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Abstract

Objectives: To compare the performances of EyeArt 
and endocrinologists in diagnosing more-than-mild 
diabetic retinopathy (mtmDR) among patients with 
diabetes in a Hong Kong hospital.
Methods: Medical records of consecutive patients with 
diabetes mellitus aged ≥18 years who were screened 
for diabetic retinopathy (DR) at Pamela Youde 
Nethersole Eastern Hospital in February 2021 were 
retrospectively reviewed. Two fundus photographs (one 
macula-centered and one optic nerve head-centered) 
were taken from each eye and saved electronically. 
The photographs were independently graded by 
endocrinologists, and then by the EyeArt system and 
by two ophthalmologists specializing in vitreoretinal 
diseases (the gold standard). mtmDR is defined as 
moderate nonproliferative DR, severe nonproliferative 
DR, or proliferative DR, with or without the presence 
of clinically significant macular edema. Performances 
of EyeArt and the endocrinologists in diagnosing 
mtmDR were determined, as were factors associated 
with EyeArt’s diagnostic accuracy and the variability 
between EyeArt and the endocrinologists.
Results: In total, 107 men and 57 women (328 eyes) 
were included in the analysis. Diagnostic performances 
of EyeArt and the endocrinologists were comparable 
in terms of sensitivity (88.0% vs 81.5%), specificity 
(90.9% vs 93.1%), positive predictive value (46.8% 
vs 53.7%), and negative predictive value (98.8% vs 
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Introduction

The global prevalence of diabetes mellitus was estimated 
to be 10.5% in 2021 and predicted to increase to 11.3% 
in 2030 and 12.2% in 2045.1 Diabetic retinopathy (DR), 
a complication of diabetes mellitus, is a leading cause of 
new-onset blindness among adults aged 20 to 74 years in 
developed countries.2 Globally, the number of adults with 
DR was estimated to be 103.12 million in 2020 and predicted 
to increase to 160.50 million by 2045.3 Early detection and 
intervention can prevent vision loss. Screening for DR is 
recommended at the time of diagnosis of type 2 diabetes and 
within 5 years of diagnosis of type 1 diabetes.2 However, 
21% of patients with diabetes worldwide have not been 
screened, primarily owing to limited access to specialists.4 
In Hong Kong, approximately 20% of patients with diabetes 
have never been screened for DR.5

98.1%). Gwet’s first-order agreement coefficient 
was 0.832 (p<0.001), demonstrating almost perfect 
agreement between EyeArt and the endocrinologists. 
Inaccurate diagnosis by EyeArt was associated with 
the presence of hypertensive retinopathy(χ2=17.44, 
p<0.001).
Conclusion: EyeArt demonstrated high sensitivity 
and specificity in diagnosing mtmDR among patients 
with diabetes, with almost perfect agreement with the 
endocrinologists. EyeArt can be used to screen for DR.
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Artificial intelligence (AI) with machine learning algorithms 
has been used to screen for DR. Three AI systems－
LumineticsCore (Digital Diagnostics, Coralville [IA], 
USA), EyeArt (Eyenuk, Woodland Hills [CA], USA), and 
AEYE Diagnostic Screening (AEYE Health, New York 
[NY], USA)－have demonstrated high sensitivity and 
specificity and have been approved by the US Food and 
Drug Administration (FDA).6,7 However, these systems 
were developed predominantly using data from Caucasian 
populations and may have dataset bias.8 Fundus photographs 
vary across ethnicities and refraction values. Diagnostic 
performance of AI screening for referable DR differs 
between lighter-and darker-skinned individuals if dataset 
bias is not addressed during development of the AI system.9

In Hong Kong, only EyeArt is available. EyeArt has shown 
promising results in screening high-risk patients, such as 
those with a history of mild DR, gestational diabetes, or 
newly diagnosed diabetes requiring hospitalization.10 The 
current study aimed to compare the performance of EyeArt 
and endocrinologists in diagnosing more-than-mild DR 
(mtmDR) among patients with diabetes in a Hong Kong 
hospital.

Methods

Medical records of consecutive patients with diabetes aged 
≥18 years who were screened for DR (in accordance with 
the American Diabetes Association’s recommendations) at 
the Department of Medicine of Pamela Youde Nethersole 
Eastern Hospital in February 2021 were retrospectively 
reviewed. Patients who regularly visited an ophthalmologist 
or optometrist for DR or any other ophthalmological disease 
were excluded.

Two fundus photographs (one macula-centered and one optic 
nerve head-centered) were taken from each eye using the 
non-mydriatic auto fundus camera 330 (Nidek, Gamagori, 

Aichi, Japan) and saved electronically. The photographs 
were independently graded by endocrinologists (using the 
International Clinical Diabetic Retinopathy [ICDR] severity 
scale),11 and then by the EyeArt system (version v2.1.0) 
and by two ophthalmologists specializing in vitreoretinal 
diseases (the gold standard).

