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Background: Mortality is higher in patients with chronic kidney disease (CKD) than in the general population, but
little information is available on CKD-related mortality that is representative of the Korean population. Our objective
was to investigate mortality risk in Korean patients with CKD.

Methods: We identified patients with incident CKD who had not undergone dialysis or kidney transplantation between
January 1, 2003 and December 31, 2007 in Korea using the database of the Korean National Health Insurance
Service-National Sample Cohort, and stratified the population into the following three groups: group 1 (n = 1,473),
controls; group 2 (n = 2,212), patients with diabetes or hypertension, but without CKD; and group 3 (n = 2,212),
patients with CKD. We then monitored them for all-cause mortality until December 2013.

Results: A total of 1,473 patients were included in this analysis. During the follow-up period, 941 patients in group 3
died (134 deaths/1,000 person-years) compared with 550 deaths in the group 2 (34 deaths/1,000 person-years)
and 459 deaths in group 1 (30 deaths/1,000 person-years). The rate ratio for mortality rate was 4.5, and the hazard
ratio for mortality was 4.88 (95% confidence interval [Cl], 4.36—5.47, P < 0.001) in patients in group 3 compared
with age- and sex-matched controls (group 1). The rate ratio for mortality rate was 4.0, and the hazard ratio for
mortality was 4.36 (95% Cl, 3.92—4.85, P < 0.001) in patients in group 3 compared with patients in group 2.
Conclusion: In this nationally representative sample cohort, excess mortality was observed in Korean patients with
incident CKD.
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Introduction

Chronic kidney disease (CKD) is a global public health
problem, and its prevalence has dramatically increased
with the aging population and their chronic diseases. A
recent study reported that the global prevalence of CKD
increased by 87% and the death rate from CKD rose by
98% from 1990 to 2016 [1]. In Korea, 5% of the population
had decreased kidney function, specifically a glomerular
filtration rate (GFR) less than 60 mL/min/1.73 m” in 2009;
the prevalence of CKD was 23% in people in their 60s and
greater than 35% in those 70 years and older [2].

Patients with CKD have a higher mortality rate com-
pared to the general population [3]. However, most stud-
ies of CKD have focused on patients undergoing chronic
dialysis, and to our knowledge there are no studies that
have investigated mortality among pre-dialytic patients
with incident CKD in Korea. Moreover, most studies of
CKD have concentrated on the progression of end-stage
renal disease (ESRD), even though many CKD patients
die before ESRD progression [4]. Keith et al [5] showed
that patients with CKD were ten times more likely to die
than to progress to ESRD, and even a mild decrease in
renal function was associated with a significantly in-
creased risk of mortality. Unfortunately, there have been
no studies comparing mortality in patients with CKD to
that in the healthy population in Korea. Therefore, we in-
vestigated the mortality rate in Korean patients with CKD
compared with healthy controls and in patients with dia-
betes or hypertension using the Korean National Health
Insurance Service-National Sample Cohort (NHIS-NSC).

Methods
Data

The investigation was performed using data from the
NHIS-NSC of Korea. The cohort was composed of 2.2% of
the total eligible Korean population (baseline population =
1,025,340 people), which was selected as a representative
sample in 2002 using systematic stratified random sampling.
The data contain information on demographics such as age
group (< 1 year, 1 to 4 years, 5-year age groups between 5
and 84 years, and > 85 years), sex, income level, healthcare
utilization, prescriptions, and diagnostic codes based on the
International Classification of Diseases, 10th Revision (ICD-

10). Detailed information about the NHIS- NSC can be
found elsewhere [6]. This study was approved by the Institu-
tional Review Board (IRB) of the Ewha Womans University
Mokdong Hospital (IRB number: EUMC 2018-09-007). The
requirement for informed consent from patients was waived
due to the retrospective design of the study.

Study sample

We defined pre-dialytic CKD as those who had new in-
surance claims with the diagnostic codes of ‘N18.x’ (CKD;
N18, N18.1, N18.2, N18.3, N18.4, N18.5, and N18.9) from
January 2003 to December 2007. We then excluded par-
ticipants who had claims with the ‘N18.x" code between
January and December 2002 in order to enroll only in-
cident cases. Of those, anyone diagnosed with ESRD at
study enrollment was excluded, and ESRD was identified
when subjects had insurance claims with a regular dialy-
sis (hemodialysis and/or peritoneal dialysis) treatment
code (07010, 07020, and 07070). Additionally, subjects
who had undergone kidney transplantation were also
excluded at enrollment and throughout the study period
(R3280).

