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Background: Further study is warranted to determine the association between estimated glomerular filtration rate (eGFR) or albumin-
uria and the risk of death from diverse causes. 
Methods: We screened >10 million general health screening examinees who received health examinations conducted in 2009 using 
the claims database of Korea. After the exclusion of those previously diagnosed with renal failure and those with missing data, 
9,917,838 individuals with available baseline kidney function measurements were included. The primary outcome was mortality and 
cause-specific death between 2009 and 2019 identified through death certificates based on the diagnostic codes of International 
Classification of Diseases, 10th revision. Multivariable Cox regression analysis adjusted for various clinicodemographic and social 
characteristics was used to assess mortality risk. 
Results: The hazard ratio of death was significantly high in both the eGFR <60 mL/min/1.73 m2 and in the eGFR ≥120 mL/
min/1.73 m2 groups in univariable and multivariable regression analyses when compared to those within the reference range (eGFR 
of 90–120 mL/min/1.73 m2). The results were similar for death by cardiovascular, cancer, infection, endocrine, respiratory, and di-
gestive causes. We also found that albuminuria was associated with higher risk of death regardless of eGFR range, and those in the 
higher categories of dipstick albuminuria showed higher risk. 
Conclusion: We reconfirmed the significant association between eGFR, albuminuria, and mortality. Healthcare providers should keep 
in mind that albuminuria and decreased eGFR as well as kidney hyperfiltration are independent predictors of mortality. 
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Introduction 

The kidney is a vital organ for various health functions. 

Impairment in kidney function is related to a higher risk of 

adverse medical outcomes and mortality. Chronic kidney 

disease (CKD), a state of kidney function impairment, is 

associated with a substantial socioeconomic burden; thus, 

there is considerable societal interest in the consequences 

and risk factors related to kidney dysfunction [1]. Repre-

sentative kidney function parameters, namely, estimated 

glomerular filtration rate (eGFR) and albuminuria, are 

measured to screen and assess kidney health [2,3]. 

The association between kidney dysfunction and mor-

tality is complex, although the presence of this linkage is 

well established [4]. Previous studies have highlighted the 

clinical significance of the state of supranormal estimated 

glomerular, and the association between eGFR and death 

risk has been reported to be U-shaped [4–6]. In addition, 

previous studies have reported the clinical significance 

of albuminuria in the general population, and quantified 

albuminuria showed a linear association with mortality 

[4]. However, as mortality occurs due to various causes, 

additional study is warranted to investigate the association 

between kidney function parameters and death by spe-

cific causes. Such an investigation is important, as such a 

U-shaped association between eGFR and mortality may 

only represent death from cardiovascular causes and not 

noncardiovascular death such as cancer- or infection-re-

lated death [7]. Additionally, whether albuminuria has 

clinical significance for diverse causes of death needs to be 

studied, as urine albumin is mostly considered to be a bio-

marker related to cardiometabolic disorders. This informa-

tion provides evidence for the clinical importance of early 

screening and risk stratification based on kidney function 

parameters in the general population. 

In this study, we examined the association between eGFR 

or albuminuria and the risk of diverse causes of death in 

a large-scale health screening database in Korea. We hy-

pothesized that the association between kidney function 

parameters and mortality risk would be present for various 

causes of death. 

Methods 

Ethical considerations 

This study was approved by the Institutional Review Board 

of Seoul National University Hospital (No. E-2111-037-

1270). The use of the National Health Insurance Database 

(NHID) was approved by a government organization. The 

study was conducted in accordance with the Declaration of 

Helsinki. 

Study setting 

In Korea, National Health Insurance is provided to all citi-

zens of the Republic of Korea through the National Health 

Insurance Service. The NHID provided by the National 

Health Insurance Service is an insurance claims database 

and contains information on sociodemographic variables, 

national general health screening, and mortality. As en-

rollment in the health insurance system is mandatory, the 

database enabled us to study nationwide medical informa-

tion, as done in our previous studies [8–10].  

Study population  

We aimed to investigate the association between kidney 

function parameters and mortality risk in the general 

population of Korea, we screened 10,585,843 adults (aged 

≥20 years) examinees who underwent a national health 

screening conducted in 2009. We excluded 1) 9,602 indi-

viduals previously diagnosed with end-stage kidney dis-

ease, because kidney function parameters are different in 

those who have undergone dialysis or transplantation, and 

2) 658,403 individuals with missing data. In the final study 

dataset, 9,917,838 individuals with available baseline kid-

ney function measurements were included (Fig. 1). 

Study exposures 

The study exposures were eGFR and dipstick albuminuria, 

which were measured in national health screenings. As 

the main exposure category, eGFR values were grouped as 

<60, 60–90, 90–120, and ≥120 mL/min/1.73 m2. eGFR was 

estimated using the Modification of Diet in Renal Disease 

(MDRD) equation based on creatinine values measured by 
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the Jaffe method. Albuminuria categories were defined as 

negative/trace, 1+, 2+, and 3+/4+ values. 

