
CLINICAL RESEARCH
Corre

Resea

Borde

Jérôm

Kidney
Social Deprivation Is Associated

With Lower Access to Pre-emptive Kidney

Transplantation and More Urgent-Start

Dialysis in the Pediatric Population
Bénédicte Driollet1, Florian Bayer2, Theresa Kwon3, Saoussen Krid4, Bruno Ranchin5,

Michel Tsimaratos6, Cyrielle Parmentier7, Robert Novo8, Gwenaelle Roussey9,

Stéphanie Tellier10, Marc Fila11, Ariane Zaloszyc12, Astrid Godron-Dubrasquet13,

Sylvie Cloarec14, Isabelle Vrillon15, Françoise Broux16, Etienne Bérard17, Sophie Taque18,

Christine Pietrement19, François Nobili20, Vincent Guigonis21, Ludivine Launay22,

Cécile Couchoud2, Jérôme Harambat1,13,23,24 and Karen Leffondré1,23,24

1Univ Bordeaux, Institut National de la Santé et de la Recherche Médicale, Bordeaux Population Health Research Center, UMR1219,

Bordeaux, France; 2Agence de la Biomédecine, Renal Epidemiology and Information Network Registry, La Plaine-Saint Denis, France;
3Pediatric Nephrology Unit, Robert Debré University Hospital, Assistance Publique-Hôpitaux de Paris, Paris, France; 4Pediatric

Nephrology Unit, Centre de Référence des Maladies Rénales Rares, Necker-Enfants Malades University Hospital, Assistance Publique-

Hôpitaux de Paris, Paris, France; 5Pediatric Nephrology Unit, Centre de Référence des Maladies Rénales Rares, Femme Mère Enfants

University Hospital, Hospices Civils de Lyon, Bron, France; 6Pediatric Nephrology Unit, La Timone University Hospital, Assistance

Publique-Hôpitaux de Marseille, Marseille, France; 7Pediatric Nephrology Unit, Trousseau University Hospital, Assistance Publique-

Hôpitaux de Paris, Paris, France; 8Pediatric Nephrology Unit, Lille University Hospital, Lille, France; 9Pediatric Nephrology Unit, Nantes

University Hospital, Nantes, France; 10Pediatric Nephrology Unit, Centre de Référence desMaladies Rénales Rares, Toulouse University

Hospital, Toulouse, France; 11Pediatric Nephrology Unit, Montpellier University Hospital, Montpellier, France; 12Pediatric Nephrology

Unit, Strasbourg University Hospital, Strasbourg, France; 13Pediatric Nephrology Unit, Centre de Référence desMaladies Rénales Rares

Sorare, Pellegrin-Enfants Hospital, Bordeaux University Hospital, Bordeaux, France; 14Pediatric Nephrology Unit, Tours University

Hospital, Tours, France; 15Pediatric Nephrology Unit, Nancy University Hospital, Nancy, France; 16Department of Pediatrics, Rouen

University Hospital, Rouen, France; 17Department of Pediatrics, Nice University Hospital, Nice, France; 18Department of Pediatrics,

Rennes University Hospital, Rennes, France; 19Department of Pediatrics, Reims University Hospital, Reims, France; 20Department of

Pediatrics, Besançon University Hospital, Besançon, France; 21Department of Pediatrics, Limoges University Hospital, Limoges, France;
22Institut National de la Santé et de la Recherche Médicale-UCN U1086 Anticipe, Centre de Lutte contre le Cancer François Baclesse,

Caen, France; and 23Univ Bordeaux, Institut National de la Santé et de la Recherche Médicale, CIC-1401-EC, Bordeaux, France

Introduction: Socioeconomic status (SES) is recognized as an important determinant of kidney health. We

aimed to evaluate the association of social deprivation with different indicators at kidney replacement

therapy (KRT) initiation in the French pediatric metropolitan population.

