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ABSTRACT

Background. The estimated glomerular filtration rate (eGFR) is a biomarker not only for kidney function, but also for major
clinical outcomes. We aimed to evaluate the patterns of mortality across the entire eGFR percentile spectrum using a
population-based dataset.

Methods. We retrospectively reviewed the National Health Insurance Service (NHIS) database for people who received
nationwide health check-ups from 2009 to 2012. Subjects who were �45 years old and had one or more serum creatinine
values available were included in the study. The primary outcome was all-cause mortality as a function of eGFR percentile.

Results. The middle-aged group (45–64 years) showed a U-shaped pattern of association between eGFR percentile and all-
cause mortality. The minimum-mortality eGFR percentile was shifted upward in the elderly group (�65 years).
Specifically, the minimum-mortality eGFR percentiles were the 28th percentile (83.8 mL/min/1.73 m2) for middle-aged
males, the 63rd percentile (86.2 mL/min/1.73 m2) for elderly males, the 42nd percentile (102.8 mL/min/1.73 m2) for
middle-aged females and the 75th percentile (90.1 mL/min/1.73 m2) for elderly females. Diabetes and hypertension
shifted the minimum-mortality eGFR percentile upward in the middle-aged group. This pattern was attenuated in the
elderly group.
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Conclusions. The eGFR percentile showing minimum mortality moves upward in the aged population as well as patients
with diabetes and hypertension, which might reduce the clinical significance of hyperfiltration. Risk stratification for
mortality should be approached differently according to the specific conditions of the patient group.

Keywords: all-cause mortality, estimated glomerular filtration rate, elderly

INTRODUCTION

The estimated glomerular filtration rate (eGFR) is not only the
most frequently used biomarker representing kidney function,
but also a prognostic biomarker for major clinical outcomes
[1–3]. An eGFR <60 mL/min/1.73 m2, which occurs in <5% of the
general population, is a well-known risk factor for all-cause
mortality [3–5]. Recent studies have revealed that glomerular
hyperfiltration, which is conventionally defined as an eGFR
above the 95th percentile or >2 standard deviations above the
mean [6], is also associated with an increased risk of all-cause
mortality [7, 8]. Thus there are clearly high mortality risks at
both ends of the eGFR spectrum. While the association between
eGFR and mortality can change according to age, gender and
various clinical situations, the eGFR criteria for risk assessment
are defined as certain absolute or percentile values. This ap-
proach could either overestimate or underestimate the risk of
major clinical outcomes, thereby limiting the value of eGFR as a
prognostic biomarker in the general population.

While serum creatinine (sCr) is the most crucial variable for
determining eGFR, age has a significant effect as well. Indeed,
eGFR is known to decline by an average of 0.7–1.0 mL/min/1.73
m2 per year from middle age onward [9–11]. In addition to age,
several medical conditions such as diabetes, hypertension,
pregnancy and smoking increase eGFR at the nephron level,
either physiologically or pathologically [12, 13]. Therefore it is
crucial to assess the differences in mortality risk across the
eGFR spectrum according to age, sex and presence of diabetes
mellitus or hypertension. For this purpose, we aimed to evalu-
ate the pattern of mortality across the entire eGFR percentile
spectrum using a population-based dataset and determine the
eGFR percentile with the minimal mortality rate in different
clinical settings.

MATERIALS AND METHODS
Study subjects

Patients who underwent national health screening between
January 2012 and December 2012 with a follow-up between
January 2013 and December 2016 were included in the study. Of
all eligible patients, those �45 years of age with one or more sCr
value available were selected for the study. Subjects who had
experienced dialysis, kidney transplantation, cerebrovascular
disease or cardiovascular disease within 3 years before the
health screening were excluded. The subject population
�65 years of age was regarded as the elderly group and the rest
were considered the middle-aged group.

