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1. FATI GUE AND SLEEP
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1.3. Sleep duration
1.3.1. Bedtime regularity
1.3.2. E-cigarettes and sleep
1.3.3. Sleep deprivation and anxiety
1.4. Wakeful rest
1.5. Improving sleep quality
1.6. Appendix 1A - Problematic smartphone use
1.7. Appendix 1B - Electronic cigarettes
1.7.1. Renormalising smoking?
1.7.2. Controversy
1.8. Appendix 1C - Measuring brain activity
1.9. References

1.1. | NTRODUCTI ON

Xing et al (2019) began: "Sleep remains a rela
understudied phenomenon, despite being essential in
form to most vertebrate life. Although humans spend
one-third of their lives in the sleep state, an
understanding and recognition of its importance for
well-being are severely lacking. Sleep of sufficien
duration, continuity, and depth is necessary to mai
high cognitive performance during wake and to preve
certain physiological changes that may predispose
individuals to many adverse health outcomes” (p1).

1.2. FATI GUE

Many individuals report feeling tired all the
(ie: subjective fatigue). There are a number of
possibilities to explain these reports, including:

i) The pace and demands of modern life - There
be some truth to the "ever-present buzz of smartpho
notifications” (Young 2016) (appendix 1A), and othe
demands of work, family, and life generally as the
But the complaint of being worn out by modern life
wish for simpler times has been common throughout h
(eg: in the 19th century steam power and the invent
the telegraph were the cause for some people) (Scha
2016).

i) Lack of sleep - This is the cause for some
individuals who suffer from insomnia, say, but the
for sleep and fatigue are not necessarily the same
(Young 2016).
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iif) Disruption of the circadian rhythms - The body

follows a 24-hour rhythm which fits roughly to the day
(alertness after waking and sleepiness increasing i n the
evening), but if this is disrupted or out of sync, a form

of "permanent jet lag" can be experienced.

Iv) An overactive immune system - A number of

conditions could be due to inflammation (ie: autoim mune),
and this leads to fatigue as the body seeks to figh t
"imagined invaders". Sedentary lifestyle, stress, a nd
poor diet could all trigger higher levels of inflam mation
(Young 2016).

v) Stress and depression - Fatigue is a sympto m of
depression, and depression can be caused by stress. Long-

term stress can lead to changes in hormones, and
particularly to fatigue.

vi) Deficiency (eg: iron) and dehydration - De spite
the marketing of supplements, deficiency does not e xplain
feelings of fatigue for most people.

Because of the subjective nature of fatigue, i tis
difficult to establish objective information. A
combination of these explanations could explain the large
number who report fatigue (eg: one-fifth in a large us
survey; Young 2016). Or people expect or have to do more

and are surprised when tired from such demands.

1. 3. SLEEP DURATI ON

On average, individuals need approximately eig ht
hours of sleep per day to "function optimally"”, but
towards half the adult US population do not have th at on
weekday nights (Xing et al 2019). This is due in pa rtto
environmental factors, like work schedule demands.

But sleep duration varies due to genetic facto rs. He
et al (2009) described the first gene/mutation link edto
short sleep (4-6 hours per night) (familial natural short
sleep; FNSS), and with no negative consequences to such
shortened sleep (Xing et al 2019)

Xing et al (2019) reported another gene/mutatl on
leading to FNSS from experiments with mice. "Knock- out"
mice were genetically engineered without the gene, and
they spent significantly less time sleeping than co ntrols

1 Xing et al (2019) stated: "In our growing cliniciatabase of FNSS, we have observed that FNSS
subjects are healthy, energetic, optimistic, witihtpain threshold, and do not seem to suffer from
adverse effects of chronic restricted sleep. fiissible that there is a mechanism in these FN&®&uhu
and mice compensating for the negative effects atlymaused by sleep loss. Alternatively, these
FNSS humans and mice are impervious to the negetigets caused by sleep loss" (p5).
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(average of 71 minutes less in 24 hours)

The gene, NPSR1 (neuropeptide S receptor 1), w
first noticed in a human family (known as "K50226"
privacy reasons), where two individuals had noticea
less sleep (5.5 and 4.3 hours) (Xing et al 2019).

NPSR1 has been linked to part of the thalamus,
is critical to wakefulness (Ren et al 2018), and "f
in some nuclei of basal forebrain regions, another
sleep regulatory area" (Xing et al 2019 pb).

1.3.1. Bedtinme Regularity

As well as lack of sleep leading to health pro
bedtime regularity is also important.

Faust et al (2020) investigated resting heart
(RHR) (which is a biomarker of cardiovascular healt
deviations in bedtime using data from the NetHealth
study. This study involved 557 students who entered
University of Notre Dame in the USA in 2015-16, and
followed for four years.

RHR and sleep data were collected using a "Fit
worn "as much as possible”. Data from this device w
automatically uploaded to the study website, and wa
complemented by regular questionnaires. A "normal
bedtime" was established using the median, and devi
were calculated in minutes for each night (outside
range of 30 minutes earlier or later than the media
Co-variates of physical activity, naps, and caffein
alcohol consumption, for example, were measured.

Faust et al (2020) summed up the findings -
"deviations from an individual's normal bedtime may
prohibit RHR from slowing to its normal pace, resul
in a higher RHR throughout one's sleep session. Fur
this short-term change to RHR may persist into the
following day, with RHR returning to its normal pac
early evening. However, this extension only manifes
when individuals go to bed later than their normal
bedtime as opposed to earlier” (p3).

This study could not establish causality betwe
later bedtime and increased RHR. It is possible tha
bedtime variability was part of a wider poor "sleep
hygiene" (eg: less "sufficient sleep”; increased al
consumption), and this can be associated with later
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2 Xing et al (2019) admitted: "The main limitatiohthis study was the difference between the human
and mouse sleep patterns. Despite the highly ceaderenomic sequences, humans and mice display
different features in sleep behaviours. Humansdpeost sleep time at night and almost no sleep time
during the day, whereas mice sleep both in the Agld dark phases, with about 70% sleep time in the
light phase and 30% in the dark phase. Moreoveusmasleep is more fragmented than human sleep
and does not occur in a consolidated bout as & dobumans. These differences probably result from
varied sleep regulatory mechanisms between hunémare, which may contribute to differed

phenotypes caused by the same genetic mutatiol" (p6
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health problems.

1.3.2. E-Cigarettes and Sl eep

There is concern about the growing use of e-

cigarettes while tobacco smoking is declining (appe ndix
1B). What are the consequences of e-cigarette use f or
sleep?

Previous research on tobacco smoking found mor e
sleep disturbances among smokers, along with the ef fects

of nicotine, like longer sleep onset latency, and
reductions in REM and total sleep time (Brett et al

2020).

Brett et al (2020) investigated e-cigarettes a nd
sleep with an online survey of 1644 US college stud ents.
The Pittsburgh Sleep Quality Index (PSQI) (Buysse e tal
1989) was used to measure sleep characteristics, an d
there were questions about cigarette and e-cigarett e use,
and alcohol consumption 3,

Three groups were distinguished for comparison -
never used e-cigarettes (n = 984), ever used (n =5 46),
and regular users (at least once a month) (n = 134) .

E-cigarette "never users" had significantly be tter

sleep health than "users" (figure 1.1), and this
difference was stronger for both cigarettes and e-
cigarettes combined (even controlling for alcohol u se).

Daily e-cigarstte use 6.90

6.34

Mon-daily e-cigarstte use

L]
P
na
[iTh ]
=
[Sig ]
[=x]
-

(Data from Brett et al 2020 table 2)

Figure 1.1 - Mean PSQI total score (out of 21)
(controlling for gender and alcohol use, where a lo wer
score is better sleep health).

This was manifest as fewer sleep disturbances (eg: waking

% Data on illicit drug use was not collected.
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frequently in the night; bad dreams), better subjec
sleep quality (eg: feeling refreshed in the morning
less daytime dysfunction (eg: poor concentration; d
sleepiness), and less regular use of sleep medicati
"never users". Nicotine in e-cigarettes is assumed
the mechanism of these sleep problems (Brett et al

1.3.3. Sleep Deprivation and Anxiety

Individuals with anxiety disorders often have
disturbances. But the direction of the relationship
not clear. Do anxiety disorders produce sleep probl
do sleep disturbances lead to increased anxiety?

Zenses et al (2020) produced evidence for the
in their experiment on sleep deprivation. Forty
volunteers at a Belgium university were allocated t
night's sleep deprivation or normal sleep

Anxiety was measured via a fear conditioning t
This involved showing three similar pictures of a n

human male face and pairing one of them with a mild

electric shock to the hand. Training (ie: the learn

the association) took place in the evening before s
or not, and testing the next morning. Fear was meas
in anticipation of the electric shock (threat expec
rating - scored 0-10 in terms of certainty of elect
shock following).

The sleep deprived group reported greater fear
electric shock than the sleep group. This was
particularly the case for faces that were similar t
paired one, and which did not lead to an electric s
In other words, stimuli previously experienced as s
after sleep deprivation were perceived as threateni
(figure 1.2). Zenses et al (2020) stated: "our resu

provide evidence that sleep disturbances may play a

causal role in the development of anxiety disorders
increasing the extent to which a person expects dan

(p6).

Linked to this finding, Menz et al (2013) had
that REM sleep improved the ability to discriminate
between threatening and non-threatening stimuli.

In Zenses et al's (2020) study, the threat
expectancy rating was self-reported, and objective
measures of fear did not differ between the two gro

The researchers accepted that a sleep deprivat
before training condition would have been useful. A
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* There was not complete randomisation to the twalitions. Zenses et al (2020) explained: "For
practical reasons, we decided prior to advertiffiregstudy which nights would be sleep deprivation o
regular sleep nights. However, participants didkmaiw their assigned condition beforehand and we

had no influence on who would sign up for which dition either" (p2).
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I Sleep deprived [ Sleep

Figure 1.2 - Mean score (out of 10) for perceived t
of electric shock when shown a "safe" picture.

"introducing an additional night of (recovery) slee
before the test phase... would allow isolating the
of sleep deprivation after learning because all
participants would be well-rested during test.
Conversely, allowing all participants to sleep duri
night following the training phase and manipulating
during the night before the test phase would allow
isolating the effect of the sleep-deprived state du
test because memory consolidation after fear learni
should have occurred to the same extent for all
participants" (Zenses et al 2020 p7).

With any sleep deprivation study, there is the
guestion of what the participants do when not sleep
Zenses et al (2020) explained: "Depending on the
experimental condition, participants either spent t
following night sleeping at home (sleep condition)
were kept awake for 12 hr in the psychology library
(sleep deprivation condition). Participants in the
deprivation condition were kept awake in groups of
six participants, and were monitored by an experime
until the beginning of the experimental session on
2. During the night of sleep deprivation, participa
were allowed to engage in activities, such as watch
movies, talking to other participants and the
experimenter, or reading. Participants in either
condition were asked to not talk about the experime
during the course of the study” (p4).

There are potential confounders here. For exam
the participants in the sleep condition going home
the lack of control over their behaviour, or the st
of the sleep deprivation condition of staying in gr
and "wasting time" for 12 hours. How closely could
experimenter monitor the sleep deprivation?
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1.4. WAKEFUL REST

The rat is well-studied in relation to spatial
memory and sleep. When the animals navigate a novel
environment, hippocampal place cells (which code fo
location) fire, and in subsequent sleep "the same ¢
re-express firing sequences corresponding to specif
recent spatial experience (ie: the earlier travelle
route is ‘replayed™ (Craig et al 2016 p185). The
attaching of electrodes to the rat's brain is done
this research, but this would not be ethical with h
(appendix 1C).

So, studies with humans on learning and sleepi
involve testing recall. For example, with the learn
information before or after sleep, the former is mo

effective. In fact, " research shows that words and short

stories are retained better for at least 7 days if
learning is followed immediately by a few minutes o
wakeful rest rather than by novel sensory stimulati
( Craig et al 2016 p186). So, not just sleep, but wak
rest is beneficial.

Wakeful rest has been shown to improve spatial
memory in rats, but what about humans? Craig et al
tested forty healthy young adults. The task was to
the route around a virtual town. Then there was a t
minute break, filled with wakeful rest or an unrela
perceptual task (spot-the-difference game), before
cognitive map test about the virtual town (ie: desc
the position of nine landmarks).

