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ABSTRACT

Purpose To investigate the optic disc and peripapillary
vessel density, as well as its ocular and systemic
associations, in healthy eyes among adult Chinese
population.

Methods A population-based cross-sectional eye
survey was conducted on Chinese adults residing in
Hong Kong. 1891 eyes from 1891 participants who
completed 4.5x4.5 mm optical coherence tomography
angiography scans were recruited. Among the 1891 eyes,
404 were excluded due to low scan quality, optic disc or
retinal disorders and non-Chinese ethnicity. The vessel
densities (VDs) at nerve fibre layer plexus (NFLP) at both
optic disc and peripapillary were collected for analysis.
Multiple linear regression analysis was performed to
determine the ocular and systemic associations of NFLP
VD.

Results The study included 1487 participants (men:
41.2%) with a mean age of 48.8+15.4 years. The mean
NFLP VD of the whole en face image, inside disc and
peripapillary region was 53.8%, 42.7% and 60.3%,
respectively. In the multivariable model, decreased

NFLP VDs were significantly associated with older age,
male gender, longer axial length (AL) and lower Signal
Strength Index.

Conclusions This large population-based cross-
sectional study provided quantitative data of optic

disc and peripapillary NFLP VD which may serve as a
normative reference for clinical use. Apart from age,
gender and AL, the scan signal strength also should be
taken into consideration during the assessment of NFLP
VD.

INTRODUCTION

Glaucomatous optic neuropathy (GON), charac-
terised by pathologic loss of retinal ganglion cell
(RGC), is the leading cause of irreversible blind-
ness in the world.! Apart from raised intraocular
pressure (IOP), there are abundant evidences
suggesting that vascular insufficiency in the optic
nerve head (ONH) can attribute to the develop-
ment of GON.?* Some studies even showed that
vascular abnormalities arise earlier than retinal
nerve fibre layer (RNFL) thinning and visual field
defect.*’ Therefore, evaluation of blood perfusion

at the site of optic disc might be of significance in
the screening subjects with risk of developing glau-
coma, and could be a potential site of treatment in
the future.

There are four vascular networks in the retina.®
Among all these layers, nerve fibre layer plexus
(NFLP, previously called radial peripapillary capil-
laries) is most popularly studied for its unique
‘radial’ distribution, which makes it more vulner-
able and sensitive to ischemia condition than other
retinal capillaries in the reticular formation.” ®
NFLP, from internal limiting membrane (ILM) to
RNFL, is restricted to the microvasculature within
the RNFL layer and is responsible for the nutri-
tional supply of RGC axons.” '* Therefore, evalua-
tion of blood perfusion at NFLP is important both
academically and clinically.

Optical coherence tomography angiography
(OCTA) is a non-invasive and time-efficient imaging
technique developed on the basis of OCT. OCTA
detects the movement of red blood cells by measuring
the changes from repeated OCT scans and generates
three-dimensional (3D) angiographic information,
allowing the clinicians to investigate the morphology
and distribution of blood vessels in depth, as well
as their interaction with the retinal layers. In addi-
tion, OCTA is able to synthesise qualitative images
into quantitatively comparable values, such as vessel
density (VD), using its own software. These advan-
tages allow OCTA to be used in population-based
fundus vascular studies quantitatively.

Currently, OCTA has been popularly used in
the assessment of ONH perfusion.'’ '* However,
existing studies are all based in hospitals with
potential selection bias and with limited sample
size. Therefore, we conducted this population-
based study in eyes without optic nerve or retinal
diseases among Chinese adults in Hong Kong,
aiming to provide a normative reference for the
clinicians to quantitively grade the OCTA data of
ONH and peripapillary VD at NFLP slab, as well
as explore the ocular and systemic associations of
NFLP VD. If we could derive a population map of
ONH and peripapillary NFLP VD, it might make
OCTA a more popular diagnostic tool for early
glaucoma, similar to RNFL measurement.
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MATERIALS AND METHODS

Participants

The participants of this study were selected from the FAMILY
Cohort. The FAMILY Cohort commenced recruitment since
2008  (https://familycohort.sph.hku.hk/en/), and randomly
enrolled 19 533 participants from 18 districts in Hong Kong."
In this study, we randomly selected four among the 18 districts,
namely Tin Shui Wai, Sham Shui Po, Kwun Tong and Tseung
Kwan O. All adults aged 18 or above enrolled in the FAMILY
cohort, residing in these four districts, were invited to partic-
ipate by a registered mail. Participants who were pregnant or
lactating, unable to understand and sign the consent, and/or
failed to cooperate with OCTA scans were excluded.

