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Abstract: Studies comparing mortality for Asian populations with end-
stage renal disease (ESRD) on hemodialysis (HD) and peritoneal dialysis
(PD) are limited. We compared mortality between patients treated with
PD and HD in Taiwan, the population with the highest incidence of
ESRD worldwide. Using the population-based insurance claims data of
Taiwan from 1997 to 2006, we identified 4721 patients treated with
PD and randomly selected 4721 patients treated with HD who were
frequency-matched to the PD patients based on their propensity scores.
In follow-up analyses we measured mortalities and hazard ratios asso-
ciated with comorbidities in 2 different 5-year cohorts (1997Y2001 and
2002Y2006).

In the 10-year period from 1997 to 2006, the overall mortality rates
were similar in patients treated with PD and in patients treated with HD
(12.0 vs. 11.7 per 100 person-years, respectively), with a PD-to-HD
hazard ratio of 1.02 (95% confidence interval ECI^, 0.96Y1.08). In the
first 5-year period (1997Y2001), the hazard ratio for mortality was higher
for PD (1.33; 95% CI, 1.21Y1.46), but there was no difference between
PD and HD in the 2002Y2006 cohort. Of note, younger patients who
received PD had better survival than younger patients who received
HD; this was especially true for patients aged younger than 40 years.

In summary, in this Asian population, no significant survival differ-
ences were noted between propensity score-matched PD and HD patients.
The selection of a dialysis modality must be tailored to the individual
patient. Studies in which patients who are appropriate for either modality
are randomly assigned to HD or PD may provide helpful information
to clinicians and patients.

(Medicine 2012;91: 144Y151)

Abbreviations: CI = confidence interval, CCI = Charlson
Comorbidity Index score, DM = diabetes mellitus, ESRD = end-
stage renal disease, HD = hemodialysis, NHI = National Health
Insurance, NHRI = National Health Research Institute, PD =
peritoneal dialysis.

INTRODUCTION

E nd-stage renal disease (ESRD) has emerged as a disease with
a high medical burden worldwide. The disease is most preva-

lent in Taiwan, the United States, Germany, and Japan.6,13,26,31

Since 2002, Taiwan has had the highest incidence and prevalence
of the disease in the world.6 In the United States, approximately
112,000 people are diagnosed with ESRD annually. Most patients
with ESRD undergo chronic dialysis, either hemodialysis (HD)
or peritoneal dialysis (PD).4 The preference for using HD or PD
varies considerably among patients.5Y7,12,21

In 2006, HD was used for 92.4% of dialysis patients in
Taiwan,7 91.7% in the United States,5 and 18.7% in Hong Kong.
There has been considerable interest in evaluating the treatment
effectiveness of PD and HD in the past 2 decades, and many
observational studies have been conducted.4,14,17,18,21,23,25,28,35

Several studies have reported that PD appears to be associated
with equal or better survival during the first year17,19,22Y25,31,34

or the first 2 years of dialysis compared with HD.4,14,18,28

Studies comparing the length of survival of patients on HD and
PD have yielded conflicting results,1,4,11,14,17,18,21,25,27,28,32,33

particularly because of the absence of similar comorbidity bur-
dens in the 2 groups.

McDonald et al22 analyzed the population-based registries
of Australia and New Zealand and found that treatment with PD
is more effective than HD in year 1 during a 5-year follow-up
period. Several studies have compared PD patients with propen-
sity score-matched HD patients for survival probability.8,27,35

Weinhandl et al35 used the propensity score-matching technique
to establish retrospective study cohorts and performed PD-to-HD
survival comparison. Their population-based study suggests
better survival for patients treated with PD than those treated
with HD.

