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Introduction: Using artificial intelligence tools in pharmacogenomics is one of the latest
bioinformatics research fields. One of the most important drugs that determining its initial
therapeutic dose is difficult is the anticoagulant warfarin. Warfarin is an oral anticoagulant
that, due to its narrow therapeutic window and complex interrelationships of individual
factors, the selection of its optimal dose is challenging.

Method: Inaccuracy in determining the initial dose of warfarin will simply lead to
thrombosis or severe bleeding and ultimately, patient death. Among the relatively successful
methods of kernel-based estimation, comparison and identification of suitable kernels have
not been researched. In the present research, while carefully examining this approach,
different features of selection algorithms were analyzed based on expert opinions, and an
appropriate subset of efficient predictor variables was identified for dose estimation.
Results: In the current study, a dataset collected by the International Warfarin Consortium
was used. The results showed that the support vector machine with a suitable kernel and a
subset of the proposed features can successfully predict the ideal dose of warfarin for a
significant percentage of patients with an error of approximately 0.7 mg per week.
Conclusion: The estimation was conducted using the least squares version of the support
vector regression based on a suitable kernel and feature selection strategy. In this way, a
better approach for predicting the optimal therapeutic dose of warfarin was presented, which
can significantly reduce the wrong dose error and its consequences.

Keywords: Pharmacogenomics, Initial Warfarin Dose Estimation, Feature Selection, Least
Squares Support Vector Regression

* Citation: Maghsoudi R, Mirzarezaee M, Sadeghi M, Najar-Araabi B. Development of a Pharmacogenomics Model based on
Support Vector Regression with Optimal Features Selection Approach to Determine the Initial Therapeutic Dose of Warfarin
Anticoagulant Drug. Journal of Health and Biomedical Informatics 2023; 9(4): 209-29. [In Persian] doi: 10.34172/jhbmi.2023.02

1. PhD Student, Deportment of Computer Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran

2. Assistant Professor, Department of Computer Engineering, Science and Research Branch, Islamic Azad University, Tehran, Iran
3. Associate Professor, National Institute of Genetic Engineering and Biotechnology (NIGEB), Tehran, Iran

4. Full Professor, School of Electrical and Computer Engineering, University College of Engineering, University of Tehran, Iran
*Corresponding Author: Mitra Mirzarezaee

Address: Science and Research Branch, Daneshgah Blvd., Simon Bolivar Blvd., Tehran, Iran

e Tel:021-44865179-82 ¢ Email: mirzarezaee@srbiau.ac.ir

Journal of Health and Biomedical Informatics 2023; 9(4): 209-229 Y.


http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2023.02&domain=pdf&date_stamp=2023-03-20
https://dx.doi.org/10.34172/jhbmi.2023.02
http://dx.doi.org/10.34.172/jhbmi.2022.04
http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

SE Y o g Cadlw Kl 5] Al
g Sile il i 35 40
160 J"i—fﬂ/,rvlg_: UL;..:,..,.;:JJ;

10.34172/jhbmi.2023.02

GG 8 5S09 ) b (sl 10 33 (ygaw o5 3 99 (o uSwo g9 595 Lo )1 Juo drw g
o 3B 519 GOLERI Wd (5919 Silo 43 A gl 598 (pdi g dngt SBT3 9

igsf'):' b el " olo (Suge ‘**@L’a,l,‘ﬁ | yiao “éé}dﬁo dzey

VRV e gy e VPNV il S8 yoe

S sl Sslogiiloey Sliios glbaine; itz Sl (So ol 50 (esmas Uosn o)l il odlitel 5 (uSogisSle o JAanBe
S o))ly b e (Warfaring o )ylg (oolixlis (cg)ls wonl (St )8 o1 Sloys adgl 599 puend 45 po slnn (slang,ls
5550 Gl (539 (slaygiSTé oazy by 9 Sl (Slayd oy Ui 4 ) dinge 59 Sl & sl (Sygs slinl s (5ol
bl st gl 93 e GRBgR cnl Baa sl

J0lg5 slo S po ool 10 9 0ad (G555 b g Semesy 4 e (Solo & wusliol Como 0 b )Bls adgl 593 s S ag
B3> oy (youd (g5l 53 el 485 18 o 3590 Camlie J5)S (olwlid g aunlie (S (e (slaidy; (e
b sl e | Cuslio degooa () i a4 4S5 L g o3l 1,38 U1 590 1) (S50g Cbwsl Cilie (slaeis oSl 0,09, o]
b Jalgs olulid 93 eSS Caer oo

oS amd oo L ol ol o edliil 1))l el pguns yuniS Lawsgs 0l (6 yglaen (lodls dcgarme ;I adllae ol ) =l
Gl by ol)ly Jloss) 95 (srualcaidgn yobo ar canl 2B (ooloidny (sl Shg dsgermor g canlio J)S L oty Sy cpile
A e 4 ) )5 e /Y D90 oS b olles I e g8 B so)

S 39 o5l calio 3limal SO b g cuslio S (e ity Sy g Sy Oleye JBlis dsuas b (50055 3G g5 Al
oldl (glajgd (sllad Cunsl B &S sl 00l WLyl 1))l (Sloyd Aty S9d (i Sl Sk 2)S0g) by (pl 4 CE S g
am> alS glelisde B oo 1y o (o8 Bl

Slaye Jlis (lndy 0y Gm)S) «Sis Bl elbly adsl 93 (055 (eSingijsSLe b L0 lgunls

4 M Ol 55 5 0858 )5 am g5 syl 5o J3e ols G150 (65 0eelS slaael y plalis S el s (g (B3l d e oLl e cdll T Sosade (ELsle
doi: 10.34172/jhbmi.2023.02 ¥+ 4-Ya :(F)8 1+ o5 G ) 5 Coodhw Sy 5l Aloes b 5 2t — b oy SV

Ol 608 ¢ onDad 15T ol (lidiond 3 psle ol s €3 5enalS” cuntign 03,5 (557 (il )

Ol 015 ¢ ol 313T o315 «lidiond 3 psle domly ¢ galST prign 03 8 5lslal Y

Ol €18 (835 T 5 S5 i o olKin 535 L1 ¥

Ol 608 01 ol ¢ 3 DB Ui ¢ grnlS 5 Gy (onokige 0SSN (o3 sl ¥

L e 3 o Okins 5

i 3 ke oty oDl 313T o831 (5l (gl sk o213 Dlbn €55l g ol 5552 sl 0l 1w 28T
o Email: mirzarezaee@srbiau.ac.ir SYA-FFAZOIVA-AY & ylod o lode

AR Journal of Health and Biomedical Informatics 2023; 9(4): 209-229


https://dx.doi.org/10.34172/jhbmi.2023.02
http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

Ol Sed 5 (§39ake

O ))ls adgl 593 Ll S wSu0gifoSlo, B Juke druwgi

1ls g (gde Clse 4 oxie 593 ol s g G S
poww S lawgl  (glod S Cladsd D Spe o>
International ~ Warfarin) .,y iy
Jols  IWPC(Pharmacogenetics Consortium
g it glacumes | 22 (CONOIT) 05,5 S syl
Egas oob g (5yll daxie (slagi oSNl (lyal aalsl )
Oy Lolwl 5 ]e! 4..3/5 Gy L'ﬁ)lé)lg 390 Oy d]).g
S gl bolyen 025 &jo 4 0p)6)l5 adgl oo 9
Sl & Ghlew avg B sy Spe cle cwl i
390w a4 il pbool B Mo b iy oo
3 &5 Wlgzy a5 3l dnwg o Ll (gloygss LS
o932 sl el Cawd Ay 93 (e 4 Sl slallas
@ Cond (Ll b 4Bl da0s slapi oS @) 4 i
L[5 &) silos pow e yaxe Sdb ol ;o3

5 SeegiisSlo)l ojs> ) laimagy (pdien I (S
2548 i 1S5 sl Camer S Cod cunlio S9 (yoad
I ol sl oad plnil poite (SuBf b Sk b
el 53)5 58 (0)B)ly j93 (eSS 0je )3 &S ol simody
590 cdalllae cpl o [F] Wdged duulie Budss pl dlols
Ohles (655 5 sl cosls I oslizl b p)6ly <6 yuao
Cbasl gly patin Pl Cwl odd 03] pesd
Mo g sS ) 2 e 2l Jde Cal 0l (Byee I S
Joo ofles s Obal s peS b oled
399 Jde S5 g (b Jae SO Lo Bl)] uSieg3oS Lo 6
€8S )5 dunlio 2)90 (b MQ/AAY b g9, j93) (226
ol 2313 (6 5y 3,SLos R? g MAE Jlne 93 1 o oS
xSl p e Jle K )Kea g Anzabi Zadeh
ooles bl (gl pogas 4 595 (eSS (sl res oES
s digas o> Aliens 3 ade (gl 05,8 @) 0 )5)s &
Je 5l (390 sl ool 8 » So 8
pharmacokinetic/phar )by 48 le )b/ i g8 Lo o
395 i cly opyB,ls PK/PD(macodynamic
w209 (6 e S) 4 338" sl (gl Gl Gl

Ay oo i gibre Gialajl ey 59y 2 i

.

dodo
b (S Sy ple e soje I (S ejgel
s Say b e (Personalized Medicine)
bocwlie Hlan @ o) S quolie (jg) e 925

il V] wibe Bldl 5 (S5 claShs
4 oj9,0l SNP(single-nucleotide polymorphism)
Human Genetic ) jlusl S5 g55 (Lol Jole lgie
S pols Jb 3 g Bg o0 adld Cuow) 4 (Variability

V] i oduzmy (Sai Ol CuilSS (gly dioud )l guie
S & Sl (295> slagls 5 (2Ugid (S5 laojg>
0Pl cgi sl @ 5e Glop B oy dmlgs 3B asid
o)l 525 Sliwlie (S5 )5 5900 e &) oy 2
And 3 iged loic A D9d o Hohdl |y atwlgd b clasely L
rbSay s cos (ANGINE) o5l floy syl -
2 et g $AS Cusgems dul cuw (Perhexiline)
4 BAS dagie s lasentsly [V F] ad olhlews I (golaas
cot OleS g 500 o yns S L 0l)8l 0 Cusgems ()l
w251 CYP2D6  .cul odlidl 3l CYP2D6 lgic
Joie 05 ol wcwl U (20) pidglie 1> & cul
o okl WL a5 sl o)y jl Lawsy cisb pigilio
0 g delual glaolidy 55 plil L85 bs & 5 N
S50 5539 S i (29,15 592 S9) 2 AL S oo i)
S Gl jglaie 4y S e o 300 lo 4 [V F] cul
Al sl ygiste 51 S5 W (ol o 59 9 9l
oS Sy oleMbl sl (63,8 slacglys alawko ¢ S o
2 i 8l g)h Bpas jeo b bl 3 cul Sew
N Fr S Uy 2gbces w85 Hlai 5> dlse ()l
0l o)l S 4 sl Ful pas b gl wiy slacde
0SeegigSlo)ls sl 03gr pB] drwgs slaaie) I (S
Lagyls Gooly (59 2 (sl S5 Ml 13 ) 2 Jne
ol 2)lse Sl 5 gyl ot il dgu o] Gus 5
5y90 L33 yulipuo 53 &S Cunl (o3lamils (591> oy olasels a0
N o)y mone gl 93 (me3S S o0 )8 edlitul

