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ABSTRACT
Background: Access to the renal transplantation (RT) waiting list depends on factors related to lower mortality
rates and often occurs after dialysis initiation. The aim of the study was to use a ﬂexible regression model to
determine if registration on the RT waiting list is associated with mortality on dialysis, independent of the
comorbidities associated with such registration.
Methods: Data from the French REIN registry on 7138 incident hemodialysis (HD) patients were analyzed.
A multi-state model including four states (‘HD, not wait-listed’, ‘HD, wait-listed’, ‘death’, and ‘RT’) was used to
estimate the effect of being wait-listed on the probability of death.
Results: During the study, 1392 (19.5%) patients were wait-listed. Of the 2954 deaths observed in the entire cohort
during follow-up, 2921 (98.9%) were observed in the not wait-listed group compared with only 33 (1.1%) in the
wait-listed group. In the multivariable analysis, the adjusted hazard ratio for death associated with non-registration on
the waiting list was 3.52 (95% CI, 1.70–7.30). The risk factors for death identiﬁed for not wait-listed patients were
not found to be signiﬁcant risk factors for wait-listed patients, with the exception of age.
Conclusions: The use of a multi-state model allowed a ﬂexible analysis of mortality on dialysis. Patients who were
not wait-listed had a much higher risk of death, regardless of co-morbidities associated with being wait-listed, and did
not share the same risk factors of death as wait-listed patients. Registration on the waiting list should therefore be
taken into account in survival analysis of patients on dialysis.
Key words: survival analysis; multi-state model; renal dialysis; waiting list; kidney transplantation

waiting list. However, patients registered on the RT waiting
list are very different from patients who are not wait-listed for
two main reasons. First, wait-listed patients are invariably
younger and healthier than other dialysis patients.1–9 Second,
wait-listed patients may beneﬁt from an RT and stop dialysis,
while patients who are not wait-listed remain on dialysis until
death. In a study based on simulations, the probabilities of
death during dialysis were systematically overestimated
because wait-listed patients were given better survival
probabilities but stopped dialysis early for RT.11 It therefore
remains unclear whether wait-listed patients have longer
survival than other dialysis patients in real life, irrespective
of characteristics associated with placement on the waiting
list.

INTRODUCTION
To be eligible for renal transplantation (RT), patients treated
by dialysis must ﬁrst be registered on an ofﬁcial RT waiting
list. Access to such a registration has been described in several
epidemiological studies as the end-result of a complex
selection process depending on medical and non-medical
determinants.1–9 Signiﬁcant disparities have also been observed between countries, as availability of kidney donors and
access to RT depend on the degree of economic development
of the country, national health policies on RT, and cultural
factors associated with organ donation and transplantation.9,10
Surprisingly, studies that analyze mortality of patients on
dialysis do not currently take into account registration on the
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Several important methodological issues affect the analysis
of the relationship between registration on the waiting list and
mortality on dialysis. First, registration on the RT waiting list
is an event that usually occurs after the initiation of dialysis.
Second, wait-listed patients may undergo an RT, which is a
second event that may occur during the follow-up while on
dialysis. Third, after RT, wait-listed patients are, by deﬁnition,
no longer on dialysis and exposed to new speciﬁc risk factors
for death, such as use of immunosuppressive drugs.12–14
A multi-state model is a stochastic process that at any time
occupies one of a set of discrete states, which can be health
conditions or disease stages. Use of a multi-state model
has been shown to be a pertinent and accurate method of
analyzing complex clinical issues with multiple outcomes.15,16
Such a model may be appropriate for describing and
analyzing the complex relationships between covariates and
the following states: ‘Hemodialysis (HD), wait-listed’, ‘HD,
not wait-listed’, ‘death’, and ‘RT’.
The aim of the present study was to determine if registration
on the RT waiting list is associated with mortality on dialysis,
independently of the comorbidities associated with such
registration. We identiﬁed HD patients from the French
national Renal Epidemiology and Information Network
(REIN) registry and used a multi-state model to analyze
outcomes of placement on RT waiting list, death, or RT over
a 4-year period.

