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ABSTRACT

Background. The aim of this study was to describe the
trends in the incidence, prevalence and survival of patients
on kidney replacement therapy (KRT) for end-stage kidney
disease (ESKD) across Europe from 2008 to 2017.

Methods. Data from renal registries in 9 countries and 16
regions that provided individual patient data to the ERA
Registry from 2008 to 2017 were included. These registries
cover 34% of the general population in Europe. Crude and
standardized incidence and prevalence per million population
(pmp) were determined. Trends over time were studied using

Joinpoint regression. Survival probabilities were estimated
using Kaplan-Meier analysis and hazard ratios (HRs) using
Cox regression analysis.

Results. The standardized incidence of KRT was stable [annual
percentage change (APC): —1.48 (—3.15; 0.21)] from 2008
(146.0 pmp) to 2011 (141.6 pmp), followed by a slight increase
[APC: 1.01 (0.43; 1.60)] to 148.0 pmp in 2017, although trends
in incidence varied across countries. This increase was primar-
ily due to a rise in the incidence of KRT in men older than
65 years. Moreover, as a cause of kidney failure, diabetes
mellitus is increasing. The standardized prevalence increased
from 2008 (990.0 pmp) to 2017 (1166.8 pmp) [APC: 1.82
(1.75; 1.89)]. Patient survival on KRT improved in the time
period 2011-13 compared with 2008-[adjusted HR: 0.94 (0.93;
0.95)].
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KEY LEARNING POINTS

What is already known about this subject?

o Worldwide, the prevalence of patients on kidney replacement therapy (KRT) for end-stage kidney disease (ESKD) has
been estimated at 3.9 million in 2017 and continues to rise, which is amplified by improved KRT survival in many parts of
the world.

o The incidence rate of patients on KRT has slowed down or fallen in Europe, the USA and Canada since the 1990s,
although with substantial international differences.

o It is unknown how the trends in KRT incidence, prevalence and survival have evolved in Europe over the last decade.
Therefore, the aim of this ERA Registry study is to examine the trends in KRT incidence, prevalence and survival across
European countries from 2008 to 2017.

What this study adds?

o The crude and standardized KRT incidence was stable from 2008 to 2011, thereafter a slight rise in the incidence was
shown from 2011 to 2017, while the crude and standardized KRT prevalence increased during the entire study period.

o The increase in standardized KRT incidence was mainly found in men aged 65 years and older and in patients with
diabetes mellitus, hypertension and glomerulonephritis/sclerosis as primary renal disease. The increase in standardized
KRT prevalence was found in all age groups and both in men and women.

o Survival improved over time, both in patients on dialysis and after a first kidney transplantation (time period 2011-13
compared with the time period 2008-10), except in kidney transplant recipients aged 65 years and older.

What impact this may have on practice or policy?

o The increasing number of patients in need of KRT in European countries calls for resources and actions to maintain access
to high-quality KRT care, including kidney transplantation.

o Diabetes mellitus remained the leading cause for ESKD requiring KRT and the incidence continued to increase during the
study period. Monitoring of patients with diabetes mellitus and prevention of complications remain key for delaying the
progression to KRT.

o Overall kidney transplant survival outcomes have improved despite increased recipient age and the more frequent use of

lower-quality donor kidneys. Still, ongoing efforts are needed to enhance the kidney transplant rate.

Conclusion. This study showed an overall increase in the
incidence and prevalence of KRT for ESKD as well as an
increase in the KRT patient survival over the last decade in
Europe.

Keywords: dialysis, incidence, kidney transplantation, preva-
lence, survival

INTRODUCTION

Worldwide the number of patients on kidney replacement
therapy (KRT) has been estimated at 3.9 million in 2017, with
the highest prevalence in high-income regions like Europe,
North America and Japan [1-3]. In the first decade of this
century, after years of continuous growth, the KRT registries
in the USA and Europe have shown signs of stabilization and
sometimes falling incidence rates [4-7]. In other large-scale
KRT registries like in Australia and New Zealand [8] and
Canada [9], the increase in incidence rates also slowed down
after the 1990s. Nevertheless, KRT prevalence continued to rise
worldwide [2] and patient survival continued to improve in
many parts of the world [4, 9, 10].

