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An Analysis of Relationship between Self-Reported Anxiety, Depressiveness and Parametors of
Heart rate variability based on Photoplethysmography
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Abstract
The purpose of this study is finding alternative parameters of the HRV so as to minimize the subjective errors by
STAI and BDI, could be have two types of significant correlation levels depending on normalized method. Particularly,
the LF/HF presented as the quantitative physiological parameter that can reflect both state-anxiety and trait-anxiety.

Keywords: Emotion, Anxiety, Depressiveness, Heart rate variability, Autonomic nervous system

Q o

2 =T 54 B & AHE Frietked e AR EA e FHA AR H7HEA(Beck®] ¢2AHE, A
-S54 50 )] A% gyt Alvb wlolo mepny 7He] Fe-AddAE FAIHCE B4k, T3 AF
B7HA ol AE s Al & < e A Wk gEtnEE AHEh] etk IE]a A Holx S Al F
2 g G AHE JANHOE FESIAL 2t FEE el AM Wol=E o]&ste FEH AT 54
HEd FHH AE PR AR e AHAAE FAHCE FA4ste] A HAAARE UiA & 5 e A
HstE AFA AR E = uA gth 2 =50 AFAERYH A& 7 e AR 4B Wl v] Ag4tst det
HE7E A EIH RS AR S4B Lo S 52 AAdAE veblltke Folth vhA, 45 et
T2 dHe v&Q Atst 2 E m RRI(MeanRR interval), SDNN(Standard deviation of all NN intervals),

LF(Low-Frequency), LF/HF(LF/HF ratio)= S5/ &<M3 %, ¢S LT JHIESHH 9 o =2 AAAAE YEld
th o] &, LFHF= el EQHET ofvel, EAESHS RG9S & Ade AHA A A=t gevg 2 yeltth
(o]

FHof: HM, =ef,

-0
o
0>
1z
|'II
o
H
Pl
Mo
[
oY
X

o] =2 20129 % GR(ASFHEI|EF) AYOR A FATH((NO. 2010-0026833)3 A 2] AAF =271 &S
Ao HrledgFgrrede] Ads ol Fad AT,
o] AT TS FAl olsht AFHolA Ak 25 &Y
T AR FAF (AN 8t o) shy et 4)
E-mail : sunkyoo@yuhs.ac
TEL : 02-2228-1919
FAX 1 02-363-9923



346 0|%7| - gM=

AA ] A& A FA sl AALA o= FEE =
A71A AANS F = < 3
FHE AT SEHCE YER & BR oy Al
Aol A E
g Fok(9 g, A7Hy3l, Interactive game )0l Al A
F 3 Z(B. M. SAYKRS, 1973; Osarnu Fukiidal et
al, 2001), 53] 7HdggtellAe] Alute] Wal= 17t
o S AEst stele W A7 S8HY e
FA o] tHA. John Camm et al., 1996; Carmilla M. M.
Licht et al., 2009). Aute] ¥isle= dvbd o g =23
o EFolv Aol olg Aotz WstE AQg A
ANAA(RZAA, FuFA7)e] FAE Tt 9
ZAHsht oy 2Rl(ARPEAQl A2l el wish
2Ed 2, ARG 5ol 2s) AW F&ol 7
EA73AIE °olE FEAIFZ] S AubE
AFZAA7F UTHPeter A
Shapiro et al, 2000; R. P. SLOAN et al, 1996). 53] <]
 2EG 2 oy 28l o8] B9 w2547t
i 2 F ded, 2 SAE el E AFEES
O35 2 AbEE s Alure] WErE Ave o
237} 1 tH(Toshikazu Shinba et al., 2008).
oj g} o] AEAAAL] FA stell RIZEA Wk
sk AlEbe] wiske AEAAAY @4 A=E FFH
o7 HJhd & e v FFAQ] =7 ARET
Axel Bauer 5-(2008)> ©]2| g 4lute] Wsts A Al
7F F 715 A sk o' Akt vERd
< 4} 1M o| = (Heart rate variability, HRV)2} % 2] 3}
Atk +2 HRV AZE A A A E(Electrocardiogram,
ECG)7} ol &5 =t s EAvs & sle vd
7t & 8 5o o AA B d5S FE S
oFsl7] wjFol A% FA WAZLo] wEA Hrh
Toshikazu Shinba 5(2008)2] A= 7N A317] sl
HRV 215Z54d g s Hastety HeYde
FEgh ¥ WS EAT PQo Aol ok wWut
(photoplethysmography, PPG)= <=7}gtel] AlA] shupgt
FZHAA Z437] wdoll ECGOll Bls) Zdeh
A& EAo] A u-health WO E &
A

om YR 5, g S WAFHE

Bl

o
5]
v}

=k
o)

