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Factors Related to Daytime Sleepiness and the Effects of Night
Work and Aromatherapy on the Autonomic Nervous System:
Targeting an Urban Railway Crew

ABSTRACT

This study analyzed the effects of job stress and sleep disorders on sleepiness during the daytime for a night-shift urban railway crew.
As aresult of the analysis, measurements on a daytime sleepiness index were higher for the crew than those during other working hours,
indicating that the degrees of sleepiness and drowsiness were severe. Afterwards, aromatic essential oils, which are generally known
to help relieve sleep disorders and stress, were utilized to verify the effect on stress on night-shift workers. The experimental group
treated with aromatherapy was found to show improved stress reduction and overall activity levels in the autonomic nervous system
compared to an untreated control group. This study proves that night work by an urban railway crew negatively affects stress levels by
increasing stress and negatively affects the autonomous nervous system, also showing that an aromatherapy treatment can be a good
alternative to alleviate these conditions. The results of this study are expected to help prevent safety accidents by relieving the stress of
nighttime workers.
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Fig. 1. Research Design
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Fig. 2. uBioClip v70 (uBioMacpa Tester)

Survey Pre - Test
Aroma Control Aroma Control
- Characteristics + Biological response
- Daytime Sleepiness measurement
- Sleep disorder X
- Job Stress CHRV
1 N i \‘I 7 ) N
i Start Sinseol Incheon Gunja : Bedtime | : 1
Dong 1 I :
1
3 2034 21:20 22:42 24:20 ' 2440 i :
| 1
> | > [ 1 S — ! s 5 —
! i | ‘ \ [
1 il " |
: Wake up |: Gunja Seoul Yangiu Sinseol End i :
1 := Station Dong L
[ 05:40 08:40 L
\ N 06:14 el 08:20 i
Sy e o o e e > R T L]
Treatment 1 Treatment 2 Post- Test
+ At bedtime * At wake up Aroma Control
- Aroma : Aroma Humidifier -Aroma : Aroma Necklace « Biological response
- Control : No -Control : No measurement

: HRV

Fig. 3. Experimental Schedule
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OoJFG + AL - Y+
Table 1. Homogeneity Test of General Characteristics
Characteristics Control N (%) Aroma N (%) Total N (%) z? p
Male 36(100) 34(97.1) 70(98.6)
Gender 1.043 0.307
Female 0(0) 12.9) 1(1.4)
20s 8(22.2) 11(31.4) 19(26.8)
30s 10(27.8 5(14.3 15(21.1
Age 27.8) (14.3) @L1) 5.398 0.145
40s 7(19.4) 13(37.1) 20(28.2)
50s 11(30.6) 6(17.1) 17(23.9)
<2 5(13.9) 7(20) 12(16.9)
2-10 13(36.1) 8(22.9) 21(29.6)
Career(yr) 3.794 0.285
10-20 4(11.1) 9(25.7) 13(18.3)
20< 14(38.9) 11(31.4) 25(35.2)
Unmarried 14(38.9) 14(40) 28(39.4)
Marital status - 0.009 0.924
Married 22(61.1) 21(60) 43(60.6)
None 4(11.1) 4(11.4) 8(11.3)
<1 6(16.7) 8(22.9) 14(19.7)
Exercise
(wock) 12 14(38.9) 14(40) 28(39.4) 2325 0.676
3-4 10(27.8) 9(25.7) 19(26.8)
Every Day 2(5.6) 0(0) 2(2.8)
Don’t drink 6(16.7) 9(25.7) 15Q21.1)
I drank in the past but I quit 2(5.6) 0(0) 2(2.8)
Drinking
<1 2 11314 20(28.2 41 492
(Week) 9(25) (31.4) 0(28.2) 3.410 0.49
2-3 17(47.2) 14(40) 31(43.7)
Every Day 2(5.6) 1(2.9) 3(4.2)
Don’t smoking 14(38.9) 16(45.7) 30(42.3)
I used to smoke but I quit 11(30.6) 4(11.4) 15(21.1)
Smoking
<0.5 3(8.3 4(11.4 7(9.9 4.596 0.331
(Day) (83) (114) 9:9)
<1 7(19.4) 8(22.9) 15(21.1)
1< 1(2.8) 3(8.6) 4(5.6)
Very good 122.8) 3(8.6) 4(5.6)
Good 10(27.8) 10(28.6) 20(28.2)
Physical Normal 22(61.1) 21(60) 43(60.6) 2010 0.570
Condition - - ' '
Poor 3(8.3) 12.9) 4(5.6)
Very poor 0(0) 0(0) 0(0)
Table 2. Homogeneity Test of HRV
HRV F dfl df2 p
Stress 1.783 1 69 0.186
TP 0.194 1 69 0.661
VLF 1.358 1 69 0.248
LF 2.809 1 69 0.073
HF 2.705 1 69 0.105
LF/HF 0.021 1 69 0.884
SDNN 0.262 1 69 0.610
RMSSD 2.996 1 69 0.088
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Table 3. Participants' Degrees of Daytime Sleepiness

