
O
R
IG

IN
A
L
A
R
T
IC

LE
Nephrol Dial Transplant , 2024, 39 , 648–658 

https://doi.org/10.1093/ndt/gfad189
Advance access publication date: 31 August 2023 

International comparison and time trends of first kidney 

transplant recipient characteristics across Europe: an 

ERA Registry study 

Rianne Boenink 1 ,2 , Anneke Kramer 1 ,2 , Sherry Masoud 3 ,4 ,5 , Alberto Rodríguez-Benot 6 ,7 , Jaakko Helve 8 ,9 , Claus Bistrup 10 ,
Mårten M. Segelmark 11 ,12 , Olga L. Rodríguez Arévalo 13 ,14 , Julia Kerschbaum 

15 , Aiko P.J. de Vries 16 , Torbjörn Lundgren 

17 ,
Samira Bell 18 ,19 , Marta Crespo 20 ,21 , Søren S. Sørensen 

22 , Pietro Manuel Ferraro 23 ,24 , Miha Arnol 25 , Sevcan A. Bakkaloglu 26 ,
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ABSTRACT 

Background. The aim of this study was to provide an overview of age, sex and primary renal disease (PRD) distribution among first 
kidney transplant recipients across Europe. 

Method. The European Renal Association (ERA) Registry database was used to obtain data on patients aged 20 years or older receiving 
their first kidney transplant between 2010 and 2019 from 12 European countries. The numbers and percentages of recipients in each 

age, sex and PRD group were calculated by country, donor type and year. 

R
©
C
r

eceived: June 11, 2023; Editorial decision: August 28, 2023
The Author(s) 2023. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the Creative
ommons Attribution-NonCommercial License (https://creativecommons.org/licenses/by-nc/4.0/), which permits non-commercial re-use, distribution, and 
eproduction in any medium, provided the original work is properly cited. For commercial re-use, please contact journals.permissions@oup.com

https://doi.org/10.1093/ndt/gfad189
https://orcid.org/0000-0001-9035-2832
https://orcid.org/0000-0002-7560-2669
https://orcid.org/0000-0002-1221-0772
https://orcid.org/0000-0002-6896-2279
https://orcid.org/0000-0002-9284-3595
https://orcid.org/0000-0001-9100-1575
https://orcid.org/0000-0002-1379-022X
https://orcid.org/0000-0001-6530-9672
https://orcid.org/0000-0002-9805-9523
https://orcid.org/0000-0003-0444-8569
mailto:R.Boenink@amsterdamumc.nl
https://creativecommons.org/licenses/by-nc/4.0/
mailto:journals.permissions@oup.com


R. Boenink et al. | 649

Results. In total, 99 543 adults received a first kidney transplant. Overall, 23% of the recipients were 65 years or older, 36% were female, 
and 21% had glomerulonephritis and 15% diabetes mellitus as PRD. Compared with deceased donor kidney transplant recipients, living 
donor kidney transplant recipients were less often 65 years or older (13% versus 26%), more often had glomerulonephritis (25% versus 
20%) and less often diabetes mellitus (8% versus 17%) as PRD. We found large international differences, which were most prominent 
for age and PRD and less prominent for sex. Over time, the largest change in recipient characteristics was observed for the percentage 
of recipients aged 65 years or older, increasing from 18% in 2010 to 28% in 2019 for all countries combined with a similar trend in most 
countries. 

Conclusion. We observed large differences for age and PRD distribution between recipients of living and deceased donor kidneys and 
between European countries. Over time, the percentage of older first kidney transplant recipients increased. 

Keywords: age, kidney transplantation, patient characteristics, primary renal disease, sex 

KEY LEARNING POINTS 

What was known: 

• Large international differences exist in the kidney transplantation rate across Europe.
• The composition of the group of end-stage kidney disease patients receiving a transplant likely differs across countries.
• Differences in transplant recipient populations could contribute to the explanation of existing international differences in pa- 

tient survival after kidney transplantation.

This study adds: 

• Compared with recipients of a deceased donor kidney transplant, recipients of a first kidney transplant from a living donor were 
younger (proportion > 65 years: 13% versus 26%), more often had glomerulonephritis (25% versus 20%) and less often diabetes 
mellitus (8% versus 17%) as primary renal disease.

• Large international differences were found, which were most prominent for recipient age and primary renal disease and less 
prominent for sex.

• Over time, the largest change in recipient characteristics was observed for the percentage of recipients aged 65 years or older, 
increasing from 18% in 2010 to 28% in 2019 for all countries combined, and with a similar trend in most countries.

Potential impact: 

• This study may inform clinicians and policy makers on the existence of differences in the composition of the recipient popula- 
tion, and may assist in the explanation of international differences in patient survival after kidney transplantation.

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

Kidney transplantation is the preferred kidney replacement ther-
apy (KRT) in terms of survival and quality of life for end-stage kid-
ney disease (ESKD) patients compared with dialysis [1 ]. Large dif-
ferences exist in the kidney transplantation rate across Europe [2 ].
For most countries the kidney transplantation rate has increased
over the last decade [2 ]. 

Renal registries around the world have shown large interna-
tional differences in age, sex and primary renal disease (PRD) of
patients receiving a kidney transplant [3 –5 ]. Such differences in
transplant recipients may affect international differences in pa-
tient survival after kidney transplantation. Only a few studies
have investigated changes over time in recipient characteristics
for different countries [6 –8 ]. An international overview of the time
trends of PRDs in kidney transplant recipients is lacking. 

