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ABSTRACT

Background. Inherited kidney diseases (IKDs) and congenital anomalies of the kidney and urinary tract (CAKUT) are causes of kidney
failure requiring kidney replacement therapy (KRT) that major renal registries usually amalgamate into the primary renal disease
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(PRD) category ‘miscellaneous’ or in the glomerulonephritis or pyelonephritis categories. This makes IKDs invisible (except for poly-
cystic kidney disease) and may negatively influence the use of genetic testing, which may identify a cause for IKDs and some CAKUT.

Methods. We re-examined the aetiology of KRT by composing a separate IKD and CAKUT PRD group using data from the European
Renal Association (ERA) Registry.

Results. In 2019, IKD-CAKUT was the fourth most common cause of kidney failure among incident KRT patients, accounting for 8.9%
of cases [IKD 7.4% (including 5.0% autosomal dominant polycystic kidney disease), CAKUT 1.5%), behind diabetes (23.0%), hypertension
(14.4%) and glomerulonephritis (10.6%). IKD-CAKUT was the most common cause of kidney failure among patients <20 years of age
(41.0% of cases), but their incidence rate was highest among those ages 45-74 years (22.5 per million age-related population). Among
prevalent KRT patients, IKD-CAKUT (18.5%) and glomerulonephritis (18.7%) were the two most common causes of kidney failure
overall, while IKD-CAKUT was the most common cause in women (21.6%) and in patients <45 years of age (29.1%).

Conclusion. IKD and CAKUT are common causes of kidney failure among KRT patients. Distinct categorization of IKD and CAKUT
better characterizes the epidemiology of the causes of chronic kidney disease (CKD) and highlights the importance of genetic testing
in the diagnostic workup of CKD.

Keywords: CAKUT, epidemiology, aetiology, genetic kidney disease, inherited kidney disease, kidney failure, kidney replacement
therapy

GRAPHICAL ABSTRACT

Inherited kidney disease and CAKUT are
common causes of kidney failure requiring kidney

replacement therapy: an ERA Registry study

NEPHROLOGY DIALYSIS

Focus of study was to re-examine Results
the etiology of kidney failure requiring . . . . . . .
replacement therapy (KRT) by Inherited kidney disease — Congenital Anomalies of the Kidney and Urinary Tract
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Ortiz, A. et al. IKD and CAKUT are common causes of kidney failure among KRT patients. Distinct categorization
NDT (2024) of IKD and CAKUT better characterizes the epidemiology of the causes of chronic kidney disease,
@NDTSocial and highlights the importance of genetic testing in the diagnostic workup of CKD.
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KEY LEARNING POINTS

What was known:

This study adds:

(14.4%) and glomerulonephritis (10.6%).

Potential impact:

the causes of CKD for different age ranges and genders.
to diagnose the definitive cause.

the development of cause-specific therapeutic interventions.

e Major registries of patients on kidney replacement therapy (KRT) only report the epidemiology of a single inherited kidney
disease (IKD), i.e. autosomal dominant polycystic kidney disease, which is usually diagnosed by imaging.

e This underestimates the percentage of patients with a known genetic disease causing chronic kidney disease (CKD) and under-
scores the importance of genetic studies to establish the cause of CKD.

e In this regard, the miscellaneous causal category represents 20% of incident KRT cases <65 years of age and 40% of childhood
KRT, suggesting that current reporting methods are missing key causal information.

e IKD and congenital anomalies of the kidney and urinary tract (CAKUT) combined was the fourth most common cause of kidney
failure among incident KRT patients, accounting for 8.9% of cases (IKD 7.4%, CAKUT 1.5%), behind diabetes (23.0%), hypertension

e IKD-CAKUT was the most common cause of kidney failure among incident KRT patients <20 years of age (41.0% of cases).

e Among prevalent KRT patients, IKD and CAKUT combined (18.5%) and glomerulonephritis (18.7%) were the two most common
causes of kidney failure overall, while IKD-CAKUT was the most common cause in women (21.6%).

e Major registries of patients on KRT should individually report the IKD and CAKUT categories to provide a more granular view of
e This approach will quantify the contribution of IKDs and CAKUT to the burden of CKD and promote the use of genetic testing

e Overall, this will contribute to the expansion of precision nephrology, by allowing a more precise causal diagnosis and facilitating

