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Introduction: Additional evidence is necessary to interpret kidney function parameters in young adults,

particularly in those with marginal estimated glomerular filtration rate (eGFR) values. Therefore, we aimed

to investigate the association between eGFR and adverse outcomes in general young adults.

Methods: We performed a nationwide retrospective cohort study using the health-screening database of

South Korea. We included young adults aged 20–39 years without a history of major adverse cardiovascular

events (MACE) or kidney failure, who underwent nationwide health screening in 2012. The study exposure

was eGFR categorized into 15 ml/min per 1.73 m2 intervals. The risks of all-cause mortality and MACE were

calculated using Cox regression analysis, adjusted for various clinicodemographic characteristics.

Results: In total, 3,132,409 young adults were included in this study. During a median follow-up of 7.3

years, marginal eGFR (60–75 ml/min per 1.73 m2) was not significantly associated with a higher risk of all-

cause mortality (adjusted hazard ratio [aHR], 0.80 [0.74–0.87]). The results were similar for MACE out-

comes (aHR, 0.94 [0.87-1.01]). Although the presence of dipstick albuminuria had a significant interaction

with the association between eGFR categories and all-cause mortality (interaction term P¼ 0.028), the risks

of all-cause mortality were not significantly higher (aHR, 0.98 [0.62, 1.55]) in those with albuminuria and

eGFR 60–75 ml/min per 1.73 m2.

Conclusion: Marginal eGFR was not associated with higher risks of all-cause mortality and MACE in

general young adults. Additional clinical investigations for incidentally found marginal eGFR values may

be discouraged in general young adults.
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T
he prevalence and socioeconomic burden of
chronic kidney disease (CKD) have increased over

the past decades along with the global aging trend.1,2

The current definition of CKD in adults is based on
the 2012 Kidney Disease Improving Global Outcomes
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guidelines. According to this guideline, the criteria for
the definition of CKD include glomerular filtration rate
(GFR) <60 ml/min per 1.73 m2 or the presence of
markers of kidney damage, often determined by
elevated albuminuria, persisting for at least 3 months.3

Although it has already been over 2 decades since
the current definition of CKD was used, there have
been continuous discussions about an absolute
threshold of GFR <60 ml/min per 1.73 m2, regardless of
age. The main issue related to the current definition of
CKD is that the criteria do not consider the physio-
logical decline in GFR that occurs with normal healthy
aging.4 In addition, a substantial number of healthy
2709
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elderly individuals have a GFR <60 ml/min per 1.73 m2

in other studies.5–7 Because of these phenomena, some
addressed that the current definition of CKD with fixed
criteria of GFR may lead to overdiagnosis of CKD,
especially in older adults.8

In contrast, some considered that the threshold of
GFR below 60 ml/min per 1.73 m2 may be too low to
diagnose CKD in young adults <40 years of age.9

Considering that the average GFR in healthy young
adults is about 100–110 ml/min per 1.73 m2, the current
CKD definition may underestimate the prevalence of
CKD in young adults.6,9 Although the GFR threshold to
define CKD is determined by its association with mor-
tality or cardiovascular risks, a previous study ascer-
tained the risk of mortality according to categories of
age and identified that eGFR below 75 ml/min per 1.73
m2 is associated with increased mortality in general and
in high risks cohorts with age <55 years.10,11 There-
fore, those who advocate for age-calibrated definition
of CKD suggest that the GFR threshold of CKD for
young adults should be raised to 75 ml/min per 1.73
m2.9,12 Despite the controversy, there have been few
large-scale studies targeting general young adults that
have investigated the association between incidentally
found marginal eGFR and adverse outcomes. Such ev-
idence would be important in advising clinicians on
whether to pay additional sociomedical resources for
incidentally detected marginal eGFR (60–75 ml/min per
1.73 m2) in general young adults.

In this study, we aimed to investigate the association
between eGFR and the risk of mortality and MACE in a
unique cohort of general young adults from a nation-
wide health screening database in South Korea. We
hypothesized that young adults with marginal eGFR
would exhibit a worse prognosis.

METHODS

Ethics Considerations

This study was approved by the Institutional Review
Board of the Seoul National University Hospital (E-
2112-048-1281). The Korean National Health Insurance
Service (NHIS) database was approved by the relevant
government organizations. The study was conducted in
accordance with the principles of the Declaration of
Helsinki. The requirement for informed consent was
waived because this retrospective study used fully
anonymous and unidentifiable data.

