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Abstract
Aims To evaluate the microvascular and neural differences of the optic nerve head (ONH) between type 2 diabetes mellitus 
(T2DM) subjects and controls.
Methods This was a cross-sectional observational study. One hundred and eight eyes of 108 T2DM subjects with or without 
diabetic retinopathy (DR) (54 preclinical DR and 54 mild-to-moderate DR) were included. Fifty-two eyes of 52 healthy 
subjects were included as controls. The 4.5-mm Angio Disc scan mode and the ganglion cell complex scan mode were per-
formed with all participants using AngioVue software 2.0 of the optical coherence tomography angiography (OCTA) device.
Results Regarding ONH radial peripapillary capillary (RPC) density, the peripapillary region was mainly significantly 
reduced in the No-DR (NDR) group. Moreover, the RPC density of the peripapillary region and the inside optic disc area 
were significantly reduced in the non-proliferative DR (NPDR) group. When compared to the controls, significantly reduced 
peripapillary capillary density in six sections was observed in the NPDR group. However, reduced density was observed 
in only two sections in the NDR group. The NPDR group had significantly increased focal loss volume (FLV) and reduced 
peripapillary RNFL thickness in the inferior nasal section compared to those in the controls, but similar changes were not 
observed in the NDR group. A regression model identified RPCs inside the optic disc as a significant parameter in early-
stage DR detection. In the NPDR group, BCVA showed a significantly negative correlation with RPCs inside the optic disc 
and a significantly positive correlation with FLV.
Conclusions OCTA findings of the ONH area may provide evidence that microvascular changes occur preceding neural 
impairment in early-stage DR. However, further researches are still needed to support the statement. Reduced ONH perfu-
sion inside the optic disc may be one of the crucial biomarkers in early-stage DR detection and is a possible sensitive visual 
acuity predictor in early-stage DR subjects. With the ONH mode, OCTA may be a more promising tool in DR screening.

Keywords Optical coherence tomography angiography · Diabetic retinopathy · Optic nerve head · Microvascular changes · 
Neural impairment

Introduction

Diabetic retinopathy (DR) is one of the serious complica-
tions of diabetes mellitus (DM), and it is a major cause of 
sight-loss worldwide [1, 2]. One hundred million patients 
worldwide were affected by DR in 2010, and more than 
190 million are expected to be affected by 2030 [3, 4]. The 
pathogenesis of DR is not completely clear. Microvasculopa-
thy in the retina has been classically regarded as the pivotal 
initiating step [5]. The loss of pericytes has been considered 
as the initially detectable histologic evidence in the retina of 
DM subjects [6]. However, in the past few years, emerging 
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evidence has suggested that neurodegeneration may occur 
before microvascular changes in preclinical DR [7, 8]. 
The potential relationship between neurodegeneration and 
microvascular impairment has been frequently discussed [9]. 
Therefore, it remains controversial whether microvascular 
dropout or neural impairment occurs first in early-stage DR.

A real-time cross-sectional imaging machine, optical 
coherence tomography angiography (OCTA), has been 
widely applied in retinopathy diagnoses. Compared to tra-
ditional diagnostic techniques, such as fluorescein fundus 
angiography (FFA), OCTA is less invasive, more convenient 
and safer because intravenous injection of dyes is not needed 
in the examination [10]. The microvascular dropout of the 
macular area in preclinical and early-stage DR has been fre-
quently reported in recent OCTA studies [11–13]. OCTA 
seems to be a promising tool for screening the macular area 
and follow-up in DR subjects. However, the optic nerve head 
(ONH) area is usually analysed in glaucoma and optic neu-
ropathy, while it has rarely been studied in DR [14]. As is 
implied by growing evidence, DR is a neurovascular disease. 
It is crucial and meaningful to further study the ONH area 
in DR subjects. Our previous study [15] showed that ONH 
capillary density may be reduced in the No-DR (NDR) com-
pared to healthy controls, but the shortcoming was that non-
proliferative DR (NPDR) subjects and detailed parameters, 
such as different regions of the peripapillary area, were not 
included, which made the evidence for the presence of DR 
incomplete. Based on the preliminary conclusions, the over-
all goal of our study was to provide evidence, using OCTA, 
whether microvascular changes or neural impairment occurs 
first after the onset of DR. In addition, the importance of 
ONH perfusion in early-stage DR detection and the effect on 
visual acuity in early-stage DR were evaluated.