o} ofzulg|ehu| 7} AEAIE A A= 9%

Classification Control N (%) Aroma N (%) Total N (%) Mean (SD) p
Below 10 22(58.3) 19(54.3) 41(57.7)
Above 10 14(41.7) 16(45.7) 30(42.3)
Dayti 1-10 (Normal 22(58.3 19(54.3 41(57.7
aytime (N 2 . (583) (2.3 (7.7) 0.85+4.045 0.780
Sleepiness 11-13 (Daytime Sleepiness) 6(19.4) 10(28.6) 16(22.5)
14-18 (Severe) 7(19.4) 6(17.7) 13(18.3)
19< (Serious) 1(2.8) 0(0) 1(1.4)
Table 4. Regression Model Output
Variable B SE t (p-value) R’
(Constant) -3.924 2.567 -1.529(0.131)
Job stress 0.076 0.032 2.383(0.020%) 0.305
Sleep Disorder 0.288 0.096 2.993(0.004*%*)
*p<.05, **p<.01, ***p<.001
Table 5. Pre-Post Score of Stress and Adjusted Mean/SE
pre-test post-test Adjust Mean/SE
Constant (N) F(p)
M SD M SD M SE
Control (36) 49.11 10.325 53.25 10.291 54.398 1.219
Stress 15.001%**
Aroma (35) 52.20 10.507 48.80 10.951 47.628 1.236
Table 6. Pre-Post Score of TP and Adjusted Mean/SE
pre-test post-test Adjust Mean/SE
Constant (N) F (p)
M SD M SD M SE
Control (36) 8.164 0.8560 7.833 0.8692 7.707 0.110
TP 8.043%*
Aroma (35) 7.797 0.7563 8.026 0.8420 8.155 0.111

522 ChalKle] Z7KES0] Dkl g&ieel
Rl FrEgo] e VAR
P, B, DR, AERY, 5% 07 FUUS SYas

2 HEE MEH’“E ARG E skt 24
I

ZA3}= Table 49} Zow, B2 BPHS thA| XME(stepwise)=
AEiEtsir). WA, F=14.901 (p<001)2 & 5758 o] Hg}s}c}
a3 4 9ok R=03052 30.5 %] AwEs vehon] 2497

3} AT oE s
3} oJ8kS- w|x]aL

= 5=0.076 (p<.05)2 dPdate] F71E80 §<]
IS BF-7} (AR ARFEY T}

S7Fsha dbdRke] F3E Z80] 0.0767HF oItk & 4
ek gt lelis 8=0.288 (p<01)= FAIH & Folsi)
Uepdt) o2 Sol, the Wt 1Eo] gl o, gt
1 S7kebd tpdzte] 3t 52 0.283WhE S71dthe A
oJw] gk
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5.3 ORZk2Se} ofZ0Otofliid 2 S210| CHAXIC|
HRV0|| O|xl= S

5.3.1 AERHA
£ Aol AERe] FRisE 4] Aik= Table 53 2o,
AR 2EHIR S e R B4 S9ke W, ot AXE

F AR 7F AR 2T

o) ke vzl olevilelnE A9
22 Hgpol] FoJn3k 2jo]E YERJTF=15.001, p<.001).

5.3.2 TP (Total Power, XI2AIAET)

B ool TPe] sk #4] A¥= Table 63} 2t} AR
TPHTE 3HRIC R B4 3F3s wll, oFF-H AXE aFA] ek
iz} olenlEElu)2 2[5k Ak 7k AR TPAZ| g-2ojn]
3 2Jo)7} YATHF=8.043, p<.01).
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5.3.3 VLF (Very Low Frequency, X|SMZAHST) 5.3.5 HF (High Frequency, SZiEtMrT)

2 Arellx] VLFS] SRk 4] Aak= Table 739 2ok AR & ATollM= HF 3sREA Z3K(Table 9), AR HF A5
VLFASE 390102 4] 51992 1, oFPed 408 b4 e A0 B Shle ), ol AXE 4 ghe thaTh
st olerlelel]S ek AT 7L AR VLFES) fre]  olerlelelld g ABT 7k AS g $AH0 R
n)gk o7} JAUTHF=6.905, p<.05). FrelahAl LERTH(F=12.528, p<.05).

