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Abstract
Aim: Daily hemodialysis improves patients’ quality of life and blood purification, but its
effect on survival remains controversial. The aim of this study was to analyze the association
between daily hemodialysis and renal transplantation and survival in France.
Methods: This was an observational cohort study based on the French REIN registry. All
incident patients ≥18 y/o who started daily hemodialysis in France between 2003 and 2012
were included. Using a propensity score, 575 patients on daily hemodialysis were matched
with 1696 patients receiving thrice-weekly hemodialysis. Survival analysis was performed
using the Cox model. Access to the renal transplant waiting list and renal transplantation
were analyzed using the Fine and Gray model.
Results: Daily hemodialysis was not independently associated with reduced access to
transplant waiting list, whereas, major comorbidities remained associated with restricted
waitlisting after multivariate analysis adjusted for confounding factors. After being waitlisted,
the cumulative incidence of renal transplantation was lower for the daily hemodialysis than
for the thrice-weekly hemodialysis group (SHR=0.72, 95%CI: 0.56-0.91). The risk of death
was significantly higher in the daily hemodialysis group (HRadjusted=1.58, 95%CI: 1.4-1.8).
Major comorbidities were associated with higher risk of death and lower likelihood of
receiving a renal transplant during the follow-up period.
Conclusion: Our study showed that in France, the likelihood of undergoing renal
transplantation after being waitlisted was lower for patients on daily hemodialysis than those
on thrice-weekly hemodialysis. Moreover, daily hemodialysis was associated with higher risk
of death, even after taking into account age and all major comorbidities.
Keywords: daily hemodialysis, end stage renal disease, registry, renal transplantation,
survival.

Introduction
New dialysis regimens have been developed and tested with the aim of improving the
patients’ quality of life1,2 and blood purification3,4. For instance, some authors have shown
that increasing the weekly frequency of dialysis sessions is the best regimen to mimic the
kidney functional role, compared with hemodialysis (HD) three times/week3,5-7. Several
studies on daily hemodialysis (DHD) reported the positive effects of increasing the number of
HD sessions per week on the control of blood pressure4,8-11, uremia3,4 and ventricular
hypertrophy9-11 in patients with end stage renal disease (ESRD). On the other hand, DHD
effects on mortality are less clear-cut. Indeed, some studies reported improved survival
associated with DHD12-15,16, while a recent work found that DHD was correlated with
increased mortality compared with thrice-weekly HD17. However, the patients included in
these studies had neither the same profile (in-center or home dialyzed patients in different
physical conditions and often from different countries)12-17 nor the same dialysis dose.
Moreover, these works did not take into account all major comorbid conditions when
assessing survival12-17.
In France, the few studies on DHD only investigated the biological effects of switching from
HD to DHD. They found that DHD is well tolerated and improves the patients’ nutritional
status18,19 and quality of life19. However, the association between DHD and patients’ survival
has never been investigated in France.
Compared with dialysis, renal transplantation is associated with longer survival20-22.
However, organ availability is low and cannot cover the increasing demands for kidney
transplantation. Daily hemodialysis could be the best choice of renal replacement treatment
for patients on the renal transplant waiting list. To our knowledge, the association between
DHD and access to renal transplantation has never been investigated.

Therefore, the aim of this study was to assess the association between DHD and (i) placement
on the renal transplant waiting list; (ii) access to renal transplantation after being waitlisted;
and (iii) patients’ survival, in a large French cohort of patients receiving DHD compared with
matched patients treated by standard HD three times/week.

Materials and Methods
Study population
Since its establishment in 2002, the Renal Information and Epidemiological Network (REIN)
registry intends to include all patients with ESRD who started renal replacement therapy
(RRT) in France23. For the present study, all incident patients older than 18 years of age who
received DHD for at least 30 days between 2003 and 2012 were selected. Short DHD was
defined as ≥5 sessions of hemodialysis per week with a duration ≤5h per session. Nocturnal
DHD was not very developed in France before 2012. Moreover, short low-flow DHD was not
available in France during the 2003-2012 period. Thus, only patients who received short
DHD were included, whereas patients treated with alternative techniques, such as
hemofiltration and hemodialfiltration, were excluded. A comparable group was selected
among patients who received conventional HD (three sessions/week) for ≥30 days at the
same nephrology facility and during the same period as the DHD group.
Data collection
Three categories of variables were extracted from REIN: i) demographic data: sex and age; ii)
baseline bio-clinical data: smoking status (current/former smoker, never-smoker); albumin;
hemoglobin; body mass index (BMI); comorbidities: diabetes, active malignancy, hepatic
disease, chronic respiratory disease, cardiovascular disease (coronary artery disease,
peripheral vascular disease, congestive heart failure, arrhythmia, aortic aneurism and
cerebrovascular disease) and walking disability level (autonomous, partially dependent and
totally dependent). Blood group (A, O, B and AB) and Panel Reactive Antibody (PRA) level
were available for patients placed on the waiting list; and iii) information on the medical
follow-up: date of the first DHD or HD; emergency vs planned first dialysis session; starting

