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2007–2011 groups (HR 1.11, 95 % CI 0.98–1.26), respec-
tively. Relative to the 1997–2001 group, the risks of mor-
tality were higher in the 2002–2006 group (HR 1.59, 95 % 
CI 1.26–2.02) and similar in the 2007–2011 group (HR 
1.20, 95 % CI 0.93–1.55). Using icodextrin and automated 
peritoneal dialysis (APD) were associated with lower risks 
of technique failure (HR 0.62 and 0.86, 95 % CI 0.56–0.68 
and 0.77–0.95, respectively) and mortality (HR 0.55 and 
0.81, 95 % CI 0.45–0.66 and 0.67–0.99, respectively).
Conclusions  Despite increase in disease burden in the 
most recent era, the outcomes remained relatively stable. 
The use of APD and icodextrin appears to have signifi-
cantly ameliorated the impact of the increase in comorbid-
ity burden.

Keywords  End-stage renal disease · Icodextrin · 
Mortality · Peritoneal dialysis · Technique survival

Abstract 
Purpose  This study used national claims data to investi-
gate the technique and patient survival over time in incident 
peritoneal dialysis (PD) patients.
Methods  Incident end-stage renal disease patients under-
going PD and older than 18  years were selected from 
Taiwan health insurance databases. These patients were 
grouped into three study periods according to year of dialy-
sis initiation: 1997–2001, 2002–2006, and 2007–2011. The 
study end-points included technique failure and mortality.
Results  The patients in the most recent era were older 
and more likely to have higher levels of comorbidity. Com-
pared with the 1997–2001 group, the risks of technique 
failure were similar in the in the 2002–2006 (hazard ratio 
[HR] 1.10, 95  % confidence interval [CI] 0.98–1.24) and 
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Introduction

The incidence and prevalence of end-stage renal disease 
(ESRD) in Taiwan are the second highest and the highest, 
in the world, respectively [1]. Moreover, the prevalence of 
ESRD continues to increase in Taiwan and worldwide [1]. 
The increasing costs of renal replacement therapy cause 
significant financial stress on governments. Compared to 
hemodialysis (HD), peritoneal dialysis (PD) is more cost-
effective, with the annualized costs for PD therapy that 
are approximately 60–70  % of costs for HD [2]. Regard-
ing outcomes, PD is associated with an early survival 
advantage of up to 2–3 years after dialysis but with com-
parable or lower survival outcomes thereafter, compared 
with HD [3, 4]. Mehrotra et  al. [5] found that survival in 
PD patients improved and there was no significant differ-
ence in survival between incident PD and HD patients in 
dialysis initiation years of 2002–2004. Recent studies from 
Canada have demonstrated similar survival between HD 
and PD after considering selection bias and the use of cen-
tral venous catheters [6, 7]. However, patients on PD have 
a higher risk of technique failure than patients on HD [4], 
which has led some to question the feasibility of PD as a 
renal replacement therapy. A recent US study has demon-
strated that both patient and technique survival in patients 
on PD improved [8].

In Taiwan, only 10.3  % of prevalent ESRD patients 
undergoing long-term dialysis receive PD [1]. If the 
patient survival and technique rate for PD in Taiwan were 
to improve, more patients could be encouraged to use the 
treatment as a renal replacement therapy. Thus, this study 
investigated the technique and patient survival over time 
in incident PD patients using National Health Insurance 
(NHI) claims data of Taiwan.

Methods

Data source

Data in this study were extracted from a NHI research 
database. The NHI program covers approximately 99 % of 
the population of Taiwan. In accordance with the Personal 
Information Protection Act, patient identification in the 
database is scrambled. Diseases were identified according 
to the International Classification of Diseases, Ninth Revi-
sion, Clinical Modification (ICD-9-CM). This retrospective 
observational study complied with the guidelines of the 
Declaration of Helsinki and was approved by the Research 
Ethics Committee of China Medical University (CMU-
REC-101-012). Since this study involved retrospective 
review of existing data, formal consent is not required for 

this type of study. All data were de-identified and analyzed 
anonymously.

