[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Swlag Olids gl 9 Cubilug 0uslls dlxo
£V-o0¢ WJg' oylos YV 0598 Ve .Y Hlg

(S SR 991 9 (mile (5 3L Sl alatul b cabd (Solow i

SR P \ . nf A
RSB - VTR JXSTN Wt gV T
Ol Ol ¢ oo sb p i a5 oKl (s rtige 0dSTEs (AT (5555 patigo 03 8 byl ol IS 0555 (5 gomitils -
O O o3 s ] o815 cpylis gundign 0181 (M (65l gurdiga 055 cslil =Y
mjtarokh@kntu.ac.ir : laf, et s

VESTIUYY i g b VETPIYL il 50 &b
OS>
o}j@‘;ﬂzﬁnéuejy)z&w)ol@}}é g S L;ur;w@)&:_;u Sl el gladlo js i Bda 5 a)

S3 Bk 1 les S o s ke (et 1 sl OIS (laesls a8 e (2313 5 3 el (53,08 slaasr w1y Sl o5
Sler ol Sl Ssben ool Sl 5 a5 ol S 5 Bl ke 3 S s Sl 355 5 g
el 650k 5 SLlSS laaz s S e et Jae G bl Ga b sl adllas .l axdls ol s ) 6ok Sl SIS
A el ol (Golen el e

ol e 5o ol (olginy gy s e D11 Culs (Solew dadgn o 5 ste Colr SO s ol I B,
Jols pss al o | Bsla s S 5wl en o 505K slagn, S 51 eslinn 1L (gduaid 5 S, ol Jsl s o e |
(S St S S 5Ly slaen s 51 0T 3 oS ol Ul o o il 3 gy shite 4 gduail 5 (S Sbsl oS 550,
o3l | Loy (gl o> 0313 4 gazes 31 Gaios cpl L3 e Lol sl | (S5 bl Cogr D3 plol Sl a5 S Sl ag
odd ool FL Slael 5 1l 3 5 s o233 bl sl el o b 5l e slas S o (Slinlin o 5 525 sl ol
sl

TN oy S b (5 7SI S5 jlaaig i okl (K Jis oolgeing sladie o ke (bs aslis Sl e el
AE B 5 bl ple Je Ol e @

2 Bl e ele (5,550 sladn JUS 53 JLolSS gl S 51 eslinal o s o OLES Jrassy cnl 5l Jeols ol 15 8 aomd
s Gl Ble St 53 0T S 2L ol 5 s ole ais oo

S s bl lSS slagn, S ile (6850 (il Jasiis sadS 05

£%3

doNdo
oS Jols Dde s S ol e S LS e sl e oU S S sl oU 31 g Gyesn Ol Oy 3
o Jols Dde JVsb (55050 5 mls sleS 5 0 0 O 5l SIS Ul a5 058 e b 5 edaalls ) o s
Sl el 055 5 (500 45 S bl sl ¢ 5 SaS g oslizal (550 sl Ty S olad sk
Olge & o suae on slaslpl Sleslinal (OISls ) |~ ke 53 (a1 s Sl e (Solen G oy LS


https://journals.tums.ac.ir/sjsph/article-1-6306-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Eb rrdazs 5 18T 355 g0 /FY

ol ol yasld b b e Bl ileang ¢l iy
S 0 Ll pedle S0k g ole £ 5 L
2y S8 4 ks kol glagssle

ol Culs GasiS Gl e Sl g 4 Bies
wop s 20l Sobs Gasils gl b, opl &S 35
Ll s oS Glas iS5 LOT 5l eslizad 5 s
Goo 2 il Sl Gl sl b s o
aiotn b el WIS e 5 Lpd oo |l 3 50 Slaesls
5 e Jals sl edd G o Oley by cpl S
Sy Sl LB 5 s S0 1) oley Lasis
ol o3 sdae Olidss Hskie s 4 (V) LI oo
ol s plosil 4

i ke 4 ulKes 5 solgllis L ged Ol e 4
(St O goe S5 B3lar K glagn, S 51 el
osliiul gy oS (guail 5 ot el Ll s 4
> has g AT S3s L olas [ o218 L5 S
e S e LWLSes 5 Katarya (Y) sl ol |
s S kel K glagn, S 51 el
oeile 5 aloan o 3 S 5K ol s ( Stead 0o S
JAE Glacds glols b 5 a aS W S eslanad oy s
e g S5 Azas IVE 5 IVO VO IV AT
Sl 0313 QLIS s yaseld 53 1) 5 Shes o g ol
(M

bayg oS =S sldlie & 558 loylal (o pioman
bl lis b s ol sl i g 51K s Saxena
sobie a4 adle (8L glagn, SN s Shas n (glanlis
ol S Sl B 8 e by olen paiS
51 eslizal w03 5 plaze s ol SVGe sle 511, dlie
S SS L Shs bl rzes 5 ol a5 ez o
48 sazme Lol LS| s <=L} @ il 5,550 r-’i))ij‘
o303 ac gazme Jold (Klodd eslazul dlie 5l 55 a5 slacsls
2> bl ot laesls as sezee 5 Loy s ol
wioen Sy bl ey B G Ll ol Wyl
losl 31 g e Boosd (pl 5o Ll 6358 0 235 (153 o 5
e et Slaesls s gere oy Shy oIl )

