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DKD is prevalent among Korean patients with diabetes and is an independent risk factor for cardiovascular
morbidity and mortality. The prevalence of diabetes-related ESKD has been increasing during the past
decade.

Conclusion

* This study explored DKD prevalence, incidence, comorbidities, and management in Korea.
* We used data from the KNHANES (2019-2021) and the Korean NHIS (2008-2021).

* DKD was common in Korean patients and an independent cardiovascular risk factor.

* Diabetes-related ESKD rates have surged, especially in older adults, over the past decade.
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Background: To investigate the prevalence, incidence, comorbidities, and management status of diabetic kidney disease (DKD)
and diabetes-related end-stage kidney disease (ESKD) in South Korea.

Methods: We used the Korea National Health and Nutrition Examination Survey data (2019 to 2021, n=2,665) for the evaluation
of prevalence, comorbidities, control rate of glycemia and comorbidities in DKD, and the Korean Health Insurance Service-cus-
tomized database (2008 to 2019, n=3,950,857) for the evaluation of trends in the incidence and prevalence rate of diabetes-related
ESKD, renin-angiotensin system (RAS) blockers and sodium glucose cotransporter 2 (SGLT2) inhibitors use for DKD, and the
risk of atherosclerotic cardiovascular disease (ASCVD) and mortality according to DKD stages. DKD was defined as albuminuria
or low estimated glomerular filtration rate (¢GFR) <60 mL/min/1.73 m* in patients with diabetes mellitus.

Results: The prevalence of DKD was 25.4% (albuminuria, 22.0%; low eGFR, 6.73%) in patients with diabetes mellitus aged >30
years. Patients with DKD had a higher rate of comorbidities, including hypertension, dyslipidemia, and central obesity; however,
their control rates were lower than those without DKD. Prescription rate of SGLT2 inhibitors with reduced eGFR increased steadi-
ly, reaching 5.94% in 2019. Approximately 70% of DKD patients were treated with RAS blockers. The prevalence rate of diabetes-
related ESKD has been steadily increasing, with a higher rate in older adults. ASCVD and mortality were significantly associated
with an in increase in DKD stage.

Conclusion: DKD is prevalent among Korean patients with diabetes and is an independent risk factor for cardiovascular morbid-
ity and mortality, which requiring intensive management of diabetes and comorbidities. The prevalence of diabetes-related ESKD
has been increasing, especially in the older adults, during past decade.
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INTRODUCTION or diabetic nephropathy, which begin with early hyperfunc-

tion, followed by increased urinary albumin excretion and pro-

Diabetic kidney disease (DKD), an alteration in kidney func-
tion and structure attributed to diabetes mellitus (DM) [1], is
one of the major vascular complications in patients with both
type 1 DM and type 2 DM [2]. A classic clinical course of DKD

gressive decline in the kidney function, eventually progresses
to end-stage kidney disease (ESKD), was described about 40
years ago [3]. Although this description has been debated with
epidemiologic evidence and observations against the classic
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pattern, particularly in patients with type 2 DM [4,5], albumin-
uria and decreased kidney function are evidently strong risk
factors and predictors of advanced chronic kidney disease
(CKD) [6,7]. Accordingly, the diagnosis of DKD in clinical
practice generally consider albuminuria or low estimated glo-
merular filtration rate (eGFR), regardless of the typical histo-
pathological changes observed in diabetic nephropathy [8].

The increased prevalence of DKD is concurrent with the in-
creased prevalence of DM worldwide, with an estimated preva-
lence of approximately 20% to 40% with regional and ethnic
variations [2,9,10]. In South Korea, the prevalence of DKD was
approximately 30% in patients with DM in multiple literature
[11,12]; however, most of them were reported in the early 2010s,
which needs to be updated. Understanding the basic epidemiol-
ogy of DKD is essential for establishing policies for patient care,
and has a direct and indirect impact on DKD management.