Methods: All patients with end-stage kidney disease (ESKD) who started KRT before 20 years old in France be-

tween2002and2015were included.We investigateddifferent indicatorsatKRT initiation,whichareas follows:KRT

modality (dialysis vs. pre-emptive transplantation), late referral to a nephrologist, and dialysis modality (hemodi-

alysis [HD] vs. peritoneal dialysis [PD], urgent vs. planned start of dialysis, use of catheter vs. use of fistula for HD

vascularaccess).Anecological index (EuropeanDeprivation Index[EDI])wasusedasaproxy forsocialdeprivation.

Results: A total of 1115 patients were included (males 59%, median age at dialysis 14.4 years, glomerular/

vascular diseases 36.8%). The most deprived group represented 38.7% of the patients, suggesting pedi-

atric patients with ESKD come from a more socially deprived background. The most deprived group was

more likely to initiate KRT with dialysis versus kidney transplantation. Among patients on HD, the odds of

starting treatment in emergency with a catheter was >2-fold higher for the most deprived compared with

the least deprived children (adjusted odds ratio [aOR] 2.35, 95% CI 1.16–4.78).

Conclusion: Children from themost deprived area have lower access to pre-emptive transplantation, have lower

access to PD, tend to be late referred to a nephrologist, and havemore urgent initiation of HDwith a catheter.
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CLINICAL RESEARCH B Driollet et al.: Social Deprivation at Initiation of Pediatric KRT
T
he relationship between social deprivation and
chronic kidney disease (CKD) has been increasingly

investigated in the recent years. Various studies, mainly
conducted in adult patients, have identified different
social determinants of kidney health.1 Factors such as
individual-level SES, neighborhood poverty, or
belonging to disadvantaged populations may contribute
to disparities in CKD, including provision of KRT.2

Indeed, low SES has been associated with decreased
glomerular filtration rate, higher albuminuria level, and
higher risk of kidney failure.3 Furthermore, social de-
terminants are known to be associated with worse
transplant outcomes in adults, such as lower access to
transplantation and poorer kidney graft survival.4–6

Pediatric studies have mostly focused on kidney
transplant outcomes. For example, SES of the family
(evaluated by income, educational level, or a social
deprivation index) has been found to be significantly
associated with kidney graft survival in children in the
United States7 and France.7,8 In the United States, a
higher level of deprivation was also associated with a
lower access to the transplant waiting list and a shorter
kidney graft survival.9,10 Data on the role of social
deprivation in earlier CKD stages are scarce in the pedi-
atric population, although it would help for evaluating
the needs of implementation of appropriate socioeduca-
tional measures. In Australia andNew Zealand, lower SES
was associated with poorer parent-rated clinical condi-
tions of children in early stages of CKD but not in dial-
ysis.11 In the United States and Canada, AfricanAmerican
children had higher mortality and lower access to
transplant within 1 year of dialysis initiation,12 and SES
partly explained their observed faster progression to
ESKD.13 In the United Kingdom, social deprivation was
not associatedwith late referral, but it strongly associated
with access to pre-emptive kidney transplantation.14

To our knowledge, very few studies investigated the
role of social deprivation in children undergoing KRT
initiation in a country with a universal health system
such as in France. Indeed, in France, CKD is officially
recognized as a long-term condition, and as such, all
patients with CKD benefit from a care offer covered at
100% by the health insurance. This includes medica-
tions, equipment for PD, traveling to the hospital, psy-
chosocial support, and school assistance, which implies
not out-of-pocket expenses for patients. Although we
found disparities in kidney graft survival in this specific
context,8 it is questionable whether socioeconomic dis-
parities also exist for access to pre-emptive kidney
transplantation, or for the modality of dialysis initiation.

The objective of this study was to evaluate the as-
sociation of social deprivation with different indicators
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at KRT initiation, such as KRT modality, dialysis mo-
dality, urgent start of dialysis, and late referral to a
nephrologist, in the French pediatric population.