RRT using a catheter; date of placement on the renal transplant waiting list; date of renal
transplantation and date of death.
Statistical analysis
Matching procedures
Three patients on conventional HD were matched to one patient on DHD by dialysis facility,
sex, age (±2 years), year of dialysis initiation (±2 years) and the logit of the propensity score
that indicates the probability of receiving DHD compared with HD (±0.05). The interval
between the first dialysis and DHD initiation was also taken into account in the matching
procedure. To calculate the propensity score, the logistic regression was performed using
diabetes, active malignancy, chronic respiratory disease, cardiovascular diseases and walking
disability as variables.
Multiple imputation method
Values were missing for ten relevant covariates: albumin, hemoglobin and BMI (quantitative
variables) as well as smoking status, diabetes, active malignancy, hepatic disease, chronic
respiratory disease, cardiovascular disease and walking disability level (categorical
variables). Estimate parameters were calculated using the Multiple Imputation by Chained
Equations (MICE) procedure24. The process was repeated for all variables with missing
values and to stabilize the results, the procedure was repeated for ten cycles to produce a
single imputed dataset. Finally, the whole procedure was iterated five times to obtain five
imputed datasets.
For each event of interest, a new cohort was modeled. Missing data in each dataset were
handled by multiple imputations and for the three outcomes, three cohorts and three multiple
imputations were produced.

Outcome analysis
Placement on the renal transplant waiting list
All patients younger than 80 years of age who started dialysis between 2003 and 2012 were
included in the analysis. The outcome of interest was placement on the renal transplant
waiting list before December 31, 2013 (endpoint). Patients placed on the renal waiting list
before starting dialysis were considered as waitlisted at first dialysis. Death before waitlisting
was considered as a competing event and was taken into account in the analysis using the
competing risks regression model developed by Fine and Gray25. Cumulative incidence
curves were also established. Cause-specific hazard ratios were also calculated using a nonparametric Cox model. The patient’s follow-up was from the date of first dialysis until the
outcome (death, placement on the waiting list or end of follow-up).
Access to renal transplantation after being waitlisted
All patients younger than 80 years and waitlisted were included in the analysis. Patients who
received a renal transplant from a living donor were excluded from this analysis. The
outcome of interest was renal transplantation before December 31, 2013. Analyses were
performed using the Cox and the Fine and Gray models to take into account the mortality risk
before renal transplantation. The patient’s follow-up was assessed from the date of placement
on the waiting list until the outcome (death, renal transplantation or end of follow-up).
Cumulative incidence curves of renal transplantation were also established.
Survival
All patients who started DHD between 2003 and 2012 were included in the survival analysis.
Patient survival was assessed from the date of the first dialysis until death, or December 31,
2013. The Cox model was used to evaluate the association between patients’ characteristics

and death. Renal transplantation was taken into account as a time-varying covariate. Survival
Kaplan Meier curves were generated.
All variables associated with each outcome in univariate analysis (p<0.2) were included in
the multivariate model. Results were given as Subdistribution Hazard Ratios (SHR) in the
Fine and Gray analyses and as Hazard Ratios (HR) in the Cox analyses with 95% confidence
intervals (CI). A p-value <0.05 was considered statistically significant.
Statistical analyses were performed with the STATA software (version 13.1; College Station,
TX).

