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Abstract
Objectives: While patients with end-stage renal disease (ESRD) are at a high risk of

cardiovascular events (CVEs), kidney transplantation (KT) has been reported to improve CVEs
and survival. As the effect of KT timing on long-term survival and clinical outcomes remains
unclear, we investigated the effect of different KT waiting times on clinical outcomes.

Design: Retrospective observational cohort study.

Setting: An observational cohort study from the National Health Insurance Research Database in
Taiwan. Adult patients who initiated kidney transplantation therapy from 1997 to 2013 were
enrolled.

Participants: A total of 3571 adult patients who initiated uncomplicated KT therapy were
collected and categorized into 4 groups according to KT waiting times after ESRD: Group 1 (<1
year), Group 2 (1-3 years), Group 3 (3—6 years), and Group 4 (>6 years).

Primary and secondary outcome measures: Primary endpoints were defined as all-cause death,
nonfatal myocardial infarction, or nonfatal stroke using the primary diagnosis in medical records
during hospitalization.

Results: Compared with Group 1, the adjusted primary events risk (all-cause death, nonfatal
myocardial infarction, or nonfatal stroke) increased 1.7 folds in Group 2, 2.15 folds in Group 3,
and 3.07 folds in Group 4. The rates of the primary events were 6.7%, 13.4%, and 14.0% within
five years, increasing to 19.5%, 26.3%, and 30.8% within 10 years in Groups 1, 2, and 3,
respectively.

Conclusions: Our results demonstrate that early KT is associated with superior long-term
clinical and survival outcomes compared to late KT in selected ESRD patients receiving
uncomplicated KT, suggesting that an early KT is a better treatment option for ESRD patients

who are eligible for transplantation.
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Strengths and limitations of this study

® The data for this study were retrospectively collected from patients who initiated kidney
transplantation therapy from 1997 to 2013 were enrolled in the National Health Insurance
Research Database in Taiwan.

® This study examines the different KT waiting times, which notably affect differences in the
long-term clinical and survival outcomes.

® Limitations are that lack of physical and biochemical information because of inherent

limitations from administrative claims data.
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Introduction

The prevalence and incidence of patients with end-stage renal disease (ESRD) are relatively high
in Asian countries such as Japan and Taiwan.'-* Patients with ESRD must receive renal
replacement therapy (RRT) including kidney transplantation (KT), hemodialysis (HD) treatments,
and/or peritoneal dialysis (PD) treatments. Studies have revealed that KT was superior to dialysis
treatments in terms of improved quality of life,* 5 survival,®® and cardiovascular outcome.®
Therefore, KT is considered a gold-standard RRT; however, KT recipients still exhibit increased
cardiovascular events (CVEs), compared with in the general population.* © Moreover, several
independent risk factors were reported for mortality and CVEs in KT recipients including male
sex,!! older age,!? '3 prior CVEs,!* 15 left ventricular hypertrophy,'® abnormal myocardial
perfusion,'® low high-density lipoprotein cholesterol,'” low physical activity,!® and elevated
plasma levels of asymmetrical dimethylarginine.!®

A proportionally large number of ESRD patients received late KT due to the shortage of kidney
donors. Thus, by early 2017, the KT waitlist in Taiwan exceeded 6,000 patients; nevertheless,
only 230-325 patients received KTs per year (between 2005 and 2016).2° While evidence
regarding the effect of KT timings on clinical outcomes is very limited,” a few national reports
have shown that a longer pre-KT dialysis duration is associated with a higher risk of all-cause
mortality.?>> We hypothesized that longer KT waiting times were associated with poorer
clinical and survival outcomes in a selected group of Taiwanese patients with ESRD receiving
uncomplicated KT, and vice versa. We highly concerned that several clinical factors related to
KT complications possibly influenced the outcomes. We therefore conducted a large scale
retrospective observational study with an exclusion of KT complication to analyze a 17-year

sample from the Taiwan National Health Insurance Research Database (NHIRD); the study
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results may aid in national policy development for promoting organ donations, clinical practice,

and further investigations.

Methods

Patient and public involvement

The patients and the public were not involved in the design, conduct, or reporting of our study.

Data Source

The data for the analyses were obtained from the NHIRD in Taiwan between 1997 and 2012.
The NHIRD contains numerous inpatient and outpatient medical data for almost 23 million
residents. All RRT strategies, including KT and maintenance dialysis (PD and/or HD) treatments,
are covered by the NHI system. The database contains patients’ identification number, age, sex,
details of outpatient and inpatient services, as well as diagnoses and procedures. The
International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code
system has been used for reimbursement in the healthcare system. Numerous studies have been
published based on this valuable medical database. This observational cohort study collected
data of all adult ESRD patients (>18 years old) from the population who had received
uncomplicated KT as an RRT between January 1, 1997 and December 31, 2012, that were

followed-up until December 31, 2013.

Ethics approval

5

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 6 of 30

yBuAdoo Ag palosloid 1senb Ag 20z ‘02 Idy uo /wod g uadolwq//:dny woij papeojumoq "zz0oz ABIN 2 U0 ££08G0-TZ0Z-uadolwag/9eTT 0T st paysiignd 1sui :uado CINg


http://bmjopen.bmj.com/

Page 7 of 30

oNOYTULT D WN =

BMJ Open

The Institutional Review Board of Kaohsiung Veterans General Hospital approved the study

protocol (VGHKS15-EM10-02).

Study Design and Relevant Variables

Patients with ESRD certificate cards (labeled by the ICD-9-CM code number 585) who had
received KT, defined as the ICD-9-CM code number V42.0, were eligible for inclusion. The
relevant data were accumulated from the code numbers of the selected patients. The date of
receipt of the ESRD diagnosis was defined as the date the ESRD certificate card was recorded.
Dialysis treatments, regardless of the HD and/or PD treatments, were allowed both before and

after the KT. The waiting time was calculated from the time of dialysis start (the date ESRD

certificate card was recoded) and the time at KT (the date the code number V42.0 were recorded).

Patients who were not simultaneously coded by the ICD-9-CM code numbers 585 and V42.0,
were younger than 18 years, or that had KT complications such as graft infection, rejection, and
failure (ICD-9-CM code number 996.81) were excluded. We categorized the selected patients
into four groups according to the different KT waiting times after ESRD: Group 1 (<1 year),
Group 2 (1-3 years), Group 3 (3—6 years), and Group 4 (>6 years).

The diagnostic codes were linked to inpatient and outpatient claims from the NHIRD including
age, sex, patient demographics, baseline comorbidities, survival status, and date of death.
Comorbidities at the baseline were diabetes mellitus (DM, ICD-9-CM code numbers of 250.X),
hypertension (ICD-9-CM code numbers of 401.X—405.X), dyslipidemia (ICD-9-CM code
numbers of 272.X), prior ischemic stroke (ICD-9-CM code numbers 433-434) before KT, and

prior myocardial infarction (MI) (ICD-9-CM code numbers of 410.X—411.X) before KT.
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Primary events included a composite of all-cause mortality, nonfatal MI, and nonfatal ischemic
stroke. Death by any cause was identified as withdrawal from the NHI system. A nonfatal MI
event after KT was defined as ICD-9-CM codes 410.X and 411.X, and a nonfatal stroke event
after KT was defined as ICD-9-CM codes 433—434. The observational period was 1-17 years.
The analysis was conducted as described to avoid repetitive counting, as the time to the first

event involved composite endpoints.

Statistical Analyses

All variables were analyzed using SPSS software version 20 (SPSS Inc., Illinois, USA). All the
categorical data and rates are displayed as numbers and percentages, while the continuous data
are shown as means + standard deviation. The baseline and outcome data were compared among
the groups by using the Chi-squared or Fisher’s exact test for categorical variables; analysis of
variance was used for continuous variables. Kaplan—Meier analysis with the log-rank test was
used to detect differences in the cumulative event-free survival among groups during the
observational period. Crude hazard ratio (CHR), adjusted hazard ratio (AHR), and 95%
confidence interval (CI) were obtained using a Cox regression model with univariate and
multivariate analyses for the primary cardiovascular endpoints, all-cause mortality, nonfatal MI,
and nonfatal ischemic stroke among the groups. The method of Schoenfeld residuals were used
to test the proportional hazards assumption of the Cox model. A P value <0.05 with a two-sided

95% CI was considered statistically significant for all tests.

Results

Baseline Characteristics
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A total of 3,571 eligible ESRD adults receiving uncomplicated KT between January 1997 and
December 2012 were selected (Figure 1). The average follow-up time was 8.1 + 4.3 years. Of the
selected patients, 853 (23.9%) constituted Group 1, 1660 (46.5%) Group 2, 750 (21.0%) Group 3,
and 308 (8.6%) Group 4. Significant differences were observed in the classic risk factors such as
sex, age, presence of DM, hypertension, and dyslipidemia at the baseline among the groups (all
P <0.001), except for the prior acute MI and prior stroke (both P >0.05). Patients in Group 4
were younger and had fewer comorbidities of DM, hypertension, and dyslipidemia at the
baseline. The characteristics at the baseline are outlined among the four groups, stratified by the

KT waiting times (Table 1).

Primary Outcome and KT Waiting Times

Primary events and all-cause mortality significantly increased in Groups 2, 3, and 4 when
compared with Group 1 (all P <0.001), regardless of the unadjusted or adjusted statistical models
(Table 2). Compared with Group 1, the adjusted risk of primary events significantly increased by
70% in Group 2, 115% in Group 3, and 207% in Group 4.

Compared with Group 1, Cox’s regression analyses revealed that the event risks significantly
increased in Group 2, including the primary events (CHR: 1.44; 95% CI: 1.21-1.71; P <0.001;
AHR: 1.70; 95% CI: 1.43-2.03; P <0.001), all-cause mortality (CHR: 1.48; 95% CI: 1.22—1.79;
P <0.001; AHR: 1.72; 95% CI: 1.42-2.09; P <0.001), and nonfatal MI (CHR: 1.65; 95% CI:
1.05-2.61; P = 0.031; AHR: 2.16; CI: 1.35-3.44; P = 0.001). The results of the univariate and

multivariate Cox regression analyses are summarized in Table 3.

Kaplan—Meier Analysis of Clinical Outcomes
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Kaplan—Meier analysis confirmed the superiority of early uncomplicated KT over late
uncomplicated KT, with regard to the primary outcome during the long-term follow-up period (P

<0.001 by log-rank test) (Figure 2). Considering all-cause mortality, a significant difference in

the cumulative rates was illustrated among the four groups (P <0.001 by log-rank test) (Figure 3).

A trend was observed in the cumulative rates of the nonfatal MI among the groups (P = 0.099 by
log-rank test) (Figure 4). No statistical difference was observed in the cumulative rates of the

nonfatal ischemic stroke among the groups (P = 0.655 by log-rank test) (Figure 5).