METHODS
REIN registry
The REIN registry includes all incident patients treated for
end-stage renal disease either by dialysis or RT in France. It
was set up in 2002 to provide a tool for public health decisionmaking, evaluation, and research related to renal replacement
therapies for end-stage renal disease. It relies on a patient
database which is regionally and nationally maintained by a
network of nephrologists, epidemiologists, and public health
representatives. An ongoing registration process ensures that
all dialysis and transplant patients are listed. Details about this
registry have been published elsewhere.17
Study population
Adult patients aged 18 years or older at initiation of dialysis
who started HD between January 1, 2002, and December 31,
2006, were identiﬁed through the French REIN registry
exclusively in the 12 regions equipped with software
connected to the software currently used for the national RT
waiting list. In the present study, HD patients were exclusively
included, as they accounted for 93% of dialysis patients in
France.
Study design
Patients were followed up until the occurrence of death while
on dialysis, RT, loss to follow-up, or the end of the study.
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Patients were identiﬁed at registration on the RT waiting list;
removal from the waiting list was not taken into account in the
analysis. When patients were registered, they were wait-listed
patients until the end of the study, death, or RT. All patients
were followed up for at least 2 years, as the cut-off date was
December 31, 2008.
Data collection
The following baseline characteristics were retrieved from the
REIN registry: age, sex, height, weight, albumin levels at
initiation of dialysis, modality of ﬁrst dialysis, smoking habits,
and presence or absence of selected co-morbidities (diabetes,
chronic obstructive pulmonary disease, congestive heart
failure, myocardial infarction, peripheral arterial disease,
cerebrovascular disease, cirrhosis, amputation, inability to
ambulate, or severe behavioral disorder). Data regarding
registration on the waiting list were also collected. The
etiology of renal disease was classiﬁed according to the REIN
classiﬁcation.17
Ethics statement
Approvals from the National Commission on Informatics and
Liberty and from the Advisory Committee on Information
Processing in Material Research in the Field of Health were
obtained through the national REIN registry. Each patient
was petitioned for written informed consent at the time of
inclusion in the REIN registry.
Statistical methods
Baseline characteristics were presented in terms of mean
and standard deviation (SD) for continuous variables and
expressed as frequency and percentage for categorical
variables. All statistical calculations were carried out using
R Statistical Software (The R Project for Statistical
Computing, Vienna, Austria), including the Survival,
Mstate, and MICE packages.21,22,27
Multi-state model
A multi-state model including the four following states was
applied: 1) ‘HD, not wait-listed’, ie, HD patients who were not
registered on the RT waiting list; 2) ‘HD, wait-listed’, ie, HD
patients who were registered on the RT waiting list; 3) ‘death’;
and 4) ‘kidney transplantation’. Usually, a multi-state process
is assumed to be a time-inhomogeneous Markov process18;
this means that the future state of the process only depends on
the current state and the elapsed time since the time of origin.
As this model required the presence of a unique initial state,
all patients were considered as ‘HD, not wait-listed’ at the
onset; for patients who were already wait-listed at the
initiation of HD, registration was set at day one. Death and
RT were absorbent states, while being wait-listed was a
transient state. Consequently, four transitions were possible,
which are detailed in Figure 1.
The probabilities of being in each state at each time point of
follow-up were estimated by the Aalen-Johansen estimator19

Beuscart JB, et al.

135

Figure 1. Multi-state model used in the study. All patients start treatment on hemodialysis (HD), and are considered as not
wait-listed. Then they may die during HD (transition 1 → 3) or be put on the waiting list (transition 1 → 2). Once
on the waiting list, patients may die during HD (transition 2 → 3) or undergo a renal transplantation (RT,
transition 2 → 4). Follow-up stops after RT because patients are no longer on dialysis, and the risk factors for
death are therefore different from those for dialysis patients.

and were stacked for graphic presentation. As recommended,
the duration shown on curves was 4 years, because only 10% of
the patients were still under follow-up at the time “4 years”.20
The Cox proportional hazards regression model was used to
investigate the inﬂuence of demographic, biological, and
clinical factors on the transition from one given state to
another. In each transition, this model provided a hazard ratio
(HR) for each covariate, which was assessed by bi- and multivariable analyses.19 The main objective of the present study
was to estimate the inﬂuence of being wait-listed on the risk
of death during HD. This corresponded to estimating the HR
for transition ‘HD, not wait-listed’ → ‘death’ versus that for
‘HD, wait-listed’ → ‘death’. To do this, a transition-speciﬁc
model was used, which was similar to considering the ‘HD,
wait-listed’ state as a time-dependent covariate.19,21
Management of missing data
In the extracted data, 17 covariates had missing values, as
shown in Table 1. Values for covariates with missing values
were obtained by multiple imputations using the MICE
package, as recommended for Cox proportional hazards
model analysis.22 Regression switching imputation was
performed using linear or logistic regression models,
depending on the nature of the incomplete covariate
ﬁtted.22,23 This procedure was repeated ﬁve times to obtain
ﬁve draws for each missing value in ﬁve distinct datasets.
In the multivariable analysis, covariates were selected
using a stepwise procedure adapted to multiple imputation
methodology.24 The covariates selected could vary for each
transition. For an easier interpretation of the results, when a
covariate was selected for a transition from a given initial
state, this covariate was included in the two transitions relating
to this initial state. Rubin’s approach was adopted, whereby
the coefﬁcients and variances obtained with the ﬁnal model
on each imputed dataset were averaged by taking into account
the intra-variance of the model and the inter-variance between
the imputed datasets.25