DKD is a leading cause of ESKD, and a significant risk factor
for atherosclerotic cardiovascular diseases (ASCVD) [13,14].
Accordingly, optimal management of DKD comprises glycemic
control, optimal use of renoprotective drugs including renin-
angiotensin system (RAS) blockers and sodium glucose co-
transporter 2 (SGLT2) inhibitors, nutritional intervention, and
intensive management of cardiovascular risk factors [15,16].
However, decreased kidney function hampers the proper en-
gagement of antidiabetic drugs, requires multiple drug combi-
nations for hypertensive management, and often leads to possi-
ble drug-drug interactions [17,18]. Hemodynamic alterations
in DKD affects heart function in multiple ways [19]. Thus, opti-
mal management of DKD is critical for the prevention of ad-
vanced stages of CKD and ASCVD.

We aimed to investigate the recent prevalence of DKD and
diabetes-related ESKD, their changes, associated renal and car-
diovascular risk factors, and the current status of DKD manage-
ment in South Korea using representative nationwide cohorts.

METHODS

Study design and data sources

This study used two different nationwide epidemiologic data-
bases. The Korea National Health and Nutrition Examination
Survey (KNHANES) is a national surveillance system conduct-
ed by the Korea Centers for Disease Control and Prevention.
Briefly, the surveys collect information on medical health con-
ditions, health-related behaviors, health care utilization, bio-
chemical and anthropometric measures, nutritional status, and
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dietary behaviors through interviews and health examinations
of approximately 10,000 individuals annually. For the represen-
tative sample selection of the entire population of South Korea,
the surveys use a sampling plan of a multi-stage clustered prob-
ability design. More details have been described elsewhere [20].
This study used the 8th KNHANES dataset (KNHANES VIII,
2019 to 2021), comprising 22,559 individuals.

The Korean National Health Insurance Service (NHIS) co-
hort is a semi-dynamically constructed longitudinal cohort
based on the national medical insurance system, which in-
cludes information on the epidemiologic, social, and medical
information of approximately 50 million people covered by the
national health insurance in South Korea. Moreover, informa-
tion on participants’ demographics, medical and pharmaceuti-
cal records, medical procedures, hospitalizations, drugs, and
anthropometric and biochemical measurements from the na-
tional health examination program conducted biennially is
also included. The details of the cohort have been published
previously [21,22].

We used the KNHANES (2019 to 2021, number of DM pa-
tients aged >30 years, 2,665) database for the cross-sectional
evaluation of prevalence, comorbidities, optimal control rate
of diabetes and comorbidities in patients with DKD, and the
NHIS-customized database (2008 to 2019, number of DM pa-
tients aged =30 years in 2008 [1=2,019,979], and in 2019
[1=3,950,857]) for the longitudinal evaluation of the trends in
the incidence and prevalence of diabetes-related ESKD, RAS
blockers, and SGLT?2 inhibitors use for DKD, and risk of AS-
CVD and mortality according to DKD stages. This study was
approved by the Institutional Review Board at Soonchunhyang
University Gumi Hospital, Gumi, Korea (IRB No. 2023-03).
Written informed consent by the patients was waived due to a
retrospective nature of our study.

Definition of DKD and diabetes-related ESKD

DKD was defined as elevated urinary albumin excretion (albu-
minuria, urine albumin to creatinine ratio >30 mg/g) or a low
eGFR, less than 60 mL/min/1.73 m® in patients with DM. Glo-
merular filtration rate (GFR) was estimated using the CKD-Ep-
idemiology Collaboration (CKD-EPI) creatinine equation [23].
Owing to the lack of information on albuminuria, the preva-
lence of DKD was assessed only by the KNHANES, and not the
NHIS. ESKD was defined using the N18 code of the Interna-
tional Classification of Diseases 10th Revision (ICD-10) or ES-
KD-related procedures (07020, 07021, 07061, 07062, 07071,
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07072, 07073, 07074, 07075, R3280) in the NHIS database.
Special exemption codes (V001 hemodialysis, V003 peritoneal
dialysis, and V005 kidney transplant) for ESKD were mandato-
ry for defining ESKD.

