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Retinal nerve fibre layer thickness measured with
SD-OCT in a population-based study: the Handan

Eye Study
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ABSTRACT

Purpose To examine the normative profile of retinal
nerve fibre layer (RNFL) thickness and ocular parameters
based on spectral-domain optical coherence tomography
(SD-OCT) and its associations with related parameters
among the Chinese population.

Methods This population-based cohort Handan Eye
Study (HES) recruited participants aged=30 years.

All subjects underwent a standardised ophthalmic
examination. Peripapillary RNFL thickness was obtained
using SD-OCT. Mixed linear models were adopted to
evaluate the correlation of RNFL thickness with ocular
parameters as well as systemic factors. R V.3.6.1 software
was used for statistical analysis.

Results 3509 subjects (7024 eyes) with the

average age of 55.54+10.37 were collected in this
analysis. Overall mean RNFL thickness measured

was 113.46+10.90 um, and the thickest quadrant of
parapapillary RNFL was the inferior quadrant, followed
by the superior quadrant, the nasal quadrant and the
temporal quadrant. In the multivariate linear regression
model, thinner RNFL thickness was remarkable
association with male (p<0.001), older age (p<0.001),
increased body mass index (>30, p=0.018), absence

of diabetes (p=0.009), history of cataract surgery
(p=0.001), higher intraocular pressure (p=0.007), lower
spherical equivalent (p<0.001) and increased axial
length (p=0.048).

Conclusions In non-glaucoma individuals, this
difference of RNFL thickness in Chinese population
should be noted in making disease diagnoses.
Meanwhile, multiple ocular and systemic factors are
closely related to the thickness of RNFL. Our findings
further emphasise the need to demonstrate ethnic
differences in RNFL thickness and the specificity of
associated ocular and systemic factors, as well as to
develop better normative databases worldwide.

Trial registration number HES was registered in
Chinese Clinical Trial Registry website, and the registry
number was ChiCTR-EOC-17013214.

INTRODUCTION

Glaucoma is a leading cause of blindness, with
a prevalence of 3.54% worldwide. Glaucoma is
characterised by degeneration of retinal ganglion
cells, which results in thinning of the retinal
nerve fibre layers (RNFL) and irreversible visual
field damaged.! Several studies indicated that
approximately half of the retinal nerve fibres may
loss before occurrence of visual field defects in

,! Caixia Lin," Yingting Zhu,> Wei Chen, Qing Pan,”

What is already known on this topic

= The thickness of retinal nerve fibre layer (RNFL)
is associated with varieties of eye diseases,
which had been investigated in previous
studies. However, lack of population-based
studies in Asian population reported the RNFL
thickness normative profile.

What this study adds

= This study explored the distribution of the
RNFL thickness in the representative Chinese
population.

= Meanwhile, the results conducted that RNFL
thickness in our study was thicker than
European population considering the ethnic
difference.

= What's more, the study demonstrated that
the ocular and systemic factors were closely
affecting RNFL thickness, like examination
instruments, age, gender and axial length.

How this study might affect research, practice

or policy

= Using the normative European database
of RNFL thickness to measure the Chinese
population may lead to misdiagnosis, especially
glaucoma and neurodegenerative disease.

= The influence of various factors on RNFL
thickness should be well considered during the
eye disease diagnosis procedure.

= For achieving the goal of precision medicine,
the results emphasise the critical need to
establish a better normative database that
included a multiethnic population worldwide.

glaucoma patients.”® Therefore, the assessment of
RNFL thickness is important in the early detection
and diagnosis of glaucoma.

Spectral-domain  optical coherence tomog-
raphy (SD-OCT) is a noninvasive imaging tech-
nique that used to evaluate the RNFL and optic
disc with high resolution cross-sectional* retinal
images.” As SD-OCT technology grows gradually
and the sufficient resolution images conduct the
automated segmentation and measurement of indi-
vidual retinal layer clearly, the evaluation of RNFL
thickness has been extensively applied and involved
in clinical practice for glaucoma diagnosis and
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follow-up. Meanwhile, as the retina is a laminated constituent
of the central nervous system, it is the only part of the central
nervous system which can be imaged optically with non-invasive
methods, RNFL thickness measurements is also considered as a
biomarker for neurodegenerative diseases, such as Parkinson’s®
and Alzheimer’s” disease.

The normative database of RNFL thickness on SD-OCT was
built in European, considering the parameters are different
between each ethnic population,® ? several studies around the
world have been dedicated to eye diseases. Most of the research
on OCT-based examinations are usually derived from relatively
small sample populations,'® ' or assessed in hospital-based
studies, and few of them have described RNFL thickness distri-
bution in the healthy population-based setting, giving rise to
potential selection bias.'?

Since knowledge of RNFL thickness and optic nerve parame-
ters are important for detection of glaucoma and other possible
neurodegeneration diseases, the aim of this study was to investi-
gate the distribution of peripapillary RNFL (pRNFL) thickness
in the population-based Handan Eye Study (HES). In addition,
by analysing the correlation of RNFL with age, gender and
related ophthalmic parameters to further identify the potential
risk factors of glaucomatous fundus damage.

MATERIAL AND METHODS

Study population

The HES is a population-based cohort study that recruited
subjects with an age of 30+ years residing in North China.
Our study population was made up of 6830 individuals from
the baseline visit in 20062007, 5394 participated the 6-year
follow-up visit in 2012-2013 (response rate 85.3%). Without
undergoing SD-OCT assessments, the baseline visits were not
included in the study. The details about the study have been illus-
trated previously."

The OCT data from 4037 participants (7950 eyes) were avail-
able except the participants without OCT measurements. Of
them, 425 eyes were further excluded due to poor OCT images
quality with signal strength less than 45. Meanwhile, 177 eyes
with glaucoma, retinal disease or history of ocular surgery were
also excluded. Glaucoma was diagnosed by three aspects: the eye
fundus, the visual field results, and intraocular pressure (IOP),
and finally defined according to the standardised International
Society of Geographical and Epidemiological Ophthalmology
criteria.'* Therefore, the research enrolment a total of 4766 eyes
of 2638 participants.

Ocular and systemic examination

All participants underwent a comprehensive clinical examination
by ophthalmologists receiving standardised training. A detailed
interviewer questionnaire was conducted to collect demographic
variables, educational background, a medical history consisting
of smoking and known major systemic diseases information.
Body mass index (BMI) was calculated as the ratio of body
weight (in kilograms) divided by body height (in metres) squared.
Hypertension was defined as systolic blood pressure =140 mm
Hg or diastolic blood pressure =90 mm Hg, or use of antihy-
pertensive medications." Diabetes was defined as fasting plasma
glucose =7.0 mmol/L, self-reported diagnosis of diabetes or
the use of antidiabetic medications.'® Coronary heart disease
was defined as self-reported coronary heart disease, stroke or
related peripheral artery disease. Blood samples were collected
for measurements of high-density lipoprotein, low-density lipo-
protein and triglyceride concentration.

Slit-lamp biomicroscopy was performed by experienced
ophthalmologists and IOP was measured using the Kowa appla-
nation tonometer (HA-2, Kowa Company, Tokyo, Japan). Best-
corrected visual acuity (BCVA) was tested monocularly (right eye
followed by left eye) then using a log MAR chart at a distance
of 4 m binocularly. A 10 MHz A/B-mode ultrasound device was
used (Cine Scan, Quantel Medical, Clermont-Ferrand, France)
to measure axial length (AL). Autorefractor (KR8800, Topcon,
Tokyo, Japan) was applied to measure the refraction and corned
curvature on the occasion of no pupil dilation.

OCT Imaging

pRNFL parameters in both eyes were measured by SD-OCT
(RTVue 100-2, Optovue, Fremont, California, USA; V.4.0). The
device uses a scanning laser diode to emit infrared light-source
with wavelength of 840 nm and acquires 26 000 A-scans per
second scan. The position of the aiming circle was adjusted
by the experienced examiner to match the optic nerve head
(ONH), and the 12 radial scans (scans ranging from 1.3 to 4.9
mm) was made covering a measurement area of 3.4 mm diam-
eter ring that included the ONH and surroundings in all direc-
tions. Various ONH and RNFL parameters (disc, cup and rim
area, cup and ONH volume, cup/disc ratio, average and vertical
cup-to-disc ratios, average and per-quadrant pRNFL thickness)
were measured by algorithms native of RTVue OCT automati-
cally. The outputs parameters included (1) average RNFL thick-
ness; (2) temporal, superior, nasal, and inferior average RNFL
thickness; and (3) 16 sections of the measuring circle around
the ONH (each section was 22.58). OCT scans images quality is
described by the signal strength index (SSI), which is based on
the intensity of the reflected light. The SSI ranged from near 0
(no signal) to approximately 90 (very strong signal), algorithm
segmentation failure and obvious decentration misalignment
were excluded further from the analysis with SSI less than 45 (as
recommended by the manufacturer).

