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GRAPHICAL ABSTRACT

Trends in kidney transplantation rate across Europe:
Study from the ERA Registry

Kidney transplantation (KT) results in better patient survival and quality of life at lower costs compared with dialysis.

High KT rates are therefore important. This study aimed to give an overview of trends in KT rates across Europe. Its

results may guide the medical community and policymakers where to focus strategies to further increase KT rates.

Background
Methods Results
Data from 40 countries:
lkEGISmY 5
- Number (,)f KTs, from Total KT rate 2010
- ERA Registry )
-GODT B i, e
* Number of inhabitants, from L1 out moravsiabe
- Eurostat 4
- National Bureaus of Statistics

Trend analyses between
2010 and 2018
* KT rate per million population
* Annual percentage change

Deceased donor KT rate
2010: 21.6 pmp —»2018: 25.0 pmp
Annual increase: 1.9%

Total KT rate: 2010: 29.6 pmp —> 2018: 34.7 pmp; Annual increase: 1.9%

Annual percentage
change 2010-2018

W%

Total KT rate 2018

[ > 350mp
1 2035 pmp
<20 pmp
L1 patanot svailable

Living donor KT rate
2010: 8.1 pmp —>2018: 9.6 pmp
Annual increase: 1.6%

The total KT rate increased due to a rise in the KT rate from deceased donors and to a lesser extent from

Conclusion

living donors. The trends in KT rate varied widely across European countries. An East-West gradient was

observed with Western European countries performing more KTs.
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ABSTRACT

Background. The aim of this study was to identify trends
in total, deceased donor (DD) and living donor (LD) kidney
transplantation (KT) rates in European countries.

Methods. The European Renal Association (ERA) Registry
and the Global Observatory on Donation and Transplantation
(GODT) databases were used to obtain the number of KTs
in individual European countries between 2010 and 2018.
General population counts were obtained from Eurostat or
the national bureaus of statistics. The KT rate per million
population (p.m.p.) and the average annual percentage change
(APC) were calculated.

Results. The total KT rate in the 40 participating countries
increased with 1.9% annually [95% confidence interval (CI)
1.5, 2.2] from 29.6 p.m.p. in 2010 to 34.7 p.m.p. in 2018,
reflecting an increase of 3.4 p.m.p. in the DD-KT rate (from
21.6 p.m.p. to 25.0 p.m.p.; APC 1.9%; 95% CI 1.3, 2.4) and of
1.5 p.m.p. in the LD-KT rate (from 8.1 p.m.p. to 9.6 p.m.p;
APC 1.6%; 95% CI 1.0, 2.3). The trends in KT rate varied
widely across European countries. An East-West gradient
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was observed for DD-KT rate, with Western European
countries performing more KTs. In addition, most countries
performed fewer LD-KTs. In 2018, Spain had the highest
DD-KT rate (64.6 p.m.p.) and Turkey the highest LD-KT rate
(37.0 p.m.p.).

Conclusions. The total KT rate increased due to a rise in the
KT rate from DDs and to a lesser extent from LDs, with large
differences between individual European countries.

Keywords: Europe, kidney transplantation, trends

INTRODUCTION

Kidney transplant recipients have a longer life expectancy and
a better quality of life than patients receiving dialysis [1, 2].
Unfortunately, not all patients with end-stage kidney disease
(ESKD) who are suitable for transplantation receive a donor
kidney. The large number of kidney transplantation (KT)
candidates on the waiting list shows that the organ shortage
is one of the major challenges in organ transplantation [3, 4].
Over the past decades, most countries have taken initiatives
aiming to increase the number of KTs from deceased (DDs)
and/or living donors (LDs). For example, earlier referral of
potential DDs to the transplantation coordination team, taking
measures to minimize inappropriate discard of DD organs [5],
home-based education about living donation and a nationwide

1529

€20 @unp /0 Uo Jasn 9apunq Jo Asieniun Aq 0£¥6969/82S L/9/8€/3I0IMe/PU/W00" dno olwapese;/:sdiy woly papeojumod



KEY LEARNING POINTS

What is already known about this subject?

What this study adds?

KTs.

What impact this may have on practice or policy?