The aim of this study was to examine the trends in the
incidence and prevalence of patients on KRT for end-stage
kidney disease (ESKD) across European countries from 2008
to 2017, and secondly, it reports the trends in patient and graft
survival comparing the 2008-10 and 2011-13 patient cohorts
using data from the ERA Registry.

MATERIALS AND METHODS
Patient population

The ERA Registry collects individual patient and ag-
gregated data from population-based national and regional
KRT registries across Europe [4]. These registries provide
annual data on KRT for patients with ESKD, including data
on patient demographics, primary renal disease (PRD) and
treatment modalities. In this study, we use individual patient
data that were derived for the time period 2008 to 2017
from 9 national registries (Austria, Denmark, Finland, France,
Greece, Iceland, The Netherlands, Norway, Sweden) and
16 regional registries (Dutch-speaking and French-speaking
Belgium; the UK including England, Northern Ireland and
Wales; the UK Scotland; and the Spanish regions of Andalusia,
Aragon, Asturias, Basque country, Cantabria, Castile and
Léon, Castile-La Mancha, Catalonia, Community of Madrid,
Extremadura, Galicia and Valencia). For most national and
regional KRT registries, the data represent the complete
general population for the entire study period (corresponding
to a percentage coverage of 100%), except for France (incidence
and prevalence: 86%), The Netherlands in 2016 (incidence
94% and prevalence 96%) and 2017 (incidence: 93% and
prevalence: 97%) and the UK, England in 2014-17 (incidence:
98% and prevalence: 99%); any lower percentage in cov-
erage was taken into account in the analyses. For France,
the following 20 of the 24 regions (including Corse and
Reunion overseas) with a coverage of 100% throughout the
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study period were included: Auvergne, Limousin, Lorraine,
Rhone-Alpes, Bretagne, Champagne-Ardenne, Languedoc-
Roussillon, Nord-Pas-de-Calais, Provence-Alpes-Cote-d’Azur,
Basse-Normandie, Bourgogne, Centre, Midi-Pyrénées, Corse,
Haute-Normandie, Ile-de-France, Picardie, Poitou-Charentes,
Alsace and Reunion. For the Netherlands, an opt-out regis-
tration system was used for the inclusion of patients in their
registry, while in UK, England one center has not submit-
ted data since 2014. Overall, the 25 registries participating
in this study represent a combined general population of
approximately 240 million people corresponding to around
34% of the general population in Europe (geographically
defined, including the European parts of Russia and Turkey) in
2017. The participating countries are from Northern (N = 6),
Western (N = 4) and Southern (N = 2) Europe, as countries
from Eastern Europe only started to participate in the ERA
Registry with individual patient data after 2008, or provide
aggregated data [11]. Informed consent was obtained in
accordance with national and/or regional regulations for each
individual registry. Compliance with ethical standards was
confirmed by the medical ethical committee of the Amsterdam
Medical Centre (W21_123 No. 21.136).

In the ERA Registry, data quality is controlled by manual
and automated data checks using standardized (data-handling)
protocols and close correspondence on data interpretation
with participating KRT registries. To account for delayed
reporting, the period 2008-17 was selected in the 2018
database. Only in case of the UK, the 2017 database was
used, therefore delayed reporting could not be taken into
account and the maximum survival follow-up was set at 31
December 2017. Data on children were unavailable for the
renal registries of Dutch- and French-speaking Belgium; the
Spanish regions of Cantabria, Castile and Léon, and Castile-
La Mancha; and the UK including England, Northern Ireland
and Wales. The exclusion of data on children from these
registries will result in an underestimation of approximately
2 prevalence per million population (pmp) for incidence and
13 pmp for prevalence in these regions, but this will not
influence trends. Data were complete except for primary
renal disease (PRD), for which we used a category ‘missing.
Details on data collection and processing methods have been
published in the ERA Registry annual reports (available on
https://www.era-online.org/en/registry/).