=

Q.
o

B oeEe) BA0 AANEES ol8d AR A=
S} A FEE el FoE AEste] JHaAE
53] dAste] ABH ARZE PPGEAL 5O
HRV stebolEl S o] §atgla F84 AR2E Ay

HE JFH o= HJrig
£ ol&3tdth vk A(Joel W. Hughes, Ma &
Catherine M. Stoney, 2000)& EW=Z 3l A& <l
&S] AEE FA 5= AR E Beck® &3

%= (Beck Depression Inventory, BD)A 2] & X% 5}o]

MBS AYSROor, P g B FUE 27
S B AAE APAR QAT BEgol
E RS A0E WHA db 454 B

(STAI, State-Trait Anxiety Inventory, STAI)
Bl $&3 BeduE BT 53
A e olpaslel o $-23

iz
Uet elzke] 1A el Behe YEE 54 Bk
= T2 3

2 oo e
e ki

2

i 1
re Mo

L |"_|Q,
HE
2
o

Shinba 5(2008)2] A-FolA = T3
A S FA A (Rest) 2 A 2] 5lo] AF
wZoll Restoll thall &gke] o=x]7}F 2lo] Hko] g
stk kA 2 AFolAE £ AR E {FLE F

AE Restoll A3 A E vl 73slste] &5 = Rest9
F2 7HE Rest ¥ 7HAE UFo] PPG A5 E 7h7t
FEFom, JF A (Task)= T2 & AejolA ~
E 2 433 dAEste] AEld Q46 FE8] I
< 5 Jes 2H e AdEe BUHE 5
 TOE E0E A AT o] &3 A E s
= 3219 PPGA 3 & #5359t Toshikazu Shinba 5

(2008)2] Aol = Task 2 Reste] F 71A] Abejoll

St A3S g 9hH 2 A7 A= Rest®] ZJH
Z ®3] 3}od Task, Rest(Eye open), Rest(Eye close),
Task/Rest(Eye open), Task/Rest(Eye close)9] & ©fA 7}t
A o] FEHE AlEsAlA APES e AT

weba] 2 AFM = dEEY, SAES &4
TE Uil F34 A H37ER e FX9 99 o
Al 7EA] ZFEle] HRV x| oke] ZaAaAE EE51]
thFet JAl Aghe] AEletA A7y 2 A9
b

e SR ohle /1 AH ekl
BNH A%S AFHOR Y & g A8 A
5 Mol B4 WS Aekalua gt



21, AJIEIEE M2 T}

Toshikazu Shinba 5(2008)¢] 1+& HlgS 2 QI
Ux‘ 7“3”131 H7te| de] AHEE I A= Beck ¢

1G-S5 Bt Ao FAstE 3 AR
Ao gekstel HRV Hebule ghate] Aaa
it & Aol AMEE FHA AEA

2.

L A
do Mz L ya

|

q

frox Ky e

o

2.1.1. Beck? 22 Mz Y

Beck®] -2 % = (Beck Depression Inventory, BDI)<
F& AxE SAste AAXNE ARE T Philip C.
Kendall et al., 1987). 1961'd Aaron T. Beck(1967)°1 ©]
3l Ag AEEAeH, AFETHAE7Ie AR
o8 Frlere A AAHeR de ALHT Sl
_?_%_10_9] o];qxl ;quxq E7]x4 Al A A Z)\]-ogoio
ZFSE 2 BRoR PR 9T A7) Huow
AN Aol WAL 0-63OE $EEA o

FEH0~9F), 7H & %= AE(10~157), T3 5
)\
(o)

o

ﬂl

o)

Bj(15~237), A 2 FH4~637E F

&l A3l ol s ok £F8(1991)l &3 =3t
= .
H

rir

W

e

=

FH

M

1)