« Renal registries around the world have published data on kidney transplantation (KT) counts and rates, showing large
international differences for both deceased (DD) and living donor (LD) transplants.
o A recent international overview of time trends in KT rate for most European countries is lacking.

o The total KT rate in the 40 participating European countries increased with 1.9% annually from 29.6 per million population
(p.m.p.) in 2010 to 34.7 p.m.p. in 2018, reflecting an increase of 3.4 p.m.p. in the DD-KT rate (from 21.6 p.m.p. to 25.0
p.m.p.; APC 1.9%) and of 1.5 p.m.p. in the LD-KT rate (from 8.1 p.m.p. to 9.6 p.m.p.; APC 1.6%).

o The trends in KT rate varied widely across European countries, with most countries performing fewer LD-KTs than DD-

o An East-West gradient was observed for the DD-KT rate with Western European countries performing more KTs.

o These trends in KT rate in individual European countries combined with information on potentially successful measures
as well as perceived barriers from previously published papers may guide the medical community and policymakers in
determining where and how to target strategies to increase KT rate.

collaboration regarding paired exchange of LD kidneys [6]. On
the other hand, countries may have faced barriers limiting the
number of KTs, such as legislative issues, financial barriers, lack
of donors, and patients’ or nephrologists’ attitudes or beliefs
[7-9]. Such initiatives and barriers may have affected KT rates.

Renal registries around the world have published data on
KT counts and rates [10-13], showing large international
differences for both DD and LD transplants. However, a recent
international overview of time trends in KT rate for most
European countries is lacking.

Therefore, the aim of this study was to give a comprehensive
overview of time trends in KT rate in European countries
between 2010 and 2018, in total and separately for DD- and
LD-KT. The results of this study are put into the perspective of
the literature on initiatives to increase KT rates and the related
barriers.

MATERIALS AND METHODS

Data sources

Patient data

The European Renal Association (ERA) Registry [14] and
the Global Observatory on Donation and Transplantation
(GODT) [15] databases were used to obtain the number of
performed KTs in individual European countries between 2010
and 2018. The ERA Registry annually collects individual and
aggregated data on patients with ESKD receiving kidney re-
placement therapy via the national and regional renal registries
in Europe and countries bordering the Mediterranean Sea [14].
The GODT collects data on organ transplantation worldwide
on an annual basis [15].

The choice of data source was based on the following
criteria: (i) where possible one data source was used for a
country and (ii) data from the ERA Registry database was
preferred except where data for the complete study period
from 2010 until 2018 were not available in the ERA Registry
database or when the geographical coverage of the country
was higher in the GODT database. When the number of
KTs performed was missing for 1 or 2 years, the national or
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regional renal registry was asked to provide the missing data if
possible. In case we were unable to use one data source (ERA
Registry or GODT), we used both databases. For 19 countries
data were obtained from the ERA Registry database, for 18
countries the GODT database was used, and for 3 countries
both the ERA Registry and the GODT database were used
(Supplementary data, Fig. S1).

General population data

For countries providing individual patient data to the ERA
Registry and countries for which the data was obtained via
the GODT database, the midyear general population counts
were used from Eurostat [16]. For countries that had provided
aggregated data to the ERA Registry, and for Austria, Bosnia
and Herzegovina, and the UK, midyear general population
counts from their national bureaus of statistics were used. For
the Russian Federation we used the general population data in
2014 from the United Nations Population Fund [17].

Definition of variables

The KT rates were expressed per million population
(p-m.p.) and were calculated by dividing the number of KTs
in a year by the general population counts in the same year,
multiplied by 1 million. The KT rate was calculated for all KTs
performed in a country (total) and separately for DD and LD
kidneys.

Statistical analyses

Time trends in KT rates were analyzed using Joinpoint
regression [18]. The average annual percentage change (APC)
with 95% confidence interval (95% CI) was computed us-
ing Poisson regression provided by the Joinpoint regression
program [18]. Details of this method have been previously
described [19]. Joinpoint identifies points in time (e.g. years)
at which the trend of, in this case KT rates, changes statistically
significantly [20, 21]. For the analyses the year of KT was added
to the model as the independent variable and the KT rate (total,
DD or LD) as the dependent variable.