In addition, we stratified the subjects into following
three groups: group 1, controls; group 2, patients with
diabetes or hypertension, but without CKD; and group
3 patients with CKD. We selected age- and sex-matched
participants with a Charlson comorbidity index (CCI)
of 0 [7] without ‘N18.x" from January 2002 to December
2007 to construct the healthy control group (group 1).
Group 1 and group 2 were individually matched to the
CKD patients according to age and sex at a 1.5:1.5:1 ratio.
Finally, 1,473 patients were enrolled in group 3, and 2,212
patients in groups 2 and 3, respectively.

Study outcomes

All enrolled participants were monitored for all-cause
mortality during the study follow-up period. Information
related to deaths was provided from the Korea National
Statistical Office with follow-up data from 2002 to 2013
available.

Statistical analysis

Patients were divided into age groups (< 1 year, 1 to 4
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years, 5-year age groups; < 1, 1—4, every 5-year interval
from 5—84, and = 85 years), and matching was carried out
in a ten-year unit to select as many comparators as possi-
ble in the same age group. However, when analyzed, they
were reclassified based on age (younger than 65 years old
vs. 65 years old or older) and sex. The crude incidence

Table 1. Patient characteristics by group

Characteristic Group 1 Group 2 Group 3
Total 2,212 (100) 2,212 (100) 1,473 (100)
Age (yr)
<65
Male 592 (26.8) 592(26.8) 392 (26.6)
Female 344 (15.6) 344 (15.6) 234(15.9)
>65
Male 710 (32.1) 710 (32.1)  472(32.0)
Female 566 (25.6) 566 (25.6) 375 (25.5)
Annual incidence (year)
2003 368 (16.6) 368(16.6) 251(17.0)
2004 373(16.9) 373(16.9) 247 (16.8)
2005 450(20.3) 450(20.3) 298(20.2)
2006 483(21.8) 483(21.8) 320(21.7)
2007 538(24.3) 538(24.3) 357 (24.2)
Comorbidities
Hypertension NC 1,983 (89.7) 1,335(90.6)
Diabetes mellitus NC 641 (29.0) 825(56.0)
Cardiovascular disease NC 188 (8.5) 386 (26.2)
Malignancy NC 149 (6.7) 257 (17.4)

Data are presented as number (%). The sum of the percentages does not equal
100% because of rounding,

Group 1, control; group 2, patients with diabetes or hypertension but without
chronic kidney disease (CKD); group 3, patients with CKD.

NC, not collected.
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rates were calculated by dividing the number of subjects
with a given event by person-years, which were expressed
as cases per 1,000 person-years. In addition, Kaplan—
Meier analysis was conducted to compare the mortality
rate between the CKD group and the control group with
log-rank tests. Cox proportional hazards analysis was also
performed to examine time-to-event association with
all-cause mortality. We adjusted for age and sex using a
multivariate model. This analysis was conducted using
SAS version 9.4 (SAS Institute Inc., Cary, NC, USA), and a
P value less than 0.05 was considered statistically signifi-
cant.

Results
Baseline characteristics

Among 1,025,340 randomly selected individuals from
the NHIS-NSC, which is representative of the whole
Korean population, 1,473 patients (864 males and 609
females) who developed CKD between January 1, 2003
and December 31, 2007 were enrolled in this study. The
characteristics of the participants stratified into the three
groups are summarized in Table 1. Approximately 58%
of patients across all groups were older than 65 years
old, and the proportion of males was higher overall (59%
males vs. 41% females).

The number of patients who developed CKD showed
an increasing trend over time (Fig. 1). Regarding selected
comorbidities identified by codes in group 3, more than
90.6% had hypertension, 26.2% had cardiovascular dis-
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Figure 1. Annual trends in incidence of (A) diseases and (B) chronic kidney disease (CKD).
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Table 2. Mortality rate ratio of group 3 compared to group 1