The EyeArt system has been trained on >375 000 images 
and uses multiple image analysis algorithms.12 It grades DR 
based on either the ICDR (International Clinical Diabetic 
Retinopathy) severity scale11 or the UK NDESP (National 
Diabetic Eye Screening Programme) scale13 (Table 1). 
mtmDR is defined as moderate nonproliferative DR, severe 
nonproliferative DR, or proliferative DR (equivalent to Early 
Treatment Diabetic Retinopathy Study [ETDRS] levels 35 
to 85), with or without the presence of clinically significant 
macular edema. Vision-threatening DR (vtDR) is defined 
as severe nonproliferative DR or proliferative DR (ETDRS 
levels 35 to 85), with or without the presence of clinically 
significant macular edema. Ungradable eyes or eyes graded 
with mtmDR (including vtDR) would be referred to an 
ophthalmologist, as recommended by the International 
Council of Ophthalmology Guidelines for Diabetic Eye Care 
2017.14 A report was generated, showing gradings of each 
eye and summary of advised action.15

The fundus photographs were then graded by two 
ophthalmologists specializing in vitreoretinal diseases 
based on the ICDR severity scale. Additionally, myopic 
maculopathy was classified according to the International 
Photographic Classification and Grading System for Myopic 
Maculopathy.16 Other incidental pathologies were also 
recorded.

Sensitivity, specificity, and positive and negative predictive 
values of EyeArt and the endocrinologists in diagnosing 
mtmDR were determined, as were factors associated with 
EyeArt’s diagnostic accuracy and the variability between 

Table 1. Gradings of diabetic retinopathy (DR) according to the International Clinical Diabetic Retinopathy (ICDR), the Early Treatment Diabetic 
Retinopathy Study (ETDRS), and the National Diabetic Eye Screening Programme (NDESP).

ICDR Findings observable on dilated ophthalmoscopy ETDRS NDESP

No apparent retinopathy No abnormalities Level 10 R0: no apparent retinopathy

Mild nonproliferative DR Microaneurysms only Level 20 R1: background DR

Moderate nonproliferative DR More than just microaneurysms but less than severe nonproliferative 
diabetic retinopathy

Level 35

Level 43 R2: pre-proliferative DR

Level 47

Severe nonproliferative DR Any of the following and no signs of proliferative retinopathy: 20 
intraretinal hemorrhages in each of the 4 quadrants, definite venous 
beading in ≥2 quadrants, prominent intraretinal microvascular 
abnormalities in ≥1 quadrant

Level 53

Proliferative DR One or more of the following: neovascularization, vitreous/
preretinal hemorrhage

Levels 61, 65, 71, 
75, 81, 85

R3: proliferative DR

No macular edema No apparent retinal thickening or hard exudates in the posterior pole

Macular edema Some apparent retinal thickening or hard exudates in the posterior 
pole
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EyeArt and endocrinologists (who are responsible for 
screening for mtmDR among patients with diabetes in Hong 
Kong).

Statistical analyses were performed using SPSS (Windows 
version 26.0; IBM Corp, Armonk [NY], USA) and R 
Statistical Software (version 4.2.2, R Foundation for 
Statistical Computing, Vienna, Austria). Diagnostic 
performances of EyeArt and endocrinologists were 
compared, with the ophthalmologists’ gradings being the 
gold standard. The required sample size was calculated 
using the R package.17 Assuming EyeArt has 95.5% 
sensitivity and 85% specificity, the estimated number of 
eyes with mtmDR required to show 95.5% sensitivity with 
an expected confidence interval (CI) of 0.2 was 30. The 
estimated number of eyes without mtmDR required to 
show 85% specificity with an expected CI of 0.15 was 90. 
Based on a Hong Kong study reporting the prevalence of 
mtmDR to be 9.8% and the percentage of ungradable eyes 
or incomplete data to be 15%,18 we intended to recruit 181 
patients. The 95% CI was calculated using the Agresti-Coull 
interval method due to the poor coverage of the normal 
approximation interval (Wald interval), especially when the 
proportion near 0 or 1, and the over-conservative estimates 
by the Clopper-Pearson interval.19 Factors associated 
with diagnostic accuracy were determined using the Chi-
squared test or Student’s t test. Diagnostic performances of 
EyeArt and endocrinologists were compared using Cohen’s 
kappa, Gwet’s first-order agreement (AC1) coefficient, and 
McNemar’s test. For McNemar’s test, an exact p value was 
used when the discordance was small (<25); otherwise, a 
mid p value was used.20

Results

Of 187 patients with diabetes recruited, 23 were excluded 
owing to incomplete data or lost fundus photographs, and the 
remaining 107 men and 57 women (328 eyes) were included 
in the analysis (Table 2). Most were Chinese (98.8%) and 
had type 2 diabetes (97.6%), with a median disease duration 
of 8 years and a median glycated hemoglobin of 7.4%. 

