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Structural and functional retinal changes in patients with type 2 diabetes
without diabetic retinopathy
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ABSTRACT
Objective: The characteristics of the early changes in preclinical diabetic retinopathy (DR) are
poorly known. This study aimed to analyse the changes in the structure and function of the fun-
dus in diabetic patients without diabetic retinopathy (NDR).
Methods: This prospective study enrolled patients with type 2 diabetes and healthy controls
from April to December 2020. Retinal sensitivity was measured by microperimetry. The peripapil-
lary retinal nerve fibre layer (p-RNFL) thickness, macular retinal thickness, and retinal volume
were measured by optical coherence tomography (OCT). The vessel density (VD) and perfusion
density (PD) of the peripapillary area, as well as the foveal avascular zone (FAZ) area, FAZ perim-
eter, and FAZ circularity, were measured by optical coherence tomographic angiography (OCTA).
Results: A total of 71 cases (100 eyes) were enrolled in the study, including 34 cases (51 eyes)
in the NDR group and 37 cases (49 eyes) in the control group. The mean retinal sensitivity was
lower in the NDR group than in the control group for all sectors (all p< .001). Compared with
controls, the NDR group showed thinner p-RNFL in the T sector (76.24±14.29 vs.
85.47±19.66mm, p¼ .035). The NDR group had a thinner retina in the N2 sector (304.55 ±16.07
vs. 312.02±12.30mm, p¼ .010). The PD of DCP was lower in the N2 sector in the NDR group
(44.92±11.77 vs. 50.27±6.37%, p¼ .044). The VD was higher in the NDR group in RPCP-S/N/I,
and the PD was higher in the RPCP-S/N (all p< .05). The frequencies of perifoveal capillary drop-
out, notched or punched out borders of the superficial FAZ, and loss of smooth contour were
all higher in the NDR group (all p< .05).
Conclusion: The structure (p-RNFL thickness, VD, and PD) and function (retinal sensitivity) dis-
play some changes in diabetic patients even if they had not been found to have DR.

KEY MESSAGES

1. Decreased retinal sensitivity was observed in diabetic patients before the onset of diabetic
retinopathy.

2. Compared with the control group, we found the changes in vessel density or perfusion
density in a certain area, whether in SCP, DCP, or RPCP in the NDR group.

3. Before the onset of diabetic retinopathy, the structure and function of the retina in diabetic
patients had changed.
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Introduction

Chronic hyperglycaemia (and other factors) can trigger
biochemical and physiological changes, resulting in
microvascular damage and retinal dysfunction [1].
Diabetic retinopathy (DR) is a progressive complication
of diabetes in which retinal vascular damage and
abnormalities can lead to vision impairment and blind-
ness [1]. The prevalence of DR is 34.6% among adults
with diabetes [2]. Risk factors of DR include long-dur-
ation diabetes, chronic hyperglycaemia, nephropathy,

hypertension, and dyslipidemia [3]. DR can be classi-
fied based on disease severity: nonproliferative DR
characterised by retinal vascular abnormalities, prolif-
erative DR characterised by retinal neovascularization,
vascular abnormalities, and diabetic macular edema
characterised by thickening of the retina near the
macula [3]. Regular screening and diabetes control can
help reduce the risk of developing DR [1,4].

Hyperglycaemia and associated altered metabolic path-
ways can lead to neural damage
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(neurodegeneration),vascular damage, and impaired neu-
rovascular unit function [3]. Neurodegeneration, leading
to fewer retinal ganglion cells and thinner nerve fibre
layers, can be caused by increased extracellular glutamate
accumulation induced excitotoxicity and reduced retinal
production of neurotrophins [3]. Vascular damage can be
caused by increased vascular endothelial growth factors
and the production of erythropoietin and inflammatory
mediators [3]. The impaired neurovascular unit function
can impair the ability of the retina to regulate local blood
flow in response to neural activity and metabolic
demands [3]. Since chronic hyperglycaemia can induce
retinal changes even before the onset of type 2 diabetes
[1], some studies reported that neural structural changes
in the retina could be observed in patients with early-
stage type 2 diabetes [5,6].