Statistical methods

Data analysis was carried out by using the statistical software
R (V.3.6.1; R Core Team, 2019). The quantitative data were
represented in mean and SD (or median, IQR) and qualitative
data was described with counts and percentage. x> test, t-test,
and one-way analysis of variance (ANOVA), Turkey tests as post
hoc tests after ANOVA were applied to detect the difference
between groups. Bonferroni correction to control for the poten-
tial false discovery in multiple comparisons. Variance inflation
factor (VIF) for each covariate in the multivariate model was
conducted, a linear mixed model was used to estimate the rela-
tionship between individual features and RNFL. The significant
level was set as p<0.05.

RESULTS

Comparisons of characteristics between the excluded and
included individuals

Study population

The demographic characteristics in the study population are
described in table 1. In total, 7024 eyes of 3509 participants
were included in the analysis (1912 men and 1607 women). The
age ranged from 35 to 86 with an average of 55.54+10.37 years.
Compared with excluded group, the included subjects tended
to be significantly younger (p<0.001), higher body height and
weight (p<0.001), higher systolic (p<0.001), absence of diabetes
and lower glycosylated hemoglobin (HbAlc) (p<0.001), less
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Table 1 Comparisons of demographic and biochemical characteristics between the included and excluded individuals
Variables Excluded group (N=1885) Included group (N=3509) Tiy? P value
Age (years) 59.56+11.79 55.54+10.37 12.446 <0.001
Sex (men, %) 789 (41.9) 1617 (46.1) 8.688 0.003
High educational level
Lower than high school 1843 (97.8) 3394 (96.7) 47717 0.029
High school or above 42 (2.2) 115 (3.3)
Smoking habits
Yes 409 (23.6) 916 (26.6) 5.250 0.022
No 1326 (76.4) 2533 (73.4)
Body mass index (kg/mz) 25.78+4.06 25.92+3.88 -1.199 0.231
Body height 158.49+8.46 159.76+8.05 -5.247 <0.001
Body weight 64.93+11.51 66.19+11.22 -3.810 <0.001
Blood pressure diastolic (mm Hg) 83.66+13.51 84.09+12.74 -1.120 0.263
Blood pressure systolic (nm Hg) 145.60+23.63 141.63+21.52 6.041 <0.001
Hypertension
Yes 593 (35.3) 1015 (30.5) 11.855 0.001
No 1085 (64.7) 2317 (69.5)
Diabetes
Yes 123 (7.4) 128 (3.9) 27.739 <0.001
No 1538 (92.6) 3167 (96.1)
HbA1c (%) 5.87+1.05 5.71£0.75 5.834 <0.001
High-density lipoprotein cholesterol (mmol/L) 1.20+0.27 1.22+0.28 -2.426 0.015
Low-density lipoproteins (mg/dL) 2.71£0.76 2.65+0.74 2.629 0.009
Triglycerides (mg/dL) 1.47+1.12 1.40+1.14 2.049 0.041
Coronary heart disease
Yes 183 (11.0) 249 (7.6) 37.880 <0.001
No 1486 (89.0) 3027 (92.4)
Cataract extraction (0S)
No 1801 (97.6) 3481 (99.4) 30.600 <0.001
Yes 44 (2.4) 22 (0.6)
Cataract extraction (OD)
No 1797 (97.6) 3480 (99.3) 27.935 <0.001
Yes 44 (2.4) 24(0.7)
Intraocular pressure OS (mm Hg) 12.32+2.70 12.31+2.29 0.091 0.927
Intraocular pressure OD (mm Hg) 11.76+2.91 11.80+2.32 —-0.457 0.648
Spherical equivalent 0S 0.06+2.09 0.11+1.76 -1.017 0.309
Spherical equivalent 0D 0.06+1.97 0.07+1.84 -0.199 0.842
Axial length OS (mm) 22.78+0.95 22.82+0.91 —-1.538 0.124
Axial length OD (mm) 22.85+0.98 22.87+1.08 -0.793 0.428
BCVA 0S (logMAR) 0.60+0.26 0.56+0.26 4.437 <0.001
BCVA 0D (logMAR) 0.60+0.26 0.57+0.26 3.570 <0.001

Statistics presented: mean=SD; n (%).
Values with statistical significance are shown in boldface.
BCVA, best-corrected visual acuity; OD, Oculus Dexter; OS, Oculus Sinister.

coronary heart disease (p<0.001), higher cataract extraction
(p<0.001) and lower BCVA (p<0.001) (table 1).

Distribution of RNFL thickness

The average RNFL thickness in this study was 113.46=10.90
pm. And the thickest quadrant of pRNFL was the inferior
quadrant, followed by the superior quadrant, the nasal quad-
rant and the temporal quadrant. The mean RNFL thickness
was 2.11 um thicker in female than in male (p<0.001). These
sex-specific differences were statistically significant also in all
temporal, nasal, superior and inferior (p<0.001) quadrants.
All segments were thicker in female than in male, as shown
in figure 1. For the optic disc parameters, the mean (SD) disc,

cup and rim area were 2.14 (0.44) mm, 0.67 (0.39) mm and
1.46 (0.44) mm, respectively. Compared with male, female
had significant smaller average cup-to-disc ratio (p<0.001),
cup volume (p<0.001), AL (p<0.001) and larger rim area
(p<0.001) (online supplemental tables 2 and 4).

The relationship between RNFL and age

The normative distribution of RNFL thickness by age groups
is described in table 2. Participants were divided into five age
groups: less than 39, 40-49, 50-59, 60-69, over 70 years. For
all age-specific groups, all inferior quadrant RNFL mean thick-
ness was thicker than superior quadrant, followed by nasal and
temporal quadrant mean RNFL. The four quadrants thickness
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Figure 1 Distribution of RNFL thickness by gender. This figure shows
the distribution of RNFL in 16 segments near the optic disc of different
genders. It can be seen that the distribution of RNFL thickness was the
same as the overall. The RNFL of 16 segments was all thicker in women
than in men. RNFL, retinal nerve fibre layer.

sectors are shown in table 2. Mean RNFL thickness was highest
in the less than 39-year-old age group (115.22 um) vs 107.70
um in the over 70-year-old age group. A general trend toward
thinner RNFL was noted with older age in 16 sectors is show
in figure 2 and online supplemental table 3. Of ONH parame-
ters, AL decreased and disc area increased significantly with age
(table 2), the post hoc tests after ANOVA among the age groups
were shown in online supplemental tables 7 and 8. Mixed linear
regression models were used to compare the sectionalised RNFL
thickness between different age and gender groups. And the
fan-shaped distribution of RNFL regions of different ages and
genders was shown in figure 3. With the main and interaction
effect from age and gender were both considered, the results
demonstrated that except for RNFL, the coefficients of interac-
tion effect were non-significantly (online supplemental tables 1
and 3).

Linear regression analysis of influencing factors of RNFL
Univariate and multivariate linear regression models were
used to estimate the independent associations between ocular

200
L
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Figure 2 Distribution of RNFL thickness at different ages. This figure
shows the distribution of RNFL in 16 segments near the optic disc at
different genders. It can be seen that the thickness quadrant of RNFL
is the inferior quadrant, followed by the superior, nasal and temporal
quadrant. The thickness of peripheral RNFL decreases with age but this
trend is gradually reflected after 50 years old. RNFL, retinal nerve fibre
layer.

(history of cataract surgery, IOP, spherical equivalent (SE), AL,
BCVA) and systemic (age, gender, educational level, history
of smoking, BMI, hypertension and diabetes status, and LDL
cholesterol) parameters with average RNFL thickness (table 3).
In univariate linear regression analysis, thinner RNFL thickness
was significantly associated with older age (p<0.001), male
sex (p<0.001), absence of smoking (p<0.001), increased BMI
value (BMI <21, p=0.017), increased BMI value (BMI >30,
p=0.033), absence of diabetes (p=0.002), coronary heart
disease (p<0.001), history of cataract surgery (p=0.001),
higher IOP (p=0.043), lower SE (p<0.001), longer AL
(p<0.001) and BCVA (p<0.001) (table 3).

