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]

=
257
Y2

H

(flatten layer)¢] 11

=

disease,
[e)

%
7

s 2
tol A2MRE W vile] AabzAa

7l

=

(flatten layer)9] 15WH#Ax-=9] A3}

=

#

ratio)9

o

i
=

Al

e
2=
)

CAUNRE W w2 AzqnE e Hae] 43, A3 RE W v
#, BN A%, £%7] €3, Al A

£9 ARE 9E o
Aol Az, AadnE W vae ARw HE, ¥

iz
=

[ois
S}

L
L

3

= ©

=

A4 (coronary heart

H] (Pue/ Py

(flatten layer)9] 12¥# -9

=
=

slo] ABHRE #AE WA AxzA

[e}
e,

W (coronary heart disease, CHD), A (heart failure, HF), &% (stroke) &
B
T 1
o]
H

A
a7 94 7l

=
=z
=

=

bt
_T‘)‘,l-

o

=

=

sht

(CVD) o=

}

&

]

(flatten layer)®] 7THA =2
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=Ry
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=

o

ARE WE we] AveA
Al AnE wE oae

(stroke) = ©]
S

I HES T
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]
A

7
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[0011]
[0013]
[0014]



[0015]

[0016]

[0017]

[0018]

[0019]

[0020]

[0021]

o AP Het, ZYE AF(flatten layer)d

AMRE WE wal= ZYE AZ=(flatten layer)d 108MAx==9] Ax}e] FHF, STTc AIHES FHF, A
F,OHDL ZEl2HE A5, AT g9 3

=
gt aFag e X (Py/Py ratio)] Wb, 7] At

AT

Bit, AT

wso Ane AR, $57] Y, RS 0 FEE) ) BEAH,
2

A%, ZYE AS(flatten layer)

Lo

g
fll

Mok fop
o 2
2w}
o e
R
1o =
o f

ooy > T

i o

i
o,
o
ku
R

(@)
—
()
> 4
el
5y

» B
(]
=
e
£
e

e
d
o 2

o

A glo]E9l CVD ¢
2Ry &89 Z

(coronary heart disease, CHD), A%

&

o
X
it

K

)

o

ol

rir
2o g 2

2 AEAAS AFHAACVD risk factor)E o]-g&te] A
3l AP RE 23, AEBEAE dSA 2R FEHR qlojA, dibAE
A7) AR E(ECG) A ZZHE | STTc(ST-segment and T-wave (ST-T) changes) AZIHEZS ¥ 3H3le A=
AHE gt g E AFst, ATy 15gg e =R (PLE/PHF ratio)E X&ste FirEvd
AZsta, AEE AGEW] AHE geprE] @ FoeEdRl AdE gt el 3
2]

- &
S4'ewA mrgited Ast=, AdaAed Ade 54 FEdA; At
Z 1

(heart failure, HF), *Z&%(stroke)
] sz

S50l 10-2559333

Aol JdEE =, ZHE AS(flatten layer)d 4WdAx==9 A3 Hi, HIL ZH2H=

10922 Aol Hi, AFIo)

B
g Y AXH(Py/Py ratio)d] ¥EHEA, ZHE A5 (flatten layer) 12HA =9 A3}

N

(flatten layer)e] 3R :==9] A}o

A ZHE AT
o AEPp)e xFEa, FHzEE A5, AH A,
9

ZYPE AZ(flatten layer)e 294

ZYE AZ(flatten layer)d] 4¥ 5w

i
of A ==o] Aute] FFAUA} T THE EFHT

L
N,
>,
fols
_>JI_'1
i)
)
>
r_1_4

B AARAD A SAANRA Fehs, AABARCOD) AW 2 2 AL SABT

ARBABCOD) AZTAE, AAANRIY, 7] S5 AL ARE E w2, STe A= BFe T
S AdE 54 QEuEEA Qe Al ARE WY A 2GS, 35 Jdadsel Ay 29

5] |
A ALEA 5
1(0v0, One-Vs—One) Ut
heart disease, CHD), A&
oz EHate, A H3 wigA & 23si.

