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ARTICLE INFO ABSTRACT

Keywords: Purpose: Globally, a detrimental shift in cardiovascular disease risk factors and a higher mortality level are
Ethnicity reported in some black populations. The retinal microvasculature provides early insight into the pathogenesis of
Race systemic vascular diseases, but it is unclear whether retinal vessel calibers and acute retinal vessel functional
Retinal vessel caliber responses differ between young healthy black and white adults.

Efgt}l::aéiz]ize;i{:ir::sn Methods: We included 112 black and 143 white healthy normotensive adults (20-30 years). Retinal vessel ca-
libers (central retinal artery and vein equivalent (CRAE and CRVE)) were calculated from retinal images and
vessel caliber responses to flicker light induced provocation (FLIP) were determined. Additionally, ambulatory
blood pressure (BP), anthropometry and blood samples were collected.

Results: The groups displayed similar 24 h BP profiles and anthropometry (all p > .24). Black participants
demonstrated a smaller CRAE (158 #= 11 vs. 164 = 11 MU, p < .001) compared to the white group, whereas
CRVE was similar (p = .57). In response to FLIP, artery maximal dilation was greater in the black vs. white group
(5.6 £ 2.1vs. 3.3 = 1.8%; p < .001).

Conclusions: Already at a young age, healthy black adults showed narrower retinal arteries relative to the white
population. Follow-up studies are underway to show if this will be related to increased risk for hypertension
development. The reason for the larger vessel dilation responses to FLIP in the black population is unclear and
warrants further investigation.

1. Introduction

Despite a decline in global age-standardized cardiovascular mor-
tality between 1990 and 2015, cardiovascular disease (CVD) remains a
health concern (Roth et al., 2017), with high systolic blood pressure
being identified as one of the major risk factors for attributable dis-
ability-adjusted life-years (Collaborators, 2017). Reports suggest that
ethnic disparities in CVD risk factors (Gasevic et al., 2015) and CVD
mortality (Meadows et al., 2011) may exist, with certain African po-
pulations particularly in the United States being more vulnerable. In-
deed, African populations such as from the United States and South
Africa are thought to display a higher hypertension prevalence than
expected based on anthropometric and socioeconomic risk factors

(Cooper et al., 2015). In small localized studies we recently reported
increased arterial stiffness parameters in black compared to white
South Africans (Schutte et al., 2011), which may already exist in chil-
dren (Mokwatsi et al., 2017). Whether these differences translate into
cardiovascular risk at older ages in our population has not yet been
established. Similar disparities between black and white study popu-
lations have also been observed in the microvasculature function of the
skin (Pienaar et al., 2014; Strain et al., 2005).

The retinal microvasculature affords the opportunity to investigate
the manifestation of systemic vascular diseases on a microvascular bed.
Both static and dynamic aspects of the retinal microvasculature can be
studied. With regards to retinal vessel calibers obtained from fundus
images, retinal arterial narrowing and venular widening are associated
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with cardiovascular disease risk factors, events and mortality (Ikram
et al., 2013; Mutlu et al., 2016; Seidelmann et al., 2016). These para-
meters are further thought to serve as early markers of cardiovascular
risk (Ikram et al., 2013). On the dynamic side of retinal vessel assess-
ments, retinal vessel function or autoregulation can be assessed fol-
lowing exposure to diffuse luminance flicker provocation. These mea-
surements too may provide an indication of cardiovascular risk, with
attenuated arterial and/or vein dilation responses observed in relation
to a variety of cardiovascular risk factors, events or in predicting all-
cause mortality (Al-Fiadh et al., 2015; Bettermann et al., 2017;
Gunthner et al.,, 2019; Heitmar et al.,, 2017; Kotliar et al., 2011;
Mandecka et al., 2007; Nagel et al., 2004; Nagele et al., 2018).

