Effects of Nap at Laboratory and Aroma at Home on
Autonomous Nervous and Endocrine Systems

A thesis submitted in partial fulfillment of the requirements for the degree of

Doctor of Engineering

June, 2019

Submitted by
Jiang Fang

Supervised by

Prof. Shusaku Nomura

Department of Information Science and Control Engineering
Graduate School of Engineering

Nagaoka University of Technology, Japan



Dedicated to all the scientists who have contributed and will continue to do so, for the
advancement of the field of Ambient Biomedical Engineering
and thereby

for the betterment of the society



ACKNOWLEDGMENT

I would like to express my sincere gratitude to Shusaku Nomura, my academic advisor,
for his high academic standards and sense of responsibility, his encouragement and constant

guidance to pursue my Ph.D. and for his unwavering support throughout my doctoral studies.

I would also like to thank Prof. Koichi Yamada, Prof. Akira Shionoya, Associate Prof
Tessai Hayama, and Associate Prof. Yuta Nishiyama for sharing their time and incredible
expertise with me on reviewing my dissertation and for invaluable instructions and comments on

improving my thesis.

It is a pleasure to work with such a dedicated and talented group. My research team
members: Mr. Takemi Kobayashi, Mr. Takurou Ichihashi and other members of Ambient
Biomedical Engineering Laboratory, Nagaoka University of Technology, is sincerely

acknowledged for the for all the support provided for me during my study.

I am grateful for all the students of the Nagaoka University of Technology who agreed

to participate in my studies and highly cooperated with us of our experiments.

I am also appreciative of the generous support | have received throughout my doctoral
studies: The Japanese Government (MEXT) Scholarship, funded by the Ministry of Education,
Culture, Sports, Science and Technology through which I received financial assistance for the last

half years, which enabled me to study in Japan.

| want to extend a sincere note of gratitude to my family and parents, for their ongoing

encouragement and for being my constant inspiration and strength.

My sincere appreciation also goes to my friends, who are my proud of my life.



ABSTRACT
We conducted a series of experiments to investigate the psycho-physiological
effects of nap and aroma on human. A two-hour afternoon nap (Exp.1) and awakening after
slow wave sleep (SWS) (Exp.2) were studied in a laboratory and aroma study in a field

setting (Exp.3).

In Exp.1, forty-three male university students with normal sleep-wake cycles were
assigned to two groups: group 1 slept for 6 hours from 0:00 to 6:00 a.m. and group 2 napped for 2
hours from 13:15 to 15:15. There was no prominent difference in the subjective quality of sleep
between groups. This was supported by the lack of any significant difference in sleep efficiency
and latency between groups. Additionally, the heart rate (HR) after the afternoon nap was
significantly higher than the baseline level before nap (overshoot), while the heart rate in the
morning was the same level as recorded the night before. In Exp.2, in a within-subjects
experiment design, ten male students participated in two conditions: 1) Awakening in the middle
of the slow wave sleep (AMS), i.e. sleep from 0:00 am and wake up at 15min after first time SWS
occur and 2) Awakening at the end of the slow wave sleep (AES), i.e. sleep from 0:00 am and
wake up at the end of first time SWS. Saliva samples were obtained every 30min during sleep and
every 15min for 1 h after awakening. Our results indicated that the HR after awakening was
significantly higher in two conditions and was lower in AMS than AES before getting up.
Additionally, salivary Immunoglobulin A (IgA) and alpha-amylase (a-AMY) concentration in
AES was higher in terms of the post-awakening mean peak levels, while cortisol and
dehydroepiandrosterone (DHEA) were no significant increase after awakening from SWS. In
Exp.3, twenty male students participated in the study and were exposed to three different odorants

(apple, cedarwood, and citrus ginger) or a scentless control sample each night in their home

II



environment in a counterbalanced order. In this within-subjects study design, all subjects were
instructed to sleep at home for 6 hours, from 00:00 to 06:00, and HR was measured using a
wristwatch-type HR monitor. Saliva samples were obtained before sleep and after awakening.
While subjective sleep quality at awakening did not differ among conditions, tension and anxiety,
assessed by the Profile of Mood State questionnaire, was significantly decreased from the night
before sleep to the next morning on which citrus ginger exposure was provided. Moreover, HR
during sleep and after awakening, and cortisol secretion after awakening were significantly higher

in the citrus ginger condition.

Through these researches, following findings were yielded: the relatively longer afternoon
nap may be comparable with a night sleep in terms of sleep quality whereas it may enhance
autonomic arousal after awakening, the sympathetic-adrenal medullary activity (SAM) was
enhanced after AES, and citrus ginger aroma during sleep may enhance sympathetic nervous and
endocrine system activity while alleviating psychological tension and anxiety. Future studies
testing a wider range of aromas and their compounds are required to clarify the complex

psycho-physiological effects of aromatherapy.
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CHAPTER 1
INTRODUCTION

1.1 Background

1.1.1 Sleep and Stress

Sleep is an important part of our daily life and it’s a restorative process for the physical
psychological and mental health, and insufficient sleep causes a variety of negative influence on
our life and work, including stress [1-4], sleepiness[5], quality of life[6,7], school achievement

and academic performance[8-10], cognitive, memory and learning capacity[11] and so on.

Furthermore, Insufficient sleep, poor sleep quality are common complaints in modern
society. For instance, Wong reported that the prevalence of sleep quality problems among Hong
Kong general population was 39.4% [6], other researches pointed out nearly 44% and over 60%
of the sample reported the poor quality of sleep [4,12]. In addition, according to the social
statistics studies among JAPAN: 2015 National Time Use Survey Conducted by The NHK
Broadcasting Culture Research Institute [13] (Fig.1).sleep duration decreased with the years;
The report by the Ministry of Health Labor and Welfare about National Health and Nutrition
Survey 2017 indicated that Sleep duration very dissatisfied increased with years[14] (Fig 2.).

Moreover, suboptimal sleep and sleep-related disorders may be an indicator of poor
health status [3,15]. Sleeping less than 6 h was greater risk of cold compared to sleeping more
than 7h [16], sleep disturbances increase the risk of type 2 diabetes [17], insufficient sleep
increases mortality risk[18], insomnia and sleep deprivation impairments in neurocognitive and
psychomotor performance [19,20], behavior and neurobehavioral function [21], sleep disorders
are associated with maladaptive changes in the hypothalamic-pituitary-adrenal (HPA) axis,

leading to neuroendocrine deregulation[22] and chronic insomnia is a risk factor for anxiety and



depression[1,23]. In addition, poor sleep quality with low executive functions and reduce labor

productivity [18,24] leading to large economic loss(Table 1)[18]. In short, these studies suggest

that sleep problems should be carefully taken into consideration.
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Stress and sleep have a long time been known to bidirectional effects with each other

[2-4]. Acute and chronic stressors were considered to be the most significant risk factor for sleep



disturbance, sleep architecture and circadian rhythms [2,25]. However, the amount of stress can
have cardiovascular disease, sleepiness, fatigue and adversely affect the performance and
neuroendocrine[4,7]. Additionally, more and more people under stress, Bhatia et al. studied
showed that 87.4% nurses have occupational stress [26], Ministry of Health Labor and Welfare
survey results demonstrate that the prevalence of stress in JAPAN was about 50%][27] (Fig3).
However, experienced stress is not exclusively a Japan problem, and also concerns other
countries [28] such as Greece (59%), Philippines (58%), Tanzania (57%), United States of
American (55%) and so on (Table 2). Moreover, it is found that the cost loss of enterprises due

to high stress may reach 1.5 million yen per person [29].

Table 1: Economic Costs of Insufficient Sleep across Five OECD Countries

United States Japan Germany United Kingdom Canada
Economic costs $411 billion $138billion $60billion $50 billion $21.4 billion
Percent of GDP 2.28% 2.92% 1.56% 1.86% 1.35%

It is quite clear that HPA-axis sensitivity to subsequent stressors. Moreover, It also
plays an important role in the sleep-wake cycle, excessive activation of the HPA axis can
dysfunction of the neuroendocrine induce sleep disturbances [2], while sleep loss and chronic
stress can lead to metabolic dysfunction[22], suggesting that both sleep and stress are closely
linked to the HPA axis[2,30], and a bidirectional interaction between sleep and endocrine
activity is well documented, which confirmed the close interrelationship between sleep, stress,

and metabolism[22].

Overall, insufficient sleep and stress are a public health problem and co-enact with each

other have an effect on psycho-physiological, it’s not only person complaints and become to



social issues with a huge impact on economics. Therefore, it is essential to consider questions
such as sleep timing, sleep duration, and sleep efficiency and as well as sleep architecture that
can affect the quality of sleep, and it is important to tackle sleep problems early in order to
prevent further deterioration, and we also should pay more attention to study the correlation with

sleep and stress.
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Figure 3: Do you have any stress in your life?

Table 2: Experienced stress a lot of yesterdays

Greece 59%
Philippines 58%
Tanzania 57%
Albania 55%
Iran 55%
Sri Lanka 55%
United States of America 55%
Uganda 53%
Costa Rica 52%
Rwanda 52%
Turkey 52%
Venezuela 52%




1.1.2 Stress reaction pathways and saliva biomarkers
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Figure 4: The stress response pathway

Stress is a feeling of being overwhelmed, worried or run-down. There are two main
stress responses pathways. The acute stress response known as SAM responds very quickly to
immediate danger, the hypothalamus activates sympathetic of the autonomous nervous system
(ANS), which secretes adrenaline and norepinephrine, leading to increases sympathetic activity
and decreases parasympathetic activity, such as, increasing HR and blood pressure, speeding
breathing up. The activation of the HPA axis was considered to be one major physiological
response elicited by stress. The hypothalamus releases CRH (corticotropin-releasing hormone)
which travels through the bloodstream to the pituitary gland. The pituitary gland releases ACTH
(adrenocorticotropic hormone) which travels through the bloodstream to the adrenal cortex

which releases corticosteroids. Currently, mainly seven biomarkers have a close relationship



with mental stress [31], for example, cortisol, DHEA, DHEA sulfate (DHEA-s), IgA, a-AMY,

testosterone(TE), and secretary chromogranin A(CgA) and so on.

1.1.2.2 Cortisol awakening response (CAR)

With regard to biomarkers, they are secreted into various human secretory substances
such as saliva, blood, urine, hair, nail, and breast milk. Plasma can reflect acutely circulating
hormone levels [32], however, the blood collection is under a stress by the needle punch and
cannot correctly measure and evaluate the true stress state. In a urine test, it is difficult to detect
immediate stress reaction, and it is necessary to measure metabolic substances. Hair and nail use
to reflect the long term stress [33]. Considering saliva testing has the advantage that it is
non-invasive, easy to make multiple samples and stress-free, besides salivary substances
considered as a reliable measure for SAM and HPA axis. Amount of research has to apply saliva

to an assessment of stress [31, 34-36].

Cortisol, a steroid hormone released from the adrenal cortex, is considered a reliable
measure for the HPA axis[37-39], a temporal elevation of cortisol secretion is observed at
awakening in the morning: this is termed the “CAR”.Much research has aimed at determining
factors that influence the levels of CAR, but the results obtained are contradictory in age, gender,
stress, and depression [37-47]. Additionally, the transition from sleep to waking is essential for
CAR, with regards to effects of sleep-related factors on the CAR, such as sleep quality, sleep
duration, nightly awakenings, and time of awakening results have been inconsistent. A larger
cross-sectional study was done by Emily willians[48] group suggesting that the CAR is not
associated with sleep quality. Whereas other studies pointed out poor sleep is correlated with
decreased morning awakening salivary cortisol[49,50]. Sleep duration and time of awakening

unrelated to morning cortisol levels were claimed [37,40]. However, sleep length research



showed that nap 90-min resulted in CAR while shorter naps of 50min duration did not [51], and
nightly awakening in the early part of night sleep was no CAR [52]. Considering the role of time
of waking for CAR, morningness had higher levels of free cortisol awakening responses than

evening-oriented [42,48,53].