o 9lEsla, A2ARE WE w2l HE
W AR Fo st HEEE, AARE Ay wlal dadA; Al

p
> |o
il
)
M
[\)
>

o Qesta, A4HNHEE

A olng WEF gow Hestu, web AL ARE WE vl Ege] J@nAtel WA et}
APRATe] WASA 2 Uehit e AABADOD) 93 o s, AAnAd WA

Bg v wEyelN g Adsbagel MY Zom wdE Z9, 1v)

s RRIE olgstel, ¥ waE A¥nAsoms $AHEYEEY (coronary

H(heart failure, HF), &% (stroke) & 3

HAoRE, A4NRE W vae] ddglow, 4PN HEF
W)
)
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s=s5

12H(CVD risk factor)

o]-g-s}ef

o

=

=

Q1&H(CVD risk factor)

[ 54

& FAF g

NEME

yigel g

[0022]
[0023]
[0024]
[0025]
[0026]

o)

TR

7A
N

ol
—

[0027]

2]
i

(100)+=

-
"

dlolg

[0028]

q

s
!

e

]

A H-(12
Al

|

Al
pul

]

L
o

s
a

]

&
!

A
j=

L
o

32 5 (130)
A/D WH3EE(150)

S

taL,

[e)

4
K

=

A/D WZR(150)S F3sto] o] Fo

T AAY

A
il

AE AAEH(130),

SH(110)E AAx AMAH-(120),

(130) Nl A

A 25

[0029]
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Mﬂ
jp
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o

&

BN
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<7
1

=

<H
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[0033]

= = B
FEY
Sp-

7$ %=1] (PLF/PHF

A (Al-based ECG features)

) (signal processing-based ECG features,

E

=

STTc AlZ2HE | SDNN, RMSSD,
et

o}

28 ECG

]

A

e

Al
(310)9l A

$E) )

B
ted,

£

o]

?_

FEH(210),
Y2A WY

%
A FE5(210)% Qlc,

E

=

i
A=

=
kel

AR AFHD o] Fol

gl 1% (100) =

L
L

A% (ECG)
A% (ECG)

=

]

Je)d A
A
=1

(310)°ll A7d3hct.

A4k 2] 5 (200)
based ECG features)'Z}

[0034]

o)

(220)= 30% =9

=]

T=T

A% E# (Al-based ECG features)

[0037]

ojp
wr
H

!

<R

%

o] 7z}l

=
=

o] A3}

Z) (Al-based ECG features) o &4 HEZF(310) A%
— 10 —

Fat,
v

o

?_

CVD Y8Ax 23 (230)E wWEaF(310) A

[0038]



[0039]

[0040]

[0041]

[0042]

[0043]

[0044]

[0045]

[0046]

[0047]

[0048]

[0049]

[0050]

[0051]

[0052]

[0053]

[0054]

[0055]

[0056]

S=50ol 10-2559333

AEAAS(CVD) dSH(250)= AEAAS(CVD) oS RAZ o] Fojxit},

AEAAS(CD) ofF e, XS F e FAHS AXNE, ARE WE WAl (Support vector
machine, SVM) B49& =3 100 Qo] ¥ H (coronary heart disease, CHD), A% (heart failure,
ZZ(stroke) 2] A JR-Z dF3le], dFZ23E FEH(320) 02 FH3}.

B odgolM FHudHAA] RkEe] HEde AdE 3 AdaEdS AFAACD risk factor)E o] &3k
5

LR AU A AEAY el ARE 54, AT Jue] AAE 59, O 99

Agr o=, Ad= ]i 10123}01 2 E T (baseline study)? FHUAAAL HoJHE A&l on, A7)
Al(sleep onset) B FHEE(sleep end)7HA Y W F A HEE EA35190).

1.5~20 Hz9] W53 FEE AMEstY 7|44 e 49 732S AAS T, 35 289A duzEy dug
2 WS o] 85te] QRS HZHA(QRS complex) 9t TTHT wave)E AZE3s}9T).
A

dgom, AAE Az RS AZAA(S, ReE Aol R 92AFe] 24 FEA (S TR 2ol
AAomRE 24 BUA(AS FEHAE wrh Aol AWK okel Alghe A%stel R MAR LIUE,
R ADE s, R 9129) wh o] Hage q TAEQ DR AFs, R 929 vz Fo] e s 2
E(S )= AFIT. w9, S TAES] Ue] 938 T XAE(T Mo PEar. AR AsolA RS A
oo T AEPHE del deA glo] woh AT d9e Ak

S, Te] EAHS AET o], A7 Tl AAdx 54 gefulgel, QTc(corrected QT
+74)9} STTe MLHE(STTc segment, ST-segment and T-wave (ST-T) changes, ST A2

#5741
QTc[ms] = (7; — Q;)//Rix1 — R;

o714, Ti, Qi, RiE Z2 {HA(Z, (¥4 F71)9 T ZAE(T wave), Q ZAE(Q wave), R FQE A HE&
YERY | Ri+1e i+1WA1¢ R EAE A4S YeRiT.