Comparative studies on HD and PD survival for Asian
populations using population data for a longer period are lim-
ited. To the best of our knowledge, comparisons of secular trends
in mortality between PD and HD using a propensity score-
matched design have not been reported for Asian patients. There-
fore, we used a propensity score-matched design to identify PD
and HD patients from the universal insurance claims data of
Taiwan to investigate the temporal change in mortality in pa-
tients in 2 sets of 5-year cohorts (1997Y2001 and 2002Y2006).
We measured the PD-to-HD hazard ratios for mortality in the
follow-up years to compare the trend between these 2 cohorts.
We also investigated the role of comorbidities, particularly dia-
betes mellitus (DM), in association with the survival differences
between PD and HD treatments over time.23

METHODS

Study Design and Patient Selection
We conducted a historical retrospective cohort study using

claims data from 1997 to 2006 obtained from the Taiwan National
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Health Insurance. This is a reformed universal insurance pro-
gram that unified 13 insurance systems inMarch 1995 and covered
more than 96% of all Taiwan residents in 1996. The study popu-
lation comprised patients with newly diagnosed ESRD who re-
ceived dialysis treatment between January 1, 1997, and December
31, 2006. Mortality was through December 31, 2006. PD and HD
patients were identified by special treatment codes registered
with and defined by the Taiwan National Health Insurance: treat-
ment codes for HDwere 58001C, 58014C, 58019C-58025C, and
58027C; and treatment codes for PD were 58002C, 58009A,
58009B, 58010A, 58010B, 58011A, 58011B, 58011AB, 58011C,
58012A, 58012B, 58017B, 58017C, and 58026C.

We identified 60,369 dialysis patients, and excluded pa-
tients who had received kidney transplantation (n = 917). Of
the remaining 59,452 patients, 3443 (5.8%) were on PD, 54,370
(91.5%) were on HD, 1278 (2.1%) switched from PD to HD, and
361 (0.6%) switched from HD to PD. All HD patients were in-
center patients who received the dialysis treatment in hospitals
or clinics.

Propensity Score Matching
Only 7.9% (4721/59,452) of the patients with ESRD had

been treated with PD. Patients treated with PD were different

from patients treated with HD in terms of health status, partic-
ularly comorbidities, which are important covariates associ-
ated with survival. Thus, we established study cohorts that were
frequency-matched with propensity scores. Based on patients
treated only or initially with PD (n = 4721), we randomly se-
lected 4721 patients treated with HD who were frequency-
matched to PD patients by propensity score. The propensity
score was estimated using a logistic regression model including
covariates generally considered to be important factors associ-
ated with survival.8,14,22,27,35 These covariates included the base-
line information on age, sex, DM, hypertension, coronary artery
disease, congestive heart failure, ischemic heart disease, cerebro-
vascular disease, malignancy, and anemia. We identified all
illnesses using the International Classification of Diseases,
9th Revision, Clinical Modification (ICD-9-CM). All baseline
covariates were extracted from the same year the subjects were
identified. Predictive performance of the model was assessed
using the c-statistic.3 Nearest-neighbor algorithm was applied
to construct matched pairs, assuming that the proportion of
0.95 to 1.0 is perfect.2 After the frequency-matching, an HD
cohort was formed. The 1639 patients switching between PD
and HD were combined with the initial intent-to-treat group
for data analysis before the HD cohort was selected.

FIGURE 1. Peritoneal dialysis-to-hemodialysis hazard ratio (HR) for mortality by diabetes mellitus (DM) status in the periods
1997Y2001 and 2002Y2006.
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Charlson Comorbidity Index Score
We estimated the Charlson Comorbidity Index score10

(CCI) for each patient using 4 weighted scores. Diseases with
1 point each were myocardial infarction, congestive heart failure,
peripheral vascular disease, dementia, cerebrovascular disease,
chronic pulmonary disease, connective tissue disease, peptic
ulcer disease, and mild liver disease. Diseases with 2 points were
hemiplegia, moderate or severe renal disease (which all patients
had by definition), DM, any kind of tumor, leukemia, and lym-
phoma. Moderate or severe liver disease scored 3 points, and
metastatic solid tumor scored 4 points.

Statistical Analysis
Recent studies have suggested that age, time (duration of

dialysis), and presence of comorbidities, particularly DM, are
the factors affecting dialysis modality and mortality.22,23,35 The
difference between the effectiveness of PD and HD treatments
may decrease over time.23 Based on the dates the patients were
identified, we stratified the study subjects into 2 cohorts for the
5-year periods of 1997Y2001 and 2002Y2006 to observe the
changes over time.23 We also compared the mortality differences
associated with demographic characteristics, CCI, and comorbid-
ities between PD and HD patients based on intent-to-treat analysis.