Unlike CAR, few studies pay attention to others salivary biomarkers on sleep study and
discrepancy was observed, Hucklebridge documented no post-awakening peak of DHEA
secretory activity [54]. Yet, one of our LAB studies reported marked elevation in DHEA after
awakening [55,56]. The natural secretion of biomarkers has a diurnal change, the highest level is
in the morning and the lowest level in the night [37,56,57]. On the other hand, salivary IgA and

a-AMY concentration gradually increase while sleep was reported by Hasegawa[58].

Furthermore, sleep is characterized by non-REM sleep (NREMS) and rapid eye
movement sleep (REMS), during the early nocturnal period the major portion is SWS [42-44,59].
However, reporting post-awakening cortisol after the early parts of sleep are sparse. One of
study repeated nightly awakening during nocturnal, the result show cortisol levels during the
first half of the night did not rise significantly after awakening in the night, while the cortisol
levels were measured just two times (immediately and 15min after awakening)[52], Tobias
Stalder demonstrate that two post-awakening samples cannot be sure to catch the CAR peak or

may lead erroneous conclusions[60].

1.1.3 Benefits and discrepancies of Nap

Excessive daytime sleepiness was common, It’s known that 41.9% of students who had
daytime sleepiness in Hong Kong[25], and approximately 45.7% of adolescent report daytime
sleepiness[8], Sleepiness and dip in performance in the afternoon, or “post-lunch dip,” occurs

regardless of meal consumption [61], thus it is considered to be a part of the biological rhythm



[62]. This circasemidian deterioration of cognitive or physical performance can be a menace to
our daily life, e.g. high incidence of sleep-related accidents in the early afternoon [63].

One of the promising countermeasures for the post-lunch dip is a short nap, a nap of
less than 30 min [64]. There have been extensive studies reporting the efficacy of a short nap,
such as reducing sleepiness [65-70] improving cognitive and behavioral performance [66-71]
including evidence from practical activities such as driving [65] and intravenous insertion [72].
Short naps are associated with physiological arousal after awakening, including an increase in
the HR toward self-awakening [69], suppressed electroencephalogram (EEG) alpha activity
during eyes-open wakefulness [65,66] , prevention of the occurrence of slow eye movement [70],

shortening of event-related brain potential (ERP) latency [67].

A relatively longer nap, a nap of 60 min or more, has also been reported to have

positive effects, such as ameliorating sleepiness caused by a night shift [73] or sleep loss [74],

and improvement of cognitive performance [73-75] and memory [76].

However, while there are a number of studies reporting the behavioral and cognitive
efficacy of long naps, reports on the benefit of long naps on physiological functioning are
limited and sometimes controversial. There are studies illustrating higher physiological arousal
in terms of cardiac [73] and endocrine [74] function following a long nap. Meanwhile, an
observational study comparing cardiovascular activation between a long nap (siesta) and a night
sleep reported reduced physiological arousal following the long nap compared to the night sleep
[77]. With regard to the most recent epidemiological studies, one study has reported the
association of hypertension with a midday siesta [78], while another study concluded that an

hour of sleep in the daytime is associated with a reduced likelihood of hypertension in men [79].



1.1.4 Benefits and discrepancies of Aromatherapy

Aromatherapy has been widely used in complementary and alternative medicine.
According to a survey reported by the Aroma Environment Association of Japan, the
aroma-related market in 2015 amounted to 333.7 billion yen (126% increase over 2011), and the

aromatherapy market to 60.9 billion yen [80].

Aromatherapy has also been increasingly studied through scientific research. Previous
studies showed that lavender aroma contributed to improved sleep quality [81], decreased blood
pressure [82,83], and improved task performance [84], and relieved job-related stress [85].
Jasmine odor led to greater sleep efficiency, alertness, mental performance, and reduced sleep
movement [86]. The natural essential oil of orange could reduce salivary cortisol and pulse rate
[87]. Apple aroma was shown to reduce tension, anxiety, and EEG theta activity [88]. Ginger
has led to pain relief [89]. Cedrol inhalation induced an increase in parasympathetic activity and

a reduction in sympathetic activity [90].

However, despite some studies indicating the positive effects of aromatherapy on the
body and mind, several studies also reported inconsistent effects. One study reported that orange
aroma reduced anxiety and improved mood in patients waiting for dental treatment [91].
Meanwhile, when the study was repeated in a dental clinic, no anti-anxiety or mood
improvement effect of the orange aroma was found [92]. Apple aroma reduced tension and
anxiety in one study [88], whereas another study reported no significant effects of the aroma on
anxiety or mood [92]. Some studies reached inconsistent conclusions on the effects on the body
and the mind. Cedarwood significantly inhibited the physiological stress response. However,
this was not accompanied by any positive mood or sedative effects [93,94]. In a previous study,

we found that mild orange essential oil aroma inhibits the cardiac stress response against a



short-term acute stressor, while it does not have a significant effect on subjective stress [95]. In
contrast, lavender lowered the subjective stress and enhanced the physiological stress response

against the same acute stressor [96].

Various reasons can cause the inconsistencies in reported aroma efficacies, such as
differences in aroma administration (aroma diffuser, aroma infiltrated mask or olfactometer), the
aroma intensity (e.g. dose, duration, repetition), and the study population (e.g. age, gender,
health status). In particular, the sleep environment is likely to have a profound effect. An aroma
study conducted in a clinical or laboratory setting induces more stress on the participants than a
study conducted at home or in a familiar environment. A study evaluating the effects of aroma
massage with lavender oil on sleep in children with autism attending a residential school failed

to find any beneficial effect on sleep patterns [97].

1.2 Motivation

For longer afternoon nap, the studies investigating the physiological effects, inconsistent
was found not only among psycho-behavioural experimental studies but also in the more recent
large scale field studies. Additionally, there are few studies directly comparing the physiological
impact of sleep and awakening between the normal nocturnal sleep and the long nap in the
afternoon. Moreover, most research has focused on the HPA axis, while stressing hormones
related to the ANS is less well known and only a small number of sleep studies with four stress
biomarkers simultaneously. Particularly, the profile of saliva hormone levels after the awakening
of SWS during nocturnal sleep has not been tested. Therefore, it should be important to evaluate
the effects of acute partial deprivation of nocturnal sleep with 1h post-awakening saliva
collection. Although a wide variety of physiologically positive effects of aroma have been

reported by clinical or laboratory studies as stated above, the outcomes are frequently
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inconsistent, and the physiological effect of aroma use at home has not been thoroughly
investigated. Therefore, it should be important to evaluate the efficacy of aroma in terms of

physiological effects in the home environment.

1.3 Research Framework and Objectives

1.3.1 Research Framework

Based on a comprehensive review of literature on sleep and stress-related substances,
motivated by these issues and identified limitations, to investigate the effects on
psycho-physiological of short nap and aroma on human, we did a series of experiments (Fig 5). A
2h afternoon nap (Exp.1) and early night SWS (Exp.2) were scientific laboratory studies with
polysomnography(PSG) and electrocardiogram (ECG) recording throughout the experiment
sessions and another one is a field study of aroma on sleep (Exp.3) in applied science.
Considering the physiological measures that are accessible within the home environment with
minimum intervention, a wristwatch-type (Exp.3) HR measurement device was employed to
monitor the HR during sleep and after awakening. Salivary secretion was assessed to evaluate
physiological (endocrine) arousal, before sleep and after awakening, naturally secreted saliva
accumulated during a 3-min period(Exp.2, Exp.3), and during sleep, saliva was collecting

continuously by using the peristaltic pump system(Exp.2).

1.3.2 Objectives
For nap sleep, to investigate the physiological impact of the long nap, of 120 min, in the
afternoon on sleep architecture, cardiac autonomous nervous system, and subjective quality of

sleep and mood.

For slow wave sleep, to further clarify the physiological impact of SWS on the ANS,

HPA axis and SAM activation with four salivary biomarkers, which salivary cortisol, DHEA,

11



IgA, and amylase were assayed as indexes of the HPA, and SAM system, respectively.

For aroma study, to evaluate the physiological effect of aroma at home with three

different aromas: apple, cedarwood, and citrus ginger.
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Figure 5: Research Framework
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1.4 Chapter Summary

In this chapter, based on scientific evidence from the survey and literature, the issues on
sleep and mental health have always been pressing. On the other hand, both sleep and stress are
closely linked to the HPA axis and confirming the close interrelationship between sleep, stress,
and metabolism. While inconsistent and limitations were found on nap studies and aroma on
psycho-physiological effects. Addressing the limitations, and to investigate the
psycho-physiological effects of nap and aroma on human three experiments were did. Two
laboratory studies: Atwo-hour afternoon nap (Exp.1) and awakening after SWS (Exp.2) with four
salivary biomarkers (cortisol, DHEA, IgA, and amylase ) were assayed as indexes of the HPA
and SAM system and aroma study in a field with three different aromas, apple, cedarwood, and

citrus ginger (Exp.3).
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CHAPTER 2
IMPACT OF THE LONG AFTERNOON NAP

2.1 Subjects

Forty-three university male students (mean age of 21.6 £ 1.10 years and mean body mass
index of 20.8 + 2.45 kg/m?) participated in the study. All participants were healthy with normal
sleep-wake cycles, and no history of sleep-related disorders. Specifically, none of the participants
in this study was suspected of obstructive sleep apnea. The study was conducted in accordance
with the ethical principles of the Helsinki Declaration and informed consent was obtained from all
participants. The study was approved by the ethics committee of the Nagaoka University of

Technology.

2.2 Methods
2.2.1 Experimental Procedure

In a between-subjects experiment design, participants were assigned to two groups: 1)
Night Sleep (NS) group in which participants underwent 6 hours of nocturnal sleep (n = 17) and 2)
Long Nap group (LN) in which participants underwent a 2-hour nap in the afternoon (n = 26).
There was no significant difference in the age or BMI (p > 0.05) between groups. Fig. 6 and Fig. 7

show the protocol and layout of the experiment in this study respectively.

All participants underwent sleep control at their home at least 7 days before the
experiment, where they were instructed to go to bed before midnight and to get up after 6:00 a.m.
in the morning. Daytime napping was not allowed during the sleep control period. No sleep
deficit was introduced for the night before the experiment in either group. In the days before the
experiment, all participants underwent overnight PSG recordings in the laboratory room to adapt

the laboratory setting to avoid the first-night effect (unfamiliar environment of a sleep laboratory
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and sleep disorder). The subjects kept sleep diaries and wore wristwatch-type wearable device to

identify sleep-wake pattern during sleep control.

Experiment conditions
@ Night Sleep (NS)
@ Long Nap group (LN)

Preparation Sleeping Awake

A A

A POMS
OSA

Figure 6: Schema of the experimental design (Exp.1)
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Figure 7: Experimental layout (Exp.1)

On the day of the experiment, participants in the NS group visited the laboratory room at
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22:30. After the preparation for PSG and ECG recording, participants were instructed to take a
full night sleep from 0:00 am. At 6:00 a.m. the following morning, participants were awakened by
an experimenter. In the LN group, participants visited the laboratory room at 12:30, and after PSG
and ECG recording preparation, they were instructed to take a 2-hour nap from13:15 to 15:15.
Participants were instructed to stay lying on the bed even if they awoke before 15:15, and they
were awakened at 15:15 if they kept sleeping beyond the time. The experiment was carried out
daily (one participant a day) in a soundproof and environment-controlled room (mean temperature
and humidity is 25°c and 53%).