In the multivariate analysis model, RNFL thickness was taken
as the dependent variable, the significant (p<0.05) variables
in univariate models were further included in the multivariate
mixed linear model (table 3). We then dropped the variables
that were no longer significantly associated with average RNFL
thickness. In the multivariate model, thinner RNFL thickness
was significantly associated with older age (p<0.001), male sex
(p<0.001), increased BMI value (BMI >30, p=0.018), absence

Table 2 Comparisons of sectionalised RNFL thickness between different age groups

Age

Segment <39 (N=352) 40-49 (N=1728) 50-59 (N=2095) 60-69 (N=1647) =70 (N=550 ) P value

RNFL thickness (pm)
Average 115.22+10.88 115.90+10.25 113.95+10.34 111.47+10.75 107.80+12.54 <0.001
Superior 143.28+19.00 145.29+17.89 141.81+17.76 137.96+18.39 133.22+19.47 <0.001
Nasal 85.05+14.78 85.14+14.63 84.53+15.01 83.42+16.05 81.23+16.22 <0.001
Inferior 149.61+17.31 150.14+17.27 147.73+16.89 144.67+17.50 139.40+19.56 <0.001
Temporal 83.06+12.54 83.03+12.27 81.76+12.32 79.84+12.00 76.98+14.60 <0.001

ONH parameters
Rim area (mm?) 1.69+0.38 1.68+0.47 1.69+0.47 1.67+0.49 1.71+0.55 0.615
Disc area (mm?) 2.37+0.43 2.39+0.48 2.43+0.51 2.44+0.48 2.49+0.53 <0.001
Average CDR (mm?) 0.33+0.13 0.33+0.13 0.34+0.13 0.34+0.13 0.33+0.14 0.549
Cup volume (mm?) 0.13+0.15 0.15+0.19 0.15+0.18 0.14+0.17 0.13+0.17 0.228
Axial length (mm) 22.95+1.19 22.98+0.94 22.83+0.93 22.75+0.86 22.69+0.80 <0.001

Statistics presented: mean=SD; n (%).

Values with statistical significance are shown in boldface.

CDR, cup-to-disc ratio; ONH, optic nerve head; RNFL, retinal nerve fibre layer.
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Figure 3 Fan-shaped distribution of RNFL thickness by gender and
different ages. The fan-shaped distribution can show that the RNFL
thickness near the optic disc is the thinnest in TL1, TU1, NI1 and NU1
and the thickest in ST1 and IT1. The fan-shaped distribution of RNFL
thickness showed a thinner trend in men and older people. RNFL, retinal
nerve fibre layer.

of diabetes (p=0.009), history of cataract surgery (p=0.001),
higher IOP (p=0.007), lower SE (p<0.001) and longer AL
(p=0.048). In addition, we supplemented the VIF for each
covariate in the multivariate model, the VIFs were all below 10
(online supplemental table 5).

DISCUSSION

We evaluated the RNFL thickness around the optic disc and
the parametric distribution of pRNFL measured by SD-OCT
among the non-glaucomatous Asian population. This is the
first population-based cohort study in China and showing the

Clinical science

discrepancy in the standard distribution of RNFL thickness
in middle-aged and older populations. Quadrant thicknesses
decreasing order: inferior, superior, nasal and temporal, respec-
tively. We demonstrated that the RNFL was significantly thicker
in the normal Asian population than in the European standard
database using SD-OCT. We demonstrated that the RNFL thick-
ness tends to be influenced by races. Therefore, errors may occur
in measuring Asian individuals when the RNFL thickness stan-
dard database composed of other races (such as Caucasians) in
OCT measurement. Moreover, various factors may also affect
the RNFL thickness evaluation. RNFL thickness thinned with
age, while women showed a tendency to be thicker in RNFL
measurements. And other factors such as IOP, AL, cataract
surgery, diabetes and others were also shown to be associated
with RNFL thickness.

This study is a population-based cohort study (all data based
on HES), which was statistically analysed to yield a mean RNFL
thickness for this in Chinese population, and the average RNFL
thickness of Chinese population is 113.46+10.90 pm. The
distribution of RNFL thickness was consistent with the distri-
bution of RNFL in the majority of studies. As described by
Zhao et al'’ measuring RNFL in subjects without optic nerve or
retinal disease, the average RNFL was significantly higher in the
inferior temporal quadrant than in the superior temporal quad-
rant, followed by the inferior nasal quadrant, the superior nasal
quadrant, the temporal region and finally the nasal quadrant,
respectively. This sequence of nasal quadrants bore a definite
resemblance to the Singapore-Malay study'® and the Singapore
Chinese Eye Study.' *° However, the mean thickness of RNFL
in our study population was thicker compared with the most of
other studies. In the Gutenberg Health Study,*' the overall mean

Table 3  The univariate and multivariate analysis of relationship between demographic and biochemical characteristics and average RNFL

thickness
Univariate analysis Multivariate
Variables B SE P value B SE P value
Age (years) -0.233 0.016 <0.001 -0.260 0.024 <0.001
Gender (female vs male) 2.043 0.346 <0.001 1.772 0.495 <0.001
High educational level -0.576 0.973 0.554
Smoking status 1.369 0.39%4 <0.001 -0.319 0.552 0.563
Body mass index (kg/mz)*
<21 -1.531 0.643 0.017 -0.822 0.690 0.234
27-30 0.745 0.426 0.080 0.668 0.461 0.147
>30 1.144 0.537 0.033 1.403 0.593 0.018
Diastolic >140 (mm Hg) 2.287 7.222 0.751
Systolic >90 (mm Hg) 7.903 5.897 0.180
Diabetes 2.888 0.929 0.002 2.576 0.992 0.009
HbA1c (%) -0.412 0.516 0.425
HDL (normal vs abnormal) 0.028 0.383 0.942
LDL (normal vs abnormal) 0.414 0.368 0.260
TG (normal vs abnormal) 0.165 0.398 0.678
Coronary heart disease 2.248 0.677 <0.001 0.562 0.706 0.426
Cataract extraction —4.591 1.419 0.001 -5.845 1.633 <0.001
Intraocular pressure (mm Hg) -0.110 0.054 0.043 -0.157 0.059 0.007
Spherical equivalent 0.734 0.076 <0.001 0.862 0.108 <0.001
Axial length -0.513 0.112 <0.001 -0.240 0.121 0.048
BCVA (logMAR) -4.270 0.593 <0.001 -0.703 0.724 0.331

Values with statistical significance are shown in boldface.
*21-27 (kg/m?) was set as the reference category.

BCVA, best-corrected visual acuity; HbA1c, glycosylated hemoglobin; HDL, high density lipoprotein; LDL, Low Density Lipoprotein; RNFL, retinal nerve fibre layer; TG, triglyceride.
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Table 4 Information of RNFL thickness from previous studies

