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Abstract

Due to long working hours and heavy workloads, laborers in Taiwan are suffering
from increasingly serious sleeping problems. This is especially true for labor managers, who
have to work longer hours, take frequent business trips, and bear the burden of
decision-making, and thus are afflicted with greater responsibilities and heavier stress.
(According to a study carried out by TAPAS, the stress hormone level in the high-ranking
managers is 25% higher than in general workers.) Such managers, therefore, may have more
serious sleep problems than their subordinates. The main purpose of this study is to evaluate
the related problems and propose sleep-management solutions for labor managers.

Subjects for the experimental group were recruited mainly at sleep-health lectures
organized by businesses, one each by the Taiwan Power Co., Chinese Petroleum Corp., and
Chunghwa Telecom. There were 66 labpr directors participated in this study including 36
experimental group and 30 control group. Questionnaires on perceptions of sleep quality
were collected from managers from the three companies; autonomic nervous system heart
rate variability (HRV) index measurement and polysomnogram (PSG) objective sleep
quality index measurement were carried out; and the results were used, in combination with
with home RSA-biofeedback training, to evaluate sleep-quality improvement. About 30%
were found to have PSQIs smaller than five (meaning good sleep quality) and about 70% to
have PSQIs higher than five (poor sleep quality). In addition, regression analysis was used to
identify the correlation between the subjective scale and HRV parameters. The PSAS scale
had a relatively significant correlation with the HRV time domain parameter RMSSD
(p-value=0.043), and there was also a significant correlation between the ISI scale and the
HRV time domain parameter SDNN (p-value=0.043). PSG testing revealed that during the
sleep onset stage, high-frequency (HF) HRV gradually increases from full wakefulness to
sleep and then is maximized in deep sleep. During periods of rapid eye movement (REM),
HF HRV gradually decreases. The subjective scale PSQI also revealed cases with a wide gap
between self-perceived good sleep quality (<5) and self-perceived poor sleep quality (>5),
and the PSG test also indicated poor sleep quality from objective sleep quality indices such
as sleep efficiency, deep sleep ratio, and wake after sleep onset (WASQO). Cases with a
relatively wide gap between those with (AHI>5) and without (AHI<5) sleep apnea syndrome

reflected the poor performance of objective indices derived from PSG testing. The HRV HF



parameter can be used as an important index for observation of intervention for different
sleep stages. SDN and LF/HF are important parameters for the evaluation of the sleep apnea
syndrome at home.

After consultation with experts meetings and the collection of empirical medical data,
the researchers proposed the use of single-vital-sign ECGs to extract HRV for the detection
and screening of sleep quality at home. The solution used included a front-end integrated
wearagble device (output of RRI and ECG) and a back-end event extraction engine
(including detectable sleep model, sleep quality, and sleep apnea events). This solution can
be used in the future to provide sleep-disorder detection and prescreening-related services for
labor managers; it can be extended from hospitals and clinics to homes and communities,
facilitating the modularization and customization of sleep management services to meet
individual needs. The construction of an automatic assessment model for sleep stages was
accomplished using PSG test data as the primary training database. HRV parameters (SDNN,
LF/HF, HF, etc.) were introduced as key parameters, and the Support Vector Machine (SVM)
algorithm was used to build an automatic classifier of parameter vector spatial information.
The accuracy and reliability of the automatic classifier were verified using the Test Group.
Results show use of the MIT-BIH Polysomnographic Database can produce an accuracy of
80% or better in the identification of the stages of full wakefulness, REM, light sleep, and
deep.

This study of sleep quality detection at home used single-vital-sign ECG, and its
feasibility was verified. RSA-biofeedback training was incorporated into the study.
Observation indicated that if subjects practiced home RSA training and exceeded a certain
number of accumulated points (about 1,200), the frequency domain parameter of their vital
HRYV index was found to have an increasing trend while LF/HF had a declining trend. The
HRYV time domain parameter, SDNN, also evidenced an ncreasing trend. These results can
be used as a reference in the further design of RSA intervention dosage. It is suggested,
therefore, that ECG-based sleep quality detection in combination with RSA biofeedback

training be adopted as the solution to home sleep quality management by labor managers.

Key Words: labor directors, autonomic nervous system, heart rate variability, sleep quality,

respiratory sinus arrhythmia
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Association of DIS with job stressors, social supports, and psychological stress reactions (n = 1091 —1161)

Crude Adjusted® Adjusted”
Job stress scales OR 95% CI p OR 95% Cl P OR 95% C1 P
Job stressors:
Cognitive demands (high) 1.5 1.0-2.0 ® 1.2 0.8-1.7 NS 1.2 0.8-1.8 NS
Role conflict (high) 1.6 1.1-2.3 * 1.3 0.8-22 NS 0.7-1.9 NS
Social supporis:
Family/friends (low) 1.5 1.1-2.2 * 1.2 0.7-1.9 NS 1.1 0.6 1.8 NS
Psychological stress reactions:
Job dissatisfaction (high) 1.6 1.1-24 * 1.3 0.8-22 NS
Depressive symptoms (CES-D 16 =) 25 1.7-3.8 b 24 1.4-4.0 =
@ . . . . .
Association of DMS with job stressors, social supports, and psychological stress reactions (n = 1091 -1161)
Crude Adjusted® Adjusted®
Job stress scales OR 95% C1 P OR 95% CI p OR 95% C1 P
Job stressors:
Intragroup conflict (high) 1.6 1.2-23 = 2.0 1.3-3.1 ** 2.0 1.3-3.2 =
Social suppores:
Coworker (lower) 1.5 1.1-21 * 1.1 0.6-2.0 NS 1.1 0.6 1.9 NS
Psychological siress reactions:
Job dissatisfaction (high) 1.5 1.0-2.1 N 1.7 L1-27 *
@ . . . .
Association of EMA with job stressors, social supports, and psychological stress reactions (n = 1091 —1161)
Crude Adjusted® Adjusted”
Job stress scales OR 03% Cl p OR 95% Cl r OR 95% Cl1 r
Social supports:
Family/friends (low) 27 1.0-6.8 * 4.5 0.9-22.5 NS 4.1 0.8-21.6 NS
Psychological stress reactions:
Job dissatisfaction (high) 24 1.0-5.7 * 39 0.6-26.5 NS

i1 2 R T : BB SIS sk (AR
}%,‘ (1) - (3) 53t DIS - DMS & EMA =38 s r‘%bﬂ*rﬁijﬂj Y
s [4]

FSIHRV ORI 7 0 6 4 i 2 S B G P T L [ SRS 1
MR R > T f‘e@j*—}ztﬂf@ﬁh (Job-Demand-Control Model)g5 " 1t —[p
BE-R LR | (Effort-Reward Imbalance Model ) » == /g Fﬁ\‘ {<$;\:§f",$rf—'1p Uk Bﬁéé FTJ o
BT pag-K B(Effort-Reward Imbalance)[N3k » 5[[15F T (57§ (35-44 mR)d [FE -y
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Regressions models

Model 1: adjusted for age, children, marital status and personal income.

Model 2: additionally adjusted for physical activity, smoking and BMI.

Meodel 3: fully adjusted model including DRM-derived daytime or evening (as appropriate) positive affect and stress.
HRV. heart rate variabilitv.
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Decision performance on the training set and test set by HMM classifier

Ser (%) Specificity Acecuracy Sensitivity
Training 80.9 76.4 69.2
Test 85.1 79.3 70.2
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Correlation)

with CAP as a sleep marker

SoEEl b [EREE D) PR R e
R FHER o A el Bonnet and Arand NREM: HF +, LF -;
(HRV) 547 |a997) [15] Wake/REM: HF -, LF +
scholz (1997)[16]  [NREM: LF/HF -;
REM: LF/HF +;
Bonnet (1998)[ 17] Chronic insomnia than normal: lower SDNN,
O6HF;
higher HR, %LF
Otzenberger Autocorrelation of RRI
(1998)[ 18] correlated with LF/HF
Elsenbruch From NREM to REM:
(1999)[19] HF - & LF/HF +
Busek (2005)[20]  |REM: LF, VLF, LF/HF +;
NREM: HF +
Shinar (2006) Sleep onset: RRI increase, LF/HF: OSAS & VDS higher than Normal
i[21[22] \VLF/LF decrease
firwin (2006)[23] For alcoholics, lower HF during awake and
sleep
[Lanfranchi (2007)[ 24][From NREM to REM : Remained stable in RBD subjects
RRI&HF -; LF&LF/HF +
Sforza (2007)[25] LF/HF, %VLF: SRBD & PLS/PLMD >
insomnia
Carolina Lombardi For EDS, higher LF/HF and lower BRS
(2008)[ 26]
\Wenli Wang Higher RDI, Lower mean RRI and HF during
(2009)[27] wakefulness
Spiegelhalder From wake to sleep, HR-reduction & SDNN:
(2011)[ 28] insomnia < controls
T g Mendez (2010)[29]  |Decision-Support System to
classify REM and NREM
S T AT [wakuda (2004)[30]  [Sleep staging with largest
Lyapunov exponent in time
series
L EI"&%EL FL\' S | o qﬁ ,?*%‘ﬂﬁ]?%‘ Cabiddu (2012)[31]  [HRV/Respiration coherent in
(CPC) 73 # the HF band during NREM
(Coherence Thomas (2005)[32]  [Coupling spectrum correlated

(ffﬁjﬁéf: OSAS: Obstructive Sleep Apnea; VSD: Various Sleep Disorder;
RBD: REM Sleep Behavior Disorder; SRBD: Sleep-Related Breathing Disorders;
RLS: Restless Legs Syndrome; PLMD: Periodic Limb Movement Disorder; CAP: Cyclic
Alternating Pattern BRS: Baroreflex Sensitivity;
EDS: Excessive daytime sleepiness; RDI: Respiratory Disturbance Index)
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4. PPl Pulse-to-Pulse Interval, 5. CAP: Cyclic Alternating Pattern
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E Y7 ,J‘ﬁ"r(CBT DEL= oI AASM(American Academy of Sleep Medlcme) Sy pu‘ﬁ’ﬁfﬁlﬂb
= wrrrﬁ&ﬁ;g@m I[33] -