An international comparison as well as time trends in kidney
transplant recipient characteristics could elucidate disparities in
ESKD patients receiving a kidney transplant. Therefore, the aim of
this study was to provide an overview of age, sex and PRD distri-
bution in adults receiving a first kidney transplant across Europe
between 2010 and 2019. 

MATERIALS AND METHODS 

Patient data 

The European Renal Association (ERA) Registry collects data on
ESKD patients receiving KRT in Europe and countries bordering
the Mediterranean Sea [5 ]. Individual patient data are collected by
national or regional renal registries and sent to the ERA Registry
annually. Data include country, patient identifier, month and year 
of birth, sex, PRD, date and type of treatment at start and during
follow-up (dialysis or kidney transplantation), and date and cause 
of death. The ERA Registry database is nearly complete regarding 
age, sex and PRD. 

The study population consisted of patients who were 20 years 
of age or older and received their first kidney transplant between 
2010 and 2019 from the following countries: Austria (AT), Belgium 

(BE), Bosnia and Herzegovina (BA; 2011–19), Denmark (DK), Fin- 
land (FI), France (FR; 98% coverage), Greece (GR), Norway (NO),
Spain (ES; 88% coverage), Sweden (SE), the Netherlands (NL), and 
the United Kingdom (UK). 

Definition of variables 
Recipient characteristics are reported by country or year as abso- 
lute numbers and percentages for age group, sex and PRD, and as
median for age as a continuous variable. The age groups consisted
of 20–44 years, 45–64 years, 65–74 years and 75 years or older.
The PRD groups consisted of autosomal dominant polycystic kid- 
ney disease (ADPKD), congenital anomalies of the kidney and the 
urinary tract (CAKUT), diabetes mellitus type I and II (DM), hy- 
pertension/renal vascular disease (HT/RVD), glomerulonephritis 
(GN), other cause, unknown and missing. The recipient charac- 
teristics are presented for all first kidney transplants (total) and 
separately for deceased donor (DD) and living donor (LD) kidneys.
The first kidney transplantation rate was calculated by dividing 
the number of first kidney transplantations by the general adult 
population count and multiplied by one million. 
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ime trends 
he annual percentage change (APC) with 95% confidence inter-
als (95% CI) of the time trends in recipient characteristics was
omputed using Poisson regression provided by the Joinpoint re-
ression program [9 ]. Joinpoint identifies points in time (e.g. years)
here the trend of, in this case, recipient characteristics (e.g. age,
ex and PRD) changes statistically significantly [10 , 11 ]. Corre-
ponding to the availability of 10 data points (i.e. 10 years in our
tudy period), a maximum of one joinpoint (two trends) was used
10 ]. In addition, analyses were performed using zero joinpoints
o obtain one trend for the entire study period. The year of kid-
ey transplantation was added to the joinpoint model as inde-
endent variable and the country as by-variable. Separate models
ere made per age, sex and PRD group, adding the percentage of
ach age, sex and PRD group per year as dependent variable. The
nalyses were performed for total first kidney transplantations as
ell as for those from LDs and DDs separately, and for all partic-

pating countries together (ALL) and for each country separately.
f the number of recipients was zero in a country for a particular
ge, sex or PRD group, the percentage was set on 0.1% in order to
e able to calculate the APC. 
For the time trends by country we present the average percent-

ge of recipients by age, sex and PRD group for two time periods:
010–14 and 2015–19. The corresponding APC represents the trend
ver the entire study period, including percentages by year, as pre-
iously described. 

oftware and statistical tests 
he analyses were performed using SAS 9.4 (2016; SAS Institute
nc., Cary, NC, USA) [12 ] and Joinpoint 4.2.0.4 (2015; National Can-
er Institute, Calverton, MD, USA) [9 ]. P -values < .05 were consid-
red statistically significant. Pearson square (R2 ), with weighting
or the general population counts of the participating countries,
as used for the correlation between kidney transplantation rate
nd recipient characteristics. 

ESULTS 

n total, 99 543 patients received a first kidney transplant in
he 12 participating European countries between 2010 and 2019.
upplementary data, Table S1 presents the number of total, DD
nd LD first kidney transplantations for each country by age, sex
nd PRD group. 

ge 

verall, 23% of the recipients were aged 65 years or older (Fig. 1 ).
arge international differences were observed, with Bosnia and
erzegovina and Greece having the lowest percentage of recip-
ents aged 65 years or older (1% and 8%, respectively) and the
etherlands, Spain and Norway the highest percentages ( > 25%;
ig. 1 ). In all countries the percentage of older recipients was
igher for DD (ranging between 2% in Bosnia and Herzegovina
nd 35% in the Netherlands) than for LD (ranging between 1% in
osnia and Herzegovina and 20% in the Netherlands; Fig. 1 ). 
The number of first kidney transplantations increased between