Definition of comorbidities, ASCVDs, and mortality

The comorbidities of interest in the patients with DKD were
hypertension, dyslipidemia, obesity, and central obesity. Hyper-
tension was defined as systolic blood pressure (BP) =140 mm
Hg, or diastolic BP 290 mm Hg, or antihypertensive use. Hy-
percholesterolemia was defined as low-density lipoprotein cho-
lesterol (LDL-C) =160 mg/dL or use of lipid-lowering drugs.
Dyslipidemia was defined as LDL-C =160 mg/dL or triglycer-
ide 2200 mg/dL or high-density lipoprotein cholesterol <40
mg/dL in men <50 mg/dL in women, or use of lipid-lowering
drugs. Obesity was defined as a body mass index of >25 kg/m’,
and central obesity was defined as a waist circumference of 290
cm in men 285 cm in women. Diabetic retinopathy was de-
fined using funduscopic examination in the KNHNANES VIII
program (n=>544). During the survey period, a total of 544 par-
ticipants underwent ophthalmoscopic retinal examination.
Two ophthalmologists read the images and defined diabetic
retinopathy when retinal findings were consistent with nonpro-
liferative diabetic retinopathy, proliferative diabetic retinopathy
and macular edema. The cardiovascular outcomes of interest
included myocardial infarction (MI), stroke, and cardiovascu-
lar death. In the NHIS, MI was defined as hospitalization for
MI (identified using ICD-10 codes 121-122). Ischemic stroke
was defined as hospitalization for stroke (identified using ICD-
10 code 163) plus brain imaging studies. Cardiovascular death
was defined as death from CVD (ICD codes 100-199). In the
KNAHNES, ASCVD (M]I, angina, or stroke) was defined using
questionnaires based on the diagnosis by clinicians.

Statistical analysis

The prevalence of DKD was estimated by the number of DKD
patients divided by the number of DM patients, based on the
cross-sectional information of the KNHANES VIII (2019 to
2021). The prevalence and control rates of comorbidities were
compared between DM patients with and without DKD. Trends
in the prevalence and incidence rates of diabetes-related ESKD
were estimated annually between 2008 and 2019 using the NHIS-
customized database. The prevalence and incidence rates were
estimated as age, and sex-standardized rates per 100,000 indi-
viduals as a reference to the patients with DM in 2011. Stan-
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dardized rates of prevalence and incidence were also stratified
by age groups (30-59, 60-79, and >80 years). The prescription
rate of SGLT?2 inhibitors and RAS blockers between 2014 and
2019 were estimated by the number of DKD patients who had
received the drugs divided by the number of all DKD patients
each year based on the NHIS-customized database. In this case,
DKD was only defined as low eGFR (<60 mL/min/1.73 m?)
owing to the lack of information on albuminuria in the NHIS.
DKD stages 3 and 4 were defined as eGFR of 30-59 and 15-29
mL/min/1.73 m? respectively. The risks of ASCVD and death
according to eGFR were estimated using Cox-proportional re-
gression analysis. Cox-proportional hazards regression analysis
was performed to evaluate the hazard ratio (HR) across the cat-
egories of eGFR such as 290, 60-89, 30-59, <30 mL/min/1.73
m’, and ESKD. Adjusted model was adjusted for sex, age, body
mass index, smoking, alcohol consumption, exercise, hyperten-
sion, and dyslipidemia.

Data on various lifestyle habits, such as smoking status, alco-
hol consumption, and physical activity levels, were collected
using structured questionnaires. In NHIS, we utilized data re-
garding smoking status and alcohol habits gathered from self-
reported surveys conducted during national health screenings.
The questions about smoking habits and smoking status in-
cluded categories like current alcohol drinker, non-drinker and
current smoker and non-smoker. Regular physical activity was
identified as engaging in moderate exercise for at least 5 days
per week or intense exercise for a minimum of 3 days per week.

The primary outcome was development of MI and stroke
between January 1, 2012 and December 31, 2018 in each par-
ticipant. In addition, the secondary outcome of this study was
the presence of newly death between January 1, 2012 and De-
cember 31,2019 in each participant.

