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Objective: This study aimed to investigate whether the sleep quality is associated with body composition, selective attention, and autonom-
ic nervous system (ANS) activity in healthy young individuals. Methods: This cross-sectional study was conducted using the Korean version
of Pittsburgh Sleep Quality Index (PSQI-K). Sixteen healthy volunteers aged 20-26 years participated in this study. The PSQI-K was used to
evaluate sleep quality, and they were divided into good and poor sleeper groups by PSQI-K. Body composition, and both reaction time and
error number for discriminative reaction task indicating the selective attention, and ANS activity were measured and it compared according
to sleep quality. Additionally, the correlation between sleep quality and ANS activity was analyzed. Results: There were no significant differ-
ences in the body composition, reaction time and error number between good and poor sleeper groups. In the ANS activity, the poor sleep-
er group only showed the lower HF value than the good sleeper group in resting state (p=0.023). Whereas, the amount of change (reaction
task state—resting state) in mean HR (p=0.005), HF (p=0.039), and LF/HF ratio (p=0.023) were significantly different between the groups. Ad-
ditionally, a negative correlation was observed between PSQI-K and HF (p=0.005), while a positive correlation was confirmed between PSQI-
K and LF/HF ratio (p=0.012). Conclusion: These findings indicate that even healthy individuals may have physiological problems such as ANS

imbalance if the sleep quality is poor.
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INTRODUCTION

It is known that sleep is an important element for maintaining
physical and mental health, and it plays a major role in restoring
homeostasis. The body homeostasis and sleep homeostasis rely
on the complicated integrative activity by the hypothalamus [1].
The hypothalamus is an important neuroanatomical area for ho-
meostasis. The ventrolateral preoptic area (VLPO) in the hypo-
thalamus is a sleep-promoting area associated with homeostasis
mechanism of sleep. In the VLPO, the c-Fos immunoreactive lev-
el of the sleep-regulated neural source is correlated with the amount
of sleep, and it was greatly increased during recovery sleep after
sleep deprivation [2]. Sleep exert strong regulatory influence on
immune functions, it promotes the increase in cytokines, which
promote the interaction between antigen-presenting cell and help-

er T cell. Moreover, sleep is associated with inflammatory endo-
crine system, which is specified by high growth hormone and
prolactin, and low cortisol and catecholamine hormone [3]. Sleep
deprivation is considered a stressor that induces an increase in
cortisol and corticosterone levels [4].

Sleep is influenced by the biological factors such as age and
gender [5], moreover the activity and balance of the autonomic
nervous system (ANS) [6]. The poor sleep quality causes mental
and physical changes that 1) induce fatigue, anxiety, and stress af-
fecting the ANS activity; 2) reduce concentration and attention;
and 3) cause physical changes such as obesity and weight gain
[7-10]. Therefore, sleep quality is related with not only physio-
logical elements such as body composition and ANS activity, but
also mental elements including attention and cognition.

Previous study reported that shortened sleep duration could
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lead to overweight by increasing food intake [10]. It could be ex-
plained physiologically that insufficient sleep causes an imbalance
of the secretion of leptin and ghrelin which are hormones that
control appetite, promoting excessive food intake, which leads to
weight gain [11]. Leptin is a hormone composed of 167 amino
acids, and is an obesity-related gene that acts a major role in con-
trolling food intake and energy consumption [12,13]. And, ghre-
lin is a peptide hormone composed of 28 amino acids, which
stimulates the secretion of growth hormone and stimulates appe-
tite [14]. Sleep deprovation reduces the secretion of leptin and in-
creases the secretion of ghrelin, which affacts obesity [11]. It has
been demonstrated that the shorter sleep duration increases the
waist circumference and the caloric intake, suggesting that there
is a correlation between sleep duration and body composition
[15,16]. In addition, these changes in metabolic indicators, includ-
ing body fat, are also linked to sleep quality [17].

Sleep is an essential factor in psychophysiology in that it is a
pivotal modulator of neuroendocrine function related to cogni-
tion. Poor sleep quality reduces concentration and memory, there-
by affecting cognitive function and learning [9]. Previous study
reported that insufficient sleep caused delay in reaction time dur-
ing reaction tasks, indicating that sleep deprivation affected cog-
nitive functions [18].

