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Introduction: The National Registry of Rare Kidney Diseases (RaDaR) collects data from people living with
rare kidney diseases across the UK, and is the world’s largest, rare kidney disease registry. We present the
clinical demographics and renal function of 25,880 prevalent patients and sought evidence of bias in
recruitment to RaDaR.

Methods: RaDaR is linked with the UK Renal Registry (UKRR, with which all UK patients receiving kidney
replacement therapy [KRT] are registered). We assessed ethnicity and socioeconomic status in the
following: (i) prevalent RaDaR patients receiving KRT compared with patients with eligible rare disease
diagnoses receiving KRT in the UKRR, (ii) patients recruited to RaDaR compared with all eligible unre-
cruited patients at 2 renal centers, and (iii) the age-stratified ethnicity distribution of RaDaR patients with
autosomal dominant polycystic kidney disease (ADPKD) was compared to that of the English census.

Results: We found evidence of disparities in ethnicity and social deprivation in recruitment to RaDaR;
however, these were not consistent across comparisons. Compared with either adults recruited to RaDaR
or the English population, children recruited to RaDaR were more likely to be of Asian ethnicity (17.3% vs.
7.5%, P-value < 0.0001) and live in more socially deprived areas (30.3% vs. 17.3% in the most deprived
Index of Multiple Deprivation (IMD) quintile, P-value < 0.0001).

Conclusion: We observed no evidence of systematic biases in recruitment of patients into RaDaR; how-
ever, the data provide empirical evidence of negative economic and social consequences (across all
ethnicities) experienced by families with children affected by rare kidney diseases.
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A rare disease is defined in Europe as a condition
affecting less than 1 in 2000 people,’ and in the
USA as affecting fewer than 200,000 individuals in the
countlry.2 Rare kidney diseases make a significant
contribution to the burden of kidney disease in the UK
and globally. At least 25% of adults and over 50% of
children receiving KRT have a rare disease’ with
“glomerulonephritis” being the single commonest
category of primary renal disease among UK patients
receiving KRT."

Small patient numbers can result in challenges in
clinical management and research in rare diseases. Lack
of clinical experience, even in large academic centers
can lead to delays or errors in diagnosis and treatment
of rare diseases; and low disease incidence alongside
underdiagnosis can make identification of patients
eligible for clinical trials and observational studies
challenging. Adequate patient numbers for meaningful
analysis may only be achieved through collaboration
between multiple large renal centers, associated with
considerable administrative burden.’

Kidney disorders can cause multisystem dysfunction
and may require complex multidisciplinary care at
different specialist centers. Advances in KRT have led
to people with rare kidney disorders surviving for
decades with kidney failure (KF),' so the requirement
for long-term follow-up data is paramount. For chil-
dren with rare kidney diseases, life-time follow-up
across different specialist pediatric and adult health
care centers across different regions may be needed,
leading to fragmentation of records across multiple
databases, systems, and health care providers, which is
challenging to access for research. Rare kidney disor-
ders are therefore frequently poorly characterized,
lacking published data on the prevalence rates, de-
terminants, distribution, and long-term outcomes of
these diseases.

RaDaR, set-up in 2010 by the UK Kidney Association
with funding from the Medical Research Council,
Kidney Care UK, and Kidney Research UK, was
designed to address these challenges by collecting
longitudinal data (without biological specimens) for UK
adults and children with rare kidney diseases.
Uniquely embedded with the publicly funded National
Health Service (NHS) to which all UK residents have
free access, RaDaR is hosted by the UKRR and has UK-
wide ethical approval as a research registry, enabling
automated collection of retrospective and prospective
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data for patients across multiple regions. The aims of
RaDaR include the following: (i) to better understand
the natural history of rare kidney diseases (as we
recently reportedG), (ii) to assess long-term effects of
therapies, (iii) to identify cohorts eligible for clinical
research, and (iv) provide infrastructure for individual
rare disease studies and subregistries.

To our knowledge, RaDaR is the largest rare kidney
disease registry worldwide. Here we describe the set-
up and data flow into RaDaR, and present cross-
sectional analyses of 25,880 prevalent patients and
minimum point prevalence estimates for 21 rare kidney
diseases in the UK.

METHODS

Structure of RaDaR
Recruitment and data transfer are summarized in
Figure 1. All participants sign a consent form agreeing
to storage and analysis of their clinical data; in most
cases, to linking their data to that held in other data-
bases, studies, and registries; and to be contacted for
future research studies they may be eligible for. All
data are held centrally in a Structured Query Language
database at the UKRR. National Institute for Health and
Care Research infrastructure and research nurse sup-
ports NHS sites to manually enter a minimal set of
mandatory fields at the time of recruitment to RaDaR;
this infrastructure has also supported other national
research programs such as the RECOVERY’ trial.
Manual data entry is automatically checked using
defined ranges to identify implausible data.

Data on all patients recruited to RaDaR were
extracted on July 25, 2022.

Rare Disease Groups (RDGs)

Participants are recruited into 29 RDGs, which may
comprise a single disease or groups of renal diagnoses.
Full eligibility criteria for each RDG are shown in
Supplementary Table S15 and available online at
https://ukkidney.org/sites/renal.org/files/radar/Inclusi
on-Exclusion_april_2021_v22.pdf.

Data for the following RDGs with >85 patients are
presented: ADPKD, autosomal dominant tubulointer-
stitial kidney disease, atypical hemolytic uremic syn-
drome, Alport syndrome, autosomal recessive polycystic
kidney disease and nephronophthisis, HNF1B muta-
tions, IgA nephropathy, idiopathic nephrotic syndrome,
membranous nephropathy, monoclonal gammopathy of

Kidney International Reports (2024) 9, 2067-2083
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Figure 1. Recruitment and data flow to RaDaR. RaDaR, National Registry of Rare Kidney Diseases; UKRDC, UK Renal Data Collaboration; UKRR,

UK Renal Registry.

renal significance, membranoproliferative glomerulone-
phritis and C3 glomerulopathy; pregnancy, inherited
renal cancers; retroperitoneal fibrosis, Shiga toxin/
verotoxin-producing Escherichia coli-associated hemo-
lytic uremic syndrome, tuberous sclerosis complex,
vasculitis, cystinosis, cystinuria, primary hyper-
oxaluria, and tubulopathies. Results for males and fe-
males with X-linked Alport syndrome, and individuals
with thin basement membrane nephropathy are pre-
sented separately because these conditions are usually X-
linked or autosomal respectively. Patients with auto-
somal recessive Alport syndrome have been excluded
due to small sample size. Results for the vasculitis RDG
are presented stratified into antineutrophil cytoplasmic
antibody-associated vasculitis, antiglomerular basement
membrane disease, and other vasculitis (including large
vessel and IgA vasculitis). The idiopathic nephrotic
syndrome cohort is presented stratified into patients
with a diagnosis of either steroid sensitive nephrotic
syndrome or minimal change disease (SSNS/MCD); ste-
roid resistant nephrotic syndrome, congenital nephrotic
syndrome, or focal segmental glomerulosclerosis (SRNS/
FSGS); or idiopathic nephrotic syndrome-unspecified
(patients without a confirmed diagnosis of SSNS/MCD
or SRNS/FSGS).

