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Early Start of Dialysis Has No Survival Benefit in End-Stage Renal 
Disease Patients

The timing for dialysis initiationis still debated. The aim of this study was to compare 
mortality rates, using a propensity-score approach, in dialysis patients with early or late 
starts. From January 2000 to June 2009, incident adult patients (n = 836) starting dialysis 
for end-stage renal disease (ESRD) were enrolled. The patients were assigned to either an 
early- or late-start group depending on the initiation time of the dialysis. After propensity-
score-basedmatching, 450 patients remained. At the initiation of dialysis, the mean 
estimated glomerular filtration rate (eGFR) was 11.1 mL/min/1.73 m2 in the early-start 
group compared with 6.1 mL/min/1.73 m2 in the late-start group. There were no 
significant differences in survival between the patients in the early- and late-start groups 
(Log rank tests P = 0.172). A higher overall mortality risk was observed in the early-start 
group than in the late-start group for the patients aged ≥ 70 yr (hazard ratio [HR]: 3.29; 
P = 0.048) and/or who had albumin levels ≥ 3.5 g/dL (HR: 2.53; P = 0.046). The survival 
of the ESRD patients was comparable between the patients in the early and late-start 
groups. The time to initiate dialysis should be determined based on clinical findings as well 
as the eGFR.
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INTRODUCTION

Despite the worldwide use of long-term dialysis, there remains 
a lack of consensus on the timing of dialysis initiation. Most 
guidelines recommended an earlier start if there are uremia-re-
lated symptoms or malnutrition.
  Although many studies have investigated the optimal timing 
of dialysis initiation, the differences in mortality between early- 
and late-start dialysis are still debated. There are a number of 
cohort or case-control studies suggesting that early initiation of 
dialysis affects morbidity, mortality, the capacity for employ-
ment, and the quality of life. The mean estimated glomerular 
filtration rate (eGFR) at initiation for US Renal Data System 
(USRDS) patients was higher in patients who initiated dialysis 
in 2007 than in those who began in 1997 (10.8 mL/min/1.73 m2 
vs 8.1 mL/min/1.73 m2) (1). However, in a recent randomized 
controlled trial, the early initiation of dialysis in patients with 
chronic kidney disease was not associated with an improvement 
in survival or clinical outcomes (2). Moreover, the largest retro-

spective analysis of the USRDS data has suggested that late initi-
ation of dialysis is associated with a reduced risk of mortality (3). 
  Mortality comparisons of the timing of dialysis initiation have 
been conducted in many Western countries. East Asian coun-
tries, such as Taiwan (4), Japan (5) and Korea (6), have some of 
the highest incidence and prevalence rates of end-stage renal 
disease (ESRD). However, there are few publications on this 
subject for Asian populations.The aim of this study was to com-
pare the mortality in dialysis patients with early or late starts, as 
measured by the renal function at the start of dialysis, using a 
propensity-score (PS) approach to compensate for confound-
ing biases. 

MATERIALS AND METHODS

Study population
From January 2000 to June 2009, we enrolled incident patients 
who werestarting dialysis for ESRD at the Gachon University 
Gil Hospital, Korea. Adult patients (≥ 18 yr old) on hemodialy-
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sis (HD) and peritoneal dialysis (PD) were included. Patients 
were excluded if they had recovered renal function. 
  All patient medical records were reviewed retrospectively, 
collecting data on age, gender, height, weight, cause of ESRD, 
laboratory data (hemoglobin, blood urea nitrogen, creatinine, 
calcium, phosphorous, albumin, cholesterol, C-reactive protein, 
pro-B-type natriuretic peptide and troponin I), and comorbid 
conditions at the time of initiation of dialysis. Comorbid condi-
tions were assessed using the modified Charlson comorbidity 
index (MCCI) (7). The eGFR was calculated from serum creati-
nine measured at the time of dialysis initiation using the Modi-
fication of Diet in Renal Disease formula with an ethnic factor 
for the Korean population: eGFR (mL/min/1.73 m2) = 186 ×  
serum creatinine (mg/dL)–1.154 × age (years)–0.203 × 0.742 (if 
female) × 1.09 (Korean ethnic factor) (8, 9). 
  Participants were followed from the initiation of dialysis until 
the end of the study (December 31, 2010) or death (determined 
from the Korea National Statistical Office). Patients on dialysis 
during the follow-up period were censored on the date of renal 
transplantation or loss to follow-up. 

