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Abstract: Lifestyle diseases are illnesses that are caused by daily lifestyle habits. It is believed that individ-
uals have habits that can be improved and habits that cannot be compromised, and therefore, it is necessary
to propose improvement measures tailored to each individual. However, as the aging population continues to
increase in the future, the issue of the increasing number of patients and the costs associated with labor and
time, as well as the difficulty of making diverse proposals by human hands, is raised as a problem. Therefore,
in this paper, we conducted an analysis of lifestyle diseases with the aim of suggesting remedial measures tai-
lored to the individual. While the use of Bayesian networks has traditionally focused on “causal relationship
analysis of diseases” and “prediction, diagnosis, and treatment for diseases”, this study aimed to analyze to
achieve “behavior change” through proposing personalized improvement measures, which is different from
traditional studies. As a result of the analysis, it was possible to calculate the probability of lifestyle diseases
in various daily habits, similar to simulation. Moreover, we showed the possibility of proposing personalized
lifestyle improvement measures by considering an individual’s preferences and ease of implementation.
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Fig. 1 Data driven model.
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Fig. 2 Knowledge based model.
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LEABEETLFETHY, [Youden Index] EFHIEN 2 Fik:
ThbH. BEE [13] 2BV, ZOFETHVTETIVOF
iz 47> CW72DTHEIZ LTz,
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. TAFBRIETD [BMESE]
—— ROC curve (area = 0.634)

HgMER(TPR: True positive rate)

) o ) )
&5 1R (FPR: False positive rate)

(a) F—ZEEHEF BT 3 SIER) ® ROC Hi

T—AFBRCE TS [IREREE] OROCHIR
—— ROC curve (area = 0.559)

BB (TPR: True positive rate)

) o 1) )
&5 1SR (FPR: False positive rate)

(b) 7—=&FEHMETNCBIT S THRERERE © ROC #hif

TYFBREICH D HERBIRE] OROCHR
—— ROC curve (area = 0.646)

B[S ME(TPR: True positive rate)

u%li%‘fi%(Fl;F;: False po“:itive ra\te“).B
(c) F— X FBMEF BT 5 HAHEE ) © ROC Hi

B3 [7—%%BEET)I] I2BI1F5 ROC Mi#
Fig. 3 ROC curve in data driven model.
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HBAN—RBUIH T2 [HILERE] DOROCEAKR

—— ROC curve (area = 0.815)

BRSME(TPR: True positive rate)

o2 o o o
AR5 1SR (FPR: False positive rate)

(a) FRER—2ABE T B3 TEMERE)] © ROC i

HHN—2BICHF 2 REEREE] DOROCEIR

B MR (TPR: True positive rate)

—— ROC curve (area = 0.822)

0.
00

o2 o o o
&5 1SR (FPR: False positive rate)

(b) Ik~ —2BEF L HIT 3 (RERMIE) © ROC i

HMHN—2BICH TS KRR DOROCHIR

—— ROC curve (area = 0.829)

B ME(TPR: True positive rate)

ﬂ%lb%‘l‘iﬁ(ﬂ’ul{: False pon;itive raten)ﬁ
(c) HEEN—2MEFNICET 5 THFHREHRE ] © ROC R

4 [HEN—2Z2HET V] 128135 ROC Hif
Fig. 4 ROC curve in data knowledge based model.
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£ 3 FETNIIBITS ROC MIFROKE L
Table 3 Results of ROC curves in each model.

g, — AUC Youden Index
12 & B HME

. T—=yFHEIMETIV | 0.634 0.216
FLIERE Mk~ —AEEFIL | 0.815 0.356
TR 7 — & FEEMETIV | 0.559 0.512
Mk —ZABIEF)L | 0.822 0.512

W %“_— ¥ HEBRBETIV | 0.646 0.297
HiN— 2HE 7L | 0.829 0.369

R4 FETNVICBU D 4 5 EISSEMGEEOR R
Table 4 Results of 4-Fold Cross Validation in each model.

ETN PEE S BEE | HBE | FM
R IEAE 0.283 | 0.536 | 0.369
7= FEE | JRERERE | 0566 | 0.440 | 0.473
PEACHSE | 0.346 | 0.575 | 0.429
1o ML A 0.583 | 0.707 | 0.638
HiFg~— AT | RERERE | 0.772 | 0.663 | 0.713
A | 0.665 | 0.746 | 0.701

R 3ICKHERIIBI 27— ¥ FHIE TN L AR~ X
BETF VO ROC M x K L 72 R %R 3. AUC (Area
Under the Curve) X, ROC MO TE I oMHiEE £ L,
0TI IUE T ¥ & A% 58, 1SR USRS
WETVTHAL. &3 O/ENS, EIUEE, RFERE
iE, FEHEE O AUC Ofilx, 7— ¥ BBETVIZE
NZE10.632, 0.559, 0.646, HFEN—ARETFTIVIZZENZE
110.815, 0.822, 0.829 TH 470, EOEBIZBWTD
T = ZEEMETIVICHA, HER—ABET VORI
1L, LD IERICOHEE T TWARRE o7 7o,
RHAEMGEEIZH W S HMEIZFE O [ Youden Index 12 & 5 B
T 5.