Data collection 

The NHID provided the baseline characteristics, including 

age, sex, low-income status, history of smoking, drinking, 

physical activity, history of diabetes mellitus, hypertension, 

body mass index, blood pressure, and baseline laboratory 

parameters, including hemoglobin levels, fasting glucose 

values, and lipid profiles, of the study subjects. Low-in-

come status was defined as income below the 20th percen-

tile of the country. History of underlying diabetes mellitus, 

hypertension, and hyperlipidemia was inferred from the 

diagnostic codes of International Classification of Diseas-

es, 10th revision (ICD-10) and the prescribing history of 

related medications. The specific ICD-10 codes used for 

comorbidities were as follows: for diabetes, ICD-10 codes 

of E10 (type 1 diabetes mellitus), E11 (type 2 diabetes mel-

litus). E12 (Malnutrition-related diabetes mellitus), E13 

(Other specified diabetes mellitus), and E14 (unspecified 

diabetes mellitus); and for dyslipidemia, ICD-10 code of 

E78 (disorders of lipoprotein metabolism and other lipid-

emias). Lastly, ICD-10 codes for hypertension were I10 (es-

sential hypertension), I11 (hypertensive heart disease), I12 

(hypertensive renal disease), I13 (hypertensive heart and 

renal disease), and I14 (secondary hypertension). A heavy 

alcohol drinker was defined as an individual drinking more 

than 30 g of alcohol per day, and a mild drinker was de-

fined as an individual consuming 0–30 g of alcohol per day. 

Regular physical activity was defined as moderate-inten-

sity physical activity ≥5 days or vigorous-intensity physical 

activity ≥3 days per week. Information related to physical 

activity degree was collected through a questionnaire used 

in national health screenings [11]. 

Study outcomes 

The primary outcome was the cause of death, which was 

identified through death certificates. The cause of death 

was classified as the primary cause of death based on ICD-

10 diagnostic codes (Supplementary Table 1, available on-

line). Study follow-up was performed until December 31, 

2019. 

Statistical analysis 

We expressed categorical variables as numbers (percentag-

es) and continuous variables as the mean (± standard devi-

ation). We performed Cox regression analysis to investigate 

the association between kidney function exposures and 

risk of death by specific causes. To handle potential con-

founding effects, we constructed multivariable regression 

models. The full model was adjusted for age, sex, smoking, 

alcohol consumption, physical activity, body mass index, 

systolic blood pressure, history of diabetes mellitus, hy-

pertension, hyperlipidemia, fasting glucose, and total cho-

lesterol. In addition, in the multivariable model assessing 

eGFR as the exposure variable, dipstick albuminuria was 

included as an additional adjustment variable, and eGFR 

was included in the adjusted variables when albuminuria 

was assessed as the exposure variable. Statistical signifi-

cance was asserted at a two-sided p-value of <0.05. Statisti-

cal analyses were performed using SAS software version 9.4 

(SAS Institute Inc.). 

Results 

Baseline characteristics 

A comparison of baseline characteristics between eGFR 

groups is presented in Table 1. The higher eGFR group 

had a greater proportion of individuals of younger age and 

male sex. The group with a higher eGFR tended to have a 

Figure 1. Study population.
ESKD, end-stage kidney disease.

Patients ≥20 yr who received health screening 
in 2009 (n = 10,585,843)

Diagnosed with ESKD before health screening
(n = 9,602)

Missing information (n = 658,403)

Analyzed (n = 9,917,838)

https://www.krcp-ksn.org/upload/media/j-krcp-22-088-Supplementary-Table-1.pdf
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Table 1. Baseline characteristics of the study groups according to eGFR

Variable
eGFR (mL/min/1.73 m2)

<60 
(n = 684,485)

60–90 
(n = 5,318,506)

90–120 
(n = 3,245,608)

≥120 
(n = 669,239)

Age (yr) 55.37 ± 15.74 48.82 ± 13.68 43.86 ± 12.96 42.80 ± 14.52
Male sex 330,305 (48.3) 2,964,619 (55.7) 1,768,223 (54.5) 357,571 (53.4)
Body shape measures
 Height (cm) 161.53 ± 9.73 163.82 ± 9.25 164.30 ± 9.07 164.08 ± 9.01
 Weight (kg) 63.02 ± 11.25 64.31 ± 11.54 63.60 ± 11.74 62.61 ± 11.99
 Body mass index (kg/m2) 24.07 ± 3.22 23.87 ± 3.34 23.47 ± 3.66 23.16 ± 3.39
 Weight circumference (cm) 81.84 ± 9.36 80.72 ± 9.36 79.40 ± 9.47 78.92 ± 9.92
Social and lifestyle factors
 Smoking history
  Nonsmoker 448,677 (65.6) 3,156,232 (59.3) 1,903,600 (58.7) 396,622 (59.3)
  Ex-smoker 106,769 (15.6) 820,191 (15.4) 418,109 (12.9) 81,093 (12.1)
  Current-smoker 129,039 (18.9) 1,342,083 (25.2) 923,899 (28.5) 191,524 (28.6)
 Drinkera

