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The Role of Telemedicine in Chronic Disease

Introduction
Along with the rapid growth of national economy 
and lifestyle changes, the number of patients with 
diabetes is increasing rapidly in China. A survey 

by Professor Ning’s team showed that the inci-
dence of diabetes and prediabetes among adults 
in China is 11.6 and 50.1%, respectively.1 The 
research also showed that diabetes therapy rate 
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Abstract
Background: We aimed to determine the role of non-mydriatic fundus examination and 
artificial intelligence (AI) in screening diabetic retinopathy (DR) in patients with diabetes in the 
Metabolic Disease Management Center (MMC) in Tianjin, China.
Methods: Adult patients with type 2 diabetes mellitus who were first treated by MMC in Tianjin 
First Central Hospital and Tianjin 4th Center Hospital were divided into two groups according 
to the time that MMC was equipped with the non-mydriatic ophthalmoscope and AI system 
and could complete fundus examination independently (the former was the control group, the 
latter was the observation group). The observation indices were as follows: the incidence of 
DR, the fundus screening rate of the two groups, and fundus screening of diabetic patients 
with different course of disease.
Results: A total of 5039 patients were enrolled in this study. The incidence rate of DR was 
18.6%, 29.8%, and 49.6% in patients with diabetes duration of ⩽1 year, 1–5 years, and >5 years, 
respectively. The screening rate of fundus in the observation group was significantly higher 
compared with the control group (81.3% versus 28.4%, χ2 = 1430.918, p < 0.001). The DR 
screening rate of the observation group was also significantly higher compared with the 
control group in patients with diabetes duration of ⩽1 year (77.3% versus 20.6%; χ2 = 797.534, 
p < 0.001), 1–5 years (82.5% versus 31.0%; χ2 = 197.124, p < 0.001) and ⩾5 years (86.9% versus 
37.1%; χ2 = 475.609, p < 0.001).
Conclusions: In the case of limited medical resources, MMC can carry out one-stop 
examination, treatment, and management of DR through non-mydratic fundus examination 
and AI assistance, thus incorporating the DR screening process into the endocrine clinic, so as 
to facilitate early diagnosis.
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was 25.8%, and only 39.7% of people undergoing 
treatment achieved the desired glycated hemo-
globin (HbA1c) levels.1 Diabetic retinopathy 
(DR) is a common microvascular complication of 
diabetes, and it is one of the most important 
causes of irreversible blindness in people of work-
ing age.2 Among individuals with diabetes, the 
prevalence of DR is approximately 28.5% in the 
United States.3 The incidence of DR increases 
with the duration of diabetes, and the prevalence 
of DR is estimated to be about 77.8% in patients 
living with diabetes for more than 15 years.4 DR is 
a serious threat to the quality of life of patients 
with diabetes and is a serious economic burden 
for society.5

Early and timely detection and treatment of DR 
can significantly improve the prognosis of DR 
patients and their quality of life.6 Owing to the 
importance of DR prevention, both American 
Diabetes Association and Chinese guidelines sug-
gest that patients with type 2 diabetes should be 
screened for fundus lesions within a short period 
of time after diagnosis.7 However, DR patients 
rarely take the initiative to seek medical treatment 
before visual impairment occurs. Community-
based studies report that about 50–60% of patients 
with diabetes do not received fundus examination, 
and 32% of high-risk patients with visual impair-
ment never received fundus screening.8 In reality, 
diabetic patients first contact endocrinologists to 
diagnose diabetes mellitus. Endocrinologists pre-
scribe hypoglycemic agents and advise patients see 
an eye specialist for retinal screening. However, 
patients often seldomly visit the ophthalmology 
department actively because there is no obvious 
vision loss, which will cause the delay in the early 
diagnosis of DR. Before the use of a non-mydri-
atic camera and artificial intelligence (AI) system, 
the fundus examination requires patients to regis-
ter again in the ophthalmic clinic, wait, and 
undergo examination. Patients need to undergo 
mydriatic fundus examination and need family 
members to accompany them. Intraocular pres-
sure is measured before mydriasis. After 0.5% 
compound tropicamide eye drops are put into the 
eyes, when the pupil is more than 5 mm, the fun-
dus is examined in detail by direct fundoscopy to 
determine whether it is DR. After mydriasis, the 
patient’s ocular discomfort may last for a few 
hours. When the patients have visual impairment, 
if there is proliferative retinopathy, even if laser or 
surgical treatment is provided, DR-related vision 
loss is irreversible. Therefore, in order to have a 

good prognosis, DR patients need early diagnosis 
and treatment, and early screening must be car-
ried out.9

