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Knowledge of the epidemiologic characteristics of end-stage kidney disease (ESKD) patients is essential. The trends in the preva-
lence, incidence, and mortality rates of ESKD were analyzed retrospectively using the Korean National Health Insurance Service-
National Sample Cohort database between 2006 and 2015. From 2006 to 2015, the incidence of ESKD decreased from 28.6 to 24.0
per 100,000 people and showed a decreasing pattern with or without diabetes mellitus. However, the incidence of those aged >75
years increased, as did the mean age at the onset of ESKD. From 2007 to 2015, the prevalence of ESKD increased in all age groups,
but particularly in those aged =75 years. The prevalence of ESKD differed by sex and diabetes mellitus status and this gap wid-
ened over time. Mortality rates in ESKD patients remained relatively constant throughout the study period. However, mortality

rates in ESKD without diabetes decreased over the same period.
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INTRODUCTION

End-stage kidney disease (ESKD) is a global problem and its
prevalence is increasing dramatically. An international compar-
ison of ESKD epidemiology showed that Korea ranked fourth
in the prevalence of ESKD and sixth in its incidence [1].

Type 2 diabetes mellitus (DM) is the leading causes of ESKD
worldwide. The high prevalence of type 2 DM coincides with a
high prevalence of diabetic kidney disease (DKD), as shown by
data from the National Health and Nutrition Examination
Survey [2]. This increase in prevalence of DKD is projected to
lead to a significant increase in patients with ESKD requiring
renal replacement therapy [3].

Trends in the prevalence and incidence of ESKD are impor-
tant for health care policy and planning. Although data on pa-

tients with ESKD have been collected in the ESKD registry of
the Korean Society of Nephrology since 1986 [4,5], this de-
pends on voluntary reports and requires supplementation of
unreported data. Therefore, this study evaluated the incidence,
prevalence, and mortality of ESKD in a large nationwide pop-
ulation-based cohort in Korea and examined differences in the
presence or absence of DM.

METHODS

Data source and study design

We conducted a retrospective population-based cohort study
using the National Health Insurance Service-National Sample
Cohort (NHIS-NSC) 2006 to 2015. The data comprise a na-
tionally representative sample of 1,021,208 individuals, or ap-
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proximately 2.2% of the Korean population in 2006. The data-
base contains information on demographic characteristics and
medical claims (including diagnostic and treatment codes).
Detailed information on NHIS-NSC can be found elsewhere
[6]. The study protocol was approved by the Institutional Re-
view Board of Ajou University Hospital, Suwon, Korea (Ap-
proval no. AJIRB-MED-EXP-19-347); the requirement for in-
formed consent was waived.

From this cohort, for each calendar year, we identified all in-
dividuals, aged >20 years, with a diagnosis of ESKD, defined
using chronic kidney disease (CKD; International Classifica-
tion of Disease, 10th edition code N18) or undergoing related
procedures for more than 3 months with special exemption
codes used in Korea at the same time (Supplementary Table 1).

Statistical analyses

For each calendar year, rates were expressed as crude and age-
standardized rates per 100,000 individuals. The crude rate was
calculated as the total number of incidence/prevalence/mor-
tality cases divided by the population of that year. The age-
standardized rates were directly age-sex standardized against
the weighted distribution of the 2011 population across sexes
and 5-year age groups from 20-24 to 85 years and above. An-
nual rates were also stratified by sex, age group, and DM status.
All statistical analyses were performed using SAS version 9.4
(SAS Institute, Cary, NC, USA).

RESULTS

Trends in ESKD incidence

The age- and sex-standardized incidence of ESKD decreased
slightly from 28.6 per 100,000 people in 2006 to 24.0 per 100,000
people in 2015. This overall decline was consistent across most
age groups. However, there was an increase in incidence in the
very elderly (=75 years) that made a meaningful contribution to
the overall burden (Fig. 1A, Supplementary Table 2). The mean
age of incident ESKD patients at the initiation of dialysis was
56.3 years in 2006, but it increased to 65.3 years in 2015 (Supple-
mentary Table 3). The incidence of ESKD with diabetes was also
13.8 times higher than the incidence of ESKD without DM in
2015. The incidence of ESKD with DM tended to decrease from
168.2 per 100,000 people in 2006 to 109.0 per 100,000 people in
2015, and the ESKD incidence without DM also decreased from
15.4 per 100,000 people in 2006 to 7.9 per 100,000 people in
2015 (Fig. 1C).
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Trends in ESKD prevalence

