[ Downloaded from jhbmi.com on 2026-06-10 ]

Ky Kl il Ani 350

1P POLFNY o ol ojlacd it 05

L 5 Ceodw Sl ) aleo [ ta s Jle ]

1 000t Uy 15 4 3t JUoi 39l o5l 3l ol 50,30 4l
S9Uools sSuss
r‘sb)”b ag *T oz 8 ol (5336 yaol

44/Y/A la iy @ AAMYY dllie céb o e

5o2 2 O W6 s @ ilew ol 31 9500 sled & (e slaas)le p gl dox I €Vl B Lid (glen iAo
Olysd (ol salis g WMo (L3l Guizmen g WS Elgl g (Bgem ol Saisilon e 5l (65K FSUilaS (slas)lew
5 bl gy ot ) (53b5 Comnl ol Gloy 5 S @y 4 pareds g)cnlj) 295 0 b Jhgels BB L Jgels S e
abay o Col oad 03l LS caB)S Cypo slatingly eluly ad alss () dsl laclen S xSl case
Dyl 3535 YU e HLid & L:a‘_'j Ol55,8 Ml 5 cpills 55 b g low 51 (S dblo (po (0Sxe

LSS 65,54 5 o)l ol 3 @Bly caslige 5550 95 5l add (gyglaen sloodls jl odlitul b Limgs ol )3 1 gy
OB pp 3p3e M35 50 Vb s Lt o M Sz o (lly (sl o 3sw 35 RAPId Miner jligle s o (olSosls
5955 Gaye Vb 58 is Ao ully (olons dipdey MBI 51 o3litl ol Liadi) 4S5 ol I S Jobs gl 1l
Joe @70 Gl el g3yl (g b ) 093 )lid (lew Cus)d (b 3 (el GRS gl 9 el Sy ¢ 95
g o ol 035 dlul ‘_gﬁlfo)b LSS 5l ealazwl b 9 040 d)ﬁé"? srdigel (g9, 5l as” glosss SR

e 1y 558 50 Y (g3l 4 Ml sl )0 YU 93 )b ogad 4 sl (S5 o9y oS ol b 36 S A
A 4)le 5o ol 00 pymens (63,8 sla Sy Colis el 43S o

Oi’\”9 8 olows iy (s oy ;5915&]) comile (6350l ¢ Souan yiod (e lid :Lbbj‘g .»)5

e g5 0513 (GlaeSiST Sl eslizal L YU 055 Lis 4 ol Jleisl 3 cpllly slagsley Gl ST (6350 anllan agll (63, 5uL ¢l o33z ol 36 IELr sle
FOF-SV A(FIV ¥4 Sy S5 5 CenDhw &3l 5 51

Ol s el b3 T e dugd o8l ¢ guaalS punitign 5 Sledbl (65515 0aSlisls cleDbl (5 5l5 As ) wlis )87

Ol o el y3T e g oSl ¢ punalS panitign 5 Aol (555 0aSTisls 5Ll .Y

Ot 65 e A &s sl bkl o elezml (o5 Laaiue ¥

o33 ol 1) gt Oy

oS pwdige 5 SleMbl (659 20K Olau b 3T e g oKl bl o 3,5 o3l (620 LS YO o5 1w T

« Email: n.farajzadeh@azaruniv.ac.ir CFA-TAFOYFF 1 wlod o lode


https://jhbmi.com/article-1-459-en.html

[ Downloaded from jhbmi.com on 2026-06-10 ]

YU ggs )L 4 Mol Jlaiat 3 iy (55lom Bilgaw (o5

L Y] oS o SNiN Ltmgss 5 Jlto sl ool a8,
O9-35lid G dlaly ( Sty ol A9 g 658
N8 syt g alllas 3)90 ¢ 530 el 9 ¥ g5 o> VL
Slogl Bua Ly ol Simgy VY] glaslllas p> .l a3 3
Slads o o (Bl ((SB5 0j9> 53 shmseal Sptuw
O 9 (23059 (g Ll) bhosls slal yials” el
NSaly los,S” Wl g N ol 3 9 o Sy Cugll
4 ZAVAY ¢ ZAV/0 e85 b cudly bl lawgs o 48l
2 pas i |y cosle glen 5 (8 low 5y
Bid Copmox 1 YUy (95 )Lad g9 M) 505 ladlae
oy Ll g 483 1,8 oLl 5yge (win LISW L)
L 95 -8 plel (Saly YU 53 )Lt & ol 0
YL Bpae (0S5 (Bl Vb G 0355 «llsd 8 pas
D] o hHlSen g XU s (S5 e Jleb pie 9 S
Og-3)id Gy lad glaosilS wie Sl (Solite sla e
9 03l> dx gy (gglS00ld ol (sl ybgy (65,8 A LTy YL
Slodls 8wy 3y90 1y byl LI,

ot 9 59— Jelse 05l 0 plonl Cllllas yidiy
039 (5355 S b basye Jolge L alasly )3 Vb (8 )L
cladiog ooliz 2 pludl g gl J s a8 olgs ccul
b Lagssbon nlow g8y Jloinl (g )Lid p ogMe dlie
S g (acme Jalge o5 Cunl (o da3 0 2 3
9y (nl byl Vb (93,Ui 5oy )3 (2ljen (BB (S5
Slgi e ¢ SAT) S g baee Sl a0 (938 (o)
|y gy 4y M) JLais] ogad 55 age Sledl
o L3l Elyg i 4 olgise 2)le ol e 51 a5l 1]
2,5
Os s 4 Ml Jlass ! psd a5 sy oo a5 4y ool plo
355 s an (g SLedbl p 4SSl Sl st
sl oy 3 i oS 81 59y Sty Lol
o b OlsSe (il il Cuenl Bl i
F e o 1) YL o8 lad a4 oMl s ¢ 519 e MLl
G )8 @ 1y @, iy Sloladl g ool sy 5,8 W

Olola 8l plogl a s el sald s daxie lalllas
ool jobo d s (o pme )3 313 3955 L il Sty
V] 295 YU 53188 oy 5l S5l > b Al cage
O9-3)Lid Gloyd 9 J S plindg; el (ioren [VF
N spSsla ccl g arily oMo sl (oob5 sblze Vb
sy angi by a5l 938 5 Lo slarlo S

dodlo
LS g ol an (ctilis §1 4 o gl yle YU 98 Lid
(9o B Ggamen (SLjkS slacs)lon 0aiS slx
Slad dy (500 S 9 Cold (59l (yeje sla byl
YU syt Sl catligy plojls ol b [V] ] o
(Sl seo5S o JSSIZNYIA) S o 3t VIO Jole
ol 8l 51 7F e sgas lojlo ol slaylol Bl < pians Lol
(> e 4 [V] s Mo 4 le ol 4 Jloo YO (Y,
Sl o=l an Jelos (plolid jogad ) (ruwg Sl
IV el ad s coso o pleys 5 8 slaol,
Sl 0 Jlaz @ gl |y Jelse ol (IS b
5 e ol (¥ (5055 ) (5 oo (1 355
(895 (lon Jued il b glon (B Ml (Y o goladl
5 P9 sl slag)bxal 5 5250090 348 slags)low:
0] (S5 Jalos (¥