Study participants

We selected patients newly diagnosed with ESRD, aged 
≥18 years, and who underwent PD for more than 90 days 
in 1997–2011. Ninety days after dialysis initiation was 
defined as the index date. Patients who received kidney 
transplantation or HD before the index date were excluded. 
All study subjects were grouped into three study periods 
according to the year of dialysis initiation: 1997–2001, 
2002–2006, and 2007–2011.

End‑points

The study end-points included 5-year technique failure and 
mortality. Transfer to HD was defined as technique failure. 
Death, renal transplantation, renal function recovery and 
survival at the end of the study period (December 31, 2011) 
were censored for technique survival analysis. Transfer to 
HD, renal transplantation, renal function recovery and sur-
vival at the end of the study period (December 31, 2011) 
were censored for patient survival analysis.

Socioeconomic status, hospital level, comorbidity, 
and treatment

The variables of socioeconomic status included urbaniza-
tion level and monthly income (<145,840, 15,840–25,000 
and >25,000 New Taiwan Dollars). Urbanization level was 
classified four levels: Level 1 was the highest urban liv-
ing areas, and the Level 4 was the lowest. Monthly income 
was classified according to paid insurance fee rectified by 
Taiwan NHI Bureau. Because the ethnic background of 
the study population was quite homogenous, the ethnicity 
was not considered to be an independent variable. Potential 
comorbidities included coronary artery disease (CAD, ICD-
9-CM 410-413, 414.01-414.05, 414.8, and 414.9), conges-
tive heart failure (CHF, ICD-9-CM 428, 398.91, 402.x1), 
cancer (ICD-9-CM 140-208), hyperlipidemia (ICD-9-CM 
272), hypertension (ICD-9-CM 401-405), diabetes (ICD-
9-CM 250), stroke (ICD-9-CM 430-438), chronic hepatitis 
(ICD-9-CM 571, 572.2, 572.3, 572.8, 573.1, 573.2, 573.3, 
573.8, 573.9) and chronic obstructive pulmonary disease 
(ICD-9-CM 491, 492, 496). All comorbidities were defined 
before the index date. Treatment variables contained auto-
mated peritoneal dialysis (APD), icodextrin (Extraneal; 
Baxter Healthcare Corporation), or amino acid dialysate 
(Nutrineal; Baxter Healthcare Corporation). Patients who 
received treatment ≥30  days before the end-point were 
defined as users of the treatment [9, 10].
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Statistical analysis

Differences in the categorical variables among the three 
study periods were examined using the Chi-square test, and 
differences in the continuous variables were analyzed using 
one-way analysis of variance (ANOVA). The incidence of 
technique failure and mortality per 1000 person-years was 
calculated for each study period. Cox proportional hazards 
regression, accounting for center clustering effects based on 
the sandwich estimators, was used to estimate the hazard 
ratios (HRs) of technique failure and death. Model 1 was 
adjusted for age, gender, and statistically significant variables 
in the crude model. Model 2 was adjusted for variables in 
model 1 and the treatment with a statistically significant effect 
in the crude model. The interaction between independent 
variables was tested in model 2. Scaled Schoenfeld residuals 
were used to test the association between the technique fail-
ure or mortality and follow-up time. The results showed that 
the assumption was not violated. Kaplan–Meier analysis was 
used to plot the technique survival and patient survival curves 
in the three study periods. All analyses were performed using 
SAS 9.4 software (SAS Institute, Cary, NC) and a two-tailed 
p value of <0.05 was considered statistically significant.