INTRODUCTION

Since 1964, the European Renal Association (ERA) Registry has re-
ported the main causes of kidney failure of patients receiving kid-
ney replacement therapy (KRT) grouped into six broad categories:
glomerulonephritis, pyelonephritis (i.e. chronic tubulointerstitial
disease), polycystic kidney disease (PKD), diabetes, hypertension,
vascular, miscellaneous and ‘unknown’ 1, 2], similar to other ma-
jor registries, like the United States Renal Data System (USRDS;
diabetes, hypertension, glomerulonephritis, cystic kidney, other
urologic and other/unknown [3]). However, these categories were
adopted at a time when some causes of kidney failure that are cur-
rently thought to be common had not been identified. As exam-
ples where genetic testing made an important contribution to dis-
ease awareness, APOL1-associated chronic kidney disease (CKD)
in African Americans with so-called hypertensive nephropathy
was described in 2010 and congenital anomalies of the kidney
and urinary tract (CAKUT) caused by angiotensin type 2 recep-
tor (AGTR2) gene defects in 1999, followed by the description of
other CAKUT genes, whereas work based on exome sequencing
data suggested that Alport syndrome was almost as common as
PKD in 2021 [4-10]. However, genetic studies for isolated CAKUT
are frequently negative, since there are other causes for CAKUT,
as exemplified by the teratogenicity of renin-angiotensin system
blockers. In CAKUT patients presenting a syndromic form with
two or more extrarenal manifestations, the gene detection rate
was found to be up to 50% [8-11].

The choice of categories to report major causes of CKD by reg-
istries may have a broad impact on the visibility of specific dis-
eases. For example, registry-reported causes of kidney failure are
repeated in textbooks and journal articles and may influence de-
cisions regarding planning of healthcare resources, research fund-
ing and even individual physician’s decisions regarding the selec-
tion of diagnostic tests and assignment of diagnoses based on a
priori prevalence expectations. In this regard, it is likely that pa-
tients are diagnosed with the most common conditions aligned

with the clinical features, as is frequently done for diabetic or
hypertensive kidney disease. The current major causal categories
could be identified using diagnostic tests available in the 20th cen-
tury, such as kidney biopsy (e.g. glomerulonephritis) and imaging
(e.g. PKD). At that time, there was no need for genetic testing to di-
agnose the major causes of CKD. As a result, the inherited kidney
diseases (IKDs), with the exception of PKD as the only genetic kid-
ney disease that has historically been reported individually, were
amalgamated with CAKUT under miscellaneous, pyelonephritis
and other causes. This system should now be considered as in-
adequate, as evidenced by the high share of ‘miscellaneous’ dis-
ease: 20% of incident KRT cases in those <65 years of age [just
behind diabetes (21%)] and 40% of childhood KRT [2], suggesting
that causal information is being underreported for a large per-
centage of patients. In this regard, a preliminary analysis of the
Madrid [Registro Electrénico de Méritos del Servicio Madrilefio de
Salud (REMER)] and Catalan KRT registries found that IKD was the
third to fourth most common cause of kidney failure requiring
KRT [12].

In 2012, a new ERA primary renal disease (PRD) coding sys-
tem was launched [13, 14], which after the update in 2018 [15],
contained 281 items, expanding the 1995 ERA PRD coding system,
which contained 65 items, allowing a more granular reporting of
genetic diseases. Due to this new coding system, most IKDs and
CAKUT can be classified as ‘familial/hereditary nephropathies’.
However, as this new ERA coding system has not yet been adopted
by all renal registries in Europe, the ERA Registry still reports
the old categories. Moreover, also in this 2012 ERA PRD coding
system, many IKDs are still categorized as glomerular disease,
tubulointerstitial disease or other systemic diseases affecting the
kidney.

We explored the contribution of a novel category of IKD and
CAKUT to the epidemiology of KRT in the ERA Registry. This new
category will increase awareness among clinicians of the causal
information that could be gained when using genetic testing and
of the contribution of genetic disease to kidney failure.
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Figure 1: Distribution of PRDs of incident patients starting KRT in 2019 using the new and conventional categorization. (A) New categorization with
IKD and CAKUT as single categories. (B) Categories as in ERA Registry reports from 1998 to 2019. (C) New categorization by age and sex with IKD and
CAKUT as single categories. (D) Categories by age and sex as in ERA Registry reports from 1998 to 2019.

