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Background: We investigated the prevalence of diabetic retinopathy (DR) in patients with undiagnosed diabetes through a na-
tionwide survey, compared to those with known diabetes.
Methods: Among the participants of the Korean National Health and Nutrition Examination Surveys (KNHANES) from 2017 to 
2018, individuals aged ≥40 years with diabetes and fundus exam results were enrolled. Sampling weights were applied to repre-
sent the entire Korean population. Newly detected diabetes patients through KNHANES were classified under “undiagnosed dia-
betes.”
Results: Among a total of 9,108 participants aged ≥40 years, 951 were selected for analysis. Of them, 31.3% (standard error, 
±2.0%) were classified under “undiagnosed diabetes.” The prevalence of DR in patients with known and undiagnosed diabetes 
was 24.5%±2.0% and 10.7%±2.2%, respectively (P<0.001). The DR prevalence increased with rising glycosylated hemoglobin 
(HbA1c) levels in patients with known and undiagnosed diabetes (P for trend=0.001 in both). Among those with undiagnosed 
diabetes, the prevalence of DR was 6.9%±2.1%, 8.0%±3.4%, 5.6%±5.7%, 16.7%±9.4%, and 42.6%±14.8% for HbA1c levels of 
<7.0%, 7.0%–7.9%, 8.0%–8.9%, 9.0%–9.9%, and ≥10.0% respectively. There was no difference in the prevalence of hypertension, 
dyslipidemia, hypertriglyceridemia, or obesity according to the presence or absence of DR.
Conclusion: About one-third of patients with diabetes were unaware of their diabetes, and 10% of them have already developed 
DR. Considering increasing the prevalence of DR according to HbA1c level was found in patients with undiagnosed diabetes like 
those with known diabetes, screening and early detection of diabetes and DR are important.
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INTRODUCTION

Diabetic retinopathy (DR) is the most common microvascular 
complication of diabetes mellitus and is a leading cause of 
blindness and visual impairment among adults [1,2]. A global 
meta-analysis of patients with diabetes from 2015 to 2019 
showed that the prevalence of DR was 27.0% [3]. Similarly, the 
National Health and Nutrition Examination Survey conducted 

in the United States from 2005 to 2008 revealed that the preva-
lence of DR was 28.5% [4]. Furthermore, according to a na-
tional claim database in Korea, the prevalence of DR in pa-
tients with diabetes was 20% in 2015 [5].

The prevalence of DR increases with increasing diabetes du-
ration [6]. However, 7.3% to 18.2% of patients already have DR 
at the time of diabetes diagnosis [7,8], and a previous study re-
ported that among patients with type 2 diabetes mellitus 
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(T2DM), DR might develop 4 to 7 years before the diagnosis of 
diabetes [9]. Therefore, the American Diabetes Association 
recommends initial dilated and comprehensive eye exam im-
mediately after the diagnosis of diabetes [10]. However, the 
screening rate of DR is only about 20% to 50% [5,11], and is 
dependent on the availability of medical resources [11,12].

In a recent Korean nationwide survey, people with undiag-
nosed diabetes were found to have a higher risk of cardiovas-
cular disease compared to those with diagnosed diabetes, as 
the former have multiple cardiovascular risk factors including 
obesity, dyslipidemia, smoking, and hypertension compared to 
those with already known diabetes [13]. Dyslipidemia, hyper-
tension, and smoking as well as hyperglycemia are also impor-
tant determinants of DR [14,15]; hence, undiagnosed diabetes 
might have comparable DR risk among those with already 
known diabetes, which has been rarely reported. A previous 
European population-based study showed that about 25% of 
patients with diabetes newly detected through the survey had 
DR [16]. As ethnicity and economic status are known to affect 
the development of DR [11,12,14], there might be difference in 
the prevalence of DR and risk factors among the patients with 
undiagnosed diabetes according to the populations.

