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Sleep Apnea Detection by Combining Long Short-Term Memory and Heart Rate Variability
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Sleep apnea syndrome (SAS) is a prevalent disorder which causes daytime fatigue with increased risk of cardio-
vascular diseases. A large number of patients are undiagnosed and untreated partly because of the difficulty in
performing its gold standard test, polysomnography (PSG). In this research, we propose a simple screening method
utilizing heart rate variability (HRV) and long short-term memory (LSTM) which is a kind of the neural network
techniques. The result of applying this algorithm to clinical data demonstrates that it can discriminate between
patients and healthy people with high sensitivity and specificity.

1. EC®»IC

R A IRE JIE R IR (3 7 (Sleep Apnea Syndrome; SAS) (XMl
A R RS 1 3 7 I OO R AN BT 2R RE T b
0 JEIEIRAKIEIRAE S (Apnea Hypopnea Index; AHI) 735 —
10 BA L DREIRIFIRIEE I, BB OISR & DB FIERE S
REEZ T [1]. AHI &, MEIR 1 K dH 72 b OMEIFIKS L OMK
IFEDEETH D, SAS DEEEDOZEIZH VoD, 4B,
MO IE 10 B EHSAME 1S 2 4RTE, (KIEIR LR ST A
50% BAEAR R U7z 4kfE8AY 10 B LA Lkl 5 2 RETH 5.

SR O EEIR AN E X N 5 72 DFREAHME S g, B
DOMEIRPEF I DETE2EL DI DH D, EFRDIRIK &
BB, WEZ Lo TELDZL DD, SAS AN HBHEFER A K
I HHEMEIIREED 2 - 10 ff 2 Wb TE D [2], SAS D%
Wb & OCBBEOELN R IREVWEEZIOND. 5T,
SAS XIF L A Y HREERDV NI — A TE ZGEIMTEAE - mH)
Mt - BN REE D ) A2 25 5728, SAS DI#EIZ T
WHHEETH . [3,4)].

SAS DIF L A LIF EKEDE - HIZEIZL 5L DTH DT
&, WEARHIZ Y A 27 2355 URRIZIGIE 2 0 5 2 LIz k-
T5GE D PZE % B 1R 2 K fsebs EIF IR (Continuous Posi-
tive Airway Pressure; CPAP) MMUERMZRIAHEE L o> TW»
%. SAS 1% CPAP I & D IEIR X AETGEHIERO G0 X2
NREIND 5T ERTH D720, SAS OFRIHLE LU
RRIZEETH L. EFRABTICLD L, HATO SAS A%
I$BM3.3% , ZM05% THH, BEBIL200 TJALWE X
NTVDEHN, HEMN SAS THEHZ & EHARLTVB AIDR
<, ZBLTWDDIE 12 JTAITEE RN [8,9].

SAS DFEEZWNITITIRIEIR R Y 7' F 72 (polysomnog-
raphy; PSG) AW SN T WS, PSG (R O 5k D0
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- i - ITIREIR - SpO2 72 E & EHIIL, SAS DA X HAE
ERFARDZENTEZMETHS. L1L, PSC DF—X
HUAS & fifhr 1 SRS AR & R B 2 BB L 5720, ]S
N7 TUNERTERVDODVBRTH L. £Z T SAS D
PWrzlE, PSG OMEIHH D —#E AW SAS fli%E =4
PHHATNE ZeWH5. SAS iFE=R I EETHHATE
5500, FYIRERIIZEMC L 2HEEPRETHD, KiE
DEZL BT UHASB TR [10]. Lzd-T, EETFR
IZ SAS AR A2 ) —=v 7L, ZOEFUTIE U CTHEYTE
BOZBERTIENTELVATLADVBETH 5.

LI AT, MEHREHZMITRS U < I3MERITERIZZ3 5 &, [fid
T FEAAFIE DK T 72 02 & 0 HAHRIEE)NC 2 A BN S Z
EDHISNTEY [11], ZOL{bEBHTENIE, SAS 22
V-V I EFEBTES L EZ5NS. DHIZH (Heart Rate
Variability; HRV) (& MRS & BIRAH 5 Z s 0
TW5BA, EEIZ SAS BEORITIREEIZIE HRV B£4LT 5
EWIRENH B [12-15]. HRV F— X DIEITIE, AT —
R B EREEDPOBFICIETE Y =27 7 T IVFHIT N 1
2 [16] BRHTES. ZNEHAVWD Z LT XD, MEIRREIZEREX
U727 — &2 5 HRV f##fi 217\, SAS BEER DT EM: %
EECHiEICHETE S LD IThdEEZONS.

ZFIT, AMTIEHRY F—&&, Za—F kv N7 =72
O—FTH D EETER S SAS A7V —= Vv I %75 F
HEIZDOWTHRET 5.

