[ Downloaded from journals.tums.ac.ir on 2026-04-05 ]

AN-08 Olis i ojled VY 6,95 NYAL Ol ) 63}“}?“":‘,‘ RS Ao

T

28 085 GHl8 ¢ askld 50 il (S pF Ol aliso (S 519y 4w io
By 38 38 5 35 58 G 9 b (LS Ololew

LI v | .
WS gle dosmo dw ¢ (ol 2l Pl (S rg04 (Suee
015 o8l ¢ 5 059 5 p sl oSty (4 (65503 5 p sl 05,8 okl

01 oK1 (5 055 5 pshe oSl €At (55 5 psle 03 3 ¢ (SCay DAL (6558 il ol )IST (6 gmtils |
St Ol Sy (2ol Sladst 5 (S e o5 € Bl dh gy alizie Slacs slony Slidnd S e sl

CNNPINIOVYD il (0l 5 o8> s 3 055 5 ke 08315 (a3 Dbt 5355 (o SIS OLst (015 1SS (S g (Shge 1l ok 5

mehditeimouri@ut.ac.ir :¢5 5 S

U/ A/ iy QYVVYY B3l s

e Joame So s lb i ol 5l Bas aies 95 (g ld 4 Ml (6 yme 40 0jlgen S0 o ley 1 Blonl g doade
OSan a5 dS w0 dsel> 0 (gyle nl ages (i35 Al o bg anie p S «Zobs @ M ol 31 L jo 9> (g Lad
Al asls gl o Sles

b A e Gt Jhe S ortle (6550l calite gla g, 5l eolial L B al (B (leghy (nl 5o 1 (e
Slopin, sl e slasl ails 1) o5 g lady Sl bixe jo 0l ol 3l gt 50 0, Sles (i New 9> U aS 05l
o= pll gl ol oolainl Sz (ygaw )5 ) 5 g emas aSD (glatiy b p il crenal S50 Glaei 631 5l (gglSenls
b eolaul (B, Ol?}.g.l.g)éi obwl 5o e sl el glp ok lhlem L se 4 Loy e slaosls 5l iwgss
Lo e 5,8 es g )lady (oo po i |y (0L 8,8 e e e VW e 4 Jgins o3 Lad ol58l a8l
0AFLE (n i 9 o0 i Y5 4 jeme 43a 3,509, A5 (Jloj ety o3 FA Sgu (0 (APl 4 gedinpa juE 9,50,
ey o ol gliul) jo a8 el an e gile Blas Lol (o Bus wix o el cas a0 45 bgy e (00,0 TYNVY) oy
il 1y 0 ,Shes (e St o) 5 e

aalzr )0 glon (2ly @i 28,5 50 5 laby, 09,5 Al a4 el caaliz o laisslon (St Jlas 40 (g S Ao

A3l 09z ge (g00ld degazme (59, (gamatws glallaz sl 15 S dieS (Bue s aS I B ol (g5 i Coenl

e 4 u.)LM> GL“uf’S) (G dwd ‘L'),:JL;L: L;ﬁfoli wabo ‘OH9> )Li'.é :LS"\?‘L: Qlf'}‘g

e olew sl Jalge 5l (Bl 5 (525 08 DlilBs Bpan
2 1o 8t Jelse ul (V0-A) gy Lot 4 YL 055
Bl Yo 055z sels JBMD) G esg asls
0515 b a9 nged «(HDL) Vb o515 b (g g cJgyiudS
3 (go Gl & perlS (6 5 5 (LDL) by
@Ml (opme ;9 355 pee Job 50 olgen (DL olilen
@ o 5l (oo 5l e &5 2lr B aiten (95 g )L235
0> L S)ls Vb 9> jlad gole ploser 50 g5 <ol
il g aS (o0 S ]y 93 Jlad ko g waas |y Sk L

oy Lt g 09 oo 5180 Sylew 90 (nl G JbL y90 S s S

‘Body Mass Index

EVIE-T

Sl S et ) 52 5 850 G 05
Solow cnl oo Lo 4y Lo o )3 (558 4 g, 5 (oges
o ! 5l g o)l (Bgpe B Glag len b (K05 bLS)
A e 53 55 el ¥ 51 i ol 455 5,5
399> b plp Ol cpl &5 asbior Ol VU (93 JLad peditnne
sloaisl, ol o laadlas (Y1) Conl Lok ,e JS amyo VY
a Lol i o0l i |y g e fond olpae 3l (Slite L
Jloislee 3131 51 do s YOTD )l 1o S ol o S b
Comozr dop Voo Sy (sl g oloy g o)y
(F) aslyo Y o5 Lis alo a5