European and American countries have accumu-
lated a lot of experience in chronic disease man-
agement. However, the systematic management 
of chronic diseases has only begun in China. 
Since 2016, many metabolic disease management 
centers (MMCs) have been established in China 
to manage chronic metabolic diseases such as dia-
betes. MMC was initiated by the Chinese Medical 
Association and the Shanghai Ruijin Hospital. 
This center integrates disease diagnosis and treat-
ment, rapid detection, data analysis and task 
tracking. Deep learning is a group of computa-
tional methods that allow an algorithm to pro-
gram itself by learning from a large set of examples 
that demonstrate the desired behavior, removing 
the need to specify rules explicitly. In the evalua-
tion of retinal fundus photographs from adults 
with diabetes, an algorithm based on deep 
machine learning has high sensitivity and specific-
ity for detecting referable DR.10 In the screening 
of DR, the AI system exceeded all pre-specified 
superiority endpoints for sensitivity, specificity 
and imageability rate, thus demonstrating AI’s 
ability to bring specialty-level diagnostics to pri-
mary care settings.11 With the improvement of 
fundus screening function of MMCs, endocrinol-
ogists, combined with the AI system can conduct 
DR screening, making the early diagnosis of DR 
become a reality. In this study, we examined DR 
screening of type 2 diabetes patients in the outpa-
tient department of an MMC before and after the 
implementation of non-mydratic fundus camera 
independently from two MMCs in Tianjin First 
Central Hospital and Tianjin 4th Center Hospital. 
Moreover, we evaluated the role of non-mydriatic 
fundus examination and AI in screening DR in 
diabetic patients in Tianjin, China. This study 
also explored the prevention and screening of DR 
with a setting with limited medical resources.

Patients and methods
We included adult patients with type 2 diabetes 
mellitus who were first treated by MMC in 
Tianjin First Central Hospital and Tianjin 4th 
Center Hospital. The MMC of Tianjin First 
Central Hospital officially received patients for 
the first time on 30 November 2016. Since 1 
December 2017, the MMC could independently 
complete non-mydriatic fundus imaging and 
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upload the fundus results in real time. The MMC 
of Tianjin 4th central hospital officially received 
patients for the first time on 25 October 2017. 
Since 24 October 2018, the MMC could inde-
pendently complete non-mydriatic fundus imag-
ing and upload the fundus results in real time. 
The clinical study protocol was approved by the 
Institutional Review Board (IRB)of Tianjin 4th 
Central Hospital, and all steps were conducted in 
accordance with the principles of the World 
Medical Association Declaration of Helsinki 
[trial registration code: ChiCTR1900027916]. 
The IRB approved the collection and use of 
patients’ records according to regulations for 
clinical trials in humans (IRB approval no.2017-
SZXLL020). Written informed consent was 
obtained from each patient.

The study inclusion criteria were: (a) age 
⩾18 years; (b) patients without mental disorders 
who can communicate independently; (c) there 
was no definite diagnosis of DR and no treatment 
for fundus diseases before this visit.

The exclusion criteria: (a) type 1 and other spe-
cial types of diabetes, gestational diabetes or dia-
betes mellitus with pregnancy; (b) patients with 
severe mental illness and unclear consciousness; 
(c) patients with active tuberculosis and other 
infectious diseases.

Patients’ data from the Tianjin First and 4th 
Centers Hospital were collected from the MMC 
doctor terminal, and patients meeting the previ-
ously mentioned conditions were screened. The 
patients were divided into two groups according 
to the time that the MMC was equipped with a 
non-mydriatic ophthalmoscope and AI system 
and could complete fundus examination indepen-
dently. The former was the control group, and 
the latter was the observation group.