Data Linkage

RaDaR is linked with the UKRR for data on KRT
initiation and death, which receives data from NHS
Blood and Transplant for transplantation events. Rates
of KRT data received from the UKRR are correct as of
Ist January 2022. Routine laboratory data are extracted
via automated feed either directly from renal unit in-
formation technology systems or via the UK Renal Data
Collaboration.

Kidney International Reports (2024) 9, 2067-2083

Demographic Data

Self-reported ethnicity (Office of National Statistics
census categories®) is entered manually by a research
nurse at the time of recruitment or populated from
existing clinical data provided by the UK Renal Data
Collaboration. Sex is reported according to UK Renal
Data Collaboration record. Postcodes (zip codes) were
used to derive IMD scores as an area level measure of
socioeconomic status. IMD is a measure of relative
deprivation for small areas within a country from
most deprived to least deprived (1 = most deprived).
Bach country in the UK (England,” Wales,'® Scot-
land'' and Northern Ireland'?) has an IMD. These can
then be categorized into country-specific quintiles
within each country (quintile 1 = most deprived,
quintile 5 = least deprived).

Renal Function

For patients not receiving KRT, estimated glomerular
filtration rate was calculated using chronic kidney
disease (CKD)-epidemiology collaboration creatinine
equation without race adjustment (2009)"” or Schwartz
equation for patients aged =16 years.

Missing Data

Available data were presented for each variable and
patterns for missing data explored and proportions
presented in Supplementary Tables S1 to S3.

Small Number Suppression

Where a risk of reidentification of participants were
identified, groups with small numbers were aggregated
into larger groups and tabulated data were structured
not to report fewer than 6 participants per cell where
possible. Where cells contained =6 counts, this cell
was suppressed. To avoid possibility of calculation of
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suppressed counts, corresponding cells were rounded
to the nearest 5, in accordance with NHS Digital
guidance.14

Minimum Point Prevalence Estimates

UK wide RaDaR point prevalence estimates were
calculated using patient numbers for each RDG, and
stratified by sex, using Office of National Statistics UK
population data'’ and were presented per 100,000
population. Prevalence estimates were also calculated
for each RDG for each UK Health Board, and maximum
estimated rate for each RDG were presented. Due to the
nature of recruitment to RaDaR, which requires
informed consent from participants, these estimated
UK-wide rates could underestimate the true rate of rare
kidney diseases but could be interpreted as minimum
possible rates.

Statistical Analyses

Baseline characteristics were presented as frequencies
(%) for categorical data and medians (interquartile
range) for continuous data. Chi-square or Fisher exact
tests were used to compare categorical variables. Sta-
tistical analyses were performed using STATA Release
17 (StataCorp LLC, College Station, TX) and SAS version
9.4 (SAS Institute Inc., Cary, NC).

Ethnicity and Social Deprivation Comparisons
For each RDG, the proportion of patients in each ethnic
group and each IMD quintile was compared to the
overall RaDaR proportion, excluding that RDG.
Because ethnic and IMD quintile distributions differed
between adult and pediatric populations, these ana-
lyses were performed stratified by age category.

Recruitment Comparisons

Primary renal diagnosis is recorded in the UKRR using
European Renal Association-European Dialysis and
Transplant Association codes'® and in UK renal center
information systems either using primary renal diag-
nosis codes or free-text. Primary renal diagnosis codes
and a list of search terms specific to each RDG were
decided with agreement from RDG leads (clinicians
with expertise in that rare kidney disease), to generate
an overall list of primary renal diagnosis codes and
keywords for RaDaR diagnoses (Supplementary
Table S4).

To assess whether some RDGs had recruited a
greater proportion of the total eligible patients in the
UK than others, living patients in the UKRR receiving
KRT who were eligible for RaDaR based on EDTA codes
were stratified into their potential RDGs, and the per-
centage in each RDG compared to the percentage of
living patients in RaDaR receiving KRT.
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To assess whether there has been ethnic or socio-
economic status recruitment bias, 3 methods were used
as follows: (i) ethnicity and socioeconomic status of all
prevalent RaDaR patients who had reached KF were
compared with patients with a rare kidney diagnosis in
the UKRR, (ii) patients recruited to RaDaR from 2 large
UK renal centers were compared with all unrecruited
patients with a RaDaR eligible diagnosis at those cen-
ters, (iii) the age-stratified ethnicity distribution of
England according to the 2011 UK census was
compared with the ethnicity of prevalent English Ra-
DaR patients with ADPKD. Patients from Scotland,
Wales, and Northern Ireland were excluded from
comparisons with the 2011 UK census due to lack of
available data regarding age-stratified ethnicity from
the Office of National Statistics for those nations. En-
glish nationality was determined by a home address
with an English postcode. More detailed information
about these comparisons 1is presented in the
Supplementary Methods.

The RaDaR database has approval for research
studies from the NHS South-West-Central Bristol
Research Ethics Committee (19/SW/0173). This report
was written with reference to the Strengthening the
Reporting of Observation Studies in Epidemiology
(STROBE) statement.'” Additional methods can be
found in the Supplementary Methods.5" 52

RESULTS

As of July 2022, RaDaR recruited patients from 108
NHS sites (96 adult and 12 pediatric) across England
(n = 91), Scotland (n = 9), Wales (n = 3), and Northern
Ireland (7 = 5). Most patients have been recruited from
English renal units (n = 23,776, 92%). Recruitment at
each center is shown in Supplementary Table S14. Data
from RDGs with =85 patients recruited are presented.

Clinical demographics of the RaDaR Patient
Population

Clinical characteristics of 25,880 prevalent patients in
RaDaR on July 25, 2022, are presented in Table 1; 2957
patients (11%) are now deceased. One hundred twenty-
five patients (0.5%) have more than 1 diagnosis
recorded; the majority of these are in the pregnancy
RDG (115/125, 92%). A total of 5260 renal pathology
reports are available for 4184 participants, mostly in
the larger glomerular disease RDGs.