‘JS.” ;’9)‘4‘0 U8 d)m ‘UM.L?' S séé‘}:l}" ELQJL».)


https://journals.tums.ac.ir/irje/article-1-5462-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-05 ]

EV/ Laau s o5 8 B 5 05 5 L mls Ohlew 55 05 (oLad 5 Lasnis s udle (5 2S5l Ciliee (sla b alis

BLAET3)

65 Satlo Jlow 138) els anllae o500 Cones
Sl 93 $)Ladn Solem At Sl S 4ed 5o eud
AL (G ozl e Sile gy 9550 sla S
ablo (Kbl gailo wolgls o cabs able (S ooy
a8 Jgtms (55 5lid iz bt galle ((Shel> Cubs
SrelS 55 s sl B g5 a3 gy o5
25k 4 gl g sl et Y (ST b a9 e 0055
90 Jolis mghy ol yo oolatul 5,90 (goold dcgeze ad
V7 oolaws 5l (b (95 5Led @ M 28) olle g e OIS
D0y somsl dudy g g3 ] Aasein Ayl H0 S92 g0 dadtine
05> lel @l 5l i e gl s Lelse g anl
Syge yd (2lad SVlg sl Se laytell Ao lp 8
o )b Gl g (Sl 5 sl Bilgw 5 (patd Sl
09, anlbre Gl anxlie ploj s o 95 Lad
Slid @ Mol pas cpnd g 00ld dcgasme eSS (gly i oolaswl
@ 09 L8 S ojlul A ye an sl 3l s T ALl b o3
5 b b s a1 oad soliial 5, S, alols
@ Moo 98 09 A g9, VFe Gl i s, SO alol o
oot oslitl slaaminie plas oo 51 ablise (g3 (6 Lidy
097 JorndS LBl (93 a8 (a3 ls P oy slade 50
Oeegell 9 eSOV o515 b Geg paned (0095 e peelS 6 5
B 00ld degasms | tiad s Latin 55 iulejl b aST ]|
5009 painsn b iolesl cplaS col ] gaoge oyl Judo ios
2hoal g gilie j0iS Caxex ples slp ol el Gl
ostie ialol (69, 3l (95 HLid Ladis Guizes (uas
ol el o ol o o3l (s, dnllle ol 51 oyl
3o 00ls degemme (pl Ll Bl 55 eolgls o cubs adle
3 O G55 S 4 S ) olls 155 VYR8 slaws Julls ol
(O ojled Jguz) 09 Vb (y95 JLad 4 s ,a5 PPV

Sl s o9 )ladn olem (ais o5 mll WS (558
Ol oS @il Voojlad Jour &jgo 4 S0bo
09 Sl Cunyd lapaniis (TP (Bly cuta @

s ohlew 5o

'True Positive

& Ol cnl el o] lajen g Slelss lays 9o cnl JpS
(B9~ sl bom e 0 rnbe 3l S Sle
O8> LS ax e s i Al 5 gslS S
5 B glasw ol ks 0l S g b slen
ol 5o e Slacl s (Boye 9 6925 9 (oadr Sluls (i3
&lr Gz Gua len 90 ool & Ll 51(R) S50 S
0,8 00lgils g Jlaws sl cpl 5 ogdle 5 Wgd o gume Cudle
Rbe Ohlen (G J0 een 4 el anpa 5 M
Says0 S5 4 (55900 Vb s JLid (glew Sl oyme )0
Gl oo e 51 B Wl (e Lo )9lST St o rlnle
sleudln b g anles glols 1) byl gilem ol 4 o8l
Oy poid Suge 3 9 @l iy aley 5 Shn el
slaghy, oL WS pSelr lem Séyam I ag)b
5 0% Gulidn ol @ Ml YL Sl L ool plulis
5% 5 33 ol el 4 SLLs SeS Wil oo )T Wge 4 ooy
O YA G95 rliadp pasell dins ;0 suxie sladalllas
5 Sy sl ole;] 5l slacgeme wlul p 4 aliws oo o
Cawd 005 065 i sl Joe a5 (5 Lol sla Lo 5l eolaal b
Sy30 Sslite gla,giSl boadlas cyl 5l AlaS ,a s anly
8 o paalllas (S 5o b (lyie 4y S8 I 18 )
sr Sl Sh> GlayeSt plee 4 9> LS 5 03
95 oz D97t 58 slayiell Koo sladadlllas ;o 5 wilowd
3s2eS 5o 0AYe) Wlas F o zihe 3o LelB asle
wslsy )len 535 Jolse | S o 5l Gliae p nasllae
290 Ll mle g galSosls (g el LIl 5l oolanul b 5 09l o
b Jie plyie 4 0gdioe patie Jolse | Sy o b mas
O3S ) Slagby, Elgl b gglesls alides sla g 5l ooliul
P epll) Sordg ax o ol o o 08 Sl et @
OF-VA) Qo oo wylo )13 (6lon b a6 e
4 oo o3l (Dl s wseis adlas (ol sl 51 Bun
slSools caliza colabs, 5l oolitul b 53 o)Ly (6 Lo
Orile ol ke slaghy, b N o)le 4
3leolass a4 azgi b cobo 0,8 G a5 wl wales ooy aseis
I8 Glom b o) (cimdg az )5 oalig pSojlul laaasis

