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Abstract

Purpose — By the annual mortality statistics announced by the Department of
Health Welfare in year 105, nephritis, nephrotic syndrome and nephrosis are ranked
among the top ten leading causes of civilian death. Again, according to the 2017 Annual
Data Report of United States Renal Data System, it indicated that the mortality rate in
end stage renal disease (ESRD) in Taiwan was ranked in the first place in the world. In
general, it is difficult to be detected because the symptoms of chronic kidney disease
(CKD) are not very apparent. Once ESRD is detected, it may require to rely on the

dialysis to maintain alive.

Design/methodology/approach — Firstly, through the literature review and
interview from experts, the methods of detection and risk factors of chronic kidney
disease are determined. Secondly, leverage the factors identified, two artificial
intelligent techniques including the back-propagation network (BPN) and support vector
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machines (SVM) are built and employed to verify the accuracy of these factors of
affecting CKD. Lastly, Glomerular Filtration Rate (GFR) is employed to detect whether
a system user has CKD followed by the fuzzy expert system is employed to assess the

deterioration of probable risk.

Findings — Through the aid of this service system, the publics may take advantage
of this system over the Internet to conduct an online self-assessment for the risk of
suffering CKD. In the meanwhile, the system is deployed on the Google cloud platform
to provide a higher performance system online service.

Research limitations/implications — Because the volume of patient cases
employed in this research are not large enough, the reliability of research outcome may
be questioned by the specialty physicians in medical practice even the predication
model is thoroughly built and tested. If the source of patient cases can be obtained and
extracted from National Health Insurance Research Database (NHIRD), the reliability

of outcome would be enhanced to be trusted.

Practical implications — The verification and validation of the this research
regardless the methods used, model built, and outcomes generated should be furtherly
done in order to put the result in practice in medicine domain. In additions, the powerful
computing and dynamical adjustment of cloud infrastructure needs also to be cared to
make the service system gaining higher flexibility, better performance, greater fault-
tolerance and scalability to improve the performance of system online service over the

Internet.

Originality/value — The early diagnosis and treatment of CKD is extremely
important. The study of this paper builds a cloud information service system based on
the techniques of cloud computing, fuzzy expert system, and system development tool,
jFuzzyLogic The participation of the kidney physician in this research provides the
valuable and expert knowledge to build the original and unique predicting model for
this research. If the research outcome and methodologies can be furtherly verified and
validated, the value of academics and practices of this research can be also expected.

Keywords: chronic kidney disease, artificial intelligence, fuzzy expert system, risk
assessment, cloud computing service
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LDL (K% ENE%& G ) .004 027 005 | .129 897
(,%?;?;L> 478 086 118 | 5.538 4.01e-08
UP (&%) -.577 550 | -.019 |-1.049 295
Ob (% sfr) -376 422 | -.016 | -.891 373
UA (f#E) -1.903 317 | -.121 |-6.005 2.77e-09
Hg (&%) -.383 207 | -.143 | -1.850 065
He (&hg) -1.761 3.725 | -.008 | -.473 636
Hy (%2R ) 312 1.045 | .005 | .299 765
Dia (# %% ) 1.087 2.110 | .010 | .515 607
Wa (J2E) .040 056 019 | 714 475
Chol (JfE 2 &%) 8.785E-6 024 .000 | .000 1.000
Weight (52 ) 358 246 160 | 1.453 147
Sex (M7]) -19.472 1266 | -.434 |-15.377 <2e-16
BMI -.900 565 | -.148 | -1.592 112
Age (S -.641 066 | -.179 | -9.731 <2e-16
k4. FaCEEBRERT
XA XA A B e LR
Creatinine WLET B i 4 Al
Hb A & & w4y A
BUN FE & i 4 A
UA 3 wp 4 7Y
Sex MR Al (0:3 1:%)
Age S i 45 Y
(=) RMEFRm AR E T
MR T EBER ARG T XAGERETRAOERE T AR E MEL

