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Introduction: The prevalence of hypertension in children is increasing, and this complication is
considered the most important risk factor for cardiovascular diseases in older age. Early detection and
control of hypertension can prevent its progress and reduce its consequences. Machine learning
methods can help predict this complication promptly and reduce cost and time. This study aimed to
provide a model based on ensemble machine learning methods to more accurately predict the
hypertension of primary school children.

Method: This is an applied developmental study that was conducted using the information of 1287
primary school children aged 7-13 years in Kashmar city. After data preprocessing, to achieve a more
accurate diagnosis of hypertension in children, the output results of five common machine learning
methods in disease diagnosis including decision tree, naive Bayesian, nearest neighbors, artificial
neural network, and support vector machine using weighted majority voting method were combined.
Results: The results showed that the accuracy, sensitivity, and specificity of the proposed model were
90.31%, 80.65%, and 93.54%, respectively, and compared to similar studies it performed better.
Conclusion: The proposed model can better predict and diagnose hypertension in children and
improve accuracy and reduce the error rate. This model can be a useful and early tool in the diagnosis
of hypertension in children, reducing the consequences and costs of this complication and being a big
step in the fight against hypertension.

Keywords: Hypertension, Primary School Students, Machine Learning Methods, Prediction

» Citation: Besharati R, Tahmashi HR. Hypertension Prediction in Primary School Students Using an Ensemble Machine Learning
Method. Journal of Health and Biomedical Informatics 2022; 9(3): 148-57. :doi 10.34172/jhbmi.2022.05. [In Persian]

1. PhD in Health Care Management, Assistant Professor, Department of Nursing, Kashmar Branch, Islamic Azad University, Kashmar,
Iran

2. PhD in Computer Engineering, Assistant Professor, Department of Computer Engineering, Kashmar Branch, Islamic Azad
University, Kashmar, Iran

*Corresponding Author: HamidReza Tahmasbi
Address: Kashmar Branch, Islamic Azad University, Kashmar, Iran
e Tel: 09151046117 * Email: htahma@gmail.com

V€A Journal of Health and Biomedical Informatics 2022; 9(3): 148-157


http://crossmark.crossref.org/dialog/?doi=10.34172/jhbmi.2022.05&domain=pdf&date_stamp=2022-12-01
https://dx.doi.org/10.34172/jhbmi.2022.05
http://dx.doi.org/10.34.172/jhbmi.2022.05
http://dx.doi.org/10.34172/jhbmi.2022.05
https://jhbmi.com/article-1-723-fa.html

[ Downloaded from jhbmi.com on 2026-01-31 ]

[ DOI: 10.34172/jhbmi.2022.05 |

S G 5 M Kl 5] Al ., .
. . ‘_;""Aﬁ}l Jlae
by Siilo pi) Slaize ;S e
12+ ,?5/1—?0\/“,4':}«/ :Jlo.:/..p’:JJ;
10.34172/jhbmi.2022.05

Sy e 5 31 0olakt b (Sluwsd (395 50 WU (55 LS (St

omwilo g ol
T amlogb Lo oo ¢ s Loy

VRO e (gl e V2Tl L yo e

o a3V G 53 (Bypem (ol lacslon sl sl Jole (iere ad)le (ul g ol Galil e ) (S355 3 Y (53 L2 g 20l
&S oty amd Sl ol S (S slaaely 5 48,3 1) oy sl Wlgiiee o U85 Vb (g8 jLid @seds (el 29500
oSy e (Joe Gl G b adllas pl W05 loj g dbie ialS el g 00,8 SaS asle ol @Bse Ay Sy 4 Alg o puidlo
b bl (Sl G368 (g3 5Lid 535 npia 9 paduld glp peile (6 x50L Glaby,

ol 0 plosl yadlS s s W BV sliass oS85 55 WAV oMbl slizl b o e39; (slaswgime3,)S g5 5| aalllas ol 3599,
oAt > Jghie pile 6p53b hs) & (295 B YL 3 LS 4 e (5365 538 aseds Gl dmodly (Bilay i 5l e
Co ST S sly gy 3 eolaiwl b plusidy Jl g cpdle § (guae (mas aSd dbdsluon (p S0 5 @il s caonal €3> ol o g lows
Hgdoo S 5 4108

A15D A-IYY (i 4 (odloguiin Jdo 5> (SPECITICItY) (555 o (SENSILIVILY) comlus (ACCUIACY) cds oS sl olis ol 1S
D) syt 0,8as sliie lalllas b duglio )3 5 004 Juoyd AV/OYF 4

ol e idlS g B> dgue el g oald plol 1y 18365 3 YU 198 Jlid Lasdd 5 wyin g e ye (sdloiidn e :d)-;“-’w. e
1015, 43 ) b lnaizzn sy J (538 3 VL 55 Lt mits > plSimg 5 Iyl o ol & Mgise S () 35,5
8L YL g 5lad bojyle ) ()i el g

it sl (6350 slabey sy OS3sT YU oyss Lib 1lae3lguls

S S5 3 D Gl pi alome . oble (5,8 3L Sl by oS Sl ealizal b Gles 073587 53 Vb 05 JL8b gty L e (mlagh L5 Sl 1ELR Sle
doi 10.34172/jhbmi.2022.05: .\ FA-0V :(¥)4 ¢V¥F+ )

Ol ¢ aslS” o oDl 33T ol&ils adlS ol (g5l 05 5Lkl ¢ Slays 5 (bldg Sledst Sy pits (6 57 )
Ol ) ¢ adlS” o goDal 313T o815 adlS ol ¢ 5 5onnlS punikign 03 8 5Lsbinl ¢ 5 penalS pumikige (55575 Y
. . s . LK
wL&-@Jﬁ Lo e .Jw Sk ¢
bl Dl 3T ol ¢ aslS” 1 ywyoT
« Email: htahma@gmail.com SN0V FPNY 1 olod 0 sloude