METHODS

Study Design, Setting, and Population

Data were collected from the French Renal Epidemi-
ology and Information Network (REIN), an exhaustive
national KRT registry.15 The present cross-sectional
study included all patients living in metropolitan
France, who started KRT before the age of 20 years
between January 1, 2002 and December 31, 2015. Pa-
tients with both (i) a kidney tumor or congenital
nephrotic syndrome or bilateral nephrectomy and (ii) a
missing or an estimated glomerular filtration rate
higher than 30 ml/min per 1.73 m2 before KRT were
excluded because they were not considered as having
reached ESKD.

Outcomes

We studied different indicators at KRT initiation,
which are as follows: KRT initiation with dialysis (vs.
pre-emptive transplantation), KRT initiation after pre-
emptive registration on the kidney transplant waiting
list (vs. not), dialysis initiation with HD (vs. PD), ur-
gent initiation of dialysis (vs. planned), urgent HD
initiation with a catheter (vs. other HD initiation), HD
initiation with a catheter (vs. an arteriovenous fistula),
and late referral (vs. not). The development of the
variable late referral has been described elsewhere.16 It
was based on a linkage between the REIN registry and
the French national health care administrative database,
which have recorded all medical information since
January 1, 2008.16,17 The date of referral was the
earliest date found among the following 3 types of
events: (i) the first nephrology-related prescription
drug (any CKD-related drug); (ii) the first hospitaliza-
tion with a nephrology diagnostic (CKD-compatible
diagnosis, not acute kidney injury or pyelonephritis);
or (iii) the first consultation with a nephrologist.16 A
child was defined as having a late referral when the
date of referral was within the 3 months preceding
dialysis initiation. To ensure at least 1 year follow-up in
the insurance database before dialysis initiation for all
patients, we conducted this analysis on a subgroup of
patients who started chronic dialysis between January
1, 2009 and December 31, 2015.

Social Deprivation Assessment

In the REIN registry, information on the individual SES
is not collected. Hence, we used a validated ecological
index of deprivation, the 2011 French version of the
EDI,18 built from the 2011 French population census
data and a 2006 European survey on social deprivation
Kidney International Reports (2022) 7, 741–751
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(European Union—Statistics on Income and Living).19

EDI is a continuous score taking into account in-
dividuals’ cultural and social environments, based on
the linear combination of the following 10 variables
representing the proportion, in the neighborhood, of:
(i) overcrowded housing, (ii) housing with no access to
a bath or a shower, (iii) household without access to a
car, (iv) no executive nor intermediate occupation, (v)
single-parent household, (vi) household with $6 per-
sons, (vii) unemployed people, (viii) household non-
owners, (ix) persons with foreign nationality, and (x)
persons with less than the first stage of secondary
educational level.18 Geographic delimitation of the
neighborhood was defined by a geographic unit called
Ilots Regroupés pour l’Information Statistiques (IRIS),
which has been developed to divide the country into
units of equal size of approximately 2000 residents, to
prepare population census.20

For each child, we assigned the IRIS, and thus a
quantitative value of EDI corresponding to his/her
residential address collected at the time of registration
on the transplant waiting list. Indeed, the exact ad-
dresses of patients at the time of dialysis initiation were
collected in the REIN database from January 2016 only,
thus after our inclusion period. Before 2016, only the
postal code at dialysis initiation was available. For all
children who were waitlisted between January 1, 2002
and December 31, 2016 (actually almost all children as
described in the Results section), we thus used their
address at registration and assumed that they did not
move between the dialysis initiation and registration
(median time of approximately 6 months). The children
who had an address at registration not sufficiently
precise were excluded from the main statistical anal-
ysis. Patients with a temporary address (corresponding
to the hospital) were also excluded from the main sta-
tistical analysis. For some of the few patients never
waitlisted, we were able to retrieve their IRIS at dial-
ysis initiation from their postal code. We used the
continuous version of the EDI and its quintiles to
categorize each patient into each 5 groups of depriva-
tion, from the least deprived (Q1) to the most deprived
(Q5). The quintiles correspond to the IRIS of the 2011
French population census.