The Korean National Health and Nutrition Examination 
Surveys (KNHANES) is a nationwide cross-sectional health 
examination. In addition, the 2017 to 2018 KNHANES includ-
ed fundus evaluation in every participant irrespective of diabe-
tes status. In the present study, we investigated the prevalence 
of DR in the patients who have been newly detected with dia-
betes through a health examination survey (“undiagnosed dia-
betes”) using KNHANES 2017 to 2018. The clinical character-
istics associated with DR among individuals with undiagnosed 
diabetes were also evaluated and compared to those with al-
ready known diabetes (known diabetes).

METHODS

Study participants
KNHANES is a nationwide cross-sectional health examination 
and survey executed by the Korean Centers for Disease Con-
trol and Prevention in the Ministry of Health and Welfare to 
provide information on the current management status of di-
verse chronic diseases among the Korean population [17]. 
Moreover, KNHANES adopted a stratified multistage proba-
bility-based sampling design to represent the entire Korean 
population. 

As the fundus exam is conducted among members of the 
population aged ≥40 years, we selected individuals with diabe-
tes aged ≥40 years for the current study. Those with indetermi-
nate fundus exam results for the presence or absence of DR 
were excluded (Supplementary Fig. 1). Diabetic cases were de-
fined as those with glycosylated hemoglobin (HbA1c) levels 
≥6.5% (48 mmol/mol), 8-hour fasting plasma glucose (FPG) 
levels ≥7.0 mmol/L (126 mg/dL), or use anti-diabetic medica-
tions including insulin. Diabetes was classified as known or 
undiagnosed diabetes following a self-questionnaire.

Institutional Review Board approval was not required for the 
use of KNHANES data from 2017 to 2018 under the Bioethics 
Act. This study was conducted in accordance with the ethical 
standards laid down in the 1964 Declaration of Helsinki and its 
later amendments.

Fundus evaluation
The fundus exam was conducted through a Fundus Camera 
(VISUCAM 224, Carl Zeiss Meditec AG, Jena, Germany) us-
ing the standard protocols of the Korean Ophthalmological 
Society (KOS) [18]. Four well-trained special examiners quali-
fied under the KOS guidelines performed the exam, and the 
KOS managed quality control for examiners and all machines 
by regular on-site inspections. The collected data was inter-
preted by the Epidemiologic Investigation Committee of the 
KOS [18]. DR was identified if any characteristic lesion as de-
fined by the Early Treatment for Diabetic Retinopathy Study 
was present: microaneurysms, hemorrhages, hard exudates, 
cotton wool spots, intraretinal microvascular abnormalities, 
venous beading, and retinal new vessels [19].

Metabolic parameters measurement
Venous blood samples were drawn after a 12-hour overnight 
fast, and plasma was immediately separated by centrifugation. 
Fasting plasma concentrations of glucose and lipids were mea-
sured enzymatically in a central laboratory using a Hitachi Au-
tomatic Analyzer 7600-210 (Hitachi, Tokyo, Japan). Hyperten-
sion was defined as systolic blood pressure (SBP) ≥140 mm 
Hg, diastolic blood pressure (DBP) ≥90 mm Hg, or being un-
der anti-hypertensive medications. Dyslipidemia was defined 
as non-high-density lipoprotein cholesterol ≥190 mg/dL or 
being under lipid-lowering agents. Triglyceride (TG) ≥150 
mg/dL was defined as hypertriglyceridemia. Body mass index 
(BMI) ≥25 kg/m2 was defined as obesity [20].
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Statistical analyses
Sampling weights were applied to all analyses in order to repre-
sent the entire Korean population. Variables are expressed as 
the mean±standard error (SE) or the prevalence±SE (%). A 
Comparison of the clinical variables according to diabetes 
awareness and the presence or absence of DR was performed 
using linear regression or logistic linear regression analysis. P 
values <0.05 were considered as statistically significant for all 
tests. Statistical analyses were performed using IBM SPSS Sta-
tistics version 27.0 (IBM Corp., Armonk, NY, USA).

