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Kidney failure (KF) is a public health problem in all regions
of the world. We aim to provide comprehensive
information regarding the disease burden of KF and
capacity for providing optimal care in the International
Society of Nephrology North and East Asia region based on
data from the International Society of Nephrology Global
Kidney Health Atlas project. Seven of eight jurisdictions
participated, and wide variation was found in terms of KF
burden and care capacity. Prevalence of long-term dialysis
ranged from 88.4 per million population in mainland China
to 3251 per million population in Taiwan. Hemodialysis was
the predominant modality of dialysis in all jurisdictions,
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except for Hong Kong, where peritoneal dialysis (PD) was
much more prevalent than hemodialysis. All jurisdictions
provided public funding for kidney replacement therapy
(dialysis and transplantation). Although the frequency and
duration of hemodialysis followed a standard pattern in all
investigated jurisdictions, the density of nephrologists and
kidney replacement therapy centers varied according to
income level. Conservative care, whether medically advised
or chosen by patients, was available in most jurisdictions.
All jurisdictions had official registries for KF and recognized
KF as a health priority. These comprehensive data provide
information about the burden of KF and capacity to
provide optimal care in North and East Asia, which varied
greatly across jurisdictions in the region.
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T he area identified as the North and East Asia region by
the International Society of Nephrology (ISN) com-
prises 8 jurisdictions (i.e., countries and semi-

autonomous regions—China, Hong Kong [China], Macao
[China], Taiwan [China], Japan, Mongolia, North Korea,
South Korea) with a population of more than 1.6 billion.
Economic development varies substantially in the region,
including both well-developed and developing jurisdictions.
The world’s most populous country, China, is also located
in the region. After 4 decades of rapid economic develop-
ment, China is now an upper-middle income country, but
it still faces challenges associated with social and economic
inequality across rural and urban areas and different
geographic regions. The aging population in most jurisdic-
tions in North and East Asia is an important factor driving
the increasing incidence of kidney failure (KF).1–5 In devel-
oped jurisdictions, diabetes and hypertension are the leading
causes of chronic kidney disease (CKD) and KF alike.1–5

However, in low- and middle-income countries, evidence
has shown that the predominant cause of CKD and KF is
transitioning from glomerulonephritis to metabolic disorders,
mirroring the trend in high-income countries.6,7

Patients with KF typically need expensive kidney replace-
ment therapy (KRT; i.e., dialysis and/or kidney transplantation)
to sustain life. The availability, affordability, accessibility, and
quality of KRT and conservative care vary across jurisdictions
in North and East Asia. An extensive body of evidence has
accumulated, thanks to the routine data collection efforts of
national CKD/KF registries. However, effective health infor-
mation systems are not always available, especially in devel-
oping countries. Comprehensive information regarding the
disease burden of KF and capacity to provide the optimal KF
care is still lacking in the region. The aim of the ISN-Global
Kidney Health Atlas (ISN-GKHA) project is to provide a
high-level overview of the burden of KF, the current state of KF
care, and a comparative analysis of the capacity to deliver KF
care.8,9 Here, we present findings for the ISN’s North and East
Asia region based on data collected for the second iteration of
the ISN-GKHA. The methodology for this research is
described in detail elsewhere.10

Results
The results of this study are presented in the tables and figures
and are broadly summarized into 2 categories: desk research
(Tables 111–14, 29,11–15, and 316–21; Figure 1; Supplementary
Table S1; and Supplementary Appendix) and survey admin-
istration (Figures 2–5 and Supplementary Figures S1–S3).

