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Abstract

Stress involves changes in behavior, autonomic function and the secretion of hormones. Autonomic nervous
system (ANS) contributes to physiological adaptive process in short durations. In particular, heart rate variability
(HRYV) analysis is commonly used as a quantitative marker depicting the ANS activity related to mental stress.
The aim of this study is to investigate correlations between psychological responses to stress and HRV indices
induced by the cognitive stressor. Thirty-three participants rated their mental and physical symptoms occurred
during the past two weeks on Stress Response Inventory (SRI), which is composed of seven stress factors that
may influence the status of mental stress levels. Then, they underwent the psychophysiological procedures, which
are collected electrocardiogram (ECG) signals during a cognitive stress task. HRV indices, the standard deviation
of R-R interval (SDNN), root mean square of successive R-R interval difference (RMSSD) and low frequency
(LF)/high frequency (HF) ratio were extracted from ECG signals. Physiological responses were calculated stress
responses by subtracting mean of the baseline from the mean of recovery. Stress factors such as tension,
aggression, depression, fatigue, and frustration were positively correlated to HRV indices. In particular, aggression
had significant positive correlations to SDNN, RMSSD and LF/HF ratio. Increased aggressive responses to stress
correlated with the increases of all HRV indices. This means the increased autonomic coactivation. Additionally,
tension, depression, fatigue, and frustration were positively associated with RMSSD reflecting increases in
parasympathetic activation. The autonomic coactivation may represent an integrated response to specific cognitive

reactions such as the orienting response.

Key words: Stress, Psychological Response, Autonomic Nervous System, Heart Rate Variability

=2 20159 % e E et e] Ao FRFA7ETAE O] A YL wol 3 A7 (No. B0132-15-1003, 841 A
= 1=}
n

E-mail : uhan0@etri.re kr
TEL : 042-860-5905
FAX : 042-860-6594



2 o

& Aol 2Bz i de] whg 2903 A 2EH A s e Aupdol o] wstete] dAE
Flstazl itk 337 9] A= A 25 ot AP} 2EH 20 tiste] YA AR S 2EHAS
s A& ol Brbekdth BY APt AR 2EHA S FYche TS AR BT 71SHATG
Aol A ERAM, R-R7HA 9] FFHAHSDNN), 43 R-R 714 ko] ghe] Al #-H(RMSSD)F At o] =€)
AF3h AR(LF)F LF3 FRHF)O] vl g0l FZHUTh 2EH A w2 557] Fobe] el r 714 Hits
W 2ol gho 2 Ao AMEEE B4 A3, 2Ed 2 2903 AubdolE NEEF] Fo 44 4R BT
53] ZEH 20 3 34 whe] SUhe EE Aol A o] Srhe el Stk EE Aol A
7k AFARATE Sl FAskE S ndth 5, 34 W] SUhe i B FugiidA e $dke) Sohet
o] Ak Lok 21, -2, Y=o} 22 RMSSDete] A Adto] Sl9ith RMSSDe] S7h= Fuhl A 249
S7HE quiste AL, 1, v, VR, HH| Fret Fugk A7 &= S Aol Ak ol g
AR T BEse 7o ATE 8k QA LEH L BE F3E o E A

FHO: AEB|A, Ma| 2E, ABMZA LS, AEHH0|E

1. ME 28 A2 AT Ge7h ek ) olo) thg-sted

= AA AR oo EH(YW A TFHE FYsEA

ZE# X(stress)= ¢ JHAIZE AHE FAES @ ok o Aol QHEet X E&EH A wk-o] Al
AT g gls wl A7l dFo] Etelu B Al 7ML gA - e Aei Attt FA-E=3 wkg
A A whg e AR - AAA 1% A E o (fight or flight response)’©] HAYal= 747 ¥W-&-7], 2
s, AstetA - Aelety - Al stA - 5ehE] Wt Ed 2 2Rlell AAZE A eh= A3k7], AA 2] A3}