Table 1. Baseline characteristics of the study population
(n = 7138)
Characteristics
a

Patients (n = 7138)

Age , years [mean (SD)]
Women, n (%)
Body mass indexa, kg/m2 [mean (SD)]
Albumina, g/l [mean (SD)]
Unplanned ﬁrst dialysis, n (%)
Dialysis on catheter, n (%)
Smoking habits, n (%)
Non smoker
Former smoker
Current smoker
Selected co-morbiditiesb, n (%)
Diabetes
Chronic obstructive pulmonary disease
Congestive heart failure
Myocardial infarction
Peripheral arterial disease
Cerebrovascular disease
Cirrhosis
Amputation
Inability to ambulate
Severe behavioral disorder
Primary renal disease, n (%)
High blood pressure
Diabetes
Glomerulonephritis
Pyelonephritis
Polycystic kidney disease
Vascular
Other
Unknown

67.5
2659
25.2
33.7
2205
3119

Missing data (%)

(14.9)
(37.3%)
(5.3)
(5.9)
(31.0%)
(43.9%)

0
0
26.2
54.3
0.6
1.8

4005 (63.8%)
1604 (25.6%)
666 (10.6%)

11.7
11.7
11.7

2313
726
1760
747
1494
639
142
155
1325
249

(35.6%)
(11.2%)
(27.1%)
(11.5%)
(23.1%)
(9.8%)
(2.2%)
(2.2%)
(21.3%)
(3.5%)

8.6
8.6
8.6
8.7
9
8.6
8.9
1.5
12.3
1.3

1645
1508
810
311
491
129
1161
1083

(23.0%)
(21.1%)
(11.3%)
(4.4%)
(6.9%)
(1.8%)
(16.3%)
(15.2%)

0
0
0
0
0
0
0
0

SD, standard deviation.
a
Expressed as mean (SD).
b
Co-morbidities examined in this study and listed for data collection.

Sensitivity analysis
A sensitivity analysis was conducted to investigate the
possible interaction between age and waiting list registration
for the risk of death. The whole analysis strategy (ie, multistate model analysis and management of missing data) was
performed among ﬁve age groups: 18 to 39 years, 40 to
49 years, 50 to 59 years, 60 to 69 years, and 70 years and
older.
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Log-linearity assumption
The log-linear assumption of the Cox model was assessed
using Martingale residuals.26 Since the log-linearity assumption was violated for age and body mass index (BMI), these
variables were transformed into categorical variables. The
scatter plots of Martingale residuals are presented as
supplementary data in eFigure 1. The cut-off values were
identiﬁed ﬁrst by graphic investigations using Martingale
residual plots, then by maximization of the Gray test, and
ﬁnally on the basis of medical expertise and consensus.