Data source and acquisition

This study was performed using data from the Korean National
Health Insurance Service (NHIS) and the Health Insurance
Review and Assessment Service (HIRA) databases. In Korea, uni-
versal health insurance provides biannual health screening
free of charge to all people �40 years of age. Health insurance

coverage was �97% and the overall examination rate was >70%
[14, 15]. We obtained information including demographic varia-
bles and laboratory results at the time of health examination
from the NHIS database. Additionally, healthcare utilization in-
formation, diagnostic codes according to the International
Classification of Diseases, 10th Revision (ICD-10), medical pro-
cedure history, prescription records and medical costs were re-
trieved from the HIRA database [16, 17].

Collected data

The baseline characteristics included age; sex; socio-economic
status; history of smoking; anthropometric data such as height,
weight and waist and hip circumference; and blood pressure.
The laboratory variables consisted of sCr, serum glucose and
the lipid profile. The sCr values were measured by traceable iso-
tope dilution mass spectrometry (IDMS). We calculated eGFR
using the Chronic Kidney Disease Epidemiology Collaboration
equation as follows: eGFR ¼ 141�minimum(sCr/j, 1)a �
maximum(Cr/j, 1)�1.209 � 0.993age � 1.018 [if female], j¼ 0.7
(female) or 0.9 (male), a ¼ �0.329 (female) or �0.411 (male).

Study outcomes

The primary outcome was all-cause mortality as a function of
eGFR. Two age groups were defined using a cut-off of 65 years
and eGFR was divided into seven percentile categories: <5th,
5th–15th, 15th–40th, 40th–59th, 60th–84th, 85th–94th and �95th.
The final outcome was the eGFR percentile at which the mortal-
ity risk, as defined by the hazard ratio (HR) for all-cause mortal-
ity, increased significantly. In addition, the following subgroups
were compared: the diabetic and non-diabetic subgroups
and the hypertensive and normotensive subgroups.

Statistical analysis

To compare baseline characteristics, we used the chi-squared
test and the Kruskal–Wallis test. Continuous and categorical
variables were presented as median values with interquartile
ranges and numbers with percentages, respectively. The all-
cause mortality risks were estimated by multivariate Cox re-
gression analysis adjusted for variables including age, sex, body
mass index (BMI), smoking status, drinking status, serum glu-
cose, systolic blood pressure and total cholesterol. To allow the
modeling of smooth non-linear effects, we used penalized
splines implemented in the spline function of the R package
‘survival’ (R Foundation for Statistical Computing, Vienna,
Austria). We performed the statistical analysis using SAS ver-
sion 9.4 (SAS Institute, Cary, NC, USA) with a two-sided P-value
<0.05 as the criterion for statistical significance.

Ethical considerations

This study was approved by the institutional review board (IRB)
of Seoul National University Hospital (IRB no. E-1801-027-913).
We obtained approval from the appropriate government
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organization to use data from the NHIS and HIRA. The study
was conducted in accordance with the Declaration of Helsinki.

RESULTS
Study population

We reviewed the data of 1 285 208 subjects and 565 902 met the
inclusion criteria (Figure 1). Among the seven eGFR strata, the
highest stratum contained the highest percentages of current
smoking, heavy drinking, low income and underweight. These
variables, other than low income, showed a linear relationship
between values and eGFR categories. Additionally, high-density
lipoprotein cholesterol incrementally increased over ascending
eGFR categories, while the opposite was true of low-density li-
poprotein cholesterol (Table 1).

Glomerular filtration rate trends associated with
mortality

When the 40th–59th percentile of eGFR was regarded as a refer-
ence, the lowest range of the eGFR percentile showed a signifi-
cantly increased risk for all-cause mortality in all subjects. Male
subjects with the highest range of eGFR percentile showed sig-
nificantly increased risk for all-cause mortality regardless of
age, but this statistical significance was attenuated in the fe-
male group (Table 2). All-cause mortality across the entire eGFR
percentile showed a U-shaped curve (Figure 2). At low eGFR per-
centiles, both males and females had a significantly increased
risk of mortality regardless of age. The minimum-mortality
eGFR percentiles were the 28th percentile (83.8 mL/min/1.73 m2)
for middle-aged males, the 63rd percentile (86.2 mL/min/1.73
m2) for elderly males, the 42nd percentile (102.8 mL/min/1.73
m2) for middle-aged females and the 75th percentile (90.1 mL/
min/1.73 m2) for elderly females. Finally, mortality risk signifi-
cantly increased above and below the range from the 16th to
62nd percentile (79.5–97.9 mL/min/1.73 m2) and from the 18th to
86th percentile (82.1–110.4 mL/min/1.73 m2) in middle-aged
males and females, respectively. For the older males, mortality