The largest RDGs by patient number are ADPKD
(n = 7112), vasculitis (n = 3997), idiopathic nephrotic
syndrome (n = 3917), and IgA nephropathy (n = 3796).
Conditions not presented due to low numbers are as
follows: adenine phosphoribosyltransferase deficiency
(» = 9), BK nephropathy (n = 62), CKD due to genetic
factors in people of African Ancestry (CKD-AFRICA)

Kidney International Reports (2024) 9, 2067-2083
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Table 1. Patient demographics of individuals recruited to RaDaR, stratified by rare disease group and current age® (g
Pediatric Adults Median current age _51)
Pediatric Adults males females males females pediatric adult Deceased c
Rare disease group n (%) n (%) n (%) n (%) n (%) n (%) median (IQR) median (IQR) All g
All RaDaR 1934 (7.5) 23946 (92.5) 1072 (55.4) 862 (44.6) 12811 (63.5) 11135 (46.5) 12 (9.3-15.0) 56 (41.5-67.9) 2956 QD)
Monogenic or congenifal conditions 2
ADPKD 119 (1.7) 6993 (98.3) 59 (49.6) 60 (50.4) 3302 (47.2) 3691 (52.8) 13 (11.2-15.4) 55 (44.1- 65.0) 685 8
ADTKD =6 (NR% 190 (>97.0) 0 (0.0 3 (100.0) 80 (42.6) 108 (57.4) 17 (15.7-17.2) 54 (43.3- 63.9) 24 g
X-linked Alport- female 46 (15.5) 250 (84.5) 46 (100.0) 250 (100.0) 11 (8.7-14.6) 46 (33.3- 59.3) 13 fn
X-linked Alport- male 53 (13.8) 332 (86.2) 53 (100.0) 332 (100.0) 12 (10.0-14.9) 43 (29.4- 56.4) 27 g
TBMN 16 (9.9) 146 (90.1) =6 (NR) 10 (>63.0) 48 (32.9) 98 (67.1) 12 (9.5-16.1) 47 (32.0- 58.6) 3 g
ARPKD/NPHP 71 (33.0) 144 (67.0) 40 (56.3) 31 (43.7) 64 (44.4) 80 (55.6) 12 (9.2-14.5) 39 (26.5- 54.8) 18 )
Cystinosis 54 (37.5) 90 (62.5) 26 (48.1) 28 (51.9) 43 (47.8) 47 (52.2) 13 (8.9-15.7) 29 (23.6- 36.4) 9 S
Cystinuria 28 (6.1) 432 (93.9) 19 (67.9) 9 (32.1) 222 (51.4) 210 (48.6) 1 (7.2-14.5) 49 (34.4- 62.1) 13 =
Hyperoxaluria 25 (21.7) 90 (78.3) 12 (48.0) 13 (62.0) 59 (65.6) 31 (34.4) 1 (9.0-13.3) 36 (26.4-52.1) 9
HNF1B mutations 31 (36.5) 54 (63.5) 19 (61.3) 12 (38.7) 28 (51.9) 26 (48.1) 9 (6.8-14.2) 39 (23.7-51.1) 1
Renal cancer inherited 10 (8.8) 103 (91.2) =6 (NR) =6 (NR) 39 (37.9) 64 (62.1) 10 (8.4-12.5) 54 (35.4-60.8) 1
Tubulopathies 76 (18.7) 331 (81.3) 54 (71.1) 22 (28.9) 155 (46.8) 176 (53.2) 12 (8.1-15.9) 40 (29.5-56.0) 12
Tuberous sclerosis complex 43 (17.8) 199 (82.2) 16 (37.2) 27 (62.8) 81 (40.7) 118 (69.3) 1 (8.9-15.0) 39 (29.1-561.8) 7
Mostly nonmonogenic or acquired conditions
aHUS 89 (32.2) 187 (67.8) 43 (48.3) 46 (61.7) 85 (45.5) 102 (64.5) 10 (7.0-13.9) 42 (32.7-56.4) 17
SSNS/MCD 525 (31.8) 1127 (68.2) 329 (62.7) 196 (37.3) 638 (56.6) 489 (43.4) 12 (9.3-14.2) 47 (31.5-63.6) 53
SRNS/FSGS 256 (18.2) 1154 (81.8) 137 (53.5) 119 (46.5) 650 (56.3) 504 (43.7) 13 (9.5-15.5) 49 (30.3-63.8) 126
INS-unspecified 63 (7.4) 792 (92.6) 38 (60.3) 25 (39.7) 449 (56.7) 343 (43.3) 12 7.7-14.1) 55 (40.9-67.6) 120
IgA nephropathy 40 (1.1) 3756 (98.9) 25 (62.5) 16 (37.5) 2610 (69.5) 1146 (30.5) 14 (12.1-16.4) 53 (42.2-63.5) 351
Membranous nephropathy =6 (NR) 2050 (>99.0) =6 (\R) =6 (NR) 1358 (66.2) 692 (33.8) 14 (13.3-15.1) 66 (55.5-74.6) 384
MGRS 0 (0.0) 144 (100.0) 0 (0.0) 0 (0.0) 74 (51.4) 70 (48.6) 67 (56.1-76.3) 37
MPGN/C3GN 63 (6.8) 869 (93.2) 32 (50.8) 31 (49.2) 454 (62.2) 415 (47.8) 15 (12.5-16.6) 54 (35.3-66.1) 157
Pregnancy =6 (NR) 680 (>99.0) 1 (100.0) 681 (100.0) 16 (16.1-16.1) 37 (33.1-42.0) 10
Retroperitoneal fibrosis 0 (0.0) 111 (100.0) 0 (0.0) 72 (64.9) 39 (35.1) 67 (68.5-74.2) 31
STEC HUS 110 (65.9) 57 (34.1) 57 (61.8) 53 (48.2) 24 (42.1) 33 (67.9) 12 (8.7-14.6) 23 (20.1-33.2) 3
ANCA-associafed vasculitis 7 (0.4) 1917 (99.6) 0 (0.0) 7 (100.0) 1005 (52.4) 912 (47.6) 14 (13.0-16.4) 70 (68.6-77.0) 451
Anti-GBM disease =6 (NR) 115 (>99.0) 0 (0.0) 1 (100.0) 57 (49.6) 58 (50.4) 15 (14.8-14.8) 62 (47.6-71.4) 21
Other vasculitides 200 (10.2) 1757 (89.8) 100 (60.0) 100 (50.0) 886 (60.4) 871 (49.6) 12 (9.7-15.0) 66 (561.0-75.4) 374

ADPKD, autosomal dominant polycystic kidney disease; ADTKD, autosomal dominant tubulointerstitial kidney disease; aHUS, atypical hemolytic uremic syndrome; ANCA, antineutrophil cytoplasmic antibody; ARPKD/NPHP, autosomal recessive
polycystic kidney disease and nephronophthisis; C3GN, C3 glomerulopathy; FSGS, focal segmental glomerulosclerosis; GBM, glomerular basement membrane; INS, idiopathic nephrotic syndrome; IQR, interquartile range; MCD, minimal change
disease; MGRS, monoclonal gammopathy of renal significance; MPGN, membranoproliferative glomerulonephritis; NR, not reported; RaDaR, National Registry of Rare Kidney Diseases; SRNS, steroid resistant nephrotic syndrome; SSNS, steroid
sensitive nephrotic syndrome; STEC HUS, Shiga toxin/verotoxin-producing Escherichia coli-associated hemolytic uremic syndrome; TBMN, thin basement membrane nephropathy.

#Prevalent patients on July 25, 2022; cells with fewer than 6 patients not reported due to risk of reidentification. Where a cell is not reported due to small numbers, corresponding cell values are rounded to the nearest 5. Individuals with 2 diagnoses
are presented once for all RaDaR results, but subsequently included for each diagnosis. Row percentages are presented.
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(n = 65), calciphylaxis (n = 59), Fabry disease (n = 47),
fibromuscular dysplasia (n = 42), mitochondrial renal
disease (n = 4), and pure red cell aplasia (n = 7).