RESULTS
Patients
We identiﬁed 7138 patients starting HD as ﬁrst renal
replacement therapy between January 1, 2002, and
December 31, 2006. Their baseline characteristics are
detailed in Table 1. A total of 176 (2.5%) patients were
already wait-listed at the time of HD initiation, and 1392
patients (19.5%) were wait-listed at the cut-off date. This
corresponded to 13 210 person-years observed in the not
wait-listed group, and 2907 person-years observed in the
wait-listed group, 1552 of which was on the waiting-list.
The baseline characteristics of the patients according to the
registration on the RT waiting list, as observed at the end of
the study, are detailed as supplementary data in eTable 1.
Likelihood of events
In the multi-state model, the initial state of all the patients
corresponded to the ‘HD, not wait-listed’ state. The
probabilities of being in a given state at each follow-up time
point, as estimated by the Aalen-Johansen estimator, are
shown in Figure 2. The probability of remaining not waitlisted and alive on HD was only 33.2% four years after the
initiation of HD; the probability of remaining not wait-listed
and dying was estimated at 46.0% (Figure 2). Thus, patients
who remained not wait-listed had a very high probability of
death on HD.
The probability of being wait-listed progressed in two
stages, with an increase in the ﬁrst year followed by a
constant and regular decline, as illustrated in Figure 2.
The registration rate was therefore higher at the onset, then
subsequently lower, than the rate of RT. Most of the waitlisted patients were registered on the RT waiting list in the
ﬁrst year after HD initiation, with a median time before
registration of 0.8 years (inter-quartile range, 0.4 to 1.4 years).
The probability of undergoing RT increased rapidly after
the ﬁrst year and was estimated at 16.4% at 4 years, as
shown in Figure 2. Conversely, the probability of death
while being wait-listed was very low (estimated at 0.6% at
4 years).
These results show that patients who remained not waitlisted had a much higher probability of death than wait-listed
patients. Of the 2954 deaths observed in the entire cohort
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during follow-up, 2921 (98.9%) were observed in the not
wait-listed group compared with only 33 (1.1%) in the waitlisted group.
Factors associated with registration on the RT
waiting list
Using bivariate analysis, all co-morbidities were found to be
signiﬁcantly associated with registration on the waiting list
and death while on HD (data not shown). The results of the
multivariable analysis are presented in Table 2. All selected
covariates except for gender were signiﬁcant contraindications
for registration on the waiting list (transition ‘HD, not waitlisted’ → ‘HD, wait-listed’). Notably, patients older than 70
years had an 80-fold (1/0.0126) lower probability of being
wait-listed than patients under 50 years of age. Conversely,
all selected co-morbidities except for diabetes, myocardial
infarction, and stroke were signiﬁcant risk factors for death
on dialysis (transition ‘HD, not wait-listed’ → ‘death’), as
shown in Table 2.
Patients who remained not wait-listed tended to be
signiﬁcantly older and to have more co-morbidities; these
characteristics signiﬁcantly increased their probability of
death.
Hazard ratio for death associated with registration on
the RT waiting list
The comparison between the risk of death for wait-listed
patients and patients who were not wait-listed was carried out
by means of the transition-speciﬁc model. The results are
presented in Table 3. In bivariate analysis, patients who were
not wait-listed displayed a greater risk of death than waitlisted patients (HR 8.83; 95% CI, 6.26–12.44). The adjusted
HR for death associated with not being wait-listed was 3.52
(95% CI, 1.70–7.30). Remaining not wait-listed signiﬁcantly
increased the risk of death while on HD, regardless of the
impact of co-morbidities on the probability of being waitlisted. Sensitivity analysis showed that the results were similar
for death associated with being not wait-listed between the
different age groups. Results are displayed as supplementary
data in eTable 2.
Factors associated with death and RT after
registration
In the multi-state model analysis, the factors associated with
RT (transition ‘HD, wait-listed’ → ‘RT’) and death of the
wait-listed patients (transition ‘HD, wait-listed’ → ‘death’)
were investigated. The results of the multivariate analysis
are presented in Table 4. It was found that only age over
60 years and inability to ambulate signiﬁcantly increased the
probability of receiving a transplant, and only age over 60
years and a history of myocardial infarction were signiﬁcant
risk factors for death. These results show that very few
comorbidities inﬂuenced the outcome of patients following
registration on the waiting list.
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Figure 2. Probabilities of being in a given state at each follow-up time point, estimated by the Aalen-Johansen estimator.
Probabilities are stacked. For example, the 2-year probabilities were estimated at 7.7% for the waiting list
(yellow), 9.6% for renal transplantation (RT, green), 0.2% for death while on the waiting list (black), 28.9% for
death while not wait-listed (red), and 53.6% for being alive on HD and not wait-listed (blue). The sum of these
probabilities is 1.00 at each time point.

DISCUSSION
In the present study, we identiﬁed an independent relationship
between registration on the RT waiting list and the probability
of death while on dialysis. Patients who remained not waitlisted were 8.83 times more likely to die while on dialysis than
wait-listed patients during follow-up. This HR for death was
explained in part by the fact that age and co-morbidities were
both signiﬁcant factors that constituted contraindications
for registration on the waiting list. However, even after
adjustment for age and co-morbidities, patients who were not
wait-listed were still 3.52 times more likely to die while on
dialysis than wait-listed patients.
Our large cohort of incident HD patients identiﬁed through
the national REIN registry in regions connected to the national
information system of the French Transplantation Agency
makes our ﬁndings especially noteworthy. We showed that
adjustment for baseline characteristics in a classic multivariate
model is not enough to account for the association with
mortality and registration on the RT waiting list. Registration
on the RT waiting list is the result of a complex decisionmaking process based on medical expertise in accordance with
medical guidelines.1,28,29 The adjusted HR for death associated
with being not wait-listed highlights that this medical expertise
provides additional and detailed information on the probability
of death while on dialysis, regardless of co-morbidities.