Study Setting

This study used nationwide health screening data from
the Korean NHIS database, as described in our previous
studies.13,14 In South Korea, a nationwide health
screening program that includes clinicodemographic
assessments, lifestyle evaluations, and laboratory tests
2710
is provided to all Korean citizens. The data are also
linked to the nationwide claims database, which
included information on all insured medical services
coded according to the International Classification of
Diseases, Tenth Revision (ICD-10). The database has the
benefit of availability of large-scale serum creatinine
measurements, even for young adults, because schools
and workplaces provide charge-free general health
screenings for their members. In addition, complete
follow-up information within the nation is available
because health insurance is provided by a single
insurer.

Study Population

As the main study target, we included young adults
aged 20 to 39 years who underwent a national health
screening conducted in 2012. The year 2012 was chosen
to ensure both sufficient underlying disease screening
period and certain follow-up duration, considering the
data availability of the National Health Insurance
Database. Those with missing data were excluded.
Given that we aimed to investigate the incident risks of
myocardial infarction and stroke, those with a history
of outcomes before follow-up were excluded. Those
previously diagnosed with kidney failure were also
excluded because the kidney function parameters
fluctuate among those who undergo dialysis or
transplantation.

Study Outcomes

The primary outcome was all-cause mortality. All-cause
mortality was defined using the claims database, which
included nationwide mortality events collected from
death certificates. The secondary outcome was the
occurrence of MACE defined as a composite of
myocardial infarction and stroke. As in a previous
study,15 myocardial infarction was recorded if an in-
dividual had ICD-10 code I21 or I22 during hospitali-
zation. Stroke was defined using ICD-10 codes I63 or
I64 during hospitalization, with claims information for
brain magnetic resonance imaging or brain computed
tomography imaging. All the participants were
followed up from the date of the baseline health
screening visit at which the initial eGFR was measured
and censored on the last date of data availability or the
date of death or cardiovascular events.

Ascertainment of eGFR Exposure

In this study, kidney function was assessed using eGFR,
which was calculated using the Modification of Diet in
Renal Disease equation based on the Jaffe serum creat-
inine value. The main exposure variable was eGFR, and
the study participants were classified into 8 different
groups by eGFR: <30, 30 to 45, 45 to 60, 60 to 75, 75 to
Kidney International Reports (2023) 8, 2709–2719
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90, 90 to 105, 105 to 120, and $120 ml/min per 1.73 m2.
Considering that the average eGFR in healthy young
adults is about 100 to 110 ml/min per 1.73 m2,6 we
determined the eGFR 105 to 120 ml/min per 1.73 m2

group as the reference group. An additional sensitivity
analysis was performed with eGFR calculation equations
that have been developed in recent periods, although a
certain readjustment of serum creatinine levels was
necessary. For the analysis, the traditional Jaffe serum
creatinine values were recalibrated to current standard
isotope dilution mass spectrometry traceable creatinine
(IDMS-traceable Cr) values using the equation: Con-
ventional serum creatinine (mg/dl) ¼ (IDMS-traceable
Cr)*1.065 þ 0.067.16 The eGFR was recalculated using
the CKD Epidemiology Collaboration 202117 and the
European Kidney Function Consortium equations.18

Sensitivity analysis was performed in a similar manner
to the Modification of Diet in Renal Disease eGFR.

Data Collection

The Korean NHIS dataset contains demographic,
anthropometric, lifestyle factors, and laboratory data.
The study outcomes and medical histories were obtained
from the claims database. We collected baseline infor-
mation, including age and sex, anthropometric data,
including height, weight, waist circumference, and
blood pressure, and laboratory data, such as baseline
eGFR, presence of dipstick albuminuria ($1þ), fasting
glucose, total cholesterol, high-density lipoprotein, and
low-density lipoprotein. Information related to social
and lifestyle factors, such as low-income status (<20th
percentile of the country), current smoking history,
alcohol intake (>0 g of alcohol intake per day), and
regular physical activity (moderate-intensity physical
activity $5 days or vigorous-intensity physical
activity $3 days per week) was collected through a
questionnaire used in the nationwide health screening
program. Past medical histories included diabetes mel-
litus (ICD-10 codes E11-14 with relevant antidiabetic
medication history), hypertension (ICD-10 codes I10-13
or I15 with relevant antihypertensive medication his-
tory), and dyslipidemia (ICD-10 code E78 with relevant
dyslipidemia medication history).