STTc AlZTHEE =82 20 o]&f Fac},

84 2

STTcms] = (T; — J)/Ris1 — R:

784 3
RR[ms] = Z*f_sﬁ — 16(}? —R;)
of W Ri-1& i-1MA(S, i-194 7D Axe] R 2£AE AJolar, fsi= AL 259 HEd Fuk5 o]

=

_11_



[0057]

[0058]

[0059]

[0060]

[0061]

[0062]

[0063]

[0064]

[0065]

[0066]

[0067]

[0068]

[0069]

[0070]

[0071]

S=50ol 10-2559333

Aol =5 AGel7] flel RRe| o] HIEES AL, o] 21%E NN(normal-to normal RR) &= 7 2]&}3d
=, R 935, AEAA RIS, Aol A R FA(F, Aol A AR RIA) S ARRMA S ALtsta

: AAE 54 seprgEA, A4 RR HA 9] FFAAHSDW) #9153 RR7MA 9] Afol& Al
ek #he] Eare] AEZ(RISSD)E ¥ 78 4 U

AA RR 7+Ae] TEHX(SDNN) &= =824 49} o] F3)|zlT),

‘.' 2(! (i) = meanRRIY
" N

7|4, N& & Alukgolal, meanRRIE 4 RRMEAS walm | 1(i)E iws RRIFAS w3io),

A5 g RRIMA S Afol& Alwdt ko] W] Alwt(RMSSD) =842 59 o] s xitt.

=
| S - IG + 1)
RMSSD={ +—

4714, I(i+1)E i+1HA RRIME S wabe).

SRR WS F, 4 Hz2 AAWEFH (resampling) skATH. =, 2 RR 7H4
S H

j= ] 1 Al % <)
el A 7F 71 AAE 2 AgEd A2 Fg, 022 Afs B dPstar, oA rito]l datefzl A
Z [e)

ABEZHE AsE 30 G992 1% FE o] WM (fast Fourier transform, FFT)S 43 %, FFTo A|HE F
A EH W% (power spectrum density, PSD)E AXbelATh. &, Fu¢= 4S5 98], B3 2 A=
By AAE A a&Fo|HB(fast Fourier transform, FFT)S $33c},

il

TG EAES ALtslr] A8 AFeEE 4 Fab g9 24 F I (very low frequency, VLF: 0~0.04 Hz),
requency, LF: 0.04~0.15 Hz), 3253} (high frequency, HF: 0.15~0.4 Hz)o]t}.

Tk =g AdE 54 s EHE dEE] A8, T 2uddd AdE 54 S Ed 2450

e A= (Pup), ATy e B=PRe), 25795 e AE=Pp)S Total, AFvsd) a5k oo e

(Pis/Py ratio) & A= F35 Y F=(Pyp), 1535 HY A=(hp)E TotaL, AFdsd a5 o

o A=H](Py/Py ratio)E 7ok WL Ul 5538 A10-0493714% Tl 2] <A sloenz A A
g At

QTc, STTc MW E, SDNN, RMSSDe] AlZF =wdd AX% 54 sbrlgel, 243 g9 Z=(Pyp), A

B e FEPr), LTI WY AP E ek, AFaed aFak e bl (Pe/Py ratio) 9

o4 =W AAE B4 miebuge Zbr)e] Hdd adUXE e, 1879 AXE 5F dEnE (o] &
o] HoA Az A e]E ECG 53 (signal processing-based ECG features, SP-based ECG features)'#F &)

2
N
)
)
=
—

rlo
it

=
T
=
T

o] AEAAL(CWD) o5 mde] gHow AMgHE oA ed G 542 & 1o Jehiiddd.