Setting. North and East Asia covers an area of 11.8
million square kilometers and comprises more than one-fifth
of the world’s population (1.62 billion).22 The region includes
mainland China, Hong Kong, Macao, Taiwan, South Korea,
North Korea, Japan, and Mongolia. Although ethnicity is
highly homogeneous across the jurisdictions, the levels of
economic development differ considerably. Among the ju-
risdictions, Hong Kong, Japan, Macao, South Korea, and
Taiwan belong to the high-income group, as defined by the
e78
2018 World Bank ranking. Mainland China is classified as an
upper-middle income country, Mongolia is classified as a
lower-middle income country, and North Korea is classified
as a low-income country.23 Consistent with income level,
Hong Kong, Japan, and South Korea have high scores on the
Human Development Index, a composite measure of life
expectancy, education, and gross national income per capita
(0.939, 0.915 and 0.906 in 2018, respectively), indicating a
high quality of life in those jurisdictions. Mainland China and
Mongolia have moderately high scores (0.758 and 0.735 in
2018, respectively).24

Characteristics of participating countries. Twenty-one re-
spondents representing 7 of the 8 jurisdictions in North and
East Asia and 98.4% of the region’s total population (1596.7
million) completed the online questionnaire; stakeholders in
North Korea did not participate (Figure 1). The respondents
included 20 nephrologists (95%) and 1 non-nephrologist
physician (5%), with an overall response rate of 77.8%.
Measured as a proportion of gross domestic product (GDP),
total health expenditures were highest in Japan (10.9%) and
lowest in Mongolia (3.9%) (Table 1).11–14

Burden of CKD and KF in North and East Asia. The preva-
lence of CKD in North and East Asia ranged from 8.68% in
Mongolia to 17.62% in Japan. The proportions of death and
disability adjusted life years attributable to CKD were highest
in Taiwan (3.75% and 2.53%, respectively) and lowest in
Mongolia (1.55% and 1.25%, respectively). Regarding the risk
factors associated with CKD, there was a disproportionately
higher prevalence of obesity (19.6%) and high blood pressure
(29.0%) in Mongolia than in other jurisdictions in North and
East Asia. The prevalence of smoking was consistent across
the jurisdictions, with the exception of Taiwan, where the
prevalence was significantly lower (11.5%) (Supplementary
Table S1).

Taiwan bore the highest burden of treated KF, with a
prevalence of 3392 per million population (pmp), followed by
Japan and South Korea (2599 pmp and 1816 pmp, respec-
tively). Long-term dialysis accounted for the majority of
treated KF (>95% in Taiwan and Japan, 80.6% in South
Korea, and 62.2% in Hong Kong). The prevalence of long-
term dialysis was remarkably lower in mainland China (88.4
pmp) than in other jurisdictions (range, 818 to 3251 pmp).
HD was the predominant type of dialysis in all jurisdictions
except for Hong Kong, where the prevalence of PD was much
higher than that of HD (531 vs. 165.8 pmp). Regarding
kidney transplantation, the highest prevalence was in Hong
Kong (497 pmp), and the lowest prevalence was in Japan (67
pmp) (Table 2).11–14 No relevant data were available for the
prevalence of kidney transplantation in mainland China.

Health finance and service delivery. In all jurisdictions
except for Hong Kong, KRT was funded by the government,
either with or without fees at the point-of-care delivery. In
Hong Kong, KRT costs were covered by a combination of
public and private funding systems. Public funding covered
medication costs for dialysis patients in all jurisdictions except
for Mongolia, where costs were covered by private systems or
Kidney International Supplements (2021) 11, e77–e85



Table 1 | General demographic and economic indicators for countries in North and East Asia11–14

Country

World Bank
income
level

Area
(thousand

km2)
Total population
(2018, millions)

GDP
(PPP), $
billiona

Total health
expenditures,
% of GDPa

Government
expenditure
% of total
expenditure
on healtha

Out-of-pocket
expenditure
% of private
expenditure
on healtha

North and East Asia
median [IQR]

— 11,796.4 1622.1 822 [56–3739] 6.2 [4.5–9.2] — —

China Upper-middle 9597.0 1384.7 23,210.0 5.0 59.8 32.4
Hong Kong (China) High 1.1 7.2 455.9 2.4 — —

Japan High 377.9 126.2 5443.0 10.9 — 13.1
South Korea High 99.7 51.4 2035.0 7.4 56.4 36.8
Macao (China) High 0.0 0.6 71.8 — — —

Mongolia Lower-middle 1564.1 3.1 39.7 3.9 52.2 39.3
Taiwan (China) High 36.0 23.6 1189.0 — — —

—, Data not reported/unavailable; GDP, gross domestic product; IQR, interquartile range; PPP, purchasing power parity.
aEstimates are in $US 2017.
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paid out of pocket. Regarding nondialysis CKD, Japan, South
Korea, Mongolia, and Taiwan provided public funding for
therapy with no fees (in Mongolia and Taiwan) or some fees
(in Japan and South Korea) at the point of delivery. By
contrast, a combination of public and private funding systems
covered therapy costs in mainland China and Hong Kong,
and multiple systems were used in Macao (Figure 2).