Incidence and prevalence

Incident counts were defined as the number of patients
starting KRT (any form of dialysis or pre-emptive kidney
transplantation) during a year and prevalent counts as the
number of patients who were alive and receiving KRT (any
form of dialysis or kidney transplantation) on December 31
of a year. The crude incidence and prevalence pmp were
calculated by dividing the number of patients by the mid-
year general population of the country or region, multiplied
by one million. In case the percentage coverage of the general
population by the renal registry was <100%, we corrected for
this by adjusting the general population data with the lower
coverage. Standardized incidence and prevalence pmp were
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determined using the age and sex distribution of a reference
population (i.e. the EU28 population in 2015) [12]. Incidence
pmp will be further indicated as incidence and prevalence pmp
as prevalence. Analyses were stratified by age group, sex and
PRD, with the latter being classified according to the ERA
coding system [4]. Where the incidence or prevalence was
calculated by age group, this was done by dividing the number
of patients in a particular age group by the general population
in that age group, resulting in an incidence or a prevalence
per million age-related population (pmarp). Population data
were obtained from the statistical office of the European Union
(Eurostat) [12] or the national statistics agency in each country.

Time trends

Joinpoint regression analysis was used to determine the
annual percentage change (APC) of time trends in the
incidence and prevalence. With this approach, the incidence
and prevalence are assumed to change at a constant percentage
relative to the rate of the previous year, unless a joinpoint was
detected. A joinpoint is detected in the year in which a statisti-
cally significantly change in the trend took place and therefore
such a joinpoint could differ across the countries. To test
whether joinpoints were statistically significant and should be
added to the model, the Monte Carlo Permutation method was
used [13]. We used a maximum of two joinpoints per model. To
calculate the APC for each time interval, the weighted average
of the slope or B coefficients of the fitted regression lines was
calculated, and weighted for the length of the corresponding
sub-intervals.

Patient and graft survival

Survival probabilities were analyzed for 1, 2 and 5
years for patients initiating KRT (overall and for patients
on dialysis) in the time periods 2008-10 and 2011-13,
and for 1, 2 and 5 years after kidney transplantation for
patients receiving a first transplant during the same time
periods.

For overall patient survival on KRT, patients were followed
from the date of KRT initiation until death or censoring (due
to recovery of kidney function, loss to follow-up or the end of
the follow-up period). For patient survival on dialysis, patients
were followed from the start date of dialysis until death or
censoring (due to kidney transplantation, recovery of kidney
function, loss to follow-up or the end of the follow-up period).
Patient and graft survival after kidney transplantation were
calculated from the date of first transplant until the occurrence
of the event of interest (death in case of patient survival and
graft failure or death in case of graft survival) or censoring (due
to loss to follow-up or the end of the follow-up period). The
maximum follow-up was set at 5 years after the start date or 31
December 2018, except for the UK, for which the maximum
follow-up in the survival analyses was set at 31 December 2017.

Survival probabilities were calculated using the Kaplan-
Meier method. Hazard ratios (HRs) comparing the survival in
the time periods 2008-10 and 2011-13 were computed using
a Cox regression model, which was performed unadjusted,
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and with adjustment for age, sex, PRD and country as fixed
effect. The Cox proportional hazards assumption was met.
Additionally, we analyzed the survival trends in patients aged
younger than 65 years compared with those aged 65 years and
older, and the KRT and dialysis patient survival in patients aged
85 years and older. All survival probabilities and crude and
adjusted HRs are reported with 95% confidence intervals.

R statistical software 4.0.4 (R Foundation for Statistical
Computation, Vienna), including the packages dplyr (version
1.0.5), survival (version 3.2.7) and survminer (version 0.4.9),
was used for the calculation of incidence, prevalence and
survival [14], whereas the Joinpoint Regression Program was
used for trend analyses [15].

