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Impact Statement/ General Summary

Autism and Fetal Alcohol Spectrum Disorders (FASD) are neurodevelopmental conditions that affect
at least 3% of the school aged population. Both have serious secondary sequelae including anxiety and
depression, problems with concentration in class, learning new concepts through relevant

curriculums, and social communication.

Sleep is crucial to healthy neurodevelopment. It is not just a period of rest, but a time when the brain
is highly active. During sleep, the brain consolidates newly acquired information, organises memory,
and can lay the basis for emotional memory. Within Autism and FASD (as well as in many other
developmental and psychological conditions), sleep quality and quantity remain much lower than the
average and necessary amount. It is not known why this is, but research suggests that there is a
complex and bidirectional relationship between sleep and development. This relationship may be part

of the compromise of atypical development.

This thesis links sleep with a number of daytime outcomes in children with Autism and FASD.
According to the research carried out as part of this thesis, sleep is connected to anxiety, behaviours
such as aggression and withdrawal, cognitive aspects such attention and working memory, as well as
social and environmental factors. This is apparent not only in children in the neurodevelopmental
categories, but in typically developing children too. This research also finds that children with Autism
and FASD experience more sleep problems than typically developing children. It is therefore proposed
here that sleep health interventions should be strongly considered as part of the therapeutic practice

for children with Autism and FASD.






Thesis Overview

This thesis makes a novel contribution to developmental psychology by examining the associations
between sleep and daytime functioning in children with Autism Spectrum Conditions (Autism, or ASC)
and Fetal Alcohol Spectrum Disorders (FASD). Poor sleep is consistently noted as a secondary sequela
in the developmental profiles of both Autism and FASD, and there is evidence that sleep plays a part
in atypical and typical neurodevelopmental processes. Although it is not fully known, evidence
suggests that causal, bidirectional relationships between sleep and neurodevelopment can explain
some of the cognitive manifestations of Autism and FASD. The purpose of this thesis therefore is to
examine the extent of the relationship between sleep, anxiety, executive functioning, behaviour,
working memory attention, fluid intelligence and receptive vocabulary in these two

neurodevelopmental conditions.

Chapter 1: This thesis begins with a literature review of the neuropsychological aspects of sleep,
particularly within the context of developmental processes. There is also a focus on the developing
fetus and the impact of pre and postnatal environments on later cognitive outcomes. This is followed

by a review of the literature on Autism and FASD.

Chapter 2: The first study of this thesis examines the associations between sleep, anxiety, behaviour
and executive functioning. Two hundred and seventy-nine caregivers completed the Children’s Sleep
Habits Questionnaire (CSHQ), the Behavior Rating Inventory for Executive Functioning (BRIEF), the
Spence Children’s Anxiety Scale (SCAS), the Child Behavior Checklist (CBCL), and a socioeconomic (SES)
guestionnaire. Participants were caregivers of children aged between 6-16-years with a diagnosis of
FASD (n=114) or Autism (n=61). An additional sample of typically developing (TD) children were also
assessed (n=104). Multiple regression analysis revealed that, according to parental report, sleep was
a predictor of anxiety, behaviour and executive functioning in all three groups. Tests of similarity

showed significantly similar behavioural and anxiety scores between children with Autism and FASD,



with both clinical groups appearing to show similar levels of panic, physical injury concerns, separation
anxiety, generalised anxiety, composite anxiety scores, and levels of withdrawn behaviour.
Meanwhile, executive functioning and non-adaptive behaviours were significantly different between
the three groups, with several subsets scoring higher than clinical cut off points, indicating the need
for clinical intervention. This statistical difference between the three groups is conceptualised within
this thesis as ‘syndrome specificity’ and is discussed further. Chronological age, sex and SES were also

predictors of sleep and daytime functioning within the statistical model.

Chapter 3: The second study of this thesis examines sleep and cognition using objective procedures:
actigraphy, measuring sleep bouts and activity during the night; a Choice Reaction Time (CRT) task
measuring sustained attention and inhibition; a digit span task measuring working memory; the
Ravens Standard Progressive Matrices (RSPM) measuring fluid intelligence, and the British Picture
Vocabulary Scale (BPVS) as a measurement of receptive vocabulary (the latter two for the purpose of
understanding the child’s verbal and nonverbal mental age [MA]). Participants were children aged
between 6-12-years with either a diagnosis of FASD (n=29) or Autism (n=21). An additional sample of
typically developing (TD) children were selected as a comparison group (n= 46). Group comparisons
revealed that children in the clinical groups experienced shorter sleep duration and more sleep
fragmentation than the TD group. Chronological age (CA), MA, sex and SES were predictors of
cognitive tasks and sleep. Multiple regression analysis revealed that sleep problems were predictors

of cognitive outcomes in all three groups.

Statistical comparisons between Study 1 and Study 2 showed there was a disparity between subjective
and objective measurements of sleep. Whilst both methods of ascertaining sleep characteristics carry
their own limitations, it was noted that such disparity may affect results and future studies on sleep

in neurodevelopmental conditions should take this into account.



Chapter 4: This thesis concludes with a discussion of the role of sleep in Autism and FASD, implications
of findings and areas for further investigation. Both subjective and objective measurements revealed
significantly poorer sleep in the two clinical samples. Sleep disturbances as measured by caregiver
questionnaire and actigraphy were significantly associated with some of the core cognitive and
behavioural profiles of children with Autism and FASD. It is therefore suggested that sleep is an

important target for intervention and further research is required within this field.

A note on Language

The language used in this thesis complies with the identity-first language preferred by the Autism
community, and the person-first language preferred by the FASD community. Whilst the word
‘condition’ is preferred to ‘disorder’ in the Autism community, this differentiation is not prioritised in
the FASD community. Within this thesis, Autism is referred to as Autism Spectrum Condition (ASC) or
simply ‘Autism’. Fetal Alcohol Spectrum Disorder is referred to as FASD (American Psychological

Association, 2020; National Autistic Society, 2020).

The American spelling of ‘Fetal’ is used throughout this thesis since this is both the medical spelling of

the word and the agreed spelling amongst the UK FASD research community.
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Chapter 1

This chapter provides an overview of sleep and its importance to neurodevelopment, with the aim of
presenting the reader with the relevant contextual evidence for this thesis. Sleep is crucial to human
development, and this chapter begins with a review of the neurobiological and developmental aspects
of sleep science. Within atypical populations, sleep appears to have a bidirectional relationship with
the neurodevelopmental process. In the developing brain that is structurally and functionally
compromised by prenatal alcohol exposure (PAE), there appear to be circadian rhythm and
suprachiasmatic nuclei (SCN) anomalies which may contribute to atypical sleep patterns. In Autism, it
is thought that synaptic connectivity may alter Process S, the homeostatic drive for sleep.
Simultaneously, children tend to experience sleep initiation problems as a result of environmental
stressors. These are additionally explained by the behavioural and affect-related profiles which are
further discussed in this chapter. There remains a paucity of data in this field and Chapter 1 concludes

with a short summary of the current gaps in the literature concerning sleep in Autism and FASD.



1.1 Sleep

Sleep in humans is (generally) a state of physical quiescence, identified by minimal movement, closed
eyes and a characteristic body posture such as lying down or curling up. It involves reduced vigilance
and responsiveness to external stimuli, until a stimulus is distinctively disturbing, or the need for sleep
is exhausted. In diurnal animals, sleep starts at the onset of night when dim light cues inform the
circadian rhythm to instigate a wake-sleep process and abates at the onset of morning light when that

process is reversed.

This phenomenological explanation had always leant itself to the presumption that sleep was a
cessation of the waking state, the purpose of which was to rest the body and mind. But in 1929 when
Hans Berger decided to perform the first electroencephalography (EEG) on a sleeping person, an
unusual arrangement of oscillating wave patterns was noticed that was unlike any EEG of a waking
person. The first of these unusual oscillations, which were named the Berger (or alpha, a) wave,
appeared during ‘quiet wakefulness’, a period during which the participant was conscious but with
closed eyes. On opening his eyes, the a waves would stop. The longer and deeper the participant slept,
the more concentrated the EEG activity would become (Berger, 1929). In 1937, Loomis, Harvey &
Hobart found further oscillating EEG patterns occurring at different stages of the night. They divided
these findings into five distinct stages of sleep marked by the frequency and amplitude of the observed
EEG patterns. Today these are consolidated into three stages, rather than five, and contribute to the
current classification of Non Rapid Eye Movement (NREM) sleep (Loomis, Harvey, & Hobart, 1937). In
1953 Eugene Aserinsky and Nathaniel Kleitman introduced the electrooculogram (EOG) alongside the
EEG to assess eye movements during sleep. The resulting discovery was Rapid Eye Movement (REM)
sleep, approximately twenty-minute periods of quick, binocular, random eye movement,
characterised by mixed frequency, low voltage EEG patterns, and often accompanied by dreaming.

These periods of REM were noted to have occurred several times a night with a mean interval of 2



hours 16 minutes (Aserinsky & Kleitman, 1953). Three stages of NREM and one period of REM make
up one sleep cycle lasting around ninety minutes in adults. The architecture of sleep changes

throughout the lifespan and adult sleep generally involves five full cycles a night.

In addition to these early experiments were others exploring the neuroanatomical areas involved in
sleep. The treatment of soldiers who had sustained injuries during war led to two discoveries: those
who had wounds in the lower brain stem area were paralysed but had intact sleep and wake cycles,
whilst those who had wounds in the upper brain stem area were more likely to be in a permanent
coma (Espie & Morin, 2012). It was thus was proposed that the superior (topmost) area of the brain
stem was involved in the activation of the sleep/ wake process. Moruzzi and Magoun (1949)
discovered through electrical stimulation of various subcortical areas that the upper brain stem was
involved in the activation of the synchronised and desynchronised patterns observed in Loomis et al.’s
EEG recordings. They proposed that the reticular formation of the brain stem was responsible for
maintaining a state of wake in the cerebral cortex, and named this region the reticular activating
system (Moruzzi & Magoun, 1949). In contrast, Walter Hess (1951) discovered that an area of the
thalamus, when electrically stimulated in cats, induced sleep onset and a synchronised EEG pattern
characteristic of NREM and identical to spontaneously sleeping cats. This area was named the
hypnogogic zone (Hess, Akert & Koella, 1951). Put together, these early experiments laid the

foundation for the current knowledge of the physiology of sleep architecture.

1.1.1 Sleep architecture

The typical conscious and unconscious state is comprised of six separate categories marked by alpha,
beta, theta, delta, Slow Wave Activity (SWA) and REM activity. EEG recordings gather patterns of
electrical-chemical activity in the brain through the measurement of action potentials, which are
created when large populations of neurons simultaneously release or inhibit neurochemicals. This

leaves either a positive or negative charge in the neuron, depending on the direction of travel or
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neurochemical involved (Kahn, Dan, Groswasser, Franco, & Sottiaux, 1996). High amplitude waves
during sleep indicate that large groups of neurons are simultaneously coordinating or communicating
across the cerebral cortex, measured in Hertz (Hz), or number of waves/ cycles per second. This
culminates in SWA: the slow, high amplitude and synchronised waves of the third NREM stage (see
Figure 1.1). EEG measures fluctuations of voltage between groups of neurons in various cortical and
subcortical areas. These are comprised of a series of sine waves which can be ‘de-composed’ through
Fourier Analysis, the mathematical measurement of the frequency, amplitude, and ‘power’ of the EEG
recording per second. This is knowns as Delta Power and is used as a measurement of the intensity of

sleep (Kropotov, 2009).

The six separate categories of wake and sleep can be viewed in Figure 1.1 and are categorised as the

following:

i Wakefulness, a state of full consciousness where interaction with the environment can occur.
During wake, EEG patterns are characterised by desynchronised, rapid, waves of high
frequency and low amplitude, in the beta (B) range, of 14-40Hz. This is accompanied by high
muscular tone in EMG recordings.

ii. In relaxed wakefulness, or pre-sleep state, Berger (or alpha, a) waves of 8-12Hz are observed.
These are waves of lower frequency and higher amplitude than B, indicating an increase in
the synchrony of neural activity.

iii. NREM stage 1 (N1). Typically, NREM stages are characterised by decreased muscle tone,
regular respiration and a gradual slowing of EEG frequency into increasingly synchronised, low
frequency waves in the theta (6) range of 4-8Hz. Spectral analysis additionally shows that
subcortical regions (not always visually apparent in EEG) display a background pattern of slow
wave activity (SWA) which may have important functional implications. N1 is a period of

decreased wake or drowsiness where individuals start failing to respond to auditory stimuli,
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Vi.

however arousal thresholds are low and when woken up in this stage an individual may report
of having not been asleep at all. EOG recordings in this phase indicate slow but randomly
directed eye movements.

NREM stage 2, or light NREM sleep (N2). During N2, eye movements cease, the heart rate
slows down and the body temperature decreases. This process allows the body to prepare to
enter deep sleep. Background oscillations decrease to slow, 5Hz in the delta (6) range.
Punctuated within this are two types of periodically superimposed events: sleep spindles
which last between 0.3 — 5 seconds, in the sigma (o) range of 11-16Hz; and K complexes which
are characterised by a negative sharp wave of high amplitude immediately followed by a
positive neighbour with a total duration of around 0.5 seconds. K complexes are mostly
recorded in frontal electrodes.

NREM Stage 3, N3, or slow wave sleep (SWS). N3 is the deepest stage of NREM sleep and is
characterised by the slowest waves in the delta or 0.5-2Hz range. Similar to K complexes, slow
waves are usually detected at the frontal electrodes. At N3 arousal thresholds are usually high
and waking from this stage of sleep involves a longer period of sleep inertia, and possible
confusion or disorientation at waking. N3 sleep may also involve slow, pendular eye
movements which indicate the onset of REM sleep.

REM sleep. Unlike NREM, REM is characterised by desynchronised, rapid, low-amplitude EEG
activity that resembles wakefulness and low amplitude mixed frequency in the 15-30Hz range.
Itis also characterised by irregular, sharp eye movements, muscular atonia and cardiovascular
and breathing irregularities. Phasic twitches can also be detected by EMG during REM sleep.

K-complexes or sleep spindles appear during REM, usually in the first REM of the night cycle.
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Electroencephalogram (EEG) showing typical brain waves of sleep and wakefulness
wakefulness (relaxed state)

theta waves (4-7 Hz)
stage 1

K-complex
sleep spindle (11-15 Hz)

stage 2

slow waves (0.5-2.0 Hz)

Stages(sowww

Figure 1.1: EEG of Sleep and Wake: the Oxford Handbook of Sleep Disorders (2013)

An adult sleep cycle consists of the three phases of NREM and REM (In order: N1, N2,N3,N2,N1,REM).
Generally, each night consists of five cycles, however the length of each phase differs through the
night. The first REM of the night is shorter, usually lasting around 10 minutes. The second REM lasts
longer than the first, around 20-30 minutes, and the third to fifth will last upwards of 45 minutes and
dominate later cycles. It is not yet fully known why the length of REM sleep increases as the night

progresses (Espie & Morin, 2012).
1.1.2 Sleep and development

What eventually becomes adult sleep architecture develops through a series of incremental changes
corresponding with the major milestones of human development, starting prenatally and continuing

throughout the lifespan.
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1.1.2.1 Sleep in utero and at birth

Sleep-wake rhythms develop prenatally. Before birth, the human fetus demonstrates four distinct
behavioural states that reflect fetal nervous system activity. These behavioural states parallel the
sleep—wake stages of infants and children, and are classified using fetal heart patterns, body
movements, and eye movements into 4 states: quiet sleep (analogous to NREM), active sleep
(analogous to REM), quiet wake, and active wake (Nijhuis, Prechtl, Martin, & Bots, 1982). This rest-
wake activity may be dependent on maternal sleep-wake states (Blumberg, Gall, & Todd, 2014;
Micheli et al., 2011). Ultrasound visualisations show movements, such as stretching and spontaneous
limb movements, from around 10 weeks’ gestation (Hoppenbrouwers et al., 1978). At around 30
weeks’ gestation, periods of quiescent movements called fetal-rest-activity patterns occur around
50% of the time, increasing to 60% nearer to full term, and indicate a prenatal distinction between

sleep and wake (DiPietro, 2016; Hoppenbrouwers & Sterman, 1975).

1.1.2.2 Sleep in new-borns -12 months

New-born infant sleep is distributed throughout the day and night and lasts around 16-17 hours per
24 hours, decreasing to 14-15 hours by 16 weeks of age, and 13-14 by 6 months of age (Davis, Parker,
& Montgomery, 2004). New-born sleep follows an ultradian rhythm of around 4 hours, which appears
to be based around the feeding cycle (Espie & Morin, 2012). At around four months the organisation
of REM and NREM sleep is apparent, with sleep cycles lasting between 30-70 minutes and gradually
increasing throughout development. Sixty percent of 6-month-old and 80% of 9-month-old infants
sleep throughout the night, as the circadian sleep-wake pattern is established. During the day,
wakefulness increases while daytime sleeping becomes consolidated into regular naps. Daytime sleep
tends to occur during three to five naps at 6 months old and around two naps at 9-12 months, and is

comprised of more stage 1 and 2 sleep than stage 3 and REM sleep (Mindell & Owens, 2015).

14



1.1.2.3 Sleep in early childhood (1-5 years)

Sleep cycles and REM sleep begin to organise in early childhood. Sleep onset latency (the amount of
time to fall asleep) averages around 15-30 minutes at this age and the transition from NREM to REM
on average takes around 15 minutes (Kahn et al., 1996). At sleep onset, NREM dominates the early
child sleep cycle. Between the ages of 1-5 years REM sleep decreases from 30% to the adult 20-25%.
Sleep cycles are approximately 40 minutes long at around 2 years and gradually increase in length to
60 minutes at 5 years of age. At this point, children have around 7-10 cycles during each nocturnal
sleep period (Kahn et al., 1996). During early childhood, daytime napping decreases and night sleep
typically becomes consolidated into periods of 10 hours. As children become more socially aware,
cognisant, imaginative and verbal, they are more likely to demonstrate a desire to prolong bedtimes,

request parental attention or have nightmares and night wakings (Meltzer & Mindell, 2006).

1.1.2.4 Sleep in mid childhood (6-10 years)

Throughout mid-childhood total sleep time decreases but remains around 2-3 hours longer than adult
sleep time. By the age of 10 years children should be sleeping around 8-10 hours a night and sleeping
for around 95% of that time (Mindell & Owens, 2015). During middle childhood, parasomnias such as
enuresis, sleep talking, sleep walking, or night fears are seen in up to 30% of typically developing (TD)

children (Mindell & Owens, 2015).

In recent years it has been established that children in mid childhood are the most alert of any age
group, have the longest sleep latencies and tend to not fall asleep during multiple sleep latency tests
(MSLTs, tests using EEG to assess sleep latency, consisting of five naps across a full day, based on the
assumption that the quicker an individual falls asleep the more sleep deprived they are) or have sleep
onset latency of <8 minutes in the absence of hypersomnia (Littner et al., 2003). This is thought to be

due to the dysrhythmia of the suprachiasmatic nucleus (SCN), two clusters of neurons (nuclei) within
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the hypothalamus, directly above the optic chiasm which are responsible for the process of circadian

rhythm functioning (Fernandez et al., 2014).

1.1.2.5 Sleep in adolescence (11-18 years)

As they mature, adolescents generally tend to show a reduction in maintaining adequate sleep, but
no reduction in the need for sleep. This can result in a decrease in total sleep time and an accumulation
of sleep debt. When Arora and colleagues (2013) measured sleep and correlates in adolescent children
(n=632) they found older adolescents had shorter sleep times than younger adolescents (15-18 years
=7.79 + 1.17 hours; 11-14 years = 8.76 + 1.35 hours) (Arora et al., 2013). The recommended amount
of sleep for children aged 6-13 years is 9-11 hours, and for teenagers aged 14-17 years 8-10 hours

(National Sleep Foundation, 2016).

A number of psychosocial factors have been found to affect sleep patterns during this phase of
development, particularly as children transition into adolescence and enter a period of increased
independence and responsibility. During this time, parental control tends to decrease, and a number
of developmental milestones are reached, such as the freedom to choose bedtime and morning
routines, increased social independence and usage of online media (Carskadon & Dement, 2011). Early
school starts can deprive adolescents of sufficient sleep, particularly in instances where academic
pressures increase. In one study by Lo, Lee, Lee, Sasmita, Chee et al (2018), school starting times were
delayed for 45 minutes for a sample of 12-16-year-old adolescents in Singapore (n=375). Wellbeing
measures taken by the Positive and Negative Affect Schedule (Watson, Clark, & Tellegen, 1988) after
one month and nine months of delayed school start times, and actigraphy was used to measure sleep
times. At both measurement time points, participants reported fewer sleep problems, lower

depression scores, and lower negative mood scores (Lo et al., 2018).
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Polysomnography (PSG) in adolescence shows a decrease in SWS in a linear fashion throughout
puberty stages with an approximate 35% decrease from Tanner stage 1to 5 (Sarchiapone et al., 2014).
At this point, the percentages of REM and NREM appear to reach adult levels, with REM periods
increasing in length as the sleep period progresses. Daytime alertness tends to decline as adolescents
grow and mean sleep-onset latency falls in mid-adolescence. MLST studies show shorter sleep onset
latency after mid puberty (Tanner stage 3; mean age 13.4 years) and then remain at a reduced level
(Sarchiapone et al.,, 2014). Daytime sleepiness is also apparent in this population where older
adolescents tend to report greater difficulty with daytime sleepiness and nocturnal sleep than younger
adolescents. Daytime sleepiness tends to occur mainly in the mid-afternoon (Carskadon & Dement,
2011) but this time is not confined to adolescence: hence the development of the biphasic ‘siesta’ in

various cultures.

1.1.3 Process S and Process C

The need for sleep is driven by two processes that occur in tandem. Process S and Process C are
influential in the effort to reach sleep when it is needed and timely. These processes are also

mediators in cognitive outcomes in individuals, as will be discussed in Chapter 3 of this thesis.

1.1.3.1 Sleep homeostasis, or “Process S”

Sleep is not an optional behaviour, but a state-regulated response to sleep-wake history (Krause et
al., 2017). The homeostatic drive for sleep is directed in part by the decrease in energy reserves in the
brain. Unlike other cells in the body that can metabolise amino and fatty acids in the restoration of
cells, the brain is sustained only by glucose in the form of astrocytic glycogen in the blood, or glial
cells. Adenosine triphosphate (ATP) is a complex nucleoside with many biochemical functions,
including protein synthesis and the transfer of energy between cells, DNA transcription, and

neurotransmission. It is also involved in the initiation of sleep and wake. The brain becomes energy
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compromised when glycogen is depleted, which causes the release of astrocytic glycogen from glial
cells. This activates ATP and induces the sleeping process. A greater sleep need after a period of sleep
deprivation results in greater Delta Power (see Section 1.1.1). Delta Power can therefore be used to
extrapolate sleep intensity, as well as sleep deprivation. In instances of sleep deprivation Delta Power
is greater at sleep onset but declines to its regular rate afterwards. This indicates that there is a high
need for sleep at the beginning which slowly declines as sleep continues throughout the night. Wake
is triggered in part by the repletion of energy to the brain and the process repeats itself throughout

the day (Krause et al., 2017). This is known as Process S.

1.1.3.2 Circadian rhythm or “Process C”

Biological outcomes taken from light and dark cues are endogenous to all living things and are known
as circadian rhythms (Carskadon & Dement, 2011). In humans, circadian rhythms are entrained by
light. Time giving (zeitgeber) cues at appropriate times in the phase response curve (PRC) prevent free
running of the circadian rhythm. The PRC can be advanced or delayed if zeitgeber cues are not timely,
for example in the case of jet lag or night shift working. When light cues enter the retina, they are
processed in the hypothalamus, and are organised in the SCN. This pathway is known as the retino-
hypothalamic tract. The SCN is the area of the brain that controls the circadian rhythm, and when
given zeitgeber cues it sends messages to various other regions, including: the preoptic area which
(along with the reticular activating system and lateral hypothalamus) controls arousal, sleep and their
transition; the dorsomedial nucleus of the hypothalamus, which regulates wakefulness via the
modulation of the neurotransmitters hypocretin and orexin; regions such as the paraventricular
hypothalamic nucleus, which manages the release of sleep-wake modulating chemicals such as
melatonin and cortisol. Advances or delays in the PRC can result in conditions such as Advanced or
Delayed Sleep Phase Syndrome, or Seasonal Affective Disorder (Meerlo, Mistlberger, Jacobs, Craig

Heller, & McGinty, 2009).
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On a cellular and molecular level, the circadian system is comprised of a self-sustaining oscillation, an
input system, and an output system. The oscillation mechanism is comprised of a gene translation-
transcription system, which provides feedback for the oscillation. Waking light cues set the
mechanism for the translation-transcription of several genes that are involved in the circadian
process: PER (period); TIM (time); CLOCK (circadian); CRY and CYCLE (sensitive to blue light) and
BMAL1 (turns on the expression od PER and CLOCK). Dark cues output Gamma Aminobutyric Acid
(GABA), an inhibitory neurotransmitter which sets off the neurochemical process of sleep through the

inhibition of wake neurotransmitters, releasing melatonin, and so sleep follows (Meerlo et al., 2009).

The neurobehavioural responses to the homeostatic drive for sleep are phenotypic, and may involve
genetic components including circadian genes (Goel, Basner, Rao, & Dinges, 2013). So, both Process S
and Process C work in synchrony with each other, in a symbiotic fashion, as can be seen in figure 2.

sleep deprivation

sleep pressure

Process S

Process C

|
sleep wake m

PCR S icop |

7 am 11 pm 7 am 11 pm

Figure 1.2: Visual model of Process S and Process C: The Oxford Handbook of Sleep and Sleep Disorders (2013)

19



Much of what is known about sleep has been gained through the study of its associations with daily
functioning and memory consolidation. Many aspects of psychological and physiological functioning
in some way incur a penalty as a result of sleep deprivation (Frank & Heller, 2003). Total sleep
deprivation eventually results in psychosis, multi organ failure, dementia and death (Tabernero et al.,
2000). Yet, there is currently no full consensus on the functions of different sleep stages, although
mounting evidence suggests one vital role is the consolidation of newly experienced information and
their stabilisation into long term memory. In the next section, a broad overview will be given about
(some of) the functions of sleep. In the following chapters, which explore the relationships between
sleep and daytime functioning in two clinical populations, further sleep functions pertaining to the

studies will be outlined.

1.1.3.3 Sleep and physiology

Whilst it is beyond the scope of this thesis to give a comprehensive overview of this subject, it is
important to point to the existence of the vast body of literature that exists on the physiological
functions of sleep. Sufficient sleep is associated with lower risks of cardio-metabolic disease,
respiratory disorders, epilepsy, inflammatory disease, chronic pain, and obesity and diabetes due to
its role in metabolic processes. Consequently, epidemiological studies indicate that sufficient sleep
duration is associated with lower mortality rates (Cappuccio, Miller, Lockley, & Rajaratnam, 2018).
Much like its counterpart, wakefulness, the functions that are served by the process of sleep fall into

several different domains within the cognitive and physiological sphere.

1.1.3.4 REM and NREM and daytime functioning

Sleep is fundamental to the developmental process and plays a role in cognition, neuroplasticity, brain
maturation and optimal daytime functioning. Neuronal processes occurring at the cellular level during

NREM and REM underlie a number of local and global organisational tasks and processes, including
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memory consolidation, task learning, and the formation of neural pathways organising visual,
auditory, and integrated or abstract events (e.g. Carskadon & Dement, 2011; Espie & Morin, 2012;

Frank & Heller, 2003; Hill, Hogan, & Karmiloff-Smith, 2007; Meltzer & Mindell, 2006).

Sleep deprivation produces an increase in daytime sleepiness, and a decrease in sleep onset. After
prolonged periods of sleep deprivation, the duration of NREM N2 can shorten to minutes or seconds,
and the duration of N3, SWS and REM increases (Carskadon & Dement, 2011). This increase in REM is
known as REM Rebound and is experienced in sleep deprived individuals, including sleep apnoea
patients after the introduction of continuous positive airway pressure (CPAP; Frank, 2018). The
decrease in NREM and increase in REM duration has a number of implications around the function
and timing of NREM and REM. Firstly, a longer period of REM after sleep deprivation indicates that
one of its functions is a restorative one. This is also supported by the fact that glial cells facilitate the
depletion of astrocytic glycogen during wakefulness and replete it during sleep (Bellesi et al., 2018;
Frank 2018). Secondly, since it is always necessary for NREM to occur before REM, it can be suggested
that there is a homeostatic relationship between these two sleep stages, or that NREM contains a
trigger mechanism for REM and vice versa (Frank & Heller, 2003). In fact, REM manipulation studies
indicate that one of the functions of REM is to enhance SWA in subsequent NREM cycles (Kashiwagi

& Hayashi, 2016). Therefore, REM and NREM seem to proceed in congruence with each other.

A growing body of literature suggests that NREM and REM sleep are part of a homeostatic system that
is responsible for normal intellectual function and behaviour. Sleep Onset REM (SOREM) occurs in
situations of total sleep deprivation (Frank & Heller, 2003). EEG recordings show that individuals, when
sleep deprived for long periods of time, can experience ‘microsleeps’ or can show NREM activity whilst
awake. Prolonged deprivation of REM sleep results in a decrease of physiological function, behaviour
change including aggression, a decrease in the delta power of NREM, and fragmented sleep over the

night (Goldschmied, 2018). However, as noted above, such studies contain methodological limitations
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and it is difficult to extrapolate the function of REM as a process in and of itself through depriving it in
humans. NREM is instigated by various cortical and subcortical regions, including the thalamus for
bioelectrical events, and the basal forebrain and posterior regions such as the cerebellum, caudal
stem, hypothalamus and spinal cord for homeostatic regulation. NREM seems to be a necessary
function allowing synaptic connections to normalise back to a basal level, ensuring cellular
homeostasis (de Andrés, Garzén, & Reinoso-Suarez, 2011), whilst simultaneously (or perhaps after)

consolidating memory (Cappuccio et al., 2018).

1.1.3.5 Sleep and memory

A considerable amount of the neurophysiological research theorising the mechanistic process (and
function) of sleep focusses on how different sleep stages facilitate memory consolidation, and over
the past several years an interesting association between sleep and memory has been discovered.
Memory is a vast psychological concept made up of a number of components and mechanisms to
which this thesis cannot do justice, suffice to say it includes short term, long term, sensory, procedural,
declarative or topographic memory, and in some form or another each is called upon for the efficient
functioning of higher order processes. Newly formed long-term memory is consolidated through a
process of stabilisation in which newly learnt information is encoded following an initial experience
from an environmental stimulus, while neurophysiological responses store information until it is
retrieved through a process of reactivation (Khonsary, 2017). Initially this information is fragile and
can be interrupted by a number of behavioural, pharmacological or neurochemical interferences, but
over periods of time the memory becomes resilient to interference through the process of
consolidation (Alberini & Ledoux, 2013). It is now known that sleep plays a role in building the neural
pathways required for memory consolidation, however this does not appear to be a completely linear
process. Different types of memory consolidation may be dependent on different stages of sleep

(Goel, Rao, Durmer, & Dinges, 2009). Research conducted in adult populations suggests that when
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sleep occurs after episodic-emotional, declarative and procedural memories, and those associated
with reward gain, such memories are enhanced to a greater extent than without sleep (Diekelmann,
Wilhelm, & Born, 2009). Slow wave sleep enhances declarative memories through a process of
activation and reactivation, which can be observed in PSG through hippocampal-neocortical SWA.
Recent studies suggest that this can occur both spontaneously and can be externally triggered, for
example through odour cueing, the process of reintroducing odours that form part of a learning task
during sleep (Klinzing et al., 2018; Klinzing, Rasch, Born, & Diekelmann, 2016). Meanwhile, studies
suggest that NREM and REM provide different functions for the process of memory consolidation. In
a series of studies conducted by Gais and Born (2004), REM sleep appeared to support procedural and
emotional memory consolidation, whilst slow wave sleep was more associated with declarative
memory consolidation (Gais & Born, 2004). Newer studies suggest that REM may be required for
spatial and contextual memory consolidation. In one rodent study conducted by Boyce, Williams and
Adamantidis (2017), a group of rodents were subject to REM sleep suppression by suppressing GABA,
an inhibitory neurotransmitter involved in the onset of REM. This resulted in normal fear-conditioned
memory recall, but impaired spatial object and contextual memory recall (Boyce, Williams, &

Adamantidis, 2017).

However both REM and NREM can also overlap in their roles in procedural, declarative and episodic
memory, and further studies suggest that sleep spindles also contribute to the causal mechanism of
memory consolidation (Klinzing et al., 2018). In an experiment using a computerised task that required
complex motor and working memory training (finger tapping task) using the participant’s non
dominant hand, Huber and colleagues (2004) found EEG recordings that night showed higher levels of
SWA and spindles in the motor cortex cortical/ subcortical areas that controlled the hand that was
newly trained (Huber, Ghilardi, Massimini, & Tononi, 2004). Similarly, EEG recordings show that
cortical and subcortical area SWA related sleep spindles correspond to motor and sequence learning

(Barakat et al., 2011).
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Sleep and memory consolidation is an area of interest to those wishing to understand the typical and
atypical developing brain. TD children learn at a fast pace during development, particularly when they
are school aged, and frequently, actively and quickly consolidate novel material — a process that
requires successions of consolidation of arbitrarily related information. During development, SWA and
the ability to form episodic memories are established during infancy and increase during childhood
(Huber & Born, 2014). Periods of sleep shortly after exposure to new information can improve
declarative memory in children (Ashworth et al., 2014), and sleep promotes word learning in children
who read story books at bedtime (Williams & Horst, 2014). In understanding the neural mechanisms
of sleep dependent learning in children, Urbain et al. (2016) conducted magnetoencephalography
(MEG) on a sample of school aged (m=10.0 years) children (n=21) during a picture identification task
in which 100 coloured outline drawings of unfamiliar non-objects were associated with ‘magic’
properties. Children were then divided into two groups, one of which napped for 2 hours while the
other spent time in quiet wakefulness. Those who spent time in SWS were significantly more likely to

have learnt a higher number of ‘magical’ properties of non-objects (Urbain et al., 2016).

Taken together, both paediatric studies and those conducted with adults reveal that longer periods of
sleep are associated with better memory (Tucker, Humiston, Summer, & Wamsley, 2020). However,
this appears to be dependent on sleep architecture. This thesis (and many studies assessing the
association between sleep and cognition) relies on the assumption that more sleep facilitates better
cognition, however, to be more precise, better quality sleep and full sleep cycles are more likely to
facilitate cognitive outcomes. This is apparent in paediatric clinical populations, where sleep and
declarative memory is variable and may be vulnerable to differences in neurodevelopmental profile.
In a cross-syndrome comparison study conducted by Ashworth, Hill, Karmiloff-Smith and Dimitriou
(2017), a sleep dependent declarative memory task was administered to groups of school aged
children with Down Syndrome (n=20), Williams Syndrome (n=22), and TD children (n=33) in which

novel non-word animal names were learnt and retested after intervals of wake and sleep. Whilst the
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task performance of TD children improved after a period of sleep, children with Down Syndrome
tended to improve after a period of non-sleep, whilst children with Williams Syndrome tended to
improve both with and without sleep. This suggests time-dependent, rather than sleep-dependent
learning in these populations (Ashworth, Hill, Karmiloff-Smith, & Dimitriou, 2017). Similarly, sleep-
dependent declarative memory was examined by Fletcher and colleagues (2019) in a sample of school
aged children with Autism and TD aged matched controls (n=54). Non-word animal names were learnt
and retested the following day and one month later, and PSG was measured in both groups. Children
with Autism showed significantly less NREM and fewer sleep spindles than TD children. Sleep spindles
were associated with learning new semantic knowledge, whilst in the Autism group, sleep spindles
were significantly associated with improvements in familiar names, although this may be a reflection
of consolidating priorities in the Autism group rather than a reflection of the role of NREM in new

semantic knowledge in this population (Fletcher et al., 2019).

1.1.4 Sleep disorders in typical development

Between 10-30% of TD children experience sleep disturbances during childhood, although only around
4-10% are diagnosed with sleep disorders, classified by the International classification of Sleep
Disorders (Greydanus, 2018; Meltzer & Mindell, 2006). Up to 70% of children and adolescents in the
UK have inadequate sleep (Kelly, Zilanawala, Booker, & Sacker, 2018). Sleep disorders are categorised
into: insomnias, sleep related breathing disorders, central disorders of hypersomnolence, circadian
rhythm sleep-wake disorders, parasomnias, sleep-related movement disorders and other sleep

disorders. Some of the more common childhood sleep disorders are outlined below.

1.1.4.1 Childhood insomnias

Insomnia is defined as the persistent inability to initiate or maintain sleep, despite adequate

opportunity and circumstances to do so, lasting a period of three months or more, that have daytime
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consequences. Behavioural insomnia is the most common childhood sleep problem and typically
presents as bedtime resistance, prolonged sleep onset and night wakings (Mindell, Boyle, Butler,

Lipari, & Meltzer, 2014).

Behavioural Insomnia related to sleep onset is characterised by prolonged night waking that results in
insufficient sleep, which may have resulted from negative or habitual sleep associations. For example,
if the child has learnt to only fall asleep under certain conditions (rocking, parent in the room, special
toy, bedtime story), they will require these conditions when aroused at the end of each sleep cycle
and will not be able to self soothe until the same conditions are made available (Mindell & Owens,

2015).

Behavioural Insomnia related to parental limit setting refers to children’s oppositional behaviour at
bedtime. This can include bedtime resistance, verbal protests or ‘curtain calls’, such as getting out of
bed to ask a question, go to the toilet one more time, have one more story, etc. Bedtime stalling
(without psychopathological reasons) can result from a number of factors, such as an intrinsic
circadian preference of night time, not understanding the concept of bedtime, or zeitgeber cues from

screen lights that delay the phase response curve (see Section 1.1.3.2).

Psychophysiologic insomnia, or conditioned insomnia, refers to sleep onset delay or poor sleep
maintenance that is caused by heightened physiologic or emotional arousal related to sleep and the
sleep environment. In younger children with active imaginations this may result from fears such as
monsters, zombies, witches etc. whilst in older children and adolescents this could result from fears
around school, academic performance, friendship problems or other ruminations of anxiety.
Persistent ruminations are associated with a higher incidence of nightmares which can exacerbate the

symptoms of conditioned insomnia (Meltzer & McLaughlin Crabtree, 2015).
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1.1.4.2 Sleep-disordered breathing

Sleep-disordered breathing (SDB, an obstruction of the airway which can hinder the attainment of full
sleep cycles) can manifest in a continuum of conditions that range in severity, from snoring and upper
airway resistance to obstructive sleep apnoea syndrome (OSAS) with secondary sequelae such as
growth impairment, neurocognitive or cardiovascular problems resulting from systemic inflammation
and oxidative stress (Dehlink, 2016). It is thought that around 10-14% of children under the age of 6,
11% of children aged 4-11, and 6% of adolescents snore (Young, Peppard, & Gottlieb, 2002). Due to
increased muscle atonia, SDB occurs more during REM sleep. Risk factors increasing the likelihood of
SDB include enlarged tonsils or adenoids, obesity, craniofacial anomalies and muscle weakness
(Gokdemir & Ersu, 2016). Recent data also show that the rise in obesity amongst children has resulted
in the increase of OSA in children, which is associated in turn with increased cardiovascular burden

and metabolic syndromes (Glaser & Styne, 2017).

1.1.4.2.1 Parasomnia

Parasomnias are non-deliberate motor or subjective phenomena occurring during the transition
between different sleep states. These can include abnormal movements or behaviour that are the
result of central nervous system activity, and in the International Classification of Sleep Disorders —
third edition (ICSD-IIl) are categorised into NREM-related, REM-related parasomnias, sleep related

movement disorders, and other parasomnias.