The wakeful rest group were significantly more
accurate in the cognitive map test. Craig et al (20
explained: " When navigating an unfamiliar environment,
our memory system automatically forms a flexible me
representation of the spatial relationships (ie:
directions and distances) between objects in the wo
that are accessible from any perspective and vantag
point, ie: a cognitive map. The present results sug
that the accuracy of such a newly formed cognitive
map can be improved significantly via a post-naviga
rest" (p191).

1.5. | MPROVI NG SLEEP QUALI TY

Nearly half of the working population report p
sleep quality of some type (Chen et al 2020). "Mind
exercises" may be beneficial to improve sleep quali

Chen et al (2020) reviewed one type of such ex
- Pilates ®. "As a form of mind-body exercise, the Pilates
exercise system mixes practical movement styles and

®> Developed by Joseph Pilates in the 1920s.
Psychology Miscellany No. 133; July 2020; [ISSN54-2200; Kevin Brewer
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of gymnastics, martial arts, yoga, and dance with
philosophical notions, which are based on six funda
principles: concentration, control, centering, flow
movements, precision, and breathing. Different from
Pilates pays more attention to awareness, breathing
core muscles" (Chen et al 2020 p2).

Chen et al (2020) found six randomised control
trials (RCTs) evaluating Pilates for improving slee
quality. Overall, there was a significant improveme
subjective sleep quality, sleep latency (ie: quicke
fall asleep), total sleep duration, sleep efficienc
more of time spent in bed asleep), sleep disturbanc
and daytime dysfunction (from poor sleep) using Pil
as compared to a control group and measured by the
But there was no difference in use of sleep medicat
Sub-group analysis based on age and health found no
significant differences.

Any review and meta-analysis is dependent on t
quality of the studies included. The score for
methodological quality was fair to mild overall, wh
the heterogeneity of effects was moderate to high (
large differences in size of effect between studies

A number of specific and general methodologica
points arise, including:

1) A small number of studies found.

i) Details of randomisation, blinding, and dr
rate were not always provided.

iii) "Pilates procedure processes, time of dur
and dosages varied from one study to another withou
consolidated standard, which can be a potential sou
clinical heterogeneity that affects the results" (C
al 2020 p5) (eg: 2 sessions per week for 12 weeks v
sessions per week for six weeks).

Iv) Clear selection and exclusion criteria by
et al (2020) - eg: only RCTs included.

v) Only studies published in English and Chine
to December 2019).

vi) The measurement of the outcome variables w
same in all studies (PSQI), but it is self-reported
whereas polysomnography would give objective measur
sleep.

vii) Countries of studies were Iran (2 studies
Spain (2), Brazil, and China.

viii) Four studies included only older/post-
menopausal women (over two-thirds of all participan
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Wang et al (2019) performed a systematic revie
meta-analysis of RCTs on four types of mind-body
therapies (MBTs) (meditation, tai chi, gigong, and
(published up to July 2018) for treatment of insomn
Forty-nine relevant studies were found.

Wang et al (2019) summed up: "The overall effe
MBTs on improving sleep quality were significant...
the effects on reducing the severity of insomnia sy
were not significant” (p11). In terms of sub-group
analysis, MBTs were better for healthy individuals
insomnia (as compared to those with physical condit
and resulting insomnia), and longer duration of tre
was also helpful.

The variety of comparison/control group (activ
pharmacotherapy or cognitive behavioural therapy fo
insomnia (CBT-I); or inactive - waiting list or usu
care) was a methodological issue. "In some studies,
researchers used some active control conditions, su
CBT-l, pharmacotherapy, and sleep hygiene education
These active control conditions were also effective
therapies or might improve sleep quality and reduce
the severity of insomnia symptoms. Thus, compared w
these active control conditions, MBTs might have si
effects and no obvious advantages over the former"
et al 2019 p11).

There was great variety in the MBTs, which "ma
difficult to draw definite conclusions about the
effectiveness of particular MBTs and might also inf
the overall effects” (Wang et al 2019 p11).

The PSQI was the outcome measure in many studi
and this is a subjective self-report method, though
objective measures were also used in some cases.

1. 6. APPENDI X 1A - PROBLEMATI C SMARTPHONE USE

Over the decade of the 2010s smartphone use by
children and young people (CYP) has increased as ha
common mental disorders (CMDSs) in that age group. |
there a relationship between the two events?

Sohn et al (2019) observed: " There is a public

health uncertainty regarding a possible association
between smartphone use and mental health in CYP, an
the UK, policy making has been hindered by a paucit
evidence" (p2). Studies are also contradictory. "On
challenge is the date when the studies were carried
often before the advent of widespread smartphone us
meaning the term screen-time may include television
or personal computers, although it has a more commo
interpretation as a smartphone today. Other limitat
include that longer use is assumed as harmful, and

may not necessarily be accurate” ( Sohn et al 2019 p2).

It is further possible that problematic smartp
use (PSU) is the issue rather than smartphone usage

Psychology Miscellany No. 133; July 2020; [ISSN54-2200; Kevin Brewer

w and

yoga)
ia.

cts of

, but
mptoms
with
ions
atment
e -

r

al

ch as

ith
milar
(Wang
de it
luence

€s,

12



itself. The operationalisation of PSU has been " in such a

way that it maps onto concepts of behavioural addic tion:
tolerance, withdrawal (dysphoria when the battery d ies),
preoccupation, neglect of other activities, subject ive
loss of control and continued use despite evidence of
harm" ( Sohn et al 2019 p2). The parallel is drawn with

problem gambling which is associated with CMDs, whe reas
occasional gambling is not (Sohn et al 2019).

Sohn et al (2019) undertook a systematic revie w of
forty-one relevant studies on smartphone use among CYP
(published between 2011 and late 2017). Twenty-two of the
studies were rated as poor methodological quality, and

the others as moderate quality.
The median prevalence of PSU was 23.3%. It was

linked to social networking, with female 17-19 year -olds
as the most frequent sufferers.

There was a consistent association between PSU and
CMDs, including depression (approximately three tim es
more likely than non-PSU individuals), and anxiety (twice
as likely), as well as stress, sleep problems, poor
educational attainment (in a small number of studie S),
and suicidal ideation (in one study). " A range of
different personality and emotional factors were
investigated in relation to PSU. Somewhat paradoxic ally,
traits associated with greater risk-taking (such as low
self-control, impulsivity, emotional instability, a nd
openness) and traits associated with avoidance of r isk
taking (such as perfectionism and conscientiousness )s
were more common amongst problematic smartphone use rs. An
insecure attachment style, loneliness, and low self -
esteem were all associated with PSU" ( Sohn et al 2019
p5).

There were a number of methodological issues w ith
the studies in the review, including:

i) The definition of PSU - This ranged from " a
single criterion such as psychological withdrawal
phenomena, to measurement of tolerance, withdrawal, loss
of control, preoccupation, neglect of other activit ies
and evidence of harm, which form the criteria for
behavioural addictions” ( Sohn et al 2019 p3).

i) The measurement of PSU with a range of sca les
used, like the Smartphone Addiction Scale (SAS) ¢ (Kwon et
al 2013), and the Mobile Phone Problematic Use Scal e

(MPPUS) 7 (Bianchi and Phillips 2005).

® Eg: "getting irritated when bothered while using smartphone”; "won't be able to stand not haging
smartphone".

" Eg: "l can never spend enough time on my molileng"; "I lose sleep due to the amount of time |
spend on my mobile phone".
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iii) Type of design - All but three studies we
cross-sectional, which means causality cannot be
established.

Iv) Country of study - Thirty studies took pla
Asia. Usually studies from North America dominate
reviews.

v) Measurement of outcome variables - eg: cut-
score for diagnosis of depression; self-reported sy
vs diagnosis by clinician; variations in measuremen
educational attainment.

Studies outside the time window, and not in th
eight databases searched would have been missed.

1. 7. APPENDI X 1B - ELECTRONI C Cl GARETTES

The e-cig (electronic cigarette) is designed t
resemble a conventional cigarette, but instead of b
tobacco, it delivers a vapour, which can include ni
and particular flavours. It was first introduced in
(Tavolacci et al 2016).

Establishing the prevalence of use is importan
Tavolacci et al (2016) performed a cross-sectional
with college students in France, where e-cigarettes
introduced in 2007. The data were collected in late
to early 2015 from 1134 students at two universitie
guestionnaires were anonymous, and completed in lec
or at medical check-ups.

"Ever use" prevalence was 23% (n = 260) 8 and
"correct use" (defined as once or more in the last
was 5.7% (n = 65) °. Of this latter group, 45% used every

day or several times a week, and the remainder once
week or less. "Ever use" was significantly associat
with current or former tobacco smoker status. It wa
associated with frequent binge drinking and alcohol
problems.

Allem et al (2015) described two patterns of
students experimenting with new things. "Emerging a
managing many transitions may not have time to expe
with e-cigarettes, while emerging adults managing f
transitions may have excess time lending to idlenes
experimentation with e-cigarettes" (Tavolacci et al

p8).

Tavolacci et al's (2016) sample was two-thirds
female. The data were self-reported, and cross-sect

8 A Korean study reported 21.2% for "ever use" égample (Jeon et al 2016).
® This was similar to Polish students (Goniewicale2012), for example.
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19 which limited the ability to make causal inferenc

1.7.1. Renormalising Snoking?

The possibility that e-cigarettes may renormal
smoking among young people (ie: "a gateway to nicot
addiction and tobacco use") has been raised as a co
including by the Australian government (Hallingberg
2020).

The "renormalisation hypothesis" has been chal
by the argument that e-cigarettes will "denormalise
smoking" "through social display of an alternative
behaviour, leading to displacement away from tobacc
for some young people who would otherwise have beco
smokers. From this perspective, alignment of e-ciga
with tobacco in terms of regulatory frameworks
paradoxically risks creating a perception that they
synonymous, potentially creating conditions for
renormalisation to occur” (Hallingberg et al 2020 p

Hallingberg et al (2020) considered these two
alternatives with UK data. If the renormalisation
hypothesis is correct, the decline in smoking cigar
will have slowed down in recent years. Alternativel
decline will have increased if the denormalising ar
is correct.

The data came from three nationally representa
surveys of teenagers (covering 1998 to 2015) - Smok
Drinking and Drug Use Among Young People in England
Survey (SDDU) (performed annually), Scottish Adoles
Lifestyle and Substance Use Survey (SALSUS) (bienni
and the Health Behaviour in School-aged Children (H
survey and School Health Research Network (SHRN) su
in Wales (every 2-4 years). Smoking rates ("ever" a
"regular") between 11 and 16 years old were the mai
outcome measures. The data were analysed before and
2010 when e-cigarettes started to appear.

Over the time period of the data, "change in t
rate of decline for ever smoking post-2010 was not
significant, though a marginally significant (p =0
slowing in the rate of decline occurred for regular
smoking" (Hallingberg et al 2020 p209). Thus, there
no support for either hypothesis. In terms of attit
towards smoking, there was a continued decline in
teenagers agreeing that trying smoking or smoking w
"OK" (Hallingberg et al 2020).
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19" A cross-sectional study takes a "snapshot" @liation at a particular time, though "this 'point'

time may in fact be a shortish period of time" (Exw8/2008 p76).

M The cross-sectional study is able to show tHedigtween variables, even if not the duration of

causal relationship (Bowers 2008).
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1.7.2. Controversy

Vaping has always been controversial for some,
this is heightened by forty-seven deaths and over 2
cases of lung injury in the USA linked to e-cigaret
recently (Hamzelou 2019).

The US situation appears not to be mirrored in

countries 2 1n fact, while the US Centers for Disease

Control and Prevention (CDC) recommend "refraining

use of all e-cigarette, or vaping products”, Public

Health England described vaping as "95 per cent saf

than smoking” (Hamzelou 2019)

related to chemicals found in illicit products (eg:

tetrahydrocannabinol (THC) vaped by a large sample

cigarette-related lung injury cases) (Hamzelou 2019
Other chemicals involved include vitamin E ace

(a synthetic form of the vitamin) in e-cigarette li

in the USA (Hamzelou 2019).

1. 8. APPENDI X 1C - MEASURI NG BRAI N ACTI VI TY

"Memory replay" has been recorded in different
of animal brains, including the visual cortex, pari
cortex, and motor cortex, and during both REM and N
sleep (Eichenlaub et al 2020).