Results
This study included 575 incident patients who underwent DHD for ≥30 days and 1696
incident patients on HD (3x/week) who were matched to the patients on DHD. The patients’
selection procedure with exclusion criteria are provided in Figure 1. The age (mean age: 60.3
± 17.3 years for the DHD group; 60.5 ± 17.2 years for the 3x/week HD group) and several
baseline characteristics were comparable in the two groups (presence of diabetes, hepatic
disease and respiratory disease). However, the proportion of patients with cardiovascular
disease, active malignancy or severe walking disabilities was higher in the DHD than in the
3x/week HD group (Table 1).
Placement on the renal transplant waiting list
By the end of 2013, 774 patients (38% of the 2039 <80-year-old patients, Table S1) had been
placed on the waiting list (176 patients receiving DHD and 598 patients on HD) and
616/2039 (30.2%) had died without being waitlisted. The mean dialysis duration before being
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placed on the waiting list was 1.5 ± 1.7 years for the DHD group and 1.4 ± 1.6 years for the
HD group.
Unadjusted analysis (Fine & Gray model) showed that DHD (SHR=0.83, 95%CI: 0.71-0.99),
old age, all major comorbidities and emergency first dialysis were significantly associated
with a lower probability of being waitlisted. In multivariate analysis, DHD was not
independently associated with a reduced probability of being waitlisted, whereas all major
comorbidities still restricted the access to the waiting list (Table 2, left panel). Similar results
were obtained by using the Cox proportional model (HR) (Table 2, right panel).
The probability of being waitlisted after two years of dialysis was approximately 25% for the
DHD group and 30% for the HD group (Figure 2).

Access to renal transplantation of waitlisted patients
Waitlisted patients had fewer comorbidities compared with the whole cohorts. Moreover, the
characteristics of patients placed on the waiting list at the date of waitlisting were not
significantly different between groups, except for age and BMI (Table S2).
Patients who received a renal transplant from a living donor were excluded from the analysis
(n=28/774, 3.6%). Overall, 435/746 (58.3%) patients underwent renal transplantation (n=88
DHD, n=347 HD) and 45/746 (6%) patients died while waiting for a renal transplant. In
univariate analyses, patients receiving DHD (SHR=0.74, 95%CI: 0.58-0.95) had a lower
probability of being transplanted than patients on HD (Table 3, left panel). In the multivariate
analysis, DHD still restricted the access to transplantation. Similar results were obtained with
the Cox model (adjusted HR=0.72, 95%CI: 0.56-0.91) (Table 3, right panel). However, the
effect of age, diabetes and cardiovascular diseases differed according to the used model.

Overall the cumulative rate of renal transplantation after 2 years on the waiting list was
approximately 25% and 35% for DHD and HD patients respectively (Figure 3).
Survival
The mean follow-up was 4.3 ± 2.7 years for patients receiving DHD and 4.7 ± 2.6 years for
patients on HD. During this time, 275/575 (48%) patients on DHD and 552/1696 (32.5%)
patients on HD died. Causes of death were various among dialyzed patients (Table 4).
Respiratory disease was the only cause of death significantly different between groups (3.6%
for DHD patients vs 1.1% for HD 3x/week, p=0.012).
In unadjusted analyses, DHD (HR=1.6, 95%CI: 1.4-1.9; Table 5) as well as old age and all
major comorbidities significantly increased the risk of death. Conversely, renal
transplantation during the follow-up period was associated with a lower risk of death (HR=
0.20, 95%CI: 0.1-0.3). In the multivariate model, DHD (HR=1.58, 95%CI: 1.4-1.8), old age
and several comorbidities were still associated with a significantly higher risk of death. Renal
transplantation during the follow-up (HR= 0.5, 95%CI: 0.3-0.8) remained associated with
lower risk of death.
Overall, the risk of death after two years of dialysis treatment was approximately 20% for
patients on DHD and 10% for patients on HD (Figure 4).
As our analysis included patients with missing data using a multiple imputation procedure,
we also performed sensitivity analyses restricted to patients with complete data. The results
(waitlisting, access to renal transplantation and survival) of the analyses for the group of
patients with complete data were consistent with those obtained for all patients after the
multiple imputation procedure (data not shown).