£ HFSHCH(Cho et al., 2001; Fink, 2010; Shin, o] IFetH I AEE 7] - & AA=H, 1L

2014). 2EH 2 B2 Sk o8 vgatA 3 ol A A FATE o] FAAA Fow i) =
o=y e, AA, 2E#H e ofE whES 907 T3 AE7E A&HE Zolth
= AS F, 4t A mEe V2o BEs AR, AL BHAME 2EHALES Ews] &
o] Aol Aotk Ao 2AM 9 2E LS F3 uhg o2 A7ehs Zlo] ol A B 37,
He 340N 2EdEs @5 MakE olste f71A19 Aades AR 2Ef 20 BHo
AYFA Aol Al S M W U A Ao s ~EH 2ol tig Bk, o
5 Uo7]= olojth Selye(1951)= ~EHAE A 4= Qe Aol Aol v W), a8y AEF
o7 AFEFEE ASou AdE AEHZY 29} Aol AAE A= wiEcl S A
(stressor) © &2 FESHAA AEH A w3 st 5285 7# 3t} 53], Lazarus & Launier(1978)
A skt T 2EYLT FAFHoE Aoy, RAgHCR
A, ZEH s o A=l i f71A19] vks g stk Alge] XA $te) whel gefita
EE ko Yl A, S R A¥S S5 Bysiy
7] 918 dF2) A5 Whe-olth Cannon(1929)2 2~E o 2EYE BEL ATAE HOR VvE
g9 JidS WA b el 3237d (homeostasis) 78S B S H(Henry & Stephens, 1977; Kagen &
= FAstE = A 9] 54 71l oFEol JhelA A Levi, 1974), oMM R 2EHAE R SHCA
71e A#RE AHedth B3 Selye (1951)« ~EH golstal, whg el 7t ABe dodl=



AHAZ = F4| o] tiDerogatis & Coons, 1993; Ko,
Park, & Kim, 2000). §17ke] 2E# 2 vhg2 399
—5—]_57_ ifﬂ—;@gi L}Q_L]_l: sq*o}gg’ (<)) u z4 oz /R]
gl d, 5, AA ) v o 7 FHZL3THCohen et
al., 1977; Shin, 2014). 22Ed| 2] th3F 4&] 9k2o
2, 014 IAH w7k tiesd, 2B Fe] 54 B
ALE 2 A A] o Fof 22 A QR1ES TR o
71" (Lazarus, 1978; Sarason et al., 1985), 1A A
o, F7h S 5) @ AR, B S8 52
}Z= 3K (Derogatis & Coons, 1993; Ko et al., 2000).
E

G AFA WEE A5 4, AT G

R

2
>

o Ws) 3 F 29, 44 Ash
ARS1A - A DM So|thBeery & Kaufer, 2015;
Perkins et al., 1991; Torres & Nowson, 2007). Z=E#|

9] 4 zﬂ WRSS AR oM R AT

91 Z(corticotropin-releasing factor, CRF)
o W HalfAol A AT ARG E 2
(adrenocortico—trophic hormone, ACTH)S FH|A]A
FA9ES AF381H FAlm o) A 5 E E(cortisol) S

Sl As 24
A1 715 E%’d%‘ﬁ]«] A==
s 57k 9% S7h 2, 25
2, 1Y Al wkg T3 22 O AgH dsr
YEldth(Hancock, 2001).

ZEF 20 gigh o] 22 wkge] ojg BE FH
F 1 Arole] BAIE AT 5 lofok sh=dl, AAl
2 o5 7+ %_‘1*3—8— =5 tHMordkoff, 1964). <]
g E°l, 2EH 27 B2 A=l tste] XA 244

A

5
°l 74-4 gAY % 04 itk el g2 7 Bagh
5

3 o Zol Jebd = lth(Mordkoff, 1964). whEhA]

Ael w3 A whge] dAE
AZste] whgo dAAds ASstke A7 B8st
th. 53] 2E#2AE AlYbs(heart rate, HR), ESF
(blood pressure, BP)9] S-7Fe} 7h2 w2 A E A 9
A ste] fdY ¥ ok}t A E REH S T E