5.3.4 LF (Low Frequency, wZiEtMm) 5.3.6 LF/HF (LF/HF ratio, wZVSwZt HIS)

£ AFoAE LF 2122 2= Table 83} 2om, AR 2 7ol LI/HFS] EReRE4] 2= Table 103} 2o,
LF s e s &4 ists o, obFd #A1E 8] &2 AP LFHF g SR 52 &S o, obred AAE
Uz} olzrlele} e HGE T A LE A50) B4 ohA @k tiaTs olErleiehlg AAE APT 1 AR
Aoz frofepl Yepstth(F=5.543, p<.05). LF/HF Zeo]l SAH = Fofn|gh 2po]7h IRATHF=1.544,

p=0.218).
Table 7. Pre-Post Score of VLF and Adjusted Mean/SE
pre-test post-test Adjust Mean/SE
Constant (N) F(p)
M SD M SD M SE
Control (36) 7.439 0.7602 7.16 0.880 7.003 0.114
VLF 6.905*
Aroma (35) 6.986 0.6450 7.27 0.784 7.440 0.116
Table 8. Pre-Post Score of LF and Adjusted Mean/SE
pre-test post-test Adjust Mean/SE
Constant (N) F(p)
M SD M SD M SE
Control (36) 6.900 1.0930 6.403 1.0587 6.278 0.117
LF 5.543*
Aroma (35) 6.551 1.0242 6.546 1.0077 6.674 0.119
Table 9. Pre-Post Score of HF and Adjusted Mean/SE
pre-test post-test Adjust Mean/SE
Constant (N) F(p)
M SD M SD M SE
Control (36) 6.900 1.0930 6.403 1.0587 6.278 0.117
HF 5.543*
Aroma (35) 6.551 1.0242 6.546 1.0077 6.674 0.119
Table 10. Pre-Post Score of LF/HF and Adjusted Mean/SE
pre-test post-test Adjust Mean/SE
Constant (N) F (p)
M SD M SD M SE
Control (36) 1.183 0.1630 1.167 0.1549 1.207 0.027
LF/HF 1.544
Aroma (35) 1.274 0.7168 1.200 0.6739 1.159 0.027
Table 11. Pre-Post Score of SDNN and Adjusted Mean/SE
pre-test post-test Adjust Mean/SE
Constant (N) F(p)
M SD M SD M SE
Control (36) 36.544 13.1500 35.583 11.7584 33.326 1.699
SDNN 7.023*
Aroma (35) 29.360 13.1452 37.537 14.1587 39.859 1.724
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Table 12. Pre-Post Score of RMSSD and Adjusted Mean/SE

o

pre-test post-test Adjust Mean/SE
Constant (N) F (p)
M SD SD M SE
Control (36) 23.060 10.5970 24.094 9.4885 23.392 1.682
RMSSD 11.198*
Aroma (35) 21.111 12.2433 30.700 15.8680 31.423 1.706

5.3.7 SDNN (The Standard Deviation of Successive Differences
of N-N interval, AEH|A0| CHSH MK SHT)
= Aellxl= SDNNE] FRITREA A3h= Table 113} 320w,
AP SDNN#IS2 393910 2 54 3l o, obrel Ajx2
a4 e Tz} oferlelelu)E Hxjak ARk 7k AR SDNN
WAool BAMOE FIShA LehkelF=7.023, p<05).

5.3.8 RMSSD (Root Mean Square of Successive Differences,
o] ok
£ 7olkdi= RMSSDe] 4] A= Table 1257 2o
u, A4 RMSSD 148 3elo 2 B4 s19g u, ojwel
AAE A 2 izt olZntEelalE AAg AT 1L
AFS- RMSSDAj<eel] SAIH .2 frofshr]l VegTiF=11.198,
p<.05).
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SHA ek

thdAte] FES s A A A vt 5 423 %7t
FHEFC] = Aes Uelal FES Adae 9.85% =
4.045)0190ck. FLE SHETR ARG FEER A
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3] 3JEER] Ea}7] wjFEo]gt AbgH i Lee, 2005; Shin et al.,
2006).

tPdrle] FERl HIXE 3 8218 Yol $J5) thes
AEAS A A7 2Ag(EE), A%, 5% A,

A F FUNESN G MR ko, AFEd -
B8=0.076, p<.05)2} FHAH(B=0.288, p<.01)7} EAFo =
frefeh FFE mixlke Ao veRdth T3k 173) Al f3kS
53 FEFe} AR AEY AR CAH ST o) FES
o FFE F= A0 2 YL 53] SAEESTACA 2T
2Ede v27E A A, R, AAlal 5 oy Rl
o} Js vH=Y ol ATE FIME FERC 3
FLE VA= Aog BTk

tiFele 2 olZmjelalded F9lo] tidzEe] HRVY
H A= JRRs A3 A3 249 Ul 3 5, LE/HFE A9
8l 7/)) 3}= = »~Ew|>, TP, VLF, LF, HF, SDNN, RMSSDejlA]
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@ LF (F=5.543, p<.05)
: IS Fe 6.99014 6.4 A 748199,
A1 6.546 RF TAasink. 2 E ARFoAE 4 ?‘éﬂzﬂ o]
TR T ot Adre] wzlge] H E/dske] 9= 2o s
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