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Abstract: Objective: To analyze the vascular density of optic disc and macular area in patients with non-proliferative 
diabetic retinopathy (NPDR). Methods: The medical records of 97 patients with NPDR who were hospitalized in our 
hospital from April 2019 to April 2020 were collected, and the patients were divided into mild/moderate group 
(n=44) and severe group (n=53). In addition, 38 cases of age- and gender-matched healthy individuals after the 
physical examination during the same period were included in the healthy control group. The general data were 
collected and the ocular basic and optical coherence tomography angiography were performed. Results: Compared 
with the healthy control group, the best corrected visual acuity of patients with NPDR was decreased, the radial cap-
illary density of the whole optic disc and its surrounding areas, all areas except the upper nasal side, and the shal-
low and deep capillary density of different macular areas witnessed an evident drop (P<0.05). There was a negative 
correlation between the vascular density of the optic disc and macular area and the severity of the disease, and it 
had a high evaluation value for the disease (P<0.05). Conclusion: The vascular density of the optic disc and macular 
area decreases in NPDR patients, which is closely related to the severity of the disease.

Keywords: Non-proliferative diabetic retinopathy, optic disc, macular, vascular density, optical coherence tomogra-
phy angiography

Introduction

Diabetes is one of the main chronic non-infec-
tious diseases that threaten the health of resi-
dents, with high morbidity, disability, and mor-
tality [1]. Type 2 diabetes accounts for about 
90% of all diabetes types, with hyperglycemia 
as the main clinical manifestation [2]. As a con-
sequence, the increase of blood sugar may 
result in the rupture of retinal neovasculariza-
tion and the infiltration of blood into the eye-
ball, which impedes the vision and even leads 
to blindness [3]. Data show that the prevalence 
of retinopathy in the Chinese diabetic popula-
tion is about 23% [4]. Nonproliferative diabetic 
retinopathy (NPDR) belongs to simple retinopa-
thy, which is the proliferative stage of diabetic 
retinopathy and does not trigger vision loss. 
However, a small piece of retinal hemorrhages 
can give rise to the loss of partial vision. In 
addition, if the hemorrhage involves the macu-
la, vision can be critically hindered [5]. Fundus 
fluorescein angiography is currently the gold 
standard commonly used in clinical diagnosis 

of diabetic retinopathy; however, the failure of 
its extensive application in clinical practice is 
attributed to its time-consuming and invasive 
properties, the requirement for injection of con-
trast agent, and the potential risk of complica-
tions [6]. Optical coherence tomography angiog-
raphy (OCTA) enjoys the advantages of non-
invasiveness, high resolution, simple operation, 
and quick results, which can clearly show the 
blood flow of normal fundus and diabetic reti-
nopathy, retina and choroidal capillaries [7]. 
Therefore, in this study, OCTA was used to quan-
titatively analyze the vascular density of optic 
disc and macular area in patients with NPDR 
with different disease levels, aiming to provide 
a theoretical basis for clinical diagnosis and 
treatment.

Materials and methods

Clinical information

Clinical data of 97 patients with NPDR who 
received inpatient treatment in the hospital 
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from April 2019 to April 2020 were retrospec-
tively analyzed. Inclusion criteria: (1) Patients 
aged from 18 to 80 years; (2) Patients met the 
clinical diagnostic criteria of NPDR [8] with type 
2 diabetes; (3) Patients underwent OCTA ex- 
amination with clear image quality; (4) Patients 
with good compliance. Exclusion criteria: (1) 
Patients were complicated with other ocular 
diseases; (2) Patients had a history of previous 
ocular trauma, disease and surgery; (3) Pati- 
ents were complicated by vital organ insuffi-
ciency, malignancy, or infectious diseases; (4) 
Patients were in pregnancy or lactation. Pa- 
tients with NPDR were divided into a mild/mod-
erate group (n=44) and a severe group (n=53) 
according to the severity of the disease, and 
the number of eyes with lesions was included. 
One eye was randomly selected from patient 
with lesions of both eyes. Mild/moderate is 
defined as retinal microaneurysm, yellow-white 
hard exudation or combined with small bleed-
ing spots and bleeding spots; severe is defin- 
ed as white soft exudation or bleeding spots  
on the retina. Another 38 cases of age- and 
gender-matched physically qualified individuals 
during the same period were enrolled into the 
healthy control group, and one eye was ran-
domly selected. Inclusion criteria: (1) Patients’ 
best corrected visual acuity (BCVA) was abo- 
ve 0.8; (2) Patients with normoglycemic; (3) 
Patients had no history of diabetes or ocular 
diseases; (4) Patients’ intraocular pressures 
(IOP) of both eyes were less than 21 mmHg. 
The study was approved by the Ethics Com- 
mittee of Dongying People’s Hospital (Approv- 
ed No. 2018(12)224). The patients and their 
families signed the informed consent forms.