Distribution of rare kidney diseases differed be-
tween patients currently aged =18 years (pediatric)
and those aged >18 years old. Predominant rare kid-
ney diseases in adults were ADPKD (n = 6993, 29%),
vasculitis (16%; antineutrophil cytoplasmic antibody-
associated vasculitis, n = 1917; antiglomerular base-
ment membrane disease, n = 115; and other vasculit-
ides, n = 1757), and IgA nephropathy (n = 3756,
16%). In children the largest RDGs were idiopathic
nephrotic syndrome (44%; SSNS/MCD, n = 525;
SRNS/FSGS, n = 256; and idiopathic nephrotic
syndrome-unspecified, n = 63), vasculitis (11%;
antineutrophil =~ cytoplasmic  antibody-associated
vasculitis, n = 7; antiglomerular basement membrane
disease, =6; and other vasculitides, n = 200), and
Alport syndrome (6%; X-linked males, n = 53; X-
linked females, n = 46; and autosomal dominant
tubulointerstitial kidney disease, n = 16). The most
frequent rare kidney diseases at the time of diagnosis
in adults and children were the same.

Males were overrepresented among pediatric pa-
tients with cystinuria (68%), HNF1B mutations (61 %),
idiopathic nephrotic syndrome (60%), and tubulo-
pathies (71%) (due to male-predominant Lowe syn-
drome); among adult patients with membranous
nephropathy (66%), retroperitoneal fibrosis (65%), and
primary hyperoxaluria (66%); and among both chil-
dren and adults with IgA nephropathy (children 63%,
adults 70%). Minimum UK point prevalence and
maximum area density estimates per 100,000 popula-
tion for each RDG are presented in Table 2.

Distribution of self-reported ethnicity and socio-
economic status for all RaDaR patients, stratified by
RDG are presented in Figure 2. Excluding patients
with missing data, 87% of RaDaR participants were
White, 1% Mixed, 8% Asian, 3% Black and 1%
Other ethnicities. The SSNS/MCD, SRNS/ESGS, IgA
nephropathy, tubulopathies, cystinosis and primary
hyperoxaluria RDGs, all had a significantly larger
proportion of patients from Asian ethnic backgrounds
than the total RaDaR population. This was particularly
marked in the cystinosis and primary hyperoxaluria
RDGs, where the proportions of patients from Asian
backgrounds was 24% and 34%, respectively. Similar
differences were observed when stratified by pediatric
and adult populations (Supplementary Figures S1 and
S2). Individuals recruited to the pregnancy RDG were
also more likely to be from Asian (16%) or Black
(11%) backgrounds. Children recruited to RaDaR from
all 4 UK nations were more likely to be from Asian
ethnic backgrounds when compared to adults
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recruited to RaDaR (17% vs. 8%, P < 0.0001,
Supplementary Table 5). Similarly, Asian ethnic
background was overrepresented among English
children recruited to RaDaR when compared with
children in the general English population (18% vs.
10%, P-value < 0.0001, Supplementary Table S6).

Of the patients recruited to RaDaR, 38% had
monogenic disorders (disorders usually caused by the
presence of 1 or 2 pathogenic variants in a single gene).
Stratified by ethnicity, most monogenic disorders were
diagnosed in White patients (90.3%) (Supplementary
Table S7). Adults recruited to RaDaR were more
likely to be diagnosed with monogenic disorders than
children (39% vs. 30%, P-value < 0.0001,
Supplementary Table S8). Only adults from White,
Mixed, and Black backgrounds were more likely to be
diagnosed with monogenic disorders compared to
children; children from Asian or Other ethnic back-
grounds were as likely to have a diagnosis of a mono-
genic disorder as adults (24% vs. 23%, P-value: 0.7
and 33% vs. 32%, P-value: 0.9, respectively).

Socioeconomic deprivation varied by RDG; patients
diagnosed with cystinosis, primary hyperoxaluria,
SSNS/MCD, SRNS/FSGS and pregnancy were more
likely to be in the most deprived IMD quintile
compared to the overall RaDaR population (11% pts,
14% pts, 8% pts, 5% pts, and 9% pts higher,
respectively). There were similar differences in both
adult and pediatric patients (Supplementary Figures S3
and S4). Individuals with nonmonogenic disorders
were more likely to be in the most deprived IMD
quintile compared to those with monogenic disorders
(19.2% vs. 16.9%, P-value < 0.0001); however, this
association was attenuated when stratified by ethnicity
(Supplementary Table S9). Individuals with autosomal
dominant conditions were less likely to be in the most
deprived quintile compared to those with autosomal
recessive, X-linked or nonmonogenic disorders (16%
vs. 20% vs. 19%, respectively; P-value < 0.0001;
Supplementary Table S10).

More pediatric patients were in the most deprived
IMD quintile compared to adults recruited to RaDaR
(30% vs. 17%, Supplementary Table S5), and
compared to children in the general English popula-
tion (Supplementary Table S6). Pediatric patients of
White, Asian, and other ethnicities were all more
likely to be in the most deprived IMD quintile
compared to adults (25% vs. 16%, P < 0.0001; 54%
vs. 31%, P < 0.0001; 50% vs. 25%, P = 0.02,
respectively; Supplementary Table S11). Children
(with nonmonogenic [30.2% vs. 18.2%, P-value <
0.0001] and monogenic [30.5% vs. 16.1%, P-value <
0.0001] disorders across all modes of inheritance) were
more likely to be in the most deprived quintile

Kidney International Reports (2024) 9, 2067-2083
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Table 2. RaDaR point prevalence rates and maximum area density estimates per 100,000 population,” stratified by rare disease group and sex
RaDaR point prevalence estimates

Rare disease group RaDaR point prevalence estimates RaDaR maximum area density estimates males females

All RDGs 35.90 (35.46-36.34) 65.24 (58.65-72.56) 38.56 (37.92-39.21) 33.24 (32.65-33.84)
ADPKD 9.87 (9.64-10.10) 22.74 (19.22-26.91) 9.34 (9.03-9.66) 10.40 (10.07-10.73)
ADTKD 0.26 (0.23-0.30) 1.05 (0.74-1.47) 0.22 (0.18-0.28) 0.31 (0.26-0.37)

X-linked Alport- female
X-linked Alport- male
TBMN

ARPKD/NPHP

Cystinosis

Cystinuria

Hyperoxaluria

HNF1B mutations

Renal cancer inherifed
Tubulopathies

Tuberous sclerosis complex
aHUS

SSNS/MCD

SRNS/FSGS
INS-unspecified

IgA nephropathy
Membranous Nephropathy
MGRS

MPGN/C3GN

Pregnancy

Retroperitoneal fibrosis
STEC HUS
ANCA-associafed vasculitis
Anti-GBM disease

0.41 (0.37-0.46)
0.53 (0.48-0.59)
0.22 (0.19-0.26)
0.30 (0.26-0.34)
0.20 (0.17-0.23)
0.64 (0.58-0.70)
0.16 (0.13-0.19)
0.12 (0.10-0.15)
0.16 (0.13-0.19)
0.56 (0.51-0.62)
0.34 (0.30-0.38)
0.38 (0.34-0.43)
2.29 (2.18-2.40)
1.96 (1.86-2.06)
118 (1.11-1.27)
5.26 (5.10-5.43)
2.85 (2.73-2.98)
0.20 (0.17-0.23)
1.29 (1.21-1.38)
0.94 (0.88-1.02)
0.15 (0.13-0.19)
0.23 (0.20-0.27)
2.67 (2.56-2.79)
0.16 (0.13-0.19)