R 4T =y FHE TN EHGRAN— AR T I)VIZBIT
BHEEEEERO [#es] [HHE] [FMHE] 2Kl 7
FERERT. REMIFICBWTY, Ty FEMEFIV X
DHIFEANR—ATET VO PERMITE EE L o7,
ELLOETIVE S, EILEE & HEHRE LEEERICI
N, HHEORPEVD, IREREEIEEGEROFIEHN
WREGRo7, ZOHKRIE, R1ITHELHIC, BIMTEE
EHERHEE L TRER L] O5A7% <, IRERFEIL
(BB | OFHFNENZEDPERTHLEEZ LN,
CORERDS, T—FEFHRE T LR AR E TV
BT AL, MEN—AREFTVOHTFEAEETDH D
ZEghot.

4.4 RNATIT>Zy NT=TEFNERVEAR
4.3.2 HOFEEN S, HFEN—ABETIVOREENT— 5

FERMIHRE N LG hol. 22T, RETE, M
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RS 5 ¥ 72 AL, BRI O 3 7520 R
TWITANT A [24], WSIUEIGETA FF A 2 [25], &)
IREE( LR TR A A B9 A > [26] 7 & O 458 1B %12 B8
THEHA RIA VW SN T0 B EIREEOWEHEIC
DWTOEZEMIC A AT BEIMER L T 5.

RE5ERG6ICTETFT VAL ZOMRERE ZNZFIUR
T, IET VAL =23 EHTPRELLBIZONT,
BOAEFHEAEELTBY, £51&, s Nal gz
EELI-TETF YA, £61%, BBEEMEEZLEL-T
EFVATHD.

F£ 5 TlE, MW T_C [EEAE] CEZEL, 3
E 110 A4 [Z ] [FE2E | Th by, T2y /Nl
T HMERMERE o T Db, ROMEDLS, Ml L) H
KEOWE, FNTOHEPDVRVIZERETH ), THE
HIZHAIERE S I IBECH D Z e h ), TEF VA
1—22—=3DL)ICAEFEEYHET A LT, EiHHE
FROMERDEL 5 2 e Ens.

6 TiE, HEE DS 3,000 22D 5,000 A -
fi ] — 5,000 #x2LE 8,000 2w - Bl ] — 8,000 #%
Db - EEAE] E->TED, 1 HHY) OEBOHE
W&o THREDHA LG EOMRERE 2o Tnh. &
DFERNPS, TETF VAL HLIET VA2 OFECHRE
M LB % b 00, BREOBN & MR Ot TAE
BIEROMEIMEL 55 I EPHB SN

x5 yNT - EEEIC X DR

Table 5 Probabilistic inference in cigarettes and obesity.

BEE | B

TET VA 55 I AR
' [ FEHE FHE
)N 1-10
1 x 0.422 0.522 | 0.411

IS iog e S e NG

ERAT I
2 : .\. 0.332 0.512 | 0.306
IR i < A

ZoNa IR
3 ) . 0.209 0.493 | 0.191
Ry A= i NG

=6 B IEEEEIC X B HEERE

Table 6 Probabilistic inference in number of steps and obesity.

(=¥ »r);é ‘g»
IEFY R U jiﬁ *Efff]t
L IR I
A% (3,000 4L E
1 5,000 # i) 0.423 0.551 | 0.404
NG L« A
$H8: (5,000 H LR
2 8,000 A~ A:di) 0.403 0.531 | 0.400
PG -
HE 8,000 AL
3 . - 0.294 0.520 | 0.278
S R ek

O HEFRHERICHV S BT Y ARG R BT 5.
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F5LE6DOFERNS, MAOEFEEEY TV A
ELT, XAV T Ay NT—=2125 252 & THERIER
WRL L CREBOMER Y IaL—Yaro k) IcEmm
BETHLIENgmoTz. iz, BELGAFEHEZEEL
BT AT, AEREROMRIFRCER SR, A
ERENTEFZHEE LTy AT, EEEERO
RIECEH SN, ZoZers, XM T7 U4y b
T—=2%HAWAZ LT, EFENMAZHHATETHS LE
5.