Method

General information: Gender, age, and dura- 
tion of diabetes mellitus in NPDR patients were 
recorded. Height (m), weight (kg), systolic blood 
pressure (SBP), diastolic blood pressure (DBP), 
and body mass index (BMI) were measured. 
BMI = weight/square of body height. Peripheral 
blood was drawn to determine fasting plasma 
glucose (FPG), glycosylated hemoglobin (Hb- 
A1c), total cholesterol (TC), triglyceride (TG), 
high-density lipoprotein cholesterol (HDL-C), 
and low-density lipoprotein cholesterol (LDL-C) 
by the hospital laboratory. The kits used were 
all of the same batch numbers and within the 
validity period.

Basic ocular examination: Computer optome- 
try was performed for BCVA examination, us- 
ing the Early Treatment Diabetic Retinopathy 
Study (ETDRS) method for scoring, and the re- 
sults were converted to logarithm of the mini-
mum angle of resolution (logMAR). The IOP was 
measured by a non-contact IOP meter (AT555, 
Howmet International Ltd., UK), and the thick-
ness of the retinal nerve fiber layer (RNFL) was 
measured by an optical coherence tomography 
system (RTVue, Optovue Inc., USA) and its built-
in software. The examination was completed by 
the same ophthalmologist, with each examina-
tion performed 3 times, and the average value 
was taken.

OCTA examination: OCTA of the optic disc and 
macula region was performed separately by 
using an optical coherence tomography imag-
ing system. The optic disc scan [9] was per-
formed with the area around the optic disc as 
the center. Linear scans were performed to 
examine the entire optic disc, surrounding, 
medial, upper half (upper lateral-nasal side, 
upper nasal side, upper lateral-temporal side, 
upper temporal side), and lower half (lower lat-
eral-nasal side, lower nasal side, lower lateral-
temporal side, lower temporal side) of the optic 
disc, respectively, with the following scanning 
parameters: program Angio Disc, the scanning 
area is 4.5 mm × 4.5 mm. Macular scanning 
[10] was performed with the macular central 
recess as the center, and linear scans were 
performed on the shallow and deep foveal area 
(diameter 1 mm), the para-foveal area (diame-
ter 1-3 mm), and the secondary parafoveal area 
(diameter 3-6 mm), with scanning parameters: 
program Angio Retina, the scanning area of 6 
mm × 6 mm. The superficial macular area was 
9 μm upward from the lower boundary of the 
inner limiting membrane to the lower boundary 
of the inner plexiform layer, and the deep ma- 
cular area was 9 μm upward from the lower 
boundary of the inner plexiform layer to 9 μm 
downward from the lower boundary of the out- 
er plexiform layer. The examination was com-
pleted by the same ophthalmologist, with each 
examination performed 3 times, and the aver-
age value was taken. After the images were 
calibrated by retinal stratification, another two 
ophthalmologists performed blind reading wi- 
th artifacts and other effects that affected the 
reading images eliminated. After confirming the 
stratification results, the instrument’s built-in 
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software was used to measure the density of 
optic disc capillaries, the density of radial ca- 
pillaries in different areas, and the density of 
superficial capillaries in different areas of the 
macula (Figure 1).

Statistical analysis

SPSS 20.0 software was used for analyzing the 
data. The measurement data conforming to the 
normal distribution were represented by mean 
± standard deviation (

_
x±sd) The two groups 

were compared by independent sample t-test, 
and the three groups were compared by one-
way analysis of variance. Non-normally distrib-
uted measurement data were represented by 
the median (interquartile range) [M(QR)], and 
the three groups were compared using the 
Kruskal-Wallis H test. Count data were expre- 
ssed by frequency or composition ratio, using 
the chi-square method. Bivariate correlations 
conforming to a normal distribution were ana-
lyzed by Pearson analysis, and bivariate corre-
lations that did not conform to a normal distri-
bution were analyzed by Spearman rank corre-
lation. Receiver operating characteristic (ROC) 

were not statistically significant (P>0.05); how-
ever, NPDR patients observed a remarkably 
lower BCVA than healthy controls, and lower 
results in the severe group than those in the 
mild/moderate group were obtained (P<0.05) 
(Table 2).