Discussion

This study generated four major findings; first, significant differences in the primary events and
all-cause mortality were exhibited among the four groups with stratified KT waiting times of <I,
1-3, 3-6, and >6 years. The KT waiting time is an independent predictor for primary events and
all-cause mortality in uncomplicated KT recipients. Second, the late uncomplicated KT groups
(>1 years) versus the early uncomplicated KT group (<1 year) exhibited significantly increased
1.67-3.10-fold risks of primary events, and all-cause mortality increased 1.69-2.77-fold risk
during the long-term observational period. Third, patients in Group 4 receiving the latest
uncomplicated KT (>6 years), who were younger and presented fewer comorbidities, had an
approximately 3-fold increased risk of primary events; therefore, compared with an earlier
uncomplicated KT, a later uncomplicated KT may increase the risk of primary events and reduce
the clinical benefits. Fourth, only one-fourth of the domestic KT recipients received KT within
one year after they had been diagnosed with ESRD, despite early KT being strongly

recommended.
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The key problem of delayed KT is lack of kidney donors in Taiwan. A cultural concept of
keeping completely intact body has limited organ donation. The organization of Taiwan Organ
Registry and Sharing Center has been responsible to manage the organ donation, matching and
sharing. Nearly three-fourths of the selected KT recipients received KT over one year after
ESRD diagnosis. The results indicated that the early uncomplicated KT group (<l year) was
significantly associated with lower risks of primary events and mortality, compared with those in
the late uncomplicated KT groups. This clearly points out that when the waiting times for the KT
are shorter, the primary and mortality risks are further reduced in the selected group; therefore,
our study suggests early KT for eligible ESRD adults in order to lower the risks of primary
events and mortality. Furthermore, the present study observed high rates of the primary events
(11.8% at within five years and 25.2% within 10 years) among the overall uncomplicated KT
recipients (Table 2). In Groups 1, 2, and 3, the rates were 6.7%, 13.0%, and 14.0% within 5 years,
increasing to 19.5%, 26.0%, and 30.8% within 10 years, respectively. The results reveal that the
rates of the primary events in the uncomplicated KT recipients were high, approximately
doubling within the following five years. Conflicting results obtained from a retrospective study
on KT recipients (n = 4,954) indicated no significant change in the incidence of major CVEs (M1,
coronary angioplasty, bypass surgery, and stroke) and death over a three-year observation period
(P = 0.41 and P = 0.92, respectively).?® Different characteristics of the selected patient groups,
primary endpoints, and observational periods may partially account for the inconsistent results. It
was reasonable that the rates of nonfatal AMI and stroke compared with total (fatal and nonfatal)
AMI and stroke were relatively low in the study because the partial numbers of fatal AMI and

stroke might be contributed to the numbers of all-cause death.
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All-cause mortality rates were increased in the late uncomplicated KT groups over 15 years.
Compared with Group 1, Group 2 had all-cause mortality rates of 11.0% (vs 5.5%) within five
years, 22.2% (vs 16.2%) within 10 years, and 35.8% (vs 26.3%) within 15 years, respectively.
The adjusted mortality risk was considerably augmented by 69% in Group 2 during the
long-term observational period. This finding may be explained by the fact that delayed KT
requires a longer pre-KT dialysis duration; however, the prolonged duration of dialysis while
awaiting KT may worsen the prognosis. Consistent results obtained from several studies have
exhibited that pre-KT and post-KT dialysis durations are reversely associated with the survival
outcome.?!"?> Furthermore, an 11-year retrospective cohort study on KT recipients (n = 4,654)
revealed a marginal increase in mortality in patients with a delay of >1 year, as well as bridge
pre-KT HD treatments, compared with patients without delay (HR: 1.36; 95% CI: 1.01-1.81; P =
0.04).%> Moreover, the documented preemptive KT was associated with a 45% reduction in the
hazard of the dialysis or re-KT (HR: 0.55; 95% CI: 0.47-0.64; P <0.001), and a 40% reduction in
the hazard of death with a functioning graft (HR: 0.60; 95% CI: 0.50-0.71; P <0.001).?’ In
addition, young adults (11-30 year-old) with ESRD who were not listed for KT within five years
and received dialysis treatments were 16.6 times more at risk of mortality than those who
received transplantation, according to the report of UK renal registry data between 1999 and
2008.2% Together, the findings strongly support that KT waiting time is an independent predictor
for primary events, as well as all-cause mortality, while early KT generates more favorable
clinical outcomes.

We propose several possible reasons for the superior clinical outcomes of early uncomplicated
KT. First, the patient selection bias and the baseline heterogeneity should have been considered

in the present study. Patients in Group 4 who were younger, presented with fewer comorbidities,
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and were receiving late uncomplicated KT had an approximately 3-fold higher clinical risk than
patients in Group 1 receiving early uncomplicated KT. Second, pre-KT dialysis durations in
most patients in Groups 1-4 varied and presumably affected the clinical outcomes. Late KT with
longer pre-KT dialysis durations may worsen the clinical and survival outcomes, thus increasing
the risks of infections and malignancies. Compatible results from relevant studies have depicted

that late KTs with longer pre-KT dialysis durations may lead to a relatively poorer survival.?!-?

By contrast, early KT with shorter pre-KT dialysis durations may yield more favorable outcomes.

Third, KT provides a relatively complete RRT with comprehensive physiological functions that
may be superior to dialysis treatments in the form of a partial RRT. Therefore, a longer KT
duration with a shorter dialysis duration may yield relatively favorable outcomes in early KT
recipients. Although the survival rates vary significantly due to the different KT waiting times,
the nonimmunologic pairing of kidney donors and recipients deserves serious consideration
regarding clinical outcomes.?

As conducting a randomized and controlled trial with randomization according to the KT waiting
times is challenging and against ethics, this retrospective observational study provides long-term,
real-world data; nevertheless, inherently, it has several limitations. First, some crucial variables
and confounders were not totally considered, as the NHIRD did not contain laboratory details
and all patients’ characteristics, and as factors affecting waitlisting. The baseline heterogeneity
and the unmeasured confounders may have affected the outcomes, despite the use of statistically
adjusted analyses. Second, we did not separate domestic and overseas KTs for the analysis;° at
the time of this study, we were unaware of the overseas KT failures in some patients. Third,
factors such as post-KT complications, immunosuppressive drugs, lifestyle conditions (i.e.,

cigarette smoking), and achievements of therapeutic goals were not analyzed. We highlight it
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should be limited to generalize the results to all KT patients. Fourth, the durations between the
KT and ESRD might not be entirely accurate, using the record dates of the medical codes.
Finally, the causes of mortality were not fully obtained (for example, some patients died of
cancers, infections, or cardiovascular diseases).

In conclusion, the present data reveals notable differences in the long-term clinical and survival
outcomes among groups with stratified KT waiting times after ESRD in selected patients
receiving uncomplicated KT. Compared to late uncomplicated KT, early uncomplicated KT is
strongly associated with superior clinical and survival outcomes; therefore, this study suggests
that KT should be performed as early as possible in eligible ESRD patients, the shortage of

kidney donors should be emphasized and rapidly solved.
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Table 1. Characteristics at baseline among groups of patients with different waiting times for kidney

BMJ Open

Page 20 of 30

transplantation
Total Waiting Time for Kidney Transplantation
Variable (1 =3.563) <1 years 1-3 years 4-6 years > 6 years P Value®
(n=853) (n=1,652) (n="750) (n =308)
No. (%) No. (%) No. (%) No. (%) No. (%)
Sex
Female 1,667 (46.8) 362 (42.4) 766 (46.4) 365 (48.7) 174 (56.5) <0.001
Male 1896 (53.2) 491 (57.6) 886 (53.6) 385(51.3) 134 (43.5)
Age (years, mean+ SD) 43.2+11.2  455+11.1 434+11.5 422+10.4 38.2+9.6 <0.001°
Diabetes
No 2,804 (78.7) 646 (75.7) 1,262 (76.4) 619 (82.5) 277 (89.9) <0.001
Yes 759 (21.3) 207 (24.3) 390 (23.6) 131 (17.5) 31(10.1)
Hypertension
No 828 (23.2) 180 (21.1) 355 (21.5) 191 (25.5) 102 (33.1) <0.001
Yes 2,735 (76.8) 673 (78.9) 1,297 (78.5) 559 (74.5) 206 (66.9)
Dyslipidemia
No 2,588 (72.6) 557 (65.3) 1,184 (71.7) 582 (77.6) 265 (86.0) <0.001
Yes 975 (27.4) 296 (34.7) 468 (28.3) 168 (22.4) 43 (14.0)
History of AMI
No 3,487 (97.9) 841 (98.6) 1,621 (97.7) 733 (97.7) 300 (97.4) 0.400
Yes 76 (2.1) 12 (1.4) 39 (2.3) 17 (2.3) 8(2.6)
History of Stroke
No 3,592 (98.0) 834 (97.8) 1,613 (97.6) 739 (98.5) 306 (99.4) 0.151
Yes 71 (2.0) 19 (2.2) 39 (2.4) 11 (1.5) 2 (0.6)

Note: Values for the categorical variables are given as number (percentage); continuous variables as mean + standard

deviation.

4P value was estimated using the Chi-squared test.
bP value was estimated using the Kruskal-Wallis one-way analysis of variance test.
Abbreviation: AMI, acute myocardial infarction; KT, kidney transplantation; SD, standard deviation.
The age was measured at the time of KT. The waiting time was calculated from the time of dialysis start (the date

ESRD certificate card was recoded) and the time at KT (the date the code number V42.0 were recorded). Diabetes

was defined as the ICD-9-CM code numbers of 250.X, hypertension as 401.X—405.X, dyslipidemia as 272.X,
history of acute myocardial infarction as 410.X—411.X before KT, history of stroke as 433—434 before KT.
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Table 3. Univariate and multivariate Cox regression analyses of clinical events (all-cause death, nonfatal AMI, and n@fatal stroke) among groups with

different waiting times for kidney transplantation &
Wa}ting Time No. (%) Primary Events? All-Cause Death Nonfatal AMI i Nonfatal Stroke
or KT CHR (95% CI) PValue® CHR (95% CI) P Value® CHR (95% CI) P Valge® CHR (95% CI) P Value®
<1 years 853 (23.9) 1.00 1.00 1.00 S 1.00
O
1-3 years 1652 (46.4) 1.41 (1.19-1.68) <0.001 1.44 (1.19-1.75)  <0.001 1.63 (1.03-2.57) 0 O3§ 1.12 (0.70-1.80)  0.625
4-6 years 750 (21.1) 1.64(1.32-2.04) <0.001 1.68 (1.32-2.13)  <0.001 1.84 (1.03-3.31) 0.04% 1.03 (0.54-1.95)  0.932
> 6 years 308 (8.6) 1.79(1.29-2.49) 0.001 1.71 (1.18-2.46)  0.004 2.12 (0.85-5.27) 0.10§ 1.68 (0.72-3.93)  0.230
No. (%) AHR (95% CI) P Value¢ AHR (95% CI) P Value¢ @ AHR (95% CI) P Val%ec AHR (95% CI) P Value®
<1 years 853 (23.9) 1.00 1.00 1.00 ?z 1.00
o
1-3 years 1652 (46.4) 1.67 (1.40-2.00) <0.001 1.69 (1.39-2.05) <0.001 2.14 (1.34-3.42) 0.0072' 1.32(0.82-2.14)  0.256
4-6 years 750 (21.1) 2.17(1.73-2.71) <0.001  2.14 (1.68-2.73)  <0.001 3.01 (1.64-5.55) <0.0(§1 1.46 (0.76-2.82)  0.257
> 6 years 308 (8.6) 3.10(2.21-4.35) <0.001  2.77 (1.90-4.05) <0.001 4.80 (1.87-12.32) 0.00% 3.28 (1.35-7.96)  0.009
a“Primary events” indicates a composite of all-cause death, nonfatal AMI, and nonfatal stroke. §
N

P values were estimated using the Cox’s regression analyses.

°P values were adjusted for sex, age, diabetes, hypertension, dyslipidemia, history of AMI, and history of stroke using multiple x's regression analyses.

No statistical significance using the method of Schoenfeld residuals to test the proportional hazards assumption of the Cox mod

Abbreviation: AHR, adjusted hazard ratio; AMI, acute myocardial infarction; CHR, crude hazard ratio; CI, confidence interval; BT, kidney transplantation
Y
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Figure Legends

Figure 1. Patient selection flow chart.
Abbreviations: ESRD, end-stage renal disease; ICD-9-CM, International Classification of
Diseases, Ninth Revision, Clinical Modification; KT, kidney transplantation; NHI, National

Health Insurance

Figure 2. Kaplan—Meier survival analysis illustrates a significant difference in the cumulative
incidence of primary events among the four groups with stratified KT waiting times during the
17-year observational period (P < 0.001 by log-rank test). Early KT (<1 year) represented by the

black line indicates the most favorable primary outcome during the observational period.

Figure 3. Kaplan—Meier survival analysis illustrates a significant difference in the cumulative
incidence of all-cause mortality among the four KT groups during the 17-year observational
period (P < 0.001 by log-rank test). Early KT (<1 year) represented by the black line indicates

the most favorable survival outcome during the observational period.