NREM parasomnias in children include disorders of arousal, such as sleep walking, night terrors and
confusional arousals. These occur more commonly in the first half of the night. REM parasomnias
include nightmares, nightmare disorder, sleep paralysis or REM Behaviour Disorder (RBD) and tend to

occur later in the night. Other parasomnias that are not confined to a specific sleep state include sleep
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related hallucinations, enuresis or unspecified, medication related, or parasomnia related to a co-

occurring condition (Espie & Morin, 2012).

Parasomnias are common in early to mid-childhood due to the developing central nervous system and
are usually outgrown in adulthood. Familial history of parasomnias and psychiatric diagnoses increase
the likelihood of parasomnias. Parasomnias are more likely to occur in children with early life trauma
or experiencing emotional distress and are experienced by between 5-11% of the paediatric

population (Agargun, Boysan, & Hanoglu, 2004;BMJ 2020).

1.1.4.3 Sleep Related Movement Disorders (SRMD)

As opposed to parasomnias, SRMDs are a group of simple, monophasic movement disorders that can
disturb sleep. The ICSD-III classifies these as restless leg syndrome (RLS), periodic limb movement
disorder (PLMD), bruxism, myoclonus at sleep onset and myoclonus of infancy, rhythmic movement
disorder, sleep related leg cramps, as well as SRMDs due to medical disorders, medication or

substance, or unspecified SRMD.

PLMD is characterised by involuntary, repetitive and highly stereotyped limb movements whilst
asleep, occurring 20-40 seconds apart and common to N2 sleep. It is identified through the periodic
movement of limbs sleep index (PMLSI) score of 5 or more and is associated with disturbed sleep and
excessive daytime sleepiness. PLMD is characterised by dorsiflexion of the toes and ankles and
occasional flexion of the hip and knee. It occurs in around 10% of children and prevalence is thought
to increase with age, with a prevalence of up to 34% of individuals over 60 (Frye et al., 2017). There is
an increased incidence of PLMD in children with Attention Deficit Hyperactivity Disorder (ADHD). RLS,
a condition characterised by the strong urge to move one’s legs, and PMLD seem to be associated

with ADHD (Walters, Silvestri, Zucconi, Chandrashekariah, & Konofal, 2008).
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1.1.5 Sleep and atypical populations

Although heterogenous, those in atypical populations experience higher rates of sleep disturbances
than neurotypical individuals. One meta-analysis conducted by Surtees and colleagues (2018)
revealed that those with an intellectual disability (defined as an 1Q <70) slept for an average 18
minutes less than the typical controls in their respective studies. Whilst there may have been selection
bias and inaccuracies due to poor measurement or methodology, 93% of those with intellectual
disabilities experienced poorer sleep (Surtees, Oliver, Jones, Evans, & Richards, 2018). Given its
importance to memory, cognition and neurodevelopment, it seems reasonable to assume that sleep
plays a significant part the everyday life of an individual with a neurodevelopmental condition,
neurocognitive condition or condition of affect. Although the causative reasons for sleep problems in
atypical populations are yet only theorised, there is strong evidence that the developmental process

is bidirectional and reliant on the function of sleep (Surtees et al., 2018).

Syndrome specific behavioural and architectural sleep problems have been identified in Angelman,
Cri du Chat and Cornelia de Lange Syndrome (Tietze et al., 2012), Down Syndrome and William
Syndrome (Ashworth, Hill, Karmiloff-Smith, & Dimitriou, 2017; Horne, Wijayaratne, Nixon, & Walter,
2019) Fragile X Syndrome (Kronk et al., 2010),Prader Willi Syndrome (Cotton & Richdale, 2006), Smith
Magenis Syndrome (Tietze et al., 2012) as well as idiopathic conditions resulting in intellectual
disability, among others (Esbensen & Schwichtenberg, 2016). Sleep problems are also higher in
neurodevelopmental conditions such as Autism (Mannion & Leader, 2014), ADHD (Spruyt & Gozal,
2011b), Fetal Alcohol Spectrum Disorders (Chen, Olson, Picciano, Starr, & Owens, 2012; Inkelis &
Thomas, 2018), in conditions relating to affect and disinhibition such as Schizophrenia (Kaskie,
Graziano, & Ferrarelli, 2017), Depressive, Dissociative and Bipolar Disorders (Gold & Sylvia, 2016),
Anxiety and Obsessive Compulsive Disorders (Chase & Pincus, 2011), as well as later developing

neurocognitive conditions such as Dementia (Elwood et al., 2011) and Parkinson’s Disease (Chaudhuri
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et al., 2002). Sleep problems in these atypical populations impact negatively on daytime functioning,
affect, as well as have an impact on caregivers, whose own sleep may be disturbed due to nocturnal
demands (Esbensen & Schwichtenberg, 2016). Early identification and intervention in sleep disorders
is an increasingly important area of therapeutic concern, especially given that sleep interventions can
have the ability to ameliorate behavioural symptoms. To give an example, individuals with ADHD who
present with sleep problems miss more days from school, show intensity in symptomology, and
appear to have a lower quality of life (Spruyt & Gozal, 2011b). Paediatric studies have found that SDB
is associated with difficulties in behavioural and emotional regulation, school performance, sustained
attention, selective attention and alertness (Beebe, 2011; Sung, Hiscock, & Sciberras, 2008; Young et
al., 2002). Surgical treatments (tonsillectomy) in children with ADHD and SDB have shown

improvements in behavioural symptomology (Fidan & Fidan, 2008).

Further research would benefit this area. For example, there is a need for more meta-analytical data
assessing sleep patterns in individuals with atypical prefrontal functioning (social disorders), such as
Autism, ADHD, disorders of conduct, FASD, major depressive disorders and those around disinhibition,
compulsivity or phobia. Such an analysis might find, as Esbesen (2017) and Surtees (2018) found in
intellectual disabilities, that several sleep problems cluster around certain syndromes. This may also

be the case with conditions which rely on social awareness and understanding.

1.1.6 How is sleep measured?

Whilst PSG is considered the ‘gold standard’ of sleep measurement due to its comprehensive analysis
of the sleeping body, there are several limitations to its use in infants, children, and those with
neurodevelopmental conditions. Well controlled laboratory settings include: continuous observations
by a clinician; scalp EEG and EOG recordings; EMG placed on the chin; ECG to measure cardiac events;
oral and/or nasal airflow measures with thermistors and pressure measures along with measures of

0O and CO;; an actigram to measure body movement; pulse oximetry, amongst other measurements
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depending on the sleep clinic. Whilst methodologically sound, such studies often have different
outcomes to the less intrusive environments an infant or child’s home. The phenomenon of the “first
night’ effect may additionally question the reliability of PSG results, in which adaptation to new
equipment or environment may cause disruption to an individual’s normal sleep habits. This is
particularly relevant in clinical populations where sensory issues or a change in environment may

cause distress to a child (Espie & Morin, 2012).

Furthermore, individual variations in the development of the circadian rhythm in the infant mean that
differences in the timing of observations yield varying results. Studies taken during night sleep differ
from day sleep, for example morning naps tend to be more dominated by REM sleep than afternoon
naps, and night time sleep in infants shows varying lengths of REM and NREM sleep (known as active
and quiet sleep in infants). Much of this literature is based on the observation of the breathing and

movement of the sleeping infant (Kahn et al., 1996).

Sleep measurements relevant to this thesis are outlined below.

1.1.6.1.1 Actigraphy

Actigraphy measures epochs of gross motor activity to infer sleep and wake parameters, based on the
procedure of recording and integrating the frequency and degree of movement over time. It is usually
worn as a watch like device on the non-dominant wrist for a minimum period of one week, depending
on the clinical practice. Algorithms are applied to the epoch data to estimate whether an individual is
asleep or awake, which in turn generate a number of sleep parameters (see Table 1.1). In a systematic
review and meta-analysis conducted by Smith and colleagues (2018), 81 studies using actigraphy were
assessed for their efficacy in evaluating sleep disorders, and the use of actigraphy relative to sleep
logs and PSG. When compared to sleep logs, actigraphy yielded significantly different results in the

area of sleep duration, with mean differences of 37.4 minutes, whilst there was more variability with

31



PSG in sleep duration, with significant and non-significant differences (4.6 minutes — 83.4 minutes
difference). Wake After Sleep Onset (WASO) was more similar in PSG, actigraphy and sleep logs with
no significant differences or distinct information. Depending on the studies assessed, sleep efficiency
was either in agreement between actigraphy and PSG (2.1% difference in sleep efficiency between
actigraphy and PSG), or provided significantly different results (8.1% difference in sleep efficiency
between actigraphy and PSG). Depending on the devices used, the nature of the participant and

validity of data, PSG may yield similar results to actigraphy (Smith et al., 2018).

There are some limitations to the use of actigraphy to objectively measure sleep. Like PSG, participants
may experience a ‘first night effect’ in which the appearance of a device measuring sleep may alter an
individual’s behaviour. Additionally, there may be an inaccuracy in the assumption that motion
detection is a measurement of sleep; this is an issue in individuals with compromised mobility. Whilst
actigraphy is well validated for the estimation of sleep parameters within school aged children, its
estimation for sleep onset latency and daytime sleep is less reliable, perhaps because of its reliance

on accurate caregiver reports on ‘lights out’ times (Martin & Hakim, 2011).

Whilst PSG yields more in-depth data on an individual’s sleep architecture, actigraphy is a non-
intrusive device that can comfortably be worn at home, is a commonly used measurement of sleep in
children, and is particularly useful for clinical populations for whom sleeping in a different
environment away from home is difficult. An overview of the actigraphy parameters measured as part

of this thesis are outlined in Table
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Table 1.1: Actigraphy Parameters

Actual sleep time
Actual sleep (%)
Actual wake time
Actual wake (%)
Sleep efficiency (%)
Sleep latency
Sleep bouts

Wake bouts

Mean sleep bout
Mean wake bout

Immobile mins

Immobile time (%)

Mobile mins

Mobile time (%)

Immobile bouts

Mean immobile bout

Immobile bouts <=1min
Immobile bouts <=1min (%)

Total activity score

Mean activity /epoch

Mean nonzero activity epoch

Fragmentation Index

Total time spent in sleep according to epoch-by-epoch category
Expressed as a percentage of assumed sleep time

Total time spent in wake according to epoch-by epoch

Actual wake time expressed as a percentage of the assumed sleep time.
Actual sleep time expressed as a percentage of time in bed.

Time between “Lights Out” and “Fell Asleep”.

Number of contiguous sections categorised as sleep in the epoch-by-

epoch wake/sleep categorisation.

Number of contiguous sections categorised as wake in the epoch-by-
epoch wake/sleep categorisation.

Average length of each sleep bout

Average length of each wake bout

Total time categorised as Immobile in the epoch-by-epoch
mobile/immobile categorisation.

Mobile time expressed as a percentage of the assumed sleep time.
Total time categorised as mobile in the epoch-by-epoch
mobile/immobile categorisation.

Mobile time expressed as a percentage of the assumed sleep time.
Number of contiguous sections categorised as immobile in the epoch-by-
epoch mobile/immobile categorisation.

Average length of each of the immobile bouts.

Number of immobile bouts which were less than or equal to one minute
in length.

Number of immobile bouts less than or equal to one minute expressed
as a percentage of the total number of immobile bouts.

Total of all the activity counts during the assumed sleep period.

Total activity score divided by the number of epochs in the assumed
sleep period. Note that this result will be expected to scale depending
on the length of the epoch.

Total activity score divided by the number of epochs with greater than
zero activity in the assumed sleep period. Note that this result will be
expected to scale depending on the length of the epoch.

Sum of the “Mobile time (%)” and the “Immobile bouts <=1min (%)”.
This is an indication of the degree of fragmentation of the sleep period
and can be used as an indication of sleep quality (or the lack of it).

1.1.6.2 Questionnaires

Whilst objective measurements of sleep provide more clinically accurate measurements of sleep
patterns, caregiver questionnaires are often used as an easier, more cost-effective method of
evaluating children’s sleep.
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In a systematic review of instruments used for the measurement of sleep in paediatric populations,
Spruyt and Gozal (2011a) evaluated 57 questionnaires for content, validity and reliability.
Psychometric instruments of sleep were theorised as showing: 1. Purpose; 2. Research Question; 3.
Response Format; 4. Generation of Items; 5. Pilot; 6. Item-analyses and non-response analyses; 7.
Structure; 8. Reliability; 9. Validity; 10. Confirmatory analyses; and 11. Standardisation and norms
development. Out of the 57 instruments picked up by the review criteria, two met all eleven quality
criteria — the Sleep disturbance scale for children (SDSC) and the Sleep Disorders Inventory for
Students (SDIS) (Spruyt & Gozal, 2011a). For the purposes of this thesis, neither were used. The SDIS,
whilst robust, was not freely available, and the SDSC, whilst it fulfilled the 11 items mentioned above,
was a 26 item test assessing sleep initiation, SDB, arousal, sleep-wake transition, excessive
somnolence which it was felt would not cover the social aspects of sleep behaviour (such as sleep
anxiety and bedtime resistance) that are experienced by children with conditions of social conduct
pertinent to this thesis. Moreover, it was felt that because the few previous studies assessing FASD
used the Children’s Sleep Habits Questionnaire (CSHQ), replication of these studies using the same

instrument would give further validation to the studies presented within this thesis.

The CSHQ is a 33-item caregiver report covering major clinical presentations of childhood sleep
problems (Owens, Spirito, & McGuinn, 2000). It is a popular instrument used in previous similar
research in neurodevelopmental conditions. It covers the quality criteria 1,2,3,5,8, and 9 formulated
by Spruyt and Gozal (2011a) mentioned above but most notably it misses 4. Generation of items; 6.
Iltem-analyses and non-response analyses; 7. Structure; 10. Confirmatory analyses; and 11.
Standardisation and norms development. Most notably this instrument does not have confirmatory
analysis, which will be discussed in Study 1 of this thesis, in which the CSHQ is used as a measure of
sleep, and in Study 2 of this thesis, in which objective and subjective sleep measurements are
compared. The CSHQ measures sleep ‘habits’, entrenched behaviours around sleeping that may
contribute to disordered sleep, and also measures some sleep problems, which are problems around
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the physiological process of sleep. These are: Bedtime resistance (behavioural; refusing the bedtime
routine, stalling bedtimes, engaging in ‘curtain calls’ — asking for one more drink, one more story);
Sleep Onset Delay (behavioural/ physiological; problems with normal transition from waking to sleep
states); Sleep Duration: (behavioural/ physiological; sleeping the right amount); Sleep Anxiety
(perceptual/emotional, leading to behavioural; feeling anxious about sleeping due to preconceived
fears of night time, being away from a parent, etc); Night Waking (behavioural/ physiological: arousals
at the end of sleep cycles with the inability to fall back asleep without the original conditions attached
to falling asleep); Parasomnia (physiological, underpinned by perceptual/emotional, may result in
behavioural: nightmares, night terrors, sleep walking, talking in sleep. The CSHQ also includes bruxism,
excessive movement and enuresis which although aren’t technically classified as Parasomnias in the
ICSD-IIl); SDB (physiological; measured in the CSHQ through asking whether the child snores, snorts,
gasps or breathes loudly during sleep); Daytime Sleepiness (behavioural leading to physiological:
whether the child falls asleep during relaxed or playful activities during the day as a result of sleep
debt). The use of the CSHQ was important in this thesis given that it enabled previous studies to be
replicated, however its limitations do mean that standardised results are not yielded, and it has not

been validated in clinical populations.

When measuring paediatric sleep, there tend to be inconsistencies between caregiver report and
objective measurements, particularly if the caregiver is unaware of night wakings or that particular
sleep behaviours are unusual or not age appropriate (Meltzer & Mindell, 2006). Parental
guestionnaires used in conjunction with objective measurements can gain a richer picture of a child’s

sleep pattern. As it is noted later in this thesis, such discrepancies may lead to conflicting results.
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1.1.7 Summary

The reduction in consciousness during sleep is an evolutionary enigma which suggests that sleep must
have a vital function if it renders an organism vulnerable to predators. It must be the case that the
processes that are performed during sleep are not possible whilst conscious or cannot be carried out

‘in the background’ of an otherwise conscious brain.

EEG recordings show that a pattern of low frequency waves dominate sleep, during which time it Is
theorised that the sleeping brain is consolidating memory. The specific functions of NREM and REM
in cognition are not yet fully known but mounting evidence points towards their role in procedural
and declarative memory. In particular, sleep spindles and SWA are thought to contribute to memory
consolidation, and by extension, task performance. The existence of a cycle between NREM and REM
suggests an interactive process, in which one benefits the other until the function is exhausted. This
is supported by evidence that information between cortical and subcortical areas is reversed during
NREM and REM and suggests an ongoing dialogue throughout the night. This is an important facilitator
of cognitive processes since memory, in its various forms, is always called upon for cognitive tasks, as
well as behavioural, social and emotional processes. Sleep need increases with prior wakefulness, and
more so after daytime learning. There is a considerable amount of literature examining the causal,
correlational and bidirectional associations between sleep and neurocognitive function which suggest
that sleep plays a vital role in cognitive processes. Moreover, sleep plays an important part in human
development and follows certain patterns as children and adolescents mature. It is vital to the
neurodevelopmental process given its relationship to memory processing and cognition. Sleep is

compromised in atypical populations and there is a paucity of data in this newly emerging area.

When measuring sleep, objective and subjective methodology is useful; there are strengths and
limitations to both. In paediatric clinical populations where objective sleep data is required, PSG is

methodologically robust but may yield inaccurate results due to ‘first night effects’, or may yield no
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results at all in populations where change in environment or sensory load may impact participation.
Meanwhile actigraphy is a less invasive method of sleep measurement, however results may not
capture true sleep problems due to methodological and validation constraints. Caregiver reports
reveal accurate subjective data on perceived sleep problems, however may not be accurate at yielding
clinical information. A combination of objective and subjective reports may provide a better overview

of an individual’s sleep parameters.

In the following sections, two neurodevelopmental conditions are outlined in which sleep problems
are often highlighted by caregivers. Research suggests that sleep is highly associated with cognitive
outcomes not only in these two conditions but in numerous atypical populations in which

development is compromised, as well as in the typically developing population.
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1.2 Fetal Alcohol Spectrum Disorders (FASD)

Ethanol is a teratogen which passes freely through the umbilical artery into the placenta and amniotic
fluid, where it remains equal to maternal levels after it has been expelled from the maternal system.
The human placenta has minimal capacity for metabolising alcohol and does not identify it as a waste
product. It is instead turned into fatty acid-ethyl esters (FAEE) and remains in the fetal compartment
for a prolonged period (Burd, 2007). Simultaneously, the fetal liver is unable to metabolise or remove
ethanol, FAEE or acetaldehyde (a by-product of metabolised ethanol). Low levels of alcohol cause
umbilical cord spasm and vasoconstriction, affecting fetal growth, placental development and cellular
function (Burd, Roberts, Olson, & Odendaal, 2007). Consistent levels of alcohol consumption during
pregnancy results in the disruption of fetal growth and contribute to a spectrum of physiological and
neurodevelopmental issues, the resulting arrangement of which is known as Fetal Alcohol Spectrum

Disorders (FASD).

The consequences of prenatal alcohol exposure (PAE) were first described by Lemoine (1968), Ulleland
(1972), Jones and Smith (1973a;1973b), who recorded patterns noted in infants born to women with
alcohol addiction: small head circumference; low birth weight-height ratio; craniofacial characteristics
(small eye openings, palpebral fissures, smooth vermillion and philtrum); structural complications to
the renal, respiratory, cardiovascular and visual systems, and neurodevelopmental delay. It is the
latter 1973 paper by Jones and Smith which is credited with the discovery of Fetal Alcohol Syndrome
(FAS), named as such in the hope it would deter future pregnant women from drinking (Jones et al.,
1973). However, since its discovery, the incidence of FASD has increased exponentially and the effects
of PAE are now considered far more subtle and endemic than originally described. The type and extent
of fetal growth disruption depends on the amount, timing and frequency of PAE, and can be affected
by other factors such as additional teratogens (e.g. cocaine, cannabis or heroin) which can exacerbate

the effects of alcohol on fetal development. The timing and dosage of alcohol in pregnancy has an
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impact on fetal outcomes, but not in a linear fashion. Risk factors that can exacerbate the
development of FASD additionally include maternal nutrition and metabolism, epigenetics and other

yet unknown fetal vulnerability factors (Mukherjee, 2014).

1.2.1 Diagnostic criteria

FASD occurs along a spectrum, with FAS considered the most ‘severe’ since the majority of individuals
with FAS have low but functional 1Q, while individuals with FASD can have variable IQ and cognitive
profiles, including typical or low 1Q (Kodituwakku, 2009). Other conditions in the spectrum include:
Partial Fetal Alcohol Syndrome (pFAS), Alcohol-Related Neurodevelopmental Disorder (ARND), and
Alcohol Related Birth Defects (ARBD). FAS is identified by craniofacial characteristics, whilst the
presentation of psychological or physiological presentations constitute the diagnostic criteria of the
other conditions. Whilst the identification of FAS is more straightforward, diagnostic categories for
ARND, ARBD and pFAS vary from country to country and there remain some differences in terminology

and diagnostic criteria (see Table 1.2).

Uncertainty around prenatal conditions, such as the social stigma of admitting to drinking during
pregnancy, and the high number of children with FASD in the care of adults other than the birth
mother, mean that the first diagnostic category of FASD (confirmed prenatal alcohol exposure) is often
not ascertainable (Mukherjee, 2019). Caregivers other than the birth parents might suspect prenatal
alcohol exposure to be the cause of their child’s difficulties but cannot confirm it. For this reason, it is
thought that a high proportion of children and adults with FASD remain undiagnosed (Morleo et al.,

2011).

A neurodevelopmental profile of FASD is not yet clear, although a pattern of cognitive and behavioural
functions is anecdotally reported (Williams, Catterick, & Calder, 2012). It is not always possible to

confidently discriminate between individuals with PAE and a pathognomonic neurodevelopmental
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pathway, and individuals without PAE but with a similar neurodevelopmental pathway, partly because
the effect of PAE is highly variable and dependent on environmental and genetic factors (Kodituwakku,
2009; Lange, Rovet, Rehm, & Popova, 2017). Thus, the diagnostic description of FASD remains
excluded from the Diagnostic and Statistical Manual of Mental Disorders, fifth edition (DSM-V).
Neurodevelopmental Disorder Associated with Prenatal Alcohol Exposure (ND-PAE) which appears in
the DSM-V appendix is used as a diagnostic term, but an increasing number of paediatricians use the
term FASD as a diagnosis (Mukherjee, 2019). The International Classification of Diseases, tenth edition
(ICD-10) lists FAS under the Q86 Code ‘Fetal Alcohol Syndrome (dysmorphic)’, and whilst other
conditions on the FASD spectrum are not included, they can be included under the Q35 code ‘Maternal
care for suspected damage to fetus from alcohol’ or Q86 code ‘Congenital malformation syndromes

due to known exogenous causes, not elsewhere classified’.

Figure 1.3: Craniofacial characteristics of FAS in different ethnic populations: Microcephaly (small head size); palpebral
fissure (extended distance between the eyes); smooth philtrum (cleft); thin upper lip; low nasal bridge. Used with
permission from the UK FASD Alliance.
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Table.1.2: Diagnostic Criteria for FASD

Institute of Medicine (Hoyme et al., 2016)

FASD 4-Digit Code (Astley, 2013)

Centers for Disease Control (CDC Centers
for Disease Control, 2005)

Canadian Guidelines (Cook et al.,
2016)

Fetal
Alcohol
Syndrome
(FAS)

(Requires all 4 criteria)
1. Confirmed or unconfirmed maternal
alcohol exposure

2. Facial features — evidence of a
characteristic pattern of facial anomalies that
includes features such as short palpebral
fissures and anomalies in the premaxillary
zone (e.g., flat upper lip, flattened philtrum,
and flat midface).

3. Growth retardation — at least one of the
following:

- Low birth weight for gestational age

- Decelerating weight over time not

due to nutrition

- Disproportional low weight to

height.

4. CNS neurodevelopmental abnormalities.
At least one of the following:

- Decreased cranial size at birth

- Structural brain anomalies

- Neurological hard or soft signs

(age appropriate).

(Requires all 4 criteria)
1. Confirmed or unconfirmed maternal
alcohol exposure

2. Facial Features: all 3 from Washington FAS
Guide:

- Philtrum Rank 4 from the guide

- Upper lip rank 4 or 5

- Palpebral fissure length <31 percentile.

3. Growth retardation: antenatal or postnatal
height or weight <10t percentile.

4. CNS — at least one of:

- Structural evidence of CNS damage (e.g.,
head circumference <31 percentile,
significant brain abnormalities on
neuroimaging)

- Neurological evidence of CNS damage

- Significant impairment across 3 or more
domains of brain function (generally <2
standard deviations). Domains include
executive function, memory, cognition,
social/adaptive skills, academic achievement,
language, motor, attention, and activity
level.

(Requires all 4 criteria)
1. Confirmed or unconfirmed maternal
alcohol exposure

2. Simultaneous presentation of short
palpebral fissures (<10t percentile), thin
vermillion border, smooth philtrum (ranks
4 and 5)

3. Height or weight <10t percentile at any
point in time.

4. Head circumference <10t percentile or
structural brain abnormality or
neurological problems or other soft
neurological signs outside normal limits or
functional impairment as evidenced by
global cognitive or intellectual deficits,
below the 31 percentile (2 SD) below the
mean or functional deficits below the 16t
percentile (1 SD) below the mean in at
least 3 domains:

(Requires all 4 criteria)
1. Confirmed or unconfirmed maternal
alcohol exposure

2. Facial features — all 3 of:

Philtrum rank 4 or 5, Upper lip rank 4
or 5, Palpebral fissure length <3rd
percentile.

3. Growth retardation — at least one of:
Birth weight or birth length <10th
percentile for gestational age; Height
or weight <10t percentile;
Disproportionately low weight-to-
height ratio (<10th percentile).

4. CNS - evidence of impairment in 3
or more of the following CNS domains
with impairment indicated by function
>2 standard deviations from the mean:
Hard or soft neurological signs; Brain
structure; Cognition; Communication;
Academic achievement; Memory;
Executive functioning and abstract
reasoning; Attention
deficit/hyperactivity; Adaptive
behaviour; Social skills; Social
communication.
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Table 1.2 continued: Diagnostic Criteria for FASD

Institute of Medicine (Hoyme et al., 2016)

FASD 4-Digit Code (Astley, 2013)

Centers for Disease Control (CDC Centers
for Disease Control, 2005)

Canadian Guidelines (Cook et al.,
2016)

Partial
FAS
(pFAS)

(diagnosis requires sections 1 and 2, and one
other):

1. Confirmed maternal alcohol exposure.

2. Facial features — evidence of some
components of the pattern of characteristic
facial anomalies.

3. Growth retardation. At least one of the
following:

- Low birth weight for gestational age

- Decelerating weight over time, not due to
nutrition

- Disproportional low weight to height

4. CNS Neurodevelopmental abnormalities.
At least one of the following:

Decreased cranial size at birth; Structural
brain anomalies; Neurological hard or soft
signs (age appropriate):

Evidence of a complex pattern of behaviour
or cognitive abnormalities that are
inconsistent with developmental level and
cannot be explained by familial background
or environment alone, such as learning
difficulties; deficits in higher-level receptive
and expressive language; poor capacity for
abstraction or metacognition; specific
deficits in mathematical skills; or problems
in memory, attention, or judgement.

(diagnosis requires sections 1, 2 and 3):
1. Confirmed maternal alcohol exposure.

2. Facial features — at least 2 of:

- Philtrum rank 4 or 5

- Upper lip rank 4 or 5

- Palpebral fissure length <31 percentile.

3. CNS — at least one of:

- Structural evidence of CNS damage (e.g.,
head circumference <3 percentile,
significant brain abnormalities on
neuroimaging)

- Neurological evidence of CNS damage

- Significant impairment across 3 or more
domains of brain function (generally <2
standard deviations). Domains include
executive function, memory, cognition,
social/adaptive skills, academic
achievement, language, motor, attention,
and activity level.

Not Proposed

N/A — Felt that there was insufficient data
to provide guidance for this diagnosis.
Formed group to discuss

Requires all 3 criteria:
1. Confirmed maternal fetal alcohol
exposure.

2. Facial features — 2 or more of:
- Philtrum rank 4 or 5

- Upper liprank 4 or 5

- Palpebral fissure length <3
percentile.

3. CNS —evidence of impairment in 3
or more of the following CNS domains
with impairment indicated by
function >2 standard deviations from
the mean: Hard or soft neurological
signs; Brain structure; Cognition;
Communication; Academic
achievement; Memory; Executive
functioning and abstract reasoning;
Attention deficit/hyperactivity;
Adaptive behaviour; Social skills;
Social communication.
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Table 1.2 continued: Diagnostic Criteria for FASD

Institute of Medicine (Hoyme et al., 2016)

FASD 4-Digit Code (Astley, 2013)

Centers for Disease Control (CDC Centers for
Disease Control, 2005)

Canadian Guidelines (Cook et al., 2016)

Alcohol  (Diagnosis requires Section 1 and one other) ~ ARND or ARBD: Not Proposed Requires both criteria:
Related 1. Confirmed maternal alcohol exposure. - The 4-digit code uses different categories N/A — Felt that there was insufficient datato 1. Confirmed maternal alcohol exposure.
Neuro 2. CNS neurodevelopmental abnormalities —  and terminology to describe children with provide guidance for this diagnosis. Formed 2. CNS — evidence of impairment in 3 or more
Develop- any of the following: neurodevelopmental problems, some of group to discuss of the following CNS domains:
mental - Decreased cranial size at birth which may be comparable with ARND. CNS — evidence of impairment in 3 or more of
Disorder - Structural brain anomalies the following CNS domains with impairment
(ARND) - Neurological hard or soft signs (age indicated by function 22 standard deviations
appropriate) from the mean: Hard or soft neurological
3. Evidence of a complex pattern of signs; Brain structure; Cognition;
behaviour or cognitive abnormalities that are Communication; Academic achievement;
inconsistent with developmental level and Memory; Executive functioning and abstract
cannot be explained by familial background reasoning; Attention deficit/hyperactivity;
or environment alone, such as learning Adaptive behaviour; Social skills; Social
difficulties; deficits in higher-level receptive communication.
and expressive language; poor capacity for
abstraction or metacognition; specific deficits
in mathematical skills; or problems in
memory, attention, or judgement.
Alcohol (Diagnosis requires Section 1 and one other)  ARND or ARBD: Not Proposed Not Proposed
Related 1. Confirmed maternal alcohol exposure, and - The 4-digit code uses different categories N/A — Felt that there was insufficient data to
Birth one or more birth defects: and terminology to describe children with provide guidance for this diagnosis. Formed
Defects - Cardiac anomalies neurodevelopmental problems, some of group to discuss
(ARBD) - Skeletal anomalies which may be comparable with ARND.

- Renal anomalies
- Ocular anomalies
- Auditory anomalies
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At present, no single neuropsychological test has both sensitivity and specificity to work as a diagnostic
evaluation tool for ARND and diagnostic procedures vary from country to country (Lange et al., 2017).
In the UK, after prenatal alcohol exposure has been confirmed (or is suspected), strong risk factors
(gestation <37 weeks, higher parity/ gravidity, and higher birth order of child) and weak risk factors
(Alcohol Dehydrogenase AD1B1/B3 genotype, maternal tobacco use, decreased maternal weight,
child height and head circumference, increased maternal age) are assessed (BMJ Best Practice, 2020a).
Consequently, a battery of psychometric tests is administered (measuring executive functioning,
visual motor integration, receptive and expressive vocabulary, psychiatric screening, cognition,
behaviour — parental and teacher report, memory and attention). In the UK, children’s FASD diagnoses
are made with the combined effort of a clinical psychologist (to ascertain psychometric measures),
paediatrician (for craniofacial, CNS, growth diagnostics and/or high/ low risk factors) geneticist (to test
for AD1B1/B3 genotype), as well as social workers, birth family where this is possible, teachers and
foster or adoptive caregivers (to contribute to the evidence of PAE and behavioural profile). Whilst
full FAS can be diagnosed by a paediatrician and geneticist, the diagnosis of ARND when the facial
features are not present is less straightforward. A combination of observation, medical history and
screening tests must exclude any other conditions before a diagnosis of ARND can be made. The
behavioural characteristics of FASD overlap with a number of other conditions, with Conduct Disorder
being its most prevalent neurological co-occurrence (Mukherjee, 2019). Others are ADHD,
Oppositional Defiant Disorder (ODD), Autism Spectrum Condition (ASC), or wider neurodevelopmental
presentations such as Tourette’s Syndrome. Confidently diagnosing FASD involves differential

diagnostic practices to exclude the common co-occurrences (Morleo et al., 2011).
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1.2.2 Neurodevelopmental profile

The widespread neural damage incurred by PAE means children with FASD may have difficulties with
a number of physical and neurocognitive functions. These are often compounded by the
environmental stressors that are also common to the psychosocial environment of the child with
FASD, which are additionally taken into account. The primary aetiology of FASD is alcohol
consumption, which is variable, whilst pathological features include maternal and fetal high/low risk
factors (BMJ Best Practice, 2017). Therefore, the extent of the presentation of neurodevelopmental
features varies in each child. Nonetheless, a pattern of behaviour is generally observed by clinicians,

education professionals and caregivers which is collated below.

Neonatal indications of FASD include a combination of growth, craniofacial, musculoskeletal,
urogenital (including renal), cardiac, hearing and visual anomalies (Brown, 2013). Infants
malnourished in the womb usually emerge ravenous and eager to feed, whilst in infants with FASD,
problems with latching on to the nipple and decreased muscle tone lead to feeding difficulties and
frequent hospital referrals as a result of poor weight gain (Brown, 2013). As a conseqguence, neonates
with FASD tend to present with weight, length and head circumferences in the lower quartile. In
children with FASD, adequate nutrition may restore the child to a typical weight and height, however
children with FAS usually remain within the lower weight and height quartile despite adequate
nutrition. Diagnostic craniofacial features of FAS are small head circumference, alongside syndromic
philtrum, palpebral and nasal bridge features. Aside from these, infants may present with
prognathism, cleft palate or posterior rotation of the ears (BMJ Best Practice, 2020a). Anecdotal
evidence from caregivers suggests that in early infancy erratic sleep cycles may appear with no

predictable sleep wake pattern (Brown, Freeman, Pickett, Watts, & Trnka, 2018).
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Toddlers with FASD tend to show little interest in food and are slow to gain weight. Developmental
milestones are generally reached at this age, but the gap between the toddler with FASD and the TD
toddler may begin to appear (Catterick & Curran, 2014). Toddlers with FASD can be prosocial,
indiscriminate with social contact and friendships, excessively talkative, or may display short attention
spans, distractibility and hyperactivity. They may have an inability to comprehend verbal warnings and
danger and may have increased temper tantrums and show non-compliance. They tend to show a
preference for routines and ‘sameness’, however this may be an age where the changing of foster

carers and disruptions to routines may be more noticeable (Price, Cook, Norgate, & Mukherjee, 2017).

During school age, children with FASD develop a pattern of social, emotional and behavioural
characteristics, but these can be highly variable. Some children may show high levels of prosocial
behaviour and no conduct disorder, whilst some might show proficiency in certain cognitive tasks but
present with high levels of internalised behaviours such as anxiety (Brown & Mather, 2016). During
the first two years of school, reading and writing milestones generally tend to be reached whilst
mathematical concepts tend to be more difficult to understand (Glass, Ware, & Mattson, 2014). The
hippocampal vulnerability to prenatal alcohol exposure results in problems with learning, memory
and verbal skills (Willoughby, Sheard, Nash, & Rovet, 2008). The majority of children with FASD
function with 1Qs within a low, but standard (i.e. 75-85) range. Children with FAS, however, tend to
have more severe symptomology, such as significantly lower IQ, on average between 65-75, and tend
to fall within the limited intellectual functioning range (Mattson, Crocker, & Nguyen, 2011). Heavy
prenatal alcohol exposure has a stronger relationship with lower cognitive scores (Alati et al., 2006),
particularly in the memory and verbal domain, during the first trimester (Willford, Leech, & Day, 2006).
Children with FASD may appear to be verbose but recall ability on verbal information is lower than in
TD populations (Willford et al., 2006). This means that whilst children may appear to know many

words, they may not understand their meanings.

School aged children with FASD can present with poor fine and gross motor skills and appear
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uncoordinated and clumsy, or have problems with handwriting, fastening buttons and zips or doing
up shoelaces. This can be seen in the skills profile developed by Lucas, Latimer, Doney, Watkins, Tsang
et al. (2016), who compared fine manual control and manual coordination in a sample of 7-9 year old
children with FASD (n=108) in comparison toa control TD group. In this study, rates of fine manual
control and manual coordination were within the average to low range, and significantly lower than

TD controls (Lucas et al., 2016).

Impulsivity, emotion and behaviour in children with FASD is also substantially documented. This is
because areas such as inhibition, impulsivity, control, aggression and emotional regulation are more
often externalised than internalised and present as the more concerning areas for caregivers. Children
with FASD are likely to present with challenging behaviours that often reach clinical thresholds (Glass
et al., 2014). Children may display attentional problems around vigilance, reaction time, and the speed
or inhibition of information processing (Lange et al., 2017). In fact, around 60% of children with FASD
also fall into the diagnostic category of ADHD, both of which are characterised by patterns of
inattentiveness, hyperactivity and impulsiveness (Coriale et al., 2013). However, children with FASD
are more likely to have different patterns of neuronal pathology that result in the attentional
symptoms of ADHD, so interventions that are designed for children with ADHD do not have the same
effect on children with FASD (Kodituwakku, 2009). For example, whilst individuals with idiopathic
ADHD may be able to recognise the impact of their behaviour, children with FASD tend to not make
the same link between cause and consequence. This means that reward based interventions and social
stories that are often used for children with ADHD are not as effective (Gautam et al., 2015).
Additionally, adverse social experiences intensify the coping patterns of children with FASD (Novick
Brown, Connor, & Adler, 2012). Conduct disorder, which presents with patterns of antisocial,
aggressive, destructive and deceitful behaviour, is the most prevalent psychiatric comorbidity to FASD,
andin FAS is present in 90.5% of the population, in comparison to around 9% of the general population

(Popova, Lange, Shield, et al., 2016). In one clinical study of 547 children with FASD referred to a FASD
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clinic in Chicago, 42% had a diagnosis of ADHD, while 68% had diagnoses of internalising disorders
related to emotion or affect including anxiety, psychosis and bipolar disorder (Chasnoff, Wells, & King,
2015). Caregiver psychopathology can additionally impact child development. Maternal depression is
more likely to result in internalising behavioural comorbidities in FASD, whereas PAE without maternal

psychopathology is related to externalising behaviours (Mattson et al., 2011).

Hyper and hyposensitivity also feature heavily in the daily functioning of a child with FASD. Children
may show externalising, irritable or aggressive behaviours in some environments but can also appear
to be friendly, calm and talkative in others. This can be confusing for caregivers when the difference
between the two environments is not apparent. Often, a modification of the sensory environment can
minimise the effects of over stimulation or sensory overload. Children with FASD can be hypersensitive
to sudden or persistent noises, or to loud sounds, music, loud voices and other sounds that may not
be noticed by others. This also extends to certain visual or physical sensory inputs resulting in unusual

behaviours or the inability to cope (Jan et al., 2010).