A recent study suggested that about 40% of dia-
betic patients without DR had microvascular abnor-
malities according to optical coherence tomographic
angiography (OCTA) [5]. Previous studies reported
either a decrease in the retinal nerve fibre layer (RNFL)
thickness in diabetic patients [7,8] or no significant
changes [9–14]. Evidence suggests that microvascular
changes and neuronal impairment can occur in early
DR [15,16]. A study highlighted that the retinal
changes might be localised in early DR instead of
affecting the entire retina [17]. In addition, microperi-
metric sensitivity in diabetic patients, either with or
without DR, was reported to be reduced significantly
compared with non-diabetic control subjects [18,19]. It
is also reported that parafoveal and perifoveal vessel
density (VD) of superficial capillary plexus (SCP) and
deep capillary plexus (DCP) is decreased in diabetic
patients without clinically detectable retinopathy in
comparison to healthy controls [20]. Still, the charac-
teristics of the early changes in preclinical DR are
poorly known.

Therefore, this study aimed to analyse the relation-
ship between early retinal structural changes and
functional impairment in early-stage diabetic patients.
The results help the understanding and the manage-
ment of DR.

Patients and methods

Patients

This prospective study enrolled patients with type 2 dia-
betes admitted to the Department of Endocrinology
and the Department of Ophthalmology of the Second
Hospital of Hebei Medical University from April to

December 2020. This study was approved by the Ethics
Committee of the Second Hospital of Hebei Medical
University (approval number: 2020-R146). All participants
signed the informed consent form. The study was car-
ried out according to the tenets of the Declaration of
Helsinki and the Good Clinical Practices.

The inclusion criteria were (1) 30–70 years old, (2)
diagnosed with type 2 diabetes, (3) and no diabetic
retinopathy (NDR) was found by ophthalmoscope and
fundus fluorescein angiography [21].

A group of healthy individuals who underwent rou-
tine health check-ups during the same period was
included and matched 1:1 for age with the patients.
The control group included healthy adults without sys-
temic diseases. The inclusion criteria for the control
group were (1) 30–70 years old and (2) indirect oph-
thalmoscope examination after mydriasis showed no
lesions on the fundus of both eyes.

The exclusion criteria for both groups were (1)
dioptre �þ3.00D or �-3.00 D, (2) history of retinal
vein occlusion, age-related macular degeneration, epi-
macular membrane, retinal vasculitis, uveitis, glau-
coma, or other eye diseases, (3) history of eye surgery
or laser surgery, including vitrectomy, transpupillary
thermotherapy, intravitreal drug injection, macular
laser photocoagulation, or phacoemulsification and
intraocular lens implantation within 6months, (4) with
poor fixation behaviour or severe refractive interstitial
opacity that affects the fundus examination, (5)
treated with glucocorticoids, (6) systemic diseases
including hematological diseases, cardiac insufficiency,
coronary heart disease, systemic lupus erythematosus,
and anaemia; or (7) fail to obtain qualified images, i.e.
with a signal strength index (SSI) <6 out of 10. The
form and density of cataracts highly influence macular
sensitivity measurements [22]. The severe opacity of
cataracts will lead to a decrease in sensitivity.
Therefore, significant cataracts (more than N2 C1 P1)
according to LOCS III standard photographs (LOCS III;
LOCS chart III; Leo T Chylack, Harvard Medical School,
Boston, MA, USA) were excluded.