According to the two ophthalmologists specializing in 
vitreoretinal diseases (the gold standard), 25 eyes were 
deemed ungradable and 303 gradable (Table 3). Of the latter, 
27 were classified as having mtmDR; 10 of which were 
vtDR and six of these also had macular edema. In addition, 
61 eyes had myopic maculopathy, and 56 eyes had other 
concomitant ophthalmic pathologies including hypertensive 
retinopathy (Figure), cataracts, increased cup-disc ratio, 
epiretinal membrane, age-related macular degeneration, and 
central retinal vein occlusion.

Table 2. Characteristics of participants (n=164).

Characteristic Value*

Age, y 60 (53-66)

Sex

Female 57 (34.8)

Male 107 (65.2)

Ethnicity

Chinese 162 (98.8)

Asian origin other than Chinese 1 (0.6)

Caucasian 1 (0.6)

Body mass index, kg/m2 25.7 (22.8-29.2)

Systolic blood pressure, mmHg 138 (128-150)

Total cholesterol, mmol/L 4.09 (3.54-4.79)

Estimated glomerular filtration rate,  
mL/min/1.73m2

84.5 (70.8-98.0)

Diabetes type

Type 1 4 (2.4)

Type 2 160 (97.6)

Duration of diabetes, y 8 (2-11)

Glycated hemoglobin,% 7.4 (6.5-7.8)

*  Data are presented as median (interquartile range) or No. (%) of participants

Table 3. Comparison between EyeArt and endocrinologists in 
detecting more-than-mild diabetic retinopathy (mtmDR) based on 
the gold standard by two ophthalmologists.

Evaluator No. of eyes with mtmDR 
as determined by two 

ophthalmologists

Yes (n=27) No (n=276)

EyeArt

mtmDR + 22 25

mtmDR – 3 249

Ungradable 2 2

Endocrinologists

mtmDR + 22 19

mtmDR – 5 257

Figure. A fundus photograph of an eye with hypertensive 
retinopathy misclassified as having more-than-mild 
diabetic retinopathy by EyeArt.
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Table 4. Diagnostic performances of EyeArt and endocrinologists.

Diagnostic performance EyeArt* Endocrinologists*

Sensitivity 88.0 (69.2-96.7) 81.5 (62.8-92.3)

Specificity 90.9 (86.8-93.8) 93.1 (89.4-95.6)

Positive predictive value 46.8 (33.3-60.8) 53.7 (38.7-67.9)

Negative predictive value 98.8 (96.4-99.8) 98.1 (95.5-99.3)

* Data are presented as % (95% confidence interval)

According to EyeArt, four eyes were deemed ungradable 
and 299 gradable. Of the latter, 47 were classified as having 
mtmDR; 20 of which were vtDR and 11 of these also had 
macular edema. Of the 25 eyes deemed ungradable by the 
ophthalmologists, 16 (64%) were correctly identified by 
EyeArt, three (12%) were misdiagnosed as having vtDR, 
and six (24%) were misdiagnosed as not having DR or 
having mild DR and were not referred to an ophthalmologist. 
Regarding the three false-negative cases, one did not have 
other ocular pathology, one had an epiretinal membrane, 
and one had hypertensive retinopathy. Among the 25 false-
positive cases, 14 did not have other pathology, nine had 
hypertensive retinopathy, one had an increased cup-disc 
ratio, and one had central retinal vein occlusion. Inaccurate 
diagnosis by EyeArt was associated with the presence of 
hypertensive retinopathy (χ2=17.44, p<0.001).

According to the endocrinologists, no eyes were deemed 
ungradable, and 41 eyes were classified as having mtmDR, 
three of which also had macular edema. Of the 25 eyes 
deemed ungradable by the ophthalmologists, 23 (92%) were 
classified by endocrinologists as not having DR and two (8%) 
as having mtmDR and were referred to an ophthalmologist.

Diagnostic performances of EyeArt and endocrinologists 
were comparable in terms of sensitivity (88.0% vs 81.5%), 
specificity (90.9% vs 93.1%), positive predictive value 
(46.8% vs 53.7%), and negative predictive value (98.8% vs 
98.1%) [Table 4].