SR ez g o) Lol el 5o g s bl g s
oS Sl o gemn a3l glarle il .ol an S
Ay oS oms anes L glagienn b a8 o S L
o390l L rl;,u'\ SR et E O W v PR Vgt
3 or Sl b Gl ol Sl (S o g osr
bl o 53l Gt 5 (Sap e 53 3 )8
G 2S5l 4 B e 4 e s B e )
osb by s e opl OS5 Oy Sk
S Gusls IS sk w s il S8l st
Skl ey ol Gl (Son SeS o s
55 slaesls ae pame jlpe CLEl 3 &S bl 51 s
G5 s by sl 5 Lol gla S glls ames
g e oo i w0 T (leang Sy ez S
st s L e eSS slag ) S ke ol
oS JS jsbas s la Sy slal mals s 5 il axls
Bl e sl uadh 5 Slas 35 S i Sl
Ly
Wubd e 5 sl Slp Gais ol saleday
5 S b, S S5 K, Sl eslin
LSLA("::’.)}Q‘ SleenS 5 S onl ool dle (6,850
Gray Wolf) ;s S35 sl S
Whale) g  luage  (Optimization
o3 plsjl leae s (Optimization Algorithm
ol ¢l (Particles Swarm Optimization)
S Olge 4 Sl slaesls ws sz 53 dide gla S5
S el sdd eslindd gileag .);Jjé
K) glons o 55K pile 500 glagn, S
Random ) _islas K> 5 (Nearest Neighbors
Golowr il 5 besls guuaid slais o (Forest
b Ok ol s s s el el eslanal culs
S & 2 S Sl ol olid gl (oS S sladi
@ bobes 0o bS5 ol iy Sliis
&L{b.boé‘b@jwéj‘)é}%&j).x\oma;‘)g
o G ol ol G el sdd Jlasl Ly (glia
il S (sl s 45K oS el 40 ol


https://journals.tums.ac.ir/sjsph/article-1-6306-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

6,8 3L 3l eslimal b Cobs (6hlew Ladis

Sl o3l o dle 5555l oy SISl Ol callie
5 lag s Culs osls wsgaze sla Sy aen glail
Sl gl ) Ol 4 S5 LlSS 02 83 51 s
oy 4 45 s S ealial 0215 48 gazes ool Ads Sl S
A Ol o3l 4 sazme ol (S ot 5| Sy e O
Slr ol g el 650k @RS Sl s e
b L8 esliad sdd Sbil Gla Shs sanaab
Slaasle il olgdny oS 5 o2 S s S (25
o3l 5o 0 S Shes 4 i 3 S oL 5,1 il
SESUC NVEJR R ARG E SO U JOpp
5 Sl IV1A0 sl (;w;\u L cols yaseds Jd
S eSS v, S L S 5 s Je ol 3 Shes 235

(0 c1) cul VA ]

49

Gray Wolf Optimization . sslgiw 55, o
Whale  Optimization  Algorithm (GWO)
(PSO) Particles Swarm Optimization ; (WOA)
tloon o 5K i-Ky (S5 bl gl i, Olss w
031 4 e 53 Glbaih iy, Olpe 4 holas K
J}‘Jﬁ JAL&: 6:% u.i:)) Llods ealazul LA.\J L g:,.:L:J
Sl ol osls ae gamme 5l Ao Jels Jsl Al e )
u'.'.f.’.&i;f’_K )\ oaleiul Lv 6.\.\44.;.«.19 J.AL.Z fjb 4.L>-J4 Y
Loy (gbea olis osls ae gazme 53 olaS J.<,> 5 lawenr
NG
b 5 (Shy Il S50 S Jeld pse A e XY
SOl 5 &8 el Jsl a0 T IS -V Rt
- 5 S Sleings (S S S letig baez ) S
9 Sl ol ealil 05/}.1} ul;ﬁ.’\ (v C)\)J CB-JJ‘ )L.A
K-Nearest Neighbors oz, SISl sdos o
sduaib g Random Forest (RF), (KNN)

) 0l oalail

e Gl 458 8 48 W gte el Jol e 5o ol
w0 gome b alle 53 oty S35 Sl Eelda S
SloS30s o o3 0L gabpe il 5pe IS ol
st ety Sloesls a6 g slagl (Ko 03 b
Colis laesls s sazee b acslie 5o adsl =0 55 2ol
3,15 (i Lol Sl s [l (Gl Loy S
ol s sl OF Sy 3550 V1 oo L5
b s B ol s (2) s caal Fl ol
wly besls ( S5y bl 5 baesls Ja3ls 5 i al>
6oL slapn, S 5 esliad b cobs asis s
(gt i Jd s e (S 05 S5 el
A5 sl o alal [ Ol ls dle
Cys s gluaab Ll S cuE il wlaes
Lsls QLA sl s S (gduail Lol oot ps 5 050 S
dog b ol Glaesls asgame guaddb ¢l &S
St O S5 5 Oltly Jbsp opdle glagn, Sl
Ghoarb glp 5l LAL B L s Ses o 5L
adsl e s culs bt ot glaesls ac seme
Oesle g Slal s iwlawn o 353 Lgur:w}fjl
(&) axals AV Cas L1y 5 S o V0 0Lal S oy o
AU g s Shes 5 Al oo baosls Sl s sslized

AB Ll e dde gla S5 Dbl sl 52K
o 03 GRS (e Sy i 55, Shes 6
gl AS smad o Ol g Cnl (See 5 ASL atils
Sl S lSS slapn )5S 51 gal 3 Oliime o shine
géh&,ﬂlé.ﬁlo:ﬁ ol Jus (g5loags 5 S5
sdalie ) Jsax 53 Lol 5l &l el 03 )8
el s oS 5 slae, S Sl eslind bt 51 el
wrg S5 Ol el 5 e e See L mlS )l
Sleslizal i cpl Lol 55 a3 el a8 S 51 3 Oldises
s 4 pdle (585 L S slapn S S 5
@adae SVl ke pl ol ol (len el
el edalie LB Y Jodr 534S b 8 15 andllas 5,40
S S sllie 4 S53s Gl wped Olpe w

o sl e i g (LK s Kumar L g


https://journals.tums.ac.ir/sjsph/article-1-6306-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