5 yoie slacdlye jl 4 oM 9 (S sloosly
Capobl 5l W9 oo Mg g Cud ilo 4 00 W) Closs
A 13595 3 Lo )low Elgil Jlos 9 ooy > Slofug
35 Hlws Yoexo odd g9 ol por oS ol 5l Lol 5]
L e o e o didlid pulae (slaodly lais 4 5 Cunl
o5 g (y 4 3l g o g (d slagsd) I ealil
FrSore L dgdie (o cgycnl j1 25 (2odls o
Ortle 5L g ol Soals aiile (hiaidgn Lo by,
wlod_d Loy Lmodlsy 5l 43 48 1y stieis)yl LSl
9 Sb slapasls CodsS S Cua ) g gl
[V AT 3 )8 4 Ml 0jg 55 (s e slags sz yaeb
slasSl zl el (ly (gal8ealy 3l ool ¢yl sl Jlw )
b g [ el adly (gpSeuia (DS daodly 13 ey
JUo 53 (eglSoaly (clasylS” IS 5T ZWVIY ons a8y (oo Lol
godly jolandlogs 4 Sbp g (oD glad 81, Ve IA
Cowl 48,8 )|, 8 ool Soaly 5l oalaiuwl oy yiiin pod 0y )
VY I sl cailiae plojls sl yan » [)+]
Capoy 4 ) (S5 ple SOy 53 (g9l 09dlly (Ul5
Sbi godly jleads gzl il 1 eolaiwl y g aslis
E5-85 3 St 9 LRSS 5 (b 20 O OB
IV ] cwloa)S ST o g lawy

slagilow Swiin b g jasis ;3 580l 5l aalaiwl
3 olSdmghy 5l o)l da g )90 J o) LiS L Lasi e

Yoo Journal of Health and Biomedical Informatics 2021; 7(4): 354-367


https://jhbmi.com/article-1-459-en.html

[ Downloaded from jhbmi.com on 2026-06-10 ]

S5 S j 9 Ceodhw Sl gl dloro

o (slmodly Jl adllas oyl plosl (gl 20313 (5 y9] R0
S clhailobs ,5 Jlo YA B IA Lo gojl b e
Jted 9 8398k e il S50 93 (HIS) liwlony
005 o3zl AA S5 A0 o Mol 1 Loyl el (>
oS sl Dy90 VoEY odd (y9laen (cladiges JS dlix .ol
O lid (eMS) wwed 4 Gleie dges A+ Dlaws oyl ]
OV 5 Vb 55 iy oV 4 Blats K305 VY s

(1 Joi) 5252 Yl (95 b (o & Blaie 6503
3 ooliiwl L )b 5,90 pls claodls (gyglaen jl L
SlaShy S ol Laoslsy (S5l i slaby,
o phidley slaodh Bis 5 (giludinnS ()90 18
239 (P9 Oilial > 4 b gl sileley g iYL
Slass )3y slaodly Cdel alin) Bun sla WS )5 slac
U (gglSosls Jglato slagsby, 51 oslial L (8ly sl
gl )0l Blo gundil cutS 0 il pas opl ke
A xww g o0l (g9lS00ld ;0 ouds did Ll vy el s
b o558 0 Vb oyg3,Lid a4 oMl o i 5o o] 5,Sdes
oy 5 delio ully (ol Blgw (58,5 a5 > 9

(1 JS3) 395

(Soo
O 56 b alilo
l.aanoio‘sjﬁew U“o }1#...1 (e el S
O 031900 (sl gu
09.0°

Samt 0 S 9 (5355 laul i o 5l (Jaee ilisee Jalge
4S5 CBS Ao (i Olpe Vb ot ) Vb g3l
ol 4 Dl 1lgn &S oL lSal, 5L 350 45 dalllas
D)l Glaizgy (85, A8 (mbe omb e ) olew
LU ol odd (a igiy (2 53 by (e 5
Lo )bon (B dilo b (sglSoaly (sladg 3l oslisl
3ygme YU sy lid (ol 41 lilsyys oMl ,s ol
Ky B orp
cnaly ) disls 136 dumlio g oy b Ghmgly ool
O3 oy 5 gl b i il (gylen oz 4
o) 58l anslio b ol pogde i ¢ pSojll ;8 sV
(5355 S ) plie (62,5 Sla S 5l S b Bl
J>ol, ‘U‘) 5 oIS b S SRy Caglyl G ) (o
g g0
AL dlie pogad ) (lde adllae s (19SS
Lnpgy 5l odlitl Ly ogmday cilises slas,lon
S e 8L 55 e o izmen 5 solSedl
el oaits plol Vb (955U &y Ml i

Q95

Slap 15891 5 5 )10
Selseatls

Ol553 53 YU (38 Juid (g lows a1 MT b8 (g 5 (2elg (sl Bl 503U (s 2 (61 (G2t (13 (g1 it 1) S

ool YU yod lid 4y 0y8 (oMl pusd gl [VA] ) Ko
9 S gt (93 )Lad polie 3lge (S )3 onlpogdle b
oddnS  sbeodly ol hlew lp Sdgiald
] oy Lasis z & bys 5 (Missing Data)

WL Bl b S
aealye w9 BME & bogppe plis & ol 4 i b
G sl bbby gly polie Cpl s glaiosn olis
5l yekaie el jo Wad o (ilwdiwnS ¥ o ¥ ot ailleo

O 313 32 e
(Body Mass Index) _asls awlxe ly 45 bl
93 (635,58 & wmd o &l 3,81 e Cundg g
(> e 4 g 0390 (S)gp0 e (DS A (yj9 9 I8 (Shy
(Sry S8 &ly p (Sgild g S gt (95l
5 Chobanian adlbe ;5 oas @l candib oS @

Journal of Health and Biomedical Informatics 2021; 7(4): 354-367 Yo


https://jhbmi.com/article-1-459-en.html

ol 9 5,28 Vb g93 jLid 4 Ml Jlatal 33 02y (6 5lows Galgwsr (o 52

¥ dos b o lid ganadb wascdd Sdgbs
JYA] s pll

B e M S yanasS g (g409,S (8 lwdiunS
S gt Hlid gl Shg 5l ookl b yuioren .l 09,5

[ Downloaded from jhbmi.com on 2026-06-10 ]

iR ol 3 bl 3y90 SLaodld & by yo o0l (g yglaen SS9 1) Joa

Sl [ palio Sis olye s,
LSS (gde Sygo & awlis \
Vsl i) oY
YA 9 VA G oo (934 ™ Y
el S L odas ) ¥
Sl S b edae kY] o
Jusel o b geoae (BMI) G 0395 asls 5
Toue e S (193 lid v
oo e Sl o5 A
TR Conl Mio 5 ()L (oo & ol 51 (o Sl A
Vil oy 0395 P95 B9y Solewr & onlly J S BBl Y-
sl Mita (JLo #8555 5 JLo BB 25 ol 0)
Vialy iyl Gl Mis Lol sl o (oo 40 cplly Sl (o Jolas 1)
Vaaly oyl Cosl Mo (68 12) W95 Sobow & ol 5 (So Bl VY
ViJloy (s las
Vi lid Ll )
ViVl o lid
el o BMI gsivaii i Joan
oY oo 8313 amass dlub BMI
159 dgueS \ BMI <ywa
Jbey 539 Y Wos BMI<yy/a
g9 asLsl ¥ yo< BMI<va/a
Sl \i BMI>y.
oy G ganand Y Joso
oo 8313 s dlub o
\ LAY
Yo L vy
Y Ya b vs
Sghanlsd g Sl JUbd (glajlure bl 1 (93 JUbS gy € Jgo
(MMHY) SJgiwls (b Ui (MMHQ) SYgiuw (195 L O Ui aib
Al S 9 We il S Jloys
A 5l ; WAL Y- (V5818 () a8l 238
YA [ YL 4 WY T

