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Abstract

This study proposes a method of prediction of cardiovascular diseases (CVDs) that can develop within ten years in
patients with sleep-disordered breathing (SDB). From the data during a baseline period when patients did not have
any CVD, we extracted 18 features from electrography (ECG) based on signal processing methods, 30 ECG features
based on artificial intelligence (Al), ten clinical risk factors for CVD. We trained the model and evaluated it by using
CVD outcomes result, monitored in follow-ups. The optimal feature vectors were selected through statistical analysis
and support vector machine recursive feature elimination (SVM-RFE) of the extracted feature vectors. Features based
on Al, a novel proposal from this study, showed excellent performance out of all selected feature vectors. Also, new
parameters based on Al were possibly meaningful predictors for CVD, when used in addition to the predictors for
CVD that are already known. The selected features were used as inputs to the prediction model based on SVM for
CVD, determining the development of CVD-free, coronary heart disease (CHD), HF, or stroke within ten years. As
a result, the respective recall and precision values were 82.9% and 87.5% for CVD-free; 71.9% and 63.8% for CVD;
57.2% and 55.4% for CHD; 52.6% and 40.8% for HF; 52.4% and 44.6% for stroke. The F1-score between CVD and
CVD-free was 76.5%, and it was 59.1% in class four. In conclusion, our results confirm the excellence of the
prediction model for CVD in patients with SDB and verify the possibility of prediction within ten years of the CVDs
that may occur in patients with SDB.

1. 97 H|A M AZIELS

+HS S &0l (sleep-disordered breathing, SDB)E % o4l & & A0 & °
7o BEX Ee AT HME R2E 22 H2g2l 1,521, men: 18462 MHE MotRen, 2ueE
7| HOE LoFICH1). =HZZHEM= ™ QA9 2~4% HAQ HIE I8 AFYE SHES HIIELE 242
ez Uy Aen[1], REILEME  32~45%F 822 HEZ LHFQICL ojnf st&Fat bR 7tol AN

r2
of¥

2y UAe o =3t HHO|CHT). EXO| EAMo=z X0|7t SRACHp>0.05).

+H F UEXNoE HMEe $£H RIZ-MNZZT2 HIUESO OZZEES iU I8 18749 M= KE|
SHEEQl KMAMAHEZF, MR SAYSl ZZTH HalL J[He| A¥E EF, 30749 eFAs 7|Ete M¥E £,
SEMGAS zZtgg Lo |H, ol MHEEAS Z4d 10709l cvD QKL & 58710 EF HIEHE FEOIUCH
AEPA  QXtE2  EEDICH2 [MEtM  $HZSHE  HNE MZE baseline study?| PHCHRAZAAL HO|HE
HF7|Moc2 XESHK| @ H@HXSIH n¥Y, AEM, ABSJSO, 125 samples/secondE 2| M E Z SR
AEE:Lj:‘AH = X4 OH ilZF_E EO| HFAHO' h:ol.x:i

- O Ty T O —1, = o — = O I

1.5~20 Hzo| Y&t EHE AMESIO 7|AX4d Haqt
B 7tAIZIC}R]. T FES MAS =, M8 2K L2510 HEfHHA
alized medicine)i| HHE 0]83I0] QRS complex@ T waveE ZHAESILCEH
Mol =OMX|Z AU HEOoroN QIS K|S ECGel EdPEZ dETH 0O|lF QT STTc segmentE
gifojEet #2 7|[&2 M8 7ol HEH Ha I A LS,

2 oE2 & = UCe 7tsdS MAISID UACH3) HEHO|=E  AAMSEZ] I8 RRel O|Ad  HIEE
meEtM 2 AFoANE Uz g Xtel 2 10E  XMAHsIFD, 0] AZE  NN(normal-to normal RR)SEZ
ol ez Hzg oFshr7| et AFMES cvD  HOSIQICH MEHO|E M2 AHAME NNS SUH4e=
EOIXE 0|83 QAZK|s 7|Eo| YNE|FS MOASIRACE EZH5H F, 4 HzE MM E(resampling) SHACH MHUEHE
Mz = 30X CHRZ2 % F2|0| B Zkfast Fourier transform,

o
MuMso= gt AeH

O
2
X Z2ol=  HRA%E S (person
o

—
-

[0 J
N
%8 rot

=

o
|

2. A W FFME =8 =, FFTO  H&2 F ©H
The  Sleep Heart Health Study  (SHHS)E AHEZHU T (power spectrum density, PSD)E A AHSHRACE
TEHUYHEA AT ey 2 V|Et FEEN ZAWNE  FoidY EHUSS AN 8 AMBE 24 Fabs

TE dAfo|tt =HZZYOI7 "2 =X FIKvery low frequency, VLF: 0~0.04 Hz),
=5 AP dar pHGE &It X ZFIb(low frequency, LF: 0.04~0.15 Hz), 1FIi(high
et Aol O W FLEUNAM HOSIRACL &  frequency, HF: 0.15~04 Hz)OIC} Z[FHo=Z LMz Xz
AZTENME 4 HOAMEQ AMAHREAB[(the 78O ANE EXZ FEIUCH, 2 EFYLHR N =W
Institutional Review Board, IRB)2| £0QI2 2}OM, E2/A0 St Wit EFEHAE FotRULE