RESULTS
Incidence of KRT, 2008-17

From 2008 to 2011, the overall crude incidence of KRT
was stable from 133.9 to 132.1 pmp [APC: —0.71 (—2.37;
0.98)], followed by an increase from 132.1 pmp in 2011 to
147.2 pmp in 2017 [APC: 1.98 (1.40; 2.56)] with substantial
variation between countries and regions (Supplementary data,
Table S1). After standardization for age and sex, we found
similar trends: a stable incidence from 2008 to 2011 of
146.0 to 140.6 pmp [APC: —1.48 (—3.15; 0.21)], and an
increase from 140.6 pmp in 2011 to 148.0 pmp in 2017
[APC: 1.01 (0.43; 1.60)], also with considerable variation across
individual countries and regions (Table 1 and Fig. 1). Some
countries and regions showed a decline in standardized KRT
incidence over the study period: Austria, Belgium (Dutch-
speaking part), Norway, the Spanish regions of Aragon and
Castile and Léon (2008-13), Sweden and the Netherlands,
whereas others showed an increase: France and Greece
(2010-17), and the Spanish regions of Andalusia (2011-17),
Asturias, Castile-La Mancha, Catalonia and the Community of
Madrid.

In women, the crude KRT incidence was much lower than
in men; nevertheless, the rise in incidence after 2011 was twice
as high in men [APC: 2.40 (1.76; 3.04)] as in women [APC:
1.24 (0.64; 1.85)] (Supplementary data, Fig. S1). Also, after
standardization for age the rise in KRT incidence after 2011
was only found among men [APC: 1.25 (0.61; 1.89)], which was
mainly attributable to an increase in men older than 65 years of
age (Fig. 2). Even more specific, this increase in standardized
KRT incidence was particularly substantial for men aged
85 years and older [APC: 1.27 (0.47; 2.07)].

Analyses by PRD category showed that diabetes mellitus
was the leading cause of ESKD requiring KRT, and that
the standardized incidence continued to increase from 2011
onward [APC: 1.66 (0.49; 2.83)]. Furthermore, from 2010
onward the standardized incidence of hypertension [APC:
0.62 (0.13; 1.10)] and glomerulonephritis/sclerosis [APC: 1.64
(0.07; 3.23)] as causes of kidney failure increased over time.
Missing data on PRD were infrequently encountered from
2008 (1.4 pmp) to 2016 (2.2 pmp) but became slightly more
common in 2017 (5.2 pmp). This increase was mainly due to
the higher number of missing PRD documentation in the UK

(including England, Northern Ireland and Wales) at the end of
the study period (Fig. 3).

Prevalence of KRT, 2008-17

Over the study period the crude prevalence of KRT
increased from 922.4 to 1154.0 pmp [APC: 2.50 (2.44; 2.56);
Supplementary data, Table S2]. This increase was visible in all
individual countries and regions. Similarly, there was a rise in
the overall standardized prevalence from 990.0 to 1166.8 pmp,
although this was less pronounced [APC: 1.82 (1.75; 1.89);
Table 2, Fig. 1].

The crude prevalence of KRT increased in both sexes,
but more prominently in men [APC: 2.74 (2.69; 2.79)]
than in women [APC: 2.12 (2.04; 2.20); Supplementary
data, Fig. S2], and this finding was also observed after
standardization (Fig. 4). Analyses by age group and sex
showed that the increase in standardized prevalence was
more pronounced among individuals aged 75 years and older
(Fig. 4).

Patient and graft survival

In the time period 2011-13 patient survival probabilities
on KRT at 1, 2 and 5 years were 84.6%, 74.7% and 51.7%,
respectively. This was superior to the time period 2008-10
(adjusted HR: 0.94 [0.93; 0.95]) with survival probabilities at 1,
2 and 5 years of 83.7%, 73.5% and 50.6%, respectively. Patient
survival on dialysis and graft survival after the first kidney
transplant had improved, while patient survival after a first
kidney transplant had not (Table 3).