_12_



[0072]

[0073]

[0074]

[0075]

oin
]
Jm
o]

10-2559333

¥ 1

Description of 18 signal processing-based ECG features.

Features

Description

ECG abnormality
QTc mean
QTc _SD
STTc _mean
STTe SD

HRV features
NN_mean
NN SD
SDNN mean
SDNN_SD
RMSSD mean
RMSSD SD
Pvi¢ mean
Py SD
Pir_mean
Pee SD
Pur mean

Pyr SD
Py p/Pue_mean

Pr¢/Pue_SD

the mean of corrected QT durations
the standard deviation of corrected QT durations
the mean of corrected ST-T segments

the standard deviation of corrected ST-T segments

the mean of normal-to-normal interbeat intervals

the standard deviation normal-to-normal interbeat intervals
the mean of standard deviation of NN

the standard deviation of standard deviation of NN interval
the mean of root mean square of the successive differences
the mean of root mean square of the successive differences
the mean of the power in very low frequency band

the standard deviation of the power 1n very low frequency band
the mean of the power in low frequency band

the standard deviation of the power in low frequency band
the mean of the power in high frequency band

the standard deviation of the power in high frequency band
the mean of the ratio Py e and Py

the standard deviation of the ratio Pir and Py

I EE

, QTc, STTc AL E, SDNN, RMSSD, Puwr, Pwr, Pur,
T8k, 'AMeAEE ECG 574 (SP-based ECG feature
EA FEoAZ & 5 o

QL
K
N
A
oﬁ

)

AF
= AlsAeE ECG

i

g o el E % (Al-based ECG features)S FZ3}7] 98l CNN (convolutional neural
network) 7]We] QIFAT EE(F, AHAE EAL FEIVAS AsAT EE)S AAEGT. 2de, 30x
Boky] AlAdx ANFE JHw . vl AF3k(batch normalization)E AZTh. o]F 3% FXE o|Folx A
% A& (convolution layer)¥ #% AZ(pooling layer)S %3 E4S FE3t}h. o]&A o453 (N a9
ZYE AS(flatten layer, HE3} AF)9 =tollx FE¢ Al 7|¥ke] EAES 2F A 2% FHAIL &
ot H ) FHAE AL



[0076]

[0077]

[0078]

[0079]

[0080]

[0081]

[0082]

[0083]

[0084]

E2E B Uy AFWABOD) o5 B o AFH AFASF ] A% 52 e,

X2

Description of 30 Al-based ECG features.

Features Description

Al _mean the mean of first node outputs in flatten layer

AlL_SD the standard deviation of first node outputs in flatten layer
Al mean the mean of second node outputs in flatten layer

Al SD the standard deviation of second node outputs in flatten layer
Alis mean the mean of 15thnode outputs in flatten layer

Als SD the standard deviation of 15th node outputs in flatten layer

2 oo A, AEA2l® ECG 573 (SP-based ECG features)¥} Q1%

features)o] A= EA 9o, FrH¥oz dixH<d ﬁ@t}@%(CVD) AAA=k

=

B odbol A ALE3E CVD 9@ elA(clinical CVD risk fator)®2A, &9 AT, 18 HAZ=(FF7] €%, 7]

deh), FulzHE A= (Fd2HE A5, L Fal2EE A)unt A= (BMIAS), vel(age), 38 (gender),
S5 ol(SDB) Am(AHI A, FHFIEFASF), 87 HoAFODDE F 1074e] delHE

A

E3e 2 owve] JERABCOD) AF mede] o AgH (D 99ARE e,

¥ 3

Description of 10 clinical CVD risk factors.

CVD risk factors Type CVD risk factors Type

Age (year) numerical Systolic BP (mmHg) numerical
Gender (F/M) nominal Diastolic BP (mmHg) numerical
BMI (kg/m?) numerical Cholesterol (mg/dL) numerical
Smoking status (F/C/N)  nominal HDL cholesterol (mg/dL) numerical
AHI(/h) numerical ODI(/h) numerical

F = female; M = male; F = former; C = current; N = never; HDL = high density lipoprotein;

AHI = apnea-hypopnea index; ODI = oxygen desaturation index.