Yoy Journal of Health and Biomedical Informatics 2021; 7(4): 354-367


https://jhbmi.com/article-1-459-en.html

[ Downloaded from jhbmi.com on 2026-06-10 ]

S5 S j 9 Ceodhw S o ygiil dloro

I 5eS g lopaiges 3l Slojle o8 cul wslite i,
& paiges US (Under-Sampling) ;35,5 oM
5 OS (Over-Sampling) pSsgs WM 1 jiw
¥¥] SS (Synthetic-Sampling) _Ssls (5l pdiges
Iyy
Silegilse gy e ol 1S 2 @b oy Gl
@ M) Gogie 0 elly Glow Blpw (o) p > Bodls
odlatwl b cuglaio 0dld degazme dw cylu5,8 0 YU o5 Lid
Can dS i cpl 4 a3 bl by, ol 51 Pl
oIS slaaiges Sl 4 (US) Jsl (bey 5 o b
@) pbaiges (Vb o )lid & e sbadigel) jSoss
Sl (Wl slodiged) 35,0 NS I (Bolad &9
oWl st )b piges Ghe) Sl Som b e A
ke |y 5SasS (o sladiges sluxi (OS) ysess
H ol b ddlsl 5 Sa S S dcgasmo 4y g 00, S
Loply Loy (8900 YWO) 5SasS (M sladiges sluss
L gl o oad (w500 AvY) 55,5 oW sladiges dlass
Synthetic Minority Over-) 5,5, ;I eolawl
A\ sl & Vo] SMOTE (sampling Technique
N 4 g 038 dbul S SegS A 5l (SBlo diges
K ladiged Sl iy cpl @ b @lsl JSe S

(B Jgiz) 2980 ply PS5 WIS 5Sa g8

VL polid Gy oS el 5l S5 L
oy Jeinl g o3 YU g3 ,Lid 4 oMol wlol (slaygSs
Mo Vb ot Gl 4 o @il 3 Y s lis
S9uaS > @ pizmen o VATV ] ol YUl it
Ol 9 Vb 053)lad i oS sbayeS) Sl
O Wid» WS o g plenl SusH b oS 9> pl YL
LI RIEAS
O35l SIS U L alili
b cilises (gla oM 8510 Yoors (bly (slis (cod)8 )
lodly > gabg0 cpl [YY] Lyl (o0l M K0S
Solosr Ll S 589 o5 sl a5 s 4 (oM 9 (S5
oS (139: 0jlsiel [YY] cusl Jals ¢ oD &y s
rolio 38bos (30 NS slagin )l 457 35800 29
Gy sl slazel BB o)l 5l osel cowd 4y ol g anilys
g A o 4 Glate dges Qe iges Veoe 3l ST Jle
diges alS ot )oSl g ail B oM 4 slato d5gas Voo
4 Olebl ol pic zosg 4 oS 35 wales T4 o2 )5Sl
] 3 giio O] ("E’L"

Oilgieb slaodly diwe b 2y95 p sl (Eoite s, Kal,
crpalylS 5l S dame (65 paiges [YV] Canl oas B yao

i 3wl lonly slras e Wladuiin I lawds 0 Joua

JSolani S8 WS 5l diged dlari IS gS (WS 51 diged Dl T &Iod1s acgommo g
Waigei (o 21,81) (YU 098 lid & (yldine)
VoFY Al Wy ol (6 yglzex plb glaodls 4l slaodls
V0 \$e YO0 PS5 oM 5l oS 3law 4 (gl paiged (US) wily jals
avs Ae) Yo Ol b 5cSagS (oM 5l Loyl paiges 51,5 (OS) wsly 53!
la oS slasl ;s o5lsie
\S Y AN AN b 5SasS oM jl (Sl sladiges adg (SS) St claosls

oo MS” gLzl (8 jlgte loj

Fi- olo)lno 5l ailad 5 00 jlsiel slo XS 595 2
Area ) 5 G-mean (Geometric Mean) .score
s, 5 Sles b5, sl AUC (Under Curve

il g jlre
sblne Sl bl (iagh 990 Comlus (e 4 a2 L
9 odlatul dmoaiS ganarb 2L b)) sl el
g b gy gy wle lajlae (Jlo e
VST al ol 4 oy sl jlone ¢jlsels (sloosly

Journal of Health and Biomedical Informatics 2021; 7(4): 354-367 YoA


https://jhbmi.com/article-1-459-en.html

[ Downloaded from jhbmi.com on 2026-06-10 ]

S5 S j 9 Ceodhw S o ygiil dloro

- 2TP
_2TP+FP+FN

c _ TP y TN
—mean = rp U FN TN + FP

AUC_1( TP TN )
~2\TPr N T TN v EP

Jlie oxisylzel B9y 5 (Rapid Miner) julesy,
5 .5 odlawl (10-fold Cross Validation) _ewses
@ odd (69,5 (olmodly ¢ gewd—od blite iw,lucl
535 S (g 5 A gna Vo 4 ok oy
e el lp dsgerman; Ve gl dsgermen) & g
s 0350l (glapi oSl 51 (SO olwl oS i
bacgome 25 jl (So )5 32 53 9 0ad H[SS )L Ve Jos
Cawd @ ol ol o b Gl swlae! gy cuip @
K55 5155 g 0l (6 S pSlie coel
Slost By L basiye 2o Shg 8T liee 2L5))
o ol Vb olad @ Ml mgie > el

S 0 ) 2 pd A bl

Glow g (0,8 CleMbl) b She aen | eslaiwl ()

(cndly s )low:

62,8 sl S kad jleslasl (Y

olly Solowr Bilgw o Sy Ladh sl edlil (F
S 50 b ey oLyl 5l edel cand 4 ol sl p
A ) Sy e guna o 555
Jol oiales!
ohigel sl eyt > gl Sty oled S Galeil cal o
oolizal coglite (slaoi oSl b Gilisen (gl Jae cilo
£ Jsde 5 ond adle sl i 3 Slas ls .l o

Cawl 00 030> uL.uJ

(")

D)3 3929 2jd)lee ¥ I Laily) 5
by g cwl Hlow Ha5 3,90 4405 (TP (True Positive)
ol 0l 001> asedd jlaw wyd 4 e
by g ol Wl Hla 5590 43905 :TN (True Negative)
ol 0 00> sl Wl wyd 4 e

bwg g ol o 45 540 43405 :FP (False Positive)
ol 0045 010 (st Hlow olidl 4 Jde

9 Cwl Hlow 1133 5)90 45905 (FN (False Negative)
ol 0045 030> yasuds Wl oldl 4y Jdo lawgs
03Lw! 3 590 (5L 4N

2 g 05 (5yglaen slmodly 3l oslizl L ¢ imghy ol )
Naive) oo o (v olSoals slol oyl a
DT (Decision Tree) g <, (Y NB (Bayes
-5 (f RI (Rule Induction) oicls gluzdl (¥
Olidy 5Py oedle (0 5 (KNN) aluos 5 5So353
sbJw SVM  (Support Vector Machine)
oalinol b lio Slas o ond adle Jglite 0ailS iuiw
2 35S0 B Ll g pesn 290 0k 53 lasline S
bl 4 a8 Gl aseine sl Shs e ysS ol 5l plas
A V] disy o Cuze )| i ooy 5 50 eolawl gly
Aoty oS ) 51 onlial 5 bl jl adlan ol Gan Y
ol SeS 4 sl lagh Glp slal mli L)
ol 4 Sl l)ls 0 gl b cusl cuiail slag oS
g0 Byl Sl D 0 w9035 Kl
L il
903> 3dle 5 5l gy cnl dwd B (yd (owyp slp

yod Journal of Health and Biomedical Informatics 2021; 7(4): 354-367


https://jhbmi.com/article-1-459-en.html

[ Downloaded from jhbmi.com on 2026-06-10 ]