According to the MMC system, we collected 
information on the patient’s name, sex, contact 
information, smoking/drinking history, family his-
tory of diabetes, waist circumference, age, diabe-
tes course, and blood pressure. (a) The diagnosis 
of type 2 diabetes was based on the 2017 Chinese 
diabetes treatment guidelines, as fasting periph-
eral blood glucose (FPG) ⩾7.0 mmol/l, postpran-
dial blood glucose ⩾11.1 mmol/l at 2 h, or a 
confirmed diagnosis as type 2 diabetes by hospi-
tals with grade 2 or above. (b) Weight was meas-
ured using the same scale on an empty stomach at 

the MMC clinic in the morning and recorded. (c) 
The fundus images: after standardized training of 
technical personnel, the clinical staff used a non-
mydriatic fundus camera to take fundus photo-
graphs. At least two photos per eye of the fundus 
(including one macula-centered and one disc-cen-
tered image) were needed. The view angle of each 
photo is required to be ⩾45°. Image quality was 
confirmed by both software quality control model 
and operator. Then, the photos and related infor-
mation were uploaded and sent simultaneously to 
the ophthalmologist. After imaging, the software 
sent the images and related information to a web 
server and automatic DR grading results from the 
server by the AI system were returned in a few sec-
onds as a temporary reference for the examiner. 
Patients with a positive result for referable DR 
would be referred to an ophthalmologist immedi-
ately. Referable DR here was defined by updated 
International Council of Ophthalmology Guide- 
lines for Diabetic Eye Care 2017 which includes 
moderate and severe diabetes phase nonprolifera-
tion retinopathy (NPDR) and proliferation stage 
of diabetic retinopathy (PDR).12 The fundus 
images with significance of referral indicated by AI 
will be given priority to remind ophthalmologists 
for review. Ophthalmologists usually do it in 
30 min. Other fundus photos without referral sig-
nificance will be completed by ophthalmologists 
within 48 h. All images were evaluated by ophthal-
mologists through an online platform and all final 
readings relayed to endocrinology physicians. At 
present, diagnosis in China is mainly based on a 
doctor’s expertise, and diagnostic results from 
medical auxiliary equipment are used as reference. 
In case of false negatives by AI, the ophthalmolo-
gist decision was taken as final. Endocrinologists 
and ophthalmologists can work together to 
develop patient treatment plans through an online 
communication platform. Patients can immedi-
ately see fundus photos and their fundus results in 
real time after the ophthalmologist’s review by 
their mobile phone scanning the two-dimensional 
code.

Observation indexes: the main observation indi-
ces included: (a) the fundus screening rate of 
patients in the two groups and fundus screening 
status of patients with new diabetes mellitus 
(duration of diabetes ⩽1 year); (b) patients with 
blurred vision who received DR screening. 
Secondary outcome measures included the 
screening positive rate of DR in the outpatient 
patients with type 2 diabetes, the incidence of DR 

https://journals.sagepub.com/home/taj
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in patients with a different duration of diabetes, 
and the occurrence of PDR.

Statistical analysis
Statistical Program for Social Sciences 20.0 soft-
ware (SPSS, Inc., Chicago, IL,USA) was used for 
data collation and analysis. Kolmogorov–Smirnov 
normal test was performed on the measurement 
data. Mean ± standard deviation was used for statis-
tical description of variables conforming to normal 
distribution, median (P50) was used for those not 
conforming to normal distribution, and percentage 
(%) was used for counting data. Independent sam-
ple t test was used for the comparison of measure-
ment data between the two groups. Rank sum test 
was used for the measurement data that did not 
conform to the normal distribution, chi-squared test 
was used for the comparison of counting data, and 
spearman rank correlation analysis was used to test 
the correlation between the diabetes course and 
DR. All statistical tests were performed by bilateral 
test with alpha = 0.05.