Results

Characteristics among different study periods

A total of 6904 incident ESRD patients who underwent PD 
were included in this study, with 1310 (20 %) patients in 
the 1997–2001 group, 2183 (31.6 %) patients in the 2002–
2006 group, and 3411 (49.4 %) patients in the 2007–2011 
group. The mean age increased from 50.1  years (1997–
2001) to 55.4 years (2007–2011) (Table 1). The proportion 
of women decreased from 59.4 % (1997–2001) to 51.3 % 
(2007–2011). Patients in the 2002–2006 group were more 
likely to live in higher urban areas than patients in other 
study periods. The proportion of patients with higher 
income increased from 18.9 % in the 1997–2001 group to 
22.1 % in the 2007–2011 group. Patients in the 2007–2011 
group exhibited a higher prevalence of comorbidity and 
were more likely to receive APD or icodextrin treatment 
than those in the other two study periods (Tables 1).

Incidence and risk factors for technique failure

In total, 562, 960, and 959 PD patients had technique 
failure and the incidence was 153.32, 149.42, and 162.59 
per 1000 person-years in the 1997–2001, 2002–2006, 
and 2007–2011 groups, respectively (data not shown). 

Compared with patients in the 1997–2001 group, patients 
in the 2002–2006 and 2007–2011 groups exhibited 0.98- 
and 1.04-fold risks, respectively, in crude model (95  % 
confidence interval [CI]: 0.88–1.09 and 0.93–1.17, 
respectively), comparable risks in model 1 (HR 0.92, 
95  % CI 0.82–1.02 and HR 0.89, 95  % CI 0.79–1.00, 
respectively), and also comparable risks in model 2 (HR 
1.10, 95  % CI 0.98–1.24 and HR: 1.11, 95  % CI 0.98–
1.26, respectively) Table 2. At the 5-year follow-up, the 
adjusted technique survival rate in the 2007–2011 group 
was the highest than those in the 1997–2001 and 2002–
2006 groups in model 1 (45.96 vs. 41.36 and 44.69  %; 
Fig.  1a), but was nonsignificantly lower in model 2 
(42.95 vs. 46.56 and 43.31 %; Fig. 1b). In model 2, the 
risk increased with age (HR 1.01, 95  % CI 1.01–1.01). 
Men exhibited a higher risk than women (HR 1.35, 95 % 
CI 1.25–1.47). Diabetes was associated with the high-
est risk (HR 1.70, 95 % CI 1.54–1.87), and followed by 
CHF (HR 1.29, 95 % CI 1.13–1.48), and CAD (HR 1.13, 
95 % CI 1.00–1.27). Icodextrin users and APD user had 
a lower risk than nonusers (HR 0.62 and 0.86, 95 % CI 
0.56–0.68 and 0.77–0.95, respectively). The interaction 
effects between both icodextrin use and study periods, 
and APD use and study periods were significant (p for 
interaction <0.0001) (Table 3). The association between 
the risk of technique failure and APD use was significant 
in the 1997–2001 period (HR 0.19, 95 % CI 0.10–0.36). 
Icodextrin users had a lower risk of technique failure in 
all study periods. A sensitivity analysis for technique 
survival considering the competing risk of death was fur-
ther performed (Table S1 and S2). The results showed 
that there was no significantly difference in the risk of 
technique failure among patients in three study periods. 
The interaction effects were also significant between both 
APD use and study periods, and icodextrin use and study 
periods. The results were similar to Table  3 (Table S2). 
The risks of the first peritonitis event were similar across 
the varying time periods (data not shown).

Incidence and risk factors for death

The death numbers were 115, 312, and 295 in the 1997–
2001, 2002–2006, and 2007–2011 groups, respectively. 
Mortality increased from 31.37 per 1000 person-years 
(1997–2001), 48.56 per 1000 person-years (2002–2006), 
to 50.02 per 1000 person-years (2007–2011) (data not 
shown). Compared with the patients in the 1997–2001 
group, those in the 2002–2006 and 2007–2011 groups 
exhibited 26  % higher (95  % CI 1.01–1.58), and 10  % 
(95  % CI 0.70–1.16) lower risks for death in model 1 
(Table  4). In model 2, patients in the 2007–2011 group 
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had a similar risk compared to those in the 1997–2001 
group (HR 1.20, 95 % CI 0.93–1.55). The survival rates 
for the 1997–2001, 2002–2006 and 2007–2011 group 
at 5-year follow-up were 77.99, 74.39 and 78.89  % in 
model 1 (Fig. 1c), and 80.21, 73.65 and 77.15 % in model 
2 (Fig.  1d). In model 2, diabetes was associated the 

