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ABSTRACT
Article Info: LRGN Bl Py Most heart diseases show symptoms on ECG, but diagnosing heart disease with ECG
10 Aug 2021 requires the knowledge and experience of medical specialized. Because these specialists may not always
23 Jun 2022 : be available, it is necessary to design tools to diagnose heart disease in these situations. In this paper, a
01lun2022 :  two-stage approach based on artificial neural networks is designed to diagnose heart disease using ECG

information.In this study, we aim to propose a two-stage approach using artificial neural network (ANN)
to diagnose heart disease based ECG data.

To design the proposed approach, first the ECG data of 861 patients referred to
medical centers in Arak, Iran were collected. The data were examined based on the opinions of specialists.
Then, 154 features from ECG were used as inputs to the proposed model. In the first stage, an ANN was
used to detect the ECG status (usable and unusable). In the second stage, using the usable ECG data, an
ANN was used to diagnose the presence or absence of heart disease. Finally, the performance of the
two-stage approach was evaluated and its accuracy and precision in determining the ECG quality and
heart disease diagnosis were determined.

This study was approved by the ethics committee of Arak University of Medical
Sciences (Code: IR.ARAKMU.REC.1400.138).

G2 In the proposed approach, the ANN used for the determining the ECG status had a precision of

Key words: © 97.1% and an accuracy of 97.3%. The ANN used for the diagnosis of heart disease had a precision of
Electrocardiogram, © 95.8% and an accuracy of 95.4%.

Data mining, Artificial : Considering the high efficiency of the proposed approach in determining of ECG status and
neural networks, diagnosing heart disease, it is possible to use this approach to help the treatment staff.
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Introduction

ost of the heart diseases show their
symptoms in the Electrocardiogram
(ECQ) test, but the diagnosis of heart
failure with the help of ECG requires
the knowledge and experience of specialists. Since these
specialists may not always be available, it is necessary to
design tools to provide the possibility of diagnosing heart
failure by the staff of different departments. Considering
the importance of early diagnosis of heart failure, intel-
ligentization of the diagnosis process based on ECG data
can increase accuracy, speed, ease of use, and economic
efficiency in diagnosis. This study aims to design an ap-
proach for diagnosing heart disease based on ECG data.

Materials and Methods

In this study, a smart model using artificial neural net-
work (ANN) was designed to diagnose heart disease
based on the ECG data (Figure 1). First, the ECG data
of patients were collected from medical centers in Arak,
Iran. The data were examined based on the opinions of
specialists. Then, 154 ECG data as the inputs of the pro-
posed model were defined (Table 1). Two ANNs were
used to detect the ECG status (usable and unusable) and
the presence of heart disease (yes, no). Finally, the perfor-
mance of this two-stage approach was evaluated and its
accuracy and precision in determining the ECG status and
disease diagnosis were determined.

Figure 1. Flow chart of the two-stage approach
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Results

The ANN used for determining of the ECG status had
an accuracy of 97.1%, a precision of 97.3%, a specificity
of 100%, a sensitivity of 64.8% and a negative predictive
value (NPV) of 100%. The ANN used for heart disease
diagnosis had 95.8% accuracy, 95.4% precision, 99.4%
specificity, 48.1% sensitivity and 86.7% NPV (Table 2).
These values showed efficiency and high performance
of the proposed approach in automatic determination of
ECG quality and diagnosis of heart disease.

Discussion

The two-stage approach based on ANN and ECG data
has high efficiency in determining the ECG quality and
diagnosing heart diseases.

Ethical Considerations
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Table 1. Characteristics of ANNs

Characteristics Determination of ECG Quality Diagnosis of Heart Disease

Number of neurons in the input layer 154 154
Number of neurons in the output layer 2 2
Number of hidden layers 3 2

Number of neurons in the first hidden layer 100 200

Number of neurons in the second hidden layer 50 150
Number of neurons in the third hidden layer 50 -
Percent of training data 70 70

Percent of test data 15 17

Percent of validation data 15 13

Number of repetitions until termination 32 25
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Table 2. Performance of two ANNs

%

Criteria
Determination of ECG Quality Diagnosis of Heart Disease
Precision 97.1 95.8
Accuracy 97.3 95.4
Specificity 100 99.4
sensitivity 64.8 48.1
NPV 100 86.7

[ Journal of
<X Arak University of Viedical Sciences

well as the medical staff of Amir Kabir Hospital, Imam
Reza Clinic and Vali-E-Asr Hospital in Arak for provid-
Methodology and sampling: Majid Mehrad, Majid No- ing data and their cooperation.
javan and Sadigh Raisi; Data analysis: Majid Mehrad and
Sadigh Raisi; Conceptualization editing & review: All
authors.

The authors declare no conflicts of interest.

The authors would like to thank the Head of the Re-
search Unit of Arak University of Medical Sciences, Dr.
Kalantari (the Head of Cardiology Department of Arak
University of Medical Sciences), and Dr. Mashayekhi as

Mehrad M, et al. A Artificial Neural Networks Based Approach for Diagnosis of Heart Disease. J Arak Uni Med Sci. 2022; 25(2):230-243



http://jams.arakmu.ac.ir/index.php?slc_lang=en&sid=1

P er—

Y oyl YO 090 NF) 9 é'é)é

‘ ;u&“ 5}9‘4\’&9

303Ul b (o8 (6 5low Bl (511 (Sgha0 (s 4 i (S0 (1l 50 933,539, S
3 ylgi Oleb

"ol M3 pe 07 gy Baduo O leg duoe® {3l ppe Ao

Ol ol aogia o)les 9oy o sadlaol ol olKatils caslive  cuidige saSitdls )

Ol sl 505 esgiz ol 08 dorlg ¢ coduol 5T oSS ¢ kigo 5 pole 18 (5 5lodings g (5 ilw o i 55 p0 caulio sasdigen 008l .Y
e85 4l ¢ oDl T oSS eSS kig oaStls ¥