  Nondrinker 421,893 (61.6) 2,797,673 (52.6) 1,583,268 (48.8) 322,519 (48.2)
  Mild drinker 225,684 (33.0) 2,115,553 (39.8) 1,378,987 (42.5) 282,302 (42.2)
  Heavy drinker 36,908 (5.4) 405,280 (7.6) 283,353 (8.7) 64,418 (9.6)
 Regular physical activityb 133,339 (19.5) 1,001,108 (18.8) 544,318 (16.8) 101,900 (15.2)
 Low incomec 116,014 (17.0) 1,012,050 (19.0) 656,962 (20.2) 146,877 (22.0)
Baseline comorbidities
 Diabetes mellitus 109,829 (16.1) 474,051 (8.9) 235,131 (7.2) 54,636 (8.2)
 Hypertension 292,029 (42.7) 1,463,229 (27.5) 677,855 (20.9) 142,732 (21.3)
 Hyperlipidemia 192,190 (28.1) 1,043,428 (19.6) 473,998 (14.6) 90,963 (13.6)
Laboratory measurements
 Systolic blood pressure (mmHg) 125.39 ± 16.01 122.88 ± 15.09 121.45 ± 14.73 121.29 ± 15.05
 Diastolic blood pressure (mmHg) 77.19 ± 10.19 76.64 ± 10.03 75.82 ± 10.04 75.40 ± 10.24
 Impaired fasting glucose (mg/dL) 102.00 ± 29.33 97.74 ± 23.5 96.01 ± 23.02 95.87 ± 24.99
 Hemoglobin (g/dL) 13.67 ± 1.68 14.00 ± 1.59 13.95 ± 1.60 13.80 ± 1.60
 Cholesterol (mg/dL) 198.98 ± 43.92 197.73 ± 41.32 191.99 ± 40.56 188.10 ± 42.56
 HDL (mg/dL) 61.37 ± 66.82 55.41 ± 25.42 56.36 ± 28.42 60.20 ± 48.09
 LDL (mg/dL) 118.64 ± 90.70 124.09 ± 224.17 119.89 ± 239.64 108.67 ± 108.34
 eGFR (mL/min/1.73 m2) 37.27 ± 23.01 77.00 ± 7.65 100.75 ± 8.12 159.48 ± 139.62
 Urine protein
 Negative, trace 643,468 (94.0) 5,187,036 (97.5) 3,181,300 (98.0) 655,242 (97.9)
 Positive 41,017 (6.0) 131,470 (2.5) 64,308 (2.0) 13,997 (2.1)

Data are expressed as mean ± standard deviation or number (%).
eGFR, estimated glomerular filtration rate; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
aDrinkers are categorized into three groups: nondrinkers (0 g/day), mild drinkers (0–30 g/day), and heavy drinkers (≥30 g/day). bRegular physical activity 
was defined as moderate-intensity physical activity ≥5 days or vigorous-intensity physical activity ≥3 days per week. cIndividuals included in the lowest 
quartile (regarding required insurance fees or receiving free insurance) were categorized as the low-income group.

lower body mass index and included a higher proportion of 

current smokers and heavy drinkers. In addition, the high 

eGFR group had a more favorable lipid profile. 

On the other hand, the lower eGFR group had a higher 

proportion of individuals with underlying hypertension, di-

abetes, and hyperlipidemia. Impaired fasting glucose and 

cholesterol levels were higher and hemoglobin levels were 

lower in the group with low eGFR. In addition, the preva-

lence of albuminuria was more than two-fold in the group 

with eGFR <60 mL/min/1.73 m2 as in other eGFR groups. 



Risk of all-cause death and death by specific causes ac-
cording to kidney function parameters 

In the four eGFR categories, the incidence rates of death 

and the hazard ratios for the causes of death are shown 

in Table 2 and Fig. 2. In univariable regression analysis, 

hazard ratios were significantly higher in those with lower 

eGFR than in those with eGFR of 90–120 mL/min/1.73 m2. 

In addition, the group with eGFR ≥120 mL/min/1.73 m2 

also showed a significantly higher risk of death. The results 

Table 2. Risk of all-cause death and death by specific causes according to baseline eGFR

Causes of 
death

eGFR (mL/
min/1.73 m2)

No. of 
specific 

diseases
No. of 
events

Incidence rate 
(/1,000 PY)

Univariable model Multivariable modela

HR (95% CI) p-value HR (95% CI) p-value

All-cause <60 684,485 85,597 12.682 3.95 (3.91–3.98) <0.001 1.26 (1.24–1.27) <0.001
60–90 5,318,506 277,125 5.135 1.60 (1.59–1.61) <0.001 0.95 (0.94–0.96) <0.001
90–120 3,245,608 106,531 3.215 1.00 (Reference) 1.00 (Reference)
≥120 669,239 29,000 4.271 1.33 (1.31–1.35) <0.001 1.15 (1.13–1.16) <0.001

Infection <60 684,485 2,499 0.370 5.17 (4.88–5.46) <0.001 1.32 (1.25–1.40) <0.001
60–90 5,318,506 6,731 0.125 1.74 (1.66–1.82) <0.001 0.94 (0.89–0.98) 0.008
90–120 3,245,608 2,377 0.072 1.00 (Reference) 1.00 (Reference)
≥120 669,239 711 0.105 1.46 (1.35–1.59) <0.001 1.19 (1.10–1.30) <0.001