RESULTS

Clinical characteristics of study subjects 
A total of 9,108 participants aged ≥40 years were enrolled in 
the KNHANES between 2017 and 2018, with a diabetes preva-
lence was 14.9%±0.5%. Among them, 951 patients with diabe-
tes and fundus exam results were selected for the analysis 
(Supplementary Fig. 1).

From this cohort, 59.6%±2.1% were male, and the average 
age was 61.0±0.5 years. Their mean diabetes duration was 
6.1±0.3 years and the average HbA1c was 7.2% (55 mmol/mol) 
±0.1% (Table 1). Among them, 66.1%±2.0% were taking oral 
anti-diabetic drugs and 3.7%±0.6% were under insulin thera-
py. The prevalence of hypertension, dyslipidemia and hypertri-
glyceridemia was 62.3%±1.9%, 45.4%±1.9%, and 46.9%± 
2.3%, respectively. Their mean income was 346.0±10.5 ten 
thousand Korean won, and 53.4%±2.3% graduated from high 
school.

Among the entire population of patients with diabetes, 
31.3%±2.0% were newly detected through KNHANES (“undi-
agnosed diabetes”). The patients with undiagnosed diabetes 
were male-dominant (65.7%±3.4% vs. 56.8%±2.3%, P=0.025) 
and younger compared to the patients with known diabetes 
(55.8±0.7 years vs. 63.4±0.5 years, P<0.001). Undiagnosed di-
abetes was most popular in those aged 40 to 49 years compared 
to the other age group: 56.8%±4.7%, 35.6%±3.1%, 21.0%± 
2.2%, and 13.1%±1.7% for age 40–49, 50–59, 60–69, and ≥70 
years, respectively. Nevertheless, there was no difference in 
HbA1c with respect to diabetes awareness (7.1% [54 mmol/
mol] ±0.1% vs. 7.3% [56 mmol/mol] ±0.1%, P=0.294) (Sup-
plementary Table 1). By contrast, after the adjustment for age 
and sex, a significant difference in HbA1c value was observed 
between patients with undiagnosed and known diabetes 
(P=0.012) (Supplementary Table 1). The proportion of those 

with HbA1c <7.0% (53 mmol/mol) was significantly greater 
among individuals with undiagnosed diabetes (64.5%±3.4% 
vs. 51.7%±2.4%, P=0.002) (Supplementary Table 2, Supple-
mentary Fig. 2A). HbA1c ≥10.0% (86 mmol/mol) was also 
more frequently observed among patients with undiagnosed 
diabetes compared to those with known diabetes, even though 
this difference was statistically marginal (8.9%±2.3% vs. 
4.7%±1.0%, P=0.060). The trend was only observed among 
those aged 40 to 49 years (17.3%±6.0% vs. 13.3%±5.0%) and 
aged 50 to 59 years (8.5%±3.4% vs. 5.2%±2.2%) (Supplemen-
tary Fig. 2B-E), although it was not statistically significant. 
Among patients with undiagnosed diabetes aged ≥70 years, 
HbA1c ≥8.0% (64 mmol/mol) was not detected (Supplemen-
tary Table 2).

The patients with undiagnosed diabetes had worse metabol-
ic profiles in BMI, waist circumference, blood pressure, FPG, 
total cholesterol (TC), TG, and low-density lipoprotein choles-
terol (LDL-C) levels compared to those with known diabetes; 
among which, the difference in SBP, DBP, TC, LDL-C, and TG 
persisted even after adjustments for age and sex (SBP, 124.1± 
0.8 mm Hg vs. 129.5±1.3 mm Hg; DBP, 75.0±0.5 mm Hg vs. 
79.0±0.7 mm Hg; TC, 168.6±1.9 mg/dL vs. 203.9±3.1 mg/dL; 
LDL-C, 100.6±3.0 mg/dL vs. 118.9±4.6 mg/dL; TG, 162.0± 
6.8 mg/dL vs. 227.7±20.3 mg/dL). In addition, there was no 
significant difference in average monthly income and educa-
tional background between patients with known diabetes and 
undiagnosed diabetes (Supplementary Table 1).