EEE e [N R P PO - SPIEE B I A
Apps F”Flk’ FE”;UME F[V_E*f“if i 51ﬁ§m ISNNEIPETEN —I‘*Fﬁjgu%ﬁgr?ﬂmt@
if}@‘t (Computerized Cognitive Behavioral Therapy, CCBT ) [34][38] - I 3% | F=-El {4 felisk
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80 7 M CBT post-therapy CBT follow-up
B IRT post-therapy IRT follow-up
70 W TAU post-therapy TAU follow-up
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50 1

Achieve SE Achieve SE Achieve SE
80% 85% 90%

[ 9 CBT, IRT, TAU et [35]

CBT: Hiﬁll_ftﬁ,f“l’ﬁt; IRT: 4 %R (imagery relief therapy)
TAU: ﬁ H E“EE\H /¥ (treatment as usual)

bY9t o I PT % 2E[p 85 (RSA  Biofeedback) s flL 7 €5 < i) iU i 1 %0
[38][39] - =k % ZE! [l AR Ak LA gk~ Ff (Baroreflex)ZH 44 [40] - E'I P AR 55
5534 6 TR AL (Baroreflex Gam)}{jff@p o [l 10 B PR
%&[Igﬁanf@Fqu » LBITHEE RRI J@%@Z = :’rrF{II ’Eﬂg‘@«ﬁﬁr@q _“El% R iy
SRRl (HRV) APV 1555 A i 0.1Hz =7 [ﬁ' 11 o PIFE T

LRI HRV 2 R RCE IR e o S SR VR T [41] > A
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%1k i (Polysomnography, PSG) o I3t E{794¢ i F[ i1 10 %lh‘?ﬂ}_ A RIE
PR F 880 ORGSR = ) R -

JIL
G
Mg

BIC &Y I 2
- TR R
AR PR S EH - KRR Fff’“i SV U l"Ei*‘j%ﬁ’ (0 TR 2
FlE i €74 B HRV. Monitor » 1" ASSIEE R » RIS 53 600 R g
BTEISE RRT > g1 14 773 -

[ﬁl 14 &/ E] HRV Monitor
T SRR 25 P (PSO)
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PSG A if (A28 W RN Lo VBRI - o B B 2 5 R A R
B PSR R R R OE T < SRRz BRI PSG BRitsEL Somte PSG
FSF?F"[*%?»EU,% Embla N700 - Ari> & Fi%éﬂ«ﬁcp Fﬁ AU ERH ﬁ‘g[ W il
(Electroencephalographic activity,EEG) ~ 7t FF“‘ q%ﬂ (Electromylographic activity,
EMG) - EEL [ﬁl(Electrocculogram EOG) - \%ﬁl(Electrocardiograph, ECG) » "5
?F@’((Oxygensaturatlon, Sa0y) ~ [~ [k 53k (airflow) ~ = I i i 32T B > 2 2 (sleep
position) o FEEIVES 1T 200Hz - ST AT 30 FhEG— epoch [EER[E PR FEAEI L -

1= 4] B F‘J"ﬁ'

RIS PORRR 8 e SV S BIAFE T~ I OT 8 HRY 2T
PSG #iljz ] - ﬁsﬁvm :

- rmﬁ@:%ﬁ:

ERY |L % B13EL 0 PSQI ~ PSAS ~ ISI & PSS - PSAS/ISI/PSS fﬂi Sy B
IR Vﬂ * [ PSQIF 75 =4 'IJ%‘”EWIT%* °
= HRV sl
[T 55 SR = HRV 534 ') 55 [ Kuopio 5B 52. Kubios(ver. 2.1)
7 ETHRV 247 = F;lﬂwglrvll 2 (a) Efﬁjfm% mean HR ~ SDNN ~ RMSSD ; (b)
Jpiist 5377 ¢ Total power ~ LF ~ HF ~ LF/HF 37 #3115 7 « 25 (=t
FEFFUISEOE T - PIRLRIVED Fast Fourier Transform(FFT)FVEH fIwdiN
PR HRV I PSG il ECG RUl Pk “iZiif Kubios(ver. 2.1)
FIVRRI > FII 5B NIH %ﬁfﬁPhysmNet L VREFER T~ epoch [V HRV >
A& W= PSG Q*yFFJ/FTJ*‘"EfJJ
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Time-Domain Results Distibutions*

Wariabia Units Walue
Mean RR* {me) 6643
STD RA (SDMM) ) 186
Mean HR® [1min) 90,40
STDHA [1min) 258
AMESD ) 13.0
HMED (iount) o
BNMNSD %) 0.0
AA trianguiar indax 5278 am EM am cam az = = =
TINM {m=) 76.0 AA (g} HR peatsmin)
Frequency-Domain Results
mwﬂr!wem's periadogram: 256 & window with 50% owarlap) AR Spemg,q'ﬂ-ﬁﬁ mooel order - 16, not facionzed )
25 i as| |
E 2 :i" 2 |
% e . E s |
N . 2 1 |\
& | | ! e :
sl || | fio o 1 E o5 \\\_ e
i III I"«-,‘II I-_.\,.d". o .'\-"I 'I_.f" el | e o ; - — .
a a1 0.2 0.2 ] o5 o o o2 0.3 0.4 oS
Fraguency (Hz) Frequency (Hz)
Frequancy Fagk Power Fowar POWEr Fraquency Feak FOwEr Power Powar
Bana ) ims? 3] ) Band (Hz) ims®) (%) {nu.)
WLF {0-0.04 HZ) 0LO15E 140 B1.1 VLF [0-0.04 Hz) 0.0029 211 TAT
LF {04016 Hz) 0.0684 an 17.0 414 LF {0.0&-0.16 Hz) 0.0430 n 109 41.3
HF [0.16-0.4 Hz) 02600 =i e 581 HF [0.15-0.4 Hr}) 02678 44 164 BB
Total et ] Todal 204
LFHF a.7a1 LFHF 0708

q%.‘.' 15 Kubios HRV Report
= ~ PSG =¥f]

CEVH B PSG % o H E‘}’HE'IEEEE%HWEF‘;( " Fﬁél’;ﬁé‘ﬁﬁﬁﬁﬁwﬁiﬁ
e SR VYR W A ¢ PEPRTES (wake, S1, S2, S3/S4, REM) ~ 23 -
S o ECG B~ P PTS'F LF(Apnea/Hypopnea)w SRR EFEES Z/Dﬁ%?'
16 FF- o BB R] - S 5D OEVHE F - [ PSG $A 0 [7) i F,ziglnﬁ—hjaj’
ER Euﬁ = E%ﬂ\]@lﬁfgv(Total Sleep Time, TST) » = F5k (Sleep Efficiency,
SE) ~ [ A B (WASO) ~ P[5 (Apnea Hypopnea Index)!"} %1
PR AL YA T T (PLM) R 57 %F}%’Fﬁ?“ > YiFe 3 Fra e
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PSG [ UL Gl A P I 3 i

# 3PSG U R A

Sleep Architecture

Normal Range

Total Bed Time (min)  517.0 (419-464)
Sleep Period Time (min)  517.0 (408-456)
Total Sleep Time (min) 3735 402-449)
Sleep Efficiency (%) 72.2 (94-98)
Sleep Latency (min) 15 (2-14)
REM Latency (min)  64.0 65-99)
% TST

Awake (WASO): (min) 1445
Stage 1 (min) 375 10.0
Stage 2 (min)  214.0 57.3
Stage 3+4 (min) 545 14.6
Stage REM (min) 675 18.1

Arousal Summary (#/hr)

Total Arousal Index 25.4

Respiratory Arousal Index 12.9

PLM Arousal Index 0.3

Spontaneous Arousal Index 11.7

Respiratory Events
AHI (/hr)

AHI NREM (/hr)

AHI REM (/hr)

AHI supine ( /hr)

AHI non-supine(/hr)

% TST on Back
Oximetry during Sleep
Min Sa02 NREM (%)
Min SaO2 REM (%)
Desaturations >4% TST (#)
Avg Sa02 at Desat (%)
PLM Summary

PLM Number (#)

PLM Arousal No. (#)

18.3
145
35.6
18.3
0.0
100.0

94
93
11
4

97
2

Obstructive Apneas (#):
Mixed Apneas (#):
Central Apneas (#):
Hypopnea (#):

PLM Index ( /hr)
PLM Arousal Index (/hr):

15.6
0.3
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SRR R 1 B PR LR B E R R Rl
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14 14
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6 6
4 4
’ L _P
0 0 - -
~ 14 15~21 > 21 1~7 8§~ 14 15~21 >21
Ay Pax 1

[l 22 S EIRST

HIEE R - PSQI A 5 5T (B T 1 (%) 744f770% » PSQI [ 4% 5 J5 (12
PRI EE ) A9 30% - PO R Y fR AR SHIEITEA 16-26 53 SIS B RE S
f (77 T&H" 8-14 55 o

1) 3 = P R (BT KT R T LB ARG B AT oy 105 A
1 BRI A2 HRV A1 fr(mean RR ~ SDNN ~ RMSSD ~ LF  HF ~ LF/HF )i
oA IE! 23-25

£-10 1115 0-5 £-10 11-15 -10 1115
Mean BR. (o) STD ER (ms) RS0 )
1200 4 60 1
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1000 4 A0 4
g
500 . é
20 1
NN50 PHNED
¥ 3 80
100 1 40 1
*
50 20 # 07 5
= o |, 0 :
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ﬁ 0 om o
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0-5 115 510 11s -5 £-10 11-15
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% 4 PSQI/PSAS/ISI/PSS = HRV =iy gt