Discussion
This first French study in which patients on short DHD were compared with matched patients
on thrice-weekly HD shows that patients on DHD have a lower chance of access to renal
transplantation after being waitlisted and a higher risk of death than patients on thrice-weekly
HD. Conversely, this dialysis modality was not independently associated with a reduced
access to the renal transplant waiting list.
In our study, unadjusted analysis indicated that the probability of being placed on the renal
transplant waiting list was lower for patients receiving DHD. However, the association
between DHD and waitlisting remained not statistically significant after the adjustment. This
is the first study that analyzed the association between short DHD and access to renal
transplant waiting list; therefore, we cannot compare our results with previous findings.
Nevertheless, our data confirm the association between old age and restricted access to the
renal transplant waiting list22,26,27.
The probability of renal transplantation for waitlisted patients was lower in the DHD group
than in the thrice-weekly HD group (SHR= 0.74, 95%CI: 0.57-0.96). In addition, having >2
cardiovascular diseases and PRA ≥80% were also associated with a lower chance of being
transplanted, differently from the blood groups A and AB (compared with O). The negative
effect of DHD on the probability of renal transplantation cannot be explained by the French
rules on the allocation of organs from deceased donors. These rules take into account HLA
matching, age adequacy between donor and recipient and time on the waiting list, but not the
patient’s clinical characteristics or dialysis modalities. A more in-depth study should be done
to determine whether waitlisted patients who receive DHD refuse more often an organ
proposition, or are more often on temporary inactive status for any other reason.
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Like Suri et al,17 we found that DHD was not associated with a survival benefit. These
authors included only in-center dialyzed patients from the International Quotidian Dialysis
Registry (IQDR), among whom there were many French patients (68%). They matched
patients on DHD with patients who received 3x/week HD from the Dialysis Outcomes and
Practice Patterns Study (DOPPS). Unlike Suri et al, we took into account more comorbidities
and matched patients on DHD with patients on HD (3 times/week) from the same dialysis
facility. Other studies reported improved survival for patients who received DHD14,15,28,29, but
included only patients undergoing DHD at home. In some of these works, patients were
compared with patients who received conventional in-center HD14,15. Moreover, patients
dialyzed at home are generally healthier and younger than patients treated in-center16,28,29.
This might explain the better survival observed among patients who receive DHD at
home14,16, as it has been recently discussed by Labriola et al,30. Indeed, these authors
highlighted the problem of selection bias and of indication bias in retrospective registry
studies. For this reason, and due to the fact that studies from the Frequent Hemodialysis
Network were under-powered, they argued that the development of frequent HD regimens
should not be based on the results of these survival studies. Nevertheless, the increase
frequency of hemodialysis sessions per week might cause biological disorders and influence
patients’ survival. Indeed, as mentioned by Suri et al, increased removal of vitamins might
cause malnutrition. In addition, increased HD sessions might disorder molecules (potassium,
phosphate) balances and also increase cardiovascular complications17.
In our study, patients were mainly dialyzed in-center (70%); however, we also included some
patients dialyzed at home (6%) or in a satellite unit (24%). In the previous survival studies,
beside the variety of dialysis environments, the populations under study were heterogeneous
and patients receiving DHD were not always comparable with patients receiving
conventional thrice-weekly HD12,13,16. Finally, in our study, and differently from others12-
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14,28,29

, we selected patients who had been treated with dialysis for at least 30 days to avoid

the inclusion of patients who received only a few dialysis sessions and/or of patients who
died early.
We hypothesize that DHD indications might be different in France than in other countries and
this might explain the difference in mortality. The implementation of new short low-flow
DHD at home is slowly progressing in France since 2012. Several studies showed that DHD
has a positive effect on the patients’ quality of life10-12,18,31. In the future, the development of
new machines for short low-flow DHD at home might modify the negative association
between DHD and survival. In the United States, low-flow short DHD at home has been in
use for several years and the patients’ biological parameters have been assessed in a few
studies after initiation of such a treatment32,33. Kraus et al, observed decreased blood pressure
after switching from conventional HD to short DHD with low-flow machines33. In addition,
such patients could reduce the antihypertensive drug intake and showed lower creatinine,
albumin and hemoglobin values. Kohn et al, reported better phosphorous and urea removal
associated with short DHD compared with conventional HD or peritoneal dialysis. The
authors suggested that this dialysis modality improves toxin clearance and decreases
morbidity and mortality.
The strength of our study is the inclusion of a large unbiased population-based cohort that
allowed us to analyze DHD association with access to renal transplant waiting list, renal
transplantation and survival. Indeed, previous French studies on DHD included only small
numbers of patients and focused on the quality of life or nutritional benefits18,19. Thanks to
the REIN registry, we could include all patients who received DHD for at least 30 days in
France between 2003 and 2012 and we could select controls within the same facility to take
into account the different medical practice profiles. Moreover, we included all major
comorbidities and we used the Fine and Gray model to take into account competing risks.
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Our study has several limitations. This is an observational study and a hidden bias due to
latent variables may remain despite the matching procedure. The medical reasons explaining
the nephrologist’s decisions to start or to switch to DHD were not recorded in the REIN
registry. These missing variables could help understanding the lower survival of French
patients on DHD. Moreover, data on the kt/V doses were often missing in the REIN registry
and therefore, we could not determine whether patients on DHD received an appropriate
dialysis dose per week. We included all major comorbidities present in the REIN registry in
our study; however, it was very difficult to match patients for each comorbid condition.
Therefore, we chose to use the propensity score measuring a global score of clinical risks
Despite the matching procedure, the rates of cardiovascular disease, walking disabilities and
active malignancy repartitions were different between the DHD and HD groups. In addition,
our study focused on the effect of DHD performed for at least one month, but did not take
into account the complete treatment trajectory of each patient.
Finally, as this study focused on patients on short DHD, our results cannot be generalized to
patients on long, nocturnal home HD.
In conclusion, our study shows that French patients on short DHD have a lower chance of
renal transplantation after being waitlisted and higher risk of death compared with matched
patients on thrice-weekly HD. Even after taking into account all patients’ characteristics, our
study did not allow understanding why DHD is associated with higher risk of death in this
population. Additional studies on the treatment trajectories of French patients who receive
DHD might allow better assessing the association between survival and dialysis history.
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Figure legends