highest risk (HR 2.64, 95 % CI 2.21–3.16), and followed 
by COPD (HR 1.44, 95  % CI 1.03–2.01), stroke (HR 
1.44, 95 % CI 1.12–1.87), and chronic hepatitis (HR 1.40, 
95 % CI 1.02–1.92). Icodextrin users and APD users had 
45 and 19 % lower risk than nonusers (95 % CI 0.45–0.66 
and 0.67–0.99).

Table 1   Demographic 
characteristics among incident 
peritoneal dialysis patients in 
three study periods

NTD New Taiwan dollar, CAD coronary artery disease, CHF congestive heart failure, COPD chronic 
obstructive pulmonary disease, APD automated peritoneal dialysis

Chi-square test and #  ANOVA test
§  Level 1 was the highest urban living areas, and the Level 4 was the lowest

Period p value

1997–2001
N = 1310

2002–2006
N = 2183

2007–2011
N = 3411

% % %

Age (year) <0.0001

 18–39 29.3 20.9 15.7

 40–59 41.3 47.5 47.1

 60+ 29.4 31.6 37.1

Mean (SD)# 50.1 (15.5) 52.5 (15.3) 55.4 (14.9) <0.0001

Gender <0.0001

 Women 59.4 56.8 51.3

 Men 40.6 43.2 48.8

Urbanization level§ 0.004

 1 31.5 33.8 29.4

 2 29.6 31.4 31.4

 3 17.4 15.2 16.0

 4 21.5 19.7 23.2

Monthly income, NTD 0.01

 <15840 47.8 50.2 46.3

 15,840–25,000 32.4 29.5 31.7

 >25,000 18.9 20.3 22.1

Comorbidity

 CAD 12.4 14.6 15.6 0.02

 CHF 6.56 8.89 10.5 0.0001

 Cancer 2.13 2.52 4.95 <0.0001

 Hyperlipidemia 13.7 20.5 30.1 <0.0001

 Hypertension 60.8 70.7 80.1 <0.0001

 Chronic hepatitis 4.43 4.99 5.89 0.09

 COPD 2.75 3.34 3.11 0.62

 Stroke 5.11 5.54 6.04 0.44

 Diabetes 26.0 31.2 42.6 <0.0001

Treatment

 APD 4.73 24.8 35.2 <0.0001

 Icodextrin 2.75 36.9 45.7 <0.0001

 Nutrineal 6.87 10.8 2.79 <0.0001

Mean follow-up duration (years) 2.80 (1.82) 2.94 (1.81) 1.73 (1.26) <0.0001
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Discussion

The present study revealed comparable technique and 
patient survival over time in spite of PD delivered to 
patients with higher levels of comorbidity and older age in 
the most recent era. Icodextrin and APD use was associated 
with lower risk of technique failure and mortality.

Mehrotal et al. analyzed the data from the United States 
Renal Data System and found that, compared with those in 
1996–1998, the adjusted hazard ratio (HR) for technique 

failure or death of incident PD patients in 2002–2004 were 
0.62 (95 % CI 0.59–0.64) and 0.55 (95 % CI 0.53–0.57), 
respectively [8]. In addition, there was no significant differ-
ence in risk of technique failure or death between continu-
ous ambulatory PD (CAPD) and APD. Thus, the improved 
outcomes could not be attributed to a greater use of APD. 
Using the data from the Canadian Organ Replacement 
Register, Perl et  al. [6] demonstrated that, compared with 
a 1995–2000 cohort, the risk of PD technique survival was 
lower among incident patients in 2001–2005 (adjusted 