The HR and 95% confidence intervals (CIs) for the main
outcomes were estimated employing a multivariate Cox regres-
sion model. A prior diagnosis of ischemic heart disease and MI
was ascertained based on the classifications 120-25 and 121-22.
This was done if there were multiple diagnoses recorded either
during hospital admissions or in outpatient settings. Data re-
garding the date and primary cause of mortality were acquired
from the National Mortality Database using individual resident
identification numbers. The reasons for death were classified
according to the ICD-10 coding system.

A 5% level of significance was used to test statistical signifi-
cance, and all statistical analyses were performed using SAS
software version 9.4 (SAS Institute, Cary, NC, USA).
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Fig. 1. Prevalence of diabetic kidney disease (DKD) in South Korea-Korea National Health and Nutrition Examination Survey
database 2019 to 2021. (A) Prevalence of DKD (aged =30 years). (B) Proportion of DKD with and without albuminuria. (C)
Prevalence of DKD by age groups. (D) Distribution of age in DKD.

RESULTS

Prevalence of DKD

The prevalence of DKD among patients with DM aged =30
years was 25.4% (Fig. 1A), indicating that the estimated number
of DKD patients in the entire Korean population is 1,309,900.
Albuminuria and low eGFR (CKD stage 3 or higher) were re-
ported in 22.0% (estimated number=1,133,716) and 6.7% (esti-
mated number =362,249) of patients with DM, respectively. The
estimated number of DKD without albuminuria was 176,184,
which was 3.4% of the entire patients with DM, and 13.4% of
patients with DKD (Fig. 1B). The estimated number of DKD
patients in the entire Korean population is approximately 1.3
million. DKD is more prevalent with increasing age; 9.6%,
22.8%, and 37.3% of patients with DM are in the age groups of
30, 60, and =70 years, respectively (Fig. 1C). Moreover, the pro-
portion of older adults among patients with DKD was high:
41.7% aged =70 years and 66.9% aged 260 years (Fig. 1D).

Prevalence and management of comorbidities in DKD
patients

Hypertension and dyslipidemia were the most common co-
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morbidities in patients with DKD (73.6% had hypertension
and 82.3% had dyslipidemia) (Fig. 2A). The prevalence of hy-
percholesterolemia (defined as LDL-C =160 mg/dL or use of
lipid-lowering drugs) was 46.2%. The obesity and abdominal
obesity rates were 53.2% and 65.4%, respectively. The preva-
lence of these comorbidities was higher in patients with DKD
than in those without DKD, except obesity. Fig. 2B illustrates
the control rates of blood glucose levels and comorbidities in
patients with and without DKD. The control rate of glycosylat-
ed hemoglobin (HbAlc) below 7.0% was 44.1% in patients
with DKD, which was lower than 59.5% in patients without
DKD. Among patients with DKD, the rate of HbAlc control
below 6.5% was 24.0%, and the rates of systolic BP control be-
low 140/90 and 130/80 mm Hg were 65.6% and 38.1%, respec-
tively. The rates of LDL-C control at <100 mg/dL were 61.3%
and below 70 mg/dL was 28.1%, respectively. Unlike other pa-
rameters, the rate of LDL-C control in patients with DKD was
higher than that in patients without DKD. The rate of compre-
hensive control of HbAlc, BP, and LDL-C was only 20.5%,
while the rate was only 3.6% when strict criteria were used
(HbAlc <6.5%, BP <130/80 mm Hg, and LDL-C <70 mg/dL)
in patients with DKD. Diabetic retinopathy was assessed based

Diabetes Metab ] 2024;48:463-472  https://e-dmj.org
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Fig. 2. Prevalence and control rate of comorbidities in patients with and without diabetic kidney disease (DKD)-Korea National
Health and Nutrition Examination Survey database 2019 to 2021. (A) Prevalence of comorbidities in patients with and without
DKD. (B) Optimal control rate of hyperglycemia and comorbidities in patients with and without DKD. Comprehensive control
rate (1) indicates the proportion of patients whose glycosylated hemoglobin (HbAlc) <6.5%, blood pressure (BP) <130/80 mm
Hg, and low-density lipoprotein-cholesterol (LDL-C) <70 mg/dL. Comprehensive control rate (2) indicates the proportion of pa-
tients whose HbAlc <7.0%, BP <140/90 mm Hg, and LDL-C <100 mg/dL.

on a fundus examination conducted during the KNHANES
VIII. The prevalence of diabetic retinopathy in patients with
DKD aged 40 to 59 years was 43.4%, which was more than
twice the prevalence of 19.4% in patients without DKD. The
prevalence of ASCVD coexistence was 14% in DKD patients
aged >30 years and 19% in DKD patients aged >65 years.

