(eoMan 3)5ln) Ol ps SSub 3 f,l.c ol (S jal puy 03Kkl Alxo
ik PEA-YOA AVAY LT 5 e & oploub V¥ 093

i
&MJ:}%QL{A B S ks

= == 7 -

[ Downloaded from journals.tums.ac.ir on 2026-06-29 |

4 30 (51519 (S 9! JWS 5 3 ol slow 38 (336 419 390 ot
5 g was A ) 00t by S (5 gicro

O o £siuin HILS Yl FoSBT o0 Fodl) 5 )SH Halkuas {39l placl

' Shaio dobld &5 dumw (o5

v

3

Sheslanad aS sl 1y edmy (S35 6\.@”\;M&UbJAS\;MlJJWlS(Ul;)‘\é\A}Lj Fsae sh 1BAA g A
j)}d:éa;,:.:z.?ASQM‘L;:GJJ\ML;LAJ)‘:J;@‘JJJQJJG)U.Q‘@bQ')Laﬁ)’\@ﬁ\f}QLﬂ)J‘Mﬁ)éQT
JLQ_}J“{J‘«J.L&@.wﬁjlﬁulﬁ.ﬁ)ﬁby:)ydwlgﬁ%CnquaMéuJﬂl%)lv)\/J\_)l)La.:.;)L.?:)).A
el emae slaaSd Sl eslinad b I3 e pime amm 53 L1 Ol 30 5550 Bl 395 s

3 el >f<.l_w ;ﬁbﬁj)l Sl sl sl éu)bbpqyxgbjﬁwﬁﬁ&j‘\zlw S I-ES)
plad as 035 waxl e Ol A3 S PT +&leys 4 AY Jlw oo anls (il 53 a8 Al eslizad [ley AYP (sla esl
s S fb_u‘\Matlab L 53 as &3 b s esls 250 G blE bagsluans
ASC,M\6\6\”.:‘M&gwﬁ;u;;u‘«smrk?mfoldcross\~ S ool s baslis s Slas U5 tbaasly
2y Ao g3 VAV=O g S 9 VY= slize &) N =Gls glax Sle gyl a8 cnil 355 Olgn Y 53 0,5V sl

555 o e 3B esr slaesls (s p o sems eas il &S cl &S5l Sl tash = 16 S A
3,50 M)Qw)éc:?bﬂ.cwl_j: Q\J\QJJGM@AJ&;,&J&\{& s 8w s sl Olhlen 53 Bl
sl (Sdy glallat Ol e 2alS 53 (650 S8 Wl (oo s s G5 0l S e

Oedle (6 S5L (Bl 555 et (B sas s a0 1S sl o5l

\yrap dedl ¢ e 23l 55
L2% JREPUFARICINY

$J et 0l 3

tsly 5, K Lihuas
;&‘;4"- P ) t}\-‘ﬂ‘ 5 S p e 0 Uil
Olpl Sy pgte o8l

Email :
Langarizadeh.m@iums.ac.ir

Olnl Ol Olnl (S pske Rils ( Sy Sl e RS R PR PRIV, WRCH SV RCIGIR S 05,8 Sy Saley il (6 S5 5 mtils

Ol g Olal (S p sl sy ((Sasy Sloy g3l 5 o e odS1s (Dl SN 2y s 05 8 skl ¥

Ol 0,5 0,5 Sy g she o8y (S 0dSC213 (Dl MBI g ko 03,8 (Kb Sl 5l A1 Gl S ¥

13U1 53,50 52 00 inno oK1 5 5nlS 05,5 ¢ 5 500lS 5 Gy rign (6,55 Ssmils ¥

Ol O Ol S psle oty (S )y oSl et oMbl Sy ke 05 8 Ll O



https://journals.tums.ac.ir/payavard/article-1-6567-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-29 |

eoblows 0 o:\.)lé)lg 093 uss

ol s oy 3,018 1l Sl (Y030 o ML (slazy S
oS ool 5as e e e plal Dladllas b s
(s 5605 6okl Sy e Ul e sdle aS 55l 3l
Ol g, ol SHAOYPAS oy pde | 5131 Ol 5L 5 slacs sl L s
3 Sl Hme 03l Gl sy Dlosart pedle S ae S
Sl Jot o Ll C2IS w4 B S Gy ) s Ll e
s s e B il ((YY5YP)s 1 e L;Ji-lg:v-:a.x; 9
S s 4 Olgy Y le 04,5 Bl s OISl 5
Y o O e 4SS 31 i el 5 (YY) (g STus 5 Ses
glsil 5l S S LS eslawsl (Multilayer Perceptron (MLP))
Ol AN O 9 e o ome 4SS S aslinal o Do 45 .l ANN
LW elol o o sl sl 5 sdete sl (605,55 5l ool
Aoled e sl
Loy o O e bl e ool asdllae ool s
(Conjugate gradient) ~ss5s OL3l S Sl 5SSl eslizal
S A3k e Sl IS5 Ol 55550 psluls 355 o i L3

s LB o sime o 55 (6l ls

ey 1Y

5 OV YAVl abils Slalllae pll L Ltz
S 53 s e Sl SOl S (B0 5 B Dlaasiia Loy sl
" sl e B s b SOLES ) e A 4 Ll 3
5l Slaase Ll s 5 ad adilesle e Sl Coeal Ol
Olaasis s plal o asl i s olgime Slasl (03 S )13 G55
10 sla ol Sl eslinal b a2l s S Al B0 5 B
ST aloe 5 (Lras5 sed 3l )50 2 5 B Gaasis 4
4ol e ASC,..AJSSQP'Y.J%:J.? Jﬁbjw)ﬂ(a=~//\)'cuj;
Sl ) Skl &5 gk 4l sl & S IB s e
Goslpemr 3l o b a8 S a3 5355 s 5120 5lnel B oS Sl
oslatal ze S (s (52505 Ol o e Sl 08 e L
Kzls 0 Y0 31 5VL (ge el ke 45 A