@I%QAQAﬁK%Wka

N M B R R B R SUSIRE TR R S &

WAk - FABETREXFARTHEVERRAT - &k 6 HUREEYEREA

F o
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RS IRMERAKRE TR R

5 gt
M 554 5 (CKD) & crf 54 (SAE 2011)
HERMETHRBEREZ R F R (MEXZE 2010)
Risk factors for chronic kidney disease in Japan: a community-based study ( Takamatsu
et al. 2009 )
METHERF 2P (o BFTHFEE 2012)
BRETHpE3LR (26518 12007)
Bk RE TR (EEFE 2011)
AR B R (Fle A * 2010)
ARG IR &G (St &% 2006)
Hoh a2 ol i EERE (RER & BREHE 2012)
2B B R FHA2e (KDOQI) 12 M B Hm & byt Rdg 5] (EFE & BRFHE
2007)
HERMEBERERZ ARE TR (FFF 2015)
R BB s A AR 4 P A FELIE 6448 B AT 52 (AR R 2015)
AR AR ARSI BRE TR (L 2017)

&6 UBRIRFA AT MR AR BT

kX 4 HE ¥ X A A B H b3 FHME | RRMAE | RDME
BUN REF | @i 1536 | 472 | 52
DIAS 1{‘@@ B -—- 134.02 210 88
Age P i 77.3 97 50
GLU o B i il - 105.11 288 70
. 0—Negative
UP ?\féﬁ%}) #p %) A Trace ;g2+ ; --- -—- -—-
‘ ‘ 3+ ; 4+
UA e L 5.91 148 | 2.14
Hb o d 3 B il -—- 13.25 19.3 7.0
LDL PR - I --- 118.29 243 39
Creatinine VURFRL b ]| --- 0.86 4.28 0.37
Sex TR G IS I

HRREGIEEARBRE TR BLE R 5% 1 0 Negative & EF ; Trace (10-20mg/dl) &%
% : 1+ (30mg/dl) ; 2+ (100mg/dl) ; 3+ (300 mg/dl) ; 4+ (1000mg/dl 1A k) -
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A REEN S LEFLAEIMZE FOEIEER ek REL K
BR o~ MR AR EA L XRRARFT X A F ot k& R kR FE o ek &G
FRBR >~ e E o AREENSZ G - MEFER AR > WA E T M ey £ 8 2 5 7L
AR Z A TFaS 2 a5 TKRER otk REGRKEBEE O wWEEE -

= BHHER R E T BRESH

W B £ — S R by % W S o b S SRR AR SR IR R 04 R M B R R T AR B
I Bl T 463 A8 FA A 48 B 3% 0 MR IR 4B A A L X 35 &) E AR AT R A AR RE M 0 By
B —FTRLERERXARE EWTARGR > — S @A L BBy ARE LB
AR EMHAAREA TmA - 3% A BPN and SVM 7045 5] 3 3 & S AE 1% 1 B
R BE EFZad  ERF BT EMAAALE ZRE T REFREHITIEAZ
WmAEEAE R X TALRRERAR T ERBREZ > ARTARER - A A REA
HeR A AE 2 5] 3BT RAR IR B RR BOR B T2 a6 o B 2 BT EUR T
B TR ERAAZE - & 7 2GR e st X 3% @ B B3
R MR AN RERERTRY 0 A RAER Ta SR EEE T
#EF 5% E > HERESAIHGERERETRIENE - ARAERTFR T » 4
1R FaAP R IEIRAEFA F R A c BRI TR AGE ST EER
T X ER B R — & 0 AR KK R B S E M o Ry LRI R A
T A AR A% Uk FA AP 42 MR L 04 B BUB MR 2 B RS B - dR R AR 0 i 9691 A
SHM e AERERYETas BB ET S T ol kER RE
BEAREE IR EE 4 B%78 0 v B %8 UL mik B2 R0t TR E A %2
FTEPERT AT RXBRIEHAFTEREA T E— S G OERR EREHEZ L
F B 6P B AR P FE RS I B T A A BALJR R -7 AE L3R b AL e B BB AT 3] BRR
SR BRI o dE o LR R AR XS F X A A Fadb R EAME
REG

STl ] FEIEE
HEE T T

i b
Sk s
AT wiwme | | | BF
whE —

21 BE T AR T ERAE R BRUALAZ
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R T AKX - B

B R R, S AS b g X ERIR T A B T
18] 4% Uk $8 4 4% 4G 3% 96.66 96.91
X #H e e 72.97 62.64