Comparison of the overall optic disc and pe-
ripheral capillary density

NPDR patients were observed with a smaller 
density of the entire optic disc and surrounding 
capillaries than healthy people; moreover, the 
density decreased as the disease progressed, 
verified by the smaller density in the severe 
group than the other groups (P<0.05) (Table 3).

Comparison of the density of radial capillaries 
in different regions of the optic disc

The density of radial capillaries in all regions of 
the optic disc of NPDR patients except the 
superior paranasal side was smaller than that 
of healthy controls, and the severe group ob- 
tained a lower result than the mild/moderate 
group (P<0.05) (Table 4).

Figure 1. OCTA image. (A) Healthy control group, uniform blood vessel density 
in the macula; (B) Mild NPDR, the area of the foveal avascular area increas-
es, and the blood vessel density decreases, including abnormal capillaries 
and microaneurysms (arrows); (C) Moderate NPDR, blood vessel density de-
creases, see abnormal capillaries and microaneurysms (arrows); (D) Severe 
NPDR, blood vessel density is significantly reduced, and abnormal capillaries 
and microaneurysms can be observed (arrows).

curves were constructed to 
assess the value of optic disc 
and macular vascular den- 
sity on the severity of NPDR. 
P<0.05 was considered sta-
tistically significant.

Results

Comparison of general infor-
mation of the three groups

The differences were not sta-
tistically significant when co- 
mparing gender, age, BMI, 
DBP, SBP, TC, TG, HDL-C, and 
LDL-C among the 3 groups 
(P>0.05); however, higher 
FPG and HbA1c levels were 
recorded in NPDR patients 
than those in healthy controls 
(P<0.05) (Table 1).

Comparison of primary eye 
examination indexes among 
the three groups

When comparing the IOP and 
overall RNFL thickness of the 
three groups, the differences 
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Comparison of superficial and deep capillary 
density in different areas of the macula

Similar to above results, NPDR patients also 
had smaller superficial and deep capillary den-
sities in different macula regions, with smaller 
results in the severe group than the mild/mod-
erate group (P<0.05) (Tables 5, 6).

Correlation analysis between optic disc vascu-
lar density and NPDR disease severity

Optic disc vessel density in patients with NPDR 
was negatively correlated with the severity of 
the disease (P<0.05) (Table 7).

NPDR disease

The optic disc and macular vascular density 
were of high value in assessing the severity of 
NPDR disease (Table 9).

Discussion

Data show a considerably high incidence of dia-
betes in China with an upward trend year by 
year [11]. Retinopathy, a common complication 
of diabetes mellitus is one of the significant 
causes of blindness [12]. Recent studies have 
demonstrated that the prevalence of retinopa-
thy in the diabetic population reached 22.4% 

Table 1. Comparison of general information of the three groups

Group Number 
of cases

gender
(M/F)

Age
(Age)

BMI
(kg/m2)

Duration of  
diabetes (Year)

DBP
(mmHg)

SBP
(mmHg)

Healthy control group 38 16/22 53.36±10.15 22.42±3.69 - 83.69±4.28 112.69±5.21
Light/Medium group 44 18/26 56.48±10.23 23.15±3.74 12.15±6.14 84.36±4.31 113.48±5.25
Severe group 53 21/32 55.39±10.18 23.59±3.76 13.46±6.32 84.53±4.35 114.82±5.32
F/t/ 0.057 0.976 1.089 1.030 0.445 1.919
P 0.972 0.380 0.340 0.306 0.642 0.151

Group Number 
of cases

FPG
(mmol/L)

HbA1c
(%)

TC
(mmol/L)

TG
(mmol/L)

HDL-C
(mmol/L)

LDL-C
(mmol/L)

Healthy control group 38 5.36±1.23 5.11±0.48 4.36±1.23 3.84±1.21 1.13±0.25 2.58±0.87
Light/Medium group 44 9.11±1.69 9.29±1.14 4.52±1.19 3.99±1.25 1.12±0.26 2.44±0.84
Severe group 53 9.23±1.74 9.31±1.16 4.78±1.15 4.12±1.23 1.10±0.28 2.37±0.86
F 78.095 235.544 1.463 0.574 0.153 0.672
P 0.000 0.000 0.235 0.565 0.858 0.513