Annual costs of HD and PD were highest in Japan (52,834
and 58,103 $US per person, respectively) and lowest in
mainland China (22,617 and 8122 $US per person, respec-
tively); no corresponding data were available in Macao,
Mongolia, and Taiwan. HD costs more than PD in mainland
China, Hong Kong, and South Korea, whereas the reverse was
true in Japan. Only 3 jurisdictions reported data on the costs
of kidney transplantation, with South Korea reporting the
highest costs, both in the first year (50,613 $US) and in later
years (35,765 $US) (Table 3).16–21

Health workforce for nephrology care. Nephrologists were
primarily responsible for KF care in North and East Asia
(100% in all 7 jurisdictions), with support from nurse
practitioners/specialized nurses in mainland China, Hong
Kong, and Japan, and from multidisciplinary teams in
Japan and Taiwan. These findings mirrored the overall
pattern worldwide (Figure 3). High-income jurisdictions
reported more nephrologists and nephrology trainees (e.g.,
79.26 pmp in Japan and 54.6 pmp in Taiwan) than did
middle income jurisdictions (e.g., 5.78 pmp in mainland
China and 9.67 pmp in Mongolia) (Table 2).9 A shortage of
KF care providers was more commonly reported in high-
income jurisdictions than in middle-income jurisdictions.
For example, a shortage of nephrologists was reported in
Japan, South Korea, Macao, and Taiwan, but not in
mainland China, Hong Kong, and Mongolia
(Supplementary Figure S1).

Essential medications and health product access for KF
care. HD was generally available in all jurisdictions in North
and East Asia, and all jurisdictions followed the standard
pattern of frequency and duration (i.e., treatment 3 times per
week for 3 or 4 hours). However, home HD was generally not
Kidney International Supplements (2021) 11, e77–e85
available in most jurisdictions (mainland China, Hong Kong,
Japan, South Korea, and Taiwan) and was never available in
Macao (Figure 4). Taiwan and Japan had the highest densities
of HD centers (35.36 and 34.84 pmp, respectively), and
mainland China and Hong Kong had the lowest densities
(0.54 and 1.80 pmp, respectively) (Table 2).11,14 Most patients
(51%–75%) began dialysis with a functioning vascular access
(arteriovenous fistula or graft) in mainland China, Japan, and
Mongolia, whereas a lower proportion (11$–50%) did so in
Hong Kong, South Korea, Macao, and Taiwan.

PD was also generally available in all jurisdictions. All
jurisdictions except Macao reported adequate dialysis fre-
quency (3–4 manual exchanges per day or equivalent cycles
on automated PD), measurement of adequacy via mea-
surement of urea reduction ratio (URR) or Kt/V, and the
availability of efficient patient transport services (Figure 4).
Similar to the statistics for HD centers, Taiwan and Japan
had the highest densities of PD centers (5.44 and 3.96 pmp,
respectively) and mainland China had the lowest (0.36 pmp)
(Table 2).12

Kidney transplantation was generally available across all
jurisdictions (Figure 4). The density of centers for kidney
transplantation was >1 pmp in Japan, South Korea, and
Macao (1.14, 1.23, and 1.65 pmp, respectively), in contrast to
mainland China and Mongolia, where densities were only
0.36 pmp and 0.32 pmp, respectively (Table 2).11,15 All ju-
risdictions had transplantation waitlists and used kidneys
from a combination of live and deceased donors except for
Macao, where only kidneys from live donors were used
(Supplementary Figure S2). All jurisdictions except for Macao
reported general availability of standard organ procurement
frameworks, multidisciplinary teams to support patients,
appropriate facilities for immunosuppression drug moni-
toring, appropriate immunosuppression and antirejection
treatment, timely access to operating space, effective preven-
tive therapies to control infections, and early provision of
culturally appropriate information (Figure 4).