Children with FASD tend to show problems in adaptive behaviour such as social functioning,
communication, and levels of daily function (e.g. personal hygiene, getting dressed, using the
appropriate language with peers, or efficiently managing free time). Compared to typically developing
children, those with FASD show difficulties in identifying emotion, nonverbal cues, facial expressions
and tone of voice (Lange et al., 2017). This may include difficulty in understanding humour or irony,
expressions in social interactions or distinguishing reality from fiction, which results from complexities
in abstract thinking, memory or language (Coriale et al., 2013). Problems with interpreting cause and
effect, understanding and interpreting social cues can result in not being able to process, understand
the importance of, or follow rules. Children with FASD may appear to be uncooperative with peers or
find it difficult to take turns, may interrupt work and play, or be inappropriately intrusive (Lange et al.,
2017). This can result in children finding themselves socially isolated or preferring the company of

younger children (Catterick & Curran, 2014). A combination of early childhood trauma, widespread
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neural damage, as well as problems with understanding social rules and cause and effect means
children with FASD are often labelled as antisocial, callous/ unemotional, aggressive, disobedient or
violent (Price et al., 2017). This accounts for the large proportion of children who also meet the clinical
threshold for Conduct Disorder, as examined by Popova and colleagues (2016). Many of these
behaviours become more apparent when the child starts school and finds social situations and
academic instructions difficult. It is unsurprising therefore the high prevalence of Conduct Disorder in
this population. Children with FASD can find themselves feeling misunderstood, while navigating
seemingly complicated social rituals and distressing home and school environments. A lack of
educational guidelines or awareness amongst teaching staff means children with FASD are often
labelled as disruptive and removed from their learning environment, while many teachers in the UK
currently do not receive training around teaching a child with FASD (Price et al., 2017; Williams et al.,

2012).

By adolescence, facial characteristics tend to become less pronounced but short stature and
microcephaly remain (Mukherjee, 2019). Adolescents with FASD tend to complete less formal
education than their TD peers, but it is unclear whether this trend is attributable to socioeconomic
status since this is also the case for children in foster care (Price et al., 2017). Adaptive functioning
problems, including rule following and understanding social norms tend to permeate into adolescence
(Price et al., 2017). Adolescents with FASD are more likely in later life to engage in antisocial
behaviours such as stealing, cheating, acting young, as well as sociopathic behaviours (Greenbaum,
Stevens, Nash, Koren, & Rovet, 2009). Studies on FASD in adulthood are scarce but it is estimated that
children with FASD are 90% more likely to develop mental health problems, 49% more likely to engage
in inappropriate sexual behaviours, 60% more likely to fall in trouble with the law, and 33% more likely
to have substance abuse and alcohol related problems later in life (Coriale et al., 2013). It is also
estimated that 23% of the prison population in the US reaches the diagnostic threshold for FASD, in

comparison to 2.4-4.8% of the general US population (Allely & Gebbia, 2016; Allely & Mukherjee,
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2019; May et al., 2009).

1.2.2.1 Towards a neurodevelopmental profile

The pathognomonic features of FASD are yet to be identified. Identifying them remains a challenge
given the wide range of characteristics individuals with FASD exhibit, or may not exhibit, as well as the
fact that many items overlap with other disorders. Such a test must be conducted in a diverse
population and have both sensitivity and specificity. Much of the research on the FASD
neurobehavioural profile is dominated by validating the Neurobehavioural Screening Tool (NST) which
is currently used to screen general populations of school children in order to identify those with a
higher chance of having FASD (See Table 1.3; Lange et al., 2017; Nash et al., 2006; Stevens, Nash,

Koren, & Rovet, 2013).

1.2.3 Prevalence

The most widely referred to prevalence statistic is that FASD is present in 2.4-4.8% of school aged
children in the USA, Canada and some Western European countries (May et al., 2014, 2018, 2009;
Popova, Lange, Probst, Gmel, & Rehm, 2017). The accuracy of this statistic is dependent on the
validation of prevalence methodologies. The figure quoted by May, Popova and colleagues (2009;
2014; 2017; 2018) was reached through the analysis of several active case ascertainment studies that
measured FASD symptomology (case histories of alcohol use, facial and cranial dysmorphology, a
standard neurobehavioural screening test) in children in primary schools, using school based studies,
since these are more representative of the wider population. May et al.’s (2009; 2014) Western
European estimate is based on the analysis of two in-school studies completed in Lazio, Rome, where

the prevalence was estimated at 2-5.5% in 5-7-year-old children.
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Table 1.3: Neurobehavioural Screening Tests for FASD and their Classification Indexes

Classification Index

Descrioti .
escription Analysis (Sensitivity/ Specificity

Child Behaviour Checklist L
Discriminant

H 0,
(CBCL) (Reported by Lange et 113 Item checklist Function Analysis 86/82%

al., 2017)

Behaviour Rating Inventory of

Executive Function (BRIEF) 86 Item checklist Discriminant Not recorded: Overall
(Reported by Lange et al., Function Analysis accuracy 71%

2017)

Battery of tests for FAS:

CANTAB Cambridge

Neuropsychological Test

Automated Battery, D-

KEFS Delis-Kaplan Executive  Latent Profile
Function Analyses
System, MVWM Morris

Virtual Water

Maze, NES3Neurobehavioral

Evaluation System 3

Battery of tests:

CMS Children’s Memory

Scale, D-KEFS Delis-Kaplan

Executive Function

System, WISC-1V Wechsler

Intelligence Scale for Logistic regression Not recorded: Overall
Children, Fourth accuracy: 75%
Edition, WMS-IVWechsler

Memory Scale, Fourth

Edition, WRAT4 Wide Range

Achievement Test, Fourth

Mattson et al., 2010 87.8/95.6%

Enns & Taylor, 2016

Edition
FetaIAI.cohoI Behawour.'ScaIe 36 Item scale marked by Scale Items Not recorded: Cronbach’s
(A. Streissguth, Bookstein, someone who knows the .
Barr, Press, & Sampson, 1998) participant well weighted Alpha score: 0.89
Neurobehavioural Screening 10 Item checklist marked by  Scale Items 62/100%
Tool (K. Nash et al., 2006) caregiver weighted

Whilst it is fair to rebut, as Pichini did in 2017, that this prevalence statistic is not representative of
the wider Italian population (and indeed cannot represent Western Europe where drinking,
particularly binge drinking, differs from country to country), it has to be noted that the 36 in-school
studies that were analysed by May et al. did follow the increase in pregnancy and drinking trends
outlined by the World Health Organization (Pichini et al., 2017; World Health Organization, 2014).
Additionally, a follow up study conducted by Popova et al. (2017b) estimated the Western European
prevalence rate of FASD at 3.74%, based on World Health Organization figures of maternal alcohol
consumption. If indeed these are accurate, this makes FASD the most prevalent form of
neurodevelopmental disorder known (Popova et al., 2017).
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More recently in the UK, McQuire and colleagues (2019) conducted a large epidemiological study
screening for possible FASD in a cohort of 13,495 children born between 1991-1992. They reported
that 79% of pregnant women admitted to drinking at some point during their pregnancy and
calculated that between 6-17% of the cohort would pass a screening test for FASD (McQuire et al.,
2019). In comparison, the World Health Organisation reports the UK as having the second highest rate
of drinking during pregnancy in Europe, at 29.5% (World Health Organization, 2017). The disparity of
clear data in this field means that an accurate prevalence statistic of FASD in the UK is unknown and
the most widely used statistic comes from American and Canadian prevalence studies. Barriers to the
detection of both the prevalence and incidence of FASD include the lack of reliable and consistent
data collection, the difficulty of diagnosing it, and difficulties in gathering information on gestational

alcohol consumption (Morleo et al., 2011).

Metabolised FAEE accumulates in meconium, the first stool passed by a new-born. In 2010, Hutson
and colleagues tested 900 stratified meconium samples for FAEE, and found that 44% were positive
for alcohol exposure above the cut-off of >2nmol/g (Hutson, Magri, Gareri, & Koren, 2010). In a
replicated study in Barcelona, 45% exceeded the cut-off (Gareri, Lynn, Handley, Rao, & Koren, 2008).
This is five times more than reported in self report questionnaires. Additionally, placental FAEE levels
are elevated in pregnancies that result in premature delivery (Gauthier et al., 2015). Such biomarkers
would help in identifying FASD in children, and currently meconium — and umbilical cord — testing is
conducted only when a primary physician or social worker suspects either inter uterine drug or alcohol
exposure (Himes et al., 2015). A large scale stratified meconium testing study, replicating the two
studies mentioned above, is currently taking place at Glasgow University (NHS Health Research

Authority, 2020).

As a comparison, the prevalence of diagnosed Autism can confidently be placed at 1%, and the
estimated prevalence of all diagnosed and undiagnosed Autism at 1.57% (Baron-Cohen et al., 2009).

This is known because a number of school based population studies, analyses of the Special
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Educational Needs and Disabilities registers, an estimation of known/ unknown cases in the general
population, a UK household survey of 7,500 adults, and epidemiological reports from the Department
for Education Public Health England have been undertaken in order to measure Autism prevalence

(Baron-Cohen et al., 2009). It, however, remains an area of much needed further research in FASD.

1.2.3.1 Environment and other influences

Whilst PAE is its common denominator, the additional consequences incurred by prenatal drug use,
pre and postnatal environmental stressors and maternal and fetal epigenetics also contribute to the
neuronal development which eventually becomes FASD (Hellemans, Verma, et al.,, 2010; Lussier,
Weinberg, & Kobor, 2017). Ninety percent of prenatal alcohol exposure co-occurs with multiple drug
use, environmental or socioeconomic stress, mental health problems, abuse, neglect, experiences
with criminal justice, welfare or child protection services (Fast & Conry, 2009; Price et al., 2017; Thanh,
Jonsson, Moffatt, & Dennett, 2013). Eighty percent of children with FASD are brought up in foster or
adoptive care (Burd, 2001), and the UK care system is estimated to have a prevalence of around 30%
of children with FASD (Price et al., 2017). This creates additional early life traumas which, in children,
canresult in several behavioural, affect-related, or cognitive issues, but in children with FASD interact
with damaged neuronal structures. Put together, these early life traumas can create complex and non-
syndrome-specific neuropsychological difficulties in children. Studying FASD is therefore complex
because not only is there no distinct neurodevelopmental profile, but when taking into consideration
behavioural difficulties due to prenatal alcohol consumption, clinicians must also take into
consideration each child’s individual early life experience. Any extrapolations of the direct
involvement of alcohol on the neurodevelopment of a child must take these contributory factors into

account.

1.2.3.2 Societal Impact and Importance

With an estimated 35% of children in foster care (Gregory, Reddy, & Young, 2015), 23% of the prison
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population (Allely & Gebbia, 2016), and 2.4-4.8% of children in schools estimated to have FASD,
together with serious secondary sequelae and poor long-term health, labour and socioeconomic
outcomes, FASD is a major public health concern. The cost of FASD is currently estimated at £2bn
(Mukherjee, 2019), however this estimate is taken from two US studies and the figure used is
converted from dollars. It is a widely used statistic since it is the only available cost estimate but is not
completely accurate since both the prevalence and the costs of the services involved differ in the UK
and the US. In 1991 the annual cost of FASD was estimated to be approximately $75m in the US. In
2002, it was estimated at $3.6 billion in the US (Lupton, Burd, & Harwood, 2004) and C$2.3 billion in
Canada (Popova, Lange, Burd, & Rehm, 2016). Costs accrue from: physical and financial stress of the
caregiver; family social service support; family key worker support; child’s education plan; child mental
health treatment; managing the child’s secondary physiological conditions; specialist NHS services;
and the estimated loss of productivity, which is the highest contributor to the annual cost. A full review
of the societal costs and social impact of FASD, similar to ones carried out in the US and Canada, is

much needed in the UK.

1.2.4 Sleep and FASD

Sleep problems are commonly documented in this population and are an important facet of FASD
study since many of the behavioural, adaptive and cognitive problems arising from FASD could be
associated with sleep problems. Whilst other environmental stressors or influences may also form
part of this association, many problems generally associated with insufficient sleep also form the core

behavioural, cognitive and affect related problems in FASD.

In recent decades, interest in the long-term outcomes for children with FASD has increased. Several
studies that set out to assess behavioural, psychopathological, psychosocial, educational, forensic or
socioeconomic outcomes identified sleep problems as a common theme. Steinhausen & Spor (1998)

for example examined a cohort of children with FASD (n=158) at three separate time points:
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preschool, middle school and adolescence through psychiatric interviews, behaviour checklists for
parents and teachers, and intelligence tests. In this sample, sleep consistently appeared as
significantly problematic throughout the three time points. Importantly, sleep problems appeared to
worsen over the period of the study (Steinhausen & Spohr, 1998). In a similar cross-sectional study
assessing risk factors for adverse life outcomes in adolescents with PAE, Streissguth et al., (2004)
found that over 50% of their sample (n=472) identified as having sleep problems, among a number of
behavioural and social outcomes (Streissguth et al., 2004). A US Chart review (n=2231) conducted by
Bhatara and colleagues (2006) of young people at high risk of prenatal alcohol exposure found that
52% were identified as having a ‘sleep problem’, as identified by behavioural and psychometric
checklists (Bhatara, Loudenberg, & Ellis, 2006). A 2009 study by Green et al. in Canada found that 62%
of children with FASD aged between 8-15 (n=89) were identified as having ‘sleep problems’, compared
to 11% of controls, and sleep problems were one of the most prevalent co-occurrences (Green et al.,
2009). These studies were not designed to identify sleep problems but did establish they are prevalent
amongst this clinical population. None, however, used validated sleep measures to assess sleep

problems.

Research focussing specifically on sleep in FASD continues to emerge. Cross sectional findings from
Stade and colleagues (2010) found that children with FASD (n=100) have significantly shorter sleep
duration than typical controls, and 55% have more than two night wakings as measured by the
Pediatric Sleep Questionnaire (Stade et al., 2010). Keiver et al., (2013) conducted clinical interviews
with caregivers of 43 children with FASD, finding that 67% had significant sleep problems, particularly
with sleep onset, sleep maintenance and night waking (Keiver et al., 2013). In an unpublished study
by Chen and colleagues, presented as conference proceedings in 2006, 85% of a sample of children
with FASD (n=36) who had been referred to their paediatric clinic reached the cut off for clinically
significant sleep problems, as measured by CSHQ, although there appears to be sampling bias in this

study given that the data comes from children who were referred to their clinic for sleep problems
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(Chen & Olson, 2006).

To date, two studies using PSG have measured sleep architecture in children with FASD. The first,
conducted by Chen et al., in 2012, (n=5) showed objective evidence of obstructive apnoeas,
fragmented sleep, and mildly elevated CO, levels which suggests SDB in this sample. This PSG data was
conducted as the result of clinical suspicion, from a sample of children who had been referred to a
sleep clinic so inferences from these findings should be interpeted with caution (Chen, Olson, Picciano,
Starr, & Owens, 2012). The second is a doctoral study conducted by Shery Goril in 2016 of children
and adolescents with FASD (n=36) aged between 6-18 years old. This first major study on sleep in FASD
found that sleep is fragmented in this population, with high levels of parasomnia (27.9%) and insomnia
(16.8%), as well as SDB. Additionally, abnormal melatonin secretion patterns were observed, with 17%
presenting with delayed secretion pattern, 8% advanced secretion pattern, 54% with no clearly
classifiable secretion pattern and 21% with normal melatonin secretion (Goril, Zalai, Scott, & Shapiro,
2016). There is an obvious paucity of data in this emerging field, and these two PSG studies have
notable limitations. Both contain small sample sizes, and the study conducted by Chen and colleagues

(2012) contained sample bias. In addition, both used referent control data to yield comparison data.

1.2.4.1 Mechanistic reasons for sleep problems

Circadian rhythms, including sleep and melatonin production are modulated by the suprachiasmatic
nuclei of the hypothalamus. These nuclei receive input in the form of dark and light signals, and
additionally cognitive environmental information, which in turn influence the timing, duration and
quality of sleep (see Section 1.1.3.2). Prenatal alcohol exposure can structurally alter the
suprachiasmatic nucleus, which may in turn have an effect on an individual’s perceptual/ cognitive
functioning and melatonin secretion, resulting in disturbed sleep/wake behaviours (Earnest, Chen, &
West, 2001). In the earlier mentioned doctoral study on sleep in children with FASD, dim light

melatonin onset (DLMO) testing revealed that 79% of the participants (n=24) had either a delayed
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secretion pattern, advanced secretion pattern, or no clearly classifiable abnormal melatonin pattern
(Goril et al., 2016). Therefore, melatonin therapy at bedtime might correct the circadian rhythm sleep

disorders in this clinical population although research on this topic is scarce.

Studies in rodents and zebrafish demonstrate further mechanistic association between prenatal
alcohol exposure and sleep. Several theories suggest that prenatal alcohol exposure affects the
cerebellar vermis, an area of the cerebellum that receives somatic sensory information via the spinal
cord, from proximal body parts. Prenatal exposure to alcohol in mice has resulted in decreased levels
of GABA, which is involved in sleep-wake stability. Damage to the circadian system and decreased
levels of GABA will usually lead to frequent night arousals since, at a neurological level, sleep-wake
states are not recognised. Ethanol exposure in-fetu affects the developing brain’s circadian rhythm
and regulatory system, and sleep/wake behaviour, particularly during the brain growth spurt of the
third trimester (Sakata-Haga et al., 2006). Additionally, these sleep disturbances start early in life and
are present throughout the lifespan (Sakata-Haga et. al., 2006). Sleep deficits found in prenatally
exposed young adult rats that had concurrent deficits in visual and spatial memory can be treated and

stabilised (Stone et al., 1996).

1.2.4.2 Psychosocial risk for sleep problems

Negative extra-utero environments likely increase the risk of sleep disruptions. This stands to reason
given the notably high rates of negative or unpredictable caregiving environments in childhood for
those with FASD. Children’s cultural, racial and psychosocial risk have previously been associated with
differences in sleep patterns and parental sleep expectations (Jenni, 2005). Proximal measures of risk,
such as chaotic living environments, are associated with sleep problems (Brown & Low, 2008).
Socioeconomic status may moderate the impact of sleep disruption on daytime functioning with those
experiencing high socioeconomic status somewhat more protected that those with lower (Buckhalt,

El-Sheikh, & Keller, 2007).
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Deprivation, whether it is social, biological, emotional or perceptual, can lead a child to lose their
secure sense of attachment. If an early caregiver is unable to provide a degree of responsiveness,
continuous love and support, or the child is removed from the care of their primary caregiver early on
in life, their attachment type can be either anxious or avoidant (Marrone, 2014). Children who have
experienced trauma early in life can experience reactional distress and can develop defence
mechanisms against such distress. With prolonged institutional care, children are likely to develop
long term developmental problems, particularly conduct and attentional difficulties (O’Connor &
Rutter, 2000). Attachment problems, in TD children, often manifest at night with sleep anxiety — being
afraid of the dark for example, not being able to sleep without a parent present, or not being able to
get back to sleep after waking in the night. These problems are also present in children with
neurodevelopmental conditions, where the underlying cognitive processes compromise the ability to
form secure attachments (Davidson et al.,, 2015; Howe, 2006). Children with FASD often have
attachment related issues, which is unsurprising given the high rates of children with FASD in foster
care. In turn, these can have an effect on a child’s sleeping pattern (Spruyt, Ipsiroglu, Stockler, &

Reynolds, 2018).

1.2.4.3 Sleep and daytime function in FASD

The associations between sleep and daytime functioning are now well established (see Section 1.1.4).
Whilst a number of studies have documented the type and extent of dysfunction in daytime learning
and behaviour among children with FASD, other than the studies contained in this thesis, only one
published study has quantitatively measured sleep and daytime behaviour in this clinical population.
This is surprising, because sleep fragmentation from various causes has been linked to deficits in
attention, response inhibition, memory, maladaptive behaviour, aggression — all of which are areas of
importance for caregivers, can become problematic if untreated, and are well documented among

children with FASD.

58



Wengel et al.’s 2011 study in which caregivers of age-matched toddlers (n=19) aged 3-6 years
completed the CSHQ, The Sensory Profile (Dunn, 1997), a sleep log, and seven nights of actigraphy. T-
tests on the questionnaire data between the clinical and control group revealed that sleep problems
(composite CSHQ score; p = 0.008) and sensory processing deficits (composite sleep profile score;
p=<0.001) were significantly greater in the FASD sample. Significant (>0.5) Pearson correlations in the
FASD group included bedtime resistance (most related to fine motor perception; Pearson r = 0.57,
SD=0.15), sleep onset delay (most related to behavioural outcomes of sensory processing; Pearson r
= 0.62, SD=0.17), sleep duration (most related to: sensory sensitivity; Pearson r = 0.64, SD=0.19 and
behavioural outcomes of sensory processing; Pearson r = 0.74, SD=0.16), night waking (most related
to: modulation of visual and emotional input; Pearson r = 0.66, SD=0.15) and parasomnias (most
related to sensory seeking behaviour; Pearson r = 0.61, SD=0.19). Significant (>0.5) Pearson
correlations between sensory profile subscales and actigraphy parameters revealed that wake time/
sedentary (Pearson r = -.57, SD=0.19), sleep onset/low endurance (Pearson r = 0.52, SD=0.21), sleep
efficiency/auditory (Pearson r = -0.63, SD=0.13) and mean total activity/sedentary (Pearson r = -0.66,
SD=0.17) were significantly correlated. Regression data were not used and due to the small sample
size, children were age matched with no covarying data (such as sex or SES). R? values were not

reported (Wengel, Hanlon-Dearman, & Fjeldsted, 2011).

One unpublished study conducted by Chen & Olson was taken from a presentation at the Research
Society for Alcoholism, Seattle, in 2006. Caregivers of (n=34) children aged 6-12 with FASD completed
the CSHQ, and the Behavior Rating Inventory of Executive Functioning (BRIEF), in order to assess day
to day behaviours reflective of executive functioning domains. Sleep insufficiency was significantly
correlated with Inhibition (p=0.013), Working Memory (p=0.014), and Global Executive Composite (p=

<0.001) (Chen & Olson, 2015).

Two further studies were conducted by our group (Mughal & Dimitriou, 2017; Mughal, Joyce, Hill, &

Dimitriou, 2020). The former is a published conference (poster) proceeding outlining a pilot study
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assessing sleep, language acquisition and maladaptive behaviour in a small sample (n=16) of toddlers
(aged 18-36 months) with FASD and age matched typical controls. Caregivers were given the Brief
Infant Sleep Questionnaire (BISQ), the McArthur Communication Development Inventory (MCDI), and
the Child Behavior Checklist (CBCL). Regression analysis showed that a proportion of the variance in
the score for the number of words produced and understood, as measured by the MCDI, was
attributable to night sleep duration as measured by the BISQ (R? =0.152, p= 0.05), and that a larger
proportion of the variance CBCL score, indicating maladaptive behaviour, was attributable to sleep
duration (R? =0.302, p= 0.005). The latter is a study which is outlined later in this thesis as part of

Chapter 2, assessing anxiety and sleep in school-aged children with FASD (See Section 2).

There remains a paucity of data in the field of sleep and correlates in FASD, yet this is now understood
to be an important area of therapeutic concern. When the first longitudinal and large cross-sectional
studies assessing FASD and its related psychosocial outcomes emerged 22 years ago, sleep was a
common clinical concern. Both clinical and anecdotal evidence points to the need for sleep
intervention data in this population, which is especially pertinent given the cognitive, social, emotional
and behavioural sequelae of this population, and the relationship between cognitive, social, emotional

and behavioural processes and sleep.

1.2.4.4 Sleep interventions

Current sleep promotion techniques for children with FASD are based around sleep hygiene practices,
including sleep scheduling, sleep promoting activities and improving the sleep environment. To my
knowledge, one peer reviewed article has been written which outlines sleep intervention techniques
for children with FASD. In a narrative review on sleep intervention practices, Jan, Asante, Conry, Fast,
Bax et al. (2010) outline a qualitative description of the clinical experiences of professionals working
with children with FASD and their caregivers, how sleep hygiene is introduced to caregivers, and what

sleep hygiene practices are used. The authors note that each intervention must be tailored to children
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individually depending on the child’s neurocognitive profile (and may not always work) however
minimising perceptual ‘noise’ in the sleep environment, minimising items that increase sensory and
tactile sensitivities (such as tags on pyjamas, textures of bedding, certain sounds or smells) and
promoting relaxing bedtime routines can sometimes help caregivers of children with FASD (Jan et al.,
2010). However, sleep hygiene techniques often fail to correct sleep disturbances in children with
FASD due to an impaired understanding of environmental cues, overstimulation or an inability to relax
in ways that TD children can (Jan et al., 2010). Caregivers additionally may not recognise the efficacy
of sleep interventions. There is currently no documentation or validated research on the promotion
of sleep health for children with FASD and it is not fully known to what extent sleep hygiene
interventions are effective (Jan et al., 2010). This demonstrates a need for further research in this

area.

1.2.5 Summary

FASD is a multifaceted condition that is widely unrecognised in the medical or educational community.
Itis thought to be highly prevalent, particularly in Western countries with socially relaxed rules around
alcohol during pregnancy and presents with a large range of secondary sequelae relating to memory,
affect and attention. Sleep and sensory problems are also common in children with FASD, and many

of the functions of sleep are also part of the neurocognitive make-up of FASD.
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1.3  Autism Spectrum Conditions (ASC)

Autism Spectrum Conditions (ASC, hereby ‘Autism’) are characterised by a pattern of social,
communication and repetitive behaviours apparent in the first three years of life and occur in a
developmental fashion as the individual matures. Whilst there have been numerous definitions of
Autism in the past century, ranging from the socially withdrawn Schizophrenic described by Bleuler
(1912), to Autistic Psychopathy, and Asperger’s Syndrome described by Asperger in 1938, or Autistic
Disturbances of Affective Contact described by Kanner (1943), the current understanding of the
neurobiological, behavioural and cognitive aspects of this condition is outlined below (Fletcher-

Watson, & Happé, 2019).

1.3.1 Diagnostic criteria

The diagnosis of Autism requires evidence of atypical social and communication behaviours, restricted
and repetitive behaviours and interests (RRBIs) and hypo or hypersensitivity. Previous versions of the
DSM and ICD specified sub-classifications of Autism, such as Autistic Disorder, Asperger’s Syndrome,
Atypical Autism, or Pervasive Developmental Disorder — Not Otherwise Specified (PDD-NOS) however
it is now considered that the same underlying condition is shared amongst individuals with a large

variation of behavioural presentations.

In the absence of a definitive set of biological markers that are sufficiently sensitive and specific,
Autism is defined using behavioural indicators. However, it is not a single condition, and similarly to
FASD and other social-emotional-behavioural conditions is broadly considered to be a multi-factorial
interaction between genetic and environmental circumstances that manifests in a uniform pattern of
social, repetitive behaviour and sensory issues (Gérriz et al., 2019). Additionally, there are several
characteristics that are intrinsic to Autism, such as sleep problems and atypical attentional capacity,
that are not part of its diagnostic schedule. Diagnosis is usually made when a child is three years or

older. Earlier diagnosis can be made but has an increased chance of a false positive result, since some
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communication, repetitive and social behaviours (RRBI’s) that are unique to Autism can also be

common in toddlers (Randall et al., 2018).

Like FASD, the diagnosis of Autism is multifaceted and often requires a multidisciplinary team of
clinical and non-clinical professionals. The Autism Diagnostic Observation Scale, second edition
(ADOS-2, Lord, Rutter, DiLavore, Risi, Gotham & Bishop, 2012) combined with the Autism Diagnostic
Interview- Revised edition (ADI-R, Lord, Rutter, & Le Couteur, 1994) are considered the gold standard
of Autism diagnosis. The ADOS is a direct observation schedule consisting of four modules of varying
developmental and language levels, where one module is administered depending on the child’s
ability. It is delivered through structured and semi structured activities assessing social and
communication behaviours. The ADI-R is a structured interview conducted with caregivers, and
assesses social interaction, communication and repetitive behaviour (Fletcher-Watson, & Happé,

2019).

The current diagnostic criteria according to the DSM-V and ICD 11 require evidence of atypical social
communication and restricted and repetitive patterns of behaviour, interests or activities. These
symptoms must be present in the early developmental period and cause clinically significant
impairment in every day functioning, that cannot be explained by intellectual disability (see Table 1.3).
The same diagnostic criteria may occur in different forms in each individual with Autism (Pellicano,
2011). Communication difficulties can include completely nonspeaking, speaking but only echoing,
speaking fluently with an atypical approach to conversation rules, or not understanding non literal
language (Fletcher-Watson, & Happé, 2019). Socially this could be a child who is oblivious to others,
socially inappropriate in their desire to want to make friends, but approach social communication in
an inappropriate way. Communication delays could be due to intellectual disability, socially anxious
selective mutism, or a compulsion related to speaking (Fletcher-Watson & Happé, 2019). RRBI’s are
often self soothing behaviours; these can be repetitive motor movements, such as flapping, stimming,

rocking or foot tapping, or sameness behaviours, such as lining up toys. It may also include black and
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white thinking, or a very detailed and extensive knowledge of a particular subject — for example
calendrical calculation (the ability to calculate which day of the week any given date in history fell on)
(Hundley, Shui, & Malow, 2016). Some RRBIs can be complex, rewarding, motivating, self-sustaining
or promoting a form of self-expression or creativity (Diener, Wright, Smith, & Wright, 2014; Pring,
Ryder, Crane, & Hermelin, 2012). They may be a behavioural manifestation of anxiety and a response
to difficult to comprehend situations, or they may add an element of control to the world and reduce

anxious feelings (Fletcher-Watson, & Happé, 2019).

1.3.2 Neurodevelopmental profile

In an attempt to delineate the parameters of its neurodevelopmental profile, Morton and Frith’s
Theory of Autism provides a framework by which cognitive, neurobiological and behavioural insights
can be organised (Fletcher-Watson & Happé, 2019b; Lombardo, Lai, & Baron-Cohen, 2019). This
framework has been applied both to Autism and more recently by Kodituwakku & Kodituwakku (2013)
to FASD. A condition may be diagnosed using a biomarker but can manifest in various cognitive or
behavioural features, for example Fragile X Syndrome is identified by a mutation on the X
chromosome, but results in a variation of behavioural and cognitive features for which there is no
uniform profile (Morton & Frith, 1995). Secondly, a condition may have multiple biological causes, no
uniform behavioural manifestations, but a specific cognitive outcome: for example dyslexia, where
developing neural pathways diverge from typical formation in the visual-auditory-phonological
cortical loops, result in no behavioural manifestations, but one single cognitive manifestation of
problems with word decoding and reading comprehension. Thirdly, a condition can have any number
of neural or cognitive bases, but only one behavioural outcome, for example Conduct Disorder, which
has a number of aetiological features but a single behavioural manifestation (Fletcher-Watson, &
Happé, 2019). It appears that Autism is the behavioural manifestation of several neural,
environmental and cognitive processes without a simple profile, with research continuing to emerge

on both its pathognomonic as well as behavioural features (Fletcher-Watson, & Happé, 2019).
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Table 1.4: Autism Diagnostic Criteria, DSM-V

A.

Persistent deficits in social
communication and social
interaction across multiple
contexts, as manifested by the
following, currently or by
history:

Restricted, repetitive patterns
of behaviour, interests, or
activities, as manifested by at
least two of the following,
currently or by history
(examples are illustrative, not
exhaustive; see text):

Ai

A.iii

B.iii

B.iv

Deficits in social-emotional reciprocity, ranging, for example, from
abnormal social approach and failure of normal back-and-forth
conversation; to reduced sharing of interests, emotions, or affect; to
failure to initiate or respond to social interactions.

Deficits in nonverbal communicative behaviours used for social
interaction, ranging, for example, from poorly integrated verbal and
nonverbal communication; to abnormalities in eye contact and body
language or deficits in understanding and use of gestures; to a total lack
of facial expressions and nonverbal communication.

Deficits in developing, maintaining, and understanding relationships,
ranging, for example, from difficulties adjusting behaviour to suit various
social contexts; to difficulties in sharing imaginative play or in making
friends; to absence of interest in peers.

Specify current severity: Severity is based on social communication
impairments and restricted repetitive patterns of behaviour.

Stereotyped or repetitive motor movements, use of objects, or speech
(e.g., simple motor stereotypies, lining up toys or flipping objects,
echolalia, idiosyncratic phrases).

Insistence on sameness, inflexible adherence to routines, or ritualized
patterns or verbal nonverbal behaviour (e.g., extreme distress at small
changes, difficulties with transitions, rigid thinking patterns, greeting
rituals, need to take same route or eat food every day).

Highly restricted, fixated interests that are abnormal in intensity or focus
(e.g., strong attachment to or preoccupation with unusual objects,
excessively circumscribed or perseverative interest).

Hyper- or hyporeactivity to sensory input or unusual interests in sensory
aspects of the environment (e.g., apparent indifference to
pain/temperature, adverse response to specific sounds or textures,
excessive smelling or touching of objects, visual fascination with lights or
movement).

Specify current severity: Severity is based on social communication
impairments and restricted repetitive patterns of behaviour.

Symptoms must be present in the early developmental period (but may not become fully manifest until social
demands exceed limited capacities or may be masked by learned strategies in later life).

Symptoms cause clinically significant impairment in social, occupational, or other important areas of current

functioning.

These disturbances are not better explained by intellectual disability (intellectual developmental disorder) or
global developmental delay. Intellectual disability and Autism spectrum disorder frequently co-occur; to make
comorbid diagnoses of Autism spectrum disorder and intellectual disability, social communication should be below
that expected for general developmental level.
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1.3.2.1 Biological explanations of Autism

1.3.2.1.1 Evidence from genetics

There is evidence to suggest that Autism is the result of a combination of hereditary, environmental
and epigenetic factors, however at present definitive biomarkers are yet to be discovered (Muhle,
Reed, Stratigos, & Veenstra-VanderWeele, 2018). Seminal twin studies show Autism to be present in
higher concordance in monozygotic than dizygotic twins (Le Couteur et al., 1995), with a higher
heritability likelihood in later parity/gravidity (Tick, Bolton, Happé, Rutter, & Rijsdijk, 2016). There are
many candidate genes that are likely to be part of the Autism genetic makeup, but confidently
discriminating one or a set of genes responsible for all variants is unlikely given the wide range of
aetiological markers. It is likely that Autism is the product of a large number of genetic common
variants, each of which have a small effect, or a construction of ‘polygenic scores’ which identify a

combination of familial or ‘de novo’ genetic variants (Serdarevic et al., 2020).

1.3.2.1.2 Structural neuroanatomy and neural connectivity

Several candidate neuroanatomical locations have been researched in relation to their relevance to
the characteristics of Autism. The amygdala and prefrontal areas for example are involved in social
and aggressive behaviours, as well as eye gaze and face processing (Park et al., 2016). Lesions to the
amygdala in non-Autism populations results in abnormal fear processing, modulations of memory
with emotional content, and eye gaze when looking at a human face (Spezio, Adolphs, Hurley, & Piven,
2007). The amygdala receives highly processed somatosensory, visual, auditory and autonomic input
and its function is associated with Autism. Lesions in the amygdaloid nucleus result in some
compulsivity symptomology that is characteristic of Autism (Park et al., 2016). Temporal lobe tumours
involving the amygdala and hippocampus can result in Autism-like traits (Taylor, Neville, & Cross,
1999). The frontal lobe, which is involved in higher order cognitive processing, language, social and

emotional function, is also considered to be relevant to the Autism profile. Some of the more
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replicated neurobiological findings in Autism look at early brain overgrowth in the first four years of
life. Normal cell death, and neuronal competition are disrupted in early childhood and result in an
accelerated growth pattern seen in a minority of children (Zwaigenbaum, 2014). This growth mainly
relates to frontal cortex volume (Courchesne et al.,, 2011). Finally, the nucleus accumbens is
considered a key structure related to social reward responses in Autism, when working in cortical
loops with the ventromedial prefrontal cortex, putamen, amygdala and/ or caudate. Studies using
Functional Magnetic Resonance Imaging (fMRI) found that, in neurotypical individuals, Theory of Mind
(ToM) tasks activate prefrontal, temporal as well as parietal areas, whilst in individuals with Autism,
ToM tasks showed reduced or less coordinated global activity, whilst ‘at rest’ states showed increased

activity (Padmanabhan, Lynch, Schaer, & Menon, 2017).

Studies exploring the structural formation of various neuroanatomical regions in Autism have shown
significant differences in the sizes of frontotemporal, frontostriatal (implicated in repetitive and
stereotyped behaviour) and amygdal areas of individuals with Autism when compared to neurotypical
individuals (Nickl-Jockschat et al., 2012). However, such differences in size cannot be attributed to
causation; it is unclear whether an individual with Autism has increased repetitive behaviour because
of a larger frontostriatal structure, or whether the repetitive and stereotyped behaviour has
strengthened the neural connectivity in the frontostriatal structure, thereby making it larger in size.
For example, anxious individuals are more likely to have a structurally different amygdala, whilst
London taxi drivers, who have extensive navigation experience, are more likely to have structural
differences in the posterior hippocampus, which is involved in the recognition of the spatial

environment (Maguire et al., 2000).

Besides neuroanatomical structure size, research has focussed on structural connectivity. It is widely
considered that the biological marker for Autism will be defined by synaptic functioning (Ameis &

Catani, 2015). Atypical GABA and glutamate signalling are thought to key to the pathological
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mechanisms of Autism (Horder et al., 2018), which may in turn impact local and global synaptic

connectivity (Ameis & Catani 2015).

1.3.2.2 Cognitive profile of Autism

1.3.2.2.1 Theory of mind

The ability to independently attribute mental states to oneself and others in order to explain
behaviour is referred to as Theory of Mind (ToM; Premack & Woodruff, 1978). ToM addresses meta-
representational deficits in Autism, between two mental states that are independent of each other,
for example an opinion, knowledge, or belief. ToM measurements such as false belief tasks of
judgement indicate an inability to judge other mental states and are shown in higher rates in the
Autism population and is conceptualised as a deficit in metarepresentation (Baron-Cohen, Leslie, &

Frith, 1985).

Variants of ToM include attention and visual tracking, to look at focus and intentions, which in turn
can reveal information about dyadic interactions. Dyadic interactions with a third focus or interaction
(for example a parent and child [dyad] looking for a butterfly [third focus]) provide the basis for a
Shared Attention Mechanism, which is conceptualised as a cognitive basis of ToM (Baron-Cohen &
Goodhart, 1994). More recently, eye tracking tasks which measure the point of gaze, eye positions
and eye movement, have been used to assess mentalisation in TD children and those with Autism,
finding that saccadic movements in TD children were more likely indicate anticipated behaviour on

the basis of false belief (Farnsworth, 2018; Senju, Southgate, White, & Frith, 2009).

Research on gestures in early typical and Autism development found that metarepresentational
deficits resulted in reduced gestures in toddlers with Autism (Attwood, Frith, & Hermelin, 1988).
Attwood et al. (1988) found that the reduced gestures (for example pointing or clapping) revealed an
atypical understanding of other mental states, resulting in little or no gestures expressing consolation,

embarrassment or goodwill, but an increased amount of gestures around behaviours where
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something is needed, such as ‘be quiet, come here, go away’ or relating to sensory needs rather than
social needs (Attwood et al., 1988). Baron-Cohen and Goodhart, (1994) constructed from this the
model of pointing in early Autism, finding that children rarely point to share (protodeclarative

pointing) and were more likely to point to get a desired object (protoimperative pointing).

However, age, cognitive ability, and the presence of a neurological condition other than Autism can
affect the outcome of a false belief task. ToM cannot therefore be used as a predictive measure of
Autism since it does not yield a high enough sensitivity or specificity. For example, individuals with a
diagnosis of Schizophrenia, ADHD or with right hemispherical damage also tend to fail Happe’s Strange
Situation task, a false belief task for adults in which individuals are given short descriptions of a

scenario resulting in a non-literal untruth (Fletcher-Watson & Happé, 2019b).

