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Abstract
Background. Incidence rates of renal replacement therapy
(RRT) for end-stage renal disease (ESRD) vary geograph-
ically not only between but within countries. This study
uses data from the French REIN registry to quantify the
extent to which socio-economic environment, health care
supply and medical practice patterns such as early dialysis
initiation or greater propensity to accept frail or elderly
patients for dialysis, may explain spatial patterns of ESRD
incidence in 85 French districts.
Methods. The association between age- and sex-adjusted
incidence rates of RRT in 2008–09 and 17 indicators was
explored at the district level with geographically appropri-
ate methods, before and after controlling for the effects
of diabetes and the other significant indicators. Rate ratios
(RR) and credible intervals (CI) were estimated for a 1-SD
increase of each covariate.
Results. Crude RRT incidence by district ranged from 85.8
to 225.5 per million inhabitants. The age- and sex-adjusted
RRT incidence increased with the proportion of people
unemployed (RR: 1.05, 95% CI 1.01–1.09), the population
density (RR: 1.07, 95% CI 1.02–1.12) and the prevalence
of diabetes (RR: 1.08, 95% CI 1.03–1.12). It also increased
with the proportions of incident ESRD patients >85 years
(RR: 1.02, 95% CI 0.99–1.06), of deaths within the first 3
months of RRT (RR: 1.03, 95% CI 1.0–1.06) and of neph-
rologists in private practice (RR: 1.05, 95% CI 1.01–1.08)
and with the median estimated glomerular filtration rate
(eGFR) at dialysis initiation (RR: 1.06, 95% CI 1.02–1.09).
Conclusion. This study confirms that socio-economic fac-
tors and diabetes explain substantial between-area varia-
tions in RRT incidence and highlights the variability of
practice patterns, especially decisions about RRT and their
potential impact on incidence.

Keywords: diabetes; ESRD; RRT referral; spatial analysis;
unemployment

Introduction

Reported incidence rates of renal replacement therapy (RRT)
for end-stage renal disease (ESRD) vary widely both between
and within countries [1–3]. In metropolitan France, they var-
ied from 92 to 180 per million inhabitants (pmi) between
regions in 2009 [4]. Because health care spending and resour-
ces explain such a large part of the international disparities [2],
the least complicated way of identifying other determinants is
to explore geographic patterns of RRT incidence within a
country with national health insurance coverage.

The prevalence of various risk factors in the general pop-
ulation may influence the occurrence and progression of
chronic kidney disease (CKD) and therefore RRT incidence
[5–7]. Some, such as age, gender and diabetes, are well estab-
lished [8–10]. A few studies have reported that deprivation is
associated with higher incidence, regardless of the indicator
used [11–15]. The association of urban or rural residence with
ESRD incidence is more controversial [11, 16].

Health care resources such as the availability of dialysis
centres or the market share of private for-profit haemodial-
ysis facilities may also contribute to geographic variations
[2, 14, 16–18]. Most interestingly, practice patterns reflect-
ing broader indications for RRT may also contribute to
geographic variations. In a previous study, we showed that
starting dialysis at a higher estimated glomerular filtration
rate (eGFR) level is associated with higher incidence of
RRT [19]. Referral and acceptance to dialysis programmes
of very old and frail patients, more likely than others to die
shortly after initiation, may also explain the higher rates in
some areas compared with areas where these patients are
more likely to receive more conservative treatment [20].

Although some studies have investigated factors that
may contribute to these geographic variations, they either
explored large areas [2, 5, 14, 15, 18, 21–23] or did not take
the possibility of local spatial dependence into account [14,
16, 24]. Here, we used appropriate geographic methods to
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describe the spatial pattern of RRT incidence in 85 French
districts and the extent to which it is explained by socio-
economic environment, health care supply and medical
practices. Because neighbouring districts tend to have sim-
ilar rates and influence one another (the characteristics that
define spatial dependence [25]), this approach has the twin
advantages of capturing information from neighbours, thus
strengthening rate ratio (RR) estimates for smaller districts
and of adjusting for this spatial dependence to assess ‘true’
independent information. It provides a smoothed map and
reduces the extreme incidence values due to imprecision.