)

(98)

N

e

To

fr

W)

=

o 32

i) 2 o
Yoo

re o
I

=
fijo
o
oo
)
[
e (m
W s
|
2

W%(Splelberger C.D, 1983;
Spielberger, Gorsuch & Lushene, 1970). 9] 721
B¢ s S =R igEHAe Y, ddd

>

Laretzaki et al., 2010). Z}2+2] E<F A= 9] A A=
Fsk 20814 AL /A A= F A=H TAH
o] gtk R HAZ AHEEHE (STALX-1)
g dEE R I ] oA9A =7

2 AN S W AT E 42.50§(£%J x} 999)

AFollAe] F 199 AFAH(H el

299548 tIFoR g F Aol g FHHrE

etk S 36.68F(EEUA6.237) 2=
A8

o S e o] 2

XJ

ot
o
ot
Lo
>,
fu
g
[>
é
=
o
i
0~
o
(A T

N
ol
N
fo
o
NS
_|_,
OFO
?s:
LS
_{

rE
o
fu
JllTl
O_u
ita

(STAI-X-2y= 7)<l Ol MAHOZ E}z A A
7hgheh & 2070 T o R A H

ZZFo] k7 i°(547g~587<4) EA
E5(5971~637), 5=t FFo
ol’hel Al 7HAl HE &
3 9F £28(1991)9l 93k =
@16 F o2 F A

ol g3ttt HHAFE 4M4.53H(FEAA

o

—

A
oX,
o
o,
0 o mr ¢ M o

N
o
0%

-

A

oo

~~

>

B

m ©
=)

R

5
Fr

e ox
U r‘E}"’
r;’L Y
:‘.)L_',

o

¢

u)
o
o
=2

=

fox o A B2 fooE miot 9
i
oX.
™
rO
ol

e o
4 o -
o
o

Nej
(9,1
e
o
o
do
to,
ofl
e
o
mz
i)
gi
]
2
=
o
w2
>
3
N
o

(¥ 22 o
2 oM

o)

5

Er\r‘
—Y_“.
2oNe

L
N

¢

ol ¥ & )
o ok
o

utt
>

222 A8 Z2EZEN OO FE

A3 A BDI®} STAI-X-1, STAI-X-22] 371#] &3



348 0|%7| - gM=

A H7HAE Tt 3 EQVIHE HUHek
o AY ZZEF2 Rest(Eye close)-TaskE 3] 5}+=
part 13} Rest(Eye open)-TaskE 53} 3l+= part 22 73
=ol AL 19 PRkl thall part 137 part 29] 2§

S 77t =PHoR FASATL 1 A part 1o o)
3k 1971 9] ©lolE, part 20 th3t 1971¢] tlolEE
S & ATk AT FAG oF 389 PPG YL
233191 7] wjFoll part ¥ PPG Ao F 2H 353}
Atk 9 RAFolY £19 EE Fd @ 2o
B 52 Tt AY A% vlA e 7 1524 L
A<t BA5FA T
cndetonmares . SOSEC%see
115sec H :LSseci
\/ ‘ Rest(Eye open) Task ‘ ‘

<Part1 >

Paper-based

quest] jrs f
i15sec i 15sec
‘ Rest(Eye close) Task ‘ ‘

< Part 2 >

Figure 1. Laboratory protocol for participants
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Figure 2. The visual stimuli protocol using ERP
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Table 3. The statistical significance tests and correlation
between paper-based questionnaires(STAI,BDI)and
frequency parameters of HRV during the task.

Task(n=38)

HRV BDI STAI-X-1 STAI-X-2

R P val R P val R P val

LF |0.190 0.101 |0.456 0.000 **[0.349 0.002 **

HF |-0.024 0.835 [-0.169 0.145 |-0.236 0.040 *

TP |-0.010 0934 |[-0.160 0.167 |0.133  0.252

LF/HF | 0.239 0.037 * | 0.471 0.000 **| 0.348 0.002 **

¥ * p-val < 0.05 ** p-val < 0.01
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o) EAS X]-g 17371¢9] €55 F23H¥ HRV ¥
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Table 4. The statistical significance tests and correlation
between paper-based questionnaires(STAI,BDI) and
frequency parameters of HRV during the rest(eye
open)