Journal of Health and Biomedical Informatics 2022; 9(3): 148-157 V€94


https://dx.doi.org/10.34172/jhbmi.2022.05
http://dx.doi.org/10.34.172/jhbmi.2022.05
http://dx.doi.org/10.34172/jhbmi.2022.05
https://jhbmi.com/article-1-723-fa.html

[ Downloaded from jhbmi.com on 2026-01-31 ]

[ DOI: 10.34172/jhbmi.2022.05 |

wwlorb 9 (oW

Oﬁ"m‘ d)’ﬁf"lﬁ" g°5<\3‘>l§:5§)b YU o,&,w Lo

2 oM g (Sibi slaoald jlonds gl el il (gaiedgm
e [V ]l 03,8 15T bngylons (s 9 Qs
(st Sl omdle (£3:50k sla by, 4 Wleoly (Lt 3
)90 9 0392 dade 9 e 55 Vb (o ylid J S 5 pasds
Oanh Jiw oy & 58,5 )5 53k ol Stnss, s
Naive) oslo o)z 5x53b slagbyy 31 5] oSen
Artificial) coune pne cbass NB(Bayes
oless by oesle  ANN(Neural  Networks
K oy SVM(Support Vector Machine)
oenai <33 JKKNN(K-Nearest Neighbors) 4lues
Logistic)  Jes 4,5, [DT(Decision Tree)
(Random Forest) _sslas 5> LR(Regression
(Extreme Gradient Boosting) 5 ,5l, RF
@ ol 0 Vb o8 L iy ol XGBoOSt
Sl ol gloamsl 5,8 oolinul plig 55 Slhiolas
Yl (g3 LS a0k sty onl siedge
@ Cuus Bolas i oo,y a5 Wl olis lal sl e
Caol @l gy Slas 0l duolio sla yigy plw
SR> qurenad €35 (sladgy 5[] o Ken 4 Islam
o9 )5y (GBM) Lol)3 cueis XGBOOSE ¢ aolas
gl (LDA) (s jaseis 51 gy 5 (LR) (s
ey Ohlen sodly (sacgerme 3 Vb 55 )LiS oy
O8I oy 5o sy Jelgs (Lol rizmen g Ll
XGBO0O0St (sl yog, 45 wsls jlss )] 63,8 o3kl YU
oy Ae 39 By LLDA 5 s e )5, GBM
ol Wlosgy yigy (Bolad SS9 mrenal S8 by 9
4 BMI) Sa o3y (a3l 5w b Sy gy,
ol dsgacme )3 Wb (y3 JLi8 Gon 3 Fhe el lsie
$lp G [WV] )Ken 52080 655 )5 Lol 00 wy
SR 5ol byl el b YL 65 )Li8 ey
@l g g 33l ) 4 &8 e Shg ) il ol
W00)S sleiidy Cunl g8l BB ol aawss )l
(o BMI (la 559 ¢ 40ils 0o )3 AY 3g9as 8> Jdo oy
Shol Jolss lsis &1y o9 )Lis (S5l disls 5 a8 95
S oo (pllid 5lai 3590 0313 degecme ;3 Vb (g3 5LE3 5o
YU g5 Uid i 45 00D Uis 38 addllae p> la )]
Foslatal b (S35 il sloodls 4y g yiwd 4y jl3 9
38Los 3] 5 0390 pisclSal islas JSia 53k 35S

el JIy55 50 (29>

.

LVRUPY

&b Gl ply 53 85 Cunl (oje ()low S VL g5 )Lt
1V ] 09 0 als” ol 4y (LMo s gdans 1 Js 520 g 039
bl (B dlos jlad Bl 55 (635 i as)le
VIog o g Syo g <l (59955 Ggpe slocs)lon sl
L ¥] gy 00 slad 4y Slea cudligy Lol asued S g [V
Syo 5l o3 Woagts Sl cutlig glojlo ()15 4 45
ATV 0] wiloe Vb gg3)lié I (b plea sloye 5
[#] 6,0 glalis g coMe gun YU e3 Lid 4 Mis ol 3
V] 558 0 Comzme hgald BB S adjle pl o 0
Slge ol JmS g oyllas 5 W (g5 )Ltd plSimdg; jasets
ol ) o5l 86 lassly o a8 ) o] cépty (ool
N3 Sdngh 5l Sl i 3)00 > (pped g am
&S ool y8l gl dimd o oyl b Slalllas [V] Cowl 48§
A oyme b A YU 6388 (b i o pe
2o & Sl (S ()lonr Syl distuan (g3 LS & D
9> oo Ko b (S5 S s G o 55 B
[¥] b pials 55

9 Canss (YLS )5 (low SO S0 YU (495 5Lid 054l
i 5l (hYS 4 oyl (lgz g 5 (355 51 (sloas]3é slas
P Sighiee ol led (S5 ol pas g (SN S s
O 2 YU o3 lid (Lol gaud 0)byd & (raly adlllas
AVl Lol e (K55 ol plol Gl Ulgsg5 g 8068
o a1y Sl (8358 10 YU o5 ,Lid goud (gduopd +/T)
oS Gloj b 8365 1 Vb g5 ,Lid wilawlio .l 0340 5
Wl UL g ojlily ylas 4 |y Ul S5 &8 sy (g @
G dog b gd e 0dh Lasis wiwy JWS,n 4 &S
oS (gl o5 S VL (s 26 el sloaly
OUls>s 5 0055 )0 Vb (55)Lid o bl ol (wiomen
pre slen Il Glp pasi S S
13lee 396 Ol e 9 pER9) LA «ul (S
IV A]