S5l


https://journals.tums.ac.ir/irje/article-1-5462-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-05 ]

ULer 5 (6 ger /EA

] 00

2
F-Score = M)
1/ Sensitivity +1/Precision

. . . . . .\. .
Ay Syge ol a4 jlae ol 0 jlae m

J=Sensitivity +Specificity-1 :59.5 oo
aS 83l8) YU o5 Slid a5 ee jo 018 asis gl
Canitd YU o3 s s lem oolitul y5e i, Hk5
oolaiwl pile (gpSol alidee g, gy 3l (Mgd oo ools
Seezd Hgam S -
W C«ﬁ-)é -
e . S B
WL B
Sheidy Sl el -
Blaod (p S SG8 5 -
Sl Coeal Lol ot sloJow (b o d.ge.ﬂ
€589 5l G Jleiml b assl> o ladiged my595 (85 Ja 5o
S e S ek a dlus ol lidss 6 by 5o 3l oo
©S9>ga 0010 degeme (53) » LS lagiluad g 0gd ood a8 )S
plml Gl 9550 ansl 5o (gilany (8ly s @ Az (e
595 Sl e b baglesl (les Baios ul e 05 e
Comaz Gl )0 595 )Ly gHlem g98y 5l L Jleio
O s ISl o s_,lm ol 8l ;| =) Cabis a4 Mie of 3l
R r:bgl (o YU
s by, Gilwand a4 il 0,559, 90 b Liegh cpl 5o
a5 ol aislyy ool dcgae 59, » wdle SOl eSUS
ORalS Bas 0,55, (pl )0 1yamedinie 18 0 S0,
Slae 52 0,505, (nl ;0 Bas :jemedisie 0 S0s,  ®
ol 4 Dges pas by Gl 4 ol 8l Dges a0
St G 85V Se) ol 4l 0 5
50 o35l a8 sl aS il £3s 5l 5 golatdl
Dges il asby 4 (i Ye Ske) s (o yme
Sgdiss smw (b (rl po Feske Sl 4 gl

\
+Youden's Index

“Support Vector Machine

2 09 oledy bl glaasas FP) O3 e
09> $)ladn ilen &5 (oollu Bl 8D (b Glilen
(sl 00 031> i Ll sy

Jlad pladd cawys g aseis {TTN) &8ly o @
oisbeyl gl sleslawl b cubo olew ;o YU (s>

.

os> ,Lad s Lle sla_anseas (TFN) L3S i
YL g9 JLad sl phlew) (Gubs hlew ;o VL
(Wloas ools yanseis ol
S Sppe 4 LG8 mlE e il
Shloss woys TTPF T Jo a5 5,8 )| 55 FNF + TPF = 1
Sy gl e ladn 5 Cwl b e jLd )l
o9 Hkad sl llews vue 0 OFNF g cowl oulds ooy jauseis
Wl olial 4 YU e Jlad 4 Sl Ll 5 a5 el YL
lgl oo 5 5 syl ol ogdle ailoads cols aSeis
g ooliiul gl Julos (sl
vy e by oLl shw Topules
JLed slls Ll a5 Shlow IS o @y onlsoll
(TPF lod S o) aited YU (55
Ol 555 Led @ Mis 8) ol ol olass o (S35
Mice Ldly a8 gol3l S s 4y oaisolies] Cew o
R CRSY =g -
JLid a8 YL s Led g lem sl o3l olows fcds m
plod Cad 4y Gl 00 o0l auseis Ll oYU o>
ailoa ools jansess Vb e ,Lid gl ls a5 gol 3l
9 S o ke 90 Wl 4S5 Cal (glne F Sl ®
)95l (5992 camlie Bliae 9 00,5 Bl ol | 2o
4l Bld 5 (e 5 St sladiges 4 a4z L,
il 908 (ol ataS Swyd g (9 syldn
05,51 (V) alal, 5o JLe cpl S aseia LIS