In this study, 1891 participants with OCTA scans were
recruited and only data from right eyes were used for data anal-
ysis. Data from 404 eyes were excluded (online supplemental
figure 1) due to low OCTA scan quality, Signal Strength Index
(SSI) =45 (n=245), optic disc or retinal disorders (n=157) and
non-Chinese ethnicity (n=2). Only 1487 eyes without optic
nerve or retinal disorders were enrolled for analysis.

Ocular examination

A 4.5x4.5 mm scan centred on ONH was obtained with
AngioVue software (V.2016.1.0.26) on RTVue XR Avanti spec-
tral domain OCT (Optovue, Fremont, California, USA). The
scan beam wavelength was 84010 wm, the image acquisition
rate was 70 000 A scans/s. Each volume contained 304 B scan
and each B scan contained 304 A scan. Each B scan was repeated
two times and the system automatically generated an average.
The automatic segmentation of ONH scan included NFLP slab,
from ILM to outer limit of RNFL. In addition, the software
automatically divided the optic disc into inside disc region and
peripapillary region. The peripapillary region referred to a 0.75
mm wide elliptical annulus extending from the optic disc margin
and was divided into six sectors, which were nasal, inferonasal,
inferotemporal, superotemporal, superonasal and temporal
sectors, based on the Garway-Heath map."* The values of capil-
lary density (excluding large vessels) from the whole en face
image (4.5 x4.5 mm scan region), inside disc and peripapillary in
NFLP slab were collected for analysis. OCTA would be repeated
if there was obvious motion artefacts. The images with obvious
motion artefacts would be discarded.

Visual acuity was measured with the logarithm of the minimum
angle of resolution chart (Lighthouse International, New York,
USA) at a distance of 4 m. Best corrected visual acuity was
obtained based on subjective refraction. IOP was measured by
non-contact tonometry (TONOREF II, Nidek, Gamagori, Japan)
and an average of three consecutive readings was recorded. The
central corneal thickness was measured with OPD-Scan III Wave-
front Aberrometer (Nidek, Gamagori, Japan), while the ante-
rior chamber depth and axial length (AL) were measured with
AL-Scan (Nidek, Gamagori, Japan). In addition, dilated fundus
examination was performed by an ophthalmologist using binoc-
ular indirect ophthalmoscopy and a slit lamp with a condenser
lens (Digital Wide-Field Lens, Volk Optical, Ohio, USA).

Systemic parameters

The body mass index (BMI) was calculated with the formula:
weight in kg/ (height in m)% The waist circumference was also
recorded for the abdominal obesity. The systolic blood pressure
(SBP) and diastolic blood pressure (DBP) were measured with an
automated sphygmomanometer (Hem-7000, Omron Corpora-
tion, Kyoto, Japan). The blood tests included cholesterol level,

Table 1 Demographic and ocular characteristics (right eye) of the
study population
Parameters Number  Mean SD Minimum Maximum
Age 1487 48.84 15.42 18 90
Male vs female 1487 613 vs 874
Eye-related parameters
BCVA (LogMAR) 1481 0.00 0.12 —-0.26 0.78
AL (um) 1440 24.26 1.41 19.69 31.10
CCT (um) 1435 547.35 34.15 399.00 669.00
ACD (pm) 1406 3.24 0.41 2.10 5.21
10P (mm Hg) 1470 13.66 2.74 6.30 2330
SE (diopter) 1476 -1.36 2.81 -16.25 9.75
SSl 1487 63.17 9.20 45.08 88.45
Systemic-related parameters
BMI (kg/mz) 1479 23.61 3.60 13.89 44.24
Waist circumference (cm) 1462 83.47 10.47 57.00 120.00
Prevalent HT vs absent 1486 424 vs 1060
Prevalent DM vs absent 1300 139 vs 1159
SBP (mm Hg) 1482 12417 18.72 80.00 217.00
DBP (mm Hg) 1482 75.47 11.16 43.00 126.00
HDL (mmol/L) 1286 1.50 0.65 0.65 19.50
LDL (mmol/L) 1286 3.19 0.95 0.85 7.34
TG (mmol/L) 1286 1.98 1.72 0.32 21.87
Creatinine (umol/L) 1286 68.95 33.01 6.00 1021.00
HbA1C (%) 1287 5.88 0.90 0.00 14.10
HsCRP (mg/L) 1286 1.94 5.36 0.00 120.80