Potential Confounders and Effect Modifier

We used a causal diagram to identify the set of
adjustment factors to investigate the association be-
tween deprivation and each indicator at KRT initiation
(Supplementary Figure S1, only factors with available
data are represented). As a result, we adjusted all an-
alyses for age at KRT initiation (in years), context of
living environment (urban vs. rural), and primary
kidney disease (congenital anomalies of the kidney and
Kidney International Reports (2022) 7, 741–751
urinary tract, hereditary nephropathy, glomerular or
vascular disease, and other or unknown). We also
investigated whether the association between social
deprivation (EDI in quintile) and the different out-
comes differed across sex and the type of center (pe-
diatric vs. adult).

Statistical Analysis

First, we compared the characteristics of included and
excluded patients. Then, we compared the character-
istics of patients according to the quintiles of EDI. To
evaluate the association between deprivation and the
different binary indicators, we performed logistic re-
gressions, adjusted for all potential confounders, using
either the continuous score of EDI or its quintiles. To
account for potential nonlinear effects of quantitative
variables (continuous EDI and age at KRT initiation),
we used natural cubic splines with a number of interior
knots placed to minimize the Akaike Information Cri-
terion.21,22 The nonlinear effect was tested using Wald
test between the model including the nonlinear func-
tion versus the model excluding the variable. We did
not take into account the correlation of observations
between children living in the same IRIS, given the
small number of children living in the same IRIS
(<5%). We considered that there was an effect modi-
fication by sex and the type of center if the P value of
the likelihood ratio test evaluating all interaction terms
was <5%. In a sensitivity analysis, we imputed the
missing quintiles of EDI and the context of rural
environment variable using multiple imputation (R
package MICE, R Foundation, Vienna, Austria).
RESULTS

Population Characteristics

Among 1262 children and adolescents who started KRT
between January 1, 2002 and December 31, 2015, and
were living in metropolitan France, 31 were excluded
because they were not considered having reached
ESKD before KRT (Figure 1). Among the remaining
1231 children constituting our target population, 116
were further excluded from the main statistical analysis
because of missing data on their reported residential
address: 111 had an address not precise enough to
identify the corresponding IRIS and 5 gave a temporary
address at the hospital. A total of 1115 patients with
ESKD were thus included in the main statistical anal-
ysis, including 1038 complete cases for adjusted ana-
lyses. Compared with the patients with ESKD living in
metropolitan France (n ¼ 1231), the 1115 patients
included in the main analysis and the 1038 patients
contributing to the adjusted analyses had similar
characteristics (Supplementary Table S1).
743



Figure 1. Selection of children from the French renal registry (REIN), 2002 to 2015. EDI, European Deprivation Index; eGFR, estimated glomerular
filtration rate; ESKD, end-stage kidney disease; IRIS, Ilots Regroupés pour l’Information Statistiques; KRT, kidney replacement therapy; REIN,
French kidney replacement therapy registry.
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Characteristics of Included Patients at KRT

Initiation

Among the 1115 patients included in the main statis-
tical analysis, 59% were males, most lived in urban
areas (79%), and median age at KRT initiation was 14.4
years. The most common cause of ESKD was glomerular
or vascular disease (36.8%), and 63.1% of them initi-
ated treatment in a pediatric care center (Table 1). Most
patients started KRT with dialysis (approximately
80%), and 38.4% were registered pre-emptively on the
transplant waiting list (Table 2). Between 12% and
20% of patients were distributed in each quintile 1 to 4
(Q1–Q4) of EDI, whereas the most deprived quintile
(Q5) comprised nearly 39% of the patients. Patients in
Q1 to Q3 of EDI were more often placed pre-emptively
on the waiting list (approximately 48%) than those
from quintiles Q4 and Q5 (approximately 33%), and
patients in Q1 were younger at registration than in Q5
(13.7 years vs. 15.1 years). Moreover, patients in Q5
started dialysis more frequently with HD than those in
Q1 (65.0% vs. 46.0%) and received less often a pre-
emptive kidney transplantation (15.5% vs. 25.8%)
(Table 2).

