[ Downloaded from tumj.tums.ac.ir on 2026-05-07 ]

o) o WE GVTT sladaion 1+ o lacd AY 6,50 V6T o0 (5l (Sibiy psle olStily o St sy 0uSitily aloo I l ”VI l

P gl S giarn pigp (SUae yi (ISP Oy A5 (6 low A s

VEORA Y ST VBT a0 VYAV s s VBT V0 sl o.\&
oS Sanl 5 e g0 cls b de Jla 05 bVoan (IS o A8 (le 4 Sl s 5 e
el @Muﬁ),ﬁn Syl cadlie oyl 5l G .l 03,5 1y ot o5 G ssba Jsessn
S 5 DAl e s S US4 S s ats (sl edle (6500 e glag ) S
Al e ol oot S 4 (slen

o o A O S (Golen il laas s 4 Mne jley VA Foma iyl D3 i Ay
ot L gl sl Ol 53 VFAA Jlo (63 6 VWA ey 5l 03k 53 o315 4 same (ol 8 S )3
DLl ol (gl ol (5550 (S AS w305 (S350 Lol amsd old 2 oz AS Sl e L Sl
Tl e Gl e tuai b gla sy 5 I Gl Shy e sl (S bl g, S i
o=l eesliad 3550 sla Sy s SHLS e ol (Gl rmmen A eslital O S Ol gla el ol
A ot e e e sae Gise Slapi S S 4 DS

TAQNYE0/0 Cdsany e cglman 5,5 S Sl 5; ol jesas XGBoOSt (s WIS gy 5l eslinal claazsl
33 DL (o 5mmn Siss (6 et Slapis s s Lo OIS0l () (s i3 S o S S s la
BMI (s GPT (sla asls 5 odd yoni oS 4w cljl 4 GPT 5 HbAIc DL HDL BMI (s (sla ize oS
AL gl e o S S 55 (S Jae LS o 55 Js2dS 5 ) S (o 5 DL HbAle HDL
Al gage B LS Golew DAl gduadb 55 oS dies

LS (solan o Ml S 5l J g3 B e Ol e o 3l DL g addllas ol Sl oy (s ST
S SaS Ohlan gdns Sy Slelusl gl Ml a3 cpend 53 Ll o Cj.;_,» een &S JJJT Cawdds O o

Al (S s ey 5 Sl e 4 Sloss laaypa fressd Sl ASL

S o S rile 5ol ((SlS Ol Gy ks s g sl lelST

oo (sAS g LB Ol wnsla Jsle ol Lol an

)LA.:M..» ;SL‘{‘HJ:'; [ .,\.S j| 6““’)""’.“}'1.5 46_)[.«:.3 U'«" el

"G ol Ll

IR o Sy, I 0 By
i g S o ple oSSl o Sy

Ol s

*
a5 pmeils Slsk (Sl s Ol 51U g 0k

SISl (il (S35 e sle ol LSS
gy kg 5 s 09 S (S5
SYASYYEYARE) il
E-mail: shalbaf@sbmu.ac.ir

PRV

S Sl Ll Ol L (S e S s AS (SIPFL b S Sl sl Oz AS w2l

R T BT TS RS T I PRV R RN JOU PV TNU BN o Sl GV sl 5l gualpd b as cl 8 o

VYFGVEF v o)las AF 6390 ) FoF 63 15l (it pple olCiilsy o iy 0aCiils aleo


https://tumj.tums.ac.ir/article-1-13376-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-05-07 ]

Vv e

b oS oo e dibe opl ol adyl el O lid 2 (95555
Cdty ol by o8 oz » b b Sledlbl i) S
055 1238 gl dbgse Glag ey bty Sy 5 03]
50 ol Ml et gl S 5 2JL sla ll 5l Han Ma
BERNPRNCH P P SN S PN SRPCISP N G P tapY
by a3 W Slids 05,8 sls OLES a5 50 (g oS
ey paloly ciadsn 50l slaen, Sl 5o L
adlls 53 pamer TLES s o AS e w S
sooole o S Obley O3l el 5 s a5 502
Gl s 505 Ky 5 e eslial _SalS esls V) Sl ey
53 TS 18 sl )58 ol gl AU S (e
s 03 S S b gl Shs 5l (S 58 S0 anlllas S
M BlE e 6 bde Sl U il Sl Ve e
o ol o Je e sla el s sad el (gl
3o 5 oV Ale uilS sen LS 5Laul s b8 o
G o s O i S (ol S
Jbe o g opmess gl CAbgls Hlag Vot sgas L ol
aedd e S (Sia VOBl 5 P gl eslinal (S
DS L3 (S5 Gl rs 5l (Shs bl ), S S
ASTLl 38 515 o 350 cilite (510 IS glaen ) S
Slae 3 s 35505 Osk 5 S Do (lallas
23 s o 5 ol a8 8 o Laaas La 51 S a6 ,:5LI5
ol 53 el al el bl e dir (5SS
redle 680l lagns s S 5 ealizad 5)5m eals SOL B me 51
L alsol w3 55 nl G5 bt Gy ok o 5ime 58
bl 03 5 il o mlt S b 5 5 7 5 4 caalsl s 5 L