Figure 4. Kaplan—Meier survival analysis indicates a statistical trend in the cumulative incidence
of nonfatal myocardial infarction among the four KT groups during the 17-year observational
period. Early KT (<1 year) represented by the black line indicates the most favorable outcome of
nonfatal acute myocardial infarction (AMI) during the observational period. The different lines

representing the other three KT groups are not obviously separated for nonfatal AMI.
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Figure 5. Kaplan—Meier survival analysis indicates no statistical difference in the cumulative
incidence of nonfatal stroke among the four KT groups during the 17-year observational period.
Late KT (>6 years) represented by the gray line indicates the least favorable outcome of nonfatal
stroke during the late observational years. In addition, the other lines are not separated during the

observational period.
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Subjects selected by the ICD-9-CM code numbers V42.0 for KT and > 18 year-
old in the Taiwan NHI population database between 1997 and 2012 (n = 15,462)

Exclusion: (n=11,899)

. Complications of KT

. Unknown gender

. No ESRD card

. No dialysis recording after ESRD card
. KT after 2012
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Abstract
Objectives: While patients with end-stage renal disease (ESRD) are at a high risk of

cardiovascular events (CVEs), kidney transplantation (KT) has been reported to improve CVEs
and survival. As the association of KT timing on long-term survival and clinical outcomes
remains unclear, we investigated the association of different KT waiting times on clinical
outcomes.

Design: Retrospective observational cohort study.

Setting: An observational cohort study from the National Health Insurance Research Database in
Taiwan. Adult patients who initiated kidney transplantation therapy from 1997 to 2013 were
enrolled.

Participants: A total of 3562 adult patients who initiated uncomplicated KT therapy were
collected and categorized into 4 groups according to KT waiting times after ESRD: Group 1 (<1
year), Group 2 (1-3 years), Group 3 (3—6 years), and Group 4 (>6 years).

Primary and secondary outcome measures: Primary endpoints were defined as all-cause death,
nonfatal myocardial infarction, or nonfatal stroke using the primary diagnosis in medical records
during hospitalization.

Results: Compared with Group 1, the adjusted primary events risk (all-cause death, nonfatal
myocardial infarction, or nonfatal stroke) increased 1.67 folds in Group 2 (95% CI: 1.40-2.00; P
<0.001), 2.17 folds in Group 3 (95% CI: 1.73-2.71; P <0.001), and 3.10 folds in Group 4 (95%
CI: 2.21-4.35; P <0.001). The rates of the primary events were 6.7%, 13.4%, and 14.0% within
five years, increasing to 19.5%, 26.3%, and 30.8% within 10 years in Groups 1, 2, and 3,
respectively.

Conclusions: Our results demonstrate that early KT is associated with superior long-term

clinical and survival outcomes compared to late KT in selected ESRD patients receiving

2
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uncomplicated KT, suggesting that an early KT could be a better treatment option for ESRD

patients who are eligible for transplantation.

Keywords: Clinical outcomes; End-stage renal disease; Kidney transplantation; Myocardial

infarction; Stroke

Strengths and limitations of this study

® The data for this study were retrospectively collected from patients who initiated kidney
transplantation therapy from 1997 to 2013 were enrolled in the National Health Insurance
Research Database (NHIRD) in Taiwan.

® This study examines the different KT waiting times, which notably affect differences in the
long-term clinical and survival outcomes.

® Limitations are that lack of physical and biochemical information because of inherent
limitations from administrative claims data.

® Some crucial variables and confounders were not available and not totally considered. For
example, the NHIRD did not contain laboratory details and all patients’ characteristics, and

factors affecting waitlisting.
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Introduction

The prevalence and incidence of patients with end-stage renal disease (ESRD) are relatively high
in Asian countries such as Japan and Taiwan.'-* Patients with ESRD must receive renal
replacement therapy (RRT) including kidney transplantation (KT), hemodialysis (HD) treatments,
and/or peritoneal dialysis (PD) treatments. RRT dependent patients who wait for KT need to
receive dialysis treatments. Studies have revealed that KT was superior to dialysis treatments in
terms of improved quality of life,* > survival,®® and cardiovascular outcome.® '° Therefore, KT is
considered a gold-standard RRT; however, KT recipients still exhibit increased cardiovascular
events (CVEs), compared with in the general population.* © Moreover, several independent risk
factors were reported for mortality and CVEs in KT recipients including male sex,!! older age,!?
13 prior CVEs,'* 15 left ventricular hypertrophy,'® abnormal myocardial perfusion,'¢ low
high-density lipoprotein cholesterol,!” low physical activity,!® and elevated plasma levels of
asymmetrical dimethylarginine.!®

A proportionally large number of ESRD patients received late KT due to the shortage of kidney
donors. Thus, by early 2017, the KT waitlist in Taiwan exceeded 6,000 patients; nevertheless,
only 230-325 patients received KTs per year (between 2005 and 2016).2° While evidence
regarding the effect of KT timings on clinical outcomes is very limited,” a few national reports
have shown that a longer pre-KT dialysis duration is associated with a higher risk of all-cause
mortality.?>> We hypothesized that longer KT waiting times were associated with poorer
clinical and survival outcomes in a selected group of Taiwanese patients with ESRD receiving
uncomplicated KT, and vice versa. We highly concerned that several clinical factors related to
KT complications possibly influenced the outcomes. We therefore conducted a large scale

retrospective observational study with an exclusion of KT complications to analyze a 17-year
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sample from the Taiwan National Health Insurance Research Database (NHIRD) to investigate
the relationship between KT timing and long-term cardiovascular outcomes; the study results
may aid in national policy development for promoting organ donations, clinical practice, and

further investigations.

Methods

Patient and public involvement

The patients and the public were not involved in the design, conduct, or reporting of our study.

Data Source

The data for the analyses were obtained from the NHIRD in Taiwan between 1997 and 2012.
The observation period ended in 2013. The NHIRD contains numerous inpatient and outpatient
medical data for almost 23 million residents. All RRT strategies, including KT and maintenance
dialysis (PD and/or HD) treatments, are covered by the NHI system. The database contains
patients’ identification number, age, sex, details of outpatient and inpatient services, as well as
diagnoses and procedures. The International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) code system has been used for reimbursement in the healthcare
system. Numerous studies have been published based on this valuable medical database. This
observational cohort study collected data of all adult ESRD patients (>18 years old) from the
population who had received uncomplicated KT as an RRT between January 1, 1997 and

December 31, 2012, that were followed-up until December 31, 2013.
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Ethics approval
The Institutional Review Board of Kaohsiung Veterans General Hospital approved the study

protocol (VGHKS15-EM10-02).

Study Design and Relevant Variables

Patients with ESRD certificate cards (labeled by the ICD-9-CM code number 585) indicating
RRT dependent patients, who had received KT, defined as the ICD-9-CM code number V42.0,
were eligible for inclusion. The relevant data were accumulated from the code numbers of the
selected patients. The date of receipt of the ESRD diagnosis was defined as the date the ESRD
certificate card was recorded. Dialysis treatments, regardless of the HD and/or PD treatments,
were allowed both before and after the KT. The waiting time was calculated from the time of
dialysis start (the date ESRD certificate card was recoded) and the time at KT (the date the code
number V42.0 were recorded). Patients who were not simultaneously coded by the ICD-9-CM
code numbers 585 and V42.0, were younger than 18 years, or that had KT complications such as
graft infection, rejection, and failure (ICD-9-CM code number 996.81) were excluded. We
categorized the selected patients into four groups according to the different KT waiting times
after ESRD: Group 1 (<1 year), Group 2 (1-3 years), Group 3 (3—6 years), and Group 4 (>6
years).

The diagnostic codes were linked to inpatient and outpatient claims from the NHIRD including
age, sex, patient demographics, baseline comorbidities, survival status, and date of death.
Comorbidities at the baseline were diabetes mellitus (DM, ICD-9-CM code numbers of 250.X),

hypertension (ICD-9-CM code numbers of 401.X—405.X), dyslipidemia (ICD-9-CM code
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numbers of 272.X), prior ischemic stroke (ICD-9-CM code numbers 433—434) before KT, and
prior myocardial infarction (MI) (ICD-9-CM code numbers of 410.X—411.X) before KT.

Primary events included a composite of all-cause mortality, nonfatal MI, and nonfatal ischemic
stroke. Death by any cause was identified as withdrawal from the NHI system. A nonfatal MI
event after KT was defined as ICD-9-CM codes 410.X and 411.X, and a nonfatal stroke event

after KT was defined as ICD-9-CM codes 433—434. The observational period was 1-17 years.

Statistical Analyses

All variables were analyzed using SPSS software version 20 (SPSS Inc., Illinois, USA). All the
categorical data and rates are displayed as numbers and percentages, while the continuous data
are shown as means + standard deviation. The baseline and outcome data were compared among
the groups by using the Chi-squared or Fisher’s exact test for categorical variables; analysis of
variance was used for continuous variables. Kaplan—Meier analysis with the log-rank test was
used to detect differences in the cumulative event-free survival among groups during the
observational period. Crude hazard ratio (CHR), adjusted hazard ratio (AHR), and 95%
confidence interval (CI) were obtained using a Cox regression model with univariate and
multivariate analyses for the primary cardiovascular endpoints, all-cause mortality, nonfatal MI,
and nonfatal ischemic stroke among the groups. The method of Schoenfeld residuals were used

to test the proportional hazards assumption of the Cox model. The analysis was conducted as

described to avoid repetitive counting, as the time to the first event involved composite endpoints.

A P value <0.05 with a two-sided 95% CI was considered statistically significant for all tests.

Results

7
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Baseline Characteristics

A total of 3,562 eligible ESRD adults receiving uncomplicated KT between January 1997 and
December 2012 were selected (Figure 1). The average follow-up time was 8.1 + 4.3 years. Of the
selected patients, 853 (23.9%) constituted Group 1, 1651 (46.4%) Group 2, 750 (21.0%) Group 3,
and 308 (8.6%) Group 4. Significant differences were observed in the classic risk factors such as
sex, age, presence of DM, hypertension, and dyslipidemia at the baseline among the groups (all
P <0.001), except for the prior acute MI and prior stroke (both P >0.05). Patients in Group 4
were younger and had fewer comorbidities of DM, hypertension, and dyslipidemia at the
baseline. The characteristics at the baseline are outlined among the four groups, stratified by the

KT waiting times (Table 1).

Primary Outcome and KT Waiting Times

Primary events and all-cause mortality significantly increased in Groups 2, 3, and 4 when
compared with Group 1 (all P <0.001), regardless of the unadjusted or adjusted statistical models
(Table 2). Compared with Group 1, the adjusted risk of primary events significantly increased by
67% in Group 2, 117% in Group 3, and 210% in Group 4 (Table 3). Compared with Group 1,
Cox’s regression analyses revealed that the event risks significantly increased in Group 2,
including the primary events (CHR: 1.41; 95% CI: 1.19-1.68; P <0.001; AHR: 1.67; 95% CI:
1.40-2.00; P <0.001), all-cause mortality (CHR: 1.44; 95% CI: 1.19-1.75; P <0.001; AHR: 1.69;
95% CI: 1.39-2.05; P <0.001), and nonfatal MI (CHR: 1.63; 95% CI: 1.03-2.57; P = 0.037;
AHR: 2.14; CI: 1.34-3.42; P = 0.002). The results of the univariate and multivariate Cox

regression analyses are summarized in Table 3.
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Kaplan—Meier Analysis of Clinical Outcomes
Kaplan—Meier analysis confirmed the superiority of early uncomplicated KT over late
uncomplicated KT, with regard to the primary outcome during the long-term follow-up period (P

<0.001 by log-rank test) (Figure 2). Considering all-cause mortality, a significant difference in

the cumulative rates was illustrated among the four groups (P <0.001 by log-rank test) (Figure 3).

A trend was observed in the cumulative rates of the nonfatal MI among the groups (P = 0.102 by
log-rank test) (Figure 4). No statistical difference was observed in the cumulative rates of the

nonfatal ischemic stroke among the groups (P = 0.665 by log-rank test) (Figure 5).