2. DIREEIEN

2.1 RR [E&

HRV it M1 0 &3 hEROREHNE—2 (R
W) oMk (R-R inteval; RRI) ZHUf5 3 2 00— TH
BHH A 5/EN~ RRIOZO Y F&F 2 I0RT. 20X
30z, BB ZME T TH RRIIKIFRZ: XI2 & 20 8% 203
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I5LTHLGMNZ RRI % 60 BRIl —EDRIDX
Mz 2EIL, KEWIZE&E £N5 RRI 7 — &0 5RO 72 FH%
DEL, FRBGESREE» SR O N R Y 2 REE L LT
SAS DAY ) —= v T HRRATWB LTI L IFIET S
M [17-19], A#FZETIZ RRI F— X DA% ANT SAS L
fEHE DD EIT o7z, FRRORAFBEZFLET 25 DD [20]
AR CTIRERRBSE D = — X2 i & 2, FXHEIZH 1) 5 IEFITR
DEIEIR O FIRI 721 TR L % OHERFE A SAS ITHEEL T
WD PEOHR &7 7.

2.2 BHHE

il
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/\ | J\
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885 935
[935, ..., 915]
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3: REE A ¥ — 4

PSG 7— & 5135 N7 kg O 11 FHEL0ERI2 S RRI
[msec] ZHitH U7z, ZhEk M3 DLSIZ 60T LIZHEIL,
XEINTHAEL - RRI 2L TRBENRZ b e Uiz, 74
B, RRI DHIE I AERMRTH 5720, FHERZ MLOEX
WBHETH D, X517, Hififiic & 2HEFHFIZHE VT, KIX
% PR 2 RS T1) A, EHEMEREZ RS [0) HTIN

VU7,

£7%, RRI T— X DMAZEZRIT 5720, KBET LD
RRI 7—& & H\WT¥H 0, B~ 1 ITIEREL, 2hoeo
N7 bV EMAGDETIIMMAT — X 2 FERL 7.

2.3 EFI

Y

KRR T — 2 LTSNS HR=a—F)bxy T —
2 (Recurrent Neural Network; RNN) @O —#iT&» % LSTM
(Long Short-Term Memory) (& RNN T4 U 2% A fidiH 5k - /&
FafFRLizewi o L<{HwoNS. LSTM O %
AR U, SEAWS LSTM ®%y k7 — 2 Kk [21] 12,
HWHD RNN DL SO XA LKAV b TOHOEATE
VTS 21T, RIINAREZ T 25l v 2

Bt BRI A SIETAREL DR EIRT 2 [5Hr —
(0], A SEBERNEREBERT S (AT — N (1)),
BHINZG R S T REEDEERT S 17— (o)l
E¥ET 5 [22]. ARHTIE LSTM 2AWT, £ RRI Z#&#1 L
THRONEREEANY MVE AT L U, & XD EIER A E 5
IR A DGR %2 03 2 ET V&2 AER L 72,

CL’/X\)_’@ Cy >
I &
g i h
h [Sigmoid” oy J‘SigmidJ[Singid ]_0> (X>—t>
t—1 4+ 4+ 44 44
Xt

4: LSTM DR [22]

AEFFETIEAS - LSTM 1 & (32 units) - HHD 3 DX v
N —2 % HWT, #EE 0.01 ® Adam optimizer (2 & Y
WALEITWE T IV EREEL 2.

2.4 SAS BELREEOHE
WERFE Y SAS TH B & HIES 272012, b Zic
apnea/sleep (AS) ratio Z & U7z
A =100 to/t [%] (1)

712U, ta IEETINC Ko THERE S 72 SIEITIR ORI D K &
[min], t (ZMEMKFH] [min] TH 5.
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A DB DHEME A DLEOWERH % SAS, 5 THRWHERE %
fEH e HE L.

3. EREKT—49~DIGH

3.1 HREODOEM

B ER K FHEMEHZ THRE 28 4B L OHEH 39 440
DOIEIRTF PSG F— & 2WEEL . 2B, AF—RIES LV
fiEfr %, WEERKEREREMEZESXOARO T, FEi
X7z, ECG BMIARL LI, FEBRICMBTRERT — &
NEEGTE-DIEHE 24 A0 B LU H 35 #HThHh- 7=
PRI R D 59 ZOWHREDOEMEER 1 ITF LD

1 s ORI

Male Female
Age AHI0-14 15-29 30- 0-14 1529 30-
18-30 7 0 0 15 0 1
31-50 7 2 5 6 0 0
51-80 0 7 7 0 1 1
3.2 f&ER
X 512 (a) JIfT—% & (b) MGEET — & (B 2 HE

Z & D AS ratio R U7z,

SAS O#MHEHETH S AHI 15.0 IZHHIE (a) @ Patient
5 (AHI: 15.3) ZIEH & HEIFROBIH & A L, HEEED AS
ratio (0.168) ZBlfi A LFEL-L A, ¥ - FREL D
12100 % CTHRECHEEZSHET LIV TER. £/, B
FEF T — 2 2BV, BATEDY AS ratio I 0.399, fE#
D) AS ratio 1 0.058 TH O, FEENED SN (p <
0.01).