Methods

Subjects

This was a cross-sectional observational study. The study 
adhered to the tenets of the Declaration of Helsinki and was 
approved by the research ethics committee of Sun Yat-sen 
Memorial Hospital, Sun Yat-sen University. One hundred 
and eight eyes of 108 T2DM subjects (54 preclinical DR 
and 54 mild-to-moderate DR) were included. Another 52 
eyes of 52 healthy subjects were included as controls. The 
subjects were recruited from the ophthalmology depart-
ment of the DM centre between January 2018 and October 
2018. Informed consent was obtained from all subjects to 
be included in the study. DR stages were confirmed based 
on the criteria released by the American Diabetes Asso-
ciation (ADA) in 2017 [16]. When only microaneurysms 
were observed in the FFA, the DR stage was defined as mild 

NPDR. The criteria for severe NPDR were as follows: (1) 
intraretinal haemorrhage ≥ 20 dots per quadrant, (2) venous 
beading in two or more quadrants, or (3) intraretinal micro-
vascular abnormalities in one or more quadrants. Moder-
ate NPDR was defined as the stage between mild NPDR 
and severe NPDR. The more serious eye was selected if the 
severity was different in both eyes, while a random eye was 
selected if the severity was the same. The inclusion criteria 
included a diagnosis of T2DM with NDR or mild-to-mod-
erate NPDR, a T2DM duration more than 1 year and age 
not less than 40 years. A diagnosis of T2DM with NDR or 
mild-to-moderate NPDR was provided by two senior oph-
thalmologists through thorough ophthalmic examinations, 
including LogMAR best-corrected visual acuity (BCVA), 
intraocular pressure (IOP) measurement, dilated fundus 
examination, Early Treatment Diabetic Retinopathy Study 
7 standard 35-mm colour fundus photographs (7F-ETDRS) 
(Canon, Inc., Tokyo, Japan), FFA (Microclear, Inc., Suzhou, 
China) and OCTA (Optovue, Inc., Fremont, CA, USA). Gen-
eral characteristics included age, gender, laterality, haemo-
globin Alc (HbAlc) levels, DM duration, presence of hyper-
tension, body mass index (BMI) and presence of diabetic 
complications (diabetic foot and diabetic renal disease) were 
collected. A diagnosis of hypertension (> 130/80 mmHg) 
and diabetic renal disease was made according to associ-
ated guidelines [17, 18] by a cardiology specialist and a 
nephrology specialist, respectively. The exclusion criteria 
were as follows: (1) moderate or high myopia (a refractive 
error higher than − 3 dioptres or an axial length greater than 
26 mm); (2) glaucoma, optic neuropathy, and other retinal 
diseases; (3) dioptric media opacity that may have affected 
imaging; (4) a history of intraocular surgery; and (5) macular 
oedema in OCTA or FFA. Thorough ophthalmic examina-
tions were also performed in the healthy controls.

OCTA image collection and analysis

OCTA images were obtained using the RTVue XR Avanti 
device with AngioVue 2.0 (Optovue Inc., Fremont, CA, 
USA). The device has a speed of 70,000 A scans per second 
and a light source of 840 nm in the scan. The split-spectrum 
amplitude-decorrelation angiography (SSADA) algorithm 
was used to analyse the OCTA images. The 4.5-mm Angio 
Disc scan mode and the ganglion cell complex (GCC) scan 
mode were used for all subjects. All examinations were per-
formed by experienced ophthalmic examiners. The 4.5-mm 
Angio Disc scan mode was used to capture a 4.5 × 4.5 mm 
area centred on the optic disc. The area was divided into 
different sections (Fig. 1); therefore, the radial peripapillary 
capillary (RPC) density in these sections and peripapillary 
thicknesses were automatically calculated by the software 
AngioVue 2.0. The GCC scan mode (Fig. 2) was applied 
to measure the thickness of the retinal GCC including the 
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retinal nerve fibre layer, ganglion cell layer and inner plexi-
form layer. Average GCC thickness, focal loss volume (FLV) 
and global loss volume (GLV) were automatically calculated 
by the software AngioVue 2.0. FLV was the sum of the frac-
tional deviation (FD) in the area where significant focal loss 
(SFL) existed. SFL was defined as a pattern deviation more 
than 1.65 standard deviations below the normal average (5% 
of normal distribution). GLV was the sum of FD in the area 
where FD was negative. Images that had a scan quality of 
less than 6 were excluded.