Comparison of clinical variables between patients with 
known and undiagnosed diabetes according to presence of 
DR
The prevalence of DR in the entire study population with dia-
betes was 20.2%±1.6%, which increased with increasing dia-
betes duration: 10.3%±3.5%, 19.0%±3.5%, 23.9%±4.2%, 27.1%± 
3.5%, and 49.5%±6.2% in 0–1, 2–4, 5–9, 10–19, and ≥20 years, 
respectively (P for trends <0.001) (Fig. 1A). 

The prevalence of DR in patients with known and undiag-
nosed diabetes was 24.5%±2.0% and 10.7%±2.2%, respective-
ly (P<0.001). The patients with DR had higher mean HbA1c 
in both patients with known diabetes and undiagnosed diabe-
tes (known diabetes, 7.8%±0.2% vs. 7.1%±0.1%, P<0.001; un-
diagnosed diabetes, 8.4%±0.5% vs. 7.0%±0.1%, P=0.008) (Ta-
ble 1). However, there was no difference in the prevalence of 
hypertension, dyslipidemia, hypertriglyceridemia, or obesity 
according to the presence or absence of DR in both patients 
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with known diabetes and undiagnosed diabetes. No significant 
difference was found in socioeconomic status like income or 
education status between the groups (Table 1). In patients with 
known diabetes, duration of diabetes was longer (P<0.001) and 
treatment with insulin was more frequently observed among 
patients with DR compared to those without DR (P<0.001) 
(Table 1).

The prevalence of DR in patients according to HbA1c level 
DR prevalence increased with increasing HbA1c levels both in 
patients with known and undiagnosed diabetes (P for trend= 
0.001 in both) (Fig. 1B, Supplementary Table 2). Among those 
with undiagnosed diabetes, the prevalence of DR was 6.9%± 
2.1%, 8.0%±3.4%, 5.6%±5.7%, and 16.7%±9.4% for HbA1c 
levels of <7.0% (53 mmol/mol), 7.0%–7.9% (53–63 mmol/
mol), 8.0%–8.9% (64–74 mmol/mol), and 9.0%–9.9% (75–85 
mmol/mol), respectively. And the prevalence of DR in undiag-
nosed diabetic patients with HbA1c levels ≥10.0% (86 mmol/
mol) reached 42.6%±14.8%, which was comparable to that of 
known diabetic patients with ≥10 years of duration, that is, 
32.7%±3.1% (Fig. 1). The prevalence of DR in undiagnosed 
diabetes tended to be lower than in known diabetes with same 
HbA1c level (Figs. 1B and 2A). This difference was statistically 
significant among those with HbA1c <7.0% (53 mmol/mol) 
and 7%–7.9% (53–63 mmol/mol) (Fig. 1B).

Given that those with undiagnosed diabetes aged 40 to 49 

years had relatively high proportion of HbA1c ≥10.0% (86 
mmol/mol) compared to known diabetic patients, we investi-
gated DR prevalence in undiagnosed diabetic patients aged 
40 to 49 years for each HbA1c level. In undiagnosed diabetic 
patients aged 40 to 49 years, the overall DR prevalence was 
13.3%±5.1%. Among them, the undiagnosed diabetic patients 
with HbA1c ≥9% (75 mmol/mol) and HbA1c ≥10% (86 
mmol/mol) had DR prevalence of 51.8%±14.3% and 60.3%± 
17.0%, respectively, which were comparable to those of known 
diabetic patients with same age and HbA1c level (49.1%± 
17.1% and 59.8%±22.8% in HbA1c ≥9% [75 mmol/mol] and 
HbA1c ≥10% [86 mmol/mol], respectively) (Fig. 2B, Supple-
mentary Table 3). By contrast, the undiagnosed diabetic pa-
tients in the other age groups had a relatively low prevalence of 
DR even among those with HbA1c ≥10% (86 mmol/mol) 
(19.0%±17.0% in 50 to 59 years; no DR detected in ≥60 years) 
(Fig. 2C-E). 

