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A B S T R A C T

Aim: To explore the efficacy of artificial intelligence (AI)-based screening for diabetic

retinopathy (DR) in type 2 diabetes mellitus (T2DM) patients.

Methods: Data were obtained from 549 T2DM patients who visited the Fundus Disease Cen-

ter at Henan Provincial People’s Hospital from 2018/10–2020/09. DR identification and grad-

ing were conducted by two retina specialists, EyeWisdom�DSS and EyeWisdom�MCS, with

ophthalmologist grading as reference standard, efficacy of EyeWisdom was evaluated

according to sensitivity, specificity, positive predictive value, and negative predictive value.

Results: Ophthalmologists detected 324 DR cases. Among them, there were 43 of mild non-

proliferative DR (NPDR), 79 of moderate NPDR, 61 of severe NPDR, and 141 of proliferative

DR (PDR). EyeWisdom�DSS detected 337 DR and EyeWisdom�MCS detected 264 DR. Sensi-

tivity and specificity of EyeWisdom�DSS were 91.0%(95 %CI: 87.3%–93.8%) and 81.3% (95 %

CI: 75.5%–86.1%), while EyeWisdom�MCS correctly identified 76.2%(95 %CI: 71.1%–80.7%) of

patients with DR and 92.4%(95 %CI: 87.9%–95.4%) of patients without DR. EyeWisdom�DSS

showed 76.5%(95 %CI: 69.6%–82.3%) sensitivity and 78.4%(95 %CI: 73.7%–82.5%) specificity

for detecting NPDR and 64.5%(95 %CI: 56.0%–72.3%) sensitivity and 93.1%(95 %CI: 90.1%–

95.3%) specificity for diagnosing PDR.

Conclusion: EyeWisdom�DSS is effective in screening for DR, and the accuracy of EyeWis-

dom�MCS was higher for identifying patients without DR. It is valuable to carry out AI-

based DR screening in poorer regions.
� 2022 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

According to data from the International Diabetes Federation,

there were about 463 million diabetes mellitus (DM) patients

worldwide in 2019, and it is predicted that this number will

increase to 700 million by 2045 [1]. Diabetic retinopathy (DR)

is one of the most common and serious complications of

DM. It is the primary eye disease that causes blindness in

the working population [2–4]. The reported prevalence of DR

varies from 10% to 61% in people with DM in different coun-

tries [5]. However, research has shown that reasonable inter-

vention and treatment of DR in the early stage can achieve

good results in preventing the development of the disease

and significantly reduce the blindness rate [6–8].

Unfortunately, people who live in counties, townships,

villages, and marginal areas, often lack sufficient health

knowledge. By the time DR is found in these individuals, it

has often developed to a serious stage and caused irre-

versible visual impairment, which not only affects patients’

quality of life but also increases the economic burden on

society and the family, often leading to poverty in the latter

case. Therefore, expanding the screening area of DR and car-

rying out targeted prevention and treatment of blindness

can greatly reduce curable blindness. Regrettably, the num-

ber of ophthalmologists in China is insufficient, especially

in primary medical institutions. According to data from the

21st National Ophthalmology Conference of the Chinese

Medical Association held in 2016, 20% of county hospitals

in China do not have an ophthalmology department. Even

in institutions with such a department, there are few spe-

cialists in fundus diseases. The ratio of ophthalmologists

to patients is 1:3000 in these areas [9], which is extremely

unbalanced. Therefore, increasing the screening of DM

patients to improve awareness, the treatment rate, and con-

trol rate of DR has become one of the main public health

challenges in China [10–12].

Auxiliary measures based on artificial intelligence (AI) are

efficient, cheap, and easy to operate for DR diagnosis [13].