The offline "replay" of neural firing sequence
during sleep has been shown recently in humans.

Indirectly there is evidence from non-invasive
scans. For example, participants learned to associa
odour cues with prior learning, and odour re-exposu
during NREM sleep was associated with hippocampal
activation during sleep (eg: Diekelmann et al 2011)

Invasive methods used with non-human animals i
in humans. But opportunism does allow it. For examp
Jiang et al (2017) used electrodes implanted in the
brains of individuals during pre-surgical epilepsy
monitoring. Patterns of electrical activity across
brain during waking (called "motifs") were very sim
to those in subsequent sleep. "Furthermore, motifs
occurring during the performance of a cognitive tas
more likely to have more matches in subsequent slee
(Eichenlaub et al 2020 p2).

Eichenlaub et al (2020) made use of microelect
placed in the brains of two paralysed individuals a
of a test of brain-computer interfaces (ie: control
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12 Eight confirmed cases of lung injury in Canada] aeventy-four notifications to authorities of

negative health effects in the UK (Hamzelou 2019).

13 This latter statement has been criticised beciis®ased on a comparison of the number of
chemicals in e-cigarette vapour and tobacco smoke(eg: Robert Tarran in Hamzelou 2019) (Ghosh

et al 2018).
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computer cursor with neural activity). As part of t he

training, participants were asked to imagine moving their
head to control the cursor. The pattern of neural f iring
sequences was recorded. A pattern was more likely t o]
appear in subsequent short, daytime naps (ie: NREM sleep)

than in control situations (ie: no training or naps
before training). This study suggested the replay o f
learning during sleep (Eichenlaub et al 2020).
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2. Cl RCADI AN RHYTHVS

2.1. Entrainment
2.2. Twilight colour
2.3. References

2. 1. ENTRAI N\VENT

The body runs on internal clocks that are near -24
hours (circadian rhythms). Light detection is cruci al to
maintaining these rhythms in relation to environmen tal

changes (eg: seasonal day length variation).
The synchronising of the internal and external
rhythms is known as entrainment. According to the

discrete model of entrainment, a light stimulus at the
will synchronise them. The light stimulus immediate ly
shifts the internal clock to the environmental ligh t-dark

cycle which varies with the seasons, say.
The continuous model proposed that the light
stimulus takes some time to synchronise the clocks.

Alternatively, light signals at different times of the
day have different effects. Foe example, bright lig ht at
night will shift the internal clock more than the s ame

stimulus during the day (Webb and Herzog 2017).

Finding a "pill" to aid entrainment would be i deal
in the modern world of shift work and "jet lag" (wh ere
the internal and external clocks are out of sync). A
possible biochemical is the neuropeptide vasoactive
intestinal polypeptide (VIP), which is released by the
light sensitive suprachiasmatic nucleus (SCN) in th e
brain . VIP is known to keep the cells of the SCN
synchronised "to the same beat" (Webb and Herzog 20 17).
But high concentrations cause disarray ("phase tumb ling")
which could allow entrainment to happen faster.

Mice injected with high doses of VIP adapted q uicker
to sudden light-dark shifts (simulating jet lag) th an
controls (An et al 2013). This is done by habituati ng the
mice to a certain schedule (eg: A: 1st 12 hours
light/second 12 hours dark), and then suddenly shif ting
it (eg: B: 1st 12 hours dark/second 12 hours light) . Jet
lag is simulated as the internal clock follows sche dule A

while the environment is schedule B.

2.2. TWLIGHT COLOUR

Walmsley et al (2015) stated: "Twilight is

1 Information about light enters the eye and traabng the retino-hypothalamic projection (RHP) to
the SCN. The RHP has a unique type of cell thph&tosensitive (Walmsley et al 2015).
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characterised by changes in both quantity (‘irradia
and quality (‘colour’) of light. Animals use the
variation in irradiance to adjust their internal
circadian clocks, aligning their behaviour and phys
with the solar cycle" (p1). These researchers
concentrated on the changes in colour in their stud
specifically "that, in mice, this primordial colour
discrimination axis (equivalent to human blue—yello
colour vision) is an influential regulator of SCN
activity, essential for appropriate circadian timin
relative to the natural solar cycle" (Walmsley et a
p2).

The mice were housed in controlled environment
12-hour dark/12-hour light schedule when not being
tested. Irradiance measurements had been collected
dawn/dusk transitions on thirty-six summer/autumn d
northern England, and these data were used in vario
light conditions in darkened chambers. Recordings w
made of the electrical activity of neurons in the S
the measure of the response to light changes.

Mice were tested under simulated dawn/dusk
transitions. Both quantity and quality of light wer
required to fully entrain the circadian rhythms of
animals. Specific cells in the SCN were found to re
to changes in colour occurring during twilight.

Response to light colour has also been shown i
experiments by Lazopulo et al (2019), where fruit f
avoided blue light and preferred green light to red
at different times of the 24-hour cycle. The flies
kept individually in glass tubes which had three ty
light (blue, green or red), and food was placed und
light (while a 12-hour dark/12-hour light schedule
maintained).

During the twelve hours of light, blue light w
always avoided. Green light was preferred in the ea
morning and late afternoon when the flies were most
active. "Such timed preferences are intuitively
advantageous, because some of this activity is devo
searching for food, and flies often find food in or
green trees and bushes" (Helfrich-Forster 2019 p43)

Lazopulo et al (2019) also tested these behavi
with flies with altered "clock" genes. The flies wi
circadian rhythms always preferred green light thro
the 12 hours of the light period, while the flies w
slowed or sped up circadian rhythms preferred green
at their body clock's early morning and late aftern
So, the preference for green light is linked to the
internal body clock.

It was also found that the aversion to blue li
was not in response to photoreceptor cells in the e
but to pain-sensing neurons in the skin. "These neu
mediate escape responses to the fly to high tempera
potentially harmful chemicals and mechanical stimul
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(Helfrich-Forster 2019 p44).
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3. TWO DI SORDERS OF SLEEP

3.1. Narcolepsy and H1N1 influenza and vaccine
3.1.1. Review of evidence

3.2. Obstructive sleep apnea
3.2.1. Menopause
3.2.2. Dreaming

3.3. Appendix 3A - Mortality risk

3.4. References

3. 1. NARCOLEPSY AND HIN1 | NFLUENZA AND VACCI NE

Narcolepsy, where individuals fall regularly a nd
uncontrollably into sudden sleep, has been linked t oa
particular gene in dogs, and/or the hormone
hypocretin/orexin (Nicholls 2012) 13

Narcolepsy as an autoimmune disorder has also been
proposed with an environmental trigger for the cond ition,
like a respiratory infection (Nicholls 2012) 18,

For example, the onset of narcolepsy has been
preceded by upper airway infections as the trigger (eg:
Aran et al 2009 7). Also links to the HIN1 influenza
("swine flu") vaccine (Pandemrix) as the trigger in
children (eg: Swedish Medical Authorities in 2011) (Han
et al 2011).

Han et al (2011) used Chinese data to show sea sonal
fluctuations in narcolepsy onset and H1N1 infection S.
Retrospectively the onset date of 629 patients with
narcolepsy at a Beijing hospital between 1988 and 2 011
were examined '8 Telephone interviews asked about recent
history of seasonal influenza, H1N1 vaccination, an d
other diseases. Control data from two million indiv iduals

were also used.
Narcolepsy onset showed a circannual cycle (ie

5 The most common symptoms are unintended slespdgs, excessive daytime sleepiness (EDS),
and cataplexy. The average age of onset is 12-@5 yid. EDS can also occur with other sleep
disorders like sleep deprivation, insomnia, andslepnea (Partinen et al 2012).
16 *Narcolepsy type 1 (NT1) is likely caused by amoémmune-mediated destruction of hypocretin-
producing neurons in the lateral hypothalamus. MTdlmost always associated with cataplexy. In
narcolepsy type 2 (NT2), there is no hypocretinaieficy or cataplexy" (Sarkanen et al 2018 p177).
The International Classification of Sleep Disordgsl ed) (ICSD-3) distinguishes between type 1 and
type 2, whereas ICSD-2 referred to narcolepsy wittvithout cataplexy.

The Brighton criteria (Poli et al1A) are used to establish the level of certaintyastolepsy
(Sarkanen et al 2018):
¢ Level 1 - proven hypocretin deficiency by lumbanpture.
e Level 2 - use of mean sleep latency test (MSLT§dtablish EDS and cataplexy.
* Level 3 - use of MLST to establish EDS.
17 A US study that found that about two-thirds ofigrats with narcolepsy had anti-bodies for
streptococcal infection (Han et al 2011).
18 Note that 70% of the sample were children atithe of onset.
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lower in autumn and winter, and higher in spring an d

summer. Onset increased seven-fold in 2010 followin g the
H1IN1 2009-10 pandemic season. In both cases, narcol epsy
onset significantly increased 5-6 months after infl uenza
seasonal peaks and the H1IN1 pandemic.

There was no relationship between narcolepsy o nset
and H1N1 vaccination (as only 5% of sufferers recal led a
prior vaccination).

Altogether the findings suggested that influen za
(including H1N1) was the trigger for the reactive i mmune
response which led to narcolepsy onset. " Winter

infections would initiate or reactivate an immune
response that leads to hypocretin cell loss and

narcolepsy in genetically susceptible individuals. Based
on animal studies, approximately 80% cell loss is n eeded
to exhibit symptoms, possibly explaining the 4- to 6-

month delay between winter airway infection and
narcolepsy onset occurrence" (Han et al 2011 p415).

Partinen et al (2012) investigated the changin

incidence of childhood narcolepsy in Finland betwee n 2002
and 2010 ' There were 335 new cases in the study period,

giving an annual incidence of 0.79 per 100 000 %, Twenty-
six of these cases were individuals aged younger th an
seventeen years old (incidence rate of 0.31).

The vaccine for HIN1 (Pandermrix) was used in 2009-
10. The incidence of narcolepsy was 1.88 in 2010 (5 4 of
101 cases were children and adolescents - incidence rate:
5.30). Thirty of these children and adolescents had
received the vaccine within eight weeks prior to th e
onset of EDS (figures 3.1 and 3.2) 2,

Partinen et al (2012) considered the reasons f or the
increased incidence: "Could the increased incidence be
explained by the increased awareness of narcolepsy in
2010 compared to previous years - triggered by the
intensive public discussion in Finland in August 20 10 of
the possible association of narcolepsy with Pandemr IX
vaccination? This is unlikely since in the majority of
our patients the symptoms of sleepiness or cataplex y
started abruptly before August 2010, and the parent s had
consulted health care personnel already during the winter
or early spring 2010. At that time there had been n 0 news
or articles of the increase in narcolepsy incidence or
its possible association with the HIN1 pandemic. Al Sso,
the symptoms of narcolepsy and cataplexy were so cl ear

9 "The incidence rates for narcolepsy were caledldty dividing the number of yearly-diagnosed
narcolepsy patients by the total number of peapleinland in each age group during the same year"
(Partinen et al 2012 p2).

%0 Usual incidence in the general population is 148 000 (Sarkanen et al 2018).

2L Increased incidence of narcolepsy also repant&iveden, France, England, Ireland and Norway in
2009-10 (Sarkanen et al 2018).
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that they impaired the daily life of the children. Itis

very unlikely that similarly severe abrupt sleepine SS
with cataplexy and behavioural problems would have
remained unnoticed before 2009-2010. In addition, t he
incidence of adult and childhood narcolepsy in
Finland in 2002—-2009 has been similar to that seen in
other countries” (p6).

The researchers continued: "A likely trigger i n our

patients could be influenza vaccination, which took
place in a close time-relation with the onset of

narcolepsy. Vaccination may have induced or acceler ated
already pre-existing autoimmunity leading to a rapi d
destruction of the hypocretin cells among genetical ly
susceptible children and adolescents... [But] We ca nnot
formally rule out the contribution of other infecti ous

agents (H1N1, seasonal influenza, enterovirus,
rhinovirus, streptococcal infection, or some other

microbial infections) together with vaccination tha t
could have lead to the development of narcolepsy"
(Partinen et al 2012 p7) 2,

Partinen et al (2012) asked another question: "Why
were adult onset cases not increased? Theoretically it is
possible that the vaccine precipitated onset in peo ple
who would have developed it later, anyway. In this case
we should see a drop in adult incidence later durin g the
coming years. Another possibility is that some chil dren
with multiple genetic predisposition factors are
especially vulnerable to develop narcolepsy. In som e
other autoimmune diseases, such as in type 1 diabet es,
early age onset is also often seen. It is also poss ible
that the onset is more insidious in older adolescen ts and
adults and thus there may be a delay in the diagnos is"
(p8).

