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Purpose. We investigate macular perfusion and the systemic and ocular associations in a
population-based setting.

MEetHODS. In this cross-sectional study, 2018 adults residing in Hong Kong underwent detailed
ophthalmic examinations after consenting to participate. Macular perfusion was measured
with optical coherence tomography angiography (OCTA) using the split-spectrum amplitude
decorrelation angiography algorithm. The parafoveal flow index and vessel area density were
quantified using automated custom-built software.

Resurrs. Of the 2018 participants, the OCTA measurements were available for 1940, and 1631
(84.1%) had good quality scans. The right eyes of these 1631 participants (43.1% men) were
included for final analysis. Mean age was 49.8 years (range, 18-92 years). Mean global macular
vessel density was 47.3% and 55.1% for the superficial and deep retinal layers, respectively. In
multivariate analysis, lower superficial vessel density remained significantly associated with
lower signal strength index (SSI; P < 0.001, standardized f = 0.607) and male sex (P < 0.001,
B = 0.162), and borderline associated with older age (P = 0.09, p = —0.045) and longer axial
length (AL; P = 0.09, B = —0.037), while lower deep layer vessel density was significantly
associated with lower SSI (P < 0.001, standardized § = 0.667), longer AL (P < 0.001, =
—0.097), and higher creatinine (P < 0.001, B = —0.072).

Concrusions. This large population-based study provided normative OCTA data of macular
vessel density and demonstrated that a lower superficial retinal vessel density was
significantly associated with lower SSI and male sex, while a lower deep layer retinal vessel
density was significantly associated with lower SSI, longer AL, and higher level of creatinine.
These associations must be considered when interpreting clinical quantitative OCTA data.

Keywords: macular vessel density, Macular vascular density, optical coherence tomography
angiography, OCTA

he vascular system of the retina is essential for maintenance

of normal visual function. Quantitative and qualitative
assessment of the retinal vascular system is fundamental in the
management of various retinal and choroidal vascular diseases,
such as diabetic retinopathy, retinal artery or vein occlusions,
and neovascular age-related macular degeneration (AMD).
Fluorescein angiography (FA) and indocyanine green angiogra-
phy (ICGA) have been used clinically to evaluate the retinal and
choroidal vasculature. However, these imaging methods are
two-dimensional and cannot differentiate retinal and choroidal
layer vessels. In addition, both imaging methods are invasive
with the need for intravenous dye injection, and are associated
with possible complications, including extravasation of dye,
inadvertent intra-arterial injection, pruritus, nausea, temporary
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skin discoloration, and life-threatening anaphylactic reac-
tions. "

Optical coherence tomography angiography (OCTA) is a
novel noninvasive imaging technology that uses intrinsic blood
flow motion contrast to produce angiographic data across the
retina and choroid.>> Previous studies have demonstrated high
intravisit repeatability and intervisit reproducibility for OCTA
measurements of parapapillary and macular perfusion.® '°
Using OCTA, macular vessel density in healthy volunteers
recently was quantified and its associations with age, sex, and
refractive errors were assessed.'!™'" Studies also showed the
clinical applicability of OCTA for diagnosis and management of
glaucoma, and retinal and choroidal diseases.>'>~2° However,
these were hospital-based studies with relatively few subjects
and potential selection bias. A population-based, rather than a
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hospital-based, investigation has the advantage of being free of
potential selection bias induced by referring doctors. Accord-
ingly, we conducted the current study to measure the macular
vessel density in a large population-based setting to determine
normative values and understand associated ocular and
systemic factors.

METHODS

The study adhered to the Declaration of Helsinki and was
approved by the institutional review board of the University of
Hong Kong. All participants provided written informed
consent.