Journal of Health and Biomedical Informatics 2023; 9(4): 209-229 AR


http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

03 0 lowd (o )93 NFe Yyl

S 3 S § 9 CeoV S oyl Al

byl e il hlan mar b slaosls asgezre
b oSl cpyite (s (gmsS) 9 olustdy syl 58
wmas baSs oS Jb > il ool degee 90
IV sl 1y eoly degazee 53y p0 d Slos oy s 5l (SO
Sl ) o0lils 93 G Bl ) WA o San o Xie
2o &y 5 00 S8 sl 550 (e (hlew Jlog)S S
Cawd il adld gy b)) lo)lre don y> a5 Jlow]
Coures p (diwe s ;ol Wdly Lis dgzg opl b .aizdls
onlily el iy Gngia sl cwl (e LSl
DY) sl powbe Jowe olhlew p

WS 103 51y 00,85]9 595 s Ao e g Altay
5l slodly degazme (0,87 o (gldiwd die G LB
Sipt w9 (SB) slaoly Jeld pa S5 ollen
(K-Nearest Neighbors) ¢ 5w w53 93 jl g 3L 0
Tbe ]+ (Gandiwd Como ) a5 4 9 153,S solizl KNN
S5 oh)Kea 4 Sharabiani [V] ausl caed 7Z0-/0Y 4
b o3 28 edgiome s slp (geelS e
So 5l mhae hgr wia)eSl cpl ol dswgi ()8l
ol 03903 oolaiwl (glalasnin LS L olady jby eile
s g o IWPC lea odliisl 5y90 (glodly dcgao
D8le 3 s S5 e 4K el 52t s,
)90 098 9 lalerdin (s s fS L latdy Jby
Sis oyt oeile Sl 4525 ey 5 5,5 B oy
ol 0kel Canddy ZEANY Como line b slalesdis 5,5 L
Jo g 10397 03,85 3551 (S a9 el gy (gl o0l 0] 3
Cal 0395 il S S 329 0355 3 B yo 0 03> dawss
VY] gy 45,55 3 5, i oS 5
iy 9SS 5es laygiS1s 156 V0] oy Sen 5 Rad
5l Camer K 9y » |, VKORCI 1639 G>A 5
W3)S (gyp B39 )bl oy cov &5 Sl Gllew
PY Loyt (duw (555kee b jloy A0 ol aslllae 590 Cme
Giagk onl wnt il Jo W Tagas uilly 5 Jl
3 58 Sloyd 593 41 Jomes olen 4 cud o 5l S
«ioR cnl aliie )15 Sl e o5 3L Cud 4 (18l
-y 58b pogad ) el S Ay b dleygls
» S Lol wpl CYP2CY o51) CYP2CY (o
¢!y VKORCL &5 Jls )3 wisb o op)Byly (ojlo ]
VKORCY g (.l gl aily y2als K cpualing 255 5L

o 4 pdy jod o Sgn | Glasgerme J Jae (nl &S
Bontempi [A] & o Jas g b 453> S b 2L
INR(International Normalized Ratio) b <
Slowr ol Copde lp $y9pe cjp S &5 wShy
G INR )50 aes Jdo S dalllan ol ] Siguegy3
O)lg) ead ooy olaitl sl pleyd 5 ploj jl (b lgis
Jio ol daha, gl g b5 e 1) (K g
o ol )b 51 (5999500 luws I odlitwl L INR Chiogs 4 )28
o2 oddciiog INR by Ol Chog 4 B g cul
Olis Jio GgnmlpndlS 53 (o0b5 €83 0 ) by, bl e
Gy (LIY) TNIY G (LoIN) Zel¥ () cono)] ol
Ols slys (V) JAIV G (73) 70 5l o golin] (glaygSl
b bagye oyl oy (%) ZVA 5 Lasye layiel)ly
&S ol Jol 213,00 oo doui ¢yl polie K el
yalb G a8l pgd p e oy 4 ]y INR caslgs
Gl Casl B A A8 (e By |y (e (p0des
biye ohlen ame 5 (Sojdgsd alyd L) 5o/ INR
[A] xS

Sl (29,5 65y e g2l o Sen 5 LU
sboysie dbml 3509) b cn)Bly 08,10 9> (eSS
lodly asgorme o 3 (PN pd SUSS L) blite
05,5 S il oolaiwl Dy90 (glodld degezme Midges Iyl a8l
(5B Sl 4y iy lamcped (it Lo a5 o ilews
b 3yiie (glapte Il 35 00l (5 yglaen (SleSild olStily
Mosine (Sl WS 9 LAD (g2 0puite ST el Sy
gy Sy e Mg o Jolis (P-ValUES-/-0) I, (gLl
blite lapaie JI355 M5 (sl 1) bt (S (wiine
P & Pl gy gy b 1y Sy b 50l sleiy
Higdise Ll e 5 50 S Shy L 5 03900 (2bj)
g3 Vb g bhwgie jo3 b (2laog)S 5 sl 0l aidle Jae
Joo jl e g Cumen ) ) o (pl g Sl 035 oo
e lodly degamo |l asly (60 3,Sles IWPC
Sy 7V D3gis Lawgio Jlaie b R? 4y wiuilys Jlog YYV
]

e S)Ble s L og)ly S Marais 5 Truda

S Bily 593 e sladle L) sl sl 2
8 adlas pl b drwg ddaie slrodly dsgeze
9 IWPC slaosly dcgammo )3 1y by 1o oy y500iiS g ol

YVY Journal of Health and Biomedical Informatics 2023; 9(4): 209-229


http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

Ol Sed 5 (§39ake

O ))ls adgl 593 Ll S wSu0gifoSlo, B Juke druwgi

58 5 ikesls 2V MOIWeek ix ool joo 4 oo pgd
095y Sl Jae 93 g Jlen a e jgd csim
Jio 39 IWPC sslitl 5yg0 (glodls degasmo b s i
TN o5 4 RMSE s MAE JLas 95 )0 (ol odlenin
Simgs > Cawl 4l 390 U IWPC & s 735
)bl lodly acgezme G [VY] e 4 Karaca
Grgleer SeBipt 5 S5 oSl Jold Sy Cmer
opiia S5 g )y Jos S b S bl el
5 BSA ye VKORCL (lacoby wss lsl
o wtee by i AOrtIC Valve Replacement
L Hemorrhagic ails &5 (ooly3l ;> aull wdg 590
!y MLR 5,55, 5l s 22316 Thromboembolic
U9y )5 ool ()B)l5 593 (eSS Jhe (yie e
Ol Jolis (glodls degormo p sie Lo oS Jladss byl
390 Candled gk cpl oAb dwslde idgr diged Verr
I, sdee Hemorrhagic «Blasl ails b il ool
&y MLR 51 [YY] ohSen 5 SANtOS sy asuis
olatwl (osp ghlew 5l 09,5 95 53 )il 593 (Smiin
P95 09,5 9 Jdo Clo (sl Lo AYY Lol Jgl 0,5 .50 8
iz (S92l o (omi)liel sl slon VTV Jols
OelSonl (o) dLEl wsyy S5yl BMI e
ol 031 drwgd iy yoS! Ll 0l edlatwl (SuB g sg
Couo jl b S pete (hin Cumer o9y 2 By
Some 53 s (al sl )55 52 IWPC s 5 5V
sl 039 5,353 IWPC 51 7V« 3500 R?
3 gy sy 3 51 VY] oliSan 5 Ismareel
5 (Least—squares Model) el ye oy 208" Jso p e
Onl)ly (Brae 590 ot Sl (Sohae (as el
3 odd gyglaes slaodls 69y p b se oyl 153,S eolatul
bysSh e sy il Jlesl cdbgly ley VYF
2 e SEiSle)l Ju bt s colig) o (b
slaJre ;50 5l 655, R Jlude ¢ g0 cd> 5l ANN
Loy ok 1)l ool il o yldy8 0 LSM e
5 Grossi .l il V¥ 1) olisl wess sladiges
ool b1y oyl)ly dise j93 e o2 [VO] oS
b M Jold) (K87 9 (b «SBlS 500 sl g
s S8 4 ,lew YVY I (VKORCL 4 CYP2CY
e &b bhwgi &5 ()l8)ly 593 A0l plosl oae

W] cwl a5 ©j90 iandd 5 Ss ollow 9) 2
590 ot sl s G V] o, Sen g Ayesh Vs
5 CYP2CO™2 sacobsy » e cu)b)ls Jlub
)5Sl dw zges &l VKORCL -1639 G>A
4 ekl Jloa Vo) (59) p ol 593 5 (Il (S5 B
3,8des 4305 w1 ys3l 93 5 IWPC (2,630l s a3 318
9 Slr oS gioLo)ls i poUl 3 Shas ol il (s g
Cawl 0395 +/¥D+ g MR Cii g & R? s MAE jLxo

sly oS, il Kol DA] olSes 5 Cho
ol (glo )" olilewr 51 (29,5 5> n)B)ly S92 (miie
&S Wl oo Hlow VYA 5l oladiged p Joiiio 09,5 oyl .didges
AL o s i oo 550,18 Y-V/0 INR 6L s
ol e b dulio IWPC dlex jl 059>l p2,65)]
multiple linear ) oysweds Jod omw)S, lwg
Joe MLR Jdos (6ly i Jols MLR(regression
slcoby; Body Weight Age  Jols it
) s sus ol VKORC1 1173 3 CYP2C9*3
R? Jlxo j> /00 woms iyt b dwliio ) Siagly ol
ol Jbs 4 D] ) Ken o Pavani .l ausls s
595 o, Vitamin K (K1, K2, K3) glgl 15U ol
«lx (Neuro-fuzzy) (gjlbg,s Jae o 5l xidg: 03,8l
OY 5350 £Y) jlows V10 .00 )S" olaiiol (43, 8)lg jod (siwr s
5,5 canid 4y adllao (! (gl Jlo VWV i 09,5 13 (05
(mean squared error) 4 sas sbu! (o539, Jdo L5
Gl 03ye [+ o+ ¥R 3905 MSE