Owble (653 > (ganated slaybyy 3l Jlo dix 5
390 Bisslen SS9 pasels )3 pre B0l S plgisa
s el J) Sy oaile (6,53l 1435 )5 g
3 ol 5 ookl a8 ol ond o3y LS g b e S giuan
G Blony ey 9 paseds G Jde g b)lpl dawgs
ool & [A] )15 6 a3 )Shee oy yo 9 (d Sl By,
5 Sby 05 ol 2l 4 Sl i glojle &

Vo Journal of Health and Biomedical Informatics 2022; 9(3): 148-157


http://dx.doi.org/10.34172/jhbmi.2022.05
https://jhbmi.com/article-1-723-fa.html

[ Downloaded from jhbmi.com on 2026-01-31 ]

[ DOI: 10.34172/jhbmi.2022.05 |

© g b)‘.w.:: ‘W 0,92 AEXA] }g\‘,{b

S 3 S § 9 CeoVlw Silo y il Al

295 o § Jlasl oosl (gas g0 (59, DT 9 SVM
gl G 4y gl Sitasd gy hgy b ]
S92 U9y (ol €83 298 o0 odlitl ¢ o (g 4ot
AOIVY s 5 s YU o8 )Lid ausedd (gl 00Dy dc gasmo 9o
ol 0383 a0 yd YOIYA ¢ duo pd

P YL s 5l @Bge 4 pasill Gjgpo 4 s L
o Ban (asis cpl po dlessl g By Cuenl 5 8268
Ol (53:50k sy oS 5 p s o )] adllas
(Sld G598 (g8 LS 538> (gad g (e Sl
ol L5 cldliae 3 005 &) el Jao 1l o 4l VY Y
oaned YU (g5 )Li8 g (aub (55 LiS gated > 4 )
Jos dllas pl oolpiin Jao 0 &S b o S
sk 4 298 0 ploxil S Jje 9o 4 (Guiie 9 oAl
Sy (T Jaddlygios 4 g b1y 23l Jao oyl o
Ui oy ek (g3 HLid anod Jlor 4 [WV] 15l Jlabl
dl>po (VL (193 JLid g ) > po (VL (193 )LiE VL (195
WS o (gludiwd ¥

0¥9)
Mg b &S Cowl (glarwgi= (63,8 ddlllas G ¢ yidrg s oy

salod & cpedle 650k laghy) S5 p (e (Jo
Wges 3o oo (Slhawd 355 3 Vb (g3 5LES e
Al WEY 555 gy g0l il 51 585 WAV slass (Lol
3 jgme Sl g ool sl oo jollS o (gl b
02i9el o)l 5 598 ol B il U3y 5 SR39el JS o)1
gl cpally asb coloy 381G 5 el Gliwyod (2952 9
4 bop oud glaer sl Shy b Ggleer
sl Sy polie Dad o odalin N Jodo 0 ljeel yidls
Ol 09U 2 Fhe slag)ls Bpae il iz
2l 9 6olS (B ol slaglon (sl (Sad S pas
Sk Gl o @by (Solpl aile 5 dacles
b b8 )5 gl iy iy sl 3 &S glalidn
laoliwlids oy oyl590] 331 e dsmlime SMo el cand
GRS ey o3l MalS s 4 ool il a 18 159 ba
2 Ml 353 9 485 )5 on LS bl o g5 4 0
Ko it b )l puditns 5 gl> 2 9) oSS 5 odppur l3
Oy b S ol pele w8 <8y Lo (SECA)
O3k (Sao o) JBlis by 5 p Sl sy gl 20l
s A5 eyl Sl el Jioms cgol i b g S

Sx5L ey (n ) (Fohan (mas Sl (6150 by,
Vb gg3 5liS G Gl g el glp & Cwl ile
ooy 3 Y] ohlen o julins [¥] cuul od oliz
S 5 Bl pasds lp (ohae uas &S 6L
ool JUo YA BV o Sledol el jils (5 YU 9>
55 lib Bl e el e a8 ol ol byl oyl 55,8
YA 5o VY cdd b cwiy a1y Sdgiwls 5 S gt
sl sg, I A] ohen 9 Chal ey jasuis s,
2 Yl g )l pasis lp gedle (g0l il
o b)) g ladlia 1538 oolizl Wl VY b VY o Ulgegs
o9y) LIGNMGBM (yuile (6 053b g, 48 sy ojlis U]
2l b dulio 3 (i 3Sdas Sl (Saw L3]S ops
cnl sl 0392 )l3)55 3 Vb (195 )Lid asels ¢l b b,
x5k by drwg b W] (6,500 adllae > ], Siing3,
VS dgds iy b (Jde ((fouan was saSls il
Al WY BAY g 5 Y g8 Ui im ey sl deoyd

Wdged &l
ot lp odd Sl 38ge e I el
odlistul il (63:55L () cniar a8 5 51 YL ()L
Oedle 653k saby) S (S (o5 5 39y Cul 0sd
S5 bl p gl eghe 6 o & Cul
oS5 ol sl Jols xSl Uy Nz (29 mlS
DY) Conl ganauey cds li8l gl aiesyi8 Kl S
b duslie )3 5,550, oyl &S wimd o oyl 0 ploul cilalllae
CE> S 5 5> ol olatul (6 50k slashy Sl S e
Lt el S 0 g B U 5 V0] ansls (s 5V
[¥] oSan g FANG [V ]2l o 2 350 Jelse 5 YL 5
593 93 (29 @l S 5 L a8 00,8 ety (oS 5 e
i b YU s Lz LIGhtGBM 5 KNN ¢,.55L
55 (odlpiig o cpl a5 ol ol bl byl a8 e
KNN la ig, 51 <G o o opl )3 05l 1o )d A 390
53953 igad 85 4 a i Jle| L LIGhtGBM
ool e (ol 4o Al e dtwd plas 4 Bl
3 Jae ol dgdise pasule eVl (il Gy Sk
GBS S geh Bl S sbapadll g e (Shy
G (SN S b g (SOl dble LBl ol Sy
S (i gl i Loy YU (95 )Lid b uiitians obo
o9y V8] oK o Fitriyani a8 o eslazul YU 93
MLP (53, (gt oSl izl o5 65,8 &l oS 5

