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We performed a retrospective cohort study including people diagnosed with diabetes from 2006 to 2015 according to the Korean 
National Health Insurance Service-National Sample Cohort database, to analyze the changes in the prevalence, screening rate, and 
treatment patterns for diabetic retinopathy (DR) over 10 years. The proportion of people who underwent fundus screening for DR 
steadily increased over the past decade. The prevalence of DR increased from 13.4% in 2006 to 15.9% in 2015, while that of prolif-
erative DR steadily decreased from 1.29% in 2006 to 1.16% in 2015. The proportion of patients undergoing retinal photocoagula-
tion constantly decreased. The prevalence of DR increased over the past decade, while its severity seemed to have improved, with 
a decreased rate of proliferative DR and retinal photocoagulation. A higher proportion of patients underwent ophthalmic screen-
ing using fundus examination, but still less than 30% of patients with diabetes underwent comprehensive examination in 2015. 
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INTRODUCTION

The prevalence of diabetes has increased annually, increasing 
from 8.6% in 2001 to 14.4% among adults ≥30 years in 2016 
[1-3]. Based on the Diabetes Fact Sheet in Korea, 2018, there 
are still 37.4% of patients with diabetes who are not aware of 
their condition, with 9.2% of diagnosed patients remaining 
untreated [2]. 

Diabetic retinopathy (DR) is a major microvascular compli-
cation of diabetes, which occurs in approximately one-third of 
patients with diabetes worldwide, with an increased risk when 
associated with longer disease duration, elevated glycosylated 
hemoglobin (HbA1c), and the presence of hypertension [4]. 

Fundus examination is recommended at the time of diagnosis 
for patients with type 2 diabetes mellitus [5]. However, report-
edly, only one-third of patients undergo fundus examinations 
[6-8].

Laser photocoagulation decreases the risk of moderate visu-
al loss by 50% but is not effective to improve already impaired 
vision [9]. New treatment modalities such as intravitreal injec-
tions of an anti-vascular endothelial growth factor (VEGF) 
agent or corticosteroid implantation, have emerged in recent 
years [10]. Therefore, the aim of this study was to investigate 
the 10-year trend of DR and related clinical practice using the 
sample cohort data from the Korean Health Insurance Data-
base. 
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METHODS

Study population 
We used the National Health Insurance Service-National Sam-
ple Cohort (NHIS-NSC) data from 2006 to 2015. The study 
protocol was reviewed and approved by the Institutional Re-
view Board (IRB) of Ajou University Hospital, Suwon, Korea 
(IRB No. AJIRB-MED-EXP-19-347). Because the data in this 
database were de-identified, the requirement for informed 
consent was waived. 

Definition of diabetes, DR, and treatment of DR
The list of variables with the corresponding International Clas-
sification of Diseases, 10th revision (ICD-10 codes), procedure 
codes, and Anatomical Therapeutic Chemical code is provided 
in Supplementary Table 1. 

We identified patients with diabetes each year using the fol-
lowing criteria: (1) the presence of diagnostic codes for diabe-
tes detected more than twice, or (2) a history of clinic visit and 
simultaneous prescription of glucose-lowering medications 
(for more than 30 days) and/or insulin. The occurrence of DR 
was defined based on the ICD-10 diagnostic codes. The crude 
prevalence rate was calculated as the number of cases per 100 
people with diabetes. The age-adjusted prevalence rate was 
standardised against the weighted distribution of the people 
with diabetes studied in 2011 across sexes and 5-year age 
groups from 30 to 34 to 85 years and above. 

The progression to proliferative DR (PDR) was defined as 

follows: (1) the presence of diagnostic codes of PDR; (2) the 
presence of diagnostic codes for DR with concomitant proce-
dure codes for retinal laser photocoagulation; and (3) the pres-
ence of diagnostic codes for DR with concomitant operation 
codes for vitrectomy. 

The screening for DR was defined by procedure codes for 
fundus examination, fundus photography, and/or fundus fluo-
rescein angiography in that year. Laser treatment for DR in-
cluded panretinal photocoagulation and focal/grid laser pho-
tocoagulation. Intravitreal and subconjunctival injections were 
also investigated with the following pharmacological agents: 
triamcinolone, dexamethasone implant, ranibizumab, and 
aflibercept. Intravitreal injection of bevacizumab was not in-
vestigated because of its off-label use in Korea.

Statistical analysis
All analyses were performed with SAS software version 9.4 
(SAS Institute Inc., Cary, NC, USA). The prevalence of DR was 
calculated as the number of people with DR divided by the 
number of people diagnosed with diabetes in that year. The 
rates of ocular treatments were calculated as the number of 
persons receiving treatment by the number of those with DR.