538 o &)l JS Shuper

SEOR P9

Slresls ¢ samme 1 OE ) adlllas 3)5e (SS el e
Slag sl 5l esls as sazea oy “..Lp; Ll g eds Sl
Gy J‘"@'Jﬁ(@\“ 55,0 A Jold) 0,8 VAY andllas s

oo SSAFL G n bl S A3 S Sl Il VA

Tehran Univ Med J (TUMJ) 2025 January;82(10):766-74

http://tumj.tums.ac.ir

bpeads o sieno B 98 (sl o (Mpd ipp S solay i pandds

Same Sty S b Gedr sba LAs o x aS
SedS Sleys 3l 3 o Boem B Glaglen s s S
AhAE lap b Case gadaze glay Sl TS e 5 ki
pde bjin Gl o Ol dhex OF 5168 L3 8 o (solay
ool Sl podi 55150 3l 5 o3 £ 8 Sobs b SIS Jolas
LS ol Ca SIS Gtk ole 383 s T e
2 ol AL Mo axlg aale 58 s L e
5 ol f gl oo 55 oadane S bSOl sl
ol 35msb Ml 5l el gl WIS a5 el S
Tl G Gl el Dl LS Gl 4 bl
GAS sl o (es DI g Sl e Sl
o Glaps el 5o o el S35k sl Shs 4 ba s
s Sl Pl (gole Sl 3 5 Kb 1 58
b ool Sler s il et (osman ipn ol sladle o
o s s Ol OL)8 B oS A 5 55ed L 25 4
Sl Gl e G S sl L il
s 95 53 &S Gl ol & By cpdir Jbe (S pdiiio s
Sl 5 dgad Gluated Ol o sae 5 e Slioy
plod el 5o Gy 2550 e 5 Shas o500 S5l IS 0gd S 0 p0s
SIS S i e e, S e ) e sladsl
P Sl Ol pa)lie gl 3L 6055 1 e lag ol
i 5 (gdny a8 o o3litul Jdo olg s 3 (Ss
Oy OAE 4B S s 5 (S el 255 S50 p oS Atk o
e Slp by Ghas dde o el LIS g S el evendS
L3 Sl 4 oS ol e s esle gbadnl 3 L Je s
Ad sy e S 5s poparte s Shy KU SIS
S S ot oS A o 3 (e o 350 e
A S UK e oMl 53 S e 55 | baeaiia
0313 SOb (s, owdle (S5l Jdo Glacrasss 550 1) S
SME L6 5 b S5 Cuanl (s 3,555, ol s e OLES
aged 33 S o S5 A b IS ma st s 2 b W
s Soeal s el b (Shs (e S ol g
(Fian Shgr el SIS ol s sk e O

Slesls o GasiS (gl S8 (’f‘&‘ S oa glaws


https://tumj.tums.ac.ir/article-1-13376-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-05-07 ]

San 5 S liile; ol VA

Olpe Sln s sk @y 55 Sy bl i, "7 Jlie Slebl
PSS beg SIS Gl eld Ol sl LS
Ol o311 15 o3 Blize Sl 3y, 28 e s
a3 e Sy (6,505 e 3y5e 50 it G oS el eS|
A e b S S el Ul s U5 e S ol
3,8 o3 eslinal 5y5e Shs bl aul s s
5 4 IS lagn) Sl edle 5,50k lagn s S
Geoe 653k s Sy 5 odle Sk laty, JS anws
8148 sazma ( SLS Ol (gl canlllas ol 3 gl e (Shgdzed
Gl S dnTh gl ciloe SLol, al b glaen, Sl