The age- and sex-standardized ESKD prevalence increased
steadily each year and was approximately 2.7-fold higher at
157.1 per 100,000 in 2015 than 57.8 per 100,000 in 2007. The
prevalence in each age group also increased, particularly in the
elderly (=75 years) (3.4-fold) (Fig. 1D, Supplementary Table 2).
The increases were greater in men than in women (Fig. 1E). The
prevalence of ESKD with DM was higher than that of ESKD
without DM, and the prevalence of ESKD with DM increased
steeply each year. The prevalence of ESKD with DM increased
progressively by 2.6-fold from 326.7 per 100,000 people in 2007
to 860.8 per 100,000 in 2015, and the prevalence of ESKD with-
out DM increased 1.4-fold from 27.7 per 100,000 people in 2007
to 39.3 per 100,000 people in 2015 (Fig. 1F).

Trend in mortality of patients with ESKD
The mortality rate of patients with ESKD, standardized by age
and sex, remained relatively stable during the study period,
ranging from 5.4% in 2007 to 4.3% in 2015 (Fig. 1G, Supple-
mentary Table 2). The differences in mortality rates between
men and women was up to two to three times higher in men
during 2010 to 2012, but was similar between 2013 and 2015
(Fig. 1H). The mortality rate of ESKD patients with DM did not
change significantly during the study, from 5.6% in 2007 to 4.3%
in 2015, while for ESKD patients without DM, the death rate
tended to decrease from 5.2% in 2007 to 2.6% in 2015 (Fig. 11).
During 2007 to 2015, the five leading causes of death in pa-
tients with ESKD accounted for 85.4% of all deaths and were
kidney-related disease (31.8%), DM-related disease (24.4%),
cardiovascular disease (17.2%), malignancy (10.4%), and
pneumonia (1.6%) (Fig. 2).

DISCUSSION

This study examined the trends in the incidence, prevalence,
and mortality rate of ESKD in Korea. The prevalence of ESKD
has increased rapidly in the last decade, particularly in the el-
derly and patients with DM. The annual incidence of ESKD
has increased slightly in the elderly but has decreased slightly
in other age groups. This is the first study to investigate the epi-
demiology of ESKD in Korea using the nationwide NHIS-NHS
claims database.

Annually increasing percentages of the aged and patients
with DM were the main causes of increases in the ESKD preva-
lence in Korea (Fig. 1). With aging, the human kidney becomes
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Fig. 2. The most common causes of death as proportions of all deaths in end-stage kidney disease patients (A), in end-stage kid-
ney disease patients with diabetes mellitus (B), and in end-stage kidney disease patients without diabetes mellitus (C) during 2007

to 2015.

much more vulnerable to some insults, which are already more
prevalent in some patients, such as those with hypertension or
DM [7,8]. Therefore, CKD is a substantial concern in the elder-
ly. In Korea, the CKD prevalence was 30.3% in patients with DM
aged >30 years and 39.0% in those aged >65 years [9]. In our
study, the prevalence of ESKD with diabetes in 2015 was 865.24
per 100,000 in patients aged >20 years and 947.29 per 100,000
in those aged =65 years. In patients with diabetes aged >30 years,
the prevalence of DKD increased from 8.4% to 12.4% between
2006 and 2015 (Supplementary Table 4).

ESKD incidence decreased slightly during the study period
despite the increased prevalence. Possible reasons for the de-
cline in ESKD incidence include improved management of risk
factors for kidney failure (e.g., hypertension, glycated haemo-
globin, and albuminuria) in diabetics or better treatment of
kidney disease, including the use of angiotensin-converting en-
zyme inhibitors or angiotensin-receptor blockers, which slow
the decline in kidney function in addition to lowering blood
pressure, thereby delaying the onset of ESKD [10,11].

In, conclusion, from 2006 to 2015, the incidence of ESKD in
Korea decreased slightly, while the prevalence of ESKD increased,
particularly in diabetic and elderly patients. Given the large
burden associated with ESKD, more effort is needed to prevent
and treat ESKD.