risk significantly increased above and below the range from the
23rd to 81st percentile (56.77–96.29 mL/min/1.73 m2), while there
was only a lower limit (33rd percentile, 73.37 mL/min/1.73 m2)
below which mortality risk was significantly increased in older
females. Since the minimum-mortality eGFR percentiles were
lower in the middle-aged group than in the elderly group in
both sexes, the upward slope on the right side of the curve,
showing mortality rates at the high eGFR percentile levels, was
steeper in the middle-aged group than in the elderly group. The
eGFR values for each percentile by age group and sex are de-
scribed in Supplementary data (Supplementary data, Tables S1-
1, S1-2 and S1-3).

Association between GFRs and mortality according to
diabetes

The minimal-mortality eGFR percentiles varied in the middle-
aged group depending on whether diabetes was present.
Subjects with diabetes had minimum mortality at the 47th and
65th percentiles, which corresponded to an eGFR of 88.1–90.5
and 94.5–107.4 mL/min/1.73 m2 in middle-aged males and
females, respectively. Meanwhile, subjects without diabetes
had minimum mortality at the 25th and 36th percentiles (77.0–
88.0 and 80.4–102.1 mL/min/1.73 m2) in middle-aged males and
females, respectively. In contrast, there was little difference in
the minimum-mortality eGFR percentile between the diabetes
[61st and 68th percentiles (78.2–91.8 and 81.1–95.3 mL/min/1.73
m2) in males and females] and non-diabetes groups [63rd and
78th percentiles (78.7–91.9 and 82.2–98.0 mL/min/1.73 m2) in
males and females] in the elderly group (Figure 3). The number
of patients included in the different eGFR percentiles is de-
scribed in Supplementary data, Table S2.

Association between glomerular filtration rates and
mortality according to hypertension

The middle-aged males showed a U-shaped relationship be-
tween eGFR and all-cause mortality regardless of the presence
of hypertension. In middle-aged subjects, the presence of hy-
pertension moved the minimum-mortality eGFR percentile to
the right. Also, the difference between the hypertension [61st
percentile (94.0–105.0 mL/min/1.73 m2)] and non-hypertension
group [28th percentile (78.7–88.7 mL/min/1.73 m2)] was promi-
nent in middle-aged females. The difference in the minimum-
mortality eGFR percentile between hypertensive and normoten-
sive subjects was attenuated in the elderly group (Figure 4).

DISCUSSION

All-cause mortality was found to be a U-shaped function of
eGFR percentile. The minimum-mortality eGFR percentile var-
ied depending on age, sex and comorbidities. The prognostic
impact of higher eGFR percentiles was higher in the middle-
aged group than in the elderly group, since the former group
had a lower minimum-mortality eGFR percentile than the latter
group. Old age, diabetes and hypertension increase the prognos-
tic impact of lower eGFR by moving the minimum-mortality
eGFR percentile upward on the eGFR percentile spectrum. This
study is the first investigation to identify the minimum-
mortality eGFR percentile, which increases in the aged popula-
tion and subjects with comorbidities, using a nationwide
population-based dataset.

In this study, the elderly group had a higher minimum-
mortality eGFR percentile than the middle-aged group. As a

Subjects who performed
health screening in 2012

(n=1 285 208)

Age < 45 years
(n=582 793)

Previously diagnosed with
end-stage renal disease
(n=1593)

Previously diagnosed with
cerebro/cardiovascular disease
(n=126 853)

Subjects finally included
in the study
(n=565 902)

FIGURE 1: Flow diagram for the study populations.