Malignancy <60 684,485 22,941 3.399 2.65 (2.61–2.69) <0.001 0.95 (0.94–0.97) <0.001
60–90 5,318,506 104,304 1.933 1.50 (1.49–1.52) <0.001 0.94 (0.93–0.95) <0.001
90–120 3,245,608 42,574 1.285 1.00 (Reference) 1.00 (Reference)
≥120 669,239 10,773 1.587 1.24 (1.21–1.26) <0.001 1.10 (1.08–1.12) <0.001

Endocrine <60 684,485 4,952 0.734 10.65 (10.14–11.19) <0.001 2.10 (1.99–2.21) <0.001
60–90 5,318,506 7,086 0.131 1.90 (1.82–2.00) <0.001 1.02 (0.97–1.07) 0.43
90–120 3,245,608 2,286 0.069 1.00 (Reference) 1.00 (Reference)
≥120 669,239 765 0.113 1.64 (1.51–1.77) <0.001 1.29 (1.19–1.40) <0.001

Cardiovascular <60 684,485 21,479 3.182 6.32 (6.19–6.45) <0.001 1.54 (1.51–1.57) <0.001
60–90 5,318,506 52,763 0.978 1.94 (1.91–1.97) <0.001 1.03 (1.01–1.05) 0.003
90–120 3,245,608 16,707 0.504 1.00 (Reference) 1.00 (Reference)
≥120 669,239 4,681 0.689 1.37 (1.33–1.41) <0.001 1.14 (1.10–1.17) <0.001

Respiratory <60 684,485 8,647 1.281 5.33 (5.17–5.50) <0.001 1.19 (1.16–1.23) <0.001
60–90 5,318,506 25,986 0.481 2.00 (1.95–2.05) <0.001 0.97 (0.95–1.00) 0.03
90–120 3,245,608 7,975 0.241 1.00 (Reference) 1.00 (Reference)
≥120 669,239 2,316 0.341 1.42 (1.36–1.49) <0.001 1.14 (1.09–1.20) <0.001

Digestive <60 684,485 2,827 0.419 2.98 (2.85–3.13) <0.001 1.21 (1.15–1.27) <0.001
60–90 5,318,506 8,920 0.165 1.16 (1.14–1.218) <0.001 0.82 (0.78–0.84) <0.001
90–120 3,245,608 4,657 0.141 1.00 (Reference) 1.00 (Reference)
≥120 669,239 1,693 0.249 1.78 (1.68–1.88) <0.001 1.51 (1.43–1.60) <0.001

Renal <60 684,485 3,878 0.575 22.77 (21.13–24.53) <0.001 4.09 (3.78–4.42) <0.001
60–90 5,318,506 3,526 0.065 2.58 (2.39–2.78) <0.001 1.23 (1.14–1.33) <0.001
90–120 3,245,608 839 0.025 1.00 (Reference) 1.00 (Reference)
≥120 669,239 256 0.038 1.50 (1.30–1.72) <0.001 1.19 (1.04–1.37) 0.01

Others <60 684,485 18,374 2.722 3.10 (3.04–3.16) <0.001 1.22 (1.20–1.25) <0.001
60–90 5,318,506 67,809 1.256 1.43 (1.41–1.45) <0.001 0.94 (0.92–0.95) <0.001
90–120 3,245,608 29,116 0.879 1.00 (Reference) 1.00 (Reference)
≥120 1.31 (1.28–1.34) <0.001 1.16 (1.13–1.19) <0.001

CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio; PY, person-year.
aThe multivariable model was adjusted for age, sex, smoking, alcohol consumption, regular physical activity, history of diabetes mellitus, hypertension, dys-
lipidemia, presence of dipstick albuminuria, body mass index, systolic blood pressure, fasting glucose, and total cholesterol.
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were significant for death by diverse causes, including 

death by malignancy, infection, cardiovascular, endocrine, 

respiratory, renal, and gastrointestinal disorders. When 

regression models were adjusted for various clinicodemo-

graphic characteristics, the overall results remained the 

same, and eGFR showed a U-shaped association with mor-

tality risk by diverse causes, except that the risk of death by 

endocrine disorders became nonsignificant on multivari-

able analysis. Additionally, nonlinear associations in mul-

tivariable analysis between eGFR and causes of death are 

shown in Fig. 3. 

When we further divided cancer events into specific 

cancer types (Supplementary Table 2, available online), 

the population with eGFR ≥120 mL/min/1.73 m2 showed a 

significantly higher risk of cancer-specific death from oral 

cancer, esophageal cancer, stomach cancer, colorectal can-

cer, and lung cancer. The risk of death from biliary or pan-

creatic cancer was also higher for those with supranormal 

eGFR ranges; however, these associations did not reach 

statistical significance. In addition, the hazard ratios were 

higher for the risk of death by renal cancer, bladder cancer, 

and cervical cancer in those with GFR <60 mL/min/1.73 

m2. Those with a lower eGFR showed a higher risk of can-

cer-related death; thus, the overall association between 

eGFR and death by specific cancers showed a U-shaped 

association. 

Risk of all-cause death and death by specific causes ac-
cording to baseline albuminuria 

When we included the albuminuria results as the exposure, 

albuminuria was significantly associated with all-cause 

death and death by various causes (Table 3). Endocrine- 

and renal-related death showed a prominent linear associ-

ation with albuminuria. 