Mean RR Std RR RMSSD NNS0 pNN50 VLF LF HF LF/HF
PSQl4y 246 A7 228 318 .286 .868 .888 .887 649
PSAS4Tifi 339 189 .043 222 .308 553 197 .808 513
ISI535 761 A4 787 .695 578 .560 643 758 725
PSS4 750 436 .069 .042 .083 324 .824 .069 412

[IAET PSQIEIAE HRV s SDNN S AT R p-value=0.171) -
PSAS £ 2 HRV [zt Hr RMSSD ! A1 {2 IJF,FJ*"”‘(p -value=0.043)-IS| £ £.22 HRV
Eﬁ*ﬁWEFSDNN = AT RTRE i (p-value=0.043) « 1| B K (PSS)2 HRV [z
B¢ RMSSD ~ NN50 ~ pNN50 ' #ilsk HF 214 ¢IEJFTHJ*"”"(p -value=0.069) - &5} PSQI
EVATE HRV PR Qoo d 17 o 7 SRS AT g e

PSQI=- 3 + 0.033 Mean RR - 1.09 STD RR - 0.10 Mean HR + 8.69 STD HR - 0.199
RMSSD - 0.006 NN50 - 0.00 pNN50 - 1.58 VLF - 1.58 LF - 1.56 HF + 1.58 Total power -
0.532 LF/HF -

E[1 r-square regression=46.9% > normal probability plot i/[lﬁ%fﬂ 26 F-

Normal Probability Plot
(response is VL2 ERIEHRL EEIZ 258
%
95
g) 4
804
?O 4
" A0
S s
L 40
304
20 4
10
5 4
L]
145 . . :
10 5 0 5
Residual

q%.ﬂ' 26 PSQI — Normal Probability Plot

51= 8 SHRERE IS BT R
SFEFSET 2 A7 PSG AR » (BT PRI R R ST - ¥ 63% PR
(SE)'J 4% 85% » [l T 50%H £ A HEET T~ [Opmpl =g » I 275’3?@;1! 28 i
o ) F-SE W AHIFITE ¥ Ef » Ui 20 FERRT TR H AHI ) TSI o ey =)
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OB RS (] (SE<8596) ¥ 1 H 1 IH(AHISB)ISFHIRE » P11 59% o [N R 1 124
SIH R 77% > YR 30 B o EIREEEHETEE o bl &#ﬁfﬂ“”ff PIHIE) 57%
[~ o TR NS (SE) ([ A 85% 53 IR 27 HR&s it Sleep Efficiency 73 ffjH.
[ERZVRED 4520 CBT-1 852+ 19 AHI #7475 -

M E - OEH FIE*‘EWE“FEBEJ'*"ﬂ Him N 2y R KIE I (S3+S4) pu BT
F'[J iR E E| 81%j1~ ~ £ S3/S4 /[T 20% > ’Q[IJ"EJ 44% 1~ ~ REM 5T 20% o E'lﬁ%\‘
U6 SHPSRE T S2 [UE7I At 50% - SR B AT - R
12 IR - PSG AR o= FXRE LT R %%Fif‘ﬁ%’* EFNL%@*’T °
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Sleep Efficiency (%)
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Subject # (%)

Subject # (%)

ﬁg«\l
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Apnea Hypopnea Index (/hr)
Al 29 WERRUFE AHI ST

100%
80%
60%
40%
20%
0%
SE>85% &  SE<85% &  SE>85% &  SE<85% &
AHI<S AHI<S AHD>S AHI>S
SE & AHI & ¥ F=it
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45 SRH 15 W00 16 B PIIMIE Lt

F9E  PSQI  TST(min) SE (%) WASO  SI1%  S2% S34% REM% _ AHI
16 4 469 914 41 7.4 594 13.6 19.6 0.9
Sleep stage:
' R _mm
W
I . |
#9E  PSQI  TST(min) SE (%) WASO  S1%  S2% S34% REM% _ AHI
15 14 330 61 2065 64 52.4 18.9 22.3 8.9
Sleep stage:
' R
W

N1
N2
N3

1Ly

35

16 15
Wake Mean RR : 854.6 ms, SDNN: 19.5ms, Mean RR : 763.1ms, SDNN: 29ms,
RMSSD: 18.5 ms, LF/HF: 0.727 RMSSD: 33.3 ms, LF/HF: 0.046
T = @ o S i v
S1 Mean RR : 879.5 ms, SDNN: 14.7ms, Mean RR : 785.6ms, SDNN: 31.3ms,
RMSSD: 15.1 ms, LF/HF: 1.079 RMSSD: 32 ms, LF/HF: 3.384
Du > DFfequenw (Zib * ° 00 o OF'fequency (?1; ™ o
S2 Mean RR : 895.2ms, SDNN: 23.4ms, Mean RR : 710.4ms, SDNN: 10.6ms,
RMSSD: 19.8 ms, LF/HF: 0.965 RMSSD: 8.6 ms, LF/HF: 0.622
DD 01 DF,’Qeque"w (i‘i’ 04 0.5 0U 0.1 DF’ZMUENN ﬁ;‘ 04 05
S3 Mean RR : 935.4ms, SDNN: 18.9ms, Mean RR : 701.6ms, SDNN: 8.6ms,
RMSSD: 24.5 ms, LF/HF: 0.192 RMSSD: 8.5 ms, LF/HF: 0.202
OU 01 UF,’ZEqug"w (UH; 04 ) 05 Oﬂ 01 UFIZEqug"Cy (E‘; 04 05
REM Mean RR : 720.7ms, SDNN: 20.3ms, Mean RR : 714.7ms, SDNN: 33ms,
RMSSD: 9.9 ms, LF/HF: 8.349 RMSSD: 25 ms, LF/HF: 0.734
C T e C e
[fif 32 URVH 16 B~ 15 B NS HRV AR (™I




Fo 6 CENH 3 W 4 BF B

iﬂ?ﬁ‘? PSQI TST(min) SE (%) WASO S1% S2 % S34% REM % AHI
3 2 413 80.7 94.5 7.1 57.7 13.3 21.8 0
Sleep stage:
: - w1
T
N3 : :
Apnea event:
Cn.A 5]
Ob.A 3
Mx.A )
Hyp +5|
Uns +5|||| lld- pwerx 1y w31 plul |||dil|-|hl||| Ilu
RERA 3
SHBF PSQI TST(min) SE(%) WASO S1%  S2% S34% REM%  AHI
4 2 349.5 73.1 1195 8.6 4.7 5.7 11 29.5
Sleep stage:
' R o I I (]
W i i
* o -

Apnea event:

Cn.A
Ob.A
Mx.A
Hyp
Uns

RERA
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+5| m L v v ilwuinlinly Gy [P T [T T RN T TR TR ThT may 1
+5|..||.. 1wl il | b1l b b 1 [TRENT | muns
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3

4

Wake

Mean RR : 1416.2 ms, SDNN: 81.7ms,
RMSSD: 99.1 ms, LF/HF: 2.061

Mean RR : 951.3ms, SDNN: 35.9ms,
RMSSD: 23.1 ms, LF/HF: 1.129
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Frequency (Hz)
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# 008

© 006
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D o004
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0 0.1 0.2 0.3 04 05
Erequency (Hz)

S1

Mean RR : 1383.8 ms, SDNN: 52.8ms,
RMSSD: 74.8 ms, LF/HF: 0.149

Mean RR : 977.3ms, SDNN: 44.4ms,
RMSSD: 30.4 ms, LF/HF: 6.694
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Frequency (Hz)

S2

Mean RR : 1372.8ms, SDNN: 64.4ms,
RMSSD: 98.1 ms, LF/HF: 0.094

Mean RR : 974.9ms, SDNN: 3i.5ms,
RMSSD 24.8 ms, LF/HF: 0.882

1

£ o008

% 008
o

2 004

0.02

)

0 0.1 02 03 04 05
Frequency (Hz)
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Mean RR : 1391.1ms, SDNN: 59.9ms,
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Mean RR : 1042.3ms, SDNN: 53.7ms,

RMSSD: 36.9 ms, LF/HF: 3.148
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[ S PP L EL G (OSA, AHISEYEE T e il 1 -2F 53 (Non-OSA,
AHIS)RY T ¥ » I' Two-Sample T-Test 4 PSG Agrfif= Xl BT e~ XY
] HRV VAR RN 7383 8- R PR H SR G R R S (IR
TE P T G B D (P-value=0.07) o (EIRPELTRIpL Y HRV ﬁ[%gégg}ﬁi s
Al B T LPRERARE 2 B o

%. 7 Non-OSA&OSA .V PSG sl F75 gt =1t

NonOSA OSA P-Value
(EAE14) (EAEC)
TST 397.6196.0 362.9153.6 0.265
SE 79.5x17.8 77.8812.2 0.776
WASO 81.3165.7 100.2166.2 0.485
S1% 8.28x5.73 12.65x9.37 0.193
52% 58.3x13.5 58.74+8.56 0.921
S534% 16.0£11.6 8.32:8.49 0.070
REM% 17.48+8.00 20.31x4.66 0.281
. 8 Non-OSA&OSA PSG [V HRV #fIfH52 fyt =i
7
NonOSA OSA P-Value
(FEAZE1) (FEAE16)

AVNN 9751139 913119 0.358
SDNN 98.3x28.2 81.2122.4 0.197
RMSSD 46.6125.7 40.7£30.4 0.699
VLF 81.0£11.0 78.1£15.2 0.694
LF 10.05%5.02 11.85£7.01 0.595
HF 8.9516.20 10.0219.30 0.808
LF/HF 1.45910.961 1.543+0.981 0.869