Trends in the incidence and prevalence of diabetes-related
ESKD

Fig. 3A and Supplementary Table 1 show the age, and sex-stan-
dardized prevalence and incidence of diabetes-related ESKD

https://e-dmj.org  Diabetes Metab J 2024;48:463-472

between 2008 and 2019. The incidence rate has remained con-
stant (201.5-235.1 per 100,000 person-years) since 2008, where-
as the prevalence rate has been steadily increasing. The preva-
lence of diabetes-related ESKD increased by 19.1% over 11
years, from 982.0 per 100,000 person-years in 2008 to 1,169.3
per 100,000 person-years in 2019. The prevalence rate of diabe-
tes-related ESKD has increased in all age groups (Fig. 3B); how-
ever, the increase in the incidence rate was observed only in old-
er adults aged >80 years (Fig. 3C).
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Fig. 3. Trends in the prevalence and incidence rate of diabetes-related end-stage kidney disease (ESKD)-National Health Insur-
ance Service (NHIS) database 2008 to 2019. (A) Age, and sex-standardized prevalence and incidence rate of diabetes-related

ESKD. (B) Prevalence rate of diabetes-related ESKD by age group. (C) Incidence rate of diabetes-related ESKD by age group.

Trends in renoprotective drug use in patients with reduced
kidney function

The prescription rate of SGLT2 inhibitors in patients with re-
duced eGFR has been steadily increasing but remains relatively
low (Fig. 4A, Supplementary Table 2). The prescription rate for
SGLT?2 inhibitors was 5.94% in 2019. The prescription rate of
RAS blockers was steady from 2014 to 2019, used by approxi-
mately 70% of patients with DKD (Fig. 4B). This finding is sim-
ilar to that of the coexistence of hypertension in patients with
DKD.

Cardiovascular disease and mortality risk in patients with
DKD

Decreased kidney function was a significant risk factor for AS-
CVD and mortality (Table 1). The risk of MI and stroke in-
creased linearly with increasing DKD stage. The risk of MI was
1.6-fold higher (adjusted HR, 1.60; 95% CI, 1.54 to 1.66) in
stage 3 DKD patients and 3-fold higher (adjusted HR, 3.00; 95%
CI, 2.77 to 3.25) in patients with stage 4 or higher DKD than in
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those with normal kidney function. The corresponding risks of
stroke were 1.47- and 2.25-fold, respectively. Analysis of mor-
tality risk showed similar results, particularly highlighting the
close association between DKD stage and cardiovascular death.
The risk of cardiovascular disease mortality was 2.05-fold high-
er in stage 3 patients with DKD, 4.64-fold higher in stage 4 or
higher patients, and 7.27-fold higher in patients with ESKD
than in those with normal kidney function. The corresponding
risks of all-cause death were 1.50-, 3.90-, and 7.40-fold higher,
respectively.

DISCUSSION

This study reported several key statistics related to DKD and
diabetes-related ESKD in South Korea. Among patients with
DM aged >30 years, 25.4% had DKD with 22.0% of albumin-
uria, and 6.7% of a low eGFR. Among those aged >70 years,
37.3% had DKD. Patients with DKD had higher rates of car-
diometabolic comorbidities than those without DKD; howev-
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kidney disease National Health Insurance Service database 2014 to 2019. DKD, diabetic kidney disease.

Table 1. Risk of atherosclerotic cardiovascular disease and mortality according to eGFR

eGFR, mL/min/1.73 m?

