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Abstract

Background: Although the proportion of the elderly patients with incident end-stage renal disease (ESRD) patients has
been increasing in Korea, there has been a lack of information on outcomes of dialysis treatment. This study aimed to assess
the survival rate and to elucidate predictors for all-cause mortality among elderly Korean patients initiating dialysis.

Methods: We analyzed 11,301 patients (6,138 men) aged 65 years or older who had initiated dialysis from 2005 to 2008 and
had followed up (median, 37.8 months; range, 3-84 months). Baseline demographics, comorbidities and mortality data were
obtained using the database from the Health Insurance Review & Assessment Service.

Results: The unadjusted 5-year survival rate was 37.6% for all elderly dialysis patients, and the rate decreased with
increasing age categories; 45.9% (65~69), 37.5% (70~74), 28.4% (75~79), 24.1% (80~84), and 13.7% (=85 years). The
multivariate Cox proportional hazard model revealed that age, sex, dialysis modality, the type of insurance, and
comorbidities such as diabetes mellitus, myocardial infarction, congestive heart failure, peripheral vascular disease,
cerebrovascular disease, dementia, chronic pulmonary disease, hemiparesis, liver disease, and any malignancy were
independent predictors for mortality. In addition, survival rate was significantly higher in patients on hemodialysis
compared to patients on peritoneal dialysis during the whole follow-up period in the intention-to-treat analysis.

Conclusions: Survival rate was significantly associated with age, sex, and various comorbidities in Korean elderly patients
initiating dialysis. The results of our study can help to provide relevant guidance on the individualization strategy in elderly
ESRD patients requiring dialysis.

Citation: Lee S, Ryu J-H, Kim H, Kim KH, Ahn HS, et al. (2014) An Assessment of Survival among Korean Elderly Patients Initiating Dialysis: A National Population-
Based Study. PLoS ONE 9(1): e86776. doi:10.1371/journal.pone.0086776

Editor: Ramon Andrade de Mello, Department of Medicine and Biomedical Sciences, University of Algarve, Portugal
Received September 19, 2013; Accepted December 14, 2013; Published January 22, 2014

Copyright: © 2014 Lee et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This study was supported by a 2011 grant from the Korean Academy of Medical Sciences; and by the Ewha Global Top5 Grant of Ewha Womans
University. The funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interest exist.
* E-mail: drryu@ewha.ac.kr

@ These authors contributed equally to this work.

Introduction than those reported in epidemiology studies form Taiwan, the
United States, or Japan [2]. However, the annual increase in the
prevalence has been about 12% during the past decade in Korea
[5]. Meanwhile, peak age of patients undergoing dialysis therapy
was shifted to older populations, with mean age increasing from
initiating dialysis were 65 years or older at the time of their first 55.2 in 2005 to 58.0 in 2010 [4]. In addition, the percentage of
treatment and also indicated that the rapid growing portion was dialysis patients over 65 years had increased to more than 35.0%
of overall dialysis population in 2010 [4].

Despite the increasing incidence of elderly ESRD patients
initiating dialysis in Korea, there has been a lack of reports

The incidence of dialysis in elderly patients with end-stage renal
disease (ESRD) has been growing throughout the world [1]. The
US Renal Data System revealed that the majority of patients

the population aged over 75 years [2]. However, elderly patients
are thought to represent a different proportion across countries as
shown in the results from the Dialysis Outcomes and Practice
Patterns Study (DOPPS) [3].

According to the 2010 annual report from the Korean
nationwide registry program, the incidence and the prevalence

regarding outcomes for this population. Moreover, there are many
controversies regarding the appropriateness of dialysis initiation in
elderly ESRD patients, because age is the most important risk
factor for death in the general elderly population and because most
elderly ESRD patients have many comorbid conditions affecting

of the patients undergoing renal replacement therapy were 181.5
and 1,144.4 per million population, respectively [4], which are less
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mortality, such as dementia, disability, and various cardiovascular
diseases [1,6,7].