3.1.1. Review of Evidence

All the studies are observational, and have a number
of limitations including (Sarkanen et al 2018):

a) Trouble in disentangling H1N1 infection and its
vaccine as the cause of the narcolepsy onset.

b) Recall bias - eg: tendency to remember some
events more than others.

c) Selection bias - eg: certain individuals mo re

2 "The adjuvant (AS03) in the Pandemrix vaccineeis/ potent, since it frequently induces local
inflammatory reactions and occasional systemic sftexts like fever. We can speculate that the
inflammatory response was so strong that it inaduckentral nervous system affection” (Partinen et al
2012 p7).
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likely to be involved in studies.

d) Ascertainment bias - eg: incorrect case
confirmation; inaccurate gathering of information o
symptom onset and vaccination date; lack of blindin
vaccination status.

"Simply an increase in attention towards this
disease could lead to increase in the number of dia
cases without an actual rise in incidence" (Sarkane
al 2018 p178).

Five outcome measures are used in studies (Sar
et al 2018):

1) Onset of symptoms (prone to recall bias as
usually assessed retrospectively from a respondent)

i) First healthcare contact (based on patient
records, so more "objective");

iii) Date of referral to specialist (from pati
records);

iv) Referral to MSLT (from patient records);
v) Final diagnosis (from patients records).

Sarkanen et al (2018) performed a systematic r
and meta-analysis of studies on H1N1 influenza viru
infection and vaccinations, and narcolepsy incidenc
to November 2016, twenty-nine relevant studies were
found, of which eleven provided quantitative data f
meta-analysis.

The total number of narcolepsy cases was 376
vaccinated and 95 unvaccinated children and adolesc
and 133 vaccinated and 59 unvaccinated adults.

Sarkanen et al (2018) summed up: "In this meta
analysis we found a 5- to 14-fold increase in incid
of narcolepsy in children and adolescents and a 3-
fold increase in adults in the countries where Pand
vaccine was widely used in 2009-2010 (Finland, Fran
Ireland, the Netherlands, Norway, Sweden and the UK
risk in the observational studies is dependent on t
used index date. Use of onset of symptoms as index
produced the highest risk followed by date of healt
contact, referral to sleep studies, and date of
diagnosis" (p183).

The authors ended on a positive note: "The vac
attributable risk in children and adolescents was a
1 per 18,400 vaccine doses. Benefits of immunisatio
outweigh the risk of vaccination-associated narcole
which remains a rare disease" (Sarkanen et al 2018
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3. 2. OBSTRUCTI VE SLEEP APNEA

Obstructive sleep apnea (OSA) is "characterise d by
recurrent collapses of the upper airway during slee p and
it is associated with intermittent hypoxia, sleep
fragmentation, surges of sympathetic tone, and oxid ative
stress, finally resulting in increased cardiovascul ar
risk and excessive daytime sleepiness"” (Perger et a 2019

p35) 2% Put simply, the individual temporarily stops
breathing and the body reacts to it. It may not
consciously wake the sleeper, but if this happens
multiple times in the night, then deeper sleep is
inhibited, and thus the EDS.

OSA can be assessed with a sleep laboratory-ba sed
polysomnogram that includes a measure of airflow th rough
the nose and mouth, blood oxygen levels, snoring, a nd an
electroencephalogram (EEG) of sleep and waking brai n
electrical activity. There are also questionnaires that
can be used, like the Berlin Questionnaire (Netzer et al

1999) 24 This involves eleven items covering
snoring/apneas, fatigue/sleepiness, and

obesity/hypertension (Gottlieb et al 2020) 2,

OSA is associated with health problems like
hypertension, type 2 diabetes, coronary heart disea se,
and even death (appendix 3A) (Gottlieb et al 2020). The
mechanism is a combination of oxygen deprivation an d the

consequent stress on the body system, and sleep
fragmentation in OSA (Gottlieb et al 2020).

The general prevalence of OSA is 22% for men, but
17% of women (Perger et al 2019). The prevalence,
however, depends on the definition of hypopneas use d. For
example, a definition of a 4% decrease in blood oxy gen
saturation (as used in the Wisconsin Sleep Cohort S tudy *
2N leads to a prevalence estimate of 17.4% of women and
33.9% of men in the USA aged 30-70 years old with m ild
OSA (AHI 5 - 14.9/h #), and 5.6% and 13% respectively for

% Hypopnea (reduced breathing) and apnea (absémeeathing), which could be at least ten seconds
in duration (Gottlieb et al 2020).

24 Named after the Conference on Sleep in Primarg @eBerlin in 1996 from where it originated
(Netzer et al 1999).

% Netzer et al (1999) reported it use with thet fimmple (n = 744). For example, 52% snored (Half o
these at least 3-4 times per week), 34% reporteterting rested after sleep at least 3-4 times per
week, and 19% had fallen asleep while driving (agjpnately 1 in 10 of those at least 3-4 times per
week).

% This is a prospective longitudinal study begah988 with 30-60 year-olds working for various
Wisconsin state agencies in the USA (Young et 8820

2" This cohort is predominately non-Hispanic WhiBoftlieb et al 2020). The Jackson Heart Sleep
Study, for example, involved more African Americaand their prevalence of OSA was 54% among
50 to 80 year olds (Gottlieb et al 2020).

% The apnea-hypopnea index (AHI) is the measutbeohumber of times that breathing stops per hour
during sleep, and >15/h is classed as moderaevirye sleep apnea (Perger et al 2019). More foymall
AHI is the number of apneas plus hypopneas per bibsieep (Gottlieb et al 2020).
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severe OSA (AHI >30/h) (Gottlieb et al 2020).

OSA increases with age - eg: 27% of 30-49 year -old
US men and 9% of women compared to 43% and 28%
respectively aged 50-70 years old (Gottlieb et al 2 020).
Body mass index (BMI) is also an important var iable.
For example, of individuals in the USA aged 30-49 y ears
old with a BMI of less than 25 (low, normal weight) , 1%
of men and 1.4% of women had OSA compared to 45% of men

and 14% of women with a BMI above 30 (ie: obese)
(Gottlieb et al 2020).

3.2.1. Menopause

Men suffer from OSA much more than women with the
exception of women after menopause (eg: 30% compare dto
9% of pre-menopausal women, and a higher AHI; Heinz er et
al 2018).

Among 589 women in the Wisconsin Sleep Cohort Study,
post-menopausal ones were 2-3 times more likely to have

OSA than younger women, adjusting for age, BMI, and
smoking (Young et al 2003).

Following women over the transition from pre- to
post-menopause, Mirer et al (2017) found a 4% incre ase in
AHI each year 2,

A number of factors have been proposed to expl ain
the increased OSA post-menopause, including (Perger et al
2019):

i) Age - "Given that menopause is an ageing pr ocess
and because age is a powerful predictor of sleep ap nea,
it is crucial to distinguish whether menopause itse If is
associated with greater risk of sleep apnea or whet her it
simply reflects an aging process similar to that in men"
(Perger et al 2019 p36). Studies suggested a "parti al
role" for ageing.

i) Quantity and distribution of body fat - Th ough
OSA is generally associated with higher fat mass, a gain
only a "partial role" for menopause-related fat mas S,

according to studies.

iii) Differences in endogenous sex hormones li ke
oestrogen and progesterone - Studies provide incons istent
findings here.

Iv) Pharyngeal dilating muscle activity - Put
simply, airway obstruction increases in post-menopa usal
women (possibly linked to changes in sex hormones).

2 The Sleep in Midlife Women Study was a sub-cobbthe Wisconsin Sleep Cohort Study.
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Altogether, the different factors explain the
increase in OSA in post-menopausal women (Perger et
2019).

3.2.2. Dreamng

How does OSA impact dreaming? "Some studies
have reported less dreams in OSA patients, and othe
have described that patients with OSA have increase
dreams with emotional content, mainly violent and
hostile" (BaHammam and Almeneessier 2019 p2).

BaHammam and Almeneessier (2019) provided a re
of the studies.

1) Dream recall (six studies found) - The stud
were contradictory with some reporting more dreamin
among OSA patients than controls, and others less.
Different explanations have been proposed for
findings:

a) Less dream recall - OSA impairs dream recal
frequent wakings from OSA reduces REM sleep and the
opportunity to dream.

b) Increased dream recall - Frequent arousals
to greater recall of dreams.

i) Dream content (11 studies found %) - Some

studies reported suffocation-related content, for
example, BaHammam et al (2013); patients' reports
include: "I dreamt that | fell in a deep well and w
gasping for breath"; "that a person was holding my
preventing me from breathing"; "I dreamt of drownin
dark water and was gasping for breath” (quoted in
BaHammam and Almeneessier 2019).

As to whether OSA patients experience more
nightmares was unclear from studies, partly due to
difference definitions of nightmares.

Carrasco et al (2006) proposed an explanation
increased nightmares in that breathing problems dur
REM sleep trigger the limbic system and this genera
highly emotional dream content.

BaHammam and Almeneessier (2019) summed up the
review: "Although the number of studies investigati
dreaming in patients with OSA is relatively small,
literature is intriguing and shows that altered sle
physiology due to recurrent obstructive events, fre
arousals, and repeated desaturations may influence

%0 Some of the studies are included in both topics.
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recall and dream content in some patients. Neverthe
studies were inconsistent and reported conflicting
results” (p7).

The measurement of dreams is a key issue. One
is retrospective questioning in the morning (ie: po
sleep). The alternative, usually in sleep laborator
is to wake the sleeper during REM sleep and ask the
about dreaming. Not surprisingly, dream recall is h
using this latter method.

3.3. APPENDI X 3A - MORTALITY RI SK

Sleep-disordered breathing (SDB) is a term use
instead of or as well as OSA, as in the case of Pun
et al (2009). They analysed data from the Sleep Hea
Health Study on mortality. This longitudinal study
recruited participants in the USA between 1993 and
from other heart study cohorts (n = 6441). Details
sleep were collected from self-reports and physiolo
measures to give an AHI at baseline.

Follow-up occurred by April 2006. In total, 43

men and 65% of women had no SDB compared to 8% and

respectively for severe symptoms. The latter were o
a half times more likely to die than the no SBD gro
but, after controlling for cholesterol levels, AHI
associated with mortality for men only. Men aged 40

years old with severe SDB (AHI >30/h) had the highest

risk of death.

How SDB or OSA is measured is key in studies |
this. Punjabi et al (2009) used polysomnographic
equipment. "Apneas were identified if airflow was a
or nearly absent for at least 10 s. Hypopneas were
identified when there was at least 30% reduction in
airflow or thoraco-abdominal movement for at least
(Punjabi et al 2009 p2). Other studies have used sn
as a proxy measure, for example (Punjabi et al 2009

Table 3.1 outlines some other methodological
differences between this study and previous researc
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Issue Punjabi et al (2009) Other Studies
Design Prospective Eg: retrospective, case-
longitudinal controls
Sample US general Clinical populations
population (ie: not (risk of referral bias)
being treated for
SDB)
Age 40 years + Eg: elderly population
only (Ancoli-Israel et
al 1996)
Gender Male and female Eg: males only (Lavie et
al 1995)
Length of follow- Up to 13 years Eg: shorter
up
Control of Eg: other health Eg: less control: "lack
confounding problems; self- of consideration of
variables report of smoking treatment effects" in

status

clinical populations

Table 3.1 - Key methodological differences between
Punjabi et al (2009) and other studies on SDB/OSA a nd

mortality.
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4. PHYSI OLOGY

4.1. Local sleep

4.1.1. Unihemispheric sleep
4.2. Appendix 4A - Northern fur seal
4.3. References

4.1. LOCAL SLEEP

"Local sleep” was observed initially in rats
(Vyazovskiy et al 2011). It was reported that "if a
stays awake longer than usual, some cortical neuron
brief periods of silence that are basically
indistinguishable from the off periods observed dur
slow-wave sleep. Meanwhile the rat is running aroun
eyes open, tending to its business, as any awake ra
would do" (Tononi and Cirelli 2013 p31).