S5 S j 9 Ceodhw Sl gl dloro

(L S529 olod 3 o3liiwl) Jol ialojl gl 1 Jgus

LW R EY I N gl slrodld
(US) wsy Lials (OS) awsly iulz3l (SS) S lw

AUC  G-Mean F1 AUC  G-Mean F1 AUC  G-Mean F1 AUC  G-Mean F1 o 51
<Y YY/IYA FY/E NS £EA¥ ya/ys N Al S¥I¥5 yv/ov - 10OV YAISA YY/Y NB
IS\Y I3 YF/-¥ -/¥as YAIYE VEIVY /oA \EITY YAND I oo ofes DT
-IYY £VAA YF/OA NN\ INZAY YYIYA N $eles AvAT [0 oo ofes RI
[oN- YA/YA \VIsD NINY /v VAAY NN OV/SA A7ZARN -fovyY Y/VO Yy/av KNN
< ISYA SYIYA Ya/v5 -5V SYI¥N Ta/0A N SOIVY YA I oo ofes SVM

o) S8 @ asl bl (clodls acgeme pgd yiulojl
o2 =l Xgd o bl s Slos oy lie @ SVM
ac oo dw 5l o yo 5l odlatul a5 amd o LS 55 yiule)]
D oo Jdo dySlas dgupn el ol (y3lgte (glodl
o Sl

Solos 4l slo S 5l L 3T g pow Sialejl
Joa  Sialejl ol 5l Jols ol g o o3kl pally
lasgorre sy bpySl plo b awlie 1, SVM
gy dl).g SVM W':'-’-ﬁﬂ‘ A ul.....\.; TR O)'|9:.o losls
MBI L) oo 5 Slos 0dds (yjlaie (glodly dsgazms duw
degere dw cpl Olgie (Jlonl b amdee ol (2t
OS (i 4 avaab obs) laylae Jas 511 clodls
acgeme (b Liulesl ¢ alie .85 L > US 4SS
Ly oySdas pycias KNN 0,68 L 55 adgl (slosls
US (losls acgem0 g SVM 1,6 ¢ jinlojl oyl 53 23,15
g oo QB il ey 9 whayeSl Cn e Olgiea

odlatwl 350 gy Ay diww S B o LS £ Jodn polis
ol 3 5l (Sslite 2Ll bagm)sl dosls il 5
Jhe 2L 45 €85 4t i (g e il D oo
& D9y & b g odlitel 390 o )o@ 0l bl
Db (N g o odliwl odly 08 ileie (gly
5l eolazwl jo i oSl 5 Slas &S 205 o Alan Mo pimon
b @S Jb o cuwol Cans jlus adgl (clrodld acgazme
1y e o yidey Jlre aw 2 )3 US asgecme ) by
» NB o, ‘L;.ilp)'i ol 2 eds Wl mls & asg b
ol sl w2 e dlpea US asgene (s
D9 e Bl gl
P93 alojl

5 o o) 08 e Sy 5l b bl ol
5 U9l lp edd (oyglaer laody (BMI a3l
Iy oialejl opl @l ¥V Jods e g0 odlaiwl Jao cil
A o Hlis
L SVM )5l a5 39000 aomss ¢ Joir ol & d258 L
e )l 1y 0,Skes iy OS asgecms g9y p Jlos!
US asgems (55) wiaysll ol 3,8es 45 55 0 alaxMo

(o352 B F509 balld 51 o3\iiwl) 095 (yiwlol gl Y Joun

Ojlge SIS skl sy, P laoals
(US) asly eals (OS) adly il 531 (SS) S lw
AUC  G-Mean F1 AUC  G-Mean F1 AUC  G-Mean F1 AUC  G-Mean F1 o 591
[550 A YYIM L[580 solss YA/ J505 Y50 YSIAQ NN VYA \£/va NB
<[DA¥ AV/AY YY/e0 /YAy ¥/ Yo/\Y b \F/A. YA -0 NI ofes s DT
J5ea £+/V0 YYEY LoV a+/aY YA/YD JEYY Yy Yo/N¥ o ofes s RI
NN Ya/\yY \Y/YA <[DVA /Y0 VA/AY <JOFA NN YV/AY N/ VY Yolen KNN
<[SAY Y/ ya/ay  /FAY AR Ya/04 N2} £e/aA Y/A- NI ofes s SVM
Journal of Health and Biomedical Informatics 2021; 7(4): 354-367 it


https://jhbmi.com/article-1-459-en.html

[ Downloaded from jhbmi.com on 2026-06-10 ]

ol 9 5,28 Vb g5 )L @ Ml Jleia 53 cplly (55len Solgw (o 52
(2 g (5 lons il (Sag 1 1 o3lisiw]) pgm alojl gl A Jgir
Ol SIS sl s e, PL gl
(US) widyy, yials (OS) adly it 531 (SS) (Kislw
AUC G- Fi1 AUC G- F1 AUC G- Fi1 AUC G- F1 w5951
Mean Mean Mean Mean

-JovE OV/EY YA -0V ¥a/+4 YSAA [0V YA/A YA NG YY/SY Q/\¥ NB
Jbe ofes ofen .J¥ay YF/A Y-\Y <[00 YF/A. YA -0 Joe ofes ofen DT
NiaN ¥a/.5 YY/SA NING Y/ YA/ NS ov/-y YO/sA NI ofes ofes RI
NI Ya/y- \WY/AY NINY /v VAAY NI Fa/¥Y YY/FY -Jovy VYD Y.|5 KNN
/oA ov/a. YAAY - JOAY ov/\a y./¥ -Jany ov/as YLvY ae. /-4 \rAY4 SVM
-fov- FAIVE YYIVE -JavA Fa/¥- YEINY -/avA IATANG YVIvD [0eA YY/AY AlY- obo

wlie G pgw lalefl 0 2 S (b lalne
oite OS degezme b SVM o))l o ol

by 1y o Slas
4 @l & e Ol zey 4 ptalef] aw (ol dlie
253 550 Gilejl 93 4 Cuns Jgl ialejl 31 ol
ps> 9 sl shaleil 9 @l Bk 5l sl e e 4
2z pges ialofl by (6oL s MBI L 5 om &y Sy
13 68 o Shg obj b g caenl oimd flis opl &S

by lojf s Jolos
o el ol 5l Ban wd S5 55 ke & Glores
5 paseis » plly cbgilan GleMbl ) eslindl L3b
Cal 5558 50 VU 8 )lid ilow 4 Ml dmpin
Sy b tlejl i 3Sles cp g 3)lge S el ol
(Y JS5) b Ayl

