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♦  Background:  The impact of timing of dialysis initiation 
on mortality is controversial in patients with peritoneal dial­
ysis (PD). In this study, we analyzed the impact of timing of 
dialysis initiation on mortality in the incident PD population.
♦  Methods:  Incident patients with PD were selected from 
the Clinical Research Center (CRC) registry for end-stage 
renal disease (ESRD), a prospective cohort study on dialysis 
in Korea. Patients were categorized into 3 groups according 
to the estimated glomerular filtration rate (eGFR) at the 
initiation of PD using the Modification of Diet in Renal Dis­
ease (MDRD) equation. Group A was defined as eGFR < 5 mL/
min/1.73m2, group B as eGFR 5 – 10 mL/min/1.73m2, and 
group C as eGFR > 10 mL/min/1.73m2. Cox regression analy­
sis was used to calculate the adjusted hazard ratio (HR) 
of mortality with group B as the reference. The primary 
outcome was all-cause mortality.
♦  Results:  A total of 495 incident PD patients were 
included. The number of patients in group A was 109, group 
B was 279, and group C was 107. The median follow-up 
period was 23 months. Multivariate Cox regression analysis 
showed that group A had a significantly higher risk of all-
cause mortality compared with group B (HR 4.13, 95% 
confidence interval [CI], 1.55 – 11.03, p = 0.005) after 
adjustment for age, gender, cause of ESRD, serum albumin 
level, diabetes mellitus, and cardiovascular disease. There 

was no significant difference in mortality between group C 
and group B (HR 1.50, 95% CI, 0.59 – 3.80, p = 0.398) after 
adjustment for clinical variables.
♦  Conclusion:  An eGFR < 5 mL/min/1.73m2 at the initiation 
of PD was a significant risk factor for death, while an 
eGFR >10 mL/min/1.73m2 at the initiation of PD was not 
associated with improved survival compared with an eGFR 
of 5 – 10 mL/min/1.73m2 at the initiation of PD.
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Initiating dialysis at the optimal time is one of the 
most important prognostic factors in patients with 

end-stage renal disease (ESRD). Current guidelines on 
when to initiate renal replacement therapy are based 
on symptoms or signs of uremia and malnutrition, as 
well as the glomerular filtration rate (GFR) (1–4). Most 
of these guidelines are primarily based on clinical evi-
dence of uremia and malnutrition. The ideal GFR level 
for dialysis initiation in asymptomatic patients has not 
been fully clarified. 

Some observational studies have demonstrated 
that early dialysis, defined as an estimated GFR (eGFR) 
> 10 mL/min/1.73m2 at the time of dialysis initiation, 
was associated with a decrease in mortality and com
plication rates (4–9), whereas other observational 
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studies demonstrated that early dialysis had no survival 
benefit (10,11) or was harmful (12–17).  

Recently, a randomized controlled trial, the Initiating 
Dialysis Early and Late (IDEAL) study, demonstrated that 
a planned early dialysis initiation (eGFR 10 – 14 mL/
min/1.73m2) was not associated with improvement in 
survival or clinical outcomes compared with late dialysis 
initiation (eGFR 5 – 7 mL/min/1.73m2) (18,19). 

Peritoneal dialysis (PD) has different potential sur-
vival factors from hemodialysis (HD), such as residual 
renal function, peritonitis, peritoneal protein loss, peri-
toneal membrane transport status and high glucose load 
(20–22). Furthermore, because residual renal function 
is an important determinant of mortality and is better 
preserved in patients on PD than those on HD (9), the 
impact of timing of dialysis initiation on survival may be 
different from that in HD. 

The association of timing of PD initiation with 
survival is controversial. Some observational studies 
demonstrated that early PD initiation had a survival 
advantage (7,23), whereas other observational studies 
demonstrated that early PD initiation is associated 
with increased mortality (24) or equivalent mortality 
compared with late PD initiation (25). Subgroup analysis 
of the IDEAL study showed that early PD initiation was 
associated with clinical outcomes comparable to those 
in late PD initiation (26). This discrepancy may be due 
to differences in the study design or the populations of  
the studies. 