Krueger et al (2019) observed: "Sleep is often
viewed as an animal behaviour, yet the entire body
required for sleep to ensue. Similarly, sleep is of
viewed as 'of the brain, by the brain, and for the
[Hobson 2005], yet the entire brain is not required
sleep. Further, sleep, metabolism, inflammation, an
plasticity share numerous regulatory molecular
components. All these processes, including sleep, a
initiated locally yet have emergent whole-body
manifestations and functions” (p14). These research
then argued that sleep is "a fundamental process of
neuronal/glial networks initiated by cell activity-
dependent molecular signals” (Krueger et al 2019 p1

This fits with the idea of "local sleep” (or t
"local use-dependent sleep" hypothesis, or neuronal
theory of sleep function; Krueger and Obal 1993).
Specifically, that "organism sleep can occur as a
consequence of spontaneous state synchronisation of
multiple local networks" (Krueger et al 2019 p19) (
that there is no "sleep centre" in the brain that
controls the whole process). "Local sleep” is a "bo
up" view as opposed to the "top-down" approach of a
"sleep centre" (Krueger et al 2019).

Krueger et al (2019) outlined the key evidence
"local sleep™

i) Human experiments - eqg: Kattler et al (1994
Excessive activation of the somatosensory cortex by
a hand vibrating device led to a small increase in
activity in that area of the brain in subsequent sl

i) Animal studies - eg: Vyazovskiy et al (201

Manipulating the sleep deprivation of rats while
measuring local brain activity (ie: populations of
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found that "sleep-like states lacked synchrony acro
cortex, with some populations seemingly remaining '
as other populations 'slept™ (Krueger et al 2019 p

Unihemispheric sleep is also used as evidence
this hypothesis.

4.1.1. Uni hem spheric Sl eep

Within the daily rhythms, the most obvious is
period (or periods) of sleep and of wakefulness. Ho
some animals have evolved a middle way - unihemisph
slow-wave sleep (USWS) - where sleep occurs in one
hemisphere of the brain while the other is awake. T
has been observed in some marine mammals, bird spec
and reptiles (Mascetti 2019).

The ventrolateral pre-optic (VPLO) nucleus in
hypothalamus of each hemisphere has been found in
dolphins, for example, to determine which side of t
brain sleeps, along with the brainstem (Kedziora et
2012).

Recent research has suggested that some animal
experience USWS, and "normal sleep" (bihemispheric
wave sleep (BSWS) and REM) (eg: northern fur seals;
figure; Lyamin et al 2017; appendix 4A). When on la
normal sleep is experienced, but in the water USWS
case (Mascetti 2019).
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Figure 4.1 - Adult male northern fur seal.
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4.2. APPENDI X 4A - NORTHERN FUR SEALS

With USWS at sea, seals can go as long as two weeks
without REM sleep. "When they return to land they s how
little or no REM rebound. Their switch to from bila teral
to unihemispheric non-REM sleep in water may make R EM
sleep unnecessary" (Lyamin et al 2018 p2000) 3

Four juvenile seals, wearing data loggers incl uding
EEG readings to determine periods and type of sleep , were
kept in seawater enclosures with or without access to a
dry platform for 10-14 days. REM sleep was reduced to an
average of three minutes per day in the water (comp ared
to 80 minutes on land at baseline). A REM deficit o f 98%
was calculated (or average 765 minutes) while in th e
water. On the first day back on land, the amount of REM
sleep was no greater than at baseline. "When return ed
from their 10-14 days in seawater to baseline condi tions
(sleeping on a dry platform), the seals were in goo d
condition, as judged by their appearance, activity,
interaction with the experimenters, weight, and app etite"
(Lyamin et al 2018 p2002). Rats deprived of REM sle ep for
similar periods showed weight loss and reduced body
temperature, for example (Kushida et al 1989).

It is thus assumed that REM sleep is involved in
homeostasis (maintaining balance in the body system S),
but Lyamin et al (2018) hypothesised that "a major
function of REM sleep may be the reversal of the
metabolic depression and cooling of the brainstem t hat
result from prolonged bilateral non-REM sleep” (p20 04).
These brain changes are not an issue with USWS, and so
less need for REM sleep.
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5. DREAM CONTENT

5.1. Aggression in dreams
5.2. Recurrent dreams
5.3. References

5. 1. AGGRESSI ON | N DREAMS

"Dream aggression" is "the feelings or acts of
character intended to hurt or annoy another charact
a dream” (Zhang et al 2020 p2). Aggression in dream
varies from covert feeling of hostility to murder,
eight categories, according to one system of coding
(Domhoff 1996).

Using this system of coding, about half of dre
include at least one aggressive interaction (Zhang
2020). Studies on gender differences in aggressive
content are mixed, and the method of dream collecti
(questionnaire, diary, interview or sleep laborator
awaking) is relevant (Zhang et al 2020).

A commonly used method is the "Most Recent Dre
(MRD) technigue (Domhoff 1996), which involves reca
the last dream (whenever that was). Zhang et al (20
performed a meta-analysis of twelve studies on gend
differences in aggression dream content using this
method.

The frequency of aggression was significantly
in male than female dreams, and this was evident in
children's and adult's, but not teenager's dream co

Zhang et al (2020) argued that the findings
supported the continuity hypothesis of waking life
dream content (Hall and Nordby 1972), which "claime
dreams' characteristics were continuous with waking
experiences, namely, whether awake or asleep, the
individual maintains the corresponding personalitie
characteristics" (Zhang et al 2020 p12). Generally,
are more aggressive in waking life, and this is ref
in their dream content.

5.2. RECURRENT DREAMS
Recurrent dreams are those with repeated conte

Oluwole (2019) surveyed 196 clinical students
university in Nigeria with a questionnaire containi
dream themes. On average, thirty-three themes were
reported (compared to eighteen among German
undergraduates; Schredl et al 2004), and less than
the sample had not experienced recurrent dream them
The top recurrent dreams were seeing friends, colle
siblings, and parents, and success, and walking.
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Being pursued was low in this study, but the h ighest

reported by Japanese undergraduates.

Among US undergraduates (Griffith et al 1958), the
most prevalent themes were falling, being attacked or
pursued, and trying again and again to do something :
Common to Canadian undergraduates (Nielsen et al 20 03)
were being chased or pursued, sexual experiences, a nd
falling, while Chinese undergraduates (Yu 2008) rep orted
seeing school teachers, studying, and being chased most
often.
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6. SLEEP AND Cl RCADI AN RHYTHMS AND ATHLETES

. Overview

. Time-of-day variations

. Appendix 6A - Sargent and Roach (2016)
. Appendix 6B - Miller et al (2017)

. Appendix 6C - Lastella et al (2014)

. Appendix 6D - Mah et al (2011)
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6. 1. OVERVI EW

The importance of sleep for athletes has grown
research interest in recent years, particularly in
relation to recovery from training and competition,
for athletic performance (Lastella et al 2020).

The first study was Baekeland and Lasky (1966)
noted increased slow wave (deep) sleep in the night
following high intensity exercise. Then few studies
Taylor et al (1997), "initiated a substantial incre
studies examining the impact of sleep in athletes,
including relationships with training, competition,
injury, psychological well-being, and performance”
(Lastella et al 2020 p99).

Lastella et al (2020) looked at the topic usin
bibliometric techniques, which "aim to understand t
research trends and focus, and contributions to
scholarship of any field, country, institution, aut
a journal” (p100).

An athlete was defined as an individual who "e
in physical activity or sports with the primary goa
improving performance to bolster athletic excellenc
and/or achievement" (Lastella et al 2020 p101), and
included elite, semi-elite, retired, and recreation
athletes, as well as eighty keywords in the search
"Scopus" database (which includes over 23 000 peer-
reviewed journals) up to mid-August 2019. The final
analysis included 313 journal articles since 1966.

There was a sharp increase in publications in
last decade (2010-19) (n = 257). "Similar to sports
nutrition research, sleep research in athletes has
progressed, due to the well-established importance
sleep toward optimising recovery and performance. T
trend may reflect the growing interests of
athletic/sporting organisations and the scientific
community in understanding the critical role sleep
athlete health, recovery and performance. Technolog
advancements in sleep measurement, such as the
implementation of research-grade accelerometers in
athlete populations may have also contributed to th
in research output” (Lastella et al 2020 p112).

The top country for recent studies was Austral
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followed by the USA, France, and the UK. "This incr
production, mostly in developed countries, may refl
the globalisation of sport and the large investment
by governing bodies. For example, in the 2016—-2017
financial year, the Australian government committed
million (AUD) to high performance sports funding. F
many countries, investment into sport is viewed in
of a virtuous cycle such that elite sporting succes
offers international prestige for the nation, a cer
‘feel-good factor among the people’ and ultimately
increase sport participation throughout the populat
(Lastella et al 2020 p113).

The key areas of interest of researchers inclu

i) Monitoring athletes' sleep (eg: Sargent and
2016; appendix 6A).

i) How different sports impact sleep (eg: Mil
al 2017; appendix 6B).

iii) How other aspects of an athlete's life im
sleep (eg: travel; Lastella et al 2014; appendix 6C

The bibliometric analysis also showed the high
cited paper, which was Mah et al (2011). This found
increased sleep by around two hours per night (ie:
extension) improved athletic performance (appendix
Surprisingly, this finding has only been confirmed
other studies, but challenged by another (Lastella
2020).

Lastella et al (2020) noted the lack of resear
daytime napping as a way to reduce sleep debt among
athletes. Two studies were found only.

6. 2. TI M- OF- DAY VARI ATI ONS

Circadian rhythms include differences in physi
performance over 24 hours (eg: very short-term anae
performance is greater in the afternoon than the mo
(Pullinger et al 2020).

But sport involves repeated performance. Repea
sprint performance, for example, has been studied i
controlled situations (eg: using a treadmill). Find
include that mid-afternoon performance is better fo
average speed (Pullinger et al 2020).

But there is disagreement over fatigue from
repeated-sprints over the day, for instance. "Obser
significant changes in diurnal variation, may invol
several contributing factors — such as type and int
of the task, the motivation of subjects to perform
task, the time spent on the task and subject
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familiarisation regarding the task to be performed.
chosen number of sprints, repetitions and training
of subjects differ between studies, making it diffi
to compare findings" (Pullinger et al 2020 p452).

This led Pullinger et al (2020) to focus on a
specific question in their review: "In healthy adol
males, what is the magnitude of time-of-day
differences in repeated-sprint performance outcomes
between cycling and running in the evening (17:00 t
19:00 h) compared to the morning (06:00 to 09:00 h)
during experimental trials?" (p452). Ten studies
published up to June 2019 were found (with a total
participants).

Most of the studies (n = 8) reported better
performance on repeated-sprints in the afternoon co
to the morning. The difference in performance was u
8%. But there was great variety in methodology betw
the studies, including:

a) Control of factors influencing body clock,
the light-dark cycle, and food intake.

b) Control of factors that influence performan
(eg: room temperature; sleep and fatigue;
fitness/training history of participants).

c) Number of repeated-sprints per day (5-10),
of sprints (eg: 25 m), and amount of recovery time
20-30 seconds).

d) Details of morningness-eveningness of
participants.

e) Mode of exercise (running or cycling).

6. 3. APPENDI X 6A - SARGENT AND ROACH (2016)

Professional sport is increasingly being sched
for evening competition (to suit audiences, for exa
but what is the impact upon an athlete's sleep?

Generally, poorer sleep is reported by athlete
following evening competition in a variety of sport
(Sargent and Roach 2016).

Studies using objective measures have mixed re
(Sargent and Roach 2016). But "in some of these stu
only a small number of athletes were observed (9-12
athletes), not all of the athletes were professiona
(youth athletes), and some athletes had undertaken
meridian travel in the days leading up to competiti
(4-h time-zone shift)" (p667).

Sargent and Roach (2016) reported a study of 2
professional male Australian Rules Football players
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two weeks of pre-season that included a "day" game
(starting at 3.45 pm)) and an "evening" game (7.10
start). Sleep periods before and after the games we
compared using sleep-diary and activity-monitor dat

a) Night before a game - Little difference bet
the day and night games.

b) Night after a game - There were significant
differences here with sleep onset later, less time
and less sleep following the evening game (figure 6

Disrupted sleep after an evening game may be d
physiological arousal from the game, and/or post-ga
activities including "players' social activities af
the game and/or their post-game routines, such as
recovery strategies, meals, showers, medical care,
meetings and press conferences” (Sargent and Roach
p669).

