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Background: The Korean Society of Nephrology (KSN) has maintained a nationwide end-stage renal disease (ESRD) registry data
from Korean Renal Data System (KORDS) since 1985, as the representative registry of ESRD patients in Korea. This review is aimed
to update the status of domestic ESRD and to provide evidence on the direction of dialysis therapy.

Methods: The KORDS Committee of KSN has collected data on dialysis centers and patients through an online registry program, and
the data from 1986 to 2019 were analyzed.

Results: The incidence and prevalence of ESRD patients in Korea are increasing. The ESRD population numbered more than
100,000 in 2019, doubling during the 10 years since 2010. The proportion of diabetes mellitus as a major cause of ESRD seems to
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have reached a plateau. The increasing number of elderly dialysis patients is a constant trend, with more than half for the proportion
of patients older than 65 years old in 2019. All-cause mortality decreased for the last approximately 20 years, regardless of sex, age,
and cause of ESRD. The 5-year patient survival rate in both hemodialysis and peritoneal dialysis increased from 2001 to 2013. Since
2013, the patient survival rates in peritoneal dialysis were similar to those in hemodialysis. Cardiovascular complications were the

leading cause of death in ESRD patients.

Conclusion: The incidence and prevalence of Korean ESRD patients have increased over time, although patient survival has also
steadily increased. The establishment of a surveillance method to address the major cause of mortality in ESRD patients will help

improve outcomes.
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Introduction

The incidence and prevalence of end-stage renal disease
(ESRD) requiring renal replacement therapy (RRT) either by
dialysis or kidney transplantation (KT) have progressively
increased in countries around the world, including Korea
[1,2]. Identifying ESRD incidence and prevalence is of vast
importance so that policymakers and health care providers
can develop public health care plans for ESRD patients. The
Korean Society of Nephrology (KSN) launched a nationwide
ESRD patient registry, Korean Renal Data System (KORDS),
in 1985, which has continued for over 35 years. The goals
of the KORDS are as follows: (1) to estimate the numbers
and distributions of ESRD patients; (2) to determine the
characteristics of ESRD and dialysis therapy and their
complications or outcomes based on scientific evidence;
and (3) to improve the quality of dialysis therapy and
support public health decisions related to ESRD [3]. Every
year, the KSN releases an annual report from KORDS, which
presents an overview of the incidence and prevalence of RRT
including KT, the characteristics of patients, and the survival
of patients on RRT in Korea. In this article, we provide a
summary of the 2019 KORDS annual report. This article
presents the most recent data on the epidemiology of RRT
for ESRD, which focuses on the incidence and prevalence
of RRT and ESRD mortality trends in Korea. More detailed
data from the KORDS are available through the KSN website
(http://www.ksn.or.kr).

Methods

The KORDS was populated with responses from mailed
paper questionnaires from 1985 to 1994. An electronic

questionnaire with dial-up modem file transfer or diskette
mailing was used from 1995 to 2000 [4]. An internet-
based questionnaire for dialysis patient registry has been
administered by the KSN since 2001 via an online registry
program on the KSN website and is updated yearly [5].
Enrollment in the registry is voluntarily updated by members
of the KSN. The registry program has collected data throughout
the years, and the collected data include dialysis center
information, dates of hemodialysis (HD) or peritoneal dialysis
(PD) initiation, newly developed comorbid diseases, vascular
access, dialysis doses, medications including erythropoiesis-
stimulating agents and phosphorus-controlling agents,
laboratory data, dialysis adequacy, rehabilitation status,
and outcomes for each patient on HD, on PD, or who had
undergone KT. Among these data, this study analyzed the
changes in incidence and prevalence rates and outcomes in
ESRD patients from 1986 to 2019. Because the survival data
from 1986 to 2000 were insufficient, the analyses of incidence
and prevalence of ESRD patients were performed from
1986 to 2019, but the analyses of outcomes were performed
from 2001 to 2019. The KT recipients were excluded from
outcome analysis. A flow diagram for patient selection is
presented in Supplementary Fig. 1 (available online). Trends
in mortality rates are presented for the patients treated
each year according to the number of patient-years at risk.
Unadjusted survival rates were calculated using the Kaplan-
Meier method, and absolute mortality rates were presented
per 1,000 person-years of follow-up. All statistical analyses
of survival data were analyzed using SAS (version 9.4; SAS
Institute, Cary, NC, USA) and R (version 4.0.1; R Foundation
for Statistical Computing, Vienna, Austria).
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Results
Incidence and prevalence of RRT in adults in Korea