1358 | Y. Kim et al.

D
ow

nloaded from
 https://academ

ic.oup.com
/ckj/article/14/5/1356/6055034 by KEIM

YU
N

G
 U

N
IV M

ED
IC

AL LIBR
AR

Y user on 28 D
ecem

ber 2021

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaa238#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaa238#supplementary-data
https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfaa238#supplementary-data


result, the proportion of subjects above the minimum-mortality
eGFR percentile was lower in the elderly group than in the
middle-aged group. For this reason, the effect of glomerular
hyperfiltration on mortality was not statistically significant in
the elderly group. On the contrary, the minimum-mortality
eGFR percentile moved downward in the middle-aged group,
therefore a high eGFR percentile, indicating glomerular hyperfil-
tration, should be taken as a warning sign in this group.

The minimum-mortality eGFR percentile was higher in
females than in males. Additionally, the difference in eGFR per-
centile between the middle-aged and elderly groups was more
distinct in females than in males. However, the sex gap was at-
tenuated in the elderly group, possibly due to a difference in
age-related changes in muscle mass between males and
females [18, 19]. Males show incremental decreases in skeletal
muscle mass with age. Although skeletal muscle mass is signifi-
cantly lower in females than in males for a whole range of ages,

female muscle mass does not change in the aging process and
the sex gap in skeletal muscle mass incrementally decreases
with age [18]. For this reason, we suggest that the sex-specific
difference in the gap between middle-aged and elderly subjects’
minimum-mortality eGFR percentiles was related to disparities
of muscle mass. Furthermore, for females, the decreased num-
ber of subjects above the minimum-mortality eGFR percentile
caused glomerular hyperfiltration to be less clinically significant
than in males, especially in the elderly group.

Subjects with diabetes or hypertension also had higher
minimum-mortality eGFR percentiles than those without
comorbidities, especially in the middle-aged group. Both dis-
eases are well-known contributors to the development of
chronic kidney disease (CKD). Given the increasing proportion
of people with low eGFRs among patients with comorbidities,
the minimum-mortality eGFR percentile tended to move up-
ward. In this regard, the clinical significance of lower eGFR was

Table 1. Descriptive demographics of study populations stratified by eGFRs

Variables
Group 1

(n¼ 22 130)
Group 2

(n¼ 58 422)
Group 3

(n¼ 138 942)
Group 4

(n¼ 113 245)
Group 5

(n¼ 140 424)
Group 6

(n¼ 57 329)
Group 7

(n¼ 34 097) P-value

Age (years), n (%)
45–49 4844 (21.9) 12 976 (22.2) 28 895 (20.8) 26 964 (23.8) 31 210 (22.2) 11 655 (20.3) 7222 (21.2) <0.0001
50–54 4815 (21.8) 13 463 (23.0) 36 581 (26.3) 27 165 (24.0) 43 052 (30.7) 15 100 (26.3) 12 534 (36.8)
55–59 4873 (22.0) 12 415 (21.3) 26 571 (19.1) 20 172 (17.8) 19 405 (13.8) 8864 (15.5) 2235 (6.6)
60–64 2343 (10.6) 7569 (13.0) 20 108 (14.5) 13 816 (12.2) 22 551 (16.1) 10 475 (18.3) 6693 (19.6)
65–69 2580 (11.7) 5410 (9.3) 9763 (7.0) 10 579 (9.3) 9217 (6.6) 3350 (5.8) 1293 (3.8)
70–74 1357 (6.1) 3715 (6.4) 10 791 (7.8) 9467 (8.4) 9965 (7.1) 6166 (10.8) 3238 (9.5)
�75 1318 (6.0) 2874 (4.9) 6233 (4.5) 5082 (4.5) 5024 (3.6) 1719 (3.0) 882 (2.6)

Sex (male), n (%) 11 488 (51.9) 29 920 (51.2) 72 199 (52.0) 55 790 (49.3) 73 579 (52.4) 29 205 (50.9) 17 458 (51.2) <0.0001
Smoking, n (%)