We focused on PD patients with very late dialysis 
initiation, defined as an eGFR < 5 mL/min/1.73m2 at 
the time of PD initiation. Although the European Best 
Practice Guideline (EBPG) recommends that dialysis 
should be initiated before GFR falls before 6 mL/
min/1.73 m2 (3), wide variation in the timing of dialysis 
initiation exists in different countries and periods. In 
actual clinical practice, 14 – 60% of patients with ESRD 
initiate dialysis at an eGFR less than 5 mL/min/1.73m2 
(14,20,21). 

The impact of very late dialysis initiation on mortality 
is not well established. Because loss of residual renal 
function is a risk factor for mortality in PD patients, the 
impact of very late dialysis initiation on mortality may 
be different from late dialysis initiation or early dialysis 
initiation. However, in previous studies, patients with 
very late PD initiation were not included in study popu-
lations (18,26) or were simply included in the late PD 
initiation group (25). 

In this study, we investigated the impact of timing of 
PD initiation on survival, categorizing patients into 3 
groups based on the eGFR at the time of PD initiation in 
the Clinical Research Center (CRC) registry for the ESRD 

cohort in Korea: group A, eGFR < 5 mL/min/1.73m2; 
group B, eGFR 5 – 10 mL/min/1.73m2; and group C, eGFR 
> 10 mL/min/1.73m2.

METHODS

STUDY POPPULATIONS

All patients in this study participated in the CRC 
registry for ESRD. This study is an ongoing obser
vational prospective cohort study in patients with ESRD 
from 31 centers in Korea. The cohort started in April 
2009 and included adult (> 18 years of age) dialysis 
patients. A total of 1,681 patients started PD during 
the study period. Five hundred and three patients 
gave informed consent and were included in this pro-
spective cohort. Of the 503 incident PD patients, 13 
patients whose eGFR could not be ascertained at enroll-
ment were excluded for the present analysis, and the 
remaining 495 incident PD patients were included in  
the analysis.

Demographic data and clinical data were collected at 
enrollment. Assessment of dialysis characteristics and 
measurements of health were performed every 6 months 
until the end of follow-up. Dates and causes of mortality 
were immediately reported through the follow-up period. 
The CRC registry for ESRD was approved by the medical 
ethics committees of all of the participating hospitals 
and informed consent was obtained from all patients 
before inclusion.

Baseline demographic data and clinical data included 
age, gender, height, weight, body mass index (BMI), 
causes of ESRD, co-morbidities, laboratory investigations 
and therapeutic characteristics. Cardiovascular disease 
was defined as the presence of coronary artery disease, 
congestive heart failure, peripheral vascular disease or 
cerebrovascular disease. Serum hemoglobin, total cho-
lesterol, albumin, creatinine, and urea were determined 
from blood samples. In all clinical laboratories of the 31 
centers that participated in the study, serum creatinine 
levels were measured using the kinetic alkaline picrate 
method (Jaffe method), standardized against isotope 
dilution-mass spectrometry. The eGFR was calculated at 
the time of dialysis initiation using the Modification of 
Diet in Renal Disease (MDRD) 4-variable equation: eGFR = 
186 × serum creatinine-1.154 × age-0.203 × 1.212 (if 
black) × 0.742 (if female) (27).

Incident PD patients were categorized into 3 groups 
according to eGFR at the time of initiation of dialysis, 
as follows: group A, eGFR < 5 mL/min/1.73m2; group 
B, eGFR 5 – 10 mL/min/1.73m2; group C, eGFR > 10 mL/
min/1.73m2.
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OUTCOMES

The clinical outcome of this study was all-cause mor-
tality. The primary outcome was mortality. All patients 
were followed until death or the end of the study, with 
censoring of data at the time a patient underwent renal 
transplantation or was lost to follow-up because of 
patient’s refusal of further participation or patient’s 
transfer to a nonparticipating hospital. For each death, 
the clinical center’s principal investigators completed a 
form that included the cause of death according to the 
CRC for ESRD study classification. 

STATISTICAL ANALYSIS

Data with continuous variables and normal distri
butions are presented as mean ± standard deviation (SD) 
and those without normal distribution are presented as 
median with ranges as appropriate for the type of vari-
able. Student t-test, Mann-Whitney test, one-way ANOVA 
test, or Kruskal-Wallis test were used, as appropriate, 
to determine the differences in continuous variables. 
Categorical variables are presented as percentages. 
Pearson’s chi-square test or Fisher’s exact test was used 
to determine the differences in categorical variables.