K 0 015 e Ll s e 5148 @5 8 515 eslinal 550

53 Olew cpl Log ol o3y LasniS (Solew 4 Maw @B S
Ohlesy onl ples Az S5 aadlas S5 el o ol Ol lo
GAS s Lo S Y b S el s sl
@Y Gl e Sl e edd andl el s B S 13
Dbl sl 1 bl s oz S5 ISL 5 ks
4 VS S 3 s p 2y Dl Sl edd (5yslaer
Sladiped aan slp 3l oy S G4 e (o
A G SIS iy bl bl s aslles o
—lises L;va:.;)jiﬂ O Rl s 1§5i} sl gla g,
oz s ol o235 3 (3lomsly 5 slinad 5550 S5 Sl
b Sne obl 5 sl w5 Shs ol Gl asle

Explainable Al
v - \
Appl
Automatic IPP Y Explainable Sqplarsiion
feature explanation i i anane
. : extraction method
User
Dataset
2 8 gman Jigr glas Sy, sl IS SGled ) IS
# ‘
rf
[ I ll
' ! '
I ]
1 : | j
1 I i
I | RF !
: | | AdaBoost !
| | LightGBM '
I ! XGBoost !
Sen HOL 1 I
Age Lpfa} ] | | ' -
o Logsitplall i | . E
arT Statin \ | .
r-aTe Colestilan 1 % 4 / s ' —
Lre Eratimible ] r
Hbate Flbrate | :
- I Graded
Lipid lowering e :
1oL agents 1 - . ! :
I i Sy 4D
: \ gzl
I I
sty iy i :
I I
I '
I i
I i
I I
]

St adlan g g NS (gl gy he adlae s el JUs dnl B IS gled Y IS

VVE G VEE v o)las AT 0,50 ) FoF 50 (ot (K pale olCily o Sy ouSiils aleo



https://tumj.tums.ac.ir/article-1-13376-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-05-07 ]

vaa dipead oo giias s slive o (Kl o 1S solan s padiis

Nvidia GeForce 3060 il $ <,lS s CPU i7 5900 HS o.33l5

s as S G RAM absl> < LKS VL

Laidl

-

gl b lae s &Y Jadr B s C\” wsls Sl s

SR NS o) SOG4 e e Jads
SR dae 235 0 VG (T ) llas el s sl
RO PSS 615('3‘”"’ s A sl gl a sl
Slr e o sae osn Slapts S b sl e
e o3 e G S s Sy 5l S s Shes
o s IS 5 o o gy ) eslined b e sl

) 0 AAJ‘}TV

ol oS sl SOL LSS 0SSl ol S el s
S e e e a e bl oo
Sadsl Gl s astly Jed B B L e sl
53 ol SKos oo sl Sl eslial I iy e Cons
oS 58 gy bl cpl Ly das I3 e Sag L
(PR N S ORI A YA | S N Y CYCH ESE JE S N
2l 4 Cad e Ll U cnl s sl 0, S
S Sl sdal oz ol 5 3 eyl el e 181 Sl
el 230 3 g 5 Olens oSS AL b &y s 2 OIS
S Olpea (Bl eS8 e r) SR Bk
b gl Sl ole shnmex 4 ST slie (x5S
I3l ams S a aliws gl amlie 435 Wlp e 0l
o sy o B L Gilae esls aegemme nl T ladey
5 S 6)}1@? M oz dS 5 B des S
Tas s S s )l T ol sl el
L Grllae a5 das o 0L (el slap, S b adlas
Sl o Il e el 2y gl Sy oSS