US asgome y Jlosl L NB az)s8l gl Lislel 5
wssl pod ialesl po by bt 298 51y 5 Sles (e

ool YU s lid 4 oMol o i polie 4 daxgi b1y g, p YL 0S dcgeze b SVM

W (L F5os dan) o ulf]

B2 sl Shes) po Lislejl

B (elly 5 jlous s sl Sha) po sl

F-MEASURE

G-MEAN AUC

0w 8315 o 7 Ly Lo 31w 31 kel Cawd Ay g LS dnng Lo 1Y IS

1 Journal of Health and Biomedical Informatics 2021; 7(4): 354-367


https://jhbmi.com/article-1-459-en.html

[ Downloaded from jhbmi.com on 2026-06-10 ]

S5 S j 9 Ceodhw S o gl dloro

Coably sl A Jod o ¥ IS5 0 ol &l ol ;5 <

S5 Jalge S JBd 15b 0529 b 48 3jl 0 IS8T
(93 )UES olew 4 o558 Ml > cplly ()lew able
P (S yF0AIS s i (U S g (ame elge
L ggoge opl & a8 o 5k (olow opl & Mol iyt
hHSen ¢ XU 5 )LSen g Manios la yings zls
A Mo o1y 8l lass,8 4 S ol L6yl Slasten [YYNY]
YL g8 )lid s o pme )5 il gy 290 S8 lon
Wy 43 ] 3 a8 e g 0y0)9, slaolbl ol cius
it YU 593l (gylaw 4 o] Ml plos 008 s
2 Slys Jolss )ﬁ,L) Ll aizs ool 5l Gun &Blg 5o
SolSold sla yogy SKeS a4y YU o5 L 4y Mol i
goad gluwld ylad 5y xe 30,3l QT alowg 4 b ol
Sl b ol 3l ) edoms )3 3y Sy il Sy Lol
Oy lalame I (690 9 cuslie 4055 (b (S5 S

SIS S ol (oolow opl EoBg 3l AlgE oo iyl

W S5 51 oy 5 ol
Jie 3,80ee 3 Shy 5l oy 256 e Chnd ol
O 4y [TVIY] 355 o0 )8 (o) 2 3)90 @S (sl
US asgoome 59y 45 oMol oy pliar (5 line 1 ejlaie
Sl solme (SleMbl o oo D oo 00l 335 o duwle
D9 e iy olai o ol p &5 Cwl b Shg (b))
g (9= (Ll Glie oaied (LS pite S elaie
L ey ol ol o ppolie (S Lab i (pen
e ol e B oy 5l ST Ml alzi o 213
Sliwlono ol 4 D9 yuber il Casd & ((S9)
ol o &l ¥ S 0 o] 4o 5 Jgds

0295 QLS & Jgh 090wy JB &S psbplen
siges sl ama e L |y cplly 3 (solen gl 55T
O 2l A L8 cply 53 YL (g5 )Li8 4y Ml el
093k o Jleil (it 3 belg S e 51 osss
5 @ oy Mg lem 85 Jo ol s
DN i 2)Sles

SN 0582 jlamo 51 03lil L W S5 51 Sy 52 55U (500 dmarliio A Jga

(20 3) Sl 0,4 200 Jbo Ik SR olye
\FI¥ Sl oy Lasls
¥V olly 5o Y gt & M) il
\7id S
N- Olly )3 (6395 B9re S)lew 4 Ml il
by nllg 53 Lol il e 4 M) el
¥/

o
Orly 53 A5 & Ml adbles

sy sl Il
olly )3 YL s Lid 4 D sl [

S [

olly 3 5588 Gape lem 0 Ml AL

2ls 2 Loyl e 4 Ml a2l [
o |

S 550 jlins 31 830kl b W 559 il dunns o awdls ¥ JSUS

Journal of Health and Biomedical Informatics 2021; 7(4): 354-367 Y


https://jhbmi.com/article-1-459-en.html

[ Downloaded from jhbmi.com on 2026-06-10 ]

YU ggs )L 4 Mol Jlaiat 3 iy (55lom Bilgaw (o5

Hiiwe Spgo & G55 (98 )lid ogie 3 ]) Ml
dais el 8T il casls o BMI o sla S 5l
@ Mo pdlly Comin b SSH adlas oyl @B
sl pasetie izl olaih 00 ol e 3 Yl osslad
SV o3 lid wyp b 3o [Y0] o), Kea 5 Goldstein
ol 93 s (Ml a8 w8 S ase el Y 0)90 9 b
YU ol 5> oelly J Se Ml Iyt YU g5 )i &
el 350 3081 (y93- LS (139
GBI @ bgrye slaodls (o)l oo b o, Ken o KO
55 el el clo el plo o BMI Lids anl pogde
21 lasls ol ouiS s polie Y ye5,Lid o
s 9 YU ol by glaglon 4 Ml ot
V] w3903 asedn oy

h (8 cllas glaasl ol b iagh sbasl
2 opllly golid aible Iy 18 () S e a0l
s (slopasls 25 8B (Y silom ool 42 5,8
9o (AU 0y0jg) Clld (lie 5 (S5 S jl a5 plul
plo dble oyp Gl ol ol dagh G da
Col i3 053 Lid 5 gl GEE 5 cnally ) s o
5 @) ganas, b oLl ol e 4
YU 98 WS g pim 55 g9l031d ;1 adlawl
ly colSodls gy & 3 FY] ladlas > o, San 5 LeE
O lis ablo s BMI alea 51V ()93l Jo 0 (i sten
caliseo gla gy dalllas (pl jd .led S oolawl w0dlgils )
(Sensitivity) cowlus (laylxe I oslitwl b (ggqlSosl>
Predictive) o iw ¢y o (Specificity) _aswis
Ot e rdSud 45 Bus awlie 5,08, L (Rate
@ boye sbodly jl edlatnl b adllas cplaiils 1) 5 Sles
s 395 b 92 ilge o 53 g cowl 4l pll a5 SAF
sl 003,55 Lo db M (lac]
S5 slaodly 5l 5505 ANSY 5l ookl b o, ¢ HUANG
YU 53 Lis oy smiie 4 Sudpy oledbl adls ol
G0 GHlen Cuin o8y w4 baye e S8 w
g S il pas 4 ag b [FY] wlashy,
N 4 ol it 3t Gl ol wl el by oy
Sl oolitwl DT g NB' (sl oSl s g 045 48,5
JAY 39i> > F-Measure o ZAY/0 sad 3,55 cés
Gl

Jor smote & FF] p» oK 5 Sl las,

& 745 4ol g Cou
Slal ppsl gy el b ad (e pol g )
O lid @ ol > cpdlly (golen able (28 (g5l
5 38 CleMbl slaie e 4y 95 oy (558 ) VL
99 3l oud g yglgen) Jlo 7o B VA B3l cppally (g oy il
03y cpl.cd )5 )8 eolatwl 550 o Jud,l bl Cublagy 8 5
5 JyiS ils Yl a5 ol el hyls can o 1 i
$lajgSh plo dogs fcanl jain 4yl cul goby b ablis
S5 3 my cnl 3 658 b eyl dle I Jame
O onl 3 Vb g slid jop Jleisl (Bl 51l ol 8
Sypo 5 03y o8 bawd (Sl (S35 S S )
VY o] codl st (Bly 9 (S5 Jolge 5T Ml