1.3.2.2.2 Executive function

Executive functioning is responsible for a large amount of higher order tasks and processes and are
mediated by frontal lobe function (See Section 2.1.2.3 for a review). Executive functioning includes
planning, impulsivity, initiating activities, inhibition, working memory, shifting from one task to
another or organising the surroundings and are linked to prefrontal activity. Autism is widely
conceptualised as a deficit in executive function (Hill, 2004). For an individual to perform an executive
function task, they firstly need to disengage from the immediate environment and guide actions or
instructions that may not be immediately obvious (Fletcher-Watson & Happé, 2019b). Neural damage
to the frontal lobes caused by traumatic brain injury can result in atypical executive function, as well
as other neurodevelopmental conditions which result in atypical frontal lobe structure, such as ADHD,
Obsessive Compulsive Disorder, Tourette’s Syndrome, FASD and Schizophrenia (Ozonoff & Jensen,
1999; Sergeant, Geurts, & Oosterlaan, 2002). Behavioural manifestations of executive function
difficulty can include rigidity of behaviour, fewer behavioural examples of initiating non routine

actions, the tendency to become engrossed in an activity, a liking for repetitiveness, or elaborate
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rituals. These may come to dominate the daily life of some individuals and may need prompts to
initiate changes in a routine. Children may tend to forget things or find a list of objects or instructions
difficult to both remember and attend to. They may appear to be disorganised but attempt to

overcome this through lists or adhering to rigidity and structure (Fletcher-Watson & Happé, 2019b).

An executive function model of Autism can explain social difficulties, as well as operationalised false
belief. This is because executive function functions across many different domains (Yerys, Hepburn,
Pennington, & Rogers, 2007). One task examining this hypothesis is the ‘Windows Task’ in which a
child has to point at one of two boxes, which have small windows, into which only the child is able to
look. One box contains a sweet, while the other box is empty. If the child points at the empty box,
they will get the sweet. Subsequently a competitor is introduced. When the competitor points to the
box that the child points to, the competitor wins whatever is in the box, which results in the child
winning sweets deceptively. Children with Autism are more likely to score incorrectly on this task:
there may be a difficulty in overcoming the perceptual salience of an object; there may be a difficulty

in prioritising a mentalising task over inhibiting actions towards a desired object (Yerys et al., 2007).

Similarly in the Tower of Hanoi task (a mathematical puzzle in which a series of discs must be moved
in a certain order, widely used to measure executive function), children with Autism are more likely
to detour, act away from the object, or show difficulty in inhibiting a previously rewarded response

(Hughes, Russell, & Robbins, 1994).

Executive functioning deficits may additionally contribute to social interaction and communication
difficulties, but these are not limited to Autism and similar profiles of social/communication/executive
function can be seen in other neurodevelopmental conditions (Happe & Fletcher Watson, 2019). For
example, as mentioned in Section 1.2, children with FASD present with processing problems which fall
under the umbrella term of executive function. On the other hand, there are a number of individuals

with Autism who are able to socially ‘camouflage’ their Autism traits which requires a sophisticated
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understanding of social behaviour and therefore high levels of both executive function and ToM
(Happe & Fletcher Watson, 2019). Executive function therefore cannot be used as a stand-alone

measurement or indicator of Autism, but can provide some indication that Autistic traits are present.

1.3.2.2.3 Weak central coherence

Central Coherence refers to the tendency to draw many pieces of information together and form a
whole; an ability to view and observe situations, objects or concepts as a part of a bigger whole or
overall meaning (Pellicano, 2011). Experiments that focus on minute details, such as the Block Design
and Integrated Figures tasks demonstrate that individuals with Autism tend to overlook the bigger
picture but have a keen eye for detail within the picture. This indicates more focus and attention on
local rather than global processing (Shah & Frith, 1993). Such observations on attention to detail were
noticed by Kanner in 1943, who noted that children had the inability to process wholes without full
attention to the constituent parts, and when one of the parts was taken away, it altered the whole
enough to not be considered a whole anymore. This can also be seen in autistic perceptions of
meaning. For example, using weak central coherence theory, the sentence “Mary took the dog for a
walk, she went to fetch the lead” could be interpreted as Mary fetching the dog’s lead, or Mary
fetching lead from a pencil. Central coherence theory is better understood within the framework of

the Enhanced Perceptual Functioning Model, described below.

1.3.2.2.4 Enhanced abilities

The Enhanced Perceptual Functioning model looks at the difference between autistic and neurotypical
perceptual processing. Individuals with Autism tend to display enhanced local visual and auditory
perception, discrimination, and perception of static stimuli. There is an increased use of posterior
neural regions in visual tasks, and a decreased perception of complex movement, and higher order

processes rely on local information processing. This results in an increase in perceptual expertise,
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which could be due to the over functioning of various neural regions (Mottron, Dawson, Soulieres,

Hubert, & Burack, 2006).

Children that are non-verbal or minimally verbal may be incorrectly assumed to have lower cognitive
functioning when tested using language-dependant cognitive assessments. Cognitive assessments
designed for TD children may not be valid in a minimally verbal child. Children, for example, who
perform poorly on traditional measures of intelligence such as the Weschler Intelligence Scale for
Children (WISC-1V) can perform within standard norms when tested with visual search tasks or other
visual tests of intelligence such as the Ravens Coloured Progressive Matrices (RCPM). This indicates
that cognitive abilities may be underestimated in children with Autism who display less spoken
language (Courchesne, Meilleur, Poulin-Lord, Dawson, & Soulieres, 2015). Additionally, studies using
visual search tasks have revealed that individuals with Autism have an enhanced or superior ability to
discriminate, but a diminished ability to generalise. Children with Autism consistently outperform age
and IQ matched neurotypical children in certain task searches (O’Riordan, Plaisted, Driver, & Baron-
Cohen, 2001), regardless of whether there is perceptual crowding (Shirama, Kato, & Kashino, 2017),
but only in the event that they reach other age related expectations (Lindor, Rinehart, & Fielding,
2018). As will be discussed further in Section 3 of this thesis, children with Autism tend to process
higher perceptual loads in attentional tasks even when increasing task irrelevant stimuli, which
suggests that individuals with Autism have a higher perceptual capacity (Remington, Swettenham,

Campbell, & Coleman, 2009).

1.3.2.3 Behavioural profile of Autism

It was previously mentioned that the diagnosis of Autism requires behavioural evidence of a pattern
of social and communication, restricted and repetitive and sensory behaviours. These diagnostic
behaviours make up the core behavioural profile of Autism, however the same behavioural feature

may be present in an individual with different pathological markers. For example, a non-speaking child
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may present with significant intellectual disability which has contributed to the significant
communication difficulty. Meanwhile, another non-speaking speaking child may present with no
intellectual disability, with ability to speak, but a compulsivity around speaking that results in the child
being non-speaking (Soulieres & Mottron, 2013). This variability in the underlying cognition behind
behavioural manifestations questions the homogeneity of behavioural phenotypes. Additionally,
interventions (for example in the classroom) should understand the different underlying pathologies
that result in the same pattern of behaviour. Makaton can be used for simple gestures and words for
a non-speaking child with an intellectual disability, whilst relaxation techniques can help with
compulsivity around speaking (Tager-Flusberg & Kasari, 2013). Furthermore, behavioural
presentations of Autism are only as valid as the context in which they are performed. For example, a
specialist and all-consuming interest in organic chemistry will not be efficient for most social
communication behaviours between peers, but could be useful in an academic context (Fletcher-
Watson & Happé, 2019b). The underlying cognitive aspects of Autism are therefore key to both
understanding its complex behavioural and biological phenotype, as well as devising interventions

that may aid in some of the difficulties presented.

1.3.2.4 Sensory profile

A sensory profile forms part of the core profile of Autism and has recently been added to its diagnostic
criteria. Individuals with Autism may experience hyposensitivity, such as the drive for being freezing
cold, eating hot chillies or seeking immersive, squeezing sensations; or hypersensitivity, such as
extreme aversion to the sound of the vacuum cleaner or the feeling of labels inside clothing scraping
against skin. Such hypo or hypersensitivities may not be focussed on physical inputs but may extend
to the ability to perceive and interpret visual, auditory and social cues (DeGangi, 2017). It has been
proposed that the neural responses to sensory information form the basis of the understanding of
Autism (Schauder, Mash, Bryant, & Cascio, 2015). High perceptual capacity might result in irrelevant

stimuli being more apparent, and intruding on attention more easily, leading to unwanted distraction
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by sensory stimulation (Remington et al., 2009). At the cognitive level this may be understood within
an attentional framework, in that there exists a relationship between the focus on details and patterns
of sensory sensitivity. For example, there may be a focus on the details of a sensory input: the
presence of a specific frequency in a complex audio stimulus -such as the sound of a vacuum cleaner-
could make the sound particularly unbearable. Sensorimotor RRBIs appear to be related to sensory
symptoms. For example, a child might find the sound of a buzzing lightbulb deafening, but becoming
preoccupied with hand flapping might be a way of tuning out the unwanted sound or a way of feeling

calm (Fletcher-Watson & Happé, 2019b).

1.3.2.5 Environmental influences

Whilst the genetic influence on Autism is significant, genetically identical twins do not share 100%
concordance, suggesting environmental influences may be a factor in its development. Prenatally,
there is evidence that viral infections, zinc deficiency, abnormal melatonin synthesis, maternal
diabetes, advanced parental age, and pre and postnatal environmental stress increase the likelihood
of Autism (Park et al., 2016). Additionally, there is a higher occurrence of Autism in individuals with
FASD, which means that PAE may be part of its aetiological load (Mukherjee, 2019; Mukherjee, Layton,

Yacoub, & Turk, 2011).

1.3.2.6 Early markers of Autism

Developmental theories suggest that early differences in a child’s interaction with their environment
support an alternative developmental trajectory, which eventually becomes Autism. It is usually
diagnosed in early childhood, with the average diagnosis being made between 34-50 months
(Salomone, Charman, Mcconachie, & Warreyn, 2016). Diagnoses are made before the age of three,
but these can be highly variable in sensitivity as many of the repetitive behaviours intrinsic to Autism
can be viewed as typical toddler behaviour. There is no reliable way of diagnosing one year old with

Autism.
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There is mounting interest in identifying early signs of Autism within the first year, or prenatally. Early
observations may pick up subtleties in an infant’s interaction with the social world, motor skill or
processing abilities to indicate likelihood of a later Autism diagnosis. Blasi and colleagues (2015) for
example tested the cortical sensitivity of a sample of infants aged between 4 and 7 months (n=15)
who were siblings of children with an Autism diagnosis, with a high likelihood for later emerging
Autism. The authors reported that the age matched control group showed early signs of specialisation
for human voice processing in the frontal and temporal regions, and stronger sensitivity to sad
vocalisations in the fusiform gyrus and hippocampal regions that were not apparent in the high
likelihood group (Blasi et al., 2015). Similarly, infants who have a high likelihood of a later Autism
diagnosis show atypicality in visual search (Gliga et al., 2015) and motor skills (Leonard, Bedford,
Pickles, & Hill, 2015) when compared to age matched TD controls. Retrospective report, parental
report and video analysis has additionally gathered some information on early signs of Autism, such
as low amounts of smiling and orienting to own name (Palomo, Belinchén, & Ozonoff, 2006). Social
Orienting Theory suggests this could result in atypicalities in multiple domains, for example infants
less attentive to social stimuli are less likely to attend to social behaviour, facial or voice orientation
which can in turn result in missing out on listening to and learning language. This can lead to a lack of
comprehension about the social world, that reinforces the alternative attentional trajectory (Dawson,

Meltzoff, Osterling, Rinaldi, & Brown, 1998; DeQuinzio, Poulson, Townsend, & Taylor, 2016).

The Social Motivational hypothesis suggests that social stimuli can be rewarding to infants, and an
early sign of Autism may lie in the indifference to seeking social stimuli (Chevallier, Kohls, Troiani,
Brodkin, & Schultz, 2012). Such social behaviour may start off as a preference, but with repetition may
entrench into a pattern of behaviour and set of neural pathways. There is evidence to suggest that
neural regions that are specifically for the purpose of social interaction are repurposed in Autism

(Grelotti et al., 2005).
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Attention switching tasks measure the ability of the infant to switch attention from a central target
that has disappeared, to a peripheral target that has appeared. They may also measure the switching
of attention from the central target to the peripheral target whilst the central target is still in view
(gap-overlap score). Higher gap-overlap scores in infants are associated with later Autism diagnosis
(Jones, Gliga, Bedford, Charman, & Johnson, 2014). Additionally, eye movements in infancy including
shorter attentional fixation lengths (Wass et al., 2015), micromovements of the head (Torres &
Denisova, 2016) and distinctive motor movements detected in gameplay (Anzulewicz, Sobota, &
Delafield-Butt, 2016) are associated with later diagnosis. Motor development may also be an early
sign of Autism with several fine and gross motor movements observed in infants with Autism, that can
stem from RRBI and/or sensory behaviour. These include walking on tip toes, a bouncy gait, dyspraxia,
repetitive motor and stimming behaviours such as hand flapping, body rocking or finger twiddling

(Happe & Fletcher Watson, 2019).

1.3.3 Prevalence

Current prevalence estimates consider Autism to be present in 0.62% of the global population,
however there is variability in diagnostic practices and epidemiological research conducted globally,
particularly in low-middle income countries (Elsabbagh et al., 2012). The prevalence rate of Autism in
the UK population is around 1.1% (NHS England, 2012), and the estimated prevalence of all diagnosed
and undiagnosed Autism in the UK is 1.57% (Allison, Auyeung, & Baron-Cohen, 2012). Fifteen percent
of UK school children have a special educational need, which includes language difficulty (including
English as a foreign language), mental health needs, and language and communication difficulties.
Four percent of UK school children have an Educational Health Care Plan (EHCP), and 43% of

applications for EHCPs are for Autism (UK Department for Education, 2019).
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The prevalence of Autism has increased substantially in the past thirty years due to changes in
diagnostic practice and possibly changes in likelihood-increasing environmental conditions (Rutter,
2005). The rise in the diagnosis of Autism is also accompanied by a fall in the prevalence of other
neurodevelopmental conditions, such as global developmental delay or intellectual impairment,
which suggests that diagnostic substitution (or perhaps greater accuracy of diagnoses) may have
contributed to the increase (Shattuck, 2006). Additionally, diagnostic services have reported an
increasing number of parents, grandparents and biological relatives seeking diagnosis for themselves

following the diagnosis of the child (Happe & Fletcher Watson, 2019).

A significantly higher number of boys than girls are diagnosed with Autism. The current male to female
ratio is 4.3:1, however diagnostic practices aimed at identifying Autism in girls is improving (Hull,
Petrides, & Mandy, 2020). Historically, a male to female ratio of 10:1 was reported, which decreased
to around 2:1 amongst those with intellectual disability (Lord & Schopler, 1987). This was thought to
be attributable to various reasons, including the Y chromosome inhibiting gene expression, and
females requiring a higher aetiological load to manifest Autism. The definition of female-Autism has
changed in recent years and it is now considered that the various social manifestations of Autism look
different in boys than girls (Happe & Fletcher Watson, 2019). Fewer diagnosed cases may partly be
due to girls being more able to socially ‘mask’ or camouflage autistic characteristics and therefore
evade diagnosis or not raise cause for concern amongst caregivers. This in turn suppresses autistic
behaviour such as stimming, RRBs or sensory sensitivity and can explain the increased
psychopathology in girls with Autism, which can come about as a result of mental exhaustion
(Charman et al., 2011). This is supported by data on the high rates of undiagnosed Autism in eating
disorder clinics (Mandy & Tchanturia, 2015) and referrals to mental health services (Duvekot et al.,

2017).
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1.3.3.1 Co-occurrences

Around 75% of individuals with Autism experience an additional condition, with epilepsy and mental
ill health (in particular anxiety, disinhibited and depressive disorders) being the most common co-
occurrences, both contributing to early mortality rates (Hirvikoski et al., 2016). Autism also co-occurs
with other neurodevelopmental conditions, such as ADHD, sensory processing disorders, FASD,
Tourette’s Syndrome, and Developmental Coordination Disorder (Abdallah et al., 2011; Kambeitz,
Klug, Greenmyer, Popova, & Burd, 2019). Further work is needed to assess the applicability of
psychiatric interventions to Autism, since a number of studies suggest that the high rates of psychiatric
co-occurrences are due to unrealistic societal pressures (Chevallier et al., 2012; Yafai, Verrier, & Reidy,
2014). Others, such as Wheelwright and Baron Cohen suggest that Autism is part of a ‘Broader
Phenotype’ and exists across a continuum throughout society (Wheelwright, Auyeung, Allison, &

Baron-Cohen, 2010).

1.3.4 Sleep in Autism

Sleep problems are as common and as impairing in Autism as sensory issues, and although they are
not part of its diagnostic criteria are increasingly recognised by clinicians to be an integral part of the
Autism phenotype (Elrod & Hood, 2015; Fadini et al.,, 2015; Hodge, Carollo, Lewin, Hoffman, &
Sweeney, 2014). Sleep problems are often a cause for concern for caregivers and are associated with
higher levels of stress and caregiver burden (Levin & Scher, 2016). Whilst there is a lack of

comprehensive research in this area, sleep in Autism is a growing field.

Sleep problems in Autism are likely to be influenced by many factors including co-occurring psychiatric
conditions such as anxiety or attachment issues which can add to worry around night time or bedtime
routines. One contributing factor to sleep problems can be with problems in understanding the social
concept of night time, and even in children who display circadian preference for evening time may not

fully comprehend or buy into the idea of sleeping at night time. An increasing body of evidence
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suggests that endocrine irregularities and gene translation/transcription mechanisms related to sleep
may be impaired in individuals with Autism which leads to atypical circadian functioning and
dysregulation of day and night functioning (Mazzone, Postorino, Siracusano, Riccioni, & Curatolo,
2018). The process of the transcription of ‘Process C' regulating genes (as mentioned in Section
1.1.3.2) BMAL and CLOCK is known to be irregular in children with Autism (Pagan et al., 2017). This, as
well as environmental input, may affect the ability of a child with Autism to anticipate circadian
changes or adapt behaviour in order to account for changes in the day and night. Adolescents with
Autism show irregular melatonin secretion curves which are likely due to genetic or epigenetic factors
affecting enzyme regulation of melatonin (Tordjman, Anderson, Pichard, Charbuy, & Touitou, 2005).
As well as this, a significant number of individuals with Autism — children and adults — also experience
social anxiety, generalised anxiety and internalising behaviour at clinical levels, and so when faced
with the prospect of sleeping alone in a darkened room may be inclined to fall into anxious
ruminations that can hinder sleep onset. One longitudinal study assessing sleep duration and
correlates in a cohort of children with diagnoses of Autism reported that, according to parental report
taken from 8 time points between the ages of 8 months and 11 years, children with Autism slept on
average 17-40 minutes less than their TD peers, regardless of sex, ethnicity, high parity or epilepsy

(Humphreys et al., 2014).

A meta-analysis by Diaz-Roman and colleagues assessed sleep profiles of children with Autism and
adolescents taken from objective and subjective studies (Diaz-Romdn, Zhang, Delorme, Beggiato, &
Cortese, 2018). They found that, of the thirty-seven subjective sleep studies that have been conducted
in children and adolescents with Autism, bedtime resistance, sleep anxiety, sleep onset delay, night
wakings, parasomnias, SDB, daytime sleepiness, restorative value of sleep and general sleep problems
were significantly and consistently higher than TD controls. Additionally, children with Autism showed

significantly and consistently lower sleep duration. However, and perhaps due to parental bias, there
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were no differences in parentally reported problems with sleep efficiency or sleep latency (Diaz-

Roman et al., 2018).

Of eight studies using PSG measuring a total of 247 participants (n=142 Autism, n = 105 TD), children
with Autism consistently showed lower total sleep time, with an average of 37.5 fewer minutes of
sleep per night than TD children and a Standard Mean Difference (SMD) of -0.90 (p=0.003); longer
sleep onset latency (SMD=0.53; p= 0.001); higher amount of time spent in stage 1 sleep (SMD=0.48;
p= 0.02); a lower amount of time spent in REM sleep (SMD=-0.88; p=0.01); lower sleep efficiency
(SMD=-1.20; p=0.003); and a higher amount of time awake (SMD=0.49; p=0.01). There were no

significant differences found in the composite scores of stage 2 sleep, SWS, or REM latency.

Of six studies using actigraphy to measure sleep in a total of 276 participants (n=143 Autism, n=133
TD) the only significant difference that was found in composite scores was in sleep onset latency
(SMD=0.80; p=<0.001). There were no significant differences in actual sleep, assumed sleep, wake
time, or sleep efficiency (Diaz-Roman et al.,, 2018). However, these meta-analytic findings of
actigraphy studies are not consistent with the original studies contained within the meta-analysis, or
consistent with theoretical models of sleep impairment in neurodevelopmental conditions. Perhaps
this is because aggregating scores from various PSG and actigraphy studies that do not use
standardised equipment may yield different results, or as the authors suggest, perhaps the results
contained here are limited by the co-occurring psychiatric conditions and melatonin or other

medication use.

Nonetheless, a relatively sizeable body of literature now exists examining sleep in Autism populations,

and sleep and its correlates in Autism populations.
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1.3.4.1 Sleep and daytime functioning in Autism

Children with Autism have a high rate of psychiatric comorbidity that can interfere with the regulation
of sleep. Clinical levels of anxiety, mood and attentional problems frequently occur in children with
Autism which can result in sleep disturbances (Giannotti, Cortesi, Cerquiglini, Vagnoni, & Valente,
2011). This is an important area of concern, given that behavioural interventions can ameliorate the
behavioural problems that can be associated with sleep problems. One intervention by Weiksop,
Richdale and Matthews (2005) demonstrated the impact of parent training programmes that used
behavioural principles to reduce sleep problems in children with Autism, finding that settling
problems, night waking and co-sleeping could be reduced through limit setting and reward systems
(Weiskop, Richdale, & Matthews, 2005). Another study by Wiggs and France (2000) found that by limit
setting and setting rewards during bedtimes, sleep problems such as bedtime resistance, negative
sleep onset associations could be reduced (Wiggs & France, 2000). Away from the area of applied
behavioural analysis, another therapy that has been successful in treating sleep in Autism (and also
addressing underlying principles as well as behaviour) is social story telling. In one single study case
analysis by Moore (2004), a sleep intervention was described where a child’s own familiar words at
bedtime, with attractive pictures, showed the story of relaxing, sleeping and the concept of bedtime.
This was successful in creating a new bedtime routine and reinforcing the positive message about
sleep behaviour (Gagnier, Moore, & Green, 2011). Another social story intervention demonstrated
the reduction in the frequency of disruptive bedtime behaviours in children (n=6) with Autism by
creating and reinforcing personalised stories about how to manage bedtime problems (Kitchin, 2009).
Improving sleep disruption can also improve daytime behaviours, as was demonstrated in one single
study case analysis of a girl whose social interaction, auditory sensitivity, focus and repetitive

behaviour improved after an adenotonsillectomy (Malow et al., 2006; Malow et al., 2012).

In a minority of children with Autism, sleep problems are associated with early signs of regression.

This is when a child appears to develop typically but at a certain point starts to lose speech and social
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learning. Between 15-40% of children with Autism ‘regress’ between the ages of 1 and 3, with a peak
at around 24 months, which is when parents tend to first notice the atypical development of their
child (Happe & Fletcher Watson, 2019). It is thought that regression occurs during a period of synaptic
growth and pruning and is due to a number of genetic influences (Davidovitch, Glick, Holtzman, Tirosh,
& Safir, 2000). Over 50% of children with Autism present with at least one sleep problem at the age
which coincides with the point of regression (Giannotti et al., 2011). This phenomenon may, as Cortesi
and colleagues (2010) suggest, be coincidental, however in one PSG study assessing co-occurring
epilepsy in children with Autism, it was found that regression at infancy increased the likelihood of
circadian rhythm disorders and epilepsy (Giannotti et al., 2011). This suggests that one of the

aetiological factors for sleep problems in Autism is disrupted neural circuitry.

An important reason for intervening in sleep behaviour is to improve daytime functioning. Caregiver
reports consistently detail negative behavioural, emotional and cognitive outcomes for sleep deprived
children with Autism. Several studies have assessed the association between sleep and daytime
functioning in Autism. These have established significant relationships between sleep and challenging
behaviour. Fadini and colleagues (2015) found that disorders of arousal, prevalent in 59% of their
sample (n=45), was significantly associated with social, thought, attentional, aggression, externalising
and behavioural problems. Additionally, they found that 59% of their sample met the clinical criteria
for sleep disorders (Fadini et al., 2015). Another cross-sectional analysis, of Japanese pre-schoolers
(n=965) found that those with a diagnosis of Autism were more likely to have SDB and parasomnias.
Sleep problems, particularly short sleep duration, were associated with both internalising and

externalising behavioural problems (Hirata et al., 2016).

Various parental questionnaire (CSHQ/Sleep Diary and CBCL) studies have established that poor sleep
correlates with behavioural problems in children with Autism. Rzepecka et al. (2011) found that poor
sleep accounts for 42% of the variance in challenging behaviour in their group (n= 187) of 5-18 year

olds with an Autism diagnosis (Rzepecka, Mckenzie, McClure, & Murphy, 2011), while Patzold (1998)
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found that difficult daytime behaviour correlates with co-sleeping with a parent (r=0.40; p=<0.01)
night waking (r=0.49; p=<0.01) and total behavioural scores (r=0.37; p=<0.01), and Malow (2006)
found that affect (r=0.63) and aggression (r=0.47) correlated with poor sleep. Schreck and colleagues
(2004) found in their sample (n=55) of 5-12 year olds that sleep duration was negatively associated
with overall Autism scores, stereotyped behaviour and atypical social skills functioning (Malow et al.,
2006; Patzold, Richdale, & Tonge, 1998; Schreck, Mulick, & Smith, 2004). These authors all found that
sleep disturbances are likely to correlate with internalising as well as externalising behaviours as

measured on the CBCL.

Additionally, sleep problems in Autism are significantly correlated to hyperactivity, and aggression
(Mayes & Calhoun, 2009), affect (Malow et al., 2006), behavioural and social adaptive difficulties
(Sikora, Johnson, Clemons, & Katz, 2012), cognition (Gabriels, Cuccaro, Hill, lvers, & Goldson, 2005),
communication difficulties (Schreck et al., 2004) and academic performance (Limoges, Bolduc,
Berthiaume, Mottron, & Godbout, 2013). This is true of toddlers and pre-schoolers as well as

adolescents and adults (Mazzone et al., 2018).
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1.4 Autism and FASD.

Both Autism and FASD (in particular ARND) are neurodevelopmental conditions which are diagnosed
only when certain CNS anomalies are noted, usually by caregivers or educational professionals (Enns
& Taylor, 2018). Similarly, within both Autism and FASD, atypical behaviours persist in a
developmental fashion and can include neuropsychiatric problems as well as impaired learning,
language, memory, social and non-verbal communication. FASD is the result of prenatal
environments, compounded by adverse events during infancy and childhood, with a variable impact
depending on the timing and severity of PAE, as well as genetic and epigenetic susceptibility.
Meanwhile Autism is the atypical manifestation of a pattern of social, communication and sensory
behaviours, with possibly a series of aetiological factors. Whilst the two neurobehavioural profiles do
not overlap greatly, both contain several complementary characteristics around executive

functioning, sensory and affect-related pathologies.

Autism and FASD are among the most common neurodevelopmental conditions. As outlined in Section
1.2.3, the conservative estimate of FASD in the West is set at 2.4%, however a lack of prevalence data
in this field means that this is not a confirmed statistic. Section 1.3.3 outlines Autism prevalence at
1.1% in the UK and 0.62% globally (given variability in diagnostic procedures and epidemiological

study; Lai, Lombardo, & Baron-Cohen, 2014; May et al., 2009; NHS England, 2012).

There is reason to suggest that PAE is an aetiological agent with the ability to produce, amongst other
consequences, a clinical presentation that is consistent with Autism (Mukherjee 2011). A meta-
analysis conducted by Lange, Rehm, Anagnostou and Popova (2017) estimated the prevalence of
Autism in FASD. Disorder specific random-effects meta-analyses were performed on six studies (total

clinical n=1029), finding that Autistic behavioural characteristics reaching clinical thresholds were
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present in 2.6% of the FASD population (pooled prevalence estimate; Lange, Rehm, Anagnostou, &

Popova, 2018).

In a longitudinal study assessing a cohort of children with FASD (n=21), Mukherjee, Layton, Yacoub &
Turk (2011) found a number of Autistic characteristics within their sample. These were: fetching a
simple message by the age of three; delayed echolalia; joint referencing problems; atypical one-sided
approach to others; lack of awareness of other’s feelings; delays in watching and engaging with peers;
delays in developing co-operative and parallel play; lack of curiosity (Mukherjee et al., 2011). This
study however was conducted amongst a sample of children referred to a FASD clinic and was
therefore not generalisable to the wider population, nor was it included in the previously mentioned

meta-analysis conducted by Lange et al. (2017).

A cross syndrome comparison conducted by Bishop (2007) found 34% of children in their sample
(n=29) with PAE (not diagnosed FASD) showed autistic characteristics such as social withdrawal and
repetitive behaviours, however differed in areas of non-verbal communication, internalising
behaviours and peer interaction (Bishop, Gahagan, & Lord, 2007; Morleo et al., 2011). Meanwhile
whilst Bishop reports that children with FASD appear to be socially withdrawn, others such as Catterick
(2016) and Brown (2018) report high levels of prosocial behaviour that is related to attachment issues

arising from frequent changes in caregiver (Brown, 2015; Catterick & Curran, 2014)

The fundamental difference between Autism and FASD neurology is thought to be between structural,
functional and connectivity differences. There also appear to be some similarities. Miles and
colleagues (2003) for example reported that children with FASD from high alcoholism families were
more likely to present with an Autism-like regression period in early childhood, which suggests similar
neurological components associated with the period of synaptic growth and pruning that are thought

to be the underlying cause for regression (Miles, Takahashi, Haber, & Hadden, 2003). However,
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children with FASD present with global structural and functional impairment since PAE can result in
widespread CNS damage to the development of the embryo and fetus (Miles et al., 2003). It is this
structural loss which appears to underline the behavioural output of FASD, however the variability of
the consequences of PAE can result in a FASD profile with several overlapping behavioural features,
including (but not limited to) ADHD, conduct disorder, oppositional defiance disorder, reactive
attachment, other externalising presentations, as well as (as previously mentioned) some features of
Autism (Popova, Lange, Shield, et al.,, 2016). Meanwhile, Autism appears to be the result of
overconnected, high density, short range synaptic communication without structural loss (Happe &
Fletcher Watson, 2019). As Remington & Fairnie (2019) suggest, this overconnectivity is the underlying

reason for the perceptual overload which eventually presents as Autism.

In summary, whilst there are some similarly occurring behavioural features, this thesis does not
maintain the line that Autism and FASD are interlinked or mistaken for each other; they appear to be
two separate neurodevelopmental conditions affecting a plethora of psychopathologies, with some

overlapping aetiological factors and behavioural presentations.
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1.4.1 Thesis Rationale.

Childhood is a period of vast neural growth and repair in which the young brain is subject to
continuous modifications in response to the environmental stimuli it is presented with. Children with
FASD present with global structural and functional damage caused, at least in part, by ethanol
interfering with fetal development (Kodituwakku, 2009). PAE results in not only a vast array of
physiological defects including (but not limited to) renal, cardiac, pulmonary and visual problems, but
also cortical connectivity issues as well as structural damage to subcortical areas. This results in a vast
number of behavioural traits including (but not limited to) those that transect Autism (Popova, Lange,
Shield, et al., 2016). This is not to say that the profiles of Autism and FASD overlap or are mistaken for
each other, but that the phenotypic behavioural characteristics that make up the Autism profile are
also picked up, in a small way, by the developing PAE compromised brain (Mukherjee et al., 2011). An
understanding of this entire process is crucial to the exploration of the atypical development that is
eventually recognised as Autism or FASD; studying the two side by side can offer theoretical
explanations of aetiology and developmental profile. Section 1 of this thesis outlines the ‘information
consolidation” function of sleep. Section 2.1 outlines the relationship between sleep, executive
functioning, behaviour and anxiety, whilst Section 3.1 outlines the relationship between sleep,
attention, working memory, receptive vocabulary and fluid intelligence. This thesis aims to make the
argument that sleep is crucial to the neurodevelopmental process, and is used as a variable here in
order to assess the extent to which it plays a part in some of the core pathological aspects of Autism

and FASD.

One reason for this particular combination of conditions is because it is important to ask the question,

as Mukherjee and Colleagues (2011) do, of whether there is a relationship between prenatal

environments and the neurodevelopmental pathways that later manifest as Autism. This can inform
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theories of Autism aetiology, at least in part, of the role of prenatal environments and stresses may

have (Mukherjee et al., 2011).

Secondly, as mentioned previously, there are behavioural similarities between Autism and FASD. This
is because FASD encompasses an array of behavioural presentations, most notably attention and
memory issues as a result of PAE induced cortical thinning (Brown et al., 2018). As a result, FASD has
several behavioural and cognitive features that are often mistaken for ADHD, oppositional defiance
disorder and conduct disorder (Popova, Lange, Shield, et al., 2016). These are externalising conditions
which often present as comorbidities to more global and pervasive conditions. Whilst future studies
would benefit from assessing ADHD alongside Autism and FASD, the rationale for the present cross
syndrome comparison was to compare two pervasive spectrums which present with pathologies

spread across several domains.

Thirdly, in finding differences between the two profiles, the work conducted within this thesis can
contribute to the growing body of literature examining syndrome specificity in Autism and FASD.
There is therefore an emphasis in this thesis on what is conceptualised as ‘syndrome specificity’, which
is only used to describe statistically significant differences (between the two clinical groups and
between the clinical groups and the TD group) in the samples used within the current dataset.
Generalisations to the wider population are made tentatively and with the support of meta-analytical

data.

Fourth, there is a vast amount of literature examining Autism, which is more of a developed field of
study than FASD (Lange et al., 2018). Studying Autism alongside FASD makes it possible to identify
gaps in FASD literature and make the argument for the allocation of funding to this field. Additionally,

it can raise the profile of FASD by setting it alongside a more well-known and well-established field,
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whilst also utilising/ adjusting literature and resources available for Autism for a more FASD-friendly

audience.

89



90



1.5 Chapter Summary

This chapter has provided a broad summary of sleep, FASD and Autism. It is apparent that sleep is
somehow intrinsic to development and healthy physiology and neuropsychology in children. Sleep is
associated with various daytime functions in children with FASD and Autism alike. These associations
are broad and cover many daytime functions. Additionally, there appear to be several similarities
between FASD and Autism, perhaps since both conditions are cognitive, social, behavioural and

emotional in their manifestations.

In the following two chapters, two experimental and psychometric studies are reported which assess
the relationship between sleep and various cognitive and affective domains in children with diagnoses
of FASD or Autism, as well as TD children. Each chapter begins with a short literature review on the
specific neuropsychological domains relevant to the study, the theoretical motivations for the
parameters used, and an overview of missing literature or areas of further enquiry. This is followed by

methodology, results and discussion chapters.
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Chapter 2

92



Study 1: Sleep, anxiety, behaviour and executive functioning in children on the Autism and fetal

alcohol spectrums.

The first study of this thesis is based around two theoretical propositions: that behaviour is the
manifestation of a neural system that is underpinned by emotion and executive control (Bowman,
2016; Khonsary, 2017) and that sleep is important for the healthy function of behaviour, emotion and
executive control (e.g. HoedImoser et al., 2014; Reynaud, Vecchierini, Heude, Charles, & Plancoulaine,

2018).

In recent years, there has been a development in the understanding of executive functioning as a
psychopathological construct, with several models proposing that self-regulatory behaviour and
cognitive control (‘hot” and ‘cold’, or behavioural and emotional aspects) make up its core aspects.
One theory put forward by Kluwe-Schiavon and colleagues (2017) proposes that executive functioning
regulates controlled behaviours and the emotional- salience state through a fluid and continuous
process, ‘troubleshooting’ complex cognitive problems, using emotional salience as a mediator and
behaviour as an output (Kluwe-Schiavon et al., 2017). Meanwhile a number of correlative studies show
that the processes of executive functioning, behaviour and emotion are integral to
neurodevelopment, form core neurodevelopmental profiles of FASD and Autism, and are mediated
by sleep processes (See Section 2). This study investigates the relationship between sleep, executive
functioning, behaviour and anxiety in children with a diagnosis of Autism or FASD, and TD children.
Two hundred and seventy-seven caregivers of children aged between 6 and 16 years with diagnoses
of FASD (n=104), Autism (n=68), or TD children (n=102) completed the Children’s Sleep Habits
Questionnaire (CSHQ), the Behavior Rating Inventory of Executive Functioning (BRIEF), the Spence
Children’s Anxiety Scale (SCAS) and the Child Behavior Checklist (CBCL). To test for covariance and
diagnostic validity, the Childhood Autism Rating Scale — Parents Version (CARS), the Neurobehavioural
Screening Test for FASD (NST), and a socioeconomic (SES) questionnaire (detailing level of education,

ethnicity, geographical area and income) were also administered. This chapter is comprised of a
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rationale for this study, its procedures and results, and is followed by a discussion and interpretation

of the statistical relationships that were found.

2.1 Introduction

2.1.1 Anxiety

Childhood anxiety is conceptualised as a persistent and chronic mental state in which unpleasant
rumination, fear or worry is developmentally inappropriate and causes significant, life altering distress
(American Psychiatric Association, 2013). A child with an anxiety disorder typically presents with
nervous behaviour such as pacing, rocking, stimming, somatic complaints or obsessions. These are
usually accompanied by internalised symptoms, such as withdrawal with the intention of avoiding
triggering stimuli, and/or externalised symptoms, such as aggression towards triggering stimuli. Such
nervous, internal and external symptoms are coping mechanisms that can help the child feel safe
(Farrell, Ollendick, & Muris, 2019; Seligman, Swedish, & Flannery-Schroeder, 2014). Anxiety disorders
are classified by the DSM-V into several categories, characterised by the similar but distinct states of
fear (the mechanistic response to what is perceived to be an immediate danger) and worry (a longer
term, constant fear of a lurking danger). Separation anxiety, selective mutism, specific phobia, social
anxiety, panic disorder, agoraphobia, generalised anxiety, and substance induced anxiety are the
disorders currently classified under the category of anxiety disorders in section Il of the DSM-V.
Previous versions of the DSM included the subsets of Obsessive-Compulsive Disorder, however these
are now categorised in the separate DSM-V sections of Obsessive-Compulsive Disorders and Trauma

and Stressor Related Disorders. Those pertinent to this study are outlined below.

Separation Anxiety disorder is characterised by fear and anxiety around the separation from
attachment figures, to an extent that is atypical in comparison to typically developing children of a
similar age. In addition, there may be persistent fear or anxiety around the safety and wellbeing of the

attachment figure or fears around events and situations which may cause the separation or loss of the
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caregiver. Prevalence is between 0.5-4.1% in the general population (Farrell et al., 2019) and is more

common in girls than boys (Christiansen, 2015).

Specific phobias are characterised by irrational and intense fears of certain objects or situations. Whilst
things like spiders, the dark, strangers, monsters, etc. are the source of common childhood fears,
specific phobias in childhood are diagnosed when a child is unusually distressed by certain stimuli, is
unable to calm down despite adequate reassurance, experiences intense, persistent fears and
accompanying physiological symptoms, for more than six months. Unlike common childhood fears,
the intensity of specific phobias tends to increase with maturity. Specific phobias are more common
in girls than boys, have a median onset of middle childhood and have a prevalence of between 0.6-

1.9% in the general population (Farrell et al., 2019).

Social anxiety disorder is characterised by an excessive fear of situations in which there is a possibility
that others may impose negative evaluations. This often occurs in social activities, when a child may
be performing or speaking in front of people, answering questions in class, or being the centre of
attention. Children with social anxiety may have problems making friends and in the upkeep of
ongoing friendships. Social anxiety disorder is more common in girls than boys, has a median onset of
mid-late adolescence and a prevalence of 0.3-1.5% in the general population (Farrell et al., 2019;

Rapee, Schniering, & Hudson, 2009).

Panic disorder is characterised by sudden, unexpected panic attacks, followed by a month or more of
worrying about further attacks. Panic attacks are episodes of intense fear, accompanied by somatic
symptomology such as palpitations, shortness of breath, numbness or feelings of imminent danger.
Panic attacks can occur in conjunction with other anxiety disorders, for example accompanied by fear
of separation from the primary caregiver. Maladaptive behaviours may be used to avoid panic attacks,
for example the avoidance of not only stimuli that cause panic attacks, but also the avoidance of

similar or tangential stimuli (Farrell et al., 2019). Panic Disorder is more common in girls than boys,
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has a median onset of mid to late adolescence and a prevalence of 2.1-4.7% in the general population

(Kim, 2019).