In the present study, subjects were selected from family
cohort members who were residing in several districts in Hong
Kong (available in the public domain at https://familycohort.
sph.hku.hk/en/). The family cohort has a random sample of
19,533 subjects across Hong Kong who have been followed in
the cohort since 2008, with known background demographic
data available. The study design, cohort characteristics,
inclusion and exclusion criteria of the family cohort have been
reported previously.®' As subjects come from all 18 districts of
Hong Kong in the family cohort, we randomly selected four
districts for subject recruitment in the current study: Tin Shui
Wai (TSW), Sham Shui Po (SSP), Kwun Tong (KT), and Tseung
Kwan O (TKO). All adults aged 18 or older, residing in these
four districts and who agreed to participate in the study were
eligible for recruitment. The exclusion criteria included
pregnant or lactating women, and those unable to consent or
cooperate with OCTA scans due to severe sickness or any other
reason.

After obtaining written consent, subjects were interviewed
in person to complete a structured questionnaire on their
sociodemographic profile, smoking and alcohol consumption
habits, dietary habits, family history of illnesses, and past
medical history. The questionnaire also assessed the subjects’
knowledge towards common eye diseases, including cataract,
glaucoma, and AMD. The questionnaire was in Chinese and
trained research assistants conducted the interview in Chinese.
The height, weight, and hip and waist circumference of each
subject were measured and recorded. Body-mass index (BMD)
then was calculated using the formula: weight (kg) / square of
height (m?). The body fat percentage was assessed using a
bioelectrical impedance analyzer (Karada Scan HBF-350;
Omron Corporation, Kyoto, Japan), while blood pressure and
heart rate were measured with an automated sphygmomanom-
eter (Hem-7000; Omron Corporation). Mean arterial pressure
(MAP) was defined as the diastolic blood pressure plus one-
third of the pulse pressure. The ocular perfusion pressure
(OPP) was defined as MAP minus IOP. The right and left ankle-
brachial index (ABI) were measured with a dedicated
automatic device (MESI ABPI MD, MESI Ltd., Slovenia). Fasting
blood samples were obtained via venipuncture for complete
blood count, renal function test, cholesterol level, high-density
lipoprotein (HDL), low-density lipoprotein (LDL), triglyceride,
glycated hemoglobin (HbAlc), and C-reactive protein (CRP).
Two additional 5 mL tubes of blood samples were obtained for
building up a biobank. For study purposes, arterial hyperten-
sion was defined as a systolic blood pressure >140 mm Hg or a
diastolic blood pressure >90 mm Hg, or self-reported current
treatment of arterial hypertension with antihypertensive
medication. Diabetes mellitus was defined as HbA1C >6.5%
or a history of diagnosis of diabetes mellitus or of insulin or oral
hypoglycemic agent treatment for diabetes.

An ocular examination was performed for each subject,
including presenting visual acuity (PVA), best-corrected visual
acuity (BCVA), automatic and subjective refraction, IOP, slit-
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lamp examination of the anterior segment, and funduscopic
examination of the posterior segment.

Visual acuity was tested using a logMAR chart (Lighthouse
International, New York, NY, USA) at a distance of 4 m in a
room with standardized illumination. PVA was measured with
the subject’s habitual glasses, if any. BCVA was measured with
the best possible correction obtained with subjective refrac-
tion. IOP was measured with noncontact tonometry (NCT;
TONOREF II; Nidek, Gamagori, Japan) three times and
averaged to obtain the final value. Unreliable readings were
discarded until three reliable readings were obtained.