RESULTS

Screening and diagnosis
The rate of DR screening and prevalence of DR steadily in-
creased over time (Fig. 1). The mean screening rate increased 

Fig. 1. Screening rate and prevalence of diabetic retinopathy (DR) among patients with diabetes stratified by sex in 2006 to 2015.
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from 20.6% in 2006 to 26.1% in 2015 but still remained below 
30% (Supplementary Fig. 1A). The prevalence of DR increased 
from 13.4% in 2006 to 15.9% in 2015. Consistently more wom-
en presented with DR throughout the study period (Fig. 1). 
The maximum age was in the 60s until 2013 (15.9%), while age 
in 70s showed the highest prevalence from 2014 (18.0%) (Sup-
plementary Fig. 1B). The rate of PDR among people with dia-
betes steadily decreased over time with consistently more men, 
from 1.29% in 2006 to 1.16% in 2015 (Supplementary Fig. 2). 

Treatment 
The proportion of patients who underwent laser treatment 
among those with DR constantly decreased over time (Fig. 2). 
The proportion of patients receiving subconjunctival injections 
slightly increased, while that of patients receiving intravitreal 
injections or vitrectomy was steady. None of the patients re-
ceived ranibizumab or aflibercept among those who received 
anti-VEGF agents. 

DISCUSSION

This retrospective study using NHIS-NSC of Korea showed 
that the prevalence of DR increased with a growing number of 
people undergoing fundus screening. Among patients with di-
abetes, only 26.1% underwent fundus examination, and the 
prevalence of DR was 15.9% in 2015.

A population-based study in Korea revealed a prevalence of 
20% for DR in the 5th (2011, 2012) Korea National Health and 
Nutrition Examination Survey (KNHANES) [11]. In 2013, a 

Korean cohort study revealed that only 30% of patients with 
diabetes underwent comprehensive ocular examination [6]. 
Our results in the sample cohort were similar to those of Song 
et al. [6], who reported that less than 30% of patients with dia-
betes underwent DR screening in the nationwide cohort data. 
Fundus examination has not been included in the national 
health screening examination required by NHIS so far, and the 
inclusion would benefit in enhancing the screening of DR, 
which remains below 30%. 

The severity of DR may have decreased over the past decade, 
along with a decreased rate of PDR. This may be partly because 
of the increased screening rate, i.e., earlier diagnosis of DR 
leading to proper treatment, as well as better glycemic control 
with newer antiglycemic agents. Approximately 36.7% of pa-
tients with diabetes reached the target of HbA1c < 7% in 2006 
while 52.6% of patients reached the same level in 2013 to 2016 
[2,12,13]. This suggests that a better glycemic control has been 
reached over time, which has resulted in less aggravation of 
DR [14]. Another possible factor is the introduction of intra-
vitreal anti-VEGF injections, reporting a low rate of DR wors-
ening in patients treated with anti-VEGF agents [15-19]. Beva-
cizumab is a globally used anti-VEGF agent for diabetic macu-
lar edema or complications of PDR [5]; however, intravitreal 
bevacizumab injections were not identified in this analysis, as 
this procedure is not covered by NHIS because of its off-label 
use in Korea. Moreover, the use of ranibizumab and aflibercept 
were not identified in this study, as they have been covered by 
NHIS since 2015 [20]. The effect of anti-VEGF agents in DR 
progression needs to be evaluated in further studies. 

Fig. 2. Proportions of treatments among patients with diabetic retinopathy stratified by the treatment modality in 2006 to 2015.
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The decreased rate of laser photocoagulation may be associ-
ated with this lower severity of DR, which was similar to the 
results of Song et al. [6], who reported a decreased rate of laser 
treatment. This can be related to a decreased severity of DR 
while the introduction of intravitreal injections can also be re-
sponsible. 

In conclusion, the proportion of patients undergoing oph-
thalmic screening was higher, but less than 30% of patients 
with diabetes underwent comprehensive examination in 2015. 
The inclusion of fundus examination in the national health 
screening protocol and/or provision of mandatory consulta-
tion to patients with diabetes by ophthalmologists might be 
helpful in promoting early detection of DR and/or undiag-
nosed diabetes. 

SUPPLEMENTARY MATERIALS

Supplementary materials related to this article can be found 
online at https://doi.org/10.4093/dmj.2020.0096.
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Supplementary Table 1. List of diagnoses, treatments, procedures, and their corresponding codes

Diagnoses ICD-10 code

   Diabetes E10 to E14

   Diabetic retinopathy H36.0, E10.3, E11.3, E12.3, E13.3, E14.3

   Proliferative diabetic retinopathy H36.0B, E11.32, E12.32, E13.32, E14.32

Ophthalmic procedures Procedure code

   Fundus examination E6660

   Fundus photography E6670

   Fluorescein angiography E6681

   Panretinal laser photocoagulation S5160, S5161

   Focal/grid laser photocoagulation S5164

   Vitrectomy S5121, S5122

   Intravitreal injection S5070

   Subconjunctival injection KK110

Pharmacologic agent Anatomical therapeutic chemical code

   Triamcinolone H02AB08

   Dexamethasone implant S01BA01

   Ranibizumab S01LA04

   Aflibercept L04AA24

ICD-10, International Classification of Diseases, 10th revision.
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Supplementary Fig. 1. Screening rate (A) and prevalence (B) of diabetic retinopathy (DR) among patients with diabetes stratified 
by the age group in 2006 to 2015.
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Supplementary Fig. 2. Prevalence of proliferative diabetic retinopathy (DR) stratified by sex in 2006 to 2015.
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