Similar to the above findings, there was a significant 

association between albuminuria and death by specif-

ic cancers (Supplementary Table 3, available online). In 

particular, linear associations between albuminuria and 

death by specific cancers were observed in oral cancer, 

Figure 2. The incidence rate of death by cause. The incidence rates of death by cause tended to show a U-shaped pattern according 
to the four estimated glomerular filtration rate (eGFR) categories.
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Figure 3. Nonlinear associations in the multivariable analysis between eGFR and causes of death. In the nonlinear associations, 
the overall results remained the same, and a U-shaped association was prominent in the all-cause, infection, respiratory, digestive, and 
other groups.
CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio.
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Table 3. Risk of all-cause death and death by specific causes according to baseline albuminuria

Type of death Dipstick
No. of 

specific 
diseases

No. of 
events

Incidence rate 
(/1,000 PY)

Univariable model Multivariable modela

HR (95% CI) p-value HR (95% CI) p-value

Overall Negative, trace 9,667,046 467,571 4.762 1.00 (Reference) 1.00 (Reference)
1+ 169,069 17,427 10.415 2.20 (2.16–2.23) <0.001 1.40 (1.38–1.42) <0.001
2+ 62,608 9,295 15.329 3.24 (3.18–3.31) <0.001 1.77 (1.74–1.81) <0.001
3, 4+ 19,115 3,960 22.117 4.71 (4.57–4.86) <0.001 2.29 (2.22–2.36) <0.001

Infection Negative, trace 9667,046 11,560 0.118 1.00 (Reference) 1.00 (Reference)
1+ 169,069 434 0.259 2.21 (2.01–2.44) <0.001 1.38 (1.25–1.52) <0.001
2+ 62,608 218 0.360 3.08 (2.70–3.524) <0.001 1.65 (1.44–1.89) <0.001
3, 4+ 19,115 106 0.592 5.14 (4.24–6.2) <0.001 2.44 (2.02–2.96) <0.001

Malignancy Negative, trace 9,667,046 171,933 1.751 1.00 (Reference) 1.00 (Reference)
1+ 169,069 5,372 3.211 1.84 (1.79–1.89) <0.001 1.25 (1.22–1.29) <0.001
2+ 62,608 2,432 4.011 2.30 (2.21–2.40) <0.001 1.38 (1.33–1.44) <0.001
3, 4+ 19,115 855 4.775 2.76 (2.58–2.95) <0.001 1.51 (1.41–1.61) <0.001

Endocrine Negative, trace 9,667,046 12,422 0.127 1.00 (Reference) 1.00 (Reference)
1+ 169,069 1,102 0.659 5.23 (4.92–5.56) <0.001 1.94 (1.82–2.06) <0.001
2+ 62,608 985 1.624 12.94 (12.13–13.81) <0.001 3.40 (3.18–3.63) <0.001
3, 4+ 19,115 580 3.239 25.96 (23.88–28.21) <0.001 5.16 (4.74–5.62) <0.001

Cardiovascular Negative, trace 9,667,046 88,491 0.901 1.00 (Reference) 1.00 (Reference)
1+ 169,069 4,008 2.395 2.67 (2.59–2.76) <0.001 1.55 (1.50–1.60) <0.001
2+ 62,608 2,175 3.587 4.01 (3.85–4.19) <0.001 1.94 (1.86–2.02) <0.001
3, 4+ 19,115 956 5.339 6.01 (5.64–6.41) <0.001 2.50 (2.34–2.66) <0.001

Respiratory Negative, trace 9,667,046 42,375 0.432 1.00 (Reference) 1.00 (Reference)
1+ 169,069 1,554 0.929 2.17 (2.06–2.28) <0.001 1.37 (1.30–1.44) <0.001
2+ 62,608 712 1.174 2.76 (2.56–2.97) <0.001 1.54 (1.43–1.66) <0.001
3, 4+ 19,115 283 1.581 3.76 (3.35–4.23) <0.001 1.88 (1.67–2.11) <0.001

Digestive Negative, trace 9,667,046 16,869 0.172 1.00 (Reference) 1.00 (Reference)
1+ 169,069 684 0.409 2.39 (2.21–2.58) <0.001 1.46 (1.35–1.58) <0.001
2+ 62,608 388 0.640 3.75 (3.39–4.15) <0.001 1.94 (1.75–2.15) <0.001
3, 4+ 19,115 156 0.871 5.15 (4.4–6.03) <0.001 2.37 (2.02–2.78) <0.001

Renal Negative, trace 9,667,046 6,649 0.068 1.00 (Reference) 1.00 (Reference)
1+ 169,069 731 0.437 6.51 (6.03–7.03) <0.001 2.99 (2.77–3.23) <0.001
2+ 62,608 707 1.166 17.49 (16.19–18.90) <0.001 6.00 (5.54–6.49) <0.001
3, 4+ 19,115 412 2.301 34.99 (31.67–38.65) <0.001 9.60 (8.67–10.64) <0.001

