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Observation period (Day)
Number at risk

Low 75 75 75 75 67
Medum 52 51 49 45 39
High 13 13 11 8 L

(Okada H, et al. PLoS One 2024;19:e0302101)
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X DEHT &Ry T — 2 K D RAT A AT L
TITH Z &k Lz, o, 2EBEEEMRE. &
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65 Ll EOEE Iz oW T, DeSC F— & &4y
Hri., BIRERERIZETET S 65 m~90 ik = ki
298 TNZEXIGRE Uiz, Fn, MERI. AN - R
BTE ., BEELZZIRL CEAHAEZIT, &4
WA CKD DEIE &R Tz, 65 kD 69 5%k, 70
D T4 %, T5 D 79 k. 80 kb 84 k.
85 WD 89 EIZEITDH CKD OEIGIZZENZEN
9.6% 13.43% 25.47% 36.21%, 49.41%Td-7=,
AWFZETIL 90 LA D CKD OEEIEHIE L T
7200, 2025 45 1 H O N OEFHEEMEIX o
FARC, 724 TN, 805 5 AN, 803 J7 A, 612 T A,
396 TN & 720 (CKD BBFEUXZZ4169.5 TN,
108.1 75 A, 204,50 AN, 221.6 5 A, 195.2 5 N
L7025, 90 ik LA LD S IZd8 1T D CKD BE O
B 50%E T 5 &, 65 kLl Lo EEnE O CKD B
BT 940 FANEHEES NS, 303D 64 5KIZD
WL, 2EWBE T AET —Z 2458 L=, Fifi,
PERIL. RN - RS, WERZZ2IRIL, RR
BIRCEALHBEEZITo7T-, CKD BEHEOEIEIX
17.08% T 0 2025 45 1 H O A AHEFHER#E 1T 20
L 64 LA R A3 6815 5 AN TH Y 20 kD 64
FRICE T D CKD BRESIL 1164 F A EHEE S D,
PLEDNS DREICZRIT D CKD BEEIT 2104 H A
EHEESIND, 7ok, BEADITOREIZE - THE
TEENE DL AREVEN H 0 | BUEOHEEEI TR
72O TIERV, 2D OHEFH D DORED
CKD FBEEUT 2000 H ALLEHAFIET 2 AlREMEDN
b, S5tk NDB 7T —X 72 ED X 572 DN
L%, (CKD A K 2024)
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ZERTHENG, HIEOIEIZIE T T, CKD %t
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TRE®R - FFERZ2EERT XN — R

(National Database : NDB) OA—F > F—XZ %
HWT, FriBROMZ=2E (40~T74 %) OMF
ﬁﬁs SHRAI CKD AR A R Lz, O, 2=

P2FED CKD A¥REN, HIEERDO CKD AREKL
FJ CEWIREEZE X, B IROMEFRMERAIA

O35, FrislRE 40~74 3RI2H1F 5 CKD BEE
ZROT-, HHEIE 40~74 %D H b, 2019 4£D
BERZBIOAOT =2 nbHEHE Lz CKD K
FHIL, BB T 163,175 A (B4 87,738
N, 2t 65,437 N) EHEEFS LT, T OBFIE
R IR 40~74 3 A A D 14%I2FY (B &R T
1%, B 16%, &tk 12%) L, #HRERE 40~74
mOBLZET N1 N (BLBITIE, 40~74 %
B 6 A1 AN, 40~T74 mkctEo 8 NI
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N) N CKD EHEF STz, & BIRIER EDRRET
LU O T — ¥ 2 W CEHE 21T 213,
40~74 FRIZIR ST, MOFERTO CKD BEKD
FREICHERHFTRECH D, 2T — X 21T 5 2
LT, mAE, HIICR T D CKD BEE O G
EREEICHIBERICHTS LN TEEEE X
HND, (B M. HESEE 2023;65:485)
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H AR F 2208 CKD 2298 A K« CKD 2R A4 A
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ZHOTRE L7 RS, HESE S 7z B O =Rk
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A. Composite Kidney events
100 H

2-5 point
6 point
7 point
8 point
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|
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=) =)
1 |
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|

Cumulative incidence rate of
composite kidney events (%)

Log-rank test P<0.001
T T T T T T

0 360 720 1080 1440 1800
Follow-up (days)
2-5 point 533 281 138 62 28 7
7 point 1834 1204 689 419 218 80
8 point 784 525 326 176 88 34
(Nyma Z, et al. Sci Report 2024;14:11481)
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0.006 —|

Checkups (n = 5,332)
No checkup, No kidney test (n = 5,332)

0.004

P =0.019

0.002

Cumulative probability of incidence of
end-stage kidney disease

0.000 |

Observational period (year)

(Yoshimura R, et al. Sci Rep 2021;11:20717)
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Abstract

Background

Information of short-term prognosis after hemodialysis (HD) introduction is important for
elderly patients with chronic kidney disease (CKD) and their families choosing a modality of
renal replacement therapy. Therefore, we developed a risk score to predict early mortality in
incident elderly Japanese hemodialysis patients.

Materials and methods

We analyzed data of incident elderly HD patients from a nationwide cohort study of the Jap-
anese Society for Dialysis Therapy Renal Data Registry (JRDR) to develop a prognostic risk
score. Candidate risk factors for early death within 1 year was evaluated using multivariate
logistic regression analysis. The risk score was developed by summing up points derived
from parameter estimate values of independent risk factors. The association between risk
score and early death was tested using Cox proportional hazards models. This risk score
was validated twice by using an internal validation cohort derived from the JRDR and an
external validation cohort collected for this study.

Results

Using the development cohort (n = 2,000), nine risk factors were retained in the risk score:
older age (>85), yes = 2, no = 0; sex, male = 2, female = 0; lower body mass index (<20),
yes =2, no = 0; cancer, yes = 1, no = 0; dementia, yes = 3, no = 0; lower creatinine (<6.5
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mg/dL), yes = 1, no = 0; lower albumin (<3.0 g/dL), yes = 3, no = 0; normal or high calcium
(>8.5mg/dL), yes = 1, no = 0; and higher C reactive protein (>2.0 mg/dL), yes =2, no =0. In
the internal and external validation cohorts (n = 739, 140, respectively), the medium- and
high-risk groups (total score, 6 to 10 and 11 or more, respectively) showed significantly
higher risk of early death than the low-risk group (total score, 0 to 5) (p<0.001).

Conclusion

We developed a prognostic risk score predicting early death within 1 year in incident elderly
Japanese HD patients, which may help detect elderly patients with a high-risk of early death
after HD introduction.

Introduction

Hemodialysis (HD) is an essential life-saving treatment for patients with end-stage kidney dis-
ease (ESKD); however, its usefulness is not being fully utilized in an increasing number of
elderly patients with systemic complications such as ischemic heart disease, cognitive
impairment, and frailty, who often experience rapid decline in activity of daily living (ADL)
and deterioration in quality of life (QOL) after HD introduction [1,2]. Patients and their fami-
lies sometimes regret the decision to introduce HD or wish to discontinue it. Although the
long-term prognosis of maintenance HD patients in Japan is among the best in the world, the
short-term prognosis in the first 4 months after introduction of HD is comparable to that in
other countries [3]. Especially for patients aged 80 years or older, the mortality rate in the first
12 months after introduction reaches 30%, and about half of these patients die within 3 months
after introduction [4]. When choosing a modality in renal replacement therapy (RRT), it is
desirable that patients, their families, and medical professionals, including physicians, meet for
shared decision-making (SDM), where all treatment options of RRT, including forgoing dialy-
sis and conservative kidney management (CKM), are presented and the outcome of each
option should be concretely explained [5,6]. For elderly patients and their families, informa-
tion about short-term rather than long-term prognosis is more informative when choosing
between maintenance dialysis and CKM. In foreign countries where CKM has been presented
at SDM sessions for a longer time than in Japan, many prognostic models predict life expec-
tancy in elderly patients with CKD who opt for HD [7-22]. Unfortunately, there have been
very few reports regarding that for CKM [23].

In this study, we attempted to identify risk factors associated with early mortality within 1
year of HD introduction in elderly patients with CKD aged 75 years or older, and to develop a
prognostic equation for life expectancy using the results of a nationwide cohort study of inci-
dent HD patients in Japan in 2006 and 2007.

Materials and methods
Development and internal validation cohort

Japanese Society of Dialysis Therapy (JSDT) has been conducting annual surveys of >99% of
all HD facilities in Japan: JSDT Renal Data Registry (JRDR). In 2006 and 2007, JRDR collected
incident HD patient data just prior to the time of HD introduction, and stored follow-up data
on post-introduction survival for all the patients. Therefore, we used JRDR data from 2006
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and 2007 to create a prognostic risk score to predict early mortality in incident elderly HD
patients.

We obtained the anonymous data from JRDR in October, 2019. All 2,739 patients who ini-
tiated incident HD in 2006 and 2007 were enrolled using the following exclusion criteria (Fig
1): age <75 years, withdrawal from HD because of kidney transplantation and transition to
peritoneal dialysis (PD), and missing values such as laboratory data. The included patients
were randomly classified into two groups to obtain datasets of the development cohort (2,000)
and internal validation cohort (739).

External validation cohort

Between March 2020 and March 2021, the incident elderly HD patients aged 75 or older

(n = 140) were enrolled in a prospective, external validation cohort at six university hospitals
scattered geographically in Japan (Saitama Medical University, Niigata University, Toho Uni-
versity, Osaka University, Kawasaki Medical School, Kurume University), and followed-up
until March 2022.

Patient data

The datasets of the development and internal validation cohorts and the external cohort con-
tained the following variables: sex; age; body mass index (BMI); comorbidities of cardiovascu-
lar disease (CVD) consisting of congestive heart failure and coronary arterial disease, any
cancer and dementia determined by the attending physician to have any cognitive impairment;
diabetic kidney disease (DKD) as a primary kidney disease; serum albumin, urea nitrogen
(UN), creatinine (Cr), inorganic phosphorus (Pi), calcium (Ca), and C reactive protein (CRP)
levels; hemoglobin (Hb) level; and presence or absence of arterio-venous fistula (AVF).

For the convenience of clinical practical use, all continuous variables were converted to
binary categorical variables for prognostic risk score construction; age (super-elderly, defined
as > 85 years (yes = 1, no = 0)), BMI (underweight, defined as < 20 (yes = 1, no = 0)), UN
(low, defined as < 65 mg/dL (yes = 1, no = 0)), Cr (low, defined as < 6.5 mg/dL (yes = 1,
no = 0)), Albumin (low, defined as < 3.0 g/dL (yes = 1, no = 0)), Ca (normal or high, defined
as > 8.5 mg/dL (yes = 1, no = 0)), Pi (high, defined as > 3.5 mg/dL (yes = 1, no = 0)), CRP
(high, defined as > 2.0 mg/dL (yes = 1, no = 0)) and Hb (low, defined as < 10 g/dL (yes =1,
no = 0)). The cutoff values used to convert UN and Cr to binary categories were based on the
average estimated glomerular filtration rate (eGFR) (5 mL/min/ 1.73m?) at the time of incident
HD in Japan [24]. Others were determined with reference to the common/target values for
patients undergoing maintenance HD [25,26].

The primary outcome was early death, defined as all-cause death with 1 year of HD intro-
duction. The JRDR data contained dates of death for all patients who died. For the external val-
idation cohort, the dates of death were recorded. If no outcomes were observed within the
follow-up period, the observation data were treated as censored data.

Statistical analysis

Normally distributed, continuous variables are presented as mean + standard deviation (SD);
otherwise, the median and interquartile range are presented. Intergroup comparisons of vari-
ables were performed using Chi-squared test, t-test, and Mann-Whitney U test, as appropriate.

The analyses were conducted using EZR version 1.63 (Saitama Medical Center, Jichi Medi-
cal University, Saitama, Japan), which is a graphical user interface for R (The R Foundation for
Statistical Computing, Vienna, Austria, version 2.13.0) [27]. Statistical significance was defined
as p<0.05.
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Fig 1. Flow diagram of the study population.
https://doi.org/10.1371/journal.pone.0302101.g001

Development of risk score

Using the development cohort dataset, univariate and multivariate logistic regression analyses
were performed to identify risk factors significantly and independently associated with early
death within 1 year in incident HD patients. Collinearity was tested using variance inflation
factor (VIF), and variables with VIF>2 were omitted because of collinearity.

A weighted score proportional to the smallest parameter estimate of the independent risk
factors was assigned to each categorical index, which was rounded to the nearest integer. For
each patient, the risk score was calculated as the sum of the points.