4. ER

4.1 HITHRE OB

JeATHSE [17) Tk, RRI 2 Sl U7z HRV f8IE L Bk
FETFEO—DTH LY K- MR X =<V (SVM) Ol
AhEEHAVTEE 100%, FRE 86% THRHAZHIIL TV
%. —7F,RRI & LSTM DfiALGhEZHWREERTZ O
SeATIGe % LR AR AR U7, HiE » LT RRI 2V 5
Tk, BEETLVIY AL LT LSTM 2H0W5Z 20
EhoAEER FICHES L TWEDO0 2 MRS 5 BMNER
LT, BfTIETHWSNAZE DL E L HRV 82 LSTM
EHAGDOETHE LR L. ZORE, BE 96%, FH
82% L0, BEIXMFEICLELTEVwWEDE o7, L
Mo T, BEM EIZIIEEES LT RRI 2HWA Z e DEE
ThHAREMELED D, BIZRRINT—XTHDI L %2E@LT
W2 SVM TIRFEFT E TWAW RRI RERFI T — & DR
% LSTM TR TETVIRENEZISND.

4.2 BEOHEZE=Y DR

2 IR DREN L SAS G E =X B L CIREEDKE
R RRT (23] ZORKD, REFRIIMLD SAS i
EZXR LD EWHEELZ RTINS, X512, FIHEEDE
FUIZBWVWTHIREEITIE SAS 5T = X ~DEMIEDFET
5. HiO%H B X CEMIZE 2EBENBETH D SAS fis
TR [10] 12X LT, BEEIIMAT —ZOAIEDINZF
ETHBEHTT7 I TV v 2AVWE I L THTHR
BB TE, B LZMAT — RO HEITIT 2 5. D

F 0, REERIEKED SAS fiiBE=2&0dH, FLTD SAS
A7) ==V ZIELTWS BRSNS,

# 2 MEOHSE =X B X OIREEONE

Product Sensitivity [%]  Specificity [%]
Healthdyne 202-11 Oximeter 97 80
Nellcor N-200 82 76
SageTech SNORESAT 100 63
ResMed AutoSet 3.03 97 32
Criticare 504 5 Oximeter 67 92
Konica Minolta Pulsox 7 94 62
FEFER 100 100
5. TEHESHRDORE

AW TIE, &2 RRIF—X&=a—F)L 32y b T—2D 1
OTH5 LSTM Z MW7z SAS A2 ) —= v I FiERREL
7. BEEIETIX, SAS BB L O E OREIREOT — &
5 NMAZAE) & REARHIGORE 2 F O C IR - 5 RG] €
TIVEREEL, WERFE OREIRREIMAT — X 225 SAS A% f
ET S, REEAMIKT —XICHALE A, SAS BEx
JEEE 100% , (%5 2R 100% CHRIETE 7. Zhidp
KD SAS fHFE=X % LEIZMHETH S,

SHBIEIA—-—T T —R%EL PSG T =Xty ML T
AFEEEHT 21E0, KEBZR PSG 7—2IELTS. £
Tz, RWISETIEE T VOMELMGEE PC ETi-720%,
SEMNCIEIREIEERZ A =N 740D T 7TV UTHEEL, v
7 I TNt Y ElAS DY TEE T AT RE SAS 2
IV = VT VAT LERRT B, BRI, WEREICY =7
Z 7t VY R B X TR E R R E BGE L, B
WHoERlZHIET.

A

ARFZED—H L, BIFERE A #17H00872, JST X &8
\7 #IJPMJIPR1859, RIEEAMGIRIIGE, (4755 Bz %
TEMmEE 7=,

S SR
(1] FRG: WERRRS SEIRE RIS K Ty 2| 2 EE
(2010)
[2] CF P George: Driving and automobile crashes in pa-

tients with obstructive sleep apnoea/hypopnoea syn-
drome Thoraz, 804/807 (2004)

[3] Peppard, Paul E., et al.: Prospective Study of the As-
sociation between Sleep-Disordered Breathing and Hy-
pertension, NEJM, Vol. 342, No. 19, pp. 1378/1384

(2000)

Reichmuth, Kevin J., et al.: Association of sleep ap-
nea and type Il diabetes: a population-based study;
Am J Respir Crit Care Med, Vol. 172, No. 12,
pp. 1590/1595 (2005)