Discussion

This study generated four major findings; first, significant differences in the primary events and
all-cause mortality were exhibited among the four groups with stratified KT waiting times of <I,
1-3, 3-6, and >6 years. The KT waiting time is an independent predictor for primary events and
all-cause mortality in uncomplicated KT recipients. Second, the late uncomplicated KT groups
(>1 years) versus the early uncomplicated KT group (<1 year) exhibited significantly increased
1.67-3.10-fold risks of primary events, and all-cause mortality increased 1.69-2.77-fold risk
during the long-term observational period. Third, patients in Group 4 receiving the latest
uncomplicated KT (>6 years), who were younger and presented fewer comorbidities, had an
approximately 3-fold increased risk of primary events; therefore, compared with an earlier
uncomplicated KT, a later uncomplicated KT may increase the risk of primary events and reduce
the clinical benefits. Fourth, only one-fourth of the domestic KT recipients received KT within
one year after they had been diagnosed with ESRD, despite early KT being strongly

recommended.
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The key problem of delayed KT is lack of kidney donors in Taiwan. A cultural concept of
keeping completely intact body has limited organ donation. The organization of Taiwan Organ
Registry and Sharing Center has been responsible to manage the organ donation, matching and
sharing. Nearly three-fourths of the selected KT recipients received KT over one year after
ESRD diagnosis. The results indicated that the early uncomplicated KT group (<l year) was
significantly associated with lower risks of primary events and mortality, compared with those in
the late uncomplicated KT groups. This clearly points out that when the waiting times for the KT
are shorter, the primary and mortality risks are further reduced in the selected group; therefore,
our study suggests early KT for eligible ESRD adults in order to lower the risks of primary
events and mortality. Furthermore, the present study observed high rates of the primary events
(11.8% at within five years and 25.2% within 10 years) among the overall uncomplicated KT
recipients (Table 2). In Groups 1, 2, and 3, the rates were 6.7%, 13.0%, and 14.0% within 5 years,
increasing to 19.5%, 26.0%, and 30.8% within 10 years, respectively. The results reveal that the
rates of the primary events in the uncomplicated KT recipients were high, approximately
doubling within the following five years. Conflicting results obtained from a retrospective study
on KT recipients (n = 4,954) indicated no significant change in the incidence of major CVEs (M1,
coronary angioplasty, bypass surgery, and stroke) and death over a three-year observation period
(P = 0.41 and P = 0.92, respectively).?® Different characteristics of the selected patient groups,
primary endpoints, and observational periods may partially account for the inconsistent results. It
was reasonable that the rates of nonfatal AMI and stroke compared with total (fatal and nonfatal)
AMI and stroke were relatively low in the study because the partial numbers of fatal AMI and

stroke might be contributed to the numbers of all-cause death.
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All-cause mortality rates were increased in the late uncomplicated KT groups over 15 years.
Compared with Group 1, Group 2 had all-cause mortality rates of 11.0% (vs 5.5%) within five
years, 22.2% (vs 16.2%) within 10 years, and 35.8% (vs 26.3%) within 15 years, respectively.
The adjusted mortality risk was considerably augmented by 69% in Group 2 during the
long-term observational period. RRT dependent patients who waited for KT needed to receive
dialysis treatments. This finding may be explained by the fact that delayed KT requires a longer
pre-KT dialysis duration; that is, the prolonged duration of dialysis while awaiting KT may
worsen the prognosis. Consistent results obtained from several studies have exhibited that
pre-KT and post-KT dialysis durations are reversely associated with the survival outcome.?!->
Furthermore, an 11-year retrospective cohort study on KT recipients (n = 4,654) revealed a
marginal increase in mortality in patients with a delay of >1 year, as well as bridge pre-KT HD
treatments, compared with patients without delay (HR: 1.36; 95% CI: 1.01-1.81; P = 0.04).%
Moreover, the documented preemptive KT was associated with a 45% reduction in the hazard of
the dialysis or re-KT (HR: 0.55; 95% CI: 0.47-0.64; P <0.001), and a 40% reduction in the
hazard of death with a functioning graft (HR: 0.60; 95% CI: 0.50-0.71; P <0.001).?” In addition,
young adults (11-30 year-old) with ESRD who were not listed for KT within five years and
received dialysis treatments were 16.6 times more at risk of mortality than those who received
transplantation, according to the report of UK renal registry data between 1999 and 2008.23
Together, the findings strongly support that KT waiting time is an independent predictor for
primary events, as well as all-cause mortality, while early KT generates more favorable clinical
outcomes.

We propose several possible reasons for the superior clinical outcomes of early uncomplicated

KT. First, the patient selection bias and the baseline heterogeneity should have been considered
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in the present study. Patients in Group 4 who were younger, presented with fewer comorbidities,
and received late uncomplicated KT had an approximately 3-fold higher clinical risk than
patients in Group 1 receiving early uncomplicated KT. We explained the finding that younger
patients in Group 4 were with possibly more detrimental factors to result in earlier development
of ESRD and need longer dialysis treatments, which might lead to poorer clinical outcomes.
Second, pre-KT dialysis durations in most patients in Groups 1-4 varied and presumably
affected the clinical outcomes. Late KT with longer pre-KT dialysis durations may worsen the
clinical and survival outcomes, thus increasing the risks of infections and malignancies.
Compatible results from relevant studies have depicted that late KTs with longer pre-KT dialysis
durations may lead to a relatively poorer survival.?!->> By contrast, early KT with shorter pre-KT
dialysis durations may yield more favorable outcomes. Third, KT provides a relatively complete
RRT with comprehensive physiological functions that may be superior to dialysis treatments in
the form of a partial RRT. Therefore, a longer KT duration with a shorter dialysis duration may
yield relatively favorable outcomes in early KT recipients. Although the survival rates vary
significantly due to the different KT waiting times, the nonimmunologic pairing of kidney
donors and recipients deserves serious consideration regarding clinical outcomes.?’

As conducting a randomized and controlled trial with randomization according to the KT waiting
times is challenging and against ethics, this retrospective observational study provides long-term,
real-world data; nevertheless, inherently, it has several limitations. First, some crucial variables
and confounders were not totally considered, as the NHIRD did not contain laboratory details
and all patients’ characteristics, and as factors affecting waitlisting. The baseline heterogeneity
and the unmeasured confounders may have affected the outcomes, despite the use of statistically

adjusted analyses. Second, we did not separate domestic and overseas KTs for the analysis;° at
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the time of this study, we were unaware of the overseas KT failures in some patients. Third,
factors such as post-KT complications, immunosuppressive drugs, lifestyle conditions (i.e.,
cigarette smoking), and achievements of therapeutic goals were not analyzed. We highlight it
should be limited to generalize the results to all KT patients. Fourth, the durations between the
KT and ESRD might not be entirely accurate, using the record dates of the medical codes.
Dialysis treatments were warranted during the waiting time for KT. Finally, the causes of
mortality were not fully obtained (for example, some patients died of cancers, infections, or
cardiovascular diseases).

In conclusion, the present data reveals notable differences in the long-term clinical and survival
outcomes among groups with stratified KT waiting times after ESRD in selected patients
receiving uncomplicated KT. Compared to late uncomplicated KT, early uncomplicated KT is
strongly associated with superior clinical and survival outcomes; therefore, this study suggests
that KT should be performed as early as possible in eligible ESRD patients, the shortage of

kidney donors should be emphasized and rapidly solved.
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Table 1. Characteristics at baseline among groups of patients with different waiting times for kidney

BMJ Open

Page 20 of 30

transplantation
Total Waiting Time for Kidney Transplantation
Variable (n=3.562) <1 years 1-3 years 4-6 years > 6 years P Value®
(n=853) (n=1,651) (n="750) (n =308)
No. (%) No. (%) No. (%) No. (%) No. (%)
Sex
Female 1,667 (46.8) 362 (42.4) 766 (46.4) 365 (48.7) 174 (56.5) <0.001
Male 1896 (53.2) 491 (57.6) 886 (53.6) 385(51.3) 134 (43.5)
Age (years, mean+ SD) 43.2+11.2  455+11.1 434+11.5 422+10.4 38.2+9.6 <0.001°
Diabetes
No 2,804 (78.7) 646 (75.7) 1,262 (76.4) 619 (82.5) 277 (89.9) <0.001
Yes 759 (21.3) 207 (24.3) 390 (23.6) 131 (17.5) 31(10.1)
Hypertension
No 828 (23.2) 180 (21.1) 355 (21.5) 191 (25.5) 102 (33.1) <0.001
Yes 2,735 (76.8) 673 (78.9) 1,297 (78.5) 559 (74.5) 206 (66.9)
Dyslipidemia
No 2,588 (72.6) 557 (65.3) 1,184 (71.7) 582 (77.6) 265 (86.0) <0.001
Yes 975 (27.4) 296 (34.7) 468 (28.3) 168 (22.4) 43 (14.0)
History of AMI
No 3,487 (97.9) 841 (98.6) 1,621 (97.7) 733 (97.7) 300 (97.4) 0.400
Yes 76 (2.1) 12 (1.4) 39 (2.3) 17 (2.3) 8(2.6)
History of Stroke
No 3,592 (98.0) 834 (97.8) 1,613 (97.6) 739 (98.5) 306 (99.4) 0.151
Yes 71 (2.0) 19 (2.2) 39 (2.4) 11 (1.5) 2 (0.6)

Note: Values for the categorical variables are given as number (percentage); continuous variables as mean + standard

deviation.

4P value was estimated using the Chi-squared test.
bP value was estimated using the Kruskal-Wallis one-way analysis of variance test.
Abbreviation: AMI, acute myocardial infarction; KT, kidney transplantation; SD, standard deviation.
The age was measured at the time of KT. The waiting time was calculated from the time of dialysis start (the date

ESRD certificate card was recoded) and the time at KT (the date the code number V42.0 were recorded). Diabetes

was defined as the ICD-9-CM code numbers of 250.X, hypertension as 401.X—405.X, dyslipidemia as 272.X,
history of acute myocardial infarction as 410.X—411.X before KT, history of stroke as 433—434 before KT.
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Table 3. Univariate and multivariate Cox regression analyses of clinical events (all-cause death, nonfatal AMI, and n@fatal stroke) among groups with

different waiting times for kidney transplantation &
Wa}ting Time No. (%) Primary Events? All-Cause Death Nonfatal AMI i Nonfatal Stroke
or KT CHR (95% CI) PValue® CHR (95% CI) P Value® CHR (95% CI) P Valge® CHR (95% CI) P Value®
<1 years 853 (23.9) 1.00 1.00 1.00 S 1.00
O
1-3 years 1651 (46.4) 1.41 (1.19-1.68) <0.001 1.44 (1.19-1.75)  <0.001 1.63 (1.03-2.57) 0 O3§ 1.12 (0.70-1.80)  0.625
4-6 years 750 (21.1) 1.64(1.32-2.04) <0.001 1.68 (1.32-2.13)  <0.001 1.84 (1.03-3.31) 0.04% 1.03 (0.54-1.95)  0.932
> 6 years 308 (8.6) 1.79(1.29-2.49) 0.001 1.71 (1.18-2.46)  0.004 2.12 (0.85-5.27) 0.10§ 1.68 (0.72-3.93)  0.230
No. (%) AHR (95% CI) P Value¢ AHR (95% CI) P Value¢ @ AHR (95% CI) P Val%ec AHR (95% CI) P Value®
<1 years 853 (23.9) 1.00 1.00 1.00 ?z 1.00
o
1-3 years 1651 (46.4) 1.67 (1.40-2.00) <0.001 1.69 (1.39-2.05) <0.001 2.14 (1.34-3.42) 0.0072' 1.32(0.82-2.14)  0.256
4-6 years 750 (21.1) 2.17(1.73-2.71) <0.001  2.14 (1.68-2.73)  <0.001 3.01 (1.64-5.55) <0.0(§1 1.46 (0.76-2.82)  0.257
> 6 years 308 (8.6) 3.10(2.21-4.35) <0.001  2.77 (1.90-4.05) <0.001 4.80 (1.87-12.32) 0.00% 3.28 (1.35-7.96)  0.009
a“Primary events” indicates a composite of all-cause death, nonfatal AMI, and nonfatal stroke. §
N

P values were estimated using the Cox’s regression analyses.

