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INTRODUCTION

Sleep is a complex interaction with various brain structures, 
neurotransmitter systems, and regulatory hormones [1]. It is a 
reversible and repetitive action that includes roles such as recov-
ery and growth, learning and memory reinforcement, and restor-
ative processes [2]. Therefore, sleep is an essential element of hu-
man life that maintains a circadian rhythm of day and night [3]. 
Any problems with the amount and quality of sleep can affect the 
human circadian rhythm, mood, activity, and productivity [4,5]. 
In addition, sleep deprivation and sleep deterioration affect not 
only human daily life, but also the incidence and exacerbation of 
various psychiatric disorders such as mood disorders, anxiety dis-
orders, schizophrenia, and neurodegenerative disorders such as 
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dementia [1]. In particular, sleep is known to be closely related to 
cognitive function and memory. Yoo et al. [6] reported that sleep 
is an essential element in the process of learning and memory, 
and it is important to sleep before learning to consolidate mem-
ory. Sleep deprivation in animal studies interferes with the acqui-
sition of learning and causes problems with hippocampus-relat-
ed performance [7,8]. 

According to various studies, lack of sleep affects the daily life 
of humans and causes a decrease in various performance func-
tions. Pilcher and Huffcutt [9] found that sleep deprivation affects 
motor performance, cognitive function, and mood. Among them, 
mood change is the most severe and decreases in the order of 
cognitive function and motor performance. However, it was ex-
plained that accurate evaluation is difficult because mood chang-
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es are often measured by subjective reports. In addition, sleep 
deprivation could have a negative impact not only on a cognitive 
function, but also on responding to unexpected events such as re-
vising or innovating plans; it also damages effective communica-
tion. According to Curcio et al. [2], the quality and quantity of sleep 
are closely related to students’ learning ability and academic per-
formance. They reported that learning performance could dete-
riorate if sleep was deprived. They also suggested that sleep de-
privation is related to prefrontal cortex function. As such, sleep is 
closely related to the daily life of people, and sleep loss is not only 
related to diseases, but also affects daily life such as memory, mood, 
and stress [10]. People are greatly affected by the sleep cycle due 
to artificial light at night (ALAN). People enjoy convenience due 
to artificial light at night; however, as artificial light became more 
common, people were exposed to unwanted ALAN. ALAN im-
pedes sleep quality, and sleep disturbances caused by ALAN, when 
absolute darkness is required, have recently been considered to 
be light pollution [11]. Even when the lights in the bedroom are 
switched off, exposure to dim artificial light at night (dALAN), 
which is light leaking from outside through a window, can be 
overlooked by people. Fonken et al. [12] reported that exposure 
to dALAN in animal experiments affects cognitive function and 
mood. There are reports that dALAN affects the structure of sleep 
and increases the frequency of wakefulness and the amount of 
REM sleep [13]. As such, studies on the effect of dALAN on cog-
nitive function have been mainly conducted through animal ex-
periments, and there are not many studies on humans. We hy-
pothesized that dALAN affects cognitive function and motor 
performance. 

METHODS

Participants
A total of 30 adult men ranging in age from 19 to 29 years (mean 

age±SD: 22.26±2.65) were recruited for this study through Inter-
net bulletin boards and staff referrals. We chose only young 
healthy male participants to eliminate age, sex, and health-relat-
ed confounders. All participants completed a questionnaire re-
garding their sleeping conditions, physical health, and psychiat-
ric health prior to participation. A total of 30 participants were 
selected and randomly classified into two groups according to the 
light intensity they were exposed to at nighttime (Group A: 5 lux, 
Group B: 10 lux). Participants were asked to wear an actiwatch 
(Actiwatch-L, Mini Mitter Co. Inc., Bend, OR, USA) on their wrists 
from 1 week before the experiment, and their circadian rhythm 
was analyzed. Participants who did not sleep at night or had ex-
cessive sleep during the day were excluded. In addition, partici-
pants with sleep efficiency <90% or apnea-hypopnea index >5 
were excluded from the nocturnal polysomnography (NPSG) test 
conducted on the first day of the experiment. Finally, 23 healthy 
participants were included in the study: 11 in Group A and 12 in 
Group B. Each participant provided informed written consent, 
which was approved by the Institutional Review Board (IRB) of 

the Korea University Anam Hospital (IRB NO. ED12261), before 
participating in the study.