Median survival after dialysis initiation was reported to be only
24.9 months among patients aged 80 or more in the United States
[1]. In addition, a recent French study showed that median
survival among patients aged 75 years or more had improved from
1.6 years in a 2002-2004 cohort to 2.6 years in a 2005-2007
cohort [8]. However, these studies derived from a Western
population. A substantial number of evidences have suggested that
there are significant differences in the overall and cardiovascular
mortalities in dialysis patients across racial and ethnic groups
[9,10]. To date, however, no studies have been reported on the
survival rate and the factors affecting mortality in Asian elderly
ESRD patients.
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Table 1. Baseline characteristics.
65~69 70~74 75~79
Age categories (N =4,491) (N=3,591) (N=2,102) 80~84 (N=849) 85~ (N=268) Total (N=11,301) P-value*
Vintage 0.0000
2005 1,101 (24.5) 755 (21.0) 440 (20.9) 176 (20.7) 45 (16.8) 2,517 (22.3) -
2006 1,055 (23.5) 872 (24.3) 501 (23.8) 200 (23.6) 54 (20.1) 2,682 (23.7) -
2007 1,115 (24.8) 953 (26.5) 519 (24.7) 209 (24.6) 74 (27.6) 2,870 (25.4) -
2008 1,220 (27.2) 1,011 (28.2) 642 (30.5) 264 (31.1) 95 (35.4) 3,232 (28.6) =
Male 2,559 (57.0) 1,977 (55.1) 1,043 (49.6) 419 (49.4) 140 (52.2) 6,138 (54.3) 0.0000
Dialysis modality (ITT) 0.0000
Peritoneal dialysis 976 (21.7) 657 (18.3) 332 (15.8) 122 (14.4) 28 (10.4) 2,115 (18.7) -
Hemodialysis 3,515 (78.3) 2,934 (81.7) 1,770 (84.2) 727 (85.6) 240 (89.6) 9,186 (81.3) -
Health security system 0.0499
National Health 4,026 (89.6) 3,228 (89.9) 1,872 (89.1) 744 (87.6) 228 (85.1) 10,098 (89.4) -
Insurance
Medical Aid 465 (10.4) 363 (10.1) 230 (10.9) 105 (12.4) 40 (14.9) 1,203 (10.6) -
Comorbidities
Diabetes mellitus 2,769 (61.7) 2,021 (56.3) 1,031 (49.0) 353 (41.6) 90 (33.6) 6,264 (55.4) 0.0000
Myocardial infarction 230 (5.1 220 (6.1) 135 6.4) 44 (5.2) 14 (5.2) 643 (5.7) 0.1587
Congestive heart failure 775 (17.3) 672 (18.7) 463 (22.0) 183 (21.6) 65 (24.3) 2,158 (19.1) 0.0000
Peripheral vascular 342 (7.6) 302 (8.4) 201 (9.6) 72 (8.5) 21 (7.8) 938) (8.3 0.4549
disease
Cerebrovascular disease 816 (18.2) 674 (18.8) 414 (19.7) 166 (19.6) 57 (21.3) 2,127 (18.8) 0.4549
Dementia 79 (1.8) 102 (2.8) 100 (4.8) 50 (5.9) 20 (7.5) 351 (3.1) 0.0000
Chronic pulmonary 877 (19.5) 810 (22.6) 545 (25.9) 209 (24.6) 70 (26.1) 2,511 (22.2) 0.0000
disease
Connective tissue 141 (3.1) 105 (2.9) 73 (3.5) 29 (3.4) 9 (3.4) 357 (3.2) 0.8180
disease
Peptic ulcer disease 726 (16.2) 637 (17.7) 383 (18.2) 141 (16.6) 41 (15.3) 1,928 (17.1) 0.1699
Hemiparesis 92 (2.0) 77 (2.1) 42 (2.0) 14 (1.6) 4 (1.5) 229 (2.0 0.8673
Liver disease 424 (9.4) 312 (8.7) 171 (8.1) 65 (7.7) 17 (6.3) 989 (8.8) 0.1405
Any cancer 341 (7.6) 309 (8.6) 195 (9.3) 73 (8.6) 18 (6.7) 936 (8.3) 0.1351
Modified CCI 0.2483
0~1 1,463 (32.6) 1,142 (31.8) 675 (32.1) 290 (34.2) 90 (33.6) 3,660 (32.4) -
2~3 1,589 (35.4) 1,246 (34.7) 722 (34.3) 310 (36.5) 104 (38.8) 3,971 (35.1) -
=4 1,439 (32.0) 1,203 (33.5) 705 (33.5) 249 (29.3) 74 (27.6) 3,670 (32.5) -
*Statistical differences according to age group were calculated in % test.
ITT, intention-to-treat; CCl, Charlson comorbidity index.
doi:10.1371/journal.pone.0086776.t001

In this study, we evaluated survival rate and elucidated
predictors associated with the mortality among elderly Korean
patients initiating dialysis.