°P values were adjusted for sex, age, diabetes, hypertension, dyslipidemia, history of AMI, and history of stroke using multiple x's regression analyses.

No statistical significance using the method of Schoenfeld residuals to test the proportional hazards assumption of the Cox mod

Abbreviation: AHR, adjusted hazard ratio; AMI, acute myocardial infarction; CHR, crude hazard ratio; CI, confidence interval; BT, kidney transplantation
Y
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Figure Legends

Figure 1. Patient selection flow chart.
Abbreviations: ESRD, end-stage renal disease; ICD-9-CM, International Classification of
Diseases, Ninth Revision, Clinical Modification; KT, kidney transplantation; NHI, National

Health Insurance

Figure 2. Kaplan—Meier survival analysis illustrates a significant difference in the cumulative
incidence of primary events among the four groups with stratified KT waiting times during the
17-year observational period (P < 0.001 by log-rank test). Early KT (KT waiting time <1 year)
represented by the black line indicates the most favorable primary outcome during the

observational period.

Figure 3. Kaplan—Meier survival analysis illustrates a significant difference in the cumulative
incidence of all-cause mortality among the four KT groups during the 17-year observational
period (P < 0.001 by log-rank test). Early KT (KT waiting time <1 year) represented by the black

line indicates the most favorable survival outcome during the observational period.

Figure 4. Kaplan—Meier survival analysis indicates a statistical trend in the cumulative incidence
of nonfatal myocardial infarction among the four KT groups during the 17-year observational

period. Early KT (KT waiting time <l year) represented by the black line indicates the most

favorable outcome of nonfatal acute myocardial infarction (AMI) during the observational period.
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The different lines representing the other three KT groups are not obviously separated for

nonfatal AMI.

Figure 5. Kaplan—Meier survival analysis indicates no statistical difference in the cumulative
incidence of nonfatal stroke among the four KT groups during the 17-year observational period.
Late KT (KT waiting time >6 years) represented by the gray line indicates the least favorable
outcome of nonfatal stroke during the late observational years. In addition, the other lines are not

separated during the observational period.
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Subjects selected by the ICD-9-CM code numbers V42.0 for KT and > 18 year-
old in the Taiwan NHI population database between 1997 and 2012 (n = 15,462)

Exclusion: (n=11,900)

. Complications of KT

. Unknown gender

. No ESRD card

. No dialysis recording after ESRD card
. KT after 2012

L R S R S R

l

L

l l

KT waiting tiune KT waiting time KT waiting tine KT waiting tine
<1 year,n =853 1-3 years,n = 1,651 3-6 years,n =750 > 6 years, n = 308
Analysis
Figure 1
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Item Page
No Recommendation No
Title and abstract | (a) Indicate the study’s design with a commonly used term in the lor2
title or the abstract
(b) Provide in the abstract an informative and balanced summary of | 2
what was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation | 4
being reported
Objectives 3 State specific objectives, including any prespecified hypotheses 4-5
Methods
Study design 4 Present key elements of study design early in the paper 6
Setting Describe the setting, locations, and relevant dates, including periods
of recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of 5
selection of participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential 6
confounders, and effect modifiers. Give diagnostic criteria, if
applicable
Data sources/ 8* For each variable of interest, give sources of data and details of 7
measurement methods of assessment (measurement). Describe comparability of
assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias Not
applicable
Study size 10  Explain how the study size was arrived at Not
applicable
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If | Not
applicable, describe which groupings were chosen and why applicable
Statistical methods 12 (a) Describe all statistical methods, including those used to control 7
for confounding
(b) Describe any methods used to examine subgroups and Not
interactions applicable
(c) Explain how missing data were addressed Not
applicable
(d) If applicable, describe analytical methods taking account of Not
sampling strategy applicable
(e) Describe any sensitivity analyses Not
applicable
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg 7
numbers potentially eligible, examined for eligibility, confirmed
eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage Not
applicable
(c) Consider use of a flow diagram 7
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Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, 7
clinical, social) and information on exposures and potential
confounders
(b) Indicate number of participants with missing data for each Not
variable of interest applicable
Outcome data 15*  Report numbers of outcome events or summary measures 8-9
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder- 8
adjusted estimates and their precision (eg, 95% confidence interval).
Make clear which confounders were adjusted for and why they were
included
(b) Report category boundaries when continuous variables were Not
categorized applicable
(c) If relevant, consider translating estimates of relative risk into Not
absolute risk for a meaningful time period applicable
Other analyses 17 Report other analyses done—eg analyses of subgroups and Not
interactions, and sensitivity analyses applicable
Discussion
Key results 18 Summarise key results with reference to study objectives 9
Limitations 19 Discuss limitations of the study, taking into account sources of 12
potential bias or imprecision. Discuss both direction and magnitude
of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering 11-12
objectives, limitations, multiplicity of analyses, results from similar
studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 9-12
Other information
Funding 22 Give the source of funding and the role of the funders for the present | 17

study and, if applicable, for the original study on which the present

article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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Abstract

Objectives: Patients with end-stage renal disease (ESRD) are at a high risk of cardiovascular
events (CVEs), and kidney transplantation (KT) has been reported to improve risk of CVEs and
survival. As the association of KT timing on long-term survival and clinical outcomes remains
unclear, we investigated the association of different KT waiting times on clinical outcomes.
Design: Retrospective observational cohort study.

Setting: We conducted an observational cohort study using data from the National Health
Insurance Research Database in Taiwan. Adult patients who initiated kidney transplantation
therapy from 1997 to 2013 were included.

Participants: A total of 3562 adult patients who initiated uncomplicated KT therapy were
included and categorized into four groups according to KT waiting times after ESRD: Group 1
(<1 year), Group 2 (1-3 years), Group 3 (3—6 years), and Group 4 (>6 years).

Primary outcome measure: The main outcome was a composite of all-cause death, nonfatal
myocardial infarction, or nonfatal stroke, based on the primary diagnosis in medical records
during hospitalization.

Results: Compared with Group 1, the adjusted risk of primary outcome events (all-cause death,
nonfatal myocardial infarction, or nonfatal stroke) increased by 1.67 times in Group 2 (95% CI:
1.40-2.00; P <0.001), 2.17 times in Group 3 (95% CI: 1.73-2.71; P <0.001), and 3.10 times in
Group 4 (95% CI: 2.21-4.35; P <0.001). The rates of primary outcome events were 6.7%, 13.4%,
and 14.0% within five years, increasing to 19.5%, 26.3%, and 30.8% within 10 years in Groups 1,
2, and 3, respectively.

Conclusions: Our results demonstrate that early KT is associated with superior long-term

cardiovascular outcomes compared to late KT in selected ESRD patients receiving

2
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uncomplicated KT, suggesting that an early KT could be a better treatment option for ESRD

patients who are eligible for transplantation.

Keywords: Clinical outcomes; End-stage renal disease; Kidney transplantation; Myocardial

infarction; Stroke

Strengths and limitations of this study

® The data for this study were collected from patients who initiated kidney transplantation
therapy from 1997 to 2013 were enrolled in the National Health Insurance Research
Database (NHIRD) in Taiwan.

® Our findings indicated that kidney transplantation should be performed as early as possible
in eligible end-stage renal disease (ESRD) patients to improve their survival and clinical
outcomes.

® Limitations include the risk of residual confounding in view of the retrospective study
design and inherent limitations of administrative claims data, including the lack of key data

on physical and laboratory parameters.
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Introduction

The prevalence and incidence of patients with end-stage renal disease (ESRD) are relatively high
in Asian countries such as Japan and Taiwan.'-* Patients with ESRD must receive renal
replacement therapy (RRT) including kidney transplantation (KT), hemodialysis (HD) treatments,
and/or peritoneal dialysis (PD) treatments. RRT dependent patients who wait for KT need to
receive dialysis treatments. Studies have revealed that KT was superior to dialysis treatments in
terms of improved quality of life,* > survival,®® and cardiovascular outcome.® '° Therefore, KT is
considered a gold-standard RRT; however, KT recipients still exhibit increased cardiovascular
events (CVEs), compared with in the general population.* © Moreover, several independent risk
factors were reported for mortality and CVEs in KT recipients including male sex,!! older age,!?
13 prior CVEs,'* 15 left ventricular hypertrophy,'® abnormal myocardial perfusion,'¢ low
high-density lipoprotein cholesterol,!” low physical activity,!® and elevated plasma levels of
asymmetrical dimethylarginine.!®

A proportionally large number of ESRD patients received late KT due to the shortage of kidney
donors. Thus, by early 2017, the KT waitlist in Taiwan exceeded 6,000 patients; nevertheless,
only 230-325 patients received KTs per year (between 2005 and 2016).2° While evidence
regarding the effect of KT timings on clinical outcomes is very limited,” a few national reports
have shown that a longer pre-KT dialysis duration is associated with a higher risk of all-cause
mortality.?>> We hypothesized that longer KT waiting times were associated with poorer
clinical and survival outcomes in a selected group of Taiwanese patients with ESRD receiving
uncomplicated KT, and vice versa. We highly concerned that several clinical factors related to
KT complications possibly influenced the outcomes. We therefore conducted a large scale

retrospective observational study with an exclusion of KT complications to analyze a 17-year
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sample from the Taiwan National Health Insurance Research Database (NHIRD) to investigate
the relationship between KT timing and long-term cardiovascular outcomes; the study results
may aid in national policy development for promoting organ donations, clinical practice, and

further investigations.

Methods

Data source

The data for the analyses were obtained from the NHIRD in Taiwan between 1997 and 2012.
The observation period ended in 2013. The NHIRD contains numerous inpatient and outpatient
medical data for almost 23 million residents. All RRT strategies, including KT and maintenance
dialysis (PD and/or HD) treatments, are covered by the NHI system. The database contains
patients’ identification number, age, sex, details of outpatient and inpatient services, as well as
diagnoses and procedures. The International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) code system has been used for reimbursement in the healthcare
system. Numerous studies have been published based on this valuable medical database. This
observational cohort study collected data of all adult ESRD patients (>18 years old) from the
population who had received uncomplicated KT as an RRT between January 1, 1997 and

December 31, 2012, that were followed-up until December 31, 2013.

Ethics approval
The Institutional Review Board of Kaohsiung Veterans General Hospital approved the study

protocol (VGHKS15-EM10-02).
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Study design and relevant variables

Patients with ESRD certificate cards (labeled by the ICD-9-CM code number 585) indicating
RRT dependent patients, who had received KT, defined as the ICD-9-CM code number V42.0,
were eligible for inclusion. The relevant data were accumulated from the code numbers of the
selected patients. The date of receipt of the ESRD diagnosis was defined as the date the ESRD
certificate card was recorded. Dialysis treatments, regardless of the HD and/or PD treatments,
were allowed both before and after the KT. The waiting time was calculated from the time of
dialysis start (the date ESRD certificate card was recoded) and the time at KT (the date the code
number V42.0 were recorded). Patients who were not simultaneously coded by the ICD-9-CM
code numbers 585 and V42.0, were younger than 18 years, or that had KT complications such as
graft infection, rejection, and failure (ICD-9-CM code number 996.81) were excluded. We
categorized the selected patients into four groups according to the different KT waiting times
after ESRD: Group 1 (<1 year), Group 2 (1-3 years), Group 3 (3—6 years), and Group 4 (>6
years).

The diagnostic codes were linked to inpatient and outpatient claims from the NHIRD including
age, sex, patient demographics, baseline comorbidities, survival status, and date of death.
Comorbidities at the baseline were diabetes mellitus (DM, ICD-9-CM code numbers of 250.X),
hypertension (ICD-9-CM code numbers of 401.X—405.X), dyslipidemia (ICD-9-CM code
numbers of 272.X), prior ischemic stroke (ICD-9-CM code numbers 433—434) before KT, and
prior myocardial infarction (MI) (ICD-9-CM code numbers of 410.X—411.X) before KT. The
primary outcome was a composite of all-cause mortality, nonfatal MI, and nonfatal ischemic
stroke. We also analysed these three outcomes separately. Death by any cause was identified as

withdrawal from the NHI system. A nonfatal MI event after KT was defined as ICD-9-CM codes
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410.X and 411.X, and a nonfatal stroke event after KT was defined as ICD-9-CM codes 433-434.