Protocol
From 1 week before the study, all subjects were allowed to sleep 

only at night without sleeping during the day to maintain a regu-
lar circadian rhythm, and this was confirmed by actigraph records. 
All subjects were banned from consuming medicines, coffee, al-
cohol, and other substances that may affect sleep. NPSG was per-
formed for three consecutive nights. On the first day of the study 
(Night 0), subjects underwent NPSG with no ALAN to reduce its 
effect on that timepoint. On the second day (Night 1), subjects 
slept in a sleep test room without ALAN, and the NPSG was per-
formed. On the third day (Night 2), subjects underwent an NPSG 
session with dim light of 5 lux or 10 lux according to the group 
classified. On the third day, the dim light box (daylight “cool white” 
color) was placed above the wall opposite the subject’s head. For 
each NPSG session of the third night, the luminous intensity was 
checked by an illuminometer (ANA-F11, Tokyo Photo Electric 
Co., Ltd., Tokyo, Japan) at the level of the participant’s eyes while 
supine. Light intensity was set to 5 lux (Group A) or 10 lux (Group 
B) based on random assignment; participants were not informed 
whether the dALAN was 5 lux or 10 lux. dALAN was maintained 
the whole night for the third day’s (Night 2) NPSG session. Dur-
ing the entire study period, participants were instructed to sleep 
in the supine position as much as possible and not to cover their 
face with a blanket. 

Measurements
Cognitive function tests were performed the day after sleep on 

the second day (Night 1) and the third day (Night 2). In this study, 
the Vienna test (Dr G. Schufried, Moedling, Austria), a represen-
tative method for cognitive function evaluation, was performed 
as a kind of computerized neurocognitive function test to con-
firm the change in cognitive function [14].  

Cognitrone test
This is a complex task that measures continuous attention, cog-

nitive flexibility, visual immediate memory, and information pro-
cessing speed. The method compares four figures presented at 
the top of the screen and one figure at the bottom to determine 
whether they are the same thing.

Vigilance test
This test examined whether the subject’s alertness level is main-

tained even in the state by providing only low-frequency simple 
stimulation for a long time. A large circle made of small circles 
appeared on the screen. While the subject looked at the screen, a 
white circle moved one space at a time; when it moved two spac-
es, the subject pressed the black button.

Motor performance test series
This is a test to evaluate the fine motor control ability of the up-
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per limb. It uses electronic test equipment to objectively assess 
minute motor skills to assess the maximum number of minute mo-
tor activity factors, which should be relevant to practical work.

Steadiness (practice phase)
The subject held a black pen and was in the state of putting it 

halfway into the largest hole (8.5 mm in diameter) among the 
life preservers in the top row. The pen was not allowed to touch 
the bottom or wall of the hole at this time. The test started when 
the inspector pressed the enter key. 

Line tracking (practice phase)
The subject held a black pen, lightly hit the bottom of the circle 

at the right end (start point) of the maze in the center of the in-
strument, and then moved it to the left along the maze. At this 
time, the pen tip was prevented from touching the floor or wall 
of the maze as much as possible. The subject took the pen to the 
circle at the far left and hit the floor lightly again. The test began 
when the subject touched the starting point.

Aiming
The subject grabbed a black pen and quickly hit the pen tip 

lightly from the right to the left of the upper row of small silver 
circles set in two rows. This test was also initiated by the subject.

Inserting long pins
The subject placed a long pin 10 cm away from the instrument 

plate and inserted the pins one by one from the bottom hole to 
the top hole. This test began when the subject inserted a pin into 
the bottom hole and ended when the subject inserted it into the 
last hole. The subject performed the test as quickly as possible.

Tapping
The subject held a black pen and hit the square plate at the bot-

tom of the instrument plate lightly and quickly for 32 sec. At this 
time, the subject held the pen underneath and maintained it as 
vertically as possible.

Steadiness
This time, the subject was asked to insert half a black pen into 

the smallest hole (4.8 mm in diameter) of the upper row and hold 
it exactly vertically. The subject pressed the enter key to start the 
test.

Line tracking 
Subjects performed the same as in the practice phase.

Data analysis
We used Student’s t-test or Mann–Whitney U test to compare 

demographic characteristics and cognitive function evaluation 
scale variables. Demographic characteristics included age, edu-
cational level, weight, and height. To determine the effect of dA-
LAN differences between groups and night-group interactions, 

we performed repeated measures analysis of variance on the Vi-
enna test results of Night 1 and 2, respectively. All statistical anal-
yses were performed using IBM SPSS software (Version 24.0, 
IBM Corp., Armonk, NY, USA). The significance level was set at 
p<0.05 (two-tailed).