The sample distributions used the chi-square test to verify
the matching efficiency. The group of PD patients combined

with those who switched from PD to HD was compared with
the group of HD patients combined with those who switched
from HD to PD. Entry age was defined as the age at the be-
ginning of dialysis. Exit age was defined as the date of the last
claim, death, loss to follow-up, or end of follow-up. Person-years
of follow-up were determined by calculating the time between
the date of the start of dialysis and the date of death, censor,
or end of follow-up. Mortality rates were calculated and com-
pared between PD and HD patients by demographic status, CCI,
and baseline comorbidity for the 1997Y2001 cohort and the
2002Y2006 cohort.

We used the Cox proportional hazard method to estimate
the PD-to-HD hazard ratio for mortality and the 95% confidence
interval (CI), and examined the assumption using the Schoenfeld
residuals test.15 Further data analysis was performed to examine
the change in hazard ratios over time. The Cox proportional
hazard method measured the age-specific (aged G40, 40Y65, and
Q65 yr) and CCI-specific PD-to-HD hazard ratios for mortality.
The analyses accounted for time dependency, depicting the an-
nual PD-to-HD mortality hazard ratios, from the first year to the
fifth year of follow-up, by DM status controlling for sex and age
(Figure 1). The Kaplan-Meier model was used to compare sur-
vival between patients on PD and those on HD by DM status
(Figure 2). Additional effects of hypertension and cardiovas-
cular disease, controlling for sex and age, were also measured

FIGURE 2. Kaplan-Meier survival curves for peritoneal dialysis (PD) and hemodialysis (HD) patients by diabetes mellitus (DM) status
in the periods 1997Y2001 and 2002Y2006.
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(Figure 3). The nearest-neighbor algorithm procedure was con-
ducted using the STATA v. 8.1 software package (StataCorp,
College Station, TX). Other analyses were conducted using the
SAS v. 9.13 software package (SAS Institute Inc., Cary, NC).

Ethical Considerations
The insurance claims data were linked using scrambled

patient identification to ensure confidentiality and to prevent
ethical violations. The current study was exempted from full
review by the institutional review board of the National Health
Research Institute, Taiwan.

RESULTS

BASELINE CHARACTERISTICS OF THE
STUDY POPULATION

There were no significant differences between PD and HD
patients in both the 1997Y2001 and the 2002Y2006 cohorts for

distributions of sex, follow-up years, and income (Table 1). The
mean age of HD patients was slightly, but significantly, higher
than that of PD patients in the 2002Y2006 cohort. PD and HD
patients were also similar in distributions of CCIs, and in most
comorbidities, such as DM, hypertension, ischemic heart dis-
ease, congestive heart disease, and cancer (Table 2). However,
cerebrovascular disease was more prevalent in HD patients than
in PD patients in the 2002Y2006 cohort, whereas congestive
heart failure was more prevalent in PD patients than in HD
patients in the 1997Y2001 cohort.

Hazard Ratios of PD Cohort Compared
to HD Cohort

The overall mortality rate was slightly, but not significantly,
lower in the HD cohort than in the PD cohort (11.7 vs. 12.0 per
100 person-years, respectively). The hazard ratio of PD vs.
HD was 1.02; 95% CI, 0.96Y1.08 (Table 3). The multivariable
Cox model-measured PD-to-HD hazard ratio declined from 1.33
(95% CI, 1.21Y1.46) in the 1997Y2001 cohort to 0.99 (95% CI,
0.87Y1.14) in the 2002Y2006 cohort. The stratified age-specific
analysis shows that the PD-to-HD hazard ratio decreased with
age in the 1997Y2001 cohort, whereas it increased with age in
the 2002Y2006 cohort. The hazard ratio of PD patients in both
cohorts vs. the HD patients in both cohorts increased with age
from 0.85 (95% CI, 0.70Y0.97) among those aged less than
40 years to 1.20 (95% CI, 1.05Y1.31) among those aged 65 years
and older.

There was little change in the death rate in PD patients
aged less than 40 years in the different 5-year cohorts (3.7 per
100 person-years in 1997Y2001 vs. 4.0 per 100 person-years in
2002Y2006), whereas there was a large increase in the death
rate of younger HD patients over time (3.2 per 100 person-years
in 1997Y2001 vs. 10.2 per 100 person-years in 2002Y2006).
By contrast, there was little change in the death rate in older
HD patients (aged Q65 yr) in the different 5-year cohorts (26.7
per 100 person-years in 1997Y2001 vs. 27.7 per 100 person-
years in 2002Y2006), whereas there was a large increase in
the death rate of older PD patients over time (21.8 per 100
person-years in 1997Y2001 vs. 32.1 per 100 person-years in
2002Y2006).