Association Between Social Deprivation and

Care Indicators at KRT Initiation

After adjustment for potential confounders, the odds of
initiating KRT with dialysis (vs. pre-emptive
744
transplantation) continuously increased with
increasing deprivation index (Figure 2) and was almost
twice higher for children from the most deprived than
for the least deprived area (Q5 vs. Q1: aOR 1.88, 95% CI
1.15–3.07) (Table 3). The odds of pre-emptive regis-
tration continuously decreased with increasing depri-
vation index (Figure 2) and was 50% lower for children
from Q5 than from Q1 (aOR 0.50, 95% CI 0.33–0.77)
(Table 3).

Regarding children who initiated KRT with dialysis,
the odds of starting with HD (vs. PD) also tended to
continuously increase with increasing deprivation in-
dex (Figure 2) and was 77% higher for children from
Q5 than from Q1 (aOR 1.77, 95% CI 1.03–3.02)
(Table 3). The odds of other indicators (urgent dialysis
initiation, HD initiation with a catheter, urgent HD
initiation with a catheter, late referral) did not
continuously increase with increasing EDI but tended
to be systematically lower for the least deprived chil-
dren (Q1) than for all others (Q2–Q5) (Figure 2). For
example, the odds of urgent HD initiation with a
catheter (vs. other HD initiation) was >2-fold higher
for the most deprived than for the least deprived
children (Q5 vs. Q1: aOR 2.35, 95% CI 1.16–4.78)
(Table 3). In the subgroup of patients who initiated
dialysis in 2009 to 2015, children from Q2 to Q5 tended
to be late referred compared with children from the
least deprived quintile Q1 (Table 3).
Kidney International Reports (2022) 7, 741–751
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The association between EDI (quintile) and any
outcome did not statistically differ between males and
females (all P values for interaction > 0.05) and be-
tween pediatric and adult centers (all P values for
interaction > 0.05).

After imputing the missing EDI quintiles and the
missing context of rural environment variable, the
odds ratios remained of the same magnitude in the full
population of the 1231 children with ESKD living in
metropolitan France (Supplementary Table S2).
DISCUSSION

In this study, we evaluated, in a European country
with universal coverage, the association between so-
cial deprivation assessed by the EDI and indicators at
KRT initiation in pediatric patients. Our results sug-
gested that pediatric patients initiating KRT were
more deprived than the general population. Indeed,
Q5 of EDI includes the 20% most deprived areas in
metropolitan France, corresponding to approximately
30% of the overall child population, whereas it
included approximately 39% of our pediatric pa-
tients. Patients from the most deprived areas had a
lower likelihood to be pre-emptively registered, to
initiate KRT with pre-emptive kidney transplantation,
and to initiate dialysis with PD and a higher likeli-
hood of being late referred, having unplanned dialysis
initiation, or start HD treatment in emergency with a
catheter, compared with children from the least
deprived areas, after adjusting for age at KRT initia-
tion, context of rural environment, and primary kid-
ney disease.

These results are consistent with findings from few
previous studies in the pediatric ESKD population.
Although no association was found in Australia (con-
trary to remoteness),23 a study found such disparities
in the United Kingdom for access to pre-emptive kid-
ney transplantation but not for late referral.14 In the
United States, a better access to pre-emptive trans-
plantation was found for White children.9,24 Regarding
modality of dialysis initiation, Schaefer et al.25 found
that the use of nightly intermittent PD at a country
level increased with growth national income contrary
to continuous ambulatory PD. In the United States,
poverty and low educational levels were arguments to
rule out children from starting PD because they were
associated with worse technique outcome.26 In a Leb-
anese study, among various factors, family structure
and poor SES household were associated with poor
adaptation to dialysis in children on chronic PD.27

Even if it has been found that there was no differ-
ence in survival between PD and HD,28,29 PD may offer
a more “normal” social life (school, activities) in
745



Table 2. Care indicators of young patients with ESKD at KRT initiation according to EDI quintiles (quintile 5 most deprived). Data from REIN,
metropolitan France, 2002 to 2015

Indicator

All children
N ¼ 1115

Quintile 1 n ¼ 163
(14.6%)