010 and 2019 for all age groups ( Supplementary data, Table S2);
owever, the percentage of recipients aged 65 years or older in-
reased (APC 4.5; 95% CI 3.8 to 5.2), while the percentage of
ecipients aged 20 to 64 years decreased ( Supplementary data,
able S3). The size of the increase in patients aged 65 years or
lder differed across countries, with the largest increase in Spain
nd the Netherlands, both from approximately 24% in 2010–14 to
1% in 2015–19 (APC 5.3%; Table 1 ). For DD transplants, the per-
entage of older recipients increased over time (APC 4.1, 95% CI 3.2
o 4.9), with the Netherlands showing the largest increase (from
1% in 2010–14 to 39% in 2015–19, APC 6.4, 95% CI 2.4 to 10.7), fol-
owed by Spain (from 26% to 34%, APC 4.8, 95% CI 3.6 to 6.0) and
enmark (from 16% to 23%, APC 7.7, 95% CI 2.0 to 13.7; Table 1 ).
or LD transplants, Norway and the Netherlands had the highest
ercentage of older recipients throughout the study period. The
ercentage of older recipients of a first LD kidney transplant in-
reased over time (APC 6.4, 95% CI 5.2 to 7.6), with France, Nor-
ay and the Netherlands showing the most prominent increase
France: from 8% in 2010–14 to 15% in 2015–19, APC 15.4, 95% CI
1.2 to 19.9; Norway: 17% to 22%, APC 6.8, 95% CI 1.4 to 12.6; the
etherlands: 18% to 23%, APC 5.4, 95% CI 3.0 to 7.9; Table 1 ). 
Overall, the median age of recipients at time of the first kidney

ransplantation increased by 2.9 years from 53.3 years in 2010 to
6.2 years in 2019 ( Supplementary data, Table S4). For first DD
ransplant recipients the median age increased by 2.9 years from
4.7 to 57.6 years and for first LD transplant recipients by 2.4 years
rom 48.0 to 50.4 years. In all countries LD transplant recipients
ere on average younger than DD recipients. 

ex 

verall, around 36% of recipients of a first kidney transplant were
emale, ranging between 33% in Austria and 38% in the Nether-
ands (Fig. 2 ). Among recipients of a first DD transplant this ranged
etween 33% in Austria and 38% in Denmark, and for LD recip-
ents between 30% in Austria and 39% in the UK. Although the
umber of females receiving a first transplant increased over time
 Supplementary data, Table S2), the percentage of female recipi-
nts slightly decreased from 36.9% to 36.3% (APC –0.3%, 95% CI
0.6 to 0.0; Supplementary data, Table S3). However, this decrease
as not statistically significant when examining DD and LD recip-

ents separately ( Supplementary data, Table S3). For most coun-
ries, the percentage of female recipients was constant over time
Table 1 ). 

rimary renal disease 

verall, the highest percentage (21%) of recipients of a first kid-
ey transplant had glomerulonephritis as PRD (Fig. 3 ). Large inter-
ational differences were observed, with Bosnia and Herzegovina
aving a relatively high percentage of recipients with glomeru-
onephritis (35%) and CAKUT (16%), Finland a high percentage
f recipients with DM (29%), and the Netherlands and Norway a
igh percentage of recipients with HT/RVD (17% and 22% respec-
ively; Fig. 3 ). Compared with DD recipients, LD recipients more
requently had glomerulonephritis as PRD and less frequently DM
Fig. 3 ). 
Overall, the percentage of recipients of a first kidney transplant
ith ADPKD or CAKUT as PRD decreased between 2010 and 2019
rom 16.1% to 14.0% (APC –1.4%, 95% CI –2.0 to –0.8) and from 8.4%
o 5.9% (APC –3.5%, 95% CI –4.7 to –2.4), respectively, whereas the
ercentage of recipients with DM increased from 15.2% to 16.0%
APC 1.0%, 95% CI 0.3 to 1.7; Supplementary data, Table S3). Simi-
ar trends were observed for recipients of a DD kidney transplant,
hereas for LD kidney transplants the proportion of recipients
ith CAKUT decreased and the proportion of recipients with other
auses as PRD increased ( Supplementary data, Table S3). The in-
rease in the percentage of recipients with DM over time was only
tatistically significant in the UK for total kidney transplantations
nd in the Netherlands and the UK for DD kidney transplanta-
ions (Table 1 ). Interestingly, a statistically significant decrease in
he percentage of recipients with DM was observed for Austria for

https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfad189#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfad189#supplementary-data
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https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfad189#supplementary-data
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Figure 1: Age distribution of first kidney transplant recipients between 2010 and 2019 for total, DD and LD kidney transplantation by country. The 
order of countries is based on the percentage of recipients aged 65 years or older. 

 

 

 

 

 

 

 

 

 

 

total kidney transplantations and for Austria and Sweden for DD
kidney transplantations (Table 1 ). 

Recipient characteristics and kidney 

transplantation rate 

Countries with a higher first kidney transplantation rate also had
a higher percentage of recipients aged 65 years or older (R2 = 0.90,
P < .01; Fig. 4 ). This correlation was also statistically significant
for first transplants from a DD (R2 = 0.65, P = .02) and first trans-
plants from a LD (R2 = 0.76, P < .01; Supplementary data, Fig. S1).
The first kidney transplantation rate in a country was correlated 
with neither the percentage of female recipients (data not shown),
nor the percentage of recipients with DM as PRD (Fig. 4 and
Supplementary data, Fig. S1). 