Results

Demographic and clinical characteristics of the 
two groups
A total of 5039 patients were eligible to for inclu-
sion in this study. Tianjin First Central Hospital 

MMC had 2393 cases from 30 November 2016 
to 23 May 2019. There were 965 cases before 1 
December 2017, and 1428 cases after. Tianjin 
4th Central Hospital MMC had 2646 cases from 
25 October 2017 to 28 June 2019. There were 
1437 cases before 24 October 2018, and 1209 
cases after. There were 3042 males, and 1997 
females. The mean age was 56.7 ± 11.3 years and 
the median duration of diabetes was 2.6 years 
(range 0–48 years). Of the patients, 1596 (31.7%), 
2434 cases (48.3%), 998 cases (19.8%), 2308 
cases (45.8%), 1804 cases (35.8%), and 842 
cases (16.7%) had auto-blurred vision, hyperten-
sion, history of coronary heart disease, family his-
tory of diabetes, and history of smoking, 
respectively. The mean HbA1c of the patients 
was 8.74 ± 3.18%, and 2825 (56.1%) patients 
received fundus screening at the MMC, including 
1904 (67.4%) patients with normal fundus, 859 
(30.4%) patients with NPDR, and 62 (2.2%) 
patients with PDR.

There were 2637 cases in the observation group 
and 2402 cases in the control group. The basic 
data of the two groups are summarized in Table 1. 
There was no significant difference in sex, dura-
tion of disease, systolic blood pressure, HbA1c, 
body weight, and peripheral blood glucose 
between the two groups. The observation group 
was older than the control group and the diastolic 
blood pressure was higher than the control group.

Table 1. Comparison of basic data between the two groups.

Items Control group Observation group Statistics p value

Cases (male/female) 2402 (1448/954) 2637 (1594/1043) 0.014* 0.905

Age (years) 56.3 ± 11.2 57.0 ± 11.4 −2.366 0.018

Median course (years) 2.4 2.7 −0.393# 0.694

Systolic pressure (mmHg) 140.3 ± 20.2 140.0 ± 18.8 0.622 0.533

Diastolic pressure (mmHg) 80.1 ± 11.7 82.3 ± 10.9 −7.007 <0.001

HbA1c (%) 8.71 ± 1.92 8.76 ± 2.78 −0.561 0.575

Weight (kg) 75.4 ± 13.7 75.4 ± 14.1 −0.083 0.934

FPG (mmol/l) 9.21 ± 3.01 9.15 ± 3.16 0.614 0.539

2hPG (mmol/l) 14.41 ± 5.34 15.48 ± 5.11 −1.296 0.196

*χ2,
#Rank and test z value, others are t values.
2hPG, peripheral blood glucose 2 h after meal; FPG, fasting peripheral blood glucose; HbA1c, glycated haemoglobin.
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The occurrence of DR in patients with different 
diabetes course, as shown in Figure 1, spearman 
rank correlation analysis was applied to test the 
correlation between disease course and DR, and 
the correlation coefficient was 0.325, p < 0.001.

Good images could not be obtained from 160 
patients (6.1%) who consented to screening. The 
main reasons were ring artifacts (80 cases), flare 
artifacts (65 cases), and small pupil or poor expo-
sure (60 cases). Some patients had multiple rea-
sons. Among them, the non-mydriatic fundus 
photography of 50 patients (1.9%) could not be 
evaluated and all patients were referred to the 
ophthalmic clinic for further examination. The 
main reasons that patients could not be evaluated 
were small pupil or unclear refractive medium.

Fundus screening in patients between two 
groups
Endocrinologists conducted fundus screening for 
diabetic patients who came to the MMC for the 
first time in the MMC clinic. A total of 681 
patients (28.4%) in the control group completed 
fundus screening, while 2144 patients (81.3%) in 
the observation group received fundus screening, 
and the fundus screening rate in the observation 
group was significantly higher than that in the 
control group (χ2 = 1430.918, p < 0.001).

Comparison of fundus screening in patients with 
different duration of diabetes (⩽1 year, 1–5 years 
and >5 years) is shown in Table 2. The fundus 
screening rates of patients in the control group 
were 20–38%, and the fundus screening rates of 
patients in the observation group were signifi-
cantly higher than those in the control group.