Materials and methods

Sources of data

Information came from the French REIN registry, a national population-
based registry of all patients receiving treatment for ESRD. This registry
began in 2002 and is expanding progressively to include the entire country.
The details of its organizational principles and quality control have been
described elsewhere [26]. Districts were characterized by 17 different indi-
cators from various sources, listed in Table 1. We used the most recent data
available for all indicators. All patients with chronic renal failure are regis-
tered on the first day of RRT, which makes it possible to calculate an early
mortality rate, defined as death during the first 3 months of RRT. Patients
with a diagnosis of acute kidney failure are excluded, i.e. those who recover
all or some renal function within 45 days or are considered as such by
experts when they die before 45 days. Mean travel time to the nearest
dialysis centre by car was calculated with ArcGis 9.3, its network analyst
extension and the Tele Atlas� map database MultiNet� (June 2010).

Statistical analysis

The RRT incidence rate was defined as the number of new patients starting
dialysis or receiving a renal graft as first treatment in 2008 and 2009 and
living in the 85 districts covered (90% of the French population); the
denominator used was the population on 1 January 2009, estimated from
census data. Indirect standardized incidence ratios were based on the ex-
pected number of incident patients in each district; we multiplied the
national 5-year age bands and sex-specific incidence rates in the 2-year
period by the corresponding age- and sex-specific population-years at risk.

Hierarchical random-effect Poisson regression models [27, 28] were used
to produce smoothed maps of RRT incidence rates and to investigate asso-
ciations between incidence and district characteristics. The relative risk in
each district was estimated by a model including an independent residual
with no spatial structure and a spatially structured residual based on an
intrinsic conditional autoregressive approach [29]. These models considered
both global between-district variability and the tendency of neighbouring
districts to have similar rates because of higher probability to have common
risk factors than distant districts (local variability) [30–32]. The 85 districts
analysed in this study are distributed in 19 regions (higher geographic–
administrative level; metropolitan France includes 101 districts and
26 regions). Although all the indicators are collected at the district level,
both health care supply planning and ESRD registry data collection and
quality control are organized at the regional level. Accordingly, a multi-
level model was used to consider both regional and district variability.

We also re-estimated smoothed RRs in each district after adjusting for
the effect of district characteristics on RRT incidence rates, to assess both
the amount of variability in incidence rates explained by these character-
istics and any spatial patterns in residual variability. Associations with
each characteristic were examined before and after controlling for the
effect of all other significant characteristics in multivariable models and
are expressed as RRs of incidence associated with an increase of 1 SD in
the levels of each district characteristic. The posterior probability distri-
bution was graphically summarized for each indicator and the median
(point estimation) and its credible interval (CI; interval estimation) were
calculated. An indicator was considered to be associated with incidence
when the posterior distribution was skewed with regard to the value 1.

Models were fitted with an iterative stochastic algorithm, such as Mar-
kov chain Monte Carlo methods, in WinBUGS V.1.4.3 (Bayesian infer-
ence using Gibbs sampling) [33, 34]. The built-in conditional
autoregressive distribution was used to smooth RRs towards the local

Table 1. List of indicators used to characterize the districts and the data
source used for eacha

Source Year

Socio-economic indicators
Proportion of people
unemployed (%)

INSEE: National
Institute of Statistics and
Economic Studies

2008

Proportion of people
aged 18–59 years receiving
minimum guaranteed income
allowances (%)

CAF: National familial
allowance fund

2007

Proportion of people
receiving free health care (%)

CNAM-TS: National
Health Insurance Fund

2008

GDP per capita (V per
inhabitants/year)

INSEE: National
Institute of Statistics and
Economic Studies

2000

Low educational level (%) INSEE: National
Institute of Statistics and
Economic Studies

2006

Demographic indicators
Population density
(inhabitants/km2)

INSEE: National
Institute of Statistics and
Economic Studies

2007

Proportion of people
living in rural area (%)

INSEE: National
Institute of Statistics and
Economic Studies

1999

Morbidity–mortality
Age-adjustedb

cardiovascular mortality rate
Inserm: National
Institute of Health and
Medical Research

2004

Age- and sex-adjustedb

prevalence of treated
diabetes (%)

CNAM-TS: National
Health
Insurance Fund

2009

Indicators of health care resources
and supply

Number of general
practitioners per 100 000
inhabitants

DRESS: Health Ministry,
Department of Research,
Studies, Evaluation and
Statistics