Based on categorical criteria for the risk score, the patients were divided into three risk
groups using Kaplan-Meier survival curves: low-, medium-, and high-risk. Then, the survival
probabilities of the groups were compared using log-rank test. Moreover, the risk of the out-
come was compared between risk groups by Cox proportional hazards models adjusted for
baseline characteristics not included in the risk score. The proportional hazards assumption
was graphically verified using log-log plots. Results of statistical analyses are presented as haz-
ard ratios (HRs) with 95% confidence of intervals (CI), as appropriate.

Validation of risk score

The accuracy of the prediction of the outcome of the risk score was evaluated on the basis of
area under the receiver operating characteristic (ROC) curve (AUC) and c-statistics using
datasets from the internal validation as well as the external validation cohort. Additionally, the
risk score was validated using Kaplan-Meier survival curves and Cox proportional hazard
models as described above.

Ethics

The development and internal validation cohort study was approved by the ethics committee
of JSDT (JSDT No.2) and was exempt from the need to obtain informed consent from partici-
pants. The external validation cohort study was approved by the Institutional Review Board of
Saitama Medical University (19091.01) as a base facility for this multi-center collaborative
research, and we obtained informed consent from all the participants.
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All data were analyzed anonymously. The study was performed in accordance with the Decla-
ration of Helsinki (revised 2013) and the ethical guidelines for medical and health research involv-
ing human subjects by the Japanese Ministry of Health, Labour and Welfare (revised 2023).

Results
Baseline characteristics

The final study population consisted of 2,739 patients (Fig 1), and 424 deaths occurred within
1 year of the follow-up period. Causes of death included infection in 102 patients, congestive
heart failure in 80, malignancy in 35, stroke in 30, cardiovascular disease in 14, and unknown
in 163. Baseline demographic and clinical characteristics of the study population by primary
endpoint are shown in Table 1.

The study population was randomly assigned into two cohort groups: one group for the
development cohort and the other for the internal validation cohort (Fig 1). No significant dif-
ferences in baseline patient characteristics between the datasets of the development and inter-
nal validation cohorts were observed (Table 2). The baseline patient characteristics of the
external validation cohort are shown in Table 3.

Independent risk factors for early death within 1 year

Using the dataset of the development cohort, univariate logistic regression analyses were per-
formed, and some of variables were significantly associated with early death within 1 year in

Table 1. Comparison of patient characteristics and laboratory data of the study population at incident hemodialysis by primary endpoint.

Basic characteristics All Survive > 1 year Death <1 year p-value
N 2,739 2,315 424
Sex (Male) (%) 1,570 (57.3) 1.317 (56.8) 253 (59.7) 0.31
Age (years) 80 (77, 83) 80 (77, 83) 81 (78, 85) <0.001
BMI (kg/m2) 21.8+3.9 22.0+3.9 20.9+3.8 <0.001
Primary kidney disease
DKD (%) 1,092 (39.9) 936 (40.4) 156 (36.8) 0.16
CGN (%) 633 (23.1) 531 (22.9) 102 (24.1) 0.62
PKD (%) 43 (1.6) 12 (0.5) 6(1.4) 1.00
Nephrotic (%) 8(0.3) 8(0.3) 0 0.62
Others (%) 963 (35.1) 836 (35.9) 160 (37.7) 0.25
Laboratory data
UN (mg/dl) 86.4+30.4 86.4+30.0 86.9+32.4 0.77
Cr (mg/dl) 7.3£2.9 7.4+2.8 6.8+3.2 <0.001
Albumin (g/dL) 3.2+0.6 3.3+0.6 3.0+0.6 <0.001
Ca (mg/dl) 7.9£1.0 8.0+1.0 8.0+1.2 0.22
Pi (mg/dl) 5.3£1.6 5.4+1.6 4.9+2.0 0.06
CRP (mg/dl) 0.46 (0.1, 2.1) 0.34 (0.1, 1.6) 1.72 (0.4, 4.8)) <0.001
Hb (g/dl) 8.4+1.5 8.4+1.5 8.4+1.6 0.99
AVF (%) 1,465 (53.5) 1,332 (57.5) 133 (31.3) <0.001
Comorbidities
CVD (%) 255 (9.3) 206 (8.9) 49 (11.6) 0.08
Cancer (%) 196 (7.2) 149 (6.4) 47 (11.1) 0.001
Dementia (%) 453 (16.5) 323 (14.0) 130 (30.7) <0.001
HD Duration (month) 6.1+3.7

https://doi.org/10.1371/journal.pone.0302101.t001
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Table 2. Comparison of patient characteristics and laboratory data of the study population randomly divided to the development and internal validation cohorts.

Baseline characteristics All Development Internal Validation p-value
N 2,739 2000 739
Sex (Male) (%) 1,570 (57.3) 1153 (57.7) 417(56.4) 0.57
Age (years) 80 (77, 83) 80 (77, 83) 80 (77, 83) 0.32
BMI (kg/m2) 21.8+3.9 21.9+4.0 21.8+3.6 0.90
Primary kidney disease
DKD (%) 1,092(39.9) 811(40.6) 281(38.9) 0.24
Laboratory data
UN (mg/dl) 86.4+30.4 86.8+30.2 85.6+31.0 0.37
Cr (mg/dl) 7.3+2.9 7.3+2.9 7.3+2.8 0.49
Albumin (g/dL) 3.2+0.6 3.2+0.6 3.2+0.6 0.76
Ca (mg/dl) 7.9+1.0 8.0+1.1 8.0+1.1 0.18
Pi (mg/dl) 5.3+1.6 5.3+1.6 5.3+1.6 0.55
CRP (mg/dl) 0.46 (0.1, 2.1) 0.46 (0.1, 2.08) 0.46 (0.1, 2.38) 0.36
Hb (g/dl) 8.4+1.5 8.3+1.5 8.4+1.4 0.18
Absence of AVF(%) 1,274(46.5) 928(46.4) 346(46.8) 0.86
Comorbidities
CVD (%) 255 (9.3) 192 (9.6) 63 (8.5) 0.42
Cancer (%) 196 (7.2) 146 (7.3) 50 (6.8) 0.68
Dementia (%) 453 (16.5) 342 (17.1) 111 (15.0) 0.20
Death<1 year(%) 424 (15.5) 313(15.7) 111(15.0) 0.72

https://doi.org/10.1371/journal.pone.0302101.t002

Table 3. Patient characteristics and laboratory data of the external validation cohort.

Baseline characteristics.

N 140
Gender (Male) (%) 87 (62.1)
Age (years) 81 (78, 84)
BMI (kg/m2) 22.4+3.9
Primary kidney disease
DKD (%) 55 (39.3)
Laboratory data
UN (mg/dl) 86.1+27.1
Cr (mg/dl) 7.3%2.2
Albumin (g/dL) 3.240.6
Ca (mg/dl) 8.5+0.8
Pi (mg/dl) 5.4+1.4
CRP (mg/dl) 0.32 (0.1, 1.09)
Hb (g/dl) 10.1+6.9
Absence of AVF (%) 47 (33.6)
Comorbidities
CVD (%) 34 (24.3)
Cancer (%) 15 (10.7)
Dementia (%) 55 (39.3)
Death<1 year (%) 18 (12.9)

https://doi.org/10.1371/journal.pone.0302101.t003
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Table 4. Results of univariate logistic regression analysis of the development cohort.

Baseline characteristics OR 95%CI p-value
Age (years) =285 2.25 1.72,2.95 <0.001
Sex (Male) 1.36 1.06, 1.75 0.015
BMI (kg/m2) <20 1.96 1.53,2.51 <0.001
DKD: Yes 0.94 0.73,1.20 0.623
Laboratory variables
UN (mg/dl) <65 1.13 0.85, 1.49 0.406
Cr (mg/dl) <6.5 1.57 1.23, 2.00 <0.001
Albumin (g/dL) <3.0 2.67 2.09, 3.42 <0.001
Ca (mg/dl) > 8.5 1.08 0.83, 1.42 0.563
Pi (mg/dl) > 3.5 0.55 0.39, 0.80 0.001
CRP (mg/dl) 22.0 2.96 2.30, 3.80 <0.001
Hb (g/dl) <10 0.92 0.65, 1.29 0.617
Absence of AVF no 3.39 2.61, 4.41 <0.001
Comorbidities
CVD yes 1.28 0.87, 1.87 0.215
Cancer yes 1.79 1.20, 2.67 0.005
Dementia yes 2.80 2.13, 3.69 <0.001

https://doi.org/10.1371/journal.pone.0302101.t1004

incident elderly HD patients (Table 4). To create the risk score, subsequent multivariate logis-
tic regression analyses were performed, and variables such as older age (>>85), male sex, lower
BMI (<20), cancer (Yes), dementia (Yes), lower Cr (<6.5), lower albumin (<3.0), normal or
high Ca (>8.5), and higher CRP (>2.0) were found to be significantly and independently asso-
ciated with early death (Table 5). No collinearity was seen for all the variables being used.

Development of risk score

The score point was determined for each risk factor (Table 6).

The patients were categorized into three groups based on the risk score: low-risk, 0 to 5;
medium-risk, 6 to 10; high-risk, 11 or higher. The Kaplan-Meier survival curve showed a sig-
nificant difference between the groups (log-rank test, p<0.001) (Fig 2). The medium- and
high-risk groups showed higher risks of early death within 1 year than the low-risk group
(Table 7).

Validation of risk score

This prognostic risk score showed high accuracy for the prediction of the outcome in the inter-
nal validation cohort; c-statistics, 0.70 (95% CI, 0.64, 0.75), as well as in the external validation
cohort; c-statistics, 0.87 (95% CI, 0.80, 0.94) (Figs 3A and 4A). Additionally, the Kaplan-Meier
survival curves for early death within 1 year showed significant differences between the groups
in the internal validation cohort (log-rank test, p<0.001) and in the external validation cohort
(log-rank test, p<0.001) (Figs 3B and 4B). In the internal validation cohort, the risks of early
death in the medium- and high-risk groups were significantly higher than those in the low-
risk group according to Cox proportional hazards models (Table 8).

Since no events were observed in the low-risk group of the external validation cohort, the
low- and the medium-risk groups were combined and used as the reference (Fig 4C and
Table 9). The high-risk group showed approximately eight-times higher risk compared to the
low-medium risk group.
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Table 5. Results of multivariate logistic regression analysis of the development cohort.

Variables Parameter estimates aOR (95%CI) p-value
Age (years) > 85 0.733 2.08 (1.54, 2.81) <0.001
Sex (Male) 0.520 1.68 (1.27,2.22) <0.001
BMI (kg/m2) < 20 0.632 1.88 (1.43, 2.47) <0.001
Primary disease: DKD yes -0.095 0.91 (0.69, 1.19) 0.489
Laboratory data
UN (mg/dl) < 65 -0.036 0.97 (0.70, 1.34) 0.828
Cr (mg/dl) < 6.5 0.302 1.35 (1.02, 1.80) 0.037
Albumin (g/dL) < 3.0 0.771 2.16 (1.62, 2.85) <0.001
Ca (mg/dl) > 8.5 0.331 1.39 (1.02, 1.90) 0.035
Pi (mg/dl) > 3.5 -0.11 0.90 (0.59, 1.36) 0.605
CRP (mg/dl) > 2.0 0.743 2.10 (1.59, 2.78) <0.001
Hb (g/dl) < 10 -0.060 0.94 (0.64, 1.38) 0.760
Absence of AVF no 0.963 2.62 (1.97, 3.48) <0.001
Comorbidities
CVD yes 0.107 1.11 (0.73, 1.69) 0.619
Cancer yes 0.451 1.57 (1.01, 2.44) 0.045
Dementia yes 0.798 2.22 (1.65, 3.00) <0.001
Abbreviation: aOR, adjusted odds ratio.
https://doi.org/10.1371/journal.pone.0302101.t005
Discussion

In this study, we used data from cross-sectional and subsequent longitudinal surveys of inci-
dent HD patients in Japan in 2006 and 2007. We aimed to develop prognostic risk scores for
predicting early mortality within 1 year after HD introduction in elderly patients with CKD
aged 75 years or older. Robust results were observed in internal validation using an internal
validation cohort and external validation using a prospective cohort of incident HD elderly
patients from 2020 to 2021. These results suggest that this prognostic risk score can at present

Table 6. Parameter estimates of the independent risk factors and risk score points.

Variables Parameter estimates Ratio Risk score point
Age (years) > 85 0.733 2.42 2
Sex (Male) 0.520 1.72 2
BMI (kg/m2) < 20 0.632 2.10 2
Cr (mg/dl) < 6.5 0.302 1.0 1
Albumin (g/dL) < 3.0 0.771 2.55 3
Ca (mg/dl) > 8.5 0.331 1.10 1
CRP (mg/dl) > 2.0 0.743 2.46 2
Absence of AVF no 0.963 3.19 3
Cancer yes 0.451 1.49 1
Dementia yes 0.798 2.64 3

Risk score = older age + male sex + low BMI + low Cr + low albumin + normal or high Ca + high CRP + absence of
AVEF-no + cancer-yes + dementia-yes.