Figure 1. Flow chart showing the study cohort selection and the eligible patients. ‡As the
REIN registry was established in France in 2002 and has been integrating progressively all
French regions, we decided to exclude patients who started dialysis before the introduction of
the registry in their region.

Figure 2. Crude Cumulative Incidence Function (CIF) for waitlisting, in patients <80 years
(n=2039) by treatment group: DHD (dotted line) and thrice-weekly HD (solid line).

Figure 3. Crude CIF for access to renal transplantation after being waitlisted, in patients <80
years (n=746) by treatment group: DHD (dotted line) and thrice-weekly HD (solid line).

Figure 4. Crude Kaplan Meier survival curves in the whole cohorts (n=2271) by treatment
group: DHD (dotted line) and thrice-weekly HD (solid line).

Tables
Table 1. Baseline characteristics of the general population on HD 3x/week (n=32834) and in matched
patients’ groups (DHD and thrice-weekly HD, n=2271)

Sex
Men
Women
Age (years)
18-45
45-60
60-75
≥75
Smoking status
Current/Former smoker
Never smoker
Albumin (g/dl)
<30
≥30
Hemoglobin (g/dl)
<10
10-12
>12
BMI (kg/m²) ¶
<18.5
18.5-23
23-25
≥25
Diabetes
Yes
No
Hepatic disease
Yes
No
Active malignancy†
Yes
No
Respiratory disease
Yes
No
Cardiovascular diseases‡
0
1
2
>2
Walking disability
Autonomous
Totally dependent
Partially dependent

General population*
on HD 3x/week
(n=32834)
n (%)

HD 3x/week
(n=1696)
n (%)

20735 (63.2)
12099 (36.8)

1067 (62.9)
629 (37.1)

3201 (9.7)
6076 (18.5)
11350 (34.6)
12207 (37.2)

334 (19.7)
444 (26.2)
507 (29.9)
411 (24.2)

11303 (34.4)
16699 (50.9)

613 (36)
867 (51)

5616 (17.1)
19589 (59.7)

245 (14.4)
1006 (59.3)

15185 (46.2)
9573 (29.2)
4746 (14.5)

755 (44.5)
485 (28.6)
268 (15.8)

1282 (3.9)
6598 (20.1)
4116 (12.5)
12720 (38.7)

72 (4.2)
310 (18.3)
200 (11.8)
683 (40.3)

12960 (39.5)
19396 (59.1)

576 (34)
1099 (64.8)

836 (2.5)
31020 (94.5)

35 (2.1)
1617 (95.3)

3561 (10.8)
28320 (86.3)

130 (7.7)
1527 (90)

3859 (11.8)
27954 (85.1)

154 (9.1)
1527 (88.2)

14947 (45.5)
7470 (22.8)
5098 (15.5)
5319 (16.2)

932 (55)
371 (22)
204 (12)
189 (11)

22064 (67.2)
1655 (5)
3850 (11.7)

1233 (72.7)
44 (2.6)
146 (8.6)

Matched patients
DHD
(n=575)
n (%)
p
0.9
361 (62.8)
214 (37.2)
0.9
114 (19.8)
153 (26.6)
170 (29.6)
138 (24)
0.3
228 (39.7)
275 (47.8)
<0.001
119 (20.7)
350 (61)
0.054
245 (42.6)
168 (29.2)
114 (19.8)
<0.001
29 (5)
122 (21.2)
74 (12.9)
260 (45.2)
0.2
217 (37.7)
349 (60.7)
0.96
13 (2.3)
547 (95)
0.03
64 (11)
495 (86)
0.07
71 (12.3)
487 (84.7)
<0.001
275 (47.8)
112 (19.5)
76 (13.2)
112 (19.5)
<0.001
400 (69.6)
41 (7)
54 (9.4)