EyeWisdom is an auxiliary diagnosis system for fundus dis-

eases based on an AI algorithm developed by the company

Zhiyuan Huitu (Vistel) in 2017. It mainly includes EyeWis-

dom�DSS software, a DR-specific auxiliary diagnosis system,

and EyeWisdom�MCS software, a system with ophthalmic

multi-disease screening as its core function [14]. EyeWisdom

can screen for nearly 20 different eye diseases, such as DR,

glaucoma, and age-related macular degeneration, based on

the fundus photographs and disease history of subjects using

an AI algorithm. It can not only directly provide suggestions

for screening results, but it can also display nine typical DR

lesions, such as microvascular tumor, retinal hemorrhage,

hard exudation, and cotton wool spot, to help clinicians con-

firm the examination results. In addition, this fundus image

analysis software is a cloud-based product, which can be used

for real-time telemedicine combined with internet and 5G

technology. It only takes 10 s from reading an image to out-

putting the results. The EyeWisdom AI algorithms have been

trained in clinical practice and verified by retinal images

obtained from the EyePACS database [15]. However, as yet,

no report on the diagnostic and grading efficacy of
EyeWisdom�DSS and EyeWisdom�MCS in patients with DM

has been found.

Therefore, this study collected the disease history and fun-

dus photographs of DM patients at the Fundus Disease Center

in Henan Provincial People’s Hospital from 2018/10–2020/09.

The diagnostic efficacy of the EyeWisdom�DSS and EyeWis-

dom�MCS systems were evaluated according to the sensitiv-

ity, specificity, area under the curve (AUC), as well as the

positive predictive value (PPV) and negative predictive value

(NPV), with an ophthalmologist’s diagnosis as a reference

standard. This study was designed to improve the awareness

rate and treatment rates of DR and reduce the blindness rate

in primary medical institutions.

2. Methods

2.1. Participants

DM patients at the Fundus Disease Center in Henan Provincial

People’s Hospital from 2018/10/01–2020/09/30 were invited to

participate in this study. Type 2 diabetes mellitus (T2DM)

patients � 18 years old for whom fundus photographs could

be obtained were included in this research. The exclusion cri-

teria were as follows: (1) T2DM patients with missing key vari-

ables, such as age, gender, and disease history; (2) patients

whose fundus photographs were not clear enough due to

small pupils, cataracts, or vitreous opacity that prevented

ophthalmologists from making a diagnosis; (3) patients who

suffered from heart, liver, kidney, and/or other important

organ failure; (4) and those with malignant tumors. Demo-

graphic characteristics, disease history, fundus photographs,

and images from optical coherence tomography examination

(if available) were collected, which was performed by two

authors (M.X. and R.H.) independently and consistency check

was conducted. The study was approved by the Ethics Com-

mittee of Henan Provincial People’s Hospital (registration

number 58/2017), and written informed consent was obtained

from all participants.

The sample size was calculated using formula (1) below

based on the diagnostic test [16], where a = 0.05, allowable

error d = 0.08, and p is the sensitivity or specificity of the

method to be tested. According to our pre-analysis, the sensi-

tivity and specificity were 90.0% and 80.0%, respectively, for

the DR-specific system (EyeWisdom�DSS), and 75.0% and

92.0%, respectively, for the multi-disease system (EyeWis-

dom�MCS). The minimum sample size of the DR group was

113, and that of the non-DR group was 97. A margin of 20%

was used for the sample size to account for any invalid sam-

ples. Therefore, the minimum sample size was 136 for the DR

group and 117 for the non-DR group.

n ¼ za
d

� �2

ð1� pÞp ð1Þ
2.2. Acquisition of retinal images

Fundus examinations of DM patients were performed using

the Zeiss non-mydriatic fundus camera (VISUCAM 224,

Germany) by an ophthalmologist according to the unified
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standards. This camera does not require mydriasis before use

and provides a 45� field of view for each eye. Five fields were

captured in each eye: macula centered, temporal side, nasal

side, and the upper and lower quadrant of the retina.

2.3. Definitions and diagnostic criteria

DM was determined according to the Standards of Medical

Care in Diabetes set in 2018 by the American Diabetes Associ-

ation [17]. The diagnosis and grading of DR were determined

by two ophthalmologists (H.D. and D.Q.) with more than five

years of work experience according to International Clinical

Diabetic Retinopathy (ICDR) criteria [18,19]. DR was divided

into five stages as follows: (1) absence of DR: no obvious

retinopathy and no abnormality; (2) mild non-proliferative

diabetic retinopathy (NPDR): the early stage of retinopathy

with only microaneurysms; (3) moderate NPDR: some of the

blood vessels that nourish the retinas are blocked; (4) severe

NPDR: one or more of the following: (i) more than 20 intrareti-

nal hemorrhages in each of the four quadrants of the retina,

(ii) clear venous beading in two or more quadrants, and (iii)

significant intraretinal microvascular abnormality in one or

more quadrants; and (5) proliferative diabetic retinopathy

(PDR): retinal signals triggering the growth of neovasculariza-

tion in which the new blood vessels are abnormal and fragile.