2008

Number of specialists per
100 000 inhabitants

DRESS: Health Ministry,
Department of Research,
Studies, Evaluation and
Statistics

2008

Number of nephrologists
per 100 000 inhabitants

Conseil Ordre des
médecins:
Medical board data base

2009

Proportion of nephrologists
in private practice (%)

Conseil Ordre des
médecins:
Medical board data base

2009

Proportion of people
with a mean travel
time exceeding
45 min to reach a
dialysis centre (minutes)

REIN registry 1 Tele
Atlas� map database
MultiNet�

2007

Indicators of clinical practices
Median estimated glomerular
filtration rate at RRT start
(mL/min/1.73m2)

REIN registry 2008–09

Proportion of incident
patients >85 years (%)

REIN registry 2008–09

Proportion of incident
patients who died within
the first 3 months (%)

REIN registry 2008–09

aExcept for data collected by the REIN registry, all the other data were
download from the website of the National Federation of Regional Health
Observatories: http://www.score-sante.org/score2008/indicateurs.html.
bAdjusted on the French population in 2004 (cardiovascular mortality) and
2009 (diabetes).
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mean. Vague distributions were chosen in all cases for prior probabilistic
distributions, and sensitivity analyses with different specifications were
conducted to assess the effect of the original choices [35]. The number
of iterations was considered to be sufficient when the Monte Carlo error
was <5% of the posterior SD of each parameter [36]. Model comparison
was based on the deviance information criterion (DIC) [37]. The lower the
DIC values, the better the model. We used each indicator’s posterior
density plot and CI to determine, if it was associated with RRT incidence.
The CIs for the parameters were calculated directly from the estimated
posterior distributions with a probability of 95%. To explore our model’s
goodness of fit in terms of the variability it explains, we compared ob-
served and predicted variability based on a chi-square distance [38]. All
maps were produced with Philcarto 5.05 (http://philgeo.free.fr) and Adobe
Illustrator CS 5.

Results

This analysis covers 16 686 patients who began dialysis or
received transplantation between 2008 and 2009 in the 85

districts. The crude annual district RRT incidence rate
varied from 86 to 226 pmi, with higher rates in north-east
and southern France and lower rates in the west (Figure 1).
The ratio of observed to expected new patients in each
district varied from 0.6 to 1.5 after adjustment for age
and gender.

Distribution of socio-economic factors and medical
practice patterns

Indicators of deprivation, including the percentage of
people unemployed or receiving a minimum income al-
lowance or free health care, showed substantial variability
between districts (Table 2). All three were highly corre-
lated (pairwise comparison of the Pearson correlation
coefficients for all three indicators >0.8). Indicators of
health care resources and medical practice patterns also

Fig. 1. Spatial distribution of crude annual district RRT incidence rate.
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varied widely across districts. Of note, the number
of nephrologists ranged from 0 to 6.2 per 100 000 inhab-
itants and the proportion of those working in for-profit
centres from 0 to 100%. Overall, 9% of ESRD patients
started dialysis after they reached the age of 85 years and
5% died shortly after starting RRT, but significant geo-
graphic differences appeared (Pearson correlation coeffi-
cients ¼ 0.17). Figures 2, 3 and 4 show the geographic
distribution of some indicators: unemployment rates were
higher in north-east and southern France, early deaths
higher in the east and the proportion of nephrologists in
private practice higher in southern and central France.

Association of socio-economic factors with adjusted RRT
incidence

Table 3 shows the age- and gender-adjusted RRs of RRT
incidence associated with an increase of 1 SD in the level of
each factor, both before and after controlling for the effects
of all other significant characteristics and adjusting for spa-
tial autocorrelation in the variability of residuals. Each
0.6% increase in the proportion of people treated for dia-
betes in the general population was associated with an 8%
increase in RRT incidence. The three indicators of depri-
vation that we studied were associated with higher ESRD
incidence in the crude analyses. Because they were highly
correlated, we introduced only the proportion of unem-
ployed inhabitants into the multivariate analysis. Each

1.6% increase in this percentage was associated with a
5% increase in RRT incidence, independent of the other
covariates studied. Using either the percentage of people
receiving a minimum income allowance or free health care
yielded similar results. In contrast, we found no association
between ESRD incidence and gross domestic product
(GDP) per capita or low educational level.