Anterior segment examination was performed with a slit-
lamp biomicroscope (SL-DC7 + DC4; Topcon, Oakland, NJ,
USA), checking for any lid abnormalities (entropion, ectropion,
lid mass, meibomian gland disorder), cornea status (clear or
scar present), and presence of pterygium. A fluorescent stain
then was applied to the ocular surface to assess for any
punctate epithelial erosion, as well as tear break-up time.
Following this, the pupils were dilated with phenylephrine
hydrochloride 0.5%/tropicamide 0.5% (Mydrin-Pain; Santen,
Osaka, Japan) to facilitate lens and posterior segment
assessment. An image of each lens was captured using retro-
illumination and a slitlamp mounted digital camera (Topcon)
for the grading of any cataracts present, according to the Lens
Opacity Classification System III (LOCS IID. If the subject
previously had cataract surgery, their lens status would be
pseudophakic in the presence of an intraocular lens implant, or
aphakic in the absence of a crystalline lens or intraocular lens
implant. Posterior segment examination was performed by an
ophthalmologist using binocular indirect ophthalmoscopy
with a slitlamp with a condenser lens (Digital Wide-Field
Lens; Volk Optical, Inc., Mentor, OH, USA), while ultrawide
field fundus photography (up to 200°) was recorded for each
eye (Daytona Ultra-widefield Fundus Camera; Optos, Inc.,
Dunfermline, Scotland, UK). Keratometry, central corneal
thickness, and white-to-white distance were obtained with a
multi-purpose machine (OPD-Scan 1l Wavefront Aberrometer;
Nidek), while the anterior chamber depth and axial length (AL)
were measured with an ocular biometer (AL-Scan; Nidek).

OCTA was performed using a commercially available Avanti
spectral-domain optical coherence tomography (SD-OCT)
device (Optovue, Inc., Fremont, CA, USA) after pupil dilation.
The device contained the AngioVue OCTA system (version
2017.1.0.151) and acquired volumetric OCTA scans of the
central 6 X 6 mm macula area with a 304 X 304 A-scan sample
density at an A-scan rate of 70-kHz and used the split-spectrum
amplitude decorrelation angiography (SSADA) algorithm to
generate angiograms.'®%°

The automatically generated OCTA images were reviewed
manually. Scans with a signal strength index (SSD) >50 were
included for quantitative analysis. Those with poor scan quality
or obvious motion artifacts were excluded. The vessel density
of the superficial and deep capillary networks was measured
and assessed separately. The superficial retinal capillary
network was set from 3 pm below the internal limiting
membrane to 15 um below the inner plexiform layer IPL) and
the deep capillary network was set from 15 to 70 um below
the IPL. The vessel density was defined as the proportion of
vessel area with blood flow over the total area measured (Fig.
1). Structural SD-OCT images were used for thickness
measurement. The inner retinal thickness was measured from
the internal limiting membrane (ILM) to the outer boundary of
the inner nuclear layer. Full retinal thickness was measured
from ILM to the outer boundary of the RPE.

Statistical analysis was performed using Statistical Package
for Social Sciences software (SPSS for mac, version 25.0; IBM
SPSS, Inc., Chicago, IL, USA). Descriptive statistics including
mean, standard deviation (SD), median, range, and percentages
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Ficure 1. Illustration of OCTA measurement of macular vessel density
on a 6 X 6-mm scan of a normal healthy participant. Top shows
angiograms of the superficial (/ef?) and deep (right) retinal layers. The
inner circle (1-mm) demonstrates the central fovea. The ring area
between the inner circle and outer circle (6-mm) was defined as the
parafovea. Bottom demonstrates segmentation of the superficial (Zeft)
and deep (right) retinal layers located between the horizontal red and
green lines. The red dots on bottom panel signify the blood flow
signals on tomographic images.

were presented where appropriate. A paired #test was used to
compare the angiographic parameters between the right and
left eyes. Since there was no significant difference in
angiographic parameters between the two eyes, only the right
eye of each participant was included in further analysis. The
superficial and deep layer vessel densities are presented. In a
second analytic step, we performed univariate linear regression
analyses to determine the associations between the angio-
graphic parameters and other ocular and systemic parameters.
In a third step, we performed a multivariate analysis, with the
angiographic parameters as dependent variables and with all
those parameters that were associated with the angiographic
parameters in the univariate analysis as independent variables.
All P values were 2-sided and considered statistically significant
if their values were <0.05.