DISCUSSION

Using a nationwide survey database, we found that one-third 
of patients with diabetes was unaware of their status of diabetes 
in the Korean population. In addition, about one-tenth of pa-
tients with undiagnosed diabetes had already developed DR. 
Although the prevalence of DR in undiagnosed diabetes tend-
ed to be lower than in known diabetes with same HbA1c level, 

Fig. 1. Prevalence of diabetic retinopathy according to duration of diabetes and glycosylated hemoglobin (HbA1c) value. (A) The 
prevalence of diabetic retinopathy (DR) according to duration of diabetes in the entire study population. (B) The prevalence of 
DR according to HbA1c levels in patients with known (black bar) and undiagnosed diabetes mellitus (DM; white bar). Values are 
presented as prevalence±standard error. aP values <0.05 compared with the prevalence of DR in the subjects with diabetes dura-
tion 0 to 1 year by logistic regression analysis without adjustment, bP values <0.05 compared with the prevalence of DR in known 
diabetic patients with the same HbA1c level by logistic regression analysis without adjustment.
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increasing the prevalence of DR according to HbA1c level was 
also found in patients with undiagnosed diabetes as well as 
those with known diabetes. Among those with undiagnosed 
diabetes, the prevalence of DR was 6.9% for HbA1c levels of 
<7.0%, which increased to 42.6% for HbA1c levels of ≥10.0%. 
Especially, as those with poor glycemic control with HbA1c 
≥10% was frequently found in younger patients (aged 40 to 49 
years) than in other age groups among the undiagnosed dia-
betic population, the prevalence of DR in young undiagnosed 
diabetic patients was seem to be comparable to that of known 

diabetic patients with the same age and HbA1c level in those 
age group with known diabetes. 

To prevent the complications of diabetes, early diabetes de-
tection and proper blood glucose management are important 
[21]. However, half of the patients with diabetes worldwide live 
without being diagnosed with diabetes [22]. In Korea, 35% of 
patients with diabetes aged ≥30 years are unaware of their dia-
betes [23], which was similar to the 30% detected in the cur-
rent study. Interestingly, the current study also found that there 
was low awareness of the presence of diabetes among those 

Table 1. Clinical characteristics of diabetic patients according to the presence or absence of diabetic retinopathy

Characteristic Total
Known DM Undiagnosed DM

DR (–) DR (+) P valuea DR (–) DR (+) P valuea

Unweighted number 951 516 174 233 28

Male sex, % 59.6±2.1 56.8±2.8 56.8±4.2 0.989 65.0±3.5 71.6±8.3 0.478

Age, yr 61.0±0.5 63.5±0.7 63.3±0.9 0.876 56.0±0.6 53.8±1.9 0.286

BMI, kg/m² 25.2±0.1 24.9±0.2 24.9±0.3 0.846 25.6±0.2 26.5±0.6 0.192

WC, cm 88.1±0.3 87.6±0.4 87.6±0.7 0.997 89.0±0.7 90.4±1.5 0.437

SBP, mm Hg 125.8±0.7 123.7±0.8 128.1±1.7 0.022 127.3±1.3 134.9±5.1 0.153

DBP, mm Hg 76.2±0.5 73.8±0.6 74.1±0.9 0.751 80.9±0.8 86.1±2.8 0.072

HbA1c, % 7.2±0.1 7.1±0.1 7.8±0.2 <0.001 7.0±0.1 8.4±0.5 0.008

FPG, mg/dL 144.5±1.5 136.3±1.6 155.2±4.3 <0.001 148.6±2.9 184.9±13.6 0.014

TC, mg/dL 179.6±1.8 167.5±2.0 167.2±4.0 0.948 204.6±3.3 223.2±9.7 0.073

HDL-C, mg/dL 45.6±0.4 45.6±0.6 44.6±0.9 0.294 45.7±0.9 47.9±1.3 0.179

TG, mg/dL 182.9±9.8 156.2±7.2 149.4±7.7 0.514 233.1±18.1 339.6±164.3 0.517

LDL-C, mg/dL 108.8±2.9 99.3±3.2 104.3±7.3 0.557 116.2±4.3 138.3±14.2 0.141

Hypertension, % 62.3±1.9 64.8±2.6 66.0±4.4 0.808 56.4±3.9 54.3±10.5 0.848

Dyslipidemia, % 45.4±1.9 50.7±2.5 47.1±4.7 0.495 35.4±3.3 38.4±10.4 0.777

Hypertriglyceridemia, % 46.9±2.3 40.1±3.1 44.2±4.8 0.446 60.4±4.1 47.6±10.7 0.262