Sleep is related to the ANS in terms of physiology, maintaining
homeostasis which is regulated by the activities of sympathetic
and parasympathetic nervous systems [19]. ANS activity could
induce the various events during sleep such as bruxism, it is
closely associated with sympathetic as well as parasympathetic
nerve activities [20]. The evaluation of ANS activity is divided
into analyses of time and frequency domain [21]. Heart rate vari-
ability (HRV), which is included to time domain, refers to the pe-
riodic changes in heartbeat and reveals the ANS state that regu-
lates heart activity [22]. The frequency domain of HRV indicates
the ANS activity by analyzing the frequencies in the different
bands [23]. Therefore, HRV is used as an indicator of balance be-
tween the sympathetic and parasympathetic nerves. The activity
of ANS can affect heart rate control directly; sympathetic nerve
facilitates the heart rate quickly, and parasympathetic nerve op-
erates the heart rate slowly. Therefore, it could balance the heart
rate for proper regulation of heartbeat.

Due to the ANS activity that varies depending on the resting
and the stress state, it is necessary to assess the ANS activity by
separating the resting and stress states [21-23]. Thus, we mea-
sured ANS activity by dividing it into resting state (no reaction
task) and stress state (reaction task). In previous studies, the ANS
activity was evaluated mainly in subjects who have sleep disor-
ders such as sleep apnea and narcolepsy [19, 24]. However, there
are a few studies that investigate the effect of sleep quality on the
ANS activity in healthy young adults. Therefore, the aims of this
study were 1) to investigate whether the sleep quality affects body
composition, selective attention, and ANS activity in healthy adult
with no sleep disorder; 2) to identify whether ANS activity accord-
ing to the quality of sleep is changed in resting state (no reaction

task) and stress state (reaction task); additionally, 3) to identify the
correlation between the sleep quality and ANS activity. This study
could provide the basic data to help improve the sleep quality,
physical health, and learning ability for healthy adults.

METHODS

Subjects

A total of 21 healthy young adults aged 20 to 26 years partici-
pated in this study. Exclusion criteria were medicine related to
sleep taken within the last 24 hours, a history of musculoskeletal
or neurological or cardiovascular disorders in the previous 12
months, and chronic pain in any region, visual or vestibular prob-
lems, dizziness, and severe headache. Five subjects were ruled
out based on exclusion criteria and remaining 16 subjects (8
males and 8 females) matched the criteria were included in this
study. This study was conducted in accordance with the Declara-
tion of Helsinki and approved by the Institutional Review Board
of the College of Health and Welfare, Woosong University (ap-
proval no. 1041549-210413-SB-118), and all subjects were briefed
on the study and provided written informed consent prior to
participation. Each participant were given explanations of study
procedures and voluntarily signed an informed consent before
study commencement.

To assess sleep quality, the Korean version of the Pittsburgh Sleep
Quality Index (PSQI-K) questionnaire was used. Based on the re-
sults of this questionnaire, the subjects were divided into a good
sleeper group (n=9) and a poor sleeper group (n=7). The total
score of less than 6 (0—5 score) was divided into good sleeper
group, and the total score of 6 or more (6-21 score) was divided
into poor sleeper group [18]. Table 1 shows the characteristics
and PSQI-K scores of participants.

Procedure

Body composition, reaction time and error number for discrimi-
native reaction task, and ANS activity according to sleep quality
were analyzed (Figure 1). All subjects performed the discrimina-
tive reaction task, and they were asked to respond to target stimu-
lus. Reaction time and number of incorrect responses (error num-
ber) were recorded automatically. ANS activity was measured by
separating resting state (no reaction task) and reaction task state
(Figure 2). Additionally, the correlation between sleep quality and
ANS activity was analyzed without classifying the group.