Registration on the waiting list is an administrative
event. Neither the health status of patients nor the dialysis
treatment status change at the date of registration. Therefore,
registration cannot in itself modify the probability of death
of a patient, like a myocardial infarction or chemotherapy
would do. The high hazard of death associated with being
not wait-listed may reﬂect the effect of numerous other risk
factors for death in wait-listed patients, like socio-economic
and psychological characteristics, treatment adherence, and
miscellaneous diseases. Such risk factors are usually not
reported in registries or studies on mortality in dialysis.
Consequently, registration on the waiting list appears as an
essential adjustment factor in the survival analysis of dialysis
patients.
It is well-recognized that co-morbid conditions strongly and
independently limit access to the RT waiting list, especially
diabetes in elderly patients.8 Thus, dialysis patients have been
shown to have worse co-morbid conditions than transplant
recipient.5 In the present study, we have clariﬁed such
ﬁndings; the multi-state model analysis allowed us to show
simultaneously that all co-morbidities examined in this study,
except history of diabetes, myocardial infarction, and stroke,
were contraindications to placement on the RT waiting list and
risk factors for death while on dialysis. In particular, elderly
patients over 70 years were 80 times less likely to be waitlisted than patients under 50 years, whereas their risk of death
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Table 2. Hazard ratio for transition 1 ! 2 (Not wait-listed ! Wait-listed) and transition 1 ! 4 (Not wait-listed ! Death during
dialysis) in the multi-state model
Transition 1 → 2
Not wait-listed → Wait-listed

Age (years)
<50
50–55
55–60
60–65
65–70
>70
Gender: female
BMI (kg/m2)
22–30
<22
>30
Albumin (increase of 1 g/l)
Dialysis on catheter
Selected co-morbiditiesb
Diabetes
Chronic obstructive pulmonary disease
Congestive heart failure
Myocardial infarction
Peripheral arterial disease
Cerebrovascular disease
Cirrhosis
Inability to ambulate
Severe behavioral disorder
Primary renal disease
Polycystic kidney disease
High blood pressure
Diabetes
Glomerulonephritis
Pyelonephritis
Vascular
Other
Unknown

Transition 1 → 4
Not wait-listed → Death

HR

95% CI

HR

1.00
0.64
0.54
0.31
0.14
0.01a
0.92

(0.55, 0.75)
(0.46, 0.63)
(0.26, 0.37)
(0.11, 0.18)
(0.01, 0.02)
(0.82, 1.03)

1.00
1.41
1.92
2.04
2.26
3.77
0.82

(1.02,
(1.45,
(1.58,
(1.77,
(3.03,
(0.76,

1.95)
2.53)
2.65)
2.88)
4.70)
0.89)

1.00
0.84
0.68
1.02
0.71

(0.74,
(0.57,
(1,01,
(0.63,

0.95)
0.81)
1.04)
0.81)

1.00
1.25
0.91
0.99
1.37

(1.14,
(0.80,
(0.98,
(1.27,

1.37)
1.02)
0,99)
1.49)

0.69
0.58
0.61
0.66
0.60
0.65
0.25
0.35
0.27

(0.54, 0.88)
(0.43, 0.78)
(0.49, 0.75)
(0.48, 0.91)
(0.47, 0.77)
(0.48, 0.87)
(0.11, 0.61)
(0.23, 0.54)
(0.16, 0.47)

1.10
1.20
1.27
1.10
1.14
1.12
1.78
1.77
1.52

(0.99,
(1.08,
(1.17,
(0.98,
(1.04,
(1.00,
(1.43,
(1.62,
(1.28,

1.23)
1.33)
1.39)
1.22)
1.25)
1.26)
2.22)
1.95)
1.81)

1.00
0.57
0.55
1.08
0.65
0.57
0.56
0.61

(0.46,
(0.41,
(0.92,
(0.50,
(0.32,
(0.46,
(0.50,

1.00
1.35
1.49
1.19
1.49
1.62
1.98
1.62

(1.06, 1.71)
(1.15, 1.94)
(0.91, 1.56)
(1.11, 2.00)
(1.17, 2.24)
(1.55, 2.52)
(1.26, 2.07)

0.71)
0.75)
1.27)
0.84)
0.99)
0.68)
0.75)

95% CI

BMI, body mass index; CI, conﬁdence interval; HR, hazard ratio.
a
Estimated HR amounted to 0.012 600 21.
b
Co-morbidities listed for data collection.

