
ORIGINAL ARTICLE

Renal transplantation outcome and social
deprivation in the French healthcare system: a
cohort study using the European Deprivation Index

Val�erie Châtelet1, Sahar Bayat-Makoei2, C�ecile Vigneau3, Guy Launoy4 & Thierry Lobbedez1

1 Centre Universitaire des Maladies

R�enales, CHU de Caen, Caen Cedex

9, France

2 EHESP Rennes, Sorbonne Paris

Cit�e, EA 7449 REPERES, Rennes,

France

3 Service de N�ephrologie, CHU

Pontchaillou, Rennes, France

4 Centre de Lutte Contre le Cancer

Franc�ois Baclesse, U1086 Inserm,

‘ANTICIPE’, Caen Cedex 05, France

Correspondence
Thierry Lobbedez, N�ephrologie, CHU

Caen, Avenue de la Côte de Nacre,
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SUMMARY

The study objective was to estimate the effect of social deprivation esti-
mated by the European Deprivation Index (EDI) on the risk of death and
graft failure on renal transplantation in France. EDI was calculated for
8701 of 9205 patients receiving a first renal transplantation between 2010
and 2014. Patients were separated in EDI quintiles of the general popula-
tion. A Cox model (cs-HR: cause-specific hazard ratio of death or graft
failure) and a Fine and Gray model (sd-HR: subdistribution hazard ratio
of death and graft failure) were used for the analysis. The 5th quintile group
(most deprived) accounted for 32% of patients [2818 of 8701]. In the multi-
variate analysis, compared with quintile 1, the risk of death was higher for
the 5th quintile group in the complete cohort [cs-HR: 1.31, 95% CI: (1.01–
1.70), sd-HR: 1.29, 95% CI: (1.00–1.68)], in the deceased donor group [cs-
HR: 1.31, 95% CI: (1.00–1.71), sd-HR: 1.30, 95% CI: (1.00–1.70)] but not
in living donor transplant patients. There was no association between the
EDI groups and the risk of transplant failure. Social deprivation estimated
by the EDI is associated with an increased risk of death in transplantation in
France but not with the chance of allograft loss.
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Introduction

Social inequalities in health (SIH) are one of the conse-

quences of social deprivation, a broad and multidimen-

sional concept referring to social position defined

according to a social gradient and having an impact on

health status [1]. One of the objectives of health policies

is to reduce SIH and thereby improve the health status

of the population, regardless of the social status of indi-

viduals. In Europe, the organization of health systems is

country-specific so indicators specific to each nation

have been developed to measure social deprivation and

estimate the effectiveness of health policies [2]. Com-

paring the effect of health policies in European coun-

tries on reducing social inequalities in health requires a

common measure of social deprivation. The European

Deprivation Index (EDI) is a transnational European

ecological index of social deprivation based on a Euro-

pean study [3,4]. It has been demonstrated that EDI is

a proxy of individual socio-economic status [5]. In

France, the EDI is associated with cancer incidence [6].

It is grounded on the assumption that the experience of
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social deprivation, which is based on the concept of the

satisfaction of basic needs, is shared by the inhabitants of

each European country. The EDI relies on the concept of

perceived fundamental needs or necessities of life. This

conceptual definition of deprivation is based on the pop-

ulation’s own perception of poverty. The EDI allows

comparison between nations as the same concept is used

to measure social deprivation in different countries.

In both the United States and the United Kingdom,

it has been demonstrated that social inequalities in

health have an impact on the access to renal transplan-

tation, on transplant survival and on the mortality of

transplanted patients [7–9]. The effect of social depriva-

tion on the outcome of transplanted patients is likely to

depend on the organization of national health systems

and health policies. The EDI would enable comparative

studies in renal transplantation to be carried out

between different European countries. To our knowl-

edge, no study to date has assessed the impact of social

deprivation on renal transplantation outcomes using a

transnational indicator. There is no study about the

effect of social deprivation on the outcome of renal

transplantation at the national level in France [10]. One

of the aims of our study was to estimate the exposure

to social deprivation, as estimated by the EDI, in

patients who received a first renal transplant in France.

The main objective of the study was to investigate the

prognostic value of the EDI, and its association with

transplant failure or mortality [11].

Patients and methods

Study population

This was a retrospective study using data from the Cris-

tal database of the French agency (Agence de la

Biom�edecine) where the data of transplanted patients in

the 32 French transplantation centres are registered. In

France, transplantation centres must enter patient infor-

mation in the database at registration on the waiting

list, at the time of transplantation and to provide fol-

low-up when death or transplantation failure occurs.