R. Boenink et al.
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Corresponding to the availability of nine data points (i.e.
years in our study period) a maximum of one joinpoint (two
trends) was used [20]. In addition, analyses were performed
using zero joinpoints to obtain a single trend for the entire
study period. The analyses were performed to obtain an
overall trend for all participating countries together and for
each country separately. If the number of KTs was zero in a
country for a particular year, the transplantation rate was set
on 0.1 p.m.p. to be able to calculate the APC. All analyses
were performed using Joinpoint 4.2.0.2 (2015; National Cancer
Institute, Calverton, MD, USA) [18].

RESULTS
Total kidney transplantation

Table 1 shows the KT rate p.m.p. and APC for the period
2010 to 2018 for all 40 participating European countries
combined and each country separately. The KT counts are
presented in Supplementary data, Table S1. The combined KT
rate increased from 29.6 p.m.p. in 2010 to 34.7 p.m.p. in 2018,
corresponding to an average annual increase of 1.9% (APC
1.9; 95% CI 1.5, 2.2) (Table 1). Figures 1A, and 2A, B show
the KT rate by country in 2010 and 2018. In addition, Fig. 1A
presents the absolute change in KT rate, while Fig. 2C displays
the relative change as APC with zero joinpoints (one trend)
by country. The KT rate as well as the APC between 2010 and
2018 varied widely across Europe. Overall, the KT rate in 2010
was higher in Western European countries than in Eastern
European countries (Fig. 2A). This disparity persisted in 2018
(Fig. 2B), although several Eastern European countries showed
a higher APC for the KT rate than some Western European
countries between 2010 and 2018 (Fig. 2C).

In 16 countries the KT rate rose during (a part of) the study
period (Table 1), with the largest increase in the Republic of
Moldova (APC 2010-12 179.4%; 95% CI 53.5, 408.5), Belarus
(APC 2010-13 37.2%; 95% CI 14.8, 63.9) and Georgia (APC
2010-15 33.9%; 95% CI 7.1, 67.4) (Table 1). Nevertheless, the
Republic of Moldova and Georgia still had a relatively low KT
rate at the end of the study, as the absolute increase was small
(Table 1 and Fig. 1A). In six countries the KT rate decreased
during (a part of) the study period, with the largest decrease
in Portugal (APC 2010-12 —13.1%; 95% CI —24.1, —0.5),
Serbia (APC 2010-18 —10.8%; 95% CI —19.5, —1.2) and
Cyprus (APC 2010-18 —8.0%; 95% CI —11.3, —4.6). Although
Norway and Croatia had a decreasing trend in the KT rate
over time, in 2018 the KT rate was still relatively high (Table 1
and Fig. 1A). Spain already had one of the highest KT rates in
Europe in 2010, and due to a relatively high increase in the KT
rate (APC 2010-18 5.1%; 95% CI 4.2, 5.9), it had the highest
KT rate in 2018 (70.9 p.m.p.).

Deceased donor kidney transplantation

Across the entire study period around 72% of the KTs were
performed using DD grafts for all countries together. The DD-
KT rate was stable at around 22.0 p.m.p. between 2010 and
2013 (APC 0.3%; 95% CI —1.3, 2.0), but increased thereafter by
an average of 2.7% per year to 25.0 p.m.p. in 2018 (APC 2.7%;

Trends in kidney transplantation rate across Europe

95% CI 1.9, 3.4; Table 2 and Supplementary data, Table S2). The
DD-KT rate and the APC varied widely across Europe (Table 2,
and Figs 1B and 2D-F). Georgia and Iceland did not perform
any DD-KTs during the study period. In 2010, an East-West
gradient existed for the DD-KT rate, with Western European
countries performing more DD transplantations (Fig. 2D).
This inequality remained in 2018 (Fig. 2E), even though some
Eastern European countries had a higher APC between 2010
and 2018 (Fig. 2F).

