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Introduction: Alzheimer’s disease is one of the most common neurodegenerative diseases
in adults. The progressive nature of Alzheimer’s disease causes widespread damage to the
brain, and early diagnosis can manage the disease and slow down its progression effectively.
Method: In this study, a dataset related to the early prediction of Alzheimer’s was used.
Spark framework was used for data management and three machine learning algorithms
including Naive Bayes, Decision Tree, and Artificial Neural Networks with the best
hyperparameters were implemented and compared. To prevent overfitting and measure the
efficiency of the models, a 5-fold cross-validation method was utilized. Furthermore, a
method was used for interpreting machine learning black box models.

Results: The decision tree and artificial neural network models obtained 98.61% accuracy
and 98.60% F1-Score in the Spark framework including one or three computers. Important
features in the decision-making process of the artificial neural network were identified using
the interpretability technique. In addition, the computational time required for training the
proposed models was calculated through different approaches, and the use of multiple
computers was 35.95% faster than a single computer.

Conclusion: With increasing the number of Alzheimer’s disease patients around the world,
the need for a decision support system using machine learning algorithms, which can predict
the disease early in a huge amount of data, is felt more. Therefore, the machine learning
models proposed in this study for early prediction of Alzheimer’s disease as an interpretable
auxiliary tool in the decision-making process can help clinicians.

Keywords: Early Prediction, Alzheimer’s Disease, Machine Learning, Interpretability, Big
Data

 Citation: Sorayaie Azar A, Rezaei S, Bagherzadeh Mohasefi J, Niazkhani Z, Pirnejad H. Early Prediction of Alzheimer’s
Disease Using Interpretable Machine Learning Algorithms. Journal of Health and Biomedical Informatics 2023; 10(2): 152-64.

[In Persian] doi: 10.34172/jhbmi.2023.21
*Amir Sorayaie Azar and Samaneh Rezaei both contributed equally in this study as the first authors.

1. Ph.D. Student in Computer Engineering, Faculty of Electrical and Computer Engineering, Urmia University, Urmia, Iran

2. Ph.D. in Software Engineering, Professor, Faculty of Electrical and Computer Engineering, Urmia University, Urmia, Iran
3. Ph.D. in Medical Informatics, Associate Professor, Nephrology and Kidney Transplant Research Center, Clinical Research

Institute, Urmia University of Medical Sciences, Urmia, Iran

4. Ph.D. in Medical Informatics, Associate Professor, Patient Safety Research Center, Clinical Research Institute, Urmia

University of Medical Sciences, Urmia, Iran

*Corresponding Author: Jamshid Bagherzadeh Mohasefi

Address: Faculty of Electrical and Computer Engineering, Urmia University, Urmia, Iran
* Tel: 044-33438840  Email: j.bagherzadeh@urmia.ac.ir

© 2023 The Author(s); Published by Kerman University of Medical Sciences. This is an open-access article distributed under
the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/4.0/), which permits

unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cite

Journal of Health and Biomedical Informatics 2023; 10(2): 152-164

yoyv


http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2023.21&domain=pdf&date_stamp=2023-09-21
http://creativecommons.org/licenses/by/4.0/
https://dx.doi.org/10.34172/jhbmi.2023.21
mailto:j.bagherzadeh@urmia.ac.ir
http://dx.doi.org/10.34172/jhbmi.2023.21
https://jhbmi.ir/article-1-753-en.html

[ Downloaded from jhbmi.ir on 2025-11-06 ]

[ DOI: 10.34172/jhbmi.2023.21

o Gt 5 D Kl 5] s

A% e
Kty Sl Sl 5 [ s

VECYNOT=1TE o 053 o jlact oo 053
10.34172/jhbmi.2023.21

i JIB (pilo (5 53 (sl 5 oI Bawgi 30at YT (5 slow PLRDS g ) (o oued
L3135 g dilcws & SB35 * T Ldwloro 0313 8L wwios ! Loy dilow ! 33T b gl

VEYITIY e Shpdye VEVNITA e 8l yde

0355 ool g el yoal I 0dig iy Cmlo sl GYLS )50 13 530 Jlgj sl M3 (5l 51 (S yeal I ()l 1o
AL Fe ol Sty Cops (IS g (sl Co e 1 Wl e 9095 LR § 39 00 o SlaCiens &

& (Spark Framework) <! yiws 5 el (g)lows plEimdg; (i 4 bosype 031y dcgarme Gl cadlllan oyl )3 3 g,y
e b (Eguan uas aSud qarenss CA 0 dlw o dlen bl (6550l 050,68l dw b g ad skl eodld o e jelaie
odlatl Julite (e liiel J1S5-0 jl aJae oLl homis 5 (3l Gl J S sl pslaie 40035 anlie 5 (giluosly b yie )bl 8
b a3 a5 s adlles cpl )3 eile (6,u50L olow s (sla Jde i gl g, SO BT 5

b g S5 Jolds sl yiams p3 1y ZANE - NGl jliial 5 ZAAIEY plpy (85 (egiumn (mac dSD § prenal B0 glaJie gl

A b (6308 pad SGST ool b e giuan (auas a5 (S paeual ) )lf)g“b‘ s S ._\33)9T Cawd & yigmalS duw

2 Fomeals izl ooliial 5 dwlxe Cilise (sladSu) 53 ey sladde 53k sl Y Slawbre loj ol p ogdle
Dy Yaoyw AYO/AD pouals SO L duslis

o3lizal b laodls J| (goslie o )3 Wl & moand lastidy s 3529 po ) cole )3 yorl3lT clolons st (Rl 3 S dosts
S5k sl Jde olaie (D98 (oo (el yidin L3L 4B ) g)lon plRR395 i RUIF (dle 653 slapisSl 5l
ot o @ OSSR S el ) Gpdipmedl CebB b (S8 I G plgis 4wy adlas cnl (ooloiiny (eile
iles S8 jail3ll (g lons plEinss

o> soodld ¢ 611yl ¢ piile (6 30L ‘)A.).‘}ﬂ Solow pKidg) Lausuls Zl.hbj's..&.nls

otle 65l lapn s S b gs T (ol 0808355 b Al 315 (a5 G e lowe 6313 3L cilew Sl ol 3T U5 1ER e
doi: 10.34172/jhbmi.2023.21 A8Y-5F :(¥)) s VFY (S S 5 Caodaw Sl i dlires s o5

Wl (o0 Pl (2l Jof ok g 7 il D390 4 (L0 Hlow 9 33T (2b § ol

Ol g5l cn s 51 oSN €3 5alS 3 51 goncige 0SS € 5alST ki maind (6573 (5 pmils )