Stratification into younger (<65 years) and older (>65
years) patients showed that in younger patients survival
had improved both on dialysis and after kidney trans-
plantation. However, in older patients only patient survival
on KRT and on dialysis were better in the most recent
cohort (Supplementary data, Table S3). An additional analysis
including patients aged 85 years and older also showed
improvements in KRT and dialysis patient survival over
time (adjusted HR: 0.92 [0.88-0.96] and 0.92 [0.86-0.96],
respectively).

DISCUSSION

This study shows that the overall crude and standardized
KRT incidence was initially stable over the period 2008-
11, but since 2011 there has been a slight rise in the
incidence. The overall increase was primarily due to a rise
in the incidence of KRT in men, especially in those aged
65 years and older. The increase in the incidence of KRT was
also caused by the increase in patients on KRT with diabetes
mellitus, hypertension and glomerulonephritis/sclerosis as
causes of kidney failure. The trends in the incidence of KRT
for ESKD between 2008 and 2017 varied substantially across
individual European countries and regions. The prevalence
of KRT rose over the entire study period and in all age
groups. Five-year survival improved slightly over time, with
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FIGURE 1: Standardized incidence and prevalence of kidney replacement therapy (KRT) per million population (pmp) in countries and regions
in Europe over time (comparison of 2008 and 2017). For standardization the age and sex distribution of the EU28 population in 2015 was used.
Dark red represents a higher incidence and prevalence pmp (more patients starting or receiving KRT in that country/region in that year
compared with other countries/regions), while yellow represents a relatively lower incidence and prevalence pmp (fewer patients starting or
receiving KRT in that country/region in that year compared with other countries/regions).

survival gains observed for patients on dialysis and after
kidney transplantation, except for kidney transplant outcomes
in transplant recipients aged 65 years and older.

Incidence

Previous studies from the ERA Registry have shown
that the overall standardized incidence of KRT in Europe
increased substantially from 1990 to 2000 [5, 6], flattened
from 2000 to 2008 [4, 5] and declined from 2008 until
2011 [4]. In the current ERA Registry study, we found a
similar decline for this latter period (2008-11), although it
was not statistically significant, and was therefore referred
to as a stable incidence. A secondary analysis of our dataset
showed that this difference between studies was mainly due

Trends in kidney replacement therapy and survival

to a different selection of countries. The incidence was stable
between 2008 and 2011, but thereafter we found that the
incidence slightly increased from 2011 to 2017. Also in the
USA, there was a considerable increase in the 1990s followed
by a stabilization, whereas no increase in the standardized
incidence was seen from 2011 to 2017 [7]. In other parts of
the world, such as Australia and New Zealand and Canada,
a significant increase in the standardized incidence occurred
in the nineties [16, 17]. From the early 2000s onwards, the
annual standardized incidence began to fluctuate in Australia
and New Zealand [18], while in Canada the standardized
incidence continued to increase, albeit at a slower pace
[19]. In Europe, the deviation in trend coincided with the
economic crisis of 2007-08, which may have influenced
the access to KRT [20] or possibly resulted in alternative
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FIGURE 2: Standardized incidence of kidney replacement therapy (KRT) per million age-related population (pmarp) in men and women,
stratified by age group. For standardization the age and sex distribution of the EU28 population in 2015 was used. Trends are indicated by the
APC with corresponding 95% confidence interval. Bold numbers and an asterisk (*) indicate whether the APC was statistically significant