5, FHUAAA] Sl dojA Wl 7] AFE 7] O AFQAE AR ¢olady. o3
KR

olg A sk, E dgox AEFTAZ(CVD) dF Edo A}%ﬂ% AEL 18719 AlaAeE AAdE EA3,
30709] AF AT 7IHke] AlALE EA} 1070e] CVD $1Ex 2, = 587198 &4 dolHE 7}X).

sz, olg 54 HelHE $AEH, F,

)
)
lo,
i
)

¥ t-7 74 (independent sample t-test)¥} 7}o]-A|3F



[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

S=50l 10-2559333

A7 (chi-square tests )= &3l S o] 72+ EAo| p- <0.05%1, FrolsiA o2 4= dHelH= AH8d

2 dyolA, EHE FE37] A3 AAHE AXF, MEE ¥ #2I(Support vector machine, SW)S ©]&3}f
= AEAAZ(CVD) 9= ndS E3) 100 oto] TAFEMAAE (coronary heart disease, CHD), A1F-A (heart
failure, HF), ¥ &% (stroke)o] HA oJF 5 o F3it}

e

AEHALCD) o= Bde Aishrlel oM, = 29 AE3WAA(CD) o= 22 o] 2 MRE WE vild]
o1

£ 4

The results of feature selection for each classifier

Rank SVM CVD SVM C-H SVM C-8 SVM H-S

1 Alis_mean Aly_mean Alio_mean HDL cholesterol
2 ST-T_mean HDL cholesterol ST-T_mean Al;_mean

3 BMI Pur_mean P ¢/Pur_mean Pur SD

4 Systolic BP Aly_mean Diastolic BP Cholesterol

5 AHI Pue/Pur_SD HDL cholesterol AHI

6 Al;_SD Al;_SD Pyy_mean Al;_mean

7 Ppy/Pyuy_mean Piy mean BMI Systolic BP

8 0ODI AHI Pre/Prr_mean Pur SD

9 Smoking status Al; mean

10 Age Smoking status
11 Alj;_mean Als SD

12 Al_mean

13 Al; SD

14 Pre/Pue SD

15 ST-T_SD

16 Prr_mean

17 Al;_mean

SVM = support vector machine; CVD = cardiovascular disease;
C = coronary heart discase; H: heart failure, S: stroke.

Bold: selected features.

All features have significant difference between groups (p<0.05).

574 dolE e Folxl AdR: 54 HelHE  d¥sta, ol2iE FF Adudse] oA A
(CVD) =, oFdA(CVD-free) & WEgeh. whef AFuwds A WdR(710)7F A dd$ho] WAYshA] vkl
dskd Advdgo] s S UEllE %(SF, CWD-free®] S &9ska, o= AEAAE(CD)
5 2de] HFdde 99

A1 AEE WE HA(SW_CD) 9 dHuE =, Z8E AT (flatten layer)Q 15WA =9 Aype] Hit, STTc
MIMES] AL, BMl A5, 57 ¢, Ml AS, € AS(flatten layer)9 11HAA-=9] AT #F
Az, AFged] aF:gs Y FEH(Pp/Pyr ratio)e] Het, 2575 AR 4(0D]), TAHE, E A
, & A (flatten layer)®] 1A ==9] Ao b, Z2

e f %

Z(flatten layer)e] 124 % = ,
E 7AlZ(flatten layer)9 7R1M-=9] Aol FH2E, AFa4d] 25395 g9 ZFEv](Py/Py ratio)d]

FAA, STTe MIHES] XA, AFv dd JePp)e i, Y€ A5 (flatten layer) 3HA ==

i
m

I
Lo
i)
%
B
o
=t

i
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[0092]

[0093]

[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

[0103]

S50l 10-2559333

ol5 dlolH ] By mEdAE, 74 AAl 5w FHARE Et Pt

==

F Aol

AdwrH oz HHE WE WA (Support vector machine, SVM)2 ¥Uuk3}l 7|5 (generalizing capability)< Ui
= Ex2 sttt ZF Sl gl 54 WEHE ARESte] g aEzte] A mRxle] = A s
¥ A% Z¥HW(optimized decision hyperplane)< A3, MHE €WE wales de] dex e BF7Z
AAEE Ao ks

