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Development of CKD therapy system based on Al and ICT

Eiichiro Kanda™ *1 Medical Science, Kawasaki Medical School

Abstract: The number of chronic kidney (CKD) patients in Japan has been increasing because of the aging of its
population. Accurate risk prediction of CKD progression is an important tool for treating CKD. Recently, with the
development of artificial intelligence (AI) and information and communication technology (ICT), big databases of
patients have been constructed and used for clinical research and therapy. For example, analyses of big databases
of CKD patients enable the accurate prediction of CKD progression. Using the new technology, we have obtained
new information on CKD, which cannot be clarified by standard statistical methods. It is expected that the utilization
of Al and ICT will lead to the development of new CKD therapeutic strategies and the improvement of life and

renal prognosis of CKD patients.

Keywords: database, chronic kidney disease,

communication technology.

dialysis, artificial intelligence, information and

LR

NN AETE BB L EH I BB REIXIR T 92726 CKD &
FITHIMEAICH D, CKD OHEATIB I OFRIEZ DN TBE
LET 2T 500, BEBLOERE OB NG EHE
e CH D, ITHE N T ARE artificial intelligence, AI)SC1H
8 {F HAfr(information and communication technology, ICT)
DFEEL, CKD DO REMFEBTPTRRIC T D D EART AN I A
NHENDIDNTIR S TETND, ETTARTIL, ELEOLNT
STCEe, BET —H =T AI'ICT %15 fIL7= CKD 125
T DT DI BER T D,

T —E_R—2ADBELIEH

T A R= 2R ORI T ERIIE A CE e holz
E T = Z DN N TTREIZ 2> TETWD, H AR gSES
L HAREREHRFDTEEN CKD 7 —4_—Z(J-CKD-
DB)ZHEEELT(1), ZDT —H_X—RAITiE, KFEFBEDOE
TINTIERDNS 20 77 ALL LD CKD BE O FEH (A,
BRNE, B4 2L B, hlkoTF =282 —IZTEDL
naCng, F—2Rasta—x— 2y HEfitsns=H
ATAR DTS ND, Fiz, T —HX—AEDZEEN
FRECHDHID, B HNTIHERUINOE EfpieE DT —
GO TR T HZENFRETHD, ZOT —HX—R%
AT, CKD DGR F — 2 DT D HTVA(Q2, 3),

HARBH EP2IT RSSO0 # § 50 2 (Japanese
Society for Dialysis Therapy Renal Data Registry, JRDR)%
1966 FENbiEREL TRY, ZIEB LT —F N —REPRIRL
TE7=(4), JRDR D 2019 4E KM A2 31T DAER R AL 4,487
FEF% 2RI I SA, 98.3% Dl T —FZINEL TW5,
ZOIHRAEEK 34 T ANOBHT BB EMERLIZT — X —
AT THIEMRR,

ST, MR WP IR IR RO T — X R — R %A I L7
JEbFRBIC e o, BERIRIR T —F X —RI21%, BEOHRE
T =R TR ESLEREOT — 2L EEN TN,
EHZDIIE BT AMAE D ER KT DB L RELZ(5),

BT — X=X Iak— MR TR, BEFEL U AL
VELTIRZDZEICEN T Z MR 72 & ~DfE
E 205, SOIZEFINVTIERIE T Chlifainr —4
NR—2E DALY WERDOIEZIF I TIIHALNIZTE

7ahotz CKD DS REMEDSIRIS G ATHEMEAS DD,

CKD BEDF#% Tl

BEOTH%EEMICTRCENE, THROBWEEFEEZAIY
— =L FTHIENTE, B IR ETTHIENTES,
FIRREORIICEID TR OELE TR TEDZD, A
MR IRIELEORIRN AR /0 D, T HEEF OB EHED
REFRCIBHTE A DR/ EOREIZS BT D,