'False positive

True Negative

"False Negative

"True Positive Fraction
*False Negative Fraction
9Sensitivity

vSpecificity

*Precision

*F-Score


https://journals.tums.ac.ir/irje/article-1-5462-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-05 ]

4/ Laaupa 5 8 B 5 05 5 b mls Ohlew 55 05 (oLad 5 Lasis s pudle (5 S5l Cilie (sla by alis

Lol (Siy Sl o bpl) Yo (g5 jlad 4 D 58
Al )3 (5ilen £ Qe o poJel> PIFN) iz o
Goled s 4 e ol,8l e ol slo auid puS o P(HBPH)
L (V) abaly il ol (Comlar leie SO L 2l 09>
a3e Sl o 0 walss L35 (1) abaly 4 gl caugisl

wes o lid 1y Jow
C,. =C,,x P(HBP" )X FPF +C,, x P(HBP*)x FNF

(v)

C
=C,, x(P(HBP‘)X FPF + CFN XP(HBPUXFNF]

e

55 Syl ganaias 5l (220 (ly slaan e oS ol |

3y s dloee BB (Solo 4 ol 5 Lo (I g0 50

Sl g ol 4z g 00 Soine banie S p (S)b

@osly doase 51 Sy e 58 sl sl 4 cnlpby ol

ool sl ol b adlsl o 5 ot plovl lodiy 3o Corn ]
.

wds Sk e Vel o S e el 1) woe

o
@ bl e aine 355 b 4 Cud (p) andl gl o
Y oey ok Ghlem w0 bgrpe alin slaoign ;o a5 pl o
ool Bk s el oad auls IVl Cod ()
GRS pae g Sgzge (93 (5 by (g len 5l a5 Sledlb
20 08 Gl epSeir sbauip gyl (gilow ol mo
ob Ve s Wl ol @YU Comnl s 45 ol ol
oLl andis anie b e b ool a8 S L s o4l 5
lge 2ol (S g 4l Gl Colis (Bl lars o1
0 Crp Sl oo 5l plgioe @bl pas Lo 4 izpe
S G Spgo 4 @l QI Gl b Sl po 0,5 a0
g oo el (Laseinl L) col jlade oyl

Rl 5l oeile (S0l calie ba by, gilwosly sl
ol 00y solaiwl Weka
st

e 050, b oeble pSol dalite slagiy, @l

odalie - ¥ o)Lo..'l} Js.\? S wols ACgeme (59 H9Tediy 1B
9 ‘_’054 ua?Lw )Lum l.t soM] Cowd A CJL».) Q 4}54 L> »)9....:‘540
Syfles Siwzd g yS ) 9 Sltin 0 edle Bl
L oo B! 50 by, ple o,Slee Wiz je )b (g0
Oinles ) oles JSb 50 sl ety pueual S350 3,08 Loy

o8 (olail) mges -V rfold lawgie asie oS
Yoo ol 31 (Ll Siges poe ¥ il 4wl
g a8 b 4 9 JLad &
o Jae S barpe glaanze 9,50 50 (IS b 4
Sl &l e a5 5 )ls 042 g 4y atws ¥
adgl il 4 bgipe anze cpliadsl anie )
iz Jie IS slaaasine o] 5 a5 el
i 3 oS Sl 3B 4l 5 55 b
Co aize g Wigdi oo Syslaer Kby S
W9 o0 0350l
laasioe 5| S 2 gplaer anie Y
2 50 95 nl sleanze (CR) Hloay e
oS Cowl opl a4y dnly g ol Sglaie 5,554,
Sed ool Jaw 2 50 slodasin ax
S des cpl o ab o)lil &5 jeblen
Sl oauid oolazwl Jloais 3o sledasin
dges olitdl (gomatws aje .Y
4 oo aiesks Lidly a5 60,8 Crn anse -
pas aiwd Ho |y ol Jaw Ll wog ol
Sl oolo 18 sl 4y ciges
a4 Sges wiails bdly o 60,5 Crp anjs -
@ e aiwd ,o |y ol o Lol wedgas ol
Sl oolo 18 ol
RN WA SR NN RN ST
aris g g 5l (LIU bawgie anie lgiee -l
(YV)) 5,5 ol (V) abaly &y 45 |, Cymblo Lawgs oLz
C,. =C,,xP(FP)+C,, X P(FN), (¥)