Table 2   Hazard ratios 
(HRs) and 95 % confidence 
intervals (CIs) for technique 
failure calculated using Cox 
proportional hazards regression 
accounting for center clustering 
effects based on sandwich 
estimators

Model 1: adjusted for study period, continuous age, gender, monthly income, CAD, CHF, cancer, hyper-
lipidemia, hypertension, COPD, stroke, and diabetes

Model 2: further adjustment of APD use, and icodextrin use in model 1

NTD New Taiwan dollar, CAD coronary artery disease, CHF congestive heart failure, COPD chronic 
obstructive pulmonary disease, APD automated peritoneal dialysis

* p < 0.05; ** p < 0.01; *** p < 0.001
§  Level 1 was the highest urban living areas, and the Level 4 was the lowest

Variable Crude HR (95 % CI) Model 1 HR (95 % CI) Model 2 HR (95 % CI)

Period

 1997–2001 Reference Reference Reference

 2002–2006 0.98 (0.88–1.09) 0.92 (0.82–1.02) 1.10 (0.98–1.24)

 2007–2011 1.04 (0.93–1.17) 0.89 (0.79–1.00) 1.11 (0.98–1.26)

Age (per 1-year increase) 1.02 (1.01–1.02)* 1.01 (1.01–1.01)*** 1.01 (1.01–1.01)***

Gender

 Women Reference Reference Reference

 Men 1.40 (1.30–1.52)*** 1.34 (1.23–1.45)*** 1.35 (1.25–1.47)***

Urbanization level§

 1 Reference

 2 1.04 (0.93–1.16)

 3 1.08 (0.94–1.22)

 4 1.03 (0.91–1.17)

Monthly income, NTD

 <15840 1.26 (1.14–1.41)*** 1.11 (0.99–1.24) 1.12 (1.00–1.25)*

 15840–25,000 1.15 (1.02–1.30)* 1.12 (0.99–1.26) 1.11 (0.99–1.25)

 >25,000 Reference Reference Reference

Comorbidity (yes vs. no)

 CAD 1.55 (1.39–1.72)*** 1.11 (0.99–1.25) 1.13 (1.00–1.27)*

 CHF 1.67 (1.47–1.89)*** 1.27 (1.10–1.46)*** 1.29 (1.13–1.48)***

 Cancer 1.26 (1.03–1.54)* 1.19 (0.97–1.46) 1.20 (0.98–1.48)

 Hyperlipidemia 1.32 (1.20–1.44)*** 1.06 (0.96–1.17) 1.09 (0.99–1.20)

 Hypertension 1.23 (1.12–1.34)*** 0.99 (0.90–1.10) 1.02 (0.92–1.12)

 Chronic hepatitis 1.12 (0.94–1.34)

 COPD 1.37 (1.10–1.71)** 1.15 (0.92–1.43) 1.16 (0.93–1.46)

 Stroke 1.54 (1.30–1.81)*** 1.12 (0.94–1.33) 1.08 (0.91–1.29)

 Diabetes 1.85 (1.70–2.01)*** 1.55 (1.41–1.70)*** 1.70 (1.54–1.87)***

Treatment (yes vs. no)

 APD 0.84 (0.76–0.93)*** 0.86 (0.77–0.95)**

 Icodextrin 0.74 (0.68–0.81)*** 0.62 (0.56–0.68)***

 Nutrineal 0.95 (0.82–1.10)
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HR 0.75, 95 % CI 0.62–0.92), but similar among those in 
2006–2009. In addition, compared with the 1995–2000 
cohort, the adjusted HR for mortality was lower among 
incident patients in 2001–2005 (adjusted HR 0.73, 95  % 
CI 0.66–0.80) and 2006–2009 (adjusted HR 0.57, 95 % CI 
0.50–0.64) [6]. The use of APD, but not the use of icodex-
trin, was adjusted for analysis in the both above mentioned 
studies. The present study revealed that, compared with the 