I8 Shrdamme 5 SR b5 4 155

S S Sl i Sns clsl s el ez, S
S ke (Sap slaesls wssazms 5 by el 5 LS
S 4 e & dase Al 5 S el SSisS
S AL bdbe b ol b s s 6,2
il ol s 4 1y B3 5 ks BB gl ol S ol
LS eals jo sls g d e o 5L el )il
GOl 4 gduaib C3s i 5 (A) AS e ater
e &S s iy 03l a0 gams o sl Shs cuale
ol Gaa il Lol L bl slaesls gl o
w3 bl sl b Shs g5 pl Sl (Shs bl
wgazme S S5y Sletng plple () Cl gruaid
oo 0 9= OVd 0559 4 (Oladses oxlazul 5540 slaesls
=0l low o5 ol s @ C,LJ LY e [ LIVONY B Ep WO
308 e 36 okl S5 5 Stk (6 Lok cla
GCWO  Jolss slap, 5830 51 Goos ol D3 st van
ol ot eslizal S35 Ll e « PSO 5 WOA
s Lag s S0 cpl (B ome 4 4D 5b w wslsl s oS

S
SE bt gaSE 5SS e w2, Sl
Sk 5l an S el (glaang sla i, S SS g aSE
mad Cab 3 1 g aS slaS S IS T 3 oS
L S5 gl S ssledn w855 .(00) A8 o 5L
oSl Gl (Solil gl il 2 ks g S S
35 g dolmn ol a3 o) SN ST 8 55 g e
) e 3 5 g 5SS 6)lss oty S 3 gy S5 53
wsS s ole 4l e al SIS s
LSS el Sk 5l @S, gasSs S
Ws by Wl ols (6 28l S 8 65 Sl ol (5 2uS
g g o3lizal (g 3l e aladas (g5l (51 K
arb G ga S ol Ao e e s
oaliil (giluaig il (gl danb 4y o 5 dasb o ol
5ot Wb @ (s3,0 5 05 038 Olay s
S5 s S e P s S 0 W Sleass
A S e 5l L GLE S S el Kl (s pes

4 gozea 3l G pl s tle glis ol osly 4 gans
s 5l LSS Sl sl eslanad Lag (s Culis el
48 gozee b Sl Gl (pl e 53 L 0321 48 sezen 5
S gnde L (Shy cie) 05 4 gl el
el (s YW 5 mls 2 000) Cinsy VA 5 (LSS
B D e e N e
sdans OLE Y 5 ol gl e Lilesl edias Olis + O
Coa 350 311 5l i 3 (V) Col e Jiale3l G
glasyliliel b plhe ola iolesl osls as gams oyl
Bld a4 ol codle Candy 5 ol ok 4 8§ Sy,
@32l ecalg 3ol 4B S 15 ) 3) 0 O3 LS
)JPJwLHu;l}\}QJwQW\;QQJG
L IS e s RFeia 0315 e gazes

SlodinS JMie a5 5 Sl b o303 40 gorme
(O Zals aalio el 3 Slas sla Sy o Ll o)lL
S BB O LS 5 G eay patli SIS gl
S asle @y BB sy e u—if@u 25l 54
(ialosl 3l 3 gl (6 S oIl glas ¢ lusl gllas
bla sl laesls (35l 5 sl 5 5 8 4 ged sl
A5k sladie ~1 b s e sbhacx 5l S o
338 o b ile (6,8l Jie 235 |5 sl ndle
S 516 3 S 3,1kl | Waesls 45 ol zg el ply L(8)
P55 $ S s D 3l g o sllasl
aesls 5503 e ae e sl claesls a3l i
el 513 (Slagsle ol ol slassls (lugssle
S P (630 e3pdome S plr slassls OF s oS
Laosls s 5 anlie CbB 55 )8 ol as o ulido
353 555 silussle 3l il sl 5l s e |
5 3kl g5ledbe g 0T e G SKSS Ole 3l oS
(8) dtear 58 S I MIN-Max s 5ledl 5
@ (sl 0l o3l MIN-MaX SaSG 51 sus ol s
A s (B) ) el el Waesls ulde oS Lo ol
S s e 0L ) STl dlesl ST 2, (V) el
oS MINCX) cad sl osls X os Jbo 5 osls X7 0T s
el Waesls ldis op zie MINCX) 5 Laosls luie


https://journals.tums.ac.ir/sjsph/article-1-6306-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

£/ 6,8 3L 3l eslizal b Cobs (6hlew Ladis

Liea &S > b 53 gt sld s aS a6 1S5S
b SSwes S 5s b kS e | ol e U
(O8) 3505 ol llie a5l ol

Sl Sl o35l gbuaiks 5 ceile 850 slagn, S
e Slresls Ly s o PRIFOPSY s 4 peile (6,850
Ll gl Cews 4 (93U Cenl cel,lS LYy
-y e S (gl ol Ol 4 Ll g e ndle (5,550
2 &S e Mg el e Co e 4 by e gla
S0 ol ol pl Sl s duand SIS S el gl i~
5 Slp G B Jlpl pl st eslind il
S 0351 s 4 glie 4 baesls 5 ob5 pmm o
oz Sl S Gl e 2 g el ol (S
LS SLS (S e Ayl 3 LIS e a5 L1 0550
Sy S St 53 ile (6 S5k 05 e s
A U aS ol S culi ] g el 038 Ty (9oL 5 Ceal
Gose Laoleys 53 5 8 ol 335 jeslS s gt
eile 650k (opizman ((10) el o 4 055 5 o
53 0Ll sla 23 Jals 4 5o 5 (oL, Sa 5 il 4
G ol 51 Bda slate ram a4y (1) LS o0 SS e 2
Solow i 5 i S edle 55k 5 S w
G ol 53 a8 pdle 6,850 L;L:s(,.zwjfll Sl obs
b S v, Sl sle (Ll S )3 eslizal 5 50
gl 0 55K S0