Bl o3 0 las rils gl OIS S Jgn b bl
S0 S Sl by se sla esls Lol 5L € 5ed YAY slues
g Saagsy opam Ganxle s esls 65515 8 0 B s aut

u‘i‘:‘fl e.,\.;jj.; )‘ aJLw v.a;L,aJ LSJ; 4;}4;._’ )l a.}LL’I.w\L Qt.‘.»)l_a.:.a

LV Y-TY

Lo el sl baosis Sl ol 55 eis
Vb Ges dsb il Of gedes LN 5l aS Kls (3500
Ml S5 G s 5 S felge U oagalse Ol 04
(Global Burden of Disease) (s )l Sl b adlks b
53 IVVA S B em o lagslen Sl S e Ol Olgl
S (YmD)ed sty Y)e Jle s Z¥F/A 4 V44 Lo
oS ool (Warfarin) ;56505 13 Ohley O me y slasyls
(S Ol Glagslen 5o sl gl Olge @
e Aos D s Sie b G e (B s SR
5 I3 e 5 4, Jswel (Deep Venus Thrombosis (DVT))
bl e Lo () 50-V)3 5 oo 5 gmed G5 (Game 55 VDL
International Normalized Ratio (INR) s 51 = ol sl
ool Ol sla ola bl 4y (A=) ) S ot 5555 (G4 2T
535 e Ol 555 35> b 51 (inter-individual variability)
65 8 NNl o i LB 5 sdoms Vgame o bl
A= 3 INR jluie 555 o el Over dosing | Under dosing
5 s 02Ol o o3 b Llen 5 058 o (Y-1)01
Cely Ll oo aS das S5 (g5 Jsst by ansd [ SCo5 aibe (g
(058 V)33 5 Jlawy S o i 5 Ol slos 53 (5 mm c(Solko 2
olbols A el ol | Merseyside s a5 gl axllle b
SV 55 (VF 055 sl b das e slags s ol e oy 5
s3I OLe 55 55l b as e slags s ool Cle 5l 50 sde
OVl s

L s o8 col Jlsds )8 ol Sy e 5 oS
G Sis OA)spdal jome SadlST 2l 5 S anllas
FATYAVIU, 56 sl 5o e ool b 5 (S5
s o Sl Ml e el R S0h LSS 5, )
e p e Sl o 08 = 4 S gl syl 32
Sl sl eSS Ll 0S4 O)L S eslind
SEpeas s (4505 (T e $a5d Al (V)b
Oy S5 5 (YY5YY) (Artificial Neural Network (ANN))
s (\Y) (Support Vector Regression (SVR)) oloiis s
533 2L s b Wlandl s 5 el ealanal 005 55 e e

Q{N}\éﬁgwwéﬁ.m&ﬁ&bjgé)}ﬁ

Yd-

V¥RV GLT 5 e VP 0093 (wodlas 3)5L) 0l pid S5 3y e ole olsls S ol s 0aisls alxe


https://journals.tums.ac.ir/payavard/article-1-6567-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-29 |

Ve 5 o)l f.Eu:I

Slp 4SS e U A Slsol s olml zoae 0Ll S sl
J)""’W;}T’Jb)b)))g;"fﬂ

Lasl

Jels G, 5 L8 Olaasiis S0 Slasl s e Slas cuenl
D3 Olal (S o ke o800 4 4zl el gk len s

(o3 VIV s esly 3 30,8 VY sl o 0510 5l .2s S

(Y Jsas)aosls c.,:l.l Q\I\y .

s $Sod bl s sl Dske a4 s S Zlsaal Oley
Son e Olslan & el S5 4 03Y 03 S 13 eslizad 5 e
2 AT Jle pgn ole Jid 53 5 Mg ogeae Uy Db
Azl 3 obes Cos Ol I3 S e PT oKl s
o pa (3550 YV )(3 shde 3l 5o co3ls (A5l 2 o ah e 03
3 o s 31 a3zl e B 50 O (o ke
ooy 3 eslanad baias Jbo 5 [v V] o3l s s ae eles Larose
Jb i [LeHT aibe ol g5ds (gakols a5 15 Laesls 015 o Larose
s b Y o O s (e 400 (Solwesly sl e 53 5 S

oS bl 5 (Hidden layer) olgs oY s cilis slads) 5

opnd sh)dl Cboadis @ Jgss

23l Sl
V05 KIS
Voo e

Yl Ve 5l xS (JW) L5 &l

RIS | W ICR

el ol o3l JAlad ¥ Jsd 5y el > &Laajfjl,ij

dewwﬁ\bﬁja.uu.n\ Jj.x;_-)>4543j§au.a

o sar 53 OB Lo ol s ndls IS adle Jle Ve Sl mi s s s

Gy b 2d)ls W70 )1 1300 8)63 a5 (3le)is)03)B)lg Jos oneT 13 YASRIG Sle)Tilin 3)98 ) OGP SIS P Josa
(s31o3ud a3l HUDY (5)mSa