2.2.2 Measurements

2.2.2.1 Subjective assessment of psychological parameters

Participants were asked to complete the profile of mood state (POMS) as the measure of
psychological mood state before sleeping and after awakening. POMS is a measure of 6 identified
mood factors, i.e. tension-anxiety (T-A), depression-dejection (D), anger-hostility (A-H), vigor
(V), fatigue (F), and confusion (C) [98]. Subjective sleep quality was assessed after awakening
using the Oguri-Shirakawa-Azumi sleep inventory (OSA) [99]. OSA contains five mood factors,
for example, sleepiness on rising (Factor 1), initiation and maintenance of sleep (Factor II),

frequent dreaming (Factor 111), refreshing (Factor 1V), and sleep length (Factor V).

2.2.2.2 Objective assessment of physiological measures

In order to record PSG and ECG throughout the experiment sessions, i.e. 6-h night sleep
in the NS group and 2-h afternoon sleep in the LN group, Polymate II(Polymate IlI, TEAC
company, Tama, Tokyo) is used in this experiment. Throughout the study, international 10-20
systems (The 10-20 system refers to the distances between adjacent electrodes are either 10% or

20% base on the standard landmarks of the skull, which are the nasion, inion, and the left and right
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preauricular point ) [100] for EEG were continuously recorded from electrode positions C3, C4,
Ol and O2, ECG, electrooculogram (EOG) and electromyograms (EMG) were also recorded. The

electrodes were affixed to the participants as below in Fig.10.

Figure 9: 10-20 electrode system

The sleep stages were manually scored at consecutive 20-s intervals from the PSG
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recordings with AP view software according to Rechtschaffen and Kales’ criteria [101-103]. In

the R&K scoring manual, NREMS was divided into sleep stages 1, 2, 3, and 4 and rapid eye

movement (REM) sleep. Stages 3 and 4 are combined into stage 3(deep sleep) according to the

American Academy of Sleep Medicine (AASM) Manual. Some of EEG patterns important for

sleep staging are listed in Fig.11-17 and Table 3 [103], ex: Alpha waves, Sleep spindle, K

complex, Vertex sharp, Wave Slow waves and so on. EOG is for eye movement, there are

reading eye movement (Fig.11), and slow eye movement (Fig.12), REM (Fig.16) and eye blinks,

the detail was depicted in Table 4.

Figure 10: Electrode placement

Table 3: Summary of important waveform characteristics

Vertex Sharp Slow Wave Saw-Tooth
Alpha Rhythm Sleep Spindle K-Complex Wave Activity Waves
Frequency (Hz)  8-13 11-16 N/A N/A 0.5-2 2-6
Amplitude/ Oscillation Spindle-shaped High sharp wave High-amplitude Triangular,
shape oscillation amplitude broad wave serrated
(usually >100 >75 uV peak to
uv) peak
Duration Variable >0.5 >0.5 sec <500 msec 0.5-2 sec Variable
Associated Stage W Stage N2 Stage N2 Stage N1 Stage N2 Stage R
sleep stages/ Stage N1 Stage N3 Stage N3 Stage N3
events Stage R
Arousals

EEG = electroencephalogram; N/A = not applicable.
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Table 4: Eye Movements Pattern Definitions

Slow eye movements Rapid eye movements (REMs) Reading eye movements Eye blinks
Trains of conjugate eye Conjugate vertical eye
Conjugate, fairly regular, rreqular sharply peaked eve movements consisting of a movements at a frequency
sinusoidal eye movements Y Plyp y slow phase followed by a rapid  of 0.5-2 Hz, in wakefulness
- movements lasting < 500 msec. - o -
lasting > 500 msec. phase in the opposite direction with the eyes open or
during reads. closed.

International criteria for sleep stage scoring [101-103] and percent of each stage
[104]. The sleep stages were manually scored at consecutive 20-s sequential epochs if in one

epoch come with two or more stages, the greatest portion was scored.
1. Wake (Fig.13) generally constitutes approximately less than 5% of sleep.

A) Subjects whose central alpha rhythm was more than 50% of the epoch when the eyes are

closed.
B) If without visually alpha rhythm:

e Eye blinks

e Reading eye movements

e lrregular conjugate REM-associated with normal or high chin muscle tone
2. Stage 1(Fig.14) generally accounts for approximately 2% to 5% of total sleep.

A) Subjects whose central alpha rhythm was less than 50% of the epoch when the eyes are

closed.
B) If without visually alpha rhythm:

e Low-amplitude mixed-frequency (LAMF) activity ( range of 4 to7 Hz) compared
to stage W
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e \ertex sharp waves
e Slow eye movements

3. Stage 2(Fig.15) generally accounts for approximately 50% of total sleep.

e  One or more K complexes
e  One or more of sleep spindles
e LowEMG
4. SWS (Fig.16) generally account for approximately 20% of sleep and predominate in the
first third of the early night sleep.
e  More than 20% slow wave
e LowEMG
5. REM sleep (Fig.17) generally accounts for approximately 25% of sleep and predominates in
the last third of night sleep.
e LAMEF activity
e LowEMG
e REM
6. Body Movement (Fig.18) is judged with higher muscle tones movement and over 50% of
the epoch was obscured by EMG artifact.

A) If alpha rhythm in the epoch, judge as stage W

B) If no alpha rhythm precedes and follows the epoch judge as stage W, the epoch was also

scored as stage W.

22



C) Otherwise, the epoch was judged at the same stage as follows epoch.

Scoring was conducted by two well-trained experimenters separately and was double
checked afterward. Sleep architecture variables, which include minutes per stage, percentages of
each stage and body movement, sleep latency (SL) which is the duration of time from lights out
to the onset of sleep (wake to stage 1), time in bed (TIB) which means the duration of time from
lights out to get up, total sleep time (TST) which is the amount of sleep time (stage 1, stage 2,
SWS, and REM) and sleep efficiency (SE), were calculated. SE is a percentage reflecting the

amount of time spent asleep relative to the total time in bed.
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Figure 19: The normal ECG with component waves labeled

Using the ECG data, the HR and heart rate variability (HRV) which is a frequency
domain of the heartbeat in a time series were analyzed. HR is measured in beats of the heart per
minute (BPM). HRV is a variation in the time interval between hearts beat to beat. The most
widely used methods are time-domain and frequency-domain. HRV two main spectral

components: a high-frequency (HF) component (0.15-0.40 Hz), and a low-frequency (LF)
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component (0.04-0.15 Hz), respectively considered markers of parasympathetic and sympathetic
[105]. HR and the HF component of HR variability were recorded at 1-min intervals.

2.2.3 Statistics

Comparing within- and between-conditions, paired and independent t-test was

performed. P value below 0.05 was assumed to indicate statistical significance.

2.3 Results
2.3.1 Sleep architecture

Table 5 shows sleep variables in the NS and LN groups. Mean TSTs were 319.8 min in the
NS group and 91.8 min in the LN group. The percentage of time in the wake and stage 1 period
was significantly larger in the LN group than in the NS group (p < 0.01-0.001). The percentage of
time in the SWS, REM sleep and move periods were significantly smaller in the LN group than in
the NS group (p < 0.001). Although these findings illustrate neurologically shallow sleep in the
LN group, there was no significant difference in the percentage of stage 2, SE, and SL between the
groups.

2.3.2 Psychological measures

Table 6 shows scores of OSA following awakening in the NS and the LN group. There
were significant differences in factor Il (initiation and maintenance of sleep; p < 0.01) and in
factor 111 (frequent dreaming; p < 0.05). No significant difference was observed in other factors

between groups.

Table 7 shows the change in POMS scores from before sleep and after awakening in the NS

and the LN group. There were no significant differences found among factors between groups.

Table 5: Results [mean (SD)] of sleep architecture in NS and LN group

NS LS p-value
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min % min %
30.6 8.5 283 235
Wake (29.4) 8.2) (25.7) (21.4) 0.003
30.3 8.4 33.0 27.4
stagel 20.7) 5.7) (186)  (154) 0.000
e 157.2 437 47.1 39.3 .
g (33.7) (9.4) (26.0) (2L.7) :
617 9.7 4.2 35
SWS (26.8) @.1) (9.5) (7.9) 0.000
70.7 17.1 75 6.3
REM (18.5) (7.5) (9.9) (8.2) 0.000
9.6 2.7 0.0 0.0
Move (8.9) (2.5) (0.1) (0.1) 0.001
Total 360.0 100 120.1 100.0
Total sleep time 319.8 91.8
(TST) (30.3) (25.6)
Sleep efficiency 90.8 82.7 s
(SE) 5.9) (21.2) S
Sleep latency (SL) égé) (Z:g) n.s.

Table 6: Results [mean (SD)] of OSA sleep inventory after awakening in NS and LN

OSA NS LS p value
Factor | (sleepiness on rising) 17.70 (5.34) 17.25 (5.53) n.s.
Factor Il (initiation and maintenance

17.76 (3.37) 12.60 (6.91) 0.005

of sleep)
Factor Il1 (frequent dreaming) 25.07 (5.68) 20.20 (7.59) 0.033
Factor IV (refreshing) 16.98 (4.76) 17.36 (7.58) n.s
Factor V (sleep length) 15.43 (5.27) 13.72 (7.94) n.s
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Table 7: Results [mean (SD)] of the change in POMS from before sleep to after awakening in NS and LN

group.
POMS NS LS p value

T-A (Tension-Anxiety) -0.71 (2.42) -0.54 (2.25) n.s

D (Depression-Dejection) -0.47 (1.62) 0.42 (1.59) n.s

A-H (Anger-Hostility) -0.06 (1.85) 0.33 (0.76) n.s

F (Fatigue-Inertia) -0.41 (3.08) -0.50 (3.01) n.s

V (Vigor-Activity) 0.12 (2.00) 0.38 (2.65) n.s

C (Confusion) 0.06 (1.64) 0.08 (1.41) n.s

2.3.3 Physiological measures
2.3.3.1HR

Fig. 20 shows the change in HR from sleep to awakening in the NS and the LN group.
Note that the horizontal axis (time) is depicted with a different time scale for the NS (lower axis)
and the LN (upper axis) groups in order to coordinate the timing of sleep onset and awakening; it
is simply made to illustrate the profile of HR in the time scale should not affect the statistical
analysis and interpretation of this manuscript. Each value in the NS and the LN represent the

averaged HR for 10 and 3 min, respectively.

Comparing within conditions, there was a significant decline in HR from the onset of
sleep to the stable state during sleep (p < 0.01 where HR at the sleep onset vs mean HR from 30
min after the sleep onset to before awakening) and a significant increase in HR from stable sleep
state to after awakening (p < 0.01 where mean HR from 30 min after the sleep onset to before
awakening vs HR at awakening) in both conditions. Additionally, it is noteworthy that the
prominent increase of HR after awakening in the LN group (p < 0.01 where mean HR for 30 after
awakening vs HR at the sleep onset) reached approximately 10 bpm above the baseline level

(overshoot) at its peak and this level was maintained for at least 30 min, whereas the increase of
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HR in the morning in the NS group did not significantly exceed the HR of the night before (p >
0.05 where mean HR for 30 after awakening vs HR at the sleep onset). Comparing between
conditions, there was a significantly larger decrease in HR before sleep to during sleep in the NS
group than in the LN group (p < 0.01 where the decline in HR from the sleep onset to the stable
state during sleep [30-120 min after the sleep onset] in NS group vs that in LN group).