Data from the Atherosclerosis Risk in Communities Study performed
in an older population from the U.S showed that black participants
tended to have narrower retinal arteries and wider retinal venules
(Seidelmann et al., 2016). The authors demonstrated in their total
sample population that this retinal profile was associated with in-
creased rates of overall outcome (death and stroke and in women cor-
onary heart disease). At present, there is limited data making compar-
isons in young and healthy black and white populations with respect to
static and dynamic retinal vessel derived parameters. We therefore
aimed to determine whether static retinal vessel calibers and retinal
vessel caliber responses to flicker light induced provocation (FLIP)
differed between young healthy black and white South Africans with
normotensive clinic and 24 h blood pressure profiles. This will con-
tribute to our understanding of whether early microvascular differences
already occur at a young age.

2. Methods

The African Prospective study on the Early Detection and
Identification of Cardiovascular Disease and Hypertension (African-
PREDICT) study collects data from black and white healthy participants
(Schutte et al., 2019). An initial screening was performed to determine
eligibility to the study. This included black and white ethnicity aged
between 20 and 30 years, with normal clinic blood pressure and blood
glucose, no known history of CVD, no self-reported chronic disease or
treatment thereof, HIV free and not pregnant or breast feeding. All
participants resided in Potchefstroom, South Africa, or surrounding
areas.

This sub-study included data from the first consecutive 255 parti-
cipants (112 black and 143 white) taking part in the study with com-
plete clinic, 24 h blood pressure, retinal vessel caliber and vessel caliber
responses to FLIP data and were true normotensives (no cases of
masked hypertension, nocturnal non-dipping, white coat hypertension
or isolated systolic/diastolic hypertension). The study complied with
the Helsinki Declaration of 1975 (as revised in 2008), for the in-
vestigation of human participants and was approved by the Health
Research Ethics Committee of the North-West University. Signed in-
formed consent was obtained from all participants.

Participants arrived at the Hypertension Research and Training
Clinic on the Potchefstroom Campus of the North-West University in a
fasting state (overnight fast) to undergo clinical assessments.

3. Questionnaire data

Demographic and lifestyle questionnaires were used to determine
medical history and socio-economic status. Family history of CVD was
characterized as self-reported history of mother or father with either
heart disease, stoke, diabetes and hypertension. Socioeconomic status
was calculated using a point system. The system was adapted to the
South African context from the Kuppuswamy Socioeconomic Status
Scale 2010 (Patro et al., 2012). Lastly we also collected information on
iris colour as blue, green or brown.
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4. Body composition

Trained anthropometrists measured each participant's weight (kg)
(SECA electronic scales, SECA, Birmingham, UK) and height (cm)
(SECA stadiometer, SECA, Birmingham, UK) while waist circumference
was measured with a non-flexible tape measure (cm) (Holtain,
Crymych, UK).

5. Cardiovascular measurements
5.1. Blood pressure

Participants were fitted with CardXplore® devices (CE0120,
Meditech, Budapest, Hungary) to monitor blood pressure over a 24h
period as previously described (Breet et al., 2017).

5.2. Arterial stiffness and pulse wave analysis

We measured carotid-femoral pulse wave velocity (PWV) and cen-
tral systolic blood pressure (Sphygmocor® XCEL device, AtCor Medical
Pty. Ltd., Sydney, Australia) as previously descibed (Breet et al., 2017).