The ESRD incidence rate increased as the population
density increased and the percentage of people living in
rural areas decreased. Because these were highly corre-
lated here (Pearson correlation coefficient ¼ �0.76), only
population density was included in the multivariate
model.

Association of health resources and medical practice
patterns with adjusted RRT incidence

Independent of the other covariates studied, each 26.3%
increase in the proportion of nephrologists working in pri-
vate practice was associated with a 5% increase in RRT
incidence. Travel time for the general population to the
nearest dialysis centre was inversely related to RRT inci-
dence, but this relation was no longer significant after con-
trolling for other covariates. None of the other indicators of
health resources was associated with ESRD incidence.

In the multivariate analysis, each 3.6% increase in the
proportion of incident patients >85 years was associated

Table 2. Summary statistics of the distribution of the number of incident patients and district characteristics

Mean SD Median Min Max

Incidence of RRT
No. of patients (2008–09) 196.3 160.1 143.0 21.0 897.0
Crude incidence rate/year (pmi) 145.2 26.5 144.0 85.8 225.5

Socio-economic indicators
Proportion of people
unemployed (%)

7.3 1.6 6.9 4.1 11.2

Proportion of people aged 18–59 years
receiving minimum guaranteed income allowances (%)

2.8 1.2 2.5 1.2 6.3

Proportion of people receiving free health care (%) 5.8 2.0 5.6 2.7 11.7
GDP per capita (kV per inhabitants/year) 21.4 7.4 20.0 15.5 67.5
Low educational level (%) 36.7 6.2 37.0 12.0 47.0

Demographic indicators
Population density (inhabitants/km2)a 83.5 609.4 2566.2 14.9 20 842.9
Proportion of people living in rural area (%) 28.9 20.5 28.4 0.0 77.7

Morbidity–mortality
Age-adjusted cardiovascular mortality rate
per 100 000 inhabitants

238.6 25.3 238.0 143.0 287.0

Age- and sex-adjusted prevalence of treated diabetes (%) 4.3 0.6 4.3 2.8 5.8

Indicators of health care resources and supply
Number of general practitioners per 100 000 inhabitants 156.5 30.4 155.0 25.0 296.0
Number of specialists per 100 000 inhabitants 145.3 62.8 135.0 19.0 526.0
Number of nephrologists per 100 000 inhabitants 1.7 0.9 1.6 0.0 6.2
Proportion of nephrologists in private practice (%) 16.9 26.3 4.0 0.0 100.0
Mean travel time to reach a dialysis centre (minutes) 21.0 7.0 20.3 1.8 43.4

Indicators of clinical practices
Median estimated glomerular filtration rate at RRT start (mL/min/1.73m2) 8.5 1.2 8.5 5.4 11.3
Proportion of incident patients >85 years (%) 9.1 3.6 8.8 2.5 17.4
Proportion of incident patients
who died within the first 3 months (%)

5.2 2.6 5.1 0.0 13.7

aBecause of the skewed distribution, the log-transformed levels of population density were used in all analyses.
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with a 2% increase in RRT incidence and each 2.6% in-
crease in the proportion of incident patients who died
within the first 3 months with a 3% increase. An increase
of 1.2 mL/min/1.73m2 in the median eGFR at dialysis ini-
tiation in a district was associated with a 6% increase in
RRT incidence.

Geographic patterns of the determinants of RRT
incidence

The analysis of the geographic patterns of the relative risks,
i.e. the ratio of the observed to expected number of new
patients in each district, showed two non-contiguous areas
of high risk in north-east and southern France and a low-risk
area in the western part (Figure 5). In the north-east, higher
prevalence of diabetes, higher unemployment rates and
greater propensity to accept frail patients, as shown by higher

rates of death soon after dialysis initiation, may explain the
higher incidence rates observed. In the south, higher unem-
ployment rates, a larger for-profit sector and, again, greater
propensity to accept frail patients, demonstrated by a higher
number of elderly patients, were associated with higher age-
and gender-adjusted incidence rates.