W kA RIS

HPE B 0 AR R ERBRABERTRE T I E R Xm0 R BT
AL E  BIEHFRRELT R R PIETGARMIER > ARBEBEZIRAGELZ
K@)ﬂ ° 3 é?fﬁ'}&%imuﬁi °

Tt B

et || Bees | || ArEs SR
e = 22k
—ERiis ABHR| | Mateemnsl | | | [T-TIEN 8

T EBLEH]
B 3 1% MR R R R AR

12 M B o A B L R R R A

SRk B B 6y e S — 1% M E R R a0 AR BB A 5%@ kR IE FH T B
RZEARNSI RRETHAMOTE 7k 6 EZEFRA AL THERY
K/DOQI B jkes =45 5] (Levey et al. 2003) 3% o4 B 43k 88 2 N X L pif &
RAGWMIZE > 31— BRMEEER R B EZ AR - ERAHTE
Wt A %#ﬁéﬂkﬁm)\iﬂlﬁiﬁ % i B 4 B IE R X T A FI B R & B AT B R
R HA PR — P Fr o BREBEMERAL  B6XERHEAEE AT E
B F AR ] AL Fsﬁ BAERN I A] & dy AR 3R FAT B X B b 3 AR A By AE
By b AR [ ] B O R A T AR R B kR R TR BAL AR o B 4 B B 6
M) B R R SR AE AL
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FIBE £ BB
FOHE: HIJREILE
S BRI AHIRE

A HE R RR P2 IR =S ___@
E#A TR AIER] B3 PERIEE TR R

B4 BEEEE TS
E5HE: REHEERE

e
EBIE
IF ... THEN ... #2H1
#
S v I oy [ === I ATHE T
(O —|| st || omes | it e Bl

BHEFERLA G bz b

4 1 1% R 64 A R SR R SR AE A

(=) BMERAGHZEE
AR RFATHEMER A A TRRIEIREAL  RAXRA4ZIME

BRI A S RUF M > Pl i - B 5 BE O MUITE o ROA T B I & k1R
AL % BB RS (Fuzzy Sets) kv - EEM KM IR EH (Fuzzy

Inference logic) EATIHEHTIAZE AR H LS F X &R o b R R EFR
LRAGEBRR TG ERAGZES T 2AERNTCIHAFAR AL - 8
HEERIEH BB E AR - WERBARME AR LR 2R RMEAREL
A2 A 713 o B B B 2 AR A T o A T AR LR - e B AR
RAGZ S (DI TMALETRFBZTER QEAEME | Q)EHEHMN
Al () EME - B BRETREGHHALE R KR KT IITE IR
(SYSFAk SR 4 4 - FE B £ b2 S hn AT Sl dn TR0 0 B 5 & A GBS AA
B -
HIREIEBLHTE

{ 1 o
E

= R

i 7 %| | &
TLIE o e |2 & |5 e
gl B A 6] i 2 6
gl (sl |
g | (% (BB |E |2
i Al pAE=S
i

5 &

B

e
%

AR B & R A 4 B A AR
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aunly

LA M AL KBS R AGE

AHREBIXFRAR L RF AT B EETNRENZIAZ A LA B HS
BT E R R Z T ik FERESE4RBEREAXBEH LR A RIS
HR R RZ AR 0 AR R R MBS B BRI LR A
Boo BRI E TEE L RFFRALRERZZERTELMA
¥ LIEIITER ~ FR LM RIE & B S R B AR U B AR
WIE R AIAIGAL B EA B A B AL R E L3R 0 AR B T %)
BRER KGR e REEG R hEFRKTEEEZG o
HALEREBZEERERBARXEIREBAZARMA - HETLHAKE T &
ok 8- BEHH (MEMEH) IHMANEATBESATHA R
(dok 4 Rk 6 FREET) > 123 H4a4k M ik G B A TR ML R A 4k
WERZ BN FAEE ARG c BB SR FTHEZS
VR GEM THERAFREZ A - B L RAGZE T M A
WIS KR AT TR MM - REIHRF TN » L8 ER
TAMRZEHNE - HBA KX EFEML - £ EHREBEE E 2
RERHBEHMABNZES T GESFRZER - AL R A
BRI BERERTHACE RO RE > TARE LG ERMESABEHA
Al - HAR GBI TARIK - &k 8 HHE BT HEHITTRIBHES
BEMGEE  BEAXHRE FREH RBE PF i ALLEFEFRE
HEF R EREE EEZRE > BESTARAGBHHERETHAIZ
FEIEZ S o