Patients older than 18 years receiving a first renal trans-

plantation from a living or a deceased donor in France

between 1st January 2010 and 31st December 2014 were

included in the study. We excluded patients receiving

multiorgan transplantation and those with a liver or

cardiac transplant. The end of the observation period

was 1 June 2016. There were 9205 transplanted patients

in the original data set. Of these 9205 patients, there

were 8701 patients who had a precise home address

(required for the EDI calculation), registered in the

database at the time of registration on the waiting list

and who formed the final data set.

Events of interest

We examined the time to occurrence of two events dur-

ing transplantation: death and transplantation failure.

Death and transplantation failure were competing

events. Transplantation failure was defined as a perma-

nent return to dialysis or a second transplantation. Sur-

vival time was defined as the time from renal

transplantation until death (transplantation failure cen-

sored) or until transplantation failure (death-censored)

or the end of follow-up.

Definition of covariates

European Deprivation Index

The explanatory variable was the EDI estimated with

the patient’s home address at registration on the waiting

list. Each transplanted patient was attributed the small-

est geographical unit that corresponded to his home

address. The smallest geographical unit, which corre-

sponded to 2000 inhabitants (IRIS: regrouped statistical

block), was provided by the National Institute for

Statistics and Economic Studies (INSEE). The EDI was

calculated for each IRIS, and then patients were sepa-

rated into five groups based on the EDI quintiles deter-

mined in the French population [3]. The assessment of

individual socio-economic status at IRIS level ensures

the homogeneity of the socio-economic characteristics

of individuals and limits the ecological bias. The EDI is

a proxy of the deprivation of individuals as it is con-

structed from covariates obtained at individual level

from an EU-SILC annual European survey. Objective

poverty was defined as a standard of living below 60%

of the media standard of living among the whole

national population. Subjective poverty was defined by

questions of the EU-SILC survey. Six fundamental needs

associated with both objective and subjective poverty

were selected by multivariate logistic regression. Individ-

uals were defined as deprived if they could not afford at

least three fundamental needs. Thereafter, variables

available both in the EU-SILC and at the IRIS level were

selected. The regression coefficients of these variables

associated with poverty were obtained by logistic regres-

sion. These coefficients became the weights of the rate

of the fundamental needs at the IRIS level. The score of

the EDI was subsequently calculated for each IRIS and
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validated with the degree between of its association with

income and education, and the Townsend score (3). It

has been demonstrated that the EDI was an accurate

proxy for individual deprivation (5).

Patient characteristics

The following patient characteristics at registration on the

waiting list were extracted from the Cristal database: age

at transplantation, gender, underlying nephropathy, dia-

betes mellitus, cardiovascular disease (coronaropathy,

myocardial infarction, chronic heart failure, angiopathy

and stroke), chronic pulmonary disease, body mass index

(BMI), tobacco use, dialysis modality (peritoneal dialysis

or haemodialysis), hepatitis C virus infection (HCV), pre-

emptive registration and pre-emptive transplantation. Pre-

transplant dialysis duration was divided into tertiles, and

a category was added for pre-emptive transplant patients.

Transplantation characteristics

Donor source was classified as either living or deceased

donor. Donor age, gender and BMI were obtained from

the database. The number of human leucocyte antigen

(HLA) mismatches between the donor and the recipient

was calculated and divided into three categories. Cold

ischaemia time, donor comorbidities (hypertension,

diabetes), donor cause of death (cardiovascular) and

the estimated glomerular filtration rate (MDRD) were

extracted from the registry for the subgroup of deceased-

transplanted patients. Delayed graft function was defined

by a serum creatinine level above 2.8 mg/dl.

Statistical analysis

Statistical analysis was performed separately on the

complete cohort, on the deceased donor and on the liv-

ing donor subgroup. For univariable analysis, trans-

planted patients were described according to the five

groups of the EDI (called EDI quintiles for clarity)

(Table 1). The categorical covariates were expressed as

frequencies and percentages, and the continuous covari-

ates were expressed as the median with the first and

third quartiles. To avoid multiple testing issues, no sta-

tistical test was performed for group description.