SleMbl 5 osliznl 5t imen ol 55 ond &) s
Mol s i Cawyd dopd iliel o pilly (ol Bl
5 oolizl 08 o aul 1y b il ol 4 ho5,8
Sgd 0 |y gandiwd 0,Sles ¢ cplly (o)low (Bilow CleMbl
daxio Slelllas ol Cowd ) guls b 45 s o g /0
Cand & uls oo b B)b 5l o)l Slesren [YFF-Y1]
i dlor 5 60,3 SleMbl 3 5l oolitwl pgj ool
O )lis 4 Mol Gopin g8 P4 03y padlE g
Sap > 835 sl Shy cnl Ul 28 e ST YL
(Sl oy Hlre jloslil b s (lusG Y (55 L8
90 &S A odld L g WS sl Ql).:j';l.'; ool e
@ oplly 5l (o JBhe (Dl g Gy ey (asls (S
& cply ) (So ol oDl g 48b p e VL 8 Lad
s 1y (3:20) b (S Ay (6lo

05SU pols Sldlas op 3T ololp a8 cal S3 a4 p5Y
Kl ;3G )90 3 pole Gimgly b alde gl
ol ploxl Vb (y93 )Lid & (55,8 (Ml )3 plly (s )lows
OiRg e (sladis SIS L lge Jb ol bl
Shoslaal (V5 ogs jLid jop Jolos (V isw 99 & ol
ol 2 A S Oy sl yimgh ple b (glawslio ((gglSoald
2 bl o guas
YU 9558 595 Jolgs
b mes g9y 2 [Fe] Gladlae 5 o, Ken 4 Burke
onl & 558 ol )3 1, Yl (b lid bl 5B el VA
Y g lid abj b el ol 38 (o (6lews
ol @ R Sgtans o)l oty 2 ol
ol OB Gizmen 1> (i (S A 55 () 1) s)len

¥y Journal of Health and Biomedical Informatics 2021; 7(4): 354-367


https://jhbmi.com/article-1-459-en.html

[ Downloaded from jhbmi.com on 2026-06-10 ]

S5 S j 9 Ceodhw Sl gl dloro

o Cub b oad o5 (slaodly (K03 e (Al )5 @iy
ol ) can 45 35 Ceodls ppdlye bawsgs olizil & g0,
B8 Gl 2ylge plu o ool quonas B leMbl
Al SledMbl slojl gl Bl pie dn oo il
gt ety by ol sslae Jd> 4 cpdlly olow
alawlio (opilly s> SleMbl e pas s 4 (prizcen
S g (S g cnl ewp B!

2 by delse b clsl imgn ol ) G
Sol0aly (gla gy SaS 4 Vb 53 )Lid & Ml n i
Wl Sy A8l ploxi] 5 s o yma 5 33l oLl
b s b sl ol cuns 4 bt Ll
wle pbles gy 4 ly cually ) blow (S il
b a8 djlw e ST 1) cadly ol conds &l uls > cdd
clly ilos 4l 5 By Jolse IO LB 3b g2
S g Jaee Jolge y98,lid (gl 4 (55,8 <l 5
Solow ol Ml Gl )3 (6PN e GRE (SN
“S)le (B 4 e D1 55,8 Sl LSS e (L
s Wy 0193,L85 Jlad (1500 )0 Yo <oy 3)90 S
O iyl 518 ol )3 oS e g 0505 ol Ll
ol eyl lagl ) Yl (g3 )Lib 5oy (2l 0siiS
19 9 ol i (Jled S5 S bl b ol
Sl ol g989 Jl Wlgi oo iyl 5 WS n lalame
S 655l

&Blo 4o,
OiR93 )90 ) &S Mlai oo g pal (B g Aoy s
2yl dgn g 28l DLy ASzun wols

References

1. Williams B, Mancia G, Spiering W, Agabiti Rosei E,
Azizi M, Burnier M, et al. 2018 ESC/ESH Guidelines
for the management of arterial hypertension: The Task
Force for the management of arterial hypertension of
the European Society of Cardiology (ESC) and the
European Society of Hypertension (ESH). Eur Heart J
2018;39(33):3021-104. doi: 10.1093/eurheartj/ehy339
2. Global Health Observatory (GHO). data: Raised
blood pressure [cited 2018 Jul 18]. Available from:
https://mww.who.int/gho/ncd/risk_factors/blood_press
ure_prevalence_text/en/

3. Wang W, Lee ET, Fabsitz RR, Devereux R, Best L,
Welty TK, et al. A longitudinal study of hypertension
risk factors and their relation to cardiovascular disease:

G alas ) 53 lmods J odlisal L VL g8 i
(ol g oS 593 o3Il e i o (Sl 9 S g
2 ebd g 9395 (2B low Ao (o 22 9 NS
5 ookl b 1) p5lezel (claosls byl slazsls s c... g o2lgils
gk cnl 2 0,8 ilagjlgie (KBl laodls by,
Glaylae b aS oud a8 S K & prenal CE ) g5 dw
L1535 dwslie v LAUC 4G-Mean L)

53 ol )00 s Sho g Woslsy &S pl 4 arg b
g adllas 3500 Sy Shg g odls L g (E Clllas
Jlesl 5l Jols ol (34 dunlie plpls wleglite yols
i3y (el 53 rmed (Cas jgade (59503l (slapiy yoSl
Ogy dw I ojleiel slaedly ae olsb Gls
slyp bl 5l ol s g 03,5 edlil gl ¢ calize
23S (Jb 3 ad 0dls Hl3 ey 3)50 Jp gy B
P g ol asude bodld (il odd wwyp Sldlles (e
ey Sl el 0nd )T ds g a5 pl 4 aST (635420 g0
s el pogMe ol o oolazul ] @l b ablie gl
lasl 50 1y (awyyr 3y50 slaodly (g0l v cie Clalllas
3 a8 w1038 s ainloj] g bj9el (slaodly dwd 93
il el cptalosl (slooals 4y (Stuly Cunl (a0 aors
byl hagh 0 o8 Jb 3w 5 486 cos |y b
bl (pondmoy Blite oxiwjlel (ybg) 5l edlatl
ol YL CSlie 4 Jools S & oluabol
«eoMas slodls wluly ous plsl sla yimgh ple sl
Sosleex aloye Gimghy cnl Cudgime g (il (e
Laaly ol Sl a4 olg oo 3)lse cpl alos 5104 ol
ol 0y oyl a8l (Sip cleMbl 5 pasd oy i
w0l (& yglaen slodls I aly3l g SleMbl Cis b 3y

the Strong Heart Study. Hypertension 2006;47(3):403-
9. doi: 10.1161/01.HYP.0000200710.29498.80

4. Kuschnir MC, Mendonca GA. Risk factors
associated with arterial hypertension in adolescents. J
Pediatr (Rio J) 2007;83(4):335-42.
doi: 10.2223/JPED.1647

5. World Health Organization(WHO). A global brief
on hypertension: silent killer, global public health
crisis: World Health Day 2013 [cited 2021 May 2].
Available from:
https://apps.who.int/iris/handle/10665/79059

6. Yoo |, Alafaireet P, Marinov M, Pena-Hernandez K,
Gopidi R, Chang JF, Hua L. Data mining in healthcare
and biomedicine: a survey of the literature. J Med Syst
2012;36(4):2431-48. doi: 10.1007/s10916-011-9710-5

Journal of Health and Biomedical Informatics 2021; 7(4): 354-367 At


https://doi.org/10.1093/eurheartj/ehy339
https://www.who.int/gho/ncd/risk_factors/blood_pressure_prevalence_text/en/
https://www.who.int/gho/ncd/risk_factors/blood_pressure_prevalence_text/en/
https://doi.org/10.1161/01.hyp.0000200710.29498.80
https://doi.org/10.2223/jped.1647
https://doi.org/10.1007/s10916-011-9710-5
https://jhbmi.com/article-1-459-en.html

[ Downloaded from jhbmi.com on 2026-06-10 ]

S5 S j 9 Ceodhw Sl gl dloro

7. Srinivas K, Rani BK, Govrdhan A. Applications of
data mining techniques in healthcare and prediction of
heart attacks. International Journal on Computer
Science and Engineering 2010;2(2):250-5.

