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According to the "hyper-arousal" model of primary insomnia (PI), insomnia patients experience heightened physiological
and cognitive arousal compared to normal people during both sleep and wakefulness. Previous studies have reported that in-
somnia patients show more high frequency electroencephalogram (EEG) signals than normal people. This suggests that hy-
per-arousal in insomnia, reflected in the high frequency EEG pattern, results in non-restorative sleep. Specifically, hyper-
arousal in PI results in increased beta activity that is associated with cortical arousal, resulting in non-restorative sleep. This
study aimed to verify the efficacy of a beta-decrease neurofeedback (NF) protocol for insomnia. Participants were randomly
assigned to an NF treatment or a wait-list control group. The NF treatment group received 10 sessions of NF (n=5), and the
wait-list control group (n=9) group received no treatment. We compared the following parameters pre-and post-treatment,
as well as 2-weeks following the final treatment: resting state EEG (eye-open, EO; eye-closed, EC), heart rate variability
(HRV), sleep scales, sleep diaries, and Smart Wearable Device data. Results showed significantly decreased beta power, HRV,
SL (sleep latency), sleep scale scores, increased alpha power, TST (total sleep time), SE (sleep effectiveness), and sleep satisfac-
tion in the wait-list control group compared with the NF group. This study is the first neurofeedback protocol using “Beta
power” as a marker of neurophysiological arousal in insomnia. Our findings provide new evidence for the efficacy of Beta in
decreasing insomnia symptoms and add to the range of non-pharmacological insomnia intervention choices for pregnant,
psychopharmacotherapy-resistant, and older people. Neurofeedback not only provides control of insomnia symptoms but
also results in a decreased risk of psychological comorbidities. This study found improved insomnia symptoms after only 10
sessions of NE Fast remission of insomnia symptoms may reinforce patients motivations for treatment, is more cost-effective,

and can result in reduced treatment times.
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2| & (Cognitive behavioral therapy for insomnia, CBT-i)7} ¢1t}.
SrgARE Wt AL ST B E, 78, 127 5] 24
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T A= gl thek ofele, aieh ARRe) % 59 ofgf&o]
Ach(Blom, 2016). AVAY, CBT-i= 2|42 7111411 Sftith= 2]
52449] A Aol Tt XA} kA Lk 4 olek WA, A2
E3t 272 TR A A A 2] sy i)
A& 0] ARl A 1M AF5l] o] FTHAhn, 2013; Voderhol-
zer et al., 2003). THAA], EHA ol FER}Q] ©F 20%7} CBT-iA] &0
HH-S-512] ¢F=r}(Harvey, 2002; Morin et al,, 1994). wh2bA, 7]&
A o] 5] ohAY AP F UERA] b= SAtollA = A-g-0] 7}
b, A o] glon] 29] el efagol FA|shs Hebal

B|oFE 2|2 Ho] L asit.
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=
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Reticular Activating System) 5= 21 41 G991 Eo]= A|ZPd )
o] § &gstulo} TN = ExtF o= Qlsf Tt FEef 22t
/g d/do] ehdtar A3tk (Riemann etal,, 2010). o] 27 ¥}2¢
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Fuzt A7 &E (Varkevisser, Dongen & Kerkhof, 2005) 2 4]
vl =l AldhHo| & 9] 27} (Bonnet & Arand, 1998), A1 &%.9]
Z7HLushington, Dawson & Lack, 2000), 2419] A ARG =
AL E3t 71 % tjAE-9) Z7H(Bonnet & Arand, 1995)7} QJt}. &
Aol Mol EQtoll = TH] E ol Shate] o] Ant o of
AHE-2] 57HNofzinger et al, 2015), AH&41734| 9] 2/d& Hhdst
£ AEF 9] AldlHo] = 0] Z7H(Covassin et al., 2011; Stepanski,

Glinn, Zorick, Roehrs & Roth, 1994)2} 70 1k7FA] o] AlA| Afe] 2]