Ol ton )l cton s ) B3 5 glS” 5 3 okige 0SSN €3l Bl 5 i anaind (6 ST Y

Ol et g cton sl (S ke oKty o ally Dlidions 01t 533 S iy 5 (55005 Do 3870 il ¢ (S gy Sl 5l g (5573
Ol cms ol cans ) (S g ske o8ty o odly Ot 0aS8in 3 plocy (ol it S o 5l (S &S5 panains (6 5575 F

s 2315 5L ot 2 gl Okhnr 8

PS5 G gerkige sdSE1S cae ) oS 5 g 03l VY j5a kS cans sl 3 g 8T

« Email: j.bagherzadeh@urmia.ac.ir CPEYTFYAAF 1 wlod o sladse

yoy Journal of Health and Biomedical Informatics 2023; 10(2): 152-164


https://dx.doi.org/10.34172/jhbmi.2023.21
http://dx.doi.org/10.34172/jhbmi.2023.21
https://jhbmi.ir/article-1-753-en.html

[ Downloaded from jhbmi.ir on 2025-11-06 ]

[ DOI: 10.34172/jhbmi.2023.21

Ol )Se 9 )31 S5

ydS BB oyl (6800 (slagy 191 bawgi poul )T KiR3g3 St vl

S35 oeble 6150k by bey 30 3l sla L 5
bgyS' e 5 ol et b lagsslon dox |l
e S5 (gl [5 NV il g Sadtns iy
@ Yb e 5l oslital b opile (6550L (sl oSl (o
@ PB e g 39S o> hgel culio 0l
o g sl oYL b b slhdiged oIS cwsy
il it Jae hsel cax (Sigel losls ol 4>
dsb b GRIFH gesle xSl sl Jue 2l
Uissel sl il cslmosls sl il 5 ST cgla Lo
Ol dadae cpl 5l ookl b ocopile (6,50 (gla s
oS wons €85 g bl ialS Sladl gllas oS cuily sz
[k Rl sy,

QO SaS ((Sbi 0 ol (6,300 5l eolail Lol Gaa
ol bl (b MU e (o cdd il b S5,
Ordle 653k slaehn)oSUl 3,518 gy Cublad pas g2y
ool 3l edlawl g slezel y (wlo (( Sb3 Plue Gasid jo
oponl S1DY] dgpe sled 4 35wy ()5l
Ol oyl ealp by pasis Ny, (gjleciled
brl o Slgicee (omile (63b S Jde (s
S S lsis @ gt 205 K5 slezel
Orile 6550k sl oSl p odlil 350 Al 8 hrog
LIV] 29 oo ooliil Plue Lasuis gly

o3l )] adgl Jolye 13 ool Jl asis Cuenl 4 asg b
Sl onl s gloj il caw dle S3L ]
Capte Jloinl (slon plRn 395 paeds L [V] 45 salgs
Sl Gy 43l el pogde oo Al sslow g,
V] 15 salgs il (ol gloaizo ol jl g 4l alS
S Ppnsa pelil pasuls Caz 9o godls alox
Magnetic ~ Resonance )  wblie il
polas VY] o ,Ken 4 Rabeh .cwl MRI(Imaging
e ool g (g aw 4w j3 1) Do exde e g S
wwanl (Cortex) s 4 (Corpus Callosum) (glaw,
ol cawanl polas dunl ,> L3965 (SEgMeNtation)
SUPPOrt) olunsy Jhy (il Jio bawg culisus
0l 148 ealil 390 (sdbazws ¢l (VECTtOr Machine
4 elS g (B9 59y g Jdo il oolisal s &5 )90
by Gy pua (Sly il giuaied Jloypd olos
Soge 3 bl )303)5 oo gy sy Jlop Gmile Jue

EVRT

234 0351 (300 slo M il alex Sl el (oo
o1 AB LS luadl S po &y oo Jolo (e lgie 2 1, ]
G 4 85 llpd Cnogs sl jre Jlgj STV ] cand
oo (Ulgr cabasls )3 alan 5 Mo el jro >
olatwl dgdiso Jlow 0yejgy s Pl 5 (35 SE
S by glefle B el Y] 5
O+ 359> ¥V Jls > (World Health Organization)
Veoagie Jlo g 03g jee Jlgj JHBT )l 46 (eske
28 el 55 Y] 295 00 03938l oluss ol i ke
B> (e clis g jhe domeSd el g Wilo jio (26
Sashl & B yd 4 jlan )T iy Ded s el
23355 050j9) )l plosl )3 4o ) g 0355 M 2By
V] 29 o0 (g OMSUie

Cople o @ & Cul oNg)hn len o5 il
o £9yd 3l dn Yo laciss b ] Sjgg
S bl 2 ogMe [¥]amosai joy (il WM GiS
Syt Sl B ployd S 0o nl 53 035 Slalllas
15 IS (8 st cnl Syt ) 65l b slow Dl
Olojlo bwgs a5 Aduhelm gq)ls ¢ Jlie job 4 [Fd] el
S Laid asb o b 90 oo SYLI )b 5 1ie
2 9l ol etz an (sl g amde halS |y adglsl
1] el 5 (0b5 amlgd ol o

5 4S5 00 o ol gl b Jolie 50 len ol Sl @e
Pl @dle Gre d o3)ly ol (e (S350 o 4
ol) @lSS Lad UK )low Syl b [V] Midli s
3 8l cov ans 4 1) o pldlbl o Jlew S5 (58,
b ol eSS slaaja ol ogde [B] smd 0
WS oo Juezd lhlaw slrodlgils g cdgd 4y (o0 (oolaidl
agjp YD oylle YA D ¥V Jlo o S gy @
ol oad iyl58 oo YL gy (ghlow opl (duesS
Sl Lial3dl b Yeoe Jlo b a5 9,0 il copuimen
YL o oy g cubligy i (slp s i lylew
g cnl b [B] b GRlB1YS Gosh 5 Sl G 4 0a5te
4 ol 5l 5ol el ol adgl oo 1 (gilon el
h Solew gy 3390 Cupte (ISl g 0ad Jo 0215 (Sl
[VA] w25 o yiol3dl

Journal of Health and Biomedical Informatics 2023; 10(2): 152-164 yog


http://dx.doi.org/10.34172/jhbmi.2023.21
https://jhbmi.ir/article-1-753-en.html

[ Downloaded from jhbmi.ir on 2025-11-06 ]

[ DOI: 10.34172/jhbmi.2023.21

09 0ylowd o2 0493 VLY Ll

S 3, Coannt 9 Caodaw Sl o] dlxo

sgbhaie & (el SESS Sl addlhae )3 69 ol
degezre sloShy IS (i e 5 Coblad sl
odlinl pile (6350l (slade (6 S amenai Ay 3 ool
orile S slaJie S GBIE car & S
w2 b 5ol (slaodly jl ookl b aJae 3960 Ygase
oz slrosly (53155 g Cu e jolaie 4y .l (5908 YU
opl 5o edlassl (Spark Framework) o'yl yis |
2 Ol 350y 93 5l ive cnl 3 )k gl (sl el
Sl Pl S g b gnals jl (o295 Jolds Sl s
@ Ay oo adllas (pl s ab eolaiwl b Jus (gjlwodly
Sbls SaS yalill g lon plSin 95 sl > (K5