The observational period was 1-17 years.

Statistical analyses

All variables were analyzed using SPSS software version 20 (SPSS Inc., Illinois, USA). All the
categorical data and rates are displayed as numbers and percentages, while the continuous data
are shown as means + standard deviation. The baseline and outcome data were compared among
the groups by using the Chi-squared or Fisher’s exact test for categorical variables; analysis of
variance was used for continuous variables. Kaplan—Meier analysis with the log-rank test was
used to detect differences in the cumulative event-free survival among groups during the
observational period. Crude hazard ratio (CHR), adjusted hazard ratio (AHR), and 95%
confidence interval (CI) were obtained using a Cox regression model with univariate and
multivariate analyses for the primary cardiovascular endpoints, all-cause mortality, nonfatal MI,
and nonfatal ischemic stroke among the groups. The method of Schoenfeld residuals were used

to test the proportional hazards assumption of the Cox model. The analysis was conducted as

described to avoid repetitive counting, as the time to the first event involved composite endpoints.

A P value <0.05 with a two-sided 95% CI was considered statistically significant for all tests.

Patient and public involvement

Patients and the public were not involved in the design, conduct, or reporting of our study.

Results

Baseline characteristics

7
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A total of 3,562 eligible ESRD adults receiving uncomplicated KT between January 1997 and
December 2012 were selected (Figure 1). The average follow-up time was 8.1 + 4.3 years. Of the
selected patients, 853 (23.9%) constituted Group 1, 1651 (46.4%) Group 2, 750 (21.0%) Group 3,
and 308 (8.6%) Group 4. Significant differences were observed in the classic risk factors such as
sex, age, presence of DM, hypertension, and dyslipidemia at the baseline among the groups (all
P <0.001), except for the prior acute MI and prior stroke (both P >0.05). Patients in Group 4
were younger and had fewer comorbidities of DM, hypertension, and dyslipidemia at the
baseline. The characteristics at the baseline are outlined among the four groups, stratified by the

KT waiting times (Table 1).

Primary outcome and KT waiting times

Primary events and all-cause mortality significantly increased in Groups 2, 3, and 4 when
compared with Group 1 (all P <0.001), regardless of the unadjusted or adjusted statistical models
(Table 2). Compared with Group 1, the adjusted risk of primary events significantly increased by
67% in Group 2, 117% in Group 3, and 210% in Group 4 (Table 3). Compared with Group 1,
Cox’s regression analyses revealed that the event risks significantly increased in Group 2,
including the primary events (CHR: 1.41; 95% CI: 1.19-1.68; P <0.001; AHR: 1.67; 95% CI:
1.40-2.00; P <0.001), all-cause mortality (CHR: 1.44; 95% CI: 1.19-1.75; P <0.001; AHR: 1.69;
95% CI: 1.39-2.05; P <0.001), and nonfatal MI (CHR: 1.63; 95% CI: 1.03-2.57; P = 0.037;
AHR: 2.14; CI: 1.34-3.42; P = 0.002). The results of the univariate and multivariate Cox

regression analyses are summarized in Table 3.

Kaplan—Meier analysis of clinical outcomes

8
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Kaplan—Meier analysis confirmed the superiority of early uncomplicated KT over late
uncomplicated KT, with regard to the primary outcome during the long-term follow-up period (P

<0.001 by log-rank test) (Figure 2). Considering all-cause mortality, a significant difference in

the cumulative rates was illustrated among the four groups (P <0.001 by log-rank test) (Figure 3).

A non-significant result was observed in the cumulative rates of the nonfatal MI among the
groups (P = 0.102 by log-rank test) (Figure 4). No statistical difference was observed in the
cumulative rates of the nonfatal ischemic stroke among the groups (P = 0.665 by log-rank test)

(Figure 5).

Discussion

This study generated four major findings; first, significant differences in the primary events and
all-cause mortality were exhibited among the four groups with stratified KT waiting times of <I,
1-3, 3-6, and >6 years. The KT waiting time is an independent predictor for primary events and
all-cause mortality in uncomplicated KT recipients. Second, the late uncomplicated KT groups
(>1 years) versus the early uncomplicated KT group (<1 year) exhibited significantly increased
(1.67-3.10 times) risks of primary events and all-cause mortality (1.69-2.77 times) during the
long-term observational period. Third, patients in Group 4 receiving the latest uncomplicated KT
(>6 years), who were younger and presented fewer comorbidities, had an approximately 3-times
increased risk of primary events; therefore, compared with an earlier uncomplicated KT, a later
uncomplicated KT may increase the risk of primary events and reduce the clinical benefits.
Fourth, only one-fourth of the domestic KT recipients received KT within one year after they had

been diagnosed with ESRD, despite early KT being strongly recommended.
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The key problem of delayed KT is lack of kidney donors in Taiwan. A cultural concept of
keeping completely intact body has limited organ donation. The organization of Taiwan Organ
Registry and Sharing Center has been responsible to manage the organ donation, matching and
sharing. Nearly three-fourths of the selected KT recipients received KT over one year after
ESRD diagnosis. The results indicated that the early uncomplicated KT group (<l year) was
significantly associated with lower risks of primary events and mortality, compared with those in
the late uncomplicated KT groups. This clearly points out that when the waiting times for the KT
are shorter, the primary and mortality risks are further reduced in the selected group; therefore,
our study suggests early KT for eligible ESRD adults in order to lower the risks of primary
events and mortality. Furthermore, the present study observed high rates of the primary events
(11.8% at within five years and 25.2% within 10 years) among the overall uncomplicated KT
recipients (Table 2). In Groups 1, 2, and 3, the rates were 6.7%, 13.0%, and 14.0% within 5 years,
increasing to 19.5%, 26.0%, and 30.8% within 10 years, respectively. The results reveal that the
rates of the primary events in the uncomplicated KT recipients were high, approximately
doubling within the following five years. Conflicting results obtained from a retrospective study
on KT recipients (n = 4,954) indicated no significant change in the incidence of major CVEs (M1,
coronary angioplasty, bypass surgery, and stroke) and death over a three-year observation period
(P = 0.41 and P = 0.92, respectively).?® Different characteristics of the selected patient groups,
primary endpoints, and observational periods may partially account for the inconsistent results. It
was reasonable that the rates of nonfatal AMI and stroke compared with total (fatal and nonfatal)
AMI and stroke were relatively low in the study because the partial numbers of fatal AMI and

stroke might be contributed to the numbers of all-cause death.
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All-cause mortality rates were increased in the late uncomplicated KT groups over 15 years.
Compared with Group 1, Group 2 had all-cause mortality rates of 11.0% (vs 5.5%) within five
years, 22.2% (vs 16.2%) within 10 years, and 35.8% (vs 26.3%) within 15 years, respectively.
The adjusted mortality risk was considerably augmented by 69% in Group 2 during the
long-term observational period. RRT dependent patients who waited for KT needed to receive
dialysis treatments. This finding may be explained by the fact that delayed KT requires a longer
pre-KT dialysis duration; that is, the prolonged duration of dialysis while awaiting KT may
worsen the prognosis. Consistent results obtained from several studies have exhibited that
pre-KT and post-KT dialysis durations are reversely associated with the survival outcome.?!->
Furthermore, an 11-year retrospective cohort study on KT recipients (n = 4,654) revealed a
marginal increase in mortality in patients with a delay of >1 year, as well as bridge pre-KT HD
treatments, compared with patients without delay (HR: 1.36; 95% CI: 1.01-1.81; P = 0.04).%
Moreover, the documented preemptive KT was associated with a 45% reduction in the hazard of
the dialysis or re-KT (HR: 0.55; 95% CI: 0.47-0.64; P <0.001), and a 40% reduction in the
hazard of death with a functioning graft (HR: 0.60; 95% CI: 0.50-0.71; P <0.001).?” In addition,
young adults (11-30 year-old) with ESRD who were not listed for KT within five years and
received dialysis treatments were 16.6 times more at risk of mortality than those who received
transplantation, according to the report of UK renal registry data between 1999 and 2008.23
Together, the findings strongly support that KT waiting time is an independent predictor for
primary events, as well as all-cause mortality, while early KT generates more favorable clinical
outcomes.

We propose several possible reasons for the superior clinical outcomes of early uncomplicated

KT. First, the patient selection bias and the baseline heterogeneity should have been considered
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in the present study. Patients in Group 4 who were younger, presented with fewer comorbidities,
and received late uncomplicated KT had an approximately 3-times higher clinical risk than
patients in Group 1 receiving early uncomplicated KT. We explained the finding that younger
patients in Group 4 were with possibly more detrimental factors to result in earlier development
of ESRD and need longer dialysis treatments, which might lead to poorer clinical outcomes.
Second, pre-KT dialysis durations in most patients in Groups 1-4 varied and presumably
affected the clinical outcomes. Late KT with longer pre-KT dialysis durations may worsen the
clinical and survival outcomes, thus increasing the risks of infections and malignancies.
Compatible results from relevant studies have depicted that late KTs with longer pre-KT dialysis
durations may lead to a relatively poorer survival.?!->> By contrast, early KT with shorter pre-KT
dialysis durations may yield more favorable outcomes. Third, KT provides a relatively complete
RRT with comprehensive physiological functions that may be superior to dialysis treatments in
the form of a partial RRT. Therefore, a longer KT duration with a shorter dialysis duration may
yield relatively favorable outcomes in early KT recipients. Although the survival rates vary
significantly due to the different KT waiting times, the nonimmunologic pairing of kidney
donors and recipients deserves serious consideration regarding clinical outcomes.?’

As conducting a randomized and controlled trial with randomization according to the KT waiting
times is challenging and against ethics, this retrospective observational study provides long-term,
real-world data; nevertheless, inherently, it has several limitations. First, some crucial variables
and confounders were not totally considered, as the NHIRD did not contain laboratory details
and all patients’ characteristics, and as factors affecting waitlisting. The baseline heterogeneity
and the unmeasured confounders may have affected the outcomes, despite the use of statistically

adjusted analyses. For example, confounders in retrospective observational studies may be
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resulted from selection bias, inaccurate and unavailable data, unfair allocation, unequal baseline
characteristics, and unrecorded events. Second, we did not separate domestic and overseas KTs
for the analysis;30 at the time of this study, we were unaware of the overseas KT failures in some
patients. Third, factors such as post-KT complications, immunosuppressive drugs, lifestyle
conditions (i.e., cigarette smoking), and achievements of therapeutic goals were not analyzed.
We highlight it should be limited to generalize the results to all KT patients. Fourth, the
durations between the KT and ESRD might not be entirely accurate, using the record dates of the
medical codes. Dialysis treatments were warranted during the waiting time for KT. Finally, the
causes of mortality were not fully obtained (for example, some patients died of cancers,
infections, or cardiovascular diseases).

In conclusion, the present data reveals notable differences in the long-term cardiovascular
outcomes among groups with stratified KT waiting times after ESRD in selected patients
receiving uncomplicated KT. Compared to late uncomplicated KT, early uncomplicated KT is
strongly associated with superior clinical and survival outcomes; if this association is assumed to
be causal, these data suggest that KT should be performed as early as possible in eligible patients

ESRD, and that the shortage of kidney donors needs to be addressed with urgency.

13

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 14 of 29

ybuAdoo Ag pajoslold 1senb Ag 20z ‘0z IHdy uo /wod fwg-uadolway/:dny wois pspeojumod "2z20zZ AeIN 2 U0 ££0850-T202-uadolwa/oeTT 0T se paysiignd 1s1y :uado NG


http://bmjopen.bmj.com/

Page 15 of 29

oNOYTULT D WN =

BMJ Open

Acknowledgments

First, we gratefully acknowledge Huei-Han Liou and Hui-Yu Chang for their technical assistance.

Second, we thank the Statistic Center of the Department of Health and Welfare for allowing use
of the National Health Insurance Research Database. Finally, we are grateful to the Research
Center of Medical Informatics, Kaohsiung Veterans General Hospital, for the management of the
data.