(P < .05).
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FIGURE 3: Standardized incidence of kidney replacement therapy
(KRT) per million population (pmp), stratified by primary renal
disease (PRD). For standardization the age and sex distribution of
the EU28 population in 2015 was used. Trends are indicated by the
APC with corresponding 95% confidence interval. Bold numbers and
an asterisk (*) indicate whether the APC was statistically significant
(P < .05). Mapping of the 2012 primary renal disease (PRD) codes to
the old PRD codes might have influenced the trend of renal vascular
disease (RVD); DM, diabetes mellitus; represents DM type I, DM
type II and DM type unknown; GM, glomerulonephritis/sclerosis;
HT, hypertension; Misc, miscellaneous; PKD, polycystic kidneys,
adult type; PN, pyelonephritis; Unkn, unknown (PRD not identified).

treatment (i.e. conservative care) of the elderly population.
However, the consequences of this crisis for public health
and healthcare remain controversial, and the relationship
with the deviation in trend in KRT incidence is uncertain
[21, 22].

We found that the trends in KRT incidence varied between
individual European countries and even across regions within
a country. For example, the Spanish region of Castile-La
Mancha showed a marked increase in the standardized KRT
incidence from 106.3 to 1352 pmp in 2008-17, while the
Spanish region of Castile and Léon showed a substantial
decline from 123.6 to 97.8 pmp in 2008-13. The variation

in KRT incidence trends between European countries and
regions may be explained by several factors. In general
practice, variation may exist in the introduction of protocols
regarding the detection of chronic kidney disease or timely
referral to a nephrologist [23]. In nephrology, changes in
practice patterns may have influenced the levels of estimated
glomerular filtration rate and the degree of uremic symptoms
at the onset of KRT [24, 25], the use of supportive therapies
[26, 27] or the choice for conservative care. Over the clinical
course of chronic kidney disease, variation may arise in the
timing and effect of tertiary prevention strategies, like the
use of renal protective therapies, alerts for drug toxicity and
attention for lifestyle changes [28-30]. At center- or country-
level, changes in the organization of care (e.g. capacity and
resources, financing and education), for example, increased
emphasis on conservative care might also affect time trends in
KRT incidence [23, 31, 32].

The rise in KRT incidence was mainly attributable to an
increase in men older than 65 years of age. This increase
in KRT incidence was even noted among men aged 85
years and older, while no increase was found among women
in the same age groups. Sex disparities in the choice for
conservative care exist (older women choose conservative care
more frequently) [32-34] and may have increased over time.
However, potential reasons behind these sex differences in
treatment choices at older age (like differences in medical
care or education, family support and clinical symptoms)
require further study. In this perspective, the benefits of
KRT regarding quality of life—especially among the oldest
patients—compared with conservative care remain a subject of
debate [35, 36]. Another explanation for the different trends
in KRT incidence between older men and women may be
that in the general population men have more risk factors
(such as cardiovascular diseases, malignancies and diabetes)
and lifestyle associated with development and progression of
kidney disease than women [37, 38]. This is also reflected in
the sex-specific difference in comorbidity patterns at the start
of KRT, with a higher burden in men [39].

J. A. Huijben et al.
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FIGURE 4: Standardized prevalence of KRT pmarp (per million age-related population) in men and women, stratified by age group. For
standardization the age and sex distribution of the EU28 population in 2015 was used. Trends are indicated by the APC with corresponding
95% confidence interval. Bold numbers and an asterisk (*) indicate whether the APC was statistically significant (P < .05).

Table 3. Survival on KRT over time stratified by dialysis and kidney transplantation

Survival probabilities

1 year 2 years

Patient survival on KRT

Hazard ratios for mortality

5 years

Unadjusted HR

Adjusted HR

Time period 2008-10 92 586 83.7 (83.5; 83.9) 73.5(73.2;73.8) 50.6 (50.3; 51.0) 1 (ref) 1 (ref)

Time period 2011-13 94 465 84.6 (84.4; 84.8) 74.7 (74.5; 75.0) 51.7 (51.4; 52.0) 0.96 (0.95; 0.98) 0.94 (0.93; 0.95)
Patient survival on dialysis