e siS g0 BMI o Ll el jucdS 6 15 ¢ posibiandl 5 55 b

Tehran Univ Med J (TUMJ) 2025 January;82(10):766-74

http://tumj.tums.ac.ir

P oS Ly B oIS (A5 e iS Z yB A (IS B3lad
T e 0L 0L S e 58 o, S
Sllpl Ol R (et esae Sies i
e rsr S Suss Ol Jele il s eslind 5 e
on b e (pean rar Sl Sess Sl s
Aas el WLl a e Ban Sl s
b o LB Lo ) LT Bl (o e ign sladis Sy
P8 sl 1 el s 5 Shes ogon Sos 5 AS e (ghoazus
O iy o 5 Jdo 218y Ol 0y G 1 3 3le o IS0
53 S e Al Lkl ol 5l IS glas v TRl Ll 5
Sy SeS w _u(,_f Solie gl Seds Ol e
oSS ool 5550 b i 5 5 2Lk Sl kgl
Ll S eks Jlag slie b Osls (gl 4 OF 51 e A3 S
O el ple Maa s giluesly Wesls 555, S5y bl
laesls Kb 50 Sxmm lsBlesls (2 5l il gla IS
DS lasbas 5 Khes 53 550 S B Ad ealial axllias 5 50
(13t g3 3l Sy SaS 4y b Sl pd esls L5 sty
Aol 5 285 5 sl s b LIS slael slua
s T glaael sl b line il sla S @ 23035
AL L s S sla 3 e bl 3l 53 pled s 4 S
Sl 5 ekd Gbi)l o Sy el Casa IS
3,50 b gillae mames XD S 3 e 3 (93505
L ooals (o G coals STL g pdoms Ol (610 algden
5 sl Gle sl kbl el o8 8
obal Calie gladde aas U as wjf i J Lzl
258 Ol i gl s s s il el
et SeS 4l G WS gl skl gl
ol 8 S e ks S b SsL bs
laiie Cond e Jowe i 1, S SGS &
Sy M S s 5K, 5 S S Lo
O 1 oo i ol IS aled ¥ IS8 .23 5 18 S
@8 B Gl s o3 ) Gl s oleesly s
b 53 daddle aes ana g S0 pll Tensorflow

S 5> 5 PyCharm Community Edition 2023.2.7 ey 54eb


https://tumj.tums.ac.ir/article-1-13376-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-05-07 ]

San 5 S liile; ol W

ool SSb s (Shs bl iz b by, 5] & s 55l 4 55 daqw%dkﬁuéuﬁJﬂlaﬁh&%ﬁH&a RIPREY

Fl-score wbit e ods She QS By, ol 3,90 dke
RF
£9/\ VEV/VY £9/V¥E/8 8 §A/0EEV/Y §4/VYEa/8 6 oS ples
YTV« “0/Voto/aV TVAVETY YO T\ /Voto/ay FFS
0/ YEV/VE 01/14£1/0 04 /8VEY/MA 01/14£)/01 MI
AdaBoost
OF/YVAS/TY 06/+1£Y/8) A YAVER VAT 0+ /AFEV/AQ b S plos
0+ /VYEO/T 0V/EYEVE OY/\\E0/¥ 0V /EYEVE FFS
OF/\ Y0/ VA OF/\A%0/Y4 0£/44471/¥ O¥/\A % 0/Y4 MI
LightGBM
EV/VAEYTA oY/ V0 £4/V L) Y/AY 0 /FVEVYY b S plos
§A/YAEANV O 0Y/+1£0/10 IRVIYESRYAYS 0Y/+\+0/10 FFS
£/, 40/9Y £V/48+VA0 §A/+ YEAT RLYESVIN MI
XGBoost
M0/8VEE/FY VYL /Y T8/v kg0 WA \EE/TY b S plos
/YRS 14/81£0/1s /¥ 0/ T4/Y¥40/0+ FFS
W/EYEVIA ENAEVAY /4T e/ VLY MI

Sl S L il slaanls (Y S e b Gilas
s glg i s Sslie Jlds o s b s b s el
Syl 51 K8 s daastls ul 5 Kpa e lansls S L
o3ls Ol Jsd= opl 53 2ol Ky b oS (g pnlie Lol ol
Comal Olge s by o5 w2l 53 olg e SIas s e
DS el sy (OIS 53 (658013 5 2le oo L3 bl
L o 8 gme 598 (55 G cadate gllse 3525 L sy
SUdisS JIp ar s sse Cenl S ol dhen i Sl Al
2l 4 s XGBoost g5 bl a3 LYS ( tege
(e Sy ol K b, e s sla b
Sk bzl sl oS el 6 Ul e
aeslus cpiman 5 Overfitting 51 5,8 sl (¢l ,» Regularization
s oylal gl Slles o mrs Sl sl S8
Lol (b slaca s wulas dul 3 OS5 ) sbay o) Sl

Bonsd 5 Vb el 55 g (o (S1LS Wy S Ale
Olges 0> oSy onl 51 S p Comdl g8 Lis (s 4l
Y USE 53 e D gy 3 il gla SIS LT (5,108
ol 5l SKaa 6 Ol Y S L Gllas 3y e edys I
Wl Sosline Cilizee gl WIS 55 el (g S el laaasiia
5 oo oy Sl Sl S el WS ke
Wl e 5 BB 1 5o 5 sho oS o gdumies 52 Ll edS s 5
Cossnl Sl o ads S S Gl s s
0GTP 5 (r okalS Ll Ale uslSpen (uiliondly
o Jlo s e bl il el VL s
AB sls 513 2lesl 3y5e sl esls 4iged sl 1y edel sy
o33l e O lg oo U3 ) il sl asls
e 4 3 e e ) e S L3 SIS e bl
Bl Csts |y amd et (T JSE L il 0 4 S e