RNFL thickness (pm)
Study Year ocT Country N Age Average Temporal Superior Nasal Inferior
Girkin et a/** 2010  Stratus OCT Africa 315  45.1+133  103.7+10.7 66.5+11.1 128.8+17.2 843+17.2  135.1+16.3
Girkin et a/** 2010  Stratus OCT Europe 290  47.7£159  100.6+10.9 715126 120.9+17.5 80.8+16.3 129.2+17.4
Celebi and Mirza® 2013 Cirrus SD-OCT Turkey 121 38.9+11.2 97.0+7.4 64.7+6.4 119.2+11.2 74.8+8.2 129.3+11.7
Alasil et a*® 2013 Spectralis OCT Mixed 190  53.7+16.3 97.3+9.6 70.6+10.8  117.2+16.3 75.0+£14.0  126.0+15.8
Park et a/*’ 2005  Stratus OCT Korea 121 43.2+139  112.7+15.0 85.2+17.9  137.5+20.0 89.5+22.2 138.1+20.8
Budenz et a/*® 2007 Stratus OCT America 328 47.4+15.8 100.1+11.6
Schuster et a/*® 2016 Topcon 3D-OCT Caucasian 306 38.8+10.9 87.0+11.0 124.0+£13.0 93.0+15.4 138.0+13.6
Cheung et al"® 2011 Cirrus HD-OCT Chinese 542 53.0+6.4 97.6+9.1 71.6+11.2 123.0+15.9 69.2+10.8  126.8+16.2
Sung et al*° 2009  Stratus OCT America 226 47.5+159  100.8+10.5
Leung et al*' 2004 Stratus OCT China 107 53.0+11.8 103.2+10.0
Kanamori et a*? 2003  Humphrey OCT Japan 144 46.3+18.1 123.0£11.6  101.0+185  148.0+18.4 96.0+19.2 146.0+19.3
Fujiwara et al® 2019  Topcon 3D-OCT Japan 749 58.0+10.0 102.3+0.9
Zangalli et af? 2018  Spectralis OCT Brazil 220  44.0£139  103.0+104 67.7+£10.6 86.0+13.8
Perez et al** 2018  Cirrus OCT Vietnam 151 60.8+11.1 97.9+9.2 69.7+10.1 119.7+15.1 73.4+13.8  128.6x15.4
Manassakorn et af*® 2008  Stratus OCT Thailand 250  44.7+12.2 109.3+0.7 75.1+0.7 136.0+1.0 83.6+1.0 142.4+1.1
Appukuttan et a*® 2014 Spectralis OCT India 150  20-75 101.4+8.6 72.0£7.7 125.3+13.7 79.7£12.1 128.3+14.7
Al-Sa'ad et al’’ 2018  RTVue OCT Jordan 148  60.0+12.0 99.0+11.0 82.0£20.0  114.0+20.0 75.0£16.0  125.0+20.0
Varma et al*® 2003  OCT 2000 Latino 312 51.9+9.8 132.7£144  102.5+19.0  157.7+17.8  109.3+19.1 159.8+18.9
Kang et a*° 2016 iVue-100 OCT China 1811 7.1+0.4 102.0+0.2 80.2+0.2 125.1+0.3 75.9+0.3 126.8+0.3
Méndez et al*® 2017 Spectralis OCT France 427  81.6+4.2 86.8+13.7 67.2+13.4 66.2+16.4
Kanno et a/* 2010  EG-SCANNER Japan 460  44.0+145  111.8+10.0
Gupta et af” 2015 Cirrus HD-OCT Singapore 843 66.7+10.4 92.9+11.4 67.4+11.4 116.1+18.4 69.7+11.3 118.6+19.8
Rougier et a/” 2015 Spectralis OCT  French 210 81.0£36 914126 70.1x14.7 69.1+16.3
Ho et al* 2019  Cirrus HD-OCT Chinese 1371 57.4+7.0 95.7+9.6 71.4+12.2 119.9+16.7 68.1£10.9  123.4+16.7
Ho et al® 2019  Cirrus HD-OCT Malay 1303  60.6+8.6 94.9+10.6 67.8+11.3  118.6+17.3 71.0£10.9 12244183
Ho et al® 2019  Cirrus HD-OCT Indian 1801 60.7+7.8 87.3+10.6 59.2+10.9  108.8+16.5 69.1£11.1 112.3+17.3
Zhu et al* 2013 iVue-100 OCT China 1955  12.3+0.6 103.1£9.0 83.0+£10.6  126.2+15.2 73.8+13.9  129.3+14.9
Wang et al*® 2018 Spectralis OCT China 1440 11.9+3.5 101.3+9.2 85.2+14.3 61.7+20.4
Nousome et a/*® 2021 Cirrus HD-OCT Mixed 6133  60.1+7.4 95.1£10.1 65.6+12.2 118.6+16.5 71.2+11.1 125.1+17.3
Malik et al*’ 2012 Stratus OCT India 150  42.6+13.6  101.1+10.1 65.7+12.1 125.8+16.5 83.6+17.4  127.5+15.6
Bendschneider et a/® 2010  Spectralis OCT America 170  20-78 97.2+9.7 68.8+11.1 118.0£14.5 76.4+15.0  123.7+16.4
Wang et a/*® 2013 iTVue OCT China 1654  66.2+9.9 103.2+12.6 79.8+12.2 126.1+19.1 75.1+£12.6  131.4+20.6
Hashemi et a/*® 2017 Cirrus HD-OCT Iran 3084  54.3+5.6 92.5+0.3 65.5+0.4 111.2+0.5 74.8+0.8 118.9+0.6
Thapa et al* 2014 Spectralis OCT Nepal 156 38.9+17.0  102.6+9.6 70.7+155  129.5+15.1 76.6+12.0  134.5+17.2
Ismail et a/*' 2019  Spectralis OCT South Africa 132 41.3+125  108.7£10.7 74.8+10.3 77.7£14.6
Zhao et al"’ 2014 Spectralis OCT China 2548  63.5+9.1 102.0+11.0 76.0+£13.0 73.0£15.0
Mashige and Oduntan®* 2016  iVue-100 OCT South Africa 600 1066 110.0+7.4 73.6+15.7  132.0+10.5 87.2+13.2 135.1+9.7
Budenz et a/*? 2005  Stratus OCT America 109  42.8+146  104.8+10.7 75.1£17.2 130.9+18.2 79.8+17.2  133.4+18.7
Hoffmann et a/”' 2018  Spectralis OCT ~ Germany 1974 40-80 96.0+103  68.8+12.9 72.2+15.1
Feuer et al** 2011 Stratus OCT America 425 46.0+15.0 104.7+10.8

RNFL, retinal nerve fibre layer; SD-OCT, spectral-domain optical coherence tomography.

thickness of RNFL was 96.0 um, and the Singapore Chinese Eye
Study'” *° showed an overall mean RNFL thickness of 96.2 um.
Another population-based cohort study from France found a
mean RNFL thickness of 91.4 pm,* all these figures were obvi-
ously lower than our findings. In contrast, the overall average
pRNFL thickness in the Beijing Eye Study was 103.2 pm (SD-
OCT), which shown similar results as our study, although it is
also lower than our results. The differences in RNFL measure-
ments can be partially explained by the different instruments
applied and various age groups of the population covered.
However, even for the same examination equipment, the RNFL
thickness in our study population compared with other European
or African populations is still thicker.”> The RNFL thickness of
other studies was shown in table 4,57 17 19 21222454 it ¢an be

roughly seen that the RNFL thickness measured by Cirrus OCT
is generally lower than that measured by other OCT equipment
according to this table, which may come from the differences in
the built-in RNFL thickness standard database of OCT machines
by various companies. The reason for the differences is that
these companies shall select diverse individuals with different
proportions when setting the standard database of the RNFL
thickness. For instance, Heidelberg company selects all Cauca-
sians, Topcon selects all Asians, and other companies select a
wide range of people (online supplemental table 6). Thus, when
the difference of RNFL thickness on account of various ethnic
groups is judged, the database of the instrument itself must show
the certain impact, suggesting that the instrument differences
shall be taken into consideration in judging RNFL thickness
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in ethnic groups. Therefore, the international standard RNFL
database is not suitable for the application in the Chinese popu-
lation, which may bring about a lot of missed diagnosis (taking
the glaucoma as the normal one), or misdiagnosis (taking normal
one as glaucoma) potentially, suggesting the need to establish
additional appropriate RNFL thickness measures in the Chinese
population.

Age is one of the important factors affecting the distribution of
RNFL thickness, which has been confirmed in several studies. In
the study conducted by Hashemi et al, the overall average RNFL
thickness as well as the mean thickness of all quadrants went
down dramatically with age,*” while the decrease of RNFL thick-
ness® ° was in connection with the ageing in other studies also.
In addition to OCT studies, some studies have shown age-related
RNFL thinning by histological analysis.** The RNFL thickness
decreases by 2—4 um per 10 years of ageing has been observed
in individuals over 50 years, whereas it nearly hasn’t been found
under 50 years old or even younger people in accordance with
these results. The rationale for the effect of age on the RNFL
may be due to decreasing blood supply to the fundus and senes-
cence apoptosis of the optic nerve with advancing age.”' The
additional systemic factors effecting the measurement of RNFL
thickness shall not be ruled out as the age grows. Nevertheless,
there definitely exists the correlation of a decrease in RNFL
thickness with an increase in age. Therefore, RNFL thickness for
different age groups may need to be considered separately, and
synthesising data from multiple studies and deriving a pattern of
decay in RNFL thickness with age in order to advance the use of
measuring RNFL thickness in clinical practice (figure 3).

Our study also found that women tended to be thicker than
men in both overall average RNFL and RNFL thickness in all
orientations. Rougier et al found that women tended to have a
thicker RNFL than men overall and across all temporal ranges,
although this was only significant in the inferior temporal
segment.”? Even higher RNFL values in females and even female
children have been reported in some population-based studies
and clinical-based studies.”> However, some studies have failed
to find an association between RNFL and gender in adult popu-
lations, as recently Girkin et al* found that pRNFL or macular
parameters obtained using SD-OCT (RTVue) did not differ
between females and males. Although this correlation needs to
be explored in further studies, however, the gender should be
taken into consideration when the RNFL is measured and anal-
ysed (figure 3).

