation of Caspases,” Journal of Virology
79, no. 7 (2005): 4257-4269.

22.1. W. Park, C. K. Ullrich, E. Schoenberger, R. K. Ganju, and J. E.
Groopman, “HIV-1 Tat Induces Microvascular Endothelial Apoptosis
Through Caspase Activation,” Journal of Immunology 167, no. 5 (2001):
2766-2771.

23. A. R. Anand, G. Rachel, and D. Parthasarathy, “HIV Proteins and
Endothelial Dysfunction: Implications in Cardiovascular Disease,”
Frontiers in Cardiovascular Medicine 5 (2018): 185.

24. A. Houben, R. J. H. Martens, and C. D. A. Stehouwer, “Assessing
Microvascular Function in Humans From a Chronic Disease Perspec-
tive,” Journal of the American Society of Nephrology 28, no. 12 (2017):
3461-3472.

25. A. Sinha, Y. Ma, R. Scherzer, et al., “Role of T-Cell Dysfunction, In-
flammation, and Coagulation in Microvascular Disease in HIV,” Jour-
nal of the American Heart Association 5, no. 12 (2016): e004243.

26. F. C. Chow, W. J. Boscardin, C. Mills, et al., “Cerebral Vasoreactivity
Is Impaired in Treated, Virally Suppressed HIV-Infected Individuals,”
AIDS 30, no. 1 (2016): 45-55.

27. L. Bertrand, H. J. Cho, and M. Toborek, “Blood-Brain Barrier Peri-
cytes as a Target for HIV-1 Infection,” Brain 142, no. 3 (2019): 502-511.

28. L. Bertrand, L. Dygert, and M. Toborek, “Antiretroviral Treatment
With Efavirenz Disrupts the Blood-Brain Barrier Integrity and In-
creases Stroke Severity,” Scientific Reports 6, no. 1 (2016): 1-15.

29.J. Hemelaar, E. Gouws, P. D. Ghys, and S. Osmanov, “Global Trends
in Molecular Epidemiology of HIV-1 During 2000-2007,” AIDS 25, no.
5(2011): 679-689.

30. L.-J. Li, P. Tan, O. Hee, et al., “Retinal Microvasculature and Im-
mune Restoration Among South Eastern Asian HIV/AIDS Patients
Over A 9-Month Antiretroviral Therapy,” Journal of Acquired Immune
Deficiency Syndromes 90 (2022): 170-174.

31. S. Pathai, H. A. Weiss, S. D. Lawn, et al., “Retinal Arterioles Narrow
With Increasing Duration of Anti-Retroviral Therapy in HIV Infection:
A Novel Estimator of Vascular Risk in HIV?” PLoS One 7, no. 12 (2012):
e51405.

32. K. E. Kotliar, W. Vilser, E. Nagel, and I. M. Lanzl, “Retinal Vessel
Reaction in Response to Chromatic Flickering Light,” Graefe's Ar-
chive for Clinical and Experimental Ophthalmology 242, no. 5 (2004):
377-392.

33.R. Heitmar and R. J. Summers, “The Time Course of Changes in
Retinal Vessel Diameter in Response to Differing Durations of Flicker
Light Provocation,” Investigative Ophthalmology & Visual Science 56,
no. 12 (2015): 7581-7588.

34.Y. Alexander, E. Osto, A. Schmidt-Trucksiss, et al., “Endothelial
Function in Cardiovascular Medicine: A Consensus Paper of the Eu-
ropean Society of Cardiology Working Groups on Atherosclerosis and
Vascular Biology, Aorta and Peripheral Vascular Diseases, Coronary
Pathophysiology and Microcirculation, and Thrombosis,” Cardiovascu-
lar Research 117, no. 1 (2021): 29-42.