Microperimetry

A microperimeter (MP-3, Nidek Technologies, Aichi,
Japan) was used to measure the retinal sensitivity. All
patients were treated with compound tropicamide eye
drops for pupil dilation 30min before the examination.
Then the examination was carried out in a dark room
with the opposite eye covered. All subjects were fully
informed of the precautions before the examination
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and were tested with five stimulating light spots
before the formal examination to confirm that the
subjects could effectively cooperate with the examin-
ation. A white background was set, the brightness of
the background light was 31.4 asb, and the brightness
of the maximum stimulus was 10,000 asb. A
Goldmann III stimulation light source was selected,
with a 4-2 threshold strategy. The initial stimulus
intensity of the cursor was 20 dB, the dynamic range
of the stimulus was 0–34 dB, and the time interval
between the visual target appearance was 200ms. The
participants fixated on a red cross with a diameter of
1�. A program of 64 test points was adopted, and the
test range was 30� in the macular area. After the ret-
inal sensitivity test was completed, a colour photo of
the fundus was taken. The microperimeter automatic-
ally matched the sensitivity test results of microperim-
etry with the fundus photos. During the examination
process, the automatic eye-tracking system tracked
the retina in real-time to ensure that each stimulus
reached the set retinal location. The NAVIS-EX analysis
software (version 1.8.0) built in the microperimetry
machine was used for analysis. Based on the Early
Treatment of Diabetic Retinopathy Study (ETDRS)
chart, the 64 test points were divided into nine sec-
tors, which were the middle (M) subfield, the superior
(S1), temporal (T1), inferior (I1), and nasal (N1) quad-
rants of the inner ring, and the superior (S2), temporal
(T2), inferior (I2), and nasal (N2) quadrants of the outer
ring. The diameters of the three circles were 1, 3, and
6mm, respectively (Figure 1). The mean retinal sensi-
tivity of these nine sectors and the superior (S1þ S2),
temporal (T1þ T2), nasal (N1þN2), and inferior

(I1þ I2) quadrants were measured. Notably, when cal-
culating mean retinal sensitivity in the N2 quadrant,
light spots that fall in the optic disc region
were excluded.

Optical coherence tomography (OCT)
measurement

OCT examination was performed using a Nidek RS-
3000 Advance 2 Angioscan (Nidek Technologies, Aichi,
Japan) by a single trained examiner with a scan dens-
ity of 256 A-scans (horizontal) � 256 B-scans (vertical).
Both eyes in all patients were scanned. The four-quad-
rant (temporal, superior, nasal, and inferior) peripapil-
lary retinal nerve fibre layer (p-RNFL) thickness was
measured by the built-in software after automatically
positioning a 3.45mm diameter circle at the centre of
the optical disc. The macular area of 6mm � 6mm
was scanned to measure the retinal thickness and ret-
inal volume of the above-mentioned nine sectors.

OCTA measurement

OCTA examination was performed using the Nidek RS-
3000 Advance 2 Angioscan (Figure 2). The four-quad-
rant (temporal, superior, nasal, and inferior) radial peri-
papillary capillary plexus (RPCP) of the optic disc was
scanned in an area of 4.5mm� 4.5mm, while SCP and
DCP of the macular region were scanned in an area of
6mm� 6mm based on the ETDRS chart. Sectorial VD
and perfusion density (PD) of the RPCP, SCP, and DCP
were measured. The foveal avascular zone (FAZ) area,

Figure 1. Diagram of the ETDRS chart. The retinal sensitivity test results of microperimetry are automatically matched with the
fundus photos. (A) Right eye; (B) Left eye.

1818 Q. CHAI ET AL.



FAZ perimeter, and FAZ circularity of the SCP were
measured by 3� 3mm scans.

Data collection and definitions

Age, sex, and body mass index (BMI) were collected.
The blood pressure was measured using an electronic
sphygmomanometer (Yuwell, Yuyue Medical Equipment
& Supply Co., Ltd., Jiangsu, China) and measured three
times to calculate the mean value. Fasting blood (5mL)
was obtained from the median cubital vein to examine
the levels of triglycerides (TG), total cholesterol (TC),
high-density lipoprotein cholesterol (HDL), low-density
lipoprotein cholesterol (LDL), blood urea, and creatinine.
The duration of diabetes was recorded, and the level of
HbA1c was measured in the NDR group. The partici-
pants’ best-corrected visual acuity (BCVA) and intraocu-
lar pressure (IOP) were measured.

Statistical analysis

SPSS 22.0 (IBM, Armonk, NY, USA) was used for ana-
lysis. The Shapiro–Wilk test was used to test the nor-
mality of the continuous variables. Those consistent
with the normal distribution were presented as
means ± SD and analysed using Student’s t-test; those
that did not conform to the normal distribution were
represented as median (P25, P75) and analysed using
the Mann–Whitney U-test. Categorical variables were
presented as n (%) and analysed using the chi-square
test or Fisher test. The Pearson correlation analysis
was used for two variables with a normal distribution,
while the Spearman correlation analysis was used if at
least one of the two variables did not conform to the
normal distribution. The p-values were adjusted for
multiple comparisons using the Holm–Bonferroni
method. P-values <.05 were considered statistically
significant.