Statistical analysis
We used PS matching to increase the comparability between 
the early- and late-start groups by reducing the selection bias 
and controlling for potential confounding factors. The estimated 
PS for being assigned to the early-start group versus the late-start 
group at the time of initiation of dialysis was calculated for each 
patient using multiple logistic regression models with the follow-
ing covariates: age, gender, dialysis modality, medical history 
(diabetes, coronary artery disease, and peripheral artery disease), 
and laboratory tests (serum levels of hemoglobin, albumin, cal-
cium, and phosphorus). We matched one early-start patient to 
one late-start patient based on a greedy 8-1 digit matching al-
gorithm. This algorithm attempted to match early-started and 
late-started subjects on the first 8 digits of the propensity score. 
The early-start subjects that did not match were then matched 
to late-start subjects on 7 digits of the propensity score. We pro-
cessed through the algorithm sequentially to the 1-digit match 
on the propensity score. The patients with no corresponding 
match were excluded. PS matching was performed using SAS 
9.1.3.
  Continuous variables are presented as means ± SD, and cat-
egorical variables are presented as frequencies (percentage). 
Categorical variables were compared using the chi-squared test, 
and continuous variables were compared using Student’s t-test 
and the Mann-Whitney U-test when appropriate. Mortality was 
determined using the Kaplan-Meier method and compared us-
ing the log-rank test in the matched-pair cohort. A Cox regres-
sion analysis was used to assess the association between mor-
tality and the timing of the initiation of dialysis. The Cox regres-
sion model stratified on matched pairs was used in the matched 

cohort. Associations are presentedas hazard ratios (HRs) with 
their corresponding 95% confidence intervals (CIs). All analy-
ses except PS matching were performed with SPSS version 12.0 
(SPSS, Inc., Chicago, IL, USA). A value of P < 0.05 was consid-
ered statistically significant.

Ethics statement
This study was approved by the institutional review board of Gil 
Hospital Gachon University (IRB No. GIRBA2347). Informed 
consent was waived by the board.

RESULTS

We enrolled 836 subjects in the study, and defined the initiation 
of dialysis as late-start if the eGFR was < 7.74 mL/min/1.73 m2 
(the median eGFR at initiation of dialysis in the 836 subjects). 
After we applied the propensity method adjusted for the vari-
ables, 450 patients (225 in each group) remained.
  The clinical characteristics of the patients at the initiation of 
dialysis are presented in Table 1. In the entire cohort, the patients 
in the early-start group were older and had a higher prevalence 
of diabetes and PD, higher levels of MCCI and lower levels of 
albumin. After PS matching, the mean age was 53.7 yr, and 54.4% 
were male. Diabetes was the most common causes of ESRD 
(55.6%) at the initiation of dialysis. The mean follow-up dura-
tion was 41.9 months for the early-start group and 44.2 months 
for the late-start group. At the start of dialysis, the mean eGFR 
was 11.1 ± 3.9 mL/min/1.73 m2 in the early-start group com-
pared with 6.1 ± 1.2 mL/min/1.73 m2 in the late-start group. PD 
was the initial method of dialysis in 70 patients (31.1%) in the 
early-start group and 71 (31.6%) in the late-start group. HD was 
the initial method of dialysis in 155 and 154 patients in the early-
start and late-start groups, respectively. By the end of the study, 
12 PD patients had shifted to HD, and 13 patients had under-
gone kidney transplantation in the early-start group. Twelve PD 
patients had shifted to HD, and 10 had undergone kidney trans-
plantation in the late-start group. There were no differences in 
age, gender, causes of ESRD, hypertension, diabetes, and labora-
tory tests (hemoglobin and albumin) between the two groups. 
  A Kaplan–Meier actuarial survival curve was suggestive of an 
incrementally increased survival time for patients initiating di-
alysis later in the entire cohort (Log rank tests P = 0.002) (Fig. 1A). 
However, there was no significant difference in survival between 
the patients in the late-start and early-start groups in the PS-
matched cohort (Log rank tests P = 0.172) (Fig. 1B).
  Fig. 2 shows the mortality HRs within the subgroups in the 
PS matched cohort. Overall survival was similar for the early-
start and late-start groups (HR: 1.32; 95% CI: 0.87-1.99, P = 0.186). 
A higher overall mortality risk was observed in the early-start 
group relative to the late-start group in those aged ≥ 70 yr com-
pared with those aged < 70 yr. Compared with the patients aged 
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< 70 yr (HR: 1.18; 95% CI: 0.76-1.83, P = 0.472), the late-start 
patients aged ≥ 70 yr had a significantly lower risk of death com-
pared with the early-start group aged ≥ 70 yr (HR: 3.29; 95% CI: 