3.75 (0.53-26.65)
2.59 (0.83-8.02)
1.61 (1.04-2.50)
0.93 (0.30-2.87)
3.75 (0.53-26.65)
2.17 (1.26-3.74)
0.96 (0.58-1.59)
1.02 (0.59-1.76)
2.27 (1.51-3.41)
4.36 (0.61-30.95)
0.87 (0.52-1.44)
1.34 (0.34-5.37)
5.44 (4.69-6.32)
4.46 (3.35-5.94)
3.85 (3.00-4.93)

156.02 (5.64-40.01)

5.98 (5.19-6.90)
0.81 (0.47-1.39)
4.44 (0.62-31.50)
7.45 (6.22-8.94)
0.96 (0.40-2.31)
1.10 (0.57-2.11)
7.51 (5.48-10.27)
0.96 (0.36-2.55)

1.07 (0.97-1.18)
0.15 (0.11-0.20)
0.29 (0.24-0.35)
0.19 (0.15-0.24)
0.67 (0.59-0.76)
0.20 (0.16-0.25)
0.13 (0.10-0.17)
0.12 (0.09-0.17)
0.58 (0.51-0.66)
0.27 (0.22-0.33)
0.35 (0.30-0.42)
2.68 (2.52-2.86)
2.18 (2.04-2.34)
1.35 (1.24-1.48)
7.32 (7.04-7.60)
3.78 (3.59-3.99)
0.21 (0.16-0.26)
1.35 (1.23-1.47)

0.20 (0.16-0.25)
0.22 (0.18-0.28)
2.80 (2.63-2.98)
0.16 (0.12-0.20)

0.82 (0.73-0.92)

0.30 (0.25-0.36)
0.31 (0.26-0.37)
0.21 (0.17-0.26)
0.61 (0.53-0.69)
0.12 (0.09-0.16)
0.11 (0.08-0.14)
0.19 (0.15-0.24)
0.55 (0.48-0.63)
0.40 (0.34-0.47)
0.41 (0.35-0.48)
1.90 (1.76-2.04)
1.73 (1.60-1.87)
1.02 (0.92-1.13)
3.21 (3.03-3.40)
1.92 (1.79-2.07)
0.19 (0.15-0.24)
1.24 (1.13-1.36)
1.89 (1.75-2.03)
0.11 (0.08-0.15)
0.24 (0.19-0.29)
2.55 (2.39-2.72)
0.16 (0.13-0.21)

Other Vasculitides 2.72 (2.60-2.84)

13.08 (11.23-15.25)

2.74 (2.58-2.92) 2.69 (2.53-2.87)

ADPKD, autosomal dominant polycystic kidney disease; ADTKD, autosomal dominant tubulointerstitial kidney disease; aHUS, atypical hemolytic uremic syndrome; ANCA, antineutrophil
cytoplasmic antibody; ARPKD/NPHP, autosomal recessive polycystic kidney disease and nephronophthisis; C3GN, C3 glomerulopathy; FSGS, focal segmental glomerulosclerosis; GBM,
glomerular basement membrane; INS, idiopathic nephrotic syndrome; MCD, minimal change disease; MGRS, monoclonal gammopathy of renal significance; MPGN, mem-
branoproliferative glomerulonephritis; RaDaR, National Registry of Rare Kidney Diseases; RDG, rare disease group; SRNS, steroid resistant nephrotic syndrome; SSNS, steroid sensitive
nephrotic syndrome; STEC HUS, Shiga toxin/verotoxin-producing Escherichia coli-associated hemolytic uremic syndrome; TBMN, thin basement membrane nephropathy.

Estimates on July 25, 2022.

compared to adults (Supplementary Tables S10 and
$12).

Renal Function of the RaDaR patient population
Many patients in RaDaR had reached KF (CKD stage G5
or KRT) (39%) (Table 3). This proportion varied by
RDG; only 2% of patients with cystinuria had reached
KF compared to 73% of male patients with Alport
syndrome. Most pediatric patients had estimated
glomerular filtration rate results >60 ml/min per 1.73
m? (71% CKD stages G1-G2 vs. 32% of adult patients).

Recruitment to RaDaR

Geographic distribution of recruitment to RaDaR across
the UK is shown in Figure 3. Comparison of RaDaR with
UKRR rare disease KRT populations (Figure 4 and
Supplementary Table S13) demonstrated similar dis-
tributions in both populations, and statistical testing
did not show significant evidence of differences
(Cramer’s V = 0.07).

Kidney International Reports (2024) 9, 2067-2083

Overall, patients recruited to RaDaR with KF were
less likely to be Asian (7% vs. 9%, P < 0.0001)
compared with unrecruited patients in the UKRR
dataset (Table 4). However, there was no significant
difference between the ethnic distribution of recruited
versus unrecruited patients in the following RDGs:
autosomal recessive polycystic kidney disease and
nephronophthisis (Chi2 P = 0.41), Alport syndrome
(P = 0.76), atypical hemolytic uremic syndrome (P =
0.55), cystinosis (P = 0.71), primary hyperoxaluria
(P = 0.49), membranoproliferative glomerulonephritis
and C3 glomerulopathy (P = 0.15), Shiga toxin/
verotoxin-producing Escherichia coli-associated hemo-
lytic uremic syndrome (P = 0.62), and membranous
nephropathy (P = 0.44). UKRR patients in the least
deprived quintile were more likely to be recruited to
RaDaR than those in the most deprived quintile (21%
vs. 17%, P < 0.000I).