Others Negative, trace 9,667,046 117,272 1.194 1.00 (Reference) 1.00 (Reference)
1+ 169,069 3,542 2.117 1.78 (1.72–1.84) <0.001 1.24 (1.19–1.28) <0.001
2+ 62,608 1,678 2.767 2.33 (2.22–2.45) <0.001 1.43 (1.36–1.50) <0.001
3, 4+ 19,115 612 3.418 2.89 (2.67–3.13) <0.001 1.61 (1.48–1.74) <0.001

CI, confidence interval; HR, hazard ratio; PY, person-year.
aThe multivariable model was adjusted for age, sex, smoking, alcohol consumption, regular physical activity, history of diabetes mellitus, hypertension, dys-
lipidemia, presence of dipstick albuminuria, body mass index, systolic blood pressure, fasting glucose, and total cholesterol.

esophageal cancer, stomach cancer, colorectal cancer, liver 

cancer, biliary cancer, pancreatic cancer, lung cancer, renal 

cancer, bladder cancer, lymphoma, multiple myeloma, and 

prostate cancer. There were also several exceptions: leuke-

mia, breast cancer, and cervical cancer showed an inverted 

U-shape according to albuminuria, and a U-shape was ob-

served for ovarian cancer. 
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Risk of death by specific causes according to baseline esti-
mated glomerular filtration rate and albuminuria 

Fig. 4 shows the heatmap according to risk relationships 

for all-cause mortality. The risk of mortality was divided 

by eGFR according to the presence or absence of albumin-

uria, as shown in Table 4. Most causes of death showed a 

U-shaped association with eGFR regardless of the presence 

or absence of albuminuria. Namely, both eGFR ranges <60 

and ≥120 mL/min/1.73 m2 were associated with a high-

er risk of death by various causes. The only finding that 

varied was in the multivariable model of the risk of death 

by malignancy. In those without albuminuria, the risk of 

cancer death was higher in those with higher eGFR (eGFR 

of 90–120 or ≥120 mL/min/1.73 m2), while those with eGFR 

<60 or 60–90 mL/min/1.73 m2 showed lower adjusted risk 

of cancer death. 

Those with baseline albuminuria, regardless of eGFR, 

showed a significantly higher risk of all-cause mortality 

and death by diverse causes than those with eGFR in the 

reference range (90–120 mL/min/1.73 m2) without albu-

minuria. 

Discussion 

This study using a nationwide population-based database 

demonstrated an association between the risk of various 

causes of death and eGFR or albuminuria. We found that 

both lower and higher eGFR ranges were independently 

associated with mortality by diverse causes. The overall 

risk of death was higher in those with albuminuria and 

showed an additive impact on eGFR. Overall, the results 

demonstrated the clinical significance of kidney function 

parameters related to the risk of death by various causes. 

A U-shaped association between the risk of mortality and 

eGFR was observed in previous studies [4]. Confirmation 

of the U-shaped association between eGFR and the risk 

of death showed that kidney hyperfiltration is associated 

not only with cardiovascular disease but also with mul-

tiple causes of mortality, including cancer-, infection-, 

endocrine-, digestive-, and respiratory disorder-associat-

ed death. Furthermore, the risk of death was high in the 

presence of albuminuria within all categories of mortality. 

The major strengths of our study are that 1) we enrolled 

one of the largest cohorts including measurements for 

Figure 4. Risk of death by all-cause mortality according to baseline eGFR and albuminuria. The heatmap is colored based on risk, 
where a red color indicates higher risk, and a green color indicates lower risk. The reference group included those with a baseline eGFR 
of 90–120 mL/min/1.73 m2 without dipstick albuminuria. 
CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio.
aMultivariable model was adjusted for age, sex, smoking, alcohol consumption, regular physical activity, history of diabetes mellitus, 
hypertension, dyslipidemia, presence of dipstick albuminuria, body mass index, systolic blood pressure, fasting glucose, and total cho-
lesterol.

Outcome Dipstick
albuminuria

eGFR
(mL/min/1.73 m2)

HR (95% CI)

Univariable model Multivariable modela

AIl-cause mortality

Negatlve,
trace

<60 3.72 (3.69–3.76) 1.23 (1.22–1.25)

60–90 1.59 (1.58–1.60) 0.95 (0.94–0.96)

90–120 1.00 (Reference) 1.00 (Reference)

≥120 1.33 (1.31–1.34) 1.14 (1.23–1.16)

Positive

<60 9.49 (9.03–9.68) 2.12 (2.08–2.17)

60–90 3.45 (3.39–3.51) 1.38 (1.35–1.40)

90–120 2.16 (2.09–2.22) 1.45 (1.40–1.49)

≥120 2.98 (2.82–3.15) 1.77 (1.67–1.86)
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Table 4. Risk of death by specific causes according to baseline eGFR and albuminuria

Type of death Dipstick albuminuria eGFR 
(mL/min/1.73 m2)

HR (95% CI)
Univariable model Multivariable modela

Infection Negative, trace <60 4.94 (4.66–5.24) 1.31 (1.23–1.39)
60–90 1.73 (1.65–1.81) 0.94 (0.89–0.98)
90–120 1.00 (Reference) 1.00 (Reference)
≥120 1.46 (1.34–1.59) 1.19 (1.09–1.30)