Quintile 2 n ¼ 144
(12.9%)

Quintile 3 n ¼ 162
(14.5%)

Quintile 4 n ¼ 215
(19.3%)

Quintile 5 n ¼ 431
(38.7%)

n (%) n (%) n (%) n (%) n (%) n (%)

Treatment at initiation

Pre-emptive transplantation 230 (20.6) 42 (25.8) 38 (26.4) 42 (25.9) 41 (19.1) 67 (15.5)

Dialysis 885 (79.4) 121 (74.2) 106 (73.6) 120 (74.1) 174 (80.9) 364 (84.5)

HD 644 (57.8) 75 (46.0) 71 (49.3) 85 (52.5) 133 (61.8) 280 (65.0)

Peritoneal dialysis 241 (21.6) 46 (28.2) 35 (24.3) 35 (21.6) 41 (19.1) 84 (19.5)

Pre-emptive registration
(missing ¼ 15)

428 (38.4) 77 (48.7) 59 (41.5) 78 (48.4) 74 (34.7) 140 (32.9)

Urgent dialysis initiation
(missing ¼ 59)

271 (32.8) 30 (27.8) 44 (45.8) 34 (30.6) 60 (35.9) 103 (29.9)

HD initiation with a catheter
(missing ¼ 22)

376 (60.4) 38 (51.4) 52 (75.4) 46 (55.4) 80 (62.5) 160 (59.7)

Late referrala

(missing ¼ 467)
62 (11.4) 3 (6.2) 7 (13.2) 7 (13.2) 15 (16.1) 30 (16.4)

EDI, European Deprivation Index; ESKD, end-stage kidney disease; HD, hemodialysis; KRT, kidney replacement therapy; REIN, French kidney replacement therapy registry.
aOnly for children having initiated dialysis in 2009 to 2015, n ¼ 545.
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children and has been associated with a better quality
of life.30 Schaefer et al.25 also found that pediatric pa-
tients in chronic dialysis from low-income countries
had more often poor growth than patients from
wealthier countries, achieved less targets for para-
thyroid hormone, calcium, and hemoglobin levels, and
had a higher mortality. In studies on the impact of
ethnicity, it was found that SES remained an inde-
pendent determinant of progression toward first KRT.31

In a low-income country such as Nicaragua, a worse
socioeconomic condition was a contributor to mortality
in children with ESKD requiring KRT.32 In the French
context, our results confirm the findings of studies in
adults and suggest that social inequalities in the initi-
ation of KRT begin in childhood in France. Chatelet
et al.33 found that EDI was associated with an increased
risk of death after transplantation but not with kidney
graft failure in adults. It has been found that
geographic clusters of municipalities at high risk of
urgent start of dialysis in adults were actually less
urbanized and had lower sociodemographic back-
ground than areas at lower risk.34 In 3 other studies
also using EDI, social deprivation was associated with a
lower PD uptake35 and a decreased access to pre-
emptive kidney transplant36; the most deprived
adults were less likely to be on self-care dialysis.37

One of our main findings is that children who were
living in a more deprived area were more likely to
initiate KRT with dialysis, with a clear social gradient.
These results raise questions on the barriers leading to
social inequality because pre-emptive kidney trans-
plantation has been found to improve kidney trans-
plant outcomes.38 Plumb et al.14 recently revealed in
the United Kingdom that the association between social
deprivation and access to pediatric kidney care could
746
be mediated by the access to living donor transplant,
but the reasons explaining this social gradient are
certainly more complex (psychosocial decision, role of
clinicians’ perspective .) and require further
investigation.