REST(EYE open) (n=19)

HRV BDI STAI-X-1 STAI-X-2

R P val R P val R P val

LF 0.184 0.269 -| 0.148 0408 -| 0.459  0.004**
HF | 0.007 0.965 -|-0.176 0.292 -| -0.198 0.233 -
TP 0.071 0.670 -| 0.098 0.557 -| 0.032 0.847 -
LF/HF | 0.275 0.095 -| 0210 0.206 -| 0.487  0.002**

¥ * p-val < 0.05 ** p-val < 0.01

3.3. Rest(Eye close)2 o] F&& MEZ HHIIX|

TX|2t HRV mZi0[E{e| SAH Fold

XS5 E TS A2 AHA obFA AFel e
Restd Wl HRV 35 stetnl g g3 AF 37 A&
o] #X e8] FAAAE UeERd AFolth ol w=
T JE 9 Rest o wob FAME ARE UERT S,
Restd W= w2 © AEY w5 72 dei7e] LR}
LF/HF 7383371 2] Zpol7t IA YebA] kAIRE 1
T TE T AHAA o 52 4] AABAE UE
W3, Rest(Eye open)ol| Ao 57A1% frol/de] wHEE
£ HRV 32V EE LF, LF/HF7} 273372 A 2] g%
S gHEtE 24AEE A Ed

Table 5. The statistical significance tests and correlation
between paper-based questionnaires(STAI,BDI)and
frequency parameters of HRV during the rest(eye
close)

REST(EYE close) (n=19)

HRV BDI STAI-X-1 STAI-X-2

R P val R P val R P val

LF [0.149 0.371 -| -0.006 0.969 - | 0.386 0.017 *

HF |0.023 0.890 - | -0.113 0.498 - | 0.092 0.582 -

TP |-0.134 0.423 - | -0.013 0.940 - |-0.069 0.682 -

LF/HF | 0.190 0.252 - | 0.058 0.731 - | 0.407 0.011 *

¥ * p-val < 0.05 ** p-val < 0.01
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Table 6. The statistical significance tests and correlation
between paper-based questionnaires(STAI,BDI)and
time-frequency parameters of HRV during the
task/rest(eye open)

TASK/REST(EYE open) (n=19)

HRV BDI STAI-X-1 STAI-X-2

R P val R P val R P val

m RRI | 0.081 0.489 - | 0.337 0.003 **| 0.125 0.282 -

SDNN | 0.190 0.100 - [ 0.292 0.010 * | 0.231 0.045 *

RMSSD [-0.153 0.188 - | 0.037 0.749 - |-0.024 0.838 -

pNN50 [-0.066 0.569 - | 0.140 0.228 - | 0.115 0.324 -

LF 0.129 0.267 - | 0297 0.009 **| 0.109 0.350 -

HF -0.228 0.048 * [-0.104 0.371 - |-0.021 0.858 -

TP -0.100 0.392 - [-0.183 0.113 - | 0.036 0.759 -

LF/HF | 0.096 0.409 - | 0.307 0.007 **| 0.112 0.335 -

¥ * p-val <005 ** p-val < 0.01

Table 7. The statistical significance tests and correlation
between paper-based questionnaires(STAI,BDI)
and time-frequency parameters of HRV during
the task/rest(eye close)

TASK/REST(EYE close) (n=19)

HRV BDI STAI-X-1 STAI-X-2

R P val R P val R P val

m RRI | 0.027 0.819 -| 0.407 0.000 **| 0.066 0.571 -

SDNN | 0.048 0.678 -|0.384 0.001 **|0.277 0.015 *

RMSSD |-0.046 0.693 -| 0.178 0.125 - | 0.147 0.206 -

pNN50 | 0.132 0255 -| 0.351 0.002 ** | 0.085 0.468

LF 0.122 0.292 -| 0372 0.001 **|0.114 0.327

HF 0.107 0.358 -| 0.179 0.122 - | 0.000 0.997 -

TP 0.021 0.860 -|-0.146 0.209 - | 0.075 0.521 -

LF/HF | 0.119 0.307 -| 0.412 0.000 **| 0.108 0.353

¥ * p-val < 0.05 ** p-val < 0.01

o
o[N
N
=
ofs
o
El
L)
o

i) o,
X,
fru
)
=
i)
32
oo
o
o
=)
=

EL
&
o>
o g
2
4
o
o

r'O

o

)
oo

Jo a2
4
3!