Absolute mortality rates were calculated per 100 
person-years of follow-up. The survival curves for 
groups A, B, and C were estimated using the Kaplan-
Meier method and compared using the log-rank test. 
The Cox proportional hazard regression model was used 
to calculate the hazard ratio (HR) with 95% confidence 
interval (CI) for all-cause mortality, using group B as 
the reference category. The assumption of proportional 
hazards over time was assessed by visual inspection of 
a log-minus-log survival plot. Analyses were adjusted 
for potential confounders using 3 models. Model 1 was 
adjusted for age, gender and cause of ESRD. Model 2 
was adjusted for age, gender, cause of ESRD, and serum 
albumin level. Model 3 was adjusted for age, gender, 
cause of ESRD, serum albumin level, diabetes mellitus, 
and cardiovascular diseases. A value of p < 0.05 was con-
sidered statistically significant. All statistical analyses 
were performed using SPSS 11.5 software (SPSS Inc., 
Chicago, IL, USA).

RESULTS

PATIENT CHARACTERISTICS

A total of 495 incident PD patients were included in 
the analysis. The mean age of patients was 52 ± 8 years 
and the mean eGFR was 7.8 ± 3.7 mL/min/1.73m2. The 

main causes of ESRD were diabetes (44%), renal vascular 
disease (18%), and glomerulonephritis (18%). Baseline 
characteristics of the study population according to eGFR 
at initiation are shown in Table 1. The number of patients 
in group A was 109 (22%), group B was 279 (56%) and 
group C was 107 (22%). The mean eGFR at the time of 
PD initiation ranged from 3.9 ± 0.9 mL/min/1.73m2 
for patients in group A to 7.3 ± 1.4 mL/min/1.73m2 for 
patients in group B and 13.1 ± 3.4 mL/min/1.73m2 for 
patients in group C. Patients in group C were older and 
a higher percentage of patients were male compared 
to patients in group A. The use of automated PD was 
not significantly different among the groups. Among 
causes of ESRD, diabetes was more common in group C, 
while glomerulonephritis was more common in group A. 
There was a significant difference in the prevalence of 
the comorbidities among the groups. Diabetes, coronary 
vascular disease, congestive heart failure, and peripheral 
vascular disease were more prevalent in group C. There 
was no difference in body mass index, systolic blood 
pressure, or serum total cholesterol levels among the 
groups. The patients in group C had higher hemoglobin 
levels and lower serum albumin levels than those in 
groups A and B. 

ALL-CAUSE MORTALITY BY eGFR AT THE TIME OF PD INITIATION

The median follow-up period was 23 months (inter-
quartile range, 12 – 33 months). During the follow-up 
period, 51 patients left the study. The reasons for cen-
soring included kidney transplantation (n = 24), transfer 
to a nonparticipating hospital (n =17), refusal of further 
participation (n = 3), or other (n = 7). There were 31 
deaths during the follow-up period. The leading causes 
of death were cardiovascular diseases (36% of all deaths) 
and infectious diseases including peritonitis (26% of 
all deaths). Table 2 shows the causes of death in each 
group. There was no significant difference in the causes 
of death among the 3 groups (p = 0.585). The absolute 
mortality rate was 3.3 deaths per 100 person-years. 
Figure 1 shows the Kaplan-Meier plot of patient survival 
according to eGFR group at the time of PD initiation. As 
shown, survival was decreased in patients in both groups 
A and C compared to those in group B (log-rank test, 
p = 0.007). Table 3 shows the univariate Cox regression 
analysis for mortality. The hazard ratio (HR) for all-cause 
mortality of group C was 3.57 (95% CI, 1.50 – 8.47, p = 
0.004) and the HR for mortality of group A was 2.71 (95% 
CI, 1.10 – 6.67, p = 0.030), using group B as the reference 
category. All-cause mortality was positively correlated 
with older age, presence of diabetes, congestive heart 
failure, peripheral vascular disease, and stroke, and was 
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TABLE 1
Baseline Characteristics of the Study Population According to eGFR at  

Initiation of Peritoneal Dialysis

	 eGFR (mL/min/1.73m2) 
			   <5	 5–10	 >10
			   Group A	 Group B	 Group C
		  Characteristics	 (n=109)	 (n=279)	 (n=107)	 P