Regarding modality of dialysis initiation, children
from the most deprived areas had a lower likelihood to
initiate dialysis with PD than those from the least
deprived areas. One potential explanation is that PD is
a home therapy and thus requires a good adherence to
instructions by the parents and enough space in the
house to store the dialysis machine and PD fluids. We
may speculate that physicians might expect it to be
easier for wealthier families to support this treatment
burden, but this should be further investigated using
mixed methods integrating both quantitative and
qualitative data. Another explanation is the possibility
of a center effect, which could be a potential effect
modifier of the association between social deprivation
and the different outcomes, especially in the choice of
the dialysis modality. Because of the number of centers
and their heterogeneity in terms of volume, we inves-
tigated this interaction using a binary indicator (pedi-
atric vs. adult center), but no interaction was
statistically significant. Our results also suggested that
the most disadvantaged children tended to start KRT
more urgently with a catheter than those from the least
deprived areas. This urgent start of KRT of socially
deprived patients may be a consequence of a lack of
prenatal diagnosis of severe congenital anomalies of the
kidney and urinary tract, lack of early detection of
CKD, delayed referral to specialized care, and absence
of follow-up by a pediatric nephrologist (or a reduced
one) before reaching ESKD. The results of the subgroup
analyses on late referral support this hypothesis,
Kidney International Reports (2022) 7, 741–751
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Figure 2. Association between social deprivation measured by the EDI (in continuous) and care indicators at kidney replacement therapy
initiation in young patients in Metropolitan France. Adjusted for age at KRT initiation (spline), context of rural environment (rural/urban), and
primary kidney disease (4 categories). The reference value of EDI for the log OR indicated in the y-axis was arbitrarily chosen at the median
value of Q1 (least deprived). Data from REIN, 2002 to 2015. *Only for children having initiated a dialysis. **Only for children having initiated KRT in
2009 to 2015. EDI, European Deprivation Index; ESKD, end-stage kidney disease; HD, hemodialysis; KRT, kidney replacement therapy; OR, odds
ratio; Q, quintile; REIN, French kidney replacement therapy registry. (Continued)
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although the association did not reach statistical sig-
nificance, maybe because of insufficient statistical po-
wer. As reported by others,39–41 our findings highlight
the need to address the issue of early detection and
regular follow-up of children with kidney diseases.

Our study has some strengths and limitations. A
strength of our study is the exhaustiveness of cases of
children initiating KRT in metropolitan France. Indeed,
the REIN registry is a comprehensive nationwide reg-
istry of all adult and pediatric patients receiving KRT.
Although the REIN registry includes patients living in
French overseas departments, we decided to focus only
on children living in the European part of France to
have a more homogeneous context of living environ-
ment, and because EDI has not been validated for areas
outside Europe. Nevertheless, further studies including
this population are needed. Although clinical and
process of care information on KRT was available, we
did not take into account comorbidities because of the
Kidney International Reports (2022) 7, 741–751
large amount of missing data. Indeed, in the REIN
registry, comorbidities are available for a limited
number of children only. Nevertheless, in our previous
study investigating the association between EDI and
kidney graft failure, adjusting for comorbidities did
not affect the results. Another important point is that
there was no information on individual SES, ethnicity,
or language, which led us to use an ecological depri-
vation index rather than an individual social depriva-
tion indicator. This use of an ecological index led us to
exclude patients with insufficient precise address in
the main statistical analysis. Nevertheless, our sensi-
tivity analysis including all targeted children thanks to
multiple imputation for EDI and urban/rural environ-
ment revealed similar results as in the main statistical
analysis excluding children because of missing data on
address. Despite important limitations, the EDI, which
has been used in several other studies,33,42,43 has some
advantages. First, it has been derived from the smallest
747
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administrative geographic area in France (IRIS,
including on average 2000 inhabitants). Moreover, it is
a multidimensional index, taking into account the
subjective poverty (social dimension) and the objective
poverty (material dimension) in the neighborhood. It
also takes into account the proportion of foreigners in
the neighborhood, knowing that most of foreign people
belong to the most deprived quintile (INSEE data, not
published). Moreover, it has also been found to have
higher association with individual data on income and
education than the Townsend index.18 Finally, the EDI
is transposable in time and in various European coun-
tries, which facilitates comparisons between countries.
Another strength of our study is the evaluation of
several indicators at KRT initiation (not only dialysis
vs. pre-emptive transplantation), allowing us a more in-
depth understanding of the context at KRT initiation.