Statistical Analysis

Categorical variables are presented as frequencies
(percentages) and continuous variables are presented as
means (� SDs). Incidence rates (events per 1000 person-
years) were also calculated. The Kaplan-Meier survival
curve was plotted to describe the incidence probability
of all-cause mortality. Considering that all-cause mor-
tality is a competing risk of MACE outcome, the cu-
mulative incidence function curve was plotted to
describe the incidence probability of MACE.
Kidney International Reports (2023) 8, 2709–2719
We performed Cox regression analysis to assess the
risk of the study outcomes. In addition to a univariate
model, considering potential confounding effects, a
model adjusted for age and sex, and a multivariate
model including various collected covariates were
constructed. In the multivariate model, age, sex, in-
come status, smoking, alcohol consumption, physical
activity, history of diabetes mellitus, hypertension,
dyslipidemia, and presence of dipstick albuminuria
were adjusted.

In addition, to assess the clinical significance of the
marginal eGFR values in the diverse subgroups, we
performed subgroup analyses with stratification ac-
cording to the presence of hypertension, diabetes, and
dipstick albuminuria. Considering false positive rates of
dipstick albuminuria test, we defined the presence of
dipstick albuminuria as $1þ and $2þ and conducted
subgroup analysis in both cases. Using interaction term
analysis, we investigated whether comorbidities and
proteinuria had a notable interaction with the associa-
tion between eGFR categories and adverse outcome
risks.

All statistical analyses were performed using SAS
(version 9.4, SAS Institute), and 2-sided P-values <0.05
were considered statistically significant.
RESULTS

Study Population

We identified 12,310,276 individuals who underwent
the national health screening in 2012. There were
3,436,758 individuals aged 20 to 39 years. After
excluding individuals with missing information and
those with previous myocardial infarction, stroke, or
kidney failure, 3,132,409 individuals were finally
included in the study (Figure 1).

Baseline Characteristics

The baseline characteristics of the study participants,
according to eGFR, are presented in Table 1. Those
with a lower eGFR tended to have a higher proportion
of individuals with the presence of dipstick albumin-
uria and a history of diabetes, hypertension, and dys-
lipidemia. Comparing the 2 groups with eGFR of 60 to
75 ml/min per 1.73 m2 and 105 to 120 ml/min per 1.73
m2, individuals with eGFR 60 to 75 ml/min per 1.73 m2

were older and had a higher proportion of individuals
who were males. Comparing the eGFR 60 to 75 ml/min
per 1.73 m2 group with those with eGFR <60 ml/min
per 1.73 m2, individuals with eGFR 60 to 75 ml/min per
1.73 m2 had a higher proportion of males, current
smokers, and alcohol consumers. Those with low-
income status were frequently identified in those
with prominently low or high eGFR values.
2711



Figure 1. Flow chart of study population.

Table 1. Baseline characteristics of study population according to eGFR

Variable

eGFR

<30 30--45 45--60 60--75 75--90 90--105 105--120 ‡120

(n [ 1089) (n [ 819) (n [ 12247) (n [ 277664) (n [ 893353) (n [ 1029555) (n [ 466425) (n [ 451257)

Age (yr) 32.42 � 4.71 33.47 � 4.34 33.53 � 4.67 33.51 � 4.46 32.57 � 4.62 31.87 � 4.33 29.82 � 5.15 29.82 � 4.44

20–29 yr 294 (27) 154 (19) 2721 (22) 53145 (19) 227737 (25) 281147 (27) 269801 (58) 213926 (47)

30–39 yr 795 (73) 665 (81) 9526 (78) 224519 (81) 665616 (75) 748408 (73) 196624 (42) 237331 (53)

Sex, Male 632 (58) 460 (56) 4631 (38) 186503 (67) 574672 (64) 714369 (69) 288779 (62) 189554 (42)

Anthropometric findings

Height (cm) 168.04 � 8.48 167.66 � 8.5 166.08 � 8.48 169.83 � 8.18 169.25 � 8.27 169.71 � 8.12 168.65 � 8.28 165.95 � 8.4

Weight (kg) 66.33 � 14.72 67.29 � 15.45 64.67 � 14.61 69.18 � 13.94 67.41 � 13.62 67.76 � 13.60 65.66 � 13.84 62.35 � 13.57

BMI (kg/m2) 23.3 � 3.92 23.75 � 4.25 23.27 � 3.99 23.83 � 3.68 23.38 � 3.60 23.38 � 3.63 22.93 � 3.71 22.48 � 3.70

Waist circumference (cm) 78.45 � 10.99 79.07 � 11.1 76.51 � 10.81 79.4 � 10.19 78.48 � 10 78.98 � 10.01 77.53 � 10.29 75.92 � 10.27