The decrease in the DIC from 726.5 without covariables
to 716.2 in the final model indicates that our model was
good in terms of deviance (quality of fit). Using various
hyper prior distributions for the parameters produced sim-
ilar results (data not shown). In the initial model, without
covariables, the local residual variability was much greater
than the global residual (0.056 versus 0.002), indicating
that covariables with a somewhat similar spatial structure
would be good candidates to explain the ratio variability. In
the final model, local variability decreased from 0.056 to
0.006, but it nonetheless remained two times higher than

Fig. 2. Spatial distribution of unemployment rates.
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the global residual and thus confirmed the need to take
spatial correlation into account. The chi-square distance
between the observed data and the replicated data from
the model yielded a P-value of 0.39, which is close to 0.5
and thus indicates that the model explains the variability of
the observed data.

Discussion

This study shows significant geographic differences in
RRT incidence in 85 French districts and ecological asso-
ciations between seven district-level explanatory variables
and RRT incidence. Our results confirm the impact of dia-
betes on RRT incidence and add to the body of knowledge
about its relation with socio-economic factors. The most
original findings concern the potential impact of several

medical practice patterns on RRT incidence, independent
of diabetes and socio-economic background. The impor-
tance of the study lies in the number of indicators we
studied at the district level and the use of geographically
appropriate methods.

RRT incidence RRs varied from 86 to 226 pmi among
districts within the same country. These variations allowed
us to analyse various determinants of this incidence. Sim-
ilar gradients are observed in other countries. For example,
in the USA, adjusted incidence rates varied from 256 to 441
pmi in 2008 [3], and in the UK, from 61 to 166 pmi [39].
Those countries also have different mean levels that might
be due to the differences in the prevalence of risk factors in
the general population (obesity, diabetes, ethnicity, etc.)
but also factors described in our study, such as differences
in dialysis acceptance rates and in the socio-economic
environment.

Fig. 3. Spatial distribution of the proportion of nephrologists in private practice.
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As expected, the prevalence of treated diabetes in the
general population explained a substantial part of the var-
iability in ESRD incidence [8–10]. The spatial pattern of
RRT incidence in France, with levels higher in the north-
eastern and southern regions and lower in the west, is con-
sistent with the spatial pattern of diabetes prevalence rates.
In contrast, higher cardiovascular mortality was not asso-
ciated with lower ESRD incidence, as Muntner et al. [10]
previously observed. Improved survival after myocardial
infarction and stroke, however, explained only a small por-
tion of the increase in treated ESRD in their study [10].

The issue of wealth has been studied with different in-
dicators. Young et al. [11], for example, showed that ESRD
incidence in the USA declined as average per capita income
of the county of residence rose, while Caskey et al. [2]
found a positive association with GDP per capita in 46
countries and Hommel et al. [15] higher RRT incidence

rates in patients with low income in Denmark. We found no
association between GDP per capita in a district and ESRD
incidence. This indicator of global wealth may, however,
mask large individual income disparities, and average per
capita income may not be a good indicator for France [40].
Similarly, we found no association between ESRD inci-
dence and low education level. The different study design
may explain the discrepancy of our results with those of
Hommel et al. [15], who found higher incident RRT rates
in individuals with less education.

The association of a rural or urban environment with
ESRD incidence remains controversial. While Young
et al. [11] found that ESRD incidence in the USA was
associated, at least among whites, with the fraction of the
county population living in an urban area (RR 1.21, 95%
CI 1.16–1.26), a more recent study in South Carolina
found higher ESRD rates in rural than urban counties,

Fig. 4. Spatial distribution of early deaths rates.
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with an adjusted RR of 1.66 (95% CI 1.59–1.74) [16]. The
authors suggested that the combination of rural residency
with lower physician density might contribute to higher
ESRD incidence because access to health care supply and

prevention might be more difficult. In France, a higher
population density was associated with higher ESRD in-
cidence and rural residence with a lower incidence, which
may conversely reflect greater difficulties in starting RRT
for those who live far from nephrology clinics. The find-
ing by Roderick et al. [14] of an inverse relation between
acceptance and road travel time in the UK is consistent
with this observation. In our study, we did not observe an
association between travel time and incidence after con-
trolling for the other covariates. This contradictory result
may be explained by the huge difference in the provision
of renal services between France and the UK. With sim-
ilarly sized populations, the UK has 75 main renal units
(and their satellites), while there are >1200 dialysis units
in France (~450 in-centre units and 750 out-centre units),
and 98% of the French general population lives within 45
min of one.