Group 1 Group 3 Mortality rate
Rate ratio
Observed deaths (n)  Person-years  Observed deaths (n)  Person-years Group1  Group 3
Total 459 15,312 941 6,998 30 134 45
Age (yr) <65 Male 23 4,485 165 2,375 5 69 135
Female 7 2,740 83 1,552 3 53 20.9
>65 Male 249 4,402 383 1,697 57 226 4.0
Female 180 3,684 310 1,374 49 226 4.6
Group 1, control; group 3, patients with chronic kidney disease.
Table 3. Mortality rate ratio of group 3 compared to group 2
Group 2 Group 3 Mortality rate .
Rate ratio
Observed deaths (n)  Person-years  Observed deaths (n)  Person-years Group 2 Group 3
Total 550 16,215 941 6,998 34 134 4.0
Age (yr) <65 Male 43 4,862 165 2,375 9 69 7.9
Female 12 2,899 83 1,552 4 53 12.9
>65 Male 311 4,510 383 1,697 69 226 3.3
Female 184 3,944 310 1,374 a7 226 4.8
Group 2, patients with diabetes or hypertension but without chronic kidney disease (CKD); group 3, patients with CKD.
ease, 56.0% had diabetes mellitus and 17.5% had cancer Product-limit survival estimates
at enrollment. 1.0 7 + Censored
Impact of CKD on mortality compared with controls > 0.81
3
Over the study period, 941 (63.9%) of the participants %; 061
with CKD died, compared with 550 (24.9%) of the par- c—c: 044
ticipants in group 2 and 459 (20.8%) of the participants in § .
group 1. The death rate was higher in the CKD group than % 5 _ %’)1
that in the other two groups (Table 2, 3, Fig. 2). The crude — 2 F<0.0001
death rate among individuals with CKD was 134 per 1,000 001, ® . . . . . .
0 2 4 6 8 10

person-years compared with 30 per 1,000 person-years in
group 1 and 34 per 1,000 person-years in group 2; the rate
ratio for mortality was 4.0 (group 3 vs. group 2) and 4.5
(group 3 vs. group 1) (Table 2, 3). When stratified by age
with a reference of 65 years old, the crude mortality rate
was higher in participants older than 65 years compared
with those younger than 65 years in all groups.

A Cox proportional hazards analysis was performed
for analysis of independent risk factors associated with
all-cause mortality. Compared to the reference, group 3
had a significantly higher mortality than group 2 (group
3: hazard ratio [HR], 5.02; 95% confidence interval [CI],
4.49-5.62; group 2: HR, 1.14; 95% CI, 1.01-1.29, P <
0.001). Among subjects aged > 65 years, the HR for mor-

Years

Figure 2. Kaplan—Meier survival curves for comparisons of sur-
vival rates by group (P < 0.0001 by log-rank test).

Group 1, control; group 2, patients with diabetes or hypertension but
without chronic kidney disease (CKD); group 3, CKD patients.

tality was 5.30 (95% CI, 4.70—5.96; P < 0.001) compared
with subjects < 65 years, and the HR was 1.21 (95% CI,
1.10—1.32; P < 0.001) among male subjects compared
with female subjects (Table 4).

When comparing the two groups, we found that the HR of
group 3 for mortality was 4.88 (95% CI, 4.36—5.47; P < 0.001)
compared with group 1 (Table 4), and the HR of group 3 for
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Table 4. Cox proportional hazard analysis for all-cause mortality

. Univariate Multivariate
Variable
HR 95% Cl P value HR 95% Cl P value
Overall all-cause mortality
Group
1 Reference Reference
2 1.13 1.00-1.28 0.050 1.14 1.01-1.29 0.040
3 4.37 3.91-4.89 <0.001 5.02 4.49-5.62 <0.001
Age group (yr)
<65 Reference Reference
>65 4.60 4.09-5.18 <0.001 5.30 4.70-5.96 <0.001
Sex
Female Reference Reference
Male 1.09 1.00-1.20 0.059 1.21 1.10-1.32 <0.001
All-cause mortality between groups 1 and 3
Group
1 Reference Reference
3 4.30 3.85-4.81 <0.001 4.88 4.36-5.47 <0.001
Age group
<65 Reference Reference
> 65 3.88 3.40-4.42 <0.001 451 3.95-5.15 <0.001
Sex
Female Reference Reference
Male 1.01 0.91-1.13 0.835 1.10 0.99-1.23 0.077
All-cause mortality between groups 2 and 3
Group
2 Reference Reference
3 3.84 3.45-4.26 <0.001 4.36 3.92-4.85 <0.001
Age group (yr)
<65 Reference Reference
> 65 3.87 3.41-4.40 <0.001 4.50 3.96-5.12 <0.001
Sex
Female Reference Reference
Male 111 1.00-1.23 0.056 1.21 1.09-1.35 <0.001
Cardiovascular disease (yes) 3.50 3.13-3.92 <0.001 2.00 1.78-2.25 <0.001
Malignancy (yes) 2.67 2.34-3.04 <0.001 1.73 1.51-1.98 <0.001