oS e oSl el R o2 S
Sy A gezme )y iz &S Gl S s i (6500
A gazen 5 A (Sl 5 LS e ORIl ol sdalis (glacsls
53O0 s e 3sal 1 0T 5 35l 0 poenas S5t 53 S
Cl a5 S pile 6,850 Jhe S olas Jf.\;- )
- il Ogen S5 6l on 5 il files gl o0 S
S e germe s S ol sk 4 py S nl sl
slacs,s 5 oS o bkl Ji)'}aT Slaeslsy de gazms
S S ol ) AS e My | e (8 enss
S Olge a4 b S o oslatal sdaze Lgﬁfr.:m,aj sles s
o OF 4503 S aS 1y DS s a S fes Al

Kol ST b 5l bl e 05 5 53 age 3,8 Kol iy oo
g OIS 5 At K Los S S 0 s
Ak Sl 5058 IS Laim 4 Kl opl plo 55
S il KLl T S8 ST e S Sl
Lol e ko by 5 T L WS (a8 S S e s
ol ol gladae 53 .(0) gl bl Kl ol
Sladoly 353 go 0deall W o ol 1 Sl o, Sl
Sl ad s a4 b pU s 5 e g 5 050
Ll S 4ol (gl Lsd e o b Kl Olgs & LS
sshie 4 S e ol |y OF linl S SIS 1) (glaanb
ws S L 5 Vsl (slojolome 5L, 5L 5lede
bl iy Sl 3 Ol S 55k 40 () ol ss
2 RSl S S I il g, il
ol S e bt Gileang Blee lp | cad
Jolse Olpe 0 g paSl S S 5l mmex b s,
S analr QLSS 8 03 (e 350 0 5 b gt

DS e S0 4 Sl
oS S S ) S il w S
U g O T g IR  QUWIRESIC
Comexr e S, S el sl a4 Ghate 5 LS
WO S ki L ey S by Glbl s ol islas
slizel 55 plaze Glacl sl 5 0l S8 0 50 S
S S sl als 51 slanas (S MM L (glouls e SO
S Sole w (A) S e LK e 4 sy L)
3 6lasld s amab Il el bty 3 S e Kig
@Mﬁuﬁia\),);dlugﬂ.m&)m‘ugg}
EVslee ) ol b Ol 5 S o slol JSE (glo 4l
) S o Je aenbs Ol b1 5 1) K oS > ok,
O3 b33l Sl g 1l bl (luang o S
e G R P e N Py B Y I
S o a5 1 a ale 5 OB elerl 5 o, S
Ll o 5 Sl esle )3 Cl}.a)" S e sl esly
6@\&_1,;&),{1\ ol Sy S | g abd
O3 eslinad 3550 O 5y Jame g5 Lie (8L Aol 3 (g 5loannd
Iy asS 45 &S e eslinad O3 (gsldas 5l 5 26 S


https://journals.tums.ac.ir/sjsph/article-1-6306-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

I8 Srdamme 5 SR b5 4 157

by slaesls (snaih 53 (o555 5 G Sle (s (8
5548 Sl il oo Sl el Dole by (ol &
Pl el Cute 5 e skl b Olge 4 bs
5 g 4,8 B0 5 s 3 S Ol s 3 S S
maib s B S Olpe a (b s b e Sl (A3l e
G Olpe ks 33 68 Gles (D38 e 5 5 e Sy
) 35 3,5 55 s 3

Gl o ot Ol ASle iliies (glalns
5388 Lpd n Gl (0553 e o Sle 5135 5 (1 2)
3550 5 G ) 3 45 WO 515 1508 0 5550 sl 4 el
S oo oLl lilaz S5 eslizl
ol ghuaib lad sl sluw s ((ACCUTACY) oo
) il IS 5 Slas 5 ool oy IS 511s5 4 35
3 ee bl Dhae G 5308 S LS o o 5
S S Bl 52 5 el pdle 6500 e diS baib S
Ll s Swd S Sl slaesls

TP+TN (Y)d@b

Accuracy = ———
TP+TN+FN+FP

Gk yai Bl cand axli ol o(Precision) css
g, Slad gas L}S:\J\a_? 4 oodd S S JJU S
WJJLﬁww)|M)bMASM)‘5AQM‘}CM\OM

.Ji‘obﬁ

Precision = (") o,

TP+FP
S S god 3lias s a2l cpli(Recall) sl 3
a4 Sl ol Coke gladsad IS slaad 4 edd (gduaib
Sladgad plas Slulid (gl 5 oS Ghudab iss Sl glas

TP
TP+FN

Recall = (¢) dail,
- il doys i a5 das e 0L s (F1-Score) F1 Lzl
oSbe OFL Glael ) e ey cute sla o
F1 5Ll .ol Recall 5 Precision;l sy Gl
Ll o JMRe S 5 S MR e gl
TP