Table 2. Comparison of basic eye examination indexes among the three groups

Group Number of 
eyes

BCVA
[logMAR, M(QR)]

IOP
(mmHg, 

_
x±s)

Overall RNFL thickness
(μm, 

_
x±s)

Healthy control group 38 0 (0.0) 17.36±4.13 127.36±18.15
Light/Medium group 44 0 (0.098) 16.67±4.05 126.21±17.43
Severe group 53 0 (0.021) 16.32±3.98 125.43±16.34
F/H 4.136 0.738 0.139
P 0.000 0.480 0.870

Table 3. Comparison of overall optic disc and periph-
eral capillary density (%, 

_
x±sd)

Group Number 
of eyes Overall Surroundings

Healthy control group 38 49.78±2.22 52.98±2.45
Light/Medium group 44 44.89±2.24 48.39±2.46
Severe group 53 42.36±2.26 45.82±2.41
F 122.122 95.915
P 0.000 0.000

Correlation analysis between macular 
vascular density and severity of NPDR 
disease

There was a significant negative correla-
tion between superficial and deep capil-
lary density in different macula regions 
and the severity of the disease in patients 
with NPDR (P<0.05) (Table 8).

The value of optic disc and macular vas-
cular density in assessing the severity of 
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with age and regional differences [13]. Retinal 
neovascularization is the main pathological 
change of diabetic retinopathy [14] and the pro-
liferative stage of retinopathy in which NPDR 
has no neovascularization. According to some 
studies, choroidal vascular density and volume 
are significantly reduced in the advanced stag-

es of diabetic retinopathy [15]. By injecting a 
contrast agent, fundus fluorescein angiography 
can observe the running and filling degree of 
fundus blood vessels, and then determine 
whether the retina has ischemic symptoms  
and neovascularization. Studies have confirm- 
ed that, compared with mydriatic ophthalmos-

Table 4. Comparison of radial capillary density in different regions of the optic disc (%, 
_
x±sd)

Group Number 
of eyes

Upper lateral 
nasal side

Above the side 
of the nose

Superior  
temporal side

Below the side of 
the nose

Healthy control group 38 49.45±3.69 49.36±3.24 57.93±3.98 47.96±4.21
Light/Medium group 44 50.12±3.72 46.28±3.21 55.48±3.95 44.82±4.18
Severe group 53 51.28±3.74 44.15±3.18 52.34±3.91 42.11±4.23
F 2.847 29.214 22.863 21.445
P 0.062 <0.001 <0.001 <0.001

Group Number 
of eyes

Lower side of 
the nose

Inferior temporal 
side

Inferior temporal 
side

Superior temporal 
side

Healthy control group 38 51.85±3.36 57.99±4.11 54.92±3.58 56.48±2.46
Light/Medium group 44 49.36±3.34 55.18±4.13 51.21±3.59 53.81±2.51
Severe group 53 47.11±3.38 53.48±4.15 48.14±3.62 51.32±2.43
F 22.100 13.210 39.336 48.776
P <0.001 <0.001 <0.001 <0.001

Group Number 
of eyes Overall Center  

Concave
paracentric 

concave
Sub-parallel central 

concave
Healthy control group 38 54.39±4.52 31.96±2.15 56.48±3.58 55.93±4.52
Light/Medium group 44 48.25±4.43 28.79±2.18 51.15±3.62 49.88±4.46
Severe group 53 44.14±4.48 26.36±2.21 47.69±3.57 44.13±4.48
F 58.076 72.810 66.422 77.107
P <0.001 <0.001 <0.001 <0.001

Table 5. Comparison of superficial capillary density in different regions of the macula (%, 
_
x±sd)

Group Number of 
eyes Overall Center  

concave
Paracentric 

concave
Sub-parallel  

central concave
Healthy control group 38 54.39±4.52 31.96±2.15 56.48±3.58 55.93±4.52
Light/Medium group 44 48.25±4.43 28.79±2.18 51.15±3.62 49.88±4.46
Severe group 53 44.14±4.48 26.36±2.21 47.69±3.57 44.13±4.48
F 58.076 72.810 66.422 77.107
P <0.001 <0.001 <0.001 <0.001