MATERIALS AND METHODS

Patient population

The ERA Registry annually collects individual data on patients
with kidney failure treated with KRT via national and regional KRT
registries across Europe [2] (Supplementary Methods). In the cur-
rent analyses we focused on patients starting and receiving KRT
in 2019. For the time trend analyses, we included patients from
the years 2010 to 2019.

Primary renal disease groups

The 2012 ERA PRD codes were not available from all participating
countries, nor for all years in the study period. Therefore, 1995
ERA PRD codes were used for the primary analyses, while the
2012 ERA PRD codes were only used to indicate the PRD distri-
bution for IKD patients for which the 2012 ERA PRD codes were
known. The classification of PRDs into groups applied in this study
and as used in the ERA Registry annual reports is presented in
Supplementary Tables S1 and S2. The cause was labelled as un-
known when regional or national registries left the PRD blank
(‘missing’) or chose ‘unknown’ as the cause.

Incidence and prevalence analyses

The incidence of KRT was defined as the number of patients start-
ing KRT (dialysis or pre-emptive kidney transplantation) during a
year and the prevalence was the number of patients who were
alive and on KRT on 31 December. The incidence and prevalence
were calculated per million of the mid-year general population
(pmp) or per million age-related population (pmarp) for the anal-
yses by age group. The adjusted incidence and prevalence were
calculated by standardizing the rates to the age and sex distribu-
tion of the European Union 28-nation population in 2015 [16].

Time trend analyses

Joinpoint regression analysis [17] was used to determine time
trends in the incidence and prevalence and to find points in time
where a trend statistically significantly changed [18]. Time trends
are expressed as annual percentage change (APC), indicating the
estimated change as a percentage relative to the rate of the pre-
vious year. A two-tailed P-value <.05 was considered statistically
significant. For the analyses using the 1995 ERA PRD codes, trend
analyses focused on the years 2010-2019. For the analyses of spe-
cific IKDs, trend analyses focused on 2015-2019 (Supplementary
Methods).

RESULTS

IKD and CAKUT combined was the fourth most
common cause of incident KRT

In 2019, 42 972 patients started KRT in the participating coun-
tries, comprising a general population of 292.8 million, resulting
in an incidence of 146.8 pmp. Of these patients, 3180 (10.9 pmp,
7.4%) had kidney failure caused by IKD and 645 (2.2 pmp, 1.5%)
due to CAKUT, yielding a combined incidence of 3825 (13.1 pmp,
8.9%) (Supplementary Table S3), which made IKD and CAKUT
combined the fourth most common cause of kidney failure af-
ter diabetes mellitus (23.0%), hypertension (14.4%) and glomeru-
lonephritis (10.6%) (Fig. 1A). The incidence of IKD-CAKUT was 65%
higher than for autosomal dominant polycystic kidney disease
(ADPKD), the only IKD represented among conventional aetiologic
categories (Fig. 1B).

Large differences existed between countries. Crude incidence
rates of KRT for IKD ranged from 5.6 pmp (Serbia) to 16.5 pmp
(Belgium) and CAKUT rates ranged from 0.0 pmp (Iceland) to
3.4 pmp (Bosnia and Herzegovina) (Supplementary Table S3,
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Figure 2: Distribution of the specific IKD subgroups of incident patients starting KRT in 2019, by age and sex. Using data from the subset of registries
with 2012 ERA PRD data available. Data shown as a percentage of all cases of IKDs.

Supplementary Fig. S1). After adjustment for age and sex, dif-
ferences between countries remained similar to the crude rates
for IKD-CAKUT (Supplementary Table S4, Supplementary Fig. S2).
Some of the highest incidence rates of KRT for IKD-CAKUT corre-
sponded to countries with the highest overall KRT incidence, such
as Belgium (18.0 pmp), which had almost twice the incidence of
The Netherlands (10.1 pmp).