Contributors

HHC and CCL designed the study plan, supervised all parts of this project, interpreted the patient
data, and did the final edition of the manuscript. YBC and CCL helped in performing the
experiments, gathered and collected the relevant data, and wrote the manuscript draft. CYH and
PLT analyzed the data and interpreted the results of the experiments. HHC, YBC and CCL were
involved in the grant application, setting the study design and conduction. All authors have read

and agreed to the published version of the manuscript.

Competing interests

None declared.

Funding

This study was supported by Ministry of Science and Technology (MOST
110-2320-B-075B-001-MY3), Kaohsiung Veterans General Hospital, the Taiwan Health
Promotion Administration (VGHKS104-133, KSVGHI110-150), and Kaohsiung Municipal

United Hospital (KMUH10907).

Patient consent for publication

Not required.
Ethics approval

14

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Ag palosloid 1senb Ag 20z ‘02 Idy uo /wod g uadolwq//:dny woij papeojumoq "zz0oz ABIN 2 U0 ££08G0-TZ0Z-uadolwag/9eTT 0T st paysiignd 1sui :uado CINg


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

The National Health Research Institute (NHRI), a non-profit organization for medical research
and in charge of the administration of NHIRD, has encrypted the identifiable personal
information into anonymous identification numbers of the relevant information in the NHIRD.
The researchers could reach the database of NHIRD after approval by the NHRI without patient
consent. In addition, the Institutional Review Board of Kaohsiung Veterans General Hospital

approved the study protocol (VGHKS15-EM10-02).

Provenance and peer review

Not commissioned; externally peer reviewed.

Data availability statement

Extra data can be accessed via the Dryad data repository at http://datadryad.org/ with the

doi.org/10.5061/dryad.rfj6q57d1

References

1. Jha V, Garcia-Garcia G, Iseki K, et al. Chronic kidney disease: global dimension and
perspectives. Lancet 2013;382(9888):260-72. doi: 10.1016/S0140-6736(13)60687-X
[published Online First: 2013/06/04]

2. Wu HH, Kuo CF, Li 1J, et al. Family Aggregation and Heritability of ESRD in Taiwan: A
Population-Based  Study. 4m J  Kidney Dis  2017;70(5):619-26.  doi:
10.1053/j.ajkd.2017.05.007 [published Online First: 2017/07/01]

3. Saran R, Li Y, Robinson B, et al. US Renal Data System 2015 Annual Data Report:
Epidemiology of Kidney Disease in the United States. Am J Kidney Dis 2016;67(3 Suppl
1):Svii, S1-305. doi: 10.1053/j.ajkd.2015.12.014 [published Online First: 2016/03/02]

4. Tonelli M, Wiebe N, Knoll G, et al. Systematic review: kidney transplantation compared with
dialysis in clinically relevant outcomes. Am J Transplant 2011;11(10):2093-109. doi:
10.1111/5.1600-6143.2011.03686.x [published Online First: 2011/09/03]

5. Czyzewski L, Sanko-Resmer J, Wyzgal J, et al. Assessment of health-related quality of life of
patients after kidney transplantation in comparison with hemodialysis and peritoneal
dialysis. Ann Transplant 2014;19:576-85. doi: 10.12659/A0T.891265 [published Online
First: 2014/11/11]

6. Neovius M, Jacobson SH, Eriksson JK, et al. Mortality in chronic kidney disease and renal

replacement therapy: a population-based cohort study. BMJ Open 2014;4(2):¢004251. doi:

10.1136/bmjopen-2013-004251 [published Online First: 2014/02/20]
7. Wong G, Howard K, Chapman JR, et al. Comparative survival and economic benefits of

15

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 16 of 29

yBuAdoo Ag palosloid 1senb Ag 20z ‘02 Idy uo /wod g uadolwq//:dny woij papeojumoq "zz0oz ABIN 2 U0 ££08G0-TZ0Z-uadolwag/9eTT 0T st paysiignd 1sui :uado CINg


http://bmjopen.bmj.com/

Page 17 of 29

oNOYTULT D WN =

BMJ Open

deceased donor kidney transplantation and dialysis in people with varying ages and
co-morbidities. PLoS One 2012;7(1):¢29591. doi: 10.1371/journal.pone.0029591
[published Online First: 2012/01/27]

8. Mange KC, Joffe MM, Feldman HI. Effect of the use or nonuse of long-term dialysis on the

subsequent survival of renal transplants from living donors. N Engl J Med
2001;344(10):726-31. doi: 10.1056/NEJM200103083441004 [published Online First:
2001/03/10]

9. Yoo KD, Kim CT, Kim MH, et al. Superior outcomes of kidney transplantation compared

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

with dialysis: An optimal matched analysis of a national population-based cohort study
between 2005 and 2008 in Korea. Medicine (Baltimore) 2016;95(33):e4352. doi:
10.1097/MD.0000000000004352

Lenihan CR, Liu S, Deswal A, et al. De Novo Heart Failure After Kidney Transplantation:
Trends in Incidence and Outcomes. A4Am J Kidney Dis 2018 doi:
10.1053/j.ajkd.2018.01.041 [published Online First: 2018/04/02]

Seoane-Pillado MT, Pita-Fernandez S, Valdes-Canedo F, et al. Incidence of cardiovascular
events and associated risk factors in kidney transplant patients: a competing risks survival
analysis. BMC Cardiovasc Disord 2017;17(1):72. doi: 10.1186/s12872-017-0505-6
[published Online First: 2017/03/09]

Ribic CM, Holland D, Howell J, et al. Study of Cardiovascular Outcomes in Renal
Transplantation: A Prospective, Multicenter Study to Determine the Incidence of
Cardiovascular Events in Renal Transplant Recipients in Ontario, Canada. Can J Kidney
Health Dis 2017;4:2054358117713729. doi: 10.1177/2054358117713729 [published
Online First: 2017/07/01]

Veroux M, Grosso G, Corona D, et al. Age is an important predictor of kidney
transplantation outcome. Nephrol Dial Transplant 2012;27(4):1663-71. doi:
10.1093/ndt/gfr524 [published Online First: 2011/09/20]

de Mattos AM, Prather J, Olyaei AJ, et al. Cardiovascular events following renal
transplantation: role of traditional and transplant-specific risk factors. Kidney Int
2006;70(4):757-64. doi: 10.1038/sj.ki.5001628 [published Online First: 2006/06/22]

Aalten J, Hoogeveen EK, Roodnat JI, et al. Associations between pre-kidney-transplant risk
factors and post-transplant cardiovascular events and death. Transpl Int
2008;21(10):985-91. doi: 10.1111/j.1432-2277.2008.00717.x [published Online First:
2008/06/21]

Delville M, Sabbah L, Girard D, et al. Prevalence and predictors of early cardiovascular
events after kidney transplantation: evaluation of pre-transplant cardiovascular work-up.
PLoS One 2015;10(6):¢0131237. doi: 10.1371/journal.pone.0131237 [published Online
First: 2015/06/25]

Barn K, Laftavi M, Pierce D, et al. Low levels of high-density lipoprotein cholesterol: an
independent risk factor for late adverse cardiovascular events in renal transplant
recipients. Transpl Int 2010;23(6):574-9. doi: 10.1111/5.1432-2277.2009.01021.x
[published Online First: 2009/12/17]

Zelle DM, Corpeleijn E, Stolk RP, et al. Low physical activity and risk of cardiovascular and
all-cause mortality in renal transplant recipients. Clin J Am Soc Nephrol
2011;6(4):898-905. doi: 10.2215/CIN.03340410 [published Online First: 2011/03/05]

Abedini S, Meinitzer A, Holme I, et al. Asymmetrical dimethylarginine is associated with
renal and cardiovascular outcomes and all-cause mortality in renal transplant recipients.

16

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdoo Ag palosloid 1senb Ag 20z ‘02 Idy uo /wod g uadolwq//:dny woij papeojumoq "zz0oz ABIN 2 U0 ££08G0-TZ0Z-uadolwag/9eTT 0T st paysiignd 1sui :uado CINg


http://bmjopen.bmj.com/

oNOYTULT D WN =

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

BMJ Open

Kidney Int 2010;77(1):44-50. doi: 10.1038/ki.2009.382 [published Online First:
2009/10/23]

Lu Y-W, Yang C-C. The Current Status of Kidney Transplantation in Taiwan. Annals of
Transplantation Research 2017;1(2):1006.

Helantera I, Salmela K, Kyllonen L, et al. Pretransplant dialysis duration and risk of death
after kidney transplantation in the current era. Transplantation 2014;98(4):458-64. doi:
10.1097/TP.0000000000000085 [published Online First: 2014/03/22]

Meier-Kriesche HU, Port FK, Ojo AO, et al. Effect of waiting time on renal transplant
outcome. Kidney Int 2000;58(3):1311-7. doi: 10.1046/.1523-1755.2000.00287.x
[published Online First: 2000/09/06]

Meier-Kriesche HU, Kaplan B. Waiting time on dialysis as the strongest modifiable risk
factor for renal transplant outcomes: a paired donor kidney analysis. Transplantation
2002;74(10):1377-81. doi: 10.1097/01.TP.0000034632.77029.91 [published Online First:
2002/11/27]

Haller MC, Kainz A, Baer H, et al. Dialysis Vintage and Outcomes after Kidney
Transplantation: A Retrospective Cohort Study. Clin J Am Soc Nephrol
2017;12(1):122-30. doi: 10.2215/CIN.04120416 [published Online First: 2016/11/30]

Tsai DF, Huang SW, Holm S, et al. The outcomes and controversies of transplant
tourism-Lessons of an 11-year retrospective cohort study from Taiwan. PLoS One
2017;12(6):¢0178569. doi: 10.1371/journal.pone.0178569 [published Online First:
2017/06/03]

Lam NN, Kim SJ, Knoll GA, et al. The Risk of Cardiovascular Disease Is Not Increasing
Over Time Despite Aging and Higher Comorbidity Burden of Kidney Transplant
Recipients. Transplantation 2017;101(3):588-96. doi: 10.1097/TP.0000000000001155
[published Online First: 2016/03/18]

Prezelin-Reydit M, Combe C, Harambat J, et al. Prolonged dialysis duration is associated
with graft failure and mortality after kidney transplantation: results from the French
transplant ~ database. = Nephrol  Dial  Tramsplant  2019;34(3):538-45.  doi:
10.1093/ndt/gfy039 [published Online First: 2018/03/27]

Hamilton AJ, Casula A, Ben-Shlomo Y, et al. The clinical epidemiology of young adults
starting renal replacement therapy in the UK: presentation, management and survival
using 15 years of UK Renal Registry data. Nephrol Dial Transplant 2018;33(2):356-64.
doi: 10.1093/ndt/gfw444 [published Online First: 2017/03/25]

Vinson AJ, Tennankore KK. Minding the Missing Link: The Effect of Donor-Recipient
Pairing on Kidney Transplant Outcomes. Clin J Am Soc Nephrol 2018;13(10):1581-83.
doi: 10.2215/CJN.03730318 [published Online First: 2018/07/27]

Hsu CC, Lee CH, Hwang SJ, et al. Outcomes of overseas kidney transplantation in chronic
haemodialysis patients in Taiwan. Nephrology (Carlton) 2011;16(3):341-8. doi:
10.1111/5.1440-1797.2010.01426.x [published Online First: 2010/11/26]

17

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

Page 18 of 29

yBuAdoo Ag palosloid 1senb Ag 20z ‘02 Idy uo /wod g uadolwq//:dny woij papeojumoq "zz0oz ABIN 2 U0 ££08G0-TZ0Z-uadolwag/9eTT 0T st paysiignd 1sui :uado CINg


http://bmjopen.bmj.com/

Page 19 of 29

oNOYTULT D WN =

Tables

Table 1. Characteristics at baseline among groups of patients with different waiting times for kidney

BMJ Open

transplantation
Total Waiting Time for Kidney Transplantation
Variable (n=3.562) <1 years 1-3 years 4-6 years > 6 years P Value®
(n=853) (n=1,651) (n="750) (n =308)
No. (%) No. (%) No. (%) No. (%) No. (%)
Sex
Female 1,667 (46.8) 362 (42.4) 766 (46.4) 365 (48.7) 174 (56.5) <0.001
Male 1896 (53.2) 491 (57.6) 886 (53.6) 385(51.3) 134 (43.5)
Age (years, mean+ SD) 43.2+11.2  455+11.1 434+11.5 422+10.4 38.2+9.6 <0.001°
Diabetes
No 2,804 (78.7) 646 (75.7) 1,262 (76.4) 619 (82.5) 277 (89.9) <0.001
Yes 759 (21.3) 207 (24.3) 390 (23.6) 131 (17.5) 31(10.1)
Hypertension
No 828 (23.2) 180 (21.1) 355 (21.5) 191 (25.5) 102 (33.1) <0.001
Yes 2,735 (76.8) 673 (78.9) 1,297 (78.5) 559 (74.5) 206 (66.9)
Dyslipidemia
No 2,588 (72.6) 557 (65.3) 1,184 (71.7) 582 (77.6) 265 (86.0) <0.001
Yes 975 (27.4) 296 (34.7) 468 (28.3) 168 (22.4) 43 (14.0)
History of AMI
No 3,487 (97.9) 841 (98.6) 1,621 (97.7) 733 (97.7) 300 (97.4) 0.400
Yes 76 (2.1) 12 (1.4) 39 (2.3) 17 (2.3) 8(2.6)
History of Stroke
No 3,592 (98.0) 834 (97.8) 1,613 (97.6) 739 (98.5) 306 (99.4) 0.151
Yes 71 (2.0) 19 (2.2) 39 (2.4) 11 (1.5) 2 (0.6)

Note: Values for the categorical variables are given as number (percentage); continuous variables as mean + standard

deviation.