Journal of Health and Biomedical Informatics 2022; 9(3): 148-157 Vo9


http://dx.doi.org/10.34172/jhbmi.2022.05
https://jhbmi.com/article-1-723-fa.html

[ Downloaded from jhbmi.com on 2026-01-31 ]

[ DOI: 10.34172/jhbmi.2022.05 |

wwlorb 9 (oW

Oﬁ“m“ d)’ﬁf:lﬂ SoS &y dlfb,f 5 YU o,&,w Lo

w3l jlad polaie 33 ol (93)lis (lsie 4 S0l
RS (S 39 e Gl Sgiols § St (95l
N 3 S & 0y 38 b ljel Sl (st i
YL g9 ,lid Vb (g3 )Lid Ly (o (9> Lt awd
WS p ¥ Jgrz oll o Vol po (VL (193 )28 5 ) al>
5 05 ozl VW] ol JUib] S5 odlST Jasllygtass ]
Masws o wlal cpl o dilanisly adllas cpl 50 (6)500 5,8
0P (i 8 PV (b (g3 5L Cunsg )85 V-5
0538 58 VY g ) dspe (VL (93 5La8 8 IVY L
PALY @y (Sie V8 polie laih ¥ oasye (oYL
g b 4B a5 oleidn S (639)9 Olyie 4V oo
O fireb 08)U) pasls axd (Jie (295
Yl g3 plid /) b ye (VL s L8 YL gLt

A3l o (Y dlsyo

A (635 o)l ol By S gl progiysS Sl odlil L s
Capmd ©y900 41 ool Sl 52 gl (BMI) Gy o395 a3 s
delne @ipe plo o 05 jodome 4y p)S oS s 2 (4
Foghe G p Sgiold § gt (g9 jlid 435
S 0 sy o935l g Atuds Cumdg > (MMHQ) 05>
5y obell bl Sl g 9l S5 I8 s ) 53l oS
alold 4 g, Y claids & colyinl g 590l 41 ) ows
S (S5 A 5 A Sl gl b i 0
2 2o Vo Ly i) Lid SIS &S A5 (5501l (5 5k
2 5 olig 1) g3l bme sopd Ve BA- o] Jobo g 3k
ol Ve ol 4 GBI g die JlusS 5] oyis (YL
Gy b g 0 ol St (193 HLES (Y 092 20 e
Jol slao s oo 03y idlS agl )0 og yio Juo ¥ 250
s b pyle e 5 St jlid Glaisas B5S3g)s8
Cugh 99 pSile b Cof Slgild jLib gt 4 BoSS 8

3590 SB35 &y bgrje ol (5 pglaer SS9 ) g

Sl the o3t S ol )
Jde (69959 WUEY e geons 20 o \
JHe 62959 FEY gy 1 Sl v
JHe 6399 Fogle sy o e L ¥
JHe 52959 P IS s il 68) SH L o3ae 039 ¥
Jie 53959 e dis oA o
Je 629y9 @yesie p PSS s il 68 9 L (g2ue BMI) s 0355 313 4
JAe 5399 R oB e oBlEs p S5 gyl Spas il v
Joe 52909 Soip ¥ e Jgone 1V Sad o5 0 Sos Bpao i A
e 209 ki) g b (5)lons dbiles A
Jae 355 b o B low dils ).
Jie 52959 R Sl olon: il )
Jie 69959 R s lon ol abile Y
Jde (69959 90 Y o by i) plaSmn e oeilly (o)lid y adlw WY
Jde (63959 TR IV soled/ ol (o )lidyy dile i
JHe 5399 RIS Syl S5 () Lid el ‘o
Jde (83955 TR ISVESES A aes/ oI gos (s)lidyy disles \&
st gy oad olis] L N Sl o5 5Lt v
05 3,8 gy ladiges
SNt (glp oad ol (MMHY) s> y20 o cons p o dae Sgials g5 L YA
03 3,8 byl ladiges
oo (295 N I oA "

(45503 FY) Vb (g3 L8 iy o
(0905 IVY) Vals po (oYL (53 Lid Y
(45905 ¥F) Val> po (VL 55 Lt ¥

VoY

Journal of Health and Biomedical Informatics 2022; 9(3): 148-157


http://dx.doi.org/10.34172/jhbmi.2022.05
https://jhbmi.com/article-1-723-fa.html

[ Downloaded from jhbmi.com on 2026-01-31 ]

[ DOI: 10.34172/jhbmi.2022.05 |

Qg b)lw.:} cfg.Q.; 8,9 AEXA] ;ﬁb

S5y o 3 Pl S lo g el

S gty 9 S giannmn SLid sl Lo wlwl 5901 G313 o3 JLid (giudiwd I Jgua

(MMHQ) SWguwlss o9 Lid

(MMHQ) S g 95 Ui

O )W Awd

Al S
Al S
MG A
YL 4 a-

N e

We 5l S b o )i
WA Y- YU o9 Lid i
WA LY Vabs jo (oY o3 Lid
Yl 4 )f- Vb o Vb g3l

Synthetic Minority OVer-) gy (giloilsie
A5 oilse [V SMOTE(sampling Technique
SMOTE 6 a5 wims o ol o pbsl cldllas
Sgete Colll aiod (sl 1y (gt sl oSl > Wl oo
rdiges dlaw b diwd (glp SGST cpl jo [NAY VY | iz
OT P50 rdises (Sluod (0 sl cdigel eSS
S pp y slaio gladiged Sl dses ) Dgd o Agi diwd
Cdises Sl G pl b dsd o yjlete dadiwdy )
09> L 9 ) alspe g3 Lis Vb g3 Ly (slaate
Bl iol38] dged VoYY o VeEY NV eOF @ i 4 Y dls o
Sl gy 5l edlatwl b deosls (g5l yilsie 1
SlaShs) Jio 39y slaShy wolie MiN-max
2olis dad &S (gyeb 4y .50 Jloys (V Jod> 0 VLY oo,
S wsilodloy oy cnl p> xS e 8 [+ Mol
RS (SR e (pi g jho 4 Ja5 ( Sy S e
9 oo om plie & (S o)) polie plo g 2980 o 4