“of wheh e 4= Utk Deltau}(0.1-4 Hz) = o] 2150] 714
=, 28 it o)A Aot pro] Itk Thetaut(4-8 Hz)v=
- =7 Wul, kAo 2 B3 e A 2R AR VA
oA el 2 HatE = TAA Yehdtial A Sloh
Alphash8-12 Ho) 4519} Anje] 745 2, 7|4 2 olgh
1 Ao} g1zl 9lek. 13 Hao 4te) ot 52 w2 o 7]
Ao ZolF 5.2 JAIA %5 A, 214 Alelol ehtol sl
A 4EA ti(Hammond, 2007). EHA O 2AF52] 1 Fo
el Huk E442 v]dl=H(Non-REM sleep; NREM sleep) 2
A 59t BetaH(16-32 Hz) 2} SigmaZH(12-15 Hz) 7} AAFQ1H T &
8] A YERdth= Zlo|th(Freedman, 1986; Krystal et al., 2002;
Merica & Blois, 1998; Perlis et al., 2001b; Spiegelhalder et al., 2012).
Tl AAE Eu} Ao A= EHA o 2SS Mk &
Beta}(18-30 Hz)7} & Al7Hofl 701 %k &4l = -2fsiA| 571+
25 FIsFATH Wolynczyk-Gmaj & Szelenberger, 2011). 0]
TF Betau}o] 3} g2 w1 72144 0) A 2 A2A QUTH(Spiegel-
halder etal,, 2012). THE A13) A-5 3 B 2Ab50] B4
) uJ3) T 53} T2 9] Beta (13-30 Hz), Gamma
(31:50 1) 2520 tfelo] WAEHA 2] Lpo A2 50 245}
2} At=Elo] Qlrkar ArHirH(Cervena et al., 2014; Corsi-Cabrera
et al,, 2012; Lamarche& Ogilvie, 1997; Maes et al., 2014; Merica &
Gaillard, 1992; Perlis et al., 1997, 2001a, 2001b; Staner et al., 2003).
53], foi%le 59k = 52 NREM 19H4] F2t 5 2=
A AT S5 FA(E3, F7, F2)oll A AASHA| 32 BetaiH(23-30
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(Riemann et al., 2010; Shekleton et al., 2010). T3}, EHA}of SkA}
S8 FE717H) Azko] A1) ula) 21 Holek. ol2 57
ORI, AS A 3] 8153 L71A] Fte A et 414
CEENE BIEERSSEREERERT R

B BAE0] A7) i) dofit 29| wjuhE ST A
TFollA= o] FAI Tl sl Betau}(13-30 Hz) 2}
Gammai(31-50 Hz)7} 8-2]3}14] =& #o| Izt ch o]t w2
1] UL 7 2l 214 vl Ale 2

e i} 1A 2] el W) 2 U HollA
EHH]FJE}(Com Cabrera, 2016). ©]2]3} u} &= o
AEo0] A AHER] 55}l Zho] Solw 2235 72

A o= A/t Bt o] qlrk Bgof #X }94 il
ERLh= Huke] T ThE 540> NREM 28 9 &
32 H7)} Sigmas}(12-15 Ho7} w5 7 stk el
(Freedman, 1986; Krystal et al., 2002; Merica & Blois, 1998; Perlis
etal,, 2001b; Spiegelhalder et al., 2012). BetaZ}(16-32 Hz) 2] ¥} =&t
50 2, o F Sigmanh(12-15 Hz) 9| -2 52t
% 4 25 w7 YS9 | & (Spiegelhalder et al., 2012) 2 4

