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Effects of the Combination of Oxygen and Color Light on Stress Relaxation:
Psychological and Autonomic Responses
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Abstract

Stress is accompanied by changes in the responses of the autonomic nervous system, and the heart rate variability
(HRV) index is a quantitative marker that reflects autonomic responses induced by stressors. In this study, we
observed changes in the autonomic responses induced by combinations of 30% oxygen administration and color
light for stress relaxation. In all, 42 participants produced stress symptoms over the preceding two weeks, as rated
on the stress response scale. After stress assessment, they were exposed to three therapeutic conditions, and
electrocardiogram (ECG) signals were recorded before, during, and after therapy. The three therapy conditions
consisted of only 30% oxygen administration with white light, a combination of 30% oxygen and orange light, and
a combination of 30% oxygen and blue light. The HRV indices extracted from ECG signals were heart rate (HR),
the standard deviation of the RR interva (SDNN), the mean square root of consecutive RR interval difference
values (RMSSD), the low frequency component of HRV (LF), the high frequency component (HF), and the LF/HF
ratio. These indicators were used to compare mean values before and after therapy. The results showed that HR
and the LF/HF ratio were significantly lower after therapy than before it. In particular, the condition with 30%
oxygen and blue light yielded significantly greater RMSSD and HF increases, as well as decreases in LF/HF ratio
than in other two conditions. Our results suggest that therapy with 30% oxygen and blue light is the most effective
for the relaxation of stress, which implies autonomic balance by parasympathetic activation.
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1. ME Z = 2UthLee 2016; Jang e d., 2018). F-&k 4kA4

o] FHE HEE ZRATIY 2A B FHEES S

AZFE thekst 34 AFER Qld 2EHE F AZVARE, kA AF7F F58HE G 8 Al AE 7]
ot ol 2EH AT A, A2 9 AA 59 st wWE duA] S-S T XM
A, AAA g Soll JEFS mAX FHR] T ol ¥ZE fuely 71 talel] ed ouxE &
Alg] 2 EehgS of7| 3 tH(Kim et a., 2014). ©] & < HoPA] Zab7] wiiEel vhekeh AA B A S
ste] WA ] Ap=o] st Y F A7 A 9 3ltHFoss & Keteyian, 1998; Fujiwara & Maeda, 2001).
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EAAA 0] Fo] Mo =, ot A, AuesT o] FolH 1, YukelE Ao R 3 AFME &5 F
<7t ZEE wH S 25 204, A9 9 oAle Ak FFo] % 8 THWY olueiWech ¢ 4.,
722 gpekel Aeld WskE et Greenbeng, 1990; 1974; Rowdl, 1974; Adams & Welch, 1980), 25 %= At

Hancock, 2001; Kim et d., 2014; Oh et d., 2011). A FFo] 9 F3 586 Z=giA7itts AHEo]
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AHAINIAES] 2EH A AHE

Koh et d.(2001)°] 7|t &=13 »~Eg 2 vhs
(Stress Response Inventory, SRI)7} A% 21tk SRI
v] 71A] g 2B A uke, S 1A, AAF,

WEA WS W Qs AAPEOR, 044

7k 217 (tension), 347 (aggression), i (anger),
$-S(depression), ¥ Z(fatigue), 214 3Hsomatization), =}
A(frustration) = X 3Fel= Y3 7HA sk9l A et
A ATE
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oF A= A A4 7he] AL 69~.969] ot A
AL 7HAH, 7 s HEe WE dAL=

Cronbach a =.76~91, X A 2] Cronbach a =.97¢|t}
(Jang et d., 2018).
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Table 1. Differences of HRV indices between before and after therapy in three therapy conditions

Oxy+White Light
HR 70.2+12.42 67.6+10.58 4.870 .000
SDNN 45.9+15.71 44.6+10.97 .382 .705
RMSSD 38.8+11.50 40.3+12.29 -1.056 .300
LF 176.9+90.47 116.4455.16 1.378 179
HF 234.0£51.32 197.6+70.06 .650 521
LF/HF ratio 2.4+0.70 1.64+0.31 5.241 .000
Oxy+Orange Light
HR 71.5+12.28 67.0+11.03 5.491 .000
SDNN 47.2+14.48 51.0+18.42 -1.074 .292
RMSSD 38.3+11.50 40.8+9.85 -.664 512
LF 153.0£57.59 221.3+95.90 -1.697 101
HF 250.9+85.08 231.5+88.59 .044 .905
LF/HF ratio 2.4+0.63 1.7+0.48 2222 .035
Oxy+Blue Light
HR 71.9+7.92 64.6£7.47 6.078 .000
SDNN 50.4+12.13 48.8+£16.20 447 .659
RMSSD 39.6+10.82 43.2+11.60 -2.285 .031
LF 201.7+72.85 159.6+72.76 1.240 .265
HF 243.9+83.50 281.9+46.60 -.687 506
LF/HF ratio 2.3+0.88 1.1+0.92 3.658 .001

YelthFig. 2). RMSSD, HFSF LHHF ratio #] 01 4
Al 27 7+ Folg AelE B ATHRMSSD: F=3.259,
p=.044, HF: F=3.676, p=.030, LF/HF ratio: F=4.104,
p=.020). Bonferroni A% 77 A3}, RMSSDe} HF=
chaot b e o] "Hgty] ZzlelA oE F Elet
3 2R Fo A =%, LFHF ratioe= @A Y
Epytt.

4. 28 d =9
B AFE At e 2 B A= %
7o) ~EG 2~ &3l n)HE e uhs| 7] Y =+

oo & yElylth ol £ Al ASE 53 A=
o] ZE# 2 o]gte] aHHCIASS on gttt
Abassob A I

& o] oF7| ¥THKim, 2008). AupHC | == o] # 3k 2}
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A WS Hrksketl ARE-EH(Quintara et dl.,
2012; Lee, 2017), 53] AH&A17A1Y] #3082 2E
g 22 H7bo] 2453 dtiJeong et d., 2006; Lee,
2017). 53] 2EH 20 o5 WA B Fu a7 o
g 9 AgAe] EAFFE Bt AREAN &
457 QItHKim et a., 2010; Jang et a., 2018). 415t
Hol o] A7 o] X%l SDNN-S 4Juh&-9
7] F(short-term variation)S YERNE F2)3
2, A&7 A7 AA el tigk Aol T H S 2
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Fig. 2. Differences of HRV indices before and after therapy among three therapy conditions

H & (long-term variation)= e 3L Fw 717 A €]
g% A== =A3tKBaocchi et a., 2006, Berntson
et a., 2005; Sollers et al., 2007; Jang et a., 2018).
oG] AxQ LFE YR O R w7 &
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= FudAAAe digt Az &gE3 Qth

LF/HF ratio= A ¥ 8A A&4173¢] el &=
ARE AEET gubd o g Z71E LFHF raios 1
AN73A L] SAE v F 72173 A €]
$AE omgltHCamm e d., 1996; Cowan, 1995;
Kreibig, 2010; Eum et a., 2017).
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