Statistical analysis

Statistical analyses were performed using SPSS 24.0 
(SPSS Inc,. Chicago, IL, USA), a commercially available 
statistical software. A one-way ANOVA was applied to 

analyse the numerical variables among the three groups 
(NDR, NPDR, and healthy controls), and Bonferroni’s 
post hoc analysis was performed to evaluate the significant 
differences. Categorical variables were analysed using a 
chi-squared test. Statistically significant variables between 
NDR and NPDR in the univariate analysis were included 
in a multivariable binary logistic regression model that 
compared NDR and NPDR using backward elimination 
analysis. The receiver operating characteristic (ROC) 
curve was then generated based on the combined param-
eter binary logistic regression model. The area under the 
curve (AUC), sensitivity, and specificity were reported 
according to the curve. In addition, for the NPDR group, 
a backward multiple linear regression was performed 
between logMAR BCVA and the OCTA parameters (cap-
illary density inside optic disc, peripapillary capillary 

Fig. 1  ONH section division and radial peripapillary capillary 
density differences in the three groups. a, b Right and left eyes. A 
4.5 × 4.5  mm OCTA image (left) of the corresponding layer in the 
ONH (right: horizontal OCT B-scan of nerve fibre layer-internal lim-
iting membrane; area between the red and green line). Inside optic 
disc: area surrounded by the inner blue circle; peripapillary region: 
area between two blue rings. NS nasal superior, NI nasal inferior, IN 
inferior nasal, IT inferior tempo, TI tempo inferior, TS tempo supe-
rior, ST superior tempo, SN superior nasal. c Right eye of a 55-year-
old male control. A 4.5 × 4.5  mm OCTA image (above) of the cor-

responding layer in the ONH (below). d Right eye of a 51-year-old 
male with no diabetic retinopathy (NDR). A 4.5 × 4.5  mm OCTA 
image (above) of the corresponding layer in the ONH (below). e 
Right eye of a 52-year-old male with non-proliferative diabetic retin-
opathy (NPDR). A 4.5 × 4.5  mm OCTA image (above) of the cor-
responding layer in the ONH (below). Reduced RPC density in the 
NDR group (d above) was less prominent than that in the NPDR 
group (e above) when compared with the controls (c above). (Color 
figure online)
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density, peripapillary RNFL thickness, GCC thickness, 
FLV and GLV).

Results

Patient characteristics

One hundred and eight eyes of 108 T2DM subjects (54 pre-
clinical DR and 54 mild-to-moderate DR) and 52 eyes of 52 
matched healthy controls were included in this study. Sub-
jects with NPDR had significantly longer DM duration times 
than those with NDR. Moreover, subjects with NPDR and 
NDR had a higher BMI and worse BCVA, respectively, than 

healthy controls. No significant differences among groups 
were found with regard to age, gender, eye laterality and 
other variables. Details are shown in Table 1.

OCTA findings

With regard to ONH RPC density, the densities of the 
whole image and the peripapillary region were signifi-
cantly reduced in the NDR group compared to the con-
trols (whole image: 48.49 ± 3.37% versus 50.17 ± 2.1%, 
p = 0.02; peripapillary region: 50.14 ± 5.12% versus 
52.22 ± 5.02%, p = 0.046), while the capillary density 
inside the optic disc was significantly reduced in the 
NPDR group compared to the NDR group (46.47 ± 5.01% 

Fig. 2  Ganglion cell complex differences in the three groups. The 
same eyes as in Fig. 1. Thickness map: left; deviation map: middle; 
normal database (NDB) reference: right. a Right eye of a 55-year-
old male control. b Right eye of a 51-year-old male with no diabetic 
retinopathy (NDR). c Right eye of a 52-year-old male with non-pro-

liferative diabetic retinopathy (NPDR). A gradually reduced ganglion 
cell complex thickness and an increased abnormality in the NDB ref-
erence map were presented from the controls to the NDR group as 
well as from the NDR group to the NPDR group
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versus 50.14 ± 5.12%, p < 0.01). However, all the param-
eters in the ONH RPC density were significantly reduced 
in the NPDR group when compared to the controls (whole 
image: 47.03 ± 3.11% versus 50.17 ± 2.11%; inside optic 
disc: 46.47 ± 5.01% versus 52.22 ± 5.02%; peripapillary 
region: 49.52 ± 3.85% versus 52.50 ± 2.74%). The NPDR 
group had significantly increased FLV compared to the 
NDR group and the controls (NDR: 2.28 ± 2.83% ver-
sus 1.06 ± 1.02%, p < 0.01; control: 2.28 ± 2.83% versus 
0.86 ± 0.68%, p < 0.01). Moreover, GLV was also signifi-
cantly increased in the NPDR group when compared to 
the controls (4.47 ± 5.37% versus 2.29 ± 2.38%, p = 0.01). 
No significant differences among the groups were found 