The PD-to-HD hazard ratios by CCI in the 2002Y2006 co-
hort were generally lower than those in the 1997Y2001 cohort
(Table 4). For elderly patients, PD patients had a higher risk
of death, except those with the CCI of 2 or less in the
2002Y2006 cohort.

PD-to-HD Hazard Ratios by Cohort
Period and Comorbidity

In Figure 1 we compare the PD-to-HD hazard ratios for
mortality of patients whose disease progressed from the first to
fifth year based on the cohort period and DM status. The hazard
ratios in the 1997Y2001 cohort were significantly higher for
patients without DM (‘‘non-DM’’) in all 5 years or for DM
patients in the first 3 years. The PD patients were generally no
longer at higher risk of mortality compared with the HD patients
in the 2002Y2006 cohort. The Kaplan-Meier analysis revealed
that HD patients had better survival than PD patients in the
1997Y2001 period (Figure 2). The survival probabilities of
PD and HD patients were similar in the 2002Y2006 period. The
hazard ratio for PD versus HD patients increased annually with
comorbidity (Figure 3). The effect was stronger for patients si-
multaneously affected with DM, hypertension, and cardiovas-
cular disease. For patients without these comorbidities, those
on PD had better survival than those on HD in the 2002Y2006

FIGURE 3. Peritoneal dialysis-to-hemodialysis (PD-to-HD) hazard
ratio for mortality by comorbidity of diabetes mellitus (DM),
hypertension (HP), and cardiovascular disease (CVD) for
patients in the 1997Y2001 cohort and 2002Y2006 cohort
(*p for trend G0.05).
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cohort; the beneficial effect was significant in the first year
(hazard ratio, 0.62; 95% CI, 0.44Y0.80).

DISCUSSION
In the current study, fewer than 10% (4721/59,452; 7.9%)

of ESRD patients had been treated with PD, and approxi-
mately one-third of these patients switched to HD treatment. This
study was conducted based on the number of available patients
treated with PD. Thus, our study cohorts involved propensity
score-matched patients treated with PD and HD and all avail-
able patients who switched treatment, with 78.0% (1278/1639)

switching from PD to HD. Although there was a higher hazard
ratio for mortality for patients treated with PD compared to those
treated with HD in the 1997Y2001 cohort, this was not observed
in the 2002Y2006 cohort. In the combined group for the 10 years
between 1997 and 2006, there was no difference in survival be-
tween patients treated with PD or HD. However, younger pa-
tients who received PD experienced better survival than younger
patients who received HD; this was especially true among those
aged younger than 40 years.

These age-specific results are consistent with results of a
Dutch study20 that found that PD is associated with greater
survival of patients aged in their 40s and 50s, particularly those

TABLE 1. Sociodemographic Characteristics of PD and HD Patients in 2 Different 5-Year Cohorts

1997Y2001 (%) 2002Y2006 (%) Combined (%)

PD HD PD HD PD HD

Variable (n = 2134) (n = 2107) P* (n = 2587) (n = 2614) P* (n = 4721) (n = 4721) P*

Sex, male 39.7 38.9 0.46 41.2 39.8 0.10 40.5 39.4 0.48
Age, yr
G40 25.8 23.5 0.23 20.1 17.6 0.08 22.5 21.8 0.21
40Y64 52.8 54.5 55.6 56.4 54.3 54.7
65+ 21.4 22.0 24.3 26.0 22.9 23.5

Mean T SD, yr 50.9 T 16.4 51.6 T 15.6 0.18 53.0 T 16.0 54.0 T 15.2 0.03 52.3 T 16.1 52.7 T 15.6 0.05
Follow-up, yr (mean T SD) 4.2 T 2.3 4.2 T 2.3 0.14 3.0 T 1.4 3.0 T 1.4 0.20 3.5 T 2.3 3.5 T 2.4 0.31
Income, NTD†
928,800 33.9 32.9 0.11 32.9 31.7 0.23 33.5 32.1 0.43
19,200Y28,800 40.5 41.2 42.1 43.5 41.2 42.3
G19,200 25.6 25.9 25.0 24.8 25.3 25.6

*Chi-square test for PD and HD patients.