Sl ) e Kles Copad! Ol s pl
Ol
)3 sl (F)sb () Lo 520 (s (VDeS 5l
doys Bda doys ol Ay slda depgs slawd Ay sluw
G/FOTOY  FYEY VY YVY Y q/+4 | . . . . o
(Qladitiai 4/+4 | fo/f0 0 Yo/fo 0 . . . . @b
NS . . OY/0¥ 5 YV/TY e YANNA Y . . sl5
QS D) T X S 77 SR R (A ( B . . . . : J Ok plu
(CYARDAVAR . . . . . . 4/+4 \ q+/4) ) CMnazs
(/7)Y . . \EdAnd Y ariat v YA/NA Y . . 0553/ 03 90 (5, &
S O, s gale
GADFVY XYYV Y YRS Y oYY 2 . . (S Sl (> S s S
e 5 By, Sl
(+ IVOY/VY q/+4 (N V7 2 SR 710 2 q/+4 | . . ol JHs
GIMNY/SE . . /44 | OY/0¥ 5 TV/YV ¥ 4/+4 \ N
(AN /OF ) . . . VANNA \ YANNA Y SY/5¥ % N

WWAY QLT 5 jio VY 093 (ol 3)5ks) 0l rs S 2 poke olSitsls (Sib ol o 0aSiuls alxo

Yo\


https://journals.tums.ac.ir/payavard/article-1-6567-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-29 |

S|

woblew 3 Bl J9s uss

(/s VDY/YY . . /9 \ \rdAve ¥
(VAR PAVAR) . . YANA Y . .
(/O /Y8 ’ \ \ . . \
G /EN/YY . . . . . .
[CVAZDAVAYN . . . . . .
(/80 /0¥ . . . . q/+4 \
(+/2)V/¥0 . . . . q/+4 \
/D0 4744 | O/¥0 o YETE f
(+/2OV /Y0 . . . . 4/+9 \

(IVV)F . . YV/YV A TNA N N
(V0 )Y/ q/+4 | VA/NA Y YV/YV A
(IAVVIAY  YANA Y NI 2 YANA Y
(/EVN/YY . . . . . .
(JAFAY  YVY Y A dAnd ¥ Yes f

(ao)0 Yo 1 . . . :
GIAFAY - YANA Y AVia v q/:9 \
(/OON/YE . . . . . .

(VY)Y . . YV/YV Yo Yo/f0 N
QS DA VAL | \iZAnd ¥ Yo/f0 N
(/AYIY/+ 4 . . Yers ey ¥
(INVOIFA . . \RZAnd AR (VA N
(/EOFAY AVAY 4 \ANA Y . g

YV/YV

oY/oY

\ndind

YV/YV

\ANA

A

YV/YV

YV/YV

YV/YV

Yo/¥o

4/+4

YV/YV

a/+4

\ndind

YV/YV

4/+4

YV/YV

ATVAVA

Thyroid-Stimulating
Hormone (TSH)

Y YV/YV Y

Serum (blood) Creatinine
(SCr)
Alkaline Phosphatase (ALP)

7 YV/YV Y

LS 4 V2 S

Glutamic-Oxaloacetic
Transaminase (GOT)

Y VY/VY A

Glutamic-Pyruvic

Y AV/AY 4
Transaminase (GPT)
™ OF/OF s Free Thyroxine (FT4)
v sv5F v Aspartate aminotransferase
(AST)
. 4/+4 \ Albumin
v e v Urea nitrogen
v . . Prothrombin time
> . . ECG
| : ' ool (S 5o
Y VY/VY A olyly ekijle S5,
. . . <3 INR
5 . . = INR
\ . . INR JL ;5 o5 e
¥ gY/PY Y Jos 5 JSINR
A . . o5 ok INR
\ . . B ys 55 oyl
s . . Sleys 5T Ol
\ ) ) o 5 Ol b 595
«CYP2C9slaiss
. . . s CYP4F2 <VKORC1
GGCX

Sl sSB o ssls 5 (ol el 4 b sy o (sls aze

Culg s il Bl (oMbl 4w s ede S 4 55
O ioisw 35 53 ebilesdl sla Sl bl s esls (g5 o b
5l SNl (Y 5 O35 5 A e e ols (935 Sleib
INR Jle 5 (o350 (3 5 A3 INR Lol a&ilesT claazily

Ao b (s 2 paie) sl i 55 5 LS 50

(Y Js)0 e ol 5l Jols Sl bl

Ld o eslial e aSKE ateew 3055 Olpea ol SOL

i e 1ol cdizsls O 31 Y/0 1 5VL (e el SKle oS

(ool A 5 asls JFIE el s glaggsben Ok 2l

CYP2C9clas 5 INR Jloj sspime (b 5 L3 INR
.GGCX , CYP4F2 VKORCI1

oLag)y slenais @ bgs (535l § 15K Sl paslis W Joas

. & s - . - I . *a
Sl oSNl Aty A aeS M s R
\YY/Y oV AY ' g o
00/ V£¥/0 AN VYV g %