Older Age, yes = 2, no = 0; sex, male = 2, female = 0; low BMI, yes = 2, no = 0; low Cr, yes = 1, no = 0; low albumin,
yes = 3, no = 0; normal or high Ca, yes = 1, no = 0; high CRP, yes = 2, no = 0; absence of AVF; no = 3, yes = 0; cancer,

yes=1,n0=0; dementia, yes =3,n0=0.

https://doi.org/10.1371/journal.pone.0302101.t006
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Fig 2. Association between the risk groups and mortality in the development cohort. The Kaplan-Meier survival
curves show a significant difference in mortality between the risk groups (log-rank test, p<0.001).

https://doi.org/10.1371/journal.pone.0302101.g002

be used reliably to predict early mortality after HD introduction in elderly Japanese ESKD

patients, when patients, their families, and health professionals are making SDM sessions for a

choice of modality in RRT. However, as mentioned in the Introduction, there are very few

scores to estimate the life expectancy of elderly ESKD patients who choose PD or CKM. There-
fore, it is important to note that presenting only the life expectancy in case of HD without
mentioning those in cases of PD and CKM may be a biased guidance.

Table 7. Risk groups and risk of early death within 1 year in the development cohort.

Risk groups HR aHR
Low-risk group Reference Reference
Medium-risk group 2.69 2.67
(95ClI, 1.94, 3.74; p<0.001) (95%CI, 1.92, 3.71; p<0.001)
High-risk group 8.79 8.63

(95CI, 6.31, 12.24; p<0.001)

(95ClI, 6.18, 12.07; p<0.001)

Abbreviation: aHR, adjusted hazard ratio.

https://doi.org/10.1371/journal.pone.0302101.t007
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Fig 3. The ROC curve of the prognostic risk score for the prediction of early death within 1 year (A), and association
between risk groups and mortality in the internal validation cohort (B). (A) The prognostic risk score showed high
accuracy for the prediction of the outcome in the internal validation cohort; c-statistics, 0.70 (95% CI, 0.64, 0.75). (B)
The Kaplan-Meier survival curves show a significant difference in mortality between the risk groups (log-rank test,
p<0.001).

https://doi.org/10.1371/journal.pone.0302101.9003

In the 1990s, it became common for patients to be offered the option of not receiving dialy-
sis or CKM during SDM sessions [5,6,28]. Since it is necessary to provide information on
patient prognosis after the introduction of RRT [5,6], various attempts to predict prognosis
have been reported. Even if we limit articles published since 2000 that deal with prognostic
models that are still expected to be useful in terms of life expectancy, we found 21 articles that
analyzed risk factors just prior to HD introduction as explanatory variables and early death
within 1 year after HD introduction as an objective variable [4,7-22,29-32].

The groups of explanatory variables that were independently and significantly related to the
early death were demographic data (age, sex, BMI), laboratory data (serum albumin, serum
creatinine, eGFR, blood hemoglobin, CRP), therapeutic drugs, underlying diseases causing
CKD, and comorbidities (CVD, malignancy, obstructive lung disease). Older age, male sex,
high serum CRP levels, and comorbidity with cancer have been reported as risk factors for
early death [4,8-22,29,31,32], and are consistent with the clinical experience, which seems sat-
isfactory. Additionally, variables such as BMI and serum albumin, which are indicators of
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Fig 4. The ROC curve of the prognostic risk score for the prediction of early death within 1 year (A), and association
between risk groups and mortality in the external validation cohort: Among three risk groups (B), among two risk
groups (C). (A) The prognostic risk score showed high accuracy for the prediction of the outcome in the external
validation cohort; c-statistics, 0.87 (95% CI, 0.80, 0.94). (B and C) In both analysis, Kaplan-Meier survival curves show
significant differences in mortality between the risk groups (log-rank test, p<0.001).

https://doi.org/10.1371/journal.pone.0302101.g004
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Table 8. Risk groups and risk of early death within 1 year in the internal validation cohort.

Risk groups HR aHR
Low-risk group Reference Reference
Medium-risk group 1.71 1.63
(95CI, 1.08, 2.71; p = 0.02) (95%CI, 1.03, 2.60; p = 0.04)
High-risk group 5.53 5.21
(95ClI, 3.41, 8.99; p<0.001) (95ClI, 3.18, 8.53; p<0.001)

https://doi.org/10.1371/journal.pone.0302101.t008

nutritional status, have been discussed in many reports [4,7,9-11,13,14,16,17,19,20,22,30-32].
HD introduction in the absence of AVF is also considered to lead to a significant risk of early
death in many reports, and HD introduction in the absence of AVF may be used as an index
that includes multiple risks of mortality [4,8-10,13,14,20,22,31]. All these are significant risk
factors in our prognostic risk score. On the other hand, it is not clear why normal or high
serum Ca levels remained a risk factor [32], and the possibility that they might be associated
with undiagnosed malignancy cannot be ruled out. In addition, the reason why either DKD or
CVD, which was often reported as a risk factor [5-18,20,22,29,32], was not one in this study
may be that patients with DKD and/or CVD with poor general condition were not introduced
to HD and not included in the study population.

In recent years, an increasing number of reports have demonstrated prognostic factors
related to aging, such as physical impairment, cognitive impairment, poor nutrition, frailty,
and fall episodes, as explanatory variables in predicting life expectancy of dialysis patients [33—
35]. These risk factors are likely confounding because they are closely related to each other,
and except for poor nutrition, they are rarely employed as independent explanatory variables
in the same prognostic model. Serum creatinine as laboratory data is a significant explanatory
variable in several prognostic models, but each report shows conflicting associations between
residual renal function at dialysis introduction and early death within 1 year after introduction
[4,8,14-17,20,29,30,32,36]. Among them, one report showed that when low serum creatinine,
which indicates early introduction of dialysis, was a significant risk factor for death, such sig-
nificance disappeared when adjusted for frailty, suggesting that frailty is strongly associated
with death [36]. Frailty is strongly related to the prognosis of dialysis patients as a composite
index including multiple risks of mortality [37], and it is desirable to develop improved frailty
assessment criteria for patients with CKD [38]. Low serum creatinine is also a risk factor in
our prognostic risk score and may be associated with sarcopenia, a precursor condition of
frailty. Most of the prognostic models for aging-related factors have been reported from for-
eign countries, but there have been several reports from Japan on the degree of dependence on
nursing care related to physical dysfunction [4,29,30,32]. Although cognitive impairment has
not been addressed extensively [17], we employed dementia as a candidate risk factor to be sig-
nificantly associated with early death in our prognostic risk score.

A systematic review on the prediction of short- to long-term life expectancy in incident HD
patients was reported by Anderson et al. in 2019 [39]. Among their results, the ROC curves
with the largest AUC as discriminative of life expectancy were the Ivory index and the Obi

Table 9. Risk groups and risk of early death within 1 year in the external validation cohort.

Risk groups HR aHR
Low and Medium-risk group Reference Reference
High-risk group 8.31 8.02
(95CI, 3.21, 21.525 p<0.001) (95CI, 2.65, 24.28; p<0.001)

https://doi.org/10.1371/journal.pone.0302101.t009
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index [16,17], both of which are useful with respect to predicting early death within 1 year.
The latter in particular has shown robustness in external validation cohorts [17]. (http://www.
dialysisscore.com/) The AUC of the ROC curve of our prognostic risk score were as discrimi-
native as those of these indices.

The prognostic model of Inaguma et al. for Japanese patients is superior because of the size
of the study population used to construct the prognostic model, the diversity of explanatory
variables employed, and the high discriminative power for predicting early death within 1 year
of HD introduction [32]. The difference between our risk score and theirs is that their model
was based on the data collected from a limited region of Japan, while ours is based on national
data. Additionally, the reliability of our prognostic risk score is further enhanced by the fact
that a recent prospective cohort was constructed using data from all of Japan, and external vali-
dation was conducted using this cohort.

There are several limitations to this study. First, there may be selection bias due to the
removal of a large number of patients with missing data from consideration. Second, the sam-
ple size became smaller because of the restriction of age and RRT modality. However, the
number of HD patients who progressed to kidney transplant or PD was small and was
removed from the study to make it easier to interpret the results. Third, although data were
collected on important complications such as fluid overload, chronic pulmonary or liver dis-
ease, they could not be analyzed as candidate risk factors due to missing data or unknown
responses. Fourth, although electrolytes other than Ca and Pi, medications, physical findings
(e.g., blood pressure and physical function) and social settings are good candidate risk factors,
those were not collected and thus not examined as risk factors. Therefore, this score could not
be compared with existing models such as the Ivory index, Obi index and Inaguma et al. score
[16,17,32]. The fifth is that this study did not examine ESKD patients who were not introduced
to HD. Elderly ESKD patients who were introduced to HD are likely to be healthier than those
not introduced. It is possible that DKD and CVD were not included as variables in the prog-
nostic risk score because high-risk patients with DKD or CVD were not introduced to HD.
Therefore, our prognostic risk score should be used with caution when generalizing to the
entire population of elderly ESKD patients. Sixth, some information was lost because continu-
ous variables were converted to binary categorical variables to create a clinically usable score.
Seventh, there could be bias due to unintended confounding for an observational study.
Eighth, because the observed endpoint was all-cause mortality, it was not possible to evaluate
ADL prognosis and QOL, such as frail and bedridden patients.

In conclusion, we used nationwide cohort data to identify the major risk factors for early
death within 1 year in incident elderly Japanese HD patients and developed a prognostic risk
score in this study. The robustness of this prognostic risk score was confirmed by data from an
internal validation cohort and a more recent prospective cohort, and future clinical applica-
tions are anticipated. In addition to the information provided by this prognostic risk score, we
hope to provide information on the prognostic value of choosing PD or CKM, which will facil-
itate the decision making for elderly ESKD patients and their families regarding RRT modali-
ties at SDM sessions.
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Understanding the association between compliance to the Chronic Kidney Disease (CKD) guidelines in
real-world clinical settings and renal outcomes remains a critical gap in knowledge. A comprehensive
analysis was conducted using data from a national, multicenter CKD registry. This study included
4,455 patients with an estimated glomerular filtration rate (eéGFR) measurement on the index date
and eight additional metrics recorded within six months. These metrics comprised serum electrolyte
levels, low-density lipoprotein cholesterol, hemoglobin, and the use of renin-angiotensin system
inhibitors. The primary outcome was a composite of renal events, defined by a decline in eGFR

to <15 mL/min/1.73 m? or a reduction of 230% in eGFR, confirmed by follow-up tests. Over a median
follow-up of 513 days, 838 renal events were observed. High serum potassium levels (> 5.4 mmol/L)
were associated with increased event rates compared to lower levels. Similarly, low serum sodium-
chloride levels (< 33) correlated with higher event rates. Usage of renin-angiotensin system inhibitors,
low serum calcium (< 8.4 mg/dL), and high uric acid levels (>7.0 mg/dL) were also linked to increased
events. Conversely, higher hemoglobin levels (=13 g/dL) were associated with lower event rates.
Compliance to guidelines, categorized into quartiles based on the number of met metrics, revealed
asignificantly reduced risk of events in the highest compliance group (meeting 8 metrics) compared
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to the lowest (0-5 metrics). Compliance to CKD guidelines in clinical practice is significantly
associated with improved renal outcomes, emphasizing the need for guideline-concordant care in the
management of CKD.

Keywords CKD, Real-world clinical scenarios, Compliance to guidelines, Clinical questions, End-stage
kidney disease
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An emerging problem in both clinical and ambulatory medicine is chronic kidney disease (CKD)'. Approximately
13% of the Japanese adult population is estimated to have CKD? CKD is known as not only a worldwide public
health problem, but also a global socioeconomic concern. CKD encompasses many adverse outcomes including
kidney failure, cardiovascular disease, and premature death®. Aging and lifestyle habits have an impact on kidney
function. Japan is experiencing an increase in its elderly demographic, and it is projected that the incidence of
CKD will rise correspondingly within this aging populace in the imminent future**. The number of end-stage
kidney disease (ESKD) patients has also continued to increase in Japan®’.