Variable
>90 60-89 30-59 <30 ESKD
Myocardial infarction
Incidence rate® 3.0 4.5 8.1 15.7 19.9
Unadjusted HR 1.00 (ref) 1.52 (1.48-1.57) 2.74 (2.64-2.84) 5.31(4.91-5.74) 6.67 (5.96-7.46)
Adjusted” HR 1.00 (ref) 1.15(1.11-1.19) 1.60 (1.54-1.66) 3.00 (2.77-3.25) 4.87 (4.35-5.45)
Stroke
Incidence rate® 4.0 6.9 12.7 19.7 22,5
Unadjusted HR 1.00 (ref) 1.72 (1.68-1.76) 3.17 (3.08-3.27) 491 (4.58-5.27) 5.56 (5.00-6.19)
Adjusted® HR 1.00 (ref) 1.13 (1.10-1.16) 1.47 (1.42-1.52) 2.25 (2.09-2.42) 3.85 (3.46-4.28)
Cardiovascular death
Incidence rate® 1.2 2.7 7.6 16.2 13.7
Unadjusted HR 1.00 (ref) 2.44 (2.33-2.55) 6.86 (6.53-7.20) 15.03(13.73-16.44)  12.83 (11.03-14.92)
Adjusted” HR 1.00 (ref) 1.20 (1.14-1.26) 2.05(1.94-2.17) 4.64 (4.23-5.10) 7.27 (6.24-8.46)
All-cause death
Incidence rate® 7.6 14.2 323 76.5 84.7
Unadjusted HR 1.00 (ref) 1.87 (1.83-1.90) 4.28 (4.20-4.37) 10.47 (10.06-10.90)  11.69 (11.00-12.42)
Adjusted® HR 1.00 (ref) 0.99 (0.97-1.01) 1.50 (1.47-1.54) 3.90 (3.74-4.07) 7.40 (6.96-7.87)

eGFR, estimated glomerular filtration rate; ESKD, end-stage kidney disease; HR, hazard ratio.
“Incidence rate per 1,000 person-years, "Adjusted for sex, age, body mass index, smoking, alcohol consumption, exercise, hypertension, and dys-

lipidemia.

er, the control rates were lower. The prescription rate of RAS
blockers exceeded 70%, while the prescription rate of SGLT2
inhibitors remained low (only 6% in 2019) among patients
with DKD. The incidence of diabetes-related ESKD has re-
mained steady over the past 10 years, whereas its prevalence
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rate has been continuously increasing.

DKD prevalence was reported by analyzing the 2011 KNHAN
ES data. Among patients with DM, the prevalence of albumin-
uria was 26.7% and low eGFR was 8.6% [12]. In the current
study, the results show a small decrease in albuminuria to 22.0%
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and low eGFR to 6.7%, compared to the previous study. This
might be, in part, due to the characteristics of the KNHANES
program which uses different samplings in different periods. In
addition, a total target population of each period of KNHANES
is about 10,000 individuals, including only around 2,000 diabe-
tes patients. Therefore, it is difficult to consider these results as
fully representative of all diabetes patients in Korea. Therefore, it
is cautious to conclude that the prevalence of DKD is decreasing.
Nevertheless, compared with multiple previous reports [11,12],
it appears that the prevalence of DKD in Korea over the past 10
years at least has not increased significantly. This is somewhat
surprising since the prevalence of DM in Korea has been contin-
uously increasing, and the proportion of elderly population
among them has also been increasing [24]. Thus, it is likely that
there have been improvements in the prevention and manage-
ment of DKD. In addition, this study confirmed that age was a
significant factor in the occurrence of DKD, as the prevalence of
DKD increased linearly with age. DKD was reported in 9.6%
and 37.3% of patients with DM in the age groups of 30 and >70
years, respectively. Two-thirds of all DKD patients were aged
260 years, necessitating more rigorous DKD prevention and
management for older patients.