DISCUSSION 

This is the first study on characteristics of adults receiving a first
kidney transplant, using data from 12 European countries for a 
decade. Overall, 23% of the recipients were 65 years or older, 36%
were female whereas 21% had glomerulonephritis and 15% DM as 

https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfad189#supplementary-data
https://academic.oup.com/ndt/article-lookup/doi/10.1093/ndt/gfad189#supplementary-data


652 | Nephrol Dial Transplant, 2024, Vol. 39, No. 4

Ta
b
le

 
1:

 
Pe

rc
en

ta
ge

 
of

 
re
ci
p
ie
n
ts

 
ag

ed
 
65

 
ye

ar
s 
or

 
ol
d
er
, p

er
ce

n
ta
ge

 
fe
m
al
e 
an

d
 
p
er
ce

n
ta
ge

 
w
it
h
 
D
M

 
as

 
PR

D
 
w
it
h
 
co

rr
es

p
on

d
in
g 
A
PC

 
b
et
w
ee

n
 
20

10
 
an

d
 
20

19
 
fo
r 
to
ta
l,
 
D
D
 
an

d
 
LD

 
fi
rs
t 

ki
d
n
ey

 
tr
an

sp
la
n
ta
ti
on

, b
y 
co

u
n
tr
y.
 

Pe
rc
en

ta
ge

 
ag

ed
 
65

 
ye

ar
s 
or

 
ol
d
er

 
Pe

rc
en

ta
ge

 
fe
m
al
e 

Pe
rc
en

ta
ge

 
w
it
h
 
D
M
 
as

 
PR

D
 

C
oh

or
t 

C
oh

or
t 

A
PC

 
20

10
–1

9 
C
oh

or
t 

C
oh

or
t 

A
PC

 
20

10
–1

9 
C
oh

or
t 

C
oh

or
t 

A
PC

 
20

10
–1

9 
20

10
–1

4 
20

15
–1

9 
(9
5%

 
C
I)
 

20
10

–1
4 

20
15

–1
9 

(9
5%

 
C
I)
 

20
10

–1
4 

20
15

–1
9 

(9
5%

 
C
I)
 

To
ta
l 

A
LL

 
20

 .7
 

25
 .2
 

4 .
5 
(3
.8
 
to

 
5.
2)
 

↑ 
36

 .7
 

36
 .1
 

–0
 .3
 
(–
0.
6 
to

 
0.
0)
 

↓ 
15

 .0
 

15
 .7
 

1 .
0 
(0
.3
 
to

 
1.
7)
 

↑ 
A
T
 

23
 .9
 

23
 .6
 

–1
 .0
 
(–
3.
2 
to

 
1.
3)
 

33
 .9
 

31
 .6
 

–1
 .3
 
(–
3.
9 
to

 
1.
4)
 

16
 .6
 

14
 .2
 

–5
 .2
 
(–
9.
6 
to

 
–0

.6
) 

↓ 
B
A
 

0 .
0 

1 .
8 

N
A
 

35
 .6
 

33
 .3
 

0 .
3 
(–
11

.6
 
to

 
13

.8
) 

7 .
8 

6 .
3 

N
A
 

B
E 

19
 .4
 

21
 .6
 

1 .
7 
(0
.1
 
to

 
3.
4)
 

↑ 
37

 .1
 

34
 .3
 

–0
 .5
 
(–
2.
8 
to

 
1.
8)
 

12
 .1
 

13
 .8
 

0 .
6 
(–
3.
4 
to

 
4.
7)
 

D
K
 

13
 .2
 

18
 .7
 

8 .
0 
(3
.6
 
to

 
12

.6
) 

↑ 
38

 .7
 

34
 .6
 

–1
 .3
 
(–
4.
9 
to

 
2.
5)
 

15
 .1
 

15
 .9
 

–0
 .6
 
(–
4.
4 
to

 
3.
4)
 

ES
 

23
 .9
 

31
 .5
 

5 .
3 
(4
.1
 
to

 
6.
5)
 

↑ 
35

 .5
 

34
 .9
 

–0
 .5
 
(–
1.
0 
to

 
0.
0)
 

↓ 
15

 .4
 

16
 .0
 

0 .
9 
(–
0.
6 
to

 
2.
4)
 

FI
 

21
 .8
 

23
 .0
 

1 .
4 
(–
3.
2 
to

 
6.
3)
 

32
 .6
 

34
 .9
 

1 .
5 
(–
1.
8 
to

 
5.
0)
 

31
 .1
 

27
 .2
 

–1
 .6
 
(–
3.
3 
to

 
0.
1)
 

FR
 

22
 .0
 

26
 .4
 

5 .
3 
(3
.2
 
to

 
7.
5)
 

↑ 
37

 .0
 

36
 .4
 

–0
 .6
 
(–
1.
4 
to

 
0.
3)
 

13
 .5
 

14
 .0
 

0 .
8 
(–
0.
4 
to

 
2.
2)
 

G
R
 

8 .
8 

8 .
0 

0 .
5 
(–
8.
9 
to

 
11

.0
) 

34
 .3
 

32
 .7
 

–0
 .1
 
(–
3.
9 
to

 
3.
8)
 

5 .
9 

6 .
0 

–0
 .9
 
(–
10

.6
 
to

 
9.
8)
 

N
L 

23
 .7
 

30
 .5
 

5 .
3 
(3
.9
 
to

 
6.
7)
 