2By gl 59 358 (s> 4 [Y+] ) \Sea s Hamberg
2 g0 edliwl INR o i sl cpiw a9y Sl
Bl b &S sl drwgs Il basre o )l38lp 5 SO ciias
9 039 o A b g (b amd 53 ) olaiedg)
Y oS lagiagh (oled S o (295 Olse 4 INR
555 9 (Sl Sl (S hg atwd 93y 51 63,5 (e L5 o)L
5 Sharabiani Ll s eslatwl o in Jie dawys <l
81 sl 02)B)lg 59 (e ) B> ey S VY] e
b (el yuxio 5l ookl & 37 pase Ladd a8 Woly slpiuiy &L
Relevance Vector ) jl eslawwl b olylew Tl sl o
Jol atws was KS& aws 90 4 RVM(Machine
Ao g >V MOIWEEK  jxy YU 595 4 a5 sl il jlows

Journal of Health and Biomedical Informatics 2023; 9(4): 209-229 VY


http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

03 0 lowd (o )93 NFe Yyl

S 3 S § 9 CeoV S oyl Al

MDR (Multifactor-Dimensionality Reduction)
Support ) 5 ANN(Artificial Neural Network)
Sllas jl Sy s [V ] azes SVM(Vector Machine
e &0 &y aSly 15 03> dnusgi pasiio 065l o
Slr &S plaghy) b a3l 6)l8le ) i G Ay 4
Sbyy Sedee a5 8 & )lly adgl jod (eSS
2 ol U s aiadgn lapn )l L )bl
Canle b cuslite 5 Cunl 48,5 g0 (Shg Ll 0jg>
G0yl Bua .l ol (gl pasid (glodly dsgeze
b g b asboe B g e 650k 3,Sag) St dasgi
Ol W5 w35 1) (Bpan (0)B)lg 593 Oliee VL B>
Syo Jinl g ooy ol ]y 9)ls Bpae (Sl 2)lse sl
Do 038 I Gleggy ol > sl ol 1y oo
b 9 ol Jlow (SuB) 9 SIS 903 (Gl sla S ks

D9 M0] Cuwlio (o yd

P9

231> dc o0

ol b e IWPC & slate olatwl 590 (glodly de gao
ol oL 5l o (Metadata) ool sl ol yen 45 dcgoxo
oSeegissle)s

gat http://www.pharmgkb.org/page/iwpc
g wges OVe+ Jols IWPC losls acgamo .l by
e Jse g0l il sl ond g pglaan 0 )8 oz 3 5528 4
Pl sl slodhy acgomme cpl g die oud 03 dmwg
slog,S 3l sad bl slaJse 51 (More Universal)
9 Famwy 09)5 ly odliul Jouily g 39 algh oo
pow S dalllas )3 &S (29)S 2)1 1) phlew Jl s Fegiie
SeMbl Jolis odly opl s Y Y oo San INR o
ol lp adel el (S8l Tses sl She
Primary Indication for Warfarin) i)l
Stable ) by Hub Sl ;40 (Treatment
Sy INR (Therapeutic Dose of Warfarin
) ol o 5l olesen edlizwl (Desired INR) Gua
bplS b was e il 1y INR aslis a8 ol ol

S5 bt g Sy g (Bly slajed LA (e
MO/WeEK cdls (cly aois o i s duuglio o puito
ol el cw & R2=4 /57 s MAE= Y/AS | >V
oz 15503 Giogsy aw b addllas cpl )3 00 gyl (2,
aly ohlew Lo d Ve adllae opl ol 0ud duslio IWPC
S cpyine lAo)d Ve dgas a5 5,8 gAbdlwd w)yd
ol 039y s 045 duslde Yo

Ot Sl piie dtwd 93 I [VE] oIS 5 Pavani
K Gty o BMI i e Jols (S5 5 (il
S3909 e & (SB) piie Vo g Mgy Cundy dowdly
dawgd Jdo 1100,S odlatw] e &b dies i S5
55 INR &S Slilews 5IZVE/D )31y o )l)lg 593 o0 o3l
Y0 3l i INR &S Shilew SIZAY/Y (gl opiman 9 Y 5
e 5 OZLANET .35y 03,5 iy (w4 Al
ol 93 (S Sln (nim eSS o )ly S I [VY]
2 e Ghgy v b ol Cnjm 3509, 38
By R? & clls e o 53,8 amlio (as g5
ol 4231 IWPC &y cnas VY dgu0 45 duwy /0
Jols cwiie 3l 4w [YA] o)Kea 4 Sharabiani
SaSed 5 Glatdy HBp Geme)S) wpte Ko Gem)S)
slp b)ly die jo> Gete lp ) (Sgas (as
Oge)S) Caleg 53 didges o3latnl (16 pel= 2l Bl () low:
bjlixe gly iy 4 AY/Y g VF/0Y polde b o jusio i
Hu s &l s ol Jse ol & MAE g RMSE
[V ohlSen g Sloyd (hagh alia oo [VA] ol)Sen
399 035 Jde Sy dmgd sl (Al sl Sy 5 Bo
oolitl o0 )5 653 35505y Ky e by
Sleb 05,5 S 5l diged DAY Jold (glosld degasmo W0,8
Gl s o)l ST (golaws 1 oolazwl y 0gMe Cuwl 0398
Bagging (slacsiiss jl 5L (iwbey Como 4 (ot
WOmoin B de den o 03,8 exlil wa VOLING
(MAE=0.210, o(F) = Bagged Voting
Bagged SVR , swaws ke L 0.357)
MAE Lk 4 (MAE=0.210, o(E) = 0.366)
Jb 93 olgic 4 S 0(E) s MAE Lis &, 0(E)

lagsjlo e 53 4 (ylal b idlo (680b (sl e
RF(Random Forest) Jols wsus 335 K o

YV¥ Journal of Health and Biomedical Informatics 2023; 9(4): 209-229


http://www.pharmgkb.org/page/iwpc
http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

Ol Sed 5 (§39ake

O ))ls adgl 593 Ll S wSu0gifoSlo, B Juke druwgi

S (29> Omoba Syl () Slb slaen 53l aliwse,
9 Llje aull & Woges dloul calisee (gladiw) > (b yia
LS 5o Ll Y5—¥a] wlazdls 551, by oS o ol oo
Ly SVR j| (ghiseus docll 5 aoy)ls oyl oles
LSSVR _Jse cos [¥5] Vandewalle 4 Suykens
Adbe SVR Gluje Jolis ases lon a5 ol Byme
cublB b SVR bl s 4 LSSVR 0,63
s g alal laclls sl cul 1 1) Vb (g pdypress
st 2l 5 el S 3 eslizad cllo 3 o
SVR jl gpglie g 5 gy LSSVR (plpls )5 oo 2595
«lyp LSSVR Ll Jdo g dals LSS )5 S

l

y=f(x)=zaiK(xi:x)+b (V)

i=1

2 sl dline Sy Caple 3)50 )3 (255 Gl 5 Al LI

3939 30 95 pslal (o BB Cps Oyge 4 K LS
YU olul b @ pis (slad G 4 cullsS Gl o ol

D9 o iy pi Oyge 4 (@ s @b j1,35)

k(x1,%2) =< @(x1). @(x3) >

sla,l8 ST > Gl (op e oylaen & al) o Sonds
Gl g

S yie Hoi> (135 (6K Cumdg ol pula (e
s5 3 VKORCL , CYP2CI(*1, *2, *3) S5
e S 639y9 lgis 4 joSde i (Sl pite i
Bras Ayl 593 mp ueST (295 9 A Al iy
A8bioe o))y

Oleady H12 2 gaw 5

(Support Vector Machine) jl eslacwl p31 (la Jlo 5
)90 Hlws [oloslall 598 (g pdyprens <l > &4 SVM
Sobyy (8% 1 So MY cwl oad gy xg
Support ) olge cov SVM jl glaseas opile (330
ol [P ¥0] cwl o34 SVR(Vector Regression
ly de3) 8 SESS S e 4 3l gl SESS
bt Sox 9 )0k @y s g (hd e (g5 Jluwe J>
SVR (elosuyly (silodinge b Sllyd coiono -l 038

Aol cand a4 as ptaw S5 I D g O oo e oS
bl 5l S il e dline Uad sladiges sl 1 o]
P byl B By p e xSl clapbll o
Jde [FY] cusl aodls 1 ol olesib i Sludy
Sk slad o (s Jie o4 (639)9 (sLab p> Jad e
dod Cudso (¢l cawlio dwd b Cbsl 03,5 0 ladye
IS dtd o sl Sle diwd p e sl )Nl

()

028 o)Ll 33,8 1 g FBgyme dtd &y (S p ) U 5
&b i mlgs cpl oo 50 [FA] Sloads o S8 Lo
a5k RBF(Radial Basis Function) L pwsls

ol Gl B &Y b
k(x,x;) = xTx ks

k(x,x;) = (axTx + b)4 Slales s

k(x,x;) = tanh(axx + b) 5905 s

k(Cx,x;) = exp(— llx; — xl/207)

(RBF) (gl (elas a1y &b

Journal of Health and Biomedical Informatics 2023; 9(4): 209-229 ALY


http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

03 0 lowd (o )93 NFe Yyl

S 3, o 9 oV S o ygl oo

3555 00 Lules in sl &y 13 Y=Y o5 5 INR
IWPC (slaald K0S 516 4 3459 51 L8 g0 Jol p5 o
& 2o SRy 085 2> sd)sS) 258 plxl IS dz WL
&S ol She gl o5 ko b oS NA olie dlias
wday pB 530S GBls )by 70+ 5 i NA 1olis s
Cipo & a5 Galig] 5 SIS 903 (slaald g b g
aSuie Cund g &S ob diw s (Slaysiw MAD IS (gaae
lodls o e dmodld 5315, L 3T A5 coles o )l
Gl &S sl 1S5 5 el 18l o o] 3,8 s 5 00ieS
Sl b Jos (Bl @50 4 (Siif glaald (9,5
Olod (150ke I s g (sla Shg oa oS plie (5Ll
ol g b oolaiw | do 5l oo i e 5 sloodly (gly 5 gt
85 plsl V# 455 SPSS ljdle 5 cov 03K

S 329 G Y

Pl s Shg jl slasgeomey; Gl an A
dw Jolis K cdls o glodls asgazme slo Sig ol
2 &8 M SBlS 903 9 uligh] (b sy Shy aws
Do oo 0l idio by Sho pled Clis> Fo V¥ ool
ol 0dal ¥ Jga 53 K15 900 sla Sy

