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Introduction

Big data and machine learning are transforming healthcare. 
Artificial intelligence (AI) and deep learning have trained 
a wide range of computer models for medical triage and 
diagnostic testing.1 AI has comparable performance to 
medical personnel in certain fields and may offer solutions 
to overburdened healthcare services resulting from an aging 
population and a shortage of healthcare personnel.2,3

Among commercially available AI products for 
ophthalmology,4,5 analysis of fundus photographs6 and 
optical coherence tomography images7 remains the core 
technologies. Two AI systems for diabetic retinopathy 

Abstract

Objective: This study aimed to investigate the sensitivity 
and specificity of the Deep Fundus, an artificial 
intelligence program for diabetic retinopathy screening, 
in Chinese patients with diabetes.
Methods: Fundus photographs of Chinese patients 
with diabetes aged 50 to 90 years who attended Pamela 
Youde Nethersole Eastern Hospital, Hong Kong between 
December 2020 and June 2021 during the public diabetic 
retinopathy screening period were retrospectively 
retrieved in February 2022. Two ophthalmologists 
independently graded the fundus photographs for 
diabetic retinopathy (according to the recommendations 
in the 2017 International Council of Ophthalmology 
Guidelines for Diabetic Eye Care) and any concomitant 
eye pathology such as cataracts or macular diseases. On 
27 February 2022, the photographs were uploaded to the 
Deep Fundus website. Fundus images were classified 
into referable or non-referable diabetic retinopathy 
in accordance with the abovementioned Guidelines. 
Sensitivity and specificity of the Deep Fundus were 
determined.
Results: Of 202 eyes screened, 96 eyes were included 
in the analysis. There was no discordance between 
the two ophthalmologists in the diabetic retinopathy 
gradings. 57 (59.4%) eyes were graded to have positive 
diabetic retinopathy findings. Using gradings of the two 

ophthalmologists as the gold standard, sensitivity and 
specificity of the Deep Fundus were 62.3% and 90.7%, 
respectively. The positive and negative predictive values 
were 89.2% and 66.1%, respectively.
Conclusions: The sensitivity and specificity of the Deep 
Fundus for diabetic retinopathy screening in a Chinese 
population were 62.3% and 90.7%, respectively. Further 
real-world validation studies are needed to assess the 
artificial intelligence model, particularly among Chinese 
patients with cataracts, myopia, diabetic macular edema, 
or proliferative diabetic retinopathy.
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(DR) screening have been approved by the United States 
Food and Drug Administration for marketing.8 AI screening 
for age-related macular degeneration and glaucoma are 
developing as well.6

The International Diabetes Federation estimated that the 
global diabetic prevalence was 9.3% (equaling 463 million 
people) in 2019.9 The concept of DR screening began in 
1989 with the St Vincent Declaration, which aimed to reduce 
diabetes mellitus (DM)–related blindness by one-third in 5 
years.10 DR screening aims to detect important, treatable 
pathology in its early stages with a low-cost, efficient, and 
non-invasive diagnostic test.11 In Hong Kong, DR screening 
is performed by primary care physicians, endocrinologists, 
optometrists, or specially-trained graders with non-
stereoscopic digital color retinal fundus photographs.11 
Most AI models were validated in Caucasian populations, 
but the algorithm may differ in Chinese populations. For 
instance, Chinese populations have a higher prevalence of 
myopia than Caucasian populations. Therefore, this study 
aimed to investigate the sensitivity and specificity of the 
Deep Fundus, an AI program for DR screening, in Chinese 
patients with diabetes.

Materials and methods

Fundus photographs of patients with diabetes who attended 
a public DR screening at Pamela Youde Nethersole Eastern 
Hospital, Hong Kong, between December 2020 and June 
2021 were retrospectively retrieved in February 2022, with 
patient identifiers removed. All fundus photographs were 
taken by the Non-Mydriatic Auto Fundus Camera AFC-330 
(Nidek, Gamagori, Japan). Two photographs were taken 
per eye: one centered on the macula and the other centered 
on the optic disc.12 Photographs of all sorts of quality were 
included to reflect the real-world situation of dense cataracts 
or different media opacities. Patients aged <50 years and >90 
years were excluded to comply with the age range defined 
by the Deep Fundus.13 Non-Chinese patients were excluded, 
as were patients with branch retinal vein occlusion, age-
related macular degeneration, retinal macroaneurysm, or 
missing fundus photographs.

Two ophthalmologists specializing in vitreoretinal diseases 
who were blinded from patient data independently 
graded the fundus photographs for DR (according to the 
recommendations in the 2017 International Council of 
Ophthalmology Guidelines for Diabetic Eye Care)14 and 
any concomitant eye pathology such as cataracts or macular 
diseases.