5.3. Retinal vessel calibers and responses to FLIP

Static and dynamic retinal vessel analysis was performed using the
Retinal Vessel Analyzer (RVA) (IMEDOS Systems GmbH, Jena,
Germany) fitted with a Zeiss Fundus camera FF-450°, A drop of
Tropicamide (1% Alcon) was administered to induce mydriatic condi-
tions. For dynamic retinal vessel analysis (performed first) a standard
flicker protocol by IMEDOS Systems GmbH was used (Kotliar et al.,
2017). The flicker assessment consisted of a baseline phase lasting 50,
followed by a 20 s flicker period and a 80 s recovery. The last 30 s of the
latter were used as the 2nd baseline period. In total there were 3 flicker
cycles, for a total measuring time 350s. With the camera set at a
30°degree angle and the participant focusing on the tip of an internal
fixation rod, an artery (median: 1290 MU long) and vein (median: 1404
MU long) segment without branches were primarily selected between
0.5 and 2.0 optic disc diameters away from the margin of the optic disc
in the upper or lower temporal quadrant of the fundus image. 1 MU
corresponds to 1pm in the Gullstand’s eye model. In the vast majority of
measurements, we used the temporal superior arcades. It was only in
rare cases where an appropriate measuring area on the temporal su-
perior arcades was not found that we used the temporal inferior ar-
cades. The raw numerical data generated from the RVA was exported to
an Excel template (Microsoft) with macros. This allowed further fil-
tering, processing and analysis of the data. Data from all three flicker
cycles were extracted to recalculate relative changes to the baseline for
each cycle. We then generated median values for each 1s time point.
This enabled us to construct an average summary curve of the vessel
reaction for each participant. We then smoothed the average curves by
calculating a running median with a window of 5s. Absolute vessel
baseline diameters for the selected vessel segments were calculated
individually as the median value over the last 30 s prior to each flicker
stimulation. Vessel diameter changes in each flicker cycle were calcu-
lated as percentage change to the corresponding baseline diameters. We
derived the following parameters from the smoothed averaged flicker
response curve (Fig. 1): Dilation parameters: maximal dilation (MD)
(the absolute maximum of the reaction curve taken between the start of
the flicker stimulation and 30 s after flicker cessation), the area under
the reaction curve during flicker stimulation (AUCgycx) (Taken for the
duration of the flicker (20s); for values under the 100%-line the area
was negative) and time to MD (Typ) (time of flicker start taken as 0s).
For constriction parameters we determined: maximal constriction (MC)
(The minimum value occurring after maximum flicker induced dilation)
(for veins we referred to this as the minimum reaction (MR) value), the
area under the reaction curve during vessel constriction (AUCcyys OF
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Fig. 1. An example of the summary arterial diameter changes expressed as a
percentage of baseline from a study participant. The solid black line illustrates
the running median line used to smooth the original data. Parameters include 1)
Maximal dilation expressed as a percentage of baseline, %; 2) The area under
the reaction curve during flicker stimulation, %s, 3) Time to maximum dilation,
s; 4) Maximal constriction expressed as a percentage of baseline, %; 5) The area
under the reaction curve during constriction; 6) Time to maximal constriction.

AUCyR) (calculated between 9 and 59s after the end of the flicker
stimulation. For values under the 100%-line the area was negative;
positive values were given a zero value) and time to maximal con-
striction/reaction (Tyc/Twmr) (time of flicker start taken as 0's).

Static vessel analysis was performed as previously described in the
African PREDICT project (Strauss et al., 2016). The vessel diameter data
was extracted from the Visualis software and we calculated the central
retinal artery and vein equivalent (CRAE and CRVE, and subsequently
the arterio-venous ratio (AVR)) using the six largest arterial or venular
trunks in the measuring zone with revised formulas (Knudtson et al.,
2003).

6. Biochemical measurements

Blood was collected, prepared in the appropriate blood separation
tube and aliquots stored at —80 °C. Serum total and high density li-
poprotein cholesterol (HDL-C), triglycerides, gamma-glutamyl-
transferase (GGT), high sensitivity C-reactive protein (CRP), plasma
glucose (collection tubes contained sodium fluoride) and urinary al-
bumin and creatinine were analyzed using a sequential multiple ana-
lyzer (Cobus Integra 400 Plus, Roche, Switzerland). Cotinine was de-
termined using a homogeneous immunoassay (modular automated
analyzer, Roche, Basel, Switzerland).