Clinical practice guidelines aid many purposes. Guidelines help clinicians and other caregivers deal with the
exponential growth in medical literature, help to expose gaps in knowledge, and suggest areas where additional
research is needed®. Professional societies throughout the world decided that there is a need for developing clini-
cal practice guidelines for patients with CKD because there are variations in the treatment approaches across
different regions, leading to inconsistent patient outcomes. The Evidence-based Clinical Practice Guidelines
for CKD 2018 and its associated guidelines’!! provides evidence-driven recommendations addressing clinical
questions (CQ) related to CKD treatment in Japan. Yet, the actual compliance to that guideline in clinical settings
within Japan remains unevaluated. Moreover, the association between this compliance rate and renal outcomes
in CKD patients is undetermined. Identifying the association between compliance rates and renal outcomes in
CKD patients is essential for advancing medical knowledge, improving patient care, informing healthcare poli-
cies, and ultimately enhancing the quality of life for individuals with CKD.

To bridge this research gap, our objective is to assess the degree of implementation of the guideline recom-
mendations in real-world clinical scenarios and their subsequent associations with renal outcomes.

Results

A cohort of 11,333 individuals was identified as potential study participants. These individuals had undergone
measurements for eight distinct component metrics pertaining to clinical questions, in addition to estimated
glomerular filtration rate (eGFR) assessments. Of the 11,333 individuals, 146 individuals with a baseline eGFR
below 15 mL/min/1.73m?2 were excluded. An additional 6,732 were removed due to lacking eGFR measurements
after the index date, resulting in a final sample size of 4,455 individuals for the analysis. Participants included
in this study were younger, had lower eGFR, were receiving renin-angiotensin system (RAS) inhibitors, and
demonstrated reduced levels of calcium, phosphorus, and low-density lipoprotein (LDL) cholesterol at the index
date e compared to those excluded from the analysis (Supplementary Table S1).

Table 1 details the baseline characteristics of the study participants: 53.5% were male, the average age was
67.2 years, and the mean eGFR was 54.6 mL/min/1.73 m?. Patients underwent a median of 8 eGFR measure-
ments, with the interquartile range spanning from 4 to 15. The median interval between these assessments was
60 days, with the interquartile range spanning from 38 to 92 days. Figure 1 illustrates the cumulative incidence
of renal events across groups based on compliance to the 2018 CKD Clinical Practice Guidelines and its associ-
ated guidelines as follows®'!. In Fig. 1A, those with serum potassium > 5.4 mmol/L had higher event rates than
those <4.0 mmol/L and those between 4.0-5.4 mmol/L. In Fig. 1B, groups with serum sodium-chlorine <33 had
higher rates than those between 33-36 and > 36. In Fig. 1C, groups taking RAS inhibitors had higher rates than
those not taking them. In Fig. 1D, groups with serum calcium < 8.4 mg/dL had higher rates than those > 8.4 mg/
dL. In Fig. 1F, groups with serum uric acid >7.0 mg/dL had higher rates than those <7.0 mg/dL. Lastly, in Fig. 1H,
groups with hemoglobin <11 g/dL had the highest rates, followed by 11-13 g/dL and > 13 g/dL. Analysis of renal
event rates shows no significant difference in the cumulative incidence when comparing groups with serum
phosphorus at or below 6.0 mg/dL and those below 6 (Fig. 1E), and between the groups with LDL cholesterol
levels below and at or above 120 mg/dL (Fig. 1G).

Participants were categorized based on their compliance to the guidelines for each metric, distinguishing
between those who complied and those who did not (Supplementary Table S2). During the median follow-up
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Variables Overall, n=4,455
Age, years 67.2+14.0
Men, % 2384 (53.5)
eGFR, mL/min/1.73m? 54.6+20.5
Potassium, mmol/L 43+0.5
Sodium — Chlorine, mmol/L 35.6+2.4
Use of RAS inhibitors, yes 1881 (42.2)
Calcium, mg/dL 9.1£0.5
Phosphorus, mg/dL 33+0.6
Uric acid, mg/dL 59+1.5
Low-density lipoprotein cholesterol, mg/dL | 104.3+30.3
Hemoglobin, g/dL 13.0+1.8
Hypertension, n (%) 3022 (67.8)
Diabetes mellitus, n (%) 3603 (80.9)
Glomerulonephritis, n (%) 895 (20.1)
Nephrotic syndrome, n (%) 581 (13.0)

Table 1. Baseline clinical characteristics at the index date. Data are expressed as means (standard deviations)
or percentages. eGFR estimated glomerular filtration rate, RAS renin-angiotensin system.

period of 513 days, with an interquartile range of 213 to 959 days, there were 838 composite renal events. In
unadjusted models, participants who demonstrated compliance with the guidelines, specifically in managing
serum potassium, sodium-chloride, calcium, urine acid, and hemoglobin levels experienced fewer composite
kidney events compared to their non-compliant counterparts (Table 2). In adjusted analyses, which simultane-
ously accounted for all seven metrics, as well as age, sex, and eGFR at the index date, participants who demon-
strated compliance with the guidelines, specifically in managing serum potassium, sodium-chloride, calcium, and
hemoglobin levels experienced fewer composite kidney events compared to their non-compliant counterparts
(Table 2). In the adjusted model, we assessed whether the association between compliance to CKD guidelines
and composite renal events varies based on the participants’ eGFR levels above versus below 45 mL/min/1.73 m?
at the index date. We identified a significant interaction (P =0.01) based on eGFR levels at the index date, cat-
egorized as>45 mL/min/1.73 m? versus <45 mL/min/1.73 m?, in examining how compliance to LDL cholesterol
guidelines was associated with renal event outcomes. Consequently, we conducted stratified analyses according
to these eGFR categories at the index date. A difference in renal outcomes was evident between individuals with
LDL cholesterol levels below 120 mg/dL and those with levels at or above this threshold, but this discrepancy
was only apparent in the subgroup with eGFR levels below 45 mL/min/1.73 m? at the index date (hazard ratios
[HRs] 0.75, 95% confidence intervals [CIs] 0.60 to 0.94).

Participants were categorized into quartiles based on their compliance to each metric, as detailed in Fig. S2.
The quartiles were defined by scores of 0-5 points with n =533 participants, 6 points with n = 1,304 participants,
7 points with n = 1,844 participants, and 8 points with n=784 participants. During the follow-up period, 143
composite events, which included a decline in eGFR by >30% and ESKD, were recorded in the 0-5 point group.
In contrast, the 8 point group witnessed 143 events, as detailed in Table 3. The 0-5 point group exhibited the
highest cumulative incidence of composite events when compared to other quartiles (Fig. 2). In terms of the rate
of composite events per 1,000 person-years, the 0-5 point group had the highest at 192, followed by the 6-point
group at 110, the 7-point group at 90, and the 8-point group at 95. In an unadjusted model, the group with 6
points (HRs 0.55, 95% CIs 0.45 to 0.68), the group with 7 points (HRs 0.45, 95% CIs 0.37 to 0.54), and the group
with 8 points (HRs 0.47, 95% Cls 0.38 to 0.60) had a significantly lower risk of composite events compared with
the group with 0-5 points (Table 3). After multivariable adjustment, the HRs (95% CIs) for composite events
were HRs 0.67 (95% Cls 0.54 to 0.83) for the group with 6 points, HRs 0.55 (95% Cls 0.45 to 0.67) for the group
with 7 points, and HRs 0.55 (95% ClIs 0.44 to 0.70) for the group with 8 points. The groups with 6, 7, and 8 points
each had a statistically significant lower risk of a>30% decline in eGFR or ESKD when compared to the group
with 0-5 points (Table 3).

Discussions

Our study is the first to utilize real-world data in a large-scale analysis of outcomes, demonstrating that compli-
ance to CKD guidelines positively influences renal health. This assessment supports the efficacy of multidiscipli-
nary therapeutic strategies, reinforcing the critical role of guideline-aligned care in CKD management.

The findings from our study indicate associations between electrolyte imbalances and the rates of adverse renal
events. Specifically, groups with serum potassium > 5.4 mmol/L had higher event rates than those <4.0 mmol/L
and those between 4.0-5.4 mmol/L. Groups with a combined serum sodium-chloride level of less than 33 had
higher event rates compared to those with levels within the 33-36 range and above 36. Additionally, groups
with serum calcium levels below 8.4 mg/dL experienced higher event rates than those with levels of 8.4 mg/dL
or higher. Serum phosphorus levels were consistently below 6.0 mg/dL across the observed cases, as instances
of serum phosphorus reaching 6 mg/dL or higher were not detected in this cohort. This absence suggests a
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Figure 1. Cumulative incidence of composite renal events across groups of eight component metrics based on
compliance to the 2018 CKD Clinical Practice Guidelines and its associated guidelines. We defined composite
renal events as either the onset of ESKD, characterized by a decline in eGFR to less than 15 mL/min/1.73 m?,
or a reduction of 30% or more in eGFR from the index date, with both conditions requiring confirmation by
follow-up tests. To evaluate the disparities in the cumulative incidence of the composite renal events among
different groups that were categorized based on the compliance to the 2018 CKD Clinical Practice Guidelines
and its associated guidelines, we applied the Kaplan-Meier method. Furthermore, we utilized the log-rank

test to determine the statistical significance, as indicated by the P-value. CKD = chronic kidney disease;

eGFR =estimated glomerular filtration rate; ESKD = end-stage kidney disease; LDL cholesterol =low-density

lipoprotein; RAS =renin-angiotensin system.
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Figure 1. (continued)
Composite renal events | Unadjusted Adjusted
Variables Events/n HRs (95% CIs) | Pvalue | HRs (95% CIs) | Pvalue
(A) Potassium
>5.4 mmol/L 23/69 1 1
<5.4 mmol/L 815/4386 0.46 (0.31, 0.70) <0.001 | 0.68 (0.44, 1.03) 0.067
(B) Sodium-Chlorine
<33 mmol/L 141/368 1 1
>33 mmol/L 697/4087 0.32(0.27, 0.38) <0.001 | 0.57 (0.46, 0.69) <0.001
(C) Use of RAS inhibitors
No 376/2574 1 1
Yes 462/1881 1.73 (151,1.98) | <0.001 | 1.40 (1.21,1.61) | <0.001
(D) Calcium
<8.4 mg/dL 82/244 1 1
>8.4 mg/dL 756/4211 0.39 (0.31, 0.49) <0.001 | 0.56 (0.44, 0.71) <0.001
(E) Phosphorus
>6 mg/dL 0 - - - -
<6 mg/dL 838/4455
(F) Uric acid
>7.0 mg/dL 244/1014 1 1
<7.0 mg/dL 594/3441 0.64 (0.56, 0.75) <0.001 | 0.85 (0.73, 1.00) 0.05
(G) Low-density lipoprotein cholesterol
>120 mg/dL 209/1280 1 1
<120 mg/dL 629/3175 1.22 (1.04, 1.43) 0.013 | 1.03 (0.88, 1.20) 0.748
(H) Hemoglobin
<11g/dL 194/603 1 1
>11g/dL 644/3852 0.32(0.27, 0.38) <0.001 | 0.43 (0.36, 0.52) <0.001

Table 2. Associations between compliance to each of the eight specific metrics outlined in the 2018 Evidence-
Based Clinical Practice Guidelines for CKD and its associated guidelines and composite renal events.
Associations between adherence to each of the eight specific metrics outlined in the 2018 Evidence-Based
Clinical Practice Guidelines for CKD and its associated guidelines and composite renal events in unadjusted
and adjusted models. The median follow-up duration spanned 513 days and had an interquartile range from
213 to 959 days. Adjusted model included all eight metrics into the same model simultaneously, along with age,
sex, and the estimated glomerular filtration rate at the index date. CKD chronic kidney diseases, RAS renin-
angiotensin system, HRs Hazard ratios, CIs confidence intervals.

patient population with well-controlled phosphorus levels, potentially due to effective dietary management
or treatment compliance. These results are suggestive within the context of previous studies'>"', which have
shown that electrolyte imbalances may have significant implications for renal outcomes. For instance, abnormal
serum sodium and chloride levels are known to be associated with hypertension, cardiovascular events, and
renal vasoconstriction'’, which could potentially lead to a decline in renal function over time. Furthermore,
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Unadjusted Adjusted

Outcome Point | n Events | HRs (95% CIs) | Pvalue | HRs (95% CIs) | Pvalue

0-5 533 143 1.0 - 1.0 -

6 1,304 | 243 0.55 (0.45-0.68) | <0.001 |0.67 (0.54-0.83) | <0.001
Composite renal events

7 1,844 | 309 0.45 (0.37-0.54) | <0.001 | 0.55(0.45-0.67) | <0.001

8 784 143 0.47 (0.38-0.60) <0.001 | 0.55(0.44-0.70) <0.001

0-5 533 85 1.0 - 1.0 -

6 1,304 | 90 0.36 (0.26-0.48) | <0.001 |0.72(0.53-0.97) 0.030
eGFR< 15 mL/min/1.73m?