Table 1. General characteristics and PSQI-K score of participants

Good sleeper group  Poor sleeper group

Variables (n9) (n7)
Age (yr) 21.89+1.69 21.14+2.48
Sex (male/female) 5/4 3/4
Height (cm) 164.44+8.28 166.14+7.60
Weight (kg) 63.54+12.39 70.26£15.60
PSQI-K (score) 3.67+0.50 9.29+2.14

Values are presented as mean+SD or numbers only. PSQI-K, Korean
version of the Pittsburgh Sleep Quality Index



Sleep quality
Sleep quality was measured using the PSQI-K questionnaire.
PSQI-K is a self-reporting measure for evaluating sleep quality
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Figure 1. Experimental scheme of present study. Sleep quality was
assessed by PSQI-K, then the individuals were divided to good and
poor sleeper group by this score. Body composition, reaction time
and error, and ANS activity were measured to compare between
the groups. PSQI-K, Korean version of Pittsburgh Sleep Quality
Index; ANS, autonomic nervous system.
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within a month, consisting of total 18 questions. It evaluates sev-
en factors about sleep—subjective sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep disturbance, use of
sleep medication, and daytime dysfunction. The scores for each
item are 0—3 points; a score of 0 means no difficulty sleeping, and
a score of 3 means serious difficulty sleeping. The total score range
of PSQI-K is a minimum of 0 and a maximum of 21 points. The
low score means a good quality of sleep, and a high score means
a poor quality of sleep. The reliability coefficient of PSQI-K was
0.69 [25].

Body composition

The body compositions were measured using Inbody system
(Inbody120, Inbody Co., Ltd., Seoul, Korea). This analyzed body
mass index (BMI), skeletal muscle mass, body fat mass, percent
body fat, and waist-hip ratio. To measure body composition, the
subjects stand on the Inbody footplate. After then, the subjects
held the probe in both hands and looked forward to measureing
the body composition.

Reaction time and error number

To assess selective attention according to sleep quality, all sub-
jects performed the reaction task to visual stimuli using software
“Measurement of Reaction Time to Stimulation” (Ver. 1.5.2, pro-
vided by Seoul National University, Seoul, Korea). Particularly,
discriminative reaction task that induces the visual interference
effect was used in this study. In the discriminative task, a single
picture was shown to the subject, and then the subject was required

Discriminative visual reaction task

HRV based on finger plethysmography

Target picture

Interference 2 Interference 1

Interference 3
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Figure 2. Experimental procedures of evaluation used in this study. Reaction time and error number, HRV were measured during dis-
criminative visual reaction task. Signals from HRV showing the activity of ANS were recorded based on finger plethysmography non-inva-
sive method, as indicated by a red dotted circle. This illustration is derived from 'Measurement of Reaction Time to Stimulation' (Ver. 1.5.2,
provided by Seoul National University, Seoul, Korea) and BACS ADVANCE program (TAOS Institute, Inc., Yokohama, Japan). HRV, heart

rate variability; ANS, autonomic nervous system.
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to press the mouse when the same picture among similar picture
appeared. Meantime, reaction time and error number for each set
were recorded automatically. A total five sets were performed, with
a 1 minute rest between each set. To minimize the impact of the
external environment, intervention was conducted without ex-
ternal noise, and the room temperature was maintained between
22°C-24°C. The subjects used same chair and were requested to
maintain the same posture.

ANS activity

ANS activity was measured using BACS ADVANCE (TAOS
Institute, Inc., Yokohama, Japan), which is based on finger pleth-
ysmography non-invasive method [26]. The finger of subject was
attached to a finger sensor, then applying a constant pressure (25
mm Hg) to measure the blood flow. In this study, the ANS activ-
ity was measured by separating the resting state and reaction task
state. In the resting state, the subjects were sitting comfortably in
the backrest chair for 5 minutes. After that, in the reaction task
state, the subject performed a discriminative reaction task to vi-
sual stimuli for 5 minutes as described. ANS activity was mea-
sured for 5 minutes respectively, and then mean value at the mid-
dle 3 minutes was used excluding the values for the first and last
minutes.