↑ 
38

 .4
 

38
 .2
 

–0
 .1
 
(–
1.
7 
to

 
1.
6)
 

13
 .9
 

14
 .3
 

1 .
7 
(–
0.
5 
to

 
4.
0)
 

N
O
 

29
 .4
 

29
 .5
 

0 .
8 
(–
1.
0 
to

 
2.
7)
 

30
 .0
 

36
 .0
 

2 .
6 
(–
1.
6 
to

 
6.
9)
 

18
 .1
 

15
 .8
 

–2
 .0
 
(–
5.
2 
to

 
1.
2)
 

SE
 

19
 .6
 

22
 .6
 

3 .
9 
(0
.4
 
to

 
7.
5)
 

↑ 
36

 .3
 

33
 .0
 

–1
 .2
 
(–
3.
6 
to

 
1.
3)
 

17
 .4
 

16
 .3
 

–1
 .6
 
(–
4.
1 
to

 
0.
9)
 

U
K
 

16
 .0
 

19
 .1
 

4 .
2 
(3
.1
 
to

 
5.
4)
 

↑ 
38

 .0
 

37
 .9
 

0 .
0 
(–
0.
6 
to

 
0.
6)
 

15
 .8
 

17
 .7
 

2 .
7 
(1
.3
 
to

 
4.
1)
 

↑ 
D
ec

ea
se

d
 
d
on

or
 

A
LL

 
23

 .6
 

28
 .1
 

4 .
1 
(3
.2
 
to

 
4.
9)
 

↑ 
36

 .4
 

36
 .1
 

–0
 .3
 
(–
0.
7 
to

 
0.
2)
 

17
 .1
 

17
 .8
 

1 .
0 
(0
.3
 
to

 
1.
7)
 

↑ 
A
T
 

27
 .0
 

26
 .7
 

–0
 .8
 
(–
3.
0 
to

 
1.
4)
 

34
 .7
 

32
 .1
 

–1
 .5
 
(–
4.
3 
to

 
1.
5)
 

18
 .9
 

16
 .2
 

–5
 .1
 
(–
9.
6 
to

 
–0

.3
) 

↓ 
B
A
 

0 .
0 

3 .
3 

N
.A

. 
25

 .9
 

43
 .3
 

–2
6 .
7 
(–
59

.8
 
to

 
33

.4
) 

14
 .8
 

6 .
7 

N
.A

. 
B
E 

20
 .8
 

23
 .3
 

1 .
7 
(–
0.
2 
to

 
3.
7)
 

36
 .9
 

34
 .2
 

–0
 .5
 
(–
2.
8 
to

 
1.
9)
 

13
 .1
 

14
 .6
 

0 .
3 
(–
3.
4 
to

 
4.
1)
 

D
K
 

15
 .7
 

23
 .2
 

7 .
7 
(2
.0
 
to

 
13

.7
) 

↑ 
40

 .2
 

36
 .4
 

–0
 .5
 
(–
3.
5 
to

 
2.
5)
 

15
 .5
 

17
 .2
 

–0
 .7
 
(–
7.
0 
to

 
6.
1)
 

ES
 

26
 .3
 

33
 .8
 

4 .
8 
(3
.6
 
to

 
6.
0)
 

↑ 
35

 .0
 

34
 .7
 

–0
 .4
 
(–
1.
0 
to

 
0.
3)
 

16
 .7
 

17
 .3
 

0 .
8 
(–
0.
6 
to

 
2.
3)
 

FI
 

22
 .4
 

24
 .7
 

2 .
0 
(–
2.
4 
to

 
6.
6)
 

33
 .0
 

34
 .4
 

1 .
2 
(–
2.
2 
to

 
4.
7)
 

31
 .8
 

28
 .9
 

–0
 .9
 
(–
2.
8 
to

 
1.
0)
 

FR
 

23
 .9
 

28
 .5
 

5 .
1 
(2
.8
 
to

 
7.
5)
 

↑ 
37

 .4
 

36
 .8
 

–0
 .6
 
(–
1.
4 
to

 
0.
3)
 

14
 .5
 

15
 .2
 

1 .
1 
(–
0.
1 
to

 
2.
4)
 

G
R
 

10
 .8
 

10
 .5
 

1 .
6 
(–
9.
8 
to

 
14

.4
) 

35
 .1
 

35
 .5
 

0 .
4 
(–
4.
0 
to

 
5.
0)
 

5 .
6 

6 .
3 

–4
 .7
 
(–
24

.5
 
to

 
20

.2
) 

N
L 

30
 .7
 

39
 .4
 

6 .
4 
(2
.4
 
to

 
10

.7
) 

↑ 
36

 .9
 

38
 .0
 

–0
 .1
 
(–
2.
1 
to

 
2.
0)
 

19
 .5
 

22
 .1
 

3 .
0 
(1
.2
 
to

 
4.
9)
 

↑ 
N
O
 

33
 .8
 

31
 .9
 

–0
 .4
 
(–
2.
0 
to

 
1.
2)
 

29
 .7
 

38
 .5
 

4 .
3 
(–
0.
1 
to

 
8.
9)
 

21
 .5
 

18
 .4
 

–2
 .4
 
(–
5.
4 
to

 
0.
8)
 

SE
 

24
 .4
 

28
 .0
 

3 .
4 
(–
0.
1 
to

 
7.
0)
 