Use your device to scan

and read the atice onine (9{ETIETE) Mehrad M, Nojavan M, Raissi S, Javadi M. [A Two-stage Approach Using Artificial Neural Networks for Diagnosis
Sy of Heart Diseases Based on ECG Data (Persian)]. Journal of Arak University of Medical Sciences(JAMS). 2022; 25(2):230-243.
https://doi.org/10.32598/JAMS.25.2.6450.1

https://doi.org/10.32598/JAMS.25.2.6450.1

S

" e

S8 4 5288 5 ot Sy et ol i oo ol 095§ wlts (ECG) (5ol s 5 ol slaes o 25T

‘))Si’) ‘S'l 4l U’l‘ » "35":' M‘)s ﬂ &S)L"':'.‘ Uat""‘:‘s Uls"" QLa)o )‘Jls 4 )b"‘") U‘,‘;A‘ Jﬁ.‘")‘:' Gﬂ‘ » G ‘59":' (5”‘)"9 c_s'."l“)‘)“ 1Fee 010 0 14

e Sloyd 35Tpe 5l golaa 4 ouiiSanzl o APY (ol g Sledlbol bl ¢ golpiton sl o 0,509, sk (ol [ETIPEIR VFe) ola,5 1)
Sl o lgiedy a8 g 50 549 VOF o8 Tl ous aloil loools (g woslel g (5310 3 pmanasia o pglia b g 5 yslanzr ST
Capndy (RS Gl (gas sra ASed Sy golgideny 3,549 5| ol 4l yo o Cunsl o pateitis (golatiig 3,509, 41 (5999
sl8 (sl,1g5 el 31 oolisusl by pgo almyo 40 o8] eand o oyl odliiusd Jul8ué b g oolisiusl JlB & j00 90 4y (a5 i
85519 08kee sulyyd ol 0d (b (o1l8 (6 lans Sg2rgpie b S92y (i (gl (Egian (sar dd S coslitul JE
ol 0 (yaaa 0aiiSdarlyo 5 lons Copndg rizrad 5 ol g iy (s yo ol B0 g Cmo g (1 glalyo 90
el 0gms a2zl &3 IR ARAKMU.REC. 1400.138 duslics o5 s ligions 4o 3 alie o

0393 Juoyd WYY S g oy AV/Y 2o (sl ol Jlgi oy Lauseidd g aScsolgiin (slalo 50 90 5,55, o [EXEEY :lbbj‘,..\.&ls
Bl oo b3 AT oo g o js AVA 283 (1 3 (alB (5 Lot 0929 (arSedl (oras Al (izead SloaSd ¢ 5 g3

Ot 5 Ols0 e olB (ilans pmaelS (rizran 9 (B g Cumdg (i 0 (g0l 0,505, GYL S Az gl ITREDE 00l L gtuan (orae
B, oalatul ey oIS 45 oS (g slazel BB Litwwd G lgieds 0,559, B8 slas lows «slS
Bttt ]
J gt 00y 93

Olggs damo

caolio pwiige 08l ¢ oMl of3T slRtils cagin ol 5 Aty oyl o5 1 SLAS
+AA (YY) VYO .Y oali

mnojavan@azad.ac.ir : ;Suig sz oy



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1
http://orcid.org/0000-0001-6328-1063
http://orcid.org/0000-0002-4939-1335
http://orcid.org/0000-0001-7163-5271
http://orcid.org/0000-0002-9734-0591
http://jams.arakmu.ac.ir/index.php?&slct_pg_id=10&sid=1&slc_lang=en
https://doi.org/10.32598/JAMS.25.2.6450.1

ST Sy pode oL Ao i&'l‘

S ) i oo 52048 ol [08] S5 5 o,
oles g oolaz! (Artificial neural network) coias wac
Glowm £55 g5 g0 o DAY B0 Ly (golgiin 9,5 g, 45 wisly
laodls Gulul 2 [7] g 9590 -0 (i (nyo
o eyl Sleys 38100 10 ECG ledlbl g B ol )los
b 95 B9 sl lem arid ly 3 s
1) olow 2o, ATIYY o b lay] 0,S5g, a5 aisls ylis
23,5 oolatil colaiul egian gmas a3l L8 ol ley
Sosliinl b (o8 s lor (i ST [A] OSen g lesS
2 Oblon S Ghlem odig p (8 Jlg 9 (b ladazin
P layTs,Ss, a5 wiols ylid g >b (551 e S i
ol (6 [] 529 .0 0o 0T C8s (6l (S i
Sy MIT-BIH oy T ols el 51 oolicza b o5 oyl
S3leidn (g, 45 Wil pli g (Hib egian (ras 4SS
gl S ol pled (ol yd g (rib (o pd e Wi o
oolicia 5 e cloaSis g5 dus (65055 L[V o] o)y
oy (gisdiias 4 MIT-BIH ools ol 115 g3 cledo!
3509, B gaihsp ormbo il g Jloyi )50 g0 4y (B s
(V] e g LylaTais S cpns duo o) =+ 1) golpiios
a5 ECG SS™ ay B Jlisst ole )b el olp
250551 Cewddy |y 0o jd AV/AA B s YL g ool  oas
L 595 B9,e Silew i sl DY LT peioren
g ooliinl Gros (piglgilS crac a5l I8 lg 5l eolail
li)l?j L.,Le,‘ 00 ae 0 AF Cds eolpiinn 0,50, ol ol
|y Gt (y8)lS e s o i s (g [V Y]
09 9 29 b sdleiday by, cdd a5 wisls (i g oo S
VST ol mas 0 )ls 00,0001 g aoy0 AYID oS s 395
6)916“’? Wgod YAY [0 oo zl ol (5509 OA 5l oolazul b
ol S350 oS S o S el S5 Gl oas
B 59,5 G)lom (i Sl el A g (G A
TVY Glas b paenad oy g, a5 aisly LS g oolaiul
Sl panseis s Slas oy e

B so)T s len 3l SNV E Lasess I [VO] 25l

G (5550l g, g UCH 00ls oLl 40 aigei FAY (slaools
S ybg, 5l osls les sloalaswl LVE] 59,60, ool
At 5 g e ln Ol o eile 5 7208
o Gl VY] 29,6 oo .l 05 5 ool (6 Lo
kol slaadlie Jlod (g, 5l (g YYZ slosliinl b s Lo
el 05,5 0ol (g los (i (gl Baos smas 4
Mz 6 2 oty Jop Gedle 35 L DAL (L
90 4y 1) ol 8 UCH o0ls ol jo (od8 (6)lows 00ls dcgoazse

[VA] (o8l de> 0 )5 gandids L8 Lo g (orado 095

1. Support Vector Machine

Y 0ylols YO 0y90 NF+) 15 g olo )5

.