Table 3. Hazard ratio for death associated with being not
wait-listed, estimated using the transition-speciﬁc
model

Unadjusted
Adjusted on age and co-morbiditiesb

HRa

95% CI

8.83
3.52

(6.26, 12.44)
(1.70, 7.30)

CI, conﬁdence interval; HR, hazard ratio.
a
The HR describes the ratio for the transition hazard 1 → 4 (Not waitlisted → Death during dialysis) and the transition hazard 2 → 4 (Waitlisted → Death during dialysis).
b
Adjusted for age, sex, BMI, albumin level, dialysis on catheter,
diabetes, chronic obstructive pulmonary disease, congestive
heart failure, myocardial infarction, peripheral arterial disease,
cerebrovascular disease, cirrhosis, amputation, inability to ambulate,
severe behavioral disorder, and primary renal disease.

was only 3.7 times greater than patients under 50 years.
Our results are consistent with previous reports that elderly
patients are less likely to be wait-listed than their younger
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counterparts, but we found a greater risk of not being waitlisted among elderly patients than previously published
studies.5,7,8,10 Consequently, elderly patients over 70 years
had a lower chance of being evaluated for RT in France,
regardless of their health status.
Using a multi-state model, we have shown that most of the
risk factors for death identiﬁed in patients who were not waitlisted (Table 2) were different from those identiﬁed in waitlisted patients (Table 4). This ﬁnding suggests that failure
to consider registration on the RT waiting list in outcome
analysis could lead to incomplete or erroneous interpretation
of data. Let us suppose that A is a risk factor for death
in patients who were not wait-listed, but not in wait-listed
patients; a study not taking into account placement on the
waiting list when analyzing data could wrongly conclude that
A is a risk factor for death in all HD patients, including waitlisted patients. Given such a hypothesis, wait-listed patients
may receive unnecessary medical treatment to correct A,
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Table 4. Hazard
ratio
for
transition
2!4
(Waitlisted ! Death during dialysis) and 2 ! 3 (Waitlisted ! Renal transplantation [RT]) in the multistate model
Transition 2 → 4
(Wait-listed → Death)

Age (years)
<60
>60
Female sex
Myocardial infarction
Inability to ambulate

Transition 2 → 3
(Wait-listed → RT)

HR

95% CI

HR

1.00
2.49
1.97
6.46
—a

(1.20, 5.15)
(0.98, 3.98)
(2.24, 18.65)
—

1.00
1.26
0.99
1.05
1.64

95% CI

(1.08,
(0.87,
(0.65,
(1.06,

1.46)
1.13)
1.70)
2.54)

CI, conﬁdence interval; HR, hazard ratio.
a
HR could not be estimated because no death events were observed
for waiting-list patients with an inability to ambulate.

which could be a source of potential error, adverse effects, and
unnecessary expense.
Registration on the waiting list, a time-dependent event,
was examined using a multi-state model. Considering
registration as a baseline covariate, regardless of the time
spent on HD before registration, would cause a bias known
as immortality bias.30,31 A classical survival analysis with a
time-dependent covariate would not take into account the
competing risk of RT. The multi-state model corresponds to
the general framework of competing risks.18 The use of this
model in the present study showed that it is well suited to
assessing the effect of registration on the waiting list, an
intermediate and time-dependent state, on the outcome of
patients on HD.
Our results were obtained on the basis of data extracted
from a national registry, which allowed adjustments to be
made for a number of covariates on a large number of patients.
The information regarding registration on the waiting list
was accurate. Therefore, given the size of the study cohort
analyzed and the statistical model used, the present results
appear reliable.
Several limitations, however, must be considered in
interpreting our ﬁndings. First, the structure for allocating
organs, the decision-making process, and the waiting time
before registration and RT vary between countries,3,9,10,32 so
the present results may be speciﬁc to France. However, low
death rates for patients on RT waiting lists have also been
reported in other western countries.33–35 Although the low
death rates reported among other studies of RT waiting lists
suggest a similar effect of registration on the waiting list
on the probability of death, this apparent trend should be
conﬁrmed by further studies in other countries. Second, all
factors associated with registration on the waiting list, as
reported in the literature, may not have been fully adjusted for.
However, as registration is a dynamic process that does not
depend only on co-morbidities at baseline, it would be
extremely difﬁcult to take into account all factors that could
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inﬂuence waiting list registration. Finally, statistical analysis is
underpowered for the analysis of risk factors for death among
wait-listed patients due to the low number of events (only
33 deaths were observed in this patient group). However,
the majority of wait-listed patients underwent RT, and death
while on dialysis was not observed in these patients. When
conducting a multivariate survival analysis, it is recommended
to have at least 10 events observed for each covariate.36
According to the incidence of death events and registration
on the waiting list among wait-listed patients in our study,
it would be necessary to include at least 20 000 HD patients
to study 10 covariates in the wait-listed group, which is
impractical.
Conclusion
In conclusion, this study demonstrated that registration on the
RT waiting list should be considered in the survival analysis
of patients on dialysis. Indeed, registration on the waiting list
appeared to be a selection process leading patients with a
worse prognosis to remain on dialysis and those with a better
prognosis to undergo RT. Further, wait-listed patients and
patients who were not wait-listed did not share the same risk
factors for death, but the interpretation of our result was
limited by a lack of power. Further studies of larger cohorts
are needed to conﬁrm these preliminary data. Finally, our
ﬁndings suggest that using a multi-state model and
considering registration on the RT waiting list as an
intermediate state may avoid misinterpretation of the risk
factors for death.