Systolic BP (mmHg) 121.32 � 15.96 122.2 � 18.05 117.04 � 14.5 118.69 � 13.33 118.05 � 13.11 118.51 � 13.04 117.66 � 13.02 115.56 � 12.99

Diastolic BP (mmHg) 76.6 � 11.16 77.2 � 12.42 73.97 � 10.39 74.75 � 9.67 74.21 � 9.42 74.44 � 9.36 73.8 � 9.27 72.45 � 9.30

Social and lifestyle factors

Income, Lower 20 % 137 (13) 117 (14) 1859 (15) 24907 (9) 83219 (9) 93906 (9) 54749 (12) 59700 (13)

Current smoker 297 (27) 239 (29) 2611 (21) 96438 (35) 308188 (35) 397343 (39) 165711 (36) 115620 (26)

Alcohol intake (>0 g/day) 586 (54) 429 (52) 6597 (54) 179711 (65) 576844 (65) 686911 (67) 309535 (66) 259762 (58)

Regular physical activitya 164 (15) 119 (15) 2057 (17) 47198 (17) 137561 (15) 148649 (14) 65888 (14) 54762 (12)

Comorbidities

Diabetes mellitus 62 (6) 70 (9) 387 (3) 6296 (2) 16803 (2) 20328 (2) 8670 (2) 7939 (2)

Hypertension 345 (32) 360 (44) 1521 (12) 24909 (9) 65570 (7) 77043 (7) 31855 (7) 25676 (6)

Dyslipidemia 217 (20) 239 (29) 1594 (13) 29722 (11) 74221 (8) 80184 (8) 28537 (6) 26686 (6)

Laboratory findings

Fasting glucose (mg/dL) 93.62 � 21.14 96.41 � 29.59 93.21 � 21.54 92.67 � 16.06 91.71 � 15.27 91.63 � 16.13 90.57 � 16.38 89.55 � 16.78

Total cholesterol (mg/dL) 186.29 � 38.18 195.47 � 43.59 193.06 � 37.13 193.12 � 34.52 188.67 � 33.69 187.28 � 33.67 182.48 � 33.01 180.62 � 33.94

HDL (mg/dl) 55.98 � 15.14 56.32 � 16.26 60.06 � 17.96 56.45 � 18.56 56.79 � 19.84 56.22 � 19.35 57.54 � 18.40 59.58 � 16.68

LDL (mg/dl) 104.76 � 33.59 110.47 � 37.83 109.41 � 35.46 111.32 � 32.18 108.48 � 31.28 107.52 � 31.21 103.22 � 30.28 100.49 � 29.61

eGFR (mL/min/1.73m2) 10.17 � 8.22 39.34 � 4.26 56.09 � 3.42 70.23 � 3.8 83.17 � 4.31 97.21 � 5.01 111.16 � 4.92 143.94 � 91.07

Urine albuminuriab ($ 1þ) 225 (21) 238 (29) 768 (6) 5890 (2) 13376 (2) 13355 (1) 6008 (1) 5930 (1)

eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein; TG, triglyceride.
aRegular physical activity was defined as moderate-intensity physical activity $5 days or vigorous-intensity physical activity $3 days per week.
b
Urine albuminuria means the presence of dipstick albuminuria ($1þ).
Data are presented as the mean (1 SD) for continuous variables or number (%) for categorical variables.
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Risks of All-Cause Mortality and MACE

According to eGFR

During the median follow-up of 7.3 years (interquartile
range: 7.13–7.55 years), 10,552 (0.34%) mortality, 8259
(0.26%) myocardial infarction, and 4622 (0.15%) stroke
events were identified in the study population. The
incidence rates and HRs of adverse outcomes in each
eGFR group are shown in Table 2 and Figure 2. The risk
of all-cause mortality was not significantly higher in the
eGFR 60 to 75 ml/min per 1.73 m2 group (HR, 0.96 [0.89–
1.04]), whereas 3 groups with eGFR <60 ml/min per
1.73 m2 had significantly higher risks of all-cause mor-
tality. In the multivariable model adjusted for age, sex,
and other clinicodemographic covariates, the HR was
even lower (aHR, 0.80 [0.74–0.87]) (Figure 3).