Higd e ot S

Ol ey o ol 1) oolhiin Jao Hlsle VS
Aolyd 50 loladl pyiage 51 SO ol 4 edly 3l p
A plool eald dsgazme (g9 cpmible (6530L g (g5lS00D
J s DA )3 S Bpae Glie (Shy sl jolate p
Om oS (ylie b digad jo gl & g sl (gl Sl
Wl a1y H1SS o i diged o b diwd oo sladiges
lBdiges 2 0dd (yglaen 03> dcgazme (D LMD Sl
Aiwd duw (diges b duslie ;3 aubs o5 Lid glyld atws
Losls )3 ()jlgs pe cpl Adl oo pir (63wl 5k 4 S0
Cdy Wl oyl derg (Kb sleedhy el &
Slrdises Y&‘W’ 5 a3 st cou |y Jhe (sdudied
Oyl b dod (sladiges (lgic 4 SogS (gladind 4 Blaie
ol eomll cpl g [V OA] Bgd o (ghodiwd diges dlis
WJde 4 3,3 D935 0dd (6yglaen (sloodly dcgarme j> s
09 s Vb (s JLid Gl sladiod 4 (3laie sladises
Olys & Ll ) Y als po (VL (95 jLid 5 ) al>je (oY
WS gddiwd s o5 Hlid Ay

S5 5l kel b Laosls ¢ JSie opl b bl sl

oasciel palie utils ®
odls (gilwcssloie ®
Siloly @

FOK (e coom

AegD 0 £ 55

& lpwing Joo JUA L 1Y USUS

Journal of Health and Biomedical Informatics 2022; 9(3): 148-157 VoY


http://dx.doi.org/10.34172/jhbmi.2022.05
https://jhbmi.com/article-1-723-fa.html

[ Downloaded from jhbmi.com on 2026-01-31 ]

[ DOI: 10.34172/jhbmi.2022.05 |

wwlogd 9 (I,

Onwle (653l SoS ay (45355 0 YU 98 JLid o v

Qi 1y (59 o piadion &7 glatwd ()Ll 50 09 oo ddls] el
D9 g0 ] (g3 )LiS (gaand (2loS o plgis 4 AL
Y VA a5 Weka b e golSools )33l 5 cela Jsile ;]
sepdeln (L) owimen 5 2800 skl ploa b
o ialejl ¢ slwesly Iy (Python 3.10.8) 40l
degeime Sl pow 93 «odlidy Jio (2l (slp b ool
S 5 oBigel 0313 degormo lgie 4y (Bolal &jp0 4 lnodls
@ lp as Obl bl acgee loie 4 4l pou
099y 31 550k Gag) 2 (13 9 Atste eyl )l
10-fold cross-) plp a5 Ve blite  ow,lucl
ooy Blisee e cpo yd s edlanl [YY] (Validation
Jaie KNN (6,550 59, 50 aluen K slas (gly oa
Ab Ol K=Y+ aug
{(Accuracy) cés obj,l slaylae 5 eslazwl L Sl
3,50 [Y¥] (Specificity) 535 o (Sensitivity) cowlus
aid 93 5| i dvatd Slaw a5 sl jl.cé )3 E )y
D9y bl atod 53 Jlas o 3l (1SSl il
A dusle 5 G)ee 4 [YO] MACrO-average

opl pd s pll Jae il g 6050k AT b wm dls yo g
2 oo 5 20358 (pudle (653b (bo) gy Il el o
CAD prouas iy Jolis [F] lagylons (saiaton § st
Naive) ol pje DT(Decision Tree)
K-Nearest ) aluwes K o505 NB(Bayesian
aYas ssuae mae sass KNN(Neighbors
Wby omile 3 MLP (Multi-Layer perceptron)
<9 » SVM(Support Vector Machine) L.z,
Lo o pbol 1) diges (gabdiwd 5 Jles! osld (gdc gosro
S gindind )3 GBS (lise 4 a9l b 5 50b ) o 4
OP9) T ded ()j9 Egee &5 (S 9k 1 b o panaSS (g
oLl b (653L sl g) (2955 bl Sl
ool 2 g 008 oS 5 o b Jlajg ST (oS sl U, )
Dgbise paSube pasull g GAALed gl gD
S5 5 e ojs oyl oSy b,
DV Y] adbge mdle £550k slapt sl oS5 (o)
So b o (g Ml odleddy Jue > b9y ool slve
@ oSl (hey B Gy e gdee 03 4w e
01 sl (295 Ol 4 gy ol by &S (glatos

m TP;+TN;
I=1 TP FN, +FP.ITN,
Accuracy = —t— )
m
m TP;
o =1 TP {FN;
Sensitivitymaero = ———— (v)
m
m TN;
. =1 TN +FP;
Specificitymacro = ———— (v)

lodds (gdndiwd (6,55 diwd Hd oLl 4 &S ol

=W
FS o b awlis ) (oolidy Jao 3 Slas aoe s ¥ Jgi>
polie amd o i odel Cawd 4 Sy g Camlus s