None 14 161 (64.0) 37 619 (64.4) 87 813 (63.2) 72 690 (64.2) 86 112 (61.3) 35 285 (61.6) 20 832 (61.1) <0.0001
Ex-smoker 4330 (19.6) 10 955 (18.8) 26 621 (19.2) 20 183 (17.8) 25 780 (18.4) 9703 (16.9) 5354 (15.7)
Current

smoker
3639 (16.4) 9848 (16.9) 24 508 (17.6) 20 372 (18.0) 28 532 (20.3) 12 341 (21.5) 7911 (23.2)

Drinking, n (%)
None 14 161 (64.0) 37 619 (64.4) 87 813 (63.2) 72 690 (64.2) 86 112 (61.3) 35 285 (61.6) 20 832 (61.1) <0.0001
Moderate 4330 (19.6) 10 955 (18.8) 26 621 (19.2) 20 183 (17.8) 25 780 (18.4) 9703 (16.9) 5354 (15.7)
Heavy 3639 (16.4) 9848 (16.9) 24 508 (17.6) 20 372 (18.0) 28 532 (20.3) 12 341 (21.5) 7911 (23.2)

Physical activity,
n (%)

5036 (22.8) 13 627 (23.3) 32 648 (23.5) 25 897 (22.9) 32 042 (22.8) 12 774 (22.3) 7072 (20.7) <0.0001

Low income, n (%) 4843 (21.9) 12 143 (20.8) 28 129 (20.3) 23 195 (20.5) 27 630 (19.7) 11 730 (20.5) 7473 (21.9) <0.0001
BMI, n (%)
<18.5 368 (1.7) 1008 (1.7) 2664 (1.9) 2658 (2.4) 3364 (2.4) 1662 (2.9) 1249 (3.7) <0.0001
18.5–22.9 6636 (30.0) 19 017 (32.6) 47 897 (34.5) 41 275 (36.5) 53 454 (38.1) 22 597 (39.4) 14 020 (41.1)
23.0–24.9 5962 (26.9) 16 084 (27.5) 38 898 (28.0) 31 260 (27.6) 38 282 (27.3) 15 193 (26.5) 8699 (25.5)
25.0–29.9 8116 (36.7) 20 114 (34.4) 45 034 (32.4) 34 641 (30.6) 41 260 (29.4) 16 110 (28.1) 9063 (26.6)
�30 1048 (4.7) 2199 (3.8) 4449 (3.2) 3411 (3.0) 4064 (2.9) 1767 (3.1) 1066 (3.1)

Waist
circumference (cm)

82.3 6 8.9 81.9 6 8.7 81.6 6 8.5 81.2 6 8.5 81.1 6 8.5 81.0 6 8.5 80.5 6 8.7 <0.0001

SBP (mmHg) 125.6 6 15.7 124.6 6 15.1 124.1 6 14.9 123.7 6 14.9 123.6 6 14.9 124.1 6 15.0 123.9 6 15.3 <0.0001
DBP (mmHg) 77.3 6 10.4 77.3 6 10.0 76.9 6 9.9 76.5 6 9.9 76.6 6 10.0 76.6 6 10.2 76.5 6 10.5 <0.0001
Glucose (mg/dL) 102.1 6 28.4 100.1 6 23.8 99.5 6 22.8 99.1 6 22.8 99.3 6 23.5 99.6 6 24.8 100.0 6 25.9 <0.0001
Total

cholesterol (mg/dL)
198.8 6 39.6 201.3 6 37.6 200.5 6 36.9 199.5 6 36.4 198.5 6 36.3 197.0 6 36.2 195.2 6 36.7 <0.0001

Triglycerides (mg/dL),
median (IQR)

125.8
(124.9–126.7)

119.4
(118.9–120.0)

116.9
(116.6–117.3)

114.7
(114.4–115.1)

114.1
(113.8–114.4)

112.1
(111.6–112.6)

111.4
(110.8–112.1)