KRB

KA RAET 575 R B R E RS EARM LB - 4t R AR S
EEE 6 5B REE o
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R8I EBTURALLGE

T H (B R (BHES R EA
s 8-17 mg/dl
%% % (BUN) fﬂjg 15-25 mg/dl
B 23-35 mg/dl
22 B >33 mg/dl
gy 80-120 mmHg
i B —fc /& (DIA Tangri S) 7}#;5 118-150 mmtg
B 148-170 mmHg
K 168-215 mmHg
g 60-100 mg/dl
& # (GLU) 1 3 90-140 mg/dl
B 130-210 mg/dl
243 >168 mg/dl
s 40-100 mg/dl
B (UP) fﬂr'g 80-150 mg/dl
B 130-500 mg/dl
243 >450 mg/dl
gy 2-5.5 mg/dl
Rp: (UA) i 5-7.5 mg/dl
B 7-9.5 mg/dl
¥ 3 >9 mg/dl
ZEf <6.5 g/dl
5% (Hb) &Y 6-11 g/dl
i 10-13 g/dl
¥ >12 g/dl
¥ <160 mg/dl
: g i 150-190 mg/dl
SRR (LDL) ﬁr“s 180-220 mi/dl
243 210-250 mg/dl
[ <25
i 24-35
THaE2 bR v 34-65
i 64-85
® 84-100
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R | BAER Sz
£
RRE |PuE M |FREGQ | KE |@Le |[EFEE | BGEE
(BUN) | EE (GLU) | (uP) (UP) |ZE(Hb) |EEES |
(DIAS) (LDL)
Rulel |normal |normal | normal | normal | normal | normal | normal | Low
Rule2 |normal |normal | normal | normal | normal | normal | Rather | Low
high
Rule3 |normal |normal | normal | normal | normal | normal | high Low
Rule |Very Very Very Very Very Very Very Very
16384 | high high high high high high high high
S . 2242 S B2 o3 =
6 @ &4 5 %K E

3. AR X A
ARRIESE RGP LR 25 2R EEHAE B EX B FLE%
WA EZ AR R — AR R BB Z T RIE  mk 90 £
EEETFRMAMMAN > OFRFTR KER ol KEEG > RE > e
FHIKE R R G » BATERSRE A5 BT3B R AL S

% At E B E S

PASY
AE 2

AL R AR -

&9 BHAA

FiRETI Iz EaE/ BE

o FREE(Bun): 22

.

.

.

.

.

.

UZHEEE(sbp) :

198

[miE(ela) : 145

FREH(pro) :

FRE&(E(ua) :

MEZEHD):

EFEIEES(LDL):

EALEFRE S

550

14

18

(5-50)mg/dl

(80-215)mmHg

(60-300)mg/dl

(40-600)mg/dl

(2-15)mg/dl

(0-20)g/dl

180

(30-250)mg/dl
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4. #2 X4 7
M E - B A Fo A2 F] B Eclipse P T R XHHALE R R
Ru ot PATEM L
5. 3HE A R K
FEITAEXGEET  BERETASETEEL GAE Tx-Fé6£FHE0 110
wAF X mE TN GAE @AEH B RAAERX » AT ZmHMEEA
HRE -

A ‘%zﬁgj#%]’i%

AAREZAKEEZHFE LA LENE Y EZAKTEFTaE » AR
gt 2 43 B e w1 Google Fr#Efit 69 Google App Engine T34 -F 46 b o 8 s a3
& A RAGE® Amazon EC2 T3 H -F 4 4 Elastic MapReduce IRF * ¥A
EFE 5 (Real Experiment) 77 X AR T R & 25 o7 o K8 S b Pk &
BBEIHEER - AARMIEMALEE £ d Google App Engine T+ &