TR {15915 S B YR

o O HBHRR T Y 2 WIS R HRY AR e 7 SRR

ff0 "] Stress Eraser EdF %’!ﬁ;m Rl o ifﬁ”}“ﬁ A IR0 il *ﬁ&gﬁ;@ 100 %[F I

a\m”‘ : m%f% Wi e

r]E[Jﬂ El% ~ HRV = StressEraser® B

7S |PSQI[ PSAS | ISI | PSS | AVNN | SDNN |RMSSD | VLF LF HF | LF/HF ijéﬂE‘E‘r
1 7 19 |20 15 908.71]  42.48  29.97| 1941.06] 142.19] 308.24] 0.46] 542
2l 7 22 | 9 20 91551 2833 2759 91.90] 163.43| 281.11] 058 338
3l 2 16 | 3 6 1199.66]  65.76]  57.95 2239.26| 822.11| 820.01] 1.00] 435
4 3 27 | 4 13 790.44  57.38]  21.82] 1394.11] 1349.40( 115.63] 11.67] 1631
5[ 7 20 | 14 6 746.90| 2055 30.67] 4340 35.36] 9531 037 1191
6f 10 [ 43 | 15| 22 868.32] 50.89] 31.39] 1309.03| 586.54[ 282.11] 2.08 294
7114 | 22 | 7 16 732.60 26.68) 16.58| 174.64] 106.42| 87.70, 1.21] 577
9 3 19 |1 13 751.11f  22551f 1528 202.77] 175.35| 74.95 234 971
10, 4 21 | 4 16 1038.18]  37.59]  30.31] 414.46] 344.18| 281.20| 1.22[ 790
11 8 48 | 12| 11 868.06) 39.50] 38.38 104.84 518.37| 563.65| 0.92[ 302
121 10 | 24 |12 | 17 876.48]  54.99] 32.96] 1707.67| 1142.13| 301.65 3.79 94
13 13 | 26 | 13| 15 913.99]  30.20] 19.47| 769.74| 264.97| 63.63] 4.16( 935
14 14 | 39 |18 21 792.60| 27.89| 19.77] 335.65| 152.70[ 177.02 0.86] 682
151 12 | 37 | 10| 15 664.26f  18.61] 12.96] 139.72] 38.92] 49.84 078 545
16 8 25 | 6 9 831.94 56.22| 23.16] 301.52] 89.91] 154.13| 0.58( 332
171 15| 32 | 21| 20 753.60] 17.30] 15.64 8516 37.25| 89.26] 0.42] 1200
18 9 46 | 11| 19 776.80|  40.18]  17.96] 479.68] 719.13[ 90.47] 7.95 285
19 12 | 35 |13 9 807.81) 22.87] 19.79] 152.98) 67.16] 125.59| 0.53( 1207
200 13 [ 29 |14 | 18 97258  21.25| 1461 27513 36.76| 37.23] 0.99 0
21l 9 26 | 5 16 892.49] 36.81] 22.37| 280.01] 218.66 390.14 0.56] 1568
220 13 | 27 | 15| 15 992.90] 23.38| 15.02| 154.93| 147.75| 5158 2.86| 934
23] 8 23 | 13| 13 987.72|  29.23]  38.15( 270.71]  77.19 146.72l 053] 2012
24 6 28 |14 | 22 776.11) 2416 16.86 138.72] 97.88( 92.03 1.06 12
25| 4 20 | 5 6 933.65 | 32.03 | 34.72 | 299.76 | 65.10 |628.42| 0.10 120
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F< 10 == BIEIA - HRV 324

A7 [ PSQI | PSAS | ISI PSS AVNN | SDNN [ RMSSD | VLF LF HF LF/HF
il 7 28 10 14 600.81 16.67 7.75 192.77 60.82 [ 28.05 | 2.17
2l 13 26 10 30 908.55 46.06 33.84 | 1015.38 | 716.60 | 537.21| 1.33
3 2 16 4 6 1172.26 | 66.67 57.59 | 1534.50 | 344.32 [625.66 | 0.55
4 2 17 3 11 708.65 63.09 34.03 | 1286.70 | 2887.26 | 562.64 | 5.13
5 7 26 18 12 737.75 17.16 7.10 243.03 4797 | 3241 | 1.48
6f 8 40 9 20 902.62 76.54 33.66 613.48 | 4986.10 | 227.74 | 21.89
71 10 20 4 19 794.86 33.47 18.78 115.80 | 365.67 |[103.80| 3.52
9 17 3 11 787.74 26.71 11.70 335.22 | 303.53 | 47.05 | 6.45
10 1 19 2 13 945.20 35.21 2240 | 101491 | 257.61 | 166.94| 1.54

11 6 31 13 23 914.73 49.87 45,51 627.36 | 434.19 [ 52755 0.82

12 8 25 13 15 890.52 33.65 28.85 107.60 | 163.18 [207.98 | 0.78

13l 14 28 14 13 866.90 49.69 34.14 | 1139.38 | 554.73 [ 199.51| 2.78

14 15 33 17 18 765.37 31.64 22.97 324.62 | 188.59 | 234.31| 0.80

15 11 26 11 21 783.94 16.61 7.30 104.37 | 114.89 | 18.99 | 6.05

16 9 24 7 16 855.60 | 29.23 31.52 140.17 | 12158 |497.18 | 0.24

17 16 51 12 25 625.76 12.82 7.97 174.51 37.51 31.44 | 1.19

18 14 36 7 20 742.17 34.49 20.01 544.38 | 411.75 | 88.23 | 4.67

19| 14 34 15 9 846.16 27.09 31.02 121.23 59.96 |237.69| 0.25

20 13 31 14 19 97258 | 21.25 14.61 | 27513 | 36.76 | 37.23 | 0.99

210 9 29 15 15 698.66 | 45.95 27.73 132.76 | 1892.13 | 160.45 | 11.79

220 15 29 16 16 1007.77 | 30.72 10.90 330.83 73.94 | 46.25 | 1.60

23 9 24 13 16 931.96 | 20.33 19.56 45.61 65.72 |131.71| 0.50

240 4 27 9 21 680.41 | 23.41 14.54 211.76 | 251.38 | 127.44| 1.97

25 3 21 5 4 927.17 59.51 28.31 333.21 | 3151.86 | 162.17 | 19.44

ﬁ%t: EL TR s RS PG R R HRV’FE'%%?'%"%E‘W
YIE’FPIZLF%&E& Eﬁi”ﬁ”ﬂﬁ ffli*'] Stress Eraser fi /1 * HH75 [ » = FIEIFHA2 100 By

I BRI E S A R L P TG lﬁwE'Elf’lia%%?fo[ﬂﬁ%’;%HII’EIE'J?{
F 1= BUSEI ] Stress Eraser [?& 9 [P PUHIpEE= £ ) 24 { e IR IEE 3 X GIH
B4 55 17 51> 19 51> 79 12% ks B ® ﬁ;@fﬁ[ k'] Stress Eraser » E%ﬁﬁl'iilf“'%#@?%
3 1200 %ﬁ

2 R R BITRLAMSE 4 [ I PmpRheeds iy 1631 Bire b 4 ST R
%fY HRV frﬁlrﬁ%ﬁ,f@ {11 SDNN % S ifiigsh - £39f HF “Jrg EIRTIIRYESE > LREHF <Y
DS (:t ST FEZ RPN S1, HF #a Bfr] ) - BIEpE gt g £
?«(PSAS)E#;E%%}Q@E%(ISI)} @'?—r l'ﬁl : }TITEJMEW GRRETE O 19> HF
“JF’ Jfg NpYESE > LF/HF “féﬂ@*&'ppfj@z_:g o
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AL R

e Stress Eraser {jli ™ [ i it = ]’[E'Fﬁj%“ £l

Mo phEA Iy P-Value 1) 831 > Stress Eraser T [

U T

¥AH B 16

SRR IR I 0

R O B -
fgﬁE'JﬁfJ I Pair T-Test P-Value
PSQI 8.44+4.55 8.00+4.59 0.512
PSAS 27.50+£9.52 26.69+9.12 0.704
ISI 10.56+6.14 9.3845.10 0.25

"N E Stress Eraser [E;[ B

I'L it HRV = Risfer Bz Bl

it A Er20

Fl1f P-Value i I'J {51 » Stress Erase 7 HRV [iV= fl 225y H12 G545 -

fo ™ Jﬁq e Pair T-Test P-Value
Mean RR 860.1+24.9 | 841.5+133.5 0.36
STD RR 35.23+14.98 | 35.93+17.67 0.821
RMSSD 24.56+£0.79 | 24.08+£13.87 0.832
VLF 48.26+18.27 | 47.92+21.52 0.956
LF 27.89+12.90 | 31.43+20.08 0.43
HF 23.77+£15.58 | 20.54+17.22 0.472
LF/HF 2.24+2.88 3.21+4.80 0.405
Wik@jﬂiﬁfﬂ“” CBTI fji ™ ] ez £ 55 7 FISER R 30 ¢
Frl B CBTI = (WIS B AT 3 poiiR - G RIE 97 B g
B T B -
I’El Fl Jﬁ'J I'FU i Pair T-Test P-Value
PSQI 9.867+3.104 | 7.000+2.948 0.000
PSAS 35.60+12.04 | 28.37+6.91 0.000
ISI 15.60+5.79 9.53+3.95 0.000
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CASAE- ﬁﬂ‘ﬁﬁ
B O] ¢RI

I VEAEAT R o 2RI IR ARG SRR < H 1 PSQI P4 8 5
(PP ETER ) T 30% » PSQI =A% 5 55 (RS T ()R 70% « =0 flsEsal 3 A5
= BEVAZE HRV Aflfd B2 VAT - 3 [T PSQI EI 45 HRV [Hisfi 325 SDNN =/ 4155
PR RRF (p-value= o 171) - PSAS EIA HRV [l RMSSD. = A SV
(p-value=0.043) - ISI &I %= HRV Eﬂjjrﬁ& el SDNN Z! AEISEHH ﬂﬁpuﬁrg 7(p-value=0.043) -
FAVES] Bl (PSS)ZE HRV [H ik % RMSSD, NN50, pNNSO il HF S A IS/ £
TJ f(p-value=0.069) - [NF=kIH 55 FT HRV [V SDNN % RMSSD =g *Tlﬁ,rptf ZEq
= ORI 2 DR A 2 IR R RS o U9t HRV Bl HE i (=
E@FEI fﬁ,?ﬁiﬂéﬁ*} VLI B -