At the end of 2019 in Korea, the total number of new
patients who started RRT for ESRD was 18,642, comprising
15,587 (83.6%) with HD, 762 (4.1%) with PD, and 2,293
(12.3%) with KT (Fig. 1A). The total number of patients
starting RRT was more than 10,000 in 2011, illustrating the
continuously increasing trend. In particular, the proportion
of ESRD patients who selected HD as the initial treatment
modality was steadily growing. The percentage of incident
HD patients increased from less than 70% before 2008 to
more than 80% after 2014 and was maintained at around
85% in 2019 (Fig. 1B). The number of incident PD patients
decreased significantly compared to the past and has
remained around 800 in recent years, a 4% incidence.
Although the number of KT recipients gradually increased,
the proportion was maintained at 12% to 14%.

Consistent with the trend of ESRD incidence, the prevalence
of RRT was increasing (Fig. 1C), finally surpassing 100,000
patients at the end of 2019. Among a total of 108,873 patients

PD 5,960 (5.5%)

receiving RRT, 81,760 (75.1%) were receiving HD, 5,960 (5.5%)
PD, and 21,153 (19.4%) KT. The prevalence of ESRD has
doubled since 2010, with Korea ranking sixth in the world with
an incidence of 1,816 per million population (Fig. 1D, data
extracted from the United States Renal Data System Annual
Report [1]).

Underlying causes of ESRD and status of the elderly
dialysis population

Over the past three decades, the three leading causes of
ESRD in Korea were diabetes mellitus (DM), hypertension
(HTN), and chronic glomerulonephritis (GN). The
proportion of DM patients increased from 1992 (19.5%) to
2012 (50.6%). Currently, DM (48.4%) is the most common
cause of ESRD in Korea (Fig. 2A). Although this increase
has plateaued since 2012, it was still higher than that in
Japan or the United States [1,6]. The percentage of ESRD
patients who had a kidney disease of unknown origin still
exceeds 10% in recent years. In addition, the percentages
of primary diseases such as polycystic kidney disease and
miscellaneous diseases have remained constant.
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Figure 1. Incidence and prevalence of renal replacement therapy in Korea. (A) Annual incidence of RRT in Korea. (B) Proportion of
renal replacement modalities (annual incidence from 1986 to 2019). (C) Annual prevalence of RRT in Korea. (D) The current status of
RRT (per million population) in Korea through internal comparisons.
HD, hemodialysis; KT, kidney transplantation; PD, peritoneal dialysis; RRT, renal replacement therapy.
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Figure 2. Prevalent percentages based on underlying cause
of end-stage renal disease and age distribution in Korea. (A)
Underlying causes of ESRD. (B) Mean ages of dialysis patients
according to primary renal disease. (C) The proportion of dialysis
patients over 65 years old.

DM, diabetes mellitus; ESRD, end-stage renal disease; GN,
glomerulonephritis; HTN, hypertension.

Currently, there is a trend toward an increasing elderly
population in Korea. In 2017, Korea achieved an aged
society, with 14.02% of the population older than 65 years,

and the country is rapidly approaching a super-aged society.
Statistics Korea forecast that Korea will be a super-aged
society in 2025 [7]. Regarding this aging trend, the dialysis
population was consistent with the general population. The
mean age of the overall dialysis population was 65.0 years
in 2019 (Fig. 2B). The mean ages of patients who required
dialysis due to DM and HTN were 67.2 and 66.1 years,
respectively, higher than the 59.0 years reported by chronic
GN. Finally, the proportion of dialysis patients over 65 years
of age in Korea exceeded 50% in 2019 (51.9%) (Fig. 2C).
The proportion of dialysis patients aged 65 years and older
increased from approximately 25% in 2005 to more than 50%
in 14 years. The proportion of patients on dialysis for more
than 10 years was 9.0% for HD and 2.9% for PD 20 years ago,
increasing to 19.3% for HD and 12.5% for PD 10 years later.
At present, about 40% of HD patients and 50% of PD patients
have been on dialysis for more than 10 years.