All features of both time and frequency domain representing
ANS activity were analyzed. First, time domain features include
mean heart rate (HR), standard deviation of NN interval (SDNN),
root mean square of successive difference (RMSSD), and coeffi-
cient of variation of R-R interval of the heart rate (CVRR). SDNN
represents the state of the cardiovascular system and the rhythm
of the heart rate, and its decrease indicates that the ANS does not
properly respond to environmental changes [21]. Also, both RMS-
SD [22] and CVRR [27] indicate the activity of parasympathetic
nerves. Second, frequency domain analysis is useful to assess the
balance of sympathetic and parasympathetic nerves. To evaluate
frequency domain features, total power (TP), high frequency band
(HEF), low frequency band (LF), very low frequency band (VLE),
and LF/HF ratio are analyzed. TP represents the overall activity of
the ANS as a sum of all frequency domains. HF is a high-frequen-
cy component between 0.15 Hz and 0.4 Hz, indicating parasym-
pathetic nerve activity [23]. LF is a low-frequency component be-
tween 0.04 Hz and 0.15 Hz, indicating the activities of sympathetic
and parasympathetic nerves [28]. VLF is a frequency domain be-
tween 0.003 Hz and 0.4 Hz, which is affected by both sympathetic
and parasympathetic nerves, but is often not clinical interpretation

Table 2. Body composition analysis according to sleep quality

Variables Good sleeper group
BMI (kg/m?) 23.41+3.71
Skeletal muscle mass (kg) 25.24+5.88
Body fat mass (kg) 17.89+7.58
Percent body fat (%) 26.74+7.34
Waist-hip ratio 0.86+0.05

due to long cycles and unclear physiological mechanism [22,23].
The LF/HF ratio reflects the degree of balance between the sym-
pathetic and parasympathetic nerves, indicating the degree of ac-
tivity of the sympathetic nerves to the parasympathetic nerves. In
addition, by analyzing chaotic attractor image and power spectral
density, the ANS response in resting state and reaction task state
was compared. The chaotic attractor image represents the sum of
the finger pulse waveforms for 3 minutes.

Statistical analysis

Analysis was performed using SPSS Statistics version 25.0 for
Windows (IBM Corp., Armonk, NY, USA). The Mann-Whitney
U test was used to compare the body composition, reaction time
and error number, and ANS activity according to sleep quality.
Additionally, the amount of change in ANS activity (reaction task
state — resting state) between the good and poor sleeper groups
was analyzed using the Mann-Whitney U test. Spearman’s corre-
lation coefficient was used to calculate the correlation between
the sleep quality (PSQI-K score) and ANS activity without clas-
sifying the group. Difference was considered statistically signifi-
cant when the p-value was <0.05.

RESULTS

Body composition by sleep quality

The analysis of body composition of each group is shown in
Table 2. Although there were no significant differences between
the good and poor sleeper groups, poor sleeper group showed
the high values in all variables of BMI, skeletal muscle mass, body
fat, percent of body fat, waist-hip ratio compared to good sleeper

group.

Reaction time and error number by sleep quality

The reaction time for the discriminative reaction task was in-
creased in the poor sleeper group (964.40 ms) than the good
sleeper group (859.12 ms). The number of errors was higher in
the poor sleeper group (1.93 times) than in the good sleeper group
(1.33 times). However, there were no significant differences be-
tween the groups in both reaction time and error number (Table 3).

ANS activity by sleep quality

ANS activity was measured by separating resting state (no re-
action task) and reaction task state, and these parameters were
compared between good and poor sleeper groups (Table 4). In

Poor sleeper group z p
25.34+4.74 -0.900 0.368
26.56+5.29 -0.530 0.596
22.34+10.73 -0.794 0.427
31.09+8.34 -0.900 0.368

0.89+0.06 -1.117 0.264

Values are presented as mean+SD. BMI, body mass index



the resting state, the poor sleeper group (218. 91 ms’) had the low-
er HF value than the good sleeper group (547.43 ms?), and there
was statistically significant difference between the groups (p=
0.023). All parameters except HF did not show the significant dif-

Table 3. Selective attention task according to sleep quality

Variables GOO(% sleeper Poor.sleeper ’ .
group group
Reaction 859.12+148.46  964.40+167.75 -1.111 0.266
time (ms)
Error number 1.33+1.39 1.93£2.30 -0.947 0.344

Values are presented as mean+SD.