In terms of the risks of MACE, a higher risk was only
identified in the univariate analysis in the eGFR 60–75
ml/min per 1.73 m2 group (HR, 1.24 [1.15–1.33]) when
compared to the reference group. However, in the
multivariable model, the risk of MACE was not
Table 2. Risk of adverse outcomes according to eGFR

Outcome eGFR N Events Duration (PY) IR (/1000 PY)

Univa

HR (95%

All-cause mortality <30 1089 11 7899 1.39 2.99 (1.65

30–45 819 9 5960 1.51 3.25 (1.69

45–60 12247 62 89466 0.69 1.49 (1.15

60–75 277664 912 2035123 0.45 0.96 (0.89

75–90 893353 2952 6552209 0.45 0.97 (0.91

90–105 1029555 3569 7554259 0.47 1.01 (0.95

105–120 466425 1598 3423838 0.47 1 (Refer

$120 451257 1439 3307722 0.44 0.93 (0.87

Myocardial infarction <30 1089 3 7892 0.38 1.12 (0.36

30–45 819 6 5948 1.01 2.98 (1.34

45–60 12247 40 89374 0.45 1.32 (0.96

60–75 277664 810 2033119 0.4 1.17 (1.07

75–90 893353 2408 6546122 0.37 1.08 (1.01

90–105 1029555 2772 7547432 0.37 1.08 (1.00

105–120 466425 1169 3420929 0.34 1 (Refer

$120 451257 1051 3305248 0.32 0.93 (0.86

Stroke <30 1089 11 7876 1.4 7.81 (4.31

30–45 819 7 5944 1.18 6.59 (3.13

45–60 12247 34 89364 0.38 2.13 (1.51

60–75 277664 507 2033476 0.25 1.39 (1.24

75–90 893353 1381 6547979 0.21 1.18 (1.07

90–105 1029555 1479 7549951 0.2 1.09 (1.00

105–120 466425 613 3421976 0.18 1 (Refer

$120 451257 590 3305955 0.18 1.00 (0.89

MACE <30 1089 13 7871 1.65 3.23 (1.87

30–45 819 12 5938 2.02 3.99 (2.27

45–60 12247 72 89277 0.81 1.57 (1.24

60–75 277664 1293 2031521 0.64 1.24 (1.15

75–90 893353 3728 6542020 0.57 1.11 (1.05

90–105 1029555 4184 7543269 0.55 1.08 (1.02

105–120 466425 1764 3419100 0.52 1 (Refer

$120 451257 1625 3303507 0.49 0.95 (0.89

CI, confidence interval; HR, hazard ratio; IR, incidence rate; MACE, major adverse cardiovasc
aMultivariable model was adjusted for age, sex, current-smoking, drinking alcohol consumption
dyslipidemia, presence of dipstick albuminuria.
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significantly higher in the eGFR 60 to 75 ml/min per
1.73 m2 group (aHR, 0.94 [0.87–1.01]) (Figure 3). In
addition, those with extremely high eGFR (e.g.,
eGFR$120 ml/min per 1.73 m2) showed higher risks for
all-cause mortality (aHR, 1.08 [1.00–1.16]) and MACE
(aHR, 1.08 [1.00–1.15]) compared to the reference group.

Subgroup Analysis

The presence of dipstick albuminuria had a significant
interaction with the association between eGFR cate-
gories and all-cause mortality (interaction term
P ¼ 0.028) (Table 3). However, the risks of all-cause
mortality were not significantly higher in those with
eGFR 60 to 75 ml/min per 1.73 m2, regardless of the
presence of dipstick albuminuria (Figure 4). In addi-
tion, the risks of ischemic stroke (aHR, 2.31 [1.17–4.54])
and MACE (aHR, 1.58 [1.02–2.45]) were significantly
higher in the eGFR 60–75 ml/min per 1.73 m2 group in
those with dipstick albuminuria, although the presence
of dipstick albuminuria did not have a significant
riable model Age, sex adjusted model Multivariable modela

CI) P-value Adjusted HR (95% CI) P-value Adjusted HR (95% CI) P-value

, 5.41) <0.001 2.67 (1.48, 4.84) 0.001 2.04 (1.13, 3.70) 0.019

, 6.25) <0.001 2.82 (1.46, 5.42) 0.002 1.82 (0.94, 3.51) 0.07

, 1.92) 0.002 1.45 (1.12, 1.87) 0.004 1.34 (1.04, 1.73) 0.025

, 1.04) 0.33 0.77 (0.71, 0.84) <0.001 0.80 (0.74, 0.87) <0.001

, 1.03) 0.26 0.83 (0.78, 0.89) <0.001 0.87 (0.81, 0.92) <0.001

, 1.07) 0.68 0.89 (0.83, 0.94) <0.001 0.91 (0.86, 0.96) 0.001

ence) 1 (Reference) 1 (Reference)