Distribution of dialysis machines

The increased total number of ESRD patients was mainly
related to the rapid increase in HD patients, which led to
an increase in the number of HD centers in Korea. At the
end of 2019, the number of HD centers exceeded 1,000, and
the number of HD machines exceeded 30,000 (Fig. 3). The
number of HD machines per HD center has been maintained
at 27 to 29 for about 10 years.

All-cause mortality and survival rates by treatment
modality

A total of 149,947 eligible incident and prevalent dialysis
patients between 1 January 2001 and 31 December 2019
was analyzed. During the median follow-up period of 34.8
months, 30,852 patients undergoing HD (23.8%) and 8,429
patients undergoing PD (33.0%) died, and mortality rates
were 50.7 for HD and 89.3 for PD per 1,000 patient-years,
respectively. In 2001, the unadjusted mortality rate for
overall dialysis patients was 122.5 per 1,000 patient-years.
By dialysis modality, mortality rates were 119.3 for HD
patients and 121.6 for PD patients per 1,000 patient-years.
In 2018, the unadjusted mortality rate for dialysis patients
was 45.18 per 1,000 patient-years, and mortality rates by
dialysis modality were 45.10 for HD patients and 51.33 for
PD patients per 1,000 patient-years (Fig. 4A). The 5-year
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Figure 3. Numbers of hemodialysis (HD) centers and HD machines in Korea.
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Figure 4. Unadjusted all-cause mortality for all-dialysis patients, 2001 to 2018. (A) Treatment modality, (B) sex, (C) age, and (D)

primary renal diseases.

DM, diabetes mellitus; GN, glomerulonephritis; HD, hemodialysis; HTN, hypertension; PD, peritoneal dialysis.

patient survival rate of dialysis patients after the onset of
ESRD in 2001 was 69.0% in HD patients and 52.4% in PD
patients. The 5-year patient survival rate after the onset of
ESRD gradually increased from 2001 to 2013 in both HD
and PD. Since 2013, the patient survival rate after the onset
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of ESRD in PD has been similar to that in HD. In 2016, the 3
month- and 1-, 2-, and 3-year patient survival rates after the
onset of ESRD were 99.3%, 96.7%, 91.6%, and 86.4% in HD,
respectively, and 99.2%, 98.0%, 94.5%, and 88.1% in PD. In
2019, the 3 month- and 1-year patient survival rates after the
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onset of ESRD were 99.4% and 97.2% in HD, respectively,
and 99.5% and 95.6% in PD (Table 1).

Comparison of mortality rates by sex, age, and primary
renal disease

There was no significant difference between males and
females in mortality rates for overall dialysis patients,
and the change in mortality rates from 2001 to 2018 was
similar between males and females. In 2001 and 2018, the
unadjusted mortality rates per 1,000 patient-years were
125.0 and 48.6 for males, respectively, and 119.3 and 40.7
for females (Fig. 4B). The mortality rates of dialysis patients
over 65 years of age were significantly higher than those
of dialysis patients younger than 65 years from 2001 to
2018 (Fig. 4C). In 2001 and 2018, the unadjusted mortality
rates per 1,000 patient-years were 174.7 and 67.3 for older
patients, respectively, and 104.4 and 24.4 for younger
patients. The mortality rates gradually decreased in both
older and younger patients from 2001 to 2018. The mortality
rates for diabetic patients were significantly higher than
those of nondiabetic patients from 2001 to 2018. In 2001 and
2018, the unadjusted mortality rates per 1,000 patient-years
were 184.9 and 59.4 for diabetic patients, respectively, and
96.3 and 35.5 for nondiabetic patients. The mortality rates of
DM as a cause of ESRD were significantly higher than those

Table 1. Cumulative unadjusted survival rates (%) by treatment
modality and incident cohort year (year of end-stage renal
disease onset)