7 1,844 |72 0.18 (0.13-0.25) | <0.001 |0.43(0.31-0.59) | <0.001

8 784 33 0.19 (0.13-0.28) | <0.001 | 0.62 (0.41-0.95) 0.026

0-5 533 130 1.0 - 1.0 -

6 1,304 | 228 0.57 (0.46-0.70) | <0.001 | 0.65 (0.52-0.80) | <0.001
eGFR decline >30%

7 1,844 | 297 0.47 (0.38-0.58) <0.001 |0.54(0.44-0.67) <0.001

8 784 141 0.51 (0.40-0.65) | <0.001 |0.57(0.45-0.73) | <0.001

Table 3. Associations of clinical quality compliance with renal events: frequency, incidence, and hazard ratios.
Participants were categorized into quartiles based on their compliance to each metric. The quartiles were
defined by scores of 0-5 points with n=533 participants, 6 points with n=1,304 participants, 7 points with
n=1,844 participants, and 8 points with n =784 participants. Adjusted model includes adjustment for age,

sex, and eGFR at the index date. eGFR estimated glomerular filtration rate, HRs Hazard ratios, CIs confidence
intervals.

the levels of serum sodium minus chlorine (mmol/L) serve as a potential clinical biomarker for metabolic
acidosis'!8, a condition known to exacerbate renal decline. Nonetheless, it should be noted that assessing serum
HCO3- beyond the simple difference between serum sodium and chloride levels would provide a more precise
indication of metabolic acidosis. However, in the current study, we identified that 161 individuals (representing
3.6% of the total population) had recorded measurements of serum HCO3-. Given this, we recognized that the
sample size is insufficient for robust statistical analysis of these points. Low serum calcium has been implicated
in parathyroid hormone dysregulation and subsequent mineral bone disease, which could exacerbate kidney
disease progression’®. However, these associations do not imply causation. The observed electrolyte abnormali-
ties could be a consequence of declining renal function rather than a cause. Renal impairment often leads to
dysregulation of electrolyte homeostasis, and these electrolyte disturbances may serve as markers of disease
severity rather than direct contributors to disease progression. Future prospective studies and clinical trials are
needed to further elucidate the causative roles of these electrolyte imbalances in renal disease progression and
to determine if targeted interventions can improve patient outcomes.

The observation that groups on RAS inhibitors had a higher rate of composite renal events than those not on
these medications is unexpected, given the established renal protective benefits of RAS inhibitors'*-!. Poten-
tial explanations for these findings might include the varied severity of CKD at baseline, the increased risk of
hyperkalemia associated with RAS inhibitors, and potential drug interactions with RAS inhibitors. Addition-
ally, the potential for confounding by indication should be considered. This term describes a scenario where
the underlying reason for prescribing a specific treatment is directly related to the observed outcome. In this
context, it is possible that patients with more progressive CKD, such as those exhibiting significant proteinuria,
are more frequently prescribed RAS inhibitors. This could distort the study’s results, creating an apparent asso-
ciation between these medications and poorer outcomes, when in reality, these drugs are being administered
to patients with more severe disease presentations. A meticulous analysis that stratifies patients by CKD stage,
accompanying health conditions, and proteinuria levels, while adjusting for confounding variables, is warranted
to shed light on these results.

Our findings indicate that CKD patients with serum uric acid levels at or exceeding 7.0 mg/dL had higher rates
of adverse renal events. This is consistent with prior studies that identifies hyperuricemia as an independent risk
factor for ESRD in Japanese populations, even after adjusting for confounders such as proteinuria, hypertension,
and dyslipidemia®’. However, the literature also suggests that interventions to reduce uric acid levels may not
necessarily translate to renal protection”-?°. These may indicate that increased uric acid levels could be a marker
of renal damage rather than a causative factor. It may reflect the reduced excretion by the kidneys rather than
contributing directly to kidney disease progression.

The stratification of hemoglobin levels in the present study suggests a graded association with renal outcomes,
where the lowest hemoglobin group (< 11 g/dL) experienced the highest rates of renal complications, followed by
those within the 11-13 g/dL range, and finally the group with levels > 13 g/dL. This gradation echoes the findings
of earlier research?®-%%. Although prior studies suggest that anemia correction correlates with overall improved
health outcomes, the direct benefit of elevating hemoglobin levels on renal outcomes remains ambiguous®->'.
It implies that while anemia management is beneficial, there is no clear evidence that increasing hemoglobin
levels beyond a certain threshold confers additional renal protection.

Our research examined the differences in the frequency of combined and specific renal events across differ-
ent patient groups categorized by their CQ scores. The results indicated that patients with the lowest CQ scores,
ranging from 0 to 5 points, were more likely to have a composite of renal events than those in the three higher
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Figure 2. Cumulative incidence of composite renal events across groups based on compliance to the 2018 CKD
Clinical Practice Guidelines and its associated guidelines. We defined composite renal events as either the onset
of ESKD, characterized by a decline in eGFR to less than 15 mL/min/1.73 m?, or a reduction of 30% or more in
eGFR from the index date, with both conditions requiring confirmation by follow-up tests. We employed the
Kaplan-Meier method to assess variations in the cumulative incidence of these renal events among quartiles,
which were stratified according to compliance to the metrics set forth in the 2018 CKD Clinical Practice
Guidelines and its associated guidelines. The log-rank test was then used to ascertain statistical significance,
denoted by the P-value. CKD = chronic kidney disease; eGFR=estimated glomerular filtration rate; ESKD =end-
stage kidney disease.
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scoring brackets (6-8 points). This trend was consistent when the health outcomes were specified as either a
reduction of at least 30% in the eGFR or the onset of ESKD. However, important lifestyle factors, including smok-
ing habits and nutritional intake, and the measurements of blood pressure levels were not included in this study.
These elements could significantly impact kidney function over the course of the follow-up period, and their
absence in our data should be noted as a limitation. The cutoffs for categorizing using CQ scores were arbitrary
that could affect the validity and applicability of the results. Determining the optimal cutoff points for CQ scores
that accurately reflect patient risk categories is crucial for the reliability of the study. Furthermore, it remains
uncertain whether potential synergistic effects between different CQ items were considered. Synergistic effects
occur when the combined impact of two or more factors is greater than the sum of their separate effects. In the
context of CKD, certain risk factors may interact in a way that significantly increases the risk of adverse renal
events. Not accounting for these may oversimplify the relationships between CQ scores and health outcomes.
Addressing these limitations in future research could involve developing a more robust method for determining
CQ score cutoffs, analyzing the interaction between different risk factors, and ensuring that the point system
reflects the relative importance of each risk factor. Additionally, a broader and more diverse patient population
could help to understand the generalizability of the findings.

The current study has limitations. First, from a pool of 11,333 individuals identified as potential participants,
6,732 lacked a follow-up eGFR measurement post-index date. A possible explanation for this could be referrals
to external clinics or general practitioners, as suggested by instances where patients were directed to university
hospitals for evaluation of undiagnosed kidney issues. After assessments, those deemed not to require ongoing
follow-up for kidney diseases within the university hospital system were referred back to their initial healthcare
providers. Unfortunately, the study does not provide specific reasons for the missing follow-up eGFR data for
these 6,732 patients, which limiting insight into patient care continuity. Secondly, the study faces potential selec-
tion bias. The included participants were generally younger, had lower eGFR levels, were on RAS inhibitors, and
exhibited lower levels of calcium, phosphorus, and LDL cholesterol at baseline compared to those excluded. This
selection of participants may affect the generalizability and interpretation of our results. Third, this dataset is
derived from real-world clinical settings, where physicians determined follow-up intervals based on individual
patient needs and clinical judgments. As a result, the specific intervals between eGFR measurements varied
widely, which potentially affecting the generalizability and interpretation of our results. Fourth, in the current
study, non-compliance among participants included both individuals receiving medication and those not receiv-
ing medication. Consequently, the potential effect of medication use on our findings was not assessed, leaving
its effects uncertain.

Our study revealed that compliance to CKD guideline recommendations in clinical practice correlates with
renal outcomes, underscoring the importance of guideline-concordant care, especially in a multidisciplinary
fashion, in managing CKD.

Methods

The Japan Chronic Kidney Disease Database (J-CKD-DB) is a real-world electronic health record-based registry
of CKD patients***. J-CKD-DB-Ex was developed based on J-CKD-DB system as a longitudinal CKD database.
Data were taken from 4 university hospitals in Japan and data collection were started in January 2014, the current
study is using the date followed until December 31st, 2020. This database incorporates information on inpatient
and outpatient encounters, prescriptions, diagnostic codes, and laboratory measurements. The facilities partici-
pating in J-CKD-DB-Ex were required to have electronic health record systems that incorporated Standardized
Structured Medical Information exchange 2 (SS-MIX2) (https://www.ss-mix.org/consE/) storage. The facilities
were also required a structured data entry function that could transfer the data to the SS-MIX2 storage system®*.
With the use of SS-MIX2 storage, all data elements were extracted automatically for the avoidance of input error.
After extraction, data were sent to the J-CKD-DB-Ex data center.

Fundamental standards were adopted in SS-MIX2 regarding patient profiles (the Health Level Seven [HL7]
V2.5 [ISO 27931] data format), prescriptions (national drug code in Japan, HOT code), laboratory test results
(Japan Laboratory Code Version 10 [JLAC10] code), diagnoses (ICD-10), and incidence of major outcomes®~%".

This study was conducted under the oversight of the Ethical Committee of the Saitama Medical University
(2022-036) and in accordance with the principles of the Declaration of Helsinki. Informed consent was obtained
through an opt-out method on the website of each participating university hospital in accordance with the Ethical
Guidelines for Medical and Health Research Involving Human Subjects in Japan. The inclusion criteria for the
J-CKD-DB-Ex were patients aged > 18 years and patients with proteinuria> 1 (dipstick test), or eGFR <60 mL/
min/1.73 m? %%

For the current analyses, we selected records of CKD patients leveraging the criteria of having an eGFR
measurement documented on the index date (i.e., a starting point for the current study) alongside data on eight
predetermined variables recorded within a six-month window preceding the index date (Fig. S1). These vari-
ables included serum potassium, serum sodium, serum chloride, serum calcium, serum phosphorus, uric acid,
LDL cholesterol, and hemoglobin levels, in addition to the utilization of RAS inhibitors. The selection of these
variables was grounded on the clinical advisements stipulated in the Evidence-based Clinical Practice Guidelines
for CKD 2018 delineated by Japanese medical experts and by the data accessibility in the J-CKD-DB repository.
We further confined our selection to CKD patient records showcasing at minimum, a single eGFR measurement
transpiring after the index date.

CKD guideline component metrics
We categorized the eight component metrics derived from the Evidence-Based Clinical Practice Guidelines for
CKD 2018 and its associated guidelines as follows’"!!: (A) serum potassium (mmol/L): < 4.0, 4.0-5.4, > 5.4; (B)
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serum sodium—chlorine (mmol/L): < 33, 33-36, > 36; (C) administration of RAS inhibitors (i.e., angiotensin
converting enzyme inhibitors and angiotensin receptor blockers): yes or no; (D) serum calcium (mg/dL): < 8.4,
8.4-10.0,>10.0; (E) serum phosphorus (mg/dL): <3.5, 3.5-6.0,26 ; (F) serum uric acid (mg/dL): <7.0,27.0; (G)
LDL cholesterol (mg/dL): <120,>120; (H) hemoglobin (g/dL): <11, 11-13,>13. Based on these categories, we
developed a CQ recommendation scoring system as outlined in the Evidence-Based Clinical Practice Guidelines
for CKD 2018 and its associated guidelines’!! (see Supplementary Table 2), assigning one point for each of the
following conditions being met: (A) serum potassium < 5.4 mmol/L; (B) serum sodium - chlorine > 33 mmol/L;
(C) administration of RAS inhibitors: yes; (D) serum calcium > 8.4 mg/dL; (E) serum phosphorus reaching
6 mg/dL or higher were not detected in this cohort. Therefore, serum phosphorus < 3.5 mg/dL was defined as
the reference; (F) serum uric acid <7.0 mg/dL; (G) LDL cholesterol < 120 mg/dL; (H) hemoglobin>11 g/dL, and
quantifying compliance to each metric (Table S2) on a scale from 0 (poor compliance) to 8 (full compliance).