The Deep Fundus is accessible at www.deepfundus.com  
and is trained in the Eyetelligence (also available online),13,15 
which has been approved as a Class I medical device for 
clinical use in the European Union, United Kingdom, 
Australia, and New Zealand.16-19 On 27 February 2022, the 
photographs were uploaded to the Deep Fundus website. 
Items investigated included valid fundus image, laterality, 
referable DR, DR severity scale, diabetic macular edema, 

and cataracts. Only eyes with valid fundus image and 
laterality were included in the sensitivity and specificity 
analysis. Fundus images were classified into referable or 
non-referable DR in accordance with the recommendations 
in the 2017 International Council of Ophthalmology 
Guidelines for Diabetic Eye Care.14 

The sample size needed to determine the model’s accuracy 
was calculated based on its sensitivity and specificity.20,21 
We searched PubMed, MEDLINE, Embase, and Scopus 
but found no previous publication on the performance of 
Deep Fundus on DR screening; therefore, we assumed the 
sensitivity and specificity to be 95% as claimed by the Deep 
Fundus. We first calculated the true positive (TP) + false 
negative (FN) for sensitivity and the true negative (TN) + 
false positive (FP) as follows:

TP+FN=Z2×[sensitivity×(1−sensitivity)/W2]
TN+FP=Z2×[specificity×(1−specificity)/W2]

where Z is set to 1.96 for the normal distribution value, 
corresponding to the 95% confidence interval (CI), and 
W, the maximum acceptable width of the 95% CI, is set 
to 10%.20 The sample size calculations for sensitivity and 
specificity were TP+FN/P and TN+FP/(1−P), respectively, 
in which P is the prevalence of DR in the Chinese population 
in Hong Kong. In a previous study involving 174 532 
patients, the estimated prevalence of DR was 39%.11 Thus, 
47 and 30 eyes were required for determining sensitivity 
and specificity, respectively, with a total of 77. Statistical 
analyses were performed using SPSS (Windows version 
27.0; IBM Corp, Armonk [NY], USA).

Results

Of 202 eyes screened during the public DR screening 
period, 106 eyes were excluded owing to missing fundus 
photographs (n=1), non-Chinese ethnicity (n=14), or age 
<50 years (n=91), whereas 96 eyes in patients aged 50 to 
77 (mean, 58.3±7.8) years were included in the analysis. 
The male-to-female ratio was 1.29:1. All eyes were graded 
correctly on laterality by the Deep Fundus.

There was no discordance between the two ophthalmologists 
in the DR gradings. 12 (12.5%) eyes were determined 
to be myopic according to the grading system by the 
meta-analysis for pathologic myopia study group.22 57 
(59.4%) eyes were graded to have positive DR findings 
(Table 1). Five (5.2%) eyes had a history of pan-retinal 
photocoagulation laser treatment. No eye had vitreous, pre-
retinal, or subhyaloid hemorrhages. One (1.0%) eye had 
tractional retinal detachment. Nine eyes with proliferative 
DR had neovascularization at disc or elsewhere. Fundus 
photograph quality was suboptimal in 26 (27.1%) eyes 
owing to cataracts. When macular details and the entire 
posterior pole of the fundus were obscured, efforts were 
made to grade the periphery. Nine (9.4%) eyes had macular 
diseases other than diabetic macular edema including dry 
age-related macular degeneration, myopic maculopathy, 
choroidal naevus, chorioretinal scars, and retinal artery 
macroaneurysms. 
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Numbers of referable DR according to the Deep Fundus 
and the two ophthalmologists are shown in Table 2. Using 
gradings of the two ophthalmologists as the gold standard, 
sensitivity and specificity of the Deep Fundus were 62.3% 
(95% CI=47.9%-75.2%) and 90.7% (95% CI=77.9%-
97.4%), respectively. The positive and negative predictive 
values were 89.2% (95% CI=76.0%-95.6%) and 66.1% 
(95% CI=57.7%-73.6%), respectively. Figure 1 shows 
fundus photographs of true positive and true negative 
grading, whereas Figure 2 shows fundus photographs of 
false positive and false negative grading.

Discussion

The Deep Fundus has a high specificity but a low sensitivity 
for detecting referable DR in Chinese patients with diabetes 
aged 50 to 90 years. To the best of our knowledge, this study 
is the first to investigate the clinical application of the Deep 
Fundus in Chinese populations. We used real-world data 
from a 7-month public screening service. The number of 
eyes studied (n=96) was well above the minimum required 
sample size. All diagnostic results from the Deep Fundus 
were generated on the same day (27 February 2022); this 
may eliminate potential bias from the ongoing update or 
learning of the AI model. The Deep Fundus is only valid 
for patients aged 50 to 90 years; 45.0% (n=91) of eyes 
in patients aged <50 years were excluded; some of these 
patients had type 1 DM and/or gestational DM.