Table 4. ANS activity of good and poor sleeper groups

Sieun Park and Sookyoung Park K@Y WAL

ferences between the groups in the resting state. In the reaction
task state, all parameters did not show the significant differences
between the groups. The difference value in ANS activity (reac-
tion task state — resting state) was compared between the good
and poor sleeper groups. There were statistically significant differ-
ence in the mean HR (good sleeper group: 3.87 bpm, poor sleep-
er group: -2.58 bpm, p=0.005), HF (good sleeper group: -204.60
ms’, poor sleeper group: 120.96 ms®, p=0.039), LF/HF ratio (good
sleeper group: 0.38, poor sleeper group: -2.30, p=0.023) between
both groups. Particularly, the change of LF/HF ratio was more
marked in the poor sleeper group than good sleeper group, which
was confirmed in the chaotic attractor image and power spec-

Variables Good sleeper group

Mean HR (bpm)

Resting state 82.91+8.81

Reaction task state 86.78+9.32

Difference value 3.87+4.08
SDNN (ms)

Resting state 54.33%17.06

Reaction task state 53.73+15.04

Difference value -0.60+14.15
RMSSD (ms)

Resting state 37.95+17.82

Reaction task state 35.01+15.39

Difference value -2.94+11.89
TP (ms?)

Resting state 2526.06+1385.01

Reaction task state 2853.49+1884.56

Difference value 327.44+1389.17
HF (ms?)

Resting state 547.43+603.02

Reaction task state 342.83+256.70

Difference value -204.60+400.56
LF (ms?)

Resting state 852.05+408.60

Reaction task state 687.64+232.11

Difference value -164.41+329.90
VLF (ms?)

Resting state 1087.02+1129.65

Reaction task state 1782.20+£1892.70

Difference value 695.18+1167.16
LF/HF ratio

Resting state 2.46+1.62

Reaction task state 2.83+1.60

Difference value 0.38+1.44
CVRR (%)

Resting state 7.41+2.10

Reaction task state 7.63+1.70

Difference value 0.23+2.05

Poor sleeper group Z p
90.59+15.09 -1.217 0.223
88.01£13.72 -0.053 0.958
-2.58+2.52 -2.805 0.005**
45.76+22.01 -1.006 0.315
57.74%32.63 -0.265 0.791
11.99+13.54 -1.852 0.064
31.67+14.12 -0.370 0.711
39.43+16.89 -0.582 0.560

7.76+14.18 -1.535 0.125
2151.66+2011.21 -0.794 0.427
3155.53+2963.69 -0.053 0.958
1003.86+1113.71 -1.006 0315

218.91+264.53 -2.276 0.023*
339.88+284.04 -0.159 0.874

120.96+168.81 -2.064 0.039*
712.21£501.91 -0.688 0.491
872.62+774.92 -0.159 0.874
160.41+336.80 -1.747 0.081
1180.11+1424.37 -0.476 0.634
1887.94+2015.16 -0.159 0.874
707.82+702.11 -0.265 0.791
4.71£3.70 -1.429 0.153
2.41+1.60 -0.688 0.491

-2.30+2.66 -2.276 0.023*

6.52+2.26 -0.900 0.368

7.90+3.47 -0.265 0.791

1.39+1.64 -1.429 0.153

Values are presented as mean+SD. *p<0.05; **p<0.01. ANS, autonomic nervous system; HR, heart rate; SDNN, standard deviations of all NN in-
tervals; RMSSD, root mean square of successive differences between adjacent NN intervals; TP, total power; HE high frequency band; LE low fre-
quency band; VLE very low frequency band; CVRR, coefficient of variation of R-R interval; Difference value, reaction task state — resting state
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Figure 3. Examples of autonomic nervous system (ANS) activity via heart rate variability (HRV) in current study. A: An example of chaotic
attractor image of poor sleeper group. The size of chaotic attractor image was attenuated during the reaction task state compared to the
resting state. Upper table, fingertip pulse wave measure at the resting state; lower table, fingertip pulse wave measure at the reaction task
state. B: An example of power spectrum in HRV of poor sleeper group. During the reaction task state, parasympathetic nerve activity was
increased compared to the resting state. 0.04—-0.15 Hz (low frequencty band, LF), sympathetic nervous system; 0.15-0.4 Hz (high fre-

quency band, HF), parasympathetic nervous system.

trum in HRV obtained during measurement of ANS activity in
the resting state and reaction task state (Figure 3).