Altie lp plitiale 4 dogi b J5)S 51 G yo anll
dl)., 6‘4.149-..\‘.> 6LQJJ)§ D ..\.a..tb|9> L.,‘_le.o u_aolb-
y4e (Discrete and Nominal) ew! g 4iwaws glaosls
Oygo & d]obb L;Lmd\.c%:gu C)'.’.‘ 09> ‘(ﬁ] » o9)4.c N VG,
onlpls g sod @jg pliS gusn lagygoil ol 2 Jloy
Oy 4 85 laodly sl lalarsin )5 a0yl 4
S d o] g a5 yolie Jold g Slonis xjei Jloy
elodls dsgasme (glyy o 95 5 b I s | s Lo
5Oy 09

2 deidie pololdsyo gy jladllae ol (ooloiiing 3,505,
By bl cwlie gla S iy gl el (55 56
sl el w4 Las (6:50L Jde pl aus cowlin
Sob Sy 5l i Sl b odleit o oyl slapls
o3 e )

05,5 325 S Lol e oolel alllas oyl (glyy &S g5
9 IWPC (closly ae gammo 3y55, OV« JS 51 Jlow 0-0Y

S5 905 (SS9 Y Jg>

(it 3]

RV v R PR PR gV [UVORES

&5 saiwd 5 ohlow gyleblbes leMbl ulul S5
ol aSlen Capogd

sl S 593 liee 3 e )9S S g & o=

Gl 0 03l Gislad ¥ Jgis

oS i 5> 45 Mk (g S Shy pgd dlwd
2 ol polie g 3sdo 5 Ly o S5y plas D

Guligd g T 59 Jgo

(o i) zadgs

S

B9 e 0303 slay 4y i )3 p)S o a4 & (59

oully Sleys 593

o polao by g s Joleo

% )R Cundy

el 045 S8 (2l sl ygiSh plo g A5 L Ly

Glp otrgs opl 2 &8ss (b gla Shy pow ated
Sasylon wwd oy 4 (Shy ol B > 5ady oy

YV5 Journal of Health and Biomedical Informatics 2023; 9(4): 209-229


http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

Ol Sed 5 (539ake

O ))ls adgl 593 Ll S wSu0sifoSlo, B Juko drawgi

( s Eesd )

cam gl | e

4

e sl sl b NA alie aS aless o5 s ol ‘

by B3 faS Slnsles - o8 aF _als Wt g
Bl e ALLESS LS el A0 s S i

L T e A S
ks om ol (Sas sl Jalae o

ik s e g Aoaie o8 il gl o pemamall

|

ilagdl, BT yalae

R R ]

S5 3 0T e ke by e
g L 1y gk

‘ ot a3 usle Gt s oadial yalée

1

Lo T 549 wrloniit o gls

= = = )]
g = = +
3 E & )
T = £ >
IO (¥ |}
& .

- G
¥ 3 & b
= o ¥ ¥
=

| G i il s Jlecl |
(- T (- T (- T (- T

| l l l

| Usi (slasslasoe Susblio |
-~
| L (o5 33 ds gommo s 2 2R bl |

rnlio I3 55 ST (o 5 3 g Sl

| Lo a8 csla sinloly (oo salsse |

L

L oalicka sl (oS S aSlac (ot e 3 SIUT
aTan 3ty B B FssisnS B = ssialm

l

| sl eala ampomma b ceslin (18 ol |

eF Sl (sl s 3953 Ciae 3T 9 LS eeT

[ toa1 =te m2 o msts s i s |

1

i slaiel M eoslbaiul b (o5 59 Sl o
10-fold  jotas.

L

[Test set | Training Set |

|Training Set | Test Set |

1

‘ Ry 15 e G eaT ‘

D BaF L ol 0315 amuusd ol Uowe 3 ostataml
CraolEls aglal iless b3s Crtesui e
a3 ] e LSSy s T il
M AE . R2

, L

( S taiiay (5551 st Sy )

(Sl 3,509, (S3b o153 Y U3

Journal of Health and Biomedical Informatics 2023; 9(4): 209-229



http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

03 0 lowd (o )93 NFe Yyl

S 3, o 9 oV S o ygl oo

b B T hg:F Joo

oy

<9

(SIS (lons g2y Sl oo ()low (5 HLid oyt (552 Dol (g0 30 (55lons
(S350 s 3yl iz 18 C il B ailn ay] dyis dunS S e oo 6 o

Ol liwg gy ) 0 985 S o)

La’d-l“'i)l%’. W‘L}iondf‘j'md)l&ﬁ WJ) al)w dlﬁ’d)%
(Sslons iz b 5 sl Mo

S S 9,8 B9y Slent sl oMl 1yl azyd s (B Sl Lol
o)l e omalegy (olo)l Mond SliS co olay T glasy s dw Q”ﬂ o)l “Q”ﬂ
Y g5 )b By (ol golom e o (sl o Sy ol ol 88

5 oM 5 s s

b

Aspirin, Acetaminophen, Was Dose of Acetaminophen >1300mg/day,
Simvastatin, Atorvastatin, Fluvastatin, Pravastatin, osuvastatin,
Cerivastatin, Amiodarone, Carbamazepine, Phenytoin, Rifampin,
Sulfonamide  Antibiotics,  Macrolide  Antibiotics  including
erythromycin, azithromycin, and clarithromycin, Herbal Medications,
Vitamins and Supplements including garlic, ginseng, danshen,
donguai, vitamins, zinc, iron, magnesium.

LQ9)‘.> A_Q)JAA

ontily gloyd (gl (g a8 ™

Dy (glodts cud Yo b g 13l o Ban INR jlude Joleo 4a INR

g polao by gy Joleo

gy 2)B)lg 50k 590 4 lews
Vo 5,155 Sley 93 INR

1 - aortic stenosis

2 - trivalve aortic regurgitation

3 - dilated left ventricle

4 - rheumatic mitral insufficiency

5 - heart failure

6 - artery occlusion

7- status post mitral valve replacement

8 - Indication for Warfarin Treatment

9 - Subject Reached Stable Dose of Warfarin

10- INR on Reported Therapeutic Dose of Warfarin

clacun] il laollivlejl &S cul sl oje>
o 51759923231 il 51 4 3555 by |, VKORCL
Qg cmod wb dslllas pl 15000 S eolaiw] D950 (sl
] VKORCL 1 (slaiygin oy 5 5 b odliz
5 oolil b NA slaakd slie 5 bl 159923231
wlie (ol d9d e RACE (S 5 S0 laceinl
) oasls a5l e oS58 0asls 05 Tgas ol 5y oS

Al ol 5l w95 S

8loo uligi] sl Sy wal whe sl &5 p ko did
LS GlSS con asiie D Joi» j 45 locen
il pai> VKORCL Ll el i, CYP2C9
20l 0dkiaS polie g 05 OBl uligs (S omes Oy
eebsl b Shy clp b walss p nj scled ol
o S o 3 18] ooy Ml ppmpeS i

If Race is not “Black or African American” or “Missing or Mixed Race” and rs2359612="C/C’ then impute

1s9923231="G/G’

YA Journal of Health and Biomedical Informatics 2023; 9(4): 209-229


http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

Ol Sed 5 (539ake

O ))ls adgl 593 Ll S wSu0sifoSlo, B Juko drawgi

oligi G S5 10 Jou>

< 9

ﬁb&n

CYP2C9 clcaiss

*1, %2, *3, *4, *5, *6, *7, *8, *9, *10, *11, *12, *13 or

NA

VKORC1 -1639 G>A (3673), rs9923231, G/A

VKORC1 497T>G (5808), rs2884737, AIC
VKORC1 1173 C>T (6484), rs9934438, A/G
VKORC1 1542G>C (6853), rs8050894, C/G
VKORC1 3730 G>A (9041), 1s7294, AIG
VKORC1 2255C>T (7566), rs2359612, A/G
VKORCL1 -4451 C>A (861), rs17880887, A/C

A/A, AIG, G/G or NA

G/G, G/T, T/T or NA
CIC, CIT, T/IT or NA
CIC, C/G, G/G or NA
A/A, AlG, G/G or NA

C/IC, C/T, TIT or NA
A/A, AIC, C/C or NA

F e Blo b ey o b glalas (Shy bl
bog gl Gl Shy S5 S5 5 g slaassere
bl canl 4S5 )13 (ytoxiw 3)90 (lidy Jlop Ggee)S)
9 SRy degeman) (e O Jold Jold oaidgy (o)
o Sily apslxe Cibll froren o Jao QL (Ll
P & @b SRV 97 Joio o bl el (Shy S
GhY (29)5 Silwding 9 Jly )l sl oSl sl 2]

D95 o odnlie sl ool Cawday

sbad o 1) goine & by 0 (Shy Sl gl SUSS
n.A...Su.o g,us).» J._\.o ul.’xu] 5 uf).»9 AS goSxe y § OIS adlsl
sl o (Backward Elimination vz ,sJl) saiss
o 3l g (3 (295 g3l a9 Iy wi2)sN) oyl 6
oS ws ool Relief oo oSl 5 s 1 e (clai 63
B S5y acgeme ol 163 0 A 5 Y 5 Jols
,5 ¢l Backward Elimination g, 55 .cuwl sanlie

Jls (53 550 brnssi o il SS9 F g

Comwia> (EThNiCity) Cuesd (RACE) 3135 ¢y
(Gender)

&tﬁ‘;yb

Amiodarone, Acetaminophen or Paracetamol
(Tylenol), Cerivastatin (Baycol), Aspirin,
Atrovastatin,  Fluvastatin, Lovavastatin,
Pravastatin, Rosavastatin, Carbamazepine,
Sulfonamide, Antifungal, Herbal medications,

Lm)sl.\ g.S)..a.n

INR on therapeutic dose, Indication for drug c%_
treatment <
Congestive heart failure, Valve replacement 1 e 9ie b sy
ol 3
Subject reached to stable dose b S5y ple
CYP2C9 el

Db ol b S

2955 (53wdinre v oS g &8 Lla Shg bl )
z!5! PSO (Particle Swarm Optimization) cl,

Sloyld By as degasmoy 50 03)5 o G d Wloa i

Journal of Health and Biomedical Informatics 2023; 9(4): 209-229 ALY


http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

03 0 lowd (o )93 NFe Yyl

S 3, o 9 oV S o ygl oo

PSO ok jg)! bawgi oaud gl ySciuw! gl S92 g

Camia (EthniCity) cuegs (Age) oo
(Gender)