Kidney function

Serum creatinine was assayed with an enzymatic method. eGFR was derived with the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation modified by a Japanese coefficient®®. The underlying causes of
CKD were classified according to the International Classification of Diseases, Tenth Revision (ICD-10) as follows:
1) Glomerulonephritis (M321, N009, N014, N017, N019, N028-N030, N032, N033, N039); and 2) Nephrotic
syndrome (N040, N042, N048, N049, N051-N055, N057, N059, N069, N083, N085). Additionally, participants
were categorized based on the presence of hypertension, using ICD-10 codes 110, 1110, 1119, 1120, 1129, 1139,
1150-1152,1158, 1159, and diabetes mellitus, identified through codes E100-E117, E119-E137, E139-E145, E148,
E149, H280, H360, 0240.

The primary outcome was the incidence of composite renal events across groups, classified based on their
compliance to the metrics outlined in the Evidence-Based Clinical Practice Guidelines for CKD 2018!!. We
defined the composite renal evens as a persistent the onset of ESKD which was defined as an eGFR of <15 mL/
min/1.73 m? (confirmed by a subsequent measurement), or reduction of 30% or more in eGFR (confirmed by a
subsequent measurement). In the composite end point analyses, if a participant had more than one event occur,
the first event was counted as the outcome. For example, if a participant who first undergoes a reduction in eGFR
of 30% or more and then, a month later, is diagnosed with ESKD, we would count only the eGFR decline of 30%
or more as the outcome in the composite endpoint analysis. However, in the endpoint-specific analyses, we would
count both the eGFR decline of 30% or more and the ESKD diagnosis as separate outcomes.

Statistical analysis

The descriptive statistics are presented as mean values and corresponding standard deviations, with proportions
provided where relevant. We used to estimate survival functions for the Kaplan-Meier method, and compared
to the differences between groups by the Log-rank test. Utilizing Cox proportional hazards regression models,
we calculated HRs and their corresponding 95% Cls to assess the risk of renal events in relation to compliance
or non-compliance to individual CKD guideline metrics. HRs were calculated in an unadjusted model (model
1), and after adjustments for covariates, including age, sex, and eGFR at the index date.

To determine whether the association between compliance to CKD guidelines and the incidence of composite
renal events varies among the different stages of CKD, we assessed whether the association between compliance
to CKD guidelines and composite renal events varies based on the participants’ eGFR levels above versus below
45 mL/min/1.73 m? at the index date. First, we assessed we tested for heterogeneity in the association between
compliance to CKD guidelines and the incidence of composite renal events by eGFR at the index date (=45 mL/
min/1.73 m? versus <45 mL/min/1.73 m?) with the inclusion of multiplicative interaction terms. When we
identified a significant interaction (P <0.05), stratified analyses according to these eGFR categories at the index
date were considered. The follow-up duration was established as the time from the index date to the earliest of
the following: (1) patient’s departure from the medical practice or database; or (2) the final date of data collec-
tion. Statistical significance was defined as a P value less than 0.05 using two-sided tests using SAS version 9.4
software (SAS Institute, Cary, NC).

Data availability
The data underlying this article will be shared on reasonable request to the corresponding author.
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Abstract

Background A Japanese cohort study previously reported that not attending health checkups was associated with an increased
risk of treated end-stage kidney disease (ESKD). The present study aimed to examine this association at the prefecture level.
Methods We conducted an ecological study of all prefectures in Japan (n=47) using five sources of nationwide open data.
We explored associations of participation rates for Specific Health Checkups (SHC participation rates), the estimated preva-
lence of chronic kidney disease (CKD), and the ratio of nephrology specialists for each prefecture with prefecture-specific
standardized incidence rates (SIRs) of treated ESKD using structural equation modeling.

Results Prefecture-specific SHC participation rates ranged from 44.2% to 65.9%, and were negatively correlated with
prefecture-specific SIRs and prevalence of CKD, and positively correlated with the ratio of nephrology specialists. SHC
participation rates had significant negative effects on prefecture-specific SIRs (standardized estimate (§)=— 0.38, p=0.01)
and prefecture-specific prevalence of CKD (f=— 0.32, p=0.02). Through SHC participation rates, the ratio of nephrology
specialists had a significant indirect negative effect on prefecture-specific SIRs (f=— 0.14, p=0.02). The model fitted the
data well and explained 14% of the variance in SIRs.

Conclusions Our findings support the importance of increasing SHC participation rates at the population level and may
encourage people to undergo health checkups.

Keywords Dialysis - General population - Health checkups - Regional variation - Standardized incidence ratio

nephrology specialists explained 26% and 28% of the vari-
ance in SIRs for men and women, respectively, indicating
that residual factors affect the variance in SIRs [8].

One residual factor that may affect the variance in SIRs
may be participation rates for health checkups. A cohort
study of Japanese adults reported that not attending health

Introduction

Japan, a country with one of the highest incidence and prev-
alence rates of treated end-stage kidney disease (ESKD) [1],
has substantial regional variation in the incidence of treated
ESKD [2-8] despite a uniform health care and insurance

system and low ethnic and racial diversity. We previously
reported associations of sex- and prefecture-specific preva-
lence of obesity/overweight and proteinuria with sex- and
prefecture-specific standardized incidence rates (SIRs) of
treated ESKD [8]. Models consisting of the prevalence of
overweight/obesity, prevalence of proteinuria, and ratio of
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checkups was associated with an increased risk of treated
ESKD, defined as the initiation of kidney replacement
therapy with hemodialysis, peritoneal dialysis, or kidney
transplantation [9]. Thus, prefectures with low participation
rates for health checkups may have an increased incidence of
treated ESKD. In fact, large variations have been observed
by prefecture in participation rates for Specific Health
Checkups (hereafter, SHC participation rates), an annual
health screening program introduced by Japan’s Ministry
of Health, Labour and Welfare since 2008 to identify indi-
viduals requiring specific health guidance for the purpose of
reducing the number of people having, or at risk for, meta-
bolic syndrome [10]. The SHC participation rate in 2008
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was 38.5% and varied widely by prefecture, ranging from
27.5% to 53.3% (Supplementary Table 1).

To date, however, no study has examined the association
between SHC participation rates and the incidence of treated
ESKD at the prefecture level. Accordingly, this ecological
study aimed to examine the relationship between prefecture-
specific SHC participation rates and SIRs of treated ESKD
in Japan. We also evaluated the prevalence of chronic kidney
disease (CKD) in each prefecture as a potential mediator
between SHC participation rates and SIRs of treated ESKD,
as well as the ratio of nephrology specialists to all physicians
in each prefecture as a surrogate indicator for the quality
of CKD care. We tested the hypothesis that regional vari-
ation in the incidence of treated ESKD among the general
Japanese population could be explained, at least in part, by
prefecture-specific SHC participation rates.

Materials and methods
Study design and data source

This cross-sectional ecological study used data from five
sources of nationwide open data: Data on SHC and Specific
Health Guidance [10], the annual survey of the Japanese
Society for Dialysis Therapy Renal Data Registry (JRDR),
national vital statistics, National Database of Health Insur-
ance Claims and SHC of Japan (NDB) Open Data, and Sta-
tistics of Physicians, Dentists and Pharmacists. SHC par-
ticipation rates in 2019 of each prefecture were extracted
from the Data on SHC and Specific Health Guidance [10]
reported by the Ministry of Health, Labour and Welfare.

An incident case of treated ESKD was defined as a patient
with loss of kidney function that resulted in maintenance
dialysis therapy including both hemodialysis and peritoneal
dialysis [11]. Given the small number of pre-emptive kid-
ney transplant patients in Japan [12], this definition covers
almost all treated ESKD patients in Japan. Incident cases of
treated ESKD were extracted from annual data of the JRDR
for 2020 and 2021 using the Web-based Analysis of Dialysis
Data Archives (WADDA) system [13]. Details on registry
data collection techniques and characteristics of this dialysis
population have been described elsewhere [13, 14]. In brief,
the JRDR collects data every year through questionnaire sur-
veys sent to all dialysis facilities in Japan. The population for
each prefecture during the same 2-year period was obtained
from national vital statistics. SIR of treated ESKD was cal-
culated as the ratio of the observed number of incident cases
of treated ESKD patients to the expected number of incident
cases of treated ESKD using the indirect method previously
described [8, 15].

Numbers of people aged 40-74 years stratified by eGFR
and proteinuria levels in each prefecture for 2019 were
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obtained from NDB Open Data [16]. Details of NDB Open
Data have been described elsewhere [17]. In brief, NDB, a
large national administrative claims database, refers to the
National Database of Health Insurance Claims and SHC of
Japan operated by the Ministry of Health, Labour and Wel-
fare. NDB Open Data were constructed by aggregating a part
of NDB without any confidential information [17]; therefore,
researchers using NDB Open Data cannot access patient- or
facility-level information.

The prefecture-specific prevalence of CKD was calcu-
lated as the estimated number of people aged 40—74 years
with CKD divided by the total number of people aged
40-74 years in each prefecture. CKD was defined as an
eGFR < 60 mL/min/1.73 m? and/or proteinuria [18]. Pro-
teinuria was defined as a dipstick urinalysis score of 14 or
greater (equivalent to > 30 mg/dL). The number of people
aged 40-74 years with CKD in each prefecture was esti-
mated as follows. First, we calculated the prevalence of
CKD by 5-year age bands and sex in each prefecture using
data obtained from NDB Open Data [16] by dividing the
number of participants with CKD by the total number of
SHC participants. Next, we estimated the number of peo-
ple with CKD by 5-year age bands and sex by multiplying
the prevalence of CKD with the corresponding age- and
sex-specific number of people in the general population in
each prefecture, assuming that the prefecture-specific preva-
lence of CKD among participants in NDB Open Data is
the same as that of the entire population. We then summed
the number of people with CKD aged 40-74 years in each
prefecture, and estimated the prefecture-specific prevalence
of CKD by dividing the estimated number of people aged
40-74 years with CKD by the total number of people aged
40-74 years in each prefecture. Similarly, we estimated the
number and prevalence of prefecture-specific CKD patients
aged 60-74 years.

Numbers of nephrology specialists and all physicians in
each prefecture were extracted from the Statistics of Physi-
cians, Dentists and Pharmacists reported by the Ministry of
Health, Labour and Welfare [19]. We used data from 2020
since the statistics are reported every two years. The pre-
fecture-specific ratio of nephrology specialists to all physi-
cians was calculated as the number of nephrology specialists
divided by the total number of all physicians by prefecture.

The present study was conducted according to the princi-
ples of the Declaration of Helsinki. All data used in the anal-
yses were anonymized and included no individual patient
data. Thus, ethical review and informed consent were not
required.

Statistical analysis

Pearson’s correlation coefficients were used to evaluate
relationships between variables. Hierarchical multiple
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regression was used to clarify further the comparative effects
of prefecture-specific SHC participation rates, prefecture-
specific prevalence of CKD, and prefecture-specific ratio of
nephrology specialists on prefecture-specific SIRs. In Model
1, prefecture-specific SHC participation rates were first
entered into the regression model as an independent vari-
able. In Model 2, prefecture-specific prevalence of CKD was
added. In Model 3, prefecture-specific ratio of nephrology
specialists was added. Adjusted R-squared values were used
to determine the percentage of variation explained by the
independent variable(s) that affects the dependent variables.
Multicollinearity of independent variables was assessed by
variation inflation factor (VIF). A VIF of 10 is considered
excessive, while a VIF as low as 4 indicates high levels of
multicollinearity between predictor variables.

Structural equation modeling (SEM) was performed to
evaluate the impact of the association between SHC par-
ticipation rates, prevalence of CKD, and ratio of nephrol-
ogy specialists on prefecture-specific SIRs. We developed
a model for SIR that included variables based on results of
the correlation analysis. Direct effects are shown as arrows
originating from an independent variable leading and point-
ing to a dependent variable. Indirect effects are shown as
a mediating variable with an arrow pointing to it from an
independent variable and also an arrow pointing to another
dependent variable. Indicators to evaluate goodness-of-fit of
the structural equation model included the chi-square statis-
tic, Comparative Fit Index (CFI), adjusted Goodness-of-Fit
Index (AGFI), and Root Mean Square Error of Approxi-
mation (RMSEA). Our goals for model fit were: non-sig-
nificant chi-square statistic, CFI>0.90, AGFI> 0.90, and
RMSEA <0.08 [20].

All reported P-values were two-sided, and P <0.05 was
considered statistically significant. Statistical analyses were
performed using AMOS version 27 (IBM Inc, Armonok,
NY) and IBM SPSS Statistics version 27 (SPSS, Chicago).