Figure 2. OCTA scans. (A) The superficial capillary plexus; (B) deep capillary plexus; (C) radial peripapillary capillary plexus.
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The post hoc power analysis indicated that with a
sample size of 34 patients per group (two groups, for
a total sample size of 68 patients), it was expected to
achieve at least 80% power to detect a difference of
2% between the null hypothesis (both groups mean
values were 4.2%) and the alternative hypothesis (the
mean in the NDR group was 1.07% with estimated
group SD of 7.5% and 11.0%) and with a significance
level (alpha) of 0.05 using a 2-sided 2-sample t-test.

Results

Characteristics of the participants

After excluding patients and eyes based on the exclu-
sion criteria, 71 patients (100 eyes) were included in
this study, including 34 patients (51 eyes) in the NDR
group and 37 patients (49 eyes) in the control group
(Supplement Table 1). In the control group, 12 healthy
people had two eyes included; in the NDR group, the
eyes of 17 patients met the eligibility criteria. The
demographic characteristics and laboratory test results
are presented in Table 1. There were no differences in
all the characteristics between the two groups
(all p> .05).

Retinal sensitivity and OCT measurements

Table 2 shows that the retinal sensitivity was lower in
the NDR group than in the control group for all ETDRS
sectors (all p<. 001). The p-RNFL of the NDR group
was thinner in the T sector (76.24 ± 14.29 vs.
85.47 ± 19.66 mm, p¼ .035) but thicker in the N sector
(77.41 ± 14.23 vs. 70.86 ± 15.40 mm, p¼ .029) than the

control group. There were no differences in retinal
thickness between the two groups in all ETDRS sec-
tors, except for N2, where the NDR group had a thin-
ner retina (304.55 ± 16.07 vs. 312.02 ± 12.30 mm,
p¼ .010). There were no differences in retinal volume
in all sectors (all p> .05, Supplement Table 2).

OCTA measurements

The VD of RPCP was higher in the NDR group than in
controls in the S, N, and I sectors (all p� .001).
Compared with the control group, PD of RPCP in the
NDR group was lower in the T sector (96.78±10.82 vs.
101.71±15.40%, p¼ .030) but higher in the S
(110.22±7.33 vs. 105.51±7.53%, p¼ .002) and N
(101.53±10.39 vs. 93.55±10.42%, p< .001) sectors. The
perimeter of the FAZ was larger in the NDR group

Table 1. Characteristics of the participants.
Characteristics NDR (n¼ 34) Control (n¼ 37) p

Sex, n (%) .119
Male 21 (61.8%) 16 (43.2%)
Female 13 (38.2%) 21 (56.8%)

Age (years), median (P25, P75) 54.5 (50, 62) 53 (48, 57) .302
BMI (kg/m2), mean ± SD 25.2 ± 2.4 24.6 ± 2.0 .235
SBP (mmHg), mean ± SD 124 ± 11 121 ± 9 .249
DBP (mmHg), mean ± SD 77 ± 8 76 ± 6 .521
TG (mmol/L), median (P25, P75) 1.44 (1.01, 2.2) 1.23 (0.98, 1.67) .236
TC (mmol/L), mean ± SD 4.41 ± 0.820 4.37 ± 0.562 .802
HDL (mmol/L), mean ± SD 1.41 ± 0.270 1.43 ± 0.241 .816
LDL (mmol/L), mean ± SD 2.72 ± 0.719 2.82 ± 0.416 .481
Serum urea (mmol/L), median (P25, P75) 5.05 (4.5, 5.9) 5.02 (4.74, 5.36) .791
Serum creatinine (lmol/L) 64.81 ± 11.005 68.34 ± 8.674 .136
BCVA (LogMAR), median (P25, P75) 0.00 (0.00, 0.10) 0.00 (0.00, 0.00) .138
IOP (mmHg), mean ± SD 16.07 ± 2.04 15.38 ± 2.06 .102
Duration of diabetes (years) 8.6 ± 5.38 – –
HbA1c (%), median (P25, P75) 7.05 (6.1, 8.6) – –
Metformin/acarbose/glimepiride, n (%) 21 (61.8) – –
Insulin aspart/insulin glargine, n (%) 5 (14.7) – –
Acarbose and insulin glargine, n (%) 8 (23.5) – –