in the peripapillary RNFL thickness. Details are shown in 
Tables 2, 3. Classical figures of RPC density differences 
and GCC differences in the three groups are presented in 
Figs. 1 and 2, respectively.

The peripapillary region was then divided into eight sec-
tions and statistical data between each of two groups were 
compared (Table 2). When compared to the controls, signifi-
cantly reduced capillary density in six sections (nasal superior, 
nasal inferior, inferior nasal, inferior tempo, tempo inferior 
and tempo superior) was observed in the NPDR group, while 
significantly reduced capillary density in two sections (inferior 
nasal and tempo superior) was observed in the NDR group. 
The NPDR group had significantly reduced peripapillary 

Table 1  Patient characteristics

NDR no diabetic retinopathy, NPDR non-proliferative diabetic retinopathy, NA not available, DM diabetes mellitus, BMI body mass index, BCVA 
best corrected visual acuity, IOP intraocular pressure
*p < 0.05

Control NDR NPDR Control versus NDR, p value NDR
vs NPDR, p value

Control versus 
NPDR, p value

Patients (n) 52 54 54 NA NA NA
Mean age, range (years) 55.81 ± 8.05 57.07 ± 8.90 56.96 ± 10.39 1.0 1.0 1.0
Male:female 22:30 28:26 28:26 χ2 = 0.20, p = 0.90
Laterality (right:left) 27:27 28:26 27:27 χ2 = 0.05, p = 0.98
HbAlc (%) NA 7.10 ± 2.49 7.92 ± 2.33 NA 0.59 NA
DM duration (years) NA 6.17 ± 6.22 12.78 ± 9.42 NA < 0.01* NA
Hypertension (n, %) 15 (28.85%) 16 (29.63%) 15 (27.78%) χ2 = 0.05, p = 0.98
BMI (kg/m2) 23.24 ± 0.40 25.71 ± 0.57 26.08 ± 0.33 0.03* 0.35 0.01*
Diabetic complications
Diabetic foot (n, %) NA 0 (0%) 1 (1.85) NA χ2 = 1.01, p = 1.0 NA
Diabetic renal disease (n, %) NA 3 (5.56%) 6 (11.11%) NA χ2 = 1.09, p = 0.49 NA
LogMAR BCVA − 0.04 ± 0.07 0.03 ± 0.12 0.05 ± 0.12 < 0.01* 0.83 < 0.01*
IOP (mmHg) 15.41 ± 2.33 15.06 ± 2.44 14.53 ± 2.74 0.38 0.41 0.20

Table 2  Major optic nerve head parameters and retinal ganglion cell complex assessment in optical coherence tomography angiography

NDR no diabetic retinopathy, NPDR non-proliferative diabetic retinopathy, ONH optic nerve head, RPCs radial peripapillary capillaries, RNFL 
retinal nerve fibre layer, GCC  ganglion cell complex
*p < 0.05

Control NDR NPDR Control versus 
NDR, p value

NDR versus 
NPDR, p value

Control versus 
NPDR, p value

ONH RPCs density
 Whole image (%) 50.17 ± 2.11 48.49 ± 3.37 47.03 ± 3.11 0.02* 0.05 < 0.01*
 Inside optic disc (%) 52.22 ± 5.02 50.14 ± 5.12 46.47 ± 5.01 0.14 < 0.01* < 0.01*
 Peripapillary region (%) 52.50 ± 2.74 50.81 ± 3.45 49.52 ± 3.85 0.046* 0.21 < 0.01*

Peripapillary RNFL thickness (µm) 113.29 ± 11.19 110.02 ± 12.83 107.58 ± 15.56 0.69 1.0 0.12
Retinal GCC 
 GCC thickness (µm) 97.00 ± 5.27 95.54 ± 6.05 99.61 ± 14.57 1.0 0.12 0.54
 Focal loss volume (%) 0.86 ± 0.68 1.06 ± 1.02 2.28 ± 2.83 1.0 < 0.01* < 0.01*
 Global loss volume (%) 2.29 ± 2.38 3.10 ± 2.28 4.47 ± 5.37 0.80 0.20 0.01*
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RNFL thickness in the inferior nasal section compared to the 
controls.