Conservative care, whether medically advised or chosen by
the patient, was generally available in all jurisdictions except
e79
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Macao, where it was generally not available. Choice-restricted
conservative care was generally available in mainland China
and Hong Kong. Few jurisdictions reported the general
availability of shared decision-making tools for patients and
providers (Hong Kong), systematic provision of psycholog-
ical, cultural, and spiritual support (Hong Kong and Japan),
systematic provision of additional training to care providers
(Hong Kong), and easy access to conservative care across
settings (Hong Kong). By contrast, most jurisdictions
(mainland China, Hong Kong, Japan, South Korea, and
Taiwan) reported general availability of a multidisciplinary
team approach to care via shared decision making and sys-
tematic active recognition and management of symptoms
(Figure 4).

Health information systems, strategies, policies, health pri-
orities, and barriers. All jurisdictions in North and East
Asia had official registries for dialysis and transplantation,
whereas only Japan and Taiwan had official CKD registries,
and only Mongolia had an official AKI registry. Most ju-
risdictions had strategies for CKD that covered care for
non–dialysis-dependent CKD, long-term dialysis, and kid-
ney transplantation. Japan, South Korea, and Taiwan had
specific CKD strategies, whereas CKD strategies in main-
land China and Mongolia were incorporated into general
noncommunicable disease strategies. Mainland China,
Japan, South Korea, and Taiwan had CKD-specific policies
at the national level, and Japan also had CKD-specific
policies at the regional level. All jurisdictions recognized
KF as a health priority, most jurisdictions (except Hong
Kong and Macao) recognized CKD as a health priority, and
only Taiwan recognized AKI as a health priority (Figure 5).
The most commonly cited barriers to optimal KF care were
geographic characteristics and physicians (both 57.1%),
followed by individual patients, nephrologists, the health
care system, and economic factors (all 42.9%)
(Supplementary Figure S3).

Discussion
The burden of KF was high in high-income jurisdic-
tions in North and East Asia but comparatively lower
in middle-income jurisdictions. All jurisdictions pro-
vided public funding for KRT and were able to follow
standard patterns of dialysis. However, the capacity for
KRT varied across the jurisdictions in terms of the
densities of dialysis/transplantation centers and the
nephrology workforce. Conservative care, whether
medically advised or chosen by patients, was widely
available, and the choice-restricted form also existed in
some jurisdictions. KF has been recognized as a health
priority by all jurisdictions in the region, and specific
strategies and policies regarding KF and/or CKD care
have been widely implemented.

The burden of KF was high among the developed ju-
risdictions in North and East Asia, particularly in Taiwan
and Japan, which had the highest incidence and prevalence
of KF worldwide.11 Population aging and the high
Kidney International Supplements (2021) 11, e77–e85



Table 3 | Annual cost of kidney replacement therapya and out-of-pocket cost (% paid by patient from total cost)b in North and
East Asia16–21

Country HD/% PD/%

Kidney transplantation, %

HD/PD ratioFirst year Later years

North and East Asia median [IQR] 28,846 [21,215–43,954] 15,265 [11,661–36,717] 43,374 [25,356–50,613] — 1.9
China 22,617/1–25 8122/1–25 25,356/1–25 — 2.8
Hong Kong (China) 35,074/1–25 15,199/1–25 —/1–25 — 2.3
Japan 52,834/1–25 58,103/1–25 43,374/1–25 22,886 0.9
South Korea 19,812/1–25 15,330/1–25 50,613/1–25 35,765 1.3
Macao (China) —/1–25 —/1–25 —/1–25 — —