Obesity, % 48.0±1.9 46.2±2.7 42.8±4.3 0.496 53.3±3.6 58.3±11.2 0.673

FHx of diabetes, % 47.2±2.1 51.8±2.9 41.7±4.5 0.070 42.6±3.9 43.9±11.3 0.913

Age at the diagnosis of diabetes, yr 54.6±0.6 55.6±0.7 51.4±1.0 <0.001

Duration of diabetes, yr 6.1±0.3 7.9±0.4 11.9±0.8 <0.001

Type of treatment

   OAD 66.1±2.0 96.6±1.0 94.7±2.1 0.399

   Insulin 3.7±0.6 2.8±0.8 13.1±2.7 <0.001

Income, 10,000 KRW 346.0±10.5 335.6±16.4 329.0± 23.9 0.817 422.6±22.0 387.0±73.1 0.647

High school graduation 53.4±2.3 48.2±3.1 44.1±4.3 0.426 67.2±3.6 67.0±8.6 0.979

Values are presented as mean or prevalence±standard error. Linear regression and logistic linear regression were performed without correction.
DM, diabetes mellitus; DR, diabetic retinopathy; BMI, body mass index; WC, waist circumference; SBP, systolic blood pressure; DBP, diastolic 
blood pressure; HbA1c, glycosylated hemoglobin; FPG, fasting plasma glucose; TC, total cholesterol; HDL-C, high-density lipoprotein choles-
terol; TG, triglyceride; LDL-C, low-density lipoprotein cholesterol; FHx, family history; OAD, oral anti-diabetic drug; KRW, Korean won. 
aP values for difference between patients with diabetic retinopathy and without diabetic retinopathy.
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aged 40 to 49 years, compared to the other age group (56.8% 
vs. 27.7%); in addition, more severe hyperglycemia, HbA1c 
level of ≥10% (86 mmol/mol), was prevalent in this age group. 
High diabetes unawareness in the young population has also 

been previously reported [24], which might be due to the low 
accessibility of health care services among younger members 
of the population [25]. Late detection of diabetes in the young 
population may also be linked to severe hyperglycemia at the 

Fig. 2. The cumulative prevalence of diabetic retinopathy according to glycosylated hemoglobin (HbA1c) value, in (A) total ages, 
(B) 40 to 49 years, (C) 50 to 59 years, (D) 60 to 69 years, and (E) ≥70 years. Values are presented as mean or prevalence±standard 
error. DM, diabetes mellitus; DR, diabetic retinopathy. aP values <0.05 compared with the prevalence of DR in known diabetic 
patients with the same HbA1c level.
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period of diagnosis of diabetes. In addition, the difference in 
pathogenesis in developing diabetes between young and old 
population has been suggested. Middle-age-onset patients 
have lower β-cell function compared with elderly-onset dia-
betic patients [26], and the time from T2DM diagnosis to 
β-cell deterioration and/or progression to exogenous insulin 
use is faster when the onset age is younger [27]. Moreover, 
younger patients with diabetes had poorer blood glucose con-
trol compared to older patients [28], which might be from 
their low compliance to drugs [29], a tendency to be more 
obese and more insulin resistant, and consequently requiring 
more aggressive treatment for diabetes management than old-
er patients [30]. Similar to patients with known diabetes, poor 
health management and obesity may also affect young patients 
with undiagnosed diabetes. It can result in individuals suffer-
ing from diabetes complications, as well as increasing the 
healthcare burden [31]. 