, 1.00) 0.05 1.09 (1.01, 1.17) 0.026 1.08 (1.00, 1.16) 0.046

, 3.49) 0.84 0.98 (0.32, 3.03) 0.97 0.66 (0.21, 2.04) 0.47

, 6.64) 0.008 2.48 (1.11, 5.54) 0.026 1.40 (0.63, 3.12) 0.41

, 1.81) 0.09 1.22 (0.89, 1.67) 0.22 1.07 (0.78, 1.47) 0.68

, 1.28) 0.001 0.91 (0.83, 0.99) 0.035 0.92 (0.84, 1.00) 0.06

, 1.16) 0.035 0.91 (0.84, 0.97) 0.006 0.93 (0.87, 1.00) 0.05

, 1.15) 0.037 0.93 (0.87, 0.99) 0.032 0.95 (0.88, 1.01) 0.12

ence) 1 (Reference) 1 (Reference)

, 1.01) 0.10 1.08 (0.99, 1.17) 0.08 1.06 (0.98, 1.16) 0.16

, 14.18) <0.001 6.28 (3.46, 11.39) <0.001 3.36 (1.84, 6.13) <0.001

, 13.87) <0.001 4.91 (2.33, 10.35) <0.001 2.19 (1.03, 4.64) 0.041

, 3.01) <0.001 1.67 (1.18, 2.36) 0.004 1.40 (0.99, 1.98) 0.06

, 1.57) <0.001 0.99 (0.88, 1.11) 0.84 1.00 (0.89, 1.13) 0.99

, 1.30) 0.001 0.92 (0.84, 1.01) 0.10 0.96 (0.87, 1.05) 0.36

, 1.20) 0.06 0.92 (0.84, 1.01) 0.07 0.95 (0.86, 1.04) 0.25

ence) 1 (Reference) 1 (Reference)

, 1.12) 0.95 1.13 (1.00, 1.26) 0.042 1.11 (0.99, 1.24) 0.08

, 5.57) <0.001 2.73 (1.58, 4.70) <0.001 1.68 (0.97, 2.91) 0.06

, 7.01) <0.001 3.19 (1.82, 5.62) <0.001 1.62 (0.92, 2.87) 0.10

, 1.99) <0.001 1.37 (1.08, 1.73) 0.009 1.18 (0.94, 1.50) 0.16

, 1.33) <0.001 0.93 (0.86, 1.00) 0.046 0.94 (0.87, 1.01) 0.09

, 1.17) 0.001 0.91 (0.86, 0.96) 0.001 0.94 (0.88, 0.99) 0.021

, 1.14) 0.010 0.92 (0.87, 0.97) 0.003 0.94 (0.89, 0.99) 0.029

ence) 1 (Reference) 1 (Reference)

, 1.02) 0.17 1.09 (1.02, 1.17) 0.011 1.08 (1.01, 1.15) 0.033

ular event.
, regular physical activity, low-income status, history of diabetes mellitus, hypertension,
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Figure 2. Incidence probability of all-cause mortality and major adverse cardiovascular events according to eGFR. (a) Kaplan Meier survival
curve for all-cause mortality, (b) Cumulative incidence function curve for MACE. The x-axes indicate the time (years). The y-axes indicate the
incidence probability of the adverse outcomes. eGFR, estimated glomerular filtration rate.

Figure 3. Risks of the adverse outcomes according to eGFR. (a) All-cause mortality, (b) MACE, (c) Myocardial infarction, (d) Ischemic stroke.
The y-axes indicate the multivariable adjusted hazard ratios of the adverse outcomes, and x-axes indicate eGFR categories. A multivariable
model was adjusted for age, sex, income status, smoking, alcohol consumption, physical activity, history of diabetes mellitus, hypertension, and
dyslipidemia, and presence of dipstick albuminuria. eGFR, estimated glomerular filtration rate; MACE, major adverse cardiovascular event.
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interaction with the association between the eGFR
categories and ischemic stroke (interaction term P ¼
0.13) or MACE (interaction term P ¼ 0.28). When the
presence of dipstick albuminuria was defined as
dipstick albuminuria ($2þ), the presence of dipstick
albuminuria did not have a significant interaction with
the association between eGFR categories and stroke
(interaction term P ¼ 0.05) or MACE (interaction term
P ¼ 0.20) (Supplementary Table S1).