Time period 2008-10 88 185 82.7 (82.4; 83.0) 71.1 (70.8; 71.4) 41.3 (41.0; 41.7) 1 (ref) 1 (ref)

Time period 2011-13 89 404 83.5(83.3; 83.8) 72.2 (71.9; 72.5) 42.0 (41.6; 42.3) 0.97 (0.96; 0.99) 0.95 (0.94; 0.96)
Patient survival after first kidney transplant

Time period 2008-10 25 459 96.6 (96.4; 96.9) 94.9 (94.7; 95.2) 88.9 (88.5; 89.3) 1 (ref) 1 (ref)

Time period 2011-13 28 159 96.8 (96.6; 97.0) 94.9 (94.6; 95.2) 88.3 (87.9; 88.6) 1.06 (1.00; 1.11) 0.96 (0.91; 1.01)

Graft survival after first kidney transplant
Time period 2008-10 25459
Time period 2011-13 28 159

91.6 (91.3; 92.0)
92.3(92.0; 92.6)

89.0 (88.6; 89.4)
89.5 (89.1; 89.8)

80.1 (79.6; 80.5)
80.2 (79.7; 80.7)

1 (ref)
0.99 (0.95; 1.03)

1 (ref)
0.95 (0.91; 0.98)

This table shows the crude survival probabilities and crude and adjusted HRs with corresponding 95% confidence intervals comparing the survival of the time periods 2008-10 and
2011-13 with the time period 2008-10 used as a reference. Bold numbers indicate whether the HRs were statistically significantly (P < .05) different from the reference. A HR below 1

indicates improvement in survival over time (i.e. the more recent time period 2011-13 had better survival compared with the period 2008-10).

HR, hazard ratio; KRT, kidney replacement therapy.

The rise in the standardized KRT incidence might also be
due to an increase in the number of patients with diabetes
mellitus, hypertension and glomerulonephritis/sclerosis as
causes of kidney failure. The continuous increase in the
frequency of diabetic kidney disease follows the epidemic of
diabetes mellitus type 2 in the ageing general population [38],
after a period of stable standardized incidence of KRT for
ESKD due to diabetic nephropathy in some countries [40, 41].
Another explanation for the increase is the incidence of KRT
for patients with diabetes mellitus as the cause of ESKD might
be that the survival of patients with diabetes mellitus in the
general population has improved, resulting in more people on
dialysis, even at higher age. For example, the introduction of
novel drugs such as Glucagon-like peptide-1 (GLP1) receptor
agonists and Dipeptidyl peptidase-4 (DPP-4) inhibitors may
alter the clinical course and may increase the survival of
diabetic patients [42-44]. The same might be expected from
the more recently introduced SGLT2 inhibitors and potentially
from mineralocorticoid receptor antagonists in the future [45-
48]. Therefore, all efforts in monitoring and prevention of

Trends in kidney replacement therapy and survival

complications remain key to success. The same applies to
patients with hypertension and glomerulonephritis/sclerosis.
Still, in Europe the incidence of KRT due to these primary renal
diseases is relatively low in comparison with other parts of the
world [49]. For example, the overall standardized incidence
of KRT for ESKD due to diabetes in 2017 was 128.1 pmp
in the USA [41] compared with a ‘modest’ 35.3 pmp in the
European countries and regions participating in this study. In
contrast, the standardized incidence of KRT for ESKD due to
glomerulonephritis in the USA and Europe has become more
similar over time, as the incidence declined from 31.2 pmp in
2010 to 26.0 pmp in 2017 in the USA [50], while increasing
from 15.6 pmp in 2010 to 16.7 pmp in 2017 in Europe.

Like previous studies from the ERA Registry [4, 5], the
current analysis shows an ongoing increase in the crude
and standardized prevalence in all participating countries
and regions. A similar trend was found in the crude and
standardized prevalence in the USA [7], Australia and New
Zealand [8, 51], and in Canada [9]. A rise in prevalence
simply means that the number deaths of patients on KRT
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in one year is lower than the number of patients starting
KRT in that same year. This phenomenon is amplified
by increasing survival rates, mainly in dialysis patients. A
further increase in KRT prevalence in Europe is therefore
expected [2].