2.3.3.2 HF component of HR variability

Fig. 21 shows the change in the HF component of HR variability from sleep to
awakening in the NS and the LN groups. Note that the horizontal axis (time) is depicted with a
different time scale for the NS (lower axis) and the LN (upper axis) groups in order to coordinate
the timing of sleep onset and awakening. Each HF the sleep onset to before awakening) and HF
during sleep to after awakening (p < 0.01 where mean HF from 30 min after the sleep onset to
before awakening vs HF at awakening) in both conditions. Comparing conditions, no significant

differences were found in the profile of HF.
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Figure 20: Averaged change in the HR during sleep to after awakening in NS and LN group
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Figure 21: Averaged change in the HF component during sleep to after awakening in NS and LN group.

2.4 Discussion

In this study, we investigated the physiological impact of a long nap of 2-h in the
afternoon on sleep architecture, cardiac autonomous nervous system activity, and subjective

quality of sleep and mood.

Subjective sleep quality of a 2-h nap in the afternoon was comparable with those of a 6-h
nocturnal sleep according to (supposed) decisive factors for subjective sleep quality, such as OSA
Factor | (sleepiness on rising), Factor 1V (refreshing), and Tension-Anxiety (T-A), Fatigue (F),
and Vigor (V) of POMS. Using these factors, no significant differences were observed among
groups. These results are supported by the sleep architecture as there was no difference in the SE
or SL between the NS and the LN groups. Although the composition of the sleep architecture
differed between the NS group and the LN group, the SWS and REM were contained during a 2-h
nap in the afternoon. Arelatively longer nap including non-REM and REM sleep cycle minimizes
the severity of sleep inertia [106]and even improves performance on a visual perceptual task [75]

and relational memory[76]. Thus, holistically, a 2-h nap in the afternoon may be comparable with
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6-h night sleep in terms of subjective and objective sleep qualities.

We observed a prominent increase to above baseline, or “overshoot,” of HR following
awakening from a 2-h nap. To our knowledge, only one study has directly demonstrated such a
phenomenon. Though this study was dated and included technical limitations, such as a small
number of subjects, no control of sleep habit, alcohol intake before taking a nap, no PSG
recording, etc., it reported a similar trend of HR increase after a 2-h nap compared with that in a
no-nap condition [107]. Though it does not measure HR, VVgontzas et al. (2007) reported a cortisol
“overshoot” following a 2-h nap in the afternoon followed by a night of sleep deprivation [74].
Cortisol is a hormone representing the hypothalamus-pituitary-adrenal (HPA) activity of humans.
CAR is observed at awakening in the morning [37]. This morning surge of HPA hormones is
found in hormones other than cortisol [56]. Therefore, HR and cortisol overshoot after awakening
from a 2-h nap might imply the same or even greater physiological arousal following a long nap

than on awakening in the morning.

HR overshoot and temporal cortisol increase are frequently recorded following exercise
[108,109]. These responses occur to meet the requirement to balance the greater oxygen cost of fat
catabolism during the early recovery period following exercise. There must be a gap between
exercise and afternoon nap, the overshoot of HR and cortisol found following a longer afternoon
nap may responsible for the higher mortality frequently reported in prospective cohort studies
[110] via oxygen debt at awakening. However, the association between mortality and a siesta
habit is still an issue of discussion. Naska et al. (2007) estimated that individuals who routinely
take a siesta had 37% lower mortality than non-siesta takers when the possible confounds were
strictly controlled in their prospective study [111]. Further laboratory studies targeting the

physiological overshoot after awakening are needed to increase our understanding of the
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significance of long naps.

2.5 Chapter Summary

This section we investigated how sleep architecture and the autonomous nervous
activity differs between normal nocturnal sleep and a long nap in the afternoon. In results, there
was no prominent difference in the subjective quality of sleep between groups. This was
supported by the lack of any significant difference in sleep efficiency and latency, between
groups. Additionally, the heart rate after the afternoon nap was significantly higher than the
baseline level before nap (overshoot), whereas the decrease in the heart rate during sleep was
significantly larger in the night sleep than that in the long nap in the afternoon. These results
suggest that a relatively longer afternoon nap may be comparable with 6 hours of night sleep in
terms of subjective and objective sleep qualities, whereas it may enhance greater autonomic

arousal after awakening than that in the morning.
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CHAPTER 3
IMPACT OF AWAKENING AFTER SLOW WAVE SLEEP

3.1 Subjects

Ten male university students (mean age of 22.9 £0.88years and mean body mass index of
23.0 = 3.15 kg/m2) participated in the study. All subjects were healthy with normal sleep-wake
cycles, and no personal endocrine illness or history of sleep-related disorders. Specifically, none

of the participants in this study was suspected of obstructive sleep apnea.

3.2 Methods

3.2.1 Experimental Procedure

Experiment condition
¢ AMS

2330 0000 @ AES Awakening time
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.
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! Figure 22: Schema of the experimental design (Exp.2)

In Exp.2, in a within-subjects experiment design, ten male students participated in two
conditions: 1) AMS, i.e. sleep from 0:00 am and wake up at 15min after first time SWS occur and
2) AES, i.e. sleep from 0:00 am and wake up at the end of first time SWS. According to our lab
sleep experiments data analysis, the duration of the first times SWS occurrence takes about
30mins. Thus, when the first time the SWS was found, the subject was to wake up after 15min
or end of SWS. The transition from SWS to other sleep stages continues two minutes has judged

the end of a period of SWS.
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Figure 23: Experimental layout (Exp.2)

On the day of the experiment, participants visited the laboratory room at 22:30. After the
preparation for PSG and ECG recording, participants were instructed to take a night sleep from
0:00 am and awakened up by the experimenter according to PSG recording at AMS or AES,

respectively. The sleep stages were manually scored the same with Exp.1.

All participants underwent sleep control at their home at least 7 days before the
experiment same with Exp.1 and first night sleep (FNS) before the experiment to adapt the
laboratory setting, and a regular sleep-wake pattern will reduced first-night effect. The
experiment was carried out daily (one participant a day) in a soundproof and
environment-controlled room, and the subjects were prohibited from drinking alcohol beginning
the day before the study and from eating, drinking, smoking, or performing the rigorous exercise

from 1 h before study initiation to after study completion.

Saliva samples were obtained every 30min during sleep and every 15min for 1 h after
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awakening. Before sleep and after awakening, naturally secreted saliva accumulated during a
3-min period[112] was collected using a straw to take saliva into a small container (1.5 ml
polypropylene cylindrical container, so-called Eppendorf tube), saliva samples were collected at
30, and 15min before getting into the bed, and immediately after waking up, 15, 30, 45, and
60min. During sleep, saliva was collected continuously by using the peristaltic pump (a
peristaltic high-flow pump; SJ-1211H Peristapump®, ATTO, Tokyo, Japan), connecting to
mouthpiece (The Doctor’s® NightGuard™ Advanced Comfort™ Dental Protector, Prestige
Brands Holdings, Inc., Tarrytown, NY, USA) and saliva suction tube (SP-2, SENKO Medical
Instrument Manufacturing Co. Ltd., Tokyo, Japan). Using this system, saliva collection could be
under a non-invasive and non-stressful environment without disturbing sleep. Therefore, the
changes in hormone concentrations during sleep can be studied. The saliva samples were kept in

the bio-freezer in -25 Celsius by the day of biochemical analysis.

Figure 24: Passive drooling
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Figure 25: Saliva collection

Y
L —
Figure 26: SJ-1211H Peristapump

3.2.2 Measurements

3.2.2.1 Subjective assessment of psychological parameters

Participants were asked to complete the POMS [98]and Visual Analogue Scale
(VAS)[113] as the measure of psychological mood state before sleeping and after awakening.
VAS is usually a horizontal line, 100 mm in length. Subjects rated their sleepiness with the

Karolinska Sleepiness Scale (KSS) [114].
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3.2.2.2 Objective assessment of physiological measures

PSG and ECG recordings were conducted throughout the experiment sessions, and HR
and the high-frequency (0.15-0.40 Hz) component of HR variability were recorded at 1-min

intervals same with Exp.1.

The biomarkers (cortisol, DHEA, IgA, and a-AMY) concentration before and after
awakening was measured by Enzyme-linked immunosorbent assay (ELISA; High Sensitivity
cortisol enzyme immunoassay kit, Sal metrics LLC, USA). ELISA is nowadays one of the major
molecular determination techniques. The simple principle of ELISA is based on the
antigen-antibody reaction which means, antigens from the sample are attached to a surface.
Then, a matching antibody is applied over the surface to bind antigen. And antibody is linked to
the enzyme reaction which is for detecting the mass of a target substance. The subsequent
reaction produces a detectable signal, the enzyme via optical density of reaction to make a color

change.

The brief description of ELISA for cortisol is as follows: 1) A 96-well microtiter plate
is coated with a capture antibody; 2) saliva samples are added as references, and any antigen
present binds to capture antibody; 3) Add a constant amount of antibody (enzyme conjugate)
which is the detect biomarker (antigen) 4) Add tetramethylbenzidine (TMB) solution to induce
enzyme reaction with enzyme conjugate which is captured by antigen 5) stop solution is added,

and is converted enzyme to detectable form.

38



N

j,kt
A A A

eeoe e

Y Y Y Y

Y

1 2 3 4 5
capture antigen detection enzyme-linked substrate
antibody antibody antibody

Figure 27: A sandwich ELISA

Figure 28: A 96-well microtiter plate being used for ELISA

3.2.3 Statistics

Comparing within-(FNS, AMS and AES) and between-conditions (AMS vs AES), a
pair-wise, two-tailed t-test was performed. P value below 0.05 was assumed to indicate statistical

significance
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3.3 Results

3.3.1 Physical condition and sleep time

No subjects were suffering from any disease during any of the experiment days. The

average sleep time on 7days sleep control were 7.9 + 0.19h (FNS), 8.1 + 0.23h (AMS), and 8.4

+ 0.35h (AES), respectively. There is no significant difference between AMS and AES

conditions.

3.3.2 Psychological measures

Table 8 shows the change in POMS scores from before sleep to after awakening in the

FNS, AMS and AES. There were significant differences for tension-anxiety (T-A) (p<0.05) in

the FNS and Vigor (V) (p<0.01) in AMS condition. Comparing between conditions, a significant

difference was observed for Anger-Hostility (A-H) (p<0.05) in AMS vs AES.

Table 8: Scores (S.D.s) in POMS

POMS AT-A AD AA-H AF AV AC
(Tension-Anxiety) (Depression-Dejection) (Anger-Hostility) (Fatigue) (Vigor) (Confusion)
FNS -2.40 (2.84) * 0.20 (1.23) 0.10(0.57) 0.60 (2.84) -0.10(4.25) -0.40 (1.65)
AMS -0.80(1.14) -0.90(1.73) -0.50 (0.97) -1.10 (4.23) -1.60 (1.26) **  -0.30 (1.77)
AES -0.80 (2.15) -0.30(1.42) 0.50 (1.08) 0.10 (3.96) -0.70 (2.45) -0.50 (1.65)

*p<0.05, **p<0.01 comparison within conditions

Table 9: Scores(S.D.s) in the KSS

FNS AMS AES

AKSS -1.80(2.10) * -0.70 (2.83) -0.90(2.51)

Table 9 shows scores the difference of KSS from the night before sleep to awakening.