F1 Score = m(o) bl

ol S ol 4 (1) 55 g0 aal e i -OS
Sty ghuaib e Sl Sl $las seme 0 Sl
S @ gl Sl b o ST 6l Sl s Sl e
Sl ISl S e sl g et 03]
il 3l o e S35 5 Ll e Bl a3
Ysmne holas S (6,85 o (s fran 4 oo
W) el ('”‘“4’ S0 g oo Jbe Gl 5ads
A5 K ) S ilas 5 503K, SN
6oL 0im 53 s lann, S (S wles
O ler Gzt @lp &S Cl sSesls 5 ibe
o2 15 01 Ol on 5 3550 ealinal (63555 03l & S35
S ol 5 S o3l O S5 510 o0 5 G Auaid sl
oSl a Sisel 5 S35 slaesls Sl (slas peme
0313 oy Cealid b abold Sl eslinad b oy, 53 63 55 o el
o 5SSy gesls K pijsal baosls 51 S ,a 5 63505
Shre 5 Ysane IS cpl Sl S e Iy |y (53555 el
KOs S g 5l e s e eslital wdddl alols
39,3 0303 Sw e Gl Lol Ol o conls oy 353
3> e e 0 Ke5 K 5, S S elind
il Ghla sy des 5l e s )8 Sl 6ok
Flerrl GaaSll s 5 (e (sluatus o gz jasds
Sl bl oy Sl S 5855 AL e
V) Wsd a3 Lo s b & el O g
oo 3550 Slaesls la axpp oS Cidls L ioman
Sl S o3l ae e 51 S0 sl w5 ASL 2
S 3 Nes o2y Sl e ealinal a5 50 508
Sl dal g LS 5 31

ol [ b S i, eSSl 1 bl slasbee
S Sl e Laosls 51 LS e S Ly 5 S s
ol (7)) AS e pasise | O Cds o is
sl a ek SaS glajlae SIS (08 s
a5 L eiSgtuaih 5 Shae 5 ol Jlo S 5 Shos
S o s 55 0 i e SIS 5l sla IS
e bold &Sl XY ot SO a8 s e il
Sl Sl oS st G b odd W5 D


https://journals.tums.ac.ir/sjsph/article-1-6306-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

BV 6,8 5L 3l eslimal b Cobs (6hlew Ladis

o
2Nl (Shs Sl S 288w Ol e IS
Q.A,:.,,)‘_g\ﬂl.a\S;j.iﬁé\aﬁjj;ljuemL;A;{@sﬁw
LL oy e S Jf}iﬁ obal Lo o Ses o 5V«

s S ks il Ko sle bl
oS dlesl o3 glaesls slaas 1 ol b c('.ij.:<f KNN
(S48 gozen (i pl CBAa 3 50 6303 uwé&bﬁjl
LKNN &)}Q‘d}\}ji)/\jﬁb}%ﬁ)ﬁ&
d&jwlMlsl)df@Lijﬁbjﬁw;}}Ang
ol S 50 daesls Jals s enles ws b S
asly 5o e U g S 53 g andll Ol 5 Shes 53,

NG

@U)lVLE.AuJ;J-JJ.}})\,:SJSQ(j)YU(Jl)Y Jd
RF-GWO ; RF-WOA RF-PSO KNN-GWO
GU sl QJ;M‘djb% 03 Gl s e Ol
RF s KNN (lax (Gims opl 53 Ga b S el s
Jae gl Blas & Odewy sl K5 een 4
ﬁ(".’.‘“’l':“")ua} J}\J&- MJ\)Q wﬂv\nﬂ B ch_..:r‘-fﬁ odalie
Llasl ansl LAV;::)_,Q\

S5 domd
Jelod 5 s B (S glaesls 0380 5, A L
Sl g s ol 3l dde SleSb| gl 5 Laesls
Gl S5y sl s G b ol asl il e
S Ky glaesls asgeme o byl 5 LS
@UJQNGMJL;AJ&S\)JJQ-)A&)\SQ\JLguui:))
Sy S5 s 4l s 258 e bl LB e
b 0 e o8 S (S Sl (s pes 4 AS
Ll omen Il 35 (S et Slapte

o'

Gloail 5l 3 o e S Shy bl
Wlis ool 55 3,08 o b sy aib s oS ol
335 g S il (LI slan, SISl S 5
ol osd e s cubs Laseis s RE 5 KNN
=) O el Sls Cubis 030 48 sazee (Slaesls il ¢ sl
e 9 K3 G5ladle 5 5l g Lol Olse Y
Gla oals UX 5 B5sel la esls UVE 4 esls as gams
e il gl eyl cday ab o 3 A e 2]
S s bl S sl sas 5 KNN 2,800 55 K
S5 e Ve Gy i A e S5l
(ladie ol ool 5 Laesls 3l e 8l &S
oolinal ab sy e SRS 5 Ognl s sl 0L
PPNt P N PP Kt P T SRR DU PR
Lo |l O (S35 6553 SIS s 5 355

it bolae bl 1 laand m B Y Jsur
bl e 5 8 FL Ll 5 conlis (o (235
Ol o e sdalive a5 ghailan . ias o Ol S5
sl amd,\ﬂ;ﬂwuii\}élwvf}j

S il Ol e (D) ISE Slsgas 5 T Jsdr
3 Shes oo 2Ll Dbae k5 RF-GWO (s 5
ol abs il onls QLA Culis (soley ol (a1 (6 e
S (ST slan, S o ) S S e 4
it e Sra A Shs VbRl L g s S8
wils Gl oolgein Jhe &35 il s 1, LS
RS

i @l (D) 5 ()Y () ) ISl slasls sl
s bl slobee bl S5 e L sl
sdalie a5 ) hilen das o 0lid F1 Lol 5 Sl
e RF-GWO .55 50 las a ool a5 5l 052 0
3 Shes oS s o 0L b ool Ll syls |y s Shas
el e s S5 CL‘*J olea L KNN s saail
RF-GWO 55 51 Ly oo Jne i 5 4 5]
s 6 e 5 Shes KNN-GWO C.s 5


https://journals.tums.ac.ir/sjsph/article-1-6306-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