Positive <60 11.18 (9.89–12.64) 2.06 (1.82–2.34)
60–90 3.78 (3.37–4.23) 1.36 (1.21–1.53)
90–120 2.17 (1.77–2.66) 1.44 (1.18–1.77)
≥120 3.11 (2.17–4.46) 1.77 (1.23–2.53)

Malignancy Negative, trace <60 2.59 (2.54–2.63) 0.96 (0.94–0.97)
60–90 1.50 (1.48–1.52) 0.94 (0.93–0.95)
90–120 1.00 (Reference) 1.00 (Reference)
≥120 1.23 (1.21–1.26) 1.10 (1.07–1.12)

Positive <60 4.61 (4.41–4.81) 1.20 (1.15–1.25)
60–90 2.79 (2.70–2.87) 1.23 (1.19–1.27)
90–120 1.89 (1.80–1.99) 1.35 (1.29–1.42)
≥120 2.38 (2.16–2.63) 1.54 (1.40–1.70)

Endocrine Negative, trace <60 8.89 (8.42–9.39) 1.97 (1.86–2.09)
60–90 1.88 (1.78–1.97) 1.02 (0.97–1.07)
90–120 1.00 (Reference) 1.00 (Reference)
≥120 1.64 (1.50–1.79) 1.30 (1.19–1.41)

Positive <60 61.53 (57.49–65.85) 6.02 (5.61–6.46)
60–90 11.30 (10.45–12.21) 2.37 (2.19–2.57)
90–120 6.36 (5.59–7.25) 2.25 (1.98–2.57)
≥120 9.88 (7.95–12.28) 2.85 (2.30–3.54)

Cardiovascular Negative, trace <60 6.00 (5.87–6.12) 1.54 (1.501–1.57)
60–90 1.93 (1.89–1.96) 1.03 (1.01–1.05)
90–120 1.00 (Reference) 1.00 (Reference)
≥120 1.38 (1.33–1.42) 1.14 (1.10–1.18)

Positive <60 15.85 (15.23–16.50) 2.67 (2.57–2.78)
60–90 5.09 (4.90–5.29) 1.70 (1.63–1.76)
90–120 2.75 (2.57–2.94) 1.70 (1.58–1.82)
≥120 3.31 (2.90–3.78) 1.79 (1.57–2.04)

Respiratory Negative, trace <60 5.17 (5.01–5.34) 1.19 (1.16–1.23)
60–90 1.99 (1.94–2.05) 0.97 (0.95–1.00)
90–120 1.00 (Reference) 1.00 (Reference)
≥120 1.42 (1.36–1.49) 1.14 (1.09–1.20)

Positive <60 10.42 (9.72–11.17) 1.72 (1.61–1.85)
60–90 4.09 (3.85–4.34) 1.37 (1.29–1.45)
90–120 2.15 (1.92–2.40) 1.45 (1.29–1.62)
≥120 2.98 (2.43–3.64) 1.80 (1.47–2.20)

Digestive Negative, trace <60 2.85 (2.71–3.00) 1.22 (1.16–1.28)
60–90 1.17 (1.13–1.21) 0.81 (0.78–0.84)
90–120 1.00 (Reference) 1.00 (Reference)
≥120 1.75 (1.66–1.86) 1.49 (1.41–1.58)

(Continued to the next page)
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Type of death Dipstick albuminuria eGFR 
(mL/min/1.73 m2)

HR (95% CI)
Univariable model Multivariable modela

Positive <60 7.06 (6.34–7.87) 1.87 (1.67–2.08)
60–90 3.01 (2.75–3.29) 1.29 (1.18–1.41)
90–120 2.69 (2.36–3.07) 1.65 (1.45–1.88)
≥120 5.71 (4.71–6.91) 2.99 (2.47–3.63)

Renal Negative, trace <60 17.55 (16.18–19.03) 3.69 (3.39–4.01)
60–90 2.52 (2.33–2.73) 1.23 (1.14–1.33)
90–120 1.00 (Reference) 1.00 (Reference)
≥120 1.49 (1.29–1.73) 1.19 (1.02–1.37)

Positive <60 154.38 (141.11–168.91) 19.79 (18.02–21.73)
60–90 14.99 (13.34–16.85) 4.11 (3.66–4.63)
90–120 5.78 (4.62–7.22) 3.14 (2.51–3.93)
≥120 8.52 (5.80–12.50) 3.94 (2.68–5.78)

Others Negative, trace <60 3.01 (2.95–3.06) 1.22 (1.20–1.24)
60–90 1.42 (1.40–1.44) 0.94 (0.92–0.95)
90–120 1.00 (Reference) 1.00 (Reference)
≥120 1.30 (1.27–1.34) 1.15 (1.13–1.18)

Positive <60 5.49 (5.23–5.76) 1.60 (1.52–1.68)
60–90 2.49 (2.40–2.59) 1.18 (1.14–1.23)
90–120 1.73 (1.62–1.84) 1.26 (1.18–1.35)
≥120 2.59 (2.31–2.89) 1.68 (1.51–1.88)

CI, confidence interval; eGFR, estimated glomerular filtration rate; HR, hazard ratio.
aThe multivariable model was adjusted for age, sex, smoking, alcohol consumption, regular physical activity, history of diabetes mellitus, hypertension, dys-
lipidemia, presence of dipstick albuminuria, body mass index, systolic blood pressure, fasting glucose, and total cholesterol.