<0.0001

HDL (mg/dL) 51.8 6 13.8 53.2 6 13.7 53.6 6 13.6 54.1 6 13.8 54.3 6 14.1 54.6 6 14.2 55.0 6 14.6 <0.0001
LDL (mg/dL) 117.6 6 35.9 120.8 6 34.5 120.2 6 34.0 119.3 6 33.6 118.1 6 33.4 116.6 6 33.3 114.5 6 34.0 <0.0001
eGFR (mL/min/1.73 m2) 50.6 6 17.8 68.9 6 7.2 81.0 6 7.8 93.2 6 7.5 99.2 6 6.1 103.6 6 6.3 110.9 6 7.5 <0.0001
CCI score 1.3 6 1.6 0.9 6 1.3 0.9 6 1.2 0.9 6 1.2 0.8 6 1.2 0.9 6 1.3 0.9 6 1.2 <0.0001

Values are presented as mean 6 SD unless stated otherwise.

SBP, systolic blood pressure; DBP, diastolic blood pressure; HDL, high-density lipoprotein; LDL, low-density lipoprotein; CCI, Charlson Comorbidity Index.
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Table 2. Pooled estimates of the adjusted HRs for all-cause mortality in different eGFR percentiles according to age and sex

Groups

Range
of eGFR

percentiles Patients, n Deaths, n
Person-

years

Incidence
rate (per 1000
person-year)

Model 1,
HR (95% CI)

Model 2,
HR (95% CI)

Male, age 45–64 years <5 11 917 276 63 740.6 4.33 1.43 (1.25–1.64) 1.48 (1.29–1.7)
5–14 22 188 306 118 791.5 2.58 0.85 (0.75–0.97) 0.91 (0.8–1.04)

15–39 57 668 855 308 838.9 2.77 0.92 (0.83–1.01) 0.95 (0.86–1.05)
40–59 49 468 800 264 813.8 3.02 1(Ref.) 1 (Ref.)
60–84 57 012 968 305 291.8 3.17 1.05 (0.96–1.15) 1 (0.91–1.1)
85–94 24 014 493 128 315.5 3.84 1.27 (1.14–1.42) 1.14 (1.02–1.27)
�95 14 329 396 76 378.8 5.18 1.72 (1.52–1.94) 1.44 (1.28–1.63)

Male, age �65 yeras <5 2629 378 13 624.6 27.74 1.62 (1.44–1.83) 1.66 (1.47–1.87)
5–14 4321 537 22 578.0 23.78 1.39 (1.25–1.54) 1.45 (1.3–1.61)

15–39 14 258 1334 75 240.1 17.73 1.03 (0.95–1.12) 1.06 (0.97–1.15)
40–59 9912 900 52 409.4 17.17 1 (Ref.) 1 (Ref.)
60–84 13 979 1367 73 862.6 18.51 1.08 (0.99–1.17) 1.02 (0.94–1.11)
85–94 4815 486 25 447.4 19.10 1.11 (0.99–1.24) 1.03 (0.92–1.15)
�95 3129 351 16 510.4 21.26 1.23 (1.09–1.39) 1.09 (0.97–1.24)

Female, age 45–64 years <5 10 429 126 56 352.0 2.24 2.04 (1.65–2.53) 1.98 (1.6–2.45)
5–14 21 839 171 117 487.9 1.46 1.33 (1.1–1.62) 1.32 (1.09–1.61)

15–39 53 183 329 286 875.8 1.15 1.05 (0.89–1.24) 1.04 (0.89–1.23)
40–59 42 584 251 229 645.6 1.09 1 (Ref.) 1 (Ref.)
60–84 54 101 340 291 793.4 1.17 1.07 (0.91–1.25) 1.06 (0.9–1.25)
85–94 25 061 189 135 003.6 1.40 1.28 (1.06–1.55) 1.26 (1.04–1.52)
�95 10 773 74 58 103.4 1.27 1.16 (0.9–1.51) 1.13 (0.87–1.47)