The kappa (j) agreement between the two ophthalmolo-

gists was 0.91. When the diagnosis or grading results were

inconsistent, the fundus photographs were adjudicated by a

third retinal specialist (D.W.), whose diagnosis was accepted

as the final judgment for subsequent analysis. Any patient

diagnosedwith DR in both eyes was considered one case, with

the DR grade of the more serious eye accepted as the final

diagnosis according to the ICDR severity grading system.

2.4. AI-based grading

The retinal photographs and medical history (after masking

the patient’s identity and diagnosis) were uploaded to the

EyeWisdom platform for automatic diagnosis and grading.

EyeWisdom is a software-based online cloud-computing plat-

form. It has two systems: a DR-specific diagnosis system

(EyeWisdom�DSS) and eye-related multi-disease diagnosis

system (EyeWisdom�MCS). It can automatically analyze reti-

nal images in conjunction with information about the

patient’s age, gender, and DM history, and then it provides

information about the DR diagnosis and severity by automat-

ically detecting the type, quantity, size, and location of

retinopathy. In addition to the severity of DR, this software

can also report the presence/absence of retinal hemorrhage,

micro angioma, neovascularization, hard exudation, and

fibroproliferative membrane. Images not clear enough to be

diagnosed by EyeWisdom were excluded. The diagnosis of

DR by EyeWisdom�DSS and EyeWisdom�MCS and the grad-

ing results of EyeWisdom�DSS were collected.

2.5. Statistical analysis

Statistical analyses were performed using IBM SPSS Statistics

23.0 (SPSS Inc, Chicago, IL). Qualitative data were described as

frequencies. Sensitivity, specificity, PPV, and NPV were used to
evaluate the diagnostic efficacy of EyeWisdom with the diag-

nosis of an ophthalmologist as a reference standard. Among

these terms, PPV refers to the probability of disease when

the test result is positive and NPV refers to the probability

of absence of disease when the test result is negative. Kappa

statistics were used to quantify and evaluate the consistency

between AI analysis and the ophthalmologist’s grading. All P-

values were two-tailed, and the level of significance was set at

a = 0.05.
3. Results

3.1. Participant characteristics

Based on the inclusion criteria, 1768 retinal images from 563

DM patients were obtained; 14 DM patients (40 retinal images)

were removed due to cataract or vitreous hemorrhage. A total

of 549 DM patients aged 18–97 years old, for whom there were

1728 final images, were diagnosed by doctors and EyeWis-

dom. Of them, 272 (49.5%) were male and 277 (50.5%) were

female. The mean age was 61.2 ± 11.8 years old. According

to the ICDR standards, 225 (41%) were diagnosed as not hav-

ing DR by the ophthalmologist. There were 324 (59.0%) DM

patients diagnosed with DR, among whom 43 (7.8%) had mild

NPDR, 79 (14.4%) had moderate NPDR, 61 (11.1%) had severe

NPDR, and 141 (25.6%) had PDR. Based on the ICDR standards,

typical fundus photographs of DR in different stages are

shown in Fig. 1.
3.2. Comparison of ophthalmologist and AI DR diagnosis

EyeWisdom�DSS software detected 337 (61.4%) cases of DR in

549 DM patients, and EyeWisdom�MCS software detected 264

(48.1%) DR cases in these participants. Based on automatic

grading by EyeWisdom�DSS, 68 (12.4%) patients had mild

NPDR, 79 (14.4%) had moderate NPDR, 71 (12.9%) had severe

NPDR, and 119 (21.7%) had PDR. The comparison of DR grad-

ing severity between the ophthalmologist and EyeWis-

dom�DSS software is shown in Fig. 2. In the 324 DR

patients, 295 (91.0%) were correctly diagnosed with DR by

EyeWisdom�DSS and 247 (76.2%) by EyeWisdom�MCS. For

the 225 DM patients without DR, 83 (81.3%) were correctly

diagnosed as not having DR by EyeWisdom�DSS, and 208

(92.4%) were correctly diagnosed by EyeWisdom�MCS.