8 Shrdamme 5 1 KAT b5 4 /A

(S S8 LSS lan, SISl s 550 e
- S bl gl DS sl Sluang 5 S Sleaig
s RE Sl (550 slapn ) 5SSl e 5 ke sl
- i) S Ols 31 eslizad ool s tueils g KNN
Sl b g Sl S8 slaang (ol 3550 LSS gla
it KNN 5 RF (st oS0 el lSis S5
Jde Colg Hn il golginy Jde o iol58l 55 1, 30
s, Sks Y0 L MNA e LRF-GWO s 5

sl cobs (gl e 3 RS 53

@M)u@ 9 }L’JS

L) )8 g ael OLL Sl w8 sl s
AL (55515 (kige 4y S mls  GLRAT s
A3l e b el e 4l oK1
g GO i dese 1S3 BT Ol Sl ey cak
Iigu@ufbaﬂwtvbﬁ&:i\@,;&éu@wb

.Jujdn Jos s Sls,8

Ll o bl Al (il (S5l sla i, 45l
(Jd> eep 40 o faasie S e Gt S e
Slagenad Colda (gl csbie Jhe S Olse 4 Al 5 o
o Gb Ol b g e Glaas s 5 LS fes O,
Db G ol n ey alS pRes gy pasnis
3ol S| sl ol S a3 Cubs ol s o
ol 53 3,0 S s (Lt e Ssle s &y
G oI Rl 5 el el i Sl S S Ol
G s ) 0K e (obs w4 Sl sl sl
Solew 2l Glp (e8ls Oloys Jsens Hsb 4ol 03
Golow pnss5 Jasils (e fped w5 30 2
L kse ool ple 2als gl ole op 5 ol cobs
Cr oS5 a5 gladie Slestizad (opl ply ool OF
= oilesl Sl ol (G0 pasndS G ) ara s
s g auia n Obley Gl Ll o0 e S5 sla
ol bl ol le,8ss s opl 5 b eas
O w Okl s nalS 5 Sl (Glasalr sl sl
Godsd ul e rad 4 558 g0 0303 e S e olen

Sl ol il Sy NS Cpr )y S alyl w

j\o)@w'@@%}d)ww1&.&.1.:5:»&[.5.&»h.w}?vf}ﬂ)g&ﬁ\dﬁ@zaﬁmﬁjtfgy&éurluﬂ\—\ Jod>

IS bz, S dle (6500

z

S SRl gl sl JulS5 0, S sust dl O s 5 Y
b S S5 sl g - Ya\o () o, Kes s Emary \
Kg 3l g - Yoy ) 0, 5 Mafaraja Y
Gl K sl ang - Yoy @) 0l,.a s Mafaraja \
Sl e e Sl as - Yo (\Y) o, s Emary §
il 35 D3 bl Sl wigy - Ya\o (V8) oL, s Lu 0



https://journals.tums.ac.ir/sjsph/article-1-6306-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

f\/...sﬁfsb_ Sleslitel b ubs g by josis

Oliies Lo 5 mls 5L, Ale 0F 51 30 o)l b s culs yasis g ol 4 S )5 & oS 5 gla by, 40Dt = ¥ Jyd

RS A S g Aol Sl s Hlasl J 08 A 55 &,
Welikala
ol et L osl e . . 3
ol Hls 5 eile &-‘Ur—l)jﬁ“ Yoo (X)) oL nn \
V.:.Ma.? Sy =
o3l 5= ) _ 5 Tamim
= R | — YooYy Y
waﬁ;{i:}}—K— ”Jﬂ)jﬁ ¥ 0L
e o e RV
Herliana
Sl - S5 el sl ag — Y14 5 v
(RS Ao S pa )l Sl A (YT)OUKaA
Olariy Sls  ondle — Kumar
o "Pf;lf;_ S5 el sl ag - Yoy (_f) SiSn ¢
o i b b plssl5le a8 5 - Yoy s Jayanthi .
- s — 3 AN
e = L J4l5 ae (1) o1, Kas
S - i
&:4.94._ K55 “)}iﬂ— Yorq s Alharbi 1
(B Sl etle - o () 0, Kan
Kumar
s Z J
° o — Dy A | — Y \
sl s S5 RSPV 4 (0) Ol Kan
Azad
. e . & . ]
el )5 - Sﬁ&)ﬁ)}ﬁ\— YoVY AT ol n A
bl JR S5 oS - , Algelal
Sy S oS- . e . T ARAN . 4
\]Riprgq)j{ﬂ— d]a;-u.a._;;m.: J‘,‘l’”)“i}?”_ ) Qb&aﬁ
sl Ko S 4 s, oS-
vi- 7 e 4 g Olaie roxs sKumar
NI e S P (Y8) 0L
Gloos o 5 Soo5-K - L e
SIS e SN
Kiran
. Z . Z J
5 K 55 S0k Yoy 1
2elas J,Q;— W M«}-ﬁ ¢ (Y0) O, Kan
St Oy S -
Sl ols ool
MR ’”Lf’_“ S| Sy itee iz Bhat
ol ooy gien Sz Yovs 7 VY
oS Lo ’ - ) oL
jéLﬂ; J‘<"_ J‘}"" L;}i) u\:r.?.v'—
wles o 5 Soa K-
S peile Ol
sl (Ko cat g , Lohani
55 S Yoy WY
loas o 5 S 5-K- = o (V) 0L Kan
é:Lﬂ B



https://journals.tums.ac.ir/sjsph/article-1-6306-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

oS s edle (6585 Sl eslinal b s (ole pasids rciline bl glaobae el (gSleind s Y Ji
Sl sla

F1 Ll Sl b o3 Coens Sy ol

YA A AR YAGTAL A KNN
YA A AR YAGTAL A RF
/.00 /.01 /.00 YARZRX) Y KNN-PSO
/0t /.00 /oY JAZAR: 3 KNN-WOA
10A /.0 /0N IAv /A0 KNN-GWO
RF-PSO
YA%S JAS3 YA%S VY704 3 RF-WOA