Missing
(%)
0.0

0.0

12.7

24.3

10.4

23

1.3

2.6

2.4

7.5

0.0

15.5

*General population: all incident patients who initiated 3x/week HD in a French REIN region between 2003 and 2012.
¶
BMI: Body Mass Index; †Active malignancy: solid tumors or hematological malignancies; ‡Cardiovascular diseases:
myocardial infarction, arrhythmias, coronary insufficiency, heart failure, arteritis of the lower limbs, cerebrovascular
accident. Missing data are stated in an additional column.

Table 2. Factors associated with access to the renal transplant waiting list (subdistribution
hazard and cause-specific approaches, n=2039)
SHR* (95%CI)

Cause-specific HR** (95%CI)

Unadjusted

Adjusted

Unadjusted

Adjusted

0.97 (0.84-1.13)

0.91 (0.79-1.06)

0.98 (0.85-1.14)

0.93 (0.8-1.09)

40-59

0.54 (0.46-0.62)

0.69 (0.58-0.81)

0.56 (0.48-0.66)

0.70 (0.6-0.83)

60-69

0.20 (0.15-0.25)

0.30 (0.23-0.39)

0.22 (0.17-0.27)

0.31 (0.24-0.40)

70-80

0.02 (0.01-0.04)

0.03 (0.02-0.06)

0.03 (0.02-0.04)

0.04 (0.02-0.06)

0.85 (0.73-0.99)

-

0.86 (0.74-1.005)

-

0.85 (0.66-1.08)

-

0.92 (0.72-1.18)

-

<10

0.97 (0.82-1.14)

-

0.96 (0.82-1.13)

-

>12

1.01 (0.80-1.27)

-

0.98 (0.77-1.23)

-

<18.5

1.01 (0.72-1.40)

-

1.11 (0.78-1.56)

-

18.5-23

1.02 (0.79-1.32)

-

1.06 (0.81-1.38)

-

≥25

0.69 (0.54-0.88)

-

0.70 (0.55-0.90)

-

0.40 (0.34-0.48)

0.69 (0.58-0.83)

0.41 (0.35-0.49)

0.7 (0.58-0.84)

0.22 (0.09-0.52)

0.21 (0.09-0.50)

0.28 (0.12-0.69)

0.25 (0.10-0.60)

0.42 (0.29-0.60)

0.52 (0.37-0.74)

0.46 (0.32-0.67)

0.57 (0.40-0.83)

0.35 (0.24-0.50)

0.52 (0.36-0.76)

0.37 (0.26-0.53)

0.53 (0.36-0.77)

1

0.42 (0.34-0.52)

0.66 (0.54-0.82)

0.43 (0.35-0.53)

0.67 (0.54-0.98)

2

0.35 (0.27-0.47)

0.71 (0.53-0.95)

0.38 (0.29-0.50)

0.73 (0.54-0.98)

>2

0.19 (0.14-0.27)

0.53 (0.37-0.75)

0.22 (0.16-0.31)

0.56 (0.39-0.81)

Totally dependent

0.17 (0.08-0.39)

0.25 (0.11-0.54)

0.22 (0.098-0.49)

0.28 (0.13-0.61)

Partially dependent

0.21 (0.13-0.33)

0.38 (0.24-0.59)

0.23 (0.14-0.38)

0.41 (0.26-0.66)

0.83 (0.71-0.99)

-

0.90 (0.76-1.07)

-

0.87 (0.75-1.01)

-

0.91 (0.78-1.06)

-

Variable
Sex (vs Men)
Women
Age (vs 18-39)

Smoking status (vs Never smoker)
Current/Former smoker
Albumin (vs ≥30 g/dl)
<30
Hemoglobin (vs 10-12 g/dl)

BMI (vs 23-25 kg/m²)¶

Diabetes (vs No)
Yes
Cirrhosis (vs No)
Yes
Active malignancy (vs No)†
Yes
Respiratory disease (vs No)
Yes
Cardiovascular diseases (vs 0)

‡

Walking disability (vs Autonomy)

Treatment (vs HD 3x/week)
DHD
Starting RRT with a catheter (vs No) ¥
Yes
Emergency 1st dialysis session (vs No)
Yes
0.87 (0.75-1.01)
0.8 (0.68-0.93)
0.85 (0.73-0.99)
0.79 (0.67-0.93)
All variables included in multivariate models are presented in the table with the relative HR or SHR and 95%CI; *SHR:
Subdistribution Hazard Ratio; **HR: Hazard Ratio; ¶BMI: Body Mass Index; †Active malignancy: solid tumors or
hematological malignancies; ‡Cardiovascular Disease: myocardial infarction, arrhythmias, coronary insufficiency, heart
failure, arteritis of the lower limbs, cerebrovascular accident; ¥RRT: Renal Replacement Therapy.