Age (years)		  48±13	 52±13	 55±14	 0.002
Male, n (%)		  63 (57.8)	 163 (58.4)	 78 (72.9)	 0.022
Use of APD, n (%)		  17 (15.6)	 21 (7.5)	 10 (9.3)	 0.054
Causes of ESRD, n (%)				    <0.001
	 Diabetes mellitus	 24 (22.0)	 134 (48.0)	 60 (56.1)	
	 Glomerulonephritis	 31 (28.4)	 49 (17.6)	 9 (8.4)	
	 Renal vascular disease	 29 (26.6)	 43 (15.4)	 19 (17.8)	
	 Other/unknown		 25 (22.9)	 53 (19.0)	 19 (17.8)	
Comorbidities
	 Diabetes mellitus, n (%)	 32 (29.4)	 143 (51.4)	 68 (63.6)	 <0.001
	 Coronary vascular disease, n (%)	 5 (4.6)	 30 (10.8)	 20 (18.7)	 0.004
	 Congestive heart failure, n (%)	 6 (5.5)	 31 (11.1)	 17 (15.8)	 0.047
	 Peripheral vascular disease, n (%)	 2 (1.9)	 22 (7.9)	 15 (14.0)	 0.003
	 Stroke, n (%)		  4 (3.7)	 20 (7.2)	 11 (10.3)	 0.161
BMI (kg/m2)		  22.5±3.2	 23.1±3.6	 22.4±3.0	 0.102
Systolic BP (mmHg)	 140±27	 135±21	 136± 22	 0.184
Diastolic BP (mmHg)	 81±20	 79±13	 79±13	 0.316
Serum creatinine (mg/dL)	 13.9±5.2	 7.8±1.7	 4.8±1.1	 <0.001
eGFR (mL/min/1.73m2)	 3.9±0.9	 7.3±1.4	 13.1±3.4	 <0.001
Hemoglobin (g/dL)		 9.0±1.9	 9.3±1.5	 9.7±1.5	 0.002
Serum albumin (g/dL)	 3.5±0.7	 3.5±0.6	 3.2±0.7	 <0.001
Serum TC (mg/dL)		  167±52	 161±43	 164±64	 0.511
Time between referral to nephrologist 	 19.0 	 21.4	 14.5	 0.076
  and dialysis, months	 (1.8–63.7)	 (3.4–60.0)	 (2.1–30.8)	

eGFR = estimated glomerular filtration rate; APD = automated peritoneal dialysis; ESRD = end-stage renal disease; BMI = body 
mass index; BP = blood pressure; TC = total cholesterol.
Values are expressed as mean ± SD, median (interquartile range) or n (%).

TABLE 2
Causes of Death in Each Group

	 eGFR (mL/min/1.73m2)		
		  <5	 5–10	 >10
		  Group A	 Group B	 Group C
	 Diseases	 (n=109)	 (n=279)	 (n=107)

Cardiovascular diseases including cerebrovascular  
  diseases, n (%)	 5 (50.0)	 2 (22.2)	 4 (33.3)
Peritonitis, n (%)	 0	 0	 2 (16.7)
Infectious diseases, other than peritonitis, n (%)	 2 (20.0)	 3 (33.3)	 1 (8.3)
Malignancy, n (%)	 1 (10.0)	 0	 1 (8.3)
Other, n (%)	 2 (20.0)	 4 (44.4)	 4 (33.3)

Total, n (% of each group)	 10 (9.2)	 9 (3.2)	 12 (11.2)

eGFR = estimated glomerular filtration rate.
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negatively correlated with serum albumin level. To deter-
mine whether eGFR at PD initiation is an independent 
predictor of all-cause mortality, multivariate Cox regres-
sion analysis was performed. As shown in Table 4, group A 

had significantly higher risk for all-cause mortality than 
group B (the reference category) in model 1 (HR 4.80, 
95% CI, 1.85 – 12.42, p = 0.001), model 2 (HR 4.23, 95% 
CI, 1.60 – 11.22, p = 0.004), and model 3 (HR 4.13, 95% 
CI, 1.55 – 11.03, p = 0.005), implying that initiation of 
PD at eGFR < 5 mL/min/1.73m2 was an independent risk 
factor for death even after adjusting for demographics, 
laboratory data, and comorbid conditions. However, 
survival was not significantly different between group 
C and group B (the reference category) in model 1  
(HR 2.34, 95% CI, 0.99 – 5.75, p = 0.054), in model 2 
(HR 1.45, 95% CI, 0.58 – 3.66, p = 0.430), and model 3 
(HR 1.50, 95% CI, 0.59 – 3.80, p = 0.398) implying that 
initiation of PD at eGFR > 10 mL/min/1.73m2 was not 
independently associated with mortality after adjusting 
for clinical variables. 