o
o2 rlo
Lo = 4 =

oo
il
M
o
N
)
N
Hojo o o M ox i o

=
2
%0
o
e
Lo
=

o >
o
23

o et

jr

f o
rir
PR
]

1o

=2,
ol
2
)
re

o o d
&
830

LF/HF= 57}A] AHE
H7HA xS} FEHLE 793 HRV

ojw g HRV ziv|E 24
= Al AUtk

&
2] A (p-value < oy
216k Aeleta 9 t¥shs HRV dhetrg 71
Mz DT #do] vty Frbd g JX B =
9] A 3}=(Toshikazu Shinba et al., 2008; Axel Bauer et
al., 2008; Joel W. Hughes, Ma & Catherine M. Stoney,
2000)1 41 A AAE FAA [Fod0] EEE
stk A3l kst B
| AedEy 71249 54+
AF  H7FA(BDI, STAI-X-1,
st s stk AdAEe AL
o5 STl o, vz FAe] #He3 PPGE At
&35 PPGA T oA FE3 HRVE Al-F3k o
9o slglu|E|EE m RRI, SDNN, RMSSD, pNN50,
LF, HF, TP, LF/HF7} %)
71 % LFHF= Abgio] Aqtst sAol ol =2
3Fx]o] 1O m Task, Rest(Eye open), Rest(Eye close),

r
i
o |

i
) !
o;V:‘, N

A rle
N
rJ



Task/Rest(Eye open), Task/Rest(Eye close)e] & 5714
o] Jejell A el 37kA] AEA] AE #(BDI, STAI-X-1,
STAI-X-2)E % 737 404 35X = F97]
3 EAS HoFE HRV deivHZ Yelbloh 3
LF&= ¢ 57FA ol A Es w3t STAL-X-1,
STAI-X-2 A+ #7F AR #E3 Fo3 F3dAE
WERd HRV #Hebe|E = vebskth LF, LFHF®] 3to]
52 AR ANAAR HFHASS ©
n)st o] I} FHA AEH7F X w2

=2
ARBAE Gl AOE ot Helgha o
1

57141 €] Zdefell Al HRV Zhebrl e 3k
A7 WIEA 9] FR| ekl A B4 4
= B9, LF/HFE 29 9 %84
Wty st= HRV FEHEZ & 4 o) Rest(Eye
open) el ¢} Rest(Eye close) ol A= F 7FA] Abe)
% Rest(Eye open)7} B4 EHIE UYERH & STAI-X-1E
ot 7183 Bt 548 YUeh & STALX-299] 3
A B =A JdERRAR, & 2ol UYEAE 1
Aot 3 Gtst el Task/Rest(Eye open)’dell €F
Task/Rest(Eye close)’3Hl ol A= A& 2 HRV )&}
B 5 BDIEUHE STAI-X-1, STAI-X-29] X% %+
I U AHAAVE 255 JERY ARFo=R
Task® Q18 ~Eg A7} A2 A Wshol] o Wzt
S YAt & 4 otk
9l 235 WELRE PPGAEEHRE FZEE HRV
gt e Ee] A9 FA-AsH Je g HEA
o7 A&y I ¥skE A sk deoll &3 dF
7F E Zlolm, 9] FHA AR HIIA A AdE
o)t FAtol7t YElE T HollA] F5 AT A=
A 2=l o e EEM 88E T UEs

T A==
oF3 Atk

oft .
)
|o
i
=

:

fe

bt

Fo

Ao
o

ol9ds, £38 (1991). BDI, SDS, MMPI-D #%2]
T 9 ESE o gt AF, gk He g
2] 15(1), 98-113.
oldwl, AFE. (2009). WIe] F7] AEF AT NA
off &t A-F, 7/ =iX] 58(6), 1194-1199.
A. John Camm, Marek Malik, J. Thomas Bigger, Jr.,

Glinter Breithardt, Sergio Cerutti, Richard J. Cohen,
Philippe Emest L. Fallen, Harold L.
Kennedy, Robert E. Kleiger, Federico Lombardi,
Alberto Malliani, Arthur J. Moss, Jeffrey N. Rottman,
Georg Schmidt, Peter J. Schwartz., & Donald H.
Singer. (1996). Heart rate variability; Standards of

Coumel,

measurement, physiological interpretation, and clinical
use, European Heart Journal, 17, 354-381.