The association between individual characteristics at

registration and the quintile 5 of the EDI (most

deprived status) was assessed by a bivariable and a mul-

tivariable log-binomial regression model. Covariates

were selected for the multivariable analysis if the P value

was below 0.20 in the bivariable analysis. As diabetic

nephropathy could mask the association of diabetes per

se with quintile 5 of the EDI, two separate models with

and without underlying nephropathy were built. Confi-

dence intervals (95% CI) were used to represent the

uncertainty of the relative risk (RR).

To explore the relationship between each covariate

and each event of interest in an aetiological approach,

we estimated the unadjusted cause-specific hazard ratio

(cs-HR) with a Cox regression model. We also draw

cumulative incidence function curves for each outcome

(quintile 5 versus other quintiles). For the prognostic

evaluation of the effect of covariates on the outcome, a

bivariable analysis was performed with the Fine and

Gray regression model, which allows the subdistribution

hazard ratio (sd-HR) to be estimated. Regression splines

were used to explore the functional form of the contin-

uous variables. Proportionally, assumptions were tested

with visual inspection of the Schoenfeld residual plots.

Outliers were detected with DfBeta plots. Confidence

intervals (95% CI) were used to represent the uncer-

tainty of the HRs. Collinearity between covariates was

tested with the variance-inflated factor.

The EDI quintiles groups were entered in the multi-

variable analysis a priori without undertaking any statisti-

cal procedure. The association between social deprivation

and outcome was assessed with the EDI quintiles classi-

fied in categories (quintile 1 as reference level) and with

the EDI quintile as an ordinal covariate (P trend from

quintile 1 to quintile 5). Covariates were otherwise

included in the multivariable analysis if the P value was

<0.20 in the bivariate analysis. We only tested the inter-

action between EDI and age, gender and diabetes.

Missing data

The rate of missing data was lower than 15% for each

covariate of the data set; a multiple imputation by

chained equation was performed for all missing data.

All statistical analyses were performed with R 3.1.2. (R

Foundation for Statistical Computing).

The study received the approval of the West of France

Ethics Committee (reference number A15-D18-VOL.25).

Results

Characteristics of patients

The median follow-up time was 48.82 months. Among

the patients included in the analysis, 2818 patients were

in the quintile 5 group, that is 32.4% of the study pop-

ulation [quintile 1: 1272 of 8701 (14.6%), quintile 2:
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1391 of 8701 (16%), quintile 3: 1524 of 8701 (17.5%)

and quintile 4: 1696 of 8701 (19.5%)]. The average age

was similar between the five quintiles groups, and there

was a majority of men in each quintile [quintile 1: 838

(66%), quintile 2: 921 (66%), quintile 3: 990 (65%),

quintile 4: 1088 (64%) and quintile 5: 1714 (61%)]. The

most frequent nephropathy observed was glomerular

nephropathy, the proportion of diabetic nephropathy

being higher for quintile 5 patients (13% vs. 8% for the

1st quintile). Among patients of the quintile 5 group,

20% were diabetic compared with 16% of patients of

the quintile 4 group, 15% in quintiles 1 and 3 and 16%

in quintile 2. Patients in quintile 5 were more likely to

be foreign-born than in the other quintiles (quintile 5:

49% vs. quintile 1: 16%, quintile 2: 17%, quintile 3:

21%, quintile 4: 27%).

Pre-emptive registrations accounted for 42% of

patients in quintile 1 vs. 28% for patients in quintile 5.

Thus, the proportion of patients who received a pre-

emptive transplant was 20% in quintile 1 vs. 12% in

quintile 5. Patients in quintile 5 had a longer duration

of dialysis than those in the other quintiles (Table 1).

In the multivariable analysis, the demographic charac-

teristics of patients associated with quintile 5 were age

under 60 years [RR: 1.28, 95% CI: (1.20–1.37)], female

gender [RR: 1.30, 95% CI: (1.20–1.45)] and hepatitis C

[RR: 1.35, 95% CI: (1.16–1.55)].

EDI and risk of death

Among the 8701 subjects, there were 610 deaths (cumu-

lative probability of the event of interest: 6.76%). Cumu-

lative incidence curve of death is displayed in Fig. 1. In

multivariable analysis with the Cox model, taking quin-

tile 1 as a reference class and adjusting for the variables

selected in the bivariable analysis, the risk of death

among renal transplant patients was higher for patients

of the quintile 5 in the complete cohort [cs-HR: 1.31,

95% CI: (1.01–1.70)] and in patients transplanted with a

deceased donor [cs-HR: 1.31, 95% CI: (1.00–1.71)]. For
patients transplanted with a living donor, after adjusting

for graft age, cardiovascular history, respiratory failure,

age and BMI of the donor, there was no association

between the EDI and death (Table 2).