DISCUSSION

In this prospective observational study investigating 
the impact of timing of PD initiation on survival, we dem-
onstrated that an eGFR < 5 mL/min/1.73m2 at PD initiation 
was associated with an increase in mortality, while an eGFR 
> 10 mL/min/1.73m2 at PD initiation was not associated 
with mortality when compared to an eGFR of  5 – 10 mL/
min/1.73m2 at PD initiation. Our findings suggest that 
very late PD initiation (at eGFR < 5 mL/min/1.73m2) may 
be associated with increased risk of mortality. 

Figure 1 — Kaplan-Meier survival curve for mortality according 
to the estimated glomerular filtration rate at the time of peri-
toneal dialysis initiation (p = 0.007 by log-rank test). eGFR = 
estimated glomerular filtration rate; No. = number.

TABLE 3
Univariate Cox Regression Analysis for Mortality

		  HR	 95% CI	 p

eGFR at peritoneal dialysis initiation			 
	 <5	 2.71	 1.10–6.67	 0.030
	 5–10		  Reference	
	 >10	 3.57	 1.50–8.47	 0.004
Age (1-year increment)	 1.09	 1.06–1.12	 <0.001
Male (versus female)	 0.88	 0.42–1.84	 0.736
Diabetes mellitus (versus none)	 2.44	 1.13–5.31	 0.024
Coronary vascular disease (versus none)	 1.56	 0.60–4.08	 0.360
Congestive heart failure (versus none)	 2.90	 1.33–6.31	 0.007
Peripheral vascular disease (versus none)	 4.24	 1.82–9.90	 0.001
Stroke (versus none)	 2.78	 1.14–6.78	 0.025
BMI (per increment of 1 kg/m2)	 0.99	 0.89–1.11	 0.863
Systolic BP (per increment of 10 mmHg)	 1.00	 0.98–1.02	 0.954
Diastolic BP (per increment of 10 mmHg)	 0.99	 0.96–1.02	 0.411
Hemoglobin (per increment of 1 g/dL)	 1.03	 0.83–1.28	 0.783
Serum albumin (per increment of 1 g/dL)	 0.33	 0.22–0.51	 <0.001
Serum TC (per increment of 10 mg/dL)	 1.00	 0.99–1.00	 0.232

HR = hazard ratio; CI = confidence interval; eGFR = estimated glomerular filtration rate; BMI = body mass index; BP = blood pres-
sure; TC = total cholesterol.
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There is a considerable number of patients with ESRD 
that initiate PD at eGFR < 5 mL/min/1.73m2 in clinical 
practice. In our study, 22.0% of patients initiated PD 
at eGFR < 5 mL/min/1.73 m2, and studies from other 
countries show a similar pattern. Twenty-three percent of 
patients with ESRD in the US, 13.6% in France, and 60.1% 
in China initiate dialysis at an eGFR < 5 mL/min/1.73 m2 
(14,28,29). 

The prognosis of the patients who started dialysis 
at an eGFR < 5 mL/min/1.73 m2 remains controversial. 
Lassalle et al. reported that the 2-year crude survival in 
patients with an eGFR < 5 mL/min/1.73 m2 at the time 
of dialysis initiation was higher than those with an eGFR 
> 20 mL/min/1.73 m2 (79% and 46%, respectively) (14). 
Kazmi et al. also reported that mortality in patients who 
initiated dialysis at an eGFR < 5 mL/min/1.73 m2 was 
lower than the mortality among those who initiated 
dialysis at an eGFR 5 – 7.5 mL/min/1.73 m2, eGFR 7.6 – 
10 mL/min/1.73 m2, or eGFR > 10 mL/min/1.73 m2 (17). 
Yamagata et al. reported that long-term survival was 
not different in patients initiating dialysis at an eGFR 
less than 4 mL/min/1.73 m2 compared to a reference 
category (4 – 6 mL/min/1.73 m2) (30). However, in these 
studies, the modality of renal replacement therapy was 
predominantly HD and the proportion of PD was relatively 
small (3 – 11.7%), which could have made it difficult to 
determine the prognosis in PD patients. In subgroup 
analysis of the IDEAL study, mortality and clinical out-
comes were not significantly different between early and 
late PD initiation (26). However, there was no assignment 
to a very late group (eGFR < 5 mL/min/1.73 m2) in the 
IDEAL study; therefore, the impact of PD initiation at an 
eGFR < 5 mL/min/1.73 m2 on survival remains unclear.