Association between complaint of blurred vision 
in T2DM patients with DR
Of the 871 patients with blurred vision, 312 
patients (35.8%) were diagnosed with DR in 

fundus screening, whereas among 1954 patients 
without blurred vision, 609 patients (31.2%) 
were diagnosed with DR. The patients with 
blurred vision had higher incidence of DR 
(χ2 = 5.939, p = 0.017). A total of 41 (2.1%) 
patients without blurred vision complaint were 
diagnosed with PDR, compared with 21 patients 
(2.4%) with blurred vision. The difference was 
not statistically significant (χ2 = 0.275, p = 0.600). 
The comparison of fundus screening rates 
between the observation and control group in the 
presence of blurred objects is shown in Figure 2. 
The fundus screening in the observation group 
was higher than that in the control group regard-
less of whether the patients had blurred vision or 
not (among patients with blurred vision, 64.6% 
versus 45.1%, χ2 = 61.48, p < 0.001; patients with-
out blurred vision were 88.3% versus 19.7%, 
χ2 = 1638.257, p < 0.001).

Discussion
DR is a serious chronic microvascular complication 
of diabetes. At first, patients may have only mild or 
no symptoms. As the disease progresses, new blood 
vessels are generated in the non-perfusion area of 

Figure 1. Incidence of DR of different diabetes 
durations.
DR, diabetic retinopathy.

Table 2. Fundus screening of patients in two groups with different diabetes course.

Course of diabetes Control group Observation group χ2 value p value

Course ⩽1 year 236 (20.6%) 1046 (77.3%) 797.534 <0.001

1 <course ⩽5 years 108 (31.0%) 312 (82.5%) 197.124 <0.001

Course >5 years 337 (37.1%) 786 (86.9%) 475.609 <0.001
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the fundus capillaries, which develops into PDR 
and eventually leads to blindness. Due to the insidi-
ous onset of type 2 diabetes, about 20–33.3% of 
patients may have DR lesions during the diagnosis 
of diabetes.13 Therefore, guidelines suggest that 
patients with type 2 diabetes undergo screening for 
fundus lesions at the time of diagnosis.5 This study 
found that the screening rate of DR in the outpa-
tient service of diabetes increased from 28.4% to 
81.3% with the help of mydriatic-free fundus 
examination and AI. Among patients with diabetes 
whose duration of disease was ⩽1 year, the outpa-
tient DR screening rate increased from 20.6% to 
77.3%. This is in line with the requirements of dia-
betes diagnosis and treatment guidelines and sup-
portive of the early diagnosis and treatment of DR.

The study on eye diseases of Latinos in Los 
Angeles found that the prevalence rate of DR in 
patients with diabetes duration of <5 years, 
5~9 years, 10~14 years, and ⩾15 years was 27.5%, 
56.1%, 59.8% and 79.6%, respectively.9 Our 
study results showed that the detection rate of 
DR in adult patients with type 2 diabetes was 
18.6% (⩽1 year), 29.8% (1–5), and 49.6% 
(>5 years). With the extension of the course of 
diabetes, the detection rate of DR increased sig-
nificantly. Regardless of whether the patient has 
symptoms of blurred vision, fundus screening 
must be performed. For patients with a long 
course of diabetes, we need to be vigilant about 
whether they have developed DR and initiate 
early treatment. In this study, 31.7% of the 
patients complained of blurred vision at the time 
of admission, and the DR detection rate of the 
patients with blurred vision in the fundus screen-
ing was 35.8%, which was slightly higher than the 
DR detection rate of the patients without blurred 
vision (31.2%, χ2 = 5.939, p = 0.017). However, 

there was no significant difference in PDR detec-
tion rate between patients with and without 
blurred vision (2.4% versus 2.1%, χ2 = 0.275, 
p = 0.600). Therefore, regardless of whether 
patients have blurred complaint, we need to con-
duct DR screening for them. Studies have shown 
that early diagnosis and treatment of DR, indi-
vidualized follow-up plan, and necessary and 
appropriate retinal photocoagulation and vitreous 
surgery can prevent severe vision loss in about 
80% of patients.14