Cl, confidence interval; HR, hazard ratio.

mortality was 4.36 (95% CI, 3.92—4.85; P < 0.001) compared
with group 2. The HRs for cardiovascular disease and ma-
lignancy were 2.00 (95% CI, 1.78—2.25; P < 0.001) and 1.73
(95% CI, 1.51—-1.98; P < 0.001), respectively (Table 4).
Kaplan—Meier survival curves with log-rank tests re-
vealed that the survival rate in patients in group 3 was
significantly lower than that in the other two groups, and
the gap between the two curves widened over time (Fig. 2;
P < 0.001). Fig. 3 shows the comparison of mortality rate
by age or sex. Among patients in group 3, the cumula-
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tive survival rate was significantly lower in both patients
older than 65 and patients younger than 65 (Fig. 3A, B).
The survival rate was also significantly lower in group 3
compared to that in the other two groups irrespective of
sex (Fig. 3C, D).

Discussion

CKD is a major risk factor for all-cause mortality. Sev-
eral epidemiologic studies have demonstrated that even
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Figure 3. Kaplan—Meier survival curves for comparisons of survival rates by group (P < 0.001 by log-rank test).
(A) Survival curves for those under 65 by group, (B) survival curves for those 65 and older by group, (C) survival curves for men, (D) survival

curves for women.

Group 1, control; group 2, patients with diabetes or hypertension but without chronic kidney disease (CKD); group 3, CKD patients.

mild elevation in serum creatinine level is associated
with an increased rate of death from any cause [8—11]. A
large observational study showed that the risk of death
increased considerably as GFR decreased below 60 mL/
min per 1.73 m* [12]. One systematic review of the associ-
ation between pre-dialytic CKD and the risk for all-cause
mortality showed that the unadjusted relative risk of mor-
tality in participants with versus without reduced kidney
function ranged from 0.94 to 5.0 [3]. In another popula-
tion-based study, the mortality rate was 120 deaths/1,000
person-years compared to controls matched from the
general population, and the HR for mortality was 3.6 (95%
CI, 3.2—4.0) for CKD [13]. These results demonstrate that
CKD is a significant risk factor for death.

Some studies have revealed that racial and ethnic dif-

ferences exist in mortality rates among individuals with
CKD. Asians appear to have faster CKD progression and
lower mortality rates compared to Caucasian populations
[14—16]. Thus, it is important to build and manage data
on the mortality of CKD for each country. In a recent ob-
servational cohort study, the overall age- and sex-adjust-
ed standard mortality rate among Korean patients with
ESRD was 10.3 (95% CI, 10.0—10.6) in 2009 and 10.9 (95%
CI, 10.7—11.2) in 2010, respectively [17]. However, there is
a lack of representative data on mortality in patients with
CKD not undergoing dialysis.

In this population-based cohort study, we examined
mortality among Korean patients with incident CKD in
2003 and 2007 using the NHIS-NSC database. The pres-
ence of CKD was associated with a significantly elevated
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risk for all-cause mortality in Korean patients; the mor-
tality rate was 134 per 1,000 person-years, and the HR
for mortality was 5.02 times higher than that of healthy
controls and group 2 was 1.14 times higher than healthy
controls.

In addition, we compared ‘patients with CKD’ with ‘pa-
tients with diabetes or hypertension, but without CKD’ to
analyze only the effect of CKD on mortality, excluding the
effects of diabetes or hypertension. As a result, the rate
ratio of mortality was 4.0 and the HR for mortality was
4.36 times higher than that of group 2 (Table 4). Taken
together, we conclude that CKD might be a significant
risk factor for mortality irrespective of comorbid diseases
such as diabetes and hypertension.