AEAAS DA ER(710) A FF AdAAste] BT ACVD)oZ HEE A, AR A3 BEF(720)
¥, 1911(0v0, One-Vs-One) s Zd& ERHVIE o83, FF 24 ”@.%%%33"1 +
(coronary heart disease, CHD), A% H(heart failure, HF), &% (stroke) & 3lUIE Aesle] &3},
AR dg IEE(720) %, A2ARE HE HA(SW_C-H)(721), ABAEE HE UVL(SVM_C—S)(722), A 4] 5
E e wA(SVM_H-5)(723) 2] 370 MEE #W§ miloz o] folXit),

A2 BE Mg HA(SW_C-1)(721)E= #4547 (coronary heart disease, CHD), A% (heart failure,
) <9 stus #E3sr] 3t ez, 3544 (coronary heart disease, CHD), 4% (heart
failure, HF) %9 3= Azt A3 (HEAES(CWD) A543 TS 23,

m
<l

A2 EE #HE HA(SW_C-H)(721)9] J#¥EHE =, ZHUE AS(flatten layer)o] 4WA|x==9] Ao Hf,
L FH2HE A5, AFId5 Y =Pyl Hd, SUE AS(flatten layer)o] 10HA =9 Az}

o, AT 159 Y A EH](Py/Py ratio)d] ZEAR, ZYE A5 (flatten layer)2 12WAx==

Azl xF=HAE, Al NS £33 5= .

ABMEE #E HA(SW_C-S)(722)= 45

S-S #Eshr] 9% ‘:JOE T A

Aesl Az AEBASH(CVD) dS4A7 FH)
)

Lo
ot

Lo

2149 (coronary heart disease, CHD)¥ =% (stroke) 59
(coronary heart disease, CHD)¥} &% (stroke) 59 =
=93,

ok 12

mlm

A3 EE HE WA(SWM_C-S)(722)9] dHHE =, ZHE AlS(flatten layer)Q] 10WA|x==9] Aol Hif,
STTc MaWES] A, AFaad] n3g gy ZFEn](Py/Py ratio)d B+, 347 ¢, HL Fdz=HE

Ag, AFske g Bl Fa, Bl A8 23 5 3.

A4 BE e WA (SW_H-S)(723)= ARH (heart failure, HF), ¥ZEF(stroke) 9] sh}S wdslr] 9%
Fao g AR H(heart failure, HF), ¥HEF(stroke) 9 3yES AE3 AI(HIAZAS(CVWD) =43 %
HE =93

A4 BRE 9@E wA(SWN_H-S)(723)¢] J=H@E =, DL FH2HE A5, ZUE Al=(flatten layer)d 3HA
wro Az Hi, AFyg U9 FEPpe sk, ZdzHE XH, AT A=, ZYE AlS(flatten
layer)9] 2@Ax==9] Ao Hd, F57] ¢, 1595 dY A=Pp)d 93, ZE AS(flatten
layer)®] 4WlAi==e] Azte] i, FAAE, UL AT (flatten layer)o] 6WA==e] A3te] FFAAE

S ELS I~
EEE 4 9T},

ERR(770)0.2 ) A24RE #WE wA(SW_C-H)(721)e

4FARE WE WA (SW_H-9)(723)e] Axz R,

(heart failure, HF), ¥Z&3%(stroke)o] Ztz} Aei=
;fj_]

TE 7= AWl &% 10del BT = s

Ar, ASARE €E WA(SW_C-S)(722)9] A}, A
A5 (coronary heart disease, CHD), AF7
FE FhEStY EEett. 28| AlY Bol] AE¥H 3l
oz A HFAY ﬁJJri =95},

sor (8 o

gAdE], AEAAZ(CWD) odF 2L, 5L FEI7] 9% AAHS AXS, ANRE HE Al (Support
vector machine, SVM) E2S %3] 10d <to] a5 A= (coronary heart dlsease, CHD), %4 (heart
failure, HF), ¥ZEF(stroke)®] WA AR5 oF3rt. o5 s WA (WD} CVD-frees oI5t SN
(SVM_CVD)& AH CVDE &7/ 4%, CHD, HF, strokeE E7F37] ¢ 11(0v0, One-Vs-One) ths S
TR7IE AR, o0v0e KAY B 8227 SAEkE A5, o F 209 S 23S Addste] K(K-1)/270
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