1.01-10.7, P = 0.048). A higher overall mortality risk was observed 
in the early-start group relative to the late-start group in patients 
with albumin levels ≥ 3.5 g/dL compared with < 3.5 g/dL. The 

Table 1. Baseline characteristics of matched patients

Parameters

Before matching After matching

Early-start group 
(n = 420)

Late-start group 
(n = 416)

P
Early-start group 

(n = 225)
Late-start group 

(n = 225)
P

Age (yr)   55.6 ± 14.1   52.8 ± 14.4 0.004   53.2 ± 14.3   54.2 ± 14.0 0.430
Male    248 (59.0%) 227 (54.6%) 0.191 123 (54.7%) 122 (54.2%) 0.925
Cause of end stage renal disease (%)
   Diabetes
   Hypertension
   Glomerulonephritis
   Others

 
   261 (62.1)
   41 (9.8)
   33 (7.9)

     85 (20.2)

 
188 (45.2)
  61 (14.7)
31 (7.5)

136 (32.7)

< 0.001  
124 (55.1)
  23 (10.2)
21 (9.3)

  57 (25.3)

 
126 (56.0)
  25 (11.1)
12 (5.3)

  62 (27.6)

0.429

Comorbidity (%)
   Diabetes
   Hypertension
   Coronary artery disease
   Congestive heart failure
   Myocardial infarction
   Peripheral artery disease
   Cerebrovascular disease
   MCCI

 
   275 (65.5)
   352 (83.8)
     98 (23.3)
     92 (21.9)
   22 (5.2)
   18 (4.3)

     43 (10.2)
5.3 ± 2.2

 
197 (47.4)
359 (86.3)
  56 (36.4)
  72 (17.3)
16 (3.9)
  7 (1.7)
37 (8.9)

  4.6 ± 2.4

 
< 0.001

0.313
< 0.001

0.094
0.338
0.027
0.509

< 0.001

 
132 (58.7)
187 (88.1)
  45 (52.0)
  52 (23.1)
    7 (3.11)
  11 (4.89)

    23 (10.22)
5.2 ± 2.5

 
132 (58.7)
198 (88.0)
  35 (15.6)
  43 (19.1)
    8 (3.57)
    4 (1.78)
  22 (9.78)
  5.1 ± 2.4

 
1.000
0.140
0.218
0.299
0.786
0.112
0.875
0.248

Dialysis modality (%)
   Hemodialysis
   Peritoneal dialysis

 
273 (65)
147 (35)

 
306 (73.6)
110 (26.4)

0.007  
154 (68.4)
  71 (31.6)

 
155 (68.9)
  70 (31.1)