O LR

AER A0 Tt Ma| BS R AEolzo| B 73

BAES gyl wiel, HAdole AgdA e
(cardiovascular activity)= Z7g3}o] 42 wkg-3eo]
dAde Wele Aol 3 = A tMordkoff, 1964;
Kirschbaum et al., 1993; Penley & Tomaka, 2002;
Salahuddin et al., 2007; Armbruster et al., 2012; Wirtz
et al., 2007; Bibbey et al., 2013; Xin et al., 2017). |
£9], Salahuddin et al.(2007)> ZE# X wkg-
ojgste] 2EH VL B2 HAuH W2 Hds

P

=

frequency, HF)= “olx] 3L Al8}
frequency, LF)2} LF/HF = =01
2 Fko] AubHo|L X xe) #H
o] A

o

[e)

ek e 71 Ae A

] Bibbey et al.(2013)> 44
E43 AETH 2EH X g AAE A5
th AE8A &5, ZEE, 2EH S HAld gk vl
SAst] A4 50 BE &
] 9 A vkg-2] 2pel & <l
549 o Apo] &~
]

3} Th Xin et al.(201 5
d8S Wsl7] fleko

e 44
Ed2 whge) ThE oy B

A APl WS ARG B2 wE A
£ 9el ATE ok B AvelE 2Ed e Y@

e MY 9ee fuY Aow

1 (Kirschbaum et al., 1993; Birkett, 2011)°1 4] A}



74 mesd - Loy - Re

S5 AlS] ~E#| 2 B AE(Trier Social Stress Test,
TSST)®] ¥H-<l o] Adg YL LaEshe= AR &
Ef s &Esiidnh =13 A
al(2001)¢] ~E# 2 ke A% 77k Q5L o] &
a1, 2EH A Aol tigk Ael wks

al.(2014)¢] AFNA ARESE ZEH A Hhg(stress
response) S AHEEIATE olEE AEHZA WSS )
A3 B E7) A 8] el whg zlelR FAF O R
Aok, 2EH S A=52] AT 5, 357
o wpx et Al whg-o A Zp=o] AAE ] A 71 A A
o] whg-o] ol & A5t ~EH A Z};foﬂ °J3
3l AlE] wkg-o 2 ActaAun) &

T2 AREEE A

K

A

A

A

18

e

S|
2](time domain methods)-< 4] 5
A 7P e MR Wit B
Aol gdstet -2 A& 3A FeS v
THOtzenberger et al., 1998). R-R 7+4e] HFHak
(SDNN)= 4lul&-9] ©5-7]H F(short-term variation)
= YERH A3 A e SRS BT Fog
Z)3x el WhH 343 R-R 74 x}o| zhe] ¥ AL

1l gl BA [}

rx ot

E}‘J o
o

(RMSSD)> Auh&2¢] 47]%-5(long-term variation)<
Uehl e Ful A e 45 AeE SAse A%
o]th(Balocchi et al., 2006; Berntson et al., 2005;
Sollers et al., 2007). B8t F3} AlE A F(frequency
domain methods)®] 3l4Q] LF/HF ratio= 4 & A #}
A7 2HS deEle ARE dHA o
(Billman, 2013; Camm et al., 1996; Cowan, 1995;
Kreibig, 2010). ¥ AFeM = ol AXE 242 w3
A7AAe] BAE, FuANAY SR, &4 &

o =
A AleS e AxE &Esiiith

N
re
=l
0%
o

2.1. A FOdAL
Al A AFLell A2 F<l 7+ 30-50t) A9l
Y 33%(FH T 97 39.9+7.654)0] B Aol FHo

STk ol EF thehd ool w&S

Y
il

2, QA% e A7 HA HEoy AdiA 2% B
# o] gl AECIUTh A8 oo YA o]5EL
Ag e U&7 AAAbete] tieg dHS 52 F 2F
ool Felstdth A T8 5, A FARENA
249 7IEE S ATsidth 2 dre 38713
]9l €3]e] 52l stell 3 B 2ATH2017-1493-004).