RESULTS

In this study, the effect of dim light exposure during night sleep 
on cognitive function on the next day was evaluated through anal-
ysis of light intensity before and after light exposure. There was 
no significant difference in demographic characteristics between 
the two groups. Demographic characteristics include age, educa-
tion level, weight, height. Basic information including demograph-
ic characteristics was presented through the previous study con-
ducted with the same research method [15].

Cognitrone test
There was a significant difference in mean time correct Yes-re-

sponse in both Group A (5 lux) and Group B (10 lux) (F=9.08, 
p=0.007) before and after exposure to dALAN. In both groups, 
the mean time correct Yes-response decreased on Night 2, that is, 
the test performed after dALAN, compared to the test result per-
formed on Night 1. There was a difference over time, but no differ-
ence between groups was found (F=1.45, p=0.241). In addition, 
the mean time of correct No-response also showed a significant 
difference in both groups before and after exposure to light, and 
mean time decreased on Night 2 (F=7.12, p=0.014). However, 
the number of correct Yes-response, number of correct No-re-
sponse, and mean time of correct No-response did not differ sig-
nificantly between groups before and after exposure to dALAN 
(Table 1).

Vigilance test
In the vigilance test, the number of correct and mean values of 

reaction time were measured. There were no significant differenc-
es before and after exposure to dALAN in both groups, and no 
differences were observed between groups (Table 1).

Motor performance test series
In the motor performance test, there was no difference between 

groups in all areas and the time before and after exposure to dA-
LAN (Table 1). 

DISCUSSION

Acute and partial sleep deprivation and sleep quality negative-
ly affect cognitive function, vigilance, motor control ability, and 
mood [16]. Therefore, maintenance of sleep quality and circadi-
an rhythm is essential for humans, and sleep quality deterioration 
and fluctuations in circadian rhythm can have a negative effect on 
humans. A study has shown that the leakage of light at night in-
hibits the secretion of melatonin and has a negative effect on the 
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decrease in thermoregulation, glucose homeostasis, and blood 
pressure control, as well as human circadian pacemakers, when 
chronic exposure is present [17]. 

According to Cho et al. [15], subjective cognitive function im-
pairment or decreased concentration was reported in Group B 
compared to Group A in an experiment conducted by subjects as 
in this study. Based on the results of several studies, we hypothe-
sized that exposure to dALAN would have a negative effect on 
sleep and intensify fatigue, which will affect cognitive function and 
motor performance. But we found that dALAN exposure did not 

have a significant effect on cognition, vigilance, and motor perfor-
mance; rather, the speed was faster in the cognition test after dA-
LAN exposure. Kang et al. [18] reported that the activity of the 
right and left inferior frontal gyrus of the brain decreases during 
working memory performance when exposed to 10 lux of light 
during nighttime sleep. These results support the fact that weak 
light exposure at night reduces the brain function responsible for 
memory. However, some studies have shown that one night of 
sleep deprivation affects psychological wellbeing and executive 
functions, but does not significantly affect simple reaction time 

Table 1. Results of a repeated measures analysis of variance on cognitive tasks between days and groups

Variables Nights
Group A (n=11) Group B (n=12)

Source F p
Mean±SD Mean±SD

Cognitrone test
n.CYR Night 1 76.09±4.16 75.25±4.16 Nights 0.24 0.630

Night 2 75.18±5.23 75.58±3.58 Night×Group 1.11 0.304
n.CNR Night 1 111.27±12.97 117.17±2.92 Nights 0.16 0.696

Night 2 111.09±14.12 117.00±3.59 Night×Group <0.01 0.986
mt.CYR Night 1 1.34±0.15 1.35±0.20 Nights 9.08 0.007*

Night 2 1.30±0.17 1.26±0.20 Night×Group 1.45 0.241
mt.CNR Night 1 1.53±0.20 1.45±0.25 Nights 7.12 0.014*

Night 2 1.47±0.19 1.37±0.24 Night×Group 0.37 0.549
Vigilance test

n.Cor Night 1 97.55±3.24 93.67±4.70 Nights 0.28 0.604
Night 2 96.73±3.82 93.75±5.31 Night×Group 0.42 0.525

mv.RxnTime Night 1 0.51±0.08 0.53±0.08 Nights 0.06 0.814
Night 2 0.50±0.08 0.55±0.07 Night×Group 1.66 0.211

Motor performance test
Steadiness E Night 1 0.36±0.67 2.17±3.69 Nights 1.77 0.197