LY R

s 2l len (niald 5l (Bee A slalen
et oo 4 ez 39 1) jee9S 5o 5l g3k Sl Lol a5
ealis o 5l L8 o5 o L8 slas Lo ST allosls
SeS 4 8 il Consy aseis Wl i o iules
30 ol plis .l Laazie S5 4,2 g il ase 3l ECG
@)l 310 Dy 0 WALS e yss o (S5 claS a0
o isy ¢lp BB hlw askis Sl b oosls b
LAl Sl ddz gl 0gd ool Loy olS calie
bl (anseis wul3 (g slusiadion (ol e i
S olw gy (85 sl Shg Wlg oo B e slassls
Sl p2ly8 aseis o) Hoggolaidl g0, S

mas aSl i gl e ¥ o SGg, S allas ol o
oo oolawl BB ,e by LB Consy el glp oan
Soslial b 09 Jlow b plls aneds rizmen 5 (A8 Iy
s SraSs isel sl g (b Bl slo S
Doy 3SThe 5l eohans 4 a5 goldl Ll g5 el )
a i Ll .l ouls ool wiles )5 aszly0 STyl
Wiy 9 Sladl jo,0 pgo iy latl oS Cul O 50 ()
9 peplie pow (A5 30 (e el 0D (o) Sliidiod
rAiZe S0ty $3liiny 3,505, 50 eolitul 3550 sl
5 @oleiiny 0,509 pilez G5 50 O] el 0l oy 23
S coles ) el oad o) )1 0 Shos g 285 ol (sl
R PRV TR E IR

958 Gl Lo e slos Lo 0 Sl 5 (o
Nt e S o e (Sl Bgye (8 slags Lo o
Vbl b g el laz pul s 50 10,575 508 lags o
oaeid gloely 5l (SO [ V] 05 o0 et (il 55 ]
> Ol B le S BCG (8 slag Lo 5l sk
6‘-\4-"*:})‘ Sl aS” el ‘5':'Lo|~.\§| Qi)SL')l)’)l 3 Q,l).'{oal.w )’l
s b ol 55015 50 Y] s g ) B it 4 |,
5 ods S Sl e ] 0 4 cd adgl (ygel S 3
Lok s b selas o) 5 B slvazm jo iy ) 4 bga o L
2 5 alsl g ) (o3l Hlgieds B Jlgi 098 o0 25,
5 SR YT o)l (pols (0] (ol slaaiSi 5 B (slas )
1 egas 4 6 len (aseis glaailis g SN ol gou5
63310k 5 S o 55 oloj Cadgucmo b oS (o Lyl
@ly S8 ol 4 5l cel ol ol on o pie don
L¥] 098 50 (6 slonm panseis

YYf



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1

Y oyl YO 090 NF) T 9.)'0)5

o

-_— e

ods o3ld w)}nT ;_ﬂ)‘ ).er.u u.,l.a)o ;‘).a )l LSO‘JJU L u...:}‘).a
Sl el e s0leitin 9,505, slacs yslsi g o Sy el

Méjumué‘f ‘_,’.J‘JAM djg)j)«_i:)‘ oolawl
w5 o 929 LS g 8 g

9&9)‘5_’ ..“ .9 “."'")oyl.‘:ﬁ;‘..éds"
'gsfﬁd)L“:-f%?s

b o S ealye aily e | oolid
-80lgiin 9,50,

i 035)

0,509, 0 oo a8 S Say sla by, 9 ylad g penlio
S O ygods daldl o 8 6 Lo anseis (gl g0l

¢

15 St e e

8 S i 5, ) i

bt il o golal 4.;.;] b8 5l yaBeid gl
5| oaisslaar dige A% ECG ledlbl 5 s a5
S Soys AVIE 1) g, s g onlil alllay ol Logs
Slp Goos (orace a8 SO [V0] o Sen g S5y s S
g5 5l o el ledllol Jf oslizad b (o8 xS st
Giws 5 asis lp [V SlsS s 87 ()b (8
ECG 5l (525 OF g oalicial (5 550k ooy cile 3l (o]
Lasaisls plasgosp S al; cldlon diged Vv o+ s bgy e
GAVL By 4 g oo B g g yidon olass 3l ool

28l s hle gl 5 arsedd o

Sl plaz 5145 008 o asive Gubiod didon (ow) 2 b

Soslatul b 8 (6 Lo glgil Jansis (6l Salisee g gliie
O yg0dy 458,50 5, S Lol el oo slgaion o8 e el
3 5l 9929 (wizmed 5 (o g Comdg Wilgh loje
ol 3 ol el ot >l 08 aens WU o L
ol 5 slmools § ooliul b aaSids ol g >yl glate ol

Olei Y0 b (grae ah diged S JlSle ¥ gl

o8 1y Sl 503l U ol (5 slowt sl (51 (g0 urS a1 (o (Gl 30 93 3,09 S K02 g 310 e



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1
https://baq.bmsu.ac.ir/portal/home/
https://baq.bmsu.ac.ir/portal/home/

ST Sy pode oL Ao i&'l‘

Slp ol sloagy las s o a5 g5 4Y
Sy g0 00l TSl aid o eac 4l o Slas S5
ools Lis ¥ ol gl (0 Loian cmas A | Glaiges

el 00

Y Yw srac aS00 b s solaiul 8 )50 (slaosls

45 g oo ool i 6l 5 g3l e g0l JEne 09,5
oigal omas AU 0 Slee oy slp g3l slaosls
GoaSils o, Slos o)1 (8l prizred 058 oo oolaiul onys
ol asls fplas 0gd o colaivl ais 5 aie 5L

» _ TP +TN
ACTAY = TP TN + FP + FN

2. Precision = —
. T'eClSlOTL—TP_l_FP

TN
3. Specificity = FP—+Tf

4. NPV = N
‘ " TN+ FN

o TP
5. Sensitivity = TPTFN

Tr sy 9 (579 b (omas 4D S 0 9V g, o
09,5 4 (Sydtr oS Ba 05,5 (sladisel S Trmme St
05,5 slodiges slus FC\.:M i 7y edloal 00ls anasd Bus

2. Pattern Recognition
3. True Positive=TP
4. True Negetive=TN

Y 0ylols YO 0y90 NF+) 15 g olo )5

Sl Joily (5,Liingi oS (ECG) 8l o] S50 187 25Tl
09 9 03l (2 yos (pnST gy S g 099 S ol wJgs
Glp Orzmen ol B9y 5 b8 cldle L)l sl 00
N LI REE PO P P E ST eSS,
D o oolaiwl 6315)19.2 g gs‘b LS 9 (5 o u")"]‘as'b
|y cdd Dac o oo oW wlgs o L8 lg
|y oo Do) Wlsi o 45 el 0 s § i (L
155 > 518 35 JiSms S ) Sligs VY] 43S e
ol 00l ool ylid Vol