Lo ABERR KA B BIEA R AR o RO T E B H A dm AR B ROR
B ER T AR R BAREREA - RETHBIZHE TR AR E

*&é B HABA ST B EAR B B R R B IR B R R 69 4R R K AR
AETE BT M BB 09 R B SRS BT TR AR R A ARG B AR B AL
mﬁﬂ%om%%%ﬁm%%%%&%ﬁ%’*aﬂﬁi@@ﬁ%ﬁﬁ A ik
BT AL dRAREERT AL B AT BRI AR RFER - TR
Fo BRI OIEE  — R BHABLTEBNT 6 R X FHEEERR B -
B 7 &BHRBICARFENE - B 8 LIEGHENER - RFEL BAORRAZE
RN T A IR s R TAR 1556 o
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£ Q_
2 /

(s <
yEUiELE | BInEER(E BRI
iR PPz s AR E
* FREE(Bun): 22 (5-50)me/dl
* HEE(sbp): 198 (80-215)mmHg
o [0#E(gl):[145 (60-300)mg/dl
» %R H(pro): 550 (40-600)mg/dl
* [RE&(E(va): 14 (2-15)mg/dl
o [MEF(HD): 18 (0-20)g/dl
* T RIEZEALDL): 180 (30-250)me/dl
s e

B 7 B A BRI ER AN '

back to Risk Assessment
FRE & (Bun) : 22.0mg/dl
T4z EE(sbp) : 198.0mmHg
i (gh) : 145.0mg/dl
FRE B (pro) : 550.0 mm/Hg
FRE&(E (ua) : 14.0 mg/dL
ﬂ]l@?[l{b) 18.0 mg/dL
ﬁ Kl

BREES - 2-

DBfZK  BURPZKRTBAERE - 3 - MERER
ﬁgajﬁ iﬁ[‘ﬁaf%ﬂmﬁ 6:@{::‘2L£

é‘f?ﬂJ¥W SRS - (RS AN n§

B R e

w

8 1 B oy hk BAUEIRFFE & R

B FRERESH

BHERR BICRRIEFE AL RANG A ERE DB LA GOERRE
omE o A AGSAANEGRBEIET EE o RIFECKESAARABER - M
BRI BATS c KA RKEALEIRBACRBRIEZILERI>LE T F=
18 R A2 iﬂ%i‘%%*‘]/’iié&%ﬁi B ] 4 R AME —F ey AR AE o

Wk 9 &RTIFamE 40 LR/ FH 32 SHBHALHAEE > ZARTE
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B0% S & B 4] 5] 0 5 FAAR ) o £ A FIE B PRI - KA G E AL — FR
RAGEHRM = FRRSEHR - HABAARLZHLARN  AAKTHEL
v R4 R o R T B A E - (Bl P RRRE) Bl £ RE
B 20% 5 HA £ B o AR R A R T A 4e 0 SR 6 ¥HE Rk e IR A
GIRZERINA VHERGL Bk 9 Tkt » RFF R Z R G169
2Bk R B G ARZIE GG ARSI - B R G LB ERIEEF > A
AAOCALESIRAGZRAT 23 ER T EHEE A A B RRB YRR - b
Sh 0 RARBHZHIR - A E A HRBRRZH AR SAHERIES § 8%
RAVET - B BEAPMARZERTREAPTAR - RAF RN L ARBEEE
PEBEAZFNER W BARFERA G RIS E R HRARF 2 HH) 5]
BT SE M o

K9 Ba (RF) RAGHINZRAREE
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1% 9 0 0
" 11 3
& 0 4 12

18 ~ &34

HERE AL I A PAIFEHRMERAEAE L F SR A
WARFREBXAEEBRBEEARFERGH  AIAAIFEINER —FRM®
Bk mam Al B BALRRIEHG ARG 0 RAKRKR T R — MR FEITHAZA
FAAAIL 0 TS B A BALZ R IR 0 BEARBIE R — R R R B
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FERZ I > IR HF P HER —AREZ SR E TIELEREM SRR LA
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