.S

099

ol 1 lowr b o3l dsganmo Gl calllan ol )
51 ookl b ooly dc gosre (WwMS o oyl ylows Sl .0 ool
on bley b ol daedly  (gile Jolkie by, S
sghaie & Solewl s g (wyp 03l dsgecme sla Sy
LS):SbL.’. salbuls )l ookl b g S okl Waosls Co o
osls ar oile (635h pRpsl (ol ) dese caile
4 ¢ (Decision Tree) pweas s > (Naive Bayes)
yokate & (Artificial Neural Network) csune uac
o3y b a3 b ) el g low plSidg5 (i
da sl e 4 G5 slexel iol38l g coslad sl jslate
S oSl (gl pends (B9) S 5l eomdle (6550L ol
A oy 8 renal C350 ldged g 00litl (yudle (5,50
03> dc gm0

loy)ﬁ )ml)ﬂ L‘)])Lo.g G..Jb oals 4L garo )'l dxlllao L’)..{‘ »
Open ) sljl wywd b gyl ppgai Sldlas dcgemxe 4
4 OASIS (Access Series of Imaging Studies
V] as oslinl yeolil (jlow pEimdg; (i i yobato
93 )0 Wgad YWY | slacsorme Jold pols odly acgosme
il yoal s Mo et b jeal3l] 4 M oy Cunds
o) el sloss Jloil 5 (+ 3IS) uilod o g
Clinical ) b jwles (caas, 5 edliu! b ndsges ) ()
dod 031> degeze ol )3 .05 asuie (Dementia Rating
Foo S5 o JI093 sl jl 5 Lag Cuws cunl)y lile

bug pi8 (2l g Jloy pe oy pl il Job @ls &5
ot 328 (P95 45 (Sy90 3 Caled 3 9 Mo sz Jo
Ch ool €50 3l (AbdwS audb e alwd j
D] 23,5 oo o3l youl T plimg; ausis

eslazl L [WY] o, 4 Pavalarajan adlee
dox I opdle 5k ) e il oy,
5 el 3 by edle «Sitwad (9 S
oalizel o adgl Uslpe 5 yarlill ety (gl dolas JKis
Jols (5 pgeas 0313 degecne jl o Jue (6350L (sl 292 03
Magnetic ) (1,1 p)) (ublize 55 53l y2gles
ke el b g 005 o3lazl 320 MRI (resonance imaging
@ bl omiwlel J1S5K gy gt Jao e
duslio > Solas JKia by, @bt s p 39 odel Cawd
SR 4o 0 S5 edle 650k bty ple L
Ll asly

5L sla gy 3l edlinnl L[VF] o)) Ken g RAjAD adllas
(Neuropathology) uac olidcuwl (S59 YV ¢ pilo
can bl ) .055,S Gl |y Heal T claosls 4y bgyye iy
St 550,53 s €55 Jolb blo 5,55k Jao
Gaussian ) wslS ol o luon 3 5-K
s e By alb b gl Sy usle (Naive Bayes
Linear) ls SS& Jbo 5 aps b s
A ool cavaids ¢l (Discriminant Analysis
sl 5l Vo] o,Kea 3 Neelaveni adlas s
Oliwe oy Jlo 0dlaiw] D90 031> degasme 1O pre (wliily,
MMSE 23 cuxsg obsS yg05l cpases cMuass
o o @b« (Mini Mental State Examination)
x5 gl Jao 590l (el g oo (gus)y Sloy90 Oyg0
Jolis pudle (6150L Jdo 93 5l cdall 10 .050,8 oalaiwl yuilo
ot Slp meal 853 9 luidy ) pile dawdS
Oile Jao €8> (5 Sl s b oozl el (e
Dy paeual CS 3 Jde B b dunlie jo lusidy by
Cudlad pis Cur 4 b Clidos ) ol Sl sl b
@ opdle 5l gladie bawgi gilon pagds )%
ol Glanl 5l S 3,5 e )y S5 slazel 390 5w
S35k )9S iz ol dunlis  ogdle adllas cl 53
3 ol Cawd 4 ol 4 s 855 slesel Lol ¢ pile
25 8y 53 )3 el Pl (g)lo pim3g5 et o g

Yoo Journal of Health and Biomedical Informatics 2023; 10(2): 152-164


http://dx.doi.org/10.34172/jhbmi.2023.21
https://jhbmi.ir/article-1-753-en.html

[ Downloaded from jhbmi.ir on 2025-11-06 ]

[ DOI: 10.34172/jhbmi.2023.21

Ol )Se 9 )31 S5

ydS BB oyl (6800 (slagy 191 bawgi poul )T KiR3g3 St vl

) 05 oS o> 4c gooxo uj)’ﬂ 2 )l..\iia Oyl

,o.ﬂ}” Olslow 8315 acgoze s Sig d)loi Oledb! 2y Jaas

Gl Sl S gy s el
e e
aA vy Iz e oloy 3 slew oy Age in years (Age)
- - - Copanis Gender
Y VE/Y v o3y (gy5laen Jlo Years of education (EDUC)
5 YIY Y Cydge b Ll bawgs a5 (oolaidl - Leloin| Cundg Socio Economic Status (SES)
odd byl s Sl olaza!
¥ YSIY \# B Cunsg oS 903l el Mini Mental State Examination
(MMSE)
V/EY \/Y NG ol 6y ey Atlas Scaling Factor (ASF)
ALY V/Fo. VAR 05 035y dodmex JB13 S woe Estimated Total Intracranial
Volume (eTIV)
-1y <IN - 100 oxi]loy jre JS wo Normalize Whole Brain
Volume (nWBV)
- - - Sl piled (sanag, Clinical Dementia Rating
(CDR)
S diges (903 VA I NS 52) YA L i slodly 2315 AL gose (5315 31yl

Sz cars o9l 1) Dlae Gilae izmen 035
Pearson Second Coefficient of ) 5 jguym
35 B o lis sl ool degeme sl (SKEWNESS
S gl M 1Sk X (V) dslee jd [VA] 15 o5kl 03l

&S Wil ) 57 o (Nor oy 03l ol Hlme Bl il Synthetic

bl o Cawly Cuons 4 (S (Lo 4 (+/0,))

g e P8l Xipin Y) ol 55 slons ooly il
ol 030> dcgazme 13 (Shg S lde wSls Xy

YVO aod ol awgdely obj 5l edlaiwl b

MissiNg ) ouaisS polie 45 ooy dcgerme (sladiges
Joleie > & piomens s asliS LS wials (Values
ESBg0d iy STl (oM 2 sladiges das (D50
Minority Over)  cguae cJlil
by ol VY] as edlazwl (Sampling Technique

dog0 SBdigel (Soluod 3 guae L oy diges

dcgerme gy (pl 3l edlitwl b .lad o ddgi la WSy

X (x—-m)