Year 3Mo 12Mo 24 Mo 36Mo 60 Mo

Hemodialysis
2001 98.7 93.9 86.4 80.1 69.0
2004 98.4 94.8 88.6 82.2 711
2007 99.0 95.8 90.4 84.7 73.4
2010 99.0 95.8 91.5 87.0 775
2013 99.4 96.4 91.9 87.1 77.0
2016 99.3 96.7 91.6 86.4 -
2019 99.4 97.2 - - -

Peritoneal dialysis
2001 97.6 92.2 82.7 73.0 52.4
2004 98.1 91.9 82.6 72.7 58.2
2007 99.0 95.4 86.5 775 63.7
2010 98.6 96.0 91.1 83.7 70.9
2013 99.2 96.6 90.9 84.5 715
2016 99.2 98.0 94.5 88.1 -
2019 99.5 95.6 - - -

of HTN and chronic GN from 2001 to 2018 (Fig. 4D). In 2001
and 2018, the unadjusted mortality rates per 1,000 patient-
years were 184.9 and 59.4 for DM, 104.8 and 39.6 for HTN,
and 76.5 and 19.0 for chronic GN, respectively.

Cause-specific mortality rates

The largest category of known cause-specific mortality for
dialysis patients was death due to cardiac disease (35.8%)
in 2019. Non-uremic cardiac arrest, uremic cardiac arrest,
and coronary artery disease were included in the category of
cardiac disease. Non-uremic cardiac arrest, uremic cardiac
arrest, and coronary artery disease comprised 15.3%,
12.9%, and 7.6% of known causes of death among dialysis
patients, respectively. Infection-related disease (22.9%)
was the second most prevalent category of known cause-
specific mortality for dialysis patients. Sepsis, pneumonia,
tuberculosis, and peritonitis comprised 11.2%, 8.2%, 0.6%,
and 0.1% of known causes of death among dialysis patients,
respectively. Vascular disease (11.2%) was the third most
common cause of mortality for dialysis patients. Vascular
disease consisted of cerebrovascular accident, pulmonary
embolism, gastrointestinal hemorrhage, gastrointestinal
embolism, and other vascular diseases. Treatment refusal,
suicide, and treatment withdrawal for other reasons were
included in social causes of death, and malnutrition,
malignancy, accident, and uncertain cause were included in
miscellaneous causes of death. Cerebrovascular accidents
comprised 6.5% of known causes of death, malignancy
accounted for 5.0%, liver failure for 2.3%, suicide for
0.8%, and treatment refusal for 0.3%. The cause of death
information was missing or unknown for 19.0% of dialysis
patients (Fig. 5). The trends of cause-specific death from
2001 to 2019 are presented in Fig. 6. The proportion of
cardiac disease increased slightly and the proportion of
vascular disease decreased. Consequently, the proportion of
cardiovascular disease-related death has changed little from
2001 to 2019 among the known causes of death in dialysis
patients. The proportion of infection-related death has
slightly increased over 20 years (Fig. 6).

Discussion

In the 2019 report of the KORDS, major findings included
rapid growth in the overall number of patients undergoing
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Figure 5. Unadjusted relative percentages for cause of death of dialysis patients in 2019. (A) Major causes of death and (B) detailed

cause-specific death.
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Figure 6. Trends for proportions of causes of death during the incident year, 2001 to 2019.

dialysis, the proportion of elderly patients, and the overall
number of patients undergoing long-term dialysis. The
proportion of diabetic ESRD patients was maintained at
around 50%, and a consistent decrease in the proportion
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of PD patients was observed in recent years. Among ESRD
patients, the HD proportion in the study period increased
to 84%, and the PD proportion decreased to 4%. Over the
past two decades, the mortality of dialysis patients gradually
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decreased, but the mortality of diabetic dialysis patients was
higher than that of dialysis patients with HTN or chronic
GN. Recently, the patient survival rates in HD were similar
to those in PD. Taken together, the survival improvement of
dialysis patients and the increase in the proportion of long-
term dialysis patients might contribute to the increase in the
mean age of dialysis patients.