VVE G VEE ) v o)las AT a,50 ) FoF 60 (ot Ky pale olCily o Sy ouSiils aloeo


https://tumj.tums.ac.ir/article-1-13376-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-05-07 ]

WJpa a Js 5l e 0Ll 2oy |, SHAP Jie _ﬁuv;wﬁ\
Gt IS e iml ssba by pes e
o Slawslis F Jyde 5,5 o 13 eslital 5y andSes
Oz Sl OLSsls sl3l an 1y cideses ladlas 1 sdal cses

dipead oo giias s slive o (Kl o 1S solan s padiis

Feature Importance

GPT 2170
TG 51 199.0
BME 180.0-
HbAlc 166.0
TC 5t 142.0
Cre Si 1400
2 age 136,0
2 HoL 51 1340
E LDL 51 1200
gaTe 4 1200
Lpa 140
Lipid lowering agents 2.0
Sex fe—13.0
Logelpa =90
Statin =40
o 100 150 200
Impartance scare
(<)
Sl ‘_; B
IV TCSI
Ve Lipid lowering agents
e HbAlc
ARVAVAR) GPT
Yy BMI
/AN LDL SI
IAJENG Cre SI
\\ZAN Lpa
AVARS TG sI
Ve Statin
08/ gGTP
/e Age
Vit LogeLpa
Ve Sex
Ve HDL SI

()

suatin [l
Lageipa [l - Class

sox [l - Class 0
- Class 1

A = = e A
maanl|SHAP valua]| {average impact on model output magnitude!

(&b
TCSI=5.61
0.06!
Lipid lowering agents ...
0.05
5.70 <HbAle <=6.10
0.03
GPT = 100.25
lo.03
23.50 <BMI <= 26.59
fio.03
LDL SI>3.66
0.02
Cre SI <= 54.81
0.02
Lpa>16.52
0.01
1.03<TGSI<=1.38
0.01
Statin <= 1.00
0.01

55.00 < gGTP <=109.75

0.01

50.00 < age <=67.00
0.00

LogeLpa>2.80

0.00)

1.00 < Sex <=2.00
(0001

HDL SI>1.34
0.00

@

LTl Gty T (L) e 4 S 28 e edge
j.g_L,J ‘5\)) sl B L);)\bﬁ L);:i ‘_;valijﬂl 615)&
Ol b slacs s 3l V-:-i).}-ﬁl Sl bl Slales las Sy,

S 4 et sl 5L S S e eslimad g5V Ges

o QR &gl S o3l 4 s 5 (5 ) IS s o3l sl SOl e sla IS s LT (5183 g s il sla S s 5 Shes amlin X IS

Tehran Univ Med J (TUMJ) 2025 January,;82(10):766-74

http://tumj.tums.ac.ir

W) C)


https://tumj.tums.ac.ir/article-1-13376-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-05-07 ]

Zamanian H., Shalbaf 4. VWY

SedS O8Iy ulal p (K395 asls g GRS s i Sladlas dmslis 1Y J o

Laassly X NS aie 03l 35 90 (slagn , SSJI & 903 3l axlas
Acc (fatty liver) 0.82. Fatty liver, KNN, SVM with RBF, 5 YE 41, \Ken s Razmpour F.
Acc (steatosis) 0.52. steatosis stages, Gaussian process, RF, NN,
Acc (fibrosis) 0.57 fibrosis stages AdaBoost, naive Bayes 03 YWY
Acc 0.88 NAFLD, no NAFLD XGBoost oS ans o Yo £ 0 Vol Ken 5 Ji W.
Prec 0.80
Sen 0.89
Fl-score 0.88
AUC 0.95
Acc 0.75 NAFLD, Classification tree LA Ve Ao, Kea 5 Birjandi M.
Sen 0.73 no NAFLD
Spec 0.77
AUC 0.75
Acc 0.79 Stage of fibrosis RF Sle 1T o0, Kes 5 Sowa J.
Sen 0.60 ’
Spec 0.77
Acc 0.69 Steatosis stages RF, AdaBoost, LightGBM, 4503 VAN Lo axlae
Pre 0.67 XGBoost
Recall 0.69 (O3AY m10)