Survival

In this study, we found improved overall patient survival
on KRT in the most recent time period 2011-13, compared
with the previous time period 2008-10, both for dialysis
patients and after first kidney transplantation, except in kidney
transplant recipients aged 65 years and older. However, we
found that survival gains over time were smaller compared
with previous published ERA Registry studies. This might at
least partly be due to an increase in the number of patients with
comorbidities at onset of KRT in more recent years, although
such an increase was not confirmed in our previous published
study on comorbidity patterns in the period from 2005 to 2014
where the participating countries only partially correspond
to this study [39]. The survival improvement for patients on
dialysis may at least in part be explained by the implementation
of new treatment strategies (e.g. high-flux dialysis) and novel
drugs in recent years [52]. In line with this, we showed in
another study that the excess mortality risk (the risk beyond
the mortality risk in the general population) decreased in
patients on dialysis between 2002 and 2015, but increased
in kidney transplant recipients [53]. In that study the largest
reduction in excess mortality risk in dialysis patients was due
to a decrease in cardiovascular diseases as cause of death, while
in kidney transplant recipients there was a substantial increase
in excess mortality risk due to malignancies. However, trends
in kidney transplant outcomes should be viewed in perspective
of absolute survival probabilities, which are already high—
and the lack of further improvement of transplant outcomes
in our study might partially be due to a ceiling effect. The
positive news is that the overall transplant outcomes have
improved, despite the increased recipient age and the more
frequent use of lower quality donor kidneys [54]; this may
possibly be outweighed by advances over the last decade in
graft preservation [55], desensitization protocols [56], kidney
paired donation programs [57] and other types of (local)
quality improvement [58]. In addition, future strategies aimed
at increasing patient survival should focus on issues beyond
acute rejection or graft loss, such as the effects of a more
holistic patient management approach. Kidney transplantation
remains the treatment of choice for ESKD with respect to costs,
quality of life and survival [59, 60], although a survival benefit
was inconclusive for those aged 65 years or older who received
an expanded criteria donor transplant [61]. Therefore, high
kidney transplant rates should remain a priority, even if this
means a further increase in the prevalence of KRT.

This study has several strengths and limitations. We
included data from a very large patient cohort assembled
from multiple European national and regional KRT registries
representing countries in Northern, Western and Southern
Europe that have provided individual patient data for many
years. Extensive data quality control was conducted to ensure
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optimal quality. Still, the interpretation and assignment of PRD
coding might vary between participating KRT registries [62].
Data on race and ethnicity and comorbidities are not available
for all countries in the ERA Registry. We were however able
to adjust for age and primary renal disease, which accounts
for a large part of the confounding effect of comorbidity [63].
Finally, the results are based on patients using KRT for ESKD
but not on ESKD patients who are not being treated with KRT
or those receiving conservative care.

CONCLUSIONS

With increasing incidence and survival on KRT over the last
decade, the prevalence of KRT in Europe continues to rise.
Variation in incidence trends across individual countries and
regions might be explained by—for example—differences and
changes over time in clinical practice. A substantial increase
in KRT incidence was found among men older than 65 years
of age, possibly reflecting changes in treatment selection or
comorbidity patterns compared with women of similar age.
The KRT incidence also increased due to expansion of dia-
betes mellitus, hypertension and glomerulonephritis/sclerosis
causing kidney failure. Even though overall patient survival
on KRT improved, there was no change in kidney transplant
outcomes in older patients. Continued efforts are required to
monitor and reduce complications of primary renal diseases in
order to delay the progression to KRT. In addition, we need
to ensure future access to high quality KRT care including
kidney transplantation. Even if this will further increase the
prevalence of KRT, higher transplant rates are needed.

SUPPLEMENTARY DATA

Supplementary data are available at ndt online.
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