Female, age �65 years <5 2626 278 13 954.8 19.92 2.40 (2.08–2.77) 2.38 (2.06–2.75)
5–14 6007 389 32 349.8 12.02 1.44 (1.27–1.64) 1.46 (1.28–1.67)

15–39 12 973 732 70 199.6 10.43 1.25 (1.12–1.4) 1.24 (1.11–1.39)
40–59 11 951 542 64 931.0 8.35 1 (Ref.) 1 (Ref.)
60–84 14 756 652 80 283.3 8.12 0.97 (0.87–1.09) 0.96 (0.85–1.07)
85–94 5727 196 31 236.9 6.27 0.75 (0.64–0.88) 0.74 (0.63–0.87)
�95 2940 148 15 988.8 9.26 1.11 (0.92–1.33) 1.06 (0.88–1.27)

Model 1: non-adjusted.

Model 2: adjusted for age, sex, BMI, systolic blood pressure, smoking status, drinking status, serum glucose and total cholesterol.

CI, confidence interval; Ref.: reference.
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prominent, meaning that physicians need to focus on patients
with low eGFRs to reduce risk in these populations. Aging is also
a relative risk factor for decreased eGFR, therefore the impact of
the disease on eGFR was attenuated in the elderly group.

CKD is defined in terms of stages based on specific eGFR
ranges, but extremely high eGFR, representing glomerular
hyperfiltration, is not clearly defined by eGFR. Most research
considering glomerular hyperfiltration was conducted with a
definition as the 95th percentile after adjusting for age and sex
[6]. However, the impact of glomerular hyperfiltration on all-
cause mortality disappeared in the female group [20]. Having al-
ready moved towards a higher eGFR percentile for minimum
mortality could attenuate the clinical impact of glomerular
hyperfiltration, which was defined by percentile in females.

The lowest point of the U-shaped graph of all-cause mortal-
ity was moved to the right (higher eGFR) in the elderly group
and the female group, but the usual pattern was maintained.
Therefore we suggest that the clinically meaningful range could

be differentially determined depending on the specific condi-
tion by not only the percentile of the eGFR, but also the absolute
eGFR value. Considering that the eGFR value showing minimum
risk for mortality does not change, unlike the eGFR percentile, a
healthy eGFR could be defined as �90 mL/min/1.73 m2 regard-
less of age and sex. Nevertheless, evaluating the minimum-
mortality percentile across the entire eGFR percentile spectrum
could suggest the comparative impact of the eGFR percentile for
all but the extreme groups, which are already regarded as dis-
ease populations.

This study was conducted with data from a large
population-based cohort. We strictly excluded subjects with
previous major comorbidities. In addition, we exclusively used
eGFR based on the IDMS-traceable Cr value. However, there are
several limitations to be discussed. First, the study design was
retrospective in nature and its generalizability was limited in
that it drew its subjects from only a single country. Second, we
performed the analysis using only one measurement eGFR.
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Third, we could not adjust for the levels of urinary albumin ex-
cretion, which is independently associated with mortality.
Fourth, we could not adjust for the history of medications that
potentially affect the eGFR of the subjects. Fifth, we excluded
subjects with a history of cerebrovascular or cardiovascular
disease, which potentially limits the generalizability of the
study results. In addition, the short duration of follow-up hin-
ders the evaluation of outcomes.

The eGFR was closely related to all-cause mortality. This re-
lationship changed in response to several conditions, such as
age, sex and presence of comorbidities. Overall, low eGFR sig-
nificantly increased the risk of all-cause mortality irrespective
of various conditions. However, the minimum-mortality eGFR
percentile increased in the elderly group and females. In con-
trast, the middle-aged group showed a significant impact of
higher eGFR on all-cause mortality, with a U-shaped pattern,
regardless of comorbidities. Thus, while it is mainly low eGFR

that needs to be focused on in elderly people and those with
comorbidities, high eGFR is of greater clinical interest than low
eGFR in middle-aged people. These distinct approaches could
suggest helpful guidelines for clinicians to evaluate and man-
age deterioration of renal function.
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