et al.(2001)°] 7ot 2B 2 whe 311:_(Stress Response
Inventory, SR)E ©]-&3tth ¢ HA=e HaA IA
2

s 2o U@ HQ1e) A, A

=

(tension), &4 *d(aggression), 4! A 3}(somatization),
¥ 2 (fatigue)$t 24
(frustration) &= FFH At 2 HEs= HARAAA
£ 3l 7709 skl Ax Aaet A AA A 7k
AT 69~.969] Folg AR S 7HAH, 70 st
9] Hxe] WA UXEE Cronbach a =76~91, %
ZA) €] Cronbach a =.97°]t}. & AFolA = 2EH -
of thg A v onlahE WIS E, A7) 7T7HA

AY 2A5S FEaY

‘(anger), -$-Z(depression),

AP ASelX 2EHAE fEstr] fleke] IRt
Ao 2 AL 2~EF 2 H 2~E(Trier Social Stress Test,
TSST)7F AH&Eth & Bl AEs thd] A3 ozt
o] AR L 2EYA WSS frdtr] e A
A" A2 (Kirschbaum et al., 1993; Birkett, 2011),
2EY 2 AL Wi FH](presentation, 5+), 4|3
-8 w3 (speech, 5%), 94F A (mental arithmetic
task, 5= FAETE & FA M= S2EH 2o

& Ael wg YL Astel HAES Y £33



A7getat 71 sl g W& 2 &, Heidegger(1977)
o] of|Alo]el| 4] “The Question Concerning Technology” ]
%g_% L_;‘F_ﬂg—]_oﬂq_ FE?SP xl}\]ﬂ /%1,:;] u} zx%_o/] o}

O 2 kit FAE FAA A AEH A~
- AF FAATE e oAl A 2m Eoizl $1A]
o %<l 4091 LED TVZ A A= 3Ach

2 o
iy
>
lj G
o
s
i
offl
o,
rot
>
n G
N
Q.
D)
Ir
?
m
=)
3
Jus)
T,

olo
(N

o
dr feed)
22
ol
ol
8
0
(]
e}
o,
>
LS
i
ra
—
<
i
o
:OL_I,
ml

7
FEA 2] oo

A E = Eot AR AEHAE A s}
A o Aol =R (Likert 78 2 x=)ol o) gt

TR 2B X | SREW, 5T

¢t 35 7|(recovery)E 7HAE=E 3IATH

25. 54 3| A 5§

=
o =

.

AHAE A1EE Biopac Amplifer-System(MP150;

o g3l YF £=3} 9

oy

Biopac, Goleta, CA, USA)<

& bRl g Aas S ZISEAT AEY 2
QIE &= 250 samples/sec®] 3L, 5375 Fotd T3

AER A0 T3t Aj2| $S KT Afso|=o)

e
]
0x

75
¥ 215+ MP150 (Biopac, CA, USA) A/D ¥ 317] <}
AcgKnowledge ver. 4.3.1(Biopac, CA, USA) &2 E9]|
olE o]&ste] Al A Ak

AvubdolE BA L AWHA BF, 5 A4 A&
N7 28 gUE BAE F doks 4ol ) o)

oll(Bos et al, 2013), SHE AXAE AT ZHE
R-peak 7] 7HAS FZEdto] Aupdel: AxES
AdstAdth. 2EdH 2 et e whg AREA,
R-R 7+4e] 3 F¥HAK(standard deviation of R-R
interval, SDNN), 213t R-R 74 7} ZJolgte] 4t
A F(square root of the mean squared differences of
successive normal to normal R-R interval, RMSSD),
Aol o] A1 F(low frequency, LF)ZF 31
914 #-(high frequency, HF)2] H]-&(LF/HF ratio)<
Aol 2§38kl