IKD and CAKUT combined were the most
common cause of incident KRT in patients
<20 years of age, but the incidence rate peaked
at 45-74 years
In 2019, IKD-CAKUT was the most common cause of kidney fail-
ure among patients <20 years of age, accounting for 41.0% (21.0%
IKD and 20.0% CAKUT) of incident KRT in this age group. For the
age group 20-64 years, IKD-CAKUT was the second most com-
mon cause of kidney failure in those starting KRT; after glomeru-
lonephritis/sclerosis (2044 years) and diabetes (45-64 years)
(Fig. 1C). Fig. 1D shows conventional ERA Registry PRD categories.
Although other causes of kidney failure were more com-
mon among persons aged 45-64 and 65-74 years, the crude
KRT incidence rate of IKD-CAKUT was higher (22.6 and
22.3 pmarp, respectively) than in younger age categories
(Supplementary Table S3). For IKD, the incidence rate ranged
from 1.5 pmarp (<20 years) to 20.4 pmarp (45-64 years) and
for CAKUT from 1.4 pmarp (<20 years) to 2.7 pmarp (65-74
years) (Table S3). In age- and sex-adjusted terms, persons aged
45-64 years (22.5 pmarp) had the highest KRT incidence rate of
IKD-CAKUT (Supplementary Table S4).

IKD and CAKUT combined contributed more to
the incidence of KRT in women than in men

In 2019, the incidence rate of KRT due to IKD-CAKUT was
higher for men than for women: 14.8 versus 11.4 pmp
(Supplementary Table S3). This was the case for both IKD
(12.1 pmp versus 9.7 pmp) and CAKUT (2.7 pmp versus 1.7 pmp)
(Supplementary Fig. S1) and did not change after adjustment for
age (Supplementary Table S4, Supplementary Fig. S2).

The overall incidence of KRT was also higher for men. In
this regard, a higher proportion of women than men started
KRT because of IKD-CAKUT: 11.0% versus 7.7% (Supplementary
Table S3). This was mainly due to a 49% higher proportion of
women (9.4%) than men (6.3%) with IKD, while there was no differ-
ence for CAKUT (1.6% and 1.4%, respectively) (Fig. 1C). ADPKD rep-
resented a higher percentage of IKDs in women than in men (70%
versus 65%) (Fig. 2). Thus, while the incidence of IKD-CAKUT was
higher in men than in women, percentage-wise IKD contributed
more to the overall incidence of KRT in women.

Specific IKD and CAKUT causes of incident KRT

In 2019, in the subset of registries with specific PRD data avail-
able, the overall incidence of IKD among patients starting KRT
was 12.9 pmp. ADPKD was the most common IKD [8.7 pmp (67.3%
of all IKD patients)], followed by other cystic diseases [1.0 pmp
(7.4%)] (Table 1). However, there were differences according to age.
In persons <20 years of age, the most common IKD was genetic
nephrotic syndrome (40% of IKDs), followed by genetic tubuloint-
erstitial disease (28%) (Supplementary Table S5, Fig. 2). In contrast,
in patients >20 years of age, ADPKD was the most common IKD,
followed by Alport syndrome. Of interest, at >75 years of age, ge-
netic nephrotic syndrome accounted for 8% of individuals starting
KRT and hereditary nephropathy subtype unknown accounted for
1% of IKD.

The most common CAKUT as a cause of kidney failure in in-
cident KRT was sporadic primary reflux nephropathy (0.8 pmp),
followed by congenital dysplasia/hypoplasia (0.5 pmp) (Table 1).

IKD and CAKUT combined was the most
common cause of prevalent KRT in women

On 31 December 2019, the overall crude prevalence of KRT was
1178.2 pmp, of which 156.2 pmp (13.3% of KRT patients) was
due to IKD and 61.2 pmp (5.2%) due to CAKUT, for a com-
bined IKD-CAKUT prevalence of 217.4 pmp (18.5%) (Fig. 3A,
Supplementary Table S6). After glomerulonephritis (18.7%), IKD-
CAKUT was the second most common known cause of preva-
lent KRT, followed by diabetes (16.4%) (Fig. 3A). This differs from
the current ranking position occupied by PKD (fourth) in the
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Table 1: Crude distribution of specific IKD and CAKUT subgroups
inincident IKD or CAKUT patients starting KRT in 2019, using data
from the subset of registries with 2012 ERA PRD data available.