b by ause Crpodewgie anze €y ol o o8
b asxis b lag e anie Coy g 03 cui sl anseis
gy Oyge a |y QI i glagasis Jlisl g PEP)

:$)9| Cawd

P(FP)=P(HBP )XPT*

HBP™)=P(HBP )XFPF
P(FN)=P(HBP+)><P(T*‘HBP+)=P(HBP+)><FNF

Golom E5ud pae e 0 yo ol PFP) S Ole o

ol 3l ol slojaseis S o P(HBP-) oo axol> (o


https://journals.tums.ac.ir/irje/article-1-5462-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-05 ]

OLes 5 (o505 /00

O Gilodilaz glyy M 5 anje (28,5 J5 0 b a5 ol

Ol Lol el onds S oy (ooled )0 F bl 5 o (a3l

Jeezs so3lail & g3 ilidy ilem S 5o Alles

g 00l e 86 Ghlew @by S ol ais 4 e

wpe ool Sl 3 oln s oY b s

o clots 435 a4 boatyse 45 cond il 51 5V L

22 O 93 L & Sl 5 ) o3l o by aeits o

ol sty ol 30 )18 (6 VL Hlows Ceonl by, o]

CS 0 pl 4 dzgr bl oals ooy ioled ¥ ooleds S o

1SS Gl

Fokes Vo Sl S Jeteen 095 jLid oS olBl -
ool asis YU e Slad @ M 08 cwiylo g
oo 230 ol GV ool 31 i ol oyl i o
b ohlew gl (Shy ol @b Sl Coeal
il e

@ ople & el 7S i 3 Sebs 4 e B3 -
g o e YU 5 L

D)Vl o3 )Lad (g )le 4 Dl )0 (@il 2B -

3 sloaes ).'.:L, ko 08 eolgls o cubs samle -
DIV 5 jLad (gl 4 55 (SO

1S gl oo S0l 4 az gl Lol ool ools

2 deels 093 JLad g Jgtew 09> L3 Gl SRy -
o33 55 cal lansS s o 13 VL sl
5 O oz odlgls Cubs saile iz bt ekl
ilosls LSis Sy egd ezl

logy] Jsiamms 095 Lid 45 soldl alas lal led o -
ol ol ot sols mis Jlews el VYO 51 it
ks ohlam JUE )0 peead 2550 oYL Coles
aes o slas

a8 solew (oyxe 5o (b oy 5l i (Subs by -
il oo b 09>

bl Ol o 09 ildy Jliol G B L -
alee pRlB ks

sseai i 0S50, b eile Tl e lats, @l

S0 e ol g0 aS Canl ouls A Y olels Jgum 0 5

anye Bld Gl aos e S G905y 9 e

Al b gae G400 Wiz 2 W0 (Cpp e ) (oo

Candg aoys FONVY L Folidl 5 aoys TV ooe

S 8kes lee cnl yo 3)ls oy, ple 4 Cud (5 camlie

zoly el 2 Sl PIY og a3 la b Slasiy by eile

Rl sl 53 05 LS (ol e o - ) ojled J gl

3,8 (2Blg 29
Vb e jlid (095 ©)ladp i 28) lls
S N TPF FPF
(585 6HLid p 4l 8) Wl FNF TNF
Jrinedt JERRRE
sy b 3,505, Lol ws germe (555 Gletnd o = ¥ o lend J ko
oo L F 3ol S cds Cowlns oolaiuwl 5 g0 (W9
sapy YAIAA ABIA¥ VEAY AYIYY St (330055
/) YA/ ASIDY VoIAS AY/+ A Sl I aile
£YIN YAIYA AY/Y . \idAnd A1) emas LU
FAIPY YAI#O AB/AAQ Yo/ Y AY/PY POV NSNS



https://journals.tums.ac.ir/irje/article-1-5462-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-05 ]