of thet = oA Q] R &2 o] ARt (Dang-Vu et al., 2010).
Bl RS0 o 5 2S00 - T 0] AR
HEl o] FA B5k= BN RIS EA o el
(Spiegelhalder et al., 2012).
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H o & R Tl S A|QFiTh ticha=o) A7 ek 9l ofshA Aof
=2 A Fol| A BIHAFE aE-E SRl wfZol(Hammond,
2007), TAte] 7@ E-& Tkl 8} | $18lAl 7144 717tol| k5
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7} A& S3tof wpet WuhE 2 2EPS wf v =S Al S s
W SEAR7E A1 9] tefof| A A= 7| A e k] Idol SAIRE
Zre 2 S A7 Aolch(Demos, 2005; Evans & Abarbanel,
1999; La Vaque, 2003). 23| =8} 0] 24 0 2 = A7), EA}of
S0 B #R10] FE WSS sjof k= Aol gt o2l
= LA ol itk &4, e =W e 2= 8)7] 54t Ao
T30l thet 24212 mj =S Al gho =) A7 = o] of
S 2B AU 5787 27 A| EA] etk A, e =
A|ZALE] Mg B obd et 2hate] ZiQ1A]] vkt 55 ol wh
2t Az a7} yepdh Ui, mRusue) avbde FaEdl
] —!/ﬂ 7—(-151_}\]-_9_37_}- 1\1-]1‘—'/]1‘] Z]TL Zé ) hzlj, /g’[ﬂ_']-l:ﬁol
= A AR BN M=o S ekelal Ao s
e = k= o] Slek oA, e = ghxte] o
A=A F2Fsto] 2| =271 Z18) s = H52¢] 2| =ol7] u)
ol @A ofo] Tt FAF-gout Bt §ifo] TASHA] ¢
=TH(Choi, 2012; Niv, 2013). FF= 3] =812 0|12 2] 8k35|(Ameri-
can Psychological Association, APA)2] 7}o]|=2}9lof 73}
ADHDZE 3t a3}#0] ) 7HHY B olu2}(Arns et al., 2009),
] Z1%(Tan et al,, 2009), &%} ol (Cortoos et al., 2010), A}H| A~
E& Aofl(Kouijzer et al., 2010), 'H=5(Breteler et al., 2010), =32
8 Aof|(Scott et al., 2005), +2%oll(Choi et al., 2011), o]
(Schenk, Lamm, Gundel, & Ladwig., 2005) 5] A2 24
Seoick T B} A S R0 2 el (2 s
A AT = ol Al HaE ] oFkeh
LRlof| A Al Bt of] FRES $5t R uEwo) 7|E T
2EZL Thetaw} 57} T2 EZT} SMRE} 7 T2 EF, 7
ScoreS o83t 7018l L 2 EZo| It} Thetai}(4-8 Hz) =7}
ZREFZ 7R R EHAofo] 2| 7of de] A= o]
=29} 71 A=A mFH Yol frAFsto|(Batty et al., 2006), =7l
gAEo] AR o ojghe] itk Aupt vyttt ey
Hey Al eb e =] fA]of Qlofal= ETEAIGHA o th(Bell,
1979; Hauri, Percy, Hellekson, Hartmann & Russ, 1982).
SMR}(12-15 Hz) 57} T2 EZ2 ofe] AgAolA EH4
off 7o) 1} YERNTHCortoos, De Valck, Arns, Breteler &
Cluydts, 2010; Hammer et al., 2011; Lansbergen et al., 2011; Ster-
man & Clemente, 1962; Sterman, Howe & Macdonald, 1970; Ster-
man, Macdonald & Stone, 1974). Z1&Ju} SMRI} 7} L 2 E59]
7% Bl A2olAje] AT S i 155}
o} AIZE0] ofd B AIZE 5T LERFE SMRAFE et
9518] 2142 GABH Apehel TARL OJujgich(Eriel, 2007
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Schabus et al., 2014; Sterman, Lo Presti & Fairchild, 2010). Z£71]|
AR} SMRa} 57} 2 2 2 30] 4211 ol ez 4ol
Z71e) A1 A 0 2 FHeE Aolgh= AEE A7) ufl$- HE5h,
T W25 S8 TAE 8] &lgh 4 $itk(Schabus,
Griessenberger, Heib, Lechinger & Hoedlmoser, 2013). T3}, 4=
W7} el ZEe) Bto] Aol i el
Wrl(Bastien et al., 2009; Besset et al., 1998; De Gennaro & Ferrara,
2003). SMRu} 3 2 &3-S SMRi}H(12-15 Hz) 5712} Thetaith(4-8
Hz), High Betai}(20-30 Hz)2] 9JA|& =% & 3HH(Cortoos et al.,
2010). SMRT} 3 2 EZo|A] 7424 O 2 Betatl}- S THE AL Beta

s} Sugel S Sol7] SAH 0 e vt 54 2
ofufe} Betan}] 7147k BH1FAF kool GaFE wlHIcH 242 A
AL =S