&S\:é‘;,oa

Amiodarone, Acetaminophen or
Paracetamol (Tylenol), Cerivastatin
(Baycol), Aspirin, Atrovastatin,
Fluvastatin, Lovavastatin,
Pravastatin, Rosavastatin,
Carbamazepine, Sulfonamide,
Antifungal, Herbal medications, INR
on therapeutic dose

L’b)9l.) d)m

Gl

Congestive heart failure, Valve
replacement

ol ©5eta | e

029 ) ol (jg 5

b S5y ple

CYP2C9, VKORC1

g

bw g dS oo Shedeldl it & Cocnl B b Sy
opl 9 s Tosel A Jodo jd i wlswsl Relief w65
9043 Lolwl 5 >l Jesl b kiye gl S5 (o)
Byas jl o g dioly a5 pl dy dogi b &S wlowiis Gl
ahis Gl oyl oyl 35 Baye 5 ol lem & ol

ey oo i 4y e

S Shy (BFp s db gV o7 Jp> 9> 4 S
zlme | gla S 0 Jbe olgie 4 Cuw | dgpuiin ow ol
Target WVKORC 5 59 Jlg pioyoN b wwgs o5
2 S35 w2 PSO 0,68l b wgs ¢ o is INR
Subject reached to stable .Target INR o3 ,Ls
ol OB s ks bl BBt 4 oo 4walis LS dose

Relief i ;9N bawgi sud gl Svml g Sig A Jguo

153 (Ethnicity) cuess (Age) o

(Gender) cuwis (Race) Sl ,5 900
Indication for drug treatment,
Acetaminophen  or  Paracetamol o, 9l> b puno

(Tylenol),  Aspirin,  Atrovastatin,
Carbamazepine, Phenytin, Antifungal,
Herbal medications

8 Mt b b

P9 6K iyj9 3

b S5y plo ﬁ_

CYP2C9, VKORC1

s

mbhl S Lo (g gmals 5,554, )0 b edlaiwl diej ol
Jol daw )3 391 ficalio (sl Shg bl ol (o 93
5 Vol el sbgisly B Gl Shy asgene
S slon (P92 6 Cumdy gl ol s ol
&S g cpl a4 ool po b g cobd wile (glaie;
zdaw p lxol Backward Elimination ¢35l cul cov
SaShy asseme i ol J Koy So 4 gayb VL
degecne (nl 3929 ST (A (03T Aol (yloxiw g (bl

Sowess Jae b ol )0 odidgy 5,50g, S LB o l:a(j
Slawbro )b 0,9, oyl Gl (S &S dx ST 0 odocw
8y jgiS 1o Coonl 4y an g b Lol sl dzily ol yors &y (g iy
Gpas b Copw laygSh & Cans e Cowo g
OBl AT)8 )3 oy o Ha5 4y dlaie dstolue ) caladls
oy lawastie (a5 il o0 g (6,5500l8 3,00, 3l v ( S
2 alde SYlie 455 o0 o (S5 Jdod g 4o Al )2

AR Journal of Health and Biomedical Informatics 2023; 9(4): 209-229


http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

Ol Sed 5 (539ake

O ))ls adgl 593 Ll S wSu0sifoSlo, B Juko drawgi

e ysie 03,5 o pbul LSSVR i lnl 51 eslazal
Jys 4 gde MAE (il a4 e plidls oS
h el S1as obal Ll Jie slp 629)9 layalil
g o o Ll S 5y 1) 3550 Ylatn] b A Sgup

awily oS5 1y )] o dgao |y s i sl la S
25 SRy il o pgd gaw )3 4 pgd daw )l
gl b 6y Jl e ) K asgamme () asgecne
Cute y3U b azily, Backward Elimination 31yl

Ll ol 35,8 b)) )yl 590 35505 50 bl Liie b

B S5y Blitre gasgomzoy; (Ul 9 dmmlio 1A Joun

MAE RMSE R? b Sig a8gem0
- [-YAOY¥ -[-¥a00Y -[5YYEN o S3g plod yois
<[-YAb-¥ S[YRAVY L [EYAYY B oles 5 o) SIS jean pie (39 (5w 5 alig) 9 (L lo Shy s>
o[+YAN <[+YASYA < IEYAYS B olse jais pae (b g o9y MBI 5 ulis 5 b slo Sy jaas
<IYASOF S[F5VY < [EXYOY oy MY jaas pae ( B 15 )les 5 ulisi 5 b sl Shg el

b Sh il ool clo oo bais degormop cul culS &S
0 ot Jlha g dw i)y wls @ dogh b g Bl
I Pt 2o OIS dsgermeyj (o5 4 oo kS
il ol ) (g () K (Shg LSl (B 0)lse
Ao Cubd e o AWlIS LS g 0)lu ise W50
ot e & 5 eSS Caly ol ISyt

A i3S b Sy jl s gecme

5l oolainl dgus o oaaline A Jodo jd &S glawslis yolwl p
J b nlple o)l olyon 4 (55 @i b Sy den
egenans S Gl b e > 3pd Gio Sk
ol ol 9995 0o (55 dom 4 i o 29)b SIBLG
@l G SRy ol Ml g edges s |y dsgecnay;
0Pilos S Sy pled jpa )8 Sbl ) by ol
oo ol den Gls b cpe o Lol it canlio po (8
JB& e 3 e 1 (pl Ll a5 iS oo dgu0 | Ao

lighy 9 (L Bl 5 900 S Sig lod w5 1)+ Jga

Commnis> ‘%995 &D,‘}‘J O

‘S.,'é‘)fgob

Amiodarone, Acetaminophen or
Paracetamol (Tylenol), Cerivastatin
(Baycol), Aspirin, Indication for drug
treatment

gl (8 o

Congestive heart failure, Valve
replacement

Gl

Subject reached .Target INR «ubs (59 13
INR on reported .o stable dose
therapeutic dose

b Shy plo

CYP2C9, VKORC1

9]

@ lidy geySy Jre bawg nyl)ly adgl je3 @l
gl o Sy asgere I Sy o (gl aBlie )50
odnline joSie zuls VY Jodo ;0 .0 Malgd 03] paesd ol

g0

a4 ol Jae sl gl Ve Jse o Shy S
5 b8 Clodl 4 g b yuiite QL] gl aduls .as a8 S
Jae bl e Ll g Slidos 0jes ol alde
lelid e laite Sy ol dlye s (solesig
‘653‘)1“" 2 szy cowlio L;Lmufj” ol )’l TR SR W

Journal of Health and Biomedical Informatics 2023; 9(4): 209-229 Yy


http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

03 0 lowd (o )93 NFe Yyl

S 3, o 9 oV S o ygl oo

w98 5,5 s e LSSVR lawgi adgl 595 cmmodd 45 iglitio o gl il (g S519 dacgeme (5l gl dmulio 1YY Joua

MSE RMSE MAE B S5 g 45 gm0
o[+¥ D) NARAN A% <[NOADY NN WOA
NARYVLL +/¥YA3A < IYSVYY - [BYSA PSO
-[+a3ayyY NI ALY <IVEIYY < /BAY Relief
o[+ \YYAY Ninre AR -[$¥OY Backward Elimination ,, e ool 3,54,

e 4 (5l ST 2 5l Gl e gl b AL e
oozl 043 g3l pased Jdo ol b S5 0 aily )
My owile 639, Jowle 38les 4 drg b 905
bl oleiuiy s 31yl 0yl adgl 593 (e > sty
My odle slaby) g calio 5551 gy Jao S
g2 algd il

Lasly g3l by

«ojb d‘)b Lm‘_,’f).,9 cslosls AS gosxe 6‘9:7“’ 4 d>g b
Sl 2 2 Sy 2 b Alis pen it (Jglite
@ LSy 0jg slaiell (58,5 5lai 4 g L) nie
2 ok (s b Jlosl gl 5,8 anlyss wSaio 95
Sy Joy [0,1] o3t

5 ozl P il Jloys el ¥ aloles jl adllas ) 5o
ol > alie OYe o (lpidyy B9y dulie &5 (] (sl
iyl e 93 5l opdy ©igo Sl ji Sy oje>
Uiyl slp ol ool b yings e 3 a5 R? g MAE
D0 4 590 (pmest 4y adlllas pl > e dldlud eolatwl gols
cdb opl bl lajlne b dag (G )S) g Aty

i — fGx))?

R —square =1 — —
i —¥)?

ol Lol (1 Silo o2 Y

1 m
MAE:—E D — v
mlllyl vil

=

OB Cuadbo L cuwlie iS5 &b ! Seiwl-Y
Ao

5 o5 da i ) slial > Blue g5kl S
ol 2 il S 390 s sl quolio S oy
Dg Cbsl glodly degaze caslio iy U Al aw aslllas
S opl @ dog L &S sl ol gl nl Gl gl 4008
Coplo (Golis 4 5 Glb 42) L Shy jl oobj Lo
Glalertin s dnS Coplo b ol S )l At
250L Hogy SO 4 mas 5,8 adas

Sl g e Ghaghy ool oS el S
u.uL.ul » &S ol 0dgs Ul"'“'“'“" )‘b).g L)"'“’L’ C)l:u).o JB‘.\;-
ils gy plo 4 Cond g0 3)SMes IWPC adles

IWPC 54590 B3y gudate ol Olswsl 5,8 .l

r_ P — Pmin
p_—

Pmax — Pmin

Pl 2,585 sl e o Lt Joole F(Xi) cpll sl g o8

@)

YYY Journal of Health and Biomedical Informatics 2023; 9(4): 209-229


http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

Ol Sed 5 (539ake

O ))ls adgl 593 Ll S wSu0sifoSlo, B Juko drawgi

overprediction e ,ls> (SVR osas 4) SVR
ol &S Fhse 5 b gas Glpal il s 5l Sloads
sanlin oS s LSSVR Jlges 5 5k 5 Gl
slapasls I (S olpe « R? Lasls gy 0 g
sl piie (poliol |y sl yusite (o ey )95 ¢ Jde 510
w3l jui /8 5 pasle oyl e (1 e e LS Jite
Oy Slauslyy (ool s U Jdtume (sl pusio dad o lis
Mged & S pl g egMe LA s 1) dtusly yusie
9 ol 393 s oa She JS5 s sl pl Syt
Ohgy 4w WY Joda )3 Canl pasiiie ol (Same)S) (o)
auslis o2 LR? s MAE MSE JLas d ol 51 yo5ia
wldie (63,8os Jsl (g5 93 Conl asudio &S (limen 503
oy sline 93 53 (had (1g00)S ) 45 Sl (pl b kils o
Slgie s 150 LSSVR (gilodnss zols Lol el 03,8