0V/ Waagza 5,8 i s Oy 5 b mlis Ollew 53 05 (5L 1 asetd 55 eile (6,8l alies gl 5, anylis

e Lo 95 jLod
@ 13807 1380
a3y jlad oy
- —
L oS la (g9 jLad

=410 Al =100 1300,

= -

0= 480

= _._-"‘"-‘s
s
- - )
= femalé b= famnale 760
——— i
_ 50T Tens0 =T e

s —_— s y . Ry
T B0 __atemale ™ s famake

PENER T el 95 L3

= 1250 » 1250,

@y 3
e
_=5207 520

_=HeT e

-

o3l 45 sazes ng))g)}m@}aﬁé—zﬁblgm@&):—\ oyled S

st 3 8555 b edls assazs S35 p Soleannd = ¥ ojled Jgur

(ot A 3B o9 el F bl SR cds ol oolaiwl 3 50 (9
(Crp > )
AR’ fe/2A YN Y AATARE \idl'R AAYE St ygams 5
“IEA $If av/-a $IV- Yo/vs V- Sty I elo
DAY Y/ FOIVY VAR O/ ¥ 0/4Y 6...4:4\5..»:
<IYA 0 7f/AQ fYIFY TAIPN aY/OA PUSNP LI
il g3 L8
07T e 1me
-
- L]
w

P
et

s 50

_‘__'_'__-—'——'_'_'— “—\—\_____\_‘
r'f-‘_hh‘—ﬁ%
@ (MA » 460 = female = female
e e
] eaben gLk
atst” a0 @t 80
— ~ — ~
s i pe
™ — k= no
~
-
=il — 410
e~

s

\)’@}ALSLAWC}:};JE)AQ}A{M\:@wéj)ﬁ)}m@ﬁéﬁj)l{r:@&)a—v GJMJSJ


https://journals.tums.ac.ir/irje/article-1-5462-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-05 ]

OLan 5 (550 /0Y

g oud plxl (6,985 Djgo 4y aS 3jlo 1) ColilB cnl 25k ()l
Jo o alanlie Wl w8 13 aisd o3l pges Ll o
G 4 Ol LS (65985 laosls g Jdo 4 ol
S Syme o Sy B0 el 3 ol slaaiges
Olgse 95 J18 09,8 Ll o (5,945 5 o lailisl slacsls
Sl GE% pS e 9 (KB5Sl (o bty alol
K

8L, b, sleanja (0,51 coss @ Gl Giagh cnl 5o
i 535 oy aie b og s W g5 i s len
s 4y Lol sl anils sgmg YU oys3 Lid g ke ool
Silbew ol 89, 9 OleygsS 55 (9L 8590 (nl drslne &Sl
033 SKmn i 5ol il ol ol 428,55 D0 o5 ol
a5k & Wl iz stalre gy0nl 5ol lee e ol el
S9dss Aoy Dad 4 ol el g 009y L5 8590 251

S 5 domyid

a4 ples @ilsr )0 baglen Gt Sl 5o
anal> 0 Hlem (ABly @i 18,5 LB 0 g ey, (0,5
olaxs 40,5 S (Bae L aSepl U ool (65 jin Cowsl
ol 50 bl dgzge (gools dcgase (59, (gudiwe (glallas
DRP A (40,5 Al (pgm po sladsllas S s alllas
Ban oS b o a5 ab ool plas iz e 83 18 a5 v
s sla g, s Al ools dcgeze g9, Uas ralS B0
Ayl ol [C30 o, Slos L ywd yo 0ols (g9,

310)05 9 SRS
ady 50 o)l ol )5 aibl i a8 S, ol alis
olad a4 a5 il (Sin oMbl (gsld swaigs
Ol oKals pg 9t g pole oaSlisls jo YAYEY/e£/eY
Solig oo oylol pore Yok 5l il 0 008 Cugal
bgye gosls asgoma 50,5 53 o5 Ajgal 5 ooy wcedloge
9 55 dlapes wWisged )5 Vb 093 LS L )l &

&

—

095 5 97edinj2 1 0,509, b ol dlaxde a5 j5bylen
Sl ls | s S0 5 Sty oy oetle ik
Oty woys SASY 5 SASY SAN. L S 4 oo
0O oaFls b mae al 0 ,Sdes Ll wiyls ) e Sles
4 Hymediy 30 9,80, a5 (Gloj Lol cenl Sy (oS wo )3 FYIAY
mas Sod 4 boe (o9 (aPld Sk g e i
e gle Sl ol jo Buas wix » ((do,0 FYNY)
O3S ) 5 peedl S0 SBae ol by a5l
Al 1y o Sl (s iy St