Using the Fine and Gray model, patients of the quintile

5 had a significantly higher risk of death than those of

the quintile 1 both in the complete cohort [sd-HR: 1.29,

95% CI: (1.00–1.68)] and in the cohort transplanted with

a deceased donor [sd-HR: 1.30, 95% CI: (1.00–1.70)]. In
the living donor population, no association was observed

between EDI quintiles and death [quintile 2: 0.36 (0.07–

1.85), quintile 3: 0.68 (0.17–2.71), quintile 4: 0.61 (0.15–
2.43) and quintile 5: 1.37 (0.48–3.93)].

The trend test was statistically significant when the

EDI quintiles were entered in the Cox and Fine and

Gray models as ordinal covariate for the complete

cohort [cs-HR: 1.08 (1.02–1.14), sd-HR: 1.07 (1.01–
1.13), respectively] and for the cohort of patients trans-

planted with a deceased donor [cs-HR: 1.07 (1.01–1.13),
sd-HR: 1.07 (1.01–1.13), respectively] (Tables 2 and 3).

EDI and risk of renal transplant failure

Of the 8701 patients, 784 had a transplant failure during

the study period (probability of the event at 48 months:

8.89%). Cumulative incidence curve of transplantation

failure is displayed in Fig. 2. Regardless of donor type,

after adjusting for graft recipient age, cardiovascular and

respiratory insufficiency, diabetes, causal nephropathy,

dialysis modalities, duration of dialysis, type of tobacco

consumption and delayed resumption of renal graft func-

tion, multivariable analysis with the Cox model and the

Fine and Gray model did not show any association

between the EDI entered in the model as a categorical

covariate or as an ordinal covariate and the risk of renal

graft failure (Tables 2 and 3).

Discussion

This study shows that in France, social deprivation is

common in patients who have received a renal trans-

plant since 32% of the individuals were classified in the

quintile 5 of the general population, that is the most

Figure 1 Cumulative incidence of death by quintiles.
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deprived class in the French population. This finding

may be explained by the fact that social deprivation is

both a cause and a consequence of chronic diseases

[12]. Our study also suggests that, in transplanted

patients, social deprivation is associated with female

gender, age, diabetes and hepatitis C. This could be

explained by the fact that, in France, income is unequal

between men and women and among the different age

groups [13,14]. In France, a relationship has been

demonstrated between female sex and reduced access to

the waiting list for renal transplantation, social depriva-

tion that is more frequent in female could partly explain

this finding [15]. Many barriers such as socio-economic

or marital status and specific women’s perception and

women age may influence women access to kidney

transplantation [16]. A recent study has suggested that

the transplant team do not have the perception of the

gender disparities and should collaborate with dialysis

staff to improve women’s access to kidney transplanta-

tion [17]. Further studies are needed as there is no clear

explanation regarding gender disparity in France. A

French study conducted in 2006 showed that the preva-

lence of hepatitis C was associated with exposure to

social deprivation [18]. Furthermore, diabetes is a more

frequent disease in socially deprived populations [19].

The univariable analysis suggested that patients who

are more prone to social deprivation benefit less fre-

quently from a renal transplant prior to dialysis than

other patients. In a study about pre-emptive registration

on the waiting list for renal transplantation that was

conducted in the northwestern region of France, an

association was observed between social deprivation

evaluated by the EDI and the access to the waiting list

before dialysis [20]. The association between social

deprivation and pre-emptive transplantation requires

further investigation.

In our study, a Cox model was used to estimate the

effect size of the EDI on the outcome, and a Fine and

Gray model was utilized to evaluate the prognosis of

individual exposed to deprivation measured by the EDI.

Data from this comprehensive national cohort of renal

transplant patients show that there is an association

between the risk of death on transplantation and social

deprivation as measured by the EDI. Contrary to what

has been observed in the United States and the United

Kingdom, there is no association in France between

social deprivation and renal transplant failure, as

defined by a return to dialysis or a second transplant.