37
 .9
 

33
 .7
 

–1
 .9
 
(–
4.
6 
to

 
0.
8)
 

22
 .0
 

19
 .4
 

–1
 .9
 
(–
3.
5 
to

 
–0

.2
) 

↓ 
U
K
 

18
 .9
 

21
 .3
 

3 .
2 
(1
.8
 
to

 
4.
6)
 

↑ 
37

 .2
 

37
 .3
 

0 .
2 
(–
0.
6 
to

 
1.
0)
 

19
 .4
 

21
 .1
 

2 .
2 
(0
.6
 
to

 
3.
7)
 

↑ 



R. Boenink et al. | 653

Ta
b
le

 
1:

 

C
on

ti
n
u
ed

 

Pe
rc
en

ta
ge

 
ag

ed
 
65

 
ye

ar
s 
or

 
ol
d
er

 
Pe

rc
en

ta
ge

 
fe
m
al
e 

Pe
rc
en

ta
ge

 
w
it
h
 
D
M
 
as

 
PR

D
 

C
oh

or
t 

C
oh

or
t 

A
PC

 
20

10
–1

9 
C
oh

or
t 

C
oh

or
t 

A
PC

 
20

10
–1

9 
C
oh

or
t 

C
oh

or
t 

A
PC

 
20

10
–1

9 
20

10
–1

4 
20

15
–1

9 
(9
5%

 
C
I)
 

20
10

–1
4 

20
15

–1
9 

(9
5%

 
C
I)
 

20
10

–1
4 

20
15

–1
9 

(9
5%

 
C
I)
 

Li
vi
n
g 
d
on

or
 

A
LL

 
11

 .2
 

14
 .9
 

6 .
4 
(5
.2
 
to

 
7.
6)
 

↑ 
37

 .6
 

36
 .2
 

–0
 .5
 
(–
1.
2 
to

 
0.
2)
 

8 .
3 

8 .
2 

–0
 .7
 
(–
3.
2 
to

 
1.
9)
 

A
T
 

8 .
0 

9 .
0 

11
 .3
 
(–
23

.8
 
to

 
62

.7
) 

29
 .9
 

29
 .2
 

–0
 .1
 
(–
5.
4 
to

 
5.
6)
 

4 .
8 

4 .
7 

–4
 .5
 
(–
14

.1
 
to

 
6.
2)
 

B
A
 

0 .
0 

1 .
2 

>
 N
A
 

38
 .7
 

29
 .6
 

1 .
7 
(–
12

.6
 
to

 
18

.3
) 

4 .
8 

6 .
2 

N
A
 

B
E 

5 .
3 

6 .
9 

23
 .4
 
(–
22

.1
 
to

 
95

.6
) 

38
 .9
 

36
 .5
 

–0
 .7
 
(–
3.
9 
to

 
2.
7)
 

2 .
6 

6 .
9 

11
 .2
 
(–
4.
3 
to

 
29

.3
) 

D
K
 

9 .
9 

10
 .9
 

6 .
0 
(–
4.
9 
to

 
18

.1
) 

36
 .7
 

31
 .3
 

–3
 .7
 
(–
6.
4 
to

 
–1

.0
) 

↓ 
14

 .4
 

13
 .5
 

–1
 .2
 
(–
6.
4 
to

 
4.
4)
 

ES
 

8 .
8 

12
 .5
 

9 .
3 
(5
.3
 
to

 
13

.4
) 

↑ 
39

 .1
 

36
 .2
 

–0
 .6
 
(–
2.
8 
to

 
1.
6)
 

7 .
3 

6 .
2 

–3
 .5
 
(–
10

.4
 
to

 
4.
0)
 

FI
 

5 .
4 

6 .
1 

>
 N
A
 

24
 .3
 

39
 .0
 

10
 .1
 
(–
0.
6 
to

 
22

.1
) 

16
 .2
 

6 .
1 

>
 N
A
 

FR
 

8 .
3 

15
 .1
 

15
 .4
 
(1
1.
2 
to

 
19

.9
) 

↑ 
33

 .7
 

34
 .0
 

–0
 .1
 
(–
1.
3 
to

 
1.
2)
 

6 .
0 

8 .
0 

2 .
5 
(–
3.
7 
to

 
9.
1)
 

G
R
 

4 .
2 

4 .
7 

–0
 .4
 
(–
36

.8
 
to

 
57

.1
) 

32
 .5
 

28
 .8
 

–0
 .9
 
(–
5.
1 
to

 
3.
5)
 

6 .
6 

5 .
5 

–2
 .7
 
(–
19

.3
 
to

 
17

.4
) 

N
L 

17
 .5
 

23
 .1
 

5 .
4 
(3
.0
 
to

 
7.
9)
 

↑ 
39

 .8
 

38
 .4
 

–0
 .1
 
(–
2.
1 
to

 
1.
9)
 

8 .
9 

7 .
8 

–0
 .5
 
(–
4.
8 
to

 
4.
1)
 

N
O
 

16
 .6
 

22
 .3
 

6 .
8 
(1
.4
 
to

 
12

.6
) 

↑ 
31

 .1
 

28
 .5
 

–2
 .4
 
(–
7.
7 
to

 
3.
1)
 

8 .
1 

8 .
1 

1 .
4 
(–
12

.5
 
to

 
17

.5
) 