100f 11

Microcirculation, 2024

5UD 17 SUoWIWOD aAIRa1D) 3 |ged | (dde auy Aq peusenob ale saaiie YO ‘8sh JO Sa|nu 10y A%eiq1T auluQ A3|IAA UO (SUO N IPUOD-PUe-SWLLB)0D A3 1M Alelq 1juluo//:Sdny) suoipuoD pue swie | aUl 88S *[7202/60/60] Uo Ariqiauluo A8|IM 1esseH 1eisAIUN Ag 8/82T 99 IW/TTTT OT/I0p/Wod A8 |Im Areiqipuljuo//:sdny wolj papeolumoq ‘0 ‘6T.86VST



35. A. H. Al-Fiadh, O. Farouque, R. Kawasaki, et al., “Retinal Micro-
vascular Structure and Function in Patients With Risk Factors of Ath-
erosclerosis and Coronary Artery Disease,” Atherosclerosis 233, no. 2
(2014): 478-484.

36. K. Bettermann, J. Slocomb, V. Shivkumar, D. Quillen, T. W. Gardner,
and M. E. Lott, “Impaired Retinal Vasoreactivity: An Early Marker of
Stroke Risk in Diabetes,” Journal of Neuroimaging 27, no. 1 (2017): 78-84.

37. H. Strijdom, P. De Boever, G. Walzl, et al., “Cardiovascular Risk and
Endothelial Function in People Living With HIV/AIDS: Design of the
Multi-Site, Longitudinal EndoAfrica Study in the Western Cape Prov-
ince of South Africa,” BMC Infectious Diseases 17, no. 1 (2017): 41.

38. A. Stewart, M. Marfell-Jones, T. Olds, and J. De Ridder, Interna-
tional Standards for Anthropometric Assessment (Potchefstroom: In-
ternational Society for the Advancement of Kinanthropometry (ISAK),
2011).

39. G. S. Stergiou, P. Palatini, G. Parati, et al., “2021 European Soci-
ety of Hypertension Practice Guidelines for Office and Out-Of-Office
Blood Pressure Measurement,” Journal of Hypertension 39, no. 7 (2021):
1293-1302.

40. K. Kotliar, C. Hauser, M. Ortner, et al., “Altered Neurovascular Cou-
pling as Measured by Optical Imaging: A Biomarker for Alzheimer's
Disease,” Scientific Reports 7, no. 1 (2017): 12906.

41. W. Smith, K. E. Kotliar, L. Lammertyn, et al., “Retinal Vessel Caliber
and Caliber Responses in True Normotensive Black and White Adults:
The African-PREDICT Study,” Microvascular Research 128 (2020): 103937.

42. M. G. Scioli, A. Bielli, G. Arcuri, A. Ferlosio, and A. Orlandi, “Ageing
and Microvasculature,” Vascular Cell 6 (2014): 19.

43.N. Boms, Y. Yonai, S. Molnar, et al., “Effect of Smoking Cessation on
Visually Evoked Cerebral Blood Flow Response in Healthy Volunteers,”
Journal of Vascular Research 47, no. 3 (2010): 214-220.

44.W. Yung, A. Harris, S. Massicotte, et al., “Retinal Blood Flow Indi-
ces in Patients Infected With Human Immunodeficiency Virus,” British
Journal of Ophthalmology 80 (1996): 723-727.

45. A. L. Callen, S. M. Dupont, J. Pyne, et al., “The Regional Pattern
of Abnormal Cerebrovascular Reactivity in HIV-Infected, Virally Sup-
pressed Women,” Journal of Neurovirology 26, no. 5 (2020): 734-742.

46.S. Iordanskiy, M. Waltke, Y. Feng, and C. Wood, “Subtype-
Associated Differences in HIV-1 Reverse Transcription Affect the Viral
Replication,” Retrovirology 7 (2010): 85.

47. G. Touloumi, N. Pantazis, D. Pillay, et al., “Impact of HIV-1 Subtype
on CD4 Count at HIV Seroconversion, Rate of Decline, and Viral Load
Set Point in European Seroconverter Cohorts,” Clinical Infectious Dis-
eases 56, no. 6 (2012): 888-897.