The presence of hypertension showed a significant
interaction only with the association between eGFR
categories and all-cause mortality (interaction term
P ¼ 0.001) (Supplementary Table S2). Nevertheless, the
risk of all-cause mortality was not significantly higher
in the marginal eGFR range, regardless of the presence
of hypertension.

Underlying diabetes showed a significant interaction
only with the association between eGFR categories and
ischemic stroke (interaction term P ¼ 0.0497)
(Supplementary Table S3). However, the risk of
ischemic stroke was not significantly higher in the
eGFR 60 to 75 ml/min per 1.73 m2 group, regardless of
the presence of diabetes. In addition, the risk of other
adverse outcomes was not higher in the marginal eGFR
range, even in the diabetes subgroup.

Sensitivity Analysis

In a sensitivity analysis, the CKD Epidemiology
Collaboration 2021 and European Kidney Function
Consortium equations were used to estimate the GFR,
and the risks of adverse outcomes were assessed, ac-
cording to the eGFR ranges (Supplementary Tables S4
and S5). The risk of all-cause mortality was not
significantly higher in the eGFR 60 to 75 ml/min per
1.73 m2 group using either the CKD Epidemiology
Collaboration 2021 equation (aHR, 0.86 [0.77–0.96]) or
the European Kidney Function Consortium equation
(aHR, 0.83 [0.76–0.90]), whereas the 3 groups with
eGFR <60 ml/min per 1.73 m2 had significantly higher
risks of all-cause mortality in both cases
(Supplementary Figure S1). The risks of MACE also
were not significantly higher in the eGFR 60 to 75 ml/
min per 1.73 m2 group using either the CKD Epidemi-
ology Collaboration 2021 equation (aHR, 1.01 [0.92–
1.11]) or the European Kidney Function Consortium
equation (aHR, 0.98 [0.91–1.05]) (Supplementary Figure
S2). In addition, those with an extremely high eGFR
calculated by both equations showed higher risks of
all-cause mortality and MACE compared to the refer-
ence group.

In the subgroup analyses stratified according to
the presence of albuminuria, the presence of dipstick
albuminuria did not have a significant interaction
with the association between study outcomes and
2715



Figure 4. Risks of the adverse outcomes according to eGFR in subgroups stratified by the presence of dipstick albuminuria. Albuminuria (�)
means dipstick albuminuria negative or trace (�). Albuminuria (þ) means the presence of dipstick albuminuria ($1þ). The y-axes indicate the
multivariable adjusted hazard ratios of the adverse outcomes, and x-axes indicate eGFR categories. A multivariable model was adjusted for age,
sex, income status, smoking, alcohol consumption, physical activity, history of diabetes mellitus, hypertension, and dyslipidemia, and presence
of dipstick albuminuria. eGFR, estimated glomerular filtration rate; MACE, major adverse cardiovascular event.
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eGFR categories calculated using both equations
(Supplementary Tables S6 and S7). Furthermore, the
risks of all-cause mortality and MACE were not
significantly higher in the eGFR 60 to 75 ml/min per
1.73 m2 group, regardless of the presence of dipstick
albuminuria.
DISCUSSION

In this observational study using a unique large-scale
nationwide cohort of young adults, we demonstrated
that an eGFR of 60 to 75 ml/min per 1.73 m2 was not
associated with a higher risk of all-cause mortality
and MACE in those aged <40 years. In addition, we
also demonstrated that an eGFR of 60 to 75 ml/min
per 1.73 m2 was not significantly associated with a
higher risk of all-cause mortality even when albu-
minuria was present, and albuminuria did not have a
significant interaction with the association between
eGFR and MACE. Although the classical high-risk
eGFR categories including low eGFR (e.g., <60 ml/
min per 1.73 m2) or supranormal eGFR ($120 ml/min
per 1.73 m2) was reconfirmed in the young adults,
there was no evidence of higher risk of the adverse
outcomes in young adults with marginal eGFR levels.
Therefore, our study suggests that young adults with
a marginal eGFR of 60 to 75 ml/min per 1.73 m2

should be considered to have clinically benign
findings.