SE
 

12
 .1
 

9 .
4 

–1
 .6
 
(–
9.
1 
to

 
6.
5)
 

34
 .0
 

31
 .2
 

–0
 .3
 
(–
3.
6 
to

 
3.
2)
 

10
 .2
 

8 .
8 

–4
 .9
 
(–
15

.1
 
to

 
6.
5)
 

U
K
 

10
 .5
 

13
 .6
 

5 .
4 
(3
.6
 
to

 
7.
2)
 

↑ 
39

 .4
 

39
 .2
 

–0
 .3
 
(–
1.
8 
to

 
1.
3)
 

8 .
9 

9 .
1 

0 .
6 
(–
2.
0 
to

 
3.
2)
 

A
PC

s 
w
er
e 
ca

lc
u
la
te
d
 
u
si
n
g 
th

e 
p
er
ce

n
ta
ge

s 
fr
om

 
ea

ch
 
ye

ar
. N

A
, n

ot
 
av

ai
la
b
le
. A

rr
ow

s 
in
d
ic
at
e 
st
at
is
ti
ca

ll
y 
si
gn

ifi
ca

n
t 
tr
en

d
s.
 



654 | Nephrol Dial Transplant, 2024, Vol. 39, No. 4

Figure 2: Sex distribution of first kidney transplant recipients between 2010 and 2019 for total, DD and LD kidney transplantation by country. The 
order of countries is based on the percentage female. 
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RD. Compared with recipients of a first DD kidney transplant, re-
ipients of a first LD kidney transplant were less often 65 years or
lder (13% versus 26%), more often had glomerulonephritis (25%
ersus 20%) and less often diabetes mellitus (8% versus 17%) as
RD. We found large international differences, which were most
rominent for age and PRD and less prominent for sex. Over time,
he largest change in recipient characteristics was observed for
ge with the percentage of those aged 65 years or older increasing
rom 18% in 2010 to 28% in 2019 for all countries combined, and
ith a similar trend observed in most countries. 

actors influencing the distribution of recipient 
haracteristics 
everal factors may play a role in the explanation of differ-
nces in first kidney transplant recipient characteristics between
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Figure 3: PRD distribution of first kidney transplant recipients between 2010 and 2019 for total, DD and LD kidney transplantation by country. The 
order of countries is based on the percentage of recipients with DM as PRD. DM includes both DM type I and type II. 

 

 

 

 

 

 

 

 

 

 

 

 

 

countries and over time. First of all, in countries with a low
number of transplants available, nephrologists tend to select the
youngest and healthiest patients for kidney transplantation, since
they are expected to benefit the most in terms of life expectancy
[5 ]. In line with this, differences in the ratio of available DD and LD
may play a role. Other factors may include differences in the al-
location systems and organ exchange organizations across coun-
tries, such as Eurotransplant [the Euro-transplant kidney alloca-
tion system (ETKAS)], Scandiatransplant, ONT (Spain), UK trans-
plant and AdB (France). Furthermore, older patients might have
fewer potential living donors in their social network willing and 
able to donate a kidney. In addition, as kidney transplant recipi-
ents are a subgroup of the KRT patient population [5 ], the com-
position of the kidney transplant population may reflect that of 
the KRT patient population. Differences in the composition of the 
KRT patient population may depend on the availability of KRT or 
choices for conservative care, but also on the characteristics of 
the chronic kidney disease (CKD) patients progressing to ESKD, as 
well as on the predisposition for CKD in the general population
due to genetic factors or risk factors such as DM and HT [13 ]. 
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Figure 4: Correlation between first kidney transplantation rate (pmp) 
and percentage of recipients aged 65 years or older ( A ) and percentage 
of recipients with DM as PRD ( B ) between 2010 and 2019, by country. 
Asterisk indicates statistically significant R2 . 
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verall in Europe, around 23% of the recipients were aged 65 years
r older, while this was 16% in Australia, 23% in New Zealand and
9% in the USA during the same time period [14 , 15 ]. The observed
ifferences within Europe may be partly explained by differences
n the availability of kidney transplants. Indeed a higher first kid-
ey transplantation rate was correlated with a higher recipient
ge, indicating an liberal acceptance for elderly patients in coun-
ries with high transplantation rates. On the other hand, for ex-
mple in Greece, the transplantation rate was among the lowest
n Europe [2 ] and only 8% of the kidney transplant recipients were
ged 65 years or older. Also, access to KRT seemed to have played
 role in the age distribution. For example, in Bosnia and Herze-
ovina the incidence of KRT was relatively low and the KRT pa-
ient population was young [5 ], suggesting limited access to KRT,
esulting in a young KRT and transplant recipient population. Fi-
ally, the age distribution in the general population might have
layed a role, as Norway and Spain are among the countries with
he highest life expectancy (83 and 82 years, respectively), while
n Bosnia and Herzegovina the life expectancy is notably lower
76 years) [16 ]. 
The proportion of older recipients increased between 2010 and