2Score 0l 7jelshel 2222 B 0.2

74]7‘401 71]]/\1‘“40 Z Score S
ZNQAONA Lreh= Bl7g /212l 5‘—]#41‘51% Zho} FASIA7 )= A
Fo|th(Hammer et al,, 2011). 12]L}, 3H2Q1S tjAFO 2 fof &
F2Hl Z Score to]E| Hjo]27} gH]E o] QIA] ¢7] wiizof oA
= U EH ) SAFEoA A8l A7 Slek 5 2
A 7RI A] B0} A 25 soFs}7] wioll(Wigton, 2013)
A @ALe] o] X|mof T FFF-S vFich= Te] glom, 7ol
St L2 BEE3 8] fleiAl= 19492 of-8-5f) £k Hup
£ 374 9 BAsloksh= a7k AHl St - L EQ o)7L H AR
T ka0 A mAEo] o]t %% T[Sl TAAQ
ofgfzo] w2t Rt Hfﬂﬂ?"ﬂ/ﬂ o s e =
A8 Z score L 2 EZ-2 Betal, Alpha S5 A=A

S EX 2 X351 o (Hammer et al., 2011), SMRi} <7} L2
EZL2 SMR3H12-15 Hz) 5712} Thetai}(4-8 Hz), High BetaT}
(20-30 Hz)2] A& &£ & ghr}(Cortoos et al., 2010). EH N
Ao) AHSE 7| T2 EREoA] A0 2 Betash & T} 2
AL Betanl7} 270 B2 SollA| e o} 5749 # of
U} Betathe] 7227} BHZA 23] G Ul A A
AT BRI Bl BAE S g0 2 AXJE
Azl A LR B L olgkE A vAUZ0] S
Sergo) 240 A4 Aol At LRt 951 %
2 2138 205} ERET0| ALHo] B Baye) A
A S th A EIRICE 24 ook i e 2
Betal] 5 AN7|= HaEe = B2 3E 2481517] wlol A3
Aol A UERt 7]E rru o 2 EE0) S| A' A}
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S 4 S ) 4305 gt b e
1gma-L}(12 15 Hz2) 2 BAF A9} 27 &

ANV R N BEE Pk 2SN RS et
& 703 X2 WA v, Betan}o} Sigmast & & 2P 1)
L b} gl Sl SEmS u ek ol 4 A7
oflA] Beigol g Sol AFelo] Hls) Aelglis F7F B oflet
48 ol Betanbrt @bl 7 L B4l Liehel
ol Zb] Afeld A Eeh AL Shelskgie B4, /1% TRE
250 Brgole] v AU Betas 2 571171 o=
che ollA o] R FE A Zo] Qe o] S AL ),

Aol %2
Beta}/} ElAo] 244} 2dgto] Qlrks AL AAlsl] wje]

Q1 Betas}] 1] 7}l
Lu} b, Beta g4

e slofetan 7| ek

# ¢ DSM-59) 2ol (Insomnia) 27 /1S W5}
2300} 9 B B o = ook A ol A2
S L2 EF S o]-83 Beta A RIS /\] aJ5to] 327k Beta
5}(18-30 Hz) 7127 S0l $4 7Alel =

g ol 9eh 48 9ol Sl sheb) 4 el
W= A 31 F47] Ha), Aol e g A& Mk A= &

o] ZA3}o] ZEL 77k Eot o} ie A7 A AL vz ok 7]
) et} 01 Aol i) SIS Sieh. g S

A2} Smart Wearable DeviceS %3] ¥-2 71714191 4~ d|o]
B, el T A 48 212 At Az Fol 24 F o]
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o] jAto] ek A Sl g,
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Telephone Interview
[M=43}

Excluded: medication
[M=3)

Sleep Scale send using Email

Excluded: scale criteria
(N=25)

SCID, WAIS Test

Excluded: 10

[N=T)
Excluded: SCID

Resting QEEG, HRY

(N=6}

smart Wearable Device, Sleep Diary (7 Days)

/

NF Group
(N=5}
I

10 Session

\

Wait-list Control Group
(N=3)

Waiting (10 week)

Post Treatment
[DEEG, HRY, Sleap Scale,
Amart Wearable Davice, Sleep Diary)

After \Waiting
[QEEG, HRVY, Sleep Scale,
Smart Wearable Device, Sleep Diary)

Follow-up
[DEEG, HRY, Sleap Scale,
Amart Wearable Davice, Sleep Diary)

Figure 1. Consort flow.
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=

Structure Clinical Interview for DSM—IV (SCID—I)

FIE QA7FS o] WEHS S5 DSMAV Hekr|Zo] ufe} eke
Wel =2 sl wpah wrolck SCIDE QIA7HE o) AHgs)
L ulwa B Azl 4 9 R ] Ankgrt ol
oA = E FNEE I 7 Al of o] WAL AR A=
kappa g}0] .70 o}/goct.