The difference was showed in the FNS (p<0.05), there was no significant difference found

between AMS and AES conditions.
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3.3.3 Physiological measure
3.33.1HR

Fig.29 shows the change in HR from sleep to awakening. There was a significant
increase in HR from sleep to awakening in FNS and two conditions (p < 0.01 where HR for -15

~0 min before awakening vs HR for 0~60min after awakening). A comparison of the AMS

and AES, forl5min before awakening significant difference was observed between AMS and

AES (p < 0.05), where HR in AES is larger than AMS condition.

3.3.3.2 HF component of HR variability

Fig.30 shows the change in the HF component of HRV from sleep to awakening. There

was a decline in HF from sleep to awakening in AMS (p < 0.01 where HR for -15~0 min

before awakening vs HR for 0~60min after awakening), in FNS and AES (p < 0.05).
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Figure 29: Changes in HR during sleep and after awakening (meanzS.E.)
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Figure 30: Changes in HF during sleep and after awakening (mean+S.E.)

3.3.3.3 Bio-markers

Fig.31 shows changes in cortisol concentration before getting up and after awakening.
Cortisol concentration increased after awakening in FNS, which is considered as CAR[37-39]
(p<0.01). Comparison between two conditions, the mean cortisol level in the AES condition 1h

after awakening was significantly greater(p<0.01).
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Figure 31: Salivary cortisol concentration before sleep and after awakening (0,15,30,45) (meanzS.E).
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Figure 32: Salivary DHEA concentration before sleep and after awakening (0,15,30,45) (mean+S.E).

Fig.32 shows changes in DHEA concentration before getting up and after awakening.
The DHEA level significant increase (p<0.01where DHEA before awakening vs DHEA for 1h
after awakening) after awakening in FNS considered as DAR [55,56], AMS and in AES.

Comparison between two conditions, no significant was found between AMS and AES.

Fig.33 shows changes in IgA concentration before getting up and after awakening. IgA

concentration decreased sharply after awakening in FNS (p<0.01 where IgA immediately upon
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awakening vs 15, 30, 45 and 60 minutes post awakening) and AES(p<0.05). No significant was

found between AMS and AES.

Fig.34 shows changes in a-AMY concentration getting up and after awakening.
a-AMY concentration decreased significantly after awakening in FNS (p<0.05 where IgA
immediately upon awakening vs 15, 30, 45 and 60 minutes post awakening), AMS and AES. No

significant was found between AMS and AES.
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Figure 33: Salivary IgA concentration before sleep and after awakening (0,15,30,45) (meanzS.E).
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Figure 34: Salivary a-AMY concentration before sleep and after awakening (0,15,30,45) (mean+S.E)
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3.4 Discussion

In this study, we investigated the impact of slow wave sleep on the autonomous nervous
system and two stress reaction pathways by using four salivary biomarkers, which are cortisol,

DHEA, IgA, and a-AMY.

Although the composition of the sleep architecture was differed between the AMS and
AES, significant different in Vigor (V) (p<0.01) of POMS was found in AMS. A relatively
longer nap including SWS tend to exacerbate sleep inertia which is a filling of grogginess after
waking [106] and these symptoms often occur in deep sleep in the first part of the night or when

sleep duration is insufficient.

With respect to physiological parameters, the HR after awakening was significantly
(p<0.01) higher in each condition.This implies that ANS is associated with physiological arousal
after awakening and sensitive to sleep system[115,116].Cheryl ¢ reported that sympathetic
activity is negative with depth of sleep[117], and HR is lowest in the SWS[118], Our results
showed that before getting up HR is lower in AMS than AES (P<0.05). In AES condition, SWS

ends and prepares to transit to other sleep stages with HR arousal.

Four salivary biomarkers (cortisol, DHEA, IgA, and a-AMY) were assayed as an index
of the HPA and SAM system, respectively. The previous study indicated that salivary amylase
level was a more significant increase than cortisol[119]. Our results showed salivary IgA and
a-AMY concentrations showed a similar profile in the time series, increase to the peak right
after awakening and decrease after awakening, while cortisol and DHEA no awakening response
after slow wave sleep. A rapid increase in cortisol levels upon awakening peaking at around
30-40min after awakening in the morning, which is considered as circadian rhythm[37-39] and

controlled by the suprachiasmatic nuclei (SCN) was known as an internal circadian clock
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[120,121]. Ines Wilhelm research suggested that cortisol response to morning awakening is
different from the circadian rise in HPA axis [122,123]. Thus, CAR is modulated by SCN,
endocrine, and autonomic activity. After awakening from an early deep sleep, no increase in
cortisol and DHEA, IgA and a-AMY concentration showed a significant increase that possibly
demonstrates that salivary substances major influenced by SAM and HPA axis activation after
an early night deep sleep. The SAM system was enhanced after AES, although there is no
significant different between two conditions on IgA and a-AMY concentrations after awakening,
it’s noteworthy that the peak levels of IgA and a-AMY are lager in AES (IgA: 137819.16ug/dL
/513910.87ug/dL; a-AMY 50.09ug/dL / 64.26pug/dL). Additionally, there is significant different

in AES on IgA and a-AMY compare peak with mean levels of post awakening.

After awakening from SWS, the levels of cortisol and DHEA on significant change,
there may be some reasons as below: first, normally cortisol was lowest in the early part of
sleep[37,38] and SWS drives inhibition of HPA during early nocturnal sleep[124,125]; Second,
sleep duration and time of awakening seems to impact on its magnitude. Such as: get up early had
higher levels of free cortisol awakening responses than evening-oriented[42,48,53], nap more
than 90-min resulted in CAR while shorter naps of 50min duration did not[51], and nightly
awakening in the early part of night sleep was no CAR[52] suggesting that waking up per se is
insufficient for adrenocortical stimulation[53] and sleep length too short to general CAR (in AMS
40mins and 90mins in AES); Third, Sleep disturb influences on cortisol, sleep debt and disruption
has a harmful impact on endocrine function[126] leading to the time of the cortisol rhythm
influenced by sudden changes in the sleep-wake schedule[127] and delays the recovery of the

HPA[128].
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3.5 Chapter Summary

In this chapter, we conducted a laboratory study focusing on the effects of SWS on the
ANS, the HPA axis and SAM activation with four salivary biomarkers, which are salivary
cortisol, DHEA, IgA, and amylase. Saliva collecting and ELISA analysis were briefly described.
Our results indicated that the HR after awakening was significantly higher in each condition,
and before getting up HR is lower in AMS than AES, salivary IgA and a-AMY concentration
showed more higher at AES, while the levels of cortisol and DHEA were no significant increase
after SWS. These results suggest that the SAM system was enhanced after awakening from the

AES.
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CHAPTER 4
IMPACT OF AROMA ON SLEEP-AFIELD STUDY

4.1 Subjects

Twenty healthy male university students (mean age of 20.9 + 0.74 years and mean body
mass index of 21.0+ 2.36 kg/m2) participated in the study. No subject had any olfactory
dysfunction. Besides, all subjects were confirmed to have a normal olfactory function with a

simple smell test (Open Essence, FUJIFILM Wako Pure Chemical, Ltd., Japan).

Figure 35: Smell Test

4.2 Methods
4.2.1 Experimental Procedure

Considering the difference in the home environment of each subject [Subjects-subject]
and to avoid a group effect, the experiment was conducted in a within-subject manner with

randomized order. Fig. 36 shows the schema of the experiment in this study.

Before starting the experiment, the subjects underwent sleep control for a week same
with laboratory study. They were asked to maintain a regular sleep habit: going to bed at around

00:00 and waking up at around 07:00. Subjects were asked to follow the sleep schedule during

48



sleep control days as closely as possible. They were asked to not take a daytime nap during the
period of the study. Their sleep habit during the control days was confirmed by self-reported data

(the mean sleep time of the 7 days was 7.5 + 0.91 h).

Aroma administration

Apple
Cedarwood
Citrus Ginger
DPG(Ctl)

23:00 23:55 00:00 06:00 06:15 06:30 06:45

Preparation Awake
A A A A A
< <&
L 4
A saliva sampling
< PoMs
@ OSA

Figure 36: Schema of the experimental design(Exp.3)

The subjects were prohibited from using perfumes or fragrances of their own during the
whole study period. Furthermore, considering the intervention to the secretory hormone within
saliva, they were prohibited from drinking alcohol beginning the previous day of the beginning of
the study and from eating, drinking, smoking, or performing rigorous exercise from 1 h before

(22:00) the study initiation to after study completion (07:00 the following day).

On the day of the study, the subjects were instructed to sleep at 00:00 and wake up at
06:00 in their home. During the sleep, the subjects were exposed to apple, cedarwood, or citrus
ginger aroma or a scentless sample (control). All subjects went through all three aroma conditions
and the control condition at different nights in a counter-balanced order. There was an interval of

more than two days between each experiment day.

Three aroma samples, apple, cedarwood, and citrus ginger, were used in the study

49



(Takasago International Corp., Japan). The main components of apple are allyl heptanoate and
butylacetate; for cedarwood, they are cedarwood oil and acetyl cedrene; and for citrus ginger, they
are lemon oil and a-pinene. A scentless solvent, dipropylene glycol (DPG), was used as the
control stimulus. These aroma samples in liquid form were infiltrated into a granular material
(calcium silicate, 4 mm in diameter, Sanwa insecticide Co., Ltd., Japan) and then kept in a
polypropylene cup with a lid. To keep the fragrance of each sample, they were prepared one by
one on the day of the experiment. Each subject was asked to place the aroma cup at the head of

their bed and uncover it at the time getting into bed at the start of the experiment.

Table 10: The main components of the aroma

Sample Odor Key compounds
Apple Green Apple Allyl heptoate, Butyl acetate
Citrus Ginger Lemon & Ginger Lemon oil, a-Pinene
Cedarwood Cedarwood Cedarwood oil, Acetyl cedrene

Figure 37: Aroma sample
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4.2.2 Measurements

4.2.2.1 Subjective assessment of psychological parameters

To investigate the subjective impression of each aroma, subjects were asked to rate their
impressions in advance by means of a VAS [113]. The four categories were

2 ¢ P19

“pleasant-unpleasant”, “weak-strong”, “sedative-excitative” and “rousable-not rousable”.

On the day of the experiment, subjects were asked to complete the POMS to determine
the psychological mood state before sleep and after awakening [98]. The subjects were also
asked to complete the OSA [99] immediately after awakening to record their subjective sleep

quality.

4.2.2.2 Objective assessment of physiological measures

Considering the nature of a field sleep study at home, it is important to minimize the
burden accompanied by physiological measurement as much as possible. We used heart rate as a
measure recorded by a wristwatch-type wearable device and salivary cortisol level as

physiological measures.

The HR was obtained using a wristwatch-type wearable HR recording device (Fitbit
Charge HR, Fitbit Inc, USA, size: 20 x 7 x 7 cm, weight: 141 g). This state-of-the-art device
records HR every 5 min. Based on an optical architecture sensing the pulse wave, and low battery
consumption, it allows to record HR continuously for about 5 days. Subjects were asked to wear

the device from an hour before sleep until 90 minutes after awakening.

Salivary cortisol level was measured as an indicator for physiological arousal at
awakening and reflects the activation of the HPA system, which is a major physiological stress

reaction pathway [129]. Therefore, cortisol is considered an objective measure of human mental
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stress [30,130]. In particular, the remarkable elevation of cortisol secretion in the morning,
reaching its daily peak at around 45 min after awakening, is frequently referred to as a feasible

stress biomarker [37,131,132]

Figure 38: Fitbit device

Subjects were asked to collect saliva before sleep and after awakening in a passive drool
manner [112]. They were asked to keep their saliva samples in a freezer of their own and bring
them to our laboratory later with a refrigerant to keep them frozen. To measure the cortisol
concentration at night and to estimate CAR in the morning, subjects were instructed to collect
their saliva just before getting into the bed, at awakening, and 15, 30, and 45 minutes after
awakening, as described in Fig. 36. The saliva samples were kept in a bio-freezer at -25°C until
the day of the biochemical analysis. The cortisol concentration was determined by ELISA. The

fulfillment of the saliva collection was checked via e-mail and a self-check sheet.