Yoy

WWAY OLT 5 e V¥ 093 (ol 3)50bs) 0l s S 3o e ole olftsls Kb sl py 0 35uuls alxe


https://journals.tums.ac.ir/payavard/article-1-6567-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-29 |

Ve 5 o)l laEu:I

VY8 YA ki ¥ A sy 559
A Y/v4 £ AR Al s s INR
/Y +/AA Y . FE PERTY
/A Y/AY 5 A A o L4 INR
- - T-Y/0 Y-Y/0 S INR Jb 5 (g03 ga
Y +/44 Y . gy dd a3
Y 55 098V UY LLLA sl 4 MLP e« S se o by e SAST, 5 (655 e sla Laxla Y Jpus
Sl IS S ) goal=+ @epochs=\+++ sls bl L (Ol s e QLIS e o
A esls Giisal manze 0Ll Sl eslinad b S sl X = mX, 4 bm HoL _ Max(OL + Min(OH
Max(X) — Min(X) Max(X) — Min(X)
» 5 10-fold cross L, iy, 5l eslanl b alis a5 Slas
Glas gl Sl (aliztl &5 o Sle Jald olajlne el Coslize gzl U MLP  spime e el
Aol 5LV 53 O S5 Ol s Mean Absolute Error (MAE)) Matlab o sasl » s 53 55 OF (g8 by 5 A (g5l o3y
éﬂz&éUﬂ}u:{;@jw%\cfcuﬂ;)u|ﬂwb‘fu® INR JLAJ.: 0> gl>0 3 u.l:.é 9 L;Lj INR ‘LfL"; LS'QJ"‘" BER LQ)}
.CM‘@MQ}‘)QL:J Lﬁ_)u)\jj_j:ja.l.:: J)\_j jMM@&)})j Q\_,».C«A.'
Al esls I3 egias eae S oy 2 Olge a0 ool
e \|AE e disturbance rate - R
1.0
0.87
0.77 . 0.79 - = — 05O 082 o
Gid 77— =
é 06
S
> 0.39
a 04 : 5 P 0.36 0.35 P 0% 035 035
= '125\575_022—'- —
: 0.19
o 0.16 — i 0.14 0.15
0.0
1 2 3 4 = B 7 8 ] 10

NUMBER OF NEURONS IN HIDDEN LAYER

oleiy sad s 99)83 Cglais sha3 b o slay) uac (slo aSuib sySlac sanlas 2 jlsg.al

N

sa¥ 03 08 VL MLP 05 S5 ls el

=
(4]

e
o

Output ~= 0.77"Target+0.17
(=] -

oledy sad s 99)93 V 4 MLP 0gaw)5) jlsg.el 21 JSb

WWAY QLT 5 jio VY 093 (eodlas 3)5ks) 0l s b 2 poke olSitsls (Sib ol o 0aKiuls alxo

vov


https://journals.tums.ac.ir/payavard/article-1-6567-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-29 |

woblew > Bl S93 yuss

J=5 sl glasyls 055 50 SN ey alin INR 5 e
A2l e sline S OIS 5 ol sl (ol (bl b

S5 Sol Ml s S b 5 oS 6l andllas o
el (M)l s bl Yerd e s bl
Fo¥T S5 s s sl S bl e s S s S5
o3ls i3 el ot O S5 Jhe 53 (bl (o diS G pme sl
Slas V008 laosls (1 ladie ¢ slizel (sl a3 il 0l
S5 5 b slaesls 5148 ke oS 31 0Lt gl ledd 5l
oS 1 eslizd (et 5 L3 INR w15 035 o ey bal)
o3tz (VKORCI ; Amiodarone CYP2C9 5l eslizal «au 551
(R?=7¥" 5 MAE=A/0 [confidence interval: A-4])uS
a5 O3 B s fald) LI laesls Sl LS a5 Joe 4 s
o3lizsl (Amiodarone 5 o 5l oS Wl Sl eslinal  Jad 5 L3TNR
(R?=7Y# s MAE=4/4 [confidence interval: 4/¥=\+/¥ ]S
Sla S 5l ol g8 ol tagn 5 ol e 3 Shes
o3liial 5,50 SRy i s Sl o2y wlde Shash (nl b
b ot plndl rass LaS s g ae 4SS Sl sl 3
el olite Ll S5 S L, Ml G s S

S o eSS LSL“V:‘:’.))Q‘J.‘ eslizel L (VYOI 5 Tao
o - Alastls 5 SVR G ANN. fols oS 5 gy aids Jue 5 Shas
@ Slie Jl il OS5 oS 5 dbe sl bl ol g S
MSE Ll 5 bdae 5 Sae 5 ol Obxil Jue (63555 Ol ge
oslizal s Slaw Voo esls 31 olsl o et bl R2
O3 sl il g st Jde aS sl OLES C’L“ S A
< A ¢l (Particle Swarm Optimization (PSO))
Sheslital (i (A8 O35 e 1 Jold) (S5 5 L Slis
(INR SCr ALT .LA VKORC1 CYP2C9 drinking ;AAmiodarone
MSE=+/+Y0A)s 15 e 3,5he 255 0 a S L s
Slaosls il 5 L S Jle o4 o REVFA
: ol b
LS » Jose (INR SCr ALT LA drinking Amiodarone