ONLINE ONLY MATERIALS
eTable 1. Baseline characteristics of patients according
to registration on the renal transplantation waiting list.
Comparisons between the two groups of patients were not
performed because the groups were constituted during the
study, not at baseline.
eTable 2. Hazard ratio for death associated with not being
wait-listed by age groups, estimated by the transition-speciﬁc
model.
eFigure 1. Scatter plots of Martingale residuals for age and
body mass index for each transition of the multi-state model
used in the study.

ACKNOWLEDGEMENTS
We would like to thank the Scientiﬁc Committee and the
people in charge of the REIN Registry for their invaluable
assistance, in particular Dr. Cécile Couchoud, Mathilde
Delasalle, and Dr. Christian Jacquelinet. We are also
extremely grateful to all of the nephrologists and centers
involved in this study for their kind cooperation and for
providing high-quality data.
Conﬂicts of interest: None declared.

J Epidemiol 2015;25(2):133-141

140

Waiting List and Mortality on Dialysis: a Multi-state Model Analysis

REFERENCES
1. Alexander GC, Sehgal AR. Barriers to cadaveric renal
transplantation among blacks, women, and the poor. JAMA.
1998;280:1148–52.
2. Wolfe RA, Ashby VB, Milford EL, Bloembergen WE, Agodoa
LY, Held PJ, et al. Differences in access to cadaveric renal
transplantation in the United States. Am J Kidney Dis. 2000;36:
1025–33.
3. Garg PP, Frick KD, Diener-West M, Powe NR. Effect of the
ownership of dialysis facilities on patients’ survival and referral
for transplantation. N Engl J Med. 1999;341:1653–60.
4. Garg PP, Furth SL, Fivush BA, Powe NR. Impact of gender on
access to the renal transplant waiting list for pediatric and adult
patients. J Am Soc Nephrol. 2000;11:958–64.
5. Gaylin DS, Held PJ, Port FK, Hunsicker LG, Wolfe RA, Kahan
BD, et al. The impact of comorbid and sociodemographic factors
on access to renal transplantation. JAMA. 1993;269:603–8.
6. Segev DL, Simpkins CE, Thompson RE, Locke JE, Warren DS,
Montgomery RA. Obesity impacts access to kidney
transplantation. J Am Soc Nephrol. 2008;19:349–55.
7. Oniscu GC, Schalkwijk AA, Johnson RJ, Brown H, Forsythe JL.
Equity of access to renal transplant waiting list and renal
transplantation in Scotland: cohort study. BMJ. 2003;327:
1261–70.
8. Bayat S, Frimat L, Thilly N, Loos C, Briançon S, Kessler M.
Medical and non-medical determinants of access to renal
transplant waiting list in a French community-based network
of care. Nephrol Dial Transplant. 2006;21:2900–7.
9. Stel VS, van Dijk PC, van Manen JG, Dekker FW, Ansell D,
Conte F, et al. Prevalence of co-morbidity in different European
RRT populations and its effect on access to renal transplantation.
Nephrol Dial Transplant. 2005;20:2803–11.
10. Satayathum S, Pisoni RL, McCullough KP, Merion RM,
Wikström B, Levin N, et al. Kidney transplantation and waitlisting rates from the international Dialysis Outcomes and
Practice Patterns Study (DOPPS). Kidney Int. 2005;68:330–7.
11. Beuscart JB, Pagniez D, Boulanger E, Lessore de Sainte Foy C,
Salleron J, Frimat L, et al. Overestimation of the probability of
death on peritoneal dialysis by the Kaplan-Meier method:
advantages of a competing risks approach. BMC Nephrol. 2012;
13:31.
12. Cockﬁeld SM, Moore RB, Todd G, Solez K, Gourishankar S.
The prognostic utility of deceased donor implantation biopsy
in determining function and graft survival after kidney
transplantation. Transplantation. 2010;89:559–66.
13. Gralla J, Wiseman AC. Tacrolimus/sirolimus versus tacrolimus/
mycophenolate in kidney transplantation: improved 3-year graft
and patient survival in recent era. Transplantation. 2009;87:
1712–9.
14. Fuggle SV, Allen JE, Johnson RJ, Collett D, Mason PD, Dudley
C, et al. Factors affecting graft and patient survival after live
donor kidney transplantation in the UK. Transplantation. 2010;
89:694–701.
15. Beyersmann J, Wolkewitz M, Allignol A, Grambauer N,
Schumacher M. Application of multistate models in hospital
epidemiology: advances and challenges. Biom J. 2011;53:
332–50.