Aaron T. Beck. (1967). Depression: Clinical, Experimental
and Theoretical Aspects, New York, Harper & Row.

Axel Bauer., Marek Malik.,, Georg Schmidt., Petra
Barthel., Hendrik Bonnemeier., Iwona Cygankiewicz.,
Przemyslaw Guzik., Federico Lombardi., Alexander
Miiller., Raphael Schneider., Mari Watanabe., Dan
Wichterle., & Wojciech Zareba. (2008). Heart Rate
Turbulence: Standards of Measurement, Physiological

and Clinic Use, Journal of the
American College of Cardiology, 52(17), 1353-1365.

Carmilla M. M. Licht, Eco J. C. de Geus., Richard van
Dyck., & Brenda W. J. H. Penninx. (2009). Association
Between Anxiety Disorders and Heart Rate Variability
in the Netherlands Study of Depression and Anxiety
(NESDA), Psychosomatic Medicine, 71, 508-518.

G. Laretzaki., S. Plainis., S. Argyropoulos., I.G. Pallikaris.,
& P. Bitsios. (2010). Threat and anxiety affect visual

Interpretation,

contrast perception, Jouwrnal of Psychopharmacology,
24(5), 667-675.

Hagit Cohen., Michael A., Matar Zeev Kaplan., &
Moshe Kotler. (1999). Power Spectral Analysis of
Heart Rate Variability in Psychiatry, Psychotherapy
and Psychosomatics, 68, 59-66.

Joel W. Hughes, Ma. & Catherine M. Stoney. (2000).
Depressed Mood Is Related to High-Frequency.
Nitzanyx, M., Babchenko, A., Khanokh, B., & Landau, D.
(1998). The wvariability of the photoplethysmographic
signal - a potential method for the evaluation of the
autonomic nervous system. Physiological Measurement,

19(1), 93 - 102.

Philip C. Kendall., Steven D. Hollon., Aaron T. Beck.,
Constance L. Hammen., & Rick E. Ingrain. (1987).
Issues and Recommendations Regarding Use of the
Beck Depression Inventory, Cognitive Therapy and
Research, 11(3), 289-299.



354 o|x7| - M=

Peter A. Shapiro., Richard P. Sloan., Emilia Bagiella.,
John P. Kuhl Satish Anjilvel, & J. John Mann.
(2000). Cerebral activation, hostility, and cardiovascular
control during mental stress, Journal of Psychosomatic
Research, 48, 485-491.

R. P. SLOAN, P. A. SHAPIRO., E. BAGIELLA, J. T.
BICGER,, JR, E. S. LO, & J. M. GORMAN. (1996).
Relationships Between Circulating Catecholamines
and Low Frequency Heart Period Variability as
Indices of Cardiac Sympathetic Activity During
Mental Stress, Psychosomatic Medicine, 58(1), 25-31.

Spielberger, Gorsuch. & Lushene. (1970). State-Trait
Anxiety Inventory (STAI), Statistics Solutions.

Spielberger, CD. (1983) Manual for the State-Trait
Anxiety Inventory, CA, Consulting Psychologists Press.

Toshikazu Shinba., Nobutoshi Kariya., Yasue Matsui.,
Nobuyuki Ozawa., Yoshiki Matsuda., & Ken-ichi
Yamamoto. (2008). Decrease in heart rate variability
response to task is related to anxiety and depressiveness
in normal subjects, Psychiatry and Clinical
Neurosciences, 62, 603-609.

U. Rajendra Acharya., K. Paul Joseph., N. Kannathal.,
Choo Min Lim., & Jasjit S. Suri. (2006). Heart
rate variability: a review, Medical & Biological

Engineering & Computing, 44, 1031-1051.

1 2012.04.30
TARHS ¢ 2012.08.02

AAEA : 2012.08.27