Characteristics n pmp (%)
Inherited kidney diseases
ADPKD 805 8.7 (67.3)
Other cystic diseases 89 1.0 (7.4)
Other rare genetic conditions 68 0.7 (5.7)
Genetic nephrotic syndrome 67 0.7 (5.6)
Alport syndrome 56 0.6 (4.7)
Genetic tubulointerstitial disease 38 0.4 (3.2)
Tubulopathies 28 0.3 (2.3)
Familial amyloidosis 11 0.1 (0.9)
Thrombotic microangiopathy of (potentially) 11 0.1 (0.9)
genetic origin
Lysosomal storage disorders 9 0.1(0.8)
Phakomatoses 8 0.1(0.7)
Hereditary nephropathy (subtype unknown) 6 0.1 (0.5)
Congenital anomalies of the kidneys and urinary tract
Kidney abnormality 58 0.6 (31.8)
Congenital dysplasia/hypoplasia 45 0.5 (24.7)
Other 13 0.1(7.1)
Urinary tract abnormality 124 1.3 (68.0)
Primary reflux nephropathy—sporadic 78 0.8 (42.9)
Congenital neurogenic bladder 14 0.2 (7.7)
Congenital vesico-ureteric junction 11 0.1 (6.0)
obstruction
Posterior urethral valves 10 0.1(5.5)
Other 11 0.1(5.9)

Primary renal diseases included in the IKD and CAKUT groups can be found in
Supplementary Table S2.
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conventional ERA Registry categories (Fig. 3B). The combined con-
tribution of IKD-CAKUT (18.5%) was 2-fold higher than the con-
tribution of ADPKD (9.1%), the only IKD reported in conventional
registry reports (Fig. 3A, B).

The prevalence IKD-CAKUT were higher in men than in women
(246.4 versus 189.7 pmp) (Supplementary Table S6). This reflects a
higher prevalence for both IKD (173.6 pmp) and CAKUT (72.8 pmp)
for men than for women (139.6 pmp and 50.1 pmp, respectively).
However, percentage-wise, IKD-CAKUT was the most common
cause of prevalent KRT in women (21.6%), while it represented
16.6% of prevalent KRT in men (Fig. 3C, Supplementary Table S6).
In women, both IKD (15.9%) and CAKUT (5.7%) represented a
higher percentage of prevalent KRT than in men (11.7% and 4.9%,
respectively).

Percentage-wise, IKD-CAKUT was the most common cause of
KRT in younger patients, accounting for 59.7% (25.8% IKD, 33.9%
CAKUT) of prevalent KRT among those <20 years of age and 26.6%
(12.7% IKD, 13.9% CAKUT) for those 20-44 years of age (Fig. 3C,
Supplementary Table S6). For patients 45-64 years of age, IKD-
CAKUT was the second most common cause of KRT (22.1%: 16.6%
IKD, 5.5% CAKUT) after glomerulonephritis. Fig. 3D shows conven-
tional ERA Registry categories.

The crude prevalence of KRT for IKD-CAKUT correlated with
the overall crude prevalence of KRT in different countries
(R? = 0.54, P < .001) (Supplementary Fig. S5). The crude preva-
lence of IKD ranged from 28.9 pmp (Montenegro) to 201.3 pmp
(Belgium) and the percentage of KRT ranged from 6.1% (Roma-
nia) to 19.4% (Finland). For CAKUT, the prevalence ranged from
9.5 pmp (Romania) to 82.0 pmp (UK) and the percentage of KRT
ranged from 0.8% (Romania) to 8.8% (Bosnia and Herzegovina)
(Supplementary Table S6, Supplementary Figs. S3 and S4).

B: Conventional categorization: only reported IKD category is ADPKD, CAKUT absent
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Figure 3: Distribution of PRDs of prevalent patients receiving KRT on 31 December 2019, using the new and conventional categorization. (A) New
categorization with IKD and CAKUT as single categories. (B) Categories as in ERA Registry reports from 1998 to 2019. (C) New categorization by age and
sex with IKD and CAKUT as single categories. (D) Categories by age and sex as in ERA Registry reports from 1998 to 2019.
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Table 2: Crude distribution of specific IKD and CAKUT subgroups
in prevalent IKD or CAKUT patients on KRT on 31 December 2019,
using data from the subset of registries with 2012 ERA PRD data
available.