NDR: diabetic patients without diabetic retinopathy; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood
pressure; TG: triglyceride; TC: total cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein; BCVA: best-corrected
visual acuity; IOP: intraocular pressure; HbA1c: glycated haemoglobin.

Table 2. Microperimetric retinal sensitivity (dB).
ETDRS sectors NDR (n¼ 51) Control (n¼ 49) pa

S 24.97 ± 1.14 26.40 ± 1.30 <.001
S1 25.38 ± 1.79 27.63 ± 1.19 <.001
S2 24.03 ± 1.32 25.53 ± 1.42 <.001

T 25.71 ± 1.31 27.49 ± 1.16 <.001
T1 26.34 ± 1.56 28.51 ± 1.19 <.001
T2 25.45 ± 1.32 26.72 ± 1.26 <.001

I 25.09 ± 1.00 26.62 ± 1.47 <.001
I1 26.15 ± 1.10 27.96 ± 1.33 <.001
I2 24.13 ± 1.36 25.80 ± 1.66 <.001

N 24.73 ± 1.26 26.33 ± 1.14 <.001
N1 26.37 ± 1.17 28.18 ± 1.28 <.001
N2 24.06 ± 1.09 25.26 ± 1.36 <.001

M 27.02 ± 1.17 29.07 ± 1.15 <.001

ETDRS: Early Treatment of Diabetic Retinopathy Study; NDR: diabetic
patients without diabetic retinopathy; S: superior; T: temporal; I: inferior;
N: nasal; M: middle.
aThe p-values were adjusted for multiple comparisons using the
Holm–Bonferroni method.
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compared with controls (2.63±0.50 vs. 2.42±0.39mm,
p¼ .026), without difference regarding area and circular-
ity (both p> .05). There were no differences in VD of
SCP between the two groups in all sectors (all p> .05),
except for S1 and N1, which were lower in the NDR
group than in controls (S1: 8.94±0.90 vs. 9.90±2.37%,
p¼ .021; N1: 8.12±1.42 vs. 9.53±2.57%, p¼ .001). There
were no differences in PD of SCP between the two
groups in all sectors (all p> .05). There were no differen-
ces in VD and PD of DCP between the two groups in all
sectors (all p> .05), except for N2 that PD was lower in
the NDR group than in controls (44.92±11.77 vs.
50.27±6.37%, p¼ .044) (Table 3).

In the NDR group, 78.4% of the patients (40 of 51
eyes) had perifoveal capillary drop-out, 86.3% of the
patients (44 of 51 eyes) had notched or punched out
borders of the superficial FAZ, 80.4% of the patients
(41 of 51 eyes) demonstrated loss of smooth contour,
and three patient demonstrated vessels crossing
through the fovea. In the control group, 53.1% of the
patients (26 of 49 eyes) had perifoveal capillary drop-
out, 40.8% of patients (20 of 49 eyes) had notched or
punched out borders of the superficial FAZ, 26.5% of
patients (13 of 49 eyes) demonstrated loss of smooth
contour, and none of the patients demonstrated ves-
sels crossing through the fovea. The frequencies of
perifoveal capillary drop-out, notched or punched out
borders of the superficial FAZ, and loss of smooth con-
tour were all higher in the NDR group (all p< .05,
Table 3).