As for the correlation analysis of systemic factors with RNFL,
the lower BMI (BMI =30) and no diabetes were correlated
linearly with RNFL thinning in both univariate and multivariate
linear analyses. In terms of the BMI, the higher BMI is related
to the increase of intracranial pressure, and the increase of intra-
cranial pressure can lead to changes such as optic disc oedema,
making the measured RNFL thicker,’® then showing the lower
BMI and the decline of RNFL are definitely related. Most of the
studies reported thinner RNFL in patients with diabetes,’” which
may be on account of diabetes-induced microangiopathy and
ischaemia, and the correlation between reduced RNFL visibility
and elevated blood glucose concentrations was associated with
loss of retinal nerve fibres in patients with diabetic retinopathy.®
However, there is no evidence that diabetes is related to the
thinning of RNFL in our study, which may be due to the prolif-
eration and retinal oedema caused by diabetes. Our study did
not find a linear relationship between elevated blood pressure
as well as coronary artery disease and RNFL, although previous
studies have also reported conflicting results regarding the effect
of hypertension on RNFL.> Nevertheless, the hypertensive

patients facing with fluctuations in blood pressure or medica-
tion control may give rise to the negative results and hyper-
tensive fundus lesions may affect RNFL thickness in our study
according to our speculation. This study did not find an associa-
tion between smoking and RNFL, Mauschitz et al still suggested
such an association, although its relationship of smoking with
increased or decreased RNFL is unclear.®’ Other central nervous
system conditions similar to stroke, apoplexy, and dementia have
also been shown to be associated with RNFL thickness. Quite
a few systemic conditions can affect RNFL thickness measure-
ments, which is a factor that cannot be ignored when building a
standard RNFL database. Broadly speaking, however, it appears
that the vast majority of these systemic factors affect the status of
vascular microcirculation throughout the body.

Generally, elevated IOP, decreased SE and AL were also
connected with the declining of RNFL in both univariate and
multivariate linear regression analyses after the cataract surgery.
As for the IOP, a host of studies suggest that the decreasing of
RNFL bears the association with higher IOP, which is one of
the major potential factors for glaucoma after all.'’*! However,
the study by Mauschitz et al also confirmed that high IOP was
associated with a reduction in RNFL thickness even exclusion®
of the patients with known glaucoma. The association between
a longer AL and a thinner RNFL is another finding of this study,
which has been confirmed by previous studies,®'whereas the
relationship between AL and RNFL thickness was not the same
across quadrants. Yoo et al showed that increased AL was asso-
ciated with decreased RNFL thickness in the upper, lower and
nasal quadrants and increased RNFL thickness in the temporal
quadrant.®® Kang et al studied Chinese individuals living in
Korea using SD-OCT and reported similar results except for
the temporal quadrant observation.”” In a European study,
Savini et al demonstrated a remarkable association that a larger
AL was significantly associated with lower RNFL thickness in
all quadrants. Whereas Hirasawa ef al used a simple regression
model to show that thickness was directly correlated with AL
in all quadrants, while this kind of relation was only present
in the temporal quadrant in their multiple regression model.'*
Although the vast majority of studies have found a relationship
between AL and RNFL, this relationship is nevertheless influ-
enced by many factors. As for the SE, the decline in both SE and
RNFL may always occur among the elder for the majority of
them having the vision loss. Moreover, the ocular disease history
is also a factor that affects RNFL and these factors have to be
taken into account in the measurement of RNFL.

This study also found a relationship between cataract surgery
and thinner RNFL thickness. We speculated that this should
be due to the fact that the average age of people with cataract
surgery (with average age 56 years) is much older than that
of people without cataract surgery (with average age 70y).
However, in addition to age, some studies have also proposed
the relationship between cataract surgery and RNFL thickness.
The macular and RNFL thickness face with a rise after cataract
extraction partly on account of the quality of scanning image
developing proposed by Pasovi and Skorkovskd,** while the
RNFL and macular measurement conduncted by SD-OCT shall
be influential by the presence of cataract and a better OCT
instrument may reduce this effect as much as possible suggested
by Bambo et al.®® Therefore, the cataract surgery makes changes
on the penetration of refractive medium, then further impacting
the measurement of RNFL thickness.

Our study has several advantages. First, this large population-
based study involved 3509 participants all coming from the
general population instead of that attending the hospital. Second,
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the ocular examination excluded the participates with ocular
disease, which made the RNFL measurements more accurate,
and could be representative of the normal database. Third, the
SD-OCT evaluation was performed by experienced technicians
on the same machine following a standardised protocol, the
bias of measurement has been avoided. And applied SD-OCT
provided the best image quality and reproducibility currently
available. Finally, we simultaneously evaluated many possible
risk factors associated with RNFL thickness.

However, there are still some limitations of our study:
although Chinese people were selected to explore the thickness
of RNFL in this study, the thickness of RNFL also depends on
other factors. As the rural population was selected in this study,
the prevalence of myopia was relatively low for the participa-
tion of them in the study, and the AL (22.8 mm) was shorter
than that in other studies involving Chinese population (Ho et
al®), further affecting the evaluation of the results. we cannot
exclude the possibility that subjects with refractive media opaci-
ties could influence the results. However, routine clinical exam-
inations would also face such a situation, which is unavoidable
with SD-OCT examinations. Second, the assessment of RNFL
visibility and local RNFL defects is subjective and therefore it
depends on the technicians. In our study, however, all inspec-
tors had been well trained, but it is inevitable that inspectors
have varying experience and examination skills. Third, individ-
uals excluded due to poor OCT scans were older and they were
more likely to have hypertension, diabetes and hyperlipidaemia.
Therefore, these biases could not be completely excluded in our
final sample.

In conclusion, we measured the thickness and distribution of
RNFL in the Chinese population, the results in our study demon-
strate that the RNFL in the Chinese population is thicker than
we widely use in normal SD-OCT database. Using the Euro-
pean RNFL database to evaluate the Chinese population may
miss some glaucoma patients. Besides, it shall not be ignored in
RNFL evaluation that various factors may have some influen-
tial on RNFL thickness and these related parameters also widely
applied in the diagnosis of glaucoma and other neurological
disorders. Hence, our findings further emphasise the need to
demonstrate ethnic differences in RNFL thickness and the spec-
ificity of associated ocular and systemic factors, as well as to
develop better normative databases worldwide.
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Supplemental table 1. Comparisons of RNFL thickness between age and gender subgroups

Age Gender Age*Gender
Segment
B P-value B P-value B P-value
RNFL thickness (um)
Average -0.188 <0.001 3.597 0.047 -0.031 0.336
Superior -0.245 0.003 5.742 0.047 -0.067 0.195
Nasal -0.024 0.715 4.755 0.043 -0.061 0.140
Inferior -0.278 <0.001 3.950 0.163 -0.020 0.689
Temporal -0.208 <0.001 -0.565 0.774 0.035 0314
ONH parameters
Rim area (mm?2) 0.004 0.078 0.237 0.003 -0.003 0.077
Disc area (mm?2) 0.003 0.190 -0.003 0.974 <0.001 0.807
Average CDR (mm2) -0.001 0.279 0.065 0.065 <0.001 0.227
Cup volume (mm3) -0.001 0.085 0.003 0.003 0.001 0.164
Axial length (mm) -0.011 0.006 0.002 0.002 0.001 0.648
16 sections (um)
TU1 -0.164 0.003 -0.539 0.784 0.032 0.360
TU2 -0.198 0.014 4.199 0.134 0.006 0.902
ST2 -0.193 0.069 10.527 0.005 -0.084 0.205
ST1 -0.388 <0.001 1.272 0.737 -0.018 0.784
SN1 -0.232 0.048 6.010 0.144 -0.080 0.273
SN2 -0.175 0.081 5.853 0.094 -0.081 0.191
NU2 -0.124 0.164 1.581 0.612 -0.025 0.648
NUI -0.035 0.602 3.296 0.155 -0.045 0.274
NLI 0.077 0.207 6.742 0.002 -0.090 0.018
NL2 -0.014 0.863 7.576 0.008 -0.091 0.076
IN2 -0.127 0.214 3.661 0.306 -0.020 0756
IN1 -0.221 0.073 2.676 0.536 0.001 0.988
IT1 -0.382 <0.001 3.988 0.286 -0.028 0.675
1T2 -0.431 <0.001 3.991 0.311 -0.010 0.885
TL2 -0.288 <0.001 -1.869 0.488 0.044 0.355
TL1 -0.164 <0.001 -3.129 0.050 0.046 0.102
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Supplemental table 2. Comparisons of sectionalized RNFL thickness between male and female in 16 sections.