At e oy il S5l Jgd> 0 Sy p

m

TPi(True Positive) .asb o aie sluss ixe 4 M o
Canyd &S Cool T dtwod 4 Glato slddiges S Jxe &
s axe & FPi(False Positive) .xsloas gauaie
lodds (gabatid | dtwd lgie 4 oliusl 4y a8 cowl o ladiges
& Glee sladiges sl ixe & TNi(True Negative)
False ) .sloris (gauaiws 1 4w ;> 45 ol nazs plo

I atos & 3lio cladiges sl s & FNij(Negative

yog Journal of Health and Biomedical Informatics 2022; 9(3): 148-157


http://dx.doi.org/10.34172/jhbmi.2022.05
https://jhbmi.com/article-1-723-fa.html

[ Downloaded from jhbmi.com on 2026-01-31 ]

[ DOI: 10.34172/jhbmi.2022.05 |

Qg b)lw.:} cfg.Q.; 8,9 AEXA] ;ﬁb

S5y o 3 Pl S lo g el

(31253) S 35 53 2ulS €8 b (S 1S3l (Sla W9 9 Gy o (21,55 Y Jgu

<79 Sl — P9
NS SAAY ISR (DT )i &y
YAIYY YY/EA YN (NB) ool 0
AY/0 oYYy \idax (KNN)gluon K o 50035
A/An £A/A INZANS (MLP)4Y sy gy (omas 45
AY/AY OV/¥Y Yo/ (SVM) by sl sl
av/o¥ A-I50 4. /% o Jo

Y e)lis Gy g9 5l sladiged gy onl S0
O L8 plyis 4]y Vdlsjo (g9 JLiS 9 ) dl> o 95 L03
S e sl YL

A3t oy dix b (eoloidy Jao (2D duslie ¥ i
ol edmd o L [y YU 8, lid o i 9 (el gly
Gy baiged (odlpisiny Jdo BMS 00 duolio sla yho,
Oyle @ S o gabaed Vb o5 ,lid 5 s diwd 9

(o yd) B Wogy sl b duwslie 45 (gdlauing Jbo (21,5 :€ Joua

39 Sl — o9

/¥ YE/YY AV W] o Ken 3 Zhao

SN V-0 Ad/\D (W] o ,Ken 4 Chai

av/as YA/AA AYY [¥] o, %en o FaNg

AV /YA Yo/vE AVIss [V#] o, e ¢ Fitriyani

ar/af A-150 q. /%) dlgidy JLo
P oA ES,5 Sk iy @ om Al 4 & 5 dnls g Comy
YA Camlus oy FYNO s L NB g, Sy oo 4 b § Al Oygps & dogi b dalllas ol
5l asly 1y ol oy pieS wao > YAIYY Shg g doyd 25 &l S Jhe oSl 835 1 YU g5, Lis
S5k by gy il Sy b (ool Jo aunlie ()b HLid amod 5l 5l So o 1y e > esylis Wlgn a5
5 Copmlun (28> (oo Jdo &5 dmd o LB T Jgi 5 9V doye (Vb s Lid Vb 8 Lib iy (b 0
rlo 4 o (pSaidy SWBIL g aush VL (S CB3 domy ygbaie 4y a3 Laseis Vel pe YU oes L
Jo pip sl 035 53,08 0 (g pogllae 3 Slos I o) Omdle (6530 b9y (29 B ekt Je 5
S yb 650l slagbs, 5l S5 e b awlie > (ool KNN NB DT Lol b g 3lows aseds 13 (558 5 Johiie
Slgbyy oSy & leal ol Como ¢ Jao el > ouilS P3is oS! xS sly by il ookl L SVM g MLP
ol 3 S e placedgie Mg eile xS0k Se o SRy s Colus (8 pilie duslie L9 o iS5
htobe § padl 52 C83 e el 5 03,5 e b, Ohgy & W3 L Y Joda )3 650k he) &y ! )]
S o ] 20,5 g leny 099y ol J) o 9 Sl 092 )65 51 gy 3,Skes 5| MLP
dod oS a3 o L Y Jodo )3 odel Cawd 4y S ey p Soo 3Sles dmadl, pl cwl aih o oL DT
I8 isucols) 3)8es o oLyl bas gla by, i 9 pasuis |y MLP couas ac laasis
J52 3 Joeme 5L sasby) @mbs b duglie )5 5w auglio glojlmo palie in o S o 0l YL 08 L
O byl (5 Gl 5 (Sho 8> Jlre dw o 3 ¥ 9 ) DT igy b Slus @Msl MLP s, 55 o
o) plo 4 Cuns bline dan )3 (ot Jao 529 P S e S > 4w L oad plordl il
A/ B b oolping Jdo D)l (65 0l duwlie Ls 19500 S Jud il Sl clad g8 )5 ajlae ol polie
Journal of Health and Biomedical Informatics 2022; 9(3): 148-157 Voo


http://dx.doi.org/10.34172/jhbmi.2022.05
https://jhbmi.com/article-1-723-fa.html

[ Downloaded from jhbmi.com on 2026-01-31 ]

[ DOI: 10.34172/jhbmi.2022.05 |

wwlogd 9 (I,

Onwle (653l SoS ay (45355 0 YU 98 JLid o v

o sl S plaie 4 Sl oo Sad Bpas (liee 9 Vb (95
g ol 5105395 3 Y 9 ,lid aseis )3 plindgj
Lojyle 3 (Son pl g ol asyle ol jl iU sloaiy 3o
e S glgie @ Bl oo Jo cpl adl YL 8 LiS
Lo YU o8 JUid i 4 e 0587l gl e
Jie 2 x5k Slabyy cuSy S Joe (8 ilidp
@) Slube (Sazmn 9 22l gl Gl odlein
Q& Canl Hye3 p 55Vl Coglsl g Cusal jl dlezel g cd>
S35 e S 5 Jio 55