7. Statistical analysis

Data was collected and managed using the REDCap electronic data
capture tools hosted at the North-West University, Potchefstroom
Campus (Harris et al., 2009). Data analysis was performed using Sta-
tistica version 13 (TIBCO Software, Tulsa, OK, USA). Data were pre-
sented as mean * standard deviation or median with interquartile
range. Comparisons between groups were performed using the in-
dependent t-test or Mann-Whitney U test for normal or not-normally
distributed data respectively. ANCOVA was used to compare retinal
vessel parameters between groups. Two models were tested. Model 1
adjusted for sex, and variables that differed significantly between the
black and white cohort (age, socioeconomic status score, GGT, glucose
and central systolic blood pressure). For Model 2, variables that were
adjusted for in the ANCOVA were selected based on bivariate
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Table 1
Characteristics of young black and white adults.
Black White P-value
n=112 n =143
Gender (women:men; n, 74 (66.1):38 (33.9) 98 (68.5): 45 0.67
%) (31.4)
Age (years) 24.7 + 3.4 255 + 2.9 0.033
BMI (kg/m?) 24.0 (20.6-27.8) 23.5 (21.3-27.3) 0.70
Waist circumference 76.9 = 11.0 78.5 = 11.8 0.25
(cm)
Socioeconomic status 17 (14-23) 26 (10—30) < 0.001
score
Family history CVD (n, 61 (55.0) 50 (45.0) 0.20
%)
Cardiovascular measures
24h SBP (mmHg) 112 £ 7 114 = 7 0.23
24 h DBP (mmHg) 68 = 5 67 = 5 0.75
24h PP (mmHg) 45 + 6 46 = 6 0.078
Clinic central SBP 109 = 9 104 = 8 < 0.001
(mmHg)
Central PP (mmHg) 33 £ 5 34 = 5 0.40
PWV (m/s) 6.26 = 0.78 6.13 = 0.82 0.21
Biochemical variables
Urinary ACR 0.43 (0.31-0.77) 0.37 (0.27-0.70) 0.073
Total cholesterol 3.70 (3.15-4.28) 4.61 (4.08-5.32) < 0.001
(mmol/1)
HDL-C (mmol/1) 1.29 (1.09-1.50) 1.38 (1.13-1.70) 0.012
Triglycerides (mmol/1) 0.72 (0.54-0.99) 0.90 (0.68-1.36) < 0.001
eGFR (ml/min/1.73m?%  119.84 106.31 < 0.001
(107.78-127.07) (93.65-116.78)
CRP (mg/1) 1.08 (0.52-3.23) 0.86 (0.34-2.82) 0.12
GGT (U/L) 21.05 (15.10-32.60)  15.50 < 0.001
(10.60-25.90)
Glucose (mmol/L) 4.53 (3.55-4.91) 4.89 (4.60-5.22) < 0.001
Cotinine (ng/ml) 1.00 (1.00-129.00) 1.00 (1.00-14.80) 0.054
Retinal vessel calibers
CRAE (MU) 158 + 11 164 = 11 < 0.001
CRVE (MU) 250 * 17 249 * 17 0.55
AVR 0.63 + 0.05 0.66 += 0.04 < 0.001
Retinal vessel caliber responses to light flicker provocation
Arterial parameters
Segment diameter (MU) 120 = 15 125 = 14 0.024
Maximal dilation (%) 56 £ 2.1 3.3 + 1.8 < 0.001
AUCpjick (%°5) 74.39 = 31.99 42.35 + 28.04 < 0.001
Time to maximal 19.0 (17.0-21.0) 18.0 (15.0-21.0) 0.074
dilation (s)
Maximal constriction —2.4(—3.8to —2.5(—-3.3to 0.26
(%) —1.5) -1.4)
AUC constriction (%s) —37.87 (—78.30 to —37.40 (61.07 - 0.68
—21.05) —24.65)
Time to maximal 39.5 (34.0-51.0) 40.0 (35.0-45.0) 0.56
constriction (s)
Venular parameters
Segment diameter (MU) 153 + 21 150 = 20 0.18
Maximal dilation (%) 4.5 (3.2-6.1) 3.6 (2.6-5.1) < 0.001
AUCkgjick (%.5) 46.98 + 30.83 38.15 = 25.38 0.013
Time to maximal 21.5 (20.0-24.0) 22.0 (20.0-24.0) 0.52
dilation (s)
Minimum reaction (%) —-0.5(—-1.2to -0.3(—-0.9--0.00 0.55
—-0.2)
AUC constriction (%.s) —1.4 (—6.4-0.0) -1.1 (-7.5-0.0) 0.68
Time to minimum value  71.5 (55.0-87.5) 64.0 (48.0-79.0) 0.026

®

BMI - body mass index; CVD - cardiovascular disease; SBP — systolic blood
pressure; DBP - diastolic blood pressure; PP — pulse pressure; HR — heart rate;
PWYV - pulse wave velocity; ACR - albumin-to-creatinine ratio; HDL-C — high
density lipoprotein cholesterol; eGFR - estimated glomerular filtration rate;
CRP - C-reactive protein; GGT; gamma glutamyl transferase; AUC - area under
the curve; FLIP - flicker light induced provocation.

associations (partially adjusted for sex) with CRAE, CRVE, AVR and
retinal dilation parameters (as this is where major differences were
noted between groups). Model 2 therefore included adjustment for sex,
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Fig. 2. Average FLIP reactions in black and white participants. For each time point a median of vessel diameter values of all individuals in the cohort was computed

to build the average curve.