Fl-score 0.67

sdalie opa OF cikore lagt S 5 pd ek o g
LR S 5 ol S b Ol S s sl
Glaosls g5 5 Aol pasis gl iy bz S el
ASL S SLS 5 e Sl b la sy L3 LS e e
5 JspdS 5 e 5 GPT (slajite S s 2l5l b illas
Sy S Je 3 Shee 3 1y e 3 BMI ol 5 & S5
1 Sl L gl L oS S e i

IS elal  candllas opl s esls L;)jic‘,,.s Ll s Gl uS
GOl anaS 55 WadesA VYt Ll oled Lo
Sieds BN IS sllenl; Gb) mlel oKl Sl
Wl a3 813 A0 550 (VAAY L s ol el

e Oy o wbobl Sl e dlis opl (Kl

Goos S5k S A 1 e I o AS Solen i
Sl ke "l SOl SIS kel bl
Al e YWIYA U LV 60T Jl s Sy wilige 42 s

el e plonil 4 g Agd (SE pole JKisls 3 oS
References

1. Chitturi, S., et al., NASH and insulin resistance: insulin
hypersecretion and specific association with the insulin resistance

5 bl e Jsls sl (s B s ege Sl S das e
Sl 3 Job Gl s e dle 4t s g ndicio s
3 PS4 e K5 0SBl (A ek o 5me
Sl Sl L calze a8 a5l e Slesle L
b ot b Gadipeds U5 Olge oslial 5550 (IS
shies @l pslie gladie 51 (g S g v 53038 oy B
el Slas 2 2Vl el Sl sgie by s Slio 5w
Sl sdel sty ol oS 3l 0L ol Jl andllae (st e
33 LG ooyl 1y oUls pl XGBoost peile (5,850 5,55,
oz aallae o Ll sl A Lesls SOL s s (o SV
LLos alie Glabs, e Cond e ot «Sop glaesls
watld Sl 53 (ol ol il @l Sslie Sl bl
4 258 13 awslie 5,4 Fl-score LS| TSI 1
SIS s ety ducs sl aluly 45 sl 0l bl
S 53 85l AaLT Gla Lo 5 2 ccilia
S G =k (S ool s e Ol 1y il

syndrome.  Hepatology,  2002.  35(2): p.  373-379.
https://doi.org/10.1053/jhep.2002.30692

VVE G VEE ) v o)las AT a,50 ) FoF 60 (ot Ky pale olCily o Sy ouSiils aloeo


https://tumj.tums.ac.ir/article-1-13376-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-05-07 ]

Yy

10.

13.

14.

Diagnosing the severity of non-alcoholic fatty liver disease based on explainable artificial intelligence

Ekstedt, M., et al., Long-term follow-up of patients with NAFLD
and elevated liver enzymes. Hepatology, 2006. 44(4): p. 865-873.
https://doi.org/10.1002/hep.21327

Larter, C.Z., et al., A fresh look at NASH pathogenesis. Part 1: the
metabolic movers. Journal of gastroenterology and hepatology,
2010. 25(4): p. 672-690. https://doi.org/10.1111/j.1440-
1746.2010.06253.x

Ayonrinde, O.T., et al., Gender-specific differences in adipose
distribution and adipocytokines influence adolescent nonalcoholic
fatty liver disease. Hepatology, 2011. 53(3): p. 800-809.
https://doi.org/10.1002/hep.24097

Gan, L., S. Chitturi, and G.C. Farrell, Mechanisms and
implications of age-related changes in the liver :nonalcoholic fatty
liver disease in the elderly. Current gerontology and geriatrics
research, 2011. 2011(1): p- 831536.
https://doi.org/10.1155/2011/831536

Brunt, EIM., et al., Portal chronic inflammation in nonalcoholic
fatty liver disease (NAFLD): A histologic marker of advanced
NAFLD—Clinicopathologic correlations from the nonalcoholic
steatohepatitis clinical research networkt. Hepatology, 2009.
49(3): p. 809-820. https://doi.org/10.1002/hep.22724

Nanji, A.A., S.W. French, and J.B. Freeman, Serum alanine
aminotransferase to aspartate aminotransferase ratio and degree of
fatty liver in morbidly obese patients. Enzyme, 1986. 36(4): p. 266-
269. https://doi.org/10.1159/000469304