A ol glools degasma 31 oolaiwl b aylie dslllas G j0
o p Yo o3 Jlad golew (G 4 datin VY g diges
ey lie (Baniss 515 G cales jo 5 ol oad
Gl @il 1y o Slae oy g duo )0 AY Coro b puonal &350
O Sleiy oy eile jleslaul b Ko slaslllas jo .(V9)
adllas cnl )o a5 oad aSlyyy (95 G)Lady lem St
I Gl 45 o ool asla VY 5l S adlle alis
@ oLl e Galesl 5l g axtus s bl (pl 5l oo
Sy oeiile 3l eolaiwl b coles jo asdllas cpl 4o .\.\;4"]‘5& Cewd
50 QVY) Wlodgwy do )0 AD Cmo 4y s S L glossy
Al iz oo Jold daseie 151 eolaul L Ko (glasdllas
O MBS B (aetS weslgls o VL e jlad
JorlS 5 (S o35 (atld oz eBgngnd el SOl
S0 ol j0 5 Gl 0als aSly ) ladiged (gaisdiws 4y 9>
OA) Cal 0o amad oy dod AY Coro b puoual
Ghed DlEdod i )0 ey §98 Con AT jsbiyles
oo il g ol 5380 axje i 4 Bolane 4z
g Wosls (5)glaes anje moe Jlo altas 93 5l g Sl 00
el ol cdid esh y0 g68g 5l i Jlexl Jlesl
ool oads ofag stz O 4yl Sl (gl 0 45 (£9080

U 5 alis oyl LS o 1y b ol s 45 sl sl
a3 s 4 (S Gagsel 5 ploys oilage o)l 50 2!
P Gles Sype a (Shn i o eble xS0k o L8
285 51050 plpl (seg slaosls ogas


https://journals.tums.ac.ir/irje/article-1-5462-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-05 ]

O/ Laauza 5 8 B 55 O 5 b mls Ohlew 55 05 (oLad 5 Lasis s puile (5 S5l Ciliee (la by alis

. Puavilai W,

Kearney PM, Whelton M, Reynolds, K., Muntner P, Whelton
PK, He, J. Global burden of hypertension: analysis of
worldwide data. The Lancet. 2005; 365: 217-23.

Dickinson HO, Mason JM, Nicolson DJ, Campbell F, Beyer FR,
Cook JV, . et al. Lifestyle interventions to reduce raised
blood pressure: a systematic review of randomized
controlled trials. J of Hypertens. 2006; 24: 215-33.
Rezazadehkermani M. Epidemiology and Heterogeneity of
Hypertension in Iran: A Systematic Review. Arch of Iranian
Med. 2008; 11: 444-52.
HamshahriOnline. [2015/03/01].
http:/ /hamshahrionline.ir /details/185930.
Madhukumar S, Gaikwad V. An Epidemiological Study of
Hypertension and Its Risk Factors in Rural Population of
Bangalore Rural District. Al Ame en J Med Sci. 2012; 5:
264-70.

Kannana L, & , Satyamoorthyb TS. An Epidemiological Study
of Hypertension In A Rural Household Community. Sri
Ramachandra Journal of Medicine. 2009; 2: 9-13.

Fagard RH. Epidemiology of hypertension in the elderly.
Health Science Journal. 2002; 11: 23-28

Yadav S, Boddula R, Genitta G, Bhatia V, Bansal B,
Kongara S, et al. Prevalence & risk factors of pre-
hypertension & hypertension in an affluent north Indian
population. Indian J Med Res. 2008; 128: 712-20.

Group UPDS. Tight blood pressure control and risk of
macrovascular and microvascular complications in type 2
diabetes: UKPDS 38. BMJ: British Medical Journal. 1998;
317:703-13.

Available  from:

. Tazi MA, Abir-Khalil S, Chaouki N, Cherqaoui S, Lahmouz F,

Srairi JE, et al. Prevalence of the Main Cardiovascular Risk
Factors in Morocco. Journal of Hypertension. 2003; 21: 897-
903.

Laorugpongse D, Prompongsa S,
Sutheerapatranont S, Siriwiwattnakul N, Muthapongthavorn
N, et al. prevalence and some important risk facors of
hypertension in Ban Paew district. Journal of the Medical
Association of Thailand. 2011; 94: 1069-76.