0.919

Laboratory tests
BUN (mg/dL)   59.1 ± 27.3   89.7 ± 36.7 < 0.001   63.2 ± 29.1   76.4 ± 28.8 0.001
Creatinine (mg/dL)   5.9 ± 1.5 11.0 ± 3.9 < 0.001   6.0 ± 1.4   9.8 ± 2.7 < 0.001
Estimated GFR (mL/min/1.73m2)   11.4 ± 3.97   5.08 ± 1.95 < 0.001   11.1 ± 3.89   6.07 ± 1.15 < 0.001
Albumin (g/dL)   3.16 ± 0.66   3.30 ± 0.61 0.001   3.20 ± 0.62   3.30 ± 0.54 0.072
Cholesterol (mg/dL) 165.5 ± 47.1 165.3 ± 48.2 0.936 165.3 ± 47.7 166.8 ± 50.6 0.751
Calcium (mg/dL)   8.28 ± 0.93   8.11 ± 1.27 0.033   8.27 ± 0.94   8.29 ± 1.18 0.849
Phosphorus (mg/dL)   4.38 ± 1.45   6.42 ± 2.39 0.001   4.99 ± 1.48   5.01 ± 1.48 0.886
Hemoglobin (g/dL)   8.76 ± 1.68 8.09 ± 1.9 0.001   8.46 ± 1.59   8.50 ± 1.75 0.799
C-reactive protein (mg/dL)   3.01 ± 5.19   2.88 ± 5.29 0.728   3.50 ± 5.75   2.78 ± 5.44 0.195
ProBNP (pg/mL)   22,369 ± 14,307   21,214 ± 12,877 0.6   13,732 ± 13,017 13,997 ± 9,368 0.939
Troponin I (ng/mL)   0.77 ± 3.34   1.13 ± 5.02 0.4   0.87 ± 3.84   1.26 ± 4.65 0.513

MCCI, modified Charlson comorbidity index; BUN, blood urea nitrogen; proBNP, pro-B-Type natriuretic peptide.

Fig. 1. Kaplan-Meier survival curves at the initiation of dialysis. (A) Survival of the late-start group is increased in the entire cohort (Log rank tests P = 0.002). (B) There is no 
significant difference in survival between the patients in the late-start and early-start groups in the propensity score matched cohort (Log rank tests P = 0.172).
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greater mortality risk in the early-start group with albumin levels 
< 3.5 g/dL relative to the late-start group with albumin levels 
< 3.5 g/dL (HR: 1.06; 95% CI: 0.66-1.70, P = 0.798) was less pro-

nounced than the relationship between the two groups with al-
bumin levels ≥ 3.5 g/dL (HR: 2.53; 95% CI: 1.02-6.28, P = 0.046). 
 

DISCUSSION

We found no significant difference in survival between patients 
in the early-start and late-start groups using a PS approach. In 
our entire cohort, the patients who initiated dialysis later had 
increased survival times. However, the patients in the early-start 
group were older and had a higher prevalence of diabetes, high-
er levels of MCCI and lower levels of albumin. To balance the 
prognostically important baseline characteristics, we matched 
early-start and late-start patients based on PS at the time of di-
alysis initiation. PS was able to control for the measured con-
founding factors, allowing us to reduce the distortions originat-
ing from the selection bias. The use of a propensity stratification 
based on PS has been shown to reduce or eliminate the imbal-
ances in the distribution of baseline covariables across treat-
ment groups in nonrandomized studies (10, 11). However, the 
use of PS does notmitigate unmeasured confounders because 
the calculation of PS relies on explicitly measured factors alone.
  Most reported studies have argued either for an early or a late 
initiation of dialysis. The ideal method for comparing the differ-
ence is a randomized controlled trial. However, conducting a 
randomized controlled trial on the optimal timing of the initia-

tion of dialysis is difficult because the decision to initiate dialy-
sis depends not only on objective numerical criteria but also on 
subjective clinical factors. Our results were consistent with the  
Initiating Dialysis Early and Late (IDEAL) study (2), whose find-
ings differ from those of some previously published observa-
tional cohort and case-control studies, which showed that the 
early initiation of dialysis was associated with improved surviv-
al (12, 13) or with potentially poorer survival times (3, 14, 15). 
Hakim and Lazarus (16) advocated an early initiation strategy 
because it results in a significantly better outcome, partly by im-
proving nutrition-related comorbidity. In contrast, patients who 
initiate dialysis at high eGFR levels usually have a greater comor-
bidity burden (15) and are less able to tolerate uremic symp-
toms, which may be the reason why the early initiation of dialy-
sis does not have a favorable effect on survival. An early start 
may cause increased cumulative exposure to additional hazards 
(3). These hazards include clinical or subclinical bloodstream 
and peritoneal infections; heightened inflammation; exposure 
to antibiotic-resistant organisms or bacterial fragments; protein 
or blood loss; hemodynamic effects including possible acceler-
ated loss of remaining renal function; dialysis access complica-
tions; exposure to heparin; and the risks of higher doses of eryth-
ropoietin required because of its reduced potency when admin-
istered intravenously.
  There have been very few studies comparing mortality rates 
for the timing of dialysis initiation in Asian populations. Oh et 
al. (17) showed that all cause mortality and technical failure were 
not different between early and late starters of PD. This finding 
is consistent with our results, although our study included pa-
tients with HD and PD. However, Tang et al. (18) reported that 
PD patients who electively started chronic dialysis when their 
GFR reached ≤ 10 mL/min had a better 1-yr survival rate than 
did those who initially refused and only started dialysis once 
they developed a uremic emergency. In contrast, Shiao et al. 
(19) found in a retrospective cohort of 275 PD patients that the 
late start of PD (as defined by the initiation of dialysis at eGFR 
< 5 mL/min) was associated with better survival and a reduced 