Generalised anxiety disorder is characterised by persistent and excessive worry that covers several
domains, for example separation, social worries, and a specific phobia. Its prevalence is between 0.2

—3.9% in the general population (Farrell et al., 2019).

2.1.1.1 Anxiety and FASD

PAE alters the neural process of fear conditioning in response to stress (Hellemans, Sliwowska, Verma,
& Weinberg, 2010). Even situations of mild stress can contribute to the altered neural pathway that
results in clinical anxiety in individuals with FASD (Hellemans, Verma, et al., 2010). In rodent and
zebrafish models, social avoidance and stress related behaviours are mediated by PAE and genotype
(Baggio, Mussulini, de Oliveira, Gerlai, & Rico, 2018) whilst PAE in the first and second trimester are
associated with lower rates of anxiety behaviour than the third trimester (Baculis, Diaz, & Fernando
Valenzuela, 2015). In individuals with diagnoses of FASD, this is evidenced in several large-scale
studies. In a study of 473 adults with a diagnosis of FASD, 90% of respondents experienced mental
health problems, of which depression and anxiety behaviours were major contributors (Streissguth, ,
Barr, Julia Kogan, Bookstein, 1996). Children with FASD are not likely to remain with their biological
parents and often experience maternal separation as well as multiple foster placements, resulting in
increased prevalence of separation anxiety disorder (Alberry, Castellani, & Singh, 2019; Alberry &
Singh, 2016; Svetlana Popova, Lange, Burd, et al., 2016). Generalised anxiety disorders, as well as
symptoms of panic and phobia are positively correlated with PAE and mediated by early life trauma
(Price et al., 2017). Clinical anxiety occurs in around 60-80% of children with FASD, and in adulthood,
anxiety is a contributor to the major depressive and suicidal behaviours which are the most common

causes for admission into inpatient care (Mukherjee, 2019).
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2.1.1.2 Autism and anxiety

It is widely accepted that anxiety is an intrinsic feature of Autism, however whether it is a comorbidity
or part of a set of pathognomonic features is disputed (Zainal & Magiati, 2019). In both seminal articles
that first described Autism, written by Kanner (1943) and Asperger (1944), anxiety is mentioned as a
common occurrence. Social fear, worry, obsessive thoughts and behaviours, the compulsive need for
sameness and phobias were all described as auxiliary and intrinsic features (Asperger, 1944; Kanner,
1943). However, the exact prevalence of anxiety in Autism is disputed because of diagnostic
complexities. In order to correctly diagnose anxiety, symptoms must significantly alter everyday
functioning, but on the other hand everyday functioning is already altered due to the presence of
Autism (Magiati et al., 2016). For example, social anxiety, avoidance or ritualistic behaviours that help
to placate feelings of anxiety overlap both the diagnostic features of anxiety and Autism. Similarly,
school refusal in the general population is an indication of separation anxiety, but in a child with
Autism can be due to sensory overload, change in routine, social anxiety or a number of reasons that
would not be applicable to school refusal in the TD population (Davis, White, & Ollendick, 2014). When
measured in the typical sense (without scrutinising the related Autism traits), anxiety disorders are
thought to be prevalent in between 50-79% of individuals with Autism (Kerns & Kendall, 2012).
Although there is variability depending on the severity of the Autism diagnosis, up to 37% of children
and adolescents with Autism meet the diagnostic criteria for OCD, 29.2% for social anxiety, 15.5-20%
specific phobia, 19% separation anxiety and up to 70% generalised anxiety which overlaps various
specific anxiety disorders (Davis et al., 2014). As with the general population, anxiety is reported to be
more common in girls than boys, and has a significant impact on everyday functioning and quality of

life in children and adolescents with Autism (MacNeil, Lopes, & Minnes, 2009).

97



2.1.1.3 Anxiety and sleep

Sleep problems amongst the anxious, and anxiety problems amongst the sleep deprived, are well
known (Cox & Olatunji, 2020). Evidence suggests that heightened and dysfunctional emotional
reactivity mediates the interaction between cognitive and autonomic hyperarousal, and therefore the
occurrence and maintenance of sleep problems. At the same time, emotional disturbances can be
reinforced by dysfunctional sleep-wake regulating neural circuitry (Baglioni, Spiegelhalder, Lombardo,
& Riemann, 2010). One cross sectional analysis of adolescents (n=1,014) reported that 25.6% of those
with an anxiety disorder also met the criteria for insomnia, whilst a further 30.4% of those with
generalised anxiety, 32.4% with social phobia, 24.3% with a specific phobia, 35.7% with a panic
disorder, and 42.9% with an obsessive-compulsive disorder met the criteria for acute insomnia. An
initial diagnosis of insomnia was also associated with an increased risk of later mood disorder, which
suggests there is a complex and reciprocal association between anxiety and sleep (Brown et al., 2018).
In another study assessing sleep problems (not insomnia), 91% of children with generalised anxiety
disorder, 91% with social phobia, and 87% with obsessive-compulsive disorder displayed at least one

sleep problem (Brown et al., 2018; Chase & Pincus, 2011b).

Studies have also examined causality, long term outcomes and bidirectionality between sleep and
anxiety. One longitudinal study conducted by Gregory and colleagues (2005) assessed individuals at
ages 5,7 and 9, and again at age 21 and 26 (n=943). Those with sleep problems during childhood were
significantly more likely to experience anxiety symptoms in adulthood (Gregory et al., 2005). Another
longitudinal study, not assessing anxiety in particular but internalising, externalising and inferential
sleep data using the CBCL, in conjunction with MRI, found that at 6 time points between the ages of 2
and 7, sleep disturbance was associated with smaller grey matter volumes and thinner dorsolateral

prefrontal cortex (Kocevska et al., 2017).
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2.1.2 Executive functioning

Executive functioning is an umbrella term for the set of effortful, top down processes that are
responsible for goal oriented and purposeful behaviour and regulation, related to prefrontal and
neocortical activity (Goldstein, Naglieri, Princiotta, & Otero, 2014). Whilst the concept of executive
functioning is largely ununified and changing, with 33 current definitions, it can be broadly defined as
an overarching function made up of several distinct and related processes across nine domains:
attention, emotion regulation, flexibility, inhibitory control, initiation, organisation, planning, self-

monitoring and working memory (Goldstein et al., 2014).

2.1.2.1 Executive functioning and Autism

Executive functioning forms part of the core cognitive profile of Autism. Planning, impulsivity,
initiating activities, inhibition, working memory, shifting from one task to another or organising
surroundings fall under its functional processes and are often conceptualised as deficits within Autism
(Hill, 2004). In order to perform an executive functioning task, an individual must disengage from the
immediate environment and guide actions or instructions that may not be immediately obvious.
Executive functioning processes initiate non routine tasks, engage in flexible behaviours, remember
lists of objects or instructions, and apply changes to routines; all of which are difficult tasks for
individuals with Autism (Happe & Fletcher Watson, 2019). Rigidity of behaviour, the tendency to
become engrossed in an activity, engaging in repetitive or elaborate rituals are conceptualised as
processes absent from executive functioning. These may come to dominate the daily life of some
individuals who may need prompts to initiate changes in a routine (Happe & Fletcher Watson, 2019).
Children with Autism may tend to forget things or find lists of objects or instructions difficult to both
remember and complete. They may appear to be disorganised but attempt to overcome this through
lists or adhering to rigidity and structure. Neural damage to the frontal lobes results in atypical

executive functioning, and functional differences in the prefrontal cortex are associated with other
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social-emotional-behavioural-impulsivity conditions such as ADHD, Obsessive Compulsive Disorder,

Tourette’s Syndrome, FASD and Schizophrenia (Ozonoff & Jensen, 1999; Sergeant et al., 2002).

2.1.2.2 Executive functioning and FASD

Whilst executive functioning is often conceptualised as a central cognitive deficit of FASD, and
subjective and objective executive functioning testing forms part of its diagnostic process, PAE is
associated with many cognitive outcomes and there remains heterogeneity amongst the FASD
executive functioning profile (Lange et al., 2017). This is most likely because of the variable nature of
PAE in terms of its frequency and timing. One meta-analysis reviewing 46 studies (n=868) comparing
FASD and TD children showed that those with FASD scored significantly higher on set shifting, working
memory and inhibition processes, with set shifting scoring the highest (Khoury, Milligan, & Girard,
2015). However, executive functioning profiles in FASD are more variable than in other
neurodevelopmental populations, and whilst there is a robust association between executive
functioning and FASD, its profile is not as quantitatively synthesised as in Autism or ADHD (Lange et
al., 2017; Nash et al., 2006). FMRI studies show that children and adolescents with FASD demonstrate
activation deficiencies in in the prefrontal cortex during executive functioning tasks compared to
controls (Soh et al., 2015) and there is no significant difference in executive functioning tasks across
different severities of FASD (Glass & Mattson, 2017). Children with FASD show varying difficulties
across the domains of planning, strategy use, attention, verbal fluency (Kodituwakku, 2009). Children
with PAE also have significantly more executive functioning deficits than children with prenatal

exposure to tobacco, marijuana or cocaine (Schonfeld, Paley, Frankel, & O’Connor, 2006).

2.1.2.3 Executive functioning and Sleep

Executive function changes across the lifespan. Its development is linked to the maturation of the
prefrontal and connected subcortical areas that occur during typical childhood and adolescence

(Diamond, 2013) and its development and decline over the lifespan tends to follow an inverted U-
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shaped curve which peaks in the young adult years (Diamond, 2013). Executive functioning can be
improved through training, for example through practicing working memory or cognitive flexibility
tasks, however sleep is consistently found to be a mediator in improving executive functioning in both
children and adults (Karbach & Unger, 2014; Vermeulen, Van der Heijden, Swaab, & Van Someren,

2019).

As mentioned in Section 1.1.4, sleep is associated with several cognitive processes which fall under
the umbrella term of executive functioning. Working memory for example requires central executive
control in order to operate the separate processes that contribute to its effective functioning (See
Section 3.2.1 for the Working Memory Model). Periods of sleep are associated with memory
consolidation in children (Ashworth et al., 2014), while spindle activity is associated with working
memory and planning (Chatburn et al., 2013). Sleep quality and quantity has consistently been found
to be associated with neurobehavioural functions in TD children (Kuula et al., 2015; Sadeh, Gruber, &
Raviv, 2002). Experimental studies report that executive functioning performance, including verbal
fluency, shifting and planning are associated with sleep loss and fragmentation (Kryger, Dement, &

Roth, 2010).

As mentioned in Section 1.1.5, respiratory events such apnoea and hypopnea can be mediators of
negative outcomes, some of which fall under the classification of executive functioning. Severity of
sleep disturbance in obstructive sleep apnoea syndrome (OSAS) is correlated with level of executive
impairment, with some residual impairment despite treatment (continuous positive airway pressure
- CPAP). One meta-analysis assessing a total of 1697 TD children and adolescents, found large effect
sizes for sleep and the executive functioning domain of generativity and medium effect sizes for
inhibition, working memory and shifting (-0.64 to -1.06) when examining SDB and executive

functioning domains (Mietchen, Bennett, Huff, Hedges, & Gale, 2016).
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Studies of EEG changes throughout the course of sleep and following sleep deprivation provide further
indication of the relative importance of the frontal regions of the brain to sleep (Jones 2001). In one
cross sectional analysis (n=236) of objective sleep and executive functioning measurements
(actigraphy and tower test) in TD adolescents, those with poorer sleep efficiency were significantly
more likely to have poorer executive functioning scores, mediated by socioeconomic and
environmental influences (Anderson 2009). One narrative review conducted by Turnbull, Reid and
Morton (2013) noted a paucity of data assessing executive functioning and childhood sleep patterns,
noting that only one study at that time that met their review criteria. In 2019, by contrast, a meta-
analytic review assessed twenty-eight studies looking at sleep and executive functioning
measurements, finding that total sleep time is related to inhibitory control attention, working memory
and cognitive flexibility (Ballesio, Aquino, Kyle, Ferlazzo, & Lombardo, 2019). In the consistent
functioning of the working memory, shifting and generativity processes of executive functioning, sleep

is a well-documented and necessary contributor.

2.1.3 Behaviour

Healthy childhood development includes a range of social, emotional and behavioural functioning
(Wenar & Kerig, 2000). Healthy social functioning involves an adequate balance between dependence
on others and autonomy, and a comfortable relationship with adults and other children, with the
capacity to empathise and share. Healthy emotional functioning involves an adequate degree of
emotional stability, capacity for self-assessment, a tolerance for frustration and ability to cope with
conflicting emotions, whilst healthy behavioural functioning in children requires flexibility in
behaviour, integrative capacity, mastery, self-concept and awareness (Wilks, Gerber, & Erdie-Lalena,
2010). Behavioural difficulties are a normal part of development; for example, it is accepted that
typically developing young children can be restless, hyperactive, overactive, oppositional and defiant,
anti-social or may not grasp social cues, even though these traits and characteristics contribute to the

diagnostic criteria of several neurodevelopmental conditions. Furthermore, typical development
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usually includes changing phases of temperament, such as increased irritability, issues with
attachment, aggression or withdrawal. When addressed successfully by caregivers, these should
decrease as the child moves to the next stage of development (Wenar & Kerig, 2014). However,
neurodevelopmental conditions relating to behaviour occur when (irrespective of the
neuromechanics or environmental situations involved) certain patterns of entrenched behaviour form
a psychopathology. Periods of maladjustment following an identified stressor can be identified in
attentional disorders such as ADHD, oppositional defiance disorder, Autism, disorders of anxiety and

depression, bipolar disorders, conduct disorders and Fetal Alcohol Spectrum Disorders.

2.1.3.1 FASD and behaviour

The Neurobehavioural Screening Test is a widely used tool to differentiate or screen for children with
FASD. It was comprised of factor analysis of the CBCL through the identification of the most common

areas of behavioural difficulty. These are:

Behaviours that are younger than age related expectations. Children with FASD will often reach
developmental milestones in early childhood, after which both cognitive and social behaviours tend
to plateau (Catterick & Curran, 2014). This results in inabilities to comprehend concepts such as social
reciprocity or emotional awareness which means that children with FASD tend to exhibit behavioural

immaturity.

Oppositional defiance; disorders of conduct. Ninety percent of children with FAS have a diagnosis of
conduct disorder, a precursor to antisocial behaviour disorder (Popova, Lange, Shield, et al., 2016).
This may explain the large numbers of individuals with FASD seen in the criminal justice system and is
the result of atypical fear-empathy responses related to distress, as well as problems with the

understanding of normative social concepts (Bower et al., 2018).
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Lying, cheating. In educational settings, children with FASD are often described as having the ability
to lie or cheat in order to answer questions or evade situations, but not understand the consequences
or moral concept of lying. The lie-telling abilities of children aged between 4-8 years with FASD were
examined in one study by Rasmussen and colleagues (2008) using a temptation-resistance paradigm,
in which a significantly higher number of FASD than TD children (94% verses 72%) lied about secretly
looking at a toy (Rasmussen, Talwar, Loomes, & Andrew, 2008). This was conceptualised as the result
of a lack of inhibitory control combined with not understanding the consequences of actions (Taylor
et al., 1999). Children with FASD often confabulate stories in order to answer questions which they
cannot remember the answer to, due to attentional or memory problems, or can lack moral maturity

(Novick Brown et al., 2012; Schonfeld, Mattson, & Riley, 2005).

Lacking guilt after misbehaving/ acts of cruelty/ stealing. In TD children, a lack of remorse after
misbehaving is an indication of a lack of empathy, rationalising actions in an unsociable way, or
blaming others for an individual’s actions (Wenar & Kerig, 2000). In children with FASD, a lack of guilt
after misbehaving is the result of not understanding the social concept of expected behaviours.
Concepts of justice or ownership are often alien to a child with FASD and can result in cruelty or

stealing behaviours (Brown, 2015).

Attentional problems, impulsivity and hyperactivity. Attentional problems result in the most visible
behaviours in children with FASD, namely atypical levels of inhibition, compulsion, distractibility and
attention span (Peadon, Fremantle, Bower, & Elliott, 2008). Indeed, ADHD like symptoms are part of
its pathognomonic features (Kingdon, Cardoso, & McGrath, 2016). There is a significant overlap
between ADHD and FASD, and ADHD is prevalent in between 30-50% of children with FASD (Peadon,
2010). There is some evidence that ADHD in FASD may be a specific clinical subtype and may require

an alternative treatment approach.
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2.1.3.2 Autism and behaviour

As a pervasive developmental condition, Autism results in a wide range of atypical behaviours, mainly
around social interaction and understanding social nuances. Although there is some contention as to
the process of delineating specific Autism behaviours (Happe & Fletcher Watson, 2019), as with FASD,
the CBCL is a widely used tool in the factor analysis of Autism specific behaviours (Hanratty et al.,
2015). Children and adults with Autism tend to score highly in the subsets of social behaviour, thought
behaviour, attention behaviour, withdrawn, and aggressive behaviour when using the CBCL or its adult
counterpart, the Adult Behaviour Checklist (ABCL). Scores tend to be more internalised than
externalised, but there is a heterogeneity within the Autism profile outside of the behaviours
pertinent to its diagnosis (Havdahl, von Tetzchner, Huerta, Lord, & Bishop, 2016; Mazefsky, Anderson,

Conner, & Minshew, 2011; Ooi, Rescorla, Ang, Woo, & Fung, 2011).

2.1.3.3 Sleep and behaviour

Persistent sleep disruptions can have long term negative neurodevelopmental consequences, or a
negative effect on neuropsychological functioning. Cognitive performance underlies behavioural
output, can be mediated by sleep, and can contribute to the behavioural manifestations seen in
neurodevelopmental conditions (Kamara & Beauchaine, 2019). This includes difficulty in cognitive
performance, learning, as well as difficulties with new and abstract concepts (Hill et al., 2007),
behaviour and attention (Sadeh et al., 2002; Shang, Gau, & Soong, 2006). Sleep deprivation for
example in teenagers has a negative impact on emotional and behavioural problems as well as an
alteration in attention and performance (Dahl, 1999). Similarly, there is a relationship between quality
of sleep, impulsive behaviours and hyperactivity (Giannotti, Cortesi, Sebastiani, & Ottaviano, 2002;

Spruyt & Gozal, 2011b).
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One meta-analysis conducted by Astill and colleagues in 2012 assessing sleep, cognition and
behavioural problems in school-aged children aged between 5 and 12 years (n=35,936) found that
shorter sleep duration was significantly related to internalising (r=0.09,CI[0.06,0.12]) and externalising
(r=.08, CI [.06, .11]) behavioural problems (Astill, Van der Heijden, Van ljzendoorn, & Van Someren,
2012). In one systematic review assessing sleep in relation to cognition and behaviour in preschool
and school aged children, Reynaud and colleagues (2018) found that in 12 out of 13 studies that met
quality criteria (low risk of bias, high sample size, cross sectional design, assessment of confounding
factors, objective measurements) higher quantity and quality of sleep was related to better
behavioural outcomes (Reynaud et al., 2018). One article in this study extended its participant criteria
to 9 years (Armstrong, Ruttle, Klein, Essex, & Benca, 2014) whilst the other 12 were related only to
preschool aged children. Insomnia and parasomnias in school aged children was positively associated
with aggressive behaviour, attentional problems and externalising behaviour (Reynaud et al., 2018).
One longitudinal study conducted by Muratori et al. (2019) found that in their sample of children aged
6 to 10 years (n=227), an association was found between an increase in sleep problems and the
worsening of behavioural problems (inattention and hyperactivity), however no association was seen

with conduct problems (Muratori et al., 2019).

2.1.4 Summary

Anxiety, executive functioning and behavioural problems are prevalent in both FASD and Autism.
There are some distinctions and some similarities between the FASD and Autism profile, as well as
contentions regarding the methodological validity of the measurement of anxiety and behaviour in
both groups. Both children with FASD and Autism tend to experience clinical levels of anxiety, which
can manifest differently according to syndrome and differ according to environmental influences on
worries and fears. Children with FASD tend to experience more ‘worry’ based anxieties whilst children
with Autism tend to experience more ‘fear’ based anxieties. Both children with FASD and Autism tend

to score above clinical ranges in executive functioning, however whilst the executive functioning
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profile is well characterised in the Autism population, it is more heterogenous in the FASD population
due to the variability of PAE. Children with Autism tend to score heterogeneously on externalised/
internalised behaviour profiles whereas children with FASD tend to present with more oppositional

and defiant behaviours.

Sleep is strongly associated with the emotion behaviour, and executive control triad, but this
relationship is less well understood in atypical populations. With this in mind, Study 1 of this thesis

aimed to test and investigate these associations.
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2.2

Aims and hypotheses

The aims of this study are:

1. To describe caregiver reported sleep habits, anxiety, executive functioning and behaviour in

FASD, Autism and TD groups.

To examine whether sleep habits, anxiety, executive functioning and behaviour are ‘syndrome
specific’, i.e. are statistically different than the other two groups.

To investigate whether sleep habits as measured by the CSHQ predict the variance in
executive functioning, behaviour or anxiety in TD children, and children with FASD or Autism.
To investigate whether the strength of the association between sleep problems or sleep

behaviours is dependent on age, sex or socioeconomic status of the child.

It is predicted that:

1.

Children with FASD and Autism will present with higher scores in the BRIEF, SCAS and CBCL

than TD children. (Kodituwakku, 2009, Lange 2017).

a) Children with FASD will present with a higher number of attentional and conduct problems

than TD or children with Autism (Popova, Lange, Shield, et al., 2016).

b) Children with Autism will present with a higher number of social and communication

difficulties than children with FASD (Stevens et al., 2013).

¢) Children with FASD and Autism will present with a higher number of sleep problems than

TD children (Inkelis & Thomas, 2018; Mazzone et al., 2018).

Sleep habits will be significantly correlated with executive functioning, behaviour and anxiety
in the three groups. (Cohen, Conduit, Lockley, Rajaratnam, & Cornish, 2014; Gregory & Sadeh,

2012; Wengel, Hanlon-Dearman, & Fjeldsted, 2011).
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4, a) There will be higher anxiety scores amongst girls than boys in all three groups. (Buckhalt et

al., 2007; Kodituwakku, 2009)

b) There will be higher maladaptive behaviour scores amongst boys than girls in all three
groups (Buckhalt et al., 2007; Kodituwakku, 2009; Mukherjee, Wray, Commers, Hollins, &

Curfs, 2013; Werling & Geschwind, 2013)

c) Age will predict severity of sleep disturbances, maladaptive behaviour and anxiety in the
three groups. (Buckhalt et al., 2007; Kodituwakku, 2009; Mukherjee, Wray, Commers, Hollins,

& Curfs, 2013)

d) SES will be a predictor of sleep, behaviour and anxiety in the three groups (Buckhalt et al.,
2007; Kodituwakku, 2009; Mukherjee, Wray, Commers, Hollins, & Curfs, 2013; Werling &

Geschwind, 2013).

2.3  Power Analysis

A priori and post hoc power analyses were conducted in SPSS to ascertain sample sizes. The purpose
of this thesis is to examine whether sleep is a contributor to anxiety, behaviour and executive
functioning. As there are no null hypotheses, the power analysis conducted here includes 12 variables
(8 CSHQ subscales and 3 covariates). This yielded a sample size of 40 in each group for power of 0.8.
A larger sample would yield >0.8. Table 2.1 outlines the a-priori power analysis, whilst post hoc

analyses are outlined in Section 2.5.
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Table 2.1: A-Priori power analysis to determine sample size for Study 1

F tests - Linear multiple regression: Fixed model, R? increase

Effect size 2 0.5
a err prob 0.05
Power (1-B err prob) 0.8
Number of tested predictors 8
Total number of predictors 11
Noncentrality parameter A 20
Critical F 2.29
Numerator df 8
Denominator df 28
Total sample size 40
Actual power 0.81

2.4 Methodology

2.4.1 Ethical approval

This study was approved by the UCL Institute of Education Research Ethics Committee (Approval
number 16683/001). All caregivers were provided with details of the study, and details on what will

happen with the information they provide. All caregiver participants gave written informed consent

(See Appendix).

2.4.2 Materials

This study used several questionnaires to assess parentally reported sleep and daytime functioning,

as well as relevant background information.

Children’s Sleep Habits Questionnaire (CSHQ; Owens et al., 2000; described in Section 1.1.7.1.1) This is

a 33 item retrospective parent report which screens for common sleep problems for school aged
children. Parents indicate the frequency of various sleep related characteristics, using a Likert Scale
with three options: ‘rarely’ for an event that occurs 0-1 times per week; ‘sometimes’ for an event that
occurs 2-4 times per week; ‘usually’ for an event that that occurs between 5-7 times per week.
Questions include occurrences of problems around bedtime routines, indications that the child is not
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sleeping a normal amount, or indications that the child is waking during the night. Items are grouped
into eight subscales: Bedtime Resistance, Sleep Onset Delay, Sleep Duration, Sleep Anxiety, Night
Waking, Parasomnia, Sleep Disordered Breathing, Daytime Sleepiness. The CSHQ is a widely used
assessment tool in paediatric sleep, with high internal validity and Cronbach Alpha score of 0.83.

Clinical scores are determined as 41 or above (Markovich, Gendron, & Corkum, 2015).

Spence Children’s Anxiety Scale (SCAS; Spence, 1997; Spence, 1998): This is a 38-item questionnaire
measuring anxiety symptoms in children aged between 6-16, used in the measurement of symptoms
of DSM-V anxiety disorders, in both mainstream and non- mainstream settings. It includes subscales
for Separation Anxiety, Social Phobia, Obsessive-Compulsive Disorder, Panic, Physical Injury Fears and
Generalised Anxiety Disorder. Each item is on a 4-point Likert Scale ranging Never (0), Sometimes (1)
Often (2) Always (3). The SCAS has high internal validity with a Cronbach’s Alpha score of 0.92 (Essau,

Muris, & Ederer, 2002). Clinical scores are determined as 31 and above.

The Behavior Rating Inventory of Executive Function (BRIEF; Roth, Isquith, & Gioia, 2014): This is an 83
item parental report outlining the six subsets of executive functioning based on a three point Likert
Scale, Never (1), Sometimes (2), Often (3). Subsets include Working Memory, Inhibition, Shifting,
Emotional Control, and Planning and Organisation. The BRIEF is a widely used instrument for executive
functioning with high internal validity and internal consistency, Cronbach’s Alpha score of 0.8-0.98

(Roth et al., 2014). Clinical scores are determined as 65 and above.

Child Behavior Checklist/ Achenbach System of Empirically Based Assessment (CBCL; (Achenbach &
Rescorla, 2003): A widely used tool for the measurement of maladaptive behaviours and emotional
problems in children, consisting of 118 questions on a three-point Likert Scale: ‘not true (0)’;
‘somewhat true (1); ‘very true (2). Subscales are divided into ‘Internalising’ and ‘Externalising’
behaviours as well as the Subsets of: Withdrawn, Somatic Complaints, Anxious/ Depressed, Social

Problems, Thought Problems, Attention Problems, Delinquency and Aggression. Although the CBCL is
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designed to report on the parental observations of emotional and behavioural problems of their own
children, it has been used in research settings with other significant adults, such as mental health
workers, hospital staff, foster parents, clinicians, and teachers. It has high internal validity, with a 0.94
Cronbach’s Alpha score. Clinical scores are determined as a total of 64 and above (Bean, Mooijart,

Eurelings-Bontekoe, & Spinhoven, 2006).

The Childhood Autism Rating Scale, Parents Version (CARS; Lord & Schopler, 1987). This is a 15 item
screening questionnaire that determines the severity of Autism symptoms, using a seven point
(including midpoint) Likert Scale, ranging from typical to atypical behaviour. Categories are: relating
to people, imitation, emotional responsiveness, body use, object use, adaptation to change, visual
responses, listening responses, taste, smell, touch responses, fear or nervousness, verbal
communication, nonverbal communication, activity levels, intellectual responsiveness and general
observations. The CARS demonstrates moderate to good sensitivity and specificity (81.4% and 78.6%
respectively) and good internal consistency (Cronbach’s Alpha =0.79) however cannot be used in place

of a diagnostic assessment. A CARS score of >=33 indicates possible Autism (Garfin & McCallon, 1988).

Neurobehavioural Screening Tool (NST; Kelly Nash, Koren, & Rovet, 2011). This is a ten-item binary
checklist that screens for possible FASD in children. Questions examine whether children meet the
more common neurobehavioural characteristics of FASD, however these are not always accurate or
representative of all children with FASD. Categories are: acting young, lying and cheating, lacking guilt
after misbehaving, difficulty concentrating, impulsivity, hyperactivity, displays of cruelty, stealing at
home, and stealing outside of home. The NST has low sensitivity but high specificity (62% and 100%
respectively) and in the absence of a more accurate measurement tool, is a widely used screening
mechanism for FASD in children. Scores above 8, plus confirmed prenatal alcohol exposure indicate a

FASD diagnostic evaluation should be carried out (Kelly et al., 2011).
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Socioeconomic (SES) questionnaire. Caregivers were asked their ethnic origin, educational
qualifications and job titles of all adults in the household, the number of parents in the household,
and whether the child was in foster care, adoptive care, or under the care of a biological parent or
relative. SES was determined along the National Statistics Socio-economic Classification of 1 (higher
or lower managerial, administrative or professional occupations and higher education), 2
(intermediate occupations and A-Levels or equivalent), or 3 (routine or manual occupations or

unemployed, some schooling) (Office for National Statistics, 2016).

2.4.3 Statistical analysis

Data were analysed using the haven, glmnet and xtable packages in R, as well as IBM Statistical
Package for Social Science V.22. Outlying scores were identified through Cook’s distances and
removed. Analyses where the significance of results changed once outliers were removed are labelled

as ‘OR’ (Outliers Removed).

2.4.3.1 Group comparisons

Raw scores on the CSHQ, CBCL, SCAS and BRIEF were compared using one-way between-group
Analysis of Variance (ANOVA) to compare the FASD, Autism and TD groups. Data were examined for
normality using Levene’s Test of homogeneity. In post-hoc analysis where equal variances could not
be assumed, the Games-Howell test was used. Where equal variances were assumed, the Bonferroni
Correction was used (Field, 2018). Raw scores were used since T-scores are capped and often

exceeded in these clinical groups.

To determine whether sex was a confounding factor, independent samples t-tests were used to
compare males and females within each group. Pearson’s correlations were used to investigate age-
related changes in sleep, executive function, anxiety and behaviour. One-way ANOVAs were used to

determine whether SES differences contributed to either sleep or psychological outcomes, per group.
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Since some age, SES and sex differences were found, all subsequent analyses were conducted using

age, SES and sex as covariates.

2.4.3.2 Regression analysis

Pearson correlations were carried out on the subscales of all questionnaires to check for multi
collinearity. Tolerance Statistics of >0.9 were searched for, none were found. Where any correlations
were above 0.8, these were removed from multiple regression analyses and assessed separately.
Hierarchical multiple linear regression using the Enter model was used to assess whether sleep was
able to predict either the total or subscales of executive function, anxiety, or behaviour in Autism,
FASD or TD groups. Block one always controlled for age, SES and sex. Composite CSHQ subscale scores
were taken together as a representation of sleep disturbance and were entered in Block two. Total
scores were not used since the CSHQ counts scores on two subscales twice. Separate models were
run assessing Total CSHQ vs Total BRIEF/ SCAS/ CBCL. Separate models were run for each subscale and
Total of the BRIEF, SCAS and CBCL. Adjusted R? values are reported as the percentage of variance, in

order to control for the number of predictors in the model.

2.4.3.3 Test of similarity (rather than difference)

It is possible to show that results between the two groups are statistically different by comparing
values in a T-Test. In children with FASD and Autism, there appear to be several similarities as well as
differences and in order to ascertain which domains were syndrome specific, or which domains
overlapped between syndromes, significant similarities were calculated using Two-One-Sided Tests of
Similarity (TOST). Glmnet, xtable, and haven packages were used to import, manipulate and report

data in R and conduct TOST's.
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2.4.4 Participants

Participants were caregivers of children aged between 6 and 15 years (between the 6% and 16t
birthday). This age group was chosen since it represents a large age range from which a cross sectional

analysis could be made.

All children had received either a diagnosis of FASD, Autism, or had no diagnoses. Screening tools for
FASD and Autism were additionally included in the battery of questionnaires that caregivers

completed. A number of children also had secondary diagnoses, which are outlined in Table 2.1 below.

This study was initially advertised as an online questionnaire assessing sleep and daytime functioning
in children with FASD or Autism. Caregivers of TD participants were recruited through three schools
in West London, South London, and Milton Keynes. Caregivers of children with FASD were recruited
through the UK FASD Network mailing list, while caregivers of children with Autism were recruited
through online Autism forums. Caregivers were directed to an online questionnaire, at the end of
which there was an option to receive feedback on the child’s score, as well as sleep hygiene

intervention ideas (See Appendix for sample feedback booklets and recruitment material).

A total of 322 caregivers completed the online questionnaire. Nine were excluded as they had not
completed large sections of the questionnaire. Twenty-four were excluded as they did not have a
diagnosis of FASD or Autism, and were not TD. A further 10 were excluded as they did not meet the
age criteria. One- way between group ANOVAs indicated no age (F(1,235)=1.06, p=0.43, 1,2=0.85) or
SES differences (F(1,3)=1.06, p=0.49, 1,?=0.01) but there were significant differences between sex,
with significantly more boys than girls (F(1,2)=6.58, p=0.01, 11,2=0.02). The final sample consisted of

279 participants, outlined in Table 2.1.
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Table 2.2: Participant details

Autism FASD D
n 61 114 104
Male/Female 46/15 62/51 55/48
Age (M(SD)) 10.03(2.54) 9.54(2.86) 9.43(2.55)
Age Range 6.07-15.56 6.09-15.98 6.47-15.90
SES 1/2/3 17/35/9 14/74/26 23/67/15

Participants filled in an online form created in Typeform. This platform was used as it proved an

effective way of both recruiting and maintaining that the participant continued all the way through

the questionnaire and had the additional option of leaving the questionnaire and coming back to it

later. It was also available for use on mobile phones which made it more accessible. Participants were

informed at the beginning that they were welcome to leave the study by not filling in the

guestionnaire, but if they wanted full and accurate feedback of their child’s CSHQ, SCAS, CBCL and

BRIEF scores it was necessary to fill in all questions. Additionally, the participant was prompted once

if a question was missed, and thereafter given the option to leave. As a result, there was 92% response

rate with 146 missing values. Where there were missing data, these were imputed in SPSS.
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2.5 Results

2.5.1 Power

Post hoc statistical power analyses were carried out to find the probability of whether significant
findings were truly significant, given the possibility of committing Type | or Type Il error. This informs
us of the probability of significant associations in the present samples being likely to appear in the
population. Conventionally a power score of 70% (0.7) or above indicates a good probability, and

scores of 0.8 and above indicate a strong probability (Field, 2018).

Throughout the results section, statistical significance is reported using p values, where p<0.05 and
p<0.001 are reported as significant and highly significant. Effect sizes are reported using significant
(p=<0.05) R? values and np? depending on whether the data was regression (R?) or group comparison
(np2). Meanwhile, the power of significant (p=<0.05) R? values are reported using F ratios, which
report the ratio of the proportion of variance accounted for versus the proportion of variance
unaccounted for. It is used here to describe the fit of the data, as reported by Fraley & Vazire (2014).
This allows for the interpretation of whether the data reported here, with the sample sizes reported,
can predict the fit of the sample data to the population. Meanwhile, the table below sets out an
overview of post hoc power analyses that were conducted, related to each of the hypotheses. The

implications of these are discussed further in the limitations and discussion sections.
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Table 2.3: Post Hoc Power Analysis for Study 1.

Power 1-B

Noncentrality Parameter A Critical F error
Hypothesis 1, Group comparisons: Sleep 18.8 3.02 0.98
Hypothesis 1, Group comparisons: Anxiety 4.71 3.88 0.68
Hypothesis 1, Group comparisons: Behaviour 34.18 3.88 0.99
Hypothesis 1, Group comparisons: Executive Function 49.22 3.87 0.99

Noncentality Parameter & Critical t Power
Hypothesis 2, ASC>FASD Social Communication 2.61 1.97 0.74
Hypothesis 2b Clinical>TD Sleep Problems 2.65 1.97 0.77
Hypothesis 3 Regressions/CSHQ Noncentrality Parameter A Critical F Power
ASC / SCAS 16.56 3.14 0.95
ASC / CBCL 13.85 3.16 0.91
ASC / BRIEF 35.34 2.44 1.00
FASD / SCAS 31.12 3.08 1.00
FASD / CBCL 35.34 2.44 1.00
FASD / BRIEF 37.80 2.44 1.00
TD / SCAS 21.94 3.09 0.99
TD/ CBCL 18.06 3.16 0.97
TD / BRIEF 36.36 2.45 1.00
Hypothesis 4, Age/Score Noncentrality Parameter A Critical F Power
ASC / SCAS 0.75 3.15 0.11
ASC / CBCL 4.76 3.15 0.46
ASC / BRIEF 3.26 3.15 0.33
ASC/CSHQ 1.36 3.15 0.16
FASD / SCAS 1.60 3.08 0.18
FASD / CBCL 7.98 3.08 0.70
FASD / BRIEF 7.98 3.08 0.70
FASD / CSHQ 8.32 3.09 0.72
TD / SCAS 4.16 3.09 0.42
TD/ CBCL 7.98 2.44 0.79
TD / BRIEF 9.36 3.09 0.77
TD / CSHQ 5.70 3.08 0.55
Hypothesis 4, SEX/Score Noncentality Parameter & Critical t Power
ASC / SCAS 4.23 1.97 0.99
ASC / CBCL 0.80 1.98 0.12
ASC / BRIEF 3.05 1.99 0.86
ASC/ CSHQ 4.42 1.99 0.99
FASD / SCAS 5.06 1.98 1.00
FASD / CBCL 4.97 1.98 1.00
FASD / BRIEF 0.99 1.98 0.17
FASD / CSHQ 1.93 1.98 0.48
TD / SCAS 4.77 1.98 1.00
TD/CBCL 4.62 1.98 1.00
TD / BRIEF 2.98 1.98 0.84
TD / CSHQ 4.04 1.98 0.98
Hypothesis 4, SES/Score Noncentality Parameter & Critical t Power
ASC / SCAS 1.36 3.14 0.16
ASC / CBCL 1.15 3.08 0.14
ASC / BRIEF 1.35 3.09 0.16
ASC/ CSHQ 1.12 2.69 0.12
FASD / SCAS 2.51 3.08 0.27
FASD / CBCL 4.60 3.08 0.46
FASD / BRIEF 3.42 3.08 0.35
FASD / CSHQ 4.16 2.70 0.36
TD / SCAS 2.30 3.08 0.25
TD / CBCL 5.60 2.69 0.47
TD / BRIEF 1.48 3.08 0.17
TD / CSHQ 5.75 3.08 0.55
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2.5.2 CSHQ

The CSHQ variables were analysed using group mean comparisons. Effect sizes are displayed as partial
eta squared (n,?). Effect sizes are calculated as small (between 0.10 and 0.30), medium (between 0.30
and 0.50) and large (>0.50) according to Cohen (2013). ANOVA results are presented in Table 2.4.

Following this, group comparison, raw score, SES, sex and age differences for each CSHQ subscale are

set out below.