Jli> a5uus gip pogad 13 by, 9 dlge 5w 5> o
lajle aabl y3 b Gty by gme)S) Sluye

B 5 il sla 5,5 §) oolisial b LSSVR g jlutanss
)5 )8 dulie 5)90 cuslio

295 Ti 5 obigel sladiges slas M dly (295 Y oS
Al g0 645 0y

S jwdaes S -0

10 ) cglie b Ve Lwgio (ggy 5l ol Cowd & gl
ol 003 aule a5l (fOId cross validation
A8 alie Slallas gulis b odel Conddy gols duslie !y
Jbo adsl ygefl 5 (rwone Cap b Jos Cpso 93 4
bl laype Sl plasidy o Gge)S) 32 (oo (sl
59 b oS poye S5 3 e LSSVR (s gl
)5 ) 4 0jer cpl Clidos S ) & (egwpe by,
ol b bl 530 (i9m)S5 9 (S Gge)S) (S WA
D-V(8) JSb 3 oy 4 daldl 3 b dnlie g b)S
sy 31 o3zl b 93 (e55 s 0-1(C) 5 0-1(b)
Sl iy )1 (g5 5 9 Gty S g5y (S
Oz Sy 3l am plesidy o gaeySy b saalie Slayye
sl 0392 035 cul 3 3,08y Loy (slaisy g3 s
@l 5 ks L9y 9 plSgtn ¥ b S5 )3 &Sl o
» RZ Jlages a0 51l cugy LB oa ) 99 (nl (a5
bt (g Sy oS Cunl pasiiin 053 dagi VS A

©laye JBlas Gl )1 g )55 9 Glwindy J1352 O9aws5) (S a5y 98N] A Gty B3 dmglie VY Jgaa

R? MAE MSE ov9)
-[bsaa¥ <[+ APAYY o b e )S)
< [00F¥Y <YAYY ooy wsS < L SVR
[S¥SOY R XV efeey =55 4ma L LSSVR

S b s duwle (eSS bg, b sl oo 30 (INterval
Obzebl dlold oyl gl Jlos! 538> ¢ pail (W Sidww gy
oA 035 (e5S willy 5 (295 bl dpsly el
95 Sbe L) anely (:Sle yiall ede Al
&y ol Cundey Jliselol alold )3 a5 ol /- ARDAD (4t
2o B (W Jgaz o Cl g ulsl ) (onleby g,
dasi g0 4 o2 (DNN) Gros ras 4 slajal)ly
AR M)}ij‘ )‘)&? JlJJU a\" LQJ’LA) .)‘..\x.} ‘\A Lmdb5)9
09590l w20 g oo ¥ Uaiel 53 cageSiw Lo leb b
MLP ae K5 0 ud a5 Jlas > Jo3s (bal)S oo
aS Nad a3)lde Gygo pl A byl pa odd edlaisl
Ve oy sl iy 4 a5 Y 93 VA agdg)g dluss

Sk pureline ¢ 10gsig jlo Jé wlg wd Ciyes Ve g

@l gy @S SR L by ol dulie JUS 5
duglio A duglie IS5 L or il lafi)S (e
Il oad qawyy VY g WY Al Jous 90 )0 (gilwand puls
S i LLSSVR ol (655l b 35 (0035 ol
oS @l g 9 A5 el g dullie VT Jguo 5> il
2 xSk Uy 9 b odleidng ByS e 2 e
(Gros x5k sl g (sotas (as SaSid ol
o5 cnl sbimgn 5> Lol L)l B3 650k cunle oS
A dmolie b LS AT S A il bwy Wle o2
MAEHD ; MAEMD MAELD & s ol o
busgio oS 59> Sl aw (gl s (3llae )15 (1 SSbo o5 40
oobol g ez polde awslio p ogMe il e OLj
95% Confidence )  jlucb! alols S (545 (slojlre

Journal of Health and Biomedical Informatics 2023; 9(4): 209-229 Yy


https://parsmodir.com/statistics/gfi.php
http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

03 0 lowd (o )93 NFe Yyl

S 3, o 9 oV S o ygl oo

G Sy ol lodhy acgaze Gy ST pgd Lisw
e S x5l e S sl g 5 i dienS
Acgesme Cudly dimlgd ¢y 3 Sles (lalersin 5 a3
W lodol Cowd W) Jots plhe &8 Ll by Sio
g o 0l pa b oyl LAt diiog Dy90 O g A D90
st RBF b (dleogey slo iy j) S g5 cnl gl oS
4l lalessis 4 o5 ool ERBF a4 31 .l ons

A g |y luebl alold culgs Lol el

Test Data R = 0.56994

Outputs

Targets

ASE = 0.011544, RMSE = 0.10744

pn=0.01719, c = 0.1062

40
_ 30
)
20
)
10
) 0 L
0 100 200 300 400 -0.5 0 0.5 1
Test Data R2 = 0.55643
‘ 1
| | | Outputs
| | ‘1‘ Targets 05
1‘ ‘ I o
) 0
) -0.5
0 200 400 600 -0.5 0 0.5 1
MVISE = 0.031968, RMSE = 0.1788 1 =0.13446, c = 0.11797
. 40
» 30
)
20
)
10
) 0
0 200 400 600 -0.5 0 0.5 1

Levenberg-Marquardt s;sel oo o 43,3

NVEWIPUESTR SRR PR G K S DR W S P Pt
Slalor 2z S 258 00 0alia)V Join )3 &5 obolen
w3 a1, 720 oleb] dlols Sy s 4545
plisabl alols gy i ey g 45 Sl
B skl dols Ll o)y Sligran )03 gy S b
e CB oxad il oSl Ko gy 3l eSS oolpiiin
dor pepad 0 &5 (6,0 4S5l (o3t i)
o0l gylas Gl dy dn gl b aS Cuwl (ol 0l 3939 VY ol

Test Data R2 = 0.64652

Outputs
Targets

).0012376, RMSE = 0.035179

0 0.1 0.2 0.3 0.4

p =-0.0025252, ¢ = 0.035119

60
40
20
0
200 400 600 -0.2

&l s gy g o )5 guud g &'b“b}i o3y e s gy 13900 g (RBlg g 0 03 (e o590 M}QU? Y JSSS
S J3S5 4 (C) Clayye JBlas Gluidy 41250 (9w s5 5 9 (D) el 105 (yamw )55 d@) oS ygmwr 5 5

YY¥ Journal of Health and Biomedical Informatics 2023; 9(4): 209-229


http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

Ol Sed 5 (539ake

O ))ls adgl 593 Ll S wSu0sifoSlo, B Juko drawgi

Awd S5 pd 9 03)S Jos gt (KD diwd 90 0 b g Milaily
) s ettsatod pl b s 3 063, Jas canlisl
DNN 1] o s 4 68w (slajed (ly ) opwoess Jbo )
Hr o DNN o 51l o 5Slas I 5k &
St gy ) B SIS Wl 05 e g ol
oids Cl st a2 b 1) ekl dlols o 1 ol
ol b caily 6y b 5,Slas MLP  Llie )5 s e
@iy (o) @ S (29S slaylne ST 0 92y
I slole sas giluoly o5 obaghy) g Flhes
«S LSSVR 4 DNN MLP SVR ( L3 (4,5,
58S (lasens Lingbs 5 05 Jols LSSVR | aoes oy yiag
03,5 )] (s yia gesl el ok ooliul (dlales iz S
@l b ol e ol amlie (gan Jibos .l
b o5 g9 b [FNVD-0YV] 5 IWPC cldlas
» Shasl Iy & aYlie p) Cbal cle cé 5 @)
S5 0 awslie pls! o IWPC (glosly dcgomme 3 oslatal

O3S (ealiday Jde &S ol (] VW i 300 iSO
(s Al (oolio 3)Skos 3L 9 o5 sbajed (ilew sl 59
;' 1, Total MAE ioes ¢ MAEHD § MAELD
38es dgie il 5 Cunl 03] (30055 Fowlio lasly) ol
I pae bawgie 593 diwd (ly Jdo (295 Lol el dggiie
5,Slas Solis ) a8 il oas g, (K03 ool
S Cusl $y9p8 4S5l S5 Cun drgs JB g g
Caple b 5 gg Sy Jio S, bag? 53 (5055 Ataus Lul
aw JYo il S cdds o Ll wwl a8 )S Ojan diwgy
3 (ST 5 >V Lt (2 ) MQ) o5 &, 395 3,5 4
» @iy Jio (Friwcons 5 b))l Cax (2 ¥]) 0L;
) dejls hlen | Blike atws aw (dly jod (e
crl g ol 039y (35 b Lawgio b o5 jo3 @ Wiejls (lilew:
dlox ) o))ly 0je> Slasios oales Ly 1y gupmnd
M Hlis Oldllas jgye Slodly plsl wb pouw puiS adlllas
Jos 033 Lawgio 5 05 (sjgd 0e55 5 Mia bS5
> Sas plyly (YL polie ez o Lol fled,S

g o Al g S s dSui g ERBF (RBF ¢ glaloa N ¢ bd sB5)S »1 oo LSSVR iy C35 duglie VY Jouts
4yl 595 (oS 43 (dres

Total

MAE MAELD MAEMD MAEHD RMSE R? Ci eSS (399
A-YYY A ¥Y £1axys \Y/OASE \RAYZ22 - FEAVY <IARQNVA — LSSVR(ERBF)
- [ABYFA
AIYAYY AJEYYY £I0VAY NZA%85 W/ \ovY - [500YVY <[AYEA— LSSVR(RBF)
- [AOSAY
AJYYN AJAYFD SIFVY VIV VAR < [SOYYA A LSSVR(Linear)
RN 1%
AL -¥YY AIYEE FINSSY NZANAR V- /EAVY - [SEAYY [ ASEAY — LSSVR(Poly)
-[earysY
AY¥YY Y/VaNY \ARNYZ NAZE\S A S[fo¥ SJASY — Y cghae (as 450
(MLP)
oIFY\S Y/ ASY FIVE Y o/ovsY W/AYYa JFOVY o[oAAY — ./.qaY s smas 45w
(DNN)

Sonde o) ol dLily dgupg aian 3 )5 Lo </OA VY] 24
P pS ke ) by oae ing 99 sl gleys sllas o
ool g0 alie ik 90 b dwslie o J)le & bl o aan
Ol 359y Cunl drde dmistn sajlire dgit0 w2 0jg>
2y &S Cuol 00 duslie pa ol 590 gy b cpinpd )

sly ol (ho) sl dgpiie VY Jgio 5l &S liren
iy Jdo 5l 6 piag 3 )8des (n)Bly (Sloys sl 593 (e
IV g3 5, Sae 39y oyl Sl aily IWPC Ly o
13 4Sa) yas s 42lS 5 )5 ol o3 5l atin 5 p,5 LLue
03,5 oslizwl IWPC jl &S oa imghy o pdds b dulds