In the current study, patients with undiagnosed diabetes 
showed a tendency to have higher income and education status 
compared to those with known diabetes although it was not 
statistically significant, which was contrary to the previous 
studies [32,33]. It might be due to the difference in sex and age 
between known and undiagnosed diabetes group: the patients 
with undiagnosed diabetes were male-dominant (65.7% vs. 
56.8%) and younger compared to the patients with known dia-
betes (55.8 years vs. 63.4 years). 

DR progresses from mild non-proliferative abnormalities to 
moderate and severe non-proliferative diabetic retinopathy 
and proliferative diabetic retinopathy [34], leading to visual 
impairment and blindness [1]. Although DR treatments, such 
as laser photocoagulation, intravitreous injections of anti-vas-
cular endothelial growth factor (VEGF) and steroid agents, 
and vitreoretinal surgery prevent vision loss and improve vi-
sion, 40% to 50% of patients still do not respond sufficiently to 
these treatments [35]. In large prospective randomized studies, 
intensive management of glucose level and associated risk fac-
tors has been shown to prevent or slow the progression of DR 
as well as improve patient-reported visual function [36,37]. 
Therefore, early detection of diabetes and DR, and manage-
ment of the associated risk factors is essential in preventing vi-
sion loss due to DR [21]. 

In the current study, 10% of patients with undiagnosed dia-
betes had already developed DR. We confirmed that poor gly-
cemic control is a significant risk factor for DR also in patients 
with undiagnosed diabetes as well as those with known diabe-

tes, and the prevalence of DR reached 42.6% in undiagnosed 
diabetic patients with HbA1c levels ≥10.0%. In particular, as 
the patients with undiagnosed diabetes had higher blood glu-
cose level in younger age groups, the prevalence of DR in undi-
agnosed diabetes was relatively higher in those with age 40 to 
49 years compared to other age groups. Previous studies have 
also reported a higher risk of DR at younger ages [38,39]. Con-
sidering that the duration of diabetes would be relatively short 
at a young age, factors other than HbA1c levels and duration of 
diabetes might contribute to the high prevalence of DR in pa-
tients with undiagnosed diabetes at a young age. This may be 
due to poor management of metabolic factors affecting DR 
other than glucose levels at younger ages [40,41]. Moreover, 
the stronger response to VEGF in younger ages, and decrease 
in growth hormone and insulin-like growth factor 1 in older 
ages could have contributed to the higher DR prevalence in 
younger ages [39,42,43]. Considering that glucose level seems 
to be high and DR appears to be more prevalent among young-
er patients with undiagnosed diabetes, proper diabetes and DR 
screening is thought to be important, especially among young-
er individuals.

Nevertheless, this study has some limitations. First, we sim-
ply considered the existence of DR, and not the severity of DR. 
In addition, detection of DR was based on fundus photogra-
phy. Although fundus photography for DR screening has be-
come widely adopted worldwide [44] and its quality has been 
much improved [45], binocular slit-lamp ophthalmoscopy has 
remained a standard exam for DR. Second, since this study 
was based on cross-sectional data, it is impossible to know how 
the DR of patients with undiagnosed diabetes will progress in 
the future, compared to patients with known diabetes. Lastly, 
this study is difficult to generalize because our analysis was 
based on small number of Korean patients, within a limited 
period. Moreover, the unweighted number of patients with di-
abetes among participants aged <50 years was too small to 
gain a statistical significance. However, other previous studies 
have also reported that the risk of DR is high at a young age 
[38,39]. Furthermore, it is thought that this study has the 
strength of analyzing the prevalence of undiagnosed diabetes 
and DR across the population based on the KNHANES data, 
and in particular, identifying which patients are at high risk for 
undiagnosed DR. 

In conclusion, we found that about one third of patients with 
diabetes were unaware of their diabetes, and that 10% of them 
have already developed DR. Considering increasing the preva-
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lence of DR according to HbA1c level was found in patients 
with undiagnosed diabetes as well as those with known diabe-
tes, screening and early detection of diabetes and DR are im-
portant.
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