Skewness =

()

alelss ;I (Min-Max) yiSlas— J8las g, 5 s
L odlil odly (gjloJley jolaie 4 g0l SKlearn

9 yuo 0395w 4 (V) dolee 4 ax g8 b baodly )5 oyl plool

Xnormal =

‘-"’l)‘" u" '[\i] “\'Suﬁ Oy |) Lm«_;jﬁ O LSL&’L’L:’“)l

ole X (V) doles )5 sl (Ko yiShis onimd ylis

0313 dsgoe mio (SS9

3 o3> degacme (sl Shg (aled (o LS (o2 612
Pearson Correlation )  jpwym SKiwod oo
£ 9 43y (Siuued cupo i odlizwl (Coefficient

Journal of Health and Biomedical Informatics 2023; 10(2): 152-164

Vol


http://dx.doi.org/10.34172/jhbmi.2023.21
https://jhbmi.ir/article-1-753-en.html

[ Downloaded from jhbmi.ir on 2025-11-06 ]

[ DOI: 10.34172/jhbmi.2023.21

09 0ylowd o2 0493 VLY Ll

S 3, Coannt 9 Caodaw Sl o] dlxo

Y(xi—= D i=y)

T =

awd Y ply Biby ol ¢ (Gigabytes) collES vF
GyS pamals G 3l enlal pgd 3,559, 13 05 (COre)
Cad Ayl (D15 Olg5 9 ColES Al p) polle cond
sbdse lojon 5 (LS ©ygo 4 0509y 93 2 > 9
5530 8 Lyl o SIS 5 ey MalS” gl |y el 6,50,
18,5 15 )

Wosly (A5l (sl 4038 jn SG plgie 4 Sl
03y diage 45 Cuwl 00 Syl (6y0b bl g o anliss
2 Olles ploal b o plool aladls o 1) ojlb, lles 4
9 Siwopdd & Cowd Lodldy Biby o aladls go
WS o I ]38 Sad (g9 5 Wodly Slgsl )3
ol axdlae 4> dslie 390 Cpwilo (G m53L o0
odlw

Silwodly bz bl 650k o )55 S 03l
Gillao 5 4ndb o w2 ol elsl [YV] sl L]
Gl ((¥) doleo
P(A|B) =

P Ssan eas 4eh A o Jie (ogate s b
sl bas 900, a3 leslw |y g9 295 calise slaasY
Lled Jlosl (6399 001> 4 Wlg5 o |y Tolate

5-Fold Cross ) Jilize o ,lael )1, S5-0 b,
OVer-) Jsjly e jop 5l psde sl (Validation
adlas ol > oloidy e oL ;) 6 (Fitting
okaie 4 03> dsgazme jlduo)d Ar )ST ya 50 b eolal
45,5 a3 iolesl (gl osile Bl dopd Yo g ybjgel
g g0

b sol)bld  yolde  cpyig adles  pl
e & Joo o ly See (Hyperparameter)
9y Sl O ol plosil gl ol a8 s ) (gilwosly
Ao polie oy yino opdl jolate 4 (Grid Search) g
2 asdlas cpl Seo (sl yiol)bl3 olae oy pieg Wb ool
Sloads ool LS Y Jgin

P(B|A)xXP(A)

Seeooy

SHAP () (et (opsil lbuiy wlilss
Jde yis ¢l (Shapley Additive exPlanations)
Sl ik 4k 0500 S e ) ol D eolil
5 Coonl Gub Cusl dle 6550k ooy (295 mesy
WS oo S Jde 3 G5 el 2 1y (S i)
[¥-]
S L]

9 L1y ooy acgomme aS 3)b 1) cublE oyl Sl
9005 @9 ol Su b FouslS w59y 2 2,
S Cusl 005 coge Syl o Sy el S U5y
25 oG9y 2 e 4 omdle (xSl slaei, oS
wd plosl |y oy osls (595 » Vb csyu b 5 00
]

(Foels aw) ol cptin jloslisl (Jol 3,505; 52
N R R INE SV NP o
»ly» RAM(Random Access Memory) (g,) $slas

(¥)

B e85 cyp0 0 A Ss) g8y Jloinl () dslas s 255 L
ool 49 A g Lol B doxiy] )3 g o0 48,5 Jlas )
POV YRUT %

Syl e Jl N peeal CEp
<y wle oy poSl opl [TV ] sl pppdle (650 (gibadlo
ool 50 i 5o Ll oud LSS as L g 4y« Sy ]
b 03, oalizl (ENLropy) 9,51 b o (GINN) s jlxs 5l
Boe > sl |y Jlasl o i (31l phS wled oy
Syl aliuee
EPa0 s A

ly oslital )00 (st Sl (So wiyeSl
$aSed I Blue (35 S lp & 23l el
il cpl 53 [YY] cul a5 pldl (Sjglon (nas
P X3 352y (egias slaggye pb 4 laoyS | slasgerme
b 8Ly> JiSw g 0392 Jatte 50350 4 b ygyg ol 5l e

yov Journal of Health and Biomedical Informatics 2023; 10(2): 152-164


http://dx.doi.org/10.34172/jhbmi.2023.21
https://jhbmi.ir/article-1-753-en.html

[ Downloaded from jhbmi.ir on 2025-11-06 ]

[ DOI: 10.34172/jhbmi.2023.21

oo 5 31 5L S

ydS BB oyl (6800 (slagy 191 bawgi poul )T KiR3g3 St vl

SOy (St 1951 oo 4Bl (51 o LT3 oy yige 1Y Jg>

o il 13 Jae
var_smoothing: 1e-3 ool o
spilter: best, criterion: gini, max_depth: none, min_samples_split: 2 ool C 3
learning_rate: adaptive, learning_rate_init: 0.0001, solver: adam, hidden_layer_sizes: (8, 16, 32, Eguan guas 4Sud

64, 16, 4, 1)

Slas 5518 eolatwl 3)90 ol (gilwesly sla Jie Sbj)!
V]
I ohw 4 oo o dw i e Cowd G
b e 2Ll sl slre ool cunl b i
oW Ty cd (8) dblee g o odliiwl puile (5,83L