Table 2.4: Mean scores (SD) and group differences using ANOVA for CSHQ subsets

Autism (n=61) FASD (n=114) TD (n=104) F p np2
M SD M SD M SD

Bedtime Resistance 9.66 3.35 9.67 3.39 8.81 3.03 2.25 0.11 0.17
Sleep Onset Delay 2.24 0.78 2.40 0.71 1.73 0.79 2182 <0.001 0.14
Sleep Duration 5.20 1.69 5.62 1.93 4.29 1.59  15.58 <0.001 0.11
Sleep Anxiety 7.56 2.85 7.75 2.97 6.23 2.32 9.23 <0.001 0.07
Night Wakings 5.29 1.88 5.72 1.83 4.20 1.24  23.50 <0.001 0.15
Parasomnias 11.76 3.64 12.89 3.82 9.97 296 18.80 <0.001 0.12
Sleep Disordered Breathing 4.34 2.03 4.27 1.88 3.83 141 2.32 0.10 0.02
Daytime Sleepiness 12.34 3.72 13.51 3.16 10.94 3.61 14.54 <0.001 0.10
Total CSHQ 54.85 10.62 58.63 11.00 40.18 9.27 46.85 <0.001 0.26

2.5.2.1 Bedtime Resistance

Raw Score: Overall, the tests of between subject effects on Bedtime Resistance showed no significant
differences. In post-hoc analysis and tests of similarity, there were no significant differences between
the TD/ Autism or TD/FASD, but there were significant similarities between the Autism/ FASD groups

when using the range of acceptability of 10% (p=0.001).

SES/Sex: There were no significant SES or sex differences in Bedtime Resistance in in the Autism, FASD

or TD groups.
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Age: There were significant age differences in Bedtime Resistance in the FASD scores with older
children presenting with higher levels of bedtime resistance (F(1,105=4.71, p=0.03, R?=0.10), indicating

that age is a predictor of bedtime resistance in the FASD but not Autism or TD groups.

2.5.2.2 Sleep Onset Delay

Raw Score: Overall, the tests of between subjects effects on Sleep Onset Delay showed significant
differences between the three group means, with clinical groups scoring higher than the TD group (F,
266=21.82, p=<0.001, R?=0.14). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher) and
TD/FASD (p=<0.001; FASD group scoring higher) groups, but no significant similarity (or difference)

between the Autism/ FASD groups.

SES: There were no significant overall SES differences in Sleep Onset Delay in in the FASD or TD groups.
However in the Autism group, there were significant differences between the SES groups 1 and 3, with

the lower SES group scoring higher than the higher SES group (F(2,55=4.78, p=0.012, R?=0.15).

Sex and age were not significant predictors of Sleep Onset Delay in any of the groups.

2.5.2.3 Sleep Duration

Raw Score: Overall, the tests of between subjects effects on Sleep Duration showed significant
differences between the three groups with clinical groups showing lower sleep duration than the TD
group (F(, 267=15.58, p=<0.001, R?=0.11). In post-hoc analysis and tests of similarity, there were
significant differences in raw scores between the TD/ Autism (p=0.004; Autism group showing lower
sleep duration levels) and TD/FASD (p=<0.001; FASD group showing lower sleep duration levels)

groups, but no significant similarity (or difference) between the Autism/ FASD groups.
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Age: There were significant age differences in Sleep Duration in the TD scores with younger children
sleeping longer than older children (F(1, 102=3.46, p=0.05, R?=0.11), indicating that age is a predictor of
sleep duration in the TD but not FASD or Autism groups. Sex and SES were not predictors of Sleep

Duration in any of the groups.

2.5.2.4 Sleep Anxiety

Raw Score: Overall, the tests of between subjects effects on Sleep Anxiety showed significant
differences between the three groups with clinical groups scoring higher than the TD group (Fp,
267)=9.23, p=<0.001, R?=0.07). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=0.01; Autism group scoring higher) and TD/FASD
groups (p=<0.001; FASD group scoring higher). There was significant similarity between the Autism/

FASD groups when using the range of acceptability of 10% (p=0.01).

Age: There were significant age differences in Sleep Anxiety in the FASD scores with older children
showing higher levels of sleep anxiety than younger children (F1,106=3.99, p=0.05, R?=0.04), indicating

that age is a predictor of sleep anxiety in the FASD but not Autism or TD groups.

Sex and SES were not predictors of Sleep Anxiety in any of the groups.

2.5.2.5 Night Waking

Raw Score: Overall, the tests of between subjects effects on Sleep Anxiety showed significant
differences between the three groups with clinical groups scoring higher than the TD group (Fq,
267)=23.50, p=<0.001, R?=0.15). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher) and
TD/FASD groups (p=<0.001; FASD group scoring higher), but no significant similarity (or difference)

between the Autism/ FASD groups.
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Sex, age and SES were not significant predictors of Night Waking in any of the groups.

2.5.2.6 Parasomnia

Raw Score: Overall, the tests of between subjects effects on Parasomnia showed significant
differences between the three groups with clinical groups scoring higher than TD (F, 267=18.80,
p=<0.001, R?=0.12). In post-hoc analysis and tests of similarity, there were significant differences in
raw scores between the TD/ Autism (p=0.005; Autism group scoring higher) and TD/FASD groups
(p=<0.001; FASD group scoring higher) but no significant similarity (or difference) between the
Autism/ FASD groups. Sex, age and SES were not significant predictors of Parasomnia in any of the

groups.

2.5.2.7 Sleep Disordered Breathing (SDB)

Raw Score: Overall, the tests of between subject effects on SDB showed no significant differences
between the three groups. In post-hoc analysis and tests of similarity, there were no significant
differences or similarities in raw scores between the TD/ Autism and TD/FASD groups. Sex, age and

SES were not significant predictors of SDB in any of the groups.

2.5.2.8 Daytime Sleepiness

Raw Score: Overall, the tests of between subject effects on Daytime Sleepiness showed significant
differences between the three groups with clinical groups scoring higher than the TD group (Fq,
267=14.54, p=<0.001, R?=0.10). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=0.037; Autism group scoring higher) and
TD/FASD groups (p=<0.001; FASD group scoring higher) but no significant similarity between the

Autism/ FASD groups.
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SES: There were no significant overall SES differences in Daytime Sleepiness in in the Autism or FASD
groups, however in the TD group, daytime sleepiness was associated with SES (F(z,101)=7.015, p=0.001,
R?=0.12). Post-hoc analysis showed that SES differences were significant between SES statuses 1 and
3, with the lower SES group showing more daytime sleepiness than the higher SES group. This indicates
that daytime sleepiness levels in TD children from lower SES are higher than those of TD children from

higher SES.

Sex: There were no significant sex differences in Daytime Sleepiness in the Autism, FASD or TD groups.

Age: There were significant age differences in Daytime Sleepiness in the TD scores with older children
scoring higher than younger children (F(, 104=18.72, p=<0.001, R?=0.16), indicating that age is a

predictor of daytime sleepiness in the TD but not for Autism or FASD groups.

2.5.2.9 CSHQTotal

Raw Score: Overall, the tests of between subject effects on CSHQ Total scores showed significant
differences between the three groups with clinical groups scoring higher than the TD group (F,
267)=4.85, p=<0.001, R?=0.26). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher) and

TD/FASD groups (p=<0.001; FASD group scoring higher) but no significant similarities were found.

SES/ sex: There were no significant overall SES and sex differences in CSHQ Total in in the Autism, FASD

or TD groups.

Age: There were significant age differences in CSHQ total for the TD group, with older children scoring
higher than younger children (F, 102=4.89, p=0.03, R?=0.05) indicating that age is a predictor of sleep

problems in the TD group but not the Autism or FASD groups.
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2.5.3 CSHQ summary

According to parental report, children with Autism and FASD scored significantly higher than TD
children in the subscales of sleep onset delay, sleep duration, sleep anxiety, night wakings,
parasomnias, daytime sleepiness and CSHQ total. Scores were also higher for the clinical groups on
the two remaining subscales, bedtime resistance and SDB but with smaller effect sizes (See Figure 2.1)
Children with Autism and FASD had significantly similar scores in the areas of bedtime resistance and
sleep anxiety. There were a number of age-attributable changes seen in the TD and FASD groups, but
not the Autism group. Age was a significant predictor of bedtime resistance and sleep anxiety in the
FASD group, and sleep duration, daytime sleepiness, and total CSHQ score in the TD group. Age was
not a significant predictor of CSHQ scores in the Autism group. SES predicted sleep onset delay in the
Autism group, and daytime sleepiness in the TD group. There were no sex differences in CSHQ scores
in any of the groups. Age was a significant predictor of bedtime resistance and sleep anxiety in the
FASD group, and sleep duration, daytime sleepiness, and total CSHQ score in the TD group. Age was

not a significant predictor of CSHQ scores in the Autism group.
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CSHQ Subscales Group Comparison
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Figure 2.1: CSHQ: Comparison between Autism, FASD and TD scores on the CSHQ subscales (SE bars).
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Figure 2.2: Developmental trajectory scatter plot showing CSHQ total against age in the three groups. Results are not
significant but slight trends can be seen anyway.
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To lay out the results in the most comprehensive way, the following sections of this chapter are
comprised of separate reports for each subscale of the SCAS, BRIEF and CBCL, each beginning with a
short introduction. The purpose of this is to report all significant (as well as non-significant) findings
in order to investigate to which extent bedtime resistance, sleep onset delay, sleep duration, sleep
anxiety, night wakings, parasomnias, sleep disordered breathing, daytime sleepiness, total CSHQ
contribute to each psychometric variable. This can then inform a more comprehensive discussion to

follow later.
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2.6  Results: The Spence Children’s Anxiety Scale (SCAS)

The purpose of the following section is to report anxiety scores for the three samples, compare scores

between and within the groups, and infer whether sleep disturbances contribute to anxiety in the

three groups. This is bearing in mind that anxieties are an intrinsic part of both Autism and FASD;

children with FASD tend to experience higher rates of social and separation anxiety, whilst children

with Autism tend to experience higher rates of obsessive or panic related anxieties (e.g. Popova et al.,

2016). Anxiety is likely to interfere with the process of getting to sleep, as well as have an effect on its

function, but at the same time, anxiety increases when an individual is deprived of sleep. The following

section should be interpreted with this bidirectionality and intrinsicality in mind.

The SCAS variables were analysed using group mean comparisons and effect sizes are displayed as

partial eta squared (ny%), presented in Table 2.5. Hierarchical multiple regression analyses were

conducted in order to examine the associations between each SCAS subscale and CSHQ subscale.

These are presented in Tables 2.6 -2.12

Table 2.5: Mean scores (SD) and group differences using ANOVA for SCAS subsets

Autism (n=61) FASD (n=114) TD (n=104) F p np2
M SD M SD M SD

Panic 5.78 5.20 6.14 4.50 2.00 2.88 30.24 <0.001 0.19
Separation Anxiety 7.90 4.40 8.22 4.65 5.36 4.63 11.56 <0.001 0.08
Physical Injury 5.55 3.31 5.56 3.18 4.58 3.27 2.92 0.06 0.02
Social Phobia 7.62 4.34 8.66 4.58 6.21 4.42 7.98 <0.001 0.06
Obsessive Compulsive 5.14 3.77 4.24 3.02 2.36 2.61 18.20 <0.001 0.12
Generalised Anxiety 7.31 3.78 7.62 3.72 5.25 3.53 12.30 <0.001 0.09
Total 39.29 18.70 40.11 17.61 25.71 16.95 20.56 <0.001 0.13
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2.6.1 Sleep as a predictor of Panic Symptoms

Sleep disturbances were significantly associated with Panic Symptoms in the Autism, TD and FASD
groups. Hierarchical multiple regression results examining the associations between Panic Symptoms
and CSHQ variables are presented in Table 2.6. In the Autism group, composite sleep scores were
significant predictors of panic symptoms (AR? = 0.30, AFs4s) =2.69, p = 0.02), as well as the subscales
of Sleep Onset Delay (B=0.30, p=0.05), Sleep Anxiety (8=0.37, p=0.05), and Daytime Sleepiness
(B=0.37, p=0.01). In the FASD group, composite sleep scores were significant predictors of Panic
Symptoms (AR? = 0.26, AFggs) =4.38, p = <0.001), as well as the subscale of Sleep Duration (B=0.33,
p=0.03). In the TD group, composite sleep scores were significant predictors of Panic Symptoms (AR?
=0.33, AF(s,91) =5.86, p = <0.001), as well as the subscales of Sleep Onset Delay (B=0.25, p=0.02), Sleep
Anxiety (B=0.27, p=0.05), Parasomnia (8=0.24, p=0.015), and Daytime Sleepiness (8=0.277, p=0.011).
Sleep disturbances explained 38% of the variance in Panic Symptoms in the Autism group, 30% in the

FASD group and 35% in the TD group after controlling for age, SES and sex.

Group comparisons in the subscale of Panic

Raw Score: Overall, the tests of between subject effects on the SCAS subscale of Panic Symptoms
showed significant differences between the three groups with clinical groups scoring higher than the
TD group (F(2, 266=30.24, p=<0.001, R?=0.19). In post-hoc analysis and tests of similarity, there were
significant differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher)
and TD/FASD groups (p=<0.001; FASD group scoring higher), and significant similarity between the
Autism/ FASD groups when using the range of acceptability of 10% (p=0.05; both scoring very
similarly). Age: There were significant age associations in in the Autism (F(1, s5=4.89, p=0.03, R?=0.08),
FASD (F(1, 105=4.76, p=0.03, R?=0.04) and TD groups (F(1, 102=1.20, p=0.01, R?=0.27), with older children
scoring higher than younger children. Sex and SES were not significant predictors of Panic in any of

the groups.
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Table 2.6: Hierarchical multiple regression results for SCAS Subscale Panic Symptoms

Overall Model

Change Statistics

Group Block  Predictors B SEB R AR?2  AF?  R?
Autism 1 (Constant) 0.79 3.32 0.08 4.80 0.08
n=68 Age 0.05 0.02 0.29*
Sex 0.81 1.64 0.07
SES -0.55 1.06 -0.07
2 (Constant) 15.41 4.76 0.30 269 0.38*
Age 0.03 0.02 0.15
Sex 143 1.59 0.12
SES 1.27 1.10 0.16
Bedtime Resistance 0.43 0.30 0.28
Sleep Onset Delay 2.02 0.98 0.30*
Sleep Duration 0.54 0.46 0.17
Sleep Anxiety 0.67 0.33 0.37*
Night Wakings -0.17 0.48 -0.06
Parasomnia 0.08 0.20 0.05
Sleep Disordered Breathing 0.19 0.37 0.07
Daytime Sleepiness 0.52 0.19 0.37*
FASD 1 (Constant) 2.58 2.20 0.04 4.76 0.04
n=105 Age 0.03 0.01 0.20
Sex -0.24 0.88 -0.03
SES 0.24 0.74 0.03
2 (Constant) 10.58 3.55 0.26 4.38 0.30**
Age 0.03 0.01 0.23
Sex 0.00 0.80 0.00
SES 0.61 0.70 0.08
Bedtime Resistance 0.01 0.20 0.01
Sleep Onset Delay 0.10 0.68 0.02
Sleep Duration 0.77 0.25 0.33*
Sleep Anxiety 0.34 0.21 0.22
Night Wakings 0.21 0.27 0.09
Parasomnia 0.12 0.14 0.10
Sleep Disordered Breathing 0.42 0.24 0.18
Daytime Sleepiness 0.21 0.14 0.14
D 1 (Constant) 0.84 1.64 0.01 1.20 0.01
n=101 Age 0.01 0.01 0.12
Sex 0.43 0.58 0.08
SES 0.04 0.50 0.01
2 (Constant) 7.39 2.07 0.33 586 0.35**
Age 0.00 0.01 0.04
Sex 0.09 0.51 0.02
SES 0.79 0.46 0.16
Bedtime Resistance 0.11 0.12 0.11
Sleep Onset Delay 0.92 0.40 0.25*
Sleep Duration 0.28 0.19 0.15
Sleep Anxiety 0.33 0.17 0.27*
Night Wakings 0.15 0.22 0.06
Parasomnia 0.23 0.09 0.24*
Sleep Disordered Breathing 0.35 0.20 0.17
Daytime Sleepiness 0.22 0.09 0.28*

*p=<0.05, ** p=<0.001.
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2.6.2 Sleep as a predictor of Separation Anxiety

Sleep disturbances were significantly associated with Separation Anxiety in the Autism, TD and FASD
groups. Hierarchical multiple regression results examining the associations between Separation
Anxiety and CSHQ variables are presented in Table 2.7. In the Autism group, composite sleep scores
were significant predictors of Separation Anxiety (AR?=0.46, AF(s61)=4.98, p=<0.001), as well as the
subscale of Parasomnia (8=0.32, p=0.02). In the FASD group, composite sleep scores were significant
predictors of Separation Anxiety (AR? = 0.35, AF(gqs) =4.38, p=<0.001), as well as the subscale of Sleep
Anxiety (B=0.39, p=<0.001). In the TD group, composite sleep scores were significant predictors of
Separation Anxiety (AR?=0.33, AFs,51) =5.86, p=<0.001), as well as the subscales of Bedtime Resistance
(B=0.31, p=0.01) and SDB (B=0.21, p=0.03). Sleep disturbances explained 48% of the variance in
Separation Anxiety in the Autism group, 43% in the FASD group and 42% in the TD group after

controlling for age, SES and sex.

Group comparisons in the subscale of Separation Anxiety.

Raw Score: Overall, the tests of between subject effects on the SCAS subscale of Separation Anxiety
showed significant differences between the three groups, with clinical groups scoring higher than the
TD group (F2, 266=11.56, p=<0.001, R?=0.08). In post-hoc analysis and tests of similarity, there were
significant differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher)
and TD/FASD groups (p=<0.001; FASD group scoring higher), and significant similarity between the
Autism/ FASD groups when using the range of acceptability of 10% (p=<0.05; both scoring very
similarly). Sex: There were no significant overall Sex differences in the Autism or TD groups but in the
FASD group, girls scored significantly higher than boys (Fem: m=8.45 SD=4.19; Male: m=7.96, SD=5.19
conditions t(105.0)=0.54, p=0.02). Age: Age was a significant predictor in the FASD (F, 105=51.15,
p=0.03, R?=0.04) and TD groups (F(1,102=5.27, p=0.02, R?=0.05), with older children scoring higher than

younger children. SES was not a significant predictor of Separation Anxiety in any of the groups.
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Table 2.7: Hierarchical multiple regression results for SCAS subscale Separation Anxiety

Overall Model Change Statistics
Group Block Predictors B SEB R AR? AF? R?
Autism 1 (Constant) 11.24 2.90 0.02 1.02 0.02
n=68 Age 0.02 0.02 0.13
Sex 0.56 1.43 0.05
SES 0.53 0.93 0.08
2 (Constant) 0.01 3.68 0.46 498 0.48*%*
Age 0.01 0.02 0.07
Sex 0.72 1.23 0.07
SES 0.19 0.85 0.03
Bedtime Resistance 0.01 0.23 0.01
Sleep Onset Delay 0.08 0.76 0.01
Sleep Duration 0.19 0.35 0.07
Sleep Anxiety 0.84 0.25 0.55
Night Wakings 0.27 0.37 0.12
Parasomnia 0.38 0.16 0.32*
Sleep Disordered Breathing 0.38 0.28 0.18
Daytime Sleepiness 0.18 0.14 0.15
FASD 1 (Constant) 14.69 2.23 0.04 4.76 0.04
n=105 Age -0.03 0.01 -0.22
Sex 0.79 0.89 0.08
SES 1.34 0.75 0.17
2 (Constant) 0.31 3.33 0.35 4.38 0.43**
Age -0.02 0.01 -0.13
Sex 0.51 0.75 0.06
SES 0.52 0.65 0.07
Bedtime Resistance 0.07 0.19 0.05
Sleep Onset Delay 0.19 0.64 0.03
Sleep Duration 0.29 0.23 0.12
Sleep Anxiety 0.61 0.20 0.39*%*
Night Wakings 0.35 0.25 0.14
Parasomnia 0.12 0.13 0.10
Sleep Disordered Breathing 0.04 0.23 0.01
Daytime Sleepiness 0.03 0.14 0.02
TD 1 (Constant) 7.25 2.59 0.01 1.20 0.05
n=101 Age -0.03 0.02 -0.21
Sex 0.68 0.91 0.07
SES 0.70 0.78 0.09
2 (Constant) 8.09 3.16 0.33 5.86 0.42**
Age -0.02 0.01 -0.16
Sex 0.86 0.77 0.09
SES 1.51 0.70 0.19
Bedtime Resistance 0.48 0.19 0.31%
Sleep Onset Delay 0.27 0.61 0.05
Sleep Duration 0.11 0.29 0.04
Sleep Anxiety 0.34 0.25 0.17
Night Wakings 0.10 0.33 0.03
Parasomnia 0.22 0.14 0.14
Sleep Disordered Breathing 0.68 0.30 0.21*
Daytime Sleepiness 0.04 0.13 0.03

*p=<0.05, **p=<0.001.
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2.6.3 Sleep as a predictor of Physical Injury

Sleep disturbances significantly associated with Physical Injury symptoms in the Autism, TD and FASD
groups. Hierarchical multiple regression results examining the associations between Physical Injury
symptoms and CSHQ variables are presented in Table 2.8. In the Autism group, composite sleep scores
were significant predictors of Physical Injury symptoms (AR?=0.45, AF(1,55) =4.99, p=<0.001), as well as
in the subscale of Sleep Anxiety (8=0.74, p=<0.001). In the FASD group, composite sleep scores were
significant predictors of Physical Injury symptoms (AR?=0.20, AF1,105) =2.96, p=<0.001), as well as the
subscale of Sleep Anxiety(R=0.38, p=0.01). In the TD group, composite sleep scores were significant
predictors of Physical Injury symptoms (AR?=0.42, AF(1,101) =8.58, p=<0.001), as well as the subscales
of Sleep Onset Delay (B=0.27, p=0.01 ), Sleep Anxiety (B=0.41, p=<0.001) and SDB (B=0.19, p=0.03).
Sleep disturbances explained 48% of the variance in Physical Injury symptoms in the Autism group,

49% in the FASD group and 44% in the TD group after controlling for age, SES and sex.

Group comparisons in the subscale of Physical Injury symptoms

Raw Score: Overall, the tests of between subject effects on the SCAS subscale of Physical Injury
symptoms showed no significant differences between the three groups (F2, 266=2.92, p=0.06, R?=0.02).
In post-hoc analysis and tests of similarity, there were no significant differences in raw scores between
the TD/ Autism and TD/FASD groups, but there was significant similarity between the Autism/ FASD
groups when using the range of acceptability of 10% (p=<0.05; both scoring very similarly). Sex: There
were no significant overall differences in the FASD or TD groups, however in the Autism group, boys
scored significantly higher than girls (Fem: m=5.51 SD=3.17; Male: m=5.12, SD=3.17 conditions
t(56.0)=-0.17, p=0.01). Sex and age were not significant predictors of Physical Injury Symptoms in any

of the groups.

132



Table 2.8: Hierarchical multiple regression results for SCAS subscale Physical Injury

Overall Model

Change Statistics

Group Block Predictors B SEB B AR? AF? R?
Autism 1 (Constant) 8.20 217 0.03 1.80 0.02
n=68 Age -0.02 0.02 -0.18
Sex 0.24 1.07 0.03
SES -0.22 0.70 -0.04
2 (Constant) 145 276 0.45 499 0.48**
Age -0.02 0.01 -0.21
Sex -0.18 0.92 -0.02
SES 0.58 0.64 0.11
Bedtime Resistance 0.07 0.17 0.07
Sleep Onset Delay 0.38 0.57 0.09
Sleep Duration 0.12 0.26 0.06
Sleep Anxiety 0.86 0.19 0.74**
Night Wakings 0.41 0.28 0.23
Parasomnia 0.06 0.12 0.07
Sleep Disordered Breathing 0.37 0.21 0.23
Daytime Sleepiness 0.21 0.11 0.23
FASD 1 (Constant) 570 1.57 0.01 0.64 0.03
n=105 Age 0.01 0.01 0.06
Sex -0.75 0.63 -0.12
SES -0.24 0.53 -0.05
2 (Constant) 0.67 2.66 0.20 296 0.49**
Age 0.01 o0.01 0.13
Sex -0.60 0.60 -0.10
SES 0.26 0.52 0.05
Bedtime Resistance 0.01 0.15 0.02
Sleep Onset Delay 0.22 051 0.05
Sleep Duration 0.08 0.19 0.05
Sleep Anxiety 041 0.16 0.38*
Night Wakings 0.16 0.20 -0.09
Parasomnia 0.16 0.10 0.19
Sleep Disordered Breathing 0.13 0.18 0.08
Daytime Sleepiness 0.01 0.11 0.01
TD 1 (Constant) 5.19 1.87 0.00 0.35 0.01
n=101 Age -0.01 0.01 -0.08
Sex 0.75 0.66 0.12
SES -0.03 057 -0.01
2 (Constant) 4.06 2.19 0.42 8.58 0.44**
Age -0.00 0.01 -0.01
Sex 096 0.54 0.15
SES -0.60 0.49 -0.11
Bedtime Resistance 0.07 0.13 0.06
Sleep Onset Delay 1.13 042 0.27%
Sleep Duration 0.18 0.20 0.09
Sleep Anxiety 0.58 0.17 0.41**
Night Wakings 0.26 0.23 0.10
Parasomnia 0.35 0.10 0.32
Sleep Disordered Breathing 045 0.21 0.19*%
Daytime Sleepiness 0.03 0.09 0.03

*p=<0.05, ** p=<0.001
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2.6.4 Sleep as a predictor of Social Phobia

Sleep disturbances were significantly associated with Social Phobia symptoms in the Autism, TD and
FASD groups. Hierarchical multiple regression results examining the associations between Social
Phobia and CSHQ variables are presented in Table 2.9. In the Autism group, composite sleep scores
were significant predictors of Social Phobia (AR?>=0.46, AF(sss) =4.98, p =<0.001), but individual CHSQ
subscales were not. In the FASD group, composite sleep scores were significant predictors of Social
Phobia (AR? = 0.35, AF(ss) =4.38, p =<0.001), as well as the subscale of Daytime Sleepiness (8=0.24,
p=0.02). In the TD group, composite sleep scores were significant predictors of Social Phobia
(AR?=0.33, AFo1 =5.86, p = <0.001), as well as the subscale of SDB (R=0.14, p=0.03). Sleep
disturbances explained 48% of the variance in Social Phobia symptoms in the Autism group, 43% in

the FASD group and 42% in the TD group after controlling for age, SES and sex.

Group comparisons in the subscale of Social Phobia

Raw Score: Overall, the tests of between subject effects on the SCAS subscale of Social Phobia showed
significant differences between the three groups, with clinical groups scoring higher than the TD group
(Fi2, 266=7.975, p=<0.001, R?=0.06). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher) and
TD/FASD groups (p=<0.001; FASD group scoring higher). Age: There were significant age related
associations in the TD (F(, 102=4.42, p=0.04, R?=0.27), and FASD groups (F, 105=13.31, p=<0.001,
R?=0.11) with older children scoring higher, but not in the Autism group. SES and sex were not

significant predictors of Social Phobia in any of the groups.
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Table 2.9: Hierarchical multiple regression results for SCAS subscale Social Phobia

Overall Model Change Statistics
Group Block Predictors B SEB (3 AR? AF? R?
Autism 1 (Constant) 8.38 2.80 0.02 1.02 0.02
n=68 Age 0.02 0.02 0.13
Sex 0.01 139 0.00
SES -1.54 090 -0.23
2 (Constant) 136 4.52 0.46 498 0.48**
Age 0.01 0.02 0.05
Sex 0.36 151 0.03
SES -0.42 1.04 -0.06
Bedtime Resistance 0.32 028 0.25
Sleep Onset Delay 1.10 094 0.20
Sleep Duration 0.11 043 0.04
Sleep Anxiety 0.59 031 0.39
Night Wakings 0.42 045 0.18
Parasomnia 0.11 0.19 0.09
Sleep Disordered Breathing 0.08 0.35 0.04
Daytime Sleepiness 0.18 0.18 0.16
FASD 1 (Constant) 4.01 212 0.04 476 0.04
n=105 Age 0.04 0.01 031
Sex -1.61 0.85 -0.18
SES 024 0.71 0.03
2 (Constant) 7.21 3.63 0.35 4.38 0.43**
Age 0.05 0.01 0.37
Sex -1.38 0.82 -0.15
SES 0.52 0.71 0.07
Bedtime Resistance 0.21 0.21 0.15
Sleep Onset Delay 0.51 0.70 0.08
Sleep Duration 030 0.26 0.13
Sleep Anxiety 0.20 0.22 0.13
Night Wakings 0.18 0.28 0.07
Parasomnia -0.20 0.14 -0.17
Sleep Disordered Breathing 0.02 0.25 0.01
Daytime Sleepiness 0.34 0.15 0.24*
TD 1 (Constant) 196 249 0.01 1.20 0.05
n=101 Age 0.03 0.01 o0.21
Sex 0.01 0.88 0.00
SES 0.42 0.76 0.06
2 (Constant) 6.61 3.53 0.33 5.86 0.42**
Age 0.02 0.02 0.16
Sex 0.52 0.87 0.06
SES 1.15 0.78 0.16
Bedtime Resistance 0.00 0.21 0.00
Sleep Onset Delay 0.40 0.68 0.07
Sleep Duration 0.05 0.32 0.02
Sleep Anxiety 0.13 0.28 0.07
Night Wakings 0.10 0.37 0.03
Parasomnia 041 0.16 0.28
Sleep Disordered Breathing 0.45 0.34 0.14*
Daytime Sleepiness 0.23 0.15 0.19

*p=<0.05, ** p=<0.001.
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2.6.5 Sleep as a predictor of Obsessive-Compulsive symptoms

Sleep disturbances were significantly associated with Obsessive-Compulsive symptoms in the TD and
FASD groups, but not the Autism group. Hierarchical multiple regression results examining the
associations between Obsessive-Compulsive symptoms and CSHQ variables are presented in Table
2.10. In the Autism group, composite sleep scores were not significant predictors of Obsessive-
Compulsive symptoms (AR?=0.17, AF (s 45) =1.18, p = 0.34) and neither were any of the CSHQ subscales.
In the FASD group, composite sleep scores were not significant predictors of Obsessive-Compulsive
symptoms (AR?=0.13, AF(s 95 =1.82, p=0.08), but the subscale of Sleep Duration (R=0.26, p= 0.03) was.
In the TD group however, composite sleep scores were significant predictors of Obsessive-Compulsive
symptoms (AR?=0.29, AFsq1) =4.80, p = 0.01), as well as the subscales of SDB (B = 0.31, p=0.01) and
Daytime Sleepiness (B= 0.27, p=0.04). Sleep disturbances did not (significantly) explain the variance in
the Autism or FASD groups but did explain 35% of the variance in the TD group after controlling for

age, SES and sex.

Group comparisons in the subscale of Obsessive-Compulsive symptoms

Raw Score: Overall, the tests of between subject effects on the SCAS subscale of Obsessive-Compulsive
symptoms showed significant differences between the three groups, with clinical groups scoring
higher than the TD group (F(2,265)=18.20, p=<0.001, R?=0.12). In post-hoc analysis and tests of similarity,
there were significant differences in raw scores between the TD/ Autism (p=<0.001; Autism group
scoring higher) and TD/FASD groups (p=<0.001; FASD group scoring higher), and significant similarity
between the Autism/ FASD groups when using the range of acceptability of 10% (p=0.05; both scoring
very similarly). Age, sex and SES were not significant predictors of Obsessive-Compulsive symptoms in

any of the groups.
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Table 2.10: Hierarchical multiple regression results for SCAS subscale Obsessive-Compulsive

Overall Model

Change Statistics

Group Block Predictors B SEB B AR? AF? R2
Autism 1 (Constant) 5.27 2.50 0.00 0.17 0.00
n=68 Age 0.01 0.02 0.06
Sex -0.51 1.24 -0.06
SES 0.49 0.80 0.08
2 (Constant) 1.59 3.96 0.17 1.18 0.19
Age 0.01 0.02 0.05
Sex -0.41 1.32 -0.05
SES 0.27 0.91 0.05
Bedtime Resistance 0.24 0.25 0.22
Sleep Onset Delay 0.24 0.82 0.05
Sleep Duration 0.10 0.38 0.04
Sleep Anxiety 0.45 0.27 0.34
Night Wakings 0.38 0.40 0.19
Parasomnia 0.05 0.17 0.05
Sleep Disordered Breathing 0.10 0.30 0.05
Daytime Sleepiness 0.20 0.16 0.20
FASD 1 (Constant) 2.42 1.48 0.00 0.14 <0.01
n=105 Age 0.00 0.01 0.03
Sex 0.44 0.59 0.07
SES 0.93 0.50 0.18
2 (Constant) -3.59 2.60 0.13 1.82 0.17
Age 0.00 0.01 0.02
Sex 0.31 0.59 0.05
SES 1.12 0.51 0.22
Bedtime Resistance 0.12 0.15 0.14
Sleep Onset Delay 0.09 0.50 0.02
Sleep Duration 0.40 0.18 0.26*
Sleep Anxiety 0.17 0.16 0.17
Night Wakings 0.03 0.20 0.02
Parasomnia 0.08 0.10 0.11
Sleep Disordered Breathing 0.19 0.18 0.12
Daytime Sleepiness 0.10 0.11 0.10
TD 1 (Constant) 1.51 1.49 0.02 1.93 0.02
n=101 Age 0.01 0.01 0.14
Sex -0.41 0.53 -0.08
SES -0.15 0.45 -0.04
2 (Constant) -5.41 1.93 0.29 4.80 0.32*
Age 0.01 0.01 0.09
Sex -0.10 0.47 -0.02
SES 0.52 0.43 0.12
Bedtime Resistance 0.00 0.12 0.00
Sleep Onset Delay 0.28 0.37 0.09
Sleep Duration 0.18 0.18 0.11
Sleep Anxiety 0.23 0.15 0.21
Night Wakings 0.04 0.20 0.02
Parasomnia 0.12 0.09 0.14
Sleep Disordered Breathing 0.58 0.19 0.31*
Daytime Sleepiness 0.20 0.08 0.27*

*p=<0.05, ** p=<0.001.
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2.6.6 Sleep as a predictor of Generalised Anxiety

Sleep disturbances were associated with Generalised Anxiety in the Autism, TD and FASD groups.
Hierarchical multiple regression results examining the associations between Generalised Anxiety and
CSHQ variables are presented in Table 2.11. In the Autism group, composite sleep scores were not
significant predictors of Generalised Anxiety (AR? = 0.21, AFs45) =1.68, p=0.13), as well as the subscale
of Sleep Anxiety (B=0.52, p=<0.001). In the FASD group, composite sleep scores were not significant
predictors of Generalised Anxiety (AR? =0.11, AFsos) =1.45, p=0.19). In the TD group, composite sleep
scores were significant predictors of Generalised Anxiety (AR>=0.31, AFg01)=5.18, p=0.01), as well as
the subscales of Sleep Disordered Breathing (8=0.29,p=0.02) and Daytime Sleepiness (B=0.29, p=0.01).
Sleep disturbances explained 29% of the variance in Generalised Anxiety in the Autism group, 12% in

the FASD group (nonsignificant results) and 32% in the TD group after controlling for age, SES and sex.

Group comparisons in the subscale of Generalised Anxiety

Raw Score: Overall, the tests of between subject effects on the SCAS subscale of Generalised Anxiety
showed significant differences between the three groups with clinical groups scoring higher than the
TD group (F(2, 266=12.30, p=<0.001, R?=0.09). In post-hoc analysis and tests of similarity, there were
significant differences in raw scores between the TD/ Autism (p=<0.001; Autism groups scoring higher)
and TD/FASD groups (p=<0.001; FASD group scoring higher), and significant similarity between the
Autism/ FASD groups when using the range of acceptability of 10% (p=0.05; both scoring very

similarly). Age, sex and SES were not significant predictors of Generalised Anxiety in any of the groups.
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Table 2.11: Hierarchical multiple regression results for SCAS subscale Generalised Anxiety

Overall Model

Change Statistics

Group Block Predictors B SEB B AR? AF? R?
Autism 1 (Constant) 4.08 2.42 0.06 3.73 0.06
n=68 Age 0.03 0.02 0.26
Sex 0.81 120 0.09
SES 0.39 0.78 0.07
2 (Constant) 3.00 3.71 0.21 1.68 0.29
Age 0.03 0.02 0.26
Sex 136 1.24 0.15
SES 0.12 0.86 0.02
Bedtime Resistance 0.45 0.23 0.40
Sleep Onset Delay 0.43 0.77 0.09
Sleep Duration 0.08 0.36 0.03
Sleep Anxiety 0.68 0.26 0.52*
Night Wakings 0.10 0.37 0.05
Parasomnia 0.21 0.16 0.21
Sleep Disordered Breathing -0.07 0.29 -0.04
Daytime Sleepiness 0.08 0.15 0.08
FASD 1 (Constant) 6.14 1.85 001 092 0.01
n=105 Age 001 001 0.10
Sex 026 074 0.04
SES 004 062 001 011 145 0.12
2 (Constant) 155 3.30
Age 0.01 0.01 o0.11
Sex 043 0.75 0.06
SES 0.21 0.65 0.03
Bedtime Resistance -0.16 0.19 -0.15
Sleep Onset Delay 0.72 063 0.14
Sleep Duration 0.24 023 0.12
Sleep Anxiety 0.37 0.20 0.30
Night Wakings 0.17 0.25 0.08
Parasomnia 0.01 0.13 o0.01
Sleep Disordered Breathing 035 023 0.17
Daytime Sleepiness 0.05 0.13 0.04
D 1 (Constant) 430 2.02 0.01 093 0.01
n=101 Age 001 001 0.10
Sex -0.48 0.71 -0.07
SES -0.07 0.61 -0.01
2 (Constant) -5.74  2.59 0.31 5.18 0.32%*
Age 0.00 0.01 o0.03
Sex 0.01 0.64 0.00
SES 0.77 058 0.13
Bedtime Resistance 0.03 0.16 0.03
Sleep Onset Delay 0.05 0.50 0.01
Sleep Duration 029 024 0.13
Sleep Anxiety 036 021 0.23
Night Wakings 0.11 0.27 0.04
Parasomnia 0.20 0.12 0.16
Sleep Disordered Breathing 0.74 0.25 0.29*
Daytime Sleepiness 0.28 0.11 0.29*

*p=<0.05, ** p=<0.001.
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2.6.7 Sleep as a predictor of Anxiety (composite)

Sleep disturbances were significantly associated with SCAS Total scores in the Autism, TD and FASD
groups. Hierarchical multiple regression results examining the associations between SCAS Total and
CSHQ variables are presented in Table 2.12. In the Autism group, composite sleep scores were
significant predictors of SCAS Total score (AR?=0.37, AF (g 45) =3.38, p = <0.001), as well as the subscale
of Sleep Anxiety (8=0.62, p= <0.001). In the FASD group, composite sleep scores were significant
predictors of SCAS Total score (AR? = 0.29, AF(gqs) =5.03, p = <0.001), as well as the subscales of Sleep
Duration (B=0.23, p=0.03) and Sleep Anxiety (8=0.23, p=0.03). In the TD group, composite sleep scores
were significant predictors of SCAS Total score (AR? = 0.40, AF(s 1) =7.53, p = <0.001), as well as the
subscales of Sleep Anxiety (8=0.27, p=0.04), Parasomnia (B=0.27, p=0.01), and SDB (R=0.27, p=0.01).
Sleep disturbances explained 39% of the variance in SCAS Total scores in the Autism group, 32% in the

FASD group and 40% in the TD group after controlling for age, SES and sex.