Correlations

Table 4 shows that retinal volume S2 was correlated
with SCP PD S2 (r¼ 0.371, p< .01); retinal volume M
was correlated with SCP PD M (r¼ 0.415, p< .01), DCP
VD M (r¼ 0.503, p< .01), and DCP PD M (r¼ 0.519,
p< .01); retinal thickness S2 was correlated with SCP
PD S2 (r¼ 0.549, p< .01); retinal thickness M was cor-
related with DCP VD M (r¼ 0.527, p< .01) and DCP PD
M (r¼ 0.526, p< .01) in the NDR group. The retinal
sensitivity was only correlated with PD of SCP in T2
sector (r¼ 0.262, p< .01) and VD of SCP in T1 sector
(r¼ 0.224, p< .05) (Supplement Table 3).

Discussion

The characteristics of the early changes in preclinical
DR are poorly known. DR is diagnosed in the presence
of microaneurysms, but other changes can occur
before overt DR. This study aimed to analyse the
changes in the structure and function of the fundus in

NDR. The results suggest that the structure (p-RNFL
thickness, VD, and PD) and function (retinal sensitivity)
display some changes in NDR.

The MP-3 microperimeter is a visual function
inspection device developed in recent years based on
the laser scanning ophthalmoscope technique. It is
non-invasive, fast, with accurate and reliable results,
and can quantitatively evaluate the macular visual sen-
sitivity and position and stability of fixation. It can
detect the changes in retinal sensitivity in patients
with early-stage DM and help reduce the false-nega-
tive rate of conventional examining methods. In add-
ition, the retinal sensitivity results can be matched
with images of the fundus photochromy so that the
functional changes of the retina can accurately corres-
pond to specific structures of the fundus. In the pre-
sent study, the patients with NDR showed decreased
retinal sensitivity in all sectors of the retina. Verma
et al. [23] and Neriyanuri et al. [24] used microperime-
try, as in the present study, and showed decreased
retinal sensitivity in NDR and suggested that this
decrease could be an early sign of DR. Such changes
can be due to neurodegeneration, hypoxia, and oxida-
tive stress [24]. Abnormal function often suggests his-
tomorphological changes. However, in the present
study, the NDR group had a thinner retina only in N2,
and the retinal thickness in other sectors was not stat-
istically different from the control group. There was no
significant correlation between retinal sensitivity and
retinal thickness in all sectors of the ETDRS chart. In
addition, retinal sensitivity showed no significant cor-
relation with VD and PD in SCP, except for PD in T2
and VD in T1 sectors, respectively, which were only
weakly correlated.

DR is a combination of microvascular abnormalities
and neurodegenerative changes in the retinal gan-
glion cells [25,26]. Previous studies showed that the
mean four-quadrant p-RNFL was thinner in NDR
patients than in controls [27,28]. Sohn et al. [29] also
showed that these changes were independent of age,
sex, and glycemic control. Still, the present study
showed that p-RNFL was thinner in the T sector but
thicker in the N sector, which probably indicated that
the RNFL was thicker but to the detriment of another
layer. Lopes de Faria et al. [30] also showed that the
p-RNFL was thinner in the superior quadrants in NDR.
The exact reasons for the different changes in differ-
ent parts of the retina are currently unknown, as sup-
ported by Dhasmana et al. [31]. Nevertheless, the
present and previous studies indicate some degree of
retinal neurodegeneration before the development of
overt DR.
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In this study, the patients with NDR showed higher
frequencies of perifoveal capillary drop-out, notched
or punched out borders of the superficial FAZ, and
loss of smooth contour compared with the control

group. These changes are consistent with the litera-
ture [32,33].

Previous studies reported a larger FAZ area in NDR
than in healthy controls [34–37]. Tang et al. [34] also

Table 3. Microvascular changes, VD and PD of RPCP, SCP, and DCP, and FAZ area, perimeter, and
circularity.
Parameters NDR (n¼ 51) Control (n¼ 49) p

Capillary drop-out, n (%) 40(78.4) 26(53.1) .007
Notched or punched out borders, n (%) 44(86.3) 20(40.8) <.001
Loss of smooth contour, n (%) 41(80.4) 13(26.5) <.001
Cross vessel, n (%) 3(5.9) 0 .243�
VD of RPCP (%)
T 21.41 ± 3.56 20.43 ± 2.95 .177#
S 22.20 ± 2.99 20.16 ± 2.27 <.001
N 21.20 ± 3.53 17.63 ± 2.33 <.001
I 20.98 ± 3.73 18.90 ± 2.31 .001