RESULTS

Of 2934 eligible subjects, 2018 (cooperation rate, 68.8%)
entered into the survey from May 1, 2016 to December 31,
2017. Among these 2018 participants, 1940 (96.1%) under-
went OCTA scans, 309 (15.9%) of which were excluded due to
poor scan quality. The remaining 1631 (84.1%; 42.4% men,
mean age * SD 49.8 * 15.4 years, range 18-90 years)
participants with good quality OCTA scans were included for
quantitative assessment. The prevalence of hypertension and
diabetes mellitus was 28.4 *= 1.1% and 10.0 * 0.7%
respectively. For the right eye, mean BCVA was 0.0 = 0.1
logMAR (range, —0.3-1.0 logMAR), mean spherical equivalent
(SE) refractive error was —1.3 = 2.9 diopters (D; range, —16.3-
+9.8 D), mean AL was 24.3 = 1.4 mm (range, 20.2-31.6 mm),
and mean IOP was 13.6 = 2.8 mm Hg (range, 6.0-25.0). The
prevalence of myopia (SE < —0.5 D) and high myopia (SE <
—6.0 D or AL > 26.5 mm) was 51.4 = 1.2% and 12.3 * 0.8%,
respectively. The demographic characteristics and ocular
parameters of the subjects are summarized in Table 1.
Compared to participants included for quantitative OCTA
measurements, those excluded from the analysis due to lack of
scan or insufficient image quality were significantly older
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(mean age 49.8 vs. 61.6; P < 0.001), with a significantly higher
BMI (23.7 vs. 24.4; P = 0.003), higher prevalence of diabetes
mellitus (10.0% vs. 18.9%; P < 0.001) and hypertension (28.4%
vs. 46.8%; P < 0.001), and higher prevalence of high myopia
(12.3% vs. 25.6%; P < 0.001), but did not vary significantly in
sex proportion (43.1% vs. 43.2% male; P = 0.98) and right eye
IOP (13.6 vs. 13.4 mm Hg; P = 0.25).

Mean superficial vessel density was 47.30%, 30.76%, and
49.21% for the whole measured area, central foveal area
(central 1-mm diameter circle), and parafoveal area (1-6 mm
diameter ring area), respectively. Mean superficial vessel
density was highest in the superior quadrant (49.69%),
followed by 49.54%, 49.19%, and 48.41% in the temporal,
nasal, and inferior quadrants, respectively. The vessel density
was higher in the deep retinal layer than in the superficial
layer: 55.10%, 29.51%, and 59.35% for the whole measured
area, central foveal area, and parafoveal area in the deep layer,
respectively. In the deep retinal layer, it also was highest in the
superior quadrant (59.94%), followed by 59.59%, 59.49%, and
58.41% in the nasal, inferior, and temporal quadrants,
respectively. The superficial and deep layer vessel density for
the different regions of the macula is summarized in Table 2.

The global vessel density of the whole measured area was
significantly higher in women than in men in the superficial
(47.91% vs. 46.50%; P < 0.001) and deep (55.48% vs. 54.54%; P
= 0.001) layers (Fig. 2.) Mean global vessel density decreased
significantly with aging starting from age 50, in the superficial
and deep retinas. In the superficial layer, it was 47.65%,
48.53%, 48.64%, 47.53%, 46.24%, and 44.59% for age groups
18-29, 30-39, 40-49, 50-59, 60-69, and >70, respectively (P
< 0.001), compared to 56.16%, 57.34%, 56.73%, 55.53%,
53.46%, and 50.08%, respectively, in the deep retinal layer (P <
0.001). The retinal vessel density in the superficial and deep
layers decreased 1.3% and 2.2%, respectively, every decade
after 50 years of age (Table 3, Fig. 3).