Characteristics n pmp (%)
Inherited kidney diseases
ADPKD 9503 102.8 (57.2)
Hereditary nephropathy (subtype 1772 19.2 (10.7)
unknown)
Other cystic diseases 1284 13.9(7.7)
Genetic nephrotic syndrome 1181 12.8 (7.1)
Alport syndrome 918 9.9 (5.5)
Other rare genetic conditions 668 7.2 (4.0)
Genetic tubulointerstitial disease 606 6.6 (3.6)
Thrombotic microangiopathy of 332 3.6 (2.0)
(potentially) genetic origin
Tubulopathies 137 1.5(0.8)
Lysosomal storage disorders 132 1.4 (0.8)
Phakomatoses 44 0.5(0.3)
Familial amyloidosis 35 0.4 (0.2)
Congenital anomalies of the kidneys and urinary tract
Kidney abnormality 1297 14.1 (24.2)
Congenital dysplasia/hypoplasia 1161 12.6 (21.7)
Other 136 1.5 (2.5)
Urinary tract abnormality 4046 43.7 (75.7)
Primary reflux nephropathy—sporadic 2781 30.1 (52.0)
Congenital vesico-ureteric junction 816 8.8 (15.3)
obstruction
Congenital neurogenic bladder 272 29(5.1)
Posterior urethral valves 82 0.9 (1.5)
Other 95 1.0 (1.8)

Primary renal diseases included in the IKD and CAKUT groups can be found in
Supplementary Table S2.

Supplementary Table S7 shows age- and sex-adjusted prevalence
data within specific countries, age groups and sex categories.

Specific IKD and CAKUT causes in prevalent KRT

In the subset of national registries with more specific PRD data
available, ADPKD was the most common IKD [102.8 pmp (57.2%)],
followed by hereditary nephropathy (subtype unknown) [19.2 pmp
(10.7%)], other cystic diseases [13.9 pmp (7.7%)], genetic nephrotic
syndrome [12.8 pmp (7.1%)] and Alport syndrome [9.9 pmp (5.5%)]
(Table 2, Supplementary Table S8).

The distribution of IKDs differed according to age. In patients
<20 years of age, ADPKD represented 1.8% of IKDs, and the most
common IKD types were genetic nephrotic syndrome (29.6%) and
genetic tubulointerstitial disease (17.6%). In patients 2044 years
of age, ADPKD was most common (20.6%), followed by Alport syn-
drome (16.4%) and genetic nephrotic syndrome (14.4%) (Fig. 4,
Supplementary Table S8). In older patients ADPKD accounted
for >60% of prevalent KRT, followed by hereditary nephropathy
of unknown cause. The main difference in the distribution of
IKDs between the genders was a higher percentage of ADPKD
(59.3% versus 55.4% of IKDs) and a lower percentage of Alport
syndrome (3.5% versus 7.2%) among women than among
men.

The most common CAKUT cause of kidney failure in preva-
lent KRT was primary reflux nephropathy-sporadic (30.1 pmp),
followed by congenital dysplasia/hypoplasia (12.6 pmp) and
congenital vesico-ureteric junction obstruction (8.8 pmp)
(Table 2).

Increasing incidence and prevalence of KRT for
IKD but not CAKUT

Between 2010 and 2019, the crude incidence of KRT for IKD
increased by 1.1% annually {APC 1.1 [95% confidence in-
terval (CI) 0.6-1.7]} (Fig. 5A, Supplementary Table S9), from
104 pmp in 2010 to 11.4 pmp in 2019. The age- and sex-
standardized incidence increased by 0.7% annually (95% CI 0.2—
1.3) (Supplementary Table S9). The only specific IKD with in-
creasing incidence over the last 5 years was tubulopathies [APC
21.3 (95% CI 1.6-44.9)] (Supplementary Table S10), which re-
mained statistically significant after standardization for age and
Sex.

The prevalence of KRT for IKD increased from 133.1 pmp
in 2010 to 168.0 pmp in 2019, ie. by 2.9% annually be-
tween 2010 and 2015 and 2.3% annually between 2015 and
2019 (Fig. 5B, Supplementary Table S11). This increase was
also observed for most specific IKDs between 2015 and 2019
(Supplementary Table S12).