†NTD = New Taiwan Dollars; 1 US dollar is about 30Y34 NTD.

TABLE 2. Comorbidity of PD and HD Patients in 2 Different Cohorts

1997Y2001 (%) 2002Y2006 (%) Combined (%)

PD HD PD HD PD HD

Variable (n = 2134) (n = 2107) P* (n = 2587) (n = 2614) P* (n = 4721) (n = 4721) P*

CCI†
e2 26.2 26.3 0.66 15.8 15.5 0.07 20.5 20.3 0.11
3Y5 32.4 32.4 32.9 29.9 32.7 31.0
6Y9 27.1 26.4 31.7 34.9 29.6 31.1
10+ 14.3 14.9 19.6 19.8 17.2 17.6

Diabetes 31.7 33.4 0.08 35.0 37.1 0.05 33.5 34.7 0.10
Hypertension 72.8 72.9 0.44 74.4 72.2 0.08 74.1 72.5 0.14
Cerebrovascular disease 7.2 7.5 0.50 14.7 17.2 0.01 11.3 12.9 0.14
Ischemic heart disease 13.8 12.7 0.14 23.8 24.7 0.22 19.3 19.2 0.86
Congestive heart failure 11.4 9.2 0.03 18.9 19.5 0.26 15.5 14.9 0.34
Anemia 36.6 35.0 0.14 38.1 37.3 0.23 37.5 36.3 0.45
Cancer 4.6 4.5 0.69 7.3 8.1 0.13 6.1 6.5 0.53
Stomach malignancy 0.1 0.1 0.97 0.2 0.2 0.83 0.1 0.2 0.83
Kidney malignancy 1.1 1.1 0.86 1.2 1.5 0.26 1.1 61.3 0.37
Bladder malignancy 0.5 0.7 0.54 0.7 1.0 0.13 0.6 30.8 0.25

Abbreviations: CCI = Charlson Comorbidity Index score.

*Chi-square test for PD and HD patients.

†Score for dialysis excluded.
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in their 40s in the first 15 months of treatment. This beneficial
effect begins to disappear for diabetic patients in their 60s. The
results of the beneficial effect of PD in relation to the length
of treatment are also consistent with the Dutch study,19 but only
for nondiabetic young patients. The mortality advantage of PD
treatment also appears in young patients during the 90Y365 day
treatment period in the Australia and New Zealand Dialysis and
Transplant Registry.22 In a United States propensity-matched
comparison, Weinhandl et al35 found that PD improved the
survival rate of patients aged G65 years, particularly those without
comorbidities. The Dutch study did not use a propensity-matched

design,19 whereas the studies from the United States and from
Australia and New Zealand did.22,35

Consistent with studies in Western populations, we found
that PD is associated with lower mortality for younger patients
and those with a lower number of comorbid conditions16,34 in
the first year17,19,22,25,31,34 or the first 2 years4,14,18,28 after the
start of therapy. Diabetes is a well-known comorbid condition
in patients with ESRD.1,4,16,19,21,25,29,32,34 Cross-classifying
DM and age or sex reveals that mortality risk was significantly
lower in PD patients than in HD patients in younger groups
without DM. The opposite effect was observed in elderly DM

TABLE 3. Mortality Rates of PD and HD Patients and Multivariable Cox Model-Measured PD-to-HD Hazard Ratios in
2 Different Cohorts

1997Y2001 2002Y2006 Combined

PD HD PD vs. HD PD HD PD vs. HD PD vs. HD

Death
Rate*

Death
Rate*

Rate
Ratio†

HR
(95% CI)‡ P§

Death
Rate*

Death
Rate*

Rate
Ratio†

HR
(95% CI)‡ P§

HR
(95% CI)‡

Sex
Female 11.0 12.1 0.91 1.32 (1.17Y1.49) 0.67 11.4 14.4 0.94 1.03 (0.88Y1.21) 0.68 0.96 (0.90 to 1.03)
Male 12.9 10.9 1.18 1.35 (1.17Y1.55) 12.9 14.6 0.88 0.96 (0.90Y1.03) 1.06 (0.95 to 1.16)
All 11.9 10.3 1.16 1.33 (1.21Y1.46) 12.5 14.5 0.86 0.99 (0.87Y1.14) 1.02 (0.96 to 1.08)