ACD, anterior chamber depth; AL, axial length; BCVA, best corrected visual acuity; BMI, body mass index; CCT,
central corneal thickness; DBP, diastolic blood pressure; DM, diabetic mellitus; HbA1C, glycated haemoglobin; HDL,
high-density lipoprotein; HsCRP, high-sensitivity C reactive protein; HT, hypertension; IOP, intraocular pressure; LDL,
low-density lipoprotein; logMAR, logarithm of the minimum angle of resolution; SBP, systolic blood pressure; SE,
spherical equivalent; SSI, Signal Strength Index; TG, triglyceride.

high-density lipoprotein (HDL), low-density lipoprotein (LDL),
triglyceride, glycated haemoglobin (HbA1C), and creatinine and
high-sensitivity C reactive protein (HsCRP). For study purpose,
in addition to self-reported medical history of hypertension and
diabetes mellitus (DM), participants with SBP =140 mm Hg or
a DBP =90 mm Hg; and HbA1C =6.5% were also defined as
having hypertension or DM, respectively.

Statistical analysis

Statistical analysis was performed using SPSS statistics V.26.0
(IBM SPSS). The data were presented in the form of mean, SD,
95% CI for mean, minimum and maximum. Missing values
were excluded from data analysis. Linear regression analysis was
performed to determine the associations between the NFLP VD
and ocular and systemic parameters. The ocular and systemic
parameters with a p value less than 0.05 in the univariate anal-
ysis were enrolled into the multivariate regression analysis. A
two-tailed p value less than 0.05 was considered as statistically
significant.

RESULTS

One thousand four hundred and eighty-seven eyes from 1487
participants (men: 41.2%) with a mean age of 48.8+15.4,
ranging from 18 to 90 years old, were enrolled for data analysis.
Since there were some missing data in several specific parame-
ters, for better interpretation of the results, the number of each
parameters was shown in table 1.

The age-related and gender-related trend of NFLP VD

The NFLP VD in the region of whole en face image, inside disc
and peripapillary region was 53.8% (95% CI, 53.57% to 53.92%),
42.7% (95% CI, 42.27% to 43.15%) and 60.3% (95% CI,
60.12% to 60.53%), respectively. The values stratified by age and
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Table 2 The whole en face, inside disc and peripapillary vessel density (%) at NFLP slab stratified by age and gender

N (M/F)

Age group
18-29 30-39 40-49 50-59 60-69 70-90
115/142 52/86 98/183 184/245 109/167 55/51

NFLP_whole en face
All
Male
Female
NFLP_inside disc
All
Male
Female
NFLP_peripapillary
All
Male

Female

53.98 (53.61 to 54.35)
53.09 (52.58 to 53.59)
54.71 (54.21 t0 55.22)

46.27 (45.30 to 47.24)
44.17 (42.59 to 45.74)
47.97 (46.83 10 49.12)

60.01 (59.57 to 60.46)
59.34 (58.69 to 59.99)
60.56 (59.95 t0 61.17)

54.61 (54.17 to 55.05)
54.25 (53.55 to 54.95)
54.83 (54.25 to 55.41)

44.1 (42.67 to 45.53)
42.09 (39.85 to 44.34)
45.33 (43.48 10 47.17)

61.35 (60.78 to 61.93)
60.91 (60.07 to 61.76)
61.61 (60.84 to 62.39)

54.97 (54.63 t0 55.32)
53.97 (53.40 to 54.54)
55.51 (55.09 to 55.93)

43.72 (42.74 0 44.71)
42.33 (40.76 to 43.89)
44.47 (43.21 t0 45.73)

61.55 (61.19 10 61.91)
60.59 (60.00 to 61.18)
62.07 (61.63 t0 62.51)

54,07 (53.77 t0 54.37)
53.53 (53.10 to 53.97)
54.47 (54.06 to 54.88)

42.15 (41.34 10 42.95)
42.34 (41.04 t0 43.63)
42.00 (40.98 to 43.03)

60.80 (60.43 t0 61.17)
60.04 (59.53 to 60.55)
61.37 (60.86 to 61.88)

52.50 (52.06 to 52.94)
52.13 (51.46 to 52.80)
52.74 (52.15 t0 53.32)

40.17 (39.2 to 41.14)
40.33 (38.66 t0 42.01)
40.06 (38.88 t0 41.24)

59.30 (58.76 to 59.84)
58.99 (58.20 to 59.78)
59.50 (58.77 to 60.23)

50.78 (49.99 to 51.56)
50.10 (49.10-51.10)
51.50 (50.27-52.74)

38.45 (36.81-40.08)
37.05 (35.04-39.06)
39.99 (37.36-42.62)

57.26 (56.27-58.24)
56.62 (55.10-58.15)
57.94 (56.69-59.19)

The data were shown in the form of mean (95% Cl).