4.2.3 Statistics

For the comparison between the aroma conditions, a pair-wise, two-tailed t-test with
Bonferroni correction was used, in which p values calculated from paired comparisons were

multiplied by the possible combinations of t-test repetitions. For the comparison of the within

52



conditions for the psychological measures, a pair-wise, two-tailed t-test was used. P values below
0.05 were considered to indicate statistical significance. The data set for one subject, who did not
follow the instructions of the experiment, was omitted from the analysis. The cortisol data for
another subject was omitted since he experienced a canker sore, which possibly interfered with

the saliva collection.

4.3 Results
4.3.1 Sleep behavior

The mean + S.D. sleep duration for each condition, as confirmed by the self-report sheet,
was 6.0 + 0.33 h in the control condition, 6.0 £ 0.26 h in the apple aroma condition, 5.9 £0.30 h in
the cedarwood aroma condition, and 5.9 + 0.25 h in the citrus ginger aroma condition. There were

no subjects generally followed the instructions for the sleep schedule at home.

4.3.2 Psychological measures

Table 11 shows the subjective ratings for each aroma. As the table shows, each aroma
sample, i.e., apple, cedarwood, and citrus ginger was strong enough to be perceived. Only citrus

ginger was judged as “excitative” compared to the DPG sample (control).

Table 12 shows the difference in the scores of POMS factors from the night before sleep
to the next morning. There was a significant decrease in tension-anxiety (T-A) for the citrus ginger
condition (p < 0.01) and a decrease in depression (D) (p < 0.05) in the apple condition. There were

no significant differences among conditions.

Table 13 shows scores of OSA factors at the time of awakening. There were no

significant differences among conditions.
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Table 11: The scores [mean (S.D.)] on the VAS

VAS DPG (Ctl) Apple Cedarwood Citrus ginger

Pleasant (-50) —
-10.0 (13.3) -22.9(18.1) 5.28(25.2) -6.53(28.6)

Unpleasant (+50)

Weak (S0~ 289(200) 625240y 107(267) % 126 (27.4) >

Strong (+50)

Sedative (-50) —
(-50) -10.6 (12.6) -8.44 (13.6) 5.14 (23.5) 6.94 (19.4) *

Excitative (+50)

Rousable (50) = 611 221)  -958(209)  -9.17 (22.9) -5.00 (20.1)

Not rousable (+50)

Table 12: Change in the Profile of POMS scores from before to after sleep [mean (S.D.)]

POMS

DPG (Ctl) Apple Cedarwood Citrus ginger
AT-A (Tension-Anxiety) -0.93 (2.12) 0.47 (2.27) 2111 (227)  -1.17 (1.54) **
AD 047(136)  -065(L11)*  -044 (115  -0.33(1.08)
(Depression)
AA-H
0.07 (1.22) -0.18 (1.13) 0.06 (1.00) -0.28 (1.32)
(Anger-Hostility)
AF -0.87 (3.78) 0.76(329)  -072(270)  -0.72 (2.35)
(Fatigue)
AV 0.27 (2.49) 0.65 (2.29) -0.72 (2.44) 0.56 (2.23)
(Vigour)
AC 0.27 (1.83) -0.47 (1.66) 0.06 (1.66) -0.28 (1.18)

(Confusion)
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Table 13: Evaluation of the OSA sleep inventory scores [mean (S.D.)]

OSA DPG (Ctl) Apple Cedarwood Citrus ginger
Factor | 15.3 (4.8) 13.7 (6.8) 14.7 (6.7) 12.5(5.2)
Factor 11 16.6 (5.7) 17.9 (6.8) 17.9 (5.2) 15.8 (7.3)
Factor 111 22.3(7.0) 20.6 (8.2) 235 (7.8) 20.1 (7.6)

Factor IV 16.9 (6.0) 17.5 (4.7) 15.8 (3.9) 14.8 (5.8)
Factor V 14.6 (6.2) 15.3 (8.6) 14.9 (6.9) 12.4 (5.8)

4.3.3 Physiological measures
433.1HR

Fig. 39 shows the changes in HR after going to bed and during sleep. Note that HR values
were baseline-corrected by the mean value during the 10 min before the start of the experiment.
This was done because subjects did not have restrictions on their behavior (e.g. reading the book,
watching TV) until 10 min prior to going to bed. Regardless of the condition, HR began to drop
gradually after going to bed and was maintained at a lower rate thereafter. This reflects the typical
HR profile after sleep onset to sleep state. The HR decrease in the citrus ginger condition was
smaller than for the other conditions. As a result, the mean HR during the whole sleep period in
the citrus ginger condition was significantly greater than the control (p < 0.01), apple (p < 0.05),
and cedarwood (p < 0.05) conditions as shown in Fig. 40.

Fig. 41 shows the changes in HR from 30 min before to an hour after awakening. Note
that the same baseline-correction was applied to each HR value. Regardless of the conditions, HR
immediately surged at awakening, which is typical. A comparison of the conditions showed that
HR in the citrus ginger condition stayed at a higher level after awakening than in the other
conditions. As a result, the mean HR during an hour after awakening in the citrus ginger condition
was significantly higher than in the control condition (p < 0.05) and in the apple condition (p <

0.05) as shown in Fig. 42.
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Heart rate during sleep [bpm]

Figure 39: Changes in the HR during sleep. Zero denotes the time of going to bed

Figure 40: Mean heart rate during sleep (0-6 h). Error bars denote standard error of the mean (S.E)
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Figure 42: Mean heart rate after awakening (0-1 h). Error bars denote S.E

4.3.3.2 Cortisol concentration

Fig. 43 shows changes in the cortisol concentration before sleep and after awakening.
Regardless of the condition, the cortisol level increased after awakening. This reflects a typical
cortisol surge after awakening, the so-called CAR[37,131,132]. There were no statistically

significant differences among the conditions observed after multiple comparisons. However, the
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increase in cortisol in the citrus ginger condition was relatively higher than that for the other
conditions. Pair-wise comparison with the control condition showed that the mean cortisol level in

the citrus ginger condition an hour after awakening was significantly greater as shown in Fig. 44.
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Figure 43: Changes in the cortisol level after awakening. Error bars denote S.E.
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Figure 44: Mean cortisol level after awakening (0-1 h). Error bars denote S.E.

4.4 Discussion

In this study, we conducted a field sleep study to evaluate the physiological effect of
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aroma at home with three different aromas—apple, cedarwood, and citrus ginger.

Although the aromas employed in this study are frequently used in aromatherapy, the
subjective quality of sleep in terms of OSA was not different among conditions as shown in Table
3. However, it should be noted that the sleep period in this study was limited to six hours, which
was relatively shorter than usual for all subjects; hence, the possibility that the aromas did
improve the subjective sleep quality cannot be ruled out. In POMS, the tension-anxiety and
depression-dejection ratings were significantly reduced from the night before to the morning for
citrus ginger aroma (p < 0.01) and for apple aroma (p < 0.05). Past daytime aroma studies showed
that the citrus aroma improved mood [133] and ginger reduced anxiety [134]. Another daytime
aroma study with endemic citrus fruit, “Yuzu” (Citrus junos Sieb.), reported the decrease of
tension—anxiety, depression, anger-hostility, and confusion in terms of POMS [135]. Our results
suggested that such a positive effect of citrus ginger aroma can also be expected after night-time

use.

With respect to physiological parameters, the heart rate during sleep and after awakening
was significantly higher (p < 0.01 and p < 0.05, respectively) in the citrus ginger condition than
those in the control condition. This implies that the citrus ginger aroma enhanced the cardiac
autonomous nervous system activity, during sleep and after awakening. This effect of citrus
ginger on physiological arousal was corroborated by the enhancement in the activity of the

endocrine system at awakening, as reflected by a significantly greater CAR (p < 0.05).

Inhalation of citrus ginger aroma during sleep may enhance the sympathetic nervous
system and endocrine system activity in addition to alleviating psychological tension and anxiety.
Moreover, this effect of citrus ginger does not seem limited to a well-controlled laboratory setting

but was also shown to be effective during home use in the present study. To the best of our
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knowledge, such an enhancement of physiological parameters during sleep and after awakening
due to citrus ginger aroma has not been reported previously. While the key component of citrus
ginger aroma is lemon which considered as a stimulating scent has an effect on increase HR

[136,137].

On the other hand, our previous daytime aroma study with citrus ginger revealed that the
inhalation of citrus ginger alleviated the stress-induced cardiac response, i.e. the inhibition of a
heart rate increase under an acute stressful situation and the inhibition of a decrease of a
high-frequency component of heart rate variability [93]. Thus, the aroma works like a sort of
sedative against a psychological stressor during daytime and as a stimulant during and after sleep
as shown in this study. We observed a similar effect for mild orange aroma. The orange aroma
showed a significant alleviating effect on cardiac autonomous nervous activity under an acute
stressor in a daytime [95] and enhanced cardiac functioning during sleep [138]. As these aromas
contain limonene as the main component, further studies of the physiological effect of this typical
component of citrus aromas during sleep are desirable. Further, apple and cedarwood aroma,
which did not show a physiological effect on the cardiac or endocrine system during sleep, had
significant alleviating effects on the cardiac autonomous system under an acute stressful situation
in a previous daytime study [93]. This is the reason why we selected these aromas for the present
study. Therefore, there might be specific aromas that have different or even antagonistic effects on
the human body during day-time and night-time. Attention should be paid to the night-time effect

when selecting aromas for aromatherapy.

It is of great interest that the citrus ginger aroma enhanced the CAR, which has been
frequently related to chronic stress such as work overload and job strain [139-142]. However,

because we used a within-subject approach with a counter-balanced order of the aroma inhalation,
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which might have canceled the effect of long-term stress if any, the enhancement of CAR by citrus
ginger should be genuinely a pharmacological effect on the endocrine system. There are still very
few studies focusing on the variation in CAR due to a particular aroma. One study reported the
enhancement of CAR by the lavender aroma, which is one of the most common sedative aromas
[143]. In contrast, another study reported the suppression of CAR by Thesaron, which is an
alerting odorant [144]. Additionally, the citrus ginger aroma was considered to be excitative in
this study. Further discussion requires additional aroma studies focusing on CAR, but it is likely
that there might be specific aromas that enhance or suppress the endocrine system at awakening.
CAR is abnormally decreased in patients with post-traumatic stress disorder [138]. It hampers the
normal physiological arousal at awakening. Therefore, if citrus ginger can increase CAR, this
aroma might be used as an alternative medicine for normalizing CAR level and morning

physiological arousal.