The use of mydriatic-free fundus examination 
combined with AI in the outpatient department 
of endocrinology has formed a new model of fun-
dus screening (Figure 3). The new model enables 
patients to attach importance to the screening of 
retinopathy through health education, simulated 
experience of ocular lesions and mutual learning 
among patients, and it also increases the simplic-
ity of DR screening by non-mydriatic fundus 
camera, so as to improve patients’ comfort and 
compliance. This makes communication between 
endocrinologists, ophthalmologists and patients 
more convenient. Digital fundus photography is 
widely used in clinical practice due to its long-
term storage, easy transmission, and retrospective 
evaluation. Due to its simple operation, objective 
and permanent recording, electronic transmission 
can be used for remote consultation, and the vast 
majority of clinically significant DR can be 
screened.15 It has become an important and feasi-
ble method to screen diabetic patients. The model 
has really shifted the screening setting of DR from 
the ophthalmology clinic to the endocrine clinic, 
and implemented the guidelines on early screen-
ing of DR.

Remarkable advancements in biomedical research 
have led to the generation of large amounts of 
data.16 Using AI, it has become possible to extract 
meaningful information from large volumes of 
data in a shorter frame of time, with less human 
interference.17 In effect, convolutional neural net-
works (a deep learning method) have been taught 
to recognize pathological lesions from images.18 
Diabetes has high morbidity, and affects millions 
of people who need to be screened for DR.19 
Deep neural networks offer a great advantage of 
screening for DR from retinal images, in improved 
identification of DR lesions and risk factors for 
diseases, with high accuracy and reliability.20 By 
2015, according to the seventh edition of the 
International Diabetes Federation, the number of 

Figure 2. Comparison of fundus screening rates 
between the two groups with/without blurred vision.

https://journals.sagepub.com/home/taj


Z Hao, S Cui et al.

journals.sagepub.com/home/taj 7

DR patients in China was about 27 million. With 
the yearly increase in the number of diabetes 
patients, the prevalence rate and blindness rate of 
DR also increase, and the prevention and treat-
ment task of DR is increasingly severe. According 
to the results of the DR epidemiological survey, 
more than 50% of diabetic patients who visited 
primary medical institutions were not advised to 
have fundus examination regularly, and nearly 
70% of diabetic patients did not receive fundus 
screening.21 The present study showed that the 
new model could provide better fundus screening 
services through one-stop examination, treatment 

and management under the condition of the 
shortage of medical resources. The new model 
enables patients to complete fundus screening at 
the first visit for diabetes (in the endocrine clinic), 
and creates individual electronic files at the same 
time, while providing follow-up information. It is 
suitable for promotion in medical shortage areas.

Conclusions and limitations
The use of mydriatic-free fundus examination 
combined with AI in the outpatient department 
of endocrinology has formed a new model of 

Figure 3. The model of screening for fundus screening in MMC.
AI, artificial intelligence; DR, diabetic retinopathy; MMC, Metabolic Disease Management Center; NPDR, nonproliferation 
stage of diabetic retinopathy; PDR, proliferation stage of diabetic retinopathy; T2DM, type 2 diabetes mellitus.
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fundus screening. The new model can carry out 
one-stop examination, treatment and manage-
ment of DR through non-mydriatic fundus exam-
ination and AI assistance, and incorporates the 
DR screening process into the endocrine clinic, 
so optimizes the early diagnosis of DR. It is suit-
able for promotion in medical shortage areas.

The findings of this study have to be seen in light 
of limitations. First, the study was conducted in 
two large hospitals with relatively strong compre-
hensive strength, where there are sufficient medi-
cal resources, rather than in the community 
hospitals with insufficient resources. The second 
limitation concerns the quality of the fundus pho-
tos. There is insufficient incident light in the 
upper temporal quadrant for non-mydriatic fun-
dus photography, resulting in a slightly worse 
fundus image in the upper temporal quadrant 
than the macular area. As a result, there may be 
some errors in the assessment of DR by the intel-
ligent screening system. The DR intelligent diag-
nostic and screening system is still in its infancy in 
China, so a standardized scheme and reliable 
diagnostic system are still needed to promote the 
extensive development of DR screening.
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