Segment Female (N=3819) Male (N=3205) t P-value
16 sections (um)

TUI 73.99+12.92 72.69+12.7 4.279 <0.001
TU2 101.93+18.62 97.24+17.50 10.832 <0.001
ST2 140.08+23.73 133.93+£23.85 10.746 <0.001
ST1 156.10+24.37 155.57+£24.37 0.890 0.372
SN1 139.34+26.59 137.58+26.39 2.761 0.006
SN2 133.87+23.82 132.21+£22.80 2.776 0.006
NU2 102.53+21.04 102.20+19.61 0.670 0.501
NU1 74.26+15.34 73.34+14.70 2.564 0.010
NL1 69.79+13.82 67.95+13.73 5.544 <0.001
NL2 92.71£19.58 90.02+18.79 5.850 <0.001
IN2 129.98+23.40 127.16+£23.22 4.874 <0.001
IN1 153.88+27.41 150.89+26.93 4.569 <0.001
IT1 169.39+24.05 166.53+23.34 5.036 <0.001
IT2 141.13£26.01 137.34+24.99 6.192 <0.001
TL2 87.94+18.38 87.20+17.13 1.725 0.085
TL1 63.99+10.23 64.51+10.02 -2.145 0.032

Statistics presented: mean+SD; n (%)

Supplemental table 3. Comparisons of sectionalized RNFL thickness between different age groups in 16 sections.
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Age
Segment <39 40-49 50-59 60-69 >70
P-value
(N=352) (N=1728) (N=2095) (N=1647) (N=550)

16 sections (pum)

TUl 74.67£12.05 74.78+12.47 73.69+12.76 72.45+12.28 69.77+14.77 <0.001
TU2 101.68+18.17 102.31+18.09 100.24+17.83 98.02+17.89 94.28+20.32 <0.001
ST2 139.45+£23.36 141.50+23.57 137.85+22.82 134.29+24.11 128.69+26.39 <0.001
ST1 158.05+23.60 160.89+23.52 156.92+23.81 151.39+24.08 146.64+26.30 <0.001
SN1 140.65+27.98 142.51£25.93 138.92+25.97 135.21£26.35 130.78+25.98 <0.001
SN2 134.88+25.08 136.46+22.73 133.47+23.05 130.58+23.52 126.50+22.63 <0.001
NU2 104.53+20.70 103.57£19.56 102.75+19.98 101.46+21.41 98.37+£21.25 <0.001
NU1 74.70+14.52 74.63+£14.27 74.24+15.01 73.12+15.73 71.12+15.94 <0.001
NL1 68.85+13.28 69.45+12.97 69.15+13.54 68.54+14.32 67.33+16.14 0.022
NL2 91.84+18.74 93.08+18.71 91.66+18.68 90.16+19.69 87.85+21.49 <0.001
IN2 129.32+22.10 130.10+22.66 128.69+22.98 127.72+23.92 124.21+£25.23 <0.001
IN1 153.52+25.45 153.95+27.33 152.64+26.79 151.36+27.62 146.24+28.94 <0.001
IT1 171.16+23.51 172.12+22.89 168.57+22.88 164.70+23.59 157.46+27.31 <0.001
IT2 144.21+25.77 144.44+25.36 140.71+24.71 134.60+25.05 128.85+27.83 <0.001
TL2 90.42+18.29 89.99+17.32 88.52+17.87 85.30+17.23 82.10+20.25 <0.001
TL1 65.44+9.80 65.11+9.64 64.59+10.21 63.59+9.81 61.44+12.45 <0.001

Statistics presented: mean+SD; n (%)

Supplemental table 4. Comparisons of sectionalized RNFL thickness between male and female.
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Statistics presented: mean+SD; n (%)

Segment Female (N=3819) Male (N=3205) t P-value

RNFL thickness (um)

Average 114.43£10.96 112.32+10.72 8.120 <0.001
Superior 142.30+18.69 139.96+18.24 5.294 <0.001
Nasal 84.87+15.59 83.39+14.90 4.046 <0.001
Inferior 148.63£17.74 145.50+17.37 7.447 <0.001
Temporal 81.94+12.77 80.43+12.23 5.057 <0.001
ONH parameters

Rim area (mm?2) 1.73+0.49 1.63£0.46 8.621 <0.001
Disc area (mm?2) 2.41+0.51 2.44+0.48 -2.244 0.025

Average CDR (mm?2) 0.33+0.13 0.34+0.14 -5.092 <0.001
Cup volume (mm3) 0.12+0.15 0.17+0.20 -11.367 <0.001
Axial length (mm) 22.67+0.92 23.05+0.88 -17.805 <0.001

Supplemental table 5. The supplementary analysis of VIF for the multivariate model

Variables VIF

Age 1.584

Gender 1.815
Smoking status 1.768
Body mass index 1.050
Diabetes 1.048
Coronary heart disease 1.055
Cataract extraction 1.019
Intraocular pressure 1.031
Spherical equivalent 1.213
Axial length 1.117
BCVA 1.603

Wu J, et al. Br J Ophthalmol 2022;0:1-9. doi: 10.1136/bjophthalmol-2021-320618
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Supplemental table 6. Different types of OCT produced by different companies.

Number of
OCT Time to market Type Company Country standard Race
database eyes

Proportion Is it FDA
of Asians certified

Caucasian, Asian, African,
Stratus OCT 2002 TD-OCT Carl Zeiss Germany 284 . . . 24% Yes
Hispanic, Indian

) Caucasian, Asian, African,
Cirrus OCT 2007 SD-OCT Carl Zeiss Germany 284 . . . 24% Yes
Hispanic, Indian

Spectralis OCT 2006 SD-OCT Heidelberg Germany 201 Caucasian 0% Yes
Topcon 3D OCT 2008 SD-OCT Topcon Japan 800 Japanese 100% No

Caucasian, Spanish,
RTVue OCT 2006 SD-OCT Optovue America 861 African, Chinese, Japanese, 47% Yes

Indian
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Supplemental table 7. Post hoc test for comparisons of RNFL thickness parameters among the different age groups.

Average RNFL Superior RNFL Nasal RNFL Inferior RNFL temporal RNFL
thickness thickness thickness thickness thickness
Comparisons t SE t P-value t P-value t P-value ¢ P-value
>70-<39=0 -7.753 0.728 -8.107 <0.001 3.698 0.002 -8.590 <0.001  -7.145 <0.001
40-49 - <39=0 0.675 0.624 1.886 0.310 0.062 1.000 0.516 0.985 -0.037 1.000
50-59-<39=0 -1.271 0.614 -1.411 0.605 -0.624 0.969 -1.874 0.317 -1.817 0.348
60-69 - <39=0 -3.754 0.626 -4.991 <0.001 -1.853 0.328 -4.834 <0.001  -4.408 <0.001
40-49->70=0 8.205 0.522 13.555 <0.001 5.230 <0.001 12.592 <0.001 90918 <0.001
50-59->70=0 6.259 0.511 9.853 <0.001 4.518 <0.001 9.985 <0.001  7.995 <0.001
60-69->70=0 3.775 0.525 5.285 <0.001 2917 0.027 6.141 <0.001  4.648 <0.001
50-59-40-49=0  -1.946 0.347 -5.894 <0.001 -1.217 0.729 -4.250 <0.001  -3.154 0.013
60-69 -40-49=0  -4.430 0.367 -11.713 <0.001 -3.264 0.009 -9.120 <0.001  -7.453 <0.001
60-69 - 50-59=0  -2.484 0.351 -6.431 <0.001 -2.212 0.165 -5.343 <0.001 -4.681 <0.001
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Supplemental table 8. Post hoc test for comparisons of rim area RNFL thickness among age groups

Rim area Disc area Average CDR Cup volume Axial length
Comparisons t P-value t P-value t P-value t P-value ¢ P-value

>70-<39=0 0.423 0.993 3.396 0.006 -0.271 0.999 0.116 1.000 -3.997 0.001
40-49 - <39=0 -0.321 0.998 0.580 0.977 -0.545 0.981 1.569 0.501 0.600 0.973
50-59-<39=0 -0.298 0.998 1.893 0.306 0.370 0.996 1.586 0.490 -2.156 0.185
60-69 - <39=0 -0.799 0.927 2.254 0.150 0.170 1.000 1.095 0.799 -3.615 0.003

40-49->70=0 -0.973 0.860 -4.041 <0.001 -0.273 0.999 1.713 0.410 6.281 <0.001
50-59-270=0 -0.961 0.865 -2.562 0.072 0.830 0916 1.742 0.392 3.106 0.015
60-69 - >70=0 -1.539 0.521 -2.019 0.243 0.578 0.977 1.145 0.771 1.229 0.722

50-59 -40-49=0 0.048 1.000 2312 0.132 1.635 0.458 -0.013 1.000 -4.917 <0.001

60-69 -40-49=0  -0.818 0.921 2.858 0.032 1.215 0.730 -0.798 0.927 -7.175 <0.001
60-69 - 50-59=0  -0.903 0.890 0.708 0.952 -0.343 0.997 -0.822 0.919 -2.681 0.053
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Point-by-point responses to the reviewers’ comments:
We would like to express our sincerest appreciation to the Editor and reviewers for their

efforts on our article.

Reviewer(s)' Comments to Author (if any):

Reviewer: 1

Comments to the Author

Wau et al. investigated normative profile of RNFL thickness measured by SD-OCT in Chinese
population. Compared to previous studies, the number of subjects in this study is large. Also,
considering the lack of studies in Asians on this topic, the current analysis is worthy of
investigation. However, conclusion made in the Abstract of the paper (i.e., RNFL in the Chinese
population was thicker than that in other studies) cannot be substantiated by the data. In addition,

some corrections are needed to consider publication.