Collad Zlgal 0980 03 ) ojledt pgai;s a5 sbles
29 o0 Sl S 5 g aabad zge (poiz SIECG o (56 Sl
Poojls aslsl guns P g b g 9,8 P oo SG 3l (ol 0)90 2
03 g sy 5l GHLEN 45 Ed S8 L 290
55 45 3,55 0w 4 QRS (oS 5 oligS iSe oy
4 0jbys 9 Vb mly S 4 @ (S5 Bl L
slomy) Uy oLl 51 5 S 5 eyl nd 43Syl o
g oo osalie Tizge Sady (250 5l (g Soled 59 59550
axkid S, ECG Lo am o bt | lagyhay SeS sy 45
3525 525 QT 5 R-Re PR QRS : Jults Lol alsls ¥ 4 ST
il o ol (slins slans oaims L o )T g a5 s o

(bl 330 (slaygy95 a5t Sl pledl b (egian (onae oSS

Al cpl 5o gy 2 ols Dledbl il dnwgs (0 grw
Joa ooy polie Koo LS 10 g00g B30y paie SO
LS)LQ.M})J 6&0;)L._'>Lm u_,l)e[\’\“] \))‘Q}J‘SA aliso le.w.o
Cdled IS by Baa b gilae Djseas Sy LS o
JR Kas L (blslasis SO o bosls Jlislu plaS o
IR rFol g Aigel 3590 Gl Lawgs aSil ol g 438
(6395 &Y o Ysors eoias rac a5 SO 0,5 o

. 1] TP FP | caés
X
Y, 2 FN TN NPV
1 2
Gu aib
rndy ¥ i b e 4Sed S gl (SIAST g il 5l (laigad ¥ yoguad

8 1 M) 5103kl U (ol (5 slowt astund (51t (S0 (oval dSnd pt (0 (ST 30 933,509 Sy 50 300 du2ne

YYs



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1

Y oyl YO 090 NF) T 3.)'0)5

sbvéaﬁf,i;mwm

8 )l Lol gl (S9! !

v

B )1y Camdy (o) (omas ASd

fawl oolasw! BB ,lg Suzxo Hlgi
<
Jloy
puasin S 3 & Calud
@B Slow LarntS sl ooleidiy glaloye Y,S05, 5l eoliisl (gladaig, F yiguai

aslol o 6.}19{' S cﬁfs‘]‘dl L o)g‘uﬁ) u")‘b J’>‘J'°
] 00 s

Jolis golpaig 9,555, 40 oolaiwly g0 (slaosls gl al> o yo
4 YA SV Glo Lo jo a5 ool 1 Sledlbl §l digas AP
Sy Sloyd (Shigal 3550 g S el (Sloyd 5 (Sj0l 5 0
a2l o STl 5 10 (@S, plol Sl (yiman § (&) e
0 6)9](':"-'.’ laosls g REIW PR 6)916"'? Slos,S
AL Beod o3gaoe Sl )5 L g (adl 5 6,55 sblsi g (o) 2
oaile Bb oy p bBigai Vo ¥ Colys 0 beonls )5 yeaasio
Omaasiio a5 A8 b g Cuxdg dadiges ol s e
ool b8, g oolaul LB azws g0 4y ladiges g gy 3
Gl Loy ool8 s cosliiinnl ol yue 5l yakate . sl oanls S8
0bj g oS b g oo diws olidl Loyl Slios b alail 0 a5
Sl o3guma Sl )l sladiged 5 (lS 8 5 g5 9929 315
Slodigad caay al> 1o o el onds o3 o sl ealaul Sl pas
L)Li“")" ).Iaa 9 Ol er L» (449.0.’ 7?&) o&lﬂ...w‘JJlS
el 00 LS o 9 (Jlo ) pdles diwd 90 4 aasio

929 LA g (o g Cumdy i sl Al pe opl o

g mire gl Sloslaul b 8 Jlgs S509 VOF slaws 8 g las
Loy T 5l cmas SloaSis (639,9 (ylyicds 5 (aseie lanasiia Hhas
9 o8 lei yo oolaul 0 )90 (sld 5 o 148 ol 00 oolaul
el 0al 00ls Lis Y oyleds Jaoz o layl (6 S0l uliie

E oy edilods oald janass Bus,uf 09,5 dy Swods 4S5 Bon 8
g.é..\.as).:.éas)f)ooL‘&&‘A.gc\fg.é&oj)f‘_gbdjwobﬁ‘agélsw
445 Bun yuf 09,5 gladiges sloas LIS e i gailais 3 I8
(_ga)S.Lw (_;‘ng)a}to Mbb_n ‘..ula\.._e)f )‘)3 RV 09; 52 OLA-»-MJ‘
ol ¥ il e ile 4 page 3 juiliel BT Sy o Yoone
S sl 1y o ile ol 5] SMigas ¥ ol g 45 i o o0l

a0 g (LS (Sandg 93 (295 b omas slaaSd

sl

Oy Sl (a8l Condg 1o (ol (5l panSeiS Sl
W85 (o8 )lg Sy g2 bl Sl ys ST 50 4 S oSitee
Sg 03l aseld s Jxe hgd gl A8 e 3T g 0uls
Ll g S5 ol 5 58,5 sl 5 ooge el ol s ]
sor b e bl oslaiul J8 (L8 jlg oS 500y
oaseis 1) 0,8 0 B (o)l 0929 b Cudle g Q—‘
e )] €55 o olB (5 lom 2929 Dyg0yd (aled e ame
slize oy JSGgy 5 (oSS Sliulej] Gl b caslize
0589y e e (ol Sl 50 ¥ 0,505, 0l dalgs Lo
Sl ST )3 pom e dug) arazgil a5 Col (ol pealils
G5 slagty; J sxSone Baa ol o 5 0ad (b
B sole parteis il B il S 0s5 (sl p ol o
Ryl 3 solehing 3,50 5l oliial 092 (sles W) e
el o0 ol ylid F o las