PD of RPCP (%)
T 96.78 ± 10.82 101.71 ± 15.40 .030#
S 110.22 ± 7.33 105.51 ± 7.53 .002
N 101.53 ± 10.39 93.55 ± 10.42 <.001
I 103.61 ± 11.66 103.18 ± 9.88 .986#

FAZ
Area (mm2) 0.34 ± 0.11 0.31 ± 0.10 .129
Perimeter (mm) 2.63 ± 0.50 2.42 ± 0.39 .026
Circularity 0.62 ± 0.10 0.65 ± 0.07 .077

VD of SCP (%)
M 4.12 ± 1.48 3.76 ± 1.86 .237
S1 8.96 ± 0.89 9.92 ± 2.42 .030#
S2 9.69 ± 0.84 10.29 ± 2.13 .310#
T1 9.43 ± 1.02 10.11 ± 2.38 .078#
T2 8.92 ± 1.11 9.57 ± 1.88 .077#
I1 8.94 ± 1.29 9.60 ± 2.42 .331#
I2 9.80 ± 0.85 10.14 ± 2.23 .743#
N1 8.22 ± 1.47 9.49 ± 2.61 .006#
N2 10.55 ± 0.83 11.18 ± 2.42 .237#

PD of SCP (%)
M 18.00 ± 7.19 19.53 ± 6.69 .274
S1 46.50 ± 3.80 44.96 ± 4.18 .056
S2 51.19 ± 4.09 52.12 ± 2.98 .150#
T1 47.56 ± 5.97 48.43 ± 5.27 .819#
T2 47.13 ± 5.70 48.29 ± 4.61 .461#
I1 45.04 ± 4.77 45.24 ± 5.63 .967#
I2 50.49 ± 5.43 52.20 ± 3.21 .331#
N1 43.13 ± 4.44 44.55 ± 4.64 .122
N2 52.36 ± 3.77 53.84 ± 2.12 .092#

VD of DCP (%)
M 3.29 ± 1.77 3.04 ± 1.49 .629#
S1 10.80 ± 2.42 10.67 ± 2.42 .801#
S2 8.76 ± 2.31 8.22 ± 2.59 .281#
T1 10.84 ± 2.49 11.04 ± 2.35 .790#
T2 10.18 ± 2.74 10.14 ± 2.89 .925#
I1 9.82 ± 2.49 9.71 ± 2.67 .746#
I2 7.55 ± 2.65 7.33 ± 2.55 .600#
N1 11.10 ± 2.19 11.10 ± 2.39 .994#
N2 9.84 ± 2.39 9.39 ± 2.27 .169#

PD of DCP (%)
M 15.76 ± 9.48 14.75 ± 6.67 .986#
S1 48.47 ± 11.43 47.43 ± 9.78 .481#
S2 38.55 ± 11.12 39.22 ± 9.08 .904#
T1 49.06 ± 12.33 49.82 ± 10.68 .915#
T2 45.22 ± 12.24 46.29 ± 10.89 .775#
I1 43.27 ± 12.42 44.33 ± 11.03 .893#
I2 33.98 ± 11.95 36.12 ± 10.11 .492#
N1 49.55 ± 12.51 50.59 ± 9.81 .964#
N2 44.92 ± 11.77 50.27 ± 6.37 .044#

#At least one group of the parameter did not conform to the normal distribution, and the p-value was obtained by the
Mann–Whitney U test.�Fisher exact test.
VD: vascular density; PD: perfusion density; RPCP: radial peripapillary capillary plexus; SCP: superficial capillary plexus;
DCP: deep capillary plexus; FAZ: foveal avascular zone; NDR: diabetic patients without diabetic retinopathy; T: temporal;
S: superior; N: nasal; I: inferior; M: middle.
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mentioned that the severity of DR was associated with
the enlargement of the FAZ. In the present study, the
NDR group had a similar FAZ area to the control
group, supported by Mastropasqua et al. [38]. The
inconsistency of these results might be due to the
high interindividual variation of the FAZ surface [39].