Results comparing recruitment to RaDaR at 2 Iarge
renal centers were conflicting; comparing recruited
and nonrecruited but eligible patients at each center,
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Figure 2. RaDaR patient (a) ethnicity and (b) socioeconomic status, stratified by rare disease group. ADPKD, autosomal dominant polycystic
kidney disease; ADTKD, autosomal dominant tubulointerstitial kidney disease; aHUS, atypical hemolytic uremic syndrome; ANCA, antineutrophil
cytoplasmic antibody; ARPKD/NPHP, autosomal recessive polycystic kidney disease and nephronophthisis; C3GN, C3 glomerulopathy; FSGS,
focal segmental glomerulosclerosis; GBM, glomerular basement membrane; INS, idiopathic nephrotic syndrome; IQR, interquartile range; MCD,
minimal change disease; MGRS, monoclonal gammopathy of renal significance; MPGN, membranoproliferative glomerulonephritis; NR, not
reported; RaDaR, National Registry of Rare Kidney Diseases; SRNS, steroid resistant nephrotic syndrome; SSNS, steroid sensitive nephrotic
syndrome; STEC HUS, Shiga toxin/verotoxin-producing Escherichia coli-associated hemolytic uremic syndrome; TBMN, thin basement mem-
brane nephropathy.

and excluding patients with ethnicity not recorded, 20% vs. 22%; Other ethnicity, 4% vs. 4%; P < 0.23),
there were no differences in ethnicity observed in 1 evidence of overrecruitment of White (67% vs. 57%,
center (recruited vs. nonrecruited; White, 62% vs. P < 0.0001), and underrecruitment of Black patients

64%; Mixed, 2% vs. 0%; Asian, 13% vs. 11%; Black, (8% wvs. 14%, P < 0.0001) in the other center.
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Table 3. Chronic kidney disease stage and median eGFR of RaDaR patients on January 1, 2022

CKD Stage

G1 G2 G3a G3b G4 G5 RRT Median eGFR®
Rare disease group n (%) n (%) n (%) n (%) n (%) n (%) n (%) (IQR)
ADPKD 831 (13.4) 882 (14.3) 451 (71.3) 554 9.0) 502 @.1) 214 3.5) 2753 (44.5) 60 (33.7-88.9)
ADTKD 16 (10.2) 11 (7.0) 13 8.3) 14 8.9) 15 (9.6) 3 1.9) 85 (54.1) 47 (30.3-82.2)
X-linked Alport- female 76 (35.3) 27 (12.6) 13 (6.0) 11 5.1) 6 2.8) 6 2.8) 76 (35.3) 93 (69.8-117.0)
X-linked Alport- male 43 (13.2) 17 5.2) 6 (1.8) 12 3.7 8 (2.5) 3 0.9) 237 (72.7) 88 (43.9-121.4)
TBMN 54 41.2) 28 (21.4) 10 (7.6) 7 (56.3) 7 (5.3) 3 2.3) 22 (16.8) 90 (61.4-108.7)
ARPKD/NPHP 22 12.4) 18 (10.2) 9 G.1) 12 (6.8) 18 (10.2) 6 B4 92 (52.0) 53 (29.2-92.3)
Cystinosis 6 4.9) 10 8.2 7 6.7 6 4.9) 5 “@.1) 3 2.5) 85 (69.7) 58] (35.3-78.3)
Cystinuria 119 37.9) 133 (42.4) 34 (10.8) 13 “.n) 5 (1.6) 3 (1.0) 7 2.2) 81 (65.0-98.6)
Hyperoxaluria 19 (22.6) 21 (25.0) 4 4.8) 5 (6.0) 1 1.2) 34 (40.5) 83 (64.5-96.8)
HNF1B mutfations 7 (14.3) 8 (16.3) 9 18.4) 4 8.2 8 (16.3) 1 (2.0) 12 (24.5) 55 (31.3-79.3)
Tubulopathies 118 (63.4) 45 (20.4) 15 (6.8) 12 5.4) 2 0.9) 2 0.9) 27 (12.2) 100 (72.8-116.9)
Tuberous sclerosis complex 70 (45.8) 31 (20.3) 14 9.2 11 (7.2) 4 (2.6) 3 2.0 20 13.1) 91 (61.5-111.0)
aHUS 32 (16.0) 23 (11.5) 9 (4.5) 4 (2.0) 9 (4.5) 5 (2.5) 118 (69.0) 81 (47.5-108.3)
SSNS/MCD 672 (54.9) 304 (24.8) 91 7.4 51 4.2 18 (1.5) 4 0.3) 84 (6.9) 97 (74.4-118.5)
SRNS/FSGS 315 (24.3) 180 (13.9) 87 6.7) 66 5.1) 67 5.2 33 (2.5) 547 42.2) 81 (47.7-108.1)
INS-unspecified 163 (22.6) 143 (19.8) 44 6.1) 43 (6.0) 37 6.1 10 .4 282 (39.1) 78 (562.9-101.4)
IgA nephropathy 264 (7.6) 303 @8.7) 231 6.7) 288 (8.3) 294 (8.5) 89 (2.6) 2000 (67.7) 49 (29.5-80.1)
Membranous Nephropathy 247 (14.3) 453 (26.2) 229 (13.2) 211 12.2) 160 9.2 55 B2 376 1.7 61 (39.4-83.4)
MGRS 1 (0.8) 14 (1.9 12 (10.2) 17 (14.4) 8 (6.8) 8 (6.8) 58 (49.2) 42 (29.5-58.5)
MPGN/C3GN 135 (16.9) 81 (10.1) 43 5.4) 49 6.1) 35 4.4) 16 2.0) 441 (565.1) 72 (41.0-108.0)
Pregnancy 231 37.1) 89 (14.3) 33 (E19) 33 (5.3) 15 2.4) 7 a.n 214 (34.4) 96 (67.2-115.8)
Retroperitoneal Fibrosis 9 (10.6) 25 (29.9) 20 (23.5) 12 14.1) 4 @.7) 4 @7 1 12.9) 57 (43.2-75.6)
STEC HUS 6 (13.6) 2 (4.5) 3 (6.8) 1 2.3) 4 @.1 28 (63.6) 66 (34.7-123.9)
ANCA-associated vasculitis 11 (7.3) 308 (20.1) 278 (18.2) 252 (16.5) 200 3.1n) 35 2.3) 346 (22.6) 50 (33.6-69.0)
Anti-GBM disease 5 (4.5) 1 0.9 3 @7 4 (3.6) 3 @.7) 1 0.9) 95 (84.8) 47 (31.1-96.6)
Other vasculitides 156 (11.8) 260 (19.6) 184 (13.9) 183 (13.8) 131 9.9 30 2.3) 380 (28.7) 56 (36.1-78.9]
Total 3673 (17.2) 3402 (16.0) 1849 @7 1869 (8.8) 1565 (7.3) 544 (2.6) 8401 (39.4)
Pediafric (Total) 471 (62.1) 68 (9.0 15 2.0 1 a4 12 (1.6) 5 ©.7) 177 (23.3)
Adults (Total) 3202 (15.6) 3334 (16.2) 1834 8.9) 1858 9.0) 1553 (7.6) 539 (2.6) 8224 (40.0)

ADPKD, autosomal dominant polycystic kidney disease; ADTKD, autosomal dominant tubulointerstitial kidney disease; aHUS, atypical hemolytic uremic syndrome; ANCA, antineutrophil cytoplasmic antibody; ARPKD/NPHP, autosomal recessive
polycystic kidney disease and nephronophthisis; C3GN, C3 glomerulopathy; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; FSGS, focal segmental glomerulosclerosis; GBM, glomerular basement membrane; INS, idiopathic
nephrotic syndrome; IQR, interquartile range; KRT, kidney replacement therapy; MCD, minimal change disease; MGRS, monoclonal gammopathy of renal significance; MPGN, membranoproliferative glomerulonephritis; RaDaR, National Registry of
Rare Kidney Diseases; RDG, rare disease group; SRNS, steroid resistant nephrotic syndrome; SSNS, steroid sensitive nephrotic syndrome; STEC HUS, Shiga toxin/verotoxin-producing Escherichia coli-associated hemolytic uremic syndrome; TBMN,
thin basement membrane nephropathy.