O|=H 1 £He| & Mz (Pittsburgh Sleep Quality Index, PSQI)

1989 Buysseo| ©J3f 7H‘:‘HEJ olef 4=rie] A} = WS 54
St £3140) 4 AT LR S8 ol B ATl A AF
oflA] At g Y7t 4le) Ak Srrlzbe] B RS 24el
A7 a1A] A Aot A5 47]19] Zo ARkl = ARE A

71 740 2 Az VAR, A 7 AR A 7o
gholm), 7 oleje] 4 % WANSHE BAloh ) £ 8314 A
W S0l MLESL R PR o] A2 B 4 ik 42}e) B
O WA $H W, 20 G 20 AR QA S e
X, 5 S, A AL 71 ole] 7714 8910 2 L
of 4 glrk 2] PSQL A4 4o BAPE itz 08l A2k
ol L= 217300 o] 20, PSQI 471 57 ol

,PS &
%l(good sleeper), 54 o]AFo]H M| Hel(poor sleeper) 2 f
A3l )tH(Choi et al., 2012).

o, F.E,

E2HS M2 R 5 (InsomniaSeverity Index, 1SI)

1993 Morin®] DSM-IV®} International Classification of Sleep
Disorders (ICSD)2] ZIgt &=49]| EE}E} EHA o)) A=E A}
3] Slal HeAole] Rk A2k, o] et B, 371 7]
5] e, e Apofo] gt A} 1 5wl ol TE-S S<Is
770 Bake 2 TRl 2 BRe 0Hol M SHO2 AREL L 3
9] WSI= 070114 287401k, Cho, SonZ} Morin2014)0] Hiets}
s g SIS W A S0l

rr

NI

O

OHQIA AKX ot Z2I M (Epworth Sleepiness Scale, ESS)
19914 Johnsol| ofal} 7l HARR /Aol A ol sh= 8714
oA “AE SR et oA “off- wo] S o= 0ol A
3%7HA] B7ke 4= QlEf Cho 5-(2011)0] Hsal B =2} 41

2 QIZ S ESS] WA UXEE 90015 FAAIZIAL AL
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Smart Wearable Device (Xiaomi Mi band?2), Mobile app (Mi fit)
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Insomnia treatment using neurofeedback: EEG Beta decrease protocol
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Figure 3. Beta decrease neurofeedback protocol.
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3fl Mann-Whitney A5-& s3It} w20 58 X7 £4 Sof e %]
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Table 1. Demographic Characteristics

Treatment group ~ Wait-list control

(n=5) group (n=9) P
Mean (SD) Mean (SD)

Age 23.5(1.73) 25.6 (2.88) 31
Education (year) 16 (0) 15.2 (1.78) 37
1Q 113.09 (11.8) 103.7 (9.2) .09
BMI 214 (1.31) 21.98 (2.12) 45
PSAS 62.5(1.73) 59.6 (8.08) 61
ESS 8 (3.46) 9.2 (4.26) 60
PSQI 13 (0) 14 (3.8) 1.0
ISI 19 (2.30) 19.6 (4.5) 45

Note. BMI=Body Mass Index; PSAS =Presleep Arousal Scale; ESS=
Epworth Sleepiness Scale; PSQI = Pittsburgh Sleep Quality Index; ISI=
Insomnia Severity Index.

*p<.05.**p<.01.
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Table 2. Homogeneity Test of Absolute Power between Group (EC)

Frequency band Site Z p
Theta (4-8 Hz) F3 7 45
F7 9 .80
Alpha (8-12 Hz) F3 3 08
F7 5 .02
Sigma (12-15 Hz) F3 3 .08
F7 3 .08
Beta-2 (15-18 Hz) F3 9 .80
F7 9 .80
Beta-3 (18-25 Hz) F3 9 80
F7 5 21
High Beta (25-30 Hz) F3 9 .80
F7 3 .08

Note. EC=Eye Closed.
*p<.05.**p<.01.