DM duration, capillary density inside the optic disc and 
FLV, which are parameters that were statistically significant 
between the NPDR and NDR groups in a one-way ANOVA, 
were included for analysis in a multivariable binary logis-
tic regression model between the NPDR and NDR groups. 
The dependent variable in the regression model was whether 
subjects have DR. The regression model identified DM dura-
tion (OR 1.12, CI [1.03, 1.22], p < 0.01) and capillary density 
inside the optic disc (OR 0.82, CI [0.72, 0.93], p < 0.01) as 
significant. Next, ROC curves were generated. The AUC for 
the combined parameter binary logistic regression model was 
0.84 (p < 0.001) with sensitivity and specificity of 74% and 
82%, respectively.

For the NPDR group, a backward multiple linear regression 
between LogMAR BCVA and the OCTA parameters was per-
formed. LogMAR BCVA showed a significantly negative cor-
relation with capillary density inside the optic disc (β = − 0.3, 
p = 0.03) and showed a significantly positive correlation with 
FLV (β = 0.37, p = 0.01) (Fig. 3).

Table 3  Peripapillary capillary density and peripapillary retinal nerve fibre layer thickness in different regions

NDR no diabetic retinopathy, NPDR non-proliferative diabetic retinopathy, RNFL retinal nerve fibre layer
*p < 0.5

Control NDR NPDR Control versus 
NDR, p value

NDR versus 
NPDR, p value

Control versus 
NPDR, p value

Peripapillary capillary density
 Nasal superior (%) 48.41 ± 4.64 47.06 ± 4.71 45.97 ± 4.79 0.50 0.80 0.04*
 Nasal inferior (%) 47.66 ± 4.40 46.43 ± 5.38 44.56 ± 5.26 0.70 0.23 0.01*
 Inferior nasal (%) 52.09 ± 4.68 49.48 ± 5.68 48.59 ± 4.25 0.03* 1.0 < 0.01*
 Inferior tempo (%) 58.70 ± 3.94 56.83 ± 34.65 54.77 ± 5.41 0.16 0.11 < 0.01*
 Tempo inferior (%) 53.78 ± 3.23 51.78 ± 3.38 49.81 ± 5.84 0.07 0.09 < 0.01*
 Tempo superior (%) 57.23 ± 2.79 54.99 ± 3.63 53.44 ± 5.31 0.02* 0.21 < 0.01*
 Superior tempo (%) 55.30 ± 4.44 53.75 ± 6.40 53.98 ± 5.02 0.48 1.0 0.7
 Superior nasal (%) 50.07 ± 4.26 48.03 ± 4.43 48.00 ± 5.03 0.10 1.0 0.09

Peripapillary RNFL thickness
 Nasal superior (µm) 104.80 ± 19.90 101.89 ± 18.14 95.97 ± 16.30 1.0 0.37 0.06
 Nasal inferior (µm) 87.65 ± 14.70 86.87 ± 18.54 80.36 ± 14.33 0.97 0.16 0.09
 Inferior nasal (µm) 148.22 ± 30.57 137.64 ± 30.21 129.43 ± 27.84 0.25 0.57 < 0.01*
 Inferior tempo (µm) 145.37 ± 18.88 143.60 ± 17.98 139.30 ± 27.44 1.0 1.0 0.54
 Tempo inferior (µm) 73.47 ± 10.50 71.72 ± 8.81 72.82 ± 11.72 1.0 1.0 1.0
 Tempo superior (µm) 83.45 ± 12.68 78.50 ± 10.09 84.24 ± 20.43 0.35 0.22 1.0
 Superior tempo (µm) 140.88 ± 16.13 131.66 ± 21.62 135.42 ± 33.68 0.21 1.0 0.86
 Superior nasal (µm) 130.71 ± 18.09 135.35 ± 24.36 134.73 ± 27.05 1.0 1.0 1.0

Fig. 3  Receiver operating characteristic curve (ROC) for the regres-
sion model. ROC for the combined parameter binary logistic regres-
sion model between non-proliferative diabetic retinopathy (NPDR) 
and no diabetic retinopathy (NDR): blue line; reference line: green 
line. AUC  area under the curve, SE sensitivity, SP specificity. (Color 
figure online)
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Discussion