4 Sl —

D,r wlﬂg.mi’-, -'anJJ.L,-#I/‘u- FL'.,—ﬁIJL-I/'L,J-L"_,J;‘l___-L'u__,L‘WL"IL_J..-‘L_J)'MLA AR A
ECG during sleep B Em s CVD-free
* Slgnal Processing-based Featnres m = "
e -
. = & foures -
E
: g Q@ mm —
| 3 olmm
H e ® o ——— SVM S
| o — i
. =N e @ m . CHD  Stroke
.. o - SVM_H §
) QO mm |
= Cliwdcal OV ek factors - + :
Age AHI ODI BMI Smokig skalus Bleod Pressre Chulesterol . 1 = VHE | Stroke
\- Tealare exlraciion _,JI |\- CVIN Prealiction wilhin 10 years _,Jl
J8 1. AUEE O|8% QSA|s 7|gto MEEst o 22
oIZXs 7lgte] MA= EFS FHS7| fls NN 3. AT At
(convolutional neural network) 7|8te| QI3ZX|s ZHZ TX S&TQ CVD-freed| CHSE recallll precision Zt2
HASIACE ZE2 30x S| dFE MmE YHo=2 212t 845%2b 889%, CVDe 73.8%2t 65.7%, CHD=
Bt batch normalizationg ZHZXIC Ol 35 IAXZ  633%2 57.6%, HF= 55.2%2F 45.0%, Stroke= 52.2%%2f
O|R0{Zl convolution layer®t pooling layerE &8l EXS 47.8%° d62 E¥2H, CvDe CVD-free 7t°8| Fl1-scoree
FEoiCt, O|"EA shEst CNN ZEO| flatten layer® 782%, 4 classOiME= 61.7%2 Hs2 ERCH TH
LEOM F=ED Al Z|Htel EXNEEZS Z TAH SIRY HIMEOME= CVD-freeQ| recalltt precision 2 2z
A S ot BEHAE AUSHA 30712 EES  82.9%2t 87.5%, CVDE 71.9%%2t 63.8%, CHDE 57.2%2t
X=35}9IC} 554%, HFE 52.6%2t 40.8%, Stroke= 52.4%2t 44.6%9
HMEE EFH Qo FVHo=z EXNQ CcvD QX ds2 E/JRSO, CVDR CVD-free 7H2| Fl-scores= 76.5%, 4
1070 M3 CvD O|F RO EFYo=E ALESIRULEL classOlM£ 59.1%2| 462 2Lt
SVM-RFE= Z%|H9| EFE MES= Wy T Lz, 2f & dAFoIM Hoter 2H-a 7|ESl 'Y 7ol Xo|E
SQHEHI Ze= 2F 7ZF of#Z 0|835t0] 2EHZ YotE7| s FIt AH¥ES FHSIUCE YHEFY
Zdoict. 25 7t ool AS4E 2YEYo| A QIXs ZEES CHASHA X830 H&5EIIE S,
bgsta, dEEol A2 EF &2z A 2 HH USKs EE2 ANN, CNN, SVM, LDA, k-NNS 2831,
HYE YLt F N30 ZE EYHEHE 08510 Y EFYE EXUFE WEES EES Al EESHK| e
2g8s S, It 29EEo| 22 EFYES MATLE ALE Lo "HIISHACL 1 ZAnt 2 AF0AM FH et
O 2, MAEX %2 EFYES 0|85 EF HA UdEES ZEO| CfE 2O Hg o 53 ds52 EQUCH MEtM
CHAl =™l35l0, o ade StLtel EZO0| @S M7tX| &2 AFoM HMAIS +=HIZFOoHeAte] MYEES o=
gtEEICE ZbY Omx| gl He £7F0| JtE 2EEo| 2 ZEo f4dE 5o, sHZH| At d=
E4o|n, 2E=0| Z w2 EXISS IYSHAM 10E o] LMste JjoStEd MER oF JtsdE
HEMel sts A HIHE SO A9 £ JiF=E AHAHQ HMASHLCE mEtM 2 ATFOM KA gnzlEES Sl
ds2 B0l EFS MHsLh O i zao EF FUHZZHN fdeS XS HIHQ X228 &1,
=2 ZHHo Hs2 EOle 11749 €8 EZo| =HzgFofel SEtEsiel AEaAss  oeste
MEA|QUICH 3 EFYcz MEE A F A3Xs 7|dte] =ZHEEH = U2 A= AMEEICH
HYE EFE HE E2 ds2 EOol= EFHOICL Ol=
7|E9| MEmESE oF0Xt Qo CBX|s 7|He] MzEE 4. ¥ EH
ot2tojg 7t 583% QxR #8&F £ QUChs 7ks4dE  [1]N. Collop, "The effect of obstructive sleep apnea on chronic
HojEL medical disorders." Cleve. Clin. J. Med. Vol 74, No. 1, p72-78,
a8 12 dagadste| wWe Jtsde dFSH| et 2007
ZEo|Ct ¥ EFYEZ FESH/| gt EE HE = SVM  [2]J. Kim, et al. "Pre
DHZ Sd 108 Qo] CHD, HF, Stroke2| 4 O{FZE valence of sleep-disordered breathing in middle-aged Korean
o=t X CvD2t  CVD-freeE  O|=StE  SYM menand women." Am. J. Respir. Crit. Care Med. Vol. 170, No.
(SVM_CVD)E 7N CVDZ £7E ZL, CHD, HF, strokeE 10, pl1108-1113,2004
=7ot7] /% OvO (One-Vs-One) CtE 22 2/7|E  [3]A. Shah, et al. “Building a rapid learning health care system
AZICHL 2 Ao 371 EtZ Z2HA(CHD, HF, Stroke)E  for oncology: why CancerLinQ collects identifiable health
2235171 I8l 3712l sVvM 2F7[(SVM_C-H, SVM_C-S, information to achieve its vision.” J. Clin. Oncol. Vol. 34, No.
SVM_H_S)Z E3f incident CVD outcomesZ O =3} 2L}, 7, p756-763, 2016