This study showed differences in VD and PD
between NDR and controls, but only in specific sectors
of the retina. Yang et al. [5] showed that NDR had
lower VD in the foveal region of the superficial retinal
layer but higher VD in the parafoveal region of the
deep layer. These results were supported by other
studies [35,40]. Notably, PD of DCP and retinal thick-
ness were lower in the N2 sector in the NDR group
than in controls. There might be a relationship
between a thinner retina and decreased PD, but fur-
ther studies are needed to verify it. Again, the reasons
why only specific sectors of the retina are affected are
unknown and will require additional studies.

The present study showed that PD and thickness in
the T region of RPCP and p-RNFL were decreased in
the NDR group compared with the control group. It is
supported by Shin et al. [41], who showed that the
peripapillary VD and PD in SCP were correlated with
the p-RNFL thickness. These changes are likely due to
the loss of astrocytes and ganglion cells in diabetes
[41]. The RNFL contains the axons ganglion cells
towards the optic disc, and a reduced RNFL thickness
might be related to decreased microvascular density.
Previous studies reported that microvascular abnor-
malities in diabetic patients were not uniformly distrib-
uted in each quadrant of the retina, and the
abnormalities were more common in the superior
temporal quadrant than in the inferior nasal quadrant
of the retina [42,43]. In addition, the present study
showed that VD and PD of certain sectors were higher
in the NDR group than in the controls. However, this
was inconsistent with a previous meta-analysis which
showed reduced PD in RPCP [44]. The possible reasons
for these results are unexpected and need further

exploration. Notably, in the macular sector N2, the ret-
inal thickness and PD of DCP in the NDR group were
also lower than in the control group. Both the T sector
of RPCP and N2 sector of the macula are located in
the papilomacular area, suggesting that lesions of the
papillomacular bundle were more obvious in diabetic
patients prior to the onset of clinically significant retin-
opathy. Based on the correlation analysis of retinal
thickness, volume, VD, and PD in the patients with
NDR, it can be seen that, in the stage of non-diabetic
retinopathy, there is a certain correlation between the
microvascular changes and the changes in retinal
thickness and volume, and most of them occur in area
M. A possible cause might be that in the pathogenesis
of DR, endothelial dysfunction and increased leukocyte
and ICAM-1 expression are involved in the destruction
of the vascular network structure, leading to a series
of morphological changes in the FAZ region [45–47].
Additional studies are necessary to determine the
exact pathogenesis events.

In addition, Srinivasan et al. [48] showed that dia-
betic patients with NDR display subclinical changes in
retinal and visual function parameters, which were
associated with subclinical retinal structural changes.
Nevertheless, the cause is still unclear, and large sam-
ple studies are needed for confirmation. Whether neu-
rodegeneration or microangiopathy comes first before
retinopathy in diabetic patients is still unknown. Since
diabetes is a disease with neurovascular implications,
this study was conducted from both the functional
and structural aspects. Although this study found that
the retinal structure and function of diabetes patients
without DR have different degrees of change, it is still
not possible to prove their relationship in time.

This study has limitations. It was a single-centre
study with a small sample size. The data collection
was cross-sectorial, preventing the analysis of any
causal relationship. Due to the exclusion criteria, not
all individuals had two eligible eyes, which could bias
the analyses. Future studies should be longitudinal to
observe the dynamic changes in structure and func-
tion during the development of DR.

In conclusion, the structure (p-RNFL thickness, VD,
PD) and function (retinal sensitivity) display some
changes in diabetic patients even before the overt
development of DR.
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Table 4. Correlation of retinal volume, retinal thickness, and
VD and PD of SCP and VD and PD of DCP in the NDR group.

SPD M SPD S2 DVD M DPD M

Retinal volume
Retinal volume S2 0.371��
Retinal volume M 0.415�� 0.503�� 0.519��
Retinal thickness
Retinal thickness S2 0.549��
Retinal thickness M 0.527�� 0.526��
��p< .01.
SPD: perfusion density of superficial capillary plexus; DVD: vessel density
of deep capillary plexus; DPD: perfusion density of deep capillary plexus
M: middle S: superior.
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