24 h systolic blood pressure, triglycerides, smoking, socioeconomic
score, and CRP.

8. Results

Participants were mostly female, with a mean age of 24.7 = 3.4
and 25.5 + 2.8years for the black and white groups respectively.
Black adults were slightly younger, from a lower socioeconomic status,
had lower glucose, total cholesterol, HDL-C and triglyceride levels, but
higher GGT and central systolic blood pressure when compared to
white participants (Table 1). Measures of anthropometry, PWV, urinary
albumin-to-creatinine ratio and CRP were comparable between the
groups (p > .05). No differences existed for 24 h blood pressure pro-
files (day and night — data not shown).

Black adults displayed a lower CRAE and AVR (both p < .001)
whereas CRVE was similar to white young adults. Fig. 2 demonstrates
the average vessel response to light flicker provocation of the two
groups. In response to FLIP, parameters describing retinal artery and
vein dilation (MD and AUCgy;) were greater in the black compared to
the white cohort (all p < .007). In addition, vein Ty following FLIP
was longer (p = .02) and the AUC value (AUCyr) describing this phase
was larger (p < .001) in the black group (Table 1).

We repeated the retinal comparisons in a sensitivity analysis con-
sidering the influence of family history of CVD (Gopinath et al., 2011;
Seshadri et al., 2018) and iris pigmentation (Rochtchina et al., 2008) on
retinal vascular data. Data on iris pigmentation was available for 82%
of the white group. When excluding participants with either a family
history of CVD or when comparing those with brown iris colour, the
significant differences noted between the black and white groups re-
mained for static retinal data and arterial responses to FLIP. For venular
responses to FLIP, time to minimum value no longer differed between
groups for both sensitivity analysis, and vein dilation parameters no
longer differed when comparing ethnic group with brown iris colour.

With the exception of the venular dilation parameters (MD (only for
Model 2) and AUCgj;q) and vein time to minimum value (for Model 2),
the microvascular differences reported in Table 1 remained significant
following adjustment for variables listed in Model 1 or Model 2 (see
statistical analysis).

9. Discussion

We compared retinal vessel calibers and vessel responses to FLIP
between healthy young black and white adults to establish whether
microvascular differences already exist at a young age. We demonstrate
retinal arterial narrowing in black compared to white true normoten-
sive young adults. This observation is in line with previous reports of

possible early vascular changes in black compared to white South
Africans (Mokwatsi et al., 2017; Schutte et al., 2011). Secondly we
show that retinal vessel dilation responses to light flicker provocation,
especially the arterial vessels, are greater in black young adults. These
observations were confirmed when excluding participants with a family
history of CVD (Gopinath et al., 2011; Seshadri et al., 2018) or white
participants with blue or green iris colour (Rochtchina et al., 2008).