)‘ salaul [JSvewT o A3 ‘O)') [l
(.:g_)){ﬂ Ao Jde lomes (R2=70Y/Y 3 MSE=+/+¥\#)
(o i 3l eslazad U5 (Genetic Algorithm (GA)) s
sl,ls VKORCI1 5 CYP2C9 (Amiodarone ;i eslizel i3 O3

A3 cQj) O Sl J\ i L 9 R2=9f/\’ 9 MSE=+/+YAA

Olys oV JS0 5 ) Llased L3 ol wll il 4 a5 L

Ol 15 51 Oley saY L5 0955 V Lo syl (galid 45 ©iS
Oljae 5 WY 2lizel & 5 50\ ol MAE) Gllas sllax .Sl
VJ.;))KJ\)" oslitul b oS eas sl aSs Ol 53 VAV g S
LY 53 s 0,5 ol s 51 el o 2 dd sl 5550 LIS

Sy QL@:’

W 7]

.

Ve 5 b ey adlas Uolanl Zass opl s
SGsb 05 b oopslin 5 pslisls 5 el Sae) 2 ke
Sl 353 pem 03 e G S (LB ol e
O ple i (o 3l ASke b SLES ) L Las Ol
INR sl b3 553 oals S50 wlen slag las
CYP2CY slaos 5 INR Ul (gossdms  Jub 5 L3
4 s pde s & & GGCX 5 CYP4F2 VKORCI
5 el G (olen able 4 by s (Db
laosls iledl sla pane wlal s Gl SSus sl o850
et b (G5l Ln g B e gas 4z lls S Shles
O Sslime sls LMLP a4 ksl o g 8L ) skaie 4
Szl Ol Sl e é;ﬂ@? slresls leslinad L Ol &Y 5o
oS a e slaaSis Jhiel 5 sbml Jlie 51 ey A sl
Calgns 3 S I3 bl s ABlus S 4 el
£ AR MAE L olgy €Y 55 0355V LMLP oSt oy g
B3 AV O S5 Olee 5 /YT Lzl
Cov o el ol 5T Jls YYS gl &S glandlas s
(oras 8Sd iy A 3,Shes (PDLE el bl b Ol
bl 2 bl 555 G R 53 eite A 05 S5 5 SVR
Sl S5 bls osls acsams A3 aylie MAE 5 RMSE
O mhe Colis otz olE e Dl ke &S s L
s bl Loas sl yls «(Body Surface Area (BSA))
Ll ol glagleny 4 Ml 5 04ES S INR il
4w Obe 51 aS 5l Ol s o e 5 Zals Ol b5 Ll8
e MAE=\Y/Y s RMSE=\Y/0\ L o atedior O g S 5 «Jobo
bl e bas culail bl 55 o i 03 1) o Ses

e Lole L;iLAJ""":'“ )\ oslanal Ll 4 J..pL>- J:’-"’}J-j )‘ J“’L"

Yoé

WWAY OLT 5 puo V¥ 093 (ol 3,)5L) Ol s SSb jy e ole olSisls S sl py 0aSisls alxe


https://journals.tums.ac.ir/payavard/article-1-6567-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-29 |

Ve 5 o)l f.Eu:I

alllas mls 3L o 5 333 (G(E)=+/OM s MAE=+/T4¥)
aols 3 eslinal 5 Gt (O3 ey Sla eyl oS 313 0L 55 ol
s Colin 5l 35 e )

SIS 505 (ol sl S5 Ol Sl Sladllas 31 =
sl gl Sy bl slaen, SISl et L6 S5
Sl bles S ealazal bl S5 e i oo LIS 5 gl S5
Co Slews YWV (6l a8 (YOO, Ken 5 Grossi gasdlas 53 Jls
() TWIST e 51 oslised b e ploil o505 b Ol
aSs (63555 Olse 4 5 ols Ol S5y YA 51 55 VY sluws
ol BMI 5 i ol ba S505 dd a S L8 55 oae
Lls I ol b oS alassls G me ol slacsslews 4
s VKORCI 5 CYP2CO slads 51 ol slaes S 55 s
L Wl sl s Sy olal 2 05 S5 0l 0L ol
03 L 3l Bl 33 o i 4 R?2=4/fA s MAE=0/V
Sla (S 5l K85 Gl esls s pde (s 4 ol Sl
2ol Glen s S ganllle S b ST s 8 Gl e

5ol claesls bl &S Gladles s (peaean
Wy L ol Jes S a8 oo slen VAT (SO1S es
& rLf S ol sy 53 3l 58 el oLl Llaz 513 L8
o piie S5 e ses Jat JUs 5 (Forward Stepwise) i o8
(General linear model of univariate (GLM-univariate))
S assezme 33l S 5 5l e (FV)Cl 03 S eslanad
g5 5 o Sl s BSA o Joli (Shs wsseme L
o e osbile 4 aS Gl ol sll  Shs a8 gezee b oane o
s S 5 B s 05 S5 oIS o (sl bl 550
Como b pae 4SS Fsees 53 &S sl OLES @L:J Lo Jlesl
Osaw S5 4 S /Y0 31 2S MAE 5 o5 (FO/AY=FA/0)
5 Shas /080 51 xS MAE 5 as s (FO/SY—28/Y ) L
allan b anlline ol Cte sl Sis s gl el axdls (s e
ol Slsen ol