Table 3. Factors associated with renal transplantation in waitlisted patients (subdistribution
hazard and cause-specific approaches, n=746)
SHR* (95%CI)

Cause-specific HR** (95%CI)

Unadjusted

Adjusted

Unadjusted

Adjusted

0.92 (0.76-1.12)

0.86 (0.70-1.05)

0.93 (0.76-1.13)

0.87 (0.71-1.06)

40-59

0.80 (0.66-0.98)

-

0.85 (0.69-1.04)

0.93 (0.75-1.15)

60-69

0.78 (0.56-1.09)

-

0.84 (0.61-1.16)

0.91 (0.64-1.27)

70-80

1.23 (0.63-2.38)

-

1.51 (0.84-2.71)

1.92 (1.05-3.5)

0.90 (0.74-1.10)

-

0.93 (0.76-1.14)

-

0.89 (0.64-1.25)

-

0.93 (0.66-1.30)

-

<10

0.98 (0.79-1.22)

-

0.99 (0.80-1.23)

-

>12

1.0 (0.77-1.31)

-

0.98 (0.74-1.29)

-

<18.5

0.90 (0.59-1.37)

-

0.86 (0.54-1.37)

-

18.5-23

0.95 (0.72-1.26)

-

0.93 (0.70-1.24)

-

≥25

0.83 (0.63-1.08)

-

0.83 (0.62-1.10)

-

0.71 (0.54-0.92)

0.75 (0.57-0.99)

0.75 (0.47-1.38)

-

1

0.85 (0.64-1.12)

0.83 (0.63-1.11)

0.85 (0.64-1.12)

-

2

0.76 (0.49-1.18)

0.77 (0.47-1.26)

0.85 (0.56-1.28)

-

>2

0.33 (0.16-0.66)

0.33 (0.15-0.71)

0.35 (0.18-0.69)

-

0.74 (0.58-0.95)

0.74 (0.57-0.96)

0.72 (0.56-0.91)

0.72 (0.56-0.91)

1.05 (0.85-1.31)

-

1.07 (0.86-1.33)

-

0.87 (0.72-1.06)

-

0.89 (0.73-1.08)

-

A

2.04 (1.64-2.55)

2.23 (1.78-2.78)

2.05 (1.66-2.53)

2.28 (1.83-2.83)

AB

1.94 (1.17-3.2)

1.95 (1.19-3.18)

2.21 (1.37-3.55)

2.18 (1.35-3.53)

B

1.09 (0.84-1.41)

1.04 (0.79-1.36)

1.09 (0.82-1.45)

1.06 (0.79-1.41)

Sex (vs Men)
Women
Age (vs 18-39 years)

Smoking status (vs Never smoker)
Current/Former smoker
Albumin (vs ≥30 g/dl)
<30
Hemoglobin (vs 10-12 g/dl)

BMI (vs 23-25 kg/m²)

¶

Diabetes (vs No)
Yes
Cardiovascular diseases (vs 0)

‡

Treatment (vs HD 3x/week)
DHD
Emergency 1st dialysis session (vs No) ¥
Yes
Starting RRT with a catheter (vs No)
Yes
Blood group (vs O)

Panel Reactive Activity (vs <80%)
≥ 80
0.16 (0.04-0.65)
0.18 (0.04-0.74)
0.16 (0.04-0.67)
0.17 (0.04-0.70)
All variables included in multivariate models are presented in the table with the relative HR or SHR and 95%CI; *SHR:
Subdistribution Hazard Ratio; **HR: Hazard Ratio; ¶BMI: Body Mass Index;

‡

Cardiovascular Disease: myocardial

infarction, arrhythmias, coronary insufficiency, heart failure, arteritis of the lower limbs, cerebrovascular accident; ¥RRT:
Renal Replacement Therapy

Table 4. Causes of death by groups: DHD and 3x/week HD (n=827).