48. L. Bertrand, F. Méroth, M. Tournebize, A. R. Leda, E. Sun, and
M. Toborek, “Targeting the HIV-Infected Brain to Improve Ischemic
Stroke Outcome,” Nature Communications 10, no. 1 (2019): 2009.

49. S. Botha-Le Roux, O. Elvstam, P. De Boever, et al., “Cardiovascular
Profile of South African Adults With Low-Level Viremia During Antiret-
roviral Therapy,” Journal of Clinical Medicine 11, no. 10 (2022): 2812.

50. E. Phalane, C. M. T. Fourie, C. M. C. Mels, and A. E. Schutte, “A 10-
Year Follow-Up Study of Demographic and Cardiometabolic Factors in
HIV-Infected South Africans,” Cardiovascular Journal of Africa 30, no.
6 (2019): 352-360.

51. E. Mogadam, K. King, K. Shriner, et al., “The Association of Nadir
CD4-T Cell Count and Endothelial Dysfunction in a Healthy HIV Co-
hort Without Major Cardiovascular Risk Factors,” SAGE Open Medicine
8(2020): 2050312120924892.

52. A. Dysangco, Z. Liu, J. H. Stein, M. P. Dub¢, and S. K. Gupta, “HIV
Infection, Antiretroviral Therapy, and Measures of Endothelial Func-
tion, Inflammation, Metabolism, and Oxidative Stress,” PLoS One 12,
no. 8 (2017): e0183511.

53. 0. Hahad, N. Arnold, J. H. Prochaska, et al., “Cigarette Smoking Is
Related to Endothelial Dysfunction of Resistance, but Not Conduit Ar-
teries in the General Population—Results From the Gutenberg Health
Study,” Frontiers in Cardiovascular Medicine 8 (2021): 674622.

54. G. Brezzo, J. Simpson, K. E. Ameen-Ali, J. Berwick, and C. Mar-
tin, “Acute Effects of Systemic Inflammation Upon the Neuro-Glial-
Vascular Unit and Cerebrovascular Function,” Brain, Behavior, &
Immunity - Health 5 (2020): 100074.

55. P. A. Stapleton, A. G. Goodwill, M. E. James, R. W. Brock, and J. C.
Frisbee, “Hypercholesterolemia and Microvascular Dysfunction: Inter-
ventional Strategies,” Journal of Inflammation 7, no. 1 (2010): 54.

56.R. Menet, M. Bernard, and A. ElAli, “Hyperlipidemia in Stroke
Pathobiology and Therapy: Insights and Perspectives,” Frontiers in
Physiology 9 (2018): 488.

57. E. Cerrato, A. Calcagno, F. D'Ascenzo, et al., “Cardiovascular Dis-
ease in HIV Patients: From Bench to Bedside and Backwards,” Open
Heart 2, no. 1 (2015): €000174.

58.J. R. Nofer, B. Kehrel, M. Fobker, B. Levkau, G. Assmann, and A.
Eckardstein, “HDL and Arteriosclerosis: Beyond Reverse Cholesterol
Transport,” Atherosclerosis 161, no. 1 (2002): 1-16.

59. B. N. Nkeh-Chungag, N. Goswami, G. A. Engwa, et al., “Relationship
Between Endothelial Function, Antiretroviral Treatment and Cardiovas-
cular Risk Factors in HIV Patients of African Descent in South Africa: A
Cross-Sectional Study,” Journal of Clinical Medicine 10, no. 3 (2021): 392.

60. R. Thiébaut, W. M. El-Sadr, N. Friis-Moller, et al., “Predictors of Hy-
pertension and Changes of Blood Pressure in HIV-Infected Patients,”
Antiviral Therapy 10, no. 7 (2005): 811-823.