A strong relationship exists between retinal arterial narrowing and
hypertension (Ikram et al., 2013). Retinal arterial narrowing has been
speculated to reflect widespread changes in total peripheral resistance
(Ding et al., 2014), a prominent feature of hypertension. Furthermore, a
reduced CRAE can predict incident hypertension (Chew et al., 2012;
Ding et al., 2014), although this has been disputed on the basis of
characterizing normotensive status on clinical blood pressure alone
(Wei et al., 2016). Our findings of a reduced CRAE in the black adults
are therefore strengthened by all participants being true normotensives.
Taken together, our findings along with those of others exploring racial
differences in microvascular function in the skin (Pienaar et al., 2014;
Strain et al., 2005), suggest that differences in the status of these vas-
cular beds may exist between black and white populations already at a
young age. Along with the findings from large meta-analyses regarding
the relationship between CRAE and risk of hypertension (Chew et al.,
2012; Ding et al., 2014), our data may contribute to understanding
differences in the prevalence of hypertension reported between black
and white populations (Gasevic et al., 2015). This is in line with South
African data where among patients with newly diagnosed heart disease,
Africans were most likely to present with hypertensive heart disease,
and less likely to present with coronary artery disease (Sliwa et al.,
2012). Although the differences in retinal arterial caliber noted be-
tween our black and white study population are relatively small
(~6MU), it should be it should be emphasized that our study popula-
tion is young, normotensive and apparently healthy, without self-re-
ported chronic illness, therefore these differences could yet be im-
portant. Of note, one meta-analysis using data from cross-sectional
studies demonstrated that for every 10 mmHg increase in mean arterial
blood pressure, CRAE would decrease by 3.07MU (Chew et al., 2012).
In a separate meta-analysis, a more modest result was shown, that with
every 20 um (MU) decrease in baseline CRAE, systolic blood pressure
would increase with 1.12 mmHg over 5years. These data support the
potential clinical relevance for these differences noted in our study. A
follow-up of these participants will help demonstrate the extent to
which the smaller retinal arterial caliber noted in black participants
may predict increased changes in future blood pressure.

Conversely, black adults also showed a greater artery dilation in
response to FLIP compared to white adults. This greater increase in
blood flow may account for the delayed time for the vein to reach its
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minimum reaction value after FLIP. The greater artery dilation in re-
sponse to FLIP could suggest improved vascular function or retinal
autoregulation capacity in the black adults since a reduced artery MD is
related to cardiovascular risk factors, events, or in predicting all-cause
mortality (Al-Fiadh et al., 2015; Bettermann et al., 2017; Gunthner
et al., 2019; Heitmar et al., 2017; Kotliar et al., 2011; Mandecka et al.,
2007; Nagel et al., 2004; Nagele et al., 2018). However this is not
conclusive as this explanation is not in line with previous work reported
between black and white populations in smaller studies (Mokwatsi
et al., 2017; Pienaar et al., 2014; Schutte et al., 2011; Strain et al.,
2005).

As with similar data from a different study population currently
under review, we speculate that the increased vessel dilation in re-
sponse to FLIP reported in the black group could result from compen-
satory factors such as a more favorable nitric oxide synthesis capacity
(Mels et al., 2016). Alternatively, in the black group, the retinal arterial
narrowing may be of a functional nature and as such the vessels are in a
pre-constricted state with a greater dilatory reserve prior to the FLIP
stimulus. These vessels are thus able to achieve a greater percentage
vessel dilation upon stimulation. This notion is supported by various
publications. One study demonstrated an inverse relationship between
retinal artery dilation in response to FLIP and the arterial diameter of
the measured segment (Al-Fiadh et al., 2014). The authors speculated
that the greater dilation in smaller vessels was due to increased shear
stress in smaller vessels. Secondly, participants exposed to experimen-
tally induced high altitude demonstrated increase CRAE which was
accompanied with a smaller arterial flicker response (Neumann et al.,
2016). Lastly, healthy active participants where shown to have com-
parable retinal arterial dilation to FLIP when compared to sedentary
participants with increased cardiovascular risk (Streese et al., 2019).
Whats more is that healthy sedentary individuals had higher FLIP in-
duced arterial dilation compared to all groups. However, consideration
of the participants static vessel data (AVR) led the authors to speculate
that a high AVR in the healthy active group could be indicative of pre-
dilated arterioles and consequently a reduced dilatory reserve ex-
plaining the reduced arterial dilatory responses to FLIP seen in this
group. These studies strongly support our hypothesis and taken to-
gether implicate the basal state of the vasculature as a strong de-
terminant of the vessels response to light flicker stimulation.

The findings of our study should be interpreted within the context of
certain limitations. The selection of our study population was rather
specific, and may therefore not reflect the situation in the general South
African population.

10. Conclusion

Young healthy black adults with normal clinic and 24h blood
pressure profiles, already display retinal arterial narrowing compared
to white adults. This could have implications for future hypertension
development and provide insight into racial disparities regarding car-
diovascular risk. Follow-up work currently underway will shed more
light on this in the future. We further demonstrate that black young
adults show a greater vessel dilation response and propose that this may
be due to the narrower retinal arterial diameter prior to flicker.
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