F'1 PSG Al 5855 > AR PR e PHEEE L > RS POPER [ s NS
HRV [l HF @ et ﬁﬁﬁfﬂﬁé TS > T REMUINE HF @z
WD e pIgE IS IR A PSQI 5L IRRESFGH TR (<Y TR ET T  (56)2% i
R o £ PSG A ZI & 2 G T AR (U2 S - PAEZ T WASO )
SRS R ORI o RIS T | [ e 1 PR G0 (AHI>E) =2 R PR
TG4 (AHI<B) 2 Bk A US4 R st PSG g i Z]IpY &@;{ﬁ;{@pf C i NE R

AFREHRV AHRISFI G HE > [ (R R0 DRI NE L R B -

T BRI PRI T > H PSG ARSI IS BRI, T s (U2

st > FREE ] - WASO ) flf I T (F E@;ﬂﬁk‘ ° b9 ATEERZ HRV

Eﬁfiiﬂ*ﬁng SPPENES > REMJ%F? HF fﬁiﬁdﬁz b H HIE:‘EREP PTS'HILPIE'%JF‘FMB
[0 1T HRV [ 52 i SDNIN AISS -] 3% ™ 2 [RLPRAERFS 1 5l 52 e LF/HF
FHSEFRE = [ SDNN 3 LEHF (° (=55 e R REINp= il - O 2R

1= 3 RFERNEE

PR PR bl > S R PR ER X o2 5 2R IR NS 20 AT R
(Polysomnograghy, PSG)fif[ |2V & ZEIGHGE - ?&ﬁmﬁ MRS E AR o B A S py
FEPNETE o F RPN TR, ) RUETRR - JRPE W] e T O S 0 -
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BEEK  EASPE BRI T AP R BRI 2 i e e
FIM*H%FKFUE“E%E I 285 s 1%fif[)§*§?ﬁiﬁ5ét‘ff.‘f%i (EE VR R [
PSG Al s Z¥ = IFfo‘f[‘E DAY jj.TE”EF“X SRR o PR e
RIS 5 T BV - (R 2 B9 100 74 - 3 B iR 10,000 €48
Fi BE T PSS 2-14 i 7)o PRRRIRIER HURLERERVR] 12 Shel = WRBHRESE - A
PSR A IR R0 0T R R RS AR
Py o PN sr- AER0R IR (550 = @) F el 2 [ e p AR ol diter
A DR R L h[%‘\»’ﬁg L BT R o e P e |1 154 T o Bk U 1 RS
ARSI A o T R 2 T R PO R [ PR AT 3 B IR -
FEFF 1= (2 | 2 TEEEE 2L A (Polysomnograghy, PSG)AsrffIE X HIRE (1=
Rt R 5 IR (BEG) ~ IELHIEI(EOG) ~ -~ FH (ECG) ~ T HIRI(EMG) ~ JWTRHI
fi(Respiratory Effort) ~ [ £ 53 (Air Flow) ~ ™E< [~ (Blood Pressure) ~ ' 'ﬁiﬁ;%%
(BloodOxygen Saturation) ~ - %3 (Heart Rate) ~ = PR (Sleep Gesture)™ o — A
E%ﬁﬁf 151%F EEC & EOG * ZEFBfES ~ ’FQF PGSR gt = 5t e PR e
(sleep stages) = [F=3iHH AHE&$¢§@7§#FJT§L| PSS o
AP S BRI F AP R
IR o BEG ke - ffl ™ IR PR A BIRI(L2 () ek o P92 SRR e iRl
7 0 ™ e FEG9 2 SRR > R 2 T [ B M I 7 TRl « iR~ = F
FREH T S 'F AR SRR Jfﬁiﬁ%ﬁﬁﬁ%@?ﬁiﬁﬁéﬂ ’E’TE}@EEEE%PEPBH'LHFP%HEl'fF
[ - (BRI g Bk Rk amhe T 5 SRy R *ﬁﬁl%lﬁ@%%ﬁtﬁjﬁ o
I R 1 PSG A BV T (R - EI R F T IEENE ok =) 278 iy
B> 11 Sleep cycle ~ Actiwatch 7 - S ff [ﬂﬁ P e RS (R0 = 5
FIRFOE [ o SN (553 7 ’lfJiFﬁ’ET PR {0 1 Pl wake) i7F2 (sleep) M 2 U 57
o (RPN (REM)EJIE’HKNEE{P*JHF (NREM) s == = 0] > JI T B
PR LSRR o TR R M RS PR 2 BoRLE R R £ I Il - o
KT S SRS R A VR (9 % R (awareness) T
SN
FIR DR I PR PER REM 7 NREM RLAG S PBA0™ (5o plob v s e
TR WIEURRA ~ EUERBR P B[RS o B R R (network: connectivity
across sleep stages)fivzs fal {4 o — f ’5%“@%&“]‘ i o /TR %ﬁf‘j [ o AU -
(HTATH 1 ECG 2 B | i I P (REM, NREM)[IY (B8 7 o S Pipalt e
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prmex%quceswfﬁﬁyﬁﬁﬂ1#*-%p (KSR E Gl P e e ey IRe k] =
m%hEGTﬁimmMWﬁ@wwwﬁﬁ?$W%WwwyﬁEIWﬁw¢
¥ SPEHEINE R REM & NREM 1V #58 > &FE} f* =0 70% - [ %] deep/light sleep
953 P [ -

AP - BT ECG > VLS B (HRV) - P B - - i
E kT dillkat F[ﬁa BAERI(F s RRI, ECG)Z= i Fifiy events extraction engine(ﬁﬂp’
[ PR I ~ R T A el E ) © FIF T SR ECG ;fﬁf ha,rj—ﬁ
O N PR o 8 e s S ] B R = o 2 2 i [
E}éﬁagufﬁzg???*%;ﬁﬂ » RIFHRAES ilr[ Forg ~ YERERR SR~ [T R S 1
(LS R T }HEEEWE’“'E%W%EJE@?W%@F%%/H/ "TT%?&[JFF [F = A P U

HiHe BRI PP S 1
RPNV R D T T s S o DI 35 o i 7 PR AR
%B“%:“&fu\%ﬁ“ﬁ f%i(ﬁ_. ﬁ?“' RRI)<] 'JFVLH ECG fu78E% TV RRI fézﬁf’?*%@?ﬂ%zf‘,’
=711 HRV-based I FIFBE RS PR b 2 IR PRt o HRV AHRIGIRAE -
o IFE“r%'J«]H“WﬁE*‘ES&HI o Y gk e A '“*lﬁlﬁ‘/i%ﬁﬁﬁ%ﬁi IR e A9 REF= 15 'E'H
E“E%#[W”?ﬂ“ﬁf e SR B JT’FE'TH“’@ [EELIE{~ © E“Eiﬁ?’"[ "E'F‘i?ﬁw
F’“FTFJ éugz[r%i [= *ﬁlgmiﬂz

& ‘%ﬂ‘-ﬂéﬁﬂiﬁf’n%ﬁiﬁ‘l%%

Ve 7 ER AR
fl eglmyp L -
= PR X , r}
AR AELEM HRV-Based @ #; 1k ]| - GO | F[ :
BRI R AL IR

il [ Tl
‘EﬁﬂL]kd U' Eﬁ@ﬂ_

jiE £ T2 o0
(LF, HF, Lyapunowv:-+)

(@ RRI — - ¥
[eems RRI| . —|

(B ko ER/JE 4L ) -

[ 35 TP

P AT R I R A B F—ﬁ%EEE%P‘—" e P Bl - 2 E0 %ﬁﬁﬁgﬁ%ﬁ%iﬂﬂ PSG >
HAG PP RS RGTIR A 55 SRR R pl A AL - = folkLf'1 ECG [ RRI
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& HRV ﬁ‘%%dﬁi%lﬁ B Y Y[I(SDNN, HF, LF/HF..) - %ﬁﬁﬁgﬁ%ﬁﬁﬂ%%ﬁmﬁgﬁ%}[{
PR P TR A o (R ?f;&é”geg,(machine learning) Z[#7FF" 4l 48 (ex:SVM or
Bayesian classifier)é?ﬁj a3 Bﬁﬁﬁgjﬁg PR ES 1 55 R AU e ] 1 R

AL o FLGTFAEL R rﬁf}@“ HEE ECG-based S| > plt fili M | = b iy frupy i
FO A AAER a2 PR BT [ SERFORER {2 B0 [ o [ R BTER )
s o ﬁﬂifﬂh%z;r.} HRV % EDR 5k ?V?FE[%%E%[J:@S&?%E&ESE o TPV pOERR AR R
PRI PP pl L R RIS » 2R S RO SR IR G BT R g (O
FEES > T PR ] BRI RIS o g ['*ﬁ%ﬁ” RV [ A R REARat 5 R ABL
B progfird > DT 36 -

FSGakep F B
WEEEREER i E W RR
!
4 L
HREY #2 A 8K
(& g /48 s SR 8RB )

N/ B
4 5F, B f epoch(30s)8 £ & B S &

Tag (PS5 l Key-Feature Extraction
Sit=S(wake light deep REMI-LL DED)=(0y, bz, . F)

R
Training Group 70% Test Group 30%

-
Clazsifier = #

Il \/

B Classifier # =5 2 Hrks
[l 36 F1E [P IR FE RS 5T TR AL

FUHi e SR L B Jﬁifr T {f "] MIT-BIH Polysomnographic Database I'] 10-Fold
EUS %%‘agﬁrﬁc‘:i il EPOCH iU HRV 22§ ﬁ@,ﬁfl v o PSRRI 11 = 13
JPEERREN ¢ RTE ~ DRGHREI s B K s %’ﬁ“ﬂ«wﬁé 80%/] I
A PSP RS PSG R FaRnE PSRRI o PSRRI DR R SR R e
RIS R o