5. EANICEDEWERREEDAAEM

5.1 HBRHERICLIBACADEWESR

RT7 K8 T, BARAEFHELEE LT
AL ZolfEgmiE R R F N EIURT. £ 7L, [HAM
B DR T ] # Lz 8Ty A, £81%, [#
oNa ] TEGESERE | [HEmE | 2 EB L2 ET v R, £ 9
(&, THEAROE ] RGBS | [R5 TG 2 Z L7
IET Y ATHSE. INHLDED 44 HIOFR LIS, T
VFU A1 2525308 ) ICAEHE2ETLIIET
ATEEIER ORI T AR E R -oTWDE. 2L
7L, TEFYRA1 5254 EF VA1 5354
D21 —OWELHELTWS.

K7W BHHEZLTEY, 1 HOBREID WAL
LT, BEEESTRE (7 22), b LAEHA
HEORAORE (TEFU23) 2HELTWS. FL
T, MAHEOKD, L ARHEERLT I L TER

x® 7 OME - OREC RIS X B e

Table 7 Probabilistic inference in snack and walking and obe-

sity.
s =il PEE | A
ITET A B L M
i | SEE B
MEHE - BHH&ET 5
1 AH 0 3,000 Hx A 0.423 | 0.577 | 0.456

A B« A
WA BHH&ET 5
2 A (5,000 - - 0.400 | 0.579 | 0.366

8,000 i)

RESSHE © AL
MEHE L& EHAETA
A% (3,000 L E
3 0.412 | 0.565 | 0.389
5,000 2 i)
R RE - A
MEHE  Law
A% (5,000 A& LE
4 e 0.220 | 0.516 | 0.199
8,000 # i)
R © LR

10 BHEIEHIBEOMGEDLENNY — VDB F VAL LTHITENS
S, AL TIREYIC ISR L L CTIRETE L LY T 2 % 5l
R
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F&8 FoNa - il - BRI X RS
Table 8 Probabilistic inference in cigarettes and alcohol and

obesity.

ARE | EAEH
BEAE | BW

EAS

IVF VA 155 1ML E

FoNa 21 RPLE
1 I © EH K 0.510 0.524 | 0.510
B R -
ZoNa 21 RUE
2 | BESHEE L X CE KT 0.488 0.497 | 0.496
e -
FoNa 21 RPLE
3| BEAEE L EZ L EHE 0.483 0.469 | 0.483
JIELSig R ek

RO EMROE - #GH - A% - WIS X 2 ik
Table 9 Probabilistic inference in sleep quality and cigarettes

and alcohol and walking and obesity.

| meE | s
IVFU R & IESE
7 BEEE D ma | omw

MEROE @ R TIE A
1 ﬁkﬁgiﬁﬂf zﬁﬁkjﬁkéf 0.465 0.527 | 0.503
B0 3,000 A A
JE g R -
fEfRDE @ #AIR T A
WIHE & & L&
2 A0 (3,000 #LLE 0.312 0.475 | 0.400
5,000 # i)
JELGH R G
MEROE @ #METE 2
3 %@ﬁ?fkgggﬁﬁ 0.257 0.492 | 0.224
A% 8,000
JIEL i R A

1E, WHHATORWHOEFHEOWUEZEET>THH)
(LETFTVA4) EWIHIRNOWERER->TWDL. ZOY
FHR T, T3 (BN T2 [TEEEDWRD ]
DI B, HADPHETTEEICI) MARLT W2 EA T
HMATHLW, VLI ENTEIUTRIZH ) A FEI

DT VI YHHEBEL TV A,

F£ 8L, o NaPiFETclEoonzw NI LT, %%
JEO R ) AL & A2 YEE T A REL ko Tw
., ZOIET VAT, BJEARED 21 R EOANE —
AE-NEMELTCBY, SKEHEEZDP LSOO L, T
(i & Bl AR E 2 C ZAURBIE & 0 O RIS EER OEE)S
BT DLV UEERTHY, BELIY LY /NN Z
EV ) AETEEEO AT EE L TV 5.

£ 9L, T 1 HORES A%, S OICERIBEEED
2\ 2 DR N TREIROEAE S N LT, HEoHhn
CHRESE ORI LY, RO 2 ET 5 L v %
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5.1 HiTld, BEDOEFEEIONRA T T 2y FT—
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fro7-.

5.2.1 7ALZA TOBRE

M5 270 by A TOYATFLAEERRS. 7%
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Fig. 5 A Prototype system screen.

£ 10 UHEROLELBEOHR
Table 10 Results of Acceptability Study of Improvement Mea-

sures.
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