INFET CKD BHECENTEE OT% TREZEIL, Hat
FRET A ERAOTHESN CELN, BEE VST —4%
HOWTTP %2 TR 2878 T 7 L OHEITE D720,
ZZC CKD BEOTHETIT D Al VAT LERHL, &
AeaR Az,

s AT — % CIAZ % T T 8T NVEAERUIRGER 7
— X THERTHEVI AR RO AU, FFHFEHET
NWEBRFEEET L ONT I THREETHD, £T. BT
NT T —HR—2JY CKD BE T —#(0=66,98 )& L=,
2 eGFR 13 54.2 ml/min/1.73m2 TdhH-o7=,

WIZ CKD B DR AL FE TR ZTHIT5 26 D
B2 H e T VR L, PRI EEZBEFEOAA A~ —T
—& 1,000 BEDI 2l —a THILT-, 8 DO FH
BT VR EY—I—I0b iy C #EHEZRL(p<0.05),
BT & L7 AN 0.916 (95% CI 0.88, 0.952) Th-o7-,
F7- Cox BN —RET /IR AR LD TR E
B A TSRV BATRIE 2 R LT (9<0.0001), $7 7L —
T R OR oz,

SLICBAR UM T V2 # LT WEB VAT A
a—HF—T LR =R TR T IR B LTz, &
DY AT LBRFIZIY AL IZED THE TRV AT LAORETO
HA ORI RIS,

REZWBNE IR T2 REY CKD ~DOEfTOFH

R AL UL 8 e RV 28 o PR 93 P i & 70 | JR
BEAMRHINRWIGENEL BHOR AR ETHD,
ZOIIRBENIAI H T HEEOLUIMEDZK TIX
GFR DL T 238D bW = HAE B E S, g 7L 7
F= MR ER LB EREREEZ 2 T22E03 L0, 20
IONTHELT T B R CKD O B %3 B9 A EERAF L B4

AXERERYS B4 DERFREEARS (F22EHFAERFRESFMAR)



MELENTERZ, B CKD BEZ R L LR ZE T
WXV RARA L MOFE RN IER (D72 fRNT R 25T
EME otz T, BEHDIL 7,465 N 7 ERBERL7- L
FE RO W7 — 2 734 2 T & x50 CKD
~OEITIAY % T DR EAT72(6).

SRR FICIXm £, (KE, BEREOA MRl ki~ 72
BRI B LD, F2T UM AT A RMNIE
ARSI F 2 A B AR BIUCWMEAI RS oT2, T2
TABFETIL, BUERRAIH R FIC R DM CTliied, ~AY
TN — 7 & FWCTERIR T2 ERER L, EOBIRS -
KT 2 HOTT UM L% EHICHE TS CTRIcE a0
Tz,

BRI N ERRIK % F V72 support vector machine
(SVM)Z 2B W 7=t . BHSREFERIITIR 9285
HOTREAT T, fREE— b=y 7 TRIT(K 1),

2009 2009

Low Mod High Very
—

low  Mod High Very

1 CKD BEfEERBORENEICEDLV:
EREETHAFESNIBEDOSH

E—r YT IESYMIZ&EoTF RIS - BHEEN T RIET T
LEENTERL. BREIENH. REIXESTERT .
A BEDEESMFR: B 2009 £ CKD EEE S
BERL. #tEL 20xx F£D CKD EEEHEETT,
B SVM [Z&BEED TR #EhIL 2009 £ CKD EIEE
SEEERL. HEIX 2015 £ CKD EEENEETT . &
HEEETAFRSNEZ LMD SVM IZLY RSN,
2009 £IZ low risk TH-TH, TDEE IR EEDAENEE
MNHET DR B—),

WFFEBIAAIFIC low risk THIUT, ZOHLEHEAER T O
HeRBMNMENETFRREND(K 1A, FAEAIIZ high risk <
very high risk DX % [ZHBL(XE 1B). ZHH0 B
HRIR T ORERDENZ LD ool Fo, ZDLH7eH
BAGINIIRDET, D7pk b 3EM EORBBIEN ML ETH
ST DEVREEZKTTIE 1 [FIDOR A T lowrisk Tho7zEL
THIRL TLLTAHIETTET, 3 LU LA EHEL720T
NIET % T HBRNEETHLZEIRBSNT,