YIEWTS%F#E?E%FE#H?TI’ET?EUIEI HH - FBEVE ECG FIabEER T e E o P?‘ﬁL
FEIFTPE S R R (RSA)T Sl o U pviss o B E'J?Wfﬁ?l%ﬁﬁl ] RSA Fk
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F R S Egﬂ@ﬂ%} 1200 &#f) CHIF I HRV it 3 HF ¢ [Hpoigs -
LF/HF % [ [SAVifsh - PI9t HRV VR ik 224 SDNN <478 | ST IRyt o [ (B4 fea-
HREET RSA i RIE VR o PIFSEREE {0 PRI NI - A 1S
PR o ISR o el 2 ?‘f?[%ﬁ’ﬁg PR L g
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e 11 P2 PN[ETFEPRH - Sleep/Wake

Bk BR (Sleep)/#FEE (Wake) %82 &

sl
BEER F R MIT-BIH Polysomnographic Database
HRV 45 8 & AVNN, SDNN, rMSSD, pNN20, pNN50, TOTPWR, VLF, LF, HF, LF/HF
THRE Random Forrest
FHER A FE 4640
Sleep ¥ £ © 2,320
Wake ¥ %1 @ 2,320
BlE % 10-fold % L &&iE
SHRBERERE S B BEEX
RS 76.3362 % mc‘ Wake | Sleep | S #E#& %
THEES 23.6638% Wake 1821 489 79%
Kappa statistic (1 & ) 0.5267 Sleep 609 | 1711 74%
#5 3] TP Ratet| FPRateV| Precision| Recall [F-Measure] MCC |ROC Area| PRC Area
Wake 0.789 0.263 0.75 0.789| 0.769 0.527 0.842 0.824
Sleep 0.738 0.211 0778 0.738 0.757 0.527 0.842 0.813
Weighted
iﬁg ¢ 0763 0237 0764 0763 0763 0527 0842 0819

* 12 IEINEREPEE - REM/NREM

B 3f B 8) 3 (REM)/ JF - 12 B 85 3 (NREM) 55 %8 35

R skt

sER H 4R | MIT-BIH Polysomnographic Database
HRV 45 6 (& AVNN, SDNN, rMSSD, pNN20, pNN50, TOTPWR, VLF, LF, HF, LF/HF
THEE Random Forrest
EFHER A% 1,250

REM& & © 625

NREM & % : 625
BlEAE 10-fold % L 548

PHEERERE LEABEEER

FEEER 86.96 % | | gt REM | NREM | pEEEHEE
EESES 13.04% REM 560 65 89%
Kappa statistic ({2 &) 0.7392 NREM LE: 527 84%
#3=53 TP Rateh| FPRateV| Precision| Recall |F-Measure] MCC |ROC Area | PRC Area
REM 0.896 0.157 0.851 0.896 0.873 074  0.945 0.943
NREM 0.843 0.104/ 0.89 0.843 0.866 074  0.945 0.924
Wi%':e" 0.87 013 o871 0.87 0.87 074 00945 0934
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* 13 RS - LSISWS

ek (LS) /ReE(SWS) 7 %8 %

R
s EE F AR MIT-BIH Polysomnographic Database
HRVE AVNN, SDNN, rMS5D, pNN20, pNN50, TOTPWR, VLF, LF, HF, LF/HF
TEE Random Forrest
THAZE # %% 1338
LSE £ * 669
SWSE % © 669
B Ak 10-fold =¢ X &3
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15. § FpEfR 72 4+ ? 11 2 3 4
16. EEF S HEEABLE? 11 2 3 4
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fiR= 55BN StressEraser” fi = [FUPA

StressEraser =BG A im" Muff TR » RS IR -2k (I o R
E}?EI}JEIU'_’;"E]@ ° IF;L[,[E{@EE%QEQ (G fiﬁlff I :_"ijlélejjﬂ’ﬁléa » B FE%J & ul?%[ £l

o)

.l
™ ®
L IRERPRY P u‘. 'Y
[ PR SRARE WEN BT
& ' & -

Pulae Rate Data Inasds the Stesskrager

StressEraser 7% < fREFIER SR 2 ATV ] > Ao R YR ORI
I BRI o o FURRT RIS = o BRI oo sefemge e o fisb o gl s
O TS -

A ST R [ 56 S S IORBEN R ™ o IS0 O - = BRyper)
# PR FRG oo -CBFRREA U PR e i BT PR R b T R LR V] WA
GRS ERIR P « R - ‘ﬁf% MR (WS Y R BT BT 5 o
BB R BT PRI TR - AR T Ry
[ > AL R L o

StressEraser ;Siﬁﬁf%éf 1A R | R U o Y Fﬁﬁ (s g2 ga;ﬁ,r N
-1 fﬁﬁgﬁ‘jﬁj o :FT FSﬂELJI/E N ﬂJFTLL[ S e E R S NN ES | g’mﬁ%gﬂ‘ @F' IESE
ERHY E R IRRL R A SRR PVRTTE - Pl S TR - Al RLCCREEY
JF:Ef @ SRl L R i E U05%P PPN YL %’7 = (ERTE
AT 7 f@?ﬂ[z (A
5 (SR > BT B R S E ST R I CH) < SR
El!‘p R B VR S 1 PRI o Ty B RS — R AR > 3% PR T
1o B RRRSARPRRACT ) » RREE (kL o5 5 SRR VR -

67



%%S%$%
(B?I%—ﬁf%ﬂ%%wﬁﬁm@ﬁww@% FOFPRIS o A
R S IR I S S O R 1 R R @chw
fitk L H [[ﬂlm & fA' GNP 0 [N~ R - A R
I‘v?;ﬂifﬁﬁi e PR 3 IR CBT-1 R PR PSR R URS B g e

- [P

PG (Sleep hygiene) fUf=& s RIFl 1 Hauri Byl > J”’FL'EIJ?F,E 18X £ E €1
ﬂwiﬁ%ﬁﬁﬂ’Ubfﬁﬁﬁﬁﬁ’%ﬁwﬂﬁﬁﬁmﬁt?H’AWEEFEE
= R e IW/U- IR I~ Eﬁﬁ%ﬁﬂﬁjﬂ?ﬂk EIRRE DR > PIFRE IR P FL ERNF
TIPS E v £ lﬂ“*fpﬁ?' CFUp VR PR R ?7"[?’[ ] FL UIJ?H EIR SRR R
L RN ~ - SRS AP ] Ii‘fi;@?”[ Y bﬁgﬁf‘éfﬁiiﬁxgﬂf‘@lﬁ °
PR O T BT )Y (AASM, 2005) i e 3 E E |l (Inadequate Sleep
Hygiene) | B/ j[IE%— [ K4 T [“J?@ Eijf P2 P BRIV E I~ [REEPET i
E'J?f?‘[‘ F”F'JriIE‘H&?@E@F”““?I el E*‘E%%iiﬁﬁ% e k’im fi =] %ﬁﬁ“@%ﬁ*‘ﬁ%
VIt i g g e e B SR PR U JF“FE'I' A o
F”lr[‘ﬁ@ (i RSP R e PR PN ?”[ P R Bl R LR P RN
( Reynolds, Kupfer, Buysse, & Yeager, 1991) » JRyfiji 7 Wi-pup2 et ?ﬂm EOENE
7% o =] B ) e R ﬁ‘fﬁr”ﬂl ’ F" 1tﬁ R FRLE S

s
Bonnet & Arand (1997 [Fei 5l IS (hyperarousal ) == i 774][
P 3 Tk LR IRy i o =+ B A f‘ﬂ“fﬁ'ﬁ"ﬁ' P e gzﬁlfb‘é'y'ﬁ?@:kﬁﬁf
=g l}al [RIFE | s SR E J@@H@Eﬁkﬁ?&lﬂ te [ W*%»é”'ﬁi‘iﬁ}lﬁ%liip
T | ASE ] e [ (e ST ﬁ‘HFH?Krﬁ#?‘%ég”ﬁw,tﬂlﬁ%’ﬁtﬁﬂJ’ﬁlﬂé[‘a B
Jacobson (1938) Firiyll wfuEEFCP A EL (Progressive muscle relaxation) - El 5
F ’” FIH - TR ﬁ%’ﬁﬁﬂ"ﬂ“’ﬁ“[ﬂﬁﬁﬁ{% A H B A 0 A
Efﬂ&%?ﬁ“?‘ﬁﬂ/ TS = 1?%?51/?5‘)5?‘%33 WFT o I 20l = 2P A e [ (5 2R
BRI B O EES R R e KRGS L IR O AR PR

S E‘if»,ﬁﬂ%ﬁ% EJEEE%}JF?@E'HFW =57 (Sleep onset latency : SOL) fiuii ) «
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Freedman == Papsdorf (1976) [[&— #Af[&l B sk P A BRI=AS 1 4 i’?ﬁ?ﬁ% N
BRI B 2 SRR F R (0 S o L N s
20 T R R

=~ RS 1A

TR 2k i BRI LR A il o, > Bootzin (1972) R4
PRAH ST T R T PR TR R SR R ey
IS S 2 IR IR PRI [ 2 R R
3k > [T BRI o I Bootzin (1972) Frral e HIRETAE IR E P A AT S
S EASEA  E  S  EEE  PORUNT R o 0 Ak oA
D sy AEERRIOR pRY o BT R T R RN S (R
A FFEE P BT Mok b 10~20 SR ARERA A AR
T Erh s B B IR R T R R - SR 7 MR SRR
PGS £ IR I~ PR RS 1 o e B 6 R BRLE o SOL. e PIpe
“'L o NyEFEE g?ﬁﬁﬁ%’ﬁﬁﬁ*'iguiﬁ%hﬁ » Bootzin, Epstein =* Wood (1991)
ﬂ*ﬁﬂﬁﬁﬂ#@&¢ﬁﬁ%ﬁﬁwmmﬁwﬁ%¢’ﬁwmp%@%f%@mﬁ
H o DI SR O R o AR R -