In this study, the prevalence of DM with reduced eGFR with-
out albuminuria, the so-called normoalbuminuric DKD, 3.4%
among DM patients and 13.4% among DKD patients, which is
lower than those reported by other countries [25,26]. However,
several epidemiologic studies have indicated that the preva-
lence of albuminuria declined while that of a reduced GFR in-
creased [9,27]. Some possible explanations include the wide in-
troduction of RAS blockers, specifically in older patients with
multiple cardiovascular risk factors [2]. Ethnic differences or
nondiabetic etiologies for the development of CKD might also
be involved [1]. The increasing use of SGLT?2 inhibitors, which
lower albuminuria or prevent the progression of albuminuria,
is expected to change the phenotype of DKD in the near future.
Because we do not have sufficient secular information on the
prevalence of DKD, we are unsure whether normoalbuminuric
DKD has been increasingly prevalent in South Korea, which
requires further investigation.

As anticipated, the comorbidity rate among the patients with
DKD was high. Of these patients, 73.6% had hypertension,
82.3% had dyslipidemia, and 65.4% had central obesity, all of
which were higher than in patients without DKD. The control
rates of HbA1c and BP were also unsatisfactory in patients with
DKD. Only 24% of patients achieved the target HbAlc level
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(<6.5%), and the rate of achieving the target BP (<130/80 mm
Hg) was only 38.1%. Patients with DKD were evaluated to have
a high risk of ASCVD, thus requiring an optimal LDL-C target
of less than 70 mg/dL according to the current guidelines for
dyslipidemia management [28]. However, only 28.1% of the
patients reached the target LDL-C level. Interestingly, the LDL-
C target achievement rate in patients with DKD was higher
than that in patients without DKD. Previous studies have also
observed that CKD patients have lower LDL-C levels than the
general population, possibly due to the Friedewald formula
underestimating LDL-C levels in CKD patients [29]. More ag-
gressive lipid-lowering medication use may have been com-
mon in patients with DKD. Nonetheless, only 2.7% of the pa-
tients achieved all strict target levels for metabolic indicators
(HbAlc <6.5%, BP <130/80 mm Hg, and LDL-C <70 mg/dL),
indicating the need for more aggressive management.

Currently, SGLT?2 inhibitors are the first line of treatment for
patients with DKD according to current diabetes management
guidelines [15,16]. The aggressive recommendation for SGLT2
inhibitors in patients with DKD was introduced in the Korean
Diabetes Association clinical guidelines in 2021. Before 2021,
the use of SGLT?2 inhibitors was not recommended to patients
with an eGFR <60 mL/min/1.73 m’ by the regulation of the
Korean Ministry of Food and Drug Safety, which may explain
the low prescription rate of SGLT?2 inhibitors before 2021. Ac-
cording to the recent reports indicating more prevalent use of
SGLT?2 inhibitors than before in South Korea, it is expected to
increase in the use of SGTL2 inhibitors in patients with DKD
as well as DM.

DM is the most common cause of ESKD in many developed
and developing countries, including South Korea [30,31]. In
this study, the prevalence of diabetes-related ESKD continued
to increase. The incidence of diabetes-related ESKD remains at
approximately 200 per 100,000 person-years or may even de-
crease slightly. Specifically, the incidence and prevalence rates
increased in the population aged >80 years, whereas in those
aged <80 years, the incidence rate gradually decreased. These
findings can be interpreted in several ways. The increase in the
prevalence of diabetes-related ESKD is likely due to an increase
in the prevalence of DM as well as an increase in the lifespan of
patients with diabetes. The decrease in the incidence rate in pa-
tients aged <80 years could be attributed to increased health
screening, leading to an earlier diagnosis of DM and delayed
progression of DKD. Nevertheless, the continuous increase in
the incidence rate in patients aged >80 years highlights the
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need for more proactive management of DKD risk factors over
an extended period.

A decline in kidney function is an independent risk factor
for ASCVD and mortality [6,13] consistent with the findings
of this study. Patients with DKD stage 3 had a 1.6 times higher
risk of MI, 1.47 times higher risk of stroke, 2.05 times higher
risk of cardiovascular death, and 1.5 times higher overall mor-
tality risk than those with normal kidney function. As DKD
progresses to ESKD, these risks further increase. The low con-
trol rates of comorbidities in patients with DKD might have
contributed to increased morbidity and mortality risks.