Journal of Health and Biomedical Informatics 2023; 9(4): 209-229 YO


http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

03 0 lowd (o )93 NFe Yyl

S 3, o 9 oV S o ygl oo

(oS (g ydeed ¥ IS aad o i w4 1y Culig
y pame b Juo slad 89, 5 pl)S gd (e oo
5 oSee5isSloyl8 0,505 95 o8 VO Jodo > w3 e LS
P s Wad dulie wa b b jlas jloa olul p (b

ol gpie puSsag3jeS Loyl Jao

5168 ol o o3lizal o ol gudlgy 3950 jline 50
e 4y eylos oolaiwl Sy g adb sloodly uin g0 2
Sl 3 Lwly (e )3 allge ol 9 gt b 5l g
b ool SeogisSloyle Juo (o s Juloo i
& 0 duglie sl b o Sh bpo Jold & Jio
Slopiie jpin ple b g a5 530 awlie () ile

5,59, 9 [V YD+ OY] ao dWPCIP] slaJue b dunlio )3 (sdloinbon (w9 (ot it Como dunlBio 1 F Jgun
Pt i) 09,5 (613 CuU 90

R? RMSE MAE la 39,
N V/FF A ooloidy o,
<Y - AA IWPC
- - A,OA (W] &so Jto
-Jo¥ -/ [0V e J2o
<[¥A - A [0+] ae Jso
A (sin 3 p)5 (o VB) ol 593 2,509,

Su09i595 o)l 5 (Sl Jobo 95 (S (i Comio Ao 110 Jou

2 A
R MAE RMSE MSE o995
150 -[-YO0P¥ R ofeey ERINH
/oY o[ -YOAY +[-¥0 ofee¥ u.JL
Test Data R2 = 0.53837
0.4 0.4
Outputs
0.3 Targets
L) ly 1T 101
.20 || bl l (UL
L T e
O b [ i | i
0.1 "‘
ull Il Al 4L R LR
0
0 200 400 600 0.4

MSE = 0.0021106, RMSE = 0.045941

0.6
0.4r 1
0.2
0
-0.2
0 200 400 600

p = 0.0032521, ¢ = 0.045872

60

b (6 (555 yianr] 23Lw] b Und gy 9 (wiulo; (g20315 (paosi (b 29 )3 H15905 ¢ 2Bl g 0uND B3} (medT (SLBj9d Simmed sIUT Y S

YYS Journal of Health and Biomedical Informatics 2023; 9(4): 209-229


http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

Ol Sed 5 (539ake

O ))ls adgl 593 Ll S wSu0sifoSlo, B Juko drawgi

pian (gl Nz 3o g dg 0 (Byme (3)l)ly poses puiS
&l g mlio gult 4" Wb duslio )8 ls 590 e 09>
SeBieSleyls Jao m R0 Jlod g dwlie G )S
@ & 85 Gigo wp e Gk by ool
bl 1 (S5 0009 puSsngijos o)l (ol Jae 550 5l S
JB i 390 G Slosingh g Llgi o & s
plml Liaghy (nl )3 dgrge Slacudgioe b 4 53,8
015 (gl g ol 5, Sy sl g bl sl ot
Sluolee diojlo ByS cpl iy Cowl 0399 (glodly de gasro
Oibot opl ploul sliwly j3 g dnles d)Lo] o Sl
oepad 4 (S oje el b odasie el oluls
s IS n ghsjle b5 3She 35y 9 b ypaase
Obles 4 oyl)ly 59yl )18 51 sy i oS bl
S olps 4 Slgiee e onl @l Wil by (5

D530 )8 Shye cpl HLad) > dwess (g0, 15

&8l o,
ol LBl 3935 (28lo DT g5 zun ol adllas jo

References

1. Xu R, Wang Q. A semi-supervised approach to
extract pharmacogenomics-specific drug—gene pairs
from biomedical literature for personalized medicine.
Journal of Biomedical Informatics 2013;46(4):585-93.
https://doi.org/10.1016/j.jbi.2013.04.001

2. Fernald GH, Capriotti E, Daneshjou R, Karczewski
KJ, Altman RB. Bioinformatics challenges for
personalized medicine. Bioinformatics
2011;27(13):1741-8.
https://doi.org/10.1093/bioinformatics/btr295

3. Karczewski KJ, Daneshjou R, Altman RB. Chapter 7:
pharmacogenomics. PL0oS Computational Biology
2012;8(12):e1002817.
https://doi.org/10.1371/journal.pcbi.1002817

4. Wagner MJ. Pharmacogenetics and personal
genomes. Personalized Medicine 2009;6(6):643-52.

5. Godman B, Finlayson AE, Cheema PK, Zebedin-
Brandl E, Gutiérrez-lbarluzea 1, Jones J, et al.
Personalizing health care: feasibility and future
implications. BMC Medicine 2013;11:1-23.

6. International Warfarin Pharmacogenetics
Consortium; Klein TE, Altman RB, Eriksson N, Gage
BF, Kimmel SE, et al. Estimation of the warfarin dose
with clinical and pharmacogenetic data. N Engl J Med
2009; 360:753-64. doi: 10.1056/NEJM0a0809329

7. Johnson JA, Gong L, Whirl-Carrillo M, Gage BF,
Scott SA, Stein CM, Anderson JL, Kimmel SE, Lee MT,
Pirmohamed M, Wadelius M. Clinical

35 4ol g Sy
3,559, b cr)B)ly 93 cwesd ol yl Syl imgy 5

Caol adley gy cpl Al 02l drwgl uSiegieSlo 8
ol Jao uS @l cuslie sllas 255 b owlie slagyess
sl 0313 plol lila 1750 gl 1) 593 B350 sl i
ol adgl 590 (s gl ggme slaiag
OleMbl ingh cpl 5,8 eolaiwl S 5 e sladsg,

@ Omobe byt Glais 4 1) b g S8l )T ged ¢ S
g b g cul 483 cosd 4 cwle S L LSSVR

JyS woligy o Shy Cusal g atuns (o Shy o8
ok gohe s Yl b gillas o a3 Glsal (lalossin
L Bb jl Mbe ( mle J)S o (s)las bld &
Soke 9 dMaie sla Shg a5 Cully dgng (glodld dacgeme
SS9, 3l (S Sl (he) cpdiz eepn by cudb
zlysewl lp us glsel b Shy cppcwlie walisee
S 503,55 WS e grme s39n (sl iy & Byo (S
390 o2 39y 9 B bl (S g silwg)ld 0je> (S
Jlo molsel 9w dSlee S 5wy
drgs &S (SoogiioSlo)ls Jao b (odloidy (wSuogijoSle,ld

Pharmacogenetics Implementation Consortium
Guidelines for CYP2C9 and VKORCL1 genotypes and
warfarin dosing. Clinical Pharmacology & Therapeutics
2011;90(4):625-9.
https://doi.org/10.1038/clpt.2011.185

8. Anzabi Zadeh S, Street WN, Thomas BW.
Optimizing warfarin dosing using deep reinforcement
learning. Journal of Biomedical Informatics
2023;137:104267.
https://doi.org/10.1016/j.jbi.2022.104267

9. Bontempi M. Semi-empirical anticoagulation model
(SAM): INR monitoring during Warfarin therapy.
Journal of Pharmacokinetics and Pharmacodynamics
2022:1-2.

10. Liu Y, Chen J, You Y, Xu A, Li P, Wang Y, et al.
An ensemble learning based framework to estimate
warfarin maintenance dose with cross-over variables
exploration on incomplete data set. Computers in
Biology and Medicine 2021;131:104242.
https://doi.org/10.1016/j.compbiomed.2021.104242
11. Truda G, Marais P. Evaluating warfarin dosing
models on multiple datasets with a novel software
framework and evolutionary optimisation. Journal of
Biomedical Informatics 2021;113:103634.
https://doi.org/10.1016/j.jbi.2020.103634

12. Xie C, Xue L, Zhang Y, Zhu J, Zhou L, Hang Y, et
al. Comparison of the prediction performance of
different warfarin dosing algorithms based on Chinese

Journal of Health and Biomedical Informatics 2023; 9(4): 209-229 Yy


https://doi.org/10.1016/j.jbi.2013.04.001
https://doi.org/10.1093/bioinformatics/btr295
https://doi.org/10.1016/j.jbi.2022.104267
https://doi.org/10.1016/j.compbiomed.2021.104242
https://doi.org/10.1016/j.jbi.2020.103634
http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

03 0 lowd (o )93 NFe Yyl

S 3 S § 9 CeoVw S oyl Al

patients. Pharmacogenomics
doi: 10.2217/pgs-2019-0124

13. Altay O, Ulas M, Mahmut OZ, Ece GE. An expert
system to predict warfarin dosage in turkish patients
depending on genetic and non-genetic factors. 7th
International Symposium on Digital Forensics and
Security (ISDFS); 2019 Jun 10-12; Barcelos, Portugal:
IEEE; 2019. p. 1-6. doi: 10.1109/ISDFS.2019.8757526
14. Sharabiani A, Bress A, Galanter W, Nazempour R,
Darabi H. A computer-aided system for determining the
application range of a warfarin clinical dosing algorithm
using support vector machines with a polynomial kernel
function. 15th International Conference on Automation
Science and Engineering (CASE); 2019 Aug 22-26;
Vancouver, BC, Canada: IEEE; 2019. p. 418-23.
doi: 10.1109/COASE.2019.8842932

15. Rad F, Hamidpour M, Dorgalaleh A, Poopak B. The
effect of demographic factors and VKORC1 1639 G> A
genotypes on estimated warfarin maintenance dose in
Iranian patients under warfarin therapy. Indian Journal
of Hematology and Blood Transfusion 2019;35:167-71.
16. Ayesh BM, Abu Shaaban AS, Abed AA. Evaluation
of CYP2C9-and VKORC1-based pharmacogenetic
algorithm for warfarin dose in Gaza-Palestine. Future
science OA 2018;4(3):FSO276. doi: 10.4155/fsoa-
2017-0112

17. Qayyum A, Najmi MH, Mansoor Q, Irfan M,
Naveed AK, Hanif A, Kazmi AR, Ismail M. Frequency
of common VKORC1 polymorphisms and their impact
on warfarin dose requirement in Pakistani population.
Clin Appl Thromb Hemost 2018; 24(2): 323-9.
doi: 10.1177/1076029616680478

18. Cho SM, Lee KY, Choi JR, Lee KA. Development
and comparison of warfarin dosing algorithms in stroke
patients. Yonsei Medical Journal 2016;57(3):635-40.
doi: https://doi.org/10.3349/ymj.2016.57.3.635

19. Pavani A, Naushad SM, Lakshmitha G, Nivetha S,
Stanley BA, Malempati AR, Kutala VK. Development
of neuro-fuzzy model to explore gene-nutrient
interactions modulating warfarin dose requirement.
Pharmacogenomics 2016;17(12):1315-25.