Age, yr
G40 3.7 3.2 1.16 1.21 (1.01Y1.43) 0.01 4.0 10.2 0.39 0.89 (0.54Y1.09) 0.01 0.85 (0.70 to 0.97)
40Y64 10.6 10.1 1.05 1.18 (1.02Y1.37) 9.6 11.2 0.86 0.85 (0.72Y0.99) 0.94 (0.88 to 0.99)
65+ 21.8 26.7 0.82 0.89 (0.99Y1.20) 32.1 27.7 1.16 1.22 (1.08Y1.38) 1.20 (1.05 to 1.41)

Income,
NTD
G19,200 12.9 12.2 1.06 1.08 (0.82Y1.38) 0.57 13.2 12.5 1.06 1.02 (0.88Y1.19) 0.21 1.09 (0.82 to 1.25)
19,200Y28,800 10.8 10.0 1.08 1.10 (0.84Y1.31) 11.0 13.3 0.83 1.02 (0.77Y1.35) 0.98 (0.80 to 1.17)
928,800 12.5 9.5 1.32 1.15 (0.77Y1.53) 12.6 24.0 0.53 0.88 (0.53Y1.22) 0.97 (0.79 to 1.10)

CCI
e2 6.3 4.7 1.34 1.20 (1.02Y1.40) 0.36 3.2 7.8 0.41 0.57 (0.35Y0.94) 0.09 1.02 (0.79 to 1.29)
3Y5 9.2 7.3 1.26 1.17 (1.01Y1.35) 8.1 10.9 0.74 0.96 (0.73Y1.26) 1.04 (0.88 to 1.21)
6Y9 16.4 15.0 1.09 1.22 (1.03Y1.44) 14.5 16.7 0.87 1.00 (0.83Y1.20) 1.05 (0.91 to 1.22)
Q10 27.2 23.0 1.18 1.25 (1.00Y1.61) 26.9 34.1 0.79 1.19 (0.97Y1.47) 1.21 (1.05 to 1.39)

Abbreviations: See previous tables. HR = hazard ratio.

*Per 100 person-years.

†PD vs. HD.

‡Level-specific hazard ratio.

§P for interaction.

TABLE 4. Multivariable Cox Model-Measured PD-to-HD Hazard Ratios by CCI and Age in 2 Different Cohorts

1997Y2001 2002Y2006

G40 yr 40Y65 yr Q65 yr G40 yr 40Y65 yr Q65 yr

CCI HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI) HR (95% CI)

2 0.93 (0.57Y1.51) 1.95 (1.41Y2.71)* 1.21 (0.76Y1.91) 0.96 (0.41Y2.23) 0.50 (0.24Y1.03) 0.48 (0.12Y1.33)
3Y5 0.92 (0.56Y1.51) 1.45 (1.13Y1.85)* 1.36 (1.01Y1.83)* 0.81 (0.57Y1.85) 0.82 (0.56Y1.20) 1.56 (0.98Y2.49)
6Y9 0.79 (0.39Y1.60) 1.18 (0.95Y1.48) 1.45 (1.10Y1.90)* 0.71 (0.49Y1.74) 0.74 (0.55Y0.99)* 1.34 (1.03Y1.74)*
10+ 0.89 (0.31Y2.56) 1.22 (0.92Y1.62) 1.47 (1.15Y1.88)* 1.30 (0.37Y2.51) 0.94 (0.65Y1.35) 1.36 (1.05Y1.75)*

Abbreviations: See previous tables.

Note: All groups are adjusted for sex, age, year, and income.

*P G 0.05.
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patients. However, previous registry studies in the Netherlands
and Canada reported no significant difference in survival rate
between patients undergoing PD and HD among older diabetic
patients.14,28 The Canadian study comprised 25% DM patients
with 10 years of follow-up, whereas the Netherlands study had
19% DM patients also with 10 years of follow-up. In the current
study we followed patients for 1Y10 years, and nearly 35% of
dialysis patients were diabetic at baseline. This step allowed
for more reliable statistical power to compare the mortality risk
between PD and HD treatment in elderly patients with DM.
Diabetes was also prevalent in dialysis patients in the United
States registry studies (36%Y39%).32,34 The PD patients in the
United States studies had higher mortality than HD patients in
the older group, similar to our observations.