Group comparisons in Anxiety Composite Score

Raw Score: Overall, the tests of between subject effects on the SCAS Total showed significant
differences between the three groups, with clinical groups scoring higher than the TD group (F,
266)=20.56, p=<0.001, R?=0.13). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher) and
TD/FASD groups (p=<0.001; FASD group scoring higher), and significant similarity between the Autism/
FASD groups when using the range of acceptability of 10% (p=0.05; both scoring very similarly). Sex:
There were significant overall sex differences in the FASD and TD groups, with girls scoring significantly
higher than boys, however none in the Autism group (FASD: Fem: m=42.51 SD=3.17; Male: m=37.12,
SD=3.17 conditions t(56.0)=-0.17, p=0.01; TD Fem: m=26.51 SD=9.17; Male: m=23.12, SD=6.17
conditions t(56.0)=-0.17, p=0.01). SES and Age were not significant predictors of SCAS composite

scores.
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Table 2.12: Hierarchical multiple regression results for SCAS Total

Overall Model

Change Statistics

Group Block Predictors B SEB B AR? AF? R?
Autism 1 (Constant) 37.95 12.32 0.01 0.60 0.01
n=68 Age 0.07 0.08 0.11
Sex 0.79 6.09 0.02
SES -3.71 3.95 -0.13
2 (Constant) 20.05 16.97 0.37 3.38 0.39**
Age 0.04 0.08 0.06
Sex 1.81 5.67 0.04
SES -1.08 3.92 -0.04
Bedtime Resistance 1.52 1.07 0.27
Sleep Onset Delay 4.04 3.51 0.17
Sleep Duration 0.95 1.62 0.09
Sleep Anxiety 4.09 1.17 0.62**
Night Wakings 0.79 1.70 0.08
Parasomnia 0.77 0.72 0.15
Sleep Disordered Breathing 1.06 1.31 0.12
Daytime Sleepiness 1.01 0.67 0.20
FASD 1 (Constant) 34.53 8.66 0.01 1.52 0.01
n=105 Age 0.05 0.05 0.10
Sex -4.38 3.46 -0.12
SES 0.75 291 0.03
2 (Constant) -18.77 13.72 0.29 5.03 0.32%%*
Age 0.08 0.05 0.16
Sex -3.32 3.10 -0.09
SES 291 2.70 0.10
Bedtime Resistance 0.15 0.79 0.03
Sleep Onset Delay 1.18 2.63 0.05
Sleep Duration 2.10 0.97 0.23*
Sleep Anxiety 1.86 0.82 0.31*
Night Wakings 0.06 1.04 0.01
Parasomnia 0.37 0.54 0.08
Sleep Disordered Breathing 1.17 0.94 0.12
Daytime Sleepiness 0.35 0.56 0.06
TD 1 (Constant) 21.06 9.76 0.00 0.16 <0.01
n=101 Age 0.03 0.06 0.05
Sex 0.03 3.44 0.00
SES 0.90 2.96 0.03
2 (Constant) 37.72 11.72 0.40 7.53 0.40%*
Age 0.01 0.05 0.02
Sex 2.27 2.87 0.07
SES 5.36 2.60 0.19
Bedtime Resistance 0.29 0.70 0.05
Sleep Onset Delay 2.39 2.25 0.11
Sleep Duration 0.32 1.06 0.03
Sleep Anxiety 1.97 0.93 0.27*
Night Wakings 0.58 1.22 0.04
Parasomnia 1.53 0.53 0.27*
Sleep Disordered Breathing 3.24 1.12 0.27%
Daytime Sleepiness 1.01 0.48 0.22

*p=<0.05, ** p=<0.001.
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2.6.8 Summary

Apart from Physical Injury Fears, children with FASD and Autism scored consistently higher than TD
children in SCAS total and subscales. The two clinical groups scored higher than the TD group in the
subscales of Panic, Separation Anxiety, Obsessive Compulsive, Generalised Anxiety and Total Score. In
the subscale of Social Phobia, the FASD group scored higher than the TD group, but the TD and Autism
groups did not significantly differ. The two clinical groups scored significantly similarly in the SCAS
subscales of Panic, Separation Anxiety, Physical Injury, Generalised Anxiety, and SCAS Total (See Figure

2.2).

Age was a significant predictor of Panic Symptoms in the Autism, FASD and TD groups; Separation
Anxiety in the FASD and TD groups, and Social Phobia in the TD group, with older children tending to
score higher. Girls scored significantly higher than boys in the FASD group for in Separation Anxiety
whilst boys scored significantly higher than girls in the Autism group for Physical Injury. Girls scored

significantly higher in the FASD and TD groups for SCAS total, but not in the Autism group.

Sleep disturbance was significantly associated with anxiety in all three groups, with more sleep
problems significantly correlating with more anxiety problems. In the Autism group, Sleep Anxiety and
Total CSHQ scores accounted for the largest amount of variance in anxiety symptoms; in total, 39% of
the variance in anxiety scores was attributable to sleep problems. In the FASD group, Sleep Duration,
Sleep Anxiety and CSHQ Total scores accounted for the largest amount of variance in anxiety
symptoms; in total, 32% of the variance in anxiety scores was attributable to sleep problems. In the
TD group, Sleep Onset Delay, SDB, Daytime Sleepiness and Total CSHQ scores accounted for the largest
amount of variance in anxiety symptoms; in total, 40% of the variance in anxiety scores was

attributable to sleep problems.
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SCAS Subscales Group Comparisons
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Figure 2.3: Comparison between Autism, FASD and TD scores on the SCAS Subscales (SE bars)
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Figure 2.4: Scatter plot showing raw scores: sleep (CSHQ) against anxiety (SCAS)

143



2.7 Results: The Behavior Rating Inventory for Executive Functioning (BRIEF)

Executive Functioning is an overarching concept that underpins higher order processes, and it is the
absence or reduction of these processes that contribute to (at least some of) the current definition of
both FASD and Autism. Earlier, it was established that FASD and Autism differ in their unique executive
function profiles. This is the first study to examine the executive function profiles of these two clinical
groups together. The purpose of the following section is to find out whether, in the search for a unique
FASD executive function profile, it may be necessary to differentiate it from other more well
established executive function profiles, and to look at whether sleep can be seen as a substantial

predictor of executive function components in both clinical groups.

The BRIEF variables were analysed using group mean comparisons. Effect sizes are displayed as partial
eta squared (1,%). ANOVA results are presented in table 2.13. Hierarchical multiple regression analyses
were conducted in order to examine the associations between each BRIEF subscale and CSHQ

subscale. These are presented in tables 2.14 — 2.21.

Table 2.13: Mean Scores (SD) and group differences using ANOVA for BRIEF subsets

Autism (n=61) FASD (n=114) TD (n=104) F p np2
m sd m sd m sd

Working Memory 27.41 15.82 24.97 4.38 15.50 5.33 48.20 <0.001 0.27
Shifting 23.64 18.61 19.46 3.73 12.32 4.48 30.49 <0.001 0.19
Planning and Organising 30.64 15.72 29.34 4.97 19.42 6.38 43.82 <0.001 0.25
Organisation of Materials 18.41 15.01 14.87 3.16 11.04 4.61 17.38 <0.001 0.12
Monitoring 23.43 17.08 19.92 3.30 13.55 4.63 27.37 <0.001 0.17
Inhibition 26.19 16.08 23.53 4.14 15.77 560 33.97 <0.001 0.20
Initiation 23.19 17.40 18.96 3.20 13.25 4.88 25.23 <0.001 0.16
Emotional Control 29.55 14.79 26.75 4.48 18.51 6.41 40.07 <«0.001 0.23
Total 158.81 35.84 177.79  26.72 117.27 3422 97.49 <0.001 0.42
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2.7.1 Sleep as a predictor of Working Memory

Sleep disturbances were associated with Working Memory in the Autism, TD and FASD groups.
Hierarchical multiple regression results examining the associations between Working Memory and
CSHQ variables are presented in Table 2.14. In the Autism group, composite sleep scores were
significant predictors of Working Memory (AR? = 0.34, AF(1,55) =3.35, p = 0.004), as well as the subscale
of Sleep Onset Delay (B = 0.32, p=0.03) and Sleep Duration (B = 0.49, p=<0.001). In the FASD group,
composite sleep scores were significant predictors of Working Memory (AR? = 0.22, AF(1,105) =3.93, p =
<0.001), as well as the subscales of Sleep Duration (8 = 0.24, p= 0.02) and Parasomnia (B = 0.32, p=
0.01). In the TD group, composite sleep scores were significant predictors of Working Memory (AR? =
0.18, AF(1,101) =2.716, p = 0.01), but not subscales. Sleep disturbances explained 42% of the variance in
Working Memory scores in the Autism group, 33% in the FASD group and 25% in the TD group after

controlling for age, SES and sex.

Group comparisons in Working Memory

Raw Score: Overall, the tests of between subject effects on the Working Memory subscale showed
significant differences between the three groups with clinical groups scoring higher than the TD group
(Fi2, 266)=48.20, p=<0.001, R?=0.27). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher) and
TD/FASD groups (p=<0.001; FASD group scoring higher) but no significant similarities or differences in
the Autism/FASD group. SES: There were significant SES differences in the FASD group (F(2, 104)=3.46,
p=0.04, R?=0.07) with the lower SES group scoring higher than higher SES. Sex: There were significant
differences between Autism boys and girls, with girls scoring higher than boys (Fem: m=29.24 SD=17.0;
Male: m=21.08, SD=6.0 conditions t(1.66)=0.56, p=0.05). Age was not a predictor of Working Memory

in any of the groups.
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Table 2.14: Hierarchical multiple regression results for BRIEF Subscale Working Memory

Overall Model

Change Statistics

Group Block Predictors B SEB [ AR? AF? R?
Autism 1 (Constant) 42.3 10.09 0.01 0.47 0.01
n=68 Age 0.04 0.07 0.08
Sex 7.48 4.99 0.20
SES 4,51 3.23 0.18
2 (Constant) 52.1 13.92 0.34 3.35 0.42*
Age 0.01 0.06 0.024
Sex 6.52 4.65 0.172
SES 7.22 3.21 0.295
Bedtime Resistance 1.42 0.87 0.30
Sleep Onset Delay 6.55 2.88 0.32%*
Sleep Duration 4.59 1.33  0.49**
Sleep Anxiety 0.19 0.96 0.03
Night Wakings 0.31 1.40 0.04
Parasomnia 0.63 0.59 0.15
Sleep Disordered Breathing -0.69 1.07 -0.09
Daytime Sleepiness -1.15 0.55 -0.27
FASD 1 (Constant) 25.90 2.07 0.04 4.23 0.04
n=105 Age 0.02 0.01 0.17
Sex -1.26 0.83 -0.14
SES -1.60 0.69 -0.22
2 (Constant) 16.66 3.39 0.22 3.93 0.33%*
Age 0.02 0.01 0.17
Sex -1.11 0.77 -0.13
SES -1.25 0.67 -0.17
Bedtime Resistance -0.10 0.19 -0.08
Sleep Onset Delay 0.72 0.65 0.12
Sleep Duration 0.55 0.24 0.24*
Sleep Anxiety 0.26 0.20 0.17
Night Wakings 0.32 0.26 0.13
Parasomnia 0.37 0.13 0.32*
Sleep Disordered Breathing 0.01 0.23 0.00
Daytime Sleepiness 0.01 0.14 0.01
TD 1 (Constant) 13.52 2.97 0.03 2.62 0.03
n=101 Age 0.03 0.02 0.19
Sex -2.37 1.05 -0.22
SES -0.26 0.90 -0.03
2 (Constant) 4.94 4.13 0.18 2.72 0.25%
Age 0.01 0.02 0.06
Sex -1.36 1.01 -0.13
SES 0.46 0.92 0.05
Bedtime Resistance -0.37 0.25 -0.21
Sleep Onset Delay 0.04 0.79 0.01
Sleep Duration 0.66 0.37 0.20
Sleep Anxiety 0.57 0.33 0.25
Night Wakings -0.11 0.43 -0.03
Parasomnia 0.18 0.19 0.10
Sleep Disordered Breathing 0.30 0.40 0.08
Daytime Sleepiness 0.33 0.17 0.22

*p=<0.05, ** p=<0.001.
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2.7.2 Sleep as a predictor of Shifting

Sleep disturbances were associated with Shifting in the Autism, TD and FASD groups. Hierarchical
multiple regression results examining the associations between Shifting and CSHQ variables are
presented in Table 2.15. In the Autism group, composite sleep scores were significant predictors of
Shifting (AR?=0.41, AF(1,55=4.54, p=<0.001), as well as the subscale of Sleep Onset Delay (B=0.37,
p=0.01), and Daytime Sleepiness (B = 0.33, p=0.01). In the FASD group, composite sleep scores were
significant predictors of Shifting (AR? = 0.35, AF(1,105) =6.94, p = <0.001), as well as the subscale of Sleep
Anxiety (8 =0.38, p=0.02) and Parasomnia (B =0.40, p= 0.01). In the TD group, composite sleep scores
were not significant predictors of Shifting (AR? = 0.15, AF(1,101) =1.96, p = 0.10), or subscales. Sleep
disturbances explained 42% of the variance in Shifting in the Autism group, 33% in the FASD group

and 25% in the TD group after controlling for age, SES and sex.

Group comparisons in Shifting

Raw Score: Overall, the tests of between subject effects on the Shifting subscale showed significant
differences between the three groups with clinical groups scoring higher than the TD group (Fq,
266=30.49, p=<0.001, R?=0.19). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher) and
TD/FASD groups (p=<0.001; FASD group scoring higher), but no significant differences or similarities
between the FASD and Autism groups. SES: There were significant SES differences in the Autism group
(F2, 109=4.87, p=0.01, R?=0.09) with lower SES scoring higher than higher SES. Sex: There were
significant differences between Autism and TD boys and girls, with girls scoring higher than boys in
both groups (Autism: Fem: m=25.85 SD=20.00; Male: m=16.00, SD=4.89 conditions t(1.71)=56, p=0.02.
TD: Fem: m=12.81=5.34; Male: m=11.69, SD=3.25 conditions t(1.26)=100, p=0.04). Age was not a

significant predictor of Shifting in any of the groups.
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Table 2.15: Hierarchical multiple regression results for BRIEF Subscale Shifting

Overall Model

Change Statistics

Group Block Predictors B SEB R AR? AF? R?
ASC 1 (Constant) 4294 11.87 0.02 1.35 0.02
n=68 Age -0.09  0.08 -0.14
Sex -9.24 5.87 -0.21
SES -3.61 3.81 -0.13
2 (Constant) 59.94 15.39 0.41 4.54 0.50%*
Age -0.01 0.07 -0.01
Sex -8.32 5.14 -0.19
SES -7.95 3.55 -0.28
Bedtime Resistance -1.59 0.97 -0.29
Sleep Onset Delay 8.71 3.19 0.37%
Sleep Duration 5.40 1.47 0.49
Sleep Anxiety 0.29 1.06 0.04
Night Wakings 0.77 1.54 0.08
Parasomnia 0.51 0.66 0.10
Sleep Disordered Breathing -0.91 1.18 -0.10
Daytime Sleepiness 1.64 0.60 0.33*
FASD 1 (Constant) 22.82 1.81 0.00 0.12 0.00
n=105 Age -0.01 0.01 -0.05
Sex -0.73 0.72 -0.10
SES -1.26 0.61 -0.20
2 (Constant) 12.40 2.73 0.35 6.94  0.40**
Age 0.00 0.01 -0.04
Sex -0.46  0.62 -0.06
SES -0.63 0.54 -0.10
Bedtime Resistance -0.25 0.16 -0.22
Sleep Onset Delay 0.84 0.52 0.16
Sleep Duration 0.38 0.19 0.20
Sleep Anxiety 0.47 0.16 0.38**
Night Wakings -0.11 0.21 -0.06
Parasomnia 0.40 0.11 0.40*
Sleep Disordered Breathing -0.07 0.19 -0.04
Daytime Sleepiness -0.05 0.11 -0.04
TD 1 (Constant) 13.28 2.58 0.00 0.02 0.00
n=101 Age 0.00 0.02 0.00
Sex -1.14 0.91 -0.13
SES -0.20 0.78 -0.03
2 (Constant) 7.07 3.68 0.15 1.96 0.16
Age -0.01 0.02 -0.08
Sex -0.44 0.90 -0.05
SES 0.36 0.82 0.05
Bedtime Resistance -0.27 0.22 -0.18
Sleep Onset Delay -0.76 0.71 -0.13
Sleep Duration 0.61 0.33 0.22
Sleep Anxiety 0.44 0.29 0.23
Night Wakings -0.20 0.38 -0.06
Parasomnia 0.31 0.17 0.21
Sleep Disordered Breathing 0.06 0.35 0.02
Daytime Sleepiness 0.17 0.15 0.14

*p=<0.05, ** p=<0.001.
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2.7.3 Sleep as a predictor of Planning and Organising

Sleep disturbances were associated with Planning and Organising in the Autism, TD and FASD groups.
Hierarchical multiple regression results examining the associations between Planning and Organising
and CSHQ variables are presented in Table 2.16. In the Autism group, composite sleep scores were
significant predictors of Planning and Organising (AR? = 0.34, AF(1,55) =3.35, p = <0.001), as well as the
subscale of Sleep Duration (B = 0.52, p=<0.001. In the FASD group, composite sleep scores were
significant predictors of Planning and Organising (AR? = 0.22, AF(1,105) =3.93, p = <0.001), as well as the
subscales of Sleep Duration (B = 0.25, p= 0.02) and Parasomnia (B = 0.35, p= <0.001). In the TD group,
composite sleep scores were significant predictors of Planning and Organising (AR? = 0.18, AF1,101)
=2.72, p = 0.01), as well as the subscales of Sleep Duration (8 = 0.25, p= 0.03) and Sleep Anxiety (8 =
0.37, p= 0.01). Sleep disturbances explained 43% of the variance in SCAS Total scores in the Autism

group, 33% in the FASD group and 25% in the TD group after controlling for age, SES and sex.

Group comparisons in Planning and Organising

Raw Score: Overall, the tests of between subject effects on the Planning and Organising subscale
showed significant differences between the three groups with clinical groups scoring higher than the
TD group (F2, 266=43.82, p=<0.001, R?=0.25). In post-hoc analysis and tests of similarity, there were
significant differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher)
and TD/FASD groups (p=<0.001; FASD group scoring higher) and significant similarities between the
FASD and Autism group when using the range of acceptability of 10% (p=<0.05; both scoring very
similarly). Sex: There were significant differences between Autism and FASD boys and girls, with girls
scoring higher than boys in both groups (Autism: Fem: m=32.67 SD=16.99; Male: m=23.61, SD=5.98
conditions t(56)=1.869, p=0.03. FASD: Fem: m=29.72 SD=6.69; Male: m=17.51, SD=5.42 conditions
t(105)=0.878, p=0.02). Age and SES were not significant predictors of Planning and Organising in any

of the groups.
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Table 2.16: Hierarchical multiple regression results for BRIEF Subscale Planning and Organising

Overall Model

Change Statistics

Group Block Predictors B SEB B AR? AF? R?
Autism 1 (Constant) 45.18 9.98 0.01 0.47 0.01
n=68 Age -0.04 0.07 -0.08
Sex -8.43 4.94 -0.22
SES -4.13 3.20 -0.17
2 (Constant) 49.10 13.96 0.34 3.35 0.43**
Age 0.01 0.06 0.01
Sex -7.41  4.67 -0.20
SES -6.69  3.22 -0.28
Bedtime Resistance -1.20 0.88 -0.26
Sleep Onset Delay -6.67  2.89 -0.33
Sleep Duration 4.79 1.34 0.52**
Sleep Anxiety -0.09 0.96 -0.02
Night Wakings 0.69 1.40 0.08
Parasomnia 0.56 0.60 0.13
Sleep Disordered Breathing -0.95 1.07 -0.12
Daytime Sleepiness -0.71 0.55 -0.17
FASD 1 (Constant) 28.51 2.45 0.04 4.23 0.04*
n=105 Age 0.02 0.01 0.11
Sex -0.68 0.98 -0.07
SES -0.37 0.82 -0.04
2 (Constant) 15.84  3.85 0.22 393  0.33%*
Age 0.02 0.01 0.12
Sex -0.45 0.87 -0.05
SES 0.52 0.76 0.06
Bedtime Resistance -0.47 0.22 -0.32
Sleep Onset Delay -0.13 0.74 -0.02
Sleep Duration 0.64 0.27 0.25%
Sleep Anxiety 0.84 0.23 0.05
Night Wakings -0.07  0.29 -0.03
Parasomnia 0.46 0.15 0.35**
Sleep Disordered Breathing -0.10 0.26 -0.04
Daytime Sleepiness 0.01 0.16 0.01
TD 1 (Constant) 20.73  3.55 0.03 2.62 0.03
n=101 Age 0.01 0.02 0.06
Sex -3.61  1.25 -0.28
SES -0.51  1.07 -0.05
2 (Constant) 9.84 4.81 0.18 2.72 0.25*
Age 0.00 0.02 -0.02
Sex -2.47 1.18 -0.20
SES 0.14 1.07 0.01
Bedtime Resistance -0.63  0.29 -0.30
Sleep Onset Delay -0.94 0.92 -0.12
Sleep Duration 098 0.44 0.25*
Sleep Anxiety 1.01 0.38 0.37*
Night Wakings 0.26 0.50 0.05
Parasomnia 0.32 0.22 0.15
Sleep Disordered Breathing 0.30 0.46 0.07
Daytime Sleepiness 0.20 0.20 0.12

*p=<0.05, ** p=<0.001.
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2.7.4 Sleep as a predictor of Organising Materials

Sleep disturbances were associated with Organising Materials in the Autism, TD and FASD groups.
Hierarchical multiple regression results examining the associations between Organising Materials and
CSHQ variables are presented in Table 2.17. In the Autism group, composite sleep scores were
significant predictors of Organising Materials (AR? = 0.40, AF(1,55) =4.48, p = <0.001), as well as the
subscale of Sleep Onset Delay (B =0.43, p=0.03) and Sleep Duration (8 = 0.47, p=<0.001). In the FASD
group, composite sleep scores were significant predictors of Organising Materials (AR? = 0.20, AF(1,105)
=3.01, p = <0.001), as well as the subscale of Sleep Anxiety (B = 0.56, p= <0.001). In the TD group,
composite sleep scores were not significant predictors of Organising Materials (AR? = 0.09, AF(1,101)
=1.15, p = 0.35), and neither were subscales. Sleep disturbances explained 49% of the variance in
Organising Materials scores in the Autism group, 22% in the FASD group and 15% (non-significant

result) in the TD group after controlling for age, SES and sex.

Group comparisons in Organising Materials

Raw Score: Overall, the tests of between subject effects on the Organising Materials subscale showed
significant differences between the three groups with clinical groups scoring higher than the TD group
(F2, 266=17.38, p=<0.001, R?=0.25). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher), TD/FASD
(p=<0.001; FASD group scoring higher), and Autism/FASD groups (p=0.02; Autism group scoring
higher). SES: There were significant SES differences in the TD group with the lower SES group scoring
higher than higher SES group (F2, 101)=3.29, p=0.04, R?=0.06). Sex: There were no significant differences
between Autism boys and girls, with girls scoring significantly higher than boys (Fem: m=20.04
SD=16.98; Male: m=12.769, SD=2.95 conditions t(56)=1.56, p=0.05). Age was not a predictor of

Organising Materials in any of the groups.
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Table 2.17: Hierarchical multiple regression results for BRIEF Subscale Organising Materials

Overall Model

Change Statistics

Group Block Predictors B SEB [ AR? AF? R?
Autism 1 (Constant) 3590 9.54 0.03 1.47 0.03
n=68 Age -0.07  0.06 -0.15
Sex -6.64 4.72 -0.19
SES -3.88 3.06 -0.17
2 (Constant) 4796 1241 0.40 4.48 0.49**
Age 0.00 0.06 0.00
Sex -6.63  4.15 -0.19
SES -8.08 2.86 -0.35
Bedtime Resistance -1.00 0.78 -0.22
Sleep Onset Delay 8.35 2.57 0.43**
Sleep Duration 4.20 1.19 0.47*%*
Sleep Anxiety 0.24 0.85 0.05
Night Wakings 1.27 1.24 0.16
Parasomnia -0.02 0.53 -0.01
Sleep Disordered Breathing -0.90 0.95 -0.12
Daytime Sleepiness -0.87 049 -0.22
FASD 1 (Constant) 15.44 1.55 0.01 0.87 0.01
n=105 Age 0.01 0.01 0.09
Sex 0.01 0.62 0.00
SES -0.83  0.52 -0.16
2 (Constant) 1035 2.62 0.20 3.01 0.22*
Age 0.01 0.01 0.14
Sex 0.03 0.59 0.01
SES -0.53 0.52 -0.10
Bedtime Resistance -0.21  0.15 -0.22
Sleep Onset Delay -0.05 0.50 -0.01
Sleep Duration 0.30 0.18 0.18
Sleep Anxiety 0.59 0.16 0.56**
Night Wakings -0.20 0.20 -0.11
Parasomnia -0.04 0.10 -0.05
Sleep Disordered Breathing -0.12 0.18 -0.07
Daytime Sleepiness 0.14 0.11 0.14
TD 1 (Constant) 10.15 2.58 0.00 0.34 0.00
n=101 Age 0.00 0.02 0.00
Sex -1.97  0.91 -0.21
SES 0.92 0.78 0.12
2 (Constant) 9.83 3.81 0.09 1.15 0.15
Age -0.01 0.02 -0.07
Sex -1.54 0.93 -0.17
SES 0.77 0.84 0.10
Bedtime Resistance -0.43  0.23 -0.28
Sleep Onset Delay 0.20 0.73 0.03
Sleep Duration 0.51 0.35 0.18
Sleep Anxiety 0.39 0.30 0.20
Night Wakings 0.28 0.40 0.08
Parasomnia -0.17  0.17 -0.11
Sleep Disordered Breathing 0.21 0.37 0.06
Daytime Sleepiness 0.01 0.16 0.01

*p=<0.05, ** p=<0.001.
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2.7.5 Sleep as a predictor of Inhibition

Sleep disturbances were associated with Inhibition in the Autism, TD and FASD groups. Hierarchical
multiple regression results examining the associations between Inhibition and CSHQ variables are
presented in Table 2.18. In the Autism group, composite sleep scores were significant predictors of
Inhibition (AR? = 0.34, AF(1,55) =3.41, p = <0.001), as well as the subscale of Sleep Duration (R = 0.50,
p=0.03). In the FASD group, composite sleep scores were significant predictors of Inhibition (AR? =
0.31, AF(1,105 =5.32, p = <0.001), as well as the subscales of Bedtime Resistance (8 = 0.36, p= 0.02) and
Sleep Duration (B = 0.29, p=0.01). In the TD group, composite sleep scores were significant predictors
of Inhibition (AR?=0.19, AF1,101) =2.93, p = 0.01), and subscale of Bedtime Resistance (8 =0.28, p= 0.05).
Sleep disturbances explained 44% of the variance in Inhibition in the Autism group, 32% in the FASD

group and 26% in the TD group after controlling for age, SES and sex.

Group comparisons in Inhibition

Raw Score: Overall, the tests of between subject effects on the Inhibition subscale showed significant
differences between the three groups with clinical groups scoring higher than the TD group (Fq,
266=33.97, p=<0.001, R?=0.20). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher) and
TD/FASD groups (p=<0.001; FASD group scoring higher) but no similarities or differences between the
Autism/ FASD groups. Sex: There were significant differences between Autism, FASD and TD boys and
girls, with girls scoring higher than boys in all three groups (Autism Fem: m= 28.08 SD=17.98; Male:
m=19.62, SD=3.89 conditions t(56)=1.70, p=0.01. FASD Fem: m= 23.88 SD=3.21; Male: m=23.12,
SD=5.02 conditions t(105)=0.94, p=0.02. TD Fem: m= 23.88 SD=3.21; Male: m=23.12, SD=5.02
conditions t(105)=0.94, p=0.02). Age and SES were not significant predictors of Inhibition in any of the

groups.
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Table 2.18: Hierarchical multiple regression results for BRIEF Subscale Inhibition

Overall Model

Change Statistics

Group Block Predictors B SEB [ AR? AF? R?
Autism 1 (Constant) 44.47 10.20 0.03 1.49 0.03
n=68 Age -0.08 0.07 -0.15
Sex -7.85 5.05 -0.20
SES -3.77 3.27 -0.15
2 (Constant) 53.55 14.04 0.34 3.41 0.44**
Age -0.02 0.07 -0.05
Sex -6.83 4.69 -0.18
SES -6.76 3.24 -0.27
Bedtime Resistance -1.31 0.88 -0.27
Sleep Onset Delay -6.64 291 -0.32
Sleep Duration 4.71 1.34 0.50**
Sleep Anxiety 0.09 0.97 0.02
Night Wakings 074 141  0.09
Parasomnia 0.35 0.60 0.08
Sleep Disordered Breathing -0.92 1.08 -0.12
Daytime Sleepiness -0.97 0.55 -0.22
FASD 1 (Constant) 24.44 2.06 0.00 0.00 0.00
n=105 Age 0.00 0.01 -0.01
Sex -0.77 0.82 -0.09
SES -0.20 0.69 -0.03
2 (Constant) 14.17 3.23 0.31 5.32  0.32*%
Age 0.00 0.01 -0.01
Sex -0.62 0.73 -0.08
SES 0.51 0.64 0.07
Bedtime Resistance 0.44 0.19 0.36*
Sleep Onset Delay 0.18 0.62 0.03
Sleep Duration 0.62 0.23 0.29*
Sleep Anxiety 0.70 0.19 0.50
Night Wakings -0.20 0.25 -0.09
Parasomnia 0.42 0.13 0.38
Sleep Disordered Breathing -0.17 0.22 -0.08
Daytime Sleepiness 0.09 0.13 0.07
D 1 (Constant) 19.09 3.14 0.00 0.16 0.00
n=101 Age 0.00 0.02 -0.02
Sex -2.66 1.11 -0.24
SES -0.81 0.95 -0.09
2 (Constant) 10.38 434 0.19 2.93 0.26*
Age -0.03 0.02 -0.15
Sex -1.67 1.06 -0.15
SES -0.64  0.96 -0.07
Bedtime Resistance 0.52 0.26 0.28*
Sleep Onset Delay 0.41 0.83 0.06
Sleep Duration 0.48 0.39 0.14
Sleep Anxiety 0.41 0.35 0.17
Night Wakings 0.60 0.45 0.13
Parasomnia 0.35 0.20 0.19
Sleep Disordered Breathing 0.42 0.42 0.11
Daytime Sleepiness 0.20 0.18 0.13

*p=<0.05, ** p=<0.001.
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2.7.6 Sleep as a predictor of Initiation

Sleep disturbances were associated with Initiation in the Autism, TD and FASD groups. Hierarchical
multiple regression results examining the associations between Initiation and CSHQ variables are
presented in Table 2.19. In the Autism group, composite sleep scores were significant predictors of
Initiation (AR? = 0.37, AF(1,55 =3.96, p = <0.001), as well as the subscale of Sleep Duration (B = 0.43,
p=<0.001). In the FASD group, composite sleep scores were significant predictors of Initiation (AR? =
0.24, AF(1,105) =3.97, p=<0.001), as well as the subscale of Sleep Anxiety (B = 0.54, p= <0.001). There
were no significant regressions in the TD group. Sleep disturbances explained 48% of the variance
Initiation in the Autism group, 28% in the FASD group and 16% (non-significant result) in the TD group

after controlling for age, SES and sex.

Group comparisons in Initiation

Raw Score: Overall, the tests of between subject effects on the Initiation subscale showed significant
differences between the three groups with clinical groups scoring higher than the TD group (Fp,
266)=25.23, p=<0.001, R?=0.16). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher) and
TD/FASD groups (p=<0.001; FASD group scoring higher) but no significant differences or similarities
between the FASD/ Autism groups. SES: There were significant SES differences in the FASD group with
lower SES scoring higher than higher SES (F2, 104=3.46, p=0.04, R?=0.07). Sex: There were significant
differences between Autism boys and girls, with girls scoring higher than boys (Fem: m=25.33
SD=18.99; Male: m=15.76, SD=3.67 conditions t(56)=1.78, p=0.01). Age was not a significant predictor

of Initiation in any of the groups.
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Table 2.19: Hierarchical multiple regression results BRIEF Subscale Initiation

Overall Model

Change Statistics

Group Block Predictors B SEB B AR?2  AF? R2
Autism 1 (Constant) 4398 10.99 0.03 1.70 0.03
n=68 Age -0.09 0.07 -0.16
Sex -8.86 5.43 -0.21
SES -4.21 3.53 -0.16
2 (Constant) 60.43 14.67 0.37 3.96 0.48**
Age -0.02 0.07 -0.03
Sex -8.54 490 -0.21
SES -8.81 3.39 -0.33
Bedtime Resistance -1.41 0.92 -0.27
Sleep Onset Delay -8.30 3.04 -0.37
Sleep Duration 4.43 1.40 0.43*%*
Sleep Anxiety 0.25 1.01 0.04
Night Wakings 1.62 1.47 0.18
Parasomnia -0.10 0.63 -0.02
Sleep Disordered Breathing -0.85 1.13 -0.10
Daytime Sleepiness -1.08 0.58 -0.23
FASD 1 (Constant) 19.83 1.57 0.01 0.88 0.01
n=105 Age 0.01 0.01 0.08
Sex -0.67 0.63 -0.11
SES -0.74 0.53 -0.14
2 (Constant) 11.49  2.57 0.24 3.97 0.28**
Age 0.01 0.01 0.12
Sex -0.43 0.58 -0.07
SES -0.11 0.51 -0.02
Bedtime Resistance -0.28 0.15 -0.30
Sleep Onset Delay -0.13 0.49 -0.03
Sleep Duration 0.24 0.18 0.15
Sleep Anxiety 0.58 0.15 0.54**
Night Wakings -0.16 0.20 -0.09
Parasomnia 0.19 0.10 0.23
Sleep Disordered Breathing 0.07 0.18 0.04
Daytime Sleepiness 0.14 0.10 0.14
TD 1 (Constant) 12.49 2.77 0.00 0.04 0.00
n=101 Age 0.01 0.02 0.06
Sex -2.00 0.98 -0.21
SES 0.33 0.84 0.04
2 (Constant) 6.46 4.00 0.12 1.61 0.16
Age 0.00 0.02 0.00
Sex -1.40 0.98 -0.14
SES 0.69 0.89 0.08
Bedtime Resistance -0.40 0.24 -0.25
Sleep Onset Delay -0.16 0.77 -0.03
Sleep Duration 0.25 0.36 0.08
Sleep Anxiety 0.62 0.32 0.30
Night Wakings 0.26 0.42 0.07
Parasomnia 0.07 0.18 0.04
Sleep Disordered Breathing 0.47 0.38 0.14
Daytime Sleepiness 0.13 0.16 0.09

*p=<0.05, ** p=<0.001.
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2.7.7 Sleep as a predictor of Emotional Control

Sleep disturbances were associated with Emotional Control in the Autism, TD and FASD groups.
Hierarchical multiple regression results examining the associations between Emotional Control and
CSHQ variables are presented in Table 2.20. In the Autism group, composite sleep scores were
significant predictors of Emotional Control (AR? = 0.35, AF1,s5) =3.41, p = <0.001), as well as the
subscale of Sleep Duration (B = 0.52, p=<0.001). In the FASD group, composite sleep scores were
significant predictors of SCAS Total score (AR? = 0.23, AF(1,105) =3.48, p = <0.001), as well as the
subscales of Sleep Duration (B = 0.28, p=0.01) and Sleep Anxiety (B = 0.37, p= 0.01). In the TD group,
composite sleep scores were significant predictors of Emotional Control (AR? = 0.17, AF(1,101) =2.46, p
=0.02), And the Subscale of Sleep Duration (B = 0.26, p= 0.03). Sleep disturbances explained 43% of
the variance in Emotional Control in the Autism group, 23% in the FASD group and 21% in the TD group

after controlling for age, SES and sex.

Group comparisons in Emotional Control

Raw Score: Overall, the tests of between subject effects on the Emotional Control subscale showed
significant differences between the three groups with clinical groups scoring higher than the TD group
(Fi2, 266=40.07, p=<0.001, R?=0.23). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001 Autism group scoring higher), TD/FASD
groups (p=<0.001; FASD group scoring higher) and Autism/FASD (p=0.01; Autism group scoring
higher). Sex: There were significant differences between FASD boys and girls, with girls scoring higher
than boys (Fem: m=26.93 SD=4.07; Male: m=26.53, SD=4.96 conditions t(105)=0.459, p=0.03). Age

and SES were not significant predictors of Emotional control in any of the groups.

157



Table 2.20: Hierarchical multiple regression results for BRIEF Subscale Emotional Control

Overall Model

Change Statistics

Group Block Predictors B SEB [ AR? AF? R?
Autism (Constant) 4297 9.49 0.01 0.33 0.01
n=68 Age -0.03 0.06 -0.06

Sex -5.67 4.69 -0.16

SES -4.52 3.05 -0.20

(Constant) 49.73  13.06 0.35 3.41 0.43**

Age 0.03 0.06 0.05

Sex -5.03 4.36 -0.14

SES -7.02 3.01 -0.31

Bedtime Resistance -1.21 0.82 -0.27

Sleep Onset Delay -6.93 2.70 -0.37

Sleep Duration 4.58 1.25 0.52**

Sleep Anxiety 0.55 0.90 0.11

Night Wakings 0.04 1.31 0.01

Parasomnia 0.40 0.56 0.10

Sleep Disordered Breathing -0.92 1.00 -0.13

Daytime Sleepiness -0.86 0.51 -0.22
FASD (Constant) 27.25 2.23 0.00 0.22 0.00
n=105 Age 0.01 0.01 0.04

Sex -0.34 0.89 -0.04

SES -0.52 0.75 -0.07

(Constant) 2030 3.71 0.23 3.48  0.23**

Age 0.01 0.01 0.06

Sex -0.40 0.84 -0.04

SES -0.25 0.73 -0.03

Bedtime Resistance -0.12 0.21 -0.09

Sleep Onset Delay 0.18 0.71 0.03

Sleep Duration 0.65 0.26 0.28*

Sleep Anxiety 0.56 0.22 0.37*

Night Wakings -0.49 0.28 -0.20

Parasomnia 0.22 0.15 0.19

Sleep Disordered Breathing 0.03 0.25 0.01

Daytime Sleepiness -0.09 0.15 -0.06
TD (Constant) 19.90 3.65 0.00 0.08 0.00
n=101 Age 0.01 0.02 0.04

Sex -2.38 1.29 -0.19

SES -0.64 1.11 -0.06

(Constant) 10.12 5.12 0.17 2.46 0.21%

Age -0.02 0.02 -0.08

Sex -1.20 1.26 -0.09

SES 0.36 1.14 0.03

Bedtime Resistance -0.37 0.31 -0.18

Sleep Onset Delay -0.85 0.98 -0.11

Sleep Duration 1.04 0.46 0.26*

Sleep Anxiety 0.56 0.41 0.20

Night Wakings -0.32 0.53 -0.06

Parasomnia 0.28 0.23 0.13

Sleep Disordered Breathing 0.39 0.49 0.09

Daytime Sleepiness 0.36 0.21 0.20

*p=<0.05, ** p=<0.001
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2.7.8 Sleep as a predictor of Executive Functioning

Sleep disturbances were associated with Total BRIEF in the Autism, TD and FASD groups. Hierarchical
multiple regression results examining the associations between Total BRIEF and CSHQ variables are
presented in table 2.21. In the Autism group, composite sleep scores were significant predictors of
Total BRIEF (AR? = 0.23, AF(1,55 =1.91, p = 0.05), as well as the subscale of Sleep Duration (B =0.35,
p=0.03) and Parasomnia (B = 0.42, p=0.01). In the FASD group, composite sleep scores were significant
predictors of BRIEF Total Score (AR? = 0.33, AF(1,105) =6.11, p = <0.001), as well as the subscales of Sleep
Duration (B = 0.28, p= 0.01), Sleep Anxiety (B = 0.50, p= <0.001) and Parasomnia (8 =0.34, p= <0.001).
In the TD group, composite sleep scores were significant predictors of BRIEF Total Score (AR? = 0.29,
AF(1,101) =5.19, p=<0.001), as well as the subscales of Bedtime Resistance (B=0.26, p= 0.05), Sleep
Duration (B=0.34, p=<0.001), Sleep Anxiety (B =0.33, p=0.02), Parasomnia (8=0.20, p=0.04) and
Daytime Sleepiness (B =0.23, p=0.04). Sleep disturbances explained 31% of the variance in SCAS Total
scores in the Autism group, 36% in the FASD group and 36% in the TD group after controlling for age,

SES and sex.

