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Impact of Dim Artificial Light at Night (JALAN) Exposure during Sleep
on Human Fatigue
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m ABSTRACT

Objectives: Exposure to light at night has become pervasive in modern society. The impact of dim artificial light at night (dA-
LAN) exposure on sleep and fatigue is not well recognized. We aim to study the impact of dJALAN exposure during sleep on

human fatigue.

Methods: 30 healthy young male volunteers from 21 to 29 years old were enrolled in the study. They were randomly divided
into two groups depending on light intensity (Group A : 5 lux and Group B : 10 lux). Data were gathered from each participant
after each night with no light (Night 1) followed by the next night (Night 2) with two different dim light conditions (5 or 10 lux) by

means of self-reported fatigue scale.

Results: Exposure to dALAN during sleep was significantly associated with increased overall fatigue (F = 19.556, p < 0.001)

and ocular discomfort (F = 5.671, p = 0.028).

Conclusion: We found that dALAN during sleep likely affects human fatigue in some aspects. These findings indicate that dA-
LAN during sleep exerts a negative effect on human fatigue. Sleep Medicine and Psychophysiology 2016 ; 23(2) : 53-60
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w2t A7) ES FAET A7 EelA Sast &
a7bHLE SHO R o) o) Ao whef QI7He] 71, &
T, A Foll Adigh G 71 HvE A E}Wﬂ il
75 S8 LR AR otH(Crisp 1980 : Szuba 5 1991).
FES SHES BUE SURESESE 53 o] = I A
oF kel gk Wk opy e}, 718 ol B4l 28 5
T} 22 ekt Bl gl o] 27|7bA] Agke] glofut of
3 Q9loz A FEda ¢tk (Boivin 2000 Krystal
2008 : Wulff 5 2010).
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, NEHA A2 5o S48 353 AR A (Oswald 1980),
el

1 QlA]s)a Q)

—’FL% o—%‘;ﬁlo]—ﬂ HHE o] 712 9] g5 o 2 5|3}
A4 Bk 9 71919 7FE), 97138 3 (restorative pro-
cess) T Z2 AT TFolal itk A& A= T EEF
g3} AR A T o] dojub| F o ek o] £}
= ol B0l &4 YAl Hok(Curcio 5 2006).
i geke WUo A, AxA gGat o] Aol
sHo] A5 Ao A= A1 AA| SHE2 A

Z(_—]‘
7 e ol ERlE AT 2E 7199 55
e ks A9 o] 53] Fasithe Ax HeAl
ZEfolth(Yoo 5 2007). Lyt tjF-& o
TH REHL 9220 Yol Fo51A
2 2l tH(Kuppermann &
= TheFRt = Agto A &3] e
20| ARs} AU Holr), 2w Zoj=
A B2 = Azt Yok Agks 7HRl Ak
H2eel AE 5 Qe A= Aew AzEa gl
(Lichstein 5 1997). whghA Al 11]7‘4 o= Zﬂ7 et A=
Asta Al Y FHE 14 ]5}7] 94’5‘]]/\1% T o
o] AASHA FAE= Aol T
TE5e o7 o) Wit 4 C@i@rﬂ Zlﬁuoi oIl 1k
2 4 Ao A4 Helgks v itk 1 F
g Fagh Hegho] R <lF Y(artificial light)o]tt
(Stevens 2009). 1577} ¢l W& WAL o] AU &
Zrolut Hio| = 252 oHA HHA Helghs weal A
Aol 2713k A o) A].Mo]r,} SFA|EE, ©
A F LSHA] Y= gL
h(Dominoni & 2013). 53], HE $JallAl= A=l
Fol Fagt ol Qs Hog QI Ho Wel= 2T
o] "F3fl(light pollution)gh= 41201 71A] A7 HA 2] 2]
2R, HA B2 FE a2 itk (Navara?}t Nelson 2007).
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SR WaE 4 Qs QlEWe) Fel rhert, Akl A
&3] ARSIAT A7 1 4 Q= Ro] vl ofked
opzte| ol YWl eEat IR

ol o5t of7ke] oFst 1% Hl(dim artificial light at night,
dALAN) Zo|th(Fonken % 2013). oF{H+&33-2 2419
7;.];<;]ol}<]u]_ ESEY AR =9 B3 Hk] E'HLQ—EE‘E] }\H