1997–2001 cohort, the risk of PD technique failure was 
similar in the 2002–2006 (adjusted HR 1.10, 95 % CI 0.98–
1.24) and 2007–2011 (adjusted HR 1.11, 95  % CI 0.98–
1.26) cohorts. In addition, compared with the 1997–2001 
cohort, the risk of mortality was similar among the incident 
PD patients in 2007–2011 (HR 1.20, 95 % CI 0.93–1.55), 
but higher among those in 2002–2006 (HR 1.59, 95 % CI 
1.26–2.02). Different from previous studies, the present 

Fig. 1   Technique and patient survival curves among three study 
periods plotted using Kaplan–Meier analysis a for technique sur-
vival after adjustment for continuous age, gender, monthly income, 
and comorbidity including CAD, CHF, cancer, hyperlipidemia, 
hypertension, COPD, stroke, and diabetes, b for technique survival 
after adjustment for continuous age, gender, monthly income, and 
comorbidity including CAD, CHF, cancer, hyperlipidemia, hyper-
tension, COPD, stroke, and diabetes, APD use, and icodextrin use, 

c for patient survival after adjustment for continuous age, gender, 
urbanization level, monthly income, and comorbidity including CAD, 
CHF, cancer, hyperlipidemia, hypertension, chronic hepatitis, COPD, 
stroke, and diabetes, d for patient survival after adjustment for con-
tinuous age, gender, urbanization level, monthly income, and comor-
bidity including CAD, CHF, cancer, hyperlipidemia, hypertension, 
chronic hepatitis, COPD, stroke, and diabetes, APD use, and icodex-
trin use
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study adjusted the effect of both APD and icodextrin and 
revealed comparable outcomes over time.

Our multivariate analysis demonstrated that icodextrin 
use was associated with lower risk of technique failure (HR 
0.62, 95 % CI 0.56–0.68) and mortality (HR 0.55: 95 %, 
CI 0.45–0.66). Icodextrin has been reimbursed by the NHI 
since December 2004. According to NHI regulations, ico-
dextrin can be prescribed to be taken once daily by patients 
with diabetes and glycated hemoglobin >7.0 %, requiring 
2.5 or 4.25 % dextrose solution in more than half of daily 
exchanges, or with high or high-average peritoneal mem-
brane transport. Han et  al. [11] indicated that long-term 
icodextrin use was associated with lower risks of all-cause 
mortality (HR, 0.69) and technique failure (HR, 0.60). Our 
recent study demonstrated that icodextrin use reduced tech-
nique failure and improved patient survival in both diabetic 
and nondiabetic PD patients [10]. The benefits of icodextrin 
use include enhancing peritoneal ultrafiltration, particularly 
in patients undergoing long-term PD [12], increasing clear-
ance of small solutes [13], preserving peritoneal membrane 
[14], and favorable metabolic effects [15]. Thus, increased 
utilization and availability of icodextrin might account 
for the comparable both technique and patient survival in 
patients on PD over time despite of the increase in disease 
burden for the most recent periods.

Another crucial finding is that APD use was associated 
with lower risk of technique failure (HR 0.86, 95  % CI 
0.77–0.95) and mortality (HR 0.81, 95 % CI 0.67–0.99) in 
multivariate analysis. Whether APD improves the outcomes 
among patients on PD, compared with those on CAPD, is 
still unknown [16]. The only prospective trial conducted 
on this topic found no difference in patient or technique 
survival between patients on APD and CAPD [17]. How-
ever, the study was limited by a small sample size. An 
observational study from Australia and New Zealand dem-
onstrated that APD was associated with a lower risk of 
death in patients with high peritoneal membrane transport 
(adjusted HR 0.56, 95 % CI 0.35–0.87) and higher risk of 
death in patients with low peritoneal membrane transport 

(adjusted HR 2.19, 95 % CI 1.02–4.70) [18]. An observa-
tional study from Taiwan revealed that APD was associ-
ated with improved patient and technique survival among 
patients aged younger than 65  years [19]. According to 
NHI regulations, APD can be prescribed without restric-
tion since 2008, irrespective of the transport type. Increased 
utilization and availability of APD in Taiwan might also 
account for comparable technique and patient survival in 
patients on PD over time despite of higher disease burden 
in the most recent period. Other possible reasons for com-
parable outcome over time include enhanced measures for 
the prevention of PD-related infection, technique advances, 
and increased experience of PD among nurses and neph-
rologists [20–22].