Giboney, P.T., Mildly elevated liver transaminase levels in the
asymptomatic patient. American family physician, 2005. 71(6): p.
1105-1110. PMID: 15791889

Garcia-Carretero, R., R. Holgado-Cuadrado, and 0. Barquero-
Pérez, Assessment of classification models and relevant features
on nonalcoholic steatohepatitis using random forest. Entropy,
2021. 23(6): p. 763. https://doi.org/10.3390/e23060763

Ma, H., et al., Application of machine learning techniques for
clinical predictive modeling: a cross-sectional study on
nonalcoholic fatty liver disease in China. BioMed research
international, 2018. 2018(1): p. 4304376.
https://doi.org/10.1155/2018/4304376

. Wu, C.-C., et al., Prediction of fatty liver disease using machine

learning algorithms. Computer methods and programs in
biomedicine, 2019. 170: p- 23-29.
https://doi.org/10.1016/j.cmpb.2018.12.032

. Newsome, P.N., et al., FibroScan-AST (FAST) score for the non-

invasive identification of patients with  non-alcoholic
steatohepatitis with significant activity and fibrosis: a prospective
derivation and global validation study. The Lancet
Gastroenterology & Hepatology, 2020. 5(4): p. 362-373.
https://doi.org/10.1016/s2468-1253(19)30383-8

Okanoue, T., et al., Artificial intelligence/neural network system
for the screening of nonalcoholic fatty liver disease and
nonalcoholic steatohepatitis .Hepatology Research, 2021. 51(5): p.
554-569. https://doi.org/10.1111/hepr.13628

Canbay, A., et al, Non-invasive assessment of NAFLD as
systemic disease- A machine learning perspective. PLOS ONE,
2019. 14(3): p- ¢0214436.
https://doi.org/10.1371/journal.pone.0214436

Tehran Univ Med J (TUMJ) 2025 January,;82(10):766-74

http://tumj.tums.ac.ir

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

. Docherty, M., et al., Development of a novel machine learning

model to predict presence of nonalcoholic steatohepatitis. Journal
of the American Medical Informatics Association, 2021. 28(6): p.
1235-1241. https://doi.org/10.1093/jamia/ocab003

. Konishi, K., et al., Advanced fibrosis of non-alcoholic

steatohepatitis affects the significance of lipoprotein(a) as a
cardiovascular risk factor. Atherosclerosis, 2020. 299: p. 32-37.
https://doi.org/10.1016/j.atherosclerosis.2020.02.026

. Kleiner, D.E., et al., Design and validation of a histological

scoring system for nonalcoholic fatty liver disease. Hepatology,
2005. 41(6): p. 1313-21. https://doi.org/10.1002/hep.20701

. Marcano-Cedefio ,A., et al. Feature selection using Sequential

Forward Selection and classification applying Aurtificial
Metaplasticity Neural Network. in IECON 2010 - 36th Annual
Conference on IEEE Industrial Electronics Society. 2010.
http://dx.doi.org/10.1109/IECON.2010.5675075

. Vergara, J.R. and P.A. Estévez ,A review of feature selection

methods based on mutual information. Neural Computing and
Applications, 2014. 24(1): p- 175-186.
https://doi.org/10.1007/s00521-013-1368-0

Shaik, A.B. and S. Srinivasan. A Brief Survey on Random Forest
Ensembles in Classification Model. in International Conference on
Innovative Computing and Communications. 2019. Singapore:
Springer Singapore. http://dx.doi.org/10.1007/978-981-13-2354-
6 27

Cao, Y., et al., Advance and Prospects of AdaBoost Algorithm.
Acta  Automatica  Sinica, 2013.  39(6): p. 745-758.
https://doi.org/10.1016/S1874-1029(13)60052-X

Chen, T. and C. Guestrin. Xgboost: A scalable tree boosting
system. in Proceedings of the 22nd acm sigkdd international
conference on knowledge discovery and data mining. 2016.
http://dx.doi.org/10.1145/2939672.2939785

Ke, G., et al., Lightgbm: A highly efficient gradient boosting
decision tree. Advances in neural information processing systems,
2017. 30.

Deeks, A., The judicial demand for explainable artificial
intelligence. Columbia Law Review, 2019. 119(7): p. 1829-1850.
https://www.jstor.org/stable/26810851

Escalante, H.J., et al., Explainable and interpretable models in
computer vision and machine learning. 2018: Springer.