Fig. 3A shows the Venn diagram of the DR identified by the

ophthalmologist versus AI and the overlap of DR observed

in 373 patients. Fig. 3B shows the overlap of the absence of

DR identified by the ophthalmologist versus AI. Fig. 3C–D

show the overlap of NPDR and PDR identified by the ophthal-

mologist versus EyeWisdom�DSS software.
3.3. Efficacy of AI in the screening of DR in DM patients

The sensitivity, specificity, AUC, PPV, NPV, and kappa values

for detecting DR, NPDR, and PDR using EyeWisdom software

are shown in Table 1, in which ophthalmologist grading was

taken as the reference standard. EyeWisdom�DSS correctly

identified 91.0% (95% CI: 87.3%–93.8%) of patients with DR

and 81.3% (95% CI: 75.5%–86.1%) of patients without DR, and



Fig. 1 – Typical fundus photographs of DR in different stages. Typical fundus photograph showing the absence of DR. (B–E)

Typical fundus photographs of mild NPDR (B), moderate NPDR (C), severe NPDR (D), and PDR (E). (F) Fundus lesion markings of

severe NPDR identified by EyeWisdom�DSS. The purple outline marks retinal hemorrhage, green identifies hard exudation,

and yellow shows macular fovea.

Fig. 2 – Comparison of ophthalmologist and

EyeWisdom�DSS software DR severity grading.
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EyeWisdom�MCS correctly identified 76.2% (95% CI: 71.1%–

80.7%) of patients with DR and 92.4% (95% CI: 87.9%–95.4%)

of patients without DR. EyeWisdom�DSS showed 76.5%

(95% CI: 69.6%–82.3%) sensitivity and 78.4% (95% CI: 73.7%–

82.5%) specificity for detecting NPDR and 64.5% (95% CI:

56.0%–72.3%) sensitivity and 93.1% (95% CI: 90.1%–95.3%)

specificity in diagnosing PDR. The PPV of EyeWisdom�DSS

for the detection of DR, NPDR, and PDR was 87.5% (95% CI:

83.4%–90.8%), 64.2% (95% CI: 89.7%–96.1%), and 74.5% (95%

CI: 67.6%–83.6%), respectively. In addition, the NPV of EyeWis-

dom�DSS for the detection of DR, NPDR, and PDR was 86.3%

(95% CI: 80.8%–90.5%), 86.8% (95% CI: 82.5%–90.2%), and 88.4%
(95% CI: 84.9%–91.2%), respectively. The degree of agreement

between EyeWisdom�DSS and the ophthalmologist grading

for DR was 0.730 (P < 0.001), for NPDR it was 0.527

(P < 0.001), and for PDR it was 0.608 (P < 0.001) using the kappa

statistics. The kappa value between EyeWisdom�MCS and

ophthalmologist grading for DR was 0.660 (P < 0.001).

4. Discussion

This study evaluated the accuracy of EyeWisdom AI software

for DR screening. We found that EyeWisdom�DSS has higher

sensitivity and EyeWisdom�MCS has greater specificity. That

is, the specific disease system was good at identifying

patients and the multi-disease system was good at identify-

ing normal participants, which suggested EyeWisdom can

be established as an AI-based DR-screening model to be used

in community and grassroots clinics in China in the future.

The combination of these two systems may improve the

awareness and treatment rate of DR, including avoiding or

delaying its progression.