Methods

Ethics Statement

This investigation was conducted according to the principles
expressed in the Declaration of Helsinki. The institutional review
board at the Korean Health Insurance Review and Assessment
Service (HIRA) approved the survey of the study population (No.
3159, 2012).

Data Source and Study Population
All data used in the study was obtained from the database of
Korean Health Insurance Review and Assessment Service
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Figure 1. Kaplan-Meier survival curves and comparisons of survival rates by log-rank test. (A) Mortality rates gradually increased with the
increment of age categories (P=0.0000). (B) Females showed better survival rate compared to males (P=0.0004). (C) Survival rate was better for
patients without diabetes than that with diabetics (P=0.0000). (D) Patients covered by National Health Insurance experienced higher better survival
rate compared to Medical Aid beneficiaries (P=0.0000). (E) Patients on hemodialysis experienced significant survival benefit over patients on
peritoneal dialysis in the intention-to-treat analysis (P =0.0000). (F) As the modified Charlson comorbidity index for end-stage renal disease patients

increased, survival rates significantly decreased (P =0.0000).
doi:10.1371/journal.pone.0086776.g001

(HIRA). In South Korea, all citizens are obliged to join the
National Health Security System, which is composed of National
Health Insurance and Medical Aid, and is overseen by the
Ministry of Health and Welfare.

All medical care expenses for dialysis are reimbursed by HIRA
[11,12]. As such, we were able to identify every ESRD patient in
the whole of South Korean population and analyzed the data for
all ESRD patients who had started dialysis. We collected data such
as unique de-identified number for each patient, age, sex, the type
of insurance, list of diagnoses according to the International
Classification of Diseases (ICD-10), and kidney transplantation. In
addition, the end-point of time to death was confirmed by the
Certificate Database (the recorded data of the reasons for changes
in eligibility for National Health Insurance or Medical Aid, the
death, or emigration) as well as through the National Health
Insurance Claims Database.

The comorbidities of each subject were identified by screening
the medical history data for the year leading up to the initiation of
dialysis therapy. The list of analyzed comorbidities was determined
based on suggestions from Charlson et al. [13], and patients were
divided into 3 groups [grade O~1 (mild comorbidity), 2~3
(moderate comorbidity), and =4 (severe comorbidity)| according
to the modified Charlson Comorbidity Index for ESRD patients
[14]. ICD-10 codes were used according to the proposed
algorithms by Quan et al. [15].

We included data from patients aged 65 years or older who
started hemodialysis (HD) or peritoneal dialysis (PD) between
January 1, 2005 and December 31, 2008. Patients who survived
less than 90 days from the date of dialysis initiation were excluded,
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and the patients who underwent kidney transplantation or were
not deceased until December 31, 2011 were censored.

For the comparison of survival rates between patients on HD
and PD, we used both the intention-to-treat (IT'T) and as-treated
(AT) analyses. The patients were classified according to the
treatment modality at the 90™ day after commencement of dialysis
in I'TT analysis, or at the 60" day before death or censoring in the
AT analysis.

Statistical Analysis

Statistical analysis was performed using SPSS software for
Windows, version 15.0 (SPSS Inc., Chicago, IL, USA). All data
were expressed as mean = SD or number (%) unless otherwise
specified. P-values <0.05 were considered statistically significant.

Baseline characteristics of ESRD patients according to age
categories were compared using Pearson chi-square test for
categorical variables. Kaplan-Meier survival curves were calculat-
ed, and the log-rank test was used for the comparison of
unadjusted survival rates. In addition, we constructed life tables
to estimate the cumulative proportion of survivors at the end of
every l-year-interval during the follow-up period. For delineating
predictors for mortality, the Cox proportional hazard analysis was
performed. Significant variables in univariate analyses were
included for multivariate analysis, and a threshold was 0.10 for
retention.
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Table 2. Cumulative survival rate at each 1-year interval*.