Results

The national SHC participation rate was 55.3% in 2019
(Supplementary Table 2). SHC participation rates varied
widely by prefecture, ranging from 44.2% to 65.9%. Prefec-
ture-specific SHC participation rates in 2019 were highly
correlated with those in 2008 (R>=0.81, p<0.001). Prefec-
ture-specific SIRs also varied by prefecture, ranging from
0.73 to 1.34. In 2019, 9,420,443 adults aged 40-74 years
were estimated to have CKD, which accounted for 16% of
people aged 40-74 years in Japan. The estimated preva-
lence of CKD among people aged 40-74 years varied by
prefecture, ranging from 11 to 20%. The estimated preva-
lence of CKD among people aged 60-74 years was 25%
in Japan and also varied by prefecture, ranging from 16 to

30% (Supplementary Table 3). The prefecture-specific CKD
prevalence among people aged 40—74 years was highly cor-
related with that among people aged 6074 years (R*=0.83,
p<0.001). In 2020, 323,700 medical doctors worked at
medical facilities in Japan, and of these, 5,360 (1.7%) were
nephrology specialists. The ratio of nephrology specialists
ranged from 0.2% to 2.3%.

Figure 1 shows prefecture-specific SHC participation
rates in ascending order. Prefectures with high participation
rates were more likely to have lower SIRs for treated ESKD
than the national average (i.e., 1.0), a lower prevalence of
CKD than the national prevalence (i.e., 16%), and a higher
ratio of nephrology specialists than the national ratio (i.e.,
1.7%).

Pearson’s correlation analysis revealed that SHC partici-
pation rates were negatively correlated with both prefecture-
specific SIRs (r=— 0.34, p=0.02) and prevalence of CKD
(r=-0.32, p=0.03), but positively correlated with the ratio
of nephrology specialists (r=0.36, p=0.01) (Table 1). No
significant correlations were observed between prefecture-
specific SIRs, prevalence of CKD, and ratios of nephrology
specialists (Supplementary Figure). Furthermore, no sig-
nificant association was observed between the prefecture-
specific prevalence of CKD among people aged 60—74 years
and prefecture-specific SIRs (r=0.24, p=0.11).

Hierarchical linear regression analysis revealed that
SHC participation rates were significantly and negatively
associated with prefecture-specific SIRs (Table 2). Further
adjusting for the prevalence of CKD (Model 2) and ratio of
nephrology specialists (Model 3) did not change the associa-
tion between SHC participation rates and prefecture-specific
SIRs.

Based on these results, a hypothetical model was con-
structed (Fig. 2). SHC participation rates had a signifi-
cant total effect on prefecture-specific SIRs (f=— 0.38,
p=0.01), which was the sum of a direct negative effect
on prefecture-specific SIRs (f=— 0.33, p=0.03) and an
indirect negative effect through the prefecture-specific
prevalence of CKD (f=— 0.04, p=0.33) (Table 3). SHC
participation rates also had a significant direct nega-
tive effect on the prefecture-specific prevalence of CKD
(f=-0.32, p=0.02). The direct path from the prefecture-
specific prevalence of CKD to prefecture-specific SIRs,
however, was not significant ($=0.13, p=0.36). The ratio
of nephrology specialists had a significant indirect nega-
tive effect through SHC participation rates (f=— 0.14,
p=0.02) and a non-significant direct positive effect on
prefecture-specific SIRs (f=0.10, p=0.51), resulting in
a non-significant total effect on prefecture-specific SIRs
(f=—- 0.04, p=0.71). The fit of the model to the data
was excellent (chi-square value=0.13, df=1, p=0.72,
CFI=1.00, AGFI=0.99, and RMSEA =0.00), and this
model explained 14% of the variance in prefecture-specific
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Fig. 1 SHC participation

rates, SIRs of treated ESKD,
prevalence of CKD, and ratio of
nephrology specialists in the 47
prefectures. Prefecture-specific
SIRs are presented in ascend-
ing order. Note that the y-axis
in SIR for treated ESKD is a
logarithmic scale. Dashed lines
show national averages. CKD
chronic kidney disease, ESKD
end-stage kidney disease, SHC
specific health checkups, SIR
standardized incidence ratio
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analysis between variables pation rates treated ESKD nephrology
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SHC participation rates 1
SIR for treated ESKD —-0.34 1
0.02
Prevalence of CKD -0.32 0.23 1
0.03 0.12
Ratio of nephrology specialists 0.36 -0.03 -0.07 1
0.01 0.82 0.64

The upper value is the linear correlation coefficient and the lower value is the p-value

CKD chronic kidney disease, ESKD end-stage kidney disease, SHC Specific Health Checkups, SIR stand-

ardized incidence ratio

SIRs. When using the prefecture-specific prevalence of
CKD among people aged 60-74 years instead of that
among people aged 40-74 years, the fit of the SEM model
to the data was poor (chi-square value=2.129, df=1,
p=0.14, CFI=0.91, AGFI1=0.78, RMSEA =0.16).
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Discussion

This ecological study using SEM revealed that SHC par-
ticipation rates had significant direct negative effects on
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Table 2 Hierarchical regression Variables Model 1 Model 2 Model 3

analysis for variables predicting

SIRs p P p P p P
SHC participation rates - 0.34 0.02 —0.30 0.05 —0.33 0.04
Prevalence of CKD 0.14 0.36 0.13 0.38
Ratio of nephrology specialists 0.10 0.53
Adjusted R? 0.10 0.09 0.08
F for change in R? 5.94 0.02 0.85 0.36 0.40 0.53

N for all variables=47

Pstandardized regression coefficient, CKD chronic kidney disease, SHC specific health checkups, SIR

standardized incidence ratio

R?=0.10
Prevalence of . Ch|-square=0.13p(=d(§.=712)
CKD AGFI=0.99
.13 CFI=1.00
AT RMSEA=0.00
-32 .,
R?=0.13 ‘ R?=0.14
SHC Participation Rates 33 > SIR of
treated ESKD
4
\ -
36
10
Ratio of
nephrology specialists

Fig.2 SEM models and standardized estimates. Solid lines indicate
significant paths. Dashed lines indicate non-significant paths. The
standardized regression coefficient is provided for each relationship.
For simplicity, residual variance associated with independent varia-
bles is not represented. CKD chronic kidney disease, ESKD end-stage
kidney disease, SEM structural equation modelling, SIR standardized
incidence ratio

Table 3 Structural equation modeling: standardized direct, indirect,
and total effects

Paths p P
SHC participation rates — SIR of treated ESKD
Standardized direct effect -0.33 0.03
Standardized indirect effect -0.04 0.33
Standardized total effect —-0.38 0.01
Ratio of nephrology specialists — SIR of
treated ESKD
Standardized direct effect 0.10 0.51
Standardized indirect effect —-0.14 0.02
Standardized total effect —0.04 0.71

N for all variables =47

Pstandardized regression coefficient, ESKD end-stage kidney disease,
SHC specific health checkups, SIR standardized incidence ratio

prefecture-specific SIRs and prefecture-specific prevalence
of CKD. Furthermore, through SHC participation rates,
the ratio of nephrology specialists had a significant indi-
rect negative effect on prefecture-specific SIRs, suggest-
ing that a higher prefecture-specific ratio of nephrology
specialists was associated with lower prefecture-specific
SIRs. The SEM model explained 14% of the variance in
prefecture-specific SIRs, indicating that prefecture-specific
SHC participation rates can partially explain regional vari-
ation in prefecture-specific SIRs of treated ESKD.

SHC participation rates had a significant impact on pre-
fecture-specific SIRs and prevalence of CKD, suggesting
that increasing SHC participation rates could potentially
have a preventive effect on CKD and ESKD in the gen-
eral population. This is in line with the Neyagawa Health
checkups and Health care in Kokuho database (NHHK)
study, which showed that men who did not attend health
checkups and did not undergo a kidney test using dipstick
urinalysis and/or serum creatinine measurement at medical
facilities were at significantly higher risk of treated ESKD
than those who attended checkups, especially among those
aged >75 years [9]. Although SHCs focus on metabolic
syndrome rather than CKD, preventing metabolic syndrome
could reduce the likelihood of developing CKD and ESKD.
A recent review of randomized controlled trials and obser-
vational studies reported that general health checks were
associated with increased chronic disease recognition and
treatment, risk factor control, preventive service uptake,
and improved patient-reported outcomes [21]. The review
reported that general health checks were sometimes associ-
ated with modest improvements in health behaviors, such as
physical activity and diet [21]. Health behaviors are signifi-
cantly associated with incident diabetes, hypertension, and
CKD in the general population [22—-24]. These reports and
our present findings, taken together, suggest the possibility
that increasing SHC participation rates can reduce the inci-
dence of treated ESKD.

Although SHC participation rates had a significant direct
negative effect on the prefecture-specific prevalence of CKD,
the path from prevalence of CKD to prefecture-specific SIRs
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was not significant. This may be because the prevalence of
CKD was estimated among people aged 40-74 years who
participated in SHCs, which may not be the same as that
of the general population in each prefecture. Although we
assumed that the prefecture-specific prevalence of CKD
among participants in NDB Open Data is the same as that
of the entire population, this may not be the case. According
to the NHHK study, men who did not attend health checkups
were at significantly higher risk of treated ESKD than those
who attended checkups [9], suggesting that the prevalence
of CKD among SHC participants would be lower than that
among non-participants. If this is true, our calculations may
have underestimated the prevalence of CKD and this may
explain why the path from the prevalence of CKD to prefec-
ture-specific SIRs was not significant.

We found that the ratio of nephrology specialists had a sig-
nificant indirect path to prefecture-specific SIRs through SHC
participation rates, indicating that a higher prefecture-specific
ratio of nephrology specialists was associated with lower pre-
fecture-specific SIRs via increased SHC participation rates.
This could be explained by measures against CKD taken
by the Japanese government starting in 2008 and recently
updated in 2018 [25]. Since one of the aims of the measures
is to prevent CKD exacerbation through early detection and
diagnosis of CKD, prefectures with a high ratio of nephrol-
ogy specialists may be more active in encouraging people to
undergo health checkups to prevent both CKD and ESKD.

The national SHC participation rate increased from 38.5%
in 2008 to 55.3% in 2019, although large variations were
observed by prefecture in 2019, ranging from 44.2% to
65.9%. Prefecture-specific SHC participation rates in 2019
were highly correlated with those in 2008, suggesting that
maintaining high SHC participation rates for years may be
associated with a decreased incidence of treated ESKD and
a decreased prevalence of CKD.

This study has several strengths. First, since data were
extracted from nationwide sources, our findings are broadly
generalizable to the Japanese population. Second, to the best
of our knowledge, this is the first study to report associations
of prefecture-specific SHC participation rates with prefec-
ture-specific SIRs of treated ESKD. Our findings provide
evidence that low SHC participation rates are associated
with a high incidence of treated ESKD from a population-
level perspective.

There are also several limitations worth noting. First,
although we targeted all 47 prefectures in Japan (n=47), we
could only use a limited number of parameters to estimate
SEM models. Second, only patients who had undergone dialy-
sis treatment were included, as data were not available for
patients who had not initiated dialysis or had undergone pre-
emptive kidney transplantation in Japan. The number of pre-
emptive kidney transplants in Japan, however, is small, with
only 662 patients being reported in 2017 [12]. In addition,
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data were unavailable for patients with ESKD who did not
receive renal replacement therapy. Third, we assumed that
the prefecture-specific prevalence of CKD among participants
in NDB Open Data is the same as that of the entire popula-
tion. However, no data were available about the prevalence
of CKD among non-participants. Finally, since this was an
ecological study, there is a risk of ecological fallacy, i.e., find-
ings observed at the prefecture level may not be seen at the
individual level. However, the NHHK study showed that not
attending health checkups was associated with an increased
risk of ESKD even at the individual level [9], suggesting that
increasing SHC participation rates is important for preventing
ESKD at both the individual and prefecture levels.