The study did not control for other factors th
could have impacted sleep, like caffeine or alcohol
(Sargent and Roach 2016).

9.8 ;
92 93
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_ 6.8
53
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(Data from Sargent and Roach 2016 table 1 p669)

Figure 6.1 - Mean sleep length before and after gam

6.4. APPENDI X 6B - M LLER ET AL (2017)

Miller et al (2017) compared the sleep/wake
behaviours of three groups of elite football player
Australia (16 Australian Rules football players, 28
union, and seven soccer). All players kept a sleep
and wore an activity monitor for seven days during
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training.

The Australian Rules football players went to bed
and got up earlier than the other two groups. There was
no significant difference in total sleep time, but
Australian Rules football players did take longer t o fall
asleep (sleep latency), and spent more time awake i n the
night (wake during sleep) (table 6.1).

Miller et al concluded: "Overall, the main fin ding
of this study is that Australian Rules footballers
experienced more sleep disturbances, compared to ru gby
union players and soccer players. An explanation of these
findings is that the high training demand of Austra lian
Rules football may have resulted in increased pain and
movement during sleep, therefore increasing sleep
disturbances... Since Australian Rules football is a
considered to be a physiological hybrid of soccer a nd
rugby union, it seems reasonable to suggest that th e
combination of high aerobic demand and high physica I
contact may explain the sleep disturbances observed in
the current study” (p605).

Australian Rugby Union Soccer
Rules
Sample size 16 28 7
Bed time (24-hr 22:55 23:36 23:12
clock)
Getting up (24-hr 07:59 07:59 08:33
clock)
Total sleep time 6.8 7.2 6.7
(hrs)
Sleep latency (mins) 18 10 10
Wake during sleep 70 57 56
(mins)
Table 6.1 - Means for sleep behaviours in three gro ups of
footballers.
6.5. APPENDI X 6C - LASTELLA ET AL (2014)

Studies of athletes travelling to altitude (fr om sea
level) for competitions/tournaments report less dee p
sleep and less rapid eye movement (REM) sleep (eg: youth
footballers; Sargent et al 2013). "Given that muscl e
recovery takes place during deep sleep, the reducti on
in deep sleep at altitude may limit athletes' post-
exercise processes" (Lastella et al 2014 p718). Wit h time
at altitude, sleep disturbances decline (Lastella e tal
2014).

But "international competition at altitude is often
accompanied by trans-meridian travel, which causes a
temporary misalignment between the internal body cl ock
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and the local destination time" (Lastella et al 201 4

p718). What is the combined effect of these two cha nges
on sleep? Lastella et al (2014) attempted an answer in
their study of sixteen members of the Australian U2 Os
men's football team who travelled to their age grou

World Cup in Manizales, Columbia (2150 m about sea level)
in 2011.

Data were collected on sleep/wake behaviour fo r
three nights in Sydney, Australia (43 m above sea | evel),
ten nights in Denver, USA (1600 m - low altitude), and
six nights in Columbia via sleep diaries and wrist
activity monitors. The travel involved an eight-hou r time
zone change.

Baseline mean total sleep time was 7.5 hours, and
this was reduced to 6.9 hours in Columbia (and 6.6 hours
in Denver). Self-reported sleep quality was poorer at
altitude.

Appropriate exposure and avoidance of sunlight
helped adapt to the new time zone, and it took 5-6 days
to stabilise sleep to a new environment.

Noting the first game of the tournament agains tan
altitude-native teal (Ecuador), the researchers sta ted:
"Data from this study indicate that 14 days at a ne w time
zone and respective altitude provided a suitable
adaptation period for football players to successfu lly
compete against an altitude native team" (Lastella et al
2014 p719).

6. 6. APPENDI X 6D - MAH ET AL (2011)

During the 2005 season, eleven male US college -level
basketball players extended their sleep to at least ten
hours per night for 5-7 weeks. The following key me asures
were taken during a 2-4-week baseline and during th e
study:

a) Sleep - daily sleep logs, regular sleep
guestionnaires, and actigraphy.

b) Athletic performance - hoop shooting accura cy,
and timed sprinting.

In terms of athletic performance, shooting acc uracy
significantly improved between baseline and the end of
the sleep extension period (eg: mean 7.9 to 8.8 out of 10
15-foot throws), and sprint time significantly decr eased

(from mean 16,2 seconds to 15.5 for 282 feet).

6. 7. REFERENCES

Baekeland, F & Lasky, R (1966) Exercise and sleep patterns in college
athletes Perceptual and Motor Skills 23, supp 3, 1203-1207

Psychology Miscellany No. 133; July 2020; [ISSN54-2200; Kevin Brewer 44



Lastella, M et al (2014) The effects of tran
altitude on sleep: Preparation for football competi
Science and Medicine 13, 718-720

Lastella, M et al (20202) Global research ou
athletes from 1966 to 2019: A bibliometric analysis
119

Mah, C.D et al (2011) The effects of sleep e
performance of collegiate basketball players Sleep

Miller, D.J et al (2017) Sleep/wake behaviou
three different football codes Journal of Sports Sc

smeridian travel and
tion Journal of Sports

tput on sleep research in

Clocks and Sleep 2, 99-

xtension on the athletic

34,7, 943-950

rs in elite athletes from
ience and Medicine 16,

604-605

Pullinger, S.A et al (2020) Time-of-day vari
measures in repeated-sprint tests: A systematic rev
International 37, 4, 451-468

Sargent, C & Roach, C.D (2016) Sleep duratio
athletes following night-time competition Chronobio
667-670

Sargent, C et al (2013) The impact of altitu
elite soccer players British Journal of Sports Medi

ation on performance
iew Chronobiology

nis reduced in elite
logy International 33,

de on the sleep of young
cine 47, supp 1, i86-i92

Taylor, S.R et al (1997) Effects of training
psychological, and selected physiological profiles
Medicine and Science in Sports and Exercise

volume on sleep,
of elite female swimmers

29, 5, 688-693

Psychology Miscellany No. 133; July 2020; [ISSN54-2200; Kevin Brewer

45



/. | RON DEFI Cl ENCY AND SLEEP DI SORDERS

7.1. Iron deficiency

7.2. Appendix 7A - Miano et al (2019)
7.3. Appendix 7B - DelRosso et al (2018)
7.4. References

7. 1. | RON DEFI Cl ENCY

Restless legs syndrome (RLS) and periodic limb
movements in sleep (PLMs) cause sleep problems as
individuals produce small repetitive movements of t
toes, ankles, or legs. They are neurological sensor
disorders, which have been linked to attention defi
hyperactivity disorder (ADHD) "with hypermotor
restlessness as their common denominator" (Leung et
2020 pl). ADHD-related sleep disorders (ADHD-SDs) h
recently been categorised (eg: Miano et al 2019; ap
7A).

Iron deficiency (ID) may be common to these
disorders, as, for example, iron supplementation ha
found to help RLS-induced insomnia (Leung et al 202
Proposed mechanisms are derived from iron's central
in the brain as a co-factor in neurotransmitter
synthesis, as well as in myelination and oxygen del
ID in humans and animals can lead to damage of diff
brain structures, including the hippocampus, basal
ganglia, and cerebellum" (Leung et al 2020 p2).

Leung et al (2020) argued for the investigatio
ID (and the use of iron supplementation) in individ
with sleep problems, particularly "children with
challenging sleep-wake behaviours". These researche
found 93 articles (up to mid-2017) on the subject i
their scoping review.

Positive associations were found between ID an
PLMs, sleep disordered breathing (SDB), general sle
disturbance (GSD), and ADHD-SDs in most studies. Ir
supplementation was beneficial in a number of cases

A new category of "restless sleep disorder”" (R
was reported in two studies (eg: DelRosso et al 201
appendix 7B).

Leung et al (2020) summed up: "the majority of
studies analysed here confirm that there is an
association between ID and RLS-triggered insomnia a
that iron supplementation is beneficial for patient
RLS. For PLMs, SDB, GSD, ADHD-SDs, and RSD, evidenc
limited, but findings still support the need to
investigate ID as first line. Hypermotor restlessne
hypo/hyperarousability (H-behaviours) are clinical
features common to most of these disorders and clin
similarities between RLS, ADHD-SD, PLMS and RSD sug
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common pathophysiology of the dopaminergic system f
which iron is an important metabolic co-factor” (p9

There was variety between the studies in the r
in terms of methodology, including:

1) To investigate ID and sleep problems, or ir
supplementation to improve them.

i) Measurement of "iron status" (eg: serum ir
multiple iron index; cerebrospinal fluid (CSF) iron

i) Study design - eg: cross-sectional studie
cohort studies; case reports.

iv) Different sleep disorders investigated.

v) Samples - eg: size; co-morbidity with healt
problems; age; specific groups (eg: pregnant women)
control/comparison group.

vi) The nature of supplementation - eg: oral o
intravenous iron.

vii) Controlling of potential confounders and
design controls like randomisation and blinding.

viii) Diagnosis and measurement of sleep probl

The researchers justified their wide ranging r
as a means to identify gaps in the literature, incl
the need for standardised diagnostic criteria for R
and the harmonisation of outcome measures (Leung et
2020).

7.2. APPENDI X 7A - M ANO ET AL (2019)

Varied studies find that around one-quarter to
half of children with ADHD report sleep problems, m
commonly sleep onset insomnia (Miano et al 2019). |
likely that "the link between ADHD and sleep is
bidirectional; sleep disturbances can lead to behav
and cognitive consequences that may mimic ADHD, and
children with ADHD may have sleep disturbances
originating from the same biochemical disturbances
underlying their deficits in executive function and
attention" (Miano et al 2019 p123).

Five patterns of sleep problems and ADHD can b
summarised from the clinical reports (Miano et al 2

* Hypoarousal - "narcoleptic-like".
* Sleep onset insomnia.
* OSA.
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* RLS/PLM.
* Micro-epileptic electrical activity during sleep.

But previous studies vary in the method used t
diagnose the sleep disorder, including questionnair
actigraphy, polysomnography, and clinical history (
et al 2019).

Miano et al (2019) performed what they believe
the first full sleep assessment on a sample of thir
medication-naive children with ADHD at a hospital i
Switzerland (and compared them to 25 age-matched he
controls). Both the children and parents completed
guestionnaires, the children wore an actigraphic wr
monitor for one week, and one night in the sleep
laboratory for polysomnography.

Twenty-eight of the ADHD sample were diagnosed
a sleep disorder, confirming the five patterns outl
above:

* Hypoarousal - 4 children.

* Insomnia - 5.

e OSA-15.

* RLS/PLM - 8.

* Epileptic-like activity - 10 2,

Compared to the controls, the ADHD group had |
sleep efficiency (eg: longer to fall asleep and mul
awakenings).

Miano et al (2019) made the following argument
believe that our finding consolidates the idea of a
role of sleep and in particular chronic sleep depri
as a predisposing background for ADHD. In all
probability, the size and the reversibility of the
executive dysfunctions induced by untreated chronic
perturbation depend on the children's developmental
period in which the sleep impairment occurs as well
its duration" (p129).

The prevalence rate of sleep disorders was hig
this study than previous work. There are two possib
reasons for this difference:

a) This study is more accurate than others bec
of the full sleep assessment rather than just sing|
methods.

b) This study is less accurate because of
methodological weaknesses like a small sample based
outpatients at one hospital, or the requirement of
dedicated collaboration of children and parents in

32 Note that some children were diagnosed with rttose one disorder.
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study may mean "that those with sleep problems and
parents were more prone to participate” (Miano et a
ppl28-129).

7.3. APPENDI X 7B - DELROSSO ET AL (2018)

Diagnosis of sleep disorders in children is "n
always straightforward”, though up to half can have
"sleep complaints" (DelRosso et al 2018).

DelRosso et al (2018) outlined a new condition
children. "The parents of these children with 'rest
sleep disorder' (RSD) report that during sleep, chi
seem either 'restless' or present with 'excessive
nocturnal motor activity' consisting of ‘large move
(frequent repositioning, moving both arms and legs,
trashing the bed sheets and even falling out of bed
Parents perceive sleep disruption even if children
not get up from bed, and are often concerned that t
child's sleep appears interrupted. Sleep patterns a
reported to be consistent through the night and occ
almost every night. Children have one or more dayti
symptoms, most commonly daytime sleepiness (DelRoss
al 2018 p2).