01 %01 o= g waltt, o]yt oFst W o IS
Z 4= o, ugof Hle] A7) 10 luxE Agkste] of+
=3 3t =&& Asel= 175 °] Wrk(Narisadaxt

Schreuder 2013). 3FA|RE, of7Fo] OF%t QIFHl e IO
BE7t A A o7 AojA] o] FEFE nX A, E 1R
o o= Ao JFE mA=Aol daf ool ot
ol et A7 WA 2 Aol

o]:7} 2 &= oFst ©

gt kS mRl=Aof i@, =

T2 gristaat akqiet. o ozt oFsk lgHe] Al7lE
tt2 7 3o (10 lux vs. 5 lux) et 8l =% A, T mjg2 %
9] Zpo|e} oFgt Hlo] A|7|of whE T 2= 9] Zpo|7} Ql=A]

FUH A EE
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= HoAREE AHOR 53 59 (written in-formed
consent) S HForth & 30789 T A7 AAE L, SH =
oRfHrEg0] Ao whel ZF 1594 2719] o R FAb
9 B339 HGroup A : 5 lux, Group B : 10 lux). &1+ o
Aro]| tjj 3t x}xﬂs} ARL 7+o oL thato 2 AsE o] A 9
A= Foll I o= k(Cho 5 2016).

< 30789 MJ@XF— Aos F e Fo& Ylro] A
512 Algfsli o, Ay 15U ARE £2o 283} acti-
watchS E3F 927|815 54 A} o] 22 2}2] QAL
ol Hr=stA S Fef 2 A Aol Y vE &
A= @A A (Night 0) Al3Ygt oA H AL A4
Sl 58] 80% OlakE AalElo] = HHAE B0l
ALttt wot w2 A AALE YRsHA] 53 39
A HAE ALt 1 A F 109] WA B
A A L8t 5 lux(Group A) 8} 10 luxw(Group B) 12
Be e g AT

2, Sl

AR AGH AP A 15Y ARE A= A
7}A] actiwatch (Actiwatch—L, Mini Mitter) S <>%of] 2+-&
SHe S shglom, o= BAAl TR Y572 5-& whot
}a1A} Fo| Qi) ActiwatchS E3F actigraphy 41 &
7t SRE Fo A&kt Oq:r" 1579 A 2E g3d%
=< AR dF7g 5 FASH] 8l # se i
ALA] QAL whoflut WS Fote s skl Be wHAE
2 ol FFE E ¢ e YoE, AN, & 55 a4

o= o
w2 s},

S T FARE efrietaL 4 -
A A= QT A A Q] A 213
qrt. 47 3 WA 2(Night 0

Z1d AlE| oA - 335l
3=+ Figure 10] AAI8}
), T EA= A el a T (first
nlght effect) & BiAISE7] f18l, Ho] gli= HAHAMI oA 4=
= FlohHA ottt HALE AldskeITh = WA
(nght D), J A= A A G FAsHA Wol Hd gle
TR NA S FEHHA oAt HARE Al
YAt Al HAl G(Night 2), A= EF3H 1

_E

&oll =
2}, ZH2F 5 Tux®} 10 lux @] oFgh Hlo] Sl WhoflA] S 4
sETt Al WA o= 33 B A(light box)E T FAF] W
W& 9 O] 91Fo] Folok Fof gk ApAg RE
o oz AaE o] ATE Fa) 2le 5 9
tHCho 5 2016). B7} Alujch 33 gkAo] dlo] b= Qi
HA FA8H] Y8 2=A(ANA-F11, Tokyo Photo Elec-
tric Co., Ltd., Tokyo, Japan)& &3l ¥150] {+& T &A}L2]
= EololA Ho] s glskqith W A7l AR ol
ol A3}l 22} Group A (5 lux) £ Group B (10 1ux)
2 AAEA 7 & AdolAE B F89] Ve
lux2 AlgFetar glovt 2 Kt 1 ASHA 5 luxs
2 gfjokstti= Aol 1o gloj(Narisada®}t Schreuder
2013), & ArollA] 71e] W Fel| 712 (10 lux)I} of ket
orsiAE Az U Fom THET Qi 7RG
lux)& AR 188 BEs191 1 IS Hrlstaat 6t
et A= o HEEFol 5 lux F2 10 luxQlA] HEE
A= Zdstint. otbrEd-2 Al ¥4 F wF W A
HAek A7 A s = S @ AEES 7R HHRe]
9 A= HA & AHelA S FIsHES sF3iTh
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Fatigue scale Fatigue scale