P~ Fgﬁ%f‘f{ﬁjﬂiiﬁ

Egﬁ%@ﬁjﬂﬁﬂiﬁiﬁﬁwﬁﬁﬁﬁfﬁéﬁEﬁ%\'f > Tl [ Bt A et L T S R
4B iﬁﬁ«_ﬁf[ﬁ‘ R ENE Eﬁ fi] e f A f= PN F5k (Sleep efficiency ; SE=Ajf= E&Eﬂj@\’?ﬁ@%%
[RE*100) - hpaE e 2tz IS TE] (Total sleep time  TST)  ~ jRUFI[E P [+
MH@EI@ GIOV|nsky7vSp|eIman (1991)?153 AR TR [ »;LJ’SFEfF F”riﬁﬁ*)ﬁ%ﬁﬁﬁ%ﬂﬂ%
S ERET L P SO FEREY IR (RS S T R R
i Eﬁ;]‘ o R 1= EX ] 1 T JEJJfF oM [ﬂ Eﬁ“l =5 TST » Glovinsky * Spielman
(1991) Frii "y pi JE“EW*LFFIW LEREFARYIS A AR r+i ’?*F'Jxﬁ”,w%ﬁ'%k =
[ R TREFT T HOET PR N > AR P R Q%JL;FI»;LJ%E%F lﬁﬁ“
iﬁ%%%rﬂp’%’ﬂ FOAREE PR Rl 5 R iy T B R 8 [ R 0y 751’ = PR
ﬁjﬂiﬂﬁiﬁ)ﬁ‘w ﬁgl%ﬂé&’ﬁ\é’?@%ﬁﬁf > (AR PR [T £ 5 ] [ - ¥ L= Y SE Sl
A7 el 85 90% - E[Jﬁ‘teﬁﬁ [V R[] 15 53 8 fcﬁaéa‘*' (s (S 85% - EJ[JP I
il P S (] 15 3 e N HAE T (e b ST 85~90%. 1/ [ > JIj % Ry AR TR
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Glovinsky » Spielman -7 ﬁ%ﬁﬁiw%ﬁﬂjfm PEH= 45 ] Ef R R ?Fi:“?%qﬁ?
ARCED E“E%Hﬁﬂii [t BRI e PR N o BB e B E‘#
A RLSwpV R G ] o T g BV PR 0T B O A (R E R R [ ISR .
Spielman 7" (1987) AUBLr AN 35 A BT NRNE & R ININGHIE - 7
A iﬁﬁF}’?ﬁl%ZT (2 F G oS B P E PRI D PR o = 1 SOL ~ = iR e IR
t] (Wake time after sleep onset latency ; WASO) ~ TST » I'] & SE g7l ijF,er?[]? P ETel

=2

‘F]
s F?];i:p?wm F"[yﬁ
Harvey (2002b) Frff! '[El@#‘\ﬁéél?éiﬂ@?“%‘F‘H%iﬂﬁd?ﬁ& RN AR
FRIF TS ] €1 OB RAH SRR PR o~ 0 [ I B 0 R ISR o 1=
PH-RYRT > fe s R i R B < Ry 2 SR PR PV
F PR > (PR P A IR R i R WF%T%I%’%T% AL
HEE ORI 1 ST G F PRSI -
XA AT W T rﬁjgm ;mf[@}atrm, %@i}‘\ﬁ%ﬂﬂﬁuﬁﬁ* ;mff,gﬁ

Mitchell (1979) %’%ﬁé‘*fjﬁ, fY B R ‘JUIJF[FJJEJ‘HI%(thought stopplng)
% fL# (rationale thinking) J/?ﬂijtiﬁf“ﬁﬁaﬁ’#@r E jfl@glpﬁ:@ pE T R AY
ok » SR SRR RO RN R RN - P e
T PR A AL P R R RO SOL -+ E PRI b - Harvey
* Payne (2002) F[[RLIJAE B0 £ = R ’lfi%i[@i fo> &ETJZEE!@FZ%@Iéﬁ)&’r%f@ﬁ%_é' Fi
o VRCEEERT b A S R R =S H R R R ARSI P A
_“Ewl?ﬁj/ (I RL% JE”{EW*F’?FVUFUT SHAES T SOL - PLfHJq JF‘ FIF_“E[U[;‘F n

IR e 5 SR o *Eﬁf' » Carney » Waters (2006 ) 32217 2 it S5
7 R S S5 77 A RO RS PR
T (ERLE A e S W SOL 20 E | PRESE, « ) AR CBT-
RISPEI fjw‘aﬁ%&ﬂéﬁ;gu CBT-I aﬁﬁ;mmpgpgﬂ ,ﬁ,ﬁ,—d\ : k:g[g#ggps‘gasr? A
[ORG7 + Edinger 7% (2001b) FEZHASY CBT-1ififtii » SHZII ] A (5 478 R
EIERCD > 2 S SRR WASO W SE E R Fﬁgj@ > Morin & (2002) U2 2]
ﬁlﬂ}%:ﬂ,ﬁ)\[ 5 IKFZE J :ZF[)%I&T ﬂ]l:[*\/ [J%Hf IEU:J%IY’E& J/ VA 71» T Qll:[ [Jc[?‘?[“‘;ﬁ‘l—r Féﬁgj SE
E[fJEI 'Sr_?’{[ by J ]EIE *\EE JFTJ IE—
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4+ CBT-I skl

CBT-I i £ A 7 K > B IR forl ) el BB B N T 2L
QOVEEA ELE VR > Ty ERRE PSSR 03 R R I B
o IR )

o CBT-I /g4t =1 - Espie, Inglis, Tessier » Harvey (2001) itk CBT-1 5
fﬁﬂ;ciﬁku ujf[lﬁrﬁ%\' R 139 i SR RS T VT CBT-I AL || ‘&E;#i}iﬂ’” A
o CBT-1 BRI i 5 » B o Egﬁ\ﬂj [l ~ TST > I'J % WASO » =1
ﬁkﬂ 1‘1&%3?1 FIF¢IcI¢F » T SRS 'ﬁjfk]*q’ — & ;|0 Edinger £ * (2001a)
AR S VT A o RS CBT- p»JJjﬂ%}PrtH{é_lFV@%?"%%E?E@W%E%T% > FHIRL
WASO ~ TST > I'| » SE = «Fﬁﬁ%’f e TS e fj?f}@%éﬁﬁﬁq f‘é’zﬁ%ﬁ‘%ﬁf
F‘Jw '*Jpﬂ%[g%#” N )%‘f}wsf‘li[ ;é}éﬁ—d L F oo *‘ L4 CBT-I %ﬂzﬁﬁ?ﬁf[)ﬁ‘rp i
5> Morin 275 (1999) JK# 7 LNRUK G797 CBT-1 &' ~ S - CBT-I
%F’ﬁ%%?ﬁﬁ?ﬂ%% fAs > ST Wl 8 Y CBT-I ip@ﬁﬁﬂl o TP 3 EF] ~ 12 w5 ] ~ 24
ft F | e FAE ﬁ‘f‘ﬁﬁ' i A B ISR f ?Fﬁ‘f vt N e o ZhL = A 'YH@“”EJ@T%“F‘F
TR R + B HILRL 12 A BRI R Sl VBT SR IR RS 7
CBT-I A% CBT-| i (f BPUc O IR o W 50 AP 2 33 CBT-I =
%f[r’df[ IJ?’?%JETjtﬁxpﬁfﬁ FIRE PRI I - %P5 SOL ~ WASO ~ TST » I') & SE chler
A F?“p [I*J\EJ}VTEAEI (Smithetal., 2002) -

Morin %= Bootzin %™~ (2006 ) [fiIg + 1998~2004 & if] 37 R pli[fil pAk Bl iy a2 -

PIRPNEL S Rre2@rpd g F’?LFI"@ELJ??%JE‘H i’_“ﬁmtwﬂﬂéwr = CBT-I v % 287
F—Wi&ﬁ”%ﬁ& Rl %Wjﬂﬁﬂ 'PEEE > & S CBT- %’ﬁf}ﬂif, AR | IR
£ PRMPF CBT-| (o) i fﬁ#’dﬂ*) FOPS T B0t e BT
7 CBT-1 it T S THARTFEERY o [0 REF R otidspl

% CBT-I %iﬁli@ZFIJJWDHI ’Wu?ﬁﬁ’]“ru v FI_FIIWH’%’*ﬁrE’ SaPIE T [l
E%ﬁ@guiﬁﬁﬁi}f’f% Morin, Culbert » Schwartz (1994) I'] SOL ~ WASO ~ * [i= g it
R ) TST [ERGizROsh I MBI » F R SEEF RSB [ P e
o PR e s g'{ﬁﬁi%?ﬂ%ﬁ% E“Fwiﬁﬂﬁ[ | 2E = ’E"ﬁrﬂﬂ