“Median eGFR of patients not receiving KRT. Inherited renal cancers have been excluded from this table due to poor data completeness. For overall, pediatric, and adult totals individuals with 2 diagnoses included once. For RDG totals individuals with
2 diagnoses included for each diagnosis.
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RaDaR Recruitment Map

Patients per hundred thousand population /1 32-89 [C—193-16.2 =1 16.4-25.4 I 255- 351
[ 355-441 N 442-481 [ 483-652

Figure 3. Distribution of recruitment to RaDaR across the United Kingdom. RaDaR, National Registry of Rare Kidney Diseases.
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Figure 4. Proportion of rare disease diagnoses for each disorder within UKRR and RaDaR KRT recipients. ADPKD, autosomal dominant
polycystic kidney disease; ADTKD, autosomal dominant tubulointerstitial kidney disease; aHUS, atypical hemolytic uremic syndrome; ANCA,
antineutrophil cytoplasmic antibody; ARPKD/NPHP, autosomal recessive polycystic kidney disease and nephronophthisis; C3GN, C3 glomer-
ulopathy; FSGS, focal segmental glomerulosclerosis; GBM, glomerular basement membrane; INS, idiopathic nephrotic syndrome; IQR, inter-
quartile range; KRT, kidney replacement therapy; MCD, minimal change disease; MGRS, monoclonal gammopathy of renal significance; MPGN,
membranoproliferative glomerulonephritis; NR, not reported; RaDaR, National Registry of Rare Kidney Diseases; SRNS, steroid resistant
nephrotic syndrome; SSNS, steroid sensitive nephrotic syndrome; STEC HUS, Shiga toxin/verotoxin-producing Escherichia coli-associated
hemolytic uremic syndrome; TBMN, thin basement membrane nephropathy; UKRR, UK Renal Registry.
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Table 4. Ethnicity and socioeconomic status comparisons between RaDaR recruited versus unrecruited patients with rare kidney diagnoses at
2 UK renal units and between recruited patients with kidney failure and UKRR patients with rare kidney diseases

Ethnicity Socioeconomic status (Index of Multiple Deprivation Quintiles)
Unit 1
All eligible Recruited fo Not recruited to All eligible Recruited to Not recruited to
patients RaDaR RaDaR patients RaDaR RaDaR
n (%) n (%) n (%) P-value n (%) n (%) n (%) P-value
White 2234 (58) 473 (67) 1761 o7 P < 0.0001 1- most deprived 719 (16) 1568 2) 561 18) P < 0.0001
Mixed 114 ® 19 (©) 95 ® 2 1,167  (26) 312 24 855 @7
Asian 625 16) 122 (17) 503 (16) 3 1,044  (23) 302 (23) 742 24
Black 483 a3) 56 ® 427 4 4 845 a9 282 22) 563 18
Other 366 10) 41 (6) 325 (10) 5- least deprived 675 (15) 255 19 420 13)
Total 3822 (100) 711 (100) 3111 (100) Total 4450 (100) 1309  (100) 3141 (100)
Unit 2
All eligible Recruited fo Noft recruited Recruited fo Noft recruited to
patients RaDaR to RaDaR . RaDaR RaDaR
All eligible
n (%) n (%) n (%) P-value patients n (%) n (%) P-value
White 774 (63) 199 (62) 575 (64) P=0.23 1- most deprived 292 (18) 92 19 200 (18) P=0.67
Mixed 9 m 5 @ 4 (@) 2 442 (28) 138 28) 304 (28)
Asian 138 an 41 13) 97 an 3 366 (23) 122 (25) 244 22)
Black 260 @2n 64 (20) 196 22) 4 268 an 82 an 186 an
Other 47 () 14 (@) 33 (@) 5- least deprived 223 4) 61 2) 162 (15)
Total 1228 (100) 323 (100) 905 (100) Total 1591 (100) 495 (100) 1096 (100)
UK Renal Registry comparison
All eligible Recruited to Not recruited to All eligible Recruited to Not recruited to
patients RaDaR RaDaR patients RaDaR RaDaR
n (%) n (%) n (%) P-value n (%) n (%) n (%) P-value
White 21986  (8b) 56565  (87) 16331  (86) P < 0.0001 1- most deprived 5507  (22) 1162  (18) 4355  (23) P < 0.0001
Mixed 244 m 73 m 171 m 2 5519  (22) 1260 (20) 4259  (23)
Asian 2235 (9 468 (7) 1767  (9) 8 5462  (22) 1357  (21) 41056 (22)
Black 1080 &) 250 830 (¢ 4 4153 16) 13656  (21) 2798  (15)
Other 338 () 74 M 264 m 5- least deprived 4589  (18) 1339  (21) 3250 (17)
Total 25883 (100) 6520 (100) 19363  (100) Total 256230 (100) 6463 (100) 18767  (100)

UKRR, UK Renal Registry; RaDaR, National Registry of Rare Kidney Diseases.

Similarly, there was no evidence of difference in social DISCUSSION

deprivation in 1 center (recruited vs. non recruited; We h d onal | for 1934

IMD quintile 1-most deprived: 19% vs. 18%, quintile > aVZ,Pr?SentZ 22“;156'56;;103“& B

2: 28% vs. 28%, quintile 3: 25% vs. 22%, quintile 4: (7%) pe 1atric an ’ ( 0) adult patients wit
rare kidney diseases enrolled into RaDaR. To our

17% vs. 17%, quintile 5-least deprived: 12% vs. ) led his is the | - demiolooical d .
15%, P < 0.67), whereas there was evidence of {lnowe 8¢ t.1s 18 t .e argest epl er.mo oglcal descrip-
tion of rare kidney diseases worldwide.

overrecruitment of patients in the least deprived ] i )
RaDaR is not a population-based registry; and

quintile (19% vs. 13%, P < 0.0001) in the other. T
. . . . . therefore, cannot offer precise incidence or prevalence
Prevalent English patients with a diagnosis of SN - ;
data on individual rare kidney disorders. However,

ADPKD were compared with the 2011 English ) :
. . RaDaR patient numbers have allowed us to provide
Census, adjusted for age (Supplementary Figure S5). o : )
minimum point prevalence UK estimates for 27 RDGs

Deviation from the ethnic distribution of the English ] ] o
(Table 2), in some cases, for the first time. In addition,

population varied by age group. More patients ) ) 3
aged <40 years were White than the general popu- p atlen.t numbf-‘:r.s .and demograp hics may be. use.ful'm
lation (0-17 years: 83% vs. 79%, P = 0.006; 1829 assessing fea51b1.hty of s.tudles or chmc'al trials in in-
years: 92% vs. 81%, P = 0.001; 30-39 years, 92% vs. dividual rare kidney diseases. Comparison of RaDaR
81%, P < 0.0001). However, patients aged 60 to 69 KRT recipients with UK recipients of KRT with a rare
years were more likely to be Black than the general disease recorded in UKRR indicated that a similar
proportion (approximately 40%) of all patients with

population (3% vs. 1%, P < 0.0001). There was no lioibl di b KF lled in RaDaR
difference in ethnic distribution for individuals aged ? 1g.1 e. rare 1s.eases‘ wit were enrofied 1n Ka .a !
indicating that in this group, RaDaR allows comparison

>80 years (P = 0.39).
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of prevalence of the relevant diseases without detect-
able bias according to disease (Figure 4). Similar ana-
lyses could not be done in the non-KRT population
because there is no comprehensive registry in this
group to compare with.