The current definition of CKD suggested in the
Kidney Disease Improving Global Outcomes guideline
uses a fixed GFR threshold identified through previous
studies that considered the association between eGFR
and various health outcomes.19–21 However, there have
been debates about applying a fixed threshold for
various populations, particularly considering the age
ranges. First, those who address the necessity of age-
calibrated definition of CKD, rather than the fixed
one, suggest that the risk of mortality associated with
GFR is different according to age groups, which is
supported by a previous study.11 They suggested that
elderly patients with marginally low eGFR (45–60 ml/
min per 1.73 m2) may be considered to have normal
kidney function, and that youths with marginally high
eGFR (60–75 ml/min per 1.73 m2) may have clinically
relevant kidney dysfunction. Second, those who
advocate for the current fixed-eGFR CKD definition
suggest that a decreased GFR is associated with an
increased risk in all age categories and should not be
regarded as a normal aging kidney. This point of view
is supported by a large-scale meta-analysis,10 or a
Mendelian randomization study, which suggested that
eGFR reflects telomere length and is not a mere
parameter related to chronologic ageing.22 In addition,
Kidney International Reports (2023) 8, 2709–2719
those who support the fixed diagnostic criteria of GFR
highlight that the definition is simpler to use and age-
calibrated definition may lead to “birthday paradox,”
in which a patient’s disease classification could be
changed because of age without a change in health
status.23

Large-scale general health screening data, including
creatinine and urinalysis measurements, are necessary
to determine whether clinicians should consider true
kidney function impairments related to adverse
outcome risks among general young adults with inci-
dentally detected marginal eGFR values. The general
health screening data of the Korean NHIS are a unique
source for such investigations, as general free-of-charge
health screening is delivered to the nationwide popu-
lation, including even young adults. In addition, the
data included complete nationwide follow-up infor-
mation, including all insured medical services
throughout the country, and long-term follow-up in-
formation for a median of >7 years was available. In
our analysis, we identified that eGFR between 60 to 75
ml/min per 1.73 m2 was not significantly associated
with the risk of all-cause mortality or MACE in young
adults. Because similar results were identified even in
the multivariate model, our findings support that the
overall risk of adverse outcomes is not increased in
young adults with marginal eGFR values (60–75 ml/min
per 1.73 m2). Because the young adults included in the
current study underwent health screenings for social
obligations but not for medical purposes, the study
data would reflect those with incidental findings of
marginal eGFR in real-world practice. Therefore, our
study suggests that paying additional sociomedical
resources for incidental findings of marginal eGFR may
be discouraged in young adults.

Although the risks of all-cause mortality were not
significantly higher in the marginal eGFR group even
when albuminuria was present and the interaction terms
of albuminuria with the association between eGFR and
MACE were not significant; those with both marginal
eGFR values and albuminuria may have the potential
risk of adverse outcomes considering our results.
Albuminuria is already known as a risk factor and an
early marker of mortality and cardiovascular disease in
general population.19,24 In addition, in previous studies,
albuminuria was found to increase the risks of all-cause
mortality and MACE in healthy middle-aged and young
adults.25,26 However, because there is a paucity of the
study about the association between albuminuria and
adverse outcomes conducted in young adults, further
studies are needed. Furthermore, considering that
young adults defined as having CKD more frequently
have elevated urine albuminuria and GFR >60 ml/min
per 1.73 m2,27,28 clinicians may carefully assess the
2717
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future risk of overt CKD in young adults with combined
findings of marginal eGFR and albuminuria.

Although our study focused on the marginal eGFR
ranges of young adults, we additionally identified that
the risks of all-cause mortality and MACE were
significantly higher in those with extremely high
eGFR (e.g., eGFR $120 ml/min per 1.73 m2). These
results are consistent with those of previous studies
that demonstrated the clinical significance of
extremely high eGFR values in the general popula-
tion.29–31 Although the definition of kidney hyper-
filtration is not firmly determined, our findings
suggest that the possible clinical significance of kid-
ney hyperfiltration may exist in healthy young in-
dividuals, as in our study cohort.

This study has several limitations. First, the possi-
bility of residual confounding factors remains due to
the retrospective nature of this study. Second, quan-
titative proteinuria results were unavailable, preclud-
ing direct investigation of the current definition of
CKD. Third, the study was performed using single-
nation data; thus, further studies with diverse ethnic
groups are necessary to expand the generalizability of
the findings. Fourth, the median follow-up of 7.3 years
was relatively short, given that the study population
consisted of healthy young adults and the number of
events was low. Lastly, the study data included general
health screening examinees; thus, the results may not
apply to young adults who visit clinics for medical
investigations or those with high-risk characteristics.

In conclusion, eGFR between 60 and 75 ml/min per
1.73 m2 was not associated with higher risks of all-
cause mortality and MACE in general young adults in
Korea. For the general young adults without additional
evidence of kidney function impairment, incidental
findings of eGFR 60 to 75 ml/min per 1.73 m2 may not
be considered as a notable risk factor for major adverse
outcomes.
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