Table 3. Homogeneity Test of Absolute Power between Group (EO)

Frequency band Site Z p
Theta (4-8 Hz) F3 9 .80
F7 9 .80
Alpha (8-12 Hz) F3 9 .80
F7 9 .80
Sigma (12-15 Hz) F3 3 .08
F7 9 .80
Beta-2 (15-18 Hz) F3 9 .80
F7 7 45
Beta-3 (18-25 Hz) F3 5 21
F7 3 .08
High Beta (25-30 Hz) F3 3 .08
F7 3 .08

Note. EC=Eye Closed.
*p<.05.**p<.01.
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Table 4. Homogeneity Test of HRV between Group

Treatment Control
group (n=5) group (n=9) 7 p
M (SD) M (SD)
Heart Rate (beats/min)  95.73 (23.4) 84.8(25.6) -87 .38
LF (%) 333(247) 376(167) -07 .94
HF (%) 446(17.9)  426(12.7) -34 .73
LF/HF ratio 1.95 (2.3) 142(195) -60 55

Note. LF = Low Frequeny; HF = High Frequency.
*p<.05.**p<.01.

Table 5. Homogeneity Test of Smart Wearable Device Data between
Group

Treatment Wait-list

group control group 7

(n=5) (n=9) p

M (SD) M (SD)
Total Sleep Time (min) 236.42 (12.03) 254.6(28.28) 6.0 32
Sleep Latency (min) 52.35(25.81) 22.8(12.59) 8.0 .62
Sleep Satisfaction 3.94 (1.54) 3.04 (1.07) 4.0 .14
Sleep Efficacy (%) 48.5 (56) 59.0 (6.18) 6.0 32
*p<.05.**p<.01.
x|2 T Aol S HE5
A& A 7 o] 27ERE9] Ao = Table 491 A th 2=
At o7) B4 gre] Auho] i v E4%e Mann-
Whitney#i%-& 391k 4] 23k X2 2 ¥ W8] F7ix5o
Al b= kol & 7 2o 7 Giich
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Smart Wearable DeviceZ 0]-8-3] 7 A}5-2] Zta]of| 4] kA

O 7 Z4H 4 e glofE = ¥ 24352 Mann-Whitney 7
<SP, 54 ATh= Table 59F At} £4] Aite= 2= A

Z AL = A7), e BE(F HARYA Ol 9=

1Zhelle 7 A k) o7k §iSith o] 24, Smart Wearable

DeviceR 2738 A2 A i Aeke] SRR I3t Sviopahe

>~

%= 5 Bz
X2 F T 7L STHEOH 2 ZAF F Hel 2zt

el Eu A8 5 AR FE] S Aol Bl SATNA ft
2 otobwy] $ia) Bubaol el AAFES ol8sto] ARt
7] A WS B de 2 2% 9 umE ANsh X
ek} oi7] A ko] AR A, AR Fo] Bylo] Bl FAL A
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Table 6. Mann-Whitney U Test of Sleep Scale between Group at Post-
Treatment

Treatment Wait-list control
group (n=5) group (n=9) Z p
M (SD) M (SD)
ISI 8.4(3.7) 20 (3.6) -3.02 003%*
PSQI 8.6 (2.1) 12.4 (2.8) 222 027*
ESS 8.8 (4.6) 7.89 (5.3) 06 646
PSAS 43.8(9.7) 61 (6.6) 228 004%*

Note. BMI=Body Mass Index; PSAS=Presleep Arousal Scale; ESS=
Epworth Sleepiness Scale; PSQI = Pittsburgh Sleep Quality Index; ISI=
Insomnia Severity Index.

*p<.05.%*p<.01.

Table 7. Mann-Whitney U Test of Smart Wearable Device Data be-
tween Group at Post-Treatment

Treatment Wait-list
group control group
(n=5) (n=9) Z p
M (SD) M (SD)

Total Sleep Time (min)  447.03 (65.6) 324.87 (85.13) -2.06 .04*
Sleep Latency (min) 26.94 (30.62) 71.37(69.5) -1.92 .015*
Sleep Satisfaction 7.16 (0.73) 4.05(1.07) -2.95 .003**
Sleep Efficacy (%) 89.7(4.57) 75.37 (8.34)  -2.93  .003**

*p<.05.**p<.01.