Our results demonstrating increased mortality in 
group A (eGFR < 5 mL/min/1.73m2 at the initiation of 
PD) are consistent with the Canadian-US Peritoneal 
Dialysis Study (CANUSA). In the reanalysis of the CANUSA 

study, each 5 L/week/1.73 m2 increment of GFR was 
associated with a 12% decrease in relative risk for 2-year  
mortality (8).

However, our results are inconsistent with previous 
studies that included mainly HD populations, which 
reported that late start of dialysis has a survival benefit 
(14,17).

The reason for increased mortality in group A (eGFR 
< 5 mL/min/1.73m2 at the initiation of PD) compared 
with group B (eGFR 5 – 10 mL/min/1.73m2 at the ini-
tiation of PD) in our study is unclear. It may be due to 
differences in the study design or in the populations 
studied. Unlike previous studies that included mainly 
HD populations (14,17,30), we included only PD patients. 
From large, registry-based studies, PD has been reported 
to have an early survival advantage over HD (31). The 
early survival advantage in PD patients compared with 
HD patients may be attributable, in part, to better pres-
ervation of residual renal function (32). Furthermore, 
the effect of the loss of GFR on mortality may be higher 
in patients initiating PD compared to patients initiating 
HD (33). Therefore, the very low residual renal function 
in very late PD initiation may have more of an influence 
on mortality than that in very late initiation of HD (20). 

The results of our study are inconsistent with a previ-
ous study by Shiao et al. that reported that the initiation 
of PD at an eGFR < 5 mL/min/1.73 m2 had a survival 
benefit compared to PD initiation at an eGFR ≥ 5 mL/
min/1.73 m2 (24). There are some differences in study 
design between our study and their study. Our study is a 
multicenter, prospective cohort study, while their study 
was a single-center, retrospective study. We categorized 
PD patients into 3 groups (eGFR >10 mL/min/1.73m2 vs 
eGFR 5 – 10 mL/min/1.73m2 vs eGFR < 5 mL/min/1.73m2), 
while their study categorized PD patients into 2 groups 
(eGFR ≥ 5 mL/min/1.73 m2 vs eGFR < 5 mL/min/1.73 m2). 
Randomized controlled trials are needed to further 

TABLE 4
Multivariate Cox Regression Analysis for Mortality

	 eGFR		
	(mL/min/1.73m2)		  Model 1a			   Model 2b			   Model 3c

	 at PD initiation	 HR	 95% CI	 p	 HR	 95% CI	 p	 HR	 95% CI	 p

	 <5	 4.80	 1.85–12.42	 0.001	 4.23	 1.60–11.22	 0.004	 4.13	 1.55–11.03	 0.005
	 5–10		  1 (reference)			   1 (reference)			   1 (reference)		
	 >10	 2.34	 0.99–5.75	 0.054	 1.45	 0.58–3.66	 0.430	 1.50	 0.59–3.80	 0.398

eGFR = estimated glomerular filtration rate; PD = peritoneal dialysis; HR = hazard ratio; CI = confidence interval.
a	 Model 1: Multivariate model including age, gender, and cause of ESRD.
b	 Model 2: Multivariate model including model 1 + serum albumin level.
c 	Model 3: Multivariate model including model 2 + diabetes mellitus and cardiovascular diseases. 
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elucidate the association between very late PD initiation 
and mortality in ESRD patients.