5. False Positive=FP
6. False Negative=FN
7. Confiusion Matrix

o8 1y Sl 503l U ol (5 slowt sl (51 (g0 urS a1 (o (Gl 30 93 3,09 S K02 g 310 e



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1
https://arakmu.ac.ir/valiasrhos/fa
https://arakmu.ac.ir/amirkabirhos/fa
https://arakmu.ac.ir/clinics/fa/tag/7102/%DA%A9%D9%84%DB%8C%D9%86%DB%8C%DA%A9+%D8%A7%D9%85%D8%A7%D9%85+%D8%B1%D8%B6%D8%A7
https://arakmu.ac.ir/valiasrhos/fa

=W Sy pole olf.:.’:bd:eu

Y 0ylols YO 0y90 NF+) 15 g olo )5

03liuld 90 (53939 (S1a aike) (o:l8 Jlos (lo 39 ) Jgur

i sy ob o loud
- SrSeill (63959 e e

9o 0ol 35 B (e o) 4 B iy bpm rate )

9o P 5l da (ko z9e (sl Conl Wagplay (yguasl e 011835 9003 g 043 JSlS 9o dw gena 5l
w2 b z90 dw cul f9eme 9 0 034al S g0 R jldms (siho 90 gl 9 R 90 P 3l Cuto z90 gl Q ms QRS dur v
-3l s QRS duration oIS zse obk b Q z9e g9y jl sidd 0 JSi5 ]y QRS oS’ S

S o 042t dold (] D9 g0 085 pl el & QRS LSy 955 b P 9o (sl 51 PR ALolé

Gl Wyl dy Wajels 51 gmanlis ) Yipd 90 (e sl 003 ms PRInt '
b o gl culled pgecme gl Y o) °—\&>al“~ﬁ.s Lilse P zge slesil b QRS (uslyaS’ sl 1 ms ar -
FOW I E PO 4]
P s 9)‘»’1?»’" u19 ub,w Ll Qr 4ot (Corrected QT inte“rval=“QTc) sl Mol ar alols ms QTe N
A8 g0 palyd B il glagbyps o plej b3S L L) QT 20lie dunlio (el 5 (055 AdB>
o B jgoee dy gl odind LS dy axis 5
A8l o R g0 93 oy Aol ms R-R \
23l oo V6 L V5 4 20 R 290 £li5)) mm RV A
Wil V1 4 S 290 Bes Eg0ne mm sV N
Sokolow Lyon u=>L SV1+RV5 mm RV+SV Y.
AVR¢ AVLe AVF¢ V1e V26 V36 VA ¢ V56 V6 ¢3 92 <1 slasd Jold 3 VY o mm P MY
AVR¢ AVLe AVFc V1c V26 V3c V4 ¢ V5c V6 €3 52 ¢1 slasd Jolis 3J VY o mm Q yY-ve
AVR¢ AVLe AVFe V16 V26 V36 VA4 ¢ V56 V6 ¢3 52 ¢1 sl Jolds 33T mm R A
AVR¢ AVLe AVF¢ V1 V26 V36 VA ¢ V56 V6 ¢3 92 ¢1 slasd Jold 3 VY o mm S FY=0A
AVR¢ AVLe AVFc V1c V26 V30 V4 ¢ V5 V6 €3 52 ¢1 slasd Jolid 3J VY o mm ‘R 2a-Y-
AVR¢ AVLe AVF¢ V1 V26 V36 V4 ¢ V5¢ V6 ¢3 52 61 (sbased Jold 8 VY mm ST1 VA-AY
AVR¢ AVLe AVF¢ V1 V26 V36 VA ¢ V56 V6 ¢3 92 ¢1 slasd Jold 3 VY o mm ST2 Ay=af
AVR¢ AVLe AVFc V1c V26 V3: V4 ¢ V5c V6 €3 92 ¢1 slasd Jolid 3J VY o mm T By -5
AVR¢ AVLe AVF¢ V1e V26 V36 V4 ¢ V5c V6 ¢3 52 ¢1 sbasd Jold 8 VY o mm T V¥=1A
AVR¢ AVLe AVF¢ V1 V26 V3¢ VA ¢ V5¢ V6 63 92 ¢1 slasd Jold 3 VY o ms Qms AR
AVR¢ AVLe AVF< V1c V2 V30 V4 ¢ V5 V6 <3 92 ¢1 slasd Jolis 3J VY o ms VAT AR
AVR¢ AVLe AVF¢ V1c V26 V36 V4 ¢ V5¢ V6 ¢3 52 ¢1 (st Jold 8 VY o ms QRS VOF-VFY
Al 99 3l eolpiin 9,504, 50 b (e M a5 9byles 9 bl Cumdy ki glp Glalz e V0 S05, 0

B Sylew pamei g (8 g Candg gy 0 Slp (e Eoan gmac AL Yl 8 (g jlen LasiS (e
Laools _pobiie 45) ardr g3l aloyo ) 3 ol o oolil  ndSh (55 2 (g5 (6l e 45 sl o0 o0l

ol gl law (55918 i ldee o ol e LSS el 00l 00l LES ¥ o leds Jgaz 4o

8 1 M) 5103kl U (ol (5 slowt astund (51t (S0 (oval dSnd pt (0 (ST 30 933,509 Sy 50 300 du2ne JAK



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1

%!L;aﬁf#a&w:dm

Y oyl YO 090 NF) T 9.)'0)5

s GdSed g p Sl piie ¥ Jgax

B9y yeiie iy 25 GRS EP 89S e 45 £95
Dbl g oxlizwl B 5 g oslizl LB )
oS Coan 5 iS5 g jogi Sy b oA Ay ol gl Sl by ol A oS lew B Bl Cundy pasuls
¥ olizal JlBpe Y
S
Lol 353 CeaMas odind L5 (B lg5 g azdly J\8 Jloy (slasil 0 lagzge Jobo g Wil olas o )
) ot (silon 3529 el
Syl elpen 4 SBjy 4y ks (lp (WMo b g B3 0 LS ) (0B (g ilows £95 (B Sl Sos ¥

60[.@.2..’2.1% 0)59_5) 20 emas ‘_;LQAS.,..’.‘: Slaseda Y J,Aq

W s
ol 5 lont st 38 lg) Cansdy o s 4l gy N
lased
oF \OF 6oayg a1 ol
Y ’ 2905 4 gy Sl
Y ’ Ol slaaY oluss
] - Olads 4Y 32 55 by g5 Slass
" v JolaY
> & pgd &Y
. & pow &Y
" v g b S5 olaws