The researchers described a cohort of fifteen
children with RSD who attended a US children’'s hosp
sleep centre in 2016-7. These were compared to fift
cases with RLS, and 37 age-matched healthy controls

Compared to controls, RSD and RLS children had
total sleep time per night, more awakenings, and le
as a percentage of total sleep. But these two group
differed on leg movements during sleep (ie: less fo
RSD group), and the RLS group took longer to fall a

Altogether, DelRosso et al (2018) proposed th
following diagnostic criteria for RSD:

A - "Restless sleep” or motor movements involv
limbs, head and trunk (eg: moving around in bed; fa
out of bed).

B - The motor movements are exclusively sleep-
related.

C - Occurs almost every night.

D - Sleep latency and total sleep time are wit
normal range for age.

E - At least one of the following:
* Sleep disturbed;
e Daytime impairment;
* Irritability or hyperactivity.

F - No medical disorders that could explain th

Psychology Miscellany No. 133; July 2020; [ISSN54-2200; Kevin Brewer

their
| 2019

ot

for
less
Idren

ments'

do
heir
re
ur
me
o et

ital
een

.Iess
ss REM

r the
sleep.

ing
lling

hin

49



behaviour.

The RSD children in the study had significantl
lower iron levels than the RLS group, and there wer
data collected on the controls. DelRosso et al (201
speculated that "a common underlying pathway in
motor/dopamine dysregulation as iron is a co-factor
tyrosine hydroxylase, precursor of dopamine; howeve
iron is also a co-factor in the biosynthesis of oth
neurotransmitters, for example, iron is also a co-f
for tryptophan hydroxylase, involved in the biosynt
of serotonin. Studies in mice have shown that a dec
serotonin level in the brain increases motor activi
levels. Serotonin has also been implicated in the
mechanism of attention deficit hyperactivity disord
is too early in our research to speculate about the
neurotransmitter involved in the pathophysiology of
except that iron may be a key player” (p5).

7. 4. REFERENCES

DelRosso, I.M et al (2018) Restless sleep di sorder in children: A
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8. BEREAVEMENT AND SLEEP DI STURBANCES

Bereavement and sleep disturbances are associa
together. Lancel et al (2020) performed a review to
establish the nature of the relationship. Eighty-fi
relevant articles (published up to early 2019) were

"The vast majority of the 27 well-controlled s
assessing subjective sleep variables reported incre
sleep impairments in bereaved compared to non-berea
controls" (Lancel et al 2020 p3). The sleep problem
included poorer sleep quality, trouble falling asle
staying asleep, and shorter sleep duration. Longitu
studies showed that these problems declined with ti
except individuals with "complicated grief" (CG)
("severe, persistent and disabling grief"; Lancel e
2020) had longer-term sleep problems.

However, the small number of studies using obj
sleep measures "did not show marked differences bet
bereaved and non-bereaved" (Lancel et al 2020 p4).

Higher grief intensity was associated with mor
severe or more frequent sleep problems. For example
Boelen and Prigerson (2007) found that grief sympto
6-12 months post-loss significantly predicted sleep
disturbances 6-15 months later.

Four risk factors had been investigated in the
studies (Lancel et al 2020):

1) Age - After controlling for increased sleep
problems with age, younger individuals suffered mor
disturbances post-loss.

i) Gender - Some evidence of more sleep
disturbances for women post-loss, but not all studi
agreed.

iii) Relationship to the deceased - Loss of a
in childhood, and the loss of a child or spouse as
adult were worse for sleep problems.

Iv) Type of death - In terms of natural/expect
versus unnatural/unexpected deaths, the evidence wa
contradictory, but more sleep problems were associa
with the latter.

There was a lack of evidence to establish the
direction of causality - ie: poor sleep exacerbates
or grief induces sleep problems.

The studies included in the review varied in
methodological quality. "While some evidence has co
from well-controlled studies, others were much weak
(eqg: cross-sectional surveys among small samples,
without adequate control groups)” (Lancel et al 202
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Ten studies were rated by the researchers as top qu ality.
There was also variety in the measurement of g rief,
sleep, and sleep problems.

a) Grief - eg: single items vs standardised
guestionnaires like the Texas Inventory of Grief
(Faschingbauer et al 1977).

b) Sleep - Subjective (eg: PSQI) vs objective
measures (eg: polysomnography).

Other methodological issues included the lengt h of
follow-up after loss, control of variables like pre -
existing mental health problems, diagnosis of CG,

demographic factors like age, and samples (eg: bere aved
spouses/partners; children and adolescents).

REFERENCES
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9. ADOLESCENT MOOD AND SLEEP DURATI ON

Insufficient sleep is common among adolescents (eg:
87% of US high school students had less the recomme nded
number of hours - ie: 8-10 hours per night; Krueger and
Friedman 2009). A meta-analysis by Lovato and Gradi sar
(2014) found a relationship between depression in
adolescents and more wakefulness in bed (eg: longer to

fall asleep; repeated awakenings).

Short et al (2020) investigated mood generally among
adolescents and sleep duration with a review of 74
relevant studies. Shorter sleep duration was
significantly associated with low/negative mood (eg
increased anger, depression, anxiety, and negative

affect, and reduced positive affect). "Shorter slee p
durations doubled the odds of adolescents experienc ing
reduced positive affect, and increased the odds of anger
by 83%, depressed mood by 62%, negative affect by 6 0% and
anxiety by 41%" (Short et al 2020 p6).

Based on two weeks of sleep diaries, Fuligni e tal

(2019) found that nine hours sleep per night was
associated with optimal next-day mood, and this was
especially important for younger adolescents, and

individuals with higher levels of mental health pro blems.
In terms of explaining the relationship betwee n

sleep and mood, Short et al (2020) stated that redu ced

sleep "is known to effect brain regions implicated in

mood and emotion regulation. Sleep loss reduced

prefrontal activity and reduced functional connecti vity

between the prefrontal cortex and limbic regions. S leep

loss also reduces rapid eye movement (REM) sleep, w hich

is implicated in the processing of emotional memori es.

Finally, sleep loss negatively effects cognitive
functioning, many of which processes are needed for

affective monitoring, reasoning and emotion regulat ion"
(p8).

There was heterogeneity in the methodology and
findings of the studies in the review, including (S hort
et al 2020):

i) The operationalisation/measurement of sleep - eg:
studies with objective measures of sleep found stro nger
relationships than subjective measures. "This may b e due
to the superior validity of polysomnography and als o the
improved temporal association between sleep measure ment

and mood assessment in these studies. Studies using
polysomnography typically assessed mood immediately

following the objectively measured sleep period, wh ereas
guestionnaires ask about 'typical’ sleep and not th e
sleep immediately prior to mood assessment. It is

important to note, however, that sleep measurement tends
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to be confounded with study design, as all studies using
polysomnography were experimental” (Short et al 202 0 p9).

i) The design of the study - eg: experimental
studies found the largest associations between mood and
sleep duration, and this was probably due to contro | of
extraneous variables related to sleep like academic
pressure, and parental regulation of sleep. Confoun ding
variables related to mood, like diet and home
environment, were also an issue.

However, most studies were cross-sectional, wh ich
meant that the direction of causality could not be
established.

lii) The country of study - Studies in North A merica
had a larger association, but the researchers could not
say whether this was "due to methodological differe nces
of differences in vulnerability to sleep loss" (Sho rt et
al 2020 p9).

iv) The mood(s) measured - eg: negative vs pos itive;

which negative moods.
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10. ALERTNESS AND DAYTI VE TI REDNESS: THREE

DI FFERENT ASPECTS

10.1. Call centre workers

10.2. An app for alertness

10.3. Young drivers and sleepiness at the whee
10.4. References

10.1. CALL CENTRE WORKERS

Customer service employees (CSESs) (or call cen tre
workers) are "main actors of this new age" (Etindel e-
So0sso 2020 p55).

Many of these workers have rotating shifts, wh ich
are known from other groups of workers, like nurses , to
produce "a permanent disturbance of their circadian
system" (Etindele-Sosso 2020 p55). Continuing the
comparison with nurses and night shift workers, Eti ndele-
Sosso (2020) pointed out that such "employments sha re
characteristics like constant pressure to reach a ¢ ertain
objective and long working hours. This leads to sev eral
mental health issues and a general decrease of
occupational health in workers from these areas" (p 55).

These points for CSEs are mostly speculative a s the
research is limited, which led Etindele-Sosso (2020 ) to
perform an exploratory study in Canada. Call centre sin
three cities were approached in 2016 and 2017, and 1200
employees agreed to complete an online questionnair e that
covered sleep, mental health, and perceived social status
(table 10.1).

Questionnaire Comment
Insomnia Severity 7 aspects of insomnia, each scored 0-4 (eg:
Index (ISI) (Bastien early morning awakening; sleep onset delay).
et al 2001) Cut-off score: >15 out of 28
Epworth Sleepiness Measures daytime sleepiness with eight
Scale (ESS) (Johns situations where individuals could fall
1991) asleep (each scored 0-3) (eg: watching TV,
in a car while stopped for a few minutes in
traffic). Cut-off score: >10 out of 24
Hospital Anxiety and Score for each scale (anxiety and
Depression Scale depression): >11 = "clinical cases"
(HADS)
MacArthur Scale of Measures perceived social status (pSES);
Subjective Social scale 1-10 with a smaller number = lower
Status pSES
Table 10.1 - Validated questionnaires used by Etind ele-

Sosso (2020).
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The mean ISI score was 17 for men and 16 for w omen

(ie: above the cut-off for "clinical insomnia™), wh ile
the mean ESS score was nine for both sexes (ie: jus t
below the cut-off point). The mean score for anxiet y was
above the cut-off, but not for depression on the HA DS.
The mean score for pSES was below five. All these
negative aspects were associated with length of tim e
working as a CSE. Duration in position can be influ enced
by age, and this was controlled in the analysis.

The study had "difficulty in knowing what the exact
role of each participant is in their respective
companies, and this may be a limit because the leve | of
stress experienced by a manager is different from t he one
experienced by an advisor..." (Etindele-Sosso 2020 p62).
No details of medical history were collected, and ¢ ertain
confounders were not controlled (eg: sleep apnea - which
causes excessive daytime sleepiness) (Etindele-Soss o]
2020).

In summary, insomnia, sleepiness, anxiety and
depression were common among the sample of Canadian CSEs.
Full-time employees (the majority of the sample) sc ored

higher than part-time employees (figure 10.1).

16
14
12

| IS! (out of 28)

8 EESS (out of 24)

6

4

2

0

Male Female Male Female
Full-time Part-time
(Data from Etindele-Sosso 2020 table 2 p61)
Figure 10.1 - Mean scores on sleep measures for ful [-time
and part-time CSEs.
10. 2. AN APP FOR ALERTNESS
Consumer technology now allows for surveillanc e of
sleep duration, and the consequent levels of alertn ess
throughout the day. An app called the "2B-Alert App " has
been developed to "learn" an individual's response to
sleep deprivation and to make predictions about ale rtness
(Reifman et al 2019).
The app is based upon a mathematical model cal led

the "Unified Model of Performance" (UMP) (Ramakrish nan et
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al 2015), which predicts psychomotor vigilance test
performance (a proxy measure for alertness) based o
recent sleep loss/restriction, and the restorative
effects of caffeine (Reifman et al 2019).

The "2B-Alert App" collects data on sleep sche
and caffeine schedule, and a PVT (eg: reaction time
assesses alertness. Altogether, predictions of an
individual 's alertness can be made from sleep/wake
history, caffeine dosage, absorption rate and time
consumption, and time of day.

Reifman et al (2019) validated the "2B-Alert A
with twenty-one healthy young adults at an army res
centre in the USA. Actigraphy data were collected f
thirteen days and there was one night in a sleep
laboratory.

The app needed 12 PVTs over 36 hours to become
accurate. At its worst, the app made a prediction e
of 10% for maximum alertness time in a 24-hour peri

In relation to the interest of the military in
"2B-Alert App", it can be used "to tailor personali
fatigue management strategies, facilitating self-
management of alertness and safety in operational a
non-operational settings" (Reifman et al 2019 p1).