.M.)LSA
TP+ TN

TP+FP+FN+TN

sl 0315 L5 1) VBl jlzel ((5) dslas .l oS

2XTP

2xTP+FP+FN

9 039 PS¢ e 4 Cans 45 Mol Cawd 4 =+ /FY
Dy plte g o)lite @ jo5 oim LS

dw ,S59) 90 S Hlowl yiwo I odlaiwl b aslllae opl yo
8,5 )l 5 b 55l ol jolate 4y € guels o g Fomels
55 5 laJse ples ly Wo)S5 plos by Sole 5
b dolre onalS Sy g el (e 69y p 2)
o Jae £AY/A V- jliel o 22T/ 0 8y odlo ju Jdo
g JANEY €8 Souan mas 45 g paewdl S
S oS Wilansler 5,K0gy 93y, [y ZANE ) G- Ll
Slhlos g0 5 Colue palie V JSB 55 el 2 ogde
w252 5SS dddllas pl )3 0 dlpiuis (sl Jde (gly 05 S
g sl CA 53 Jde 90 (S opl Billes lous ol LS
sl gy Sl ey S (eghas (as aSWd
Slodygl cawd ay y yolae oy yidy Jolite

5 Copde pslale Sl yiwy jloolitl 4 a5 b
2 edly oy gl oY Slalbre loj daodls o3l y
245 9 FonelS S350, 5l P Fomels dw 30y,
Wb g oo €8> glaJde b 03yl el 4 ¥ Jgi>

omile 550 sJse (2L
x5k i bl Gl pre sl Jlre i
5l e laid 3 148 oolawl D90 (Sibiy s p)8 40 il
€8> (golul Jhae dw o Jao gl Al ye (Bl LY
Mges pj coalus o (F1-Score) Y él-;leel (Accuracy)
sokaie & (Area Under Curve) oS Slles oo

s (B)

Owdle 53 byl sl jlme 1,05 (S0 Vsl
O e 5 LIS o sy L YL VG- Lol Ll

= \dl — sl ()

ol FP (ads cute saimy (Lis TP (f @) &¥sles
xo & TN § O3 ke iz 0 FN (03 oo osimd

Gl Auds s

=W
SRo b Comir (Shy g (Nred oy jlodlatul L
SRS b /0 e ey b ool i elide Gy
el 33y Ul s s bl ongs 5 5 458l
Lmuf).@ O u.Lolf ]olf.}')‘ & axlllas Q..ﬂ 5 L’ﬁl).gl:.g sl
e oS adly plogl adlae nl > (Ssz cups oigel
=+ [TV il 03l asgenme (il Jolais ) iy (N 4yl
S5 1 T 3gae 6lys Lol s Jgu BB wis o a8 ol od
Al 03bdsgee (4l Ia,\m N> o pd Hlade g 0

ﬁl).g W Lg}L»J.)LCJA o.)])d&}op;.o LS')-f ui'l? o po .,\53/5

Journal of Health and Biomedical Informatics 2023; 10(2): 152-164 yoA


http://dx.doi.org/10.34172/jhbmi.2023.21
https://jhbmi.ir/article-1-753-en.html

[ Downloaded from jhbmi.ir on 2025-11-06 ]

[ DOI: 10.34172/jhbmi.2023.21

09 0ylowd o2 0493 VLY Ll

S 3, Coannt 9 Caodaw Sl o] dlxo

ool 1S o 39 J8,8T Lo Sy o ieke «onzen
2 e 9y L (Sgian (gras aSud Jhe i 0975
ol (519 s ¢S ol obol 1 o o0l L ¥ S
iz 9 3o JS 05 Jloyi o2 (D Cumdg obgS yg0 )]
2 03l degare sloShy niete 9 PSS e

sl 039 (Sgiuan (uas 4Sud Jho (&S mrovad

P 39) (cwobwe » ) Gl e (Soae (amas
Slosls Lis 393 5l aalllas oyl 3,505y 93 42 )3 Healil 6 )lews
1l ile cas adlbe pl awenad <S40 Jde Hhdges
DU Y IS5 53 Jso o) SlasSs NS5 5 S s
Co iy Jdo (6 S el (55 yldgad (ol Gallas a0l
0ss 031> Ui byl 4 g o Sy cedl ol prancs
Gl 00d asuie 35 oS ya b Gl sgu g

axlllas (] Cogliio (g3 59y 50 B Wil Flawlxo o oY Jous

(5 gmols’ C) 095 3,59,

(5 9m0lS’ aw) Jol 3,50,

Slojaaly

M

av asl

Naive Bayes AUC

I e T L -
o
os | |
S os
£
s 0.4
i -
0z !
e —-—= Class 0: 0.
0.0 - ——- Clas: 0.3
oo oz oo o o
False Positive Rate
Decision Tree AUC
B e
oad i g
H -
Soey i -
2 i -
& i
3 o4 | i
= i -
0.2 H
o ——- Class 0: 0.99
oo 7 ——- Class 1: 0.99
oo oz ole ol o
alse Positive Rate
Artificial Neural Network AUC
0]
v
osd 1!
H
H
€ o6 -
Soa] |
2
0.2
[ ——- Class 0: 0.99
004 v* ——= Cla: a.99
) oz o’s o= o

False Positive Rate

adllas (ol (b (S0 (515 Bl (riwLel (g 31 w2y 5185 53 05 S (Sllas l3g00 o j Cnline ) JSUS

95103 y9T Cowrd ag 1y ¢ /AT o olurjur ot 19501 9 +/AQ Jladio £ g maS Al g paoudd C 43 (L 4oK1)

yod Journal of Health and Biomedical Informatics 2023; 10(2): 152-164


http://dx.doi.org/10.34172/jhbmi.2023.21
https://jhbmi.ir/article-1-753-en.html

[ Downloaded from jhbmi.ir on 2025-11-06 ]

[ DOI: 10.34172/jhbmi.2023.21 ]

o Ko g )3 b 5 ydS BB oyl (6800 (slagy 191 bawgi poul )T KiR3g3 St vl

WISE <= 0.02
gini= 05
mples = 138
e = (152, 152]
[

E25 aowd S 45 Jdo 35 B (WS BRI g (6 oS ol W53 jI5g05 1Y IS

(e B 531

High
MMSE *—«u-l\ B T
nWBvV » ' =
Gender ] *— g
eTlV . *n i W 0 . f_>u
g
Age L] [} - e %
[}
SES " e L
EDUC
ASF *
T d Low

06 04 02 00 02 04 06
SHAP value (impact on model output)

G (g, 3 0wl b (Sghan (omas aSud Juo bawgi poal 3T (6 low B3935 (Sw sl 13 B STrg (et Y JSWS

Al o (605 oroncs Wil y8 )3 B S5a9 0 515 U Jlow i g 30 JS 00w Jlo 5 o ¢ 505 Cunadg 8UsS (49051 (5529 dw)

Journal of Health and Biomedical Informatics 2023; 10(2): 152-164 e


http://dx.doi.org/10.34172/jhbmi.2023.21
https://jhbmi.ir/article-1-753-en.html

[ Downloaded from jhbmi.ir on 2025-11-06 ]