. Chien KL, Hsu HC, Su TC, Chang WT, Sung FC, Chen MF, et

al. Prediction models for the risk of new-onset hypertension
in ethnic Chinese in Taiwan. Journal of Human Hypertension.

20.

21.

22.

é.;l;.o

2011; 25: 294-303.

Yeh DY, Cheng CH, Chen YW. A predictive model for
cerebrovascular disease using data mining. Journal of
Bioscience and Bioengineering. 2011; 38: 8970-7.

Tazi MA, Abir-Khalil S, Chaouki N, Cherqaoui S, Lahmouz F,
Srairi JE, et al. Prevalence of the Main Cardiovascular Risk
factors in Morocco: Results of a National Survey, 2000.
Journal of Hypertension. 2011; 21: 897-903.

. Van Dis |. Cardiovascular risk prediction in the Netherlands.

Doctoral Dissertation. University Medical Center Utrecht;
2011.

Kareem HR. Hypertension Prediction Using Data Mining.
Scholary Research Journal for Interdisciplinary Studies.
2012; 1: 703-8.

Samant R, Rao S. A study on Comparative Performance of
SVM Classifier Models with Kernel Functions in Prediction of
Hypertension. International Journal of Computer Science and
Information Technologies. 2013; 4: 818-21.

Ture M, Kurt, I, Turhan Kurum A, Ozdamar K. Comparing
classification techniques for predicting essential hypertension.
Expert Systems with Applications. 2005; 29: 583-88.

Tazi MA, Abir-Khalil S, Chaouki N, Cherqaoui S, Lahmouz F,
Srairi JE, et al. Risk factors for hypertension among the adult
Moroccan population. Eastern Mediterranean Health Journal.
2009; 15: 827-41.

Omorogiuwa A, Ezenwanne EB, Osifo C, Ozor MO, Ekhator
CN. Comparative study on risk factors for hypertension in a
University setting in Southern Nigeria. International Journal
of Biomedicaland Health Sciences, 2009; 5: 103-107.

Metz CE, editor Basic principles of ROC analysis. Seminars in
Nuclear Medicine;1978; 4: 283-98.

Heydari M, Teimouri M, Heshmati M, Alavinia S. Comparison
of various classification algorithms in the diagnosis of type 2
diabetes in Iran. International Journal of Diabetes in
Developing Countries. 2015:1-7.


https://journals.tums.ac.ir/irje/article-1-5462-en.html

[ Downloaded from journals.tums.ac.ir on 2026-04-05 ]

Iranian Journal of Epidemiology 2016; 11(4): 46-54.

Comparison of Various Machine Learning Methods in

Diagnosis of Hypertension in Diabetics with/without
Consideration of Costs
Teimouri M1, Ebrahimi E2, Alavinia SM3

1- Assistant Professor, Department of Network Science and Technology, Faculty of New Sciences and Technologies, University of Tehran,
Tehran, Iran

2- MSc Student in Medical Information Technology, Department of Network Science and Technology, Faculty of New Sciences and
Technologies, University of Tehran, Tehran, Iran

3- Assistant Professor, Vector-Borne Diseases Research Center, North Khorasan University of Medical Sciences, Bojnurd, Iran
Corresponding author: Teimouri M, mehditeimouri@ut.ac.ir

Background and Obijectives: Diabetic patients are always at risk of hypertension. In this paper, the main goal
was to design a native cost sensitive model for the diagnosis of hypertension among diabetics considering the
prior probabilities.

Methods: In this paper, we tried to design a cost sensitive model for the diagnosis of hypertension in diabetic
patients, considering the distribution of the disease in the general population. Among the data mining algorithms,
Decision Tree, Artificial Neural Network, K-Nearest Neighbors, Support Vector Machine, and Logistic Regression
were used. The data set belonged to Azarbayjan-e-Sharqji, Iran.

Results: For people with diabetes, a systolic blood pressure more than 130 mm Hg increased the risk of
hypertension. In the non-cost-sensitive scenario, Youden's index was around 68%. On the other hand, in the cost-
sensitive scenario, the highest Youden's index (47.11%) was for Neural Network. However, in the cost-sensitive
scenario, the value of the imposed cost was important, and Decision Tree and Logistic Regression show better
performances.

Conclusion: When diagnosing a disease, the cost of miss-classifications and also prior probabilities are the most
important factors rather than only minimizing the error of classification on the data set.
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