Mongolia —/1–25 —/1–25 —/1–25 5392 —

Taiwan (China) —/1–25 —/1–25 —/1–25 — —

—, Data not reported/unavailable; HD, hemodialysis; IQR, interquartile range; PD, peritoneal dialysis.
aDetailed reference list on annual cost of KRT is available in the Supplementary Appendix.
bCost is in $US 2016.
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prevalence of obesity, hypertension, and diabetes are believed
to be main contributors to the high burden of KF.1,25 By
contrast, data from the ISN-GKHA survey showed that
mainland China had a much lower burden of KF. However,
several recent studies have provided further information
about the epidemiology of KF in this populous country. In
2015, based on data from the national insurance database, the
China Kidney Disease Network (CK-NET) reported a prev-
alence of HD and PD of 402.18 pmp and 39.95 pmp,
respectively, and an incidence of dialysis of 122.19 pmp, all of
which were relatively higher than the figures reported in the
current study. However, selection bias resulting from the
representativeness of the insurance database should be
North and East Asia

Bay of Bengal

NIS and Russia

South Asia
South 

East Asia

Provided response

No response

Unable to contact
Other regions

Figure 1 | Countries in North and East Asia participating in the Inte
survey. NIS, Newly Independent States.
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considered.26 In addition, the incidence and prevalence of KF
may be even higher in big cities in mainland China. For
example, Chen and colleagues reported that the incidence and
prevalence of HD in Shanghai in 2014 were 128.1 pmp and
898.2 pmp, respectively, based on data from the local HD
registry. However, sufficient facility and workforce capacity in
the city and significant support from the health insurance
system may partly explain the high disease burden by ful-
filling the need for KRT.27 Whereas most cases of KF in
developed jurisdictions in North and East Asia are associated
with diabetes, the cause of KF is transitioning from
glomerulonephritis to diabetic kidney disease in mainland
China. On the basis of the national hospitalization database,
Pacific Ocean

Sea of Japan

East 
China 

Sea

Sea of 
Okhotsk

South 
China Sea

rnational Society of Nephrology Global Kidney Health Atlas
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the CK-NET group reported that the percentage of CKD
cases related to diabetes exceeded that of CKD related to
glomerulonephritis in 2011, and the gap between the 2
causes has gradually increased since then.6 Among patients
receiving HD, the local HD registry in Beijing also reported
that diabetes had replaced glomerulonephritis as the leading
cause of incident cases since 2011.28 According to data from
national KF registries, this trend has been observed in Korea
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Figure 3 | Providers primarily responsible for kidney failure care.
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since 1994, in Japan since 1997, and in Taiwan since
2001.3,4,29 Cumulatively, the evidence suggests that the dis-
ease burden of KF is likely to continue to increase in the
future. Likewise, a recent systematic review projected an
increasing burden of KF in the next decade, with the greatest
contribution from Asia.30

Public financial support is essential to guarantee access to
KRT for patients with KF, especially those living in low- and
3%

92%

100%

50% 75% 100%

 physicians Nurse practitioners

alth officers/extension workers Other

Kidney International Supplements (2021) 11, e77–e85



0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

Easy access to conservative care across settings

Systematic provision to care providers of additional training in conservative care

Systematic provision of psychological, cultural, and spiritual support

Systematic active recognition and management of symptoms

Shared decision-making tools for patients and providers

Multidisciplinary team approach to care via shared decision-making

Established conservative care that is chosen or medically advised

Established choice-restricted conservative care

Conservative care availability

Standard organ procurement frameworks

Multidisciplinary teams

Appropriate facilities for immunosupression drug monitoring

Appropriate immunosuppression and antirejection treatment

Timely access to operating space

Effective preventive therapies to control infections

Early provision of culturally appropriate information

Kidney transplantation

Efficient patient transport services

Measure adequacy (URR or Kt/V)

PD frequency 3–4 exchanges/d

Peritoneal dialysis

Home hemodialysis

HD frequency: 3 ×/wk for 3–4 h

Hemodialysis

era
c

e
vita

v res
n

o
C

t
nal

ps
nart

ye
n

di
K

P
D

H
D

Generally available Generally not available Never Unknown N/A Yes No

Figure 4 | Availability of choice in kidney replacement therapy or conservative care for patients with kidney failure. Values represent
absolute number of countries in each category, expressed as a percentage of total number of countries. HD, hemodialysis; Kt/V, measure of
dialysis adequacy; N/A, not provided; PD, peritoneal dialysis; URR, urea reduction ratio.