Correlation between sleep quality and ANS activity

Correlation between sleep quality and ANS activity was ana-
lyzed (Table 5). In the resting state, there was a significant nega-
tive correlation between PSQI-K score and HF (r=-0.667, p=0.005).
Moreover, an obvious positive correlation was identified between
PSQI-K score and LF/HF ratio (r=0.608, p=0.012). As PSQI-K
score was increased, HF was fallen appreciably while LF/HF ra-
tio was risen notably. However, there were no significant rela-
tionships between PSQI-K score and parameters of ANS activity
at the reaction task state.

DISCUSSION

The purpose of this study was to investigate whether the sleep
quality, as classified by the PSQI-K, could influence the body
composition, selective attention, and ANS activity in healthy
young individuals. In particular, ANS activity was identified in
both resting and reaction task states, as well as the amount of
change was compared between the both groups.

Recent evidences have suggested that sleep is associated with
obesity [16,29,30]. Reduced sleep duration and quality are relat-
ed to the weight gain and adiposity [29], and there is a significant
negative relation between sleep duration and waist circumference,
which is a measure of central adiposity [15]. Moreover, poor sleep
quality and short sleep duration were related to obesity in middle-
aged and older adults [30]. Whereas, both short and long sleep



Table 5. Correlation between sleep quality and parameters of ANS
activity in resting and reaction task states

Variables PSQLK
R p
Resting state
Mean HR 0.287 0.282
SDNN -0.190 0.482
RMSSD -0.270 0.312
TP -0.121 0.654
HF -0.667 0.005**
LF -0.118 0.663
VLE -0.026 0.924
LF/HF ratio 0.608 0.012*
CVRR -0.185 0.493
Reaction task state

Mean HR 0.027 0.920
SDNN -0.046 0.867
RMSSD -0.009 0.973
TP 0.038 0.889
HF -0.091 0.737
LF 0.187 0.489
VLF 0.014 0.960
LF/HEF ratio 0.191 0.478
CVRR 0.023 0.933

*p<0.05; **p<0.01. ANS, autonomic nervous system; HR, heart rate;
SDNN, standard deviations of all NN intervals; RMSSD, root mean
square of successive differences between adjacent NN intervals; TP, to-
tal power; HE high frequency band; LE low frequency band; VLE very
low frequency band; CVRR, coeflicient of variation of R-R interval;
PSQI-K, Korean version of the Pittsburgh Sleep Quality Index

durations might be related to obesity or higher BMI [31]. WHO
defined the standard of obesity in the Asia-Pacific region as a BMI
of 25 kg/m’ or higher. Based on this criteria, BMI and percent
body fat of the poor sleeper group were 25.34 kg/m* and 31.09%
in this study, respectively. Although all body composition factors
were higher in poor sleeper group compared to good sleeper group,
it was not significantly different in this study. These results might
indicate that the subjects did not show the significant metabolic
changes due to the subjects not being diagnosed with sleep dis-
orders medically. Additionally, in this study, dietary and physical
activity were not considered. Not only sleep quality but also diet
and physical activity are the main factor contributing to body
composition [32]. Therefore, in future studies, various factors that
affect body composition, such as diet and physical activity, should
be measured together.