The variability between EyeArt and endocrinologists is 
shown in Table 5. For a conservative evaluation, which 
assumes all ungradable fundus photographs would be 
wrongly graded, the kappa coefficient between EyeArt and 
endocrinologists was 0.505 (p<0.001), which was considered 
moderate.21 However, the kappa coefficient underestimate 
agreement when the prevalence is high.22 This can be 
addressed using Gwet’s AC1 coefficient,23-26 which was 0.832 
(p<0.001), indicating almost perfect agreement. McNemar’s 
test was used to evaluate the equality of sensitivity and 
specificity in patients with and without mtmDR.27 The 
exact p value for sensitivity was 1, and the mid p value for 
specificity was 0.216. Both p values exceeded the cutoff of 
0.05, failing to reject the null hypothesis of equivalence.

Table 5. Variability between EyeArt and endocrinologists in 
detecting more-than-mild diabetic retinopathy (mtmDR).

EyeArt Ophthalmologists*

mtmDR + mtmDR –

Endocrinologists

mtmDR + mtmDR – mtmDR + mtmDR –

mtmDR + 19 3 7 20

mtmDR – 3 2 12 237

* Data are presented as No. of eyes

Discussion
Generative AI has been successfully applied in various 
medical specialties including radiology, dermatology, 
and pathology. For DR screening, three AI systems－
LumineticsCore, EyeArt, and AEYE Diagnostic Screening
－have been approved by the FDA. Other AI systems for 
retinopathy screening have also been approved in Europe 
and China.28

EyeArt has 95.5% sensitivity and 85% specificity.7 
However, in a UK study involving >30 000 patients, EyeArt 
demonstrated 95.7% sensitivity but only 54% specificity.29 
This lower specificity may be due in part to grading DR on 
the NDESP scale, wherein ETDRS level 35 DR does not 
need referral. The UK’s National Screening Committee still 
deemed EyeArt to be a safe and cost-effective screening 
tool.30

Our findings confirmed EyeArt’s performance in diagnosing 
mtmDR, with 88.0% sensitivity and 90.9% specificity, 
which surpass the 85% sensitivity and 82.5% specificity 
that the FDA sets for evaluating AI.6 The relatively lower 
positive predictive value (46.8%) is likely due to the low 
prevalence of mtmDR in our sample. Our findings support 
the use of EyeArt for routine DR screening of Chinese 
patients with diabetes attending specialist outpatient clinics. 
Based on the point estimates, EyeArt had slightly higher 
sensitivity but lower specificity than the endocrinologists. 
Diagnostic performances of EyeArt and endocrinologists 
were comparable, with a Gwet’s AC1 coefficient of 0.832. 
Further studies are warranted to evaluate a two-step 
screening approach, in which fundus photographs labeled 
mtmDR-positive by EyeArt are subsequently reviewed by 
endocrinologists. It must be ensured that the use of EyeArt 
for DR screening will not compromise patient care. EyeArt 
is simple to use, requires limited training, and is easily 
scalable, allowing timely screening amid limited availability 
of endocrinologists or ophthalmologists. Moreover, EyeArt 
can be used for point-of-care screening, providing instant 
feedback on image quality and allowing instant retaking 
of the fundus photographs if the quality were suboptimal. 
Furthermore, immediate availability of grading alleviates 
patient anxiety, enabling better patient experience and 
improving adherence to eye care recommendations.31
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The present study had several limitations. First, this was a 
single-center study that excluded patients who were regularly 
followed by an ophthalmologist or optometrist; thus, patients 
with mtmDR may have been underrepresented. Although the 
actual population attending the DR screening program was 
included, the results may not be generalizable to primary 
care settings due to the spectrum effect. Second, this cross-
sectional study used retrospective data. As all consecutive 
visits were included, the diagnostic performance was 
unlikely to be affected. However, a prospective design would 
have allowed retaking of fundus photographs in cases of 
ungradable images and evaluation of patient acceptance, user 
experiences of AI, and the potential benefit of immediate 
grading on compliance with subsequent follow-ups. Third, 
the 95% CI of sensitivity in diagnosing mtmDR overlapped 
the null hypothesis required for FDA approval. To replicate 
the results that fulfil the FDA regulatory requirements of 
85% sensitivity and 82.5% specificity with a null hypothesis 
of 75% sensitivity and 77.5% specificity, a larger sample size 
is needed. Although EyeArt is approved for vtDR detection, 
we could not evaluate its performance in diagnosing vtDR 
owing to the limited number of patients with vtDR. Lastly, 
although hypertensive retinopathy was associated with 
inaccurate diagnosis by EyeArt, only 36 of the 328 eyes 
had hypertensive retinopathy, and the prevalence of other 
ophthalmic pathologies was even lower. Further studies 
targeting concomitant ophthalmic pathologies are warranted 
to determine factors affecting diagnostic accuracy.

Conclusion

EyeArt demonstrated high sensitivity and specificity in 
diagnosing mtmDR among patients with diabetes, with 
almost perfect agreement with the endocrinologists. EyeArt 
can be used to screen for DR; nonetheless, a multicenter 
prospective study with a larger sample is warranted to 
validate its diagnostic performance.
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