Pat- ali oleol yy 5 it 13810 55 50 coae 4l g0y .l
Sl diges Hlareds el ooy (55l Jow g (> )b ternnet

O o)l pgai o 8 g Cundy aiS oas 4D
ol 00U odlo ULW

0,509, 5o ool 8,50 mas el sl Slasiv
ol 00U 00l ul.......» Ay a)l_o_._‘f_. qu_?. 3o i gl

ol ;o ool g Bio w5l b sge o oidi aS
SLoosld (Gl (eires WAl (uliie Wi [) )]
SlS” &y 35 s SBASs (5,50l 5o o0liols, 0
Bl g mas sloaSls (g0l (gl sl ol plmil  Solas
SCG (Scaled Con-pu ;oS 51 A aboliie 9,51 (5 jlwarss
loaSis (bigel wadgs b i g eolil (jugate Graduate

cww;)b)oéjlwdbﬁ?)oowwyr)wﬂ

9. Matlab

8. Cross-Entropy

g Candy (adels (ouas 4 LSl B pgad

o8 1y Sl 503l U ol (5 slowt sl (51 (g0 urS a1 (o (Gl 30 93 3,09 S K02 g 310 e



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1

ST Sy pode oL Ao i&'l‘

09031 (ST u ylo

oigel (Sadl s ylo

Y 0ylols YO 0y90 NF+) 15 g olo )5

7 95/1 451 97/4
g. 1] 933 = 3 91/5 12
: /.4/8 " : 1.2/14 "
§ 2 0 2 7.100 5; 0 30 7.100
7000 | 71/9 | © 70/0 | 7.6/1 | "
28/6 | 95/2 71/4 | 97/6
7100 7100
7. 7. 7. 7
1 2 1 2
Gus aib Sus ailb
J5 (Saadl s o P SURNICT R ST-3. W | 1
647 97/1 99 98/0
3 1| 923 e 3 952 | 2
' 1217 " : .1/9 v
;'3 2 0 35 /100 7‘; 0 3 7.100
40/0 | 4.5/0 | © 7000 | 7219 | ©
64/8 | 97/3 60/0 | 98/1
7.100 7,100
7. 7. 7. 7
1 2 1 2
Bus ainb Sus aib
8 )l Condy (aiS ouas a5 (SAST Gl e Y gl
643 95/8
Fojan 3,
4, 7. ; -
o
Y 4 26 | s6/7
2| o6 | 237 |
99/4 | 48/1 | 95/4
/. 7. /
1 2
o aib
*J*i‘ 88 5 )lom s (guas ASd (KHAST Gy 5le A gl
-_— e

o ooly L A ojleds gl o 5 besls JST (gl I8
o (ol poabadis 0,59, 8,5ee b3l sl ey al>pe o

| oolawl L odsd | 15q0] aSils 3l G o 0 ,Sles
o s sl . ) 5 20N )90l (A GRS ST B
23laals g0 (o slaaSs }5**"”" Sla e aazgil o ile B 5 5 B L Y Ly, o onds sl gl als
g oo A gV pglar 1o oad eoly lis golprinn 0,500, 4o

5 )S; Yl b (§L4b r*’J-’Lo Cewl ool Ls’l'.’.))l 4)‘5‘& 5 g0 Soail
B - 4 .. e p y-, SO ‘wl YL 8o . P . e Y et
g 9 c5‘“‘L5 Bl s ,..5 . ) 5; M (ngolo 6‘)-.’(;*-[3. )‘9-5 Coro BM@*"‘M [

gdi oo pazdie (ol (5)los o [oH

odsoals LaS Y paal o JS g muiw liel e ygeil ¢ 50!

8 1 M) 5103kl U (ol (5 slowt astund (51t (S0 (oval dSnd pt (0 (ST 30 933,509 Sy 50 300 du2ne vf.



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1

Y oyl YO 090 NF) T 3.)'0)5

%!L;aﬁf#a&w:um

@olgiiog 0,550, 40 ooliul 8,90 (gmac ladSils (60,5los slo asLi F Jgusr

] B g Cundg s
/A av/y <dd
0/¥ vy Cone
au/r Voo s
A7YA) S¥IA Colus
NIY Yoo NPV

(S 5 4ol

Slodliully (g lor (st (gilusiadsn sl allie cl )
smas Sl p (e gl 0 V0 K09, SG Sl s
)‘5.3 ('.:Lc)l.lo“‘_gol.er’..iﬁ Q)S-.’.S) u>_>|).b L;\).g.;;‘.m‘ ool oalaiul
e Sloyd 3STye 3l golowi ay sasiSanl o Ae e 5l s 8
4ot (sl (raastio 51 g 0o (gjlwoslel 5 (6 pglaaz ST
oolaiwl LB e b oolazul BB lassl 8 o Conig adigad
S99 Cundg s o3l L sl jl )3 9 00l jasiioe (09
Ol 5l e el 00l (sl (B g lon S92gpae L
9 et Gmanasiio 0 jglio b (509 1OF (o8 g sl S
Saslond i85 5a 0 ras SlaaSd (6399 e Clgieds
Slaaiges sl oolanal b Joh al> o ;5 cglal> o 99 3,50, 50
By Condg a6l (oras 4D Sy 39290 (B s
8 oolicia LB T g5 e 4 sl sy o>,
pgd Al o )0 oo il g0 L8 Jlgs Dbl o ool
s 4 S cooliciosl BB 18 g claaiges 3 oslin L
Ol 75 seiie a5 ouds (b ol o LAt Gl
(5Ol 9,509 50 il oo (B (5 Lo 292 gpae b 0929
Qo3 AV cds gy B g Condg (ansels cmas 4SS
LRSS gmas AU yuiored 9 005 duo )0 AVIY Lo
Qo )0 W Coro g duoy A 28y Gl)ls 58 L8 6 lews
39 6olgidion 9,555, YL Cds g Lo oniasylis aS all so
2z gl .ol oo (8 )lgs LMl Sl 2 (6l At
OlFse o8 ilom e 50 (s3leidg 3,509, YL L8
P 4SS gl olozel BB Jlows O lareds 5 S5, 0! 5
o3l (ol slacsslons | (AU o9 S e 2l 5 ey
Sl (Phb & e s ST Slihod lgisa 09,8
Ot e 9 (B (Glas o 98 (ansiS (sl diege
2,5 0 il oo slo JSSg

& )