In 13 countries the DD-KT rate rose during (a part of)
the study period, with the largest increase in the Republic of
Moldova (APC 2010-18 71.5%; 95% CI 29.7, 126.8), Belarus
(APC 2010-13 34.4%; 95% CI 8.7, 66.1) and the Russian
Federation (APC 2015-18 16.7%; 95% CI 2.3, 33.1) (Table 2).
In 4 countries the DD-KT rate decreased during (a part of)
the study period, with the largest decrease in Portugal (APC
2010-12 —14.4%; 95% CI —26.4, —0.4) and Germany (APC
2010-14 —10.3%; 95% CI —18.0, —1.8). Interestingly, Portugal
experienced an increase from 2012 onwards (APC 2.6%; 95%
CI 0.0, 5.2). Although Spain already had a high DD-KT rate
in 2010 (42.2 p.m.p.), the DD-KT rate continued to increase
throughout the study period (APC 5.5%; 95% CI 4.1, 6.9),
resulting in Spain being the leading European country for the
DD-KT rate (64.6 p.m.p.) in 2018 (Fig. 1B).

Living donor kidney transplantation

Overall, the LD-KT rate increased by an average of 1.6%
per year (APC 1.6; 95% CI 1.0, 2.3), from 8.1 p.m.p. in 2010 to
9.6 p.m.p. in 2018 (Table 3 and Supplementary data, Table S3).
Substantial differences were observed in the country-specific
results for the LD-KT rate as well as the APC (Table 3, and
Figs 1C and 2G-I). Other than for DD-KT, there was no clear
East-West gradient for the LD-KT rate in either 2010 or 2018
(Fig. 2G and H).

Across the entire study period most countries performed
fewer LD-KTs than DD-KTs except for Albania, Bosnia and
Herzegovina, Cyprus, Georgia, Iceland, Montenegro, Republic
of North Macedonia, the Netherlands and Turkey (Tables 2
and 3). In 17 countries the LD-KT rate rose during (a part
of) the study period, with the largest increase in the Czech
Republic (APC 2010-12 110.2%; 95% CI 24.2, 255.8), Belarus
(APC 2010-13 97.0%; 95% CI 4.1, 272.8) and Slovenia (APC
2010-18 40.5%; 95% CI 13.8, 73.6) (Table 3). However, these
countries with the highest APC still had a relatively low LD-
KT rate in 2018 (Table 3 and Fig. 1C). On the other hand,
in 9 countries the LD-KT rate decreased during (a part of)
the study period, with the largest decrease in Serbia (APC
2016-18 —46.0%; 95% CI —70.2, —2.0), Belarus (APC 2013-
18 —26.8%; 95% CI —45.0, —2.6) and Romania (APC 2010-14
—18.7%; 95% CI —30.0, —5.6). Interestingly, Belarus and Spain
had an increasing trend for the LD-KT rate at the beginning
of the study period and a decreasing trend thereafter. Turkey
already had one of the highest LD-KT rates (28.8 p.m.p.) in
2010 and a further increase in the rate (APC 2.0%; 95% CI 0.4,
3.6) placed the country in the lead in Europe with respect to
LD-KT rate in 2018 (37.0 p.m.p.).
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Total kidney transplantation rate in 2010 and 2018
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Figure 1: KT rate in 2010 and 2018 p.m.p. for the 40 European countries combined (ALL) and by country. Total KT rate (A), DD-KT rate (B)
and LD-KT rate (C). Discrepancy may exist between the APC trends (increasing or decreasing transplantation rate) in Tables 1-3 and the
trends (up or down arrow) in this figure since this figure only displays the difference in transplantation rate between the year 2010 and 2018 and
not the average annual change over the entire study period. Country abbreviations are shown in Supplementary data, Fig. S1.

DISCUSSION

This study identified time trends in KT rate in 40 European
countries. The total KT rate increased by an average of 1.9% per
year from 29.6 p.m.p. in 2010 to 34.7 p.m.p. in 2018, reflecting
an increase of 3.4 p.m.p. in the DD-KT rate (from 21.6 p.m.p.

Trends in kidney transplantation rate across Europe

to 25.0 p.m.p.; APC 1.9%) and of 1.5 p.m.p. in the LD-KT rate
(from 8.1 p.m.p. to 9.6 p.m.p.; APC 1.6%).