F, female; ILM, internal limiting membrane; M, male; NFLP, nerve fibre layer plexure, ranging from ILM to outer limit of nerve fibre layer.

gender are shown in table 2 and figure 1A. In general, the NFLP
VD in female population is higher than that of male population.
Inside the disc, an age-related decreasing trend in NFLP slab was
observed, although a plateau occurred in the age from 30 to 59
years in men. In the peripapillary region, a slight increase in NFLP
VD was observed from age 18 to 49, then a sustained downward
trend occurs starting from the age of 50 years.

The distribution of NFLP VD in sectorial division of
peripapillary region

The distribution of NFLP VD in peripapillary regions was
stratified by age. The details were shown in online supple-
mental table 1 and figure 1B. In general, the temporal region
had a higher NFLP VD than the nasal region. The VD was
highest in the superotemporal region, followed by infero-
temporal region, while the lowest VD occurred in the nasal
region, followed by superonasal region. However, the ranking
of VD in inferior nasal and temporal region was not always
constant throughout age.

Ocular and systemic associations of NFLP VD

With multiple linear regression analysis, a lower en face NFLP
VD was significantly associated with older age (0.34% decrease
in VD per 10 years increase in age), male gender (1.01% decrease
in VD for male gender, compared with female), longer AL (0.42%
decrease in VD per 1 mm increase in AL) and SSI (0.19% increase

A B

NFLP_en face, inside disc and peripapillary

in VD per one unit increase in SSI). The details were shown in
table 3 and representative images were shown in figure 2.

DISCUSSION

In this study, the whole en face image NFLP VD was reported
to be 53.8%, which was higher than 42.5% from Pinhas et al’s
study" (133 normal eyes from 133 individuals with a mean age
of 41.5 years), but lower than the 58.8% from Kumar’s study'®
(74 normal eyes from 54 participants with a mean age of 51.2
years). The discrepancy might be caused by sampling bias, sample
size, the setting of machine, as well as the data analysis software
version. Since our study involved the greatest number of partic-
ipants in the literature, the results should be representative and
could be used as a reference in clinical practice.

Age-related or gender-related physiological changes should be
taken into consideration when we want to determine whether
the deviation from the normative values are pathological.
Previous studies demonstrated that the NFLP VD in peripapil-
lary and macula regions globally decreased with age.'” '* The
results from this study are consistent with what that have been
found in previous studies. Atherosclerosis, as a disease of ageing,
characterised by thickening and narrowing of the arterial walls,
might contribute to age-related decrease of NFLP VD in OCTA.
The gender difference has been observed in blood flow velocity
in ONH measured with laser speckle flowgraphy." 2° In this
study, women was found to be an independent factor for higher

NFLP-peripapillary
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The change of the NFLP vessel density stratified with age and gender (A) and the distribution of NFLP vessel density in sectorial division of

peripapillary region in population below and above 50 years old (B). NFLP, nerve fibre layer plexure.
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Table 3 The univariate and multiple regression analysis of whole image vessel density at NFLP slab

Univariate linear regression

Multiple linear regression

Parameters Beta (95% Cl) P value Beta* Beta (95% CI) P value
Per decade in age —0.53 (-0.64 to —0.42) 0.00 -0.15 —0.34 (-0.46 to -0.22) 0.00
Male vs female —1.24 (-1.58 to -0.89) 0.00 -0.15 —-1.01(-1.32 to -0.70) 0.00
Eye-related parameters