Table 4. Continued 

important kidney function parameters; 2) we performed 

complete follow-up using a nationwide death registry; and 

3) we identified various causes of death based on death 

certificates. Based on our study results, clinicians should 

be aware of the clinical significance of kidney function pa-

rameters measured in general health screenings, which are 

closely associated with survival, including death by diverse 

causes. 

The KDIGO (Kidney Disease: Improving Global Out-

comes) guidelines provide a heatmap summarizing the 

association between kidney function parameters and prog-

nosis [12]. However, the previous version did not include 

the clinical significance of a supranormal eGFR, frequently 

defined as ≥120 mL/min/1.73 m2 or similar values, al-

though the importance of kidney hyperfiltration has been 

reported repeatedly [7,13,14]. In recent reports, kidney 

hyperfiltration, determined by eGFR or by measured GFR 

values [7], was considered another state of kidney function 

impairment leading to a rapid decline in kidney function 

[15]. We used an eGFR interval of 30 mL/min/1.73 m2 and 

found that those with eGFR ≥120 mL/min/1.73 m2 showed 

higher mortality risk than those within the reference 

range. However, there is currently no precise definition of 

hyperfiltration, which should be established. Increased 

proximal tubular sodium-glucose reabsorption activity or 

hyperactivity of the renin-angiotensin-aldosterone system 

may be the cause of kidney hyperfiltration, which is relat-

ed to a worse prognosis [16]. This is supported by the fact 

that medications such as angiotensin receptor blockers or 

sodium-glucose cotransporter inhibitors reduce kidney 

hyperfiltration and improve patient prognosis [17]. As our 

study emphasizes the clinical significance of supranormal 

eGFR in death by various causes, we believe that supranor-

mal eGFR should be defined by clear thresholds in clinical 

guidelines so that clinicians can appropriately interpret 

this most widely assessed kidney function parameter. We 

suggest clinicians first evaluate related illnesses in individ-

uals showing kidney hyperfiltration and intervene when 
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necessary (e.g., prescribe renin-angiotensin-aldosterone 

system blockers) based on the assessment findings. 

The prognostic importance of albuminuria, which has 

been reported in various clinical conditions, was con-

firmed in our study [18–20]. Regardless of baseline eGFR 

values, those with positive dipstick albuminuria showed 

a higher risk of death, including by various causes. Clini-

cians should note the linear relationship between ordinal 

dipstick albuminuria results and the risk of most causes 

of death. This relationship emphasizes the clinical utility 

of the dipstick albuminuria tests used in general health 

screenings, despite it being a semi-quantitative method. 

As hypotheses explaining the mechanism related to the 

associations between kidney function parameters and 

noncardiovascular death. First, impairment of kidney func-

tion may be closely linked to immune dysfunction, even 

from the early stages, and could hinder appropriate body 

responses to infectious or cancerous conditions. Second, 

kidney dysfunction can cause difficulty in optimally man-

aging diverse diseases, as medication pharmacokinetics/

dynamics are altered in the state of kidney function im-

pairment. Third, kidney dysfunction is associated with 

disturbance in systemic neurohormonal responses and 

impairment in certain pathways that have helpful effects 

on body homeostasis. Although this study cannot prove 

the underlying mechanism of the identified associations of 

kidney function parameters with death by diverse causes, 

such pathways should be investigated in future research 

focusing on the association between kidney function im-

pairment and noncardiovascular diseases. 

This study has several limitations. First, there is a sensi-

tive issue in that the MDRD eGFR equation and dipstick 

test are not accurate as the kidney function parameters. 

Namely, eGFR remains an estimated parameter, and 

creatinine levels are affected by non-kidney factors such 

as muscle mass or diet. The MDRD study equations un-

derestimate measured GFR in the range of GFR ≥60 mL/

min/1.73 m2 in healthy individuals or overestimate mea-

sured GFR in individuals with reduced muscle mass. Over-

estimated GFR in individuals with reduced muscle mass 

may bias the identified association in supranormal eGFR 

ranges. Also, dipstick albuminuria is not the gold-standard 

method to quantify proteinuria, as the dipstick test has lim-

ited quantitative accuracy [21]. The remaining possibility 

of intercenter variation and intervisit variation should also 

be considered. Next, the study population was limited to 

a single nationality; thus, the generalizability of the results 

should be confirmed by future studies. Lastly, the studied 

population might have suffered from the healthy volunteer 

bias, as we screened all those who received general health 

screenings, and the proportion of those with overt eGFR 

reduction was small. 

In conclusion, we reconfirmed the correlation between 

eGFR, albuminuria, and mortality. The association was 

significant even for death by various causes, further high-

lighting the clinical importance of kidney hyperfiltration. 

In addition, for the evaluation of the state of kidney func-

tion impairment, a standard grading system for supranor-

mal GFR is needed in addition to conventional grading 

for CKD. Healthcare providers should keep in mind that 

albuminuria and decreased eGFR, as well as renal hyperfil-

tration, are independent predictors of mortality. 
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