019, which was similar to trends observed in Australia, Canada
nd the USA [14 , 15 , 17 ]. This could be explained by an increased
vailability of kidney transplants over time resulting in an in-
reased transplantation rate in Europe over the last decade among
lder patients [2 ]. In addition, countries have been taking initia-
ives aimed at increasing their kidney transplantation rate, some
f which are aimed specifically at increasing the access to trans-
lantation for older recipients. Examples are an old-for-old pro-
ram for DD transplants and a higher acceptance of older recipi-
nts for LD transplants [18 ]. Also, some countries have increased
heir DD kidney transplantation rate in older recipients by facili-
ating the use of organs from expanded criteria and non-standard
isk donors, and deceased donation after controlled cardiac death
19 –21 ]. Finally, in Europe between 2008 and 2017 the incidence of
RT in elderly patients increased [22 ], which may have resulted
n more elderly ESKD patients receiving a transplant over time. In
ine with this, elderly patients who initiated KRT more recently
ight have had better cardiovascular health and may have been
ore suitable for transplantation [23 ]. 

ex 

n Europe around 36% of the recipients were female. This percent-
ge was similar in Canada and slightly higher at 39% in Australia,
ew Zealand and the USA [14 , 15 , 17 ]. During our study period, the
ercentage of female recipients did not change over time in most
ountries, implying that the sex distribution was not affected by
he increased number of first kidney transplantations. The per-
entage of female recipients in the kidney transplantation popu-
ation reflects the percentage of females initiating KRT (36%) [5 ].
he latter may be due to more males than females commencing
RT due to faster CKD progression in males and because elderly
emales more frequently choose conservative care [24 ]. 

rimary renal disease 

verall in Europe, 21% of the first kidney transplant recipients
ad glomerulonephritis and 15% DM as PRD, which was lower
ompared with percentages observed in Canada (27% and 23%,
espectively) and the USA (24% and 26%, respectively) [14 , 17 ].
ithin Europe, we showed large international differences for

he PRD distribution. For Bosnia and Herzegovina we found a
elative large proportion of recipients with glomerulonephritis
nd CAKUT, while the Netherlands and Norway had a large
roportion of recipients with HT/RVD. Also, in the KRT patient
opulation these differences in PRD distribution across countries
ere observed, however they were less prominent than in the
ecipient population [5 ]. Therefore, we believe that both the
ifferences in patients selected for kidney transplantation as well
s the distribution of PRD within the KRT population may play
 role. Countries with fewer kidney transplants available have
ransplanted younger patients, who more often suffer from ESKD
ue to genetic or congenital kidney diseases, such as CAKUT,
hereas countries with a high transplantation rate have also
ransplanted older patients with diseases such as HT and RVD
25 ]. The large proportion of recipients with DM in Finland is
ikely due to the high incidence of KRT of patients with DM type
 [5 ]. This could be explained by the high proportion of DM type
 in the Finnish general population probably due to predisposing
enes, lifestyle and environmental factors [26 ]. 
During our study period, the proportion of kidney transplant

ecipients with ADPKD or CAKUT decreased, whereas the propor-
ion of recipients with DM increased. Also, in Canada the per-
entage of recipients with DM as PRD increased over time [17 ],
hile in the USA it remained constant at around 26% [14 ]. The
hange in PRD distribution in the recipient population could be ex-
lained by the increased access to kidney transplantation among
lder patients who more frequently had DM as PRD and less fre-
uently genetic or congenital kidney diseases [6 , 25 ]. Furthermore,
uijben et al . reported an increase in the incidence of KRT in
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ESKD patients with DM as PRD between 2011 and 2017 in Europe
[22 ], following the epidemic of DM in the ageing general popula-
tion [22 , 27 ]. Notably, Austria had a decrease in the proportion of
recipients with DM as PRD over time. Prischl et al . showed that
around 2006 the incidence of KRT patients with DM started to de-
crease in Austria [28 ]. The authors speculate that this might be ex-
plained by the implementation of a multifactorial treatment regi-
men for patients with DM including intensive glucose lowering,
hypertension treatment (enalapril), lipid lowering and lifestyle
changes [28 ]. 

Strengths and limitations 
The main strength of this study is that it presents data on recip-
ient characteristics for total, DD and LD first kidney transplanta-
tions from 12 European countries over a decade. 

This study also has some limitations. We predominantly in-
cluded data from Western European countries, and therefore, the
results may not be generalizable to the whole of Europe. In addi-
tion, we were unable to investigate other recipient characteristics
such as comorbidities and laboratory measurements since these
data are not collected by the ERA Registry for all countries. Finally,
countries might differ in practices to diagnose the PRD and this
could explain part of the observed differences in PRD distribution
between countries [29 ]. 

CONCLUSION 

Overall in Europe, 23% of the first kidney transplant recipients
were aged 65 years or older, 36% were female and 21% had
glomerulonephritis and 15% DM as PRD. Compared with recipi-
ents of a first DD kidney transplant, recipients of a first LD kid-
ney transplant were younger, more often had glomerulonephritis
and less often DM as PRD. We observed large international dif-
ferences, especially for recipient age and PRD. These differences
may be explained by differences in the availability of kidney trans-
plants and to whom these transplants are allocated, and differ-
ences in the characteristics of the KRT population and the general
population. Between 2010 and 2019, the recipient age increased
in most countries and the distribution of PRDs changed, which
may be the consequence of an increased transplantation rate and
an aging KRT population. Our results may inform clinicians and
policy makers on the existence of differences in the composi-
tion of the recipient population, and may assist in the explana-
tion of international differences in patient survival after kidney
transplantation. 
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