4.5 Chapter Summary

In this part, we conducted a field sleep study to evaluate the physiological effects of
apple, cedarwood, and citrus ginger aroma. Tension-anxiety and depression-dejection were
significantly reduced in the morning after exposure to citrus ginger (p < 0.01) and apple aroma
(p < 0.05). With regard to physiological parameters, heart rate during sleep and after awakening,
and cortisol level at awakening were significantly higher for citrus ginger aroma than those of
the control condition (ps < 0.01-0.05). In conclusion, inhalation of citrus ginger aroma during
sleep may enhance sympathetic nervous and endocrine system activity in addition to alleviating

psychological tension and anxiety.
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CHAPTER 5
GENERAL DISCUSSION

5.1 Major Contribution of the Study

Nap and aroma have a positive effect on relieving fatigue and sleepiness. Our result
also suggested that the relatively longer afternoon nap may be comparable with a night sleep
in terms of sleep quality. We use four stress biomarkers simultaneously as an index during
early night short sleep; further, clarify the physiological impact of SWS on HPA axis and SAM
activation. Our results SAM activity was enhanced after awakening at the end of SWS.
Moreover, the saliva was collected using the peristaltic pump system so that the physiological
impact of SWS could be evaluated under a non-invasive and non- stressful environment
without disturbing sleep. For aroma at home, this is a field study with monitoring HR
overnight, we can check physiological information in the experimental study. So, the
experimental design of “field study + physiological measurement (HR and CAR)” forms an
advantage of our study. We found that the inhalation of citrus ginger aroma during sleep may
enhance sympathetic nervous and endocrine system activity while alleviating psychological
tension and anxiety. It is well known that olfaction has a powerful influence on physiological
and psychological, the discrepancy between psychological and physiological measure is
frequently observed, citrus ginger has a negative impact on the body but not on mind. When
one chooses the aroma for therapeutic purpose, not only with preference, but physiological
effects should be taken into consideration. In this regard, the findings of the present study

would be very important.

5.2 Limitations and Directions for Future Research

This study has several limitations which should be accommodated for in the future study.
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The homogenous sample of male university students may make it difficult to generalize the
results of this study.

For laboratory study of day and night nap, Even though we do control sleep a week
before the experiment starts. However, as the different character of human, sleep time was
uncontrolled and awakening time not the same. Participants were asked to get up the only the first
time we found SWS, and further study we should also record next SWS, and investigate the
relationship or correlation among bio-markers. The assessment of cognitive and behavioral
performance should have been carried out in a manner that allowed for comparison with previous
nap studies. Assessment of endocrine or inflammatory biomarkers should have been carried out to
expand the findings regarding the physiological impact at awakening after the long nap in the
afternoon.

For field study of aroma: First, the subjects’ room size at home was not uniform.
Although subjects were instructed to place the aroma sample near the pillow, the concentration of
the odor could not be controlled. The effect of scent acclimatization was not controlled in the
same sense. Second, the sleep duration was limited to six hours in order to estimate the
physiological impact of awakening in a well-controlled manner. Third, the interval between the
experiment days is two days at the shortest. As a matter of logic, it is supposable that some
physiological effect of an odour lasts more than two days; there is no order effect found in this
study, though. Forth, a single measure design. The aroma administration in this study is one time
in each aroma condition. While repeated administration is desirable in principle to assess the
reproducibility of the results, it makes the sleep habit control period much longer and eventually
places a greater burden on the participants, e.g., for at least 29 days in a case of two-time repeated
measures employed in this study. For this reason, a single measure design was employed in this

study. Future studies testing a wider range of aromas and their compounds in a similar
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experimental setting are required to clarify the complex psycho-physiological effects of

aromatherapy.
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CHAPTER 6
CONCLUSION

6.1 Conclusion

With more and more people issues on sleep and mental health, it’s become global
problems with a huge impact on economics, more attention should be paid to evaluate, manage
and relieve the mental stresses, preventing the development of stress-related disease. To
investigate the effects of nap and aroma on autonomous nervous activity, sleep architecture, sleep
quality and salivary biomarkers level related to stress, we conducted three experiments, day and
early night nap which did in the laboratory and a field study of aroma on normal sleep. A
two-hour nap showed that there was no prominent different in the subjective quality of sleep
between the group. Autonomous arousal after awakening was found in three studies. The HR
after the afternoon nap was significant higher than the baseline level before nap (overshoot), HR
was lower in the middle of slow wave sleep, whereas significant higher after awakening than
during sleep and HR was significantly higher in inhalation of citrus ginger aroma during sleep
and after awakening than other conditions. Additionally, the peak levelof IgA, and a-amylase
were larger in AES condition, while the levels cortisol and DHEA were no significant increase
after awakening from SWS. These results suggest that a relatively longer afternoon nap may be
comparable with 6 hours of night sleep in terms of subjective and objective sleep qualities,
whereas it may enhance greater autonomic arousal after awakening than that in the morning,
SAM system was enhanced after awakening from the end of SWS, and inhalation of citrus
ginger aroma during sleep may enhance sympathetic nervous and endocrine system activity in

addition to alleviating psychological tension and anxiety.
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APPENDICES

Appendix 1: checklist

F = v 7 — b (checklist)
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If there is an unexpected event such as bad physical conditions, drinking, and so on, please fill out in the

remark with the date and time.
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Appendix 2: Investigation before experiment
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Appendix 3: Experimental preparation
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Appendix 4: Experiment check sheet
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Appendix 5: Smell test

1 2 3 4 5 6
A wes 85t 3 -] FHhsBEY | gE
B BHe BE AR -3 SHSHEN | EE
c BE F5&D J—k— &k SHSHEN | B
D BE XY= | AT & SHSKEN | B
E NFF VAT E—Fvw DA FHrsBEL | gE
F d—b— NAFyT | AL— Na— pHSHEV | EE
L
G HER REAHR | B> EnE#T 5F | #5680 | 82
2
H =1 s WAT FLFES SHSHEN | EE
! wes BE =Y onE Sh5REL | B8
J REAOHA HE EnE#T T8 | &% SHSEN | B2
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K B (OYFAI)N | FaAL— | YFEY (ZvE) | BE—FyY SHhSHEY | EE
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S & 1 1/ 11]1] 1111
®
%
_ 212 |22 QD 22| 2 ‘5 21 2| 2
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0 1 1 ot 1
6 6/ 6/6|, 6|6, 66| 6|6|6|6
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Appendix 6: POMS

Profile of Mood States
Subject's Initials
Birth date

Date
Subject Code No.

Direcrions: Describe HOW YOU FEEL RIGHT NOW
by circling the most appropriate number after each of the words listed below:

Quite a
FEELING Mot at all A little Moderate bit Extremely
1. Friendly 1 2 3 4 5
2. Tense 1 2 3 4 5
3. Angry 1 2 3 4 5
4. Worn Out 1 2 3 4 5
5. Unhappy 1 2 3 4 5
6. Clear-headed 1 2 3 4 5
7. Lively 1 2 3 4 5
8. Confused 1 2 3 4 5
9 Sorry for things done 1 2 3 4 5
10. Shaky 1 2 3 4 5
11. Listless 1 2 3 4 5
12. Peeved 1 2 3 4 5
13. Considerate 1 2 3 4 5
14. Sad 1 2 3 4 5
15. Active 1 2 3 4 5
16. On edge 1 2 3 4 5
17. Grouchy 1 2 3 4 5
18. Blue 1 2 3 4 5
19. Energetic 1 2 3 4 5
20. Panicky 1 2 3 4 5
21. Hopeless 1 2 3 4 5
22. Relaxed 1 2 3 4 5
23. Unworthy 1 2 3 4 5
24. Spiteful 1 2 3 4 5
25. Sympathetic 1 2 3 4 5
26. Uneasy 1 2 3 4 5
27. Restless 1 2 3 4 5
28. Unable to 1 2 3 4 5
29. Fatigued 1 2 3 4 5
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. Helpful

. Annoyed

. Discouraged
. Resentful

. Nervous

. Lonely

. Miserable

. Muddled

. Cheerful

. Bitter

. Exhausted
41.
42.
43.
. Gloomy
45.
46.
47.
48.

. Weary

Anxious
Ready to fight
Good-natured

Desperate
Sluggish
Rebellious
Helpless

. Bewildered

. Alert

. Deceived

. Furious

. Effacious

. Trusting

. Full of pep

. Bad-tempered
. Worthless

9.
60.
61.
62.
63.

Forgettul
Carefree
Terrified
Guilty

Vigorous

64. Uncertain about things
65. Bushed

S e e S e e e e T e T I e e e e S S

[ S )

[ S ]

(SR SR S A S N N S I

[ SR S

[ S S I SV SV S D S R S SR SV S S N )

()
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Appendix 7: VAS
706 D. Gould et al.

INFORMATION POINT: A Visual Analogue Scale (VAS) is a measurement instrument that tries to
. measure a characteristic or attitude that is believed to range across a continuum
M.\‘ud Z A ?’Z(IZOg e of values and cannot easily be directly measured. For example, the amount of
pain that a patient feels ranges across a continuum from none to an extreme
;SC' [ Z(f ( V A;S‘ ) amount of pain. From the patent’s perspective this spectrum appears
continuous — their pain does not take discrete jumps, as a categorization of
none, mild, moderate and severe would suggest. It was to capture this idea of an

underlying continuum that the VAS was devised.

Operationally a VAS is usually a horizontal line, 100 mm in length, anchored
by word descriptors at each end, as illustrated in Fig. 1. The patient marks on
the line the point that they feel represents their perception of their current state.
The VAS score is determined by measuring in millimetres from the left hand
end of the line to the point that the patient marks.

How severe is your pain today? Place a vertical mark on the line helow to indicate

how bad you feel your pain is today.

No pain | | Very severe pain

Figure 1 Effects of the interpersonal, technical and communication skills of the nurse on the
effectiveness of treatment.

There are many other ways in which VAS have been presented, including
vertical lines and lines with extra descriptors. Wewers & Lowe (1990) provide an
informative discussion of the benefits and shortcomings of different styles of
VAS.

As such an assessment is clearly highly subjective, these scales are of most
value when looking at change within individuals, and are of less value for
comparing across a group of individuals at one time point. It could be argued
that a VAS is trying to produce interval/ratio data out of subjective values that
are at best ordinal. Thus, some caution is required in handling such data. Many
researchers prefer to use a method of analysis that is based on the rank ordering
of scores rather than their exact values, to avoid reading too much into the
precise VAS score.

Further reading Wewers MLE. & Lowe N.K. (1990) A critical review of visual analogue scales in the
measurement of clinical phenomena. Research in Nursing and Health 13, 227-236.

NICOLA CRICHTON

© 2001 Blackwell Science Ltd, Journal of Clinical Nursing, 10, 697-706
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Appendix 8: KSS
Karolinska Sleepiness Scale (KSS)

Extremely alert

Very alert

Alert

Rather alert

Neither alert nor sleepy

Some signs of sleepiness

Sleepy, but no effort to keep awake

Sleepy, but some effort to keep awake

Very sleepy, great effort to keep awake, fighting sleep
Extremely sleepy, can’t keep awake

— A0 00 =] O h u WD =

0

Copyright © Torbjbrn Akerstedt, 1990. Reproduced with permission. Reproduction, duplication or adaptation without
the written consent of Torbjbrn Akerstedt is strictly prohibited.
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Appendix 9: OSA
Copyright (C) 2004 Shuichire Shirakowa. Al Rights Reserved
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Appendix 10: HR Analysis

> Software

+ AcgKnowledge 4.1 : Output RR Interval from CSV file

- Excel :

+ HrvCalc : Heart rate variation analysis software

(BIOPACK_RR-Check_ver02.xlsx, BIOPACK_RR-Check-HRVCal.xlIsx)

oSTEP 1 - Read CSV with AcqKnowledge4.1 and get RR interval

Process 1- Open [AcgKnowledge4.1 |

Process 2- Tab [File—Open—#L3E+ [Graph(*.acq)]

Process 3- Tab [ Analysis —Heart Rate Variability ] —Window [ Analysis — Heart Rate Variability |

Process 4- Tab RR Intervals| —change Minimum BPM to 30, Maximum BPM to 135

Process 5- Tab [Output] —Display RR interval table

'HRV Analysis Results |

Process 6- Push [Copy to Clipboard] —Push [OK]

Analysis - Heart Rate Variability

Source channel: GHO Channel 1

Minimum BPM: 30
Maximum BP b 135
R wave threshold:) 50

Femaove bazeline

Spline rezampling frequency:  3.00000

Prezet: Custom... - | Add.. | | Delete.. |
RRINEWB|S Frequency Bands P5D Options Cutput
Locate R waves using: @ GRS detector () Ewents .