risk for all-cause hospitalization. Hwang et al. (20) analyzed the 
Taiwan Dialysis Registry data between 2001 and 2004 to evalu-
ate the impact of different levels of GFR on mortality after the 
initiation of chronic dialysis. They found that lower eGFR at the 
initiation of dialysis is associated with lower mortality.
  We have shown that there was a higher overall mortality risk 
in the early-start group relative to the late-start group in those 
patients with albumin levels ≥ 3.5 g/dL and/or who are aged 
≥ 70 yr. Rosansky et al. (14) reported that an early start is still 

harmful, especially in a healthier subset of patients with serum 
albumin levels of 3.5 g/dL or higher. A possible reason for the 
significantly poorer outcomes is the competitive risk of harm 
from unnecessary dialysis in patients who are not at high risk of 
death from other causes. In contrast, patients with high comor-

Hazard ratio (95% confidence interval)

1.32 (0.87-1.99)All patients

Age

Gender

Diabetes 

MCCI

Dialysis modality

Albumin

1.18 (0.76-1.83)< 70 yr

3.29 (1.01-10.7)≥ 70 yr  

1.32 (0.78-2.26)Male

1.27 (0.66-2.44)Female

1.43 (0.68-2.98)No

1.25 (0.76-2.06)Yes

1.17 (0.50-2.70)< 6

1.33 (0.83-2.15)≥ 6

1.24 (0.72-2.14)Hemodialysis

1.37 (0.73-2.57)Peritoneal dialysis

1.06 (0.66-1.70)< 3.5 g/dL

2.53 (1.02-6.28)

Early start favbor Late-start favor

≥ 3.5 g/dL

0.186

0.472

0.048

0.303

0.472

0.342

0.383

0.719

0.237

0.438

0.327

0.798

0.046

P

Fig. 2. Adjusted HR of the initiation of dialysis for mortality using a Cox proportional 
analysis in the propensity-score matched cohort.
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bidity and low serum albumin levels may have a greater risk of 
death, independent of HD. It is difficult to justify an early start 
of dialysis based on eGFR measurements alone, especially in the 
frail subset of elderly patients with high comorbidity (21). The 
elderly patients had low serum creatinine levels due to sarcope-
nia and therefore had higher eGFR levels. They also had severe 
disease and more uremic symptoms despite a higher eGFR.
  This study has some limitations. First, the GFR was estimated 
and not measured. The eGFR may overestimate the true GFR in 
patients with advanced kidney failure, low muscle mass, and 
low creatinine generation (22). Second, survival bias is a poten-
tial issue, because only those who survived to the initiation of 
dialysis were analyzed, eliminating those who could have start-
ed dialysis early but died before initiation. Third, the lead-time 
bias should be taken into account in the interpretation of the 
results. This bias may result in a falsely prolonged survival sim-
ply because patients are started at an earlier stage of the disease. 
The observational nature of this study requires cautious inter-
pretation of our results and future clinical trials are warranted 
to confirm the clinical indications for the initiation of dialysis.
  In conclusion, early-start groups had no survival benefit in 
our study when using a PS approach. Physicians should not de-
termine the timing for initiating dialysis based solely on eGFR 
in a stable and symptom-free patient. Dialysis may be delayed 
until more traditional clinical indications for dialysis are pres-
ent. 
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