In univariate linear regression analysis, lower superficial
vessel density was significantly associated with older age, male
sex, longer AL, worse BCVA, thinner inner retinal thickness,
lower SSI, higher HbAlc level, higher MAP, higher creatinine
level, and lower HDL level, but not significantly associated with
smoking, drinking, heart rate, CRP level, triglyceride (TG)
level, IOP, full retinal thickness, or central cornea thickness
(CCT; Table 4, Figs. 4-6). In multivariate analysis, a lower
superficial vessel density was still significantly associated with
lower SSI and male sex, and borderline associated with older
age and longer AL, while MAP, BCVA, inner retinal thickness,
HbAlc level, creatinine, and HDL level were no longer
significantly associated (Table 5).

In univariate linear regression analysis, lower deep retinal
vessel density was significantly associated with lower SSI, older
age, male sex, larger BMI, higher MAP, higher HbAlc, higher
creatinine, worse BCVA, longer AL, and thinner inner retinal
thickness and full retinal thickness, but not associated with
smoking, drinking, cholesterol level, HDL, TG, heart rate, CRP,
IOP, and CCT. In the multivariate model, a lower deep layer
vessel density was still significantly associated with lower SSI
(P < 0.001, standardized = 0.667), longer AL (P < 0.001, B =
—0.097) and higher creatinine (P < 0.001, § =—0.072), but not
significantly associated with the other parameters which were
significant in univariate analysis.

DIscUSSION

With the advantage of noninvasiveness, rapid scanning, and
high resolution, OCTA is gaining widespread use in research
and clinical assessment of patients.>> Normative data are
essential for quantitatively differentiating healthy from diseased
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Tasle 1. Demographic and Ocular Characteristics (Right Eye) of the Study Population

Parameters Mean SD Minimum Maximum
Age (years) 49.8 15.4 18.0 90.0
Body height (cm) 161.6 8.6 137.0 185.7
Body weight (kg) 62.1 11.4 33.6 123.5
BMI 23.7 3.6 14.8 46.2
Systolic blood pressure (mm Hg) 124.3 18.7 80.0 217.0
Diastolic blood pressure (mm Hg) 75.5 11.3 43.0 143.0
IOP (mm Hg) 13.6 2.8 6.0 25.0
BCVA (IogMAR) 0.0 0.1 -0.3 1.0
AL (mm) 24.3 1.4 20.2 31.6
CCT (um) 546.0 39.2 399.0 669.0
OCT SSI 64.4 7.2 50.1 84.3
Cholesterol (mmol/L) 5.2 1.0 2.6 9.3
HDL (mmol/L) 1.6 0.6 0.7 19.5
TG (mmol/L) 1.9 1.5 0.3 21.9
LDL (mmol/L) 3.2 0.9 0.7 7.8
HDbA1C (%) 5.8 0.7 4.1 12.6
Creatinine (imol/L) 59.9 24.6 1.0 354.0
CRP (mg/L) 1.8 3.7 0.11 64.8
Sex (men) 692 (42.4%)
Prevalence hypertension 28.4%
Prevalence of diabetes mellitus 10.0%
Prevalence of myopia 51.4%
Prevalence of high myopia 12.3%

Drinking proportion
Smoking proportion

699/1631 (42.9%)
314/1631 (19.3%)

status. Previous studies have reported normative macular
vessel density data in healthy volunteers; however small,
sample sizes and potential selection bias have precluded
reliable assessment of systemic associations.' 14?2724 The
current large-scale population-based study provides normative
macular vessel density data measured with OCTA and its
associations. The results showed that a lower superficial vessel
density was significantly associated with older age, male sex,
worse BCVA, longer AL, thinner inner retinal thickness, and
higher HbAlc level. A lower deep layer vessel density was
significantly associated with older age, worse BCVA, longer AL,
thinner inner retina, and higher HbAlc level. These results
should be considered when doing clinical studies with OCTA.