Engleman, Heather M., et al: Randomized placebo-
controlled crossover trial of continuous positive airway
pressure for mild sleep apnea/hypopnea syndrome; Am
J Respir Crit Care Med, Vol. 159, No. 2, pp. 461/467
(1999)



TH4-)-

13-03

The 33rd Annual Conference of the Japanese Society for Artificial Intelligence, 2019

AS ratio [%]

(a) AS ratios of modeling data

1.0
EEm Patients
B Healthy people

0.8

0.6 4

0.4 1

0.2 1

0.0 -
12345678 91011121312 345 6 7 8 9101112131415161718

Patient number

5: AS ratio:

[6] Douglas, Neil J.: Systematic review of the efficacy of

8]

[13]

nasal CPAP; Thorax, Vol. 53, No. 5, pp. 414/415
(1998)

Engleman, Heather M., et al.: Effect of continuous pos-
itive airway pressure treatment on daytime function
in sleep apnoea/hypopnoea syndrome; The Lancet,
Vol. 343, No. 8397, pp. 572/575 (1994)

ORI AAST-: B ZE M R AR SIENP IR MG D A Wi o & M2, 4R
i 35#Y, Vol. 30, No. 2, pp. 179/182 (1996)

JEEIT A K 23 AR AR T AR AR B WA
JE; G473 (2011)

Chesson, Andrew L., et al.: Practice parameters for
the use of portable monitoring devices in the investi-
gation of suspected obstructive sleep apnea in adults;
Sleep, Vol. 26, No. 7, pp. 907/913 (2003)

Somers, Virend K., et al.: Sympathetic neural mech-
anisms in obstructive sleep apnea; J Clin Invest,

Vol. 96, No. 4, pp. 1897 (1995)

Marin, Jose M., et al.:

lar outcomes in men with obstructive sleep apnoea-

Long-term cardiovascu-

hypopnoea with or without treatment with continuous
positive airway pressure: an observational study; The
Lancet Vol. 365, No. 9464, pp. 1046/1053 (2005)

Dingli, K., et al.: Spectral oscillations of RR intervals
in sleep apnoea/hypopnoea syndrome patients; Euro-
pean Respiratory Journal, Vol. 22, No. 6, pp. 943/950
(2003)

Keyl C., et al.: Heart rate variability in patients with
obstructive sleep apnea; Clin sci, Vol. 91, pp. 56/57
(1996)

Shiomi, T'., et al.: Augmented very low frequency com-
ponent of heart rate variability during obstructive sleep
apnea; Sleep, Vol. 19, No. 5, pp. 370/377 (1996)

(b) AS ratios of validation data

1.0

0.8

0.6

AS ratio [%]

0.4 1

0.2 1

0.0 -

[16]

(17]

18]

(19]

[20]

21]

22]

23]

EEm Patients
I Healthy people

123456789101112 34567 8 91011121314151617
Patient number

AT — 2 (f), RAETF— & ()

Yamakawa, T., et al.: Development of a wearable HRV
telemetry system to be operated by non-experts in
daily life; APSIPA, 2013 Asia-Pacific. IEEE, (2013).

C. Nakayama, K. Fujiwara, M. Matsuo, M. Kano,
and H. Kadotani: Development of sleep apnea syn-
drome screening algorithm by using heart rate variabil-
ity analysis and support vector machine, IEEE EMBC,
8165/8168 (2015)

A. Kaguara, K. M. Nam, and S. Reddy: A deep neural
network classifier for diagnosing sleep apnea from ECG
data on smartphones and small embedded systems, BA
Computer Science (2014)

D. Novak, K. Mucha and T. Al-Ani: Long short-term
memory for apnea detection based on heart rate vari-
ability, IEEE Engineering in Medicine and Biology So-
ciety (2008)

R. K. Pathinarupothi, Vinaykumar R. , E. Rangan,
Gopalakrishman E. and Soman K. P. : Instantaneous
heart rate as a robust feature for sleep apnea sever-
ity detection using deep learning, IEEE BHI, 293/296
(2017)

Felix A. Gers, Schmidhuber J. and Cummins S. :
Learning to Forget: Continual Prediction with LSTM,
Technical Report (1999)

SR =25

7N = oH

Wik anrolfid T4 =77 —=v72
B A 7140 — - Yy o3y (2018)

—HA

Flemons, W., et al.: Home diagnosis of sleep apnea:
a systematic review of the literature: an evidence re-
view cosponsored by the American Academy of Sleep
Medicine, the American College of Chest Physicians,
and the American Thoracic Society: CHEST Journal,
Vol. 124, No. 4, pp. 1543/1579 (2003)