Major comments:

1. Presentation of the results for multivariate linear regression should be consistent throughout the
manuscript.

- Abstract: result according to sex was repeated.

- Abstract and page 10: “decreased BMI” and “(BMI>30)” — These two are contradictory.

- In the abstract, thinner RNFL was significantly associated with lower SE and longer AL.
However, in the Results section (page 10, line 20), thinner RNFL was significantly associated
with decreased AL.

Response: We would like to thank the reviewer for the positive comments and thorough
evaluation of our manuscript, we apologized for the repetitive and unclear expression leading

to misunderstanding. We have modified the corresponding part. (Line 36-37, Line 210-212)

2. Some expressions need to be clarified.

- Abstract conclusion, “RNFL thickness in Chinese population is thicker compared to other
studies”: Since this study did not conduct a qualitative systematic review on this topic, it would be
better to present conclusions on results directly obtained from the analysis.

Response: We thank the reviewer for pointing out the flaw in this expression. We apologized
for the improper statement due to our negligence. We have modified in the corresponding part.

(Line 40-41)

- Abstract conclusion, “Meanwhile, many ocular and systemic factors are closely related to the

changes of RNFL”: This study did not evaluate “changes” of RNFL.
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Response: Thanks for your suggestion, we apologized for the inappropriate description. We
described the true value but not the changes, which were mostly adopted in the cohort study.
Thanks for your professionalism and scrutiny. We also amended the original text accordingly.

(Line 42)

3. Considerations for statistics

- In the multivariate analyses, multicollinearity needs to be considered. This is because the factors
included in the analysis (i.e., Diabetes and HbAlc or SE and AL) are likely to have a significant
correlation with each other.

Response: Thanks for your suggestion. We supplemented the Variance Inflation Factor (VIF)
for each covariate in the multivariate model. The VIFs were all less than 10, indicating no
obvious multicollinearity in the reported model. The VIFs are listed as follows (as there was
no HbAIc parameter included in our multivariate model analysis, thus HbAIc is not shown in
the following table). We also added the relevant description in the manuscript. (Line 154, Line
213, Supplemental table 5)

The analysis of VIF for the multivariate model

Variables VIF

Age 1.584

Gender 1.815
Smoking status 1.768
Body mass index 1.050
Diabetes 1.048
Coronary heart disease 1.055
Cataract extraction 1.019
Intraocular pressure 1.031
Spherical equivalent 1.213
Axial length 1.117
BCVA 1.603

- Table 2 and Supplemental Tables: OCT sectors should be compared considering issue of
multiple comparisons.

Response: Thanks for your suggestion. We applied Bonferroni correction to control for the
potential errors found in multiple comparisons.

The adjusted significant level was @' = a/n, in which a = 0.05, n = 10. Then the
comparisons of OCT sectors in Table 2 were considered to be statistically significant only
when the P-value was less than or equal to a'= 0.005. After the adjustment of the
significant level, our conclusion regarding comparisons among age groups in Table 2

remained unchanged. Besides, we did not consider Bonferroni correction for comparisons in
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supplementary tables because these variables were not the primary effects. And results from
comparisons in supplemental tables were considered as explanatory rather than confirmatory

conclusions.

- Table 2: post hoc test should be considered after ANOVA to reveal difference between each age
group.

Response: Thanks for your suggestion. We supplemented Turkey test as a post hoc test after
ANOVA across age groups. The whole results are listed as follows, and we have added the
integrated version as supplemental tables 7 and 8. Also, the accordingly description in the
method and result part was added in the manuscript. (Line 152, 188)

Table. Post hoc test for comparisons of average RNFL thickness among age groups

Comparisons Estimate SE t P-value
>70-<39=0 -7.753 0.728 -10.346 <0.001
40-49-<39=0 0.675 0.624 1.083 0.805
50-59-<39=0 -1.271 0.614 -2.069 0.221
60-69 - <39=0 -3.754 0.626 -5.996 <0.001
40-49->70=0 8.205 0.522 15718 <0.001
50-59->70=0 6.259 0.511 12.252 <0.001
60-69 - >70=0 3.775 0.525 7.190 <0.001
50-59 - 40-49 =0 -1.946 0.347 -5.616 <0.001
60-69 - 40-49 =0 -4.430 0.367 -12.064 <0.001
60-69 - 50-59 =0 -2.484 0.351 -7.073 <0.001

Table. Post hoc test for comparisons of superior RNFL thickness among age groups

Comparisons Estimate SE t P-value
>70-<39=0 -10.061 1.241 -8.107 <0.001
40-49 -<39=0 2.005 1.063 1.886 0.310
50-59 -<39=0 -1.478 1.047 -1.411 0.605
60-69 - <39=0 -5.329 1.068 -4.991 <0.001
40-49 ->70=0 12.066 0.890 13.555 <0.001
50-59->70=0 8.583 0.871 9.853 <0.001
60-69 ->70=0 4.732 0.895 5.285 <0.001
50-59 -40-49=0 -3.483 0.591 -5.894 <0.001
60-69 - 40-49 =0 -7.334 0.626 -11.713 <0.001
60-69 - 50-59 =0 -3.851 0.599 -6.431 <0.001

Table. Post hoc test for comparisons of nasal RNFL thickness among age groups

Comparisons Estimate SE t P-value

>70-<39=0 -3.857 -1.043 3.698 0.002
40-49-<39=0 0.055 0.893 0.062 1.000
50-59-<39=0 -0.549 0.880 -0.624 0.969
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60-69 - <39=0
40-49 ->70=10
50-59 ->270=0
60-69 ->70=0
50-59-40-49=0
60-69 - 40-49=0
60-69 - 50-59 =0

-1.662
3.912
3.307
2.194
-0.604
-1.717
-1.113

0.897
0.748
0.732
0.752
0.496
0.526
0.503

-1.853
5.230
4.518
2917
-1.217
-3.264
-2.212

0.328
<0.001
<0.001

0.027

0.729

0.009

0.165

Table. Post hoc test for comparisons of inferior RNFL thickness among age groups

Comparisons Estimate SE t P-value
>70-<39=0 -10.213 1.189 -8.590 <0.001
40-49-<39=0 0.526 1.019 0.516 0.985
50-59-<39=0 -1.880 1.003 -1.874 0.317
60-69 - <39=0 -4.945 1.023 -4.834 <0.001
40-49 ->70=0 10.738 0.853 12.592 <0.001
50-59->70=0 8.333 0.835 9.985 <0.001
60-69 ->70=0 5.268 0.858 6.141 <0.001
50-59 - 40-49 =0 -2.406 0.566 -4.250 <0.001
60-69 - 40-49 =0 -5.470 0.600 -9.120 <0.001
60-69 - 50-59 =0 -3.065 0.574 -5.343 <0.001

Table. Post hoc test for comparisons of temporal RNFL thickness among age groups

Comparisons Estimate SE t P-value
>70-<39=0 -6.076 0.850 -7.145 <0.001
40-49-<39=0 -0.027 0.729 -0.037 1.000
50-59-<39=0 -1.304 0.718 -1.817 0.348
60-69 - <39=0 -3.224 0.732 -4.408 <0.001
40-49 ->70=0 6.049 0.610 9918 <0.001
50-59 ->70=0 4.772 0.597 7.995 <0.001
60-69 ->70=0 2.852 0.614 4.648 <0.001
50-59 - 40-49 =0 -1.277 0.405 -3.154 0.013
60-69 - 40-49 =0 -3.197 0.429 -7.453 <0.001
60-69 - 50-59 =0 -1.921 0.410 -4.681 <0.001

Table. Post hoc test for comparisons of rim area RNFL thickness among age groups

Comparisons Estimate SE t P-value

>70-<39=0 0.014 0.033 0.423 0.993
40-49-<39=0 -0.009 0.028 -0.321 0.998
50-59-<39=0 -0.008 0.028 -0.298 0.998
60-69 - <39=0 -0.022 0.028 -0.799 0.927
40-49->70=0 -0.023 0.023 -0.973 0.860
50-59 ->70=0 -0.022 0.023 -0.961 0.865
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60-69 ->70=0 -0.036 0.024 -1.539 0.521
50-59 - 40-49=0 0.001 0.016 0.048 1.000
60-69 - 40-49=0 -0.013 0.016 -0.818 0.921
60-69 - 50-59=0 -0.014 0.016 -0.903 0.890

Table. Post hoc test for comparisons of disc area RNFL thickness among age groups