Sleep deprivation influences several domains of cognitive func-
tioning [33]. In particular, reaction time and working memory
are known to be the most sensitive to short-term sleep depriva-
tion [34]. Since the reaction time represents the time until re-
sponding to various stimuli, thus it can indicate attention, which
is one of the components of cognitive function. Attention, which
is the ability to process and respond to various environmental
stimuli, has four major components; tonic alertness, phasic alert-
ness, selective attention, and sustained attention [35]. These at-
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tentional networks are most sensitive to insufficient sleep [36].
Ferrie et al. [37] showed that a reduced sleep duration can pro-
voke the fatigue and decrease in concentration, causing psycho-
physiological changes as well as attention and cognitive dysfunc-
tions. In this study, participants performed the discriminative
reaction task to use the interference effect through multi stimuli,
which was to measure the selective attention. Reaction time and
number of errors were increased in poor sleeper group than in
the good sleeper group; however, there was no significant differ-
ence between the groups. Commonly, reaction time is widely used
to assess the cognitive functions that are known to influence aca-
demic performance [38], also to evaluate neuromuscular-physi-
ological responses in sport athletes [39]. However, human body
responds to various stimuli at different speeds [40], additionally,
the factors including intensity and duration of the stimuli, age and
gender of the subjects, and effect of practice can influence the re-
action time of an individual [41]. In the present study, the reason
why there was no significant difference in reaction time could be
that some of these factors affected the evaluation of reaction time
related to sleep quality. Gobin et al. [42] reported that overall rela-
tionship between PSQI and attention was not supported; howev-
er, poor sleep quality was associated with a deficit in sustained at-
tention. This study supported the previous study because there
was no significant difference in selective attention between groups
according to the PSQI. Thus, it will be necessary to investigate the
relationship between sleep quality and sustained attention by ap-
plying continuous or more complex task in future study.

Sleep deficits could induce excessive activity in the stress re-
sponse system, and they cause alterations in ANS [43]. Conse-
quently, HRV is known to be affected by sleep-related problems
such as insomnia and poor sleep quality [6]. In this study, ANS
activity according to sleep quality was measured in a resting state
and performing the reaction task, respectively. In the resting state,
only frequency domain index HF showed significant difference
between good and poor sleeper groups (p=0.023). The HF indi-
cator which is reflecting the activity of the parasympathetic ner-
vous system [44], was significantly lower in the poor sleeper group
compared to the good sleeper group. However, the time domain
indices RMSSD and CVRR values, which are the component of
the parasympathetic nervous system activity, were no statistical
significance between good and poor sleeper groups. It is known
that the analysis of HRV includes long-term and short-term anal-
yses, and the analytical data that are less than 10 minutes are con-
sidered as short-term HRV analysis [45]. In general, frequency
domain analysis might be of value in short-term HRV analysis
[46]. Since we measured HRV for 5 minutes in the resting state,
thus it is considered that the frequency domain index (HF) showed
a significant change than the time domain index (RMSSD and
CVRR) in the present study. Zhong et al. [47] have described that
the sleep deprivation induced the activation of sympathetic ner-
vous system for the heart, while the regulatory ability of the para-
sympathetic nervous system was reduced. Besides, HF showed
higher correlation with sleep quality in stressful a situation com-
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pared to in a resting state [6,48]. The LF/HF ratio is an index indi-
cating the degree of sympathovagal balance [47], and is propor-
tional to the activity of sympathetic nervous system [43]. The
reference value of LF/HF ratio is known as 0.5-2.0. LF/HF ratio
was higher in poor sleeper group (4.71+3.70) than in good sleep-
er group (2.46+1.62) in the resting state; however, there was no
significant difference in this study. Further study should be con-
ducted with a larger sample size to investigate the correlation be-
tween sympathovagal balance and sleep quality.