Lis Bl 550 e She el plil Dl 4 a5 L
S 5 ol 3 Shos SIS 500 5 ol glaosls bl
Olalllae 3 4yl 55ms L O SFF V5,0 aasice Sy 4
Sl (Sah slaesls 05,5 wlsl oS ol sl o3l QLS Calises

Lol 5Ll QY SFY Pl ol o o Slade 3 Shas 350

INR SCr ALT (LA drinking Amiodarone ;| stz c&oec
Wlisle ol iy 3.l R2=1¥1V/0 sMSE=+/:YY4 |5
Az ealizal Ws esls 5500 51 S5 e3ls 4 o jiues e s«
b sl S5 oS cl slite Os 5 Tao Ly LS
sl e alin OLs s Tao ey b ey cpl 5o Cotn

Slio 86 ey p Sda L S (M) s gandllas o
@ bsi e glresls o bl 5515 55 s e S35 (SS5
Wlosls plasl L5 (sam 53 o (S50 4 85 1) Jal sl YoV
Sbols 5 3,08 e 0ld ol 5l ele aw 31 i oS o5l 3l L
sl (Sl o G S el ol Sl o S e e3lin
Sl Ml (i D5 B 3l LSk & s (gl
JHE lols b oS lagpls G pms o b 5 Zals s ool
CYP2C9 claoj 5 FT4 GPT .GOT ALP INR [TSH .l
O S5 oo b eublls 553 e e 1z VKORCL
o3 S oS sls OLES gl ol sk ealinl o pitakin o
Slaosls r e dude llosls plonil L5 a3 o S50 4 &S
e Jde S de 3 WY L R? Ol Ml e S5 5 ol
O S (63 3 gl ramas Gl Aoy VY (oL slaesls
Jde S o onliial opsBols 5 5,08 o 0l > 5l ole 4w
Aoy Y8 1L R? Ol Ll o (S5 5 2l slaesls o o
ol s g S8 gesls Sleslaal das i)l As 55 00 o
350 Sandllae boeslinad 5y5e oLl el piomen 550 i
D e oglate oL

Dle OAY (55, (V)OLKes s Hu Lw s &8 lays oo
O35 o s el 5l § el bl Loleys o 1l
WdsS e g (B Slil Lol O plasslen 4 ) s
L aS slasls 5l oloyen goslizel 5 SCr ALT (S Lyl s
oxlinal 1y 555 Olge i Lt oslaie 4 Jls I 560
B T U R U g g O U AT P JRCI PR W
Olge a alllial gl jlae Ol sl 5 Glas glax - Sle
FolssS b » e oS5 Ay aib o sei edlizad elids
SVR ;s Model Tree MLP (g loan o 5 Ko K w4zl
¥ e eSS A aib 5 OE)= /"0 s MAE=+/Y)+ L
s Shes o ie 6(E)=+/F5% 5 MAE=+/T\+ | SVR &y «ib

L e Sy Lﬂjoﬁg\)l@ul{wljﬁ)>jml>b

WWAY QLT 5 jio VY 093 (ol 3)5ks) 0l rs S 2 poke olSitsls (Sib ol o 0aSiuls alxo

Ydd


https://journals.tums.ac.ir/payavard/article-1-6567-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-29 |

woblew 3 Bl J9s uss

SoS pedle Ul (o (e e oSS Sl eslinal 5 tass

S5 Oblen OSCEs (U155 s lly 5o OS5 &

S 03 8 ol als 1) bty el Sas 5l 26 Sl se
D andls g ool b Ol s Cod Ohles sl Aol 58

M i ey g 5l esls oz, S L 5l eslicd

M pmen 5,8 3 e s Klg e pllls s

53 Oblan (S5 e a4 byye gosls dlis ) 53 Cus g

.zﬂf)\)éijJyék{duﬁjk)JL\jyﬁsfwﬂz

Jle (VD) ausm s 5 Oley Sy glaesls L;),T@?As
S 4 el IS 4 Il sleesls lal LS oS golgiiy

| @-)‘ 43‘)‘Jﬂ& u'.’.)b)‘.ﬁ BEL] L;\:.J

G5 as

O Oles bl San et La olE Sl a4
535 e oo sbely s &S addles = e o8 L5t

el G5 4z ps 25 Jee bl Sl Obles (1 sl

BB el 5l i gl tass LKl Ll e el

Qb

1. Silverstein A, Silverstein VB & Nunn LS. Heart disease. USA: Lerner Publishing Group; 2006: 21-3.

2. Forouzanfar MH, Sepanlou SG, Shahraz S, Besc PN, Pourmalek F, Lozano R, et al. Evaluating causes of death and morbidity in
Iran, global burden of diseases, injuries, and risk factors study 2010. Archives of Iranian Medicine 2014; 17(5): 304-20.

3. Naghavi M, Shahraz S, Sepanlou SG, Besc PN, Pourmalek F, Lozano R, et al. Health transition in Iran toward chronic diseases
based on results of global burden of disease 2010. Archives of Iranian Medicine 2014; 17(5): 321-35.

4. Lim SS, Vos T, Flaxman AD, Danaei G, Shibuya K, Adair-Rohani H, et al. A comparative risk assessment of burden of disease
and injury attributable to 67 risk factors and risk factor clusters in 21 regions, 1990-2010: A systematic analysis for the global
burden of disease study 2010. The Lancet 2012; 380(9859): 2224-60.