Another interesting finding of our study was the 
absence of a significant difference in mortality between 
group C (eGFR > 10 mL/min/1.73m2 at the initiation of 
PD) and group B (eGFR 5 – 10 mL/min/1.73m2 at the 
initiation of PD) in the multivariate Cox regression 
analysis after adjustment for confounding covariates, 
whereas mortality in group C was increased compared 
to group B in the unadjusted model. These findings may 
be explained by the adjustment factors such as age and 
comorbidities. In our study, patients in group C were older 
and had higher comorbidities compared to patients in 
group B (Table 1). The statistically significantly higher 
HR for mortality in group C compared to group B in the 
unadjusted model was reduced to non-significant after 
adjustment for age and comorbidities. These results are 
similar with those of a Netherlands Cooperative Study 
on the Adequacy of Dialysis (NECOSAD) study reporting 
that the patients more likely to begin dialysis at a higher 
eGFR were older and had higher comorbidities, which 
may explain the inverse crude association between eGFR 
and survival (14). These findings are also consistent 
with the subgroup analysis of the IDEAL study (26), 
which supports the idea that the initiation of PD may be 
delayed until eGFR 5 – 10 mL/min/1.73m2 with careful 
clinical management unless patients with chronic kidney 
disease stage V have traditional clinical indications for 
the initiation of dialysis. 

The strengths of our study were the relatively large 
number of PD patients and the multi-center design, 
which involved patients from 31 centers in Korea. Our 
study has some potential limitations. First, our study was 
an observational study and patients were not randomly 
allocated to the 3 groups. Therefore, this study may 
have been limited by selection bias. There were differ
ences in the baseline characteristics such as age or 
comorbidities, among the study groups. Despite careful 
adjustment for clinical variables, unknown confounding 
variables may not have been adequately adjusted for in 
the multivariable analyses (14). Survival bias may also 
be considered in the interpretation of results of our 
study. Some patients in particularly poor condition might 
have died before starting dialysis. Therefore, there is a 
possibility that patients at lower risk for death might be 
over-represented in group A compared to group B or C. 
However, group A had significantly higher risk for all-
cause mortality than group B in our study. This type of 
bias could not explain our results. 

Given the observational nature of our study, “cen-
ter effects” due to different treatment policies among 
the centers could also have influenced the results of 

our study. To evaluate the center effect, we compared 
mortality with and without adjusting for center. No 
significant center effect on mortality was observed (data 
not shown), which suggests that the center effect was 
not significant in our study. 

Second, lead-time bias should be considered in the 
interpretation of the results of our study. As described 
in the NECOSAD study (11), the decreased survival in 
group A compared with group B in our study may be 
influenced by this bias because patients in group A had 
their observed survival timed from a later period in the 
natural history of their kidney disease compared with 
group B. Furthermore, patients were not observed from 
the same GFR level at the time of initiation of PD in our 
study. This might mean that group A had been exposed 
to uremic toxins for longer and this might influence their 
worse survival. Therefore, further randomized controlled 
trials looking at patients from the same GFR level is 
needed to confirm worse survival in group A. However, 
this randomized controlled trial is not likely to be feasible 
because many of the patients will be symptomatic and 
need to start dialysis at eGFR > 5 mL/min/1.73m2. 

Third, late referral to a dialysis unit is independently 
associated with increased mortality and this may be 
over-represented in the patients with late start dialysis. 
However, there was no significant difference in time 
from referral to dialysis among the groups in our study 
(Table 1). Therefore, we cautiously assert that the 
referral time to dialysis did not influence the results of 
our study. Fourth, eGFR was calculated using the MDRD 
equation in our study. Although many previous studies, 
including the IDEAL study, used eGFR calculated by the 
MDRD equation to define early or late dialysis initiation 
(18), the NECOSAD study reported that the association 
between eGFR at dialysis initiation and mortality may be 
primarily influenced by muscle mass (34). Measurement 
of GFR from timed urine collections or eGFR based on 
serum cystatin C may be helpful to more precisely clarify 
the association between the timing of dialysis initiation 
and mortality. Fifth, in spite of the multicenter nature 
of our study, the cohort consisted of Korean patients 
and all were Asian. Thus, it is uncertain whether our 
results can be generalized to other ethnic groups. 
Sixth, the relatively low mortality rate of our study may 
have resulted in a lack of difference in survival between 
the group with eGFR > 10 mL/min/1.73m2 and the 
group with eGFR 5 – 10 mL/min/1.73m2 due to a type 2  
statistical error.

In conclusion, very late PD initiation (eGFR < 5 mL/
min/1.73 m2 at the initiation of PD) was independently 
associated with increased mortality, while early PD initia-
tion (eGFR > 10 mL/min/1.73m2 at the initiation of PD) 
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had equivalent survival with patients who initiated PD 
with an eGFR 5 – 10 mL/min/1.73m2. 
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