This study has some limitations. First, the definition of DKD
simply relies on the presence of albuminuria or low eGFR in
patients with DM; therefore, the exact terminology of DKD is
CKD in DM or diabetes-related CKD. However, most epide-
miological studies generally accept this somewhat imprecise
definition because of difficulties in the precise discrimination
between DKD and CKD in patients with DM with other etiol-
ogies in routine clinical practice. Second, information on albu-
minuria was not included in the NHIS database, and trends in
the prevalence and incidence of DKD were not determined.
Third, the number of patients with DM was approximately
2,000 in the KNHANES VIII, which may not guarantee suffi-
cient power to detect precise statistics on DKD.

This study reported recent statistics on DKD and diabetes-
related ESKD in South Korea. This would serve as fundamen-
tal data for the future treatment and management of patients
with DKD.
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Supplementary Table 1. Trends in the prevalence and incidence of diabetes-related ESKD-NHIS database (2008 to 2019)

Variable 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019
Prevalence rate® of diabetes-related ESKD
230 yr 982.0 989.7 9884 11,0043 1,030.6 11,0523 1,082.1 1,103.0 1,1264 11,1358 1,146.5 1,169.3
30-59 yr 1,0949 11,0814 11,0750 1,082.1 1,096.6 11,1164 11,1504 11,1643 11,1622 1,153.8 1,161.7 1,169.2
60-79 yr 962.6 983.7 983.8 1,003.1 1,040.2 10656 1,0899 1,120.5 1,162.6 1,1832 11,1986 12324
=80 yr 418.2 494.8 514.6 544.2 563.9 587.1 661.4 688.1 758.9 815.9 837.3 902.2
Incidence rate® of diabetes-related ESKD
>30yr 235.1 2245 206.9 2132 2133 202.6 207.5 216.1 219.8 207.4 200.1 201.5
30-59 yr 241.7 2242 2134 2144 214.0 199.1 205.4 2149 208.1 198.6 191.1 187.9
60-79 yr 238.4 2289 208.2 216.2 217.7 210.2 210.9 219.6 2279 214.9 207.0 211.1
=80 yr 170.4 187.7 155.4 185.0 184.3 180.8 209.6 221.2 258.1 244.0 244.8 259.0

ESKD, end-stage kidney disease; NHIS, National Health Insurance Service.
*Age- and sex-standardized rates.
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Supplementary Table 2. Prescription rates of SGLT2 inhibitors and RAS blockers in DKD patients (2012 to 2019)

2012 2013 2014 2015 2016 2017 2018 2019
Prescription rate of SGLT?2 inhibitors
DKD stage (eGFR, mL/min/1.73 m?)
DKD stage 1 (=90) - - 0.24 2.45 0.41 9.06 11.89 14.71
DKD stage 2 (60-89) - - 0.15 1.51 3.33 5.64 7.35 9.24
DKD stage 3 (30-59) - - 0.12 1.08 2.29 3.89 4.95 6.34
DKD stage 4 (15-29) - - 0.09 0.59 1.17 2.13 2.6 3.17
ESKD (<15) - - 0.03 0.21 0.58 0.76 1.28 1.99
DKD (<60) - - 0.11 1.02 2.16 3.65 4.65 5.94
Prescription rate of RAS blockers
DKD stage (eGFR, mL/min/1.73 m*)
DKD stage 1 (=90) 43.18 43.82 44.27 43.62 3.26 43.22 43.42 43.93
DKD stage 2 (60-89) 51.89 52.83 53.34 52.97 52.55 52.13 52.06 52.33
DKD stage 3 (30-59) 71.08 71.58 72.1 71.78 70.73 70.07 69.31 69.88
DKD stage 4 (15-29) 85.67 8.77 83.86 85 83.67 81.67 81.48 80.71
ESKD (<15) 70.51 69.67 67.79 66.41 65.92 64.18 63.26 62.1
DKD (<60) 71.96 67.09 72.76 72.49 71.43 70.66 69.92 70.34

SGLT2, sodium glucose cotransporter 2; RAS, renin-angiotensin system; DKD, diabetic kidney disease; eGFR, estimated glomerular filtration

rate; ESKD, end-stage kidney disease.
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