(at am8, pm1) (at am8, pm1)

Night O

No light at night

(Both group A and B)

Figure 1. Schematic of the study
process. This figure shows the en-
fire study protocol for the three
consecutive nights. To reduce the

Nocturnal
polysomnography

Night 1 Night 2

Dim light at night
(Group A=5 lux
Group B=10 lux)

No light at night
(Both group A and B)

Nocturnal
polysomnography

Nocturnal
polysomnography

we performed one more NPSG ses-
sion (Night 0 before the main study
(Night 1 and 2). We analyzed fa-
figue scale results after Nights 1 and
2 to find the effects of dLAN expo-
sure during sleep. Group A : 5 lux,
Group B : 10 lux.

interruption of the first-night effect, T

To reduce the
interruption of the
first-night effect

To find the effects of dLAN
exposure during sleep
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‘% A (Night D3 Al AAE (Night 2) 4 $- o3
8*] SF|Ao) Z}2 WRE HEE o] 83t uRE 2}

ol - 28l Sl Y At

°§ RS adsy] ffsf ARt A FaL 23] S st

= olich 2 dAtollA Brhstarat sk A 2r2 Byl

%6} &,?f:.j%}_ﬂ E’éﬂ'% 34.57} HI\M—]—
o

9] E]?%EXJ,E(Lﬂ(ert scale)i 1}7}% 7}5 ’6]—5% ’6]—93\11]-.
2% HEol AF 32 1) Gl A 1tste] A
&U71? (overall fatigue) 2) @A Zo] 2 AYU71? (sore
throat) 3) M&|7} ok ZAUYU7}? (headache) 4) w=©] oFZA
L, AJop7b S| AY w0 FAJR] 55U 7 (ocular dis-
comfort) 5) #i7} oFZ AL HEFSEAL 7k (gas)7F AHA|
k&Y 71 (abdominal discomfort) 6) $-=7ro|L; 7]HH
3k, Fazto] &2l 254 71? (psychological distress)
7) &50] of AL AR 25U 7 (muscular discom-
fort) 8) 71998 Aot HFEo A7t LA= 57N
(cognitive decline) 9) 71Zto] AU, AXHAY, A4S
7] olFg 7 &5Y71? (neurologic symptom) 10) & 2

S17k oF2 A1 G747 Goint pain) 2 P40} e,

4, 7| 2M

H Lol A= Mann-Whitney testS ©
Alole] olately E Ej_} JJEE A
o}, QIeHA A :
HRE e o3 8/\19} 3—?— 1A]ol] &7g3to] Egt Al
el S7g%r 7/4\% z7lo
U
(Group A%} B) Ato|e}e] HAE s
Z oFet Wl k=Fo] A glo] e 7 thad Wit of
i 2 5 lux == 10 lux® 3t S F
e o2 Rl AARRE 2k A= HAF AR Z3ol
w2l HHE=% BAEL A (Repeated measures ANOVA)S
|2ysh3ict.
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B Aol % i A5l Wol A7)0 ot v

ofzte| 2l

OI-.J

g CENoEe

2 3
Mann—Wh1tney test A3 5 15 719] Ql-eHH
o3t Z}o]7F 91213 Night 1914 Group A9} BO| u|2%
A WpoA o3 4] g2 S4 5 F H9 —ErfM
ARE ol Rt ZFol7E AT (p = 0.047). TR A=) Ui
P ot = Al oFgE QlFH =20] 5ol (Night 14
2) T 257HGroup A} B) 523t 2foj7t glglont o
Hpo] gLEE O 0 olF] Z}o]E Ho|x| oottt