Other
Active malignancy
Cirrhosis
Malnutrition
Unknown
Cardiovascular disease
Infectious disease
Respiratory disease
Renal disease
Total

HD 3x/week
n (%)
95 (17.2)
58 (10.5)
5 (0.9)
44 (8)
103 (18.7)
155 (28.1)
81 (14.7)
6 (1.1)
5 (0.9)
552 (100)

DHD
n (%)
40 (14.5)
21 (7.6)
4 (1.5)
13 (4.7)
67 (24.4)
87 (31.6)
30 (10.9)
10 (3.6)
3 (1.1)
275 (100)

p
0.329
0.186
0.474
0.083
0.056
0.29
0.135
0.012
0.798

Table 5. Factors associated with survival (univariate and multivariate Cox model, n=2271).
Cause-specific HR** (95%CI)

Cause-specific HR (95%CI)

Unadjusted HR

p

Adjusted HR

p

1.0 (0.9-1.2)

0.9

0.98 (0.9-1.1)

0.8

2.8 (2.0-3.9)

<0.001

2.23 (1.6-3.1)

<0.001

Sex (vs Men)
Women
Age (vs 18-45 years)
45-60
60-75
>75

5.6 (4.1-7.7)

<0.001

4 (2.9-5.5)

<0.001

10.5 (7.7-14.4)

<0.001

4.4 (5.3-10.3)

<0.001

1.07 (0.9-1.2)

0.3

-

-

1.61 (1.4-1.9)

<0.001

1.4 (1.1-1.7)

0.002

Smoking status (vs Never smoker)
Current/Former smoker
Albumin (vs ≥30 g/dl)
<30
Hemoglobin (vs 10-12 g/dl)
<10

0.89 (0.8-1.04)

0.2

0.97 (0.8-1.2)

0.7

>12

0.83 (0.68-1.01)

0.06

0.78 (0.6-1.0)

0.03

<18.5

1.0 (0.6-1.6)

0.9

-

-

18.5-23

1.04 (0.8-1.3)

0.8

-

-

≥25

1.01 (0.8-2.3)

0.9

-

-

1.61 (1.4-1.8)

<0.001

1.09 (0.9-1.3)

0.2

1.81 (1.5-2.2)

<0.001

1.33 (1.1-1.7)

0.01

2.67 (1.9-3.7)

<0.001

2.97 (2.1-4.2)

<0.001

1.65 (1.4-2.02)

<0.001

1.16 (0.9-1.4)

0.2

1

1.84 (1.5-2.2)

<0.001

1.22 (1.01-1.5)

0.04

2

2.45 (2.0-3.0)

<0.001

1.53 (1.2-1.9)

<0.001

>2

3.1 (2.6-3.8)

<0.001

1.62 (1.3-2.5)

<0.001

Totally dependent

2.8 (2.1-3.8)

<0.001

1.82 (1.3-2.5)

0.001

Partially dependent

1.8 (1.5-2.2)

<0.001

1.37 (1.1-1.7)

0.001

1.61 (1.4-1.9)

<0.001

1.58 (1.4-1.8)

<0.001

1.03 (0.9-1.2)

0.7

-

-

1.12 (1.0-1.3)

0.1

1.01 (0.9-1.2)

0.9

BMI (vs 23-25 kg/m²)¶

Diabetes (vs No)
Yes
Active malignancy (vs No)

†

Yes
Hepatic disease (vs No)
Yes
Chronic respiratory disease (vs No)

‡

Yes
Cardiovascular disease (vs 0)

Walking disability (vs Autonomy)

Treatment (vs HD 3x/week)
DHD
st

Emergency 1 dialysis session (vs No)

¥

Yes
Starting RRT with a catheter (vs No)
Yes
Renal graft during the follow-up (vs No)

Yes
0.2 (0.1-0.3)
<0.001
0.5 (0.3-0.8)
0.001
All variables included in multivariate models are presented in the table with the relative HR and 95%CI; **HR: Hazard
Ratio; ¶BMI: Body Mass Index; †Active malignancy: solid tumors or hematological malignancies; ‡Cardiovascular Disease:
myocardial infarction, arrhythmias, coronary insufficiency, heart failure, arteritis of the lower limbs, cerebrovascular
accident; ¥RRT: Renal Replacement Therapy.

SUMMARY AT A GLANCE

- This observational study reviewed the association between daily haemodialysis and transplantation and survival in France.
The likelihood of undergoing transplantation after being waitlisted was lower for patients on daily haemodialysis compared
to thrice-weekly haemodialysis. Additionally, daily haemodialysis was associated with higher risk of death, even after taking
into account age and co-morbidities.

.