YAR% JARY% YARY% YAAZRX

AN AN AN TAVYA 1 RE-GWO

Precision Accuracy
1.00 100%

T0%

40%

30%

20%

10%

0%

KNN RF KNN RF
M Fso 1 woa Il awo I Al Features M rso  woa I awo I Al Features

F1-Score Recall
1.00 1.00

0.80

0.70

0.60

0.50

0.40

KNN RF KNN RF
M Pso [ woa B awo I AilFeatures B Pso o woa W awo B Al Features

ety LSL‘“V-:-U)-Q‘ 5 Oesle (6,850 Sl eslanad b culs (solew yaseid -V K3
FL slasl b3l slme bl 2 (s3loand sl Sl 03 () (Sl 3 b3l Slne elid o (3luannd


https://journals.tums.ac.ir/sjsph/article-1-6306-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

M/...ng_fsli Sleslitel b ubs g by josis

WOA PSO
L 02751 #
0.295 A
0.270 -
- &l
0.290 M
0.265
0.285 0.260 1
n @
a &
4 4 0.255 4
& 0.280 4 g
0.250
0.275 1
0.245
0.270 0.240
———
0.235
0.265 T T T T T T T T T T T T
o 20 40 60 80 100 "] 20 40 60 80 100
Number of Iterations Number of Iterations
PSO GWO
0.28 1
1 0.225 4
0.271 o 0.2204 c
0.215 4
0.26
w @
i g 02101
o @ 0.210
£ =]
= =
0.25 7
0.205
0.200 4
0.24 4
0.195 4
0.23
T T T T T T 0.190 T T T T T T
] 20 40 60 80 100 0 20 40 60 80 100
Number of Iterations Number of Iterations
GWO WOA
0.235 4 0.250 4
0.230 7 3
p 0.245 A ]
0.225 4
0.240 4
0.220 4
g g
£ 0215 5 02351
i £
0.210 4 0.230
0.205 +
0.225 4
0.200
0.220 4
0.195 1
T T T T T T T T T y T T
0 20 40 60 80 100 o 20 40 60 80 100

Number of Iterations

(bl L;Lar.:w_,fjlj&,iu S Sob 3l eslanad b ol (solew aseis -Y K3

Number of Iterations

() OSSVe 5s RF-WOA .55 Jus ol b e () ST Ve s RF-PSO .55 Joe culs b Jlde ()

() 1,5V e 53 KNN-PSO .S 5 Jus ol b e () LSS Ve s RF-GWO .55 Jae s b e

A5 3 KNN-GWO S 5 Jie ks w6 laie () 1SSV v s 53 KNN-WOA S 5 Jte s 26 Jlutde


https://journals.tums.ac.ir/sjsph/article-1-6306-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Eb rrdazms 5 ST 355 g0 /0¥

References

1.

Jaiswal V, Negi A, Pal T. A review on
current advances in machine learning
based diabetes prediction. Primary
Care Diabetes [Internet]. 2021 Jun
1;15(3):435-43.

Abdulhadi N, Al-Mousa A. Diabetes
Detection Using Machine Learning
Classification Methods. In:
International Conference in
Information Technology [Internet].
IEEE; 2021. p. 350-4.

Katarya R, Jain S. Comparison of
Different Machine Learning Models
for diabetes detection. In IEEE, 2020.
Saxena S, Mohapatra D, Padhee S,
Sahoo GK. Machine learning
algorithms for diabetes detection: a
comparative evaluation of
performance of algorithms.
Evolutionary Intelligence [Internet].
2021 Nov 24;1-17.

Komal Kumar N, Vigneswari D,
Vamsi Krishna M, Phanindra Reddy
GV. An Optimized Random Forest
Classifier for Diabetes Mellitus.
Advances in Intelligent Systems and
Computing. 2018 Sep 2;765-73.
Kumar SN, Dinesh D, Siddharth T,
Ramkumar S, Nikhill S, Lavanya R.
Selection of features using Particle
Swarm Optimization for
microaneurysm detection in fundus
images. In: International Conference
on Wireless Communications and
Signal Processing [Internet]. IEEE;
2017.

Chang V, Bailey J, Xu Q, Sun Z. Pima
Indians diabetes mellitus
classification based on machine
learning (ML) algorithms. Neural
Computing and Applications
[Internet]. 2022 Mar 24;1-17.

10.

11.

12.

13.

14.

15.

16.

Azad C, Bhushan B, Sharma R,
Shankar A, Singh KK, Khamparia A.
Prediction model using SMOTE,
genetic algorithm and decision tree
(PMSGD) for classification of diabetes
mellitus. Multimedia Systems
[Internet]. 2021 Jun 6;1-19.

Mafarja M, Mirjalili S. Hybrid Whale
Optimization Algorithm with
Simulated Annealing for Feature
Selection. Neurocomputing [Internet].
2017 Oct 18;260:302-12.

Emary E, Zawbaa HM, Hassanien AE.
Binary ant lion approaches for feature
selection. Neurocomputing [Internet].
2016 Nov 12;213(213):54-65.

Type 2 Diabetes Prediction using Gray
Wolf Optimization Algorithm. Indian
Journal of Forensic Medicine &amp;
Toxicology [Internet]. 2021 May 17
[cited 2024 Sep. 17];15(3):4390-5.
Emary E, Zawbaa HM, Hassanien AE.
Binary grey wolf optimization
approaches for feature selection.
Neurocomputing [Internet]. 2016 Jan
8;172(8):371-81.

Mafarja M, Mirjalili  S. Whale
optimization approaches for wrapper
feature  selection. Applied Soft
Computing [Internet]. 2018 Jan 1;
62:441-53.