Night 2 0.36±0.67 0.67±0.78 Night×Group 1.77 0.197
Steadiness EL Night 1 0.03±0.06 0.17±0.28 Nights 2.31 0.144

Night 2 0.04±0.08 0.02±0.04 Night×Group 3.12 0.092
Line tracking E Night 1 19.91±3.89 20.83±6.37 Nights <0.01 0.973

Night 2 18.36±5.33 22.50±12.75 Night×Group 0.85 0.366
Line tracking EL Night 1 1.18±0.55 1.25±0.56 Nights 0.86 0.364

Night 2 1.12±0.49 1.57±1.02 Night×Group 1.68 0.209
Line tracking T Night 1 19.69±9.45 17.94±4.46 Nights 0.96 0.338

Night 2 19.63±9.15 19.87±7.07 Night×Group 1.11 0.304
Aiming E Night 1 0.55±0.69 0.42±0.52 Nights 0.37 0.548

Night 2 0.45±0.82 0.33±0.50 Night×Group <0.01 0.979
Aiming H Night 1 19.82±0.87 19.83±0.40 Nights 0.05 0.830

Night 2 19.73±0.65 20.00±0.00 Night×Group 0.55 0.467
Aiming EL Night 1 0.02±0.03 0.018±0.02 Nights <0.01 0.929

Night 2 0.03±0.05 0.02±0.03 Night×Group 0.04 0.849
Aiming T Night 1 7.52±1.18 6.87±1.13 Nights 0.33 0.568

Night 2 7.30±1.50 6.90±1.44 Night×Group 0.54 0.471
Tapping H Night 1 201.64±24.48 211.67±41.51 Nights 3.63 0.071

Night 2 196.45±23.54 202.67±27.46 Night×Group 0.26 0.613
Inserting long pins T Night 1 33.67±2.80 34.40±3.31 Nights 0.37 0.550

Night 2 33.61±4.09 35.07±3.80 Night×Group 0.52 0.480
*p<0.05. n.CYR: number of correct Yes-response, n.CNR: number of correct No-response, mt.CYR: mean time of correct Yes-response (sec), 
mt.CNR: mean time of correct No-response (sec), n.Cor: number of correct, mv.RxnTime: mean value of reaction time (sec), E: number of errors, 
EL: length of error (sec), H: number of hits, T: total time (sec), SD: standard deviation
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and speed of psychomotor or motor performance [19]. This result 
is consistent with the current study, which also showed that there 
is no significant effect on cognitive function and motor performance 
task due to one day of nighttime light exposure. However, in this 
study, we found that the performance speed of the cognitive func-
tion evaluation test was further improved on Night 2 compared 
to Night 1. Since this test is relatively simple, it can be considered 
a result of the learning effect by repetition [20]. The Vienna test is 
a computer-based test where the test stimulus was kept constant, 
the response was accurately recorded, the cost and time were re-
duced, and the subjective factors of the tester were not involved 
[21]. However, this computerized neurocognitive function test 
measures the ability to perform relatively simple tasks. According 
to previous studies, the cognitive function measured by this test 
easily deteriorated in the task of alertness to a simple stimulus. 
However, it is reported that more complex and higher-level cog-
nitive function tests are less affected [9]. Regarding the cogni-
trone test, which measures visual perception analysis, attention, 
cognitive flexibility, and stress endurance, there have been studies 
that reported results of improved performance after sleep depri-
vation [22,23]. This result can be attributed to the effect of prac-
tice obtained as a result of repeated performance. Another possi-
ble explanation is that the subject’s compensatory efforts may have 
been intervened during the process of cognitive function higher 
than the simple response. It is also possible that the subject con-
trolled the level of arousal to perform something when feeling 
sleepy [20]. This possibility is thought to explain the results of this 
study.

This study has several limitations. First, the number of samples 
was rather small. Owing to the nature of polysomnography, it is 
difficult to perform a number of polysomnography studies. In the 
future, if possible, better results can be obtained by conducting 
research with a larger number of subjects. The second limitation 
is that only two methods were selected: the cognitrone test and 
the vigilance test, which measures simple attention. In the future, 
it will be helpful to add tests for cognitive function areas such as 
high-level analysis, reaction tests, and short-term memory tests. 
Finally, the experimental design of this study was not able to con-
trol for practice effects despite the use of familiar procedures. In 
the future, an in-depth study on sleep quality deterioration caused 
by dALAN is necessary by supplementing the limitations of this 
study.
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