Year 1 2 3 4 5 6 7
All 783 643 541 450 376 316 276
Sex
Male 778 63.1 525 436 363 300 262
Female 789 658 560 465 392 335 293
Age groups
65~69 835 712 618 534 459 400 357
70~74 786 643 535 445 375 309 264
75~79 731 573 471 359 284 223 184
80~84 70.1 547 422 331 24.1 18.4 15.1
85~ 54.1 35.1 26.1 17.9 13.7 10.7 10.7

Dialysis modality (ITT)
Hemodialysis 786 654 559 467 393 33.1 289
Peritoneal dialysis 76.9 59.7 465 375 305 252 221
Dialysis modality (AT)
Hemodialysis 789 657 563 471 396 335 29.1
Peritoneal dialysis 751 575 436 344 283 228 203

Diabetes mellitus

No 774 654 568 483 415 353 322

Yes 790 634 519 423 344 285 236
Modified CCI

0~1 834 715 632 541 472 406 354

2~3 785 645 537 439 362 310 277

=4 730 569 455 369 295 228 190

*All data are presented as percent (%).
ITT, intention-to-treat; AT, as-treated; CCl, Charlson comorbidity index.
doi:10.1371/journal.pone.0086776.t002

Results

Baseline Characteristics

In total, 11,301 patients were included in this study. The
number of elderly patients starting dialysis had increased from
2,517 in 2005 to 3,232 in 2008. The demographic characteristics
are summarized in Table 1.

The mean age was 71.9%5.4 years (range, 65-96 years), and
6,138 (54.3%) were male. The median of follow-up duration was
37.8 months (range of 3-84 months). Patients were divided into 5
categories of age (65~69, 70~74, 75~79, 80~84, and 85 years or
older), with 4,491 (39.7%), 3,591 (31.8%), 2,102 (18.6%), 849
(7.5%), and 268 (2.4%) patients in each group, respectively.

In the ITT analysis, 9,186 (81.3%) and 2,115 (18.7%) were
managed with HD or PD at the 90" day after commencement of
dialysis, respectively. The number of patients covered by National
Health Insurance and Medical Aid was 10,098 (89.4%) and 1,203
(10.6%), respectively. During the follow-up period, 9 patients
(0.1%) underwent kidney transplantation.

The number and proportion of patients with comorbid diseases
diagnosed before or at the time of dialysis initiation are also
described in Table 1.

The Survival Rates in Korean Elderly Patients Initiating
Dialysis

Kaplan-Meier survival curves according to age categories, sex,
diabetes mellitus, the type of insurance, dialysis modality, and the
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modified Charlson comorbidity index are shown in Figure 1,
which were compared by the log-rank test. The unadjusted
survival rates were described in Table 2.

The survival rates gradually decreased with increasing age;
median survival was 53.1 months for the age group of 65~69 year,
40.6 months for 70~74 year, 32.6 months for 75~79 year, 28.0
months for 80~84 year, and 14.3 months for the age group over
85 years. The survival rate was decreased with increasing age
groups (Figure 1A, P=0.0000). The unadjusted 5-year survival
rate was 37.6% for all elderly dialysis patients, and the rate
decreased with increasing age categories; 45.9% (65~69), 37.5%
(70~74), 28.4% (75~79), 24.1% (80~84), and 13.7% (=85 years)
(Table 2).

The survival rate of female patients was significantly higher than
that of male (Figure 1B, P=0.0004). Diabetes significantly affected
on the survival outcomes (Figure 1C, P=0.0000). The type of
insurance was also associated with the survival rate, which was
higher for National Health Insurance subscribers than for Medical
Aid beneficiaries (Figure 1D, P=0.0000). In the ITT analysis,
survival was better for HD patients than for PD patients at all
points along the follow-up period (5-year survival rates; 39.3% in
the HD patients vs. 30.5% in the PD patients) (Figure 1E,
P=0.0000), and the difference in survival rates remained in AT
analysis (5-year survival rates; 39.6% in the HD patients vs. 28.3%
in the PD patients). Furthermore, survival rates were gradually
decreased with increasing the modified Charlson comorbidity
index (Figure 1F, £=0.0000). The 5-year survival rate of patients
with mild comorbidity (grade 0~1) was 47.2%, while it was
significantly lower at 29.5% for patients with severe comorbidity

(grade =4) (Table 2).

Predictors for All-cause Mortality

For the analysis of independent risk factors associated with all-
cause mortality, the multivariate Cox proportional hazards
analysis was performed with significant variables from univariate
analyses (Table 3).