The country-specific results showed that the KT rate and
accompanying APC varied widely across Europe. An East-
West gradient was observed for DD-KT rate with Western
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Figure 2: KT rate p.m.p. in 2010 and 2018 and the average APC per donor type. (A) Total KT rate in 2010 p.m.p. (B) Total KT rate in 2018 p.m.p.
(C) The APC between 2010 and 2018 with zero joinpoints (i.e. one trend for the entire study period) for the total KT rate. (D) DD-KT rate in
2010 p.m.p. (E) DD-KT rate in 2018 p.m.p. (F) The APC between 2010 and 2018 with zero joinpoints (i.e. one trend for the entire study period)
for the DD-KT rate. (G) LD-KT rate in 2010 p.m.p. (H) LD-KT rate in 2018 p.m.p. (I) The APC between 2010 and 2018 with zero joinpoints

(i.e. one trend for the entire study period) for the LD-KT rate.

European countries performing more KTs. At the end of the
study period, Spain had the highest KT rate for kidneys from
DDs and Turkey the highest rate for kidneys from LDs.

Worldwide perspective

In line with our results, large international differences have
been observed for the trends in KT rate worldwide [11, 12]. The
US Renal Data System examined the average annual change
in KT by country or region between 2009 and 2018, including

1534

some European countries. The largest average annual increase
in KT was observed in Israel (2.9 p.m.p.), Kuwait (2.4 p.m.p.)
and Jalisco, Mexico (2.2 p.m.p.) [11]. On the other hand, the
KT rate decreased in this period in Greece, Malaysia, Hong
Kong, Portugal, Norway and Iceland. In 2018, the KT rate was
highest in the Aguascalientes state of Mexico, at 128 p.m.p.,
followed by Kazakhstan (82 p.m.p.) and the USA (68 p.m.p.).
Aguascalientes is a chronic kidney disease hotspot with a high
incidence of kidney replacement therapy between ages 20 and
40 years [22].
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Substantial differences existed in the proportion of DD-
versus LD-KTs between countries. The increasing trend in total
KT rate in the USA was mainly explained by an increase in DD-
KT rate [23], while in Japan this was mainly caused by a rise
in LD-KT rate [24]. In 2018, all kidney transplants originated
from LDs in Albania, Bangladesh and Iceland, whereas in
Italy, Uruguay and the Czech Republic, more than 90% of
donors were deceased [11]. Moreover, in Greece, Taiwan and
Singapore among other countries, a similar proportion of both
donor types was used [11].

European perspective

Total kidney transplantation

In many Eastern European countries the total KT rate
was substantially lower than in Western European countries,
although the prevalence of chronic kidney disease may be
higher in Eastern European countries [25]. We have performed
a Kidney Transplantation Rate Survey among transplantation
experts in European countries to investigate which factors
may explain the observed trends in KT rate [26]. Countries
were divided in low, middle and high KT rate countries
(corresponding to, respectively, orange, light green and dark
green countries in Fig. 2A). This study showed that for
2010 experts of more than 60% of the middle and high
KT rate countries indicated to have already sufficient staff,
equipment and facilities available to perform KTs, whereas
these percentages were lower for low KT rate countries.
As a result, in Eastern European countries in particular
there might be room for improvement with respect to
optimizing staff, equipment and facilities [25, 26]. In addition,
experts from countries with lower KT rates reported to
perceive more barriers, especially lack of knowledge about
KT for recipients and their relatives, and distrust in the
healthcare system. To overcome these barriers and increase
KT, more and better information provision to the general
population and ESKD patients in particular about KT is
warranted [26, 27].

Deceased donor kidney transplantation

The results of this study show that in general Western
European countries performed more DD-KTs than Eastern
European countries. Transplantation experts in more than 80%
of countries with middle and high KT rate reported that several
measures to increase the DD-KT rate were successful, such
as the use of expanded criteria donors, standard protocols for
screening of potential DDs and the presence of transplantation
coordinators [26]. In low KT rate countries these measures
were reported to be taken less often. Once a measure was
taken, no differences across the low, middle and high KT rate
countries were observed for the success of the measure to
increase KT rate [26].