5. Bonow R, Carabello B, de Leon A, Edmunds LH, Fedderly B, Freed M, et al. ACC/AHA guidelines for the management of
patients with valvular heart disease. Journal of the American College of Cardiology 1998; 32(5): 1486-582.

6. Rennie LJ. Using machine learning to predict the effect of warfarin on heart patients [Thesis]. New Zealand: University of
Canterbury; 2004.

7. Sohrabi MK & Tajik A. Multi-objective feature selection for warfarin dose prediction. Computational Biology and Chemistry
2017; 69(1): 126-33.

8. Riley RS, David R & Fisher LM. Clinical utilization of the international normalized ratio (INR). Journal of Clinical Laboratory
Analysis 2000; 14(3): 101-14.

9. Fitzmaurice DA, Blann AD & Lip GYH. Bleeding risks of antithrombotic therapy. BMJ: British Medical Journal 2002;
325(7368): 828-31.

10. 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.

11. Eriksson N & Wadelius M. Prediction of warfarin dose: Why, when and how? Pharmacogenomics 2012; 13(4): 429-40.

12. Tao Y, Xiang D, Zhang Y & Jiang B. Swarm ANN/SVR-based modeling method for warfarin dose prediction in Chinese,
Japan: 8" International Conference Conference in Swarm Intelligence, 2017.

13. Saffian SM, Duffull SB & Wright D. Warfarin dosing algorithms under-predict dose requirements in patients requiring>7mg
daily: A systematic review and meta-analysis. Clinical Pharmacology & Therapeutics 2017; 102(2): 297-304.

14. Pirmohamed M, James S, Meakin S, Green C, Scott AK, Walley TJ, et al. Adverse drug reactions as cause of admission to
hospital: Prospective analysis of 18820 patients. BMJ: British Medical Journal 2004; 329(7456): 15-9.

Y05 WWAY OLT 5 e V¥ 093 (ol 3)50bs) 0l s S 3o e ole olftsls Kb sl py 0 35uuls alxe


https://journals.tums.ac.ir/payavard/article-1-6567-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-29 |

femaig

Ve 5 o)l f.Eu:I

15. Francis B, Lane S, Pirmohamed M & Jorgensen A. A review of a priori regression models for warfarin maintenance dose
prediction. PloS One 2014; 9(12): e114896.

16. Hirsh J, Fuster V, Ansell J & Halperin JL. American heart association/American college of cardiology foundation guide to
warfarin therapy. Circulation 2003; 107(12): 1692-711.

17. Sharabiani A, Bress A, Douzali E & Darabi H. Revisiting warfarin dosing using machine learning techniques. Computational
and Mathematical Methods in Medicine 2015; 2015(1): 1-9.

18. Hassanzad M, Orooji A, Valinejadi A & Velayati A. A fuzzy rule-based expert system for diagnosing cystic fibrosis. Electronic
Physician 2017; 9(12): 5974-84.

19. Sohrabi MK & Tajik A. Effective feature selection of clinical and genetic to predict warfarin dose using artificial neural
network. Tehran University Medical Journal 2016; 73(12): 900-5[Article in Persian].

20. Nielsen PB, Lundbye-Christensen S, Van Der Male M & Larsen TB. Using a personalized decision support algorithm for
dosing in warfarin treatment: A randomised controlled trial. Clinical Trials and Regulatory Science in Cardiology 2017; 25(1): 1-6.

21. Martin B, Filipovic M, Rennie L & Shaw D. Using machine learning to prescribe warfarin, Bulgaria: 14" International
Conference, Artificial Intelligence: Methodology, Systems, and Applications, 2010.

22. Wright DF & Duffull SB. A bayesian dose-individualization method for warfarin. Clinical Pharmacokinetics 2013; 52(1):
59-68.

23. Saleh MI & Alzubiedi S. Dosage individualization of warfarin using artificial neural networks. Molecular Diagnosis & Therapy
2014; 18(3): 371-9.

24. 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.

25. Shahmoradi L, Langarizadeh M, Pourmand G, Fard ZA & Borhani A. Comparing three data mining methods to predict kidney
transplant survival. Acta Informatica Medica 2016; 24(5): 322-7.

26. Khashei M & Bijari M. An artificial neural network (p,d,q) model for timeseries forecasting. Expert Systems with Applications
2010; 37(1): 479-89.

27. Mohamad N, Zaini F, Johari A, Yassin [ & Zabidi A. Comparison between Levenberg-Marquardt and scaled conjugate gradient
training algorithms for breast cancer diagnosis using MLP, Malaysia: 6" International Colloquium on Signal Processing and its
Applications (CSPA), 2010.

28. Zhu Y, Shennan M, Reynolds KK, Johnson NA, Herrnberger MR, Valdes R & et al. Estimation of warfarin maintenance dose
based on VKORC1 (-1639G>A) and CYP2C9 genotypes. Clinical Chemistry 2007; 53(7): 1199-205.

29. McDonald S, Xydeas C & Angelov P. A retrospective comparative study of three data modelling techniques in
anticoagulation therapy, China: International Conference on BioMedical Engineering and Informatics, 2008.

30. Schelleman H, Limdi NA & Kimmel SE. Ethnic differences in warfarin maintenance dose requirement and its relationship with
genetics. Pharmacogenomics 2008; 9(9): 1331-46.