SUPPLEMENTARY MATERIALS

Supplementary materials related to this article can be found
online at https://doi.org/10.4093/dmj.2020.0156.
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Supplementary Table 1. List of diagnoses and procedures and their corresponding codes

Chronic kidney disease (ICD-10 codes)
ESKD-related procedure (procedure codes)

Special exemption codes

Mortality (ICD-10 codes)
Cardiovascular disease
Diabetes & Endocrine disease
Kidney & genitourinary disease
Malignancy

Pneumonia

N18.1,N18.2,N18.3,N18.4,N18.5,N18.9

02013 Artificial kidney dialysis [per one time]

02014 Materials used for artificial kidney dialysis and drug cost [per one time]

02016 Peritoneal dialysis [per one time]

07020 Hemodialysis [per session]

07021 Materials and drugs used for hemodialysis (excluding dialysis fluid) [per session]

07075 Continuous peritoneal perfusion-dialysis fluid exchange or catheter cleaning [per day]

07076 Continuous peritoneal perfusion-dialysis fluid exchange or catheter cleaning [per day]-
automatic peritoneal dialysis

07077 Continuous peritoneal perfusion-dialysis fluid exchange or catheter cleaning [per day]-
non-automatic peritoneal dialysis

09991 Hemodialysis

V001 Hemodialysis
V003 Peritoneal dialysis
V005 Kidney transplant

100-199
E00-E90
N00-N99
C00-C97
J12-J18

ICD-10, International Classification of Disease, 10th edition; ESKD, end-stage kidney disease.
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Supplementary Table 2. Incidence, prevalence, and mortality rates of end-stage kidney disease

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Incidence rate (per 100,000 individuals)

20-44 yr 9.3 8.9 8.5 8.2 6.5 10.1 53 9.0 52 7.1
45-64 yr 38.2 34.6 30.9 34.1 31.5 26.1 26.9 25.5 27.0 22,5
65-74yr 74.6 934 99.6 1104 68.2 69.9 79.4 79.7 73.0 68.9
275yr 58.5 88.0 694 1247 85.5 95.3 85.1 97.0 123.0 1229
All ages 28.6 30.4 283 329 25.0 25.6 23.7 258 25.1 24.0
Prevalence rate (per 100,000 individuals)
20-44 yr - 17.1 23.4 28.9 325 41.8 44.2 49.3 50.9 52.8
45-64 yr - 48.7 64.8 80.0 95.0 101.1 110.5 118.0 125.0 126.6
65-74yr - 159.1 2452  313.0 3327 3535 3782 407.7 4204  420.2
275yr - 153.4 1922 291.7 3353 3640 3829 4184 4652 527.1
All ages - 57.8 785 1004  113.7 1244 1326 1439 1522 157.1
Mortality rate (per 100 patients with ESKD)
20-44 yr - 1.4 3.1 0.0 0.8 1.8 1.7 1.6 2.6 1.5
45-64 yr - 9.3 9.2 54 4.1 59 55 4.8 7.2 5.6
65-74 yr - 11.0 16.1 11.8 17.2 15.0 9.8 12.0 12,5 9.6
>75yr - 222 19.4 222 28.3 20.2 22.8 25.0 20.3 20.1
All ages - 54 6.9 3.7 4.6 4.6 4.3 4.4 53 4.3

ESKD, end-stage kidney disease.
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Supplementary Table 3. Mean age of the study population and end-stage kidney disease diagnosis (years)

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Total population 44.0 44.6 45.0 45.4 45.8 46.2 46.5 46.8 47.2 47.5
Mean age of ESKD diagnosis 56.3 59.8 59.8 62.1 60.5 60.5 62.8 62.0 64.8 65.3
With diabetes mellitus 59.1 60.1 60.4 64.0 61.3 62.2 64.0 62.8 65.6 66.3
Without diabetes mellitus 52.6 59.1 58.2 56.4 58.3 54.7 58.0 58.1 60.6 60.8

ESKD, end-stage kidney disease.
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Supplementary Table 4. Prevalence of diabetic kidney disease in people with diabetes mellitus (per 100 people with diabetes)

2006 2007 2008 2009 2010 2011 2012 2013 2014 2015

Crude rate
Total 8.6 8.5 8.6 8.8 8.8 8.5 8.8 9.7 11.1 12.3
Men 8.6 8.8 8.9 9.2 9.3 8.9 9.4 10.1 11.6 12.9
Women 8.5 8.2 8.3 8.3 8.4 8.1 8.1 9.2 10.5 11.6
Age-standardized rate
Total 8.4 8.4 8.5 8.7 8.8 8.5 8.8 9.7 11.2 12.4
Men 8.6 8.8 8.9 9.2 9.3 8.9 9.4 10.1 11.6 12.9
Women 8.1 8.1 8.1 8.2 8.4 8.1 8.1 9.3 10.6 11.8

Standardized as population in 2011.
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