We further compared the results of the Cox model pro-
pensity score-matched and -unmatched analyses and found no
significant difference in the overall PD-to-HD mortality (hazard
ratio, 1.02 and 0.98, respectively) (data not shown for un-
matched design). In the matched design, the treatment effec-
tiveness differed among patient subgroups stratified by age,
CCI, and DM status. However, the unmatched model yielded a
higher PD-to-HD mortality risk than the matched model among
older patient subgroups, and among those with DM and other
comorbidities. The possible reason for this finding is the dis-
parity in inclination toward treatment modality among patient
subgroups. Patients with older age or more comorbidities tend
to choose HD as their initial dialysis modality, resulting in an
associated greater mortality risk. This finding is consistent with
that of other studies.28

In the current study, the discrepancy between PD and HD
treatments progressively decreased over time in the second
5<year cohort. The Kaplan-Meier model compared the survival
trends of PD and HD patients, indicating that the survival dif-
ferences for elderly patients or patients with DM also progres-
sively became attenuated in the 2002Y2006 period compared
with the 1997Y2001 period. This change can be observed in the
mortality by CCI. The mortality rates in PD patients changed
little in the 2002Y2006 cohort compared with those in the
1997Y2001 cohort. The corresponding mortality in HD patients
increased in the 2002Y2006 cohort. The discrepancy was greater
in patients with low CCIs. Further analysis shows the difference
was mainly contributed by the younger patients, indicating im-
provement in relative risk. These results demonstrate a trend
similar to the findings in the study reported by Mehrotra et al.23

Patients treated initially with HD or PD may have similar out-
comes over time.

The strength of the present study is the use of 2 sets of
5<year cohorts obtained from representative population-based
data on patients undergoing dialysis to observe the mortality
trend over the follow-up period. The PD and HD cohorts were
homogenous in sociodemographic characteristics and comorbid
medical conditions at the baseline because of the propensity
score-matched design, which reduces the selection bias of sam-
ples and potential confounding effect.3,9 This observation sug-
gests that the use of the design strengthens the validity of PD-to-
HD hazard measures. To the best of our knowledge, the present
study is the only cohort study in an Asian population with a high
prevalence of ESRD using a propensity score-matched design to
compare survival between PD and HD patients in 2 consecutive
5-year cohorts.

Limitations
The current study has a few limitations. First, we used a

retrospective study to ascertain information on causes and effects
from existing claims data. Information on clinical tests, anthro-

pometric and laboratory examinations, and health behavior of
patients, to name a few things, was not available in the claims
data. Thus, we were unable to use laboratory markers, such as
hemoglobin or albumin levels, to predict mortality. However, the
existing claims data enabled us to perform a natural history study
on other comorbidities that may be associated with the effec-
tiveness of PD and HD.

As a second limitation, we were unable to link some non-
hospital deaths, thus we had to define the date of cancellation
of health insurance as the date of death. Our small subset of
data linking the real death registration shows that, on average,
most cancellation dates were within 1 week of the real death
registration for dialysis patients. Third, patients who had swit-
ched between PD and HD in the present study were more likely
PD patients than HD patients. Therefore, the outcome may have
underestimated the benefit of PD.30 Finally, the HD patients se-
lected in this study were those who matched with the propensity
score of PD patients. The selected sample may differ from the
general population of HD patients in some characteristics. Nev-
ertheless, we selected PD patients and HD patients with similar
characteristics to avoid selection bias.

Conclusion
ESRD patients treated with PD had greater overall risk of

death than patients treated with HD in the first 5-year period
of the current study. No difference between PD and HD was ob-
served in the second 5-year period of this study or in the 10-year
combined period. Younger ESRD patients with low CCI or
without DM benefited most from PD treatment. However, this
beneficial effect may last for only a limited period. In summary,
in the current study in an Asian population, no significant sur-
vival differences were noted between propensity score-matched
PD and HD patients. The selection of a dialysis modality must
be tailored to the individual patient. Studies in which patients
who are appropriate for either modality are randomly assigned
to HD or PD may provide helpful information to clinicians
and patients.
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