Soslnl b od8 s)le adeis glal> o ¥V 8 S5, 40
Cardy gmas a8l SO gl dl> oy Tl o les el
0,5 sion ) oold Jlgi 99 o0licil LBy 5 oolic] L8
e A S pgd Al e o agroslitul LB &5
SlaaPld oS oo oy p ) (B g o9 Lo b b S0
3t 3,509, 50 03lituls e (oras slaaSid (60 Sles
ol 00l 00l Las F ojleds Jguz jo aools ST 5l

Ot (smas 4D oS Zel (i 398 Jguo gl
oy VY Coro o )0 AV Cds gl (I8 lgi cong
ARNPV g0 8 FFIA Conlis o0V v 0 andeis & )08
Solows RS (cmas AU (yiored All co oy ) o0 b
S8 oy WY Coro o ys WA Cds (lls 50 8
Ll NPV 5 oo FAN Coilas oy A9/F aseis
SS9 3,Sloe 0aimdlis polie cnl ol ge doys AFIY
sy 5055 and 53 sl 2,508y SVl o
RPN J Y PORRPNER L N E S PPN -

5 sl DYl b ooleiiny 9,505, analie b (rizren
sedze Laeie VAT ISl VY] Lyl TV o] o e
By Candg end Lol ln ol 950, 0 &S
Sl pealador Syg0t (B (6 Lo 3929 LartiS Gizren
0,50g, b o (ol pedle el ool a8 S iy
il ey L5 slogtagsy 251 B, ssleii
Sledlbsl 5l )15 o lailiwl  Sledlsl sloolSl (slaosls
210,500, ol ookl a8 sl oals aslaznl 5l 28l
WS (o0 fiin (23lg slao S

o8 1y Sl 503l U ol (5 slowt sl (51 (g0 urS a1 (o (Gl 30 93 3,09 S K02 g 310 e



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1

o eetim B

Y 0ylols YO 0y90 NF+) 15 g olo )5

M OlaMo

ot bl (S, pole oSl 51 G anlis I
.3~ IR ARAKMU.REC.1400.138

St o gl lojls 51 o KoS e 3o ol
3,85 2l s (Ll 22 b (5l soges o

S S gl 9 Gl by O Wi (oaled is3lopgeie

Szme ooy o sy B20o 9 (Yo 65 dutra ol pp0 o

sl 9 (e OB Kol 202 5 9 OlozgS dame e
O M giden

5 il oo a8 WisTamen allie ol e F s el

olSidly idgss axly ol y diloons (5,500 5l T ois g

39,5 9 b 09,5 pote e NS 1150 Wl (ST (S pole
Sl o 1y Fuline 2So GBI ST (Sigy pole olKiils
50 5 (@S plol SeilS S sl oy g (el 35 0
S oo S8 g S5 ¢ () pae Jg O i Slayd (594

8 1 M) 5103kl U (ol (5 slowt astund (51t (S0 (oval dSnd pt (0 (ST 30 933,509 Sy 50 300 du2ne A\



http://jams.arakmu.ac.ir/index.php?slc_lang=fa&sid=1
https://arakmu.ac.ir/fa
https://arakmu.ac.ir/fa
https://arakmu.ac.ir/valiasrhos/fa
https://arakmu.ac.ir/clinics/fa/tag/7102/%DA%A9%D9%84%DB%8C%D9%86%DB%8C%DA%A9+%D8%A7%D9%85%D8%A7%D9%85+%D8%B1%D8%B6%D8%A7
https://arakmu.ac.ir/amirkabirhos/fa
https://arakmu.ac.ir/valiasrhos/fa

June & July 2022, Vol 25, Issue 2

References

[1] Kendir C, van den Akker M, Vos R, Metsemakers J. Cardiovascular
disease patients have increased risk for comorbidity: A cross-section-
al study in the Netherlands. Eur J Gen Pract. 2018; 24(1):45-50. [DOI:
10.1080/13814788.2017.1398318] [PMID] [PMCID]

[2] Carlson B, Austel Nadeau C, Glaser D, Fields W. Evaluation of the
effectiveness of the healthy heart tracker on heart failure self-
care. Patient Educ Couns. 2019; 102(7):1324-30. [DOI:10.1016/j.
pec.2019.02.010] [PMID]

[3] Bayés de Luna A, Brugada J, Baranchuk A, Borggrefe M, Breithardt
G, Goldwasser D, et al. Current electrocardiographic criteria for diag-
nosis of Brugada pattern: A consensus report. J Electrocardiol. 2012;
45(5):433-42. [DOI:10.1016/j.jelectrocard.2012.06.004] [PMID]

[4] Van Pham H. A proposal of expert system using deep learning neural
networks and fuzzy rules for diagnosing heart disease. In: Satapathy
S, Bhateja V, Nguyen B, Nguyen N, Le DN, editors. Frontiers in intelli-
gent computing: Theory and applications. Singapore: Springer; 2019.
[DOI:10.1007/978-981-32-9186-7_21]

[5] Bayés de Luna A, Brugada J, Baranchuk A, Borggrefe M, Breithardt
G, Goldwasser D, et al. Current electrocardiographic criteria for diag-
nosis of Brugada pattern: A consensus report. J Electrocardiol. 2012;
45(5):433-42. [DOI:10.1016/j.jelectrocard.2012.06.004] [PMID]

[6] Rani KU. Analysis of heart diseases dataset using neural network
approach. Int J Data Min Knowl Manag Process. 2011; 1(5):1-8.
[DOI:10.5121/ijdkp.2011.1501]

[7] Muthukaruppan S, Er MJ. A hybrid particle swarm optimization
based fuzzy expert system for the diagnosis of coronary artery dis-
ease. Expert Syst Appl. 2012; 39(14):11657-65. [DOI:10.1016/.
eswa.2012.04.036]

[8] Amato F, Lopez A, Pefia-Méndez EM, Varihara P, Hampl A, Havel J.
Artificial neural networks in medical diagnosis. J Appl Biomed. 2013;
11:47-58. [DOI:10.2478/v10136-012-0031-X]

[9] Hu YH, Tompkins WJ, Urrusti JL, Afonso VX. Applications of artificial
neural networks for ECG signal detection and classification. J Electro-
cardiol. 1993; 26 Suppl:66-73. [PMID]