Consistent with previous studies, we found that higher
ESRD incidence was associated with deprivation. The
association is consistent after controlling for the effects
of other significant characteristics, regardless of which of
the three deprivation indicators we used. Two ecological
studies in the USA found higher ESRD incidence in areas
in the lower quartiles of a composite seven-indicator meas-
ure of socio-economic status [13] or areas with higher
neighbourhood poverty, defined as the percentage of the
population below the poverty line [12]. A UK study ob-
served similar results: more deprived populations had a
higher acceptance rate onto RRT, regardless of the depri-
vation index used [14]. Although causality cannot be as-
sumed in an ecological study, some hypotheses may be
discussed. Socio-economic status is a potential determinant
of several factors that may influence the occurrence and
progression of CKD [41–43], including access to health
care [9], diabetes [44, 45] and hypertension [46]. Because
the national health insurance system covers the entire
population in France, access to diagnosis and treatment
of ESRD should not be limited by poverty. Medical and
hospital costs for patients with CKD are completely cov-
ered (100%). Patients with ESRD are treated with dialysis
in the public (30%), private for-profit (26%) and private non-
profit (44%) sectors, while transplantation is provided only
in the public sector. Reimbursement is regulated by uniform
rates regardless of whether the patient is treated in the
public or private sector. Nonetheless, people at higher socio-
economic levels appear to have better preventive medical
care, lower exposure to environmental risk factors, better
nutritional behaviour and better access to treatment [13].

The finding by Fan et al. [16] that higher physician
density in South Carolina was associated with lower RRT
incidence (adjusted RR: 0.49, 95% CI 0.41–0.58) suggests
that better access to care and thus to prevention and treat-
ment slows down the progression of CKD and reduces
RRT incidence [16]. Here, the density of physicians was
not associated with ESRD incidence. Interestingly, how-
ever, the proportion of nephrologists in private practice
was higher in districts with higher RRT incidence. Our data
cannot determine whether this is a consequence of the fail-
ure of the public health system to meet RRT needs in areas
at high risk of ESRD or a tendency of the private sector to
start dialysis earlier than in the public sector or to have a

Table 3. RRs (and 95% CIs) of the incidence rates associated with an
increase of 1 SD in levels of each district-level characteristic, adjusting for
spatial autocorrelation in the residual variability

Crude
Adjusted for all
other factors

RR (95% CI) RR (95% CI)

Socio-economic indicators
Proportion of people
unemployed (%)a

1.09 (1.04–1.14) 1.05 (1.01–1.09)

Proportion of people
aged 18–59
years receiving minimum
guaranteed income
allowances (%)a

1.09 (1.05–1.13)

Proportion of people
receiving
free health care (%)a

1.09 (1.05–1.13)

GDP per capita
(V per inhabitants/year)

1.00 (0.96–1.04)

Low educational level (%) 1.00 (0.97–1.04)

Demographic indicators
Population density
(inhabitants/km2)b,c

1.08 (1.03–1.14) 1.07 (1.02–1.12)

Proportion of people
living in rural area (%)c

0.96 (0.91–1.00)

Morbidity–mortality
Age-adjusted
cardiovascular
mortality rate per 100 000
inhabitants

0.99 (0.94–1.04)

Age- and sex-adjusted
prevalence
of treated diabetes (%)

1.09 (1.04–1.14) 1.08 (1.03–1.12)

Indicators of health care resources
and supply

Number of general
practitioners
per 100 000 inhabitants

1.01 (0.97–1.04)

Number of specialists
per 100 000 inhabitants

1.02 (0.98–1.05)

Number of nephrologists
per 100 000 inhabitants

1.02 (0.98–1.05)

Proportion of nephrologists
in private practice (%)

1.05 (1.01–1.09) 1.05 (1.01–1.08)

Mean travel time to reach a
dialysis centre (minutes)

0.91 (0.87–0.96) 1.00 (0.95–1.04)

Indicators of clinical practices
Median estimated glomerular
filtration rate at RRT start
(mL/min/1.73m2)

1.07 (1.03–1.11) 1.06 (1.02–1.09)

Proportion of incident
patients >85 years (%)

1.03 (1.00–1.07) 1.02 (0.99–1.06)

Proportion of incident
patients who died within
the first 3 months (%)