20. Hamberg AK, Hellman J, Dahlberg J, Jonsson EN,
Wadelius M. A Bayesian decision support tool for
efficient dose individualization of warfarin in adults and
children. BMC Medical Informatics and Decision
Making 2015;15(1):1-9.

21. Sharabiani A, Bress A, Douzali E, Darabi H.
Revisiting warfarin dosing using machine learning
techniques. Computational and Mathematical Methods
in Medicine
2015;2015. https://doi.org/10.1155/2015/560108

22. Karaca S, Bozkurt NC, Cesuroglu T, Karaca M,
Bozkurt M, Eskioglu E, Polimanti R. International
warfarin genotype-guided dosing algorithms in the
Turkish population and their preventive effects on major
and life-threatening hemorrhagic events.
Pharmacogenomics 2015;16(10):1109-18.

23. Santos PC, Marcatto LR, Duarte NE, Gadi Soares
RA, Cassaro Strunz CM, Scanavacca M, Krieger JE,
Pereira AC. Development of a pharmacogenetic-based

2020;21(1):23-32.

warfarin dosing algorithm and its performance in
Brazilian patients: highlighting the importance of
population-specific  calibration. Pharmacogenomics
2015;16(8):865-76.

24. Isma’eel HA, Sakr GE, Habib RH, Almedawar MM,
Zgheib NK, Elhajj IH. Improved accuracy of
anticoagulant dose prediction using a pharmacogenetic
and artificial neural network-based method. European
Journal of Clinical Pharmacology 2014;70:265-73.

25. Grossi E, Podda GM, Pugliano M, Gabba S, Verri
A, Carpani G, Buscema M, Casazza G, Cattaneo M.
Prediction of optimal warfarin maintenance dose using
advanced artificial neural networks. Pharmacogenomics
2014;15(1):29-37.

26. Pavani A, Naushad SM, Kumar RM, Srinath M,
Malempati AR, Kutala VK. Artificial neural network-
based pharmacogenomic algorithm for warfarin dose
optimization. Pharmacogenomics 2016;17(2):121-31.
27. Oztaner SM, Temizel TT, Erdem SR, Ozer M. A
Bayesian estimation framework for pharmacogenomics
driven warfarin dosing: a comparative study. IEEE
Journal of Biomedical and Health Informatics
2014;19(5):1724-33. doi: 10.1109/JBHI1.2014.2336974
28. Sharabiani A, Darabi H, Bress A, Cavallari L,
Nutescu E, Drozda K. Machine learning based
prediction of warfarin optimal dosing for African
American patients. In2013 IEEE International
Conference on Automation Science And Engineering
(CASE); 2013 Aug 17-20; Madison, WI, USA: IEEE;
2013. p. 623-8. doi: 10.1109/CoASE.2013.6653999

29. Hu YH, Wu F, Lo CL, Tai CT. Predicting warfarin
dosage from clinical data: A supervised learning
approach.  Artificial Intelligence in  Medicine
2012;56(1):27-34.
https://doi.org/10.1016/j.artmed.2012.04.001

30. Moore JH, Asselbergs FW, Williams SM.
Bioinformatics challenges for genome-wide association
studies. Bioinformatics 2010;26(4):445-55.
https://doi.org/10.1093/bioinformatics/btp713

31.Ji W, Liu D, Meng Y, Xue Y. A review of genetic-
based evolutionary algorithms in SVM parameters
optimization. Evolutionary Intelligence 2021;14:1389-
414,

32. Alvarez-Alvarado JM, Rios-Moreno JG, Obregon-
Biosca SA, Ronquillo-Lomeli G, Ventura-Ramos Jr E,
Trejo-Perea M. Hybrid techniques to predict solar
radiation using support vector machine and search
optimization algorithms: a review. Applied Sciences
2021;11(3):1044.

33. Lengua MA, Quiroz EA. A systematic literature
review on support vector machines applied to
classification. In2020 IEEE Engineering International
Research Conference (EIRCON); 2020 Oct 21-23;
Lima, Peru: IEEE; 2020. p. 1-4.
doi: 10.1109/EIRCON51178.2020.9254028

34. Vapnik VN. Statistical Learning Theory Hardcover.
1st ed. NewYork: Wiley-Interscience; 1998.

35. Vapnik V. The Nature of Statistical Learning
Theory. 2th ed. USA: Springer; 1999.

YYA Journal of Health and Biomedical Informatics 2023; 9(4): 209-229


https://doi.org/10.2217/pgs-2019-0124
https://doi.org/10.1109/ISDFS.2019.8757526
https://doi.org/10.1109/COASE.2019.8842932
https://doi.org/10.4155/fsoa-2017-0112
https://doi.org/10.4155/fsoa-2017-0112
https://doi.org/10.1177%2F1076029616680478
https://doi.org/10.3349/ymj.2016.57.3.635
https://doi.org/10.1155/2015/560108
https://doi.org/10.1109/JBHI.2014.2336974
https://doi.org/10.1109/CoASE.2013.6653999
https://doi.org/10.1016/j.artmed.2012.04.001
https://doi.org/10.1093/bioinformatics/btp713
https://doi.org/10.1109/EIRCON51178.2020.9254028
http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html

[ Downloaded from jhbmi.ir on 2026-07-11 ]

[ DOI: doi: 10.34172/jhbmi.2023.02 ]

Ol Sed 5 (539ake

O ))ls adgl 593 Ll S wSu0sifoSlo, B Juko drawgi

36. Hong WC. Application of chaotic ant swarm
optimization in electric load forecasting. Energy Policy
2010;38(10):5830-9.
https://doi.org/10.1016/j.enpol.2010.05.033

37. Hong WC, Dong Y, Zheng F, Lai CY. Forecasting
urban traffic flow by SVR with continuous ACO.
Applied Mathematical Modelling 2011;35(3):1282-91.
https://doi.org/10.1016/j.apm.2010.09.005

38. Niu D, Wang Y, Wu DD. Power load forecasting
using support vector machine and ant colony
optimization. Expert Systems with Applications
2010;37(3):2531-9.
https://doi.org/10.1016/j.eswa.2009.08.019

39. Mustaffa Z, Yusof Y, Kamaruddin SS. Enhanced
artificial bee colony for training least squares support
vector machines in commodity price forecasting.
Journal of Computational Science 2014;5(2):196-205.
https://doi.org/10.1016/j.jocs.2013.11.004

40. Pourbasheer E, Riahi S, Ganjali MR, Norouzi P.
Application of genetic algorithm-support vector
machine (GA-SVM) for prediction of BK-channels
activity. European Journal of Medicinal Chemistry
2009;44(12):5023-8.
https://doi.org/10.1016/j.ejmech.2009.09.006

41. Zhang WY, Hong WC, Dong Y, Tsai G, Sung JT,
Fan GF. Application of SVR with chaotic GASA
algorithm in cyclic electric load forecasting. Energy
2012;45(1):850-8.
https://doi.org/10.1016/j.energy.2012.07.006

42. Ju FY, Hong WC. Application of seasonal SVR with
chaotic gravitational search algorithm in electricity
forecasting.  Applied  Mathematical  Modelling
2013;37(23):9643-51.
https://doi.org/10.1016/j.apm.2013.05.016

43. Selakov A, Cvijetinovi¢ D, Milovi¢ L, Mellon S,
Bekut D. Hybrid PSO-SVM method for short-term load
forecasting during periods with significant temperature

variations in city of Burbank. Applied Soft Computing
2014;16:80-8.
https://doi.org/10.1016/j.as0¢.2013.12.001

44. Fei SW, Wang MJ, Miao YB, Tu J, Liu CL. Particle
swarm optimization-based support vector machine for
forecasting dissolved gases content in power
transformer oil. Energy Conversion and Management
2009;50(6):1604-9.
https://doi.org/10.1016/j.enconman.2009.02.004

45. Li-Xia L, Yi-Qi Z, Liu XY. Tax forecasting theory
and model based on SVM optimized by PSO. Expert
Systems  with  Applications  2011;38(1):116-20.
https://doi.org/10.1016/j.eswa.2010.06.022

46. Suykens JA, Vandewalle J. Least squares support
vector machine classifiers. Neural Processing Letters
1999;9:293-300.

47. Kondor R, Jebara T. A kernel between sets of
vectors. Proceedings of the Twentieth International
Conference on Machine Learning (ICML-2003);
Washington DC: 2003. p. 361-8.

48. Jiang BT, Zhao FY. Particle swarm optimization-
based least squares support vector regression for critical
heat flux prediction. Annals of Nuclear Energy
2013;53:69-81.
https://doi.org/10.1016/j.anucene.2012.09.020

49. Ali S, Smith-Miles KA. A meta-learning approach
to automatic kernel selection for support vector
machines.  Neurocomputing  2006;70(1-3):173-86.
https://doi.org/10.1016/j.neucom.2006.03.004

50. Saleh MlI, Alzubiedi S. Dosage individualization of
warfarin using artificial neural networks. Molecular
Diagnosis & Therapy 2014;18:371-9.

51. Gage BF, Eby C, Johnson JA, Deych E, Rieder MJ,
Ridker PM, et al. Use of pharmacogenetic and clinical
factors to predict the therapeutic dose of warfarin.
Clinical Pharmacology & Therapeutics 2008;84(3):326-
31. https://doi.org/10.1038/clpt.2008.10

Journal of Health and Biomedical Informatics 2023; 9(4): 209-229 ALY


https://doi.org/10.1016/j.enpol.2010.05.033
https://doi.org/10.1016/j.apm.2010.09.005
https://doi.org/10.1016/j.eswa.2009.08.019
https://doi.org/10.1016/j.jocs.2013.11.004
https://doi.org/10.1016/j.ejmech.2009.09.006
https://doi.org/10.1016/j.energy.2012.07.006
https://doi.org/10.1016/j.apm.2013.05.016
https://doi.org/10.1016/j.asoc.2013.12.001
https://doi.org/10.1016/j.enconman.2009.02.004
https://doi.org/10.1016/j.eswa.2010.06.022
https://doi.org/10.1016/j.anucene.2012.09.020
https://doi.org/10.1016/j.neucom.2006.03.004
http://dx.doi.org/doi: 10.34172/jhbmi.2023.02
http://jhbmi.ir/article-1-721-en.html
http://www.tcpdf.org