4=9] 4] A= Table 637} 7Hom, ¥ 14> HZFQ] Mann-Whit-
ney A%< ST 4] Axk A &xtho] tf7] FA| kel Hlsh
A & o] HO) A2, 0 A, o A 2] Tt Aol A

X|2 & Ztt 7 Smart Wearable Device, HYUX| HOl 2z 0t
Smart Wearable Device & ©]-8-3]] 2| & 3o A 24k} o 7] FA|
AR 1A BALElol A A .2 2 4

BIOP 7P 0] 2 42 Hlol el Table 73} e, vz
%< Mann-Whitney 2458 51310k 4] 23, 2\235bo] o
7) 4] kel vla) 2u=u A F 0T B SUAI, S
8] 2719} R 7] A1) 77t BRI E, A5
Gro] Yrazal o) 22 5 el ot i /) 27l

X|2 $ ZIEH ZH AapHo|E 2A 2}

A5 3-0) X Asat 7] BA) ko) Aleld B wslke
Qrobi7] Sfs) Aluhdo| = 2% Hlo]el Table 87} 2. 1]
584 71%9] Mann-Whitney %< 5151k, 5t 7k Aputo] =
w4 A3, 2|2l o7] 54 Arkurt SAH02 Sofa)
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Table 8. Mann-Whitney U Test of HRV between Group at Post-Treat-
ment

Treatment Wait-list
group control group
(n=5) m=9) 4 P
M (SD) M (SD)
Heart rate (beats/min)  67.8 (11.6) 85.8 (3.0) -2.63 .008**
LF (%) 34.7 (13.5) 32.5(14.7) -2 .84
HF (%) 48.8 (10.3) 40.1 (20.4) -.33 .74
LF/HF ratio 1.45 (1.14) 1.56 (1.9) -.47 .64

Note. LF = Low Frequency; HF = High Frequency.
*p<.05.**p<.01.

Table 9. Mann-Whitney U Test of Resting EEG Power between Group
at Post-Treatment (EC)

Frequency band Site Z p Rla:./[neljirrllg
Alpha (8-12 Hz) F7 2,049 014* 1>2
Beta-3 (18-25 Hz) F3 -2.948 .048* 1<2
F7 -2.489 .014* 1<2
High beta (25-30 Hz) F7 -2.928 .048* 1<2

Note. EC=Eye Closed; EO = Eye Opened.
*p<.05.**p<.01.

Table 10. Mann-Whitney U Test of Resting EEG Power between
Group at Post-Treatment (EO)

. Mean
Frequency band Site Z P Ranking
Beta-3 (18-25 Hz) F7 -2.948 .048* 1<2
High beta (25-30 Hz) F7 -2.06 .016* 1<2

-2 AlHlE (beats/min) LFERHCE

x|2 & ZEh ZHSAD | it 24 Zot
B Qo e FRu| e X720 A3 Qs AR5 F4)7]
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o) E EA519l o, H|H =391 Mann-Whitney A5 5191
ok 70k} #H|QE AJ9) A FA7] 1A A F ek 1A
A frofgo] helefr] ohe Poe A ArtollA] Alefstict &
A F-o)ghE 2 052 A51eEy] 0 ZT}H= Tables 9, 100 A|AJH
ulo} Zth Wk A2 0 & iju} W3} ofARS F3ls] 98) 2 Y
ool 271k 1992] §417] Hut-E Neuroguide S AH-§-510] A Z}a}
3lglom, A= Figures 4, 59F ZTh 222 AAkol o Lyeh)

= _J,]-a—/q'] z5 Ul:a-LAE J_]./\ e o Wyl 29 BESL 2
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Figure 4. Wait-list control group (left) and treatment group (right)
resting EEG at post- treatment (EC).
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Figure 5. Wait-list control group (left) and treatment group (right)
resting EEG at post- treatment (EO).
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2,7 2 849 HohE 2o RS ek Ko e
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al, 2017), o= A= £ A4 ZMdo] HaERlths 2la AR
t}. LF(%), HF(%), LE/HF ratioo]| A+ 3-2Ju]
BT, o= Tl EH o] ST A4 919 ARtRol =5
2 % v MY 724 AHJ5H= Azjolch(Fang et al, 2008).
T, S Shake] AfEpHo) o) TRt e AtS oA
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