1.06 (1.02–1.10) 1.03 (1.00–1.06)

aBecause of the correlations between these three variables (all Pearson
correlation coefficients >0.8), only the percentage of people unemployed
was entered in the final model.
bBecause of the skewed distribution, the log-transformed levels of popu-
lation density were used in all analyses.
cBecause of the correlations between these two variables (Pearson correlation
coefficients >0.7), only the population density was entered in the final model.
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more ‘aggressive’ approach towards RRT. At the interna-
tional level, Caskey et al. [2] showed that after taking into
account the per capita GDP and the public share of health
care expenditure, the higher the private/public ratio for
dialysis was, the higher the RRT incidence. A previous
study by Hörl et al. [18] also found higher take-on rates
(that is, the number of patients per million population taken
on to RRT in any given year) in countries with higher
coverage by private providers but they did not take other
potential confounders into account. Nevertheless, the per-
sistence of the association after controlling for the effect of
early dialysis start and medical practice patterns tends to
favour the first hypothesis.

To analyse differences in clinical practices towards treat-
ment acceptance by physicians and patients, we hypothe-
sized that early death may be a surrogate marker for greater
propensity to refer/accept for dialysis patients in especially

poor condition. A high proportion of very old patients (>85
years) was also considered a surrogate marker for such
broader RRT indications. We observed that RRT incidence
increased significantly as the proportion of very elderly
patients and the number of deaths within the first 3 months
of dialysis rose. To our knowledge, this is the first report
to quantify with geographically appropriate methods the
contribution to RRT incidence of practices and decisions
related to dialysis indications and initiation.

Strengths and limitations

Major strengths of this study include its analysis of rela-
tively small geographic areas within a country and of a
large set of characteristics for each area and its use of an
appropriate method to take spatial dependencies and the
structure of the data into account.

Fig. 5. Spatial distribution of adjusted relative risks (ratio of the observed to expected number of new patients in each district).
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Our findings, however, should be interpreted in light of
the following limitations. The first is that it is an observa-
tional ecological study. Associations seen at an area level do
not necessarily imply that the factors are associated with an
individual’s risk of ESRD. We cannot rule out a potential
ecological bias associated with population measure. No
inference can be drawn about causality. However, the de-
sign and purpose of the study was to investigate factors that
may contribute to the geographic pattern of ESRD rather
than measure individual risks. Secondly, we were unable to
take race or ethnicity into account in our analysis because
this indicator is not available from national statistics in
France. It may indeed explain the higher ESRD incidence
in areas with large African populations, such as the Paris
area or the south of France. Finally, the district may still be
too broad a geographic level to allow us to understand in
detail the impact of some factors on CKD.

Conclusions

This study shows that the local socio-economic background,
morbidity but also medical practices such as a more aggres-
sive approach towards dialysis may explain variations in
RRT incidence rates between areas. Better understanding
of the local geography of these rates might help public offi-
cials to adjust supply and demand at the district level. It may
also prove useful for devising and monitoring strategies for
prevention, especially among subgroups with low socio-
economic status. It highlights the impact of variations of
practice within a single country and the lack of consensus
on the criteria for acceptance on a RRT programme.

Acknowledgements. We thank all registry participants, especially the neph-
rologists and the professionals who collected the data and conducted the
quality control. The dialysis centres participating in the registry are listed
in the annual report: http://www.agence-biomedecine.fr/professionnels/
leprogramme-rein.html.

Funding. None.

Conflict of interest statement. None declared.

References

1. ERA-EDTA Registry 2008 Annual Report. Amsterdam, The Netherlands:
Academic Medical Center, Department of Medical Informatics, 2010

2. Caskey FJ, Kramer A, Elliott RF et al. Global variation in renal
replacement therapy for end-stage renal disease. Nephrol Dial Trans-
plant 2011; 26: 2604–2610

3. U S Renal Data System. USRDS 2010 Annual Data Report: Atlas of
Chronic Kidney Disease and End-Stage Renal Disease in the United
States, National Institutes of Health. Bethesda, MD: National Institute
of Diabetes and Digestive and Kidney Diseases, 2010

4. Couchoud C, Lassalle M, Stengel B et al. REIN Registry Annual
Report 2009. Nephrol Ther 2011; 7(Suppl 2): S41–S214. http://
www.agence-biomedecine.fr/professionnels/le-programme-rein.html
(12 November 2011, date last accessed)

5. McDonald S, McCredie M, Williams S et al. Factors influencing
reported rates of treated end-stage renal disease. Adv Chronic Kidney
Dis 2005; 12: 32–38