With the aging of the global population and increased

prevalence of DM, the incidence of DR is also increasing

[20,21]. A meta-analysis indicated that from 1990 to 2017 in

the Chinese population, the pooled prevalence of DR, NPDR,

and PDR was 1.14%, 0.90%, and 0.07%, respectively, and in

patients with DM, the corresponding prevalence was 18.45%,

15.06%, and 0.99%, respectively [22]. A study conducted by

Ruta et al., which was based on 72 articles from 33 developing

and developed countries, showed the prevalence of DR varied



Fig. 3 – Overlap of DR and absence of DR identified by the ophthalmologist and AI. (A) Overlap of DR identified by the

ophthalmologist versus AI (EyeWisdom�DSS and EyeWisdom�MCS). (B) Overlap of the absence of DR identified by the

ophthalmologist versus AI (EyeWisdom�DSS and EyeWisdom�MCS). (C–D) Overlap of NPDR (C) and PDR (D). identified by the

ophthalmologist versus EyeWisdom�DSS software.
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from 10% to 61% in people with known type 2 diabetes melli-

tus (T2DM) and from 1.5% to 31% in people with newly diag-

nosed T2DM [5]. The prevalence of DR was 33.2% in the

United States and 17.6% in India [5]. In this study, the preva-

lence of DR, NPDR, and PDR in DM patients was 59.0%,

33.3%, and 25.7%, respectively. The reasons for the difference

in DR prevalence in different regions are multifactorial and

include differences in demographic characteristics, research

methods, and diagnosis and classification criteria of DR. In

addition, DM patients in this study were all from the Fundus

Disease Center at Henan Provincial People’s Hospital. They

cannot represent the general DM population that from the

Department of Endocrinology. Therefore, most of these indi-

viduals were DM patients who had developed ocular symp-

toms or fundus lesions. This may explain the higher

prevalence of DR, NPDR, and PDR in this study.

It should be noted that the onset of DR is insidious, and

most patients have a long asymptomatic period before visual

impairment. During this time, fundus lesions can be easily

identified by fundus examination or retinal photography. Early

detection is necessary for a good DR prognosis [23]. Therefore,

DR screening for all DM patients is cost-effective in the long

run and significant in terms of public health, especially in

developing countries [24]. However, in the grassroots areas of
China and other developing countries, the awareness and

treatment rates of DR are very low due to a lack of medical

resources, education, and experienced ophthalmologists.

Existing DR-screening equipment has not been widely used

due to the need for operation by professional ophthalmolo-

gists, its slow output, and the fact that it is inconvenient to

move. In contrast, EyeWisdom, as an auxiliary AI diagnosis

system for fundus diseases, has a number of advantages. If

fundus photographs can be obtained, the system can provide

diagnosis suggestions with only a computer. After simple

training, the operator can complete the screening without

needing professional ophthalmic knowledge. Therefore, this

approach is not only suitable for large-scale screening of DR,

glaucoma, and age-relatedmacular degeneration, but it is also

helpful for the long-term follow-up of DM patients. The sys-

tem also enables remote guidance from ophthalmologists in

tertiary hospitals, which could contribute to solving the prob-

lems related to diagnosis and treatment in poor areas.

The results of our study showed that the sensitivity of DR

screening using EyeWisdom�DSS and the specificity of DR

screening using EyeWisdom�MCS were high, reaching 91.0%

and 92.4%, respectively. However, the efficacy of NPDR

(76.5%) and PDR (64.5%) screening using EyeWisdom�DSS

was relatively lower. For EyeWisdom�DSS, when the screen-



Table 1 – Efficacy of AI for detection of varying degrees of DR with ophthalmologist grading as reference standard (N = 549).

Retinopathy Sensitivity (95% CI), % Specificity (95% CI), % AUC (95% CI) PPV (95% CI), % NPV (95% CI), % Kappa P

DRDSS 91.0 (87.3, 93.8) 81.3 (75.5, 86.1) 0.862 (0.827, 0.897) 87.5 (83.4, 90.8) 86.3 (80.8, 90.5) 0.730 <0.001
DRMCS 76.2 (71.1, 80.7) 92.4 (87.9, 95.4) 0.843 (0.809, 0.878) 93.5 (89.7, 96.1) 73.0 (67.4, 78.0) 0.660 <0.001
NPDR 76.5 (69.6, 82.3) 78.4 (73.7, 82.5) 0.776 (0.733, 0.819) 64.2 (57.4, 70.5) 86.8 (82.5, 90.2) 0.527 <0.001
PDR 64.5 (56.0, 72.3) 93.1 (90.1, 95.3) 0.788 (0.738, 0.839) 76.5 (67.6, 83.6) 88.4 (84.9, 91.2) 0.608 <0.001