[10] Rai HM, Trivedi A, Shukla S. ECG signal processing for abnormali-
ties detection using multi-resolution wavelet transform and artifi-
cial neural network classifier. Measurement. 2013; 46(9):3238-46.
[DOI:10.1016/j.measurement.2013.05.021]

[11] Acharya UR, Fujita H, Oh SL, Hagiwara Y, Tan JH, Adam M, et al.
Deep convolutional neural network for the automated diagnosis of
congestive heart failure using ECG signals. Appl Intell. 2019; 49(1):16-
27.[D0I:10.1007/s10489-018-1179-1]

[12] Acharya UR, Fujita H, Lih OS, Adam M, Tan JH, Chua CK. Automated
detection of coronary artery disease using different durations of ECG
segments with convolutional neural network. Knowl Based Syst.
2017; 132:62-71. [DOI:10.1016/j.knosys.2017.06.003]

[13] Acharya UR, Fujita H, Oh SL, Hagiwara Y, Tan JH, Adam M. Applica-
tion of deep convolutional neural network for automated detection
of myocardial infarction using ECG signals. Inf Sci. 2017; 415:190-8.
[DOI:10.1016/j.ins.2017.06.027]

[14] Shamsollahi M, Badiee A, Ghazanfari M. Using combined descrip-
tive and predictive methods of data mining for coronary artery dis-
ease prediction: A case study approach. J Al Data Min. 2019; 7(1):47-
58. [DOI:10.22044/jadm.2017.4992.1599]

ournal of

rak University of Medical Sciences

[15] Naruei |, Zamani B. Diagnosis of cardiac arrhythmia using deep
learning (Persian)]. Paper presented at: The First Electronic Confer-
ence on New Ideas in Cumputer Engineering. 3 September 2015;
Sahrekord: Iran. [Link]

[16] Naruei |, Zamani B. [Diagnosis of cardiac arrhythmia using Fisher
and Ls-Svm (Persian)]. Paper presented at: The Second Electronic
Conference on New Research in Science and Technology (EMA). 21
July 2015; Kerman, Iran. [Link]

[17] Naruei I, Zamani B. Diagnosis of cardiac arrhythmia using Pca and
MLP neural network (Persian)]. Paper presented at: The Second
Electronic Conference on New Research in Science and Technology
(EMA). 21 July 2015; Kerman, Iran. [Link]

[18] Saglain SM, Sher M, Shah FA, Khan |, Ashraf MU, Awais M, et al.
Fisher score and Matthews correlation coefficient-based feature
subset selection for heart disease diagnosis using support vector
machines. Knowl Inf Syst. 2019; 58(1):139-67. [DOI:10.1007/s10115-
018-1185-y]

[19] Najafi Zereh Bashi HR, Hosseini R, Mazinani M. Diagnosis of ob-
structive apnea disease AHI in chemical warfare veterans based on
HRV signals analysis using the ANFIS neural network. Spec J Electron
Comput Sci. 2021; 7(1):1-12. [Link]

[20] Wang J, Qiao X, Liu C, Wang X, Liu Y, Yao L, et al. Automated
ECG classification using a non-local convolutional block attention
module. Comput Methods Programs Biomed. 2021; 203:106006.
[DOI:10.1016/j.cmpb.2021.106006] [PMID]

[21] Kobat MA, Karaca O, Barua PD, Dogan S. Prismatoid pat net 54:
An accurate ECG signal classification model using prismatoid pat-
tern-based learning architecture. Symmetry. 2021; 13(10):1914.
[DOI:10.3390/sym13101914]

[22] Glass GF, Sudhir A, Pandit AA. The ECG and metabolic ab-
normalities.  Electrocardiogram Clin  Med. 2020, 5:307-13.
[DOI:10.1002/9781118754511.ch30]

[23] Abiodun Ol, Jantan A, Omolara AE, Dada KV, Umar AM, Linus OU, et
al. Comprehensive review of artificial neural network applications to
pattern recognition. IEEEAccess. 2019; 7:158820-46. [DOI:10.1109/
ACCESS.2019.2945545]

Mehrad M, et al. A Artificial Neural Networks Based Approach for Diagnosis of Heart Disease. J Arak Uni Med Sci. 2022; 25(2):230-243



http://jams.arakmu.ac.ir/index.php?slc_lang=en&sid=1
https://doi.org/10.1080/13814788.2017.1398318
https://doi.org/10.1080/13814788.2017.1398318
https://www.ncbi.nlm.nih.gov/pubmed/29168400
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5795764
https://doi.org/10.1016/j.pec.2019.02.010
https://doi.org/10.1016/j.pec.2019.02.010
https://www.ncbi.nlm.nih.gov/pubmed/30777614
https://doi.org/10.1016/j.jelectrocard.2012.06.004
https://www.ncbi.nlm.nih.gov/pubmed/22920782
https://doi.org/10.1007/978-981-32-9186-7_21
https://doi.org/10.1016/j.jelectrocard.2012.06.004
https://www.ncbi.nlm.nih.gov/pubmed/22920782
https://doi.org/10.5121/ijdkp.2011.1501
https://doi.org/10.1016/j.eswa.2012.04.036
https://doi.org/10.1016/j.eswa.2012.04.036
https://doi.org/10.2478/v10136-012-0031-x
https://pubmed.ncbi.nlm.nih.gov/8189150/
https://doi.org/10.1016/j.measurement.2013.05.021
https://doi.org/10.1007/s10489-018-1179-1
https://doi.org/10.1016/j.knosys.2017.06.003
https://doi.org/10.1016/j.ins.2017.06.027
https://doi.org/10.22044/jadm.2017.4992.1599
https://civilica.com/doc/418111/
https://civilica.com/doc/403754/
https://civilica.com/doc/403755/
https://doi.org/10.1007/s10115-018-1185-y
https://doi.org/10.1007/s10115-018-1185-y
https://sciarena.com/storage/models/article/XPJaaothvbXS00CrUg0PmyUqQynIQGqdnzo3RtmkEDOkzlkcF2Ast6S2HxPA/diagnosis-of-obstructive-apnea-disease-ahi-in-chemical-warfare-veterans-based-on-hrv-signals-analy.pdf
https://doi.org/10.1016/j.cmpb.2021.106006
https://www.ncbi.nlm.nih.gov/pubmed/33735660
https://doi.org/10.3390/sym13101914
https://doi.org/10.1002/9781118754511.ch30
https://doi.org/10.1109/ACCESS.2019.2945545
https://doi.org/10.1109/ACCESS.2019.2945545