27 8Al TRk Z7of|A 1)tﬂ (A AR #Lst
o] AFHUANLS W =& F Group A, B BFo|A w2
T ALrh S7heE 2RI 4 SISl o= Rt Algte] e
FOIF G2 BRI YO LHEF = 19.556, p < 0.001), A 7H-
5 542 BIE 4 AUThF = 0.106, p = 0.749). 7)
2R E50] ofZ AL AIA] 5 U7 AlRbell mE
OWH(F = 0.15, p = 0.703), Group A°l H|3|
Group BolA 2= A&7t {oJ51A| F7ste] ARt-T1F
0T ARgo] o5t A o' SRRIE UTHE = 6.369, p = 0.021)
(Table 1, Figure 2)

S A T2 S A= HH FHEE0] o AL, Aok
7F BEAY o] FAIA] e5UZOIA B leE S Group
A%} B oA B2 % HEr} F7bet o A7k npE2
AFFS Gol5 O LH(F = 5,671, p = 0.028), 15 7t AJo| =
Holz] QITHF = 0,019, p = 0.893). 8)¥ F3H(7] 28 Aol
U Aol At 2= 5U7E)2 ARl i ZJol=
FOBIA] GFOLH(F = 3033, p = 0.099) Group Al B]3}| Group
BollAl T 2% A&7t {olsHA S7kste] A5 w3 &
o] golat AL BTk 4= QATHE = 5232, p = 0.035). 1
Hre] AAb EEolAlE FoRt AE HolA] ghettH(Table

2, Figure 2)
AelstabH, =H 25 04 8Alof| SA TR F It
A= ARkel

T4 2% [ £, ‘overall fatigue’]
T8 BT Qo8 &

715 3R1E 4= 9l 2% Byt (7
lar discomfort’]i= Group Aol H]3j| Group BollA] T|2%
Aw 7} GOl Z7tElo] 1% 7k G-ol3t Ajo|& Bhelat
= Uik AdE H2E 24S 915 AR oF 14 B2
= grto A= At EHIHA™H £, ‘ocular discomfort’ |7}
of7F 4 Z OF3t W& o] % = 118 mE Sol5HA| Z7}
TS Bolstgar, Q1R 7159] A8t [8)W E3), ‘cognitive
Group BollA4] Group Al H|3|| I| 2% HE7} &

decline’]+=
oJetA F7keto] g 7t 7213k Zfol& 1T 4= 9%

) 23}, ‘muscu-



Table 1. Results of a repeated measures ANOVA on fatigue scale (at AM 8) between nights and groups

Questionnaire :

Group A (n =8)

Group B (n=12)

grade from 0 to 10 Nights Mean + SD Mean + SD source F P

‘ Night 1 115 = 1.44 270 + 1.72 Nights 19.56 < 0.001*

(1) Overall fatigue ) .
Night 2 1.48 £ 1.23 282 +1.77 Night*Group 0.1 0.749
Night 1 0.96 + 1.58 0.62 = 0.83 Nights 0.32 0.581

(2) Sore throat ) .
Night 2 0.79 £ 0.87 0.53 £ 0.98 Night*Group 0.04 0.844
Night 1 0.75 £ 1.04 0.25 +£ 0.34 Nights 2.32 0.146

(3) Headache . .
Night 2 1.10 = 1.60 0.67 + 1.02 Night*Group 0.02 0.896
. Night 1 1.15 £ 2.22 0.58 + 0.86 Nights 0.87 0.364

(4) Ocular discomfort ) )
Night 2 1.23 £ 1.07 1.12 £ 0.90 Night*Group 0.5 0.492

S Night 1 1.08 + 0.80 1.48 + 2.08 Nights 3.21 0.09

(5) Abdominal discomfort ) .
Night 2 0.68 £ 0.42 0.43 £ 0.69 Night*Group 0.64 0.436
o Night 1 0.26 + 0.26 0.15 + 0.22 Nights 2.16 0.159