[ DOI: 10.34172/jhbmi.2023.21

09 0ylowd o2 0493 VLY Ll

S 3, Coannt 9 Caodaw Sl o] dlxo

@ ) ZAY 0058 Slles oxie Jhges ) Colue § cdd
Baos _omac 4Swd K [Y0] o, Kan o Basheer sl cuss
5 eolatel b eoldl (oolow plSimdg) awsis jghate 4
odlgidn Jao 0l0d,S &3l ke (6l )T ol gla o3l acgaro
H3)S By ol (nl @ paSIS Caa (SeS 3
Gros 553k > by S [YF] ) Ken 5 Saratxaga
o3l acgomo I odlitwl b yeulJl (o)low aris jelaie 4
395 gy cpl bl bledls axwgs ol lews 520 (ol )T pl glas
Obles oo 5l )ldp a8 3 (SeS jliws S5 lyis
Wl 03 )5l o a1y« [AY B> (oolgidy Jde g 03,5 B yme

pEadg) el jskae 4 pin sladsdlas (e
o3lil .153,8 odliul )l (S pobias 5l yeal il 6 lows
Slowr pl 295 i ly phlew (S5 pglad
OlF g auie oeble x50k o))l KaST L el
5l ad (dgaxe Cladllas 0)l> olyed 4 (o3l Hlws (il p
)QI)J—I Solow pasis sl ohlew (b saodld dacgasro
[V 008 eolawl puile (6,300 sla Jao oolaiwl L
oile (6 x5l dilisee slaJae V5] ) Ken 9 Kavitha
Sies] 5 slumdly sl ot (il 03> agazso b,
by (Bolay i o ysNl cdlllas ol yolwlyy 55,8
ke Casl 4zl ZASAY |y 8 i b
) 13l aisS dallas b duolis jd ddllas oyl slapis ,5XI
oW 365 3l Gl 0ld dsgese 55y p 1) 6 YL s
DF] slesls

St e 5 3 pSpis b adlas
38 (sl SusT l oalaiwl \)l> oS sllad 900, s i
Iy ooy dsgomme (giluw Jolaie dmodly il i s jo
o6 yslgs (IS bty )8 i Cuibse cul el g0
5l Wl e ddlllas oyl
L;LMU}QJ Sl L;)’L»JJL&’A LS])% &HS.’ S5 )l okl
(6 sloss 0313 dsgazeo ol (g9 1 cilise (slo XS 5 o350l
sl 48,5 & jg0 adlllas ol 55 5L gl (6ly yeul3l]
o S o3kizal 3 gm0 sl e b elas
sl 001> degammo 1D puos (slaodly Cu pe joliie 4y s

(5 5 4 9 o

o ol 52 el olow 4 (66550 2 lg0 (331 L
woj cnl > plislen ) Ghlen (2l sbosly I corlae
s j pols dslllas )3 pslaio py sl (ilwo D Jb
Lo,y B 5 odly M copie K0l L Sl
Jobs gliza (gl bl b pile (53l sla e
A5 031D drw gl Sguan mas A g paosal CA D 00l ju
sl 2Ll Fonell S g Pl (niz 35095 93 5 9
2l o 38> paeds caa adlas cpl (ooloiiyg
Sl yin > adllae pl 3S09) 93 58 5> N (2L
9 ANV ply 8y Wlawily sais (ol Liw 5l edld
93 b (Cpied WDyl Cawd |y ZAS[Y ply VLl
03 degazne j3 (Sguas was ASud 5 paowal G e
— el g ZANEY ol 855,555, 93 5o 00l (B3l y L
Ui 5l S mls ol gl cans a1y ZANE L )l VA
dcgosne sladiges i puons (g5l Jolaie 5 38 hjloy
S Gaan ol Lﬁ)"f°\"9°"t)“""’ S )‘ oslatwl .Cowl 03l
3 O aibdie OV 13 5039 Gl Sldllas > iy (654
oW o shdiges dluss (giloJolete gl by, ol ]
IVF] Conl 0 o3latwl youl I (g5low b Lo pe 031> dcgasme
38des p9> 3509, b Jol 3)509) dualie 13 ccul p ogMle
3 Fapye YOROL gl 55509y »» el ol slae;sS)
SIS Lyl (58,5 5 b gy ol 3l o332 3 3,505,
Loandly (o & ol 20y @50, 9 2 » bt
@ S gloj e )3 odd@s Aildn 9 348> MSe
b Cawd (e oL o e

My owsle sl Jie I VY] ), 4 Rabeh
SBi polad 03l degedne (9 2 maeal CE 0 9 Gty
253,8 o3kl yelPl (oylow pEin 395 LankiS johate
S g a3 L > I8l ol el lacdls La:di
awsls |y Q755 iy el o i 5o byl (odlaiuiig witas
o3> dsgerme 59y p [WW] ol,Ken 4 Pavalarajan .c.l
Oile « Sitcd (g Sy oo | cjro (Tl pl yuslas
b 2 )S eolaiwl Bolal K g paewal C 0 ¢l by
a0 00l dxwgi ddlas JKin Juo 4 by LS

" Journal of Health and Biomedical Informatics 2023; 10(2): 152-164


http://dx.doi.org/10.34172/jhbmi.2023.21
https://jhbmi.ir/article-1-753-en.html

[ Downloaded from jhbmi.ir on 2025-11-06 ]

[ DOI: 10.34172/jhbmi.2023.21

Ol )Se 9 )31 S5

ydS BB oyl (6800 (slagy 191 bawgi poul )T KiR3g3 St vl

Caonl sdmd lid 4 Wbl (She op 5,8 51 wilalys
ol ol g lons P 395 (sl dusgys o o] sV

L olyon cilisee (sl )Sag) b Slel i (655,68 4
> g o codle (650 slaJae (gilwodly g drug
p3Y ot 5 R ) hler: sosbassecms I aidas
4 froacd (Sl s (612 3929 09y ) 51 a3 plosil
Ll 5 oI55 2 150 538 5 (S 3] S (e
Solow pRRGS arseld )3 3433 5 @ Sl )hks
a5l cadllas cpl p sdel Cand @ il WS (SaS yeulyll
pIBg) aseils Cuonl 5 uile 6353k sloJie 3929
S LS (s 4]y bl hwy el les

2 b ool sl b ol o8 bl caallas
sobate 4 Sl yin 3 e 3509y 93 pob adllas
Ot b 4B L )3 pelill gl pBRg5 sty
ool o 5 42l 015 gisel s anlllas ) clo Joe
Siloygan G SESS | (K5 yie )5 glp ) (o8
w0 bl slexel cuslas slool b b o odlitwl (¢ yds punds o
ol lJb cnl LS Iy (al33l ooleiitin sl Jae i
do Judd & o Jgl oy 8 plcars g b wlS asllas
Jb 50 YU sladiges dlass b KW 3y50 Sl o2lddc gome
2 Al ool oaleiitn sladse oy (2L Sl
&lio D9uaS” o & cpgd il 3939 K00 saldasgeze (g3
B35 g 3Bl (sl Fomels aw I Sl )l 8l e
shalols s s 4 pow b odlaiwl ol xje8
5 dnmogd OBl (Sl 35 ALLS )3 Gres x5Ok
il dg g Baos (6 50L sl e (gilwodly