8. Soni J, Ansari U, Sharma D, Soni S. Predictive data
mining for medical diagnosis: An overview of heart
disease prediction. International Journal of Computer
Applications 2011;17(8):43-8. doi: 10.5120/2237-2860
9. Reddy DL, Marriboyina V. A review on data mining
from past to the future. International Journal of
Computer Applications 2011; 15(7): 19-22.

10. Mayo M. What are the Industries / Fields where
you applied Analytics, Data Science, Machine
Learning in 20187 [cited 2021 May 2]. Awvailable:
https://www.kdnuggets.com/2019/03/poll-analytics-
data-science-ml-applied-2018.html

11. Nahar J, Imam T, Tickle KS, Chen YP. Association
rule mining to detect factors which contribute to heart
disease in males and females. Expert Systems with
Applications 2013;40(4):1086-93.
https://doi.org/10.1016/j.eswa.2012.08.028

12. Shin AM, Lee IH, Lee GH, Park HJ, Park HS,
Yoon KI. Diagnostic analysis of patients with essential
hypertension using association rule mining. Healthc
Inform Res. 2010;16(2):77-81.
doi: 10.4258/hir.2010.16.2.77

13. Polat K, Giines S. A hybrid approach to medical
decision support systems: Combining feature selection,
fuzzy weighted pre-processing and AIRS. Comput
Methods Programs Biomed 2007;88(2):164-74.
doi: 10.1016/j.cmpb.2007.07.013

14. Prathyusha TV, Prasad VG, Saiprasad GS, Nagaraj
K. A study of prevalence and certain lifestyle risk
factors of essential hypertension in a rural area in
Telangana, India. International Journal of Medical
Science and Public Health 2016;5(7):1417-23.
doi: 10.5455/ijmsph.2016.13102015211

15. Xu F, Zhu J, Sun N, Wang L, Xie C, Tang Q, et al.
Development and validation of prediction models for
hypertension risks in rural Chinese populations. J Glob
Health 2019; 9(2): 020601.
doi: 10.7189/jogh.09.020601

16. Wang B, Liu Y, Sun X, Yin Z, Li H, Ren Y, et al.
Prediction model and assessment of probability of
incident hypertension: the Rural Chinese Cohort Study.
Journal of Human Hypertension 2020.
doi: 10.1038/s41371-020-0314-8

17. Li C, Sun D, Liu J, Li M, Zhang B, Liu Y, etal. A
Prediction Model of Essential Hypertension Based on
Genetic and Environmental Risk Factors in Northern
Han Chinese. Int J Med Sci 2019;16(6):793-9.
doi: 10.7150/ijms.33967

18. Chobanian AV, Bakris GL, Black HR, Cushman
WC, Green LA, lIzzo JL, et al. The seventh report of
the joint national committee on prevention, detection,
evaluation, and treatment of high blood pressure: the
JNC 7 report. JAMA 2003;289(19):2560-72.

19. Kim SJ, Lee J, Nam CM, Jee SH, Park IS, Lee KJ,
et al. Progression rate from new-onset pre-hypertension
to hypertension in Korean adults. Circ J
2011;75(1):135-40. doi: 10.1253/circj.cj-09-0948

20. Faselis C, Doumas M, Kokkinos JP, Panagiotakos
D, Kheirbek R, Sheriff HM, et al. Exercise capacity
and progression from prehypertension to hypertension.
Hypertension 2012;60(2):333-8.

doi: 10.1161/HYPERTENSIONAHA.112.196493

21. Winegarden CR. From “prehypertension” to
hypertension? Additional evidence. Ann Epidemiol
2005;15(9):720-5.

doi: 10.1016/j.annepidem.2005.02.010

22. Thanathamathee P, Lursinsap C. Handling
imbalanced data sets with synthetic boundary data
generation using bootstrap re-sampling and AdaBoost
techniques. Pattern Recognition Letters
2013;34(12):1339-47.
https://doi.org/10.1016/j.patrec.2013.04.019

23. Zhao Y, Wong ZS, Tsui KL. A framework of
rebalancing imbalanced healthcare data for rare events’
classification: a case of look-alike sound-alike mix-up
incident detection. J Healthc Eng 2018;2018:6275435.
doi: 10.1155/2018/6275435

24. Chatterjee S. Deep learning unbalanced training
data? Solve it like this [cited 2018 Jul 18]. Available
from:  https://towardsdatascience.com/deep-learning-
unbalanced-trainnig-data-solve-it-like-this-
6c528e9efeab

25. Chawla NV, Bowyer KW, Hall LO, Kegelmeyer
WP. SMOTE: synthetic minority over-sampling
technique. Journal of Artificial Intelligence Research
2002;16(1):321-57. doi: 10.1613/jair.953

26. Sun Y, Wong AK, Kamel MS. Classification of
imbalanced data: A review. International Journal of
Pattern  Recognition and Artificial Intelligence
2009;23(4):687-7109.
https://doi.org/10.1142/S0218001409007326

27. Tharwat A. Classification assessment methods.
Applied  Computing and  Informatics  2020.
doi: 10.1016/j.aci.2018.08.003

28. Sasaki Y. The truth of the F-measure. Manchester:
University of Manchester; 2007.

29. Tan PN, Kumar V, Srivastava J. Selecting the right
objective measure for association analysis. Information
Systems  2004;29(4):293-313.  doi:10.1016/S0306-
4379(03)00072-3

30. Palaniappan S, Awang R. Intelligent heart disease
prediction system using data mining techniques.
IEEE/ACS International Conference on Computer
Systems and Applications; 2008 Mar-Apr 31-4; Doha,
Qatar: IEEE; 2008. p. 108-15.
doi: 10.1109/AICCSA.2008.4493524

31. Novakovic J. Using information gain attribute
evaluation to classify sonar targets. 17th
Telecommunications forum TELFOR; 2009 Nov 24-
26; Serbia, Belgrade: 2009. p. 1351-4.