(6) Psychological distress . .
Night 2 0.34 + 0.43 0.26 + 0.26 Night*Group 0.07 0.792
. Night 1 0.90 £ 1.49 0.46 + 0.78 Nights 0.15 0.703

(7) Muscular discomfort ) )
Night 2 0.34 = 0.43 1.23 +1.83 Night*Group 6.37 0.021*
B , Night 1 0.40 + 0.33 0.34 + 0.41 Nights 1.29 0.272

(8) Cognitive decline ) )
Night 2 0.34 £ 0.43 0.85 £ 0.97 Night*Group 2.11 0.164
. Night 1 0.26 £ 0.26 0.22 £0.25 Nights 4.56 0.047

(9) Neurologic symptom . .
Night 2 0.66 + 0.80 0.48 + 0.66 Night*Group 0.18 0.674
. X Night 1 0.53 + 0.59 0.47 £ 0.72 Nights 0.001 0.974

(10) Joint pain ) )
Night 2 0.38 = 0.52 0.63 = 1.20 Night*Group 1.5 0.238

x . p-value < 0.05 by repeated measures ANOVA. Group A : 5 lux light, Group B @ 10 lux light

S B3 S Ao A AH7ISS HES

A(vigilance), &5 2A59,
7121 A Ech(Philibert 2005)
59 A= AdxlA 2
AP e HEe /\}-F'J-oﬂﬂ]

pad

2

718 Solw BRI G

wekA] Qo] et g e)

#o|n] Jwle] A Aahet A

ol ek v 4 ek,
9} oRr2 el oo 2

= BRI Ae
TrEds dF7EE %713'?]%
=oll g4 I vlA

S

o
R EEEEREL S

[oRhan RRTEA =2 2
Gooley 5 2010).
o]:zl_ ok5} "l

7)ol ket w2 zef of | e )
7] 13l AayE A dolct. 1 2

2005)

f?
‘_

E
=

2006). o]:
el 3ko 2 A A7) g
WA 24 (internal process-
QIR Ao BEUA], =

O 7A HH(Zeitzer 5 2000 ;

4% 1070 & 5 DY E&(overall fatigue)ollA] oFgt Y

ez w2 zpo|7f, 7)H & (muscular discomfort’)of| 4]
25 7k & WY A7) whE, ZFol7t f-of5HA RlE Sl
th 2% R T A £33 (ocular discomfort’)of Al
oFgk gl l-:%"ﬂ 2 2ol 5, 8)¥ & (‘cognitive decline’)
£ 2RI 4 3%t o HEE 54
T AAH 2 E o] o] A= '
U=A] 2187 9o o3 2 JA| S é— shoich 1

=
a8 2
T
o
l-o
2
oo
_t
J:
_11)1'
o
iin)
i)
=2

oulE o Folop o w *07—?%"4'.

oA fRE A4 1)H E3(overall fatigue)2] 7%
Group A, B LFollA] A =7} {-0]8HA F7kshlet. ol 2eh
HR2E Mg A7FEI A0 kA Aol X[k oFgh
=3 o] % ugeof mA]e FAAQ
UATE ol ofHof| Z& A WIAE

oAl Hlo] o) A Hojmdth= A
ke 23t & 4= ATh(Cho 5 2016). 4
A2 BlEo] Fa3F ATo)7] W, 714 F TR
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Overall fatigue (at AM8)

Overall fatigue
o

0.5 || — Group A Between nights p < 0.001*
---Group B Night x Group interaction p = 0.749
0
Night 1 Night 2

@ Night

Muscular discomfort (at AM8)

12 -®
:5 1
1S
3 08
Z
5
S 0
Q
3
> 04
0.2 || — Group A Between nights p = 0.703
---GroupB Night x Group interaction p = 0.021*
0

Night 1

Night

Night 2

Ocular discomfort (at PM1)

— Group A
1 ---Group B
5 o8
€
o
2
3 0.6
5 .-
2 et
o 04 P -
02 L )
Between nights p < 0.028*
Night x Group interaction p = 0.893
0
Night 1 Night 2

@ Night

Cognitive decline (at PM1)

1.4 — Group A .®
---GCroup B
1.2
o
£
o) 1
@
]
o 08 .
= L’
& 0.6
o) .
O .
0.4
o
0.2 Between nights p = 0.099
Night x Group interaction p = 0.035*
0
Night 1 Night 2

@ Night

Figure 2. Comparison of fatigue scale between Night 1 and Night 2. The significant findings (Overall fatigue, Muscular discomfort,
Ocular discomfort, Cognitive decline) among the results of repeated measures ANOVA on fatigue scale between nights and

groups. Group A : 51lux, Group B : 10 lux. * : p < 0.05.