% Max F. peak level

Hz

Transform entire wave QK

] | Cancel
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oSTEP2- Noise removal of RR interval data
® Process 1 - Open the Excel file [BIOPACK_RR-Check ver02.xlsx |
® Process 2 - Paste the RR interval data acquired in STEP 1 in an appropriate place

HRW Analysiz, CHO Channel O

A==1APIF =

nterval=

(D Copy this part

1 / MS PTiuh

111 By k- -
B0l _ .

= g &toar-moiy © 1§
11 — . %
107
11 il F |
10 B o o E

1l

—— 1 T2 Stk SRR AhiEsEER
a 1 1 1 1
11 1 ] ]
—~— @ Paste . A — :
045 5 m 4 4 :
043 [ 1 5 5 18
T iy g g 15
06 g m 7 7 14
= ] o g g 12
0a6 1EE] E] E] .
a7 10 10 oa
Fowmer in the wery low frequency band: 0001 03057 sec™/He o n n 05
Poser in the low flequency band: 00002366 sec™/He gg :g :g 04
Fomer in the high fiequency band: 0000272968 sec™ 2 He 095 14 14 o2
Poser in the wery high frequency band: 1 80651 =06 sec™/He 16 nas 0ss 15 15 o
Sympatheticc 0463284 17 034 034 16 16
Yagal: 053G 12 083 093 17 17 T
Sympathetic—vagal balancs: 08631 1 | 1 na3 Do) 18 18 —

1 . Process 2 2 . Process 3
® Process 3- Copy the part surrounded by the blue frame in Figure 1 and paste it in surrounded by a

red frame

® Process 4- Confirm the graph "original data" and check whether there are outliers (noises).

13 H '

15

14 | ' | A Ly | L Ao ) |

12

1

08

s L I LI

04

02

[ . . . - r
[ 5000 10000 15000 20000 25000

3. Process 4
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® Process 5- Remember the number of seconds

LT —H

i 5| 55 E= 1067 \ 25 Ty —4" & "1067 "
e kel atiith dlag | 2. [llzlﬁ-._-" 2.2]

Remember this part

4 . Process 5 - Read number of seconds outliers

® Process6 — Correct the value of 'BIOPACK_RR-Check_ver02.xlsx ]

® Process7- Like Process 5, read the value of outlier

57—

16 25| o745 B= '1067 "
(1067 , 2.2

Pl " =4 BE "1067 "
067

X| 5 . Process 7 - Reading outlier value Remember this part

® Process8- Search for outlier values with Ctrl + F and make corrections
21 : Fill with yellow before modification, and fill with green after correction
%2 : If two beats are counted as one beat, it is divided into two, and in the opposite case, it is put

together into one. Sometimes 3 or 4 beats are counted as one beat.
® Process9- Repeat Process 5 to 8 and correct until there are no outliers
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11055 0Aag oA 1065 1065 046

1066 045 045 1066 1066 052

1057 [nk:] oA 1067 1067 osa7
1068 a7 oa7 1068 1068 0as

1059 1103 103 10649 10649 102
1070 1102 102 1060 1060 046

107 k1) 0Aas 1061 1061 1

1072 A3 [REE] 106%2 1062 10
1073 110 102 1063 1063 10
1074 1103 10 1064 1064 107
1075 047 oar 1065 10658 1

1076 23 1067 1066 [REE]
1077 1108 1068 1067 oar
1078 1108 108 1069 1068 oA

10749 A3 106 10r0 10649 oas
1080 1104 [REE] 10 1070 106

101 1108 104 1072 107 108
1082 1103 106 1073 1072 108
1083 [ak:1) 10 1074 1073 103
10684 1 0Aas 1075 1074 1M
1085 1104 1 1076 1075 107
1086 A5 104 1077 1076 1

1087 a7 NEL) 1078 1077 106
1088 A5 oar 1079 1078 14
10849 [nk] NEL) 1060 10749 102
1080 a6 oA 1061 1080 oar

1081 oAz 0g6 10 101 114
1092 0ag 08z 10 10 084
1083 04a7 oag 1064 102 0s

10684 oa oar 1066 1084 0gs
(et . cax = = )
| pEsES . )
1

1

IR

1 _

|| wmvsEsng: (22 =]
1]

1]

1 P

1 AT 2
1

! [gntnzo | asgme | [ mue |
1 J

6 . Process8- Fix outlier

TF—%

18
18

1a Nl
1z

1] t —r T
I LI
L1 1 1

o4
02

7 . Process9- Completion of correction of outliers
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oSTEP3- Analysis of heart rate variability

® Process 1- Copy the outlier exclusion that you corrected in STEP 2 - Process 9 and paste it in the

Excel file "BIOPACK_RR - Check - HRVCal.xIsx". Erase extra data under Excel

Hd9- =
B R=Z A7t & T4 BE
MS PIZul + 11 - A AT
,
! ct—mogy B L U B[R A g
£ T4
- S| 1
= B o B c G 5 W

L swas }7 PR 4’—|—'—7{
. 755 1m0 T o 756 o0
f FETRRREE: I¥R| NRELT FETRRNN I
5 120 158 1os] voss 120 0%
5 | am 1| o a2 oo
h 31 1o 1] oo s31 1o
v 33| 157 1| vons a3 010
. 1a im 1| o Ta1 0
10 AT o] e sar 1010
i 241 oas oss| sa0 a4 a0
1] toss ow s s 03 310
Wl a1 11| e TET AT
16| was s s 0 ni a0
1] 1331 o oss| a0 13 w0
16] 1425 oss oss| e 1426 w0
11| t5es s oss| w0 w21 w0
1e] 1618 os o3| 0 1 40
19 11 s oss| s i s
w10 oss oss| w0 wio w0
5 107 om os1| sr0 s a0
o 135 os oss|  sso0 1955 w0
o was o ome| e w1 s
s e om oss| suo o157 sm
o wes | 1ot 01| ors mes o1
a6 asms | ost osi] o wes a1
o asds 0w 03| so whas
s amas | 150 | L mas 1008
oo  asss | oss oss| s w3 s
s w12 os os1] a0 was s
5| o om oss| sao wae
al a2l os osl 5o w1z 30

Erasethis part

1 . Process 1 - Pasting outliers exclusion

9=
mn | BA RSLAPIE BR 74 mE Bn f
B # TI0ED MS PIzah S - A A ==l

Bya- -

B0 @ G-A-|F-
T pesonmomy B L U O 2 A- &
T Javh
AZBTES - Je | =AZ5784+B25785
A B c D E F G H

2WIET 25385 58 os0 os 800 25986 58 s00
25768 25389 40 082 082 820 05359 40 520
25769 2633026 0%6 086 860 25534026 60
25770 26331 16 kD o3 300 2639116 300
25T 2693207 os1 031 310 2599207 910
57T 2599293 086 086 860 2599233 860
25773 2593378 085 08% 850 2599378 850
26774 PLEEEY 13 o040 o3 300 2599468 500
25775 PLEELY 3 0a4 0584 340 kLEELE 540
25776 2635652 o040 k] 300 2633652 300
25777 26937 36 BELY 084 840 26397 36 240
2ETTE 26992 24 ozg osg 280 25998 24 220
25778 2599916 032 032 920 2599916 920
25780 2600011 0as 035 950 2600011 950
25781 26001 04 043 043 930 26001 04 530
25782 26001 80 086 086 860 BE001 A0 860
25783 26002 20 o040 k] 300 26002 500 300
25754 26003 76 036 036 360 26003 76 360
2ETEE 26007 76 oo o 2600376 o
25TEG 26003 76 ono o 2600376 o
25787 26003 76 ono o 2600376 o
26788 26003 76 ono o 26003 T6 o
25789 26003 76 o000 o BE003 TE o
25730 26003 76 o000 o 2600376 o
25791 26003 76 o000 o 2600376 o
25TID 26007 76 ono o 2600376 o
25783 26003 76 ono o 2600376 o
25784 26003 76 ono o 2600376 o
26796 26003 76 ono o 26003 T6 o

® Process2- Copy the completed column data and paste it into the software "Notepad™.

Enter the number of lines and 2 in the first line of Notepad.

Save it.

x| ¥ . » = N
O gt L _ ) S - ATHE [E=NEE
foh | BA RSP B 74 BE Ew = L =
~gr T e S7OUF) ®BEE) SR(0) BV
- I R ZIG))
. :f%-*?ﬁ—-.ﬂ.ﬁuw B 7 U- li' B-A- - EE= 25787 7
—— = 1.00 1000
G3 - =
A [Z] c [ = E F G H 2 " 1 1 1 1 10
0 e l—{ P, | el 3.20 1030
L — ' E— 1020
3 To0 100 T 1000 oo 1000 .
4 211 141 111 1110 211 1110 532 ']'][][j
. EECTIRTS o1 sz om| ([B.39 1070
AT o - | (741 1020
3 H1m 1m 1020 74 1020 8.42 1010
i e o [ s we| (19.41 990
~~—r |[[10.38 970
11.39 1010
warin) evasiaw usu us suu cusaray s 12.33 940
ssrry| anesaas  oas T menss wof [[13.31 980
s o oo fmmn o m) [14096 980
26775 2599562 034 034 340 PLEELY 940 ] 5 . 24 880
e o o 5om o e m |87 840
25378 26398 24 038 [a}:33 280 pLEEREY 280
2W/ITY 2599916 032 037 320 2539310 920
25780 2600011 036 [ak:13 450 2600011 450
271 26001 04 052 093 920 26001 04 920
25787 26001 30 036 a3 260 2600180 260
273 26002 20 030 08 900 2600280 900
25784 26003 76 036 [ak:13 460 2600376 260

2 . Process 2 -Paste into notepad
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Process 3- Open [HrvCalc.exe]
Process4- 1. Selectthe [**.txt]
After setting two files, press [ /E |
Process5- 2. Enter the same number.
Process 6- 3. [LF TBR] is0.05
Process7- 4. Change the analysis interval to 3 seconds (in the case of scent experiment),

Press [fi#HT 517 |

Process 8- The analysis result is output to the folder where the text is saved

RRT— 5 DEHEREIT — ()Aish S A MR S
RRT —27371 )l
1 |C¥Uzers¥Yamaguchi¥Desk tap¥ALL, o L3 — (2EF 0L -8
R L R ok S R ]
|G:¥Users¥‘r’a maeuchi¥Desktop¥Frl_L 727 )13 — (2F 0t -8
2o DA ABESRTELI R, S B LRl SRAEIRLE T — EBF
2 JBI=EHARS 008 004y 01Fk: -~ 0783 1375 23%%:
BRREZERR  [D0BF 005 D1%: |07 134 23%b
3 LFT-RE LF_LRE HF F-FE HF _EFE
" 0.04 Hz i 007 Hz * 015 Hz (+ 040 Hz
v 0.0% 0o 020 ~ 0.50
f« 0.15 025 " 0.60
020 030 " 0.80
100
| 4 e ey 3 ] |
33 O 30F: (+ B0FL: O 120F:

wRFREN | s-vas | ﬁﬁﬁ%ﬁ‘ ol | e |

(& = A

3 . Process 4 ~ 7 - Setting analysis software
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