S olyon 4 (odlgidy o dmwgi oanl clajimgs )
Lo (85 sla (S5 ) ool sl cuslie (58 L,
S oss algs Sledbl 39y5 b algts plly 45 yob 4
S99 Cypo ) g odd allas 393 35S (5 Lt Cumidg
Wi 390 IS dxrlpe SuBjy 4 P (oyp Iy S
OB5sS & dgae imgds cpl jd addllas 350 (glaodly .l
i Jdo paeni Cunl 0391 jaudlS b jps (Sbiwwsd
Bblio plo (36553 (93 JUiS (i 9 el Coa
(ilobiz 90 o0 oy (oSS oS (loie 4 35 b ecd
@ @l (o 5 Wooly (glogylgte s 5 Glales] (slaosls
29 2)90 G Blsie 4 5 qeoloiiiy Jao p ol
b 31058 5 5d o Sy (o p Opiomen A3l e
ity Jdo > bl (555 Sams 0)lyd (6 yiui oled
& 5 Ml p Sk 3l S e cueal 5 b
Dy dnled diao Y o5 Lid

&8l o,
Slaings ) G dieS ) Y51 15 oLl adlae ol

oylad 4 Mpude (Sdp opyle il Sdp caw)
ol adlas p> bl o IR.MUMS.REC.1401.038

Jools dlie oyl lasly 8l (o)l oS g B auwn gl
Al oo Jlo Coles gty Jie 35

References

1. Chang W, Liu Y, Xiao Y, Xu X, Zhou S, Lu X, et
al. Probability analysis of hypertension-related
symptoms based on XGBoost and clustering
algorithm.  Applied  Sciences  2019;9(6):1215.
https://doi.org/10.3390/app9061215

2. Chowdhury MZ, Naeem I, Quan H, Leung AA,
Sikdar KC, O’Beirne M, et al. Prediction of
hypertension using traditional regression and machine

e o> AV/OY (S5 9 dopd A/FD Culus oy
Vb g8 JLES (ot g pasld Cosl dtudlys b by ple
ohHen o FANG g cooloiin Jio 5l Lo dmd ool |
KNN 5555k (95 59 (2955 @l w85 p e S [Y]
dcgezme ($9y » |y e o))S sl LIGhtGBM
&S V] o))\ Kem g Fitriyani (sg, .5 0 sad yjleze (gools
21 DT 3 SVM MLP 6,55k (bg) aw (295 @l
Opmed g M (0 S S Ggme)S) 39, ol
olad S gy ¢ e oS W] e s ZNAO0 3
o2 4 S5 Loyl Comlas 9 (Shy 8 (ljee bl oo
@b V] oo 9 Zhao L oolas S g, 5o .45,b
P9y olel g S g Oglite prewad > N (295
2 (Slasbyy o 3 Nigd o S 5 o b 81 (5,5 4,
&S W] olyKen g Chai igy F Jodo 50 ol awslie
b)lne dan > wdlie MLP (6,50L jbg) aidly asugs
Slg oo pimd 3Slas ool Js 2) 1) 5 8es cn 5ol
S oo o3liul (oS5 3,809 31 9y cnl & WL s
Jeo 1503 (5552 D9 s sl ] 43 55 ooy (gjlsjlsie
0k duslio gl by, o G &S Canl ol (o3lgitn
Wges &S (5y9b 4 am3 o0 bl G S ©yge w ) St
S Gl (b ()L s Yl 5l (e 4 ]y o959
Valopo (Vb 0)93)La8 9 ) alsjo (VL g3,la8 VL (95
duwlie i gla gy plo &5 Jb o a8 o g
05> LS g (b alwd 93 I (S ]y (639)9 Wges 0
Jae wdol cons 4 mls 4 dngi b A8 o (gdbated YU
O JUid sl g (dmoie Sl e e (o5 5
Oliee ials g Cdd dguy el g 00l pbl 1) 85587 15 YL
« 81,5 900 adgl leMbl 3l oolatwl b Jao (ol 33,5 oleil
QS SN Saw Oledbl g odls S jrogg ] clnosls
i ey JorB ) ol (8L cand BB (058 51 o,
il 93 LB J5e lag)ld Bpae il (yad ()jg 48
JUid (Sl dils ((Bgye (B g ubd solS sbais)low

learning models: A systematic review and meta-
analysis. PloS one 2022;17(4):e0266334.
https://doi.org/10.1371/journal.pone.0266334

3. Martinez-R’ios E, Montesinos L, Alfaro-Ponce M,
Pecchia L. A review of machine learning in
hypertension detection and blood pressure estimation
based on clinical and physiological data. Biomedical
Signal Processing and Control 2021;68:102813. doi:
10.1016/j.bspc.2021.102813

Yot Journal of Health and Biomedical Informatics 2022; 9(3): 148-157


http://dx.doi.org/10.34172/jhbmi.2022.05
https://jhbmi.com/article-1-723-fa.html

[ Downloaded from jhbmi.com on 2026-01-31 ]

[ DOI: 10.34172/jhbmi.2022.05 |

© g b)‘.w.:: ‘W‘Q‘; 0,92 AEXA] }g\‘,{b

S5y o 3 Pl S lo g el

4. Fang M, Chen Y, Xue R, Wang H, Chakraborty N,
Su T, et al. A hybrid machine learning approach for
hypertension risk prediction. Neural Computing and
Applications 2021:1. doi:10.1007/s00521-021-06060-
0

5. Haugg F, Elgendi M, Menon C. Assessment of
Blood Pressure Using Only a Smartphone and
Machine Learning Techniques: A Systematic Review.
Front Cardiovasc Med 2022; 9: 894224. doi:
10.3389/fcvm.2022.894224