In the United States, although access to health care is

guaranteed for Americans affiliated with the Veterans

Department, ethnic disparities, which are often associ-

ated with social deprivation, are associated with trans-

plant failure [21]. In the United States, the financial

cost of immunosuppressant treatment was covered until

recently by health insurance only for the first 36 months

after transplantation. Thereafter, the treatment, which is

very expensive, must be paid for by patients [22]. It has

been shown that 24–41% of transplant patients face

financial difficulties, which could influence the regular

taking of treatments [23]. Since 2010, the American

healthcare system has been modified to improve the

quality of care and access to the healthcare system,

making it possible to pay for immunosuppressive treat-

ment for all transplant patients. For several decades, the

French healthcare system has included a specific cover-

age called ‘Affection de Longue Dur�ee’ that provides

total reimbursement of medical expenses related to

chronic diseases, including chronic kidney disease and

renal transplantation. For individuals without health

insurance, financial coverage is provided by a universal

health coverage ‘Couverture M�edicale Universelle’ [24].

It is possible that complete financial coverage explains

the lack of association between social deprivation and

renal transplant failure. Access to social protection

rights is guaranteed for the vast majority of the French

population. However, access to secondary care is still

subject to inequalities due to lack of knowledge of the

health system, thus reflecting a level of ‘health culture’

that can be linked to SIH. The lack of care, the per-

ceived complexity of administrative procedures and

insufficient preventive care could have an impact on the

health status of socially deprived people [25]. In France,

SIH have been shown to influence the health ofFigure 2 Cumulative incidence of transplantation failure by quintiles.
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individuals exposed to social deprivation from the earli-

est age, resulting in a 7-year difference in life expectancy

at age 35 between workers and senior managers [26].

Social inequalities in mortality are higher in France than

in other European countries and have tended to

increase in recent years [27]. In our study, the gradual

increase in the risk of death among the different EDI

quintiles in subjects receiving a renal transplant may

reflect the effect of the social gradient of socially con-

structed inequalities in the general population begin-

ning before renal transplantation. In both the United

States and the United Kingdom, SIH measured by an

aggregate social deprivation index have been associ-

ated with an increased risk of renal transplant death

[9,28]. In addition, the distance between patient home

and the transplant centre that is associated with a

higher risk of mortality raises the question of the iso-

lation of socially deprived populations [29]. Our study

shows that in France, foreign-born transplanted

patients are more likely to be exposed to social depri-

vation than the other patients. In the United States

where ethnicity is a marker of social deprivation [30],

it has been shown that Afro-American or Hispanic

have a higher risk of mortality and morbidity than

white subjects [13].

The impact of SIH on transplantation outcome

raises the issue of how health inequalities related to

social status may be measured, as the concept of social

deprivation is multidimensional. At the individual

level, socio-economic status is generally explored by

the income, the education level and the work status.

In the absence of individual data, the EDI is a power-

ful tool for assessing social deprivation using ecological

data related to the place of residence and its influence

on health [3]. The EDI is assessed at the level of the

IRIS, the smallest geographical unit in France, that is

municipalities with fewer than 2000 inhabitants. Unlike

other ecological indices, its construction is transposable

in 26 European countries, as it is based on an EU-

SILC study with a selection of variables reflecting the

perception of social deprivation, which differs from

country to country. It is therefore possible to use the

EDI to compare the potential impact of health systems

in European countries on renal transplantation. Such a

comparison should make it possible not only to better

understand the mechanisms of social inequalities in

renal transplantation but also to prevent the effects of

SIH by intervening early in the trajectories of patients

with chronic kidney disease.

There are limitations in our study; residual con-

founders, not captured in the registry, may affect the

outcome on renal transplantation; in addition, covari-

ates were registered at registration on the waiting list.

The EDI, calculated at the patient registration, may have

changed during the time spent on dialysis or on the

waiting list. In addition, long-term survival of the allo-

graft was not evaluated since the length of the follow-

up was limited to 6 years. The distance between patient

home and transplant centre, which may affect the out-

come on transplantation, was not evaluated in our

study. There was an ecological bias as the EDI is a

proxy of individual deprivation at the IRIS level. Never-

theless, the IRIS is the smallest geographical area identi-

fied in France, IRIS corresponded to 2000 inhabitants

(49989 IRIS in France). Thus, the size of the IRIS limits

the importance of the ecological bias.

In conclusion, this study shows that, in France, social

deprivation estimated by the EDI is associated with an

increased risk of death on transplantation but that there

is no link between social deprivation and the risk of

graft loss. The EDI allows comparisons between Euro-

pean countries and should be the subject of further

investigations.
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