Disease prevalence affects the sample size calculation for 
determining the sensitivity and specificity of a diagnostic 
test.20,21 We used the DR prevalence of 39% in primary care 
settings11 to calculate the sample size, but the present study 
had a higher prevalence of DR at 59.4%. This is expected 
among patients in ophthalmology and internal medicine 
departments of a tertiary-level hospital. Consequently, DM 
cases were more complicated and severe than those typically 
encountered in primary care settings. Using the prevalence 
of 59.4% in the sample size calculation, the numbers of eyes 
required for sensitivity and specificity would be 31 and 45, 
respectively, and the minimum sample size would be 76. 
Therefore, our study is powered to demonstrate the real-
world sensitivity and specificity of the Deep Fundus.

DM is a risk factor for the development of cataracts, and 
the prevalence of cataracts in DM patients ranges from 20% 
to 66%.23,24 In our study, 27.1% of our DM patients had a 
visually significant cataract affecting the quality of their 
fundus photographs. However, the sample size of patients 
with cataracts was too small for subgroup analysis. Possible 
confounding factors include the variable severity of cataracts 
and the retrospective study design, which could introduce 

Table 1. Diabetic retinopathy (DR) characteristics of eyes according  
to the recommendations in the 2017 International Council of 
Ophthalmology Guidelines for Diabetic Eye Care (n=96)

Classification No. of patients Referable

No apparent DR 39 No

Mild non-proliferative DR 4 No

Moderate non-proliferative DR 33 Yes

Severe non-proliferative DR 3 Yes

Proliferative DR 9 Yes

Diabetic macular edema 9 Yes

Ungradable (treated proliferative DR 
or unclear fundus photo)

8 Yes

Table 2. Referable diabetic retinopathy (DR) grading according to 
the Deep Fundus and ophthalmologists

Referable DR grading by the 
Deep Fundus

Referable DR grading by 
ophthalmologists

Yes No

Yes 33 4

No 20 39

Figure 1. Fundus photographs 
showing (a) true positive and (b) 
true negative referable diabetic 
retinopathy grading by the Deep 
Fundus, which is graded as myopia 
by ophthalmologists.

(a) (b)
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selection bias. The quality of the fundus images can be a 
confounding factor for the Deep Fundus performance. We 
included photographs of varying quality to reflect the real-
world situation of cataracts or different causes of media 
opacities. However, the prevalence and severity of media 
opacities differ across different populations with different 
demographics.25 This variation would affect the sensitivity 
and specificity of the Deep Fundus in clinical practice. 

The United States Food and Drug Administration has 
approved two AI systems for DR screening: the IDx-DR 
(Digital Diagnostics, Coralville [IA], USA) and EyeArt 
(Eyenuk, Woodland Hills [CA], USA), both of which have 
sensitivity and specificity approaching 90% as demonstrated 
in large-scale studies.26-28 Other AI systems to assess DR 
are also available.29 Retmarker DR (Retmarker, Coimbra, 
Portugal) has been certified as a Class IIa medical device 
in Europe.30 In China, AI-based software for DR includes 
Airdoc (Beijing, China).31 When adopting AI systems 
in clinical settings in Hong Kong, the algorithms should 
ideally be trained by photographs of Asian/Chinese eyes. 
The low sensitivity (62.3%) of the Deep Fundus suggests 
a considerable number of false negative cases of referable 
DR, which might progress rapidly to more severe grades 
of DR that are not timely detected by annual screening. 
Therefore, we suggest manually reviewing all negative 
cases graded by Deep Fundus to avoid missing the golden 
period of referral to ophthalmologists for monitoring. 
Nonetheless, if there are AI models with higher sensitivity, a 
semi-automated model can be considered in Hong Kong, in 
which retinal photographs initially analyzed by an AI model 
to filter out non-referable DR cases, followed by grading by 
ophthalmologists. Such models have been used in the UK 
and Singapore.32

Refraction status can change after corneal refractive or 
cataract surgery. Some of our patients have pseudophakia, 
and the axial length measurement was not available. Thus, 
fundus photographs were used to determine myopia. 
According to the meta-analysis for pathologic myopia study 
group,22 visible signs of myopia on fundus photographs 
include a tessellated fundus, diffuse chorioretinal atrophy, 
patchy chorioretinal atrophy, macular atrophy, lacquer 
cracks, myopic choroidal neovascularization, and Fuchs 
spots. Some of these may mimic DR. For example, 
myopic choroidal neovascularization or lacquer cracks 
can be misinterpreted as DR hemorrhages, given that all 
present as red dots. Similarly, chorioretinal atrophy can 
be misinterpreted as exudate given that both are white in 
color. However, the prevalence of myopia in our patients 
was 12.5%, which is lower than the 41.1% reported in other 
studies in Asia.33,34 Subgroup analysis of myopic patients 
was not possible because of the small sample size (n=12).

Conclusion 

The sensitivity and specificity of the Deep Fundus for DR 
screening in a Chinese population were 62.3% and 90.7%, 
respectively. Further real-world validation studies are 
needed to assess the AI model, particularly among Chinese 
patients with cataracts, myopia, diabetic macular edema, or 
proliferative DR.
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to the ophthalmologists.
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