Do microvascular changes occur preceding neural impair-
ment in early-stage DR? Using OCTA, we have found evi-
dence of the ONH area to support this statement. The mac-
ular area differences between DM objects and the controls 
have recently been intensively studied using OCTA. Pre-
vious studies showed that the increased foveal avascular 
zone was accompanied by reduced macular vessel density, 
which may be useful parameters in the detection of early-
stage DR [11, 19, 20]. However, OCTA studies on quan-
tifying the ONH changes in DM objects were relatively 
lacking and incomplete. Inconsistent with our previous 
study [15], Cao [21] compared ONH perfusion between 
an NDR group and controls using OCTA, and they found 
that significantly reduced ONH perfusion existed in the 
NDR group. However, the major drawback was that NPDR 
objects were not included in their study, which cannot 
answer the question whether microvascular changes or 
neural impairments occurred first at the onset of DR. In 
our present study, NPDR patients were included. When 
compared to the controls, reduced ONH capillary density 
was observed only in two sections of the peripapillary 
region in the NDR group, while the same reduction was 
noticed both in most sections of the peripapillary region 
and inside the optic disc in the NPDR group. Moreover, a 
gradual change in neural impairment, including increased 
FLV and reduced RNFL thickness in the inferior nasal 
section, was presented in the NPDR group when compared 
to the controls. It seems that microvascular dropout began 
in the preclinical DR stage and was followed by further 
microvascular and neural impairment in the mild-to-mod-
erate DR stage. That is, microvascular changes in the ONH 
may occur preceding neural impairment in early-stage DR. 
A possible explanation is that RPCs may contribute to 
RNFL nourishment. Mansoori’s study [22] revealed that 
RPC density had a significant positive correlation with 
RNFL in OCTA images. Anatomically speaking, RPCs, 
which are parallel to the retinal ganglion cell axons, are the 
most superficial layers of capillaries located in the inner 
part of the RNFL. They may originate from the arterioles 
of the ganglion cell layer and lay around the ONH to sup-
ply superficial RNFL [23, 24].

Similar to our study, Van Dijk’s research also showed 
no significant difference in the RNFL or GCC thickness 
between NDR objects and the healthy controls [25]. By 
contrast, Carpineto’s study [7] revealed a significant reduc-
tion in RNFL or GCC thickness even in NDR subjects 
using Cirrus spectral domain OCT (SD-OCT) when com-
pared with the control group. Moreover, localised reti-
nal dysfunction was detected in quite a few type 2 NDR 
subjects using multifocal electroretinograms (mfERG) in 

a recent study [26]. Histologically, glial, microglial and 
other cells are involved in the neural apoptosis of the retina 
and the retinal ganglion cell apoptosis may be the initial 
losses noticed in the diabetic retina. It has been illustrated 
in some rodent models that apoptosis of retinal ganglion 
cells begins 5 or 10 weeks after the onset of hyperglycae-
mia [3, 27]. It is an undeniable fact that neurodegeneration 
occurs in early-stage DR [28]. According to a large-scale 
randomise clinical trial, early-stage DR subjects in the pla-
cebo group had more obvious dysfunction in mfERG than 
those in the neuroprotective drugs group [29].

However, recent researches have laid special emphasis on 
the pathophysiology of the neurovascular unit [3, 9]. In the 
theory, swelling of glial cells was considered as part of the 
neuroinflammatory process. At the beginning, inflammatory 
process may not decrease RNFL or GCC thickness because 
of neural cell swelling. As the process develops, the degen-
eration and death of neural cells may occur. It is possible 
that some of the included NDR and NPDR subjects were 
in “swelling stage” in different degree, thus the reduction 
of RNFL or GCC thickness was not so prominent and the 
standard deviation of FLV and GLV was high. The apopto-
sis of retinal neurons may be the consequence of gradually 
reduced perfusion and the neural impairment degree may be 
altered for different factors such as ethnicity, DM type, DM 
duration and HbAlc levels [30]. In regard to our results, a 
significantly increased FLV was not presented until NPDR 
occurred. A longer DM duration and a higher HbAlc value 
were more likely to contribute to the difference in neural 
parameters between Carpineto’s study and ours, as Araszk-
iewicz found that the RNFL or GCC thickness was closely 
correlated with DM duration and HbAlc values [30]. In addi-
tion, according to Zang’s study, a lower variation of the RPC 
density than that of the RNFL may also contribute to the 
difference [31]. To some degree, the specificity of neural 
parameters may be not as good as that of RPC density in DR 
screening. Another possible reason for the difference may be 
the analysis pattern. RNFL thickness was divided into four 
sections with an even distribution in Cirrus SD-OCT, while 
section division of the peripapillary RNFL thickness was 
closely matched to the RPC sectors in OCTA. Accordingly, 
Leite et al. showed a significant difference between OCTA 
and Cirrus SD-OCT in RNFL thickness measurement [32].