033 dsgi e gian (uas AW g maewal C& 53 Jdo 93
sl g ZANEY 85 b ol cpyie adllas ol j> o
A LS glew opl olelis ) a8 I ) ZAAEe A=l
SxSmeal Aoy (Silodlad g Gpd el (romen
S92k bl lp adlas ol > ooleidy clade
ol 48,5 )5 an g5 3550 yeul 3T (6 5lew (b 03> s gasme
Cr e 9039 085S lgauel Hlws axlllas 1l ool o 4 ol
s leis 4 1l e dallas oyl 4 ond dlaidey cla i
9 355 yob 4 KSR 4 kel Sl b (S8
S8 hle 3 el (s lon pBn 395 lulid 53 gy

Sy Glbre gloj oS oS assly el ol
ol Al ol ot 4y b 31> 5
g).bla- )Nl)ﬂ &olew 030> dc oo )d )b O,:J?I dl).g L4
oo sl el )bl s o yiee (8l sl goiae b9y Sl
W ool calizes puiile (6050l
S5 Ky ) adlas ol 55 b sl sl .
Owle (553 Jo 0 Sas (gjlocblad jolate 4y (g pdy s
b oolazel 4855 slezel yiol8l cas

o 053 sl el (olow pEiRIG; htn
Sy dwgp ygpw Wlg e byl a5 |y conl Cuenl Bls
oz jl) g Oldllae Sy [YY] .\..S)Lc—l ohlew sl 1y
Ohlew 320 3l ()b ppeai b g b slaodly oS a1y
Sliass bl auej opl jo (Jb cpl b ey jasuis
> eadllas cpl gl i Gladsd diels &S 0yl deag
L PUERW w9 LX) L;:L»Lw u;m dlﬁ:d&w u;l )'
g 0313 gl bl

(VA=a998) YO ogpsls)S silow pSaen
cel,  COVID-19(Coronavirus Disease 2019)
9 @2Wlid o) cul Jlad Sloys g (S5 sbcaglyl jus
e cpl Jgb 53 yelfl (slows A5l s lons plos pasets
nl pogde 55 (SBg 5 i 42 g 390 yieS
o 03> LS ladisg b ool P (ylow 4 Mo ol ylow
YA aiid VA=1965 (65lows slad (5 0me j3 0 5l it &S
iy it sl 355 3 e sslonnld ulle
Py a5 ohlay plolid > Kty & Sy
G5k s oy les S U Gloy gy
ot 2 Sy 28 adlllas (pl (olaidy Ortle
P e Ol (S ld 4 e Slg o b Jse
L9 yeal3ll (gslors 5 IS 5 (sla S g bl
Otk iy Al Camir g jie S 0ad Jloy woe>
el b (o gian (ovac aSud Jiho (S maovad 3 (S
xS e 318 ) Jgl Cogll aw lsie & g 030 YL
Syude ol oty slodde cnpe 2 Sk

Journal of Health and Biomedical Informatics 2023; 10(2): 152-164 "y


http://dx.doi.org/10.34172/jhbmi.2023.21
https://jhbmi.ir/article-1-753-en.html

[ Downloaded from jhbmi.ir on 2025-11-06 ]

[ DOI: 10.34172/jhbmi.2023.21

09 0ylowd o2 0493 VLY Ll

S 3, Coannt 9 Caodaw Sl o] dlxo

u-;,b)-\g 9 M&“

g zud il Sl 4 i SeS g8 gun dslllas oyl ldie
o8iulojl 1 g 15163,S5 cdly 3 aslllas oyl plosil (gl Slojls g
&lie (pildS HLedl s ol dueg)l ol puile (6,800
pwlei o (19,48 5 S ddlllas oyl (gilwodly (gl piY

&lo 5,
URBgR D90 0 &S Mulei co o pal Blun g Ay ps
D)l 395 g (28lio 2laT UeSun ol

References

1. Liu S, Masurkar AV, Rusinek H, Chen J, Zhang B,
Zhu W, et al. Generalizable deep learning model for
early Alzheimer’s disease detection from structural
MRIs. Scientific Reports 2022;12(1):17106.

2. RS NN, Priyadarshini J. Machine Learning
Algorithms for the diagnosis of Alzheimer’s and
Parkinson’s Disease. International Journal 2020;9(4):
5898-905.
https://doi.org/10.30534/ijatcse/2020/252942020

3. World Health Organization(WHO). Dementia .[cited
2023 Feb 05]. Available from:
https://www.who.int/news-room/fact-
sheets/detail/dementia

4. Gillani N, Arslan T. Intelligent sensing technologies
for the diagnosis, monitoring and therapy of
Alzheimer’s disease: A systematic review. Sensors.
2021;21(12):4249. https://doi.org/10.3390/s21124249
5. Fathi S, Ahmadi M, Dehnad A. Early diagnosis of
Alzheimer's disease based on deep learning: A
systematic review. Computers in Biology and Medicine
2022;146:105634.
https://doi.org/10.1016/j.compbiomed.2022.105634

6. Li Z, Jiang X, Wang Y, Kim Y. Applied machine
learning in Alzheimer's disease research: omics,
imaging, and clinical data. Emerg Top Life Sci 2021
5(6): 765-77. https://doi.org/10.1042/ETLS20210249
7. Mirabnahrazam G, Ma D, Beaulac C, Lee S, Popuri
K, Lee H, et al. Predicting time-to-conversion for
dementia of Alzheimer's type using multi-modal deep
survival  analysis.  Neurobiology of  Aging
2023;121:139-56.
https://doi.org/10.1016/j.neurobiolaging.2022.10.005
8. Al'Aref SJ, Anchouche K, Singh G, Slomka PJ, Kolli
KK, Kumar A, et al. Clinical applications of machine
learning in cardiovascular disease and its relevance to
cardiac imaging. Eur Heart J 2019;40(24):1975-86. doi:
10.1093/eurheartj/ehy404.

9. Sorayaie Azar A, Babaei Rikan S, Naemi A,
Bagherzadeh Mohasefi J, Pirnejad H, Bagherzadeh
Mohasefi M, et al. Application of machine learning

asgare &5 9800 Sprdy 1 sl ol 4

olys 4 ohlos t0 )T ol gl olyam & (il gloodls
ol Boadodly gag i ymble (6,u50L (sla Jde 45 (53959
Sglon I amg b 58> job 4 ailgn a6l
o pEYg; Soge 4 |y aslen o 42y3 5 iR
wdbe pl 3p)8 @I 4 colis b copzen S
b b odbacgemo (gilwoslel Jb 3 anlllas oyl 80t g
Solew PR 395 (i yolaie 2 YU sl (sla digod liss
5 030> dmwg oan] 2 1) g e b sss ool

Db (b))

techniques for predicting survival in ovarian cancer.
BMC Medical Informatics and Decision Making
2022;22(1):345.