To conclude, this study suggests that KRT initiation
indicators are associated with the level of deprivation
in children with ESKD in France and that social in-
equalities in health at ESKD begin in childhood in the
French context. The identification of social disparities
at KRT initiation reveals that there is significant room
748
for improvement in reducing the risk of urgent-start
dialysis and optimizing access to kidney trans-
plantation in socially deprived children. A broader
comprehension of the social inequalities during KRT
and before would help setting up specific interventions
to reduce disparities, taking into account all persons
involved in the patient’s disease: children, family and
caregivers, and health professionals.44–46
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Table 3. Association between social deprivation measured by the EDI (in quintile) and care indicators at KRT initiation in young patients with
ESKD in metropolitan France. Data from REIN, 2002 to 2015
Indicator ORa 95% CI P value

All patients

KRT initiation with dialysis (vs. pre-emptive transplantation) (n ¼ 1038)

EDI quintiles 0.03

Q1 (least deprived) Ref

Q2 1.01 0.58–1.77

Q3 1.05 0.61–1.81

Q4 1.66 0.97–2.85

Q5 (most deprived) 1.88 1.15–3.07

Pre-emptive registration (vs. not) (n ¼ 1023)

EDI quintiles 0.001

Q1 (least deprived) Ref

Q2 0.71 0.43–1.19

Q3 0.95 0.58–1.55

Q4 0.48 0.30–0.77

Q5 (most deprived) 0.50 0.33–0.77

Patients initiating KRT with dialysis (n ¼ 819)

Dialysis initiation with HD (vs. PD)

EDI quintiles 0.22

Q1 (least deprived) Ref

Q2 1.37 0.72–2.61

Q3 1.58 0.83–2.98

Q4 1.88 1.04–3.42

Q5 (most deprived) 1.77 1.03–3.02

Urgent dialysis initiation (vs. planned) (n ¼ 761)

EDI quintiles 0.08

Q1 (least deprived) Ref

Q2 2.18 1.16–4.10

Q3 1.20 0.64–2.24

Q4 1.70 0.96–3.01

Q5 (most deprived) 1.28 0.74–2.19

Patients initiating dialysis with HD

HD initiation with a catheter (vs. AV fistula)

EDI quintiles (n ¼ 571) 0.07

Q1 (least deprived) Ref

Q2 2.90 1.33–6.31

Q3 1.14 0.56–2.31

Q4 1.46 0.77–2.78

Q5 (most deprived) 1.66 0.92–2.98

Urgent HD initiation with a catheter (vs. other HD initiation)

EDI quintiles (n ¼ 564) 0.01

Q1 (least deprived) Ref

Q2 4.12 1.82–9.31

Q3 1.63 0.72–3.65

Q4 2.84 1.35–5.98

Q5 (most deprived) 2.35 1.16–4.78

Patients initiating dialysis in 2009–2015

Late referral (vs. not)

EDI quintiles (n ¼ 399) 0.61

Q1 (least deprived) Ref

Q2 2.44 0.56–10.54

Q3 2.19 0.51–9.37

Q4 2.78 0.71–10.83

Q5 (most deprived) 2.94 0.78–11.09

AV fistula, arteriovenous fistula; EDI, European Deprivation Index; ESKD, end-stage kidney disease; HD, hemodialysis; KRT, kidney replacement therapy; OR, odds ratio; PD, peritoneal
dialysis; Q, quintile; Ref, reference; REIN, French kidney replacement therapy registry.
aAdjusted for age at KRT initiation (spline), context of rural environment (rural/urban), and primary kidney disease (4 categories).
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Table S2. Association between social deprivation

measured by the European Deprivation Index (EDI in

quintile) and care indicators at KRT initiation in young

ESKD patients in metropolitan France. Data from REIN,

2002–2015. Imputed data for EDI and context of rural

environment (rural/urban).

Figure S1. Assumed causal relationships between social

deprivation (measured by European Deprivation Index

[EDI]) and indicators at KRT initiation and its potential

confounders and effect modifiers.
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