LuY, Liang M, Ye Z, Cao L. Improved
particle swarm optimization algorithm
and its application in text feature
selection. 2015 Oct 1; 35:629-36.
Sharma T, Shah M. A comprehensive
review of machine learning techniques
on diabetes  detection.  Visual
Computing for Industry, Biomedicine,
and Art. 2021 Dec; 4(1).

Abbas, Algelal ZM, Nabeel Salih Ali,
Al-Garaawi N. Improving
Classification Performance for


https://journals.tums.ac.ir/sjsph/article-1-6306-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

M'/...Lgﬁfﬂi Sleslitel b ubs g by josis

17.

18.

19.

20.

21.

22.

Diabetes with Linear Discriminant
Analysis and Genetic Algorithm.

2021 Sep 1.

Sarker IH. Machine Learning:
Algorithms, Real-World
Applications and Research

Directions. 2021 Mar 22; 2(3):160.
Haq AU, Li J, Khan J, Memon MH,
Nazir S, Ahmad S, et al. Intelligent
Machine Learning Approach for
Effective Recognition of Diabetes in
E-Healthcare Using Clinical Data.
Sensors [Internet]. 2020 May 6;
20(9):2649.

Jayanthi J, Jayasankar T, Krishnaraj
N, Prakash NB, Britto ASF, Kumar
KV. An Intelligent Particle Swarm
Optimization with  Convolutional
Neural Network for Diabetic
Retinopathy Classification Model.
Journal of Medical Imaging and
Health Informatics [Internet]. 2021
Mar 1; 11(3):803-9.

Tamim N, Elshrkawey M, Nassar, H.
Accurate diagnosis of diabetic
retinopathy and glaucoma using
retinal fundus images based on hybrid
features and genetic algorithm.
Applied sciences (Basel,
Switzerland) 2021;11(13):6178.
Welikala RA, Fraz MM, Dehmeshki
J, Hoppe A, Tah V, Mann S, et al.
Genetic algorithm based feature
selection combined with dual
classification for the automated
detection of proliferative diabetic
retinopathy. Computerized Medical
Imaging and Graphics [Internet].
2015 Jul 1; 43:64-77.

[22]. Herliana A, Arifin T, Susanti S,
Hikmah A. Feature Selection of

23.

24,

25.

26.

217.

Diabetic Retinopathy Disease Using
Particle Swarm Optimization and
Neural Network. In Repository
Universitas Bina Sarana Informatika
(RUBSI); 2018.

Alharbi A, Alghahtani M. Using
Genetic Algorithm and ELM Neural
Networks for Feature Extraction and
Classification of Type 2-Diabetes
Mellitus. Applied Artificial
Intelligence [Internet]. 2019 Mar 21;
33(4):311-28.

Kumar P, Bhati BS, Dhanaraj RK,
Iwendi C, Balusamy B, Bhati NS, et al.
Feature Subset Selection using
Heuristic and Metaheuristic
Approaches for Diabetes Prediction on
a Binary Encoded Dataset.
International Journal of Modeling,
Simulation, and Scientific Computing.
2024 Mar 8.

Kiran TSR, Sowjanya B, Srisaila A,
Lakshmanarao A, Shankar GS.
Machine Learning Approach for
Diabetes Prediction using Genetic
Algorithm based Feature selection. In
2024. p. 1-5.

Bhat SS, Ansari GA, Ansari MD.
Performance Analysis of Machine
Learning Based On Optimized Feature
Selection for Type Il Diabetes Mellitus.
Multimedia Tools and Applications.
2024 Mar 27.

Lohani BP, Dagur A, Shukla D.
Feature selection based hybrid machine
learning classification model for
diabetes mellitus type-1l. In Informa;
2023. p. 96-101.


https://journals.tums.ac.ir/sjsph/article-1-6306-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-07 ]

Journal of School of Public Health and Institute of Public Health Research /54
Vol. 22, No. 1, Spring 2024

Diagnosis of Diabetes Using Machine Learning and Evolutionary Algorithms

Mehrnoosh Ahangarani®, Mohammad Jafar Tarokh™
1- MSc. Student, Department of Information Technology Engineering, Faculty of Industrial Engineering, K. N. Toosi
University, Tehran, Iran
2- Professor, Department of Information Technology Engineering, Faculty of Industrial Engineering, K. N. Toosi
University, Tehran, Iran
*Corresponding Author: mjtarokh@kntu.ac.ir
Received: Jun 15, 2024 Accepted: Sep 11, 2024

ABSTRACT

Background and Aim: In recent years, machine learning and evolutionary algorithms have drawn
the attention of researchers and specialists in various fields, especially in healthcare, due to their
practical applications in processing large datasets to provide valuable insights. Considering the
increasing prevalence of diabetes and its rapid and accurate diagnosis being one of the most critical
issues in medicine, significant concerns are faced by global communities worldwide. The present
study was conducted with the aim of creating a diagnostic model based on evolutionary algorithms
and machine learning to diagnose diabetes.

Materials and Methods: This research based on the Indian Pima diabetes dataset presents a
framework based on intelligent diabetes diagnosis. The proposed method consists of two main
stages. The first stage involves a classification approach using K-nearest neighbors and random
forest algorithms. The second stage includes a combined feature selection and classification
approach to enhance the results of the first stage, utilizing grey wolf optimization, whale
optimization, and particle swarm optimization algorithms for feature selection. Comparative
analysis among different approaches is conducted through evaluation metrics such as accuracy,
precision, recall, and F1-score.

Results: After comparative comparisons among the proposed models, the random forest model
based on the grey wolf optimization was selected and introduced as the final model with a
prediction accuracy of 81.38%.

Conclusion: The findings of this research indicate that the use of evolutionary algorithms
alongside machine learning models can often enhance the efficiency and accuracy of diabetes
diagnosis and its associated complications.
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