Age, female, Medical Aid, HD as an initial dialysis modality,
comorbidities such as diabetes mellitus, myocardial infarction,
congestive heart failure, peripheral vascular disease, cerebrovas-
cular disease, dementia, chronic pulmonary disease, hemiparesis,
liver disease, and any malignancy were significant independent
predictors for mortality.

Furthermore, we compared hazard ratios of all independent
predictors for mortality in the multivariate Cox analysis according
to the age categories (Figure 2). For the simplicity in comparison,
patients were divided into 3 categories of age (65~69, 70~79, and
80 years or older), with 4,491 (39.7%), 5,693 (50.4%), and 1,117
(9.9%) patients in each group, respectively. Age, peripheral
vascular disease, and hemiparesis were the factors by which
mortality risk gradually increased with increasing age groups.
However, the influences of Medical Aid, peritoneal dialysis,
diabetes mellitus, congestive heart failure, liver disease, and any
malignancy on the mortality sequentially decreased with aging.

Discussion

In this study, we evaluated survival rates among elderly Korean
ESRD patients initiating dialysis. More than 60% of elderly
patients had survived for 2 years after initiation of dialysis. Even
among the very elderly patients, the median survival was 28.0
months for patients 80~84 years of age; 14.3 months for patients
85~89 years of age; and 13.2 months for patients 90 years of age
or older, respectively. The elderly dialysis patients in this study
experienced a lower death rate when compared to that reported in
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a previous study of US octogenarians and nonagenarians starting
dialysis, in which median survival rate was 15.6 months for
patients aged 80~84 year; 11.6 months for patients aged 85~89
year; and 8.4 months for patients aged 90 year or older [1].
Several studies have also reported that median survival of the
patients older than 75 years was around 2 years after the first
dialysis [16,17,18]. In addition, a UK study of dialysis patients
aged 70 or older found that overall 1-yr survival was 71% [19],
which is slightly different from the results of this study (74.8% of
oveall survival rate at 1 year among patients aged 70 or older).

There has been a controversy regarding initiation of dialysis in
very elderly patients. Although a randomized controlled study is
the most reliable and informative method of comparing outcomes
between conservative care and dialysis initiation, such a trial is
difficult to perform due to ethical concerns. When standardized
mortality ratios were calculated in comparison with the general
population, the ratio for the dialysis patients decreased from 26.7
in the 18- to 44-year-old group to 3.5 in the =85-year-old group,
which implicated that older ESRD patients experienced less excess
mortality, and age per se is more important factors for mortality in
the elderly than in the younger age group [6]. Moreover, elderly
patients have various chronic medical diseases concurrently, which
have profound effects on their survival [20]. Therefore, very
elderly patients may not always be considered as suitable
candidates for dialysis. In this study, age and various comorbidities
were the main determinants for mortality, which is consistent with
previous reports. However, we suggest that the benefit and risk of
dialysis initiation should be weighed in each patient because
survival rate for elderly ESRD patients is not dismal in Korea and
because the individualization strategy using predictors for mortal-
ity 1is feasible.

Although life expectancy is usually greater for females than for
males in the general population, sex has not been considered as a
risk factor for death in ESRD patients [4,6,19]. In this study,
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Table 3. Results of the Cox proportional hazards analysis for all-cause mortality.

Univariate Multivariate*

HR 95% Cl P-value HR 95% Cl P-value
Age (per 1-yr increase) 1.05 1.04-1.05 0.0000 1.05 1.04-1.05 0.0000
Female (vs. Male) 0.92 0.87-0.96 0.0004 0.91 0.87-0.96 0.0002
Medical Aid (vs. National Health Insurance) 1.27 1.18-1.37 0.0000 1.25 1.16-1.34 0.0000
Hemodialysis (vs. Peritoneal dialysis)* 0.81 0.76-0.85 0.0000 0.75 0.71-0.80 0.0000
Diabetes mellitus 1.17 1.11-1.22 0.0000 1.24 1.18-1.30 0.0000
Myocardial Infarction 1.39 1.26-1.53 0.0000 1.23 1.12-1.36 0.0000
Congestive heart failure 1.30 1.23-1.37 0.0000 1.21 1.14-1.28 0.0000
Peripheral vascular disease 1.19 1.09-1.29 0.0000 1.11 1.02-1.21 0.0142
Cerebrovascular disease 1.42 1.34-1.51 0.0000 1.34 1.26-1.42 0.0000
Dementia 1.64 1.45-1.86 0.0000 1.30 1.15-1.48 0.0000
Chronic pulmonary disease 1.15 1.09-1.21 0.0000 1.09 1.03-1.16 0.0017
Connective tissue disease 1.08 0.95-1.23 0.2571 - - -
Peptic ulcer disease 0.97 0.91-1.04 0.4181 - - -
Hemiparesis 1.42 1.22-1.65 0.0000 1.20 1.03-1.41 0.0228
Liver disease 1.09 1.00-1.18 0.0401 1.09 1.00-1.18 0.0427
Any malignancy 1.47 1.35-1.59 0.0000 1.48 1.36-1.60 0.0000
*All-cause mortality was adjusted for all parameters with <0.10 of P-value in the univariate analysis.
Mortality rates between patients on hemodialysis and those on peritoneal dialysis were compared in the intention-to-treat analysis.
HR, hazard ratio; Cl, confidence interval.
doi:10.1371/journal.pone.0086776.t003