Comparisons Estimate SE t P-value
>70-<39=0 0.114 0.034 3.396 0.006
40-49 -<39=0 0.017 0.029 0.580 0.977
50-59 -<39=0 0.054 0.028 1.893 0.306
60-69 - <39=0 0.065 0.029 2.254 0.150
40-49->70=0 -0.098 0.024 -4.041 <0.001
50-59->70=0 -0.061 0.024 -2.562 0.072
60-69 - >70=0 -0.049 0.024 -2.019 0.243
50-59 - 40-49=0 0.037 0.016 2.312 0.132
60-69 - 40-49 =0 0.049 0.017 2.858 0.032
60-69 - 50-59 =0 0.012 0.016 0.708 0.952

Table. Post hoc test for comparisons of average CDR RNFL thickness among age groups

Comparisons Estimate SE t P-value
>70-<39=0 -0.002 0.009 -0.271 0.999
40-49 -<39=0 -0.004 0.008 -0.545 0.981
50-59-<39=0 0.003 0.008 0.370 0.996
60-69 - <39=0 0.001 0.008 0.170 1.000
40-49->70=0 -0.002 0.007 -0.273 0.999
50-59->70=0 0.005 0.006 0.830 0.916
60-69 - >70=0 0.004 0.007 0.578 0.977
50-59 - 40-49 =0 0.007 0.004 1.635 0.458
60-69 - 40-49 =0 0.006 0.005 1.215 0.730
60-69 - 50-59 =0 -0.002 0.004 -0.343 0.997

Table. Post hoc test for comparisons of cup volume RNFL thickness among age groups

Comparisons Estimate SE t P-value
>70-<39=0 0.001 0.012 0.116 1.000
40-49-<39=0 0.016 0.010 1.569 0.501
50-59-<39=0 0.016 0.010 1.586 0.490
60-69 - <39=0 0.011 0.010 1.095 0.799
40-49->70=0 0.015 0.009 1.713 0.410
50-59 ->70=0 0.015 0.008 1.742 0.392
60-69 - >70=0 0.010 0.009 1.145 0.771
50-59 - 40-49 =0 <0.001 0.006 -0.013 1.000
60-69 - 40-49 =0 -0.005 0.006 -0.798 0.927
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60-69 - 50-59=0 -0.005 0.006 -0.822 0.919

Table. Post hoc test for comparisons of axial length RNFL thickness among age groups

Comparisons Estimate SE t P-value
>70-<39=0 -0.256 0.064 -3.997 0.001
40-49-<39=0 0.033 0.055 0.600 0.973
50-59-<39=0 -0.116 0.054 -2.156 0.185
60-69 - <39=0 -0.199 0.055 -3.615 0.003
40-49->70=0 0.288 0.046 6.281 <0.001
50-59->70=0 0.140 0.045 3.106 0.015
60-69 ->70=0 0.057 0.046 1.229 0.722
50-59 - 40-49=0 -0.149 0.030 -4.917 <0.001
60-69 - 40-49=0 -0.232 0.032 -7.175 <0.001
60-69 - 50-59=0 -0.083 0.031 -2.681 0.053

4. Discussion Page 11 line 19-55: The authors claimed that the type of SD-OCT device and age
distribution might be the main reasons for RNFL thickness difference. However, in this studys, it is
presumed that not only these two factors but also axial length had a significant effect on RNFL
thickness measurement. It should be further discussed in the manuscript.

Response: Thanks for your suggestion. The age and type of SD-OCT were not only the primary
factors affecting RNFL. There were a lot of factors affecting RNFL thickness, which were further
discussed and analyzed in this study, we revised and clearly stated in the text (the axial length was

discussed on Line 317-324).

5. The average AL was about 22.8 mm, which is much shorter compared with previous study on
Chinese population. This needs to be explained.

Ex) Ho et al. Ophthalmology 2019 (reference #53)

- Chinese (n=1371 participants)

- Average RNFL thickness: 95.7

- Average age: 54.7

- Average axial length: 24.0

Response: Thanks for your advice on this study. Most of the subjects in the study by Ho et al. were
urban population, while the participants in this study were rural population. Relatively speaking,
the myopia proportion induced by the education level and social factors of the rural population
were lower than that of the urban population, so the axial length was relatively short, while axial
length was also an important influence factor for the evaluation of RNFL thickness, so the
relatively short axial length in this study can result in a thicker RNFL as a whole. This factor
should be taken into account. Thank you for finding the shortcomings of this study, and we have

added the explanation of this part in an appropriate section of Limitation (Lines 352-357).
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6. Page 10 line 40: “We demonstrated that.... Using SD-OCT”: this sentence cannot be
substantiated by the data presented in the Methods/Results sections. I believe that this conclusion
cannot be draw from a simple comparison with the numbers presented in previous studies.
Response: Thanks for your careful observation and suggestion on the rigor of the manuscript. This
study did not make a statistical comparison between Asian and European populations in RNFL
thickness, so the conclusion drawn was inaccurate. We just got the information from the
observation of statistical results, so we modified the expression of conclusion. It was inaccurate to
use the European Standard database when applying OCT to measure Asian population (Line

222-225).

Minor comments:

1. 62 references are indicated in the Supplement file, but only 35 are indicated in the reference
lists in the manuscript.

Response: Thank you for your question. Given the submission requirements of the journal, our

study controlled references of the whole article within 35, so the references in other supplementary

documents were listed only in the supplementary references. We put all the references together and

relist. If the editor has any special requirements, we will further modify as required by the editor

(see References).

2. Abbreviations and acronyms should be consistently used after their first appearance. Ex) AL
for axial length.

Response: Thank you for your suggestion on the shortcomings of this study. We carefully checked

the use of abbreviations and acronyms in the whole paper and made a targeted modification in the

manuscript.

3. Page 8 line 31: The authors mentioned that the RNFL thickness satisfies the “ISNT rule”,
which is generally used to describe the relative thickness of the neuroretinal rim.
Response: We thank the reviewer for pointing out this issue. This is where we neglect and state

improperly. We have amended the original text accordingly.

4. Page 15 line 36: It would be better to separate the limitation part as an independent paragraph.
Response: Thanks for your suggestion. The limitation was an important part of the discussion. We

highly appreciate your suggestion and set out Limitation as an individual paragraph (Line 352).
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Reviewer: 2

Comments to the Author

This study investigated the normative profile of retinal nerve fiber layer (RNFL) thickness based
on spectral-domain optical coherence tomography and its associations with related parameters in a
Chinese population.

Overall, this study supports the clinically important finding that the Chinese have thicker
peripapillary RNFL from a population study, although this is not a novel one.

Specific comments:
1. 4th sentence, Abstract needs to be rephrased:
1) delete either male or male sex,
2) change 'less diabetes' to 'absence of diabetes,
3) change "'more history of cataract surgery' to ' history of cataract surgery'.
Response: Thanks for the meticulous concern, we apologized for the repetitive and unclear
expression leading to misunderstanding. The relevant mistakes in spelling and punctuation

have been addressed. (Line 36-38, Line 210-212)

2. Proof-reading and editing by a professional native English speaker is needed. Grammar errors
are noted throughout the manuscript: e.g. Line 15-28, Introduction: = With the developing of
SD-OCT gradually, automated segmentation and measurement of individual retinal layers
is ...

Response: We thank the reviewer for the comment, we have amended the relevant sentence in

the manuscript. (Line 75-78) And accordingly, we already went through the manuscript and

corrected and polished the language mistakes in the revised manuscript. The revised

manuscript has been edited and proofread by a native speaker.

3. A separate paragraph needs to be added for better discussion of the association between
cataract surgery and RNFL thickness.

Response: Thank you for your suggestions on this study. According to the suggestion, we

queried the relationship between cataract surgery and RNFL thickness and found some

valuable opinions also hypotheses. The contents were listed as an individual paragraph and

discussed accordingly. (Lines 333-343).

4. Some OCT machines are known to include Asian eyes in their normative database. Please
provide a table or a paragraph comparing the percentages of Asians in the normative database
in different recent OCT machines.

Response: Thank you for your suggestion on this study. According to your suggestion, we
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summarized the common OCTs that were commercially available, and searched for information in
RNFL thickness standard database related to instruments from the official website and related
literature of OCT and compiled them into a table (Supplementary Table 6). As can be seen from
these results, the RNFL thickness standard database of OCT instruments produced by different
companies varied greatly from population to population. Hence, it is necessary to list and provide
clinical reference for the measurement of RNFL thickness and the diagnosis of relevant diseases

(Line 251-261).

Editor(s)' Comments to Author (if any):
Section Editor

Comments to the Author:

(There are no comments.)

We thank the reviewer for pointing out this issue. This is really where we neglect and state

improperly.
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