L Zhang et al.: ISN-GKHA: North and East Asia I SN pub l i c a f f a i r s
middle-income countries who likely cannot afford to cover the
high costs of KRTout of pocket. Fortunately, all jurisdictions in
North and East Asia provided public funding to cover the costs
of KRT. Interestingly, this may be another factor driving the
Availability of official registry CKD-specific strategy
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increase in the reported incidence and prevalence of KF in the
region. For example, in 1995, Taiwan implemented a national
health insurance plan, which covered all KRT costs; data for
that year showed a sharp increase in both the incidence and the
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prevalence of KF.4 In the current ISN-GKHA survey, most of
the jurisdictions reported an out-of-pocket fee at the point-of-
care delivery, and in Mongolia, medications associated with
KRT were covered entirely by private funding. These funding
structures may create obstacles to universal access to KRT for
patients. According to the report by CK-NET, the national
Urban Basic Medical Insurance system, which is the predom-
inant health insurance program in urban areas in mainland
China, covered 76.61% of dialysis costs in 2015.26 For rural
residents, the proportion of reimbursement for KRT varies
from 60% to 90% according to geographic region.31 In 2016,
the Chinese government announced that it would merge the
health insurance systems in urban and rural regions over the
next few years, with the aim of increasing the rate of reim-
bursement for rural residents.32 These efforts may help
improve the affordability of therapy.

Guaranteeing access to KRT requires having enough dial-
ysis facilities and qualified workers to meet the needs of the
population. Generally, developed jurisdictions in North and
East Asia reported higher densities of both dialysis centers and
members of the nephrology workforce than did developing
jurisdictions in the region. Mainland China has the lowest
densities, with only 0.54 pmp for HD centers, 0.36 pmp for
PD centers, and 1.09 pmp for the nephrology workforce.9

Given the projected increase in the number of KF patients,
the country may need to expand its capacity to provide KRT.
Between 2011 and 2015, the number of HD centers in
mainland China increased from 3511 to 4089.31 Since the
2016 announcement of a policy eliminating mandatory
affiliation with public hospitals, more than 150 independent
HD centers have been established.31 To address gaps in the
nephrology workforce, China has been considering strategies
that involve both shifting care responsibilities to primary
health care workers and training more nephrologists.7 The
ISN also plays a vital role by supporting training programs for
nephrologists at the international level through short- and
long-term fellowships, education ambassadors, and other
activities.33 For example, a tight relationship between the
Peking University First Hospital (China) and the Second
General Hospital in Ulaanbaatar (Mongolia) has been estab-
lished to strengthen clinical capacity in Mongolia through
fellowships and the Sister Renal Centers program.

PD is a less resource-demanding dialysis modality than is
HD; yet, it can be equally effective.34 However, PD is much
less prevalent than HD in all jurisdictions in North and East
Asia, except for Hong Kong, where the PD First policy has
driven a high prevalence of the modality since 1985.5 In Hong
Kong, the survival rate of patients who receive PD continues
to improve, and it has been equivalent to that of HD patients
since 2005.5 The experience in Hong Kong may have impli-
cations for mainland China. Given its simplicity, low cost, and
low dependency on facilities, PD may be a way to address the
increasing number of patients with KF, especially in rural
areas that lack sufficient resources to establish HD centers.
However, as suggested by an in-depth review of the state of
nephrology in China, staff training, patient education,
e84
standard protocols, and strict quality control measures should
all be implemented to ensure the effectiveness of PD. It is
encouraging to see that 31 training centers for PD have been
established in mainland China with the mission to expand
satellite PD centers and promote high-quality service for
surrounding areas.7

Conclusion
In conclusion, the burden of KF is high in North and East
Asia and is projected to increase, owing to risk factors such as
the aging of the population and the high prevalence of
metabolic diseases. Although KRT and conservative care for
KF are generally available and affordable, ongoing efforts to
improve KF care capacity are required, especially in middle-
income countries. Increasing financial support, establishing
effective health information systems, developing and imple-
menting proper policies and strategies, and engaging in
advocacy are essential to improvement.
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