6. McClellan WM, Flanders WD. Risk factors for progressive chronic
kidney disease. J Am Soc Nephrol 2003; 14: S65–S70

7. Levey AS, Stevens LA, Coresh J. Conceptual model of CKD: appli-
cations and implications. Am J Kidney Dis 2009; 53: S4–S16

8. Van Dijk PC, Jager KJ, Stengel B et al. Renal replacement therapy for
diabetic end-stage renal disease: data from 10 registries in Europe
(1991-2000). Kidney Int 2005; 67: 1489–1499

9. Perneger TV, Brancati FL, Whelton PK et al. End-stage renal disease
attributable to diabetes mellitus. Ann Intern Med 1994; 121: 912–918

10. Muntner P, Coresh J, Powe NR et al. The contribution of increased
diabetes prevalence and improved myocardial infarction and stroke
survival to the increase in treated end-stage renal disease. J Am Soc
Nephrol 2003; 14: 1568–1577

11. Young EW, Mauger EA, Jiang KH et al. Socioeconomic status and end-
stage renal disease in the United States. Kidney Int 1994; 45: 907–911

12. Volkova N, McClellan W, Klein M et al. Neighborhood poverty and
racial differences in ESRD incidence. J Am Soc Nephrol 2008; 19:
356–364

13. Ward MM. Socioeconomic status and the incidence of ESRD. Am J
Kidney Dis 2008; 51: 563–572

14. Roderick P, Clements S, Stone N et al. What determines geographical
variation in rates of acceptance onto renal replacement therapy in
England? J Health Serv Res Policy 1999; 4: 139–146

15. Hommel K, Rasmussen S, Kamper AL et al. Regional and social
inequalities in chronic renal replacement therapy in Denmark. Nephrol
Dial Transplant 2010; 25: 2624–2632

16. Fan ZJ, Lackland DT, Lipsitz SR et al. Geographical patterns of
end-stage renal disease incidence and risk factors in rural and urban
areas of South Carolina. Health Place 2007; 13: 179–187

17. Hsu CY, Go AS, McCulloch CE et al. Exploring secular trends in
the likelihood of receiving treatment for end-stage renal disease. Clin
J Am Soc Nephrol 2007; 2: 81–88

18. Horl WH, de AF, Williams PF. Healthcare systems and end-stage renal
disease (ESRD) therapies—an international review: access to ESRD
treatments. Nephrol Dial Transplant 1999; 14 (Suppl 6): 10–15

19. Couchoud C, Guihenneuc C, Bayer F et al. The timing of dialysis
initiation affects the incidence of renal replacement therapy. Nephrol
Dial Transplant 2010; 25: 1576–1578

20. Arnold RM, Zeidel ML. Dialysis in frail elders—a role for palliative
care. N Engl J Med 2009; 361: 1597–1598

21. Usami T, Koyama K, Takeuchi O et al. Regional variations in the
incidence of end-stage renal failure in Japan. JAMA 2000; 284:
2622–2624

22. Caskey FJ, Schober-Halstenberg HJ, Roderick PJ et al. Exploring the
differences in epidemiology of treated ESRD between Germany and
England and Wales. Am J Kidney Dis 2006; 47: 445–454

23. Stewart JH, McCredie MR, Williams SM. Geographic, ethnic, age-
related and temporal variation in the incidence of end-stage renal
disease in Europe, Canada and the Asia-Pacific region, 1998-2002.
Nephrol Dial Transplant 2006; 21: 2178–2183

24. Cass A, Cunningham J, Wang Z et al. Regional variation in the in-
cidence of end-stage renal disease in Indigenous Australians. Med J
Aust 2001; 175: 24–27

25. Goodchild MF, Janelle DG. Toward critical spatial thinking in the
social sciences and humanities. GeoJournal 2010; 75: 3–13

26. Couchoud C, Stengel B, Landais P et al. The renal epidemiology and
information network (REIN): a new registry for end-stage renal dis-
ease in France. Nephrol Dial Transplant 2006; 21: 411–418

27. Richardson S. Spatial models in epidemiological applications. In:
Green PJ, Hjort NL, Richardson S (eds). Highly Structured Stochastic
Systems. Oxford UK: Oxford University Press, 2010, pp. 237–259
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