6. Oanh TT, Tung NT. Predicting Hypertension Based
on Machine Learning Methods: A Case Study in
Northwest Vietnam. Mobile Netw Appl 2022;
27:2013-23. https://doi.org/10.1007/s11036-022-
01984-w

7. Akbari M, Moosazadeh M, Ghahramani S, Tabrizi
R, Kolahdooz F, Asemi Z, et al. High prevalence of
hypertension among Iranian children and adolescents:
a systematic review and meta-analysis. Journal of
hypertension 2017;35(6):1155-63. doi:
10.1097/HJH.0000000000001261

8. Chai SS, Goh KL, Cheah WL, Chang YH, Ng GW.
Hypertension Prediction in Adolescents Using
Anthropometric Measurements: Do Machine Learning
Models Perform Equally Well?. Applied Sciences
2022;12(3):1600.
https://doi.org/10.3390/app12031600

9. Islam SM, Talukder A, Awal MA, Siddiqui MM,
Ahamad MM, Ahammed B, et al. Machine Learning
Approaches for Predicting Hypertension and Its
Associated Factors Using Population-Level Data From
Three South Asian Countries. Front Cardiovasc Med
2022; 9: 839379. doi: 10.3389/fcvm.2022.839379

10. Ghaderi Niri A, Farajzadeh N, Baybordi E. A Case
Study of the Impact of Parental Diseases on the
Probability of Hypertension Using Data Mining
Techniques. Journal of Health and Biomedical
Informatics 2021;7(4):354-67. [In Persian]

11. Zhao H, Zhang X, Xu Y, Gao L, Ma Z, Sun Y, et
al. Predicting the risk of hypertension based on several
easy-to-collect risk factors: a machine learning
method. Frontiers in Public Health 2021;9:619429.
https://doi.org/10.3389/fpubh.2021.619429

12. Dehghandar M, Hassani BA, Dadkhah M, Qorbani
M, Kelishadi R. Diagnosis of Obesity and
Hypertension in Isfahani Students Using Artificial
Neural Network. Journal of Health and Biomedical
Informatics; 2021; 8 (1):12-23.[ In Persian]

13. Chai SS, Cheah WL, Goh KL, Chang YH, Sim KY,
Chin KO. A Multilayer Perceptron Neural Network
Model to Classify Hypertension in Adolescents Using
Anthropometric Measurements: A Cross-Sectional
Study in Sarawak, Malaysia. Computational and
Mathematical Methods in Medicine 2021;2021.
https://doi.org/10.1155/2021/2794888

14. Raza K. Improving the prediction accuracy of heart
disease with ensemble learning and majority voting

rule. U-Healthcare Monitoring Systems 2019; 179-96.
https://doi.org/10.1016/B978-0-12-815370-3.00008-6
15. Tahmasbi H, Jalali M, Shakeri H. An Expert
System for Heart Disease Diagnosis Based on
Evidence Combination in Data Mining. Journal of
Health and Biomedical Informatics 2017;3(4):251-8.
[In Persian]

16. Fitriyani NL, Syafrudin M, Alfian G, Rhee J.
Development of disease prediction model based on
ensemble learning approach for diabetes and
hypertension. IEEE Access 2019;7:144777-89. doi:
10.1109/ACCESS.2019.2945129

17. Rao G. Diagnosis, epidemiology, and management
of hypertension in children. Pediatrics 2016;138(2):
€20153616. https://doi.org/10.1542/peds.2015-3616
18. Wang YC, Cheng CH. A multiple combined
method for rebalancing medical data with class
imbalances. Computers in Biology and Medicine
2021;134:104527.
https://doi.org/10.1016/j.compbiomed.2021.104527
19. Chawla NV, Bowyer KW, Hall LO, Kegelmeyer
WP. SMOTE: synthetic minority over-sampling
technique. Journal of artificial intelligence research.
2002;16:321-57. doi: https://doi.org/10.1613/jair.953
20. ljaz MF, Alfian G, Syafrudin M, Rhee J. Hybrid
prediction model for type 2 diabetes and hypertension
using DBSCAN-based outlier detection, synthetic
minority over sampling technique (SMOTE), and
random forest. Applied Sciences 2018;8(8):1325.
https://doi.org/10.3390/app8081325

21. AlKaabi LA, Ahmed LS, Al Attiyah MF, Abdel-
Rahman ME. Predicting hypertension using machine
learning: Findings from Qatar Biobank Study. Plos one
2020;15(10):e0240370.
https://doi.org/10.1371/journal.pone.0240370

22. Bouziane H, Messabih B, Chouarfia A. Profiles
and majority voting-based ensemble method for
protein secondary structure prediction. Evolutionary
Bioinformatics 2011;7:EBO-S7931.
https://doi.org/10.4137/EBO.S79

23. Chang W, Liu Y, Xiao Y, Yuan X, Xu X, Zhang S,
et al. A machine-learning-based prediction method for
hypertension outcomes based on medical data.
Diagnostics 2019;9(4):178.
https://doi.org/10.3390/diagnostics9040178

24. Lee J, Lee W, Park IS, Kim HS, Lee H, Jun CH.
Risk assessment for hypertension and hypertension
complications incidences using a Bayesian network.
IIE Transactions on Healthcare Systems Engineering
2016;6(4):246-59.
https://doi.org/10.1080/19488300.2016.1232767

25. Sokolova M, Lapalme G. A systematic analysis of
performance measures for classification tasks.
Information Processing & Management
2009;45(4):427-37.
https://doi.org/10.1016/j.ipm.2009.03.002

Journal of Health and Biomedical Informatics 2022; 9(3): 148-157 VoV


http://dx.doi.org/10.34172/jhbmi.2022.05
https://jhbmi.com/article-1-723-fa.html
http://www.tcpdf.org