In some of the countries with the highest KT rates the
government has been actively involved in strategies to increase
the KT rate. For example, Croatia had the highest DD-KT
rate about a decade ago after implementing the Croatian
model of organ donation and transplantation which included

Trends in kidney transplantation rate across Europe

the appointment of hospital and national transplantation
coordinators, donor hospital reimbursement, a public aware-
ness campaign, international cooperation, adoption of new
legislation and implementation of a donor quality assurance
program [28]. In addition, the Ministry of Health of Belarus
implemented measures regarding legislation, transplantation
programs and training of professionals between 2008 and 2013
[29], leading to a large increase in their DD-KT rate. During
the current study, Spain became the leading European country
for DD-KT rate which is likely the result of efforts to promote
earlier referral of potential donors to the intensive care unit,
using expanded criteria and non-standard risk donors and
stimulating donation after circulatory death [5]. Germany was
among the countries with the largest decline in DD-KT rate.
Around 2012 Germany faced a transplantation scandal which
may have led to the decreasing trend due to distrust in the
healthcare system [30].

Living donor kidney transplantation

In the majority of countries fewer KTs were performed with
LDs than with DDs. Although LD-KT is associated with better
graft and recipient survival compared with DD-KT [13], some
nephrologists might be reluctant towards KT with LDs since
the long-term effects of kidney donation, especially at a young
age, still remains uncertain [31].

Turkey and the Netherlands had the highest LD-KT rate
during the study period. Between 2008 and 2010 there
have been some major changes in the Turkish transplant
regulations, for example the Turkish Ministry of Health
increased the financial incentives for KT, gave permission to
private hospitals to perform KT, and promoted education on
organ donation both for medical providers and the public
[32]. Measures taken in the Netherlands included a national
LD kidney exchange program for incompatible donors (from
2004 onwards), home-based education about living donation,
and financial compensation for additional health care costs
and loss of income for the LD [6]. Albania and Latvia were
among the countries with the largest increase in LD-KT rate.
Transplantation experts from Albania indicated that several
measures implemented to increase their LD-KT rate were
extremely successful such as the use of standard protocols for
the definition of suitable donors, public campaigns to raise
LD organ donation awareness and financial compensation for
the LD [26]. For Latvia, experts reported that some of the
measures taken were successful, e.g. providing information
to ESKD patients on the possibility of LD-KT and the use
of expanded criteria regarding the age of the recipient [26].
Nevertheless, the Latvian experts also perceived barriers for
transplantation, especially lack of knowledge by both the donor
and recipient as well as distrust in the healthcare system [26].
Other countries had a decreasing trend in LD-KT rate. Experts
from Croatia indicated that most measures were taken to
enhance DD-KT rate and only few for LD-KT rate, probably
leading to a decrease in LD-KT rate [26]. Finally, in Cyprus
experts indicated that they perceived many barriers for LD-KT
rate, primarily lack of knowledge about transplantation among
potential LDs [26].
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Strength and limitations

A main strength of this study is that we present the trends in
total, DD, and LD KT rates from nearly all European countries
for almost a decade.

This study also has limitations. First, both the ERA Registry
and GODT databases were used to obtain the number of KTs,
and the data in these two databases did not always fully match
due to for example differences in geographical coverage of the
country. For most countries the same database was used for
the entire study period to minimize bias in time trends. Second,
the Joinpoint analyses do not detect an increase or decrease
over a period of only 1 or 2 years. Finally, we can only speculate
on measures that might have been successful in increasing KT
rate but cannot prove causation.

CONCLUSION

In Europe, the total KT rate increased due to an increase
in the DD-KT rate (3.4 p.m.p.) and to a lesser extent by an
increase in the LD-KT rate (1.5 p.m.p.). The trends in KT rate
varied widely from country to country. KT rates were higher
in Western than in Eastern European countries, especially
for total and DD transplants. In most countries, KTs with
grafts from DDs were performed more often than those with
grafts from LDs. These variations represent differences in,
amongst other things, policies, laws, resources and attitudes.
These trends in KT rate in individual countries combined
with information on potentially successful initiatives as well as
perceived barriers from previously published papers may guide
the medical community and policymakers in determining
where and how to target strategies to increase KT rate.

SUPPLEMENTARY DATA

Supplementary data are available at ndt online.
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