L )
11 514 ]” %i‘?l ARl W25 FO5HA ST =
Ayz2¥ek 4= it

2% H&2% 23| A= Group A, B E5olA 4 23
(ocular discomfort)©] Fgt ¥l =Zof M2 {23t F71H5
TS 4= 9l9lth, ¢kt R == Night 1914 Group ALt
B AFo] 9] {23t Aol 7} QI o, & TIF B Akl w
2t 2 E=7F [fO5HA F7keke FAE Holal AXt-T1F
T ARG o3 Zfo|7t 7] whiEell Night 10419 1
A A7t Axt s Ao FRFE FA Tkl & 4 dTh

QI HREL ofzh 4 A ot Q1T W B QU3 4
o] A Ast Wk opUzt @ AAL 41 F LAZE Eate}
of

T} Rea 2012). 18|} 2% u]2% =HofA
5ol A E o] ¢ R JFFS v
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Table 2. Results of a repeated measures ANOVA on fatigue scale (at PM 1) between nights and groups

Questionnaire : Group A(n=8)

Group B (n=12)

grade from O to 10 Nighs Mean + SD Mean + SD source F P
. Night 1 2.23 + 2.39 2.23 £ 1.32 Nights 0.68 0.421
(1) Overall fatigue . )
Night 2 2.25 + 2.31 2.75 £ 1.71 Night*Group 0.56 0.464
Night 1 0.64 + 0.54 0.20 + 0.23 Nights 1.42 0.249
(2) Sore throat ) )
Night 2 0.89 £ 1.53 0.41 + 0.70 Night*Group 0.01 0915
Night 1 0.98 = 1.00 0.53 £ 0.72 Nights 1.46 0.243
(3) Headache . .
Night 2 1.09 + 1.36 1.16 = 1.68 Night*Group 0.7 0.413
i Night 1 0.76 £ 0.79 0.23 + 0.25 Nights 5.67 0.028*
(4) Ocular discomfort ) .
Night 2 1.04 = 0.98 0.53 + 0.64 Night*Group 0.02 0.893
S Night 1 0.51 + 0.52 0.67 + 0.95 Nights 0.10 0.754
(5) Abdominal discomfort ) .
Night 2 0.56 £ 0.62 0.54 £ 0.75 Night*Group 0.55 0.467
S Night 1 0.39 + 0.51 0.38 + 0.56 Nights 0.57 0.459
(6) Psychological distress . .
Night 2 0.35 £ 0.52 0.26 £ 0.23 Night*Group 0.17 0.688
. Night 1 0.84 + 1.78 0.38 + 0.70 Nights 1.14 0.3
(7) Muscular discomfort ) )
Night 2 0.75 £ 1.10 1.06 + 1.62 Night*Group 1.92 0.183
N , Night 1 0.50 + 0.85 0.28 + 0.25 Nights 3.03 0.099
(8) Cognitive decline ) .
Night 2 0.34 £ 0.52 1.48 + 1.76 Night*Group 5.23 0.035*
_ Night 1 0.38 + 0.52 0.57 + 0.98 Nights 0.1 0.76
(9) Neurologic symptom . .
Night 2 0.49 + 0.54 0.34 + 0.41 Night*Group 0.86 0.365
) , Night 1 0.38 + 0.52 0.32 + 0.44 Nights 1.69 0.21
(10) Joint pain ) )
Night 2 0.40 = 0.61 0.66 = 1.13 Night*Group 1.26 0.276

x . p-value < 0.05 by repeated measures ANOVA. Group A : 5 lux light, Group B : 10 lux light
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