10. 3. YOUNG DRI VERS AND SLEEPI NESS AT THE WHEEL

Young drivers are over-represented in sleep-re
car crashes. It may be that their perceptions of th
dangers of sleepiness are poor, or that they choose
continue driving when aware of increased sleepiness
Sleep-related factors may also be relevant (Watling
2020).

Watling (2020) explored this topic with 257 18
year-olds in Queensland, Australia. The completed a
number of questionnaires on sleep, including the PS
ESS, the Sleep Timing Questionnaire (STQ) (Monk et
2003) (that measures habitual sleep times), and the
Experience with Sleepiness Questionnaire (ESQ) (eg:
| feel sleepy, | can control my sleepiness to stay
awake"). The Driver Behaviour Questionnaire (DBQ) (
et al 1990) was also completed.

Participants admitted to continuing to drive w
sleepy "more often than not". After analysis of the
different variables, four factors were significantl
associated with continuing to drive while sleepy:

a) Being older - Though the age range was much
than studies which found that younger drivers were
greater risk to driving when sleepy.

b) Perceived ability to perform well when slee
(ie: high ESQ score) - This variable had the strong
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association with driving when sleepy.

"Although laboratory-based studies have demons trated

that increased effort can, to a degree, overcome sl
related impairment on simple cognitive tasks...,
increased effort cannot completely overcome the
impairment due to sleepiness on complex cognitive
tasks... Moreover, sleep-deprived participants'
perceptions of their actual performance levels can
erroneous... and applying extra effort to the task
driving does not result in any improvements in driv
performance"” (Watling 2020 p5).

c) More highway code violations (eg: speeding)

sub-scale of DBQ).

d) Experience of previous sleep-related close

The last two factors together, Watling (2020)
"Iinterpreted as an acceptance of engaging in risky

driving behaviours" (p6).

Sleep-related factors, like sleep quality, wer
associated with driving when sleepy.

This study did not collect data on psychologic
factors like impulsivity and risk-taking, nor medic
and illicit drug use (Watling 2020).
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11. TWO STUDI ES ON ANI VALS AND SLEEP

11.1. Cuittlefish
11.2. Starling
11.3. References

11.1. CUTTLEFI SH

The basic principles of human sleep have been
observed in studies with mammals, birds, and some
reptiles (Iglesias et al 2019). These principles in
two distinct brain states during sleep, commonly ca
rapid eye movement sleep (REMS) and non-REMS. Bouts
REM occur in humans every ninety minutes, but every
minutes in rats, for example, or less than a minute
birds that have bouts of REMS (lasting 2-10 seconds
duration while bouts of non-REMS last 10-100 second
(Iglesias et al 2019). This ultradian rhythm (ie: ¢
of REMS and non-REMS) lasts eighty seconds in repti
and it "appears to be an inherent characteristic of
in organisms that experience multiple stages of sle
(Iglesias et al 2019 p1).

In other organisms, like the common European
cuttlefish (Sepia offcinalis), a "quiescent sleep-I
(QS) state has been observed (Frank et al 2012) (fi
11.1), and approximately 10% of a 24-hour period is
in it (Iglesias et al 2019).

Whether the QS state is sleep depends on the
definition of sleep, which usually has three key cr
(Iglesias et al 2019):

1) An increased threshold of arousal compared
"waking" (ie: slower to respond).

i) A rapid reversal to an alert state.

iii) "Rebound sleep” - After sleep deprivation
there is an increase in the time spent in sleep.

Criteria (ii) and (iii) have been observed in
state of the cuttlefish by Frank et al (2012).

Iglesias et al (2019) (the same research team)
upon this study with an investigation of REMS-like
behaviours, and on ultradian rhythm with the QS sta
During the REMS-like phase, the cuttlefish's behavi
"characterised by rapid chromatophore changes (skin
brightness and patterning), skin-texture changes, R
arm twitching" (Iglesias et al 2019 p1).

Six captive-bred cuttlefish were video-recorde
their individual tanks (for between 50 to 280 hours
Fifty-five REMS-like periods were recorded.
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(A = swim; B = hover; C = quiescence)

(Source: figure 1 Frank et al 2012)

Figure - Photographs of three behaviours observed b

Frank et al (2012).
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Iglesias et al (2019) concluded that "cuttlefi
a quiescent, sleep-like state periodically undergo
REMS-like state, characterised by (i) general immob
with occasional muscle twitching (arms and neuromus
chromatophore organs), (ii) rapid horizontal moveme
the eyes, (iii) alternating QS and REMS-like states
predictable ultradian rhythm and (iv) a significant
increase in the number and unusual combinations of
neurally controlled skin pattern changes compared w
those in the awake state" (p5).

This parallels findings with octopuses (eg: Br
al 2006).

Because of the artificial nature of the
cuttlefishes' lives in the study, the researchers h
consider alternative explanations for their finding
Iglesias et al (2019) stated: "None of the animals
in visual contact with other animals or with humans
is possible — but highly unlikely — that the body p
changes seen during the REMS-like state in these
experiments were a result of artifactual stimulatio
outside of the experimental chamber, such as ground
transmitted vibrations. Given that the system had a
continuous inflow of local seawater, it is also pos
that a chemical cue was responsible for eliciting t
body patterns; however, all tanks received the same
and the REMS-like state was not observed in multipl
cuttlefish simultaneously. Thus, it is highly likel
the cuttlefish were indeed exhibiting a typical beh
associated with the sleep-like state” (pp6-7).

So, the "data suggest that cephalopods, which
molluscs with an elaborate brain and complex behavi
possess a sleep-like state that resembles behaviour
the vertebrate REM sleep state, although the exact
and mechanism of this form of sleep may differ from
of vertebrates” (Iglesias et al 2019 p1). This has
implications for the understanding of the evolution
REMS.

11. 2. STARLI NG

The compensatory rebound in sleep after a peri
deprivation is taken as evidence that sleep is
homeostatically regulated. Studies have shown clear
homeostatic regulation of NREMS on mammals (particu
laboratory studies of mice and rats; eg: Friedman e
1979), and also REMS rebounds, but these are "less
predictable compared with NREM sleep. In fact, it i
still debated whether REM sleep is homeostatically
regulated at all, and, if so, whether that is in re
to prior wakefulness or perhaps preceding NREM slee
Other factors that influence REM sleep are, for exa
environmental temperature and stress (van Hasselt e
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2020 p2).

van Hasselt et al (2020) looked at a non-mamma
species, namely the European (or common) starling
(Sturnus vulgaris) (figure 11.2). Twelve captive bi
were studied. Electrodes were implanted in the brai
allow measurement of electrical activity via micro-
loggers, and to gain an accurate picture of waking
sleep. The birds experienced three conditions, each
three days - control (no restrictions on sleep), fo
hours of sleep deprivation (4SD), and eight hours o
deprivation (8SD). The birds were kept awake by tap
the cage when they appeared to be falling asleep. T
laboratory environment was controlled at 12 hours o
light and twelve hours of darkness, and food and wa
were freely available as required ("ie: ad libitum"

rds

n to
data-
and
for
ur

ping
he

ter

(Source: Wilhelm von Wright (1828) https://www.doria.fi/handle/10024/43328

domain)

Figure 11.2 - Drawing of European starling.
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In the control/baseline condition, the starlin gs
slept for most of the dark phase, and the vast majo rity
of that was NREMS (average 98.4%). Thus REMS was an
average of 1.6% of total sleep time.

After 4SD and 8SD, the starlings showed a smal I

compensation for NREMS (ie: longer duration and mor e
intense), but no compensation for REMS. The compens ation
in NREMS occurred in the next night's sleep after s leep
deprivation, not immediately after. The sleep rebou nd was
similar in both SD conditions.

The changes in electrical activity of the brai n
during NREMS rebound was different to that recorded in
studies with mammals. Also mammalian studies have f ound
differences in sleep rebound based on the length of sleep
deprivation. van Hasselt et al (2020) explained tha t
"while it is often assumed that sleep in mammals an d
other animals such as birds represent similar state s that
have a common evolutionary origin, it is not exclud ed
that a primitive common sleep state evolved into mo re
complex states with different functions in differen t
taxonomic groups. Thus, homeostatic regulation of s leep
in relation to the duration of wakefulness as it is found
in mammals may not be present in exactly the same w ay in

birds" (pp7-8).

There are studies of birds in natural conditio ns
that show little sleep for long periods and then pa rtial
sleep rebound. For example, male pectoral sandpiper S
spend around three weeks of the breeding season (in
permanent daylight in the Arctic) in intense compet ition
for females with very little sleep (Lesku et al 201 2).
"Interestingly, the males that slept the least ulti mately
produced the most offspring suggesting that decreas ed

performance is not an inescapable outcome of
sleep loss" (van Hasselt et al 2020 p8).

It could be possible that sleep homeostatis is not
important in birds (van Hasselt et al 2020). Anothe r
point to note was the low percentage of REMS during
baseline. Other studies have found variable and hig her
rates - eg: quail (around 6% of total sleep time), turtle
doves (around 5%), white-crowned sparrows (16%), an d

zebra finches (25%) (van Hasselt et al 2020).
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12. SLEEP QUALITY AND COVI D-19 I N TWO EARLY
OUTBREAK CHI NESE STUDI ES

Covid-19 emerged in Wuhan, Hubei Province, Chi nain
December 2019, and then spread nationally (and
internationally) (Li et al 2020).

Huang and Zhao (2020) undertook an online surv ey in
China in early February 2020. A total of 7236 indiv iduals
responded to social media invites to participate (o f

which 2250 were healthcare workers).
The survey included questions about covid-19

knowledge, anxiety, depression, and sleep quality. The
latter used a Chinese version of the Pittsburgh Sle ep
Quality Index (PSQI) (Liu et al 1996), and concentr ated
on the past two weeks.

Overall, 18.2% of participants scored above th e cut-
off on the PQSI for "poor sleep”, but this was high er for
healthcare workers (23.6%) (figure 12.1). There was no
overall age difference in sleep quality, but anxiet y and
depression were higher among under 35s (compared to over
35s).

Il Teachers/Students

I Total [ Healthcare
|| Enterprise  [_] Other

(Enterprise = business and public sector employees; Other = freelancers, retirees, and
social workers)

(Data from Huang and Zhao 2020 table 4)

Figure 12.1 - Percentage classed as "poor sleep” in 4
occupational groups.

More time spent focusing on covid-19 (based on
information seeking about it - ie: >3 hours per day ) was
associated with anxiety, and poor sleep quality.

The study suggested two routes to poor sleep.
Firstly, among the general population via anxiety a bout
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covid-19, which was a very new event at the time of the
survey. But healthcare workers had poor sleep from

occupational stress and lack of time in the face of the
epidemic.

Li et al (2020) studied a convenience sample o f
healthcare professionals in two areas of Chinain t he
first week in March 2020. Hubei Province was classe dasa
high risk for covid-19 at that time, and Jiangsu Pr ovince
as a low risk area. The internet survey was complet ed by
253 individuals from the former area and 134 from t he
latter. The Chinese version of the PSQI was the mea sure
of sleep quality.

The mean PSQI score of the Hubei sample was 9. 7 (out
of 21) compared to 7.7 in Jiangsu 3, Thisis a

significant difference as in the percentages of the
sample scoring greater than seven - 62% and 49%

respectively.

The Hubei sample self-reported significantly p oorer
health in response to the question, "How do you rat e your
health status at present?" (scored from 1 (very poo r) to

5 (very good)) (mean 3.3 vs 3.5).

Poor sleep quality in the Hubei sample was
associated with fear of infection 34 fatigue from wearing
personal protective equipment 3% and worrying about own
family %, In the Jiangsu sample, only dizziness during
wearing protective equipment was associated signifi cantly
with poor sleep quality.

In both groups, controlling for other variable S,
poor self-rated health and poor sleep quality went
together.

The study did not collect a lot of information (eg:
stress; social support) because of the desire to ke ep the
survey brief for the hard-pressed workers.
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¥ Note that a score of seven or above is class&poas sleep".

3 The mode of transmission was not clear in thiy emys, and five healthcare professionals had died
in early February according to official figures @tial 2020).

% The workers wore masks, three pairs of glovegglgs, outer gowns, and boots, for example.

% Many of the staff in Hubei were from other arbasught in to help, and so could only contact their
families occasionally.
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