J Epidemiol 2015;25(2):133-141

16. Schumacher M, Wangler M, Wolkewitz M, Beyersmann J.
Attributable mortality due to nosocomial infections. A simple
and useful application of multistate models. Methods Inf Med.
2007;46:595–600.
17. Couchoud C, Stengel B, Landais P, Aldigier JC, de Cornelissen
F, Dabot C, et al. The renal epidemiology and information
network (REIN): a new registry for end-stage renal disease in
France. Nephrol Dial Transplant. 2006;21:411–8.
18. Putter H, Fiocco M, Geskus RB. Tutorial in biostatistics:
competing risks and multi-state models. Stat Med. 2007;26:
2389–430.
19. De Wreede LC, Fiocco M, Putter H. The mstate package for
estimation and prediction in non- and semi-parametric multistate and competing risks models. Comput Methods Programs
Biomed. 2010;99:261–74.
20. Pocock SJ, Clayton TC, Altman DG. Survival plots of time-toevent outcomes in clinical trials: good practice and pitfalls.
Lancet. 2002;359:1686–9.
21. De Wreede LC, Fiocco M, Putter H. mstate: an R package for the
analysis of competing risks and multi-state models. J Stat Softw.
2011;38:1–30.
22. Van Buuren S, Groothuis-Oudshoorn K. MICE: Multivariate
Imputation by Chained Equations in R. J Stat Softw. 2011;45:
1–67.
23. Marshall A, Altman DG, Holder RL. Comparison of imputation
methods for handling missing covariate data when ﬁtting a Cox
proportional hazards model: a resampling study. BMC Med Res
Methodol. 2010;10:112.
24. Wood AM, White IR, Royston P. How should variable selection
be performed with multiply imputed data? Stat Med. 2008;27:
3227–46.
25. Rubin DB. Multiple imputation after 18+ years. J Am Stat
Assoc. 1996;91:473–89.
26. Therneau TM, Grambsch PM, Flemming TR. Martingale-based
residuals for survival models. Biometrika. 1990;77:147–60.
27. R Foundation for Statistical Computing. R Development Core
Team (2010). R: A language and environment for statistical
computing. Vienna, Austria. http://www.R-project.org/.
28. Knoll G, Cockﬁeld S, Blydt-Hansen T, Baran D, Kiberd B,
Landsberg D, et al. Canadian Society of Transplantation:
consensus guidelines on eligibility for kidney transplantation.
CMAJ. 2005;173:S1–25.
29. EBPG (European Expert Group on Renal Transplantation);
European Renal Association (ERA-EDTA); European Society
for Organ Transplantation (ESOT). European Best Practice
Guidelines for Renal Transplantation (part 1). Nephrol Dial
Transplant. 2000;15 Suppl 7:1–85.
30. Beyersmann J, Gastmeier P, Wolkewitz M, Schumacher M. An
easy mathematical proof showed that time-dependent bias
inevitably leads to biased effect estimation. J Clin Epidemiol.
2008;61:1216–21.
31. Suissa S. Immortal time bias in pharmaco-epidemiology. Am J
Epidemiol. 2008;167:492–9.
32. Fritsche L, Vanrenterghem Y, Nordal KP, Grinyo JM, Moreso F,
Budde K, et al. Practice variations in the evaluation of adult
candidates for cadaveric kidney transplantation: a survey of the
European transplant centers. Transplantation. 2000;70:1492–7.
33. Oniscu GC, Brown H, Forsythe JL. Impact of cadaveric renal

Beuscart JB, et al.

transplantation on survival in patients listed for transplantation.
J Am Soc Nephrol. 2005;16:1859–65.
34. Rabbat CG, Thorpe KE, Russell JD, Churchill DN. Comparison
of mortality risk for dialysis patients and cadaveric ﬁrst renal
transplant recipients in Ontario, Canada. J Am Soc Nephrol.
2000;11:917–22.
35. Wolfe RA, Ashby VB, Milford EL, Ojo AO, Ettenger RE,
Agodoa LY, et al. Comparison of mortality in all patients on

141

dialysis, patients on dialysis awaiting transplantation, and
recipients of a ﬁrst cadaveric transplant. N Engl J Med.
1999;341:1725–30.
36. Concato J, Peduzzi P, Holford TR, Feinstein AR. Importance of
events per independent variable in proportional hazards analysis.
I. Background, goals, and general strategy. J Clin Epidemiol.
1995;48:1495–501.

J Epidemiol 2015;25(2):133-141