The strengths of this study include its larger sample size 
and long follow-up time. However, the present study has 
several limitations. First, the database used provided lim-
ited information on socio-demographic characteristics. For 
example, no data on body mass index, or smoking history 
was available. Second, no laboratory information, such as 
hemoglobin, albumin, residual renal function, peritoneal 
membrane transport status, or adequacy data, was available. 
Thus, these variables could not be adjusted for in the analy-
ses. However, the indication of dialysis was audited under 
the NHI program, and thus the residual renal function at 
the start of dialysis might not change over time. The NHI 
program also audited the quality of dialysis to ensure ade-
quacy. Third, icodextrin or APD prescription was decided 
by medical staff, and there was a selection bias. However, 
we adjusted several variables by using Cox proportional 
hazards regression to reduce the selection bias. Further-
more, the causes of technique failure and death were not 
provided by the database.

In conclusion, despite the increase in disease burden 
in the most recent era, the outcomes remained relatively 
stable. APD and icodextrin were more widely used in the 
most recent period. APD and icodextrin use was associ-
ated with lower risk of technique failure and mortality. The 
use of APD and icodextrin appears to have significantly 

Table 3   Association between 
the risk of technique failure and 
treatment calculated using Cox 
proportional hazards regression 
accounting for center clustering 
effects based on sandwich 
estimators stratified by study 
periods

Adjusted for continuous age, sex, monthly income, coronary artery disease, congestive heart failure, can-
cer, hyperlipidemia, hypertension, chronic obstructive pulmonary disease, stroke, and diabetes

* p < 0.05; *** p < 0.001

Period: 1997–2001 Period: 2002–2006 Period: 2007–2011 P for interaction

HR (99.75 % CI) HR (99.75 % CI) HR (95 % CI)

APD <0.0001

 No Reference Reference Reference

 Yes 0.19 (0.10–0.36)*** 0.94 (0.80–1.11) 0.89 (0.77–1.03)

Icodextrin <0.0001

 No Reference Reference Reference

 Yes 0.21 (0.11–0.41)*** 0.45 (0.39–0.53)*** 0.83 (0.72–0.96)*
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ameliorated the impact of the increase in comorbidity bur-
den. These finding may encourage more patients to use PD 
as a renal replacement therapy.

Acknowledgments  The present study was supported China Medi-
cal University Hospital (DMR-101-044, DMR-105-021, and DMR-
104-015); the research laboratory of pediatrics, Children’s Hospital 
of China Medical University; the Clinical Trial and Research Center 
of Excellence, Ministry of Health and Welfare (MOHW105-TDU-
B-212-133019); Academia Sinica Taiwan Biobank, Stroke Biosigna-
ture Project (BM10501010037); the Stroke Clinical Trial Consortium, 

National Research Program for Biopharmaceuticals (MOST 104-
2325-B-039-005); the Tseng-Lien Lin Foundation, Taichung, Tai-
wan; the Taiwan Brain Disease Foundation, Taipei, Taiwan; and the 
Katsuzo and Kiyo Aoshima Memorial Funds, Japan. All the authors 
declared that they have no relevant financial interests.

Author contributors  I-Kuan Wang designed the study and drafted 
the manuscript. Chih-Hsin Muo designed the study and conducted the 
statistical analysis. Chi-Yu Lu, Chiz-Tzung Chang, and Tzung-Hai 
Yen designed the study and drafted the manuscript. Tsai-Chung Li, 
Chiu-Ching Huang, and Fung-Chang Sung designed the study and 
revised the manuscript.