61. N. T. Funderburg, G. A. McComsey, M. Kulkarni, et al., “Equivalent
Decline in Inflammation Markers With Tenofovir Disoproxil Fumarate
vs. Tenofovir Alafenamide,” eBioMedicine 13 (2016): 321-327.

62. M. Faltz, H. Bergin, E. Pilavachi, G. Grimwade, and J. G. Mabley,
“Effect of the Anti-Retroviral Drugs Efavirenz, Tenofovir and Emtric-
itabine on Endothelial Cell Function: Role of PARP,” Cardiovascular
Toxicology 17, no. 4 (2017): 393-404.

63. A. H. Al-Fiadh, T. Y. Wong, R. Kawasaki, et al., “Usefulness of Retinal
Microvascular Endothelial Dysfunction as a Predictor of Coronary Ar-
tery Disease,” American Journal of Cardiology 115, no. 5 (2015): 609-613.

64. K. E. Kotliar, I. M. Lanzl, A. Schmidt-Trucksiss, et al., “Dynamic
Retinal Vessel Response to Flicker in Obesity: A Methodological Ap-
proach,” Microvascular Research 81, no. 1 (2011): 123-128.

65. A. Mandecka, J. Dawczynski, M. Blum, et al., “Influence of Flicker-
ing Light on the Retinal Vessels in Diabetic Patients,” Diabetes Care 30,
no. 12 (2007): 3048-3052.

66. E. Nagel, W. Vilser, and I. Lanzl, “Age, Blood Pressure, and Ves-
sel Diameter as Factors Influencing the Arterial Retinal Flicker Re-
sponse,” Investigative Ophthalmology & Visual Science 45, no. 5 (2004):
1486-1492.

67. M. P. Nigele, J. Barthelmes, V. Ludovici, et al., “Retinal Microvas-
cular Dysfunction in Heart Failure,” European Heart Journal 39, no. 1
(2018): 47-56.

68. L. Streese, G. Lona, J. Wagner, et al., “Normative Data and Standard
Operating Procedures for Static and Dynamic Retinal Vessel Analy-
sis as Biomarker for Cardiovascular Risk,” Scientific Reports 11, no. 1
(2021): 14136.

Supporting Information

Additional supporting information can be found online in the
Supporting Information section.

11 of 11

5UD 17 SUoWIWOD aAIRa1D) 3 |ged | (dde auy Aq peusenob ale saaiie YO ‘8sh JO Sa|nu 10y A%eiq1T auluQ A3|IAA UO (SUO N IPUOD-PUe-SWLLB)0D A3 1M Alelq 1juluo//:Sdny) suoipuoD pue swie | aUl 88S *[7202/60/60] Uo Ariqiauluo A8|IM 1esseH 1eisAIUN Ag 8/82T 99 IW/TTTT OT/I0p/Wod A8 |Im Areiqipuljuo//:sdny wolj papeolumoq ‘0 ‘6T.86VST



	Retinal Vessel Functional Responses in South Africans Living With and Without HIV: The EndoAfrica-­NWU Study
	ABSTRACT
	1   |   Introduction
	2   |   Methodology
	2.1   |   Study Design and Participant Selection
	2.2   |   The General Procedure of Investigation
	2.3   |   Biochemical Analyses
	2.4   |   Anthropometric Measurements
	2.5   |   Clinic Blood Pressure
	2.6   |   Retinal Imaging
	2.7   |   Statistical Analyses

	3   |   Results
	3.1   |   Comparisons of Participant Characteristics for Those With Retinal Data Compared With Those Without
	3.2   |   Basic Characteristics and Retinal Vessel Functional Responses in PLWH Compared With PLWoutH
	3.3   |   Retinal Vessel Functional Responses Between CD4-­Count, Viral Load, and ART Duration Groups

	4   |   Discussion
	5   |   Conclusion
	6   |   Perspectives
	Acknowledgments
	Ethics Statement
	Conflicts of Interest
	Data Availability Statement

	References