AFFED IO — LIRS L DA DR 72 54 C
HoTh, By T — T8 % TR 2283 AT
HEIC72D,

EITREOT%TH

BT RE DR BORERO — DI ACIEN 2L D& A
Bz R F— TR A AL TWAIREETHY, protein
energy wasting (PEW)EMEIXAL TV D, ZOIREETIL, KR
ERIEVEPTHZLICRY, EmTRICEELRITT,
PEW O FRHEIRIEIZIL, BITRE DRBAI)—=V T & E
ATV RSB O BT ITITFEL VBRI TONEN
BD, Fio, YA BEERINH L EIHE DU EL IR

Ol bix, VA B S8 T B E%ETDH, LLRRD,

HRRBS CII & TOBE XL T, 2HDOIAT T 772 —%
Rz br— L322 L3V, 2T, JRDR ZfFHTL .
VAT BEEFE LT A T VAR LTZ(T),

B BT LT —Z O TRIO R ERIEE I
B UL, JEROFFHET LV ERARD | ZOMHTRE F2 A
MAHRT DI ENREETHD(T T IRy I R), ZZT, fif
AR ZHATREBR FTREIZ T 5720, B O S8 &
TNEMABEDE THRETLT T VET VEIERL
7=

T —H RN =257 VR EREERIC T (%
n=39,990), £7°, BFHT —& &> M VT, k-means 15T
THREL 5 DDIFTAEZ—THHE LT~ RICK I FTAZ—IZ%t
LT, SVM #3FIE, 7T~ —T UL THD 1 Ftk
DI ETFRESEDHET VEVER LT, K-means $5& SVM %
MATHILT, TP T AETABRELN( 2),

¢ ) » ] o

sSVM1

¢ G » B s

svm2

o o G v B - [

K-means VM3 Unified results

v G = [N] #

svm4

v = - @ a

2 7UoYUITILETIL
KARTHERLETUOH VT ILETIVIE 5 DDHISRE—E
FhENIZHT D SYVM TERESN TS, BEF (L k-menas
EIZTEDDIFREI—IZHnFEEIND RIZRITRFI—DE
HET—H% SVM TET5, TOHREEZHEL. BEDF
®EFHT S,

WICHGEA T — %2y b AW T, BT A OMEBEE M
Lz, K7 TAZ—DBEEZIIL, 7TAZ—1 [TH B
TREBITARERIEB R ThoTo, 7TFAF—2 1Tk R ER
B, 7 TAL =3 [ IHEIRTFERE, 77 AX —4 1 L mn -
BEELAE, 77 A% —5 [X s - protein energy wasting T
720 Cox BN —REFTLEFNT | FEFLTYATEITA
H—DBRETARLZ A ITAZ—1 D 5 DIEIZAM T
B OEMERDFRD DI, FTAZ—1 LIERTITAZ—5D
NP =R 8.86 (95% CI 7.68, 10.21) Tdh-7-( 3),

Survival
probability
10 e —1
\\‘ -— 2
0.8 ~ . — 3
\\\\ —
0.6 e 3
S clusters
04 N
=3
0.2 :
0

[} 500 1000 1500 Day

3 VSARZ—L5 FAFEROERK
DIR8—1 BRLFRMNRL I5R8—5 BNRLEM 1=,

ZOETNOFHIEFHEIL 0.948 THY, a7 v 7[ElG

AXERERYS B4 DERFREEARS (F22EHFAERFRESFMAR)



7 1(0.938), SVM(0.937) RS 77 (0.936) L 0% U Vs
EThHoT-,

AFFETIHE T AT 4 —~ 2 2AE R TET L OBJE
B L CH S OFRT OB T RGE S O o T, R
TIDEIRVAT TR AT MIERBG ~H &7,
EYAY BEORIFE L - TEHREATREIC T AL E 2 biLD,