After comparison with multiple data sources, we
found that though there was likely to be imperfect
representation of all socioeconomic and ethnic groups
in RaDaR, these biases do not appear to be of a
magnitude likely to distort inferences about epidemi-
ology or natural history of RaDaR diseases. Although
patients with KF in RaDaR are more likely to be White
than eligible patients in the UKRR (87% vs. 85%, P-
value < 0.0001), comparison of the English RaDaR
ADPKD cohort with the English census and comparison
with patients at 2 large renal units found no consistent
ethnic recruitment bias to RaDaR. For 7 RDGs (auto-
somal recessive polycystic kidney disease and neph-
ronophthisis, Alport syndrome, atypical hemolytic
uremic syndrome, Shiga toxin/verotoxin-producing
Escherichia coli-associated hemolytic uremic syn-
drome, cystinosis, primary hyperoxaluria, mem-
branoproliferative ~ glomerulonephritis and  C3
glomerulopathy, and membranous nephropathy) pa-
tients with KF recruited to RaDaR closely matched the
ethnic distribution of patients in the UKRR. Patients
recruited to RaDaR were more likely to be from the
least deprived quintile compared to the UKRR (21% vs.
18%, P-value < 0.0001), whereas there was no evi-
dence of overrecruitment of patients in the least
deprived quintile within a large renal unit (12% vs.
14%, P-value = 0.67). Future work will include
investigating these differences to identify potential
inequity and to target future recruitment strategies.

Despite evidence that patients of White ethnicities
may be overrepresented in the RaDaR KF population, we
found patients with cystinosis and primary hyper-
oxaluria were less likely to be White (48% and 45%,
respectively vs. 70%), and more likely to be from Asian
backgrounds (16% and 25% respectively vs. 6%)
compared to the overall ethnic distribution of RaDaR.
These differences were also present when stratified by
pediatric and adult RaDaR patients, although pediatric
data should be interpreted with caution due to the small
patient numbers. This ethnic predisposition has been
previously reported in cystinosis, with a high birth
frequency rate (1:3600) reported in Pakistani ethnic
groups in the West Midlands.'® However, to our
knowledge it has not previously been reported in pri-
mary hyperoxaluria. Previous population analyses have
suggested primary hyperoxaluria is 3 times more prev-
alent among European Americans than African Ameri-
cans,'” and that certain PH1 gene (AGXT) variants have a
strong association with people from Spanish or North
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African backgrounds.”” Although a possible mutational
hotspot in PH3 gene HOGAI has been identified in the
Chinese population,21 none of the patients in the RaDaR
primary hyperoxaluria cohort were from a Chinese
background. As for any autosomal recessive diseases, the
frequency of consanguinity in the community may
impact on the incidence of cystinosis and primary
hyperoxaluria. Differences in disease frequency in
different self-reported ethnic groups suggest that ge-
netic ancestry could influence the likelihood of certain
diseases explaining a patient’s symptoms and, whereas
the differences described here do not seem large enough
to justify targeted population screening, awareness of
these differences may help clinicians better investigate
patients. It should also be noted that in the absence of
genomic data, inferences linking self-reported ethnicity
(as ascertained in this study) with genetic ancestry
should be made with caution.

Pediatric patients were more likely to be from Asian
backgrounds compared to adults. This is likely due to
the higher proportion of idiopathic nephrotic syndrome
in the pediatric group (44% children vs. 13% adults),
conditions that have been reported to affect South Asians
up to 5 times more frequently than Europeans.””*’

More pediatric patients were in the lowest IMD
quintile compared to adults. In the UK, children are
more likely to live in more deprived areas compared to
adults, and people of Asian and Black ethnicity are
more likely to live in areas with the worst levels of
social deprivation than those of White ethnicity.”
However, the proportion of English children
recruited to RaDaR living in the most deprived IMD
quintile exceeded that of children in the general En-
glish population. Differences in ethnicity and the
proportion of monogenic and nonmonogenic conditions
between the pediatric and adult RaDaR populations do
not completely explain this disparity; children from
White (24.8% vs. 16.2%, P-value < 0.001), Asian
(53.5% wvs. 31.1%, P-value < 0.0001), and Other
(50.0% vs. 24.7%, P-value = 0.017) ethnicities were all
more likely to live in more socially deprived areas than
adults, as were children diagnosed with both mono-
genic (30.5% vs. 16.1%, P-value < 0.0001) and non-
monogenic (30.2% vs. 18.2%, P-value < 0.0001)
disorders. Pediatric patients may be more intensively
recruited to RaDaR from centers in areas of worst
deprivation, either due to clinician interest or a higher
population prevalence of certain rare kidney diseases in
those areas. However, rare diseases are associated with
a high economic burden for patients, especially for
families with children,” perhaps explained by the
additional caring responsibilities imposed on adults
responsible for a child (or children) affected by a rare
kidney disease reducing their capacity to earn money
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(for example, owing to frequent hospital visit atten-
dances for appointments or dialysis). In addition,
children from socioeconomically deprived back-
grounds experience poorer health outcomes,””*’ and
there is evidence of reduced access to preemptive
kidney transplantation in UK pediatric kidney patients
from more deprived areas.”® These findings therefore
highlight that children with rare kidney diseases
recruited to RaDaR are a potentially highly vulnerable
group; further investigation is needed to determine
whether they experience different outcomes.

Limitations of this study include the fact that RaDaR
is a UK registry and is representative of the mainly
White UK population and may not be generalizable to
other ethnicities. Survivor bias may have had an
impact on the enrolment of individuals with diagnoses
made before RaDaR started recruiting patients with
that condition. Some RaDaR diagnoses are poorly
captured by European Renal Association-European
Dialysis and Transplant Association primary renal
diagnosis codes, which limited comparison to UKRR
data. Entry of rare disease diagnoses into renal infor-
mation technology systems is user-dependent and may
vary between renal units used for comparisons.
Although bias could be introduced owing to the vari-
ation in recruitment between centers across the UK,
and therefore by variation in their catchment popula-
tion, we sought to minimize effects of this bias by
comparing ethnicity and socioeconomic status of each
RDG to the overall RaDaR breakdown. Caution must
still be exercised where clinicians with particular in-
terest in a certain RDG recruit more intensively into
that one RDG compared to others.

In summary, to our knowledge RaDaR is the largest
registry of rare kidney diseases worldwide and pro-
vides numerous opportunities to advance understand-
ing of rare kidney diseases, including identification of
potential participants in clinical trials.
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