BCVA(LogMAR) —5.16 (-6.62 to -3.71) 0.00 —-0.02 —0.56 (—1.97 t0 0.84) 0.43

Per 1 pm in AL —0.48 (-0.60 to -0.35) 0.00 -0.18 -0.42 (-0.57 to -0.28) 0.00

Per 1 pm in CCT 0.00 (-0.01 t0 0.01) 1.00

Per 1 ym in ACD —0.11 (-0.54 t0 0.33) 0.63

Per 5 mm Hg in IOP 0.08 (-0.25 to 0.40) 0.64

Per 1 dipolar in SE 0.10 (0.03 to 0.16) 0.00 0.00 0.00 (-0.07 to 0.08) 0.93

Per 1 unit in SSI 0.21(0.20 to 0.23) 0.00 0.50 0.19 (0.17 to 0.20) 0.00
Systemic-related parameters

Per 5 kg/m? in BMI —0.08 (-0.32 t0 0.17) 0.54

Per 5 cm in WC —0.15 (-0.24 to -0.07) 0.00 0.04 0.07 (0.00 to 0.15) 0.07

Prevalent HT 0.06 (—0.32 to 0.45) 0.74

Prevalent DM —0.34 (-0.95 t0 0.27) 0.27

Per 10 mm Hg in SBP —0.29 (-0.39 to -0.20) 0.00 —-0.04 —0.07 (-0.19 to 0.05) 0.22

Per 10 mm Hg in DBP —0.17 (-0.33 to -0.01) 0.03 0.05 0.15 (-0.03 to 0.34) 0.1

Per 1 mmol/L in HDL —0.28 (-0.57 t0 0.02) 0.07

Per 1 mmol/L in LDL 0.00 (~0.20 to 0.20) 0.97

Per 1 mmol/L TG 0.01 (-0.10t0 0.12) 0.82

Per 1 pmol/L Creatinine —0.01 (-0.01 to 0.00) 0.10

Per 1% HbA1C —0.18 (-0.40 to0 0.03) 0.09

Per 1 mg/L in HsCRP 0.01 (~0.03 to 0.04) 0.79

Model summary /

Adjusted R=0.39, F=98.23, p=0.00

*Standardized beta coefficient.

ACD, anterior chamber depth; AL, axial length; BCVA, best corrected visual acuity; BMI, body mass index; BMI, body mass index; CCT, central corneal thickness; DBP, diastolic blood pressure; DM, diabetes mellitus; HbA1C, glycated haemoglobin;
HDL, high-density lipoprotein; HsCRP, high-sensitivity C reactive protein; HsCRP, high-sensitivity C reactive protein; HT, hypertension; ILM, internal limiting membrane; IOP, intraocular pressure; LDL, low-density lipoprotein; logMAR, logarithm of the
minimum angle of resolution; NFLP, nerve fibre layer plexure, ranging from ILM to outer limit of nerve fibre layer; ;SBP, systolic blood pressure; SE, spherical equivalent; SSI, Signal Strength Index; TG, triglyceride; WC, waist circumference.

NFLP VD. Generally speaking, women have a lower SBP and
cardiac outputs, and thus may require more vascular network
to ensure sufficient microcirculation to the organs. However, in
this study, SBP was not independently associated with NFLP VD.
The effects of oestrogen have been found to be associated with
ocular haemodynamics.?! Whether it contributes to the gender
difference of NFLP VD remains to be further studied.

The AL-related NFLP VD decrease is reasonable as myopia,
especially high myopia, is associated with retinal microvascular
network attenuation. However, comparing with our previous
study,? this time we found the impact of AL is much bigger
on NFLP than that on macular superficial vascular complexes
(SVC). This could be explained by the magnification effect
induced by AL variation. In OCTA, the actual retinal diameter
(Dt) is resized automatically to fit the output image size (Dm),
which is fixed.”® According to Littman formula,” ** Dt=p-¢-Dm,
where p=3.48, g=0.01306-(AL—1.82), the longer the AL, the
larger scan area will be covered by the OCTA scan. In disc area,
the NFLP VD markedly decreased with distance from the disc

£ AR

Female, 30 yrs, AL: 24 mm

Male, 29 yrs, AL: 24.5 mm

margin.”® Therefore, as AL increase, the magnification effect
will aggravate the NFLP VD decrease. In macular area, the nasal
side SVC VD increases in peripheral area (closer to disc), while
the temporal side SVC VD decreases in peripheral area (further
from disc),?® so ‘magnification leading to VD decrease’ effect
was partially cancelled by the nasal side.

IOP is a well-recognised risk factor for the development and
progression of glaucoma. However, no correlation between IOP
and NFLP VD was found in this study. This might be because all
glaucoma or glaucoma suspect participants were excluded, and
only five participants had an IOP slightly over than 21 mm Hg
were enrolled. It has been reported that moderate IOP elevation
would not have significant impact on retinal microcirculation
due to autoregulation of blood flow.”” Therefore, such small
degree of IOP increase in this study is unlikely to compromise
vascular supply to NFLP.