The incidence and prevalence of ESRD patients in Korea
have been increasing over the past three decades, and the
prevalence has doubled in the last 10 years. Although the
prevalence of predialysis chronic kidney disease (CKD)
stage 3 to 5 patients has remained constant during the same
period [8], the number of ESRD patients requiring RRT
showed a recent rapid increase. As a result, Korea is now
ranked sixth in the world for prevalence of ESRD [9].

Although the data from KORDS in 2013 reported that
the prevalence of ESRD patients did not appear to reach
the inflection point [10], the value has been continually
increasing and has now exceeded those of Japan and the
United States. At present, the trend resembles that of Taiwan,
where the overall number of ESRD patients increased at
the greatest rate among global countries [9]. The data from
KORDS showed that most ESRD patients underwent HD. In
the future, the aging trend will contribute to a progressively
higher modality rate of HD compared to PD and KT. Under
such circumstances, the numbers of HD centers and dialysis
machines are likely to increase.

To reduce the number of ESRD patients, it is necessary to
improve adherence through the proper administration of
prescribed agents and lifestyle modifications according to
the causative disease and to reduce complications through
nephrologist counseling from the early stage of CKD. In
addition, the rate of ESRD cases of unknown origin remains
high, which must be resolved to reduce ESRD in the long
term. Fortunately, regular health screenings via school,
workplace, and regional systems have been expanded in
Korea [11]. Therefore, if a patient does not miss a regular
health examination, data of unknown origin will gradually
decrease through diagnosis of the causative disease.

Another interesting finding was that the reduction in
mortality risk was greater for patients treated with PD than
those treated with HD in the past two decades, and that
the survival of patients treated with PD and HD is similar
in Korea for recent years. Comparisons between the long-
term survival rates of patients with HD and PD in the past

two decades were first reported in 2019 using the KORDS.
In Korea, a previous population-based, large-scale study
using Korean Health Insurance Review and Assessment data
suggested that the mortality rate was significantly higher
in incident PD patients than in incident HD patients in the
period from 2005 to 2008 [12]. On the other hand, PD was
associated with better survival than HD in the early period
of dialysis in a national prospective cohort study performed
since 2009 [13]. The present data from KORDS showed
higher overall mortality rates in PD patients than in HD
patients in the 2000s. Although the reason why PD patients
have shown recent improvement in outcomes is not clear,
it may be attributed to increased reimbursement for PD in
the national health insurance program, the development
of PD education programs, and the use of biocompatible
PD solutions. Recent nationwide cohort data also indicated
that PD and in-center HD provide similar survival in Europe
and the United States [1,14]. Because statistical analyses
for outcomes in this registry data were conducted without
adjustment for confounding variables, further research
is needed to assess the exact trends of mortality rates by
treatment modality in Korean ESRD patients.

Despite a substantially decreasing trend of mortality
rates in the last 20 years, the absolute mortality risk remains
high in dialysis patients due to cardiovascular events
and infections. In the KORDS for cause-specific death,
cardiovascular disease was the most common, accounting
for 47.0% of deaths (cardiac disease, 35.8% and vascular
disease, 11.2%). Infection accounted for 22.9% of deaths
and malignancy accounted for 5.0% of deaths in 2019.
Trends in cause of death over time remained unchanged
for cardiovascular disease and exhibited a mild increase
for infection from 2001 to 2019. Other nationwide registry
data demonstrated a decrease in cardiovascular mortality
in dialysis patients over time in Japan and Europe [6,15].
However, survival analyses of the KORDS have some
limitations, including relatively low enrollment rates, a lack
of information on patient survival, and misclassification of
cause-specific death, due to data collection based on voluntary
enrollment. Therefore, it is necessary to consider a plan to
increase the enrollment rate of the KORDS.

In conclusion, the KSN ESRD registry showed substantial
increases in ESRD incidence and prevalence, especially in
elderly and diabetic groups. These data highlight the need
to pay attention to the high mortality rates of elderly and
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diabetic dialysis patients in Korea. These data also indicate
the need for evidence-based treatment approaches for
elderly and diabetic patients to prevent the progression of
kidney disease. Although recent survival rates were similar
between HD and PD patients, the proportion of prevalent
PD patients gradually decreased. Therefore, further research
may be needed for the individualized risk prediction of
mortality regarding the selection of dialysis modality in
patients who will start RRT.
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