Razmpour, F., et al., Application of machine learing in predicting
non-alcoholic fatty liver disease using anthropometric and body
composition indices. Scientific reports, 2023. 13(1): p. 4942.
https://doi.org/10.1038/541598-023-32129-y

Ji, W, et al., A machine learning based framework to identify and
classify non-alcoholic fatty liver disease in a large-scale
population. Frontiers in Public Health, 2022. 10: p. 846118.
https://doi.org/10.3389/fpubh.2022.846118

Birjandi, M., et al., Prediction and diagnosis of non-alcoholic fatty
liver disease (NAFLD) and identification of its associated factors
using the classification tree method. /ranian Red Crescent Medical
Journal, 2016. 18.(11) https://doi.org/10.5812/ircm;j.32858

Sowa, J.-P., et al., Novel algorithm for non-invasive assessment of
fibrosis in NAFLD. PloS one, 2013. 8(4): p. €62439. PMID:
23638085.


https://tumj.tums.ac.ir/article-1-13376-en.html

[ Downloaded from tumj.tums.ac.ir on 2026-05-07 ]

I [ ] ] VI l Tehran University Medical Journal, January 2025, Vol. 82, No. 10: 766-774 Original Article

Diagnosing the severity of non-alcoholic fatty liver disease based on

Hamed Zamanian Ph.D.
Ahmad Shalbaf Ph.D."

Department of Physics and
Biomedical Engineering, School of
Medicine, Shahid Beheshti
University of Medical Sciences,
Tehran, Iran.

*Con'esponding author: Department of
Physics and Biomedical Engineering,
School of Medicine, Shahid Beheshti
University of Medical Sciences, Koodak
Yar St., Daneshjou Blvd., Velenjak,
Tehran, Iran.

Tel: +98-21-22439941

E-mail: Shalbaf@sbmu.ac.ir

explainable artificial intelligence

AbStl’aCt Received: 26 Sep. 2024  Revised: 01 Oct. 2024  Accepted: 13 Dec. 2024 Available online: 21 Dec. 2024

Background: Nonalcoholic fatty liver disease (NAFLD) represents a growing global
health burden, strongly associated with rising rates of obesity, diabetes, and metabolic
syndrome. This study introduces a machine learning framework to precisely diagnose
NAFLD, classify disease severity, and stratify risk using routine clinical data. Our
model improves early detection and risk prediction, supporting evidence-based clinical
decisions. Leveraging predictive analytics, this scalable approach identifies high-risk
patients and enables personalized interventions. The data-driven strategy optimizes
NAFLD management by extracting maximal value from standard healthcare records,
delivering both clinical and operational advantages.

Methods: This study examined 181 NAFLD patients across disease stages. The dataset
was compiled from February 2010 to January 2019 at Eheim University Hospital,
comprising general volunteers who were diagnosed with or without fatty liver based on
histopathological evaluation of liver biopsy samples. Forward selection and mutual
information identified predictive features, applied in classification models (e.g., random
forest) to assess steatosis severity. Explainable AI (XAI) improved model
interpretability. Combining robust feature selection, machine learning, and XAl ensured
accurate, clinically actionable NAFLD severity evaluation.

Results: The XGBoost classifier with forward feature selection attained a classification
accuracy of 69.23%+5.5% for steatosis severity. Interpretability analysis highlighted
age, Body Mass Index (BMI), High-Density Lipoprotein (HDL), Low-Density
Lipoprotein (LDL), Alc Hemoglobin (HbAlc), and glutamate pyruvate transaminase
(GPT) as the most impactful variables across three severity classes. Furthermore, GPT,
age, BMI, HDL, HbAlc, LDL, triglycerides, and cholesterol were critical to model
performance, emphasizing their diagnostic significance in NAFLD progression. These
findings suggest their utility in clinical assessments and risk stratification.

Conclusion: This study developed a machine learning model for accurate NAFLD
diagnosis and severity stratification using routine clinical data. Accessible biomarkers
reliably predicted disease progression, enabling gastroenterologists to facilitate early
intervention. This cost-effective approach reduces healthcare costs while improving
outcomes through precision medicine. Implementing such predictive tools in clinical
practice could optimize resource allocation and enhance long-term NAFLD
management. The framework supports timely diagnostics and targeted therapies,
advancing patient-centered care.

Keywords: artificial intelligence, data collection, machine learning, non-alcoholic fatty liver.
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