In this study, we also found that a higher SSI was associated
with a higher NFLP VD in the regression model. Furthermore,
among all the significantly independent variables, SSI had the

e i

Female, 29 yrs, AL: 26.5 mm Female, 80 yrs, AL 23.4 mm

Figure 2 Representative OCTA images showing the differences of whole image vessel density at NFLP slab among gender, age and axial length
(A&B) indicates gender-related difference; (B&C) indicated AL-related difference; (B&D) indicated age-related difference. NFLP, nerve fibre layer

plexure; OCTA, optical coherence tomography angiography.
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strongest effect in the prediction NFLP VD in participants of
different age groups. These results were consistent with our
previous study,” suggesting that we must take SSI value into
consideration when comparing retinal VD values.

Although obesity was found to be associated with reduction
of retrobulbar blood flow velocity,?® our results did not suggest
any correlation between BMI nor waist circumference and NFLP
VD. In this study, there were only 70 (5%) participants having
a BMI =30 kg/m?, 25 (5%) men having a waist circumference
>102 cm and 204 (23%) women having a waist circumference
>88 cm.”’ Since most of the participants enrolled in this study
did not have obesity, the results might not be able to explore the
correlation between VD and obesity. In further study, a more
balanced sample size in both obese and non-obese group will
have stronger power in investigating the association of obesity
and NFLP VD.

In addition to obesity, other vasculopathic risk factors like
hypertension, hyperglycaemic and hyperlipidemia are possible
public health conditions which may be closely correlated with
ocular microcirculation.”’** However, results in our study did
not suggest presence of hypertension, DM, elevated SBP or DBP
or HbA1C or serum lipids were independently associated with
the decrease of NFLP VD. The difference of sample size, inclu-
sion criteria and race potentially contributed to the discrepancies
in results. Although our study did not find any positive results,
the influence of hypertension, hyperglycaemic and hyperlipid-
emia on ocular microcirculation should not be ignored in clinic.

A potential limitation is the sampling frame enrolled complete
households in which all adult members agreed to participate,
thus potentially being susceptible to selection bias. However,
the ‘healthy volunteer effect’ could still have occurred if indi-
viduals were sampled instead of recruitment from a family-
based cohort.” Another limitation is the wide AL range from
19.69 pum to 31.10 um. The AL-related magnification may vary
scan area, thereby exaggerating the NFLP VD decrease as AL
increase. In addition, image artefacts remains an inherent chal-
lenge of OCTA image quality due to how OCTA is operated
and how OCTA data is processed and displayed. Even though
we have taken precautions to reduce the image artefacts, which
were mainly caused by eye movements, ocular pathology, and
low vision™; segmentation artefacts could not be totally avoided
as high myopic eyes were included for analysis. We did not
exclude eyes with high myopia because these eyes were not
found to have pathological changes with dilated fundal exam-
ination. In addition, since the aim of this study is to evaluate
the normative reference of ONH and peripapillary VD at NFLP
slab in the general population, not only in eyes with normal AL,
we think it is more appropriate to include highly myopic eyes
without obvious pathological changes as well. The artefacts in
this study should be negligible since we are gathering a big pool
of data to identify the normative value. Nonetheless, when it
is applied to individual case analysis, the doctor should look
closely for any possible reasons for the OCTA to be unreliable
(such as segmentation and centration problems), just like how
we interpret OCT images. Lastly, since our study covered a wide
age range, although we had a sample size of 1487, comparing
to other population-based studies, the sample size was relatively
small when stratified with age. Nonetheless, to our knowledge,
our study is the largest series in evaluating the optic disc VD in
participants without fundus pathology.

In conclusion, this study provided population-based quanti-
tative data on the optic disc and peripapillary NFLP VD evalu-
ated by OCTA in adult Chinese without fundus pathology. With
the largest sample size in literature and age span, the data was

stratified by age and gender to provide age-related and gender-
related reference values for clinical use. With the regression
analysis, we also found that NFLP VD among eyes with normal
fundus was only significantly and independently associated with
age, gender, AL and SSI, but not associated with IOP, SE, obesity,
hypertension, DM or any other ocular or systemic parameters.
Clinicians should take into account of these factors which might
affect the findings of NFLP VD.
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