Conclusions

This ecological study showed that higher prefecture-specific
SHC participation rates are associated with lower prefec-
ture-specific SIRs of treated ESKD. Our findings provide
evidence to support the importance of increasing SHC par-
ticipation rates from a population-level perspective and may
encourage people to undergo health checkups.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10157-023-02412-3.
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Updated trends in incidence rates of dialysis in Japan, 2006-2021
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B B9 2018 4RI EARMET 2 E (LU, WEE) 038 S, R T X E RS HEE (key performance
indicator : KP[) D—2 & LT, 2028 ¥ CICEMBHIBHTEAREEE 3 )75 TARTICHA I3 2 L2810
5N, 2T, 2021 FEE COBHEAKDORELAZ MG L, WS HFEHRO 4EBTEITEAKDOE T IZ X
DBENTEANZY P L HEZ 65 AN, Z L CEITEARNEL 2 WA Tl N 2 3EMEA L& B HEq!
L7,
BB 12006 ~ 2021 D HARBHTEESFGEAA, AHEHE AT, MEAERBERINOEITE A2 B L 2,
BTG AR DR T O FEHET 2 [ (2016~2017 1F) DY D £ F AL LARGE L 756, THIN2BMEAE %
Z DB D 44 (2018~2021 1) DHAENTD 63k, HEROBEAK L D% KD, BHHEARMLTIC X D ENTE
AZB 7 L2 5N ARG L 72, SERHEF A D 2T, 2021 SEDBNHEARD E AL TH - 75
A2, TSN B 2025 £72 6 VT 2030 SEDBEHE AR BE HEFT L 72,
B R MEREESNEITEAKD 7T 71E, Fa, BENICEKBO A~ 7 P LTED, BITEADED I
NTWD ZEPRBEI N, REFRBED 4 ERT, BIPEAEDETICED 3,725 AOBITEAZECZ &
MWTE LRSI N, BITEARIBRD £ £7% 6, BTG ALREEZ 2025 4F 39,319 A, 2030 4 40,213 A
L, HED 3T 5 TAMTICIZEL 20 2 LD SN,
B OEWEERHELEMEARIETLCED, WMRoREELsNL, LaL, BUHR(Q021 FRR) TD
BHTEARD F T, KPHLERSI 2w LGS, HEERDO 01X, BIMEAREZISICT5 L
WLETH 5,

Background : Since 2018, the Japanese government has started new measures against chronic kidney disease
(CKD). This study aimed to examine trends in the sex- and age-specific incidence rates of dialysis between 2006
and 2021 and assess the impact of population aging on the number of incident dialysis patients over the next decade
in Japan.

Methods : Incidence was calculated using published data and Japan’s population statistics. The 2021 incidence was
extrapolated, and projected future demographic changes within the Japanese population were used to estimate the
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number of incident dialysis patients in 2025 and 2030.

Results : The sex- and age-specific incidence rates of dialysis decreased gradually between 2006 and 2021, except
among males aged > 80 years. The total number of incident dialysis patients was projected to increase from 37,968
in 2021 to 39,319 in 2025 and 40,213 in 2030, under the assumption that age- and sex-specific incidence rates

observed in 2021 will remain constant over the next decade.

Conclusions : This study shows that the number of patients who initiate dialysis treatment is projected to increase
over the next decade in Japan due to the aging of the population. The incidence rates significantly decreased after
the reference year of 2018, suggesting that the new measures against CKD significantly prevented the progression
of this disease. However, the total number of incident dialysis patients was projected to increase in 2025 and 2030.
Our findings suggest the need to decrease age- and sex-specific incidence rates below the current level.

Jpn J Nephrol 20245 66: 333-342.

Key words - chronic kidney disease, dialysis, incidence, trend
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Dialysis Data Archives (WADDA) & 2 7 49, BUfi#tat ok
AR (e-Sta) ", B L0, [EHARE - A DREZ
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NEFBZ KD 5T, BITEALDIBRO £ AL T
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AR L7, 2L C, Sz 5T 2 72, 80%M L,
85 LA L CEA I N2 BHEEHGE PNED SFHHE L 7%,

BRI, EDLSVBHITEAREZ TIFiuE, KPIANEK
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w2 |
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4 AR £ L O 7L (Fig.2) T, 4, 777
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TW7eds, hECIHME T EAICH - 72,
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FHAEHIAET 2 £ (2016~2017) DENTE AL D £ F AL T
H ot BEOMEERMBERIA DD & Pl S 12 EHT
A Z 2018~2021 AETEHELL, FHEEDOBEAR L D2
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%o T3 LR S 4172 (Table 2)
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AL (AR S FEHEED) 2 5 FHRE S N BTE A BE B
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Table 1 ¥RESHRBED 4 FM (2018 ~ 2021) TOFASITEAZELR, RENEAZZFHE LV
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3N T, PR 2 A 1 A2 80 LA EToBEiTE A
EHERE) . AW TR & N EIBIETOBITEAR D
FADSHLFTIE, COBGIRSISICEED, BITEA
BEBIMAOFERZ S HIcEE2 e E2 605, NE
100 fFIRFfRIS, BFERE D 100 FAERF T E 2 X 9 RIS D304
YLEZ5,

WMEERNBO4FERT, BENMEAROETICLD

3725 NOBHITEAZ CZ e TE L EHEFFS N, Z
DRI EPTE LRI I NI ABUTSEL, WL TE
TEH, MEBRIBOWELEZ 20PN TH S, &
BrE A H g D AERIE R 2 % 500 T H & AKE T 40, 3,725
AN D P 13 HAETR C B2 186.25 R o Ml I FH 24 ¢
L, BITICEAI NG o G0 RBEEN T Tl ik
O, BPROHRICHE LB H 2 2 Lo, BANZR
ZHHICIZFIE T E 2 \vDs, BB IZR & 2 HERAIH
ZEANTEEZ oM, BITEARDIETIZ, EDXH
RBERDES L 202 K580 6 13H S I TE R\,
WEFHICH 2 NED 5K, Tabb, OWFIESE, Ot
B B 1 2 ERSRALUATI OB, @FK#EDm L, @A
MER, ORI OHEED, BEAMWICES L 7 iHErED
Ezohb,

—J7, BB £ F Tk, FERIEGIADD 55
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Table2 BEDFUETEABERERBMEABEREDE

EEhE ik

Fih

(%) 2018 2019 2020 2021 2018 2019 2020 2021

<5 0 0 -2 2 0 -2 0 -6

5~9 -3 2 1 1 -1 0 1 1
10~14 -2 -5 -1 -1 3 2 3 0
15~19 0 -2 0 1 0 -1 3 4
20~24 11 7 19 20 -5 7 1 0
25~29 7 18 10 15 6 -2 3 -2
30~34 -26 19 12 7 20 3 21 3
35~39 27 4 21 22 -15 6 10 -8
40~44 36 42 65 119 =20 -6 -5 12
45~49 42 23 160 105 35 28 86 7
50~54 100 122 195 229 -35 62 35 48
55~59 =37 105 14 174 22 31 50 88
60~64 87 30 74 87 121 107 192 166
65~69 8 215 191 281 108 145 150 151
70~74 116 =31 55 319 11 -6 32 194
75~79 =51 -65 =72 -12 39 -20 99 111
80~84 —26 -102 -252 -24 77 130 172 42
85~89 =22 -147 -187 -253 —-45 —-69 -131 -124
90~94 -50 -52 -107 -59 26 -20 15 -35

=95 -22 -16 =37 -32 10 -4 2 -3

= 197 169 159 997 358 391 739 715

HENDENMEABELRII 4 TN E R D, KPLIZER I
N7y, KPLERD =1k, XD 5 A2 & 5105%E

X, BIEARDOI S RLETVBNETH S, BBAED
BEHTEANFE OGS R 5, 25 0 54EMT

BEIZOHZELT, BRQ214E) XD b 5% FF2 2
EDRTENUR, KPLERMIWIMRTE 2, MHEz L %
BHTEARIZADET IS X ) B, RrE @2 RMRE 2
WHEREFIRIE SR, B2 2B (40~T4 1K) D IR
FEHBMERS (BRIR T 1+ DA ER) Sk E /N & (Body
body mass index (BMI) %325 kg/m? B 1) & & B¢ 29,
IRE AP, 5O MBS E (B0, #ibRE, 5,
TG 76 70 S ARG B, fEHER 72 ) O BT L BIE T
21900 2 Lins, ERERFEIC X D B 2 REABRIEEIG D
—HBIE, AR EEREEEBEG L Tw 3 AREYRH 5,
518, ZOREMES CRHRATAE R 5 D Ol HEE I O BELF
BoE, v ILTERE S0 B8 R o 8 & b B 220, DLk &
D, FE@ZHEEEZ RO, @222HORETPBE

N ANDAN, B D OIGREZ TR 5 o0
B O AT Bz W S IEE s E AT ) T L, IRE
FI - IERE « BELRIE O SR T B o it iR 8 Il & I
TICERD, DWTIIEGERIC X ) 275 2 BHTEAED
ArNS L, REOBITEARD I 6 R KT ICE» S
D D 5,

KD AIE, NEINTVWETFT—F2HOWTED
Wl UEZ B E Lk, 2070, ETHANIZEDE
ROHRETH B, AWFAREREZMNT 21ch72 D, HET
NEPROPBEF A DT ICHRS, 512, KPICIKERMB
BUOBNTEABERD, RO FENTE A BEBI I ZHHEL
BITEABZEO I ICBHEHEADBHERLEEN T
%, BHEATEADLERIL 186 AL 2FEHTEARE D
0.5% (2021 7 — %)W L Dl vte o, APFETIIFRA
DEZLEALE T E AV, B, KRR TIRHAE
WrE st fiat Il A o B 2 v 7z, AfEHEET
&, BERERE L MHRAEES S D, WA CEAREK



340 VLAEDBHTEAFH

Table 3 1 - FEERBEHRAN 2025 F£H LU 2030 FOFERMESF AON SHEST L I FRAETEABE R E
2021 FENBAZREREDE
Bt g
_— 2021 2025 F 2030 F 2021 £ 2025 F 2030 £
m .. s N s

) |PTEN smm | % | Fam PRy wmm | % | Pam | %
<20 23 22 -1 20 -3 21 20 -1 18 -3
20~24 25 24 —1 23 -2 17 16 —1 16 —1
25~29 65 66 1 63 -2 39 40 1 38 —1
30~34 150 148 -2 150 0 69 67 -2 68 -1
35~39 290 266 -24 256 -34 131 119 -12 113 -18
40~44 512 468 —44 422 -90 197 181 -16 161 -36
45~49 | 1,130 980 -150 864 —-266 358 311 —47 275 -83
50~54 | 1,557 1,651 94 1,413 —144 542 572 30 489 -53
55~59 | 1,657 1,829 172 2,058 401 572 628 56 701 129
60~64 | 2,128 2,242 114 2,443 315 718 753 35 815 97
65~69 | 2,857 2,617 —-240 2,748 -109 1,099 1,002 -97 1,044 -55
70~74 | 4,667 3,775 -892 3,325 | —1,342 1,783 1,432 | —351 1,249 —534
75~79 | 4,056 5,184 | 1,128 4,438 382 1,806 2,231 425 1,890 84
80~84 | 3,897 4,259 362 5,285 1,388 2,112 2,291 179 2,720 608
285 3,307 3,752 445 4,409 1,102 2,176 2,376 200 2,698 522
Ait | 26,325° | 27,282 957 27,918 1,593 | 11,643 | 12,037 394 12,295 652

CEMAED 4 NEED, " FRHRHED 3 ANEEDT,

DT R 5 (2021 FERFAEY CI, BHTEARE R HE
FIEIET37,968 A, Mk T40,511 A&t ST
Ww3), 20, BEMREREZ AP TOHEEH,
K12 B> T 3 HREED S 5,

s A

WHEBRHBLBITEARIIETLTED, MEOHHE
EEZ o, —J, BUR(2021 FERF ) TOBHTE AR
DE F T, KPID—DTh 3 EMPHLEHITEANEBHE K%
35 FALUTIRBAIGER SR, 26D 5 ER
T, BUR(2021 4E) & D & SUBHTEARZ NP5 2 LT
E1UL, KPR TE 5,

PRI H O ST RE Dk L

I

AFFE N L HARBNTE 2 DR 5 2 Web-based Analysis of

Dialysis Data Archives (WADDA) ¥ A7 L%\ CEHED L iRk
FICHD VT WA, KEROFIH, B, KRB X ORI E
H - HEEHEDMA T2 bDTHY, HEDEZEZZKMTZHDT
720,

AITRE, WIRE IS (BRPRBORMIZR SR E) TR G &
WEFICHED B IEN (CKD) ASRoHEEICE T 2% (W%
R&E MH W) OMEEZFbDTH S,

KL DONEDO—TIE, HMSHE6H9H, 66 [l H AR Y2
hifasy (B oS RRIAE 2 THAD CKD WD BIR B
HARME 2 EH ORI SFEHZMWA T, LBV T, #HEA
TCKD MR DR AL & By CHFEL 2,

X #R

1. United States Renal Data System. 2022 USRDS Annual Data
Report: Epidemiology of kidney disease in the United States.
National Institutes of Health, National Institute of Diabetes and
Digestive and Kidney Diseases, Bethesda, MD, 2022.

2. BRI 2, BN SRR 2 T ~ R RN R
DF 7 B HEtE%Z HiF L T~ 2018. https://www.mhlw.go.jp/
content/10901000/000332759.pdf

3. Fukui A, Yokoo T, Nangaku M, Kashihara N. New measures
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Nephrol 2019 ; 23 * 1263-1271.
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