however, the survival rate of female was higher than that of male
in Kaplan-Meier analysis, and female still conferred a relative
survival benefit over male after adjustment for baseline variables.
Because there was no distinct reason for the difference across the
sex, we suggest that racial/ethnic difference could be taken into
account.

In a previous report, diabetes was not an independent predictor
for mortality in an older patient group [19], while it was a
significant risk factor for mortality in the present study. In
addition, myocardial infarction, cerebrovascular disease, or
chronic obstructive pulmonary disease were also independent risk
factors for mortality in our study. Diabetes could take more time to
influence mortality rates compared to concomitant comorbidities
such as various vascular diseases. Thus, aging per se may offset the
effect of diabetes on mortality in the very elderly patients. In this
study, patients between 65 and 69 accounted for 39.7% of the total
participants. Therefore, it was assumed that these comorbidities
still had a significant effect on mortality because life expectancy
was long enough to be affected.

The National Health Security System of South Korea consists
of National Health Insurance and Medical Aid, which respectively
provide healthcare coverage for 96.3% and 3.7% of the whole
population in 2006 [21]. The Medical Aid Program was
established for low-income households, thus it roughly represented
lower socioeconomic status in this study. Several studies have
proved that low socioeconomic status was related with poor
outcomes in patients with chronic kidney disease as well as patients
on HD [22,23]. In accordance with these reports, mortality rate
was significantly worse for the Medical Aid beneficiaries than for
patients covered by National Health Insurance. This difference
between insurance remained as a strong predictor for mortality
even after adjustment for baseline covariates.

Although the debates continue on the choice of dialysis modality
in elderly patients, HD is preferred over PD in many countries. In
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Figure 2. Comparision of hazard ratios of all independent predictors for mortality in the multivariate Cox analysis according to the
age categories. Age, peripheral vascular disease, and hemiparesis were the factors by which mortality risk gradually increased with increasing age
groups. However, the influences of Medical Aid, peritoneal dialysis, diabetes mellitus, congestive heart failure, liver disease, and any malignancy on
the mortality sequentially decreased with aging. * Mortality rates between patients on hemodialysis and those on peritoneal dialysis were compared

in the intention-to-treat analysis. HR, hazard ratio; Cl, confidence interval.

doi:10.1371/journal.pone.0086776.g002

our study, the use of HD was about 5 times greater than PD. HD
patients experienced higher survival rate than PD patients during
the follow-up period, and multivariate analysis revealed that the
initial choice of HD had 25% survival benefit over PD. Previous
studies have revealed that HD provided better survival outcomes
than PD in elderly patients, especially after 180 days of dialysis
initiation [23,24,25,26]. In addition, the registry data from
Australia and New Zealand suggested that PD may be advanta-
geous initially in younger patients (<60 years) without comorbidity
[22]. The Dutch registry data noted survival advantage for PD in
young non-diabetic patients [27]. These findings require more
judicious approach in considering PD as an initial dialysis modality
in elderly patients.

In this study, we accepted the chronological age of 65 years as a
definition of ‘the elderly’. However, the patients aged 65 years or
older were thought to be wide-ranged and were likely to have
different characteristics. In accordance with this assumption, there
were significant differences in the independent predictors accord-
ing to the age categories. Age per se and the factors affecting the
degree of disability such as peripheral vascular disease or
hemiparesis were more significant with increasing age groups.
However, the influences of traditional risk factors such as
socioeconomic status, dialysis modality, and comorbidities such
as diabetes mellitus, congestive heart failure, liver disease, or any
malignancy on the mortality sequentially decreased with aging.