Mean macular capillary density found in the current study
was slightly different but comparable with previous reports.
Mean macular vessel density of the 1631 participants with a
mean age of 50 (range, 18-92) years was 47.3% and 55.1% for
the superficial and deep retinal layers, respectively. You et al.®

reported a mean global macular superficial vessel density of
53.8% in 15 healthy subjects with a mean age of 49 (range, 37-
54) years, when measured and analyzed with the AngioVue
system. In the study by Wang et al.,"' 105 healthy participants
with a mean age of 36 (range, 17-64) years were scanned with
the AngioVue system. The images were exported and manually
analyzed with Image J (National Institute of Health, Bethesda,
MD, USA). Mean macular capillary vessel density was 45.8%
and 44.4% for the superficial and deep retina layer, respective-
ly.'' Using the AngioVue system, Yu et al.'®> reported a
parafoveal vessel density of 74.9% in 64 healthy Chinese
subjects with a mean age of 38 (range, 20-62) years. However,
as recently noted by Corvi et al.,® when comparing vessel
density values, one must remember that different machines
and even different versions of software might lead to different
values, making the results not directly comparable or
interchangeable.

Tasie 2. The Superficial and Deep Layer Macular Vessel Densities of Different Quadrants

Global Vessel
Density of Superior Inferior Temporal  Superior Nasal Inferior
Whole Image Fovea Para-Fovea Hemi Area Hemi Area Quadrant Quadrant Quadrant Quadrant
Superficial layer (%)
Mean 47.30 30.76 49.21 49.64 48.79 49.54 49.69 49.19 48.41
Median 47.76 30.81 49.89 50.28 49.39 50.25 50.39 50.00 48.77
SD 3.84 6.49 4.90 5.00 5.16 5.31 5.41 5.54 5.53
Minimum 31.83 10.22 34.27 30.60 31.74 27.34 30.53 27.26 28.30
Maximum 65.61 62.57 66.01 66.06 65.96 66.87 67.44 65.60 66.66
Deep layer (%)
Mean 55.10 29.51 59.35 59.38 59.33 58.41 59.94 59.59 59.49
Median 55.92 29.04 59.94 60.05 60.11 59.24 60.82 60.28 60.37
SD 5.44 7.43 4.99 5.07 5.29 5.60 5.50 5.53 5.78
Minimum 26.14 8.84 29.83 31.87 27.77 22.56 24.15 24.00 27.80
Maximum 66.42 67.98 69.23 70.60 69.66 73.50 71.58 72.84 70.26
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Tasie 3. The Global Superficial Macular Vessel Density Stratified by Age and Sex

Male and Female

Male Female

95%CI for Mean

95% CI for Mean 95% CI for Mean

Retina Layer Age Group N  Mean LB UB N Mean LB UB N Mean LB UB
Superficial 18-29 270 47.65 47.24 48.06 122 47.02 46.42 47.62 148 48.17 47.62 48.71
30-39 149 48.53 47.98 49.08 58 48.12 47.20 49.05 91 48.79 48.10 49.48
40-49 316  48.64 48.28 49.01 109 4791 47.34 48.49 207 49.03 48.56 49.49
50-59 492 47.53 47.20 47.86 212 46.87 46.35 47.40 280 48.02 47.61 48.44
60-69 350 46.24 45.84 46.64 155 45.53 44.94 46.12 195 46.80 46.26 47.34
70+ 163 44.59 4391 45.27 94 43.93 43.06 44.81 69  45.49 44.43 46.54
Total 1740 47.30 47.12 47.48 750  46.50 46.22 46.78 990 4791 47.68 48.14
Deep 18-29 270 56.16 55.58 56.75 122 55.66 54.74 56.57 148 56.58 55.83 57.33
30-39 149 57.34 56.59 58.08 58 57.34 56.04 58.04 91 57.34 56.42 58.25
40-49 316 56.73 56.20 57.26 109 56.61 55.64 57.57 207 56.79 56.15 57.42
50-59 492 55.53 55.04 56.01 212 55.20 54.53 55.86 280 55.78 55.09 56.47
60-69 350 53.46 52.89 54.03 155  53.10 52.23 53.97 195 53.74 52.99 54.49
70+ 163 50.08 49.15 51.01 94  49.85 48.63 51.07 69 50.39 48.91 51.87
Total 1740  55.07 54.81 55.34 750 54.54 54.13 54.94 990 55.48 55.13 55.82

95% CI, 95% confidence interval; LB, lower bound; UB, upper bound.