4P value was estimated using the Chi-squared test.
bP value was estimated using the Kruskal-Wallis one-way analysis of variance test.
Abbreviation: AMI, acute myocardial infarction; KT, kidney transplantation; SD, standard deviation.
The age was measured at the time of KT. The waiting time was calculated from the time of dialysis start (the date

ESRD certificate card was recoded) and the time at KT (the date the code number V42.0 were recorded). Diabetes

was defined as the ICD-9-CM code numbers of 250.X, hypertension as 401.X—405.X, dyslipidemia as 272.X,
history of acute myocardial infarction as 410.X—411.X before KT, history of stroke as 433—434 before KT.
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4 Table 2. Cumulative incidence rates of clinical events (all-cause death, nonfatal AMI, and nonfatal stroke) in KT groups with different waiting times
5 (2.8
6 Primary Events? All-Cause Death Nonfatal AMI § Nonfatal Stroke
7 " 9
Waiting ) The The ~ The
8 The C lat
o Timefor N - of Inzi deul:Icl:IialtVee NO: of  Cumulative N°.‘ of  Cumulative % NO.‘ of  Cumulative
10 Transplan Patients . P Patients 1, iqence Rate £ Patients y iqence Rate £ Patients y,.igence Rate  ©
11 with (%) Value®  with 0 Value®  with ° ValuePS with ° ValueP
12 t . . (%) . (%) S (%)
t t t t
13 vents S-year 10-year vents S-year 10-year vents 5-year 10-year g vens S5-year 10-year
14
15 <lyears 244 6.7 19.5 205 5.5 16.2 39 0.6 2.3 35 1.3 3.3
16
17 1-3years 389 13.0 26.0 330 11.0 222 59 1.9 4.5 47 1.8 3.4
18 <0.001 <0.001 0.101 0.664
19 4-6years 155 14.0 30.8 131 112 277 21 2.0 4.8 15 1.9 3.2
2 >6years 47 145 - 37119 - 6 20 - 718 -
22 AIKT 835 118 252 703 98 214 125 16 39 104 1.7 3.4

24 Note: Values for categorical variables are given as percentage.
25 a“Primary events” indicates a composite of all-cause death, nonfatal AMI, and nonfatal stroke.
26 b p value was estimated using log-rank test.

27 .. .ol . . .
28 Abbreviation: AMI, acute myocardial infarction; KT, kidney transplantation.
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Table 3. Univariate and multivariate Cox regression analyses of clinical events (all-cause death, nonfatal AMI, and n@fatal stroke) among groups with

different waiting times for kidney transplantation &
Wa}ting Time No. (%) Primary Events? All-Cause Death Nonfatal AMI i Nonfatal Stroke
or KT CHR (95% CI) PValue® CHR (95% CI) P Value® CHR (95% CI) P Valge® CHR (95% CI) P Value®
<1 years 853 (23.9) 1.00 1.00 1.00 S 1.00
O
1-3 years 1651 (46.4) 1.41 (1.19-1.68) <0.001 1.44 (1.19-1.75)  <0.001 1.63 (1.03-2.57) 0 O3§ 1.12 (0.70-1.80)  0.625
4-6 years 750 (21.1) 1.64(1.32-2.04) <0.001 1.68 (1.32-2.13)  <0.001 1.84 (1.03-3.31) 0.04% 1.03 (0.54-1.95)  0.932
> 6 years 308 (8.6) 1.79(1.29-2.49) 0.001 1.71 (1.18-2.46)  0.004 2.12 (0.85-5.27) 0.10§ 1.68 (0.72-3.93)  0.230
No. (%) AHR (95% CI) P Value¢ AHR (95% CI) P Value¢ @ AHR (95% CI) P Val%ec AHR (95% CI) P Value®
<1 years 853 (23.9) 1.00 1.00 1.00 ?z 1.00
o
1-3 years 1651 (46.4) 1.67 (1.40-2.00) <0.001 1.69 (1.39-2.05) <0.001 2.14 (1.34-3.42) 0.0072' 1.32(0.82-2.14)  0.256
4-6 years 750 (21.1) 2.17(1.73-2.71) <0.001  2.14 (1.68-2.73)  <0.001 3.01 (1.64-5.55) <0.0(§1 1.46 (0.76-2.82)  0.257
> 6 years 308 (8.6) 3.10(2.21-4.35) <0.001  2.77 (1.90-4.05) <0.001 4.80 (1.87-12.32) 0.00% 3.28 (1.35-7.96)  0.009
a“Primary events” indicates a composite of all-cause death, nonfatal AMI, and nonfatal stroke. §
N

P values were estimated using the Cox’s regression analyses.

°P values were adjusted for sex, age, diabetes, hypertension, dyslipidemia, history of AMI, and history of stroke using multiple x's regression analyses.

No statistical significance using the method of Schoenfeld residuals to test the proportional hazards assumption of the Cox mod

Abbreviation: AHR, adjusted hazard ratio; AMI, acute myocardial infarction; CHR, crude hazard ratio; CI, confidence interval; BT, kidney transplantation
Y
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Figure Legends

Figure 1. Patient selection flowchart
Abbreviations: ESRD, end-stage renal disease; ICD-9-CM, International Classification of
Diseases, Ninth Revision, Clinical Modification; KT, kidney transplantation; NHI, National

Health Insurance.

Figure 2. Kaplan—Meier analysis for the primary composite outcome

Kaplan—Meier survival analysis illustrates a significant difference in the cumulative incidence of
primary events among the four groups with stratified KT waiting times during the 17-year
observational period (P < 0.001 by log-rank test). Early KT (KT waiting time <l year)
represented by the black line indicates the most favorable primary outcome during the

observational period.

Figure 3. Kaplan—Meier analysis for all-cause mortality

Kaplan—Meier survival analysis illustrates a significant difference in the cumulative incidence of
all-cause mortality among the four KT groups during the 17-year observational period (P < 0.001
by log-rank test). Early KT (KT waiting time <1 year) represented by the black line indicates the

most favorable survival outcome during the observational period.

Figure 4. Kaplan—Meier analysis for nonfatal myocardial infarction
Kaplan—Meier survival analysis indicates a non-significant result in the cumulative incidence of

nonfatal myocardial infarction among the four KT groups during the 17-year observational

21
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period. Early KT (KT waiting time <1 year) represented by the black line indicates the most

favorable outcome of nonfatal acute myocardial infarction (AMI) during the observational period.

The different lines representing the other three KT groups are not obviously separated for

nonfatal AMI.

Figure 5. Kaplan—Meier analysis for nonfatal stroke

Kaplan—Meier survival analysis indicates no statistical difference in the cumulative incidence of
nonfatal stroke among the four KT groups during the 17-year observational period. Late KT (KT
waiting time >6 years) represented by the gray line indicates the least favorable outcome of
nonfatal stroke during the late observational years. In addition, the other lines are not separated

during the observational period.
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Subjects selected by the ICD-9-CM code numbers V42.0 for KT and > 18 year-
old in the Taiwan NHI population database between 1997 and 2012 (n = 15,462)

Exclusion: (n=11,900)

. Complications of KT

. Unknown gender

. No ESRD card

. No dialysis recording after ESRD card
. KT after 2012

L R S R S R

l

L

l l

KT waiting tiune KT waiting time KT waiting tine KT waiting tine
<1 year,n =853 1-3 years,n = 1,651 3-6 years,n =750 > 6 years, n = 308
Analysis
Figure 1
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STROBE Statement—Checklist of items that should be included in reports of cross-sectional studies

Item Page
No Recommendation No
Title and abstract | (a) Indicate the study’s design with a commonly used term in the lor2
title or the abstract
(b) Provide in the abstract an informative and balanced summary of | 2
what was done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation | 4
being reported
Objectives 3 State specific objectives, including any prespecified hypotheses 4-5
Methods
Study design 4 Present key elements of study design early in the paper 6
Setting Describe the setting, locations, and relevant dates, including periods
of recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of 5
selection of participants
Variables 7 Clearly define all outcomes, exposures, predictors, potential 6
confounders, and effect modifiers. Give diagnostic criteria, if
applicable
Data sources/ 8* For each variable of interest, give sources of data and details of 7
measurement methods of assessment (measurement). Describe comparability of
assessment methods if there is more than one group
Bias 9 Describe any efforts to address potential sources of bias Not
applicable
Study size 10  Explain how the study size was arrived at Not
applicable
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If | Not
applicable, describe which groupings were chosen and why applicable
Statistical methods 12 (a) Describe all statistical methods, including those used to control 7
for confounding
(b) Describe any methods used to examine subgroups and Not
interactions applicable
(c) Explain how missing data were addressed Not
applicable
(d) If applicable, describe analytical methods taking account of Not
sampling strategy applicable
(e) Describe any sensitivity analyses Not
applicable
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg 7
numbers potentially eligible, examined for eligibility, confirmed
eligible, included in the study, completing follow-up, and analysed
(b) Give reasons for non-participation at each stage Not
applicable
(c) Consider use of a flow diagram 7
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Descriptive data 14*  (a) Give characteristics of study participants (eg demographic, 7
clinical, social) and information on exposures and potential
confounders
(b) Indicate number of participants with missing data for each Not
variable of interest applicable
Outcome data 15*  Report numbers of outcome events or summary measures 8-9
Main results 16 (a) Give unadjusted estimates and, if applicable, confounder- 8
adjusted estimates and their precision (eg, 95% confidence interval).
Make clear which confounders were adjusted for and why they were
included
(b) Report category boundaries when continuous variables were Not
categorized applicable
(c) If relevant, consider translating estimates of relative risk into Not
absolute risk for a meaningful time period applicable
Other analyses 17 Report other analyses done—eg analyses of subgroups and Not
interactions, and sensitivity analyses applicable
Discussion
Key results 18 Summarise key results with reference to study objectives 9
Limitations 19 Discuss limitations of the study, taking into account sources of 12
potential bias or imprecision. Discuss both direction and magnitude
of any potential bias
Interpretation 20 Give a cautious overall interpretation of results considering 11-12
objectives, limitations, multiplicity of analyses, results from similar
studies, and other relevant evidence
Generalisability 21 Discuss the generalisability (external validity) of the study results 9-12
Other information
Funding 22 Give the source of funding and the role of the funders for the present | 17

study and, if applicable, for the original study on which the present

article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and

published examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely

available on the Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at

http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is

available at www.strobe-statement.org.
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