For CAKUT, both the crude and standardized incidence of KRT
decreased between 2010 and 2019 [APC crude incidence —2.8 (95%
CI —4.0 to —1.6), APC standardized incidence —2.7 (95% CI —3.9 to
—1.5)] (Fig. 5A, Supplementary Table S9). The prevalence increased
by 1.0% annually until 2016 and stabilized thereafter (Fig. 5B,
Supplementary Table S11).

DISCUSSION

The main finding of this study is that reporting IKD and CAKUT as
a PRD category instead of reporting only PKD could better visual-
ize the true contribution of genetic and congenital nephropathies
as causes of kidney failure requiring KRT, contributing to in-
creased awareness. IKD and CAKUT combined represent a com-
mon cause of kidney failure among incident KRT patients, and
the most common cause among incident patients <20 years of
age. In addition, among prevalent patients, IKD and CAKUT com-
bined represent the second most frequent cause, and the most
common cause among prevalent patients <45 years of age and
in prevalent women receiving KRT. The increasing use of genetic
testing is likely to uncover more IKDs among patients with CKD
of unknown origin or diagnosed with hypertensive, glomerular or
tubulointerstitial disease. In this regard, most African Americans
with hypertensive kidney disease have APOL] gene variants as-
sociated with CKD progression [19]. Physicians’ awareness of the
burden of IKD-CAKUT will contribute to increased genetic testing
and thus more precise diagnosing. This could potentially decrease
the number of patients with an unknown cause of kidney disease
and even of patients whose kidney disease is attributed to risk
factors for CKD progression, such as hypertension, rather than to
specific causes [20].

All renal registries should be encouraged to adopt the 2012
ERA PRD coding system, as this allows more precise categoriza-
tion of IKD and CAKUT. Moreover, we propose to report IKD and
CAKUT as individual categories—not within the ‘miscellaneous’,
‘glomerulonephritis’ or ‘pyelonephritis’ categories—to correctly
reflect their burden and increase awareness. Despite their het-
erogenous clinical presentations, all IKDs are dependent on a ge-
netic diagnosis. Defects in >600 genes are known to cause mono-
genic kidney diseases [21] and genetic testing may be informative
in both children and adults, identifying the cause of IKDs and of
some cases of CAKUT [9, 22]. Although a congenital condition dif-
fers from a genetic disorder, some IKDs are present at birth and
~12-20% of CAKUT have a known genetic origin [23].
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Figure 4: Distribution of the specific IKD subgroups of prevalent patients receiving KRT on 31 December 2019, by age and sex. Using data from the
subset of registries with 2012 ERA PRD data available. Data shown as a percentage of all cases of IKDs.

KRT incidence and prevalence for IKD-CAKUT differed between
countries, which may be influenced by year-to-year variability as
well as by the variable percentage of patients with unknown and
missing PRDs. Underdiagnosis due to unequal access to genetic
testing and different diagnostic criteria may partially account for
large divergences between countries, as well as potential pockets
of local high incidence due to remote consanguinities or due to
differences in ethnic diversity [24, 25]. In some areas, only con-
firmed genetic or imaging diagnoses may be informed as IKD
while suspicions would be considered of unknown origin.

Although relatively uncommon when compared with other
causes of kidney failure in the age category 45-74 years, the high-
est incidence rate of KRT for IKD-CAKUT was found in this age
category, likely reflecting KRT for ADPKD, which peaks at 54-64
and 70-79 years for the pathogenic variants in PKD1 and PKD2, re-
spectively [25]. Other cystic diseases represented 11-14% of IKDs
among persons >65 years of age. Thus IKD should also be consid-
ered as a potential cause of CKD in older adults and genetic test-
ing should be considered. Both autosomal dominant Alport syn-
drome and autosomal dominant tubulointerstitial kidney disease
(ADTKD) may lead to kidney failure requiring KRT in individuals
>50 years of age and need genetic testing for diagnosis [26-29].
Due to the underuse of genetic testing [30], only some IKDs with
a clear family history are probably labelled as IKD and the cur-
rent data are expected to underestimate the burden of IKD. Un-
derestimation may result from providing a syndrome label, such
as glomerular disease for Alport syndrome, if genetic testing is
not performed. Until recently, genetic testing was not considered
a key item required to diagnose Alport syndrome [31, 32].