Our finding that higher superficial and deep capillary
densities were significantly associated with younger age were
consistent with those of previous investigations. In addition to
showing a general negative association between macular vessel
density and age, with the advantage of a large study population
and wide age range of subjects, we have demonstrated that
vessel density was stable, or even slightly increased with aging,
until age 50, at which point it started to decrease progressively
at a rate of approximately 1.3% per decade (Table 2, Fig. 3).

In this study, superficial macular vessel density was higher
in women than in men. Since men had a longer AL (24.5 vs.
24.1 mm; P < 0.001) and older age (51.4 vs. 49.5 years; P =
0.01) than women, we adjusted for age and AL in multivariate
analysis. The results demonstrated that the association
between lower vessel density and male sex remains significant
even after adjustment for age and AL. The difference in
superficial vessel density between men and women also
remains significant after excluding the central 1-mm circle,
which would cover the foveal avascular zone area. Mean
parafoveal superficial vessel density was 49.8% in women and
48.3% in men (P < 0.001). These results agreed with the study
from Rao®? and disagree with others. Borrelli et al.>* reported a
higher superficial vessel density in boys than in girls when
measuring macular vessel densities with OCTA in children.

W Supericial layer
W Deep layer

=] g

Mean vessel density (%)
£

Women

Gender

Figure 2. The overall vessel density measured with OCTA in 6 X 6-mm
macular scan area was significantly higher in women (7 = 939) than in
men (n = 692) in the superficial and deep layers. Error bars: 95%
confidence intervals.
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Wang et al.'' demonstrated a higher superficial macular
capillary density, but a lower deep macular capillary density
in men than in women. Shahlace et al.** reported no sex
difference for macular vascular density measurements. The
reason for the sex discrepancy among these studies remains
unclear.

Another significant factor affecting macular vessel density
was AL. Yang et al.”> examined 33 highly myopic eyes and 47
mildly myopic or emmetropic eyes with OCTA, and found that
microvessel density decreased significantly with AL. A signif-
icantly reduced retinal vessel density also was found in myopic
eyes compared to healthy controls by several other
groups.Z("28 These findings are consistent with our observa-
tion in this study in that the superficial and deep retinal vessel
density decreases with AL, even after adjusting for age, sex, and
inner retinal thickness. The impact of AL could be partially
explained by the transverse magnification effect. A longer AL
will lead to a larger scanning area in retina. Our recent study
(unpublished) demonstrated that, away from central fovea, the
superficial retinal vessel density increased from 0.3 to 1.5 mm.
Starting from 1.5 mm outward, the superficial retinal vessel
density decreased gradually in the temporal, superior, and
inferior directions, while increasing in the nasal direction. On

M Superficial layer
W Deep layer

Mean vessel density (%)

1
1

\
N

40-49

-
®
)
©

50-

o

9 60-69 0+

Age (years)

Ficure 3. The overall vessel density measured with OCTA of the
macular 6 X 6-mm scan area stratified by age. The vessel density was
stable, or even slightly increased with aging, until age 50, at which
point it started to decrease progressively. Error bars: 95% confidence
intervals.
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TaBle 4. Univariate Analysis of Superficial Macular Vessel Density
Associations

Standardized
Parameters Coefficients P Value
Age —0.219 <0.001
Sex 0.173 <0.001
AL —0.135 <0.001
BCVA (IogMAR) —0.203 <0.001
Thickness of inner retina 0.116 <0.001
HbA1C —0.143 <0.001
MAP —0.115 <0.001
Creatinine —0.099 <0.001
SSI 0.636 <0.001
HDL 0.062 0.014
Triglyceride 0.006 0.80
Cholesterol 0.033 0.20
Smoking or not —0.026 0.30
BMI —0.045 0.07
Drinking or not —0.031 0.21
CRP —0.013 0.64
HR 0.036 0.14
10P 0.012 0.64
Thickness of total retina 0.013 0.60
CCT 0.007 0.79
HR, heart rate.