( Multicomponent therapies ) ’“J”EJFIEJKEEIWH«’?{W%J J ?ﬁn HlI%F SOL I'| = WASO |
PIEET S > HH B SOL ~ WASO » I'f 2 TST 1% B o =2 byt = FEE ek Forpf I
VI R SR R USSR B ] oSS SOL % T AR
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EPEEFSR 5 P R P (AT e Ji:s[a Z|[BEF pUFS &l - Murtagh
Greenwood (1995) Elﬁﬂf 5P HE ELJ%“EF%J PrPpopERLl ) SOL ~  pE
PR g TST > IR = @EE“F%FF#@'T (Sleep quality) > I‘p’?urﬁﬁpu?f})’ﬁffﬁ'\‘ﬁg@‘@
“Fi % Morin 57~ (1994)fi J’F} AN - 3 Jim[jjﬁ(ﬂfrmii)ﬁ?}f&ﬁt | ﬂgigujf[)ﬁﬁirm
S [ ul‘gﬁr}”fﬂikiﬂi IR AL -URNT( ’?F il Wﬁfﬂ#ﬁl#ﬁié”? [ﬂjfijif,«,ji (e
SIS SOL ~ H IS ARy B ) TST ol B gl Bl PR e e
FR T R D ] o PP R T R R PR i B%iﬂif‘ﬁ’fﬁf i %XF’*, 73
FrRVPEAER I SRS PE‘VF“E%?F[@EJE'L FAT e £ F'ﬂﬁ 4 R IR e
EIFUELE £F SOL - WASO -y FORL TST e » SRyl i S5 | RO
e PO S A

%;ES‘«IE*;‘EE%F&??F 1 (Morgenthaler et al., 2006 ) ﬁj%tﬁ 7 Morin % Bootzin = *
(2006 ) FripEY 37 Ry R FEEPE OB 5@&'l%ﬁ’%ﬁiﬂﬁl%ﬁ?@'ﬁﬁﬁfﬁ#@“%
T AU ) TR E N e e (PSR R R CBT-ICEL
T RO SO ) I PRSP - 1A S ) e
BRFL U9 ) (SR R » Al B RL ) T ORI e R
TSRS standard ) [ AR 55 12 BT T 3% (594179 | quideline)
e il B LR A it I el A e R IR i [ A U |
SPGB R ORGP (R F‘ﬁ’?\ﬁ i g PRI 1 WL A -
PRI PR S ek e
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fifeR TFEHAF R - JERTIR

%ﬁjﬂ;ﬁ 33 b EH| - E;@ﬁy% SRR

R
CECHOE | IR | TR BIOP R OPSG A | [ (WEARY) | R @S HRY)

1 F | 28 T v y .
2 M | 32 T v y v
3 M 45 T v v v
4 M 60 T v v v
5 M 57 T v v v
6 F | 53 T N/A v v
I F 31 T v v v
9 M 63 T v v v
10 F | 6l T N/A v v
11 M 33 T N/A v v
12 M | 57 T v Y .
13 F | 62 C v Y .
14 F 53 C v N v
15 F 57 C v v v
16 F 62 C v v v
17 F 62 C v v v
18 M | 35 H v Y .
19 M | 57 H v Y .
20 F 58 H v v v
21 M | 56 H v v v
2 F | 63 H v v v
23 F | 6l H v v v
24 M | 55 I v v v
25 M 59 H v v v
26 F | 55 T s N.A.

28 F | 37 E v N.A,

30 M | 30 Q v NA,

31 M 45 Q \Y N.A.

32 M 43 I v N.A.

33 M 59 G % N.A.

34 M | 61 G v NA.

35 M 56 G v N.A.

36 F 57 G v N.A.

33 b0 1 30 ik 0 PSG ¢

24 B TP DR R
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ERIRT 30 5 ) - AT

il
CECHHE | 1R | T | PSG A i e ()
1 F 31 \ W \Y
2 M 34 \ \ \
3 M | 40 v v v
4 M 52 \ \ \
5 M | 54 v v v
6 F [ 40 v v v
7 F [ 36 v v v
8 F 29 \ \ \
9 M 61 \ \ \
10 F | 44 v v v
11 M | 39 v v v
12 M | 31 v v v
13 F [ 52 v v v
14 F 42 \ \ \
15 F | 51 v v v
16 F 28 \ \ Vv
17 F | 33 v v v
18 F [ 40 v v v
19 F 28 \ \ \
20 F | 45 v v v
21 M 60 \ \ \
2 F | 47 v v v
23 M [ 27 v v v
24 M 31 \ \ \
25 M [ 33 v v v
26 M | 43 v v v
27 F | 4 v v v
28 M | 45 v v v
29 F [ 29 v v v
30 F [ 31 v v v
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Ffgiet BIRRSE - 952 2 H7F 17 HRV &5

Bk “ o 24

HRV =8| N Mean St Dev |Minimum Q1 Median Q3 Maximum
AVNN 24 866.4 118.9 664.3 776.3 868.2 929.1 71199'
STDNN 24 34.45 13.86 17.3 23 29.72 41.91 65.76
RMSSD 24 25.14 10.54 12.96 16.65 22.1 31.21 57.95

NN50 24 20.21 29.03 0 1.25 5 28.75 124
pNN50 24 6.48 10.76 0 0.37 1.65 9.45 49.6
VLF 24 554 649 43 143 278 697 2239
LF 24 308.3 364.7 35.4 69.7 150.2 474.8 41349'
HF 24 221.2 203.3 37.2 88.1 136.2 296.8 820

Total Power 24 1084 1038 174 351 606 1264 3882
LF/HF 24 1.96 2.696 0.104 0.541 0.954 2.275 11.67

————— — |
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PR BrERAE PSG A - PRI IR

+ 36 b

#5 | Total Sleep | _ ooP WASO

S . . Efficiency . S1 % S2 % S34 % | REM % AHI (/hr)

a\r&g’f Time (min) @ (min)
1 401 90.7 425 9.5 48.8 27.8 14 0.4
) 487.5 93.3 30 3.1 40.8 41.6 14.5 2.8
3 413 80.7 94.5 7.1 57.7 13.3 21.8 0
4 349.5 73.1 119.5 8.6 74.7 5.7 11 29.5
5 373.5 12.2 144.5 10 57.3 14.6 18.1 18.3
7 489.5 94.2 23.5 3.3 54.4 17.5 24.8 0.9
9 433 84.5 64.5 6.9 53.8 15.1 24.1 8.3
12 254.5 68.1 115 11.2 71.5 0 17.3 0.5
13 274 545 219.5 55 56.2 22.3 16.1 55
14 310.5 58 215 16.3 59.4 15.8 8.5 1.2
15 330 61 205.5 6.4 52.4 18.9 22.3 8.9
16 469 91.4 41 7.4 59.4 13.6 19.6 0.9
17 404.5 78.4 94.5 7.8 48.8 13.6 29.8 0
18 469 83.8 62.5 7.9 45.9 17.5 28.7 0.1
19 293.5 76.1 88.5 21.8 56.4 0 21.8 42.2
20 398 90.9 12 1.4 88.7 0 9.9 0.8
21 420 91.2 37.6 36.7 48.3 0 15 55.1
22 164.5 32.1 208 23.4 50.8 25.2 0.6 0.4
23 408.5 90.5 42.2 4.3 78.7 2.9 14.1 3.4
24 415 92.8 27.4 4.6 72.9 1 21.6 10.6
25 4155 82 73.5 11.7 50.9 12.3 25.2 26.1
26 498.5 93.7 29 6 63.6 8.6 21.8 1.9
28 398.5 67.5 128.5 7.2 47.6 26 19.3 0
30 457 96 16.7 6.6 76.3 1.9 15.3 3.2
31 356 78.7 89.6 14.6 59.1 0.7 25.6 10.1
32 331.5 89.6 32 12.4 64.1 0.9 22.6 26.2
33 353.5 75.1 110.5 13.9 54.6 12 19.5 10
34 399.5 75.8 121.5 9.3 71.7 1.8 17.3 43
35 440 80.3 101 15 62.3 7.6 15.1 3.4
36 332.5 68.8 149 7.5 85.6 6.9 0 36.5
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EG

A PSG M - P NIRRT

H 30 i

#5 | Total Sleep | _ ooP WASO

S . . Efficiency . S1 % S2 % S34 % | REM % AHI (/hr)

a\r&g’f Time (min) @ (min)
1 464 91 37.6 6.6 47.1 17.6 28.8 0
2 373 85.9 475 8.6 70.9 0.3 20.2 0
3 378.5 79.9 68.5 9.6 81.4 0 9 0
4 305.5 69.6 109 12.6 55.3 9.5 22.6 0
5 324.5 84.3 53 16.2 73.8 0 10 0
6 352.5 68.2 157 45 63.5 7.5 24.4 0.2
7 378 85.9 a7 10.1 66.7 12.2 11.1 0
8 263.5 77.3 445 5.9 51 34.1 8.7 1.4
9 326 87.8 44.2 5.8 78.2 0.3 15.6 0.2
10 272 79.2 26 7.4 67.8 0 24.8 0
11 399.5 87.7 50.9 154 53.4 9.4 21.8 0
12 211 70.6 77.7 22 73 0 5 0
13 314.5 82.7 57.6 15.3 63.1 1.1 20.5 0
14 4275 90.2 19 11.3 51.1 10.1 27.4 0
15 342 89.1 39.7 5.4 62.3 12 20.3 0
16 288 88.6 18.4 4.2 64.9 16 14.9 0
17 324 73.3 108.5 6.2 61.6 7.3 25 0
18 439.5 89.8 24.5 5.6 77.8 1.6 15 0
19 498.9 81.6 87.4 10.8 49.7 7 324 0.4
20 278 75.8 77.2 16.7 69.4 0 13.8 0
21 238 61.3 42.5 2.1 86.6 2.1 9.2 0.3
22 437.5 84.5 67.5 10.6 69.8 0 19.5 0
23 185.2 41.7 57.5 32.7 56.8 3 7.6 0.3
24 211 70.6 717.7 22 73 0 5 0
25 344.5 65.4 148.5 15.8 58.8 1.3 24.1 0.9
26 409 90.6 30.5 7.9 66.3 0.7 25.1 0.1
27 466 92.6 25 11.4 58.6 0.5 29.5 0
28 336.9 93.4 20.5 7.9 80 2.7 9.5 0
29 358.5 81.7 72.5 5.4 79.6 0 14.9 0
30 348.5 86.2 47.6 16.4 49.1 15.2 19.4 0
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