Interestingly, we also noticed that capillary density reduc-
tion developed from the peripapillary region to inside the 
disc. Jia’s finding [33] may provide a reason for this reduc-
tion pattern of ONH perfusion in DM development. In their 
study, a decreased trend in the RPC density was observed 
with increasing distance from the ONH. We hypothesised 
that the RPC network was similar to the retinal vascu-
lar network. Lower density may be responsible for lower 
reserve capacity; therefore, the peripapillary RPCs may ini-
tially shrink because they are more sensitive to ischaemia 
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and the lack of oxygen induced by hyperglycaemia at the 
onset of DM. It is a possible protection mechanism of the 
retina in DR patients. Our study revealed that significantly 
reduced RPCs in the nasal, inferior and temporal quadrants 
were observed in the NPDR group compared to the controls, 
while no significant changes in RPCs in the superior quad-
rant in the same group were noticed. In agreement with our 
findings, some publications implied that the superior quad-
rant had a higher RPC density than other regions [34, 35], 
which may be evidence that reinforces the above hypothesis.

The combined model between NDR and NPDR showed 
that a lower RPC density inside the disc and longer DM 
duration times were observed in the NPDR group, which 
suggested that capillary density inside the optic disc may be 
a sensitive predictor in early-stage DR screening, especially 
in type 2 DM subjects with a long duration. Several well-
designed statistical models including macular parameters 
have been employed in previous studies to assess the sever-
ity of DR, but none of them analysed ONH perfusion [11, 
36]. To our knowledge, this was the first study to assess 
the ONH parameter in early-stage (mild-to-moderate) DR 
screening models. We suggest a combined model of macu-
lar and ONH parameters in early-stage DR screening using 
OCTA should be performed in further research. In addi-
tion, we found that a lower RPC density inside the disc and 
higher FLV may contribute to worse visual acuity. In pre-
vious publications [15, 37], lower macular vessel density 
was also closely related to worse visual acuity in preclini-
cal and early-stage DR. Previous histological evidence [38, 
39] illustrated that RPCs came from the superficial vascular 
plexuses (SVPs), which ascended to the nerve fibre layer. 
SVPs mainly supplied the macular area and were frequently 
discussed in previous studies. The pre-capillary arterial parts 
fed RPCs from the SVPs while the post-capillary venous 
parts drained RPCs into the SVPs [38–40]. Last year, David 
Huang’s research team updated the segmentation method 
accordingly in OCTA and, therefore, enabled observation of 
the RPC network images that were separated from the origi-
nal superficial plexus images in the updated software [40]. 
A possible relationship exists between the RPC network and 
the macular vascular network [39, 40]. Therefore, the reduc-
tion of capillary density in the ONH may be related to other 
vascular plexuses in the retina, which may be a reflection of 
ischaemia in DR. Ischaemia causes the death of photorecep-
tors and other neural cells and subsequently contributes to 
impaired vision [3].

The limitations of our study included that it was a cross-
sectional observational study. In addition, assessments of 
retinal neurodysfunction such as mfERG have not been 
performed. A longitudinal study with retinal neurodysfunc-
tion assessments should be performed to explain the rela-
tionship between microvascular and neural impairments in 
early-stage DR. Moreover, the sample size was relatively 

small. Another limitation was that automatic segmentation 
was applied in density calculations. The possibility of seg-
mentation errors may exist.

In conclusion, OCTA findings of the ONH area may 
provide evidence that microvascular changes occur preced-
ing neural impairment in early-stage DR. However, further 
researches are still needed to support the statement. Reduced 
ONH perfusion inside the optic disc may be one of the cru-
cial biomarkers in early-stage DR detection, and it is a pos-
sible sensitive visual acuity predictor in early-stage DR sub-
jects. With the ONH mode, OCTA may be a more promising 
tool in DR screening.
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