2.6. =4 Y

RE =A% EA42 SPSS ver. 21.0(IBM, USA)<
o] g3led FaE T AEH A Ao thet Al wh
SR, 2EHAE AAE AFFA=A AR i
MBS B 2Eg 2 Ao thE ATAES 4
=3y, 2Ed 2~ A Ao s Astsle ~E
H A=) a3 AFsth 183 2EH 2
g Ae v e wke-e] AAE wel7] flst
of o]F Zhe] A A4S Fatth G el o
S 2EH 2 S HEo] Fee OA AdFE U, ¥
A, AAsL Fx, ¢, 92, FH 7714 89l

%
ol
rir
Sl
ot
i
Lo
of
et
o
fitt
)
>,
o,
32
o
i
rlo
[
ul

&< A1 Pruneti et al.

(2014)0l ol&l] AlkE 2~Ed 2~ vk BAEch

o5 3] &7] wpAH 179 HtellA 71AH A 1

o] HgS wl 7hS AEd 2 Wh-g(stress response)
1

o] oA 2Ed 2 77k A

Tn

2~ 3] & (stress recovery)
2 AFodAe Autdol =



N
(0]
0

0
ih
I
o
02
40
rol
02

s Ttk dutd o Aubdels Aute]
WolE 48] mzel 23] S flste] F
2 5E S VIEE AR A5 E B8R Srk(Bos
et al, 2013).

HEY B9 7-157), & 125
8~197), T = 9.843.017(FF WS 7~127), 4
9.1£3.57- (A M9 8~197)o=, AAF wWFd £
A tHKoh et al., 2001). =3+ Kolmogorov-Smirnov <}
Shapiro-Wilk®] g+ X ARE s 43,
E(p=078, p=194)E A& YA Q5L H+4

S R gtk
3.2. 2EA A= Cfst Al2] BES
2EG 2 A= gigk A wks A= o

o
R h=
o AAE 2EAAE ARGy Rad 48 3

A 2E= 319(96.7%)°1 N3, 2% (3.3%)S 2~EHAE

ZEF 2 NS HAToA H2 20S Al9e oA
7HA whg 8]lo] At BEE WEA & o=,
2Eg 2o gk AE v A vhg 7k 3
+ Pearson A FA(IZR)FH HESF FAZIHA
Spearmann ‘g A (7174, ¥AA, AA S i, ¢
2, S A FYsAT I A, AAE, B
NS Alupd o) WMol frojgh Adate] Il 71
7> RMSSDe}F o8 4 s B3 (rs=.268,
p=039), ¥4 B Adhdo| = XA ot

A A B JTHSDNN r5=327, p=018; RMSSD
rs=.266, p=.050; LF/HF ratio, rs=.290, p=.045). <, ==
Ef e g 3449 F7he Addel: &5
Z7heh Aol Ak Ed 922 RMSSDS}
o8 A A#E B0 (rs=.356, p=.005), °]= $
HH3-2F RMSSD®] ®ish7 ##o] &S 97
wpR|eto 2 w2 o} 2 5g RMSSDEF A A A
S JHATHIE 1s=259, p=041; FHE r15=304,
018). =, T 29} oA 2 4T RMSSD
o] S7Fet #Ho] QU rh(Table 1, Fig. 1).

z

oo

Ly

Table 1. Correlation between psychological responses to stress and heart rate variability as stress responses

SDNN RMSSD LF/HF ratio
IS P IS P IS P
Tension 11 41 27%* .04 .01 .95
Aggression 33* .02 27* .05 29* .05
Somatization .08 .56 .20 .14 .04 79
Anger .06 .62 .09 49 .03 .82
Depression .02 .87 36%* .01 -.13 31
Fatigue .04 77 26% .04 .02 .86
Frustration .04 75 30* .02 -.03 .82

abbreviations: SDNN(standard deviation of R-R interval), RMSSD(square root of the mean squared differences of successive normal
to normal R-R interval), LF/HF ratio(ratio of low frequency/high frequency)

* p<.05, ** p<0l
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Fig. 1. Correlations between psychoogical response to stress and physiological responses induced by stress stimulus
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