DRDSS: Diabetic retinopathy diagnosis by EyeWisdom�DSS; DRMCS: Diabetic retinopathy diagnosis by EyeWisdom�MCS; NPDR: non-proliferative diabetic retinopathy; PDR: proliferative diabetic

retinopathy; AUC: area under the curve; PPV: positive predictive value; NPV: negative predictive value.
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ing result was positive, the probability of DR was 87.5%, and

when the screening result was negative, the probability of

participants not suffering from DR was 86.3%. For EyeWis-

dom�MCS, when the screening result was positive, the prob-

ability of DR was 93.5%, and when the screening result was

negative, the probability of participants not suffering from

DR was 73.0%. Our sensitivity was similar to that found in

He et al.’s study [23], in which the sensitivity of AI software

(Airdoc, Beijing, China) was 90.8%. Another study by Rajalak-

shmi et al. reported that EyeArt smartphone-based AI soft-

ware showed 95.8% sensitivity and 80.2% specificity for

detecting DR. The kappa agreement between EyeArt and the

ophthalmologist grading for DR was 0.78 and for PDR it was

0.53 [25]. EyeWisdom has two systems: EyeWisdom�DSS

has the advantage in detecting ‘‘DR” and EyeWisdom�MCS

is good at detecting ‘‘no DR”. Thus, it is necessary to build a

new synthetic deep-learning AI system based on the algo-

rithms of both EyeWisdom�DSS and EyeWisdom�MCS that

can detect both ‘‘DR” and ‘‘no DR” effectively.

Undoubtedly, some limitations of this study should be

noted. First, although EyeWisdom can diagnose and grade DR

through an AI algorithm, it is not suitable for some patients.

For example, it is not possible to obtain fundus photographs

from someDMpatients due to their small pupils or poor image

quality from the opacity of cataracts. Second, EyeWisdom

completes the diagnosis and grading according to the location

and number of typical fundus lesions, such as retinal hemor-

rhage, micro angioma, and hard exudation. For retinal hemor-

rhage or neovascularization caused by other diseases,

EyeWisdom cannot make a differential diagnosis. Third, the

study participants were DM patients at the Fundus Disease

Center, most of which had developed eye-related symptoms

or retinopathy. Therefore, the prevalence and diagnostic effi-

cacy found in this study may not be representative for all DM

patients. Finally, the sample size was relatively small and the

patients were from a single hospital; therefore, future studies

should be conducted with larger samples and field settings.

Measures can be taken to address these limitations in the

future. For example, the AI algorithm can be optimized to

enable the system to make a differential diagnosis by taking

into account more detailed information, such as disease his-

tory indicators, duration of disease, and pathological charac-

teristics. For patients with a smaller pupil, manual

photography after mydriasis and then transmission of the

image to EyeWisdom�DSS and EyeWisdom�MCS may be

suitable. Where mydriasis cannot be photographed, scanning

laser ophthalmoscopy is currently used for DR diagnosis.

In conclusion, the prevalence of DR, NPDR, and PDR was

high in patients with DM. On the one hand, EyeWisdom�DSS

is more proficient at identifying DR, but its DR-classification

accuracy is relatively poor. EyeWisdom�MCS, on the other

hand, is better at identifying the absence of DR. Although

the classification efficacy of EyeWisdom is poor, it has the

benefits of economy, simple operation, convenient image

transmission, and remote guidance. With the development

of the Internet and 5G technology, using AI to diagnose DR

will undoubtedly save significant manpower and financial

resources in countryside or rural district and help to make

population screening for DR more affordable [26,27]. There-

fore, the system can not only provide a diagnostic platform
for community clinics and countryside areas in developing

countries, but it can also help establish a large-scale AI-

based screening model for DR. It can also play an important

auxiliary role in improving the awareness, treatment, and

monitoring of disease progression of patients in developing

countries, especially in rural areas.
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