Various interventions including physical activities have been
used to improve the physiological imbalance of ANS. It was re-
ported that as the time for exercise was increased, the parasym-
pathetic nerve was activated [49], moreover as the performance
number of aerobic exercises increases, RMSSD indicating para-
sympathetic nerve activity was improved [50]. These effects of
physical exercise on the ANS were also confirmed in patients with
cognitive deficiency. Previous study showed that physical exercise
can lead to a recovery of the responsiveness of the parasympa-
thetic system in Alzheimer’s dementia [51]. Furthermore, static
activity such as meditation induced a decrease in HR and an in-
crease in RMSSD, also a reduction in salivary cortisol levels [52].
Thus, the effect of the discriminative reaction task on ANS activ-
ity was examined, and compared according to sleep quality. The
amount of change in ANS activity (reaction task state — resting
state) showed significant difference in the mean HR (good sleep-
er group: 3.87 bpm, poor sleeper group: -2.58 bpm), HF (good
sleeper group: -204.60 ms?, poor sleeper group: 120.96 ms?), and
LF/HEF ratio (good sleeper group: 0.38, poor sleeper group: -2.30)
between both groups. These results mean that LE/HF ratio (sym-
pathetic nerve activity) was reduced, and HF (parasympathetic
nerve activity) was increased during the poor sleeper group per-
forming the discriminative reaction task. The previous study re-
ported that the tension of sympathetic nervous system was re-
lieved and the parasympathetic nervous system was activated
while performing attention-oriented task [53]. In the present study,
the changes of ANS activity during the reaction task were more
pronounced in the poor sleeper group, which could be explained
that attention-oriented activity might have an intervention effect
on the restoration of the ANS balance. ANS plays an important
role in regulating attention, thus HRV could be considered as a
predictor of change of attention [54]. When concentration is in-
duced, spontaneous electrical activities are occurred in the cen-
tral nervous system, and various physiological changes are hap-
pened in the autonomic nervous system [55]. Therefore, alterations
in ANS activity can be used to measure the attention level [56,57].
Especially, performing a reaction task that requires selective at-
tention facilitates the ANS, which is considered to affect the bal-
ance control of the sympathetic and parasympathetic nerves. How-
ever, most of the previous studies on selective attention training
have mainly on school-age children, attention-deficit/hyperac-
tivity disorder (ADHD) children, or the elderly, and studies relat-
ed to sleep are insufficient. Thus, it is considered that further stud-
ies are needed on the relationship of sleep disorders, sleep-related

stress-inducing factors, and selective attention in healthy adults.

In this study, correlation between sleep quality and ANS activ-
ity was analyzed. In the resting state, a significant negative corre-
lation was confirmed between the HF and the PSQI-K score (r=
-0.667, p=0.005), whereas a significant positive correlation was
identified between the LF/HF ratio and the PSQI-K score (r=0.608,
p=0.012). These results indicated that as the PSQI-K score was
increased, HF was decreased and the LE/HF ratio was increased.
It suggested that poor sleep quality attenuated the parasympa-
thetic nerve activity, and enhanced the sympathetic nerve activi-
ty. Previous study on college students found that there was a neg-
ative association between sleep efficiency and LF [58]. The control
ability of ANS on cardiovascular system after sleep deprivation is
dysregulated by the decrease of RMSSD and the HE and increase
of LF and the LF/HF ratio [47,59]. Therefore, the significant cor-
relation between sleep quality and ANS activity reveals that poor
sleep quality could interfere with ANS function.

This study has a few limitations. Since this study was conducted
only on healthy college students, it is difficult to generalize to sub-
jects of different ages, and the sample size is also not sufficient.
Second, in the self-reported PSQI-K survey conducted to evalu-
ate the sleep quality, only the overall patterns of the sleep habits
and sleep patterns were investigated without dividing them into
weekdays and weekends. Since college students generally have ir-
regular sleeping habits, such as shortened sleep time due to prep-
aration for major classes or employment, thus they might experi-
ence deterioration of sleep quality. Despite these limitations, it
seems to be significant to study on the sleep quality and ANS ac-
tivity of college students. Therefore, further studies should con-
sider these relevant factors and a large sample size to generalize
of meaningful results of present study. Also, we plan to investigate
the features of ANS functions and relevant factors of college stu-
dents in further studies to understand the mechanism of ANS
changes related to sleep quality.

In conclusion, this study revealed that the adverse effect of poor
sleep quality on ANS activity was significantly increased in healthy
college students. In this results, the value of HF indicating the ac-
tivity of parasympathetic nerve was lower in the poor sleeper
group in the resting state. ANS activity was significantly changed
between resting and reaction task states in both groups, particu-
larly, these alterations were notable in the poor sleeper groups.
The activity of sympathetic nerve was decreased, while parasym-
pathetic nerve was activated in the poor sleeper group at the reac-
tion task state. And, we found that the PSQI-K score significantly
correlated with HF and LF/HF ratio at resting condition. These
results suggested that the degradation of sleep quality had an ef-
fect on the parasympathetic inactivation, as well as the sympa-
thetic hyperactivation.
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