Al 272 FT BE OEERIESHEI AT A
SREEIMBO EMAHEEITIE, BFETENRLERD, L
DUIRND, FlnE DN R H sk a ke 35 L IXREECTH 5,
FITEELIBEFOEERAY— N7+ T, ZOFE
BT 52 & CREEREA I CTED Al ZBH%L, £
NEE MU BEREEEY AT LR L(IK 4)(8),

. ®,
b — 3 — S8

2 Fro—n> 0.01%
3 Uk 0.01%

= 1 Ho—F54R 99.98%
B>
o 3

HEOERE  HEOHNO RITEHRE
4 HEEHN &R

4 BEREEBIRAT LA
AR—b 74 ThRESN-HEBOT—2(ET—T5—=>
TJERAWVZVATLTHETSINS, EEOHENE DIEFEL
DIMVERZHELHIGIERERTT 5,

ZDVAT LTI, 22— =D EICHHTEREH, 2w
—hIA T TV —ar B EH LTS, ZOTVAT AT
BREOGEEZRBTHIENH KD T 41— T T —=2 7 Dl
FIANTHY, BEOFEEE Y G THIETA=a—2HHIL .
BN R BB EAHE T2, IV IERRHEE DD, &
FEIMEOANLAHRETHD, LS NIREFTLHEDOT —
NI — = IRE SN BB T 7 (ks i=o
RERECIERITAILNTES, o7 —XiFBER
ANOf, EIRE, FH#A, KELREDEREAZ TR0, F
BELBRT L0 kD,

&R

ERET —HR— AL LW ST R BT O Y S T — 2D
RESL - it FIE OB DA TBY, ZNETOMTFIET
ITHONCTERP ST E T U ARFE LI TETW D,
AL'ICT ZiEHLIZH 0T 7 a—F2 k0, BTSN
DELWVBFRIENEHRE S, BEOTRPWESNDLIEN
rFENA,

2E IR

LA, R, BN, M. SREO @B s 7 — 2 —
Z(J-CKD-DB). H B 43EE. 2017;59(7):1034-41.

2. Nakagawa N, Sofue T, Kanda E, Nagasu H, Matsushita K,
Nangaku M, et al. J-CKD-DB: a nationwide multicentre
electronic health record-based chronic kidney disease database
in Japan. Sci Rep. 2020;10(1):7351.

3. Sofue T, Nakagawa N, Kanda E, Nagasu H, Matsushita K,

Nangaku M, et al. Prevalence of anemia in patients with chronic
kidney disease in Japan: A nationwide, cross-sectional cohort
study using data from the Japan Chronic Kidney Disease
Database (J-CKD-DB). PLoS One. 2020;15(7):e0236132.

4. AARBATESS. DREOBIEETHRIEOBL 2019 F
K. 2020.

5. Kanda E, Kashihara N, Kohsaka S, Okami S, Yajima T.
Clinical and Economic Burden of Hyperkalemia: A Nationwide
Hospital-Based Cohort Study in Japan. Kidney Med.
2020;2(6):742-52.el.

6. Kanda E, Kanno Y, Katsukawa F. Identifying progressive
CKD from healthy population using Bayesian network and
artificial intelligence: A worksite-based cohort study. Sci Rep.
2019;9(1):5082.

7. Kanda E, Epureanu BI, Adachi T, Tsuruta Y, Kikuchi K,
Kashihara N, et al. Application of explainable ensemble
artificial intelligence model to categorization of hemodialysis-
patient and treatment using nationwide-real-world data in Japan.
PLoS One. 2020;15(5):e0233491.

8. . AI'ICT ZWo BT E . —AIl 2172 CKD &
FEORBFERIEEE—. BAENT. 2020;36(5):471-6.

AXERERYS B4 DERFREEARS (F22EHFAERFRESFMAR)