The mortality rate of patients with incident CKD calcu-
lated in this study was similar to or slightly higher than
that of other studies mentioned above [3,13]. The reason
may involve selection bias. We used a claims database
and identified CKD with ICD-10 codes. Patients with
advanced CKD, who had more comorbidities and used
medical services more frequently, were more likely to
have ICD codes indicating CKD. Moreover, we selected
controls who were age- and sex-matched healthy individ-
uals with a CCI of 0. This may explain why the difference
between the mortality of CKD patients compared with
controls in our study is higher than that in other studies.

In the present study, the mortality rates were higher in
older CKD patients (> 65) than in younger CKD patients
(< 65). However, the rate ratio for mortality appeared to
be higher in the younger CKD patients compared with
that in the older CKD patients. As seen in Table 2, the
mortality rate in older CKD patients was much higher
than that in the younger healthy population (226 vs. 69
in males; 226 vs. 53 in females), whereas the rate ratio for
mortality in the older CKD patients was just lower than
that in younger patients (4.0 vs. 13.5 in males and 4.6 vs.
20.9 in females). Moreover, when we investigated the
crude death rate between groups 2 and 3 (Table 3), the
rate ratios for mortality in younger patients were higher
than those in older patients. We found that there was a
relatively small number of death events in the younger
healthy population and in younger patients with diabetes
or hypertension, but without CKD (group 2) compared
with those in the older healthy population and older
patients in group 2. Thus, the higher mortality rate ratio
might originate from the relatively lower mortality events
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Table 5. Comparison of Charlson comorbidity index (CCI) score
by age in the chronic kidney disease group

CCl score
n Mean + SD Min

Max  Pvalue

<0.001

Age group (yr)
<65 626
>65 847

SD, standard deviation.

4.92 +2.53 2 15
6.05 £ 2.45 2 17

in the younger healthy patients or group 2. The mean CCI
score in the younger CKD patients was significantly lower
than that in the older CKD patients (4.92 + 2.53 vs. 6.05
2.45, P < 0.001; Table 5).

Our data had some limitations, and caution is neces-
sary in interpreting these results. This study has similar
inherent limitations as in other registry-based obser-
vational studies. First, the Kidney Disease Improving
Global Outcomes (KDIGO) guidelines define CKD as
evidence of chronic kidney damage that lasts more than
three months, even if the GFR is 60 mL/min per 1.73
m’ or higher. Albuminuria is the earliest marker of glo-
merular damage and is independently associated with
increased mortality, even in the presence of normal GFR
[9]. Therefore, subjects with albuminuria or other early
markers of kidney damage and with normal or mildly
decreased GFR (CKD stage 1 to 2) should be included
in order to include its attributable mortality. However,
since the patients with CKD enrolled in this study were
assessed by reviewing diagnosis codes in claims, it is
likely that patients with mild CKD were not included.
Therefore, the number of patients with CKD may have
been underestimated. However, we tried to define CKD
based on previous epidemiologic studies [18—21], and to
our knowledge there is no study of the impact of CKD on
mortality compared with healthy controls and patients
with diabetes or hypertension but without CKD. Second,
considering the tendency of physicians not to enter CKD
codes for patients with mild severity, it is likely that pa-
tients with more serious disease predominated in this
study. This information can also be inferred from the
fact that the proportions of patients with hypertension,
diabetes, cardiovascular disease, and malignancy in this
analysis were 90.6%, 56%, 26.2%, and 17.5%, respectively,
which seems to be higher than expected in the general
CKD population. Therefore, the mortality risk may have
been overestimated. However, in a recent study, Kang et
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al [8] showed that 96.1% of patients with CKD registered
in their cohort had hypertension, 5.3% had coronary ar-
tery disease, 3.5% had peripheral vascular disease, 6.0%
had cerebrovascular disease, 1.5% had congestive heart
failure, and 2.5% had arrhythmias. This data is similar to
our findings. Third, the proportions of patients at each
CKD stage in each group were not determined. There-
fore, the impact of CKD stage could not be determined in
a comparative analysis of mortality differences between
groups.

Despite these limitations, the major strength of our
present study is that it is the first study of mortality
among patients with incident CKD and the impact of
CKD on mortality. We found that Korean patients with
CKD had higher mortality than healthy controls or pa-
tients with diabetes or hypertension but without CKD
using a large and representative national sample. CKD
might be a significant risk factor for mortality irrespective
of comorbid diseases such as diabetes and hypertension.
Future investigations are needed using large-scale cohort
studies or complete enumeration involving more clearly
separated groups of patients at all CKD stages and mea-
suring renal function including albuminuria.
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