Table 6. Comparison of deep capillary density in different regions of the macula (%, 
_
x±sd)

Group Number of 
eyes Overall Center  

concave
Paracentric 

concave
Sub-parallel  

central concave
Healthy control group 38 51.23±3.25 18.46±2.18 53.98±3.12 53.63±3.52
Light/Medium group 44 48.75±3.28 17.29±2.14 48.84±2.87 47.49±3.54
Severe group 53 45.11±3.31 16.11±2.11 44.12±2.98 44.82±3.48
F 40.060 13.477 121.345 70.906
P <0.001 <0.001 <0.001 <0.001
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copy, fundus fluorescein angiography can de- 
tect microvascular abnormalities in diabetic re- 
tinopathy at an early stage and optimize the 
early diagnosis rate and correct rate [16]. How- 
ever, with its invasive property and the con-
trast-related complication risks, fundus fluores-
cein angiography fails to be applied for large-
scale screening [17]. OCTA is a more widely 
used fundus examination technique in recent 
years, which is noninvasive and has high reso-
lution. In a comparative analysis by Wang et al. 
[18], OCTA was found to be of high clinical value 
in diagnosing NPDR with microaneurysms and 
hard exudates in eyes compared with fundus 
fluorescence angiography.

BCVA is an essential index for the clinical 
assessment of visual impairment. In this stu- 
dy, NPDR patients were observed with a lower 
BCVA level, with lower results obtained in the 
severe group than in the mild/moderate group, 
which was consistent with the results of previ-
ous studies [19], suggesting that NPDR can 
manifest as vision loss and the visual impair-
ment can be aggravated as the disease pro-
gresses. The optic disc, the place where the 
visual fibers on the retina converge and pass 

through the eyeball, is the beginning of the 
optic nerve. The macula is mostly located on 
the left side of the optic disc, which is the part 
with a more sensitive vision. Therefore, the 
observation of blood flow changes in the optic 
disc and macula area is of great value to fur-
ther investigate the pathogenesis, treatment, 
and prognosis of diabetic retinopathy. In this 
study, OCTA was used to determine the optic 
disc’s vascular density in NPDR of different dis-
ease stages. Additionally, it was found that in 
NPDR patients, the density of radial capillaries 
in the entire optic disc and around the optic 
disc and in all areas except the upper nasal 
side was significantly lower than those in he- 
althy people, which is in line with the results of 
previous studies [20]. The density of outer cap-
illaries on the upper lateral nasal side showed 
no signs of apparent decline, which may be 
related to the relatively stronger tolerance of 
this area to ischemia and hypoxia caused by 
retinopathy [21]. Both superficial and deep cap-
illary densities in different macula areas were 
markedly reduced in NPDR patients than that 
in the healthy group, which was in conformity 
with the previous studies [20], with smaller 
densities in the deep layer than those in the 
superficial layer, suggesting that diabetic reti-
nopathy may first affect deep macular blood 
flow, and the sensitivity of deep macular capil-
lary density in diagnosing NPDR may be better 
than that of the superficial layer. The correla-
tion and ROC curve analysis concluded that 
optic disc and macular vascular density were 
negatively correlated with the severity of the 
disease, which is of high assessment value, 
further confirming the value of OCTA in the dia- 
gnosis of NPDR, and the value of optic disc and 
macular vascular density in the assessment of 
the disease.

In conclusion, the density of blood vessels in 
the optic disc and macular region is reduced in 
patients with NPDR and strongly correlated 
with the disease progression. This study is lim-
ited by the absence of analysis of the prolifera-
tive diabetic retinopathy, which will be explored 
in future research.
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Table 7. Correlation analysis between optic 
disc vascular density and NPDR disease 
severity
Optic disc vascular 
density

Severity of disease
r P

Overall -0.596 0.016
Surroundings -0.587 0.023

Table 8. Correlation analysis between 
macular vascular density and NPDR disease 
severity

Vascular density in the macula
Severity of disease

r P
shallow
    Overall -0.632 <0.001
    Center concave -0.618 <0.001
    Paracentric concave -0.604 <0.001
    Sub-parallel central concave -0.589 0.021
Deeper
    Overall -0.629 <0.001
    Center concave -0.592 0.018
    Paracentric concave -0.567 0.031
    Sub-parallel central concave -0.581 0.021
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