32. Chaudhari AS, Stevens KJ, Wood JP, Chakraborty
AK, Gibbons EK, Fang Z, et al. Utility of deep
learning super-resolution in the context of osteoarthritis
MRI  biomarkers. J Magn Reson Imaging
2020;51(3):768-79. doi: 10.1002/jmri.26872

33. Manios Y, Karatzi K, Moschonis G, loannou G,
Androutsos O, Lionis C, et al. Lifestyle,
anthropometric, socio-demographic and perinatal

Yo Journal of Health and Biomedical Informatics 2021; 7(4): 354-367


https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5120%2F2237-2860
https://www.kdnuggets.com/2019/03/poll-analytics-data-science-ml-applied-2018.html
https://www.kdnuggets.com/2019/03/poll-analytics-data-science-ml-applied-2018.html
https://doi.org/10.1016/j.eswa.2012.08.028
https://dx.doi.org/10.4258%2Fhir.2010.16.2.77
https://doi.org/10.1016/j.cmpb.2007.07.013
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.5455%2Fijmsph.2016.13102015211
https://dx.doi.org/10.7189%2Fjogh.09.020601
https://doi.org/10.1038/s41371-020-0314-8
https://dx.doi.org/10.7150%2Fijms.33967
https://doi.org/10.1253/circj.cj-09-0948
https://doi.org/10.1161/hypertensionaha.112.196493
https://doi.org/10.1016/j.annepidem.2005.02.010
https://doi.org/10.1016/j.patrec.2013.04.019
https://doi.org/10.1155/2018/6275435
https://towardsdatascience.com/deep-learning-unbalanced-trainnig-data-solve-it-like-this-6c528e9efea6
https://towardsdatascience.com/deep-learning-unbalanced-trainnig-data-solve-it-like-this-6c528e9efea6
https://towardsdatascience.com/deep-learning-unbalanced-trainnig-data-solve-it-like-this-6c528e9efea6
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1613%2Fjair.953
https://doi.org/10.1142/S0218001409007326
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.aci.2018.08.003
https://doi.org/10.1109/AICCSA.2008.4493524
https://doi.org/10.1002/jmri.26872
https://jhbmi.com/article-1-459-en.html

[ Downloaded from jhbmi.com on 2026-06-10 ]

YU ggs )L 4 Mol Jlaiat 3 iy (55lom Bilgaw (o5

correlates of early adolescence hypertension: The
Healthy Growth Study. Nutr Metab Cardiovasc Dis
2019;29(2):159-69.

doi: 10.1016/j.numecd.2018.10.007

34. Xu R, Zhang X, Zhou Y, Wan Y, Gao X. Parental
overweight and hypertension are associated with their
children’s blood pressure. Nutr Metab (Lond)
2019;16:35. doi: 10.1186/s12986-019-0357-4

35. Goldstein 1B, Shapiro D, Guthrie D. Ambulatory
blood pressure and family history of hypertension in
healthy men and women. American Journal of
Hypertension 2006;19(5):486-91.
https://doi.org/10.1016/j.amjhyper.2005.09.025

36. Gearing Fr, Clark Eg, Perera Ga, Schweitzer MD.
Hypertension among relatives of hypertensives:
progress report of a family study. Am J Public Health
Nations Health 1962;52(12):2058-65.
doi: 10.2105/ajph.52.12.2058

37. Manuck SB, Proietti JM, Rader SJ, Polefrone JM.
Parental hypertension, affect, and cardiovascular
response to cognitive challenge. Psychosom Med
1985;47(2):189-200. doi: 10.1097/00006842-
198503000-00011

38. Munger RG, Prineas RJ, Gomez-Marin O.
Persistent elevation of blood pressure among children
with a family history of hypertension: the Minneapolis
Children's Blood Pressure Study. J
Hypertens 1988;6(8):647-53. doi: 10.1097/00004872-
198808000-00008

39. Rebbeck TR, Turner ST, Sing CF. Probability of

having hypertension: effects of sex, history of
hypertension in parents, and other risk factors. J Clin
Epidemiol  1996;49(7):727-34.  doi: 10.1016/0895-
4356(96)00015-7

40. Burke V, Gracey MP, Beilin LJ, Milligan RA.
Family history as a predictor of blood pressure in a
longitudinal study of Australian children. J Hypertens
1998;16(3):269-76. doi: 10.1097/00004872-
199816030-00003

41. Ko GT, Chan JC, Cockram CS, Woo J. Prediction
of  hypertension,  diabetes,  dyslipidaemia or
albuminuria using simple anthropometric indexes in
Hong Kong Chinese. Int J Obes Relat Metab Disord
1999;23(11):1136-42. doi: 10.1038/sj.ij0.0801043

42. Lee IN, Liao SC, Embrechts M. Data mining
techniques applied to medical information. Medical
Informatics and the Internet in  Medicine
2000;25(2):81-102.
https://doi.org/10.1080/14639230050058275

43. Huang F, Wang S, Chan CC. Predicting disease by
using data mining based on healthcare information
system. IEEE International Conference on Granular
Computing; 2012 Aug 11-13; Hangzhou, China: IEEE;
2018. p. 191-9. doi: 10.1109/GrC.2012.6468691

44, Ramezankhani A, Kabir A, Pournik O, Azizi F,
Hadaegh F. Classification-based data mining for
identification of risk patterns associated with
hypertension in Middle Eastern population: A 12-year
longitudinal study. Medicine (Baltimore)
2016;95(35):e4143.

doi: 10.1097/MD.0000000000004143

Journal of Health and Biomedical Informatics 2021; 7(4): 354-367 Ay


https://doi.org/10.1016/j.numecd.2018.10.007
https://doi.org/10.1186/s12986-019-0357-4
https://doi.org/10.1016/j.amjhyper.2005.09.025
https://dx.doi.org/10.2105%2Fajph.52.12.2058
https://doi.org/10.1097/00006842-198503000-00011
https://doi.org/10.1097/00006842-198503000-00011
https://doi.org/10.1097/00004872-198808000-00008
https://doi.org/10.1097/00004872-198808000-00008
https://doi.org/10.1016/0895-4356\(96\)00015-7
https://doi.org/10.1016/0895-4356\(96\)00015-7
https://doi.org/10.1097/00004872-199816030-00003
https://doi.org/10.1097/00004872-199816030-00003
https://doi.org/10.1038/sj.ijo.0801043
https://doi.org/10.1080/14639230050058275
https://doi.org/10.1109/GrC.2012.6468691
https://doi.org/10.1097/md.0000000000004143
https://jhbmi.com/article-1-459-en.html

[ Downloaded from jhbmi.com on 2026-06-10 ]

Journal of Health and Biomedical Informatics
[ Original Article ] Medical Informatics Research Center

2021; 7(4):354-367

A Case Study of the Impact of Parental Diseases on the Probability of
Hypertension Using Data Mining Techniques

Ghaderi Niri Amin', Farajzadeh Nacer’*, Baybordi Elahe®

* Received: 14 Nov 2019 * Accepted: 27 Apr 2020

Introduction: Hypertension is one of the most common health problems. As it has a major impact
on other serious diseases such as cardiovascular diseases and strokes, and due to not having any
specific symptoms, it is known as a silent killer. Therefore, proper diagnosis, control, and treatment
of hypertension is crucial in health care systems and will indeed prevent the development of the
other diseases affected by. Studies have shown a strong connection between some diseases of parents
and the probability of having hypertension in children.

Method: In this study, using data collected from two health centers in Ardabil province and applying
data mining techniques and Rapid Miner software, the impact of parental diseases on the probability
of hypertension in children was investigated.

Results: The results indicated that using paternal medical history on hypertension, premature
coronary artery disease, hypercholesterolemia, and hyperthyroidism has a significant role in
predicting hypertension in children. Moreover, the performance of the predictive model, developed
using the collected samples and data mining techniques, was enhanced by 5%.

Conclusion: Some diseases of parents, especially hypertension, increase the risk of hypertension in
children. However, individual characteristics are the major determinants of this complication.
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