31. Klein TE, Altman RB, Niclas E & Gage BF. Estimation of the warfarin dose with clinical and pharmacogenetic data. New
England Journal of Medicine 2009; 360(8): 753-64.

32. Wang M, Lang X, Cui S, Fei K, Zou L, Cao J, et al. Clinical application of pharmacogenetic-based warfarin-dosing algorithm in
patients of Han nationality after rheumatic valve replacement: A randomized and controlled trial. International Journal of Medical
Sciences 2012; 9(6): 472-9.

33. Kimmel SE, French B, Kasner SE, Johnson JA, Anderson JL, Gage BF, et al. A pharmacogenetic versus a clinical algorithm
for warfarin dosing. New England Journal of Medicine 2013; 369(24): 2283-93.

34. Sharabiani A, Darabi H, Bress A, Cavallari L, Nutescu E & Drozda K. Machine learning based prediction of warfarin optimal
dosing for African American patients, USA: IEEE International Conference on Automation Science and Engineering (CASE),
2013.

WWAY QLT 5 jio VY 093 (ol 3)5ks) 0l rs S 2 poke olSitsls (Sib ol o 0aSiuls alxo Yov


https://journals.tums.ac.ir/payavard/article-1-6567-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-29 |

szigle]

woblew 3 Bl J9s uss

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

36. Tatarunas V, Lesauskaite V, Veikutiene A, Grybauskas P, Jakuska P, Jankauskiene L, et al. The effect of CYP2C9, VKORCI1
and CYP4F2 polymorphism and of clinical factors on warfarin dosage during initiation and long-term treatment after heart valve
surgery. Journal of Thrombosis and Thrombolysis 2014; 37(2): 177-85.

37. Zhou Q, Kwong J, Chen J, Qin W, Chen J & Dong L. Use of artificial neural network to predict warfarin individualized
dosage regime in Chinese patients receiving low-intensity anticoagulation after heart valve replacement. International Journal of
Cardiology 2014; 176(3): 1462-4.

YOA WWAY OLT 5 e V¥ 093 (ol 3)50bs) 0l s S 3o e ole olftsls Kb sl py 0 35uuls alxe


https://journals.tums.ac.ir/payavard/article-1-6567-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-06-29 |

Ve 5 o)l f.Eu:I

Warfarin Dose in Iranian Adult Patients with an Artificial
Heart Valve by Using Artificial Neural Networks

Azam Orooji' (M.S.) - Mostafa Langarizadeh? (Ph.D.) - Maryam
Aghazadeh’(M.S.) - Mehran Kamkarhaghighi‘(M.S.) - Marjan
Ghazi Saeedi*(Ph.D.) - Fateme Moghbeli'(M.S.)

1 PhD candidate in Medical Informatics, Health Information Management Department, School of Health Management and Information Sciences,
Iran University of Medical Sciences, Tehran, Iran

2 Assistant Professor, Health Information Management Department, School of Health Management and Information Sciences, Iran University of
Medical Sciences, Tehran, Iran

3 Master of Science in Medical Informatics, Health information management Department, School of Allied Medical Sciences, Tehran University
of Medical Sciences, Tehran, Iran

4 Ph.D. Candidate in Electrical and Computer Engineering, Computer Department, University of Ontario Institute of Technology (UOIT), Ontario,
Canada

5 Associate Professor, Health Information Management Department, School of Allied Medical Sciences, Tehran University of Medical Sciences,
Tehran, Iran

Abstraect

Background and Aim: Artificial intelligence is a branch of computer science that
has the ability of analyzing complex medical data. Using artificial intelligence is
common in diagnosing, treating and taking care of patients. Warfarin is one of the
most commonly prescribed oral anticoagulants. Determining the exact dose of
warfarin needed for patients is one of the major challenges in the health system,
which has attracted the attention of researchers. The purpose of this study was to
determine the exact dose of warfarin needed for patients with artificial heart valves
using artificial neural networks (ANN).

Materials and Methods: A total of 9 multi-layer perceptron ANNs with different
structures were constructed and evaluated based on a dataset including 846 patients
who had referred to the PT clinic in Tehran Heart Center in the second half of the
year 2013. Finally, the best structure of ANN for warfarin dose was investigated.
All simulations including data preprocessing and neural network designing were
done in MATLAB environment.

Results: The effectiveness of ANNs was evaluated in terms of classification
performance using 10-fold cross-validation procedure and the results showed that
the best model was a network that had 7 neurons in its hidden layer with an average
absolute error of 0.1, turbulence rate of 0.33, and regression of 0.87.

¥ Corresponding Author: Conc.lusion:. The a.chieve(.l results .rev.eal that ANNs are able to predict warfarin
Langarizadeh M dose in Iranian patients with an artificial heart valve. Although no system can be
Email: guaranteed to achieve 100% accuracy, they can be effective in reducing medical
Langarizadeh.m@iums.ac.ir eITOrS.

Keywords: Neural Networks, Machine Learning (ML), Warfarin Dosing

Received: Feb 2018
Accepted: Jun 2018

WWAY QLT 5 jio VY 093 (ol 3)5ks) 0l rs S 2 poke olSitsls (Sib ol o 0aSiuls alxo

voa


https://journals.tums.ac.ir/payavard/article-1-6567-fa.html
http://www.tcpdf.org