circular averaging, the superficial retinal vessel density
decreased gradually from 1.5 mm outward away from central
fovea. Considering that the peripheral edge of the 6 X 6-mm
scan area has a lower superficial retinal vessel density and the
transverse magnification effect of longer AL, it is understand-
able that the overall superficial retinal vessel density decreased
with longer AL.

It is interesting to note that superficial and deep macular
vessel densities were correlated with inner retinal thickness,
but not with full retinal thickness, which is consistent with the
findings of Yu et al.'> This may be explained by the idea that
the oxygen and nutrition demands of the inner retina are
supplied by the central retinal arterial system, while those of
the outer retina are mainly met by the choroidal vascular
system, and partially by the deep retinal capillary plexus. It can
be postulated that an increase in inner retinal thickness might
lead to an increase in oxygen and nutrient demands, and
hence, an increase retinal perfusion. Conversely, another

70
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FiGure 4. A scatter plot demonstrates that the superficial retinal vessel
density measured with OCTA on 6 X 6-mm macular scans decreased
significantly with age.
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Fiure 5. A Scatter plot demonstrates that the superficial retinal
vessel density measured with OCTA on 6 X 6-mm macular scans
decreased significantly with AL.

possible explanation is that an increase in superficial vessel
density and volume can translate into an increase in inner
retinal thickness.

It is noteworthy that, among all the parameters analyzed, SSI
has the strongest impact on measured retinal vessel density.
When we included SSI in the multivariate model, the lower
superficial retinal vessel density was only significantly associ-
ated with lower SSI and male sex, not with other parameters,
and the lower deep layer retinal vessel density was significantly
associated with lower SSI, longer AL, and a higher level of
creatinine. This result suggested that SSI must be taken into
consideration when doing OCTA-measured retinal vessel
density comparisons.

The current study has some limitations and some strengths.
First, although the participation rates in this study are
comparable with other population-based studies, the differ-
ence between participants and excluded subjects, as well as
between subjects with gradable and ungradable OCTA, might
still induce some selection bias. Second, despite OCTA
providing an accurate method to measure the superficial
retinal vessel density, the projection artifact embedded in the
technology might lead to an overestimation of the deep retinal
vessel density. The recently reported projection resolved
algorithm might improve measurement precision in the
future.'®?*3° The strength of our study is that to our
knowledge this is the first large population-based study

70
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30
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Fiure 6. A scatter plot demonstrates that the overall superficial
retinal vessel density measured with OCTA on 6 X 6-mm macular scans
increased significantly with inner retinal thickness.
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TaBiE 5. Multivariable Analysis of Superficial Macular Vessel Density
Associations

Standardized

Parameters Coefficients P Value
SSI 0.607 <0.001
Sex 0.162 <0.001
Age —0.045 0.09
AL —-0.037 0.09
BCVA —0.011 0.64
Thickness of inner retina 0.027 0.19
HbA1C —0.002 091
HDL —0.009 0.67
Creatinine 0.028 0.20
MAP 0.021 0.34

measuring macular vessel density with the relatively recent
imaging technology of OCTA, which enabled us to analyze the
systemic associations of macular perfusion. Therefore, our
study adds to current knowledge of quantitative data of the
normal retinal vascular system.

In conclusion, this large population-based study provided
normative OCTA data of macular vessel density and demon-
strated that a lower superficial retinal vessel density was
significantly associated with lower SSI and male sex, while a
lower deep layer retinal vessel density was significantly
associated with lower SSI, longer AL, and a higher level of
creatinine. These associations must be considered when
interpreting clinical quantitative OCTA data.
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