IKD-CAKUT contributed more to the burden of KRT in women
than in men; roughly one in six men and one in five women on
KRT had IKD-CAKUT. However, this is driven by a lower incidence
or prevalence of other causes of kidney failure in women than in
men. For X-linked conditions, such as X-linked Alport syndrome or
Fabry disease, KRT is more common in men [29, 33], but for other
IKD-CAKUT, the risk of progression to kidney failure is likely less
sex dependent as compared with some major causes of kidney
failure, such as diabetic kidney disease, which is more common
in men.

Among IKDs, ADPKD was the most common cause of kidney
failure in both incident and prevalent KRT. However, hereditary
nephropathy (subtype unknown) ranked second, illustrating the
underuse of genetic testing, even when a genetic cause was sus-
pected. This deprives patients of genetic and family counselling,
optimal decision-making regarding living-related kidney donation
and prevention of recurrence of nephropathy in the graft. Addi-
tionally, it limits access to an increasing array of targeted thera-
pies (e.g. tolvaptan for ADPKD, eculizumab and ravulizumab for
atypical uraemic syndrome, enzyme replacement therapy and
chaperones for Fabry disease and lumasiran for primary hyperox-
aluria type 1) and clinical trials (e.g. inaxaplin for APOL1 variants),
while it could also result in missing extrarenal manifestations of
syndromic diseases [34-40].

The incidence of patients with IKD on KRT increased between
2010 and 2019, and this was also the case for all specific IKDs be-
tween 2015 and 2019. This may represent increased use of genetic
testing, as the incidence of CAKUT, usually diagnosed by imaging,
decreased during this period. Additionally, the increased access
for elderly ADPKD patients to KRT may have contributed [41]. In-
creasing prevalence may also be driven by increasing survival.

Some limitations should be acknowledged. We have grouped
IKD based on codes provided to us from the respective national
renal registries, although the availability of formal genetic testing
is likely to be variable by country. Further work is required to deter-
mine the availability of genetic testing across Europe for patients
with CKD. In the absence of clear-cut criteria to diagnose certain
causes of CKD, the provided causal diagnosis may be incorrect. In
some countries, a high proportion of missing or unknown diag-
noses makes data unreliable, although they may also represent
less access to diagnostic procedures. Kidney failure patients re-
ceiving conservative care were not represented. Additionally, kid-
ney biopsy or genetic test results were not available and it was not
known whether genetic testing had been performed. Among the
strengths are the data are from a very large patient cohort assem-
bled from multiple European national and regional KRT registries
representing northern, western, and southern Europe that have
provided individual patient data for many years. Extensive data
quality control ensured optimal quality [2].
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Figure 5: (A) Crude incidence and (B) prevalence of KRT over time between 2010 and 2019, using the new categorization of PRDs into IKD and CAKUT.

Data expressed as cases per million population (pmp).

In conclusion, a new cause category encompassing IKD and
CAKUT is the fourth most common cause of kidney failure in in-
cident KRT patients, the second most common cause in prevalent
KRT patients and the most common cause in young prevalent pa-
tients and in prevalent women. These findings send a strong mes-
sage to health authorities, researchers and physicians regarding
the need for access to genetic testing in routine clinical practice
to support optimal diagnosis, counselling and treatment of pa-
tients and their families. Testing will also facilitate more granu-
lar classification of patients, which may help to enrol patients in
clinical trials, avoid unnecessary immunosuppression, optimize
kidney transplantation strategies, aid in family counselling in fa-
milial kidney disease and prenatal care and, in the future, pre-
scribe targeted therapies. IKD and CAKUT should be part of the
differential diagnosis of CKD at any age and presented as individ-
ual categories, outside of miscellaneous, in KRT registry reports.
Initially these new categories may be reported in parallel to tra-
ditional categories to provide some continuity in data trends. The
IKD category could grow as genetic testing becomes more widely
available.

SUPPLEMENTARY DATA

Supplementary data are available at Nephrology Dialysis
Transplantation online.
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