Table 4   Hazard ratios 
(HRs) and 95 % confidence 
intervals (CIs) for patient 
death calculated using Cox 
proportional hazards regression 
accounting for center clustering 
effects based on sandwich 
estimators

Model 1, adjusted for study period, continuous age, gender, urbanization level, monthly income, CAD, 
CHF, cancer, hyperlipidemia, hypertension, chronic hepatitis, COPD, stroke, and diabetes

Model 2, further adjustment of APD use and icodextrin use in model 1

NTD New Taiwan dollar, CAD coronary artery disease, CHF congestive heart failure, COPD chronic 
obstructive pulmonary disease, APD automated peritoneal dialysis

* p < 0.05; ** p < 0.01; *** p < 0.001
§  Level 1 was the highest urban living areas, and the Level 4 was the lowest

Variables Crude
HR (95 % CI)

Model 1
HR (95 % CI)

Model 2
HR (95 % CI)

Period

 1997–2001 Reference Reference Reference

 2002–2006 1.58 (1.26–1.98)*** 1.26 (1.01–1.58)* 1.59 (1.26–2.02)***

 2007–2011 1.37 (1.07–1.75)* 0.90 (0.70–1.16) 1.20 (0.93–1.55)

Age (per 1-year increase) 1.08 (1.08–1.09)* 1.08 (1.07–1.09)*** 1.08 (1.07–1.08)***

Gender

 Women Reference Reference Reference

 Men 1.12 (0.97–1.30) 1.11 (0.95–1.30) 1.14 (0.98–1.33)

Urbanization level§

 1 Reference Reference Reference

 2 1.00 (0.82–1.22) 1.08 (0.87–1.34) 1.07 (0.86–1.33)

 3 1.21 (0.95–1.55) 1.31 (1.01–1.69)* 1.27 (0.98–1.64)

 4 1.41 (1.13–1.77)** 1.28 (1.00–1.63)* 1.27 (0.99–1.62)

Monthly income, NTD

 <15,840 2.66 (2.06–3.44)*** 1.05 (0.80–1.38) 1.07 (0.82–1.41)

 15,840–25,000 2.15 (1.63–2.83)*** 1.22 (0.91–1.63) 1.21 (0.91–1.62)

 >25,000 Reference Reference Reference

Comorbidity (yes vs. no)

 CAD 2.72 (2.30–3.22)*** 1.19 (0.99–1.44) 1.20 (0.99–1.45)

 CHF 2.96 (2.45–3.56)*** 1.23 (0.99–1.53) 1.27 (1.02–1.57)

 Cancer 1.73 (1.26–2.37)*** 1.18 (0.86–1.64) 1.20 (0.86–1.66)

 Hyperlipidemia 1.59 (1.36–1.87)*** 1.11 (0.94–1.33) 1.16 (0.97–1.38)

 Hypertension 1.72 (1.42–2.08)*** 0.91 (0.74–1.11) 0.93 (0.76–1.13)

 Chronic hepatitis 1.46 (1.08–1.98)* 1.40 (1.02–1.93)* 1.40 (1.02–1.92)*

 COPD 2.88 (2.14–3.87)*** 1.44 (1.03–2.00)* 1.44 (1.03–2.01)*

 Stroke 3.24  (2.60–4.04)*** 1.48 (1.14–1.91)** 1.44 (1.12–1.87)***

 Diabetes 3.51 (2.99–4.11)*** 2.37 (1.99–2.81)*** 2.64 (2.21–3.16)***

Treatment (yes vs. no)

 APD 0.76 (0.63–0.92)** 0.81 (0.67–0.99)*

 Icodextrin 0.71 (0.60–0.84)*** 0.55 (0.45–0.66)***

 Nutrineal 1.21 (0.93–1.59)
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