As with other registry-based studies, this study also has
limitations inherent to such study design. First, potential
confounding factors for mortality were unavailable, such as data
regarding residual renal function, critical laboratory results,
biomarkers of inflammation or nutrition, and dialysis doses.
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Taken together, the findings suggest that survival outcomes in
elderly patients initiating dialysis are different from those of
previous reports, probably due to racial and ethnic differences.
The results can help to provide relevant guidance on the
individualization strategy in Asian elderly ESRD patients.

Author Contributions

Conceived and designed the experiments: SL JHR HSA HH SJK DHK
KBC DRR. Analyzed the data: HK KHK YC YMP. Contributed
reagents/materials/analysis tools: KHK HSA HH. Wrote the paper: SL
JHR DRR.

12. Kwon S (2009) Thirty years of national health insurance in South Korea: lessons
for achieving universal health care coverage. Health Policy Plan 24: 63-71.

13. Charlson ME, Pompei P, Ales KL, MacKenzie CR (1987) A new method of
classifying prognostic comorbidity in longitudinal studies: development and
validation. J Chronic Dis 40: 373-383.

14. Hemmelgarn BR, Manns BJ, Quan H, Ghali WA (2003) Adapting the Charlson
Comorbidity Index for use in patients with ESRD. Am J Kidney Dis 42: 125~
132.

15. Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, et al. (2005) Coding
algorithms for defining comorbidities in ICD-9-CM and ICD-10 administrative
data. Med Care 43: 1130-1139.

16. Jager KJ, van Dijk PC, Dekker FW, Stengel B, Simpson K, et al. (2003) The
epidemic of aging in renal replacement therapy: an update on elderly patients
and their outcomes. Clin Nephrol 60: 352-360.

17. Letourneau I, Ouimet D, Dumont M, Pichette V, Leblanc M (2003) Renal
replacement in end-stage renal disease patients over 75 years old. Am J Nephrol
23: 71-77.

18. Munshi SK, Vijayakumar N, Taub NA, Bhullar H, Lo TC, et al. (2001)
Outcome of renal replacement therapy in the very elderly. Nephrol Dial
Transplant 16: 128-133.

19. Lamping DL, Constantinovici N, Roderick P, Normand C, Henderson L, et al.
(2000) Clinical outcomes, quality of life, and costs in the North Thames Dialysis
Study of elderly people on dialysis: a prospective cohort study. Lancet 356:
1543-1550.

20. Jassal SV, Trpeski L, Zhu N, Fenton S, Hemmelgarn B (2007) Changes in
survival among elderly patients initiating dialysis from 1990 to 1999. CMAJ 177:
1033-1038.

21. Song YJ (2009) The South Korean health care system. JMA]J 52: 206-209.

22. McDonald SP, Marshall MR, Johnson DW, Polkinghorne KR (2009)
Relationship between Dialysis Modality and Mortality. ] Am Soc Nephrol 20:
155-163.

January 2014 | Volume 9 | Issue 1 | e86776



Survival among Korean Elderly ESRD Patients

23. Merighi JR, Schatell DR, Bragg-Gresham JL, Witten B, Mehrotra R (2012) 26. Winkelmayer WC, Glynn RJ, Mittleman MA, Levin R, Pliskin JS, et al. (2002)
Insights into nephrologist training, clinical practice, and dialysis choice. Comparing mortality of elderly patients on hemodialysis versus peritoneal
Hemodial Int 16: 242-251. dialysis: a propensity score approach. J Am Soc Nephrol 13: 2353-2362.

24. Rosner MH, Ronco C (2012) Dialysis modality choice for the elderly patient 27. Liem YS, Wong JB, Hunink MG, de Charro FT, Winkelmayer WC (2007)
with end-stage renal disease. Contrib Nephrol 178: 83-88. Comparison of hemodialysis and peritoneal dialysis survival in The Netherlands.

25. Lok CE, Davidson I (2012) Optimal choice of dialysis access for chronic kidney Kidney Int 71: 153-158.
disease patients: developing a life plan for dialysis access. Semin Nephrol 32: ’

530-537.

PLOS ONE | www.plosone.org 8 January 2014 | Volume 9 | Issue 1 | e86776