10. Rikan SB, Azar AS, Ghafari A, Mohasefi JB,
Pirnejad H. COVID-19 diagnosis from routine blood
tests using artificial intelligence techniques. Biomedical
Signal Processing and Control 2022;72:103263.
https://doi.org/10.1016/j.bspc.2021.103263

11. EIShawi R, Sherif Y, Al-Mallah M, Sakr S.
Interpretability in healthcare: A comparative study of
local machine learning interpretability techniques.
Computational Intelligence 2021;37(4):1633-50.
https://doi.org/10.1111/coin.12410

12. Rabeh AB, Benzarti F, Amiri H. Diagnosis of
Alzheimer diseases in early step using SVM (support
vector machine). 13th International conference on
computer graphics, imaging and visualization (CGiV);
2016 Mar 29; Beni Mellal, Morocco: IEEE; 2016. p.
364-7. doi: 10.1109/CGiV.2016.76

13. Pavalarajan S, Kumar BA, Hammed SS, Haripriya
K, Preethi C, Mohanraj T. Detection of Alzheimer's
disease at Early Stage using Machine Learning.
International Conference on Advanced Computing
Technologies and Applications (ICACTA); 2022 Mar 4-
5; Coimbatore, India: IEEE; 2022. p. 1-5.
doi: 10.1109/ICACTA54488.2022.9752827

14. Rajab MD, Jammeh E, Taketa T, Brayne C,
Matthews FE, Su L, Ince PG, Wharton SB, Wang D.
Assessment of Alzheimer-related pathologies of
dementia using machine learning feature selection.
Alzheimer's Research & Therapy 2023;15(1):1-7.

15. Neelaveni J, Devasana MG. Alzheimer disease
prediction using machine learning algorithms. 6th
international Conference on Advanced Computing and
Communication Systems (ICACCS) 2020 Mar 6-7;
Coimbatore, India: IEEE; 2020. p. 101-104.
doi: 10.1109/ICACCS48705.2020.9074248

16. Kavitha C, Mani V, Srividhya SR, Khalaf Ol,
Romero CA. Early-Stage Alzheimer's Disease
Prediction Using Machine Learning Models. Frontiers

"y Journal of Health and Biomedical Informatics 2023; 10(2): 152-164


https://doi.org/10.3390/s21124249
https://doi.org/10.1016/j.compbiomed.2022.105634
https://doi.org/10.1042/ETLS20210249
https://doi.org/10.1016/j.neurobiolaging.2022.10.005
https://doi.org/10.1016/j.bspc.2021.103263
https://doi.org/10.1111/coin.12410
https://doi.org/10.1109/CGiV.2016.76
https://doi.org/10.1109/ICACTA54488.2022.9752827
https://doi.org/10.1109/ICACCS48705.2020.9074248
http://dx.doi.org/10.34172/jhbmi.2023.21
https://jhbmi.ir/article-1-753-en.html

[ Downloaded from jhbmi.ir on 2025-11-06 ]

[ DOI: 10.34172/jhbmi.2023.21

Ol )Se 9 )31 S5

ydS BB oyl (6800 (slagy 191 bawgi poul )T KiR3g3 St vl

in Public Health 2022;10.
doi: 10.3389/fpubh.2022.853294

17. Chawla NV, Bowyer KW, Hall LO, Kegelmeyer
WP. SMOTE: synthetic minority over-sampling
technique. Journal of Artificial Intelligence Research
2002;16:321-57.

18. Doane DP, Seward LE. Measuring skewness: a
forgotten statistic?. Journal of statistics education
2011;19(2). doi:10.1080/10691898.2011.11889611

19. Sedgwick P. Pearson’s correlation coefficient. BMJ
2012;345.

20. Knapi¢ S, Malhi A, Saluja R, Frimling K.
Explainable artificial intelligence for human decision
support system in the medical domain. Machine
Learning and Knowledge Extraction 2021;3(3):740-70.
https://doi.org/10.48550/arXiv.2105.02357

21. Meng X, Bradley J, Yavuz B, Sparks E,
Venkataraman S, Liu D, et al. Mllib: Machine learning
in apache spark. The Journal of Machine Learning
Research 2016;17(1):1235-41.

22. Jadhav SD, Channe HP. Comparative study of K-
NN, naive Bayes and decision tree classification
techniques. International Journal of Science and
Research 2016;5(1):1842-5.

23. Haglin JM, Jimenez G, Eltorai AE. Artificial neural

networks in medicine. Health and Technology.
2019;9(1):1-6. https://doi.org/10.1007/s12553-018-
0244-4

24. Liu Y, Tang K, Cai W, Chen A, Zhou G, Li L, et al.
MPC-STANet: Alzheimer’s disease recognition method
based on multiple phantom convolution and spatial
transformation attention mechanism. Frontiers in Aging
Neuroscience 2022;14:918462.
https://doi.org/10.3389/fnagi.2022.918462

25. Basheer S, Bhatia S, Sakri SB. Computational
modeling of dementia prediction using deep neural
network: analysis on OASIS dataset. IEEE Access
2021;9:42449-62.

doi: 10.1109/ACCESS.2021.3066213

26. Saratxaga CL, Moya I, Picdn A, Acosta M, Moreno-
Fernandez-de-Leceta A, Garrote E, et al. MRI deep
learning-based solution for Alzheimer’s disease
prediction. Journal of Personalized Medicine
2021;11(9):902. https://doi.org/10.3390/jpm11090902
27. Rasmussen J, Langerman H. Alzheimer’s disease—
why we need early diagnosis. Degenerative
Neurological and Neuromuscular Disease 2019:123-30.
28. Golzari-Sorkheh M, Weaver DF, Reed MA.
COVID-19 as a Risk Factor for Alzheimer’s Disease.
Journal of Alzheimer's Disease 2023; 91(1):1-23.
doi: 10.3233/JAD-220800

Journal of Health and Biomedical Informatics 2023; 10(2): 152-164 €


https://doi.org/10.3389/fpubh.2022.853294
http://dx.doi.org/10.1080/10691898.2011.11889611
https://doi.org/10.1007/s12553-018-0244-4
https://doi.org/10.1007/s12553-018-0244-4
https://doi.org/10.3389/fnagi.2022.918462
https://doi.org/10.1109/ACCESS.2021.3066213
https://doi.org/10.3390/jpm11090902
http://dx.doi.org/10.34172/jhbmi.2023.21
https://jhbmi.ir/article-1-753-en.html
http://www.tcpdf.org