Group comparisons in Total BRIEF

Raw Score: Overall, the tests of between subject effects on the Total BRIEF showed significant
differences between the three groups with clinical groups scoring higher than the TD group (Fq,
266)=97.49, p=<0.001, R?=0.42). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher) and
TD/FASD groups (p=<0.001) but no significant similarities or differences between the FASD/ Autism
groups. SES: There were no significant SES differences in the FASD group. Sex: There were no
significant differences groups. Age: There were no significant overall age differences in the Autism,

FASD or TD groups.
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Table 2.21: Hierarchical multiple regression results for Total BRIEF

Overall Model

Change Statistics

Group Block Predictors B SEB B AR? AF? R?
Autism 1 (Constant) 138.95 23.02 0.05 2.78 0.05
n=68 Age 0.27 0.16 0.23
Sex -10.79 11.38 -0.13
SES -5.18 7.38 -0.09
2 (Constant) 62.86 34.68 0.23 191 0.31%
Age 0.24 0.16 0.21
Sex -8.24 11.59 -0.10
SES -0.44 8.00 -0.01
Bedtime Resistance 1.08 2.18 0.10
Sleep Onset Delay 5.47 7.18 0.12
Sleep Duration 7.52 3.32 0.35*
Sleep Anxiety 0.72 2.39 0.06
Night Wakings -2.19 3.48 -0.12
Parasomnia 4.18 1.48 0.42*
Sleep Disordered Breathing 0.81 2.67 0.05
Daytime Sleepiness 1.10 1.36 0.11
FASD 1 (Constant) 184.04  13.12 001 0.78 0.01
n=105 Age 0.06 0.08 0.07
Sex 5.02 5.24 0.09
SES 5.62 4.41 0.12
2 (Constant) 113.73 20.17 0.33 6.11 0.36**
Age 0.07 0.07 0.09
Sex 3.98 4.56 0.08
SES 1.37 3.97 0.03
Bedtime Resistance 2.11 1.16 0.27
Sleep Onset Delay 1.15 3.86 0.03
Sleep Duration 3.89 1.42 0.28*
Sleep Anxiety 4.50 1.21 0.50**
Night Wakings 1.74 1.53 0.12
Parasomnia 2.36 0.79 0.34**
Sleep Disordered Breathing 0.53 1.38 0.04
Daytime Sleepiness 0.20 0.82 0.02
TD 1 (Constant) 123.86 19.15 0.01 094 0.01
n=101 Age 0.11 0.11 0.11
Sex -15.63 6.75 -0.23
SES -6.32 5.80 -0.11
2 (Constant) 53.06 24.53 0.29 5.19 0.36**
Age -0.01 0.11 -0.01
Sex -8.14 6.01 -0.12
SES 0.21 5.44 0.00
Bedtime Resistance 2.97 1.47 0.26*
Sleep Onset Delay -10.14 4.70 -0.03
Sleep Duration 7.21 2.22 0.34**
Sleep Anxiety 4.87 1.96 0.33*
Night Wakings 0.04 2.56 0.00
Parasomnia 2.29 1.11 0.20*
Sleep Disordered Breathing 1.44 2.35 0.06
Daytime Sleepiness 2.13 1.01 0.23*

*p=<0.05, ** p=<0.001.
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2.7.9 Summary

Children with FASD and Autism scored consistently higher than the TD group in every BRIEF subscale.
Children in the Autism group consistently scored higher than children with FASD. Syndrome specificity
(occasions where there were significant differences between all three groups) were noted in the
subscales of Shifting, Organisation of Materials, Monitoring and Emotional Control. There were no

significantly similar raw scores.

There were sex related differences in executive functioning scores. In the Autism group, boys scored
significantly higher than girls in the subscales of Working Memory and Planning and Organising.
Meanwhile girls scored significantly higher than boys in the subscales of Organisation of Materials,
Monitoring, Inhibition, Initiation and Total BRIEF. In the FASD group, girls scored significantly higher
than boys in the subscales of Planning and Organising, Monitoring, Inhibition and Emotional Control.
Inthe TD group, girls scored significantly higher in the subscales of Shifting, Monitoring, and Inhibition.
TD girls and girls with FASD tended to score higher than boys, but girls and boys in the Autism sample

had more variations in their scores.

SES correlated with executive functioning scores. Scores on Working Memory and Shifting in the FASD

group, and Organisation of Materials in the TD group were significantly higher in lower SES groups.

Executive functioning scores were significantly associated with sleep problems in all three groups. In
the Autism group, Sleep Duration accounted for the largest amount of variance in BRIEF subscales; in
total, sleep problems predicted 31% of the variance in BRIEF scores. In the FASD group, Sleep Duration,
Sleep Anxiety and Parasomnias accounted for the largest amount of variance in the BRIEF subscales;

in total, sleep problems predicted 36% of variance in the BRIEF scores. In the TD group, Sleep Duration,
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Bedtime Resistance and Sleep Anxiety were the biggest predictors of BRIEF subscales; in total, sleep
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problems predicted 36% of the variance in BRIEF scores.
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Figure 2.5: Comparison between Autism, FASD and TD scores on the BRIEF subscales (SE bars)
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2.8 Results: Child Behaviour Checklist (CBCL)

The following section provides an overview of the behavioural profiles of children with FASD and
Autism. As noted above, behaviour is the result of a complex interaction between executive functions,
environmental stimuli and emotional responses. For those working with children with FASD, there
appear to be more clinical and educational resources for externalised, aggressive and conduct related
behaviours than internalised or withdrawn behaviours — most probably because the externalised
behaviours warrant more immediate responses from caregivers and educators. For this reason, much

of what has been researched on FASD and behaviour has focussed on externalised behaviours.

The CBCL variables were analysed using group mean comparisons. ANOVA results are presented in
Table 2.22. Hierarchical multiple regression analyses were conducted to examine the associations

between each BRIEF subscale and CSHQ subscale. These are presented in tables 2.23 — 2.31.

Table 2.22: Mean Scores (SD) and group differences using ANOVA for CBCL subsets

Autism (n=61) FASD (n=114) TD (n=104) F p np2
m sd m sd m sd

Withdrawn i 5.81 3.42 6.17 3.75 3.22 3.20 21.04 <0.001 0.14
Somatic! 3.93 3.23 4.49 3.19 2.34 2.89 13.26  <0.001 0.09
Anxious | 11.55 5.84 12.24 6.24 7.00 6.94 19.36 <0.001 0.13
Social' 6.05 2.79 7.54 3.14 2.48 2.37 89.31 <0.001 0.40
Thought 4.62 2.82 4.98 2.83 1.68 2.14 48.27 <0.001 0.27
Attention € 10.57 4.10 12.63 3.96 4.65 3.87 111.61 <0.001 0.46
Delinquency & 3.86 3.31 7.07 4.45 2.95 3.47 3211 <0.001 0.20
Aggression € 15.72 8.61 22.80 9.14 10.44 9.23 49.13 <0.001 0.27
Total 62.21 22.67 77.90 25.81 34.76 28.84 71.02 <0.001 0.35

iinternalising cexternalising
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2.8.1 Sleep as a predictor of Withdrawn

Sleep disturbances significantly associated with Withdrawn symptomology in the Autism, and TD
groups. Hierarchical multiple regression results examining the associations between Withdrawn and
CSHQ variables are presented in Table 2.23. In the Autism group, composite sleep scores were
significant predictors of Withdrawn (AR? = 0.13, AF(1,55) =1.00, p = 0.001). In the TD group, composite
sleep scores were significant predictors of Withdrawn (AR? = 0.21, AF(1,101) =3.54, p = 0.001), as well as
the subscales of Bedtime Resistance (B = 0.25, p= 0.01) and Daytime Sleepiness (B =0.39, p=<0.001).
Sleep disturbances explained 26% of the variance in Withdrawn scores in the Autism group, 17% (non-

significant result) in the FASD group and 34% in the TD group after controlling for age, SES and sex.

Group comparisons in Withdrawn

Raw Score: Overall, the tests of between subject effects on the Withdrawn subscale showed significant
differences between the three groups with clinical groups scoring higher than the TD group (Fq,
266)=21.04, p=<0.001, R?=0.14). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher) and
TD/FASD groups (p=<0.001; FASD group scoring higher), and significant similarities between the FASD/
Autism groups when using the range of acceptability of 10% (p=<0.05). Sex: There were significant
differences in the Autism group between girls and boys, with boys scoring significantly higher than
girls (Fem: m=5.73 SD=3.59; Male: m=6.08, SD=2.84 conditions t(56)=-0.316, p=0.03). Age: There were
significant age related associations in the Autism, FASD and TD groups with older children scoring
significantly higher than younger children (Autism: F(1,56)=8.52, p=0.01, R?=0.13; FASD: F(1,105=9.42,
p=0.003, R?=0.08, F(1,103=12.23, p=0.001, R?=0.11). SES was not a significant predictor of Withdrawn

symptomology in any of the groups.
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Table 2.23: Hierarchical multiple regression results for CBCL subscale Withdrawn

Overall Model

Change Statistics

Group Block Predictors B SEB R AR? AF? R?
Autism (Constant) 092 213 0.13 8.37 0.13*
n=68 Age 0.04 0.01 0.36

Sex 0.30 1.05 0.04

SES -0.02 0.68 0.00

(Constant) -5.32  3.42 0.13 1.00 0.26*

Age 0.03 0.02 0.25

Sex 0.36 1.14 0.04

SES 0.77 0.79 0.15

Bedtime Resistance 0.11 0.22 -0.11

Sleep Onset Delay 0.61 071 0.14

Sleep Duration 0.54 033 0.27

Sleep Anxiety 0.14 024 0.11

Night Wakings 0.21 034 0.12

Parasomnia 0.05 0.15 0.05

Sleep Disordered Breathing 0.14 0.26 0.08

Daytime Sleepiness 0.26 0.13 0.28
FASD (Constant) 2.13 1.79 0.08 9.42 0.08
n=102 Age 0.03 0.01 0.29

Sex 0.14 0.72 0.02

SES 0.08 0.60 0.01

(Constant) -2.32 3.23 0.09 1.21 0.17

Age 0.03 0.01 0.28

Sex 0.30 0.73 0.04

SES 0.17 0.64 0.03

Bedtime Resistance 0.19 0.19 -0.17

Sleep Onset Delay 0.61 0.62 0.12

Sleep Duration 035 0.23 0.18

Sleep Anxiety 0.27 019 0.21

Night Wakings -0.35 0.25 -0.17

Parasomnia 0.03 0.13 0.03

Sleep Disordered Breathing 0.32 0.22 0.16

Daytime Sleepiness 0.07 0.13 0.06
TD (Constant) 0.94 1.73 0.11 12.11 0.11
n=101 Age 0.03 0.01 0.32

Sex -0.69 0.61 -0.11

SES -0.58 0.52 -0.11

(Constant) -5.09 234 0.21 3.54 0.34*

Age 0.02 0.01 0.16

Sex -0.10 0.57 -0.02

SES 0.08 0.52 0.02

Bedtime Resistance 0.10 0.14 0.09

Sleep Onset Delay 0.21 045 0.05

Sleep Duration 0.04 0.21 0.02

Sleep Anxiety 0.04 0.19 0.03

Night Wakings 0.01 0.24 0.00

Parasomnia 0.27 0.11 0.25*

Sleep Disordered Breathing 0.16 0.22 0.07

Daytime Sleepiness 0.34 0.10 0.39**

*p=<0.05, *** p=<0.001.

165



2.8.2 Sleep as a predictor of Somatic Complaints

Sleep disturbances were associated with Somatic Complaints in the TD group, but not the clinical
groups. Hierarchical multiple regression results examining the associations between Somatic
Complaints and CSHQ variables are presented in Table 2.24. In the Autism group, composite sleep
scores were not significant predictors of Somatic Complaints (AR? = 0.12, AF1,55) =0.94, p = 0.49), and
neither were any subscales. In the FASD group, composite sleep scores were not significant predictors
of Somatic Complaints (AR? = 0.04, AF(1,105) =0.44, p = 0.89), and neither were any subscales. In the TD
group however, composite sleep scores were significant predictors of Somatic Complaints (AR? = 0.36,
AF(1,101=7.27, p = <0.001), as well as the subscales of Night Waking (8 = 0.18, p= 0.04), Sleep Duration
SDB (B =0.41, p=<0.001) and Daytime Sleepiness (B =0.31, p=0.003). After controlling for age, SES and
sex, sleep disturbances explained 28% of the variance in Somatic Complaints in the Autism, and 7% in

the FASD group (non-significant scores), but 44% in the TD group.

Group comparisons in Somatic Complaints

Raw Score: There were some significant differences and similarities between groups in the CBCL
subscale of Somatic Complaints, with clinical groups scoring higher than the TD group. Overall, the
tests of between subject effects on the Somatic Complaints subscale showed significant differences
between the three groups (F2, 266=13.26, p=<0.001, R?=0.09). In post-hoc analysis and tests of
similarity, there were significant differences in raw scores between the TD/ Autism (p=0.01; Autism
group scoring higher) and TD/FASD groups (p=<0.001; FASD group scoring higher) but no significant
similarities or differences between the FASD/ Autism groups. Age: There were significant age
differences in the Autism and TD groups with older children scoring significantly higher than younger
children (Autism: F21,56=10.12, p=0.002, R?=0.15; TD: (F(1,103=6.87, p=0.01, R?=0.06) but not in the

FASD group. Sex and SES were not significant predictors of Somatic Complaints in any of the groups.
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Table 2.24: Hierarchical multiple regression results for CBCL subscale Somatic Complaints

Overall Model

Change Statistics

Group Block Predictors B SEB B AR? AF? R?
Autism (Constant) -0.23 197 0.15 9.94 0.15
n=68 Age 0.04 0.01 0.40
Sex 0.31 0.98 0.04
SES -0.49 0.63 -0.10
2 (Constant) -2.94 3.18 0.12 0.94 0.28
Age 0.04 0.02 0.33
Sex 0.35 1.06 0.05
SES -0.37 0.73 -0.07
Bedtime Resistance 0.16 0.20 0.16
Sleep Onset Delay 0.15 0.66 0.04
Sleep Duration 0.03 0.30 0.01
Sleep Anxiety 0.04 0.22 0.03
Night Wakings 0.39 0.32 0.22
Parasomnia 0.04 0.14 0.05
Sleep Disordered Breathing 0.05 0.25 0.03
Daytime Sleepiness 0.25 0.13 0.29
FASD (Constant) 3.05 1.57 0.01 1.11 0.01
n=102 Age 0.01 0.01 0.13
Sex 0.93 0.63 0.15
SES -0.21 0.53 -0.04
2 (Constant) 2.58 291 0.04 0.44 0.07
Age 0.01 0.01 0.15
Sex 0.96 0.66 0.15
SES 0.13 0.57 0.02
Bedtime Resistance 0.05 0.17 0.05
Sleep Onset Delay 0.28 0.56 0.06
Sleep Duration 0.01 0.21 0.01
Sleep Anxiety 0.20 0.17 0.18
Night Wakings 0.05 0.22 0.03
Parasomnia 0.09 0.11 0.10
Sleep Disordered Breathing 0.24 0.20 0.14
Daytime Sleepiness 0.00 0.12 0.00
TD (Constant) 0.75 1.61 0.06 6.81 0.06
n=101 Age 0.02 0.01 0.25
Sex -0.58 0.57 -0.10
SES -0.39 049 -0.08
2 (Constant) -4.36  1.94 0.36 7.27 0.44%*
Age 0.01 0.01 0.07
Sex -0.15 0.48 -0.03
SES 0.04 043 0.01
Bedtime Resistance 0.04 0.12 0.04
Sleep Onset Delay 0.05 0.37 0.01
Sleep Duration 0.03 0.18 0.02
Sleep Anxiety 0.25 0.16 0.20
Night Wakings 042 0.20 0.18*
Parasomnia 0.02 0.09 0.02
Sleep Disordered Breathing 0.84 0.19 0.41**
Daytime Sleepiness 0.25 0.08 0.31*

*p=<0.05, ** p=<0.001.
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2.8.3 Sleep as a predictor of Anxious Symptoms

Sleep disturbances were associated with Anxious Symptoms in the Autism, TD and FASD groups.
Hierarchical multiple regression results examining the associations between Anxious Symptoms and
CSHQ variables are presented in Table 2.25. In the Autism group, composite sleep scores were
significant predictors of Anxious Symptoms (AR? = 0.16, AF(1,55) =1.19, p = 0.03), as well as the subscale
of Sleep Anxiety (B =0.40, p=0.05). In the FASD group, composite sleep scores were significant
predictors of Anxious Symptoms (AR? = 0.12, AF(1,105) =1.66, p = 0.02), as well as the subscales of Sleep
Anxiety (B = 0.31, p=0.05) and SDB (B = 0.24, p=0.03). In the TD group, composite sleep scores were
significant predictors of Anxious Symptoms (AR? = 0.20, AF(1,101) =3.28, p = <0.001), as well as the
subscale of Daytime Sleepiness (B =0.41, p=<0.001). Sleep disturbances explained 26% of the variance
in Anxious Symptoms in the Autism group, 24% in the FASD group and 32% in the TD group after

controlling for age, SES and sex.

Group comparisons in Anxious Symptoms

Raw Score: Overall, the tests of between subject effects on the Anxious Symptoms subscale showed
significant differences between the three groups with clinical groups scoring higher than the TD group
(F2, 266=19.36, p=<0.001, R?=0.13). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher) and
TD/FASD groups (p=<0.001; FASD group scoring higher) and significant similarities between the FASD/
Autism groups when using the range of acceptability of 10% (p=<0.05). Age: There were no significant
overall age differences in the Autism or FASD groups, but in the TD group age was significantly
associated with Anxious Symptoms (F(1,103=10.72, p=0.001, R?=0.10). Sex and SES were not significant

predictors of Anxious Symptoms in any of the groups.
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Table 2.25: Hierarchical multiple regression results for CBCL subscale Anxious

Overall Model

Change Statistics

Group Block  Predictors B SEB [ AR? AF? R?
Autism 1.00 (Constant) 7.75 3.69 0.07 4.13 0.07*
n=68 Age 0.05 0.03 0.27
Sex 1.33 1.83 0.10
SES -1.45 1.19 -0.16
2.00 (Constant) -2.64 5.85 0.16 1.19 0.26*
Age 0.05 0.03 0.26
Sex 2.20 195 0.16
SES 0.74 135 0.08
Bedtime Resistance 0.51 0.37 0.29
Sleep Onset Delay 1.35 1.21 0.18
Sleep Duration 0.02 0.56 0.01
Sleep Anxiety 0.81 0.40 0.40*
Night Wakings 0.53 0.59 0.17
Parasomnia 0.10 0.25 0.06
Sleep Disordered Breathing 0.22 0.45 0.08
Daytime Sleepiness 0.34 0.23 0.22
FASD 1.00 (Constant) 10.15 3.08 0.01 1.37 0.01
n=102 Age 0.02 0.02 0.10
Sex -1.20 1.23  -0.10
SES 0.26 1.03 0.02
2.00 (Constant) 1.85 5.45 0.12 1.66 0.24*
Age 0.03 0.02 0.14
Sex -0.87 1.23  -0.07
SES 0.42 1.07 0.04
Bedtime Resistance 0.11 0.31 0.06
Sleep Onset Delay 1.14 1.04 0.13
Sleep Duration 0.33 0.38 0.10
Sleep Anxiety 0.65 0.33 0.31%
Night Wakings 0.41 041 0.12
Parasomnia 0.35 0.21 0.22
Sleep Disordered Breathing 0.81 0.37 0.24*
Daytime Sleepiness 0.14 0.22 0.07
TD 1.00 (Constant) 1.18 3.78 0.10 10.61 0.10
n=101 Age 0.07 0.02 0.32
Sex -2.01 133 -0.15
SES -0.66 1.14 -0.06
2.00 (Constant) -12.87 5.14 0.20 3.28 0.32*
Age 0.04 0.02 0.16
Sex -0.85 1.26 -0.06
SES 0.87 1.14 0.08
Bedtime Resistance 0.14 0.31 0.06
Sleep Onset Delay 1.07 0.99 -0.12
Sleep Duration 0.39 0.47 0.09
Sleep Anxiety 0.10 0.41 0.03
Night Wakings 0.52 0.54 0.09
Parasomnia 0.36 0.23 0.15
Sleep Disordered Breathing 0.23 0.49 0.05
Daytime Sleepiness 0.79 0.21 0.41*%

*p=<0.05, ** p=<0.001.
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2.8.4 Sleep as a predictor of Social Problems

Sleep disturbances were associated with Social Problems in the TD and FASD groups, but not the
Autism group. Hierarchical multiple regression results examining the associations between Social
Problems and CSHQ variables are presented in Table 2.26. In the Autism group, composite sleep scores
were not significant predictors of Social Problems (AR? = 0.14, AF(1,55) =0.89, p = 0.53), however there
was a significant regression between Sleep Duration and Social Problems (B = 0.30, p=0.05). In the
FASD group, composite sleep scores were significant predictors of Social Problems (AR? = 0.23, AF(1,105)
=3.54, p = <0.001), as well as the subscales of Sleep Anxiety (B = 0.30, p= 0.05) and Parasomnia (B =
0.27, p=0.03). In the TD group, composite sleep scores were significant predictors of Social Problems
(AR? = 0.25, AF(1,101) =3.77, p = <0.001), as well as the subscales of Parasomnia (B = 0.21, p= 0.05) and
Daytime Sleepiness (B =0.32, p=0.01). Sleep disturbances explained 14% (non-significant score) of the
variance in Social Problems in the Autism group, 24% in the FASD group and 27% in the TD group after

controlling for age, SES and sex.

Group comparisons in Social Problems

Raw Score: Overall, the tests of between subject effects on the Social Problems subscale showed
significant differences between the three groups with clinical groups scoring higher than the TD group
(Fi2, 266=89.31, p=<0.001, R?=0.40). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher), TD/FASD
(p=<0.001; FASD group scoring higher) and FASD/ Autism groups (p=0.003; FASD group scoring
higher). Sex: There were significant differences between boys and girls in the FASD group with girls
scoring higher than boys (Fem: m=7.81 SD=2.89; Male: m=7.02, SD=3.42 conditions t(105)=0.96
p=0.04) but not in the Autism or TD groups. Age and SES were not predictors of Social Problems in any

of the groups.
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Table 2.26: Hierarchical multiple regression results for CBCL subscale Social Problems

Overall Model

Change Statistics

Group Block Predictors B SEB B AR? AF? R?
Autism 1.00 (Constant) 5.80 1.86 0.00 0.14 0.00
n=68 Age 0.01 0.01 0.05
Sex -0.15 0.92 -0.02
SES -0.16 0.60 -0.04
2.00 (Constant) 1.49 3.01 0.14 0.89 0.14
Age 0.00 0.01 0.05
Sex 0.10 101 0.02
SES -0.04 0.70 -0.01
Bedtime Resistance 0.00 0.19 0.00
Sleep Onset Delay 0.13 062 0.04
Sleep Duration 0.49 0.29 0.30*
Sleep Anxiety 0.04 021 0.04
Night Wakings 0.10 0.30 0.07
Parasomnia 0.10 0.13 0.13
Sleep Disordered Breathing 0.00 0.23 0.00
Daytime Sleepiness 0.01 0.12 o0.01
FASD 1.00 (Constant) 7.64 1.56 001 051 0.1
n=102 Age 0.01 001 0.06
Sex -0.53 0.62 -0.08
SES -0.25 0.52 -0.05
2.00 (Constant) 136 2.59 0.23 3.54 0.24*%*
Age 0.01 0.01 0.07
Sex -0.40 0.58 -0.06
SES 0.10 0.51 0.02
Bedtime Resistance 0.15 0.15 0.16
Sleep Onset Delay 046 050 0.11
Sleep Duration 030 0.18 0.18
Sleep Anxiety 031 0.16 0.30*
Night Wakings 0.02 0.20 0.01
Parasomnia 0.22 0.10 0.27*
Sleep Disordered Breathing 0.02 0.18 0.01
Daytime Sleepiness 0.09 0.11 0.09
TD 1.00 (Constant) 3.31 1.36 0.00 0.01 0.00
n=101 Age 0.00 0.01 0.01
Sex -0.60 0.48 -0.13
SES -0.32 041 -0.08
2.00 (Constant) -2.27 182 0.25 3.77 0.27**
Age -0.01 0.01 -0.14
Sex -0.13 0.45 -0.03
SES 0.15 0.40 0.04
Bedtime Resistance 0.08 0.11 0.11
Sleep Onset Delay 036 035 0.12
Sleep Duration 032 017 0.21
Sleep Anxiety 0.12 0.15 0.12
Night Wakings 0.14 019 0.07
Parasomnia 0.17 0.08 0.21*
Sleep Disordered Breathing 0.12 0.18 0.07
Daytime Sleepiness 0.21 0.08 0.32*
*p=<0.05, **
p=<0.001.
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2.8.5 Sleep as a predictor of Thought Problems

Sleep disturbances were associated with Thought Problems in the Autism, TD and FASD groups.
Hierarchical multiple regression results examining the associations between Thought Problems and
CSHQ variables are presented in Table 2.27. In the Autism group, composite sleep scores were
significant predictors of Thought Problems (AR? = 0.32, AF1,55) =2.65, p = 0.02), as well as the subscale
of Sleep Parasomnia (B = 0.42, p=0.01). In the FASD group, composite sleep scores were significant
predictors of Thought Problems (AR? = 0.22, AF(1,10s) =3.44, p = <0.001), as well as the subscales of
Sleep Duration (B8 = 0.30, p= 0.01) and Parasomnia (B = 0.34, p= 0.01). In the TD group, composite
sleep scores were significant predictors of Thought Problems (AR? = 0.35, AF1,101) =7.09, p = <0.001),
as well as the subscales of SDB (B = 0.36, p= <0.001), and Daytime Sleepiness (8 =0.30, p=0.01). Sleep
disturbances explained 32% of the variance in Thought Problems in the Autism group, 24% in the FASD

group and 45% in the TD group after controlling for age, SES and sex.

Group comparisons in Thought Problems

Raw Score: Overall, the tests of between subject effects on the Thought Problems subscale showed
significant differences between the three groups, with clinical groups scoring higher than the TD group
(Fi2, 266)=48.27, p=<0.001, R?=0.27). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher) and
TD/FASD groups (p=<0.001; FASD group scoring higher) but no significant similarities or differences
between the FASD/ Autism groups. Age, sex and SES were not significant predictors of Thought

Problems in any of the groups.

172



Table 2.27: Hierarchical multiple regression results for CBCL subscale Thought Problems

Overall Model

Change Statistics

Group Block  Predictors B SEB [ AR? AF? R?
Autism 1 (Constant) 532 1.88 0.00 0.05 0.00
n=68 Age 0.00 0.01 -0.03
Sex 0.23 0.93 0.04
SES -0.24 0.60 -0.06
2 (Constant) 0.68 2.70 0.32 2.65 0.32*
Age -0.01 0.01 -0.14
Sex -0.02 0.90 0.00
SES 0.25 0.62 0.06
Bedtime Resistance 0.16 0.17 0.19
Sleep Onset Delay 0.24 0.56 0.07
Sleep Duration 0.16 0.26 0.10
Sleep Anxiety 0.04 0.19 0.04
Night Wakings 0.19 0.27 0.13
Parasomnia 033 0.12 0.42*
Sleep Disordered Breathing 0.35 0.21 0.25
Daytime Sleepiness 0.14 0.11 0.18
FASD 1 (Constant) 3.33 1.40 0.01 1.17 0.01
n=102 Age 0.01 0.01 0.10
Sex -0.07 0.56 -0.01
SES 0.35 047 0.07
2 (Constant) -0.48 2.33 0.22 3.44  0.24**
Age 0.00 0.01 0.05
Sex -0.01 0.53 0.00
SES 049 046 0.10
Bedtime Resistance 0.23 0.13 0.28
Sleep Onset Delay 0.24 0.45 0.06
Sleep Duration 044 0.16 0.30*
Sleep Anxiety 0.17 0.14 0.18
Night Wakings 0.12 0.18 0.08
Parasomnia 0.25 0.09 0.34*%
Sleep Disordered Breathing 0.13 0.16 0.08
Daytime Sleepiness 0.09 0.10 0.10
TD 1 (Constant) 2.53 1.18 0.029 3 0.029
n=101 Age 0.01 0.01 o0.14
Sex -0.67 042 -0.16
SES -0.83 0.36 -0.23
2 (Constant) -3.53 143 0.35 7.09 0.45*%*
Age 0.00 0.01 o0.03
Sex 0.29 035 0.07
SES 0.29 0.32 0.08
Bedtime Resistance 0.05 0.09 0.07
Sleep Onset Delay 0.13 0.27 0.05
Sleep Duration 0.02 0.13 0.02
Sleep Anxiety 0.21 011 0.22
Night Wakings 0.08 0.15 0.05
Parasomnia 0.06 0.07 0.08
Sleep Disordered Breathing 0.55 0.14 0.36**
Daytime Sleepiness 0.18 0.06 0.30*

*p=<0.05, ** p=<0.001.
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2.8.6 Sleep as a predictor of Attention Problems

Sleep disturbances were associated with Attention Problems in the FASD and TD groups, but not the
Autism group. Hierarchical multiple regression results examining the associations between Attention
Problems and CSHQ variables are presented in Table 2.28. In the Autism group, composite sleep scores
were not significant predictors of Attention Problems (AR? = 0.18, AF(1,55) =1.21, p = 0.32). In the FASD
group, composite sleep scores were significant predictors of Attention Problems (AR? = 0.28, AF(1,105)
=4.71, p = <0.001), as well as the subscales of Bedtime Resistance (B =0.44, p=0.01), Sleep Onset Delay
(B =0.25, p=0.03) and Parasomnia (B =0.31, p=0.01). In the TD group, composite sleep scores were
significant predictors of Attention Problems (AR? = 0.20, AF(1,101) =3.56, p = <0.001), as well as the
subscales of Night Wakings (8 =0.19, p= 0.05) and Daytime Sleepiness (B =0.23, p=0.03). Sleep
disturbances explained 18% (non-significant score) of the variance in Attention Problems in the Autism

group, 29% in the FASD group and 36% in the TD group after controlling for age, SES and sex.

Group comparisons in Attention Problems

Raw Score: Overall, the tests of between subject effects on the Attention Problems subscale showed
significant differences between the three groups, with clinical groups scoring higher than the TD group
(F2, 266)=111.61, p=<0.001, R?=0.46). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher) and
TD/FASD groups (p=<0.001; FASD group soring higher) and FASD/ Autism groups (p=<0.001; FASD
group scoring higher). Sex: There were no significant differences between the TD or Autism groups,
but in the FASD group, girls scored significantly higher than boys (Fem: m=12.99 SD=3.94; Male:
m=12.04, SD=4.48 conditions t(105)=1.01 p=0.02). SES and age were not significant predictors of

Attention problems in any of the groups.
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Table 2.28: Hierarchical multiple regression results for CBCL Subscale Attention Problems

Overall Model

Change Statistics

Group Block Predictors B SEB ] AR? AF? R?
Autism 1.00 (Constant) 9.75 2.73 0.00 0.00 0.00
n=68 Age 0.00 0.02 -0.01
Sex 0.29 1.35 0.03
SES 0.44 0.88 0.07
2.00 (Constant) 1.76 4.32 0.18 1.21 0.18
Age -0.01 0.02 -0.10
Sex 0.24 1.44 0.03
SES 1.40 1.00 0.22
Bedtime Resistance 0.13 0.27 0.11
Sleep Onset Delay 0.06 0.90 0.01
Sleep Duration 0.52 041 0.21
Sleep Anxiety 0.17 0.30 0.12
Night Wakings 0.47 0.43 0.21
Parasomnia 0.28 0.18 0.25
Sleep Disordered Breathing 0.12 0.33 0.06
Daytime Sleepiness 0.30 0.17 0.27
FASD 1.00 (Constant) 12.39 1.97 0.00 0.04 0.00
n=102 Age 0.00 0.01 0.00
Sex -0.78 0.79 -0.10
SES 0.30 0.66 0.04
2.00 (Constant) 5.19 3.14 0.28 4.71 0.29%*
Age -0.01 0.01 -0.04
Sex -0.42 0.71 -0.05
SES 0.72 0.62 0.11
Bedtime Resistance 0.51 0.18 0.44*
Sleep Onset Delay 1.37 0.60 0.25%
Sleep Duration 0.36 0.22 0.18
Sleep Anxiety 0.41 0.19 031
Night Wakings 0.07 0.24 0.03
Parasomnia 0.33 0.12 0.31*
Sleep Disordered Breathing 0.30 0.22 0.14
Daytime Sleepiness 0.14 0.13 0.11
D 1.00 (Constant) 6.50 2.06 0.01 1.03 0.01
n=101 Age 0.01 0.01 0.12
Sex -2.82 0.73 -0.37
SES -1.11 0.62 -0.17
2.00 (Constant) -1.35 2.78 0.20 3.56 0.36*
Age 0.00 0.01 0.00
Sex -2.25 0.68 -0.29
SES -0.56 0.62 -0.09
Bedtime Resistance 0.14 0.17 0.11
Sleep Onset Delay 0.73 0.53 0.15
Sleep Duration 0.46 0.25 0.19
Sleep Anxiety 0.12 0.22 0.07
Night Wakings 0.59 0.29 0.19%
Parasomnia 0.14 0.13 0.11
Sleep Disordered Breathing 0.36 0.27 0.13
Daytime Sleepiness 0.25 0.11 0.23*

*p=<0.05, ** p=<0.001.
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2.8.7 Sleep as a predictor of Delinquency

Sleep disturbances were associated with Delinquency in the Autism and TD groups. Hierarchical
multiple regression results examining the associations between Delinquency and CSHQ variables are
presented in Table 2.29. In the Autism group, composite sleep scores were significant predictors of
Delinquency (AR? = 0.26, AF(1,s5) =2.27, p = 0.35), as well as the subscale of Sleep Anxiety (B =0.37,
p=0.05) and Daytime Sleepiness (8 =0.42, p=<0.001). In the FASD group, composite sleep scores were
not significant predictors of Delinquency (AR? = 0.05, AF1,105) =0.67, p =0.72). In the TD group,
composite sleep scores were significant predictors of Delinquency (AR? = 0.24, AF1101) =4.30, p =
<0.001), as well as the subscales of SDB (B = 0.24, p=0.01) and Daytime Sleepiness (8 =0.40, p=<0.001).
Sleep disturbances explained 35% of the variance in Delinquency in the Autism group, 9% (non-

significant score) in the FASD group and 36% in the TD group after controlling for age, SES and sex.

Group comparisons in Delinquency

Raw Score: Overall, the tests of between subject effects on the Delinquency subscale showed
significant differences between the three groups, with the FASD group scoring higher than the TD and
Autism groups (F(2, 266=32.11, p=<0.001, R?=0.20). In post-hoc analysis and tests of similarity, there
were significant differences in raw scores between the TD/FASD (p=<0.001; FASD group scoring
higher) and FASD/Autism (<0.001; FASD group scoring higher) but no significant similarities or
differences between the TD/Autism groups. Age: There were no significant overall age differences in
the Autism, or TD groups but in the FASD group, delinquency was significantly associated with age

(F1,105=2.60, p=0.02, R?=0.11). Sex and SES were not predictors of Delinquency in any of the groups.
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Table 2.29: Hierarchical multiple regression results for Subscale Delinquency

Overall Model

Change Statistics

Group Block Predictors B SEB B AR? AF? R?
Autism 1.00 (Constant) 039 211 0.09 5.22 0.09
n=68 Age 0.03 0.01 0.30
Sex 0.27 1.04 0.03
SES -0.23  0.68 -0.05
2.00 (Constant) -0.60 3.10 0.26 2.27 0.35%
Age 0.03 0.01 0.25
Sex -0.14 1.04 -0.02
SES -0.31 0.72 -0.06
Bedtime Resistance 0.24 0.20 0.24
Sleep Onset Delay 0.83 0.64 0.20
Sleep Duration 0.35 0.30 0.18
Sleep Anxiety 0.43 0.21 0.37*
Night Wakings 0.13 0.31 0.07
Parasomnia 0.16 0.13 0.18
Sleep Disordered Breathing 0.12 0.24 0.07
Daytime Sleepiness 0.38 0.12 0.42**
FASD 1.00 (Constant) 293 2.18 0.02 2.60 0.02
n=102 Age 0.02 0.01 0.16
Sex 0.18 0.87 0.02
SES 0.84 0.73 0.11
2.00 (Constant) 0.65 4.01 0.05 0.67 0.09
Age 0.02 0.01 0.14
Sex 0.19 0091 0.02
SES 0.54 0.79 0.07
Bedtime Resistance 0.07 0.23 0.05
Sleep Onset Delay 0.12 0.77 0.02
Sleep Duration 0.40 0.28 0.17
Sleep Anxiety 0.20 0.24 0.14
Night Wakings 0.04 0.30 0.02
Parasomnia 0.20 0.16 0.17
Sleep Disordered Breathing 0.16 0.28 0.07
Daytime Sleepiness 0.23 0.16 0.16
TD 1.00 (Constant) 1.59 1.89 0.06 6.61 0.06
n=101 Age 0.03 0.01 0.26
Sex -1.55 0.67 -0.23
SES -0.60 0.57 -0.10
2.00 (Constant) -2.62 249 0.24 430 0.36*%*
Age 0.01 0.01 0.11
Sex -1.17  0.61 -0.17
SES 0.12 0.55 0.02
Bedtime Resistance 0.05 0.15 0.05
Sleep Onset Delay 0.42 048 0.10
Sleep Duration 0.20 0.23 0.09
Sleep Anxiety 0.14 0.20 0.09
Night Wakings 0.30 0.26 0.11
Parasomnia 0.04 0.11 0.03
Sleep Disordered Breathing 0.59 0.24 0.24*
Daytime Sleepiness 0.39 0.10 0.40**

*p=<0.05, ** p=<0.001.
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2.8.8 Sleep as a predictor of Aggression

Sleep disturbances were associated with higher levels of Aggression in the Autism, and TD groups.
Hierarchical multiple regression results examining the associations between Aggression and CSHQ
variables are presented in Table 2.30. In the Autism group, composite sleep scores were significant
predictors of Aggression (AR? = 0.28, AF(1s5 =2.29, p = 0.04), as well as the subscale of Daytime
Sleepiness (B = 0.36, p=0.01). In the FASD group, composite sleep scores were not significant
predictors of Aggression (AR? = 0.09, AF(1,105) =1.25, p = 0.28). In the TD group, composite sleep scores
were significant predictors of Aggression (AR? = 0.27, AF(1,101) =4.90, p =<0.001), as well as the subscale
of Daytime Sleepiness (B =0.37, p=<0.001). Sleep disturbances explained 30% of the variance in
Aggression scores in the Autism group, 12% (non-significant score) in the FASD group and 38% in the

TD group after controlling for age, SES and sex.

Group comparisons in Aggression

Raw Score: Overall, the tests of between subject effects on the Aggression subscale showed significant
differences between the three groups, with clinical groups scoring higher than the TD group (F,
266=49.13, p=<0.001, R?=0.27). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher), TD/FASD
(p=<0.001; FASD group scoring higher) and Autism/FASD groups (p=<0.001; FASD group scoring
higher). Age: There were no significant overall age differences in the Autism, or FASD groups but in
the TD group, age was significantly associated with Aggression scores (F(1,103=4.94, p=0.05, R?=0.08).

Sex and SES were not significant predictors of Aggression in any of the groups.
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Table 2.30: Hierarchical multiple regression results for CBCL Subscale Aggression

Overall Model

Change Statistics

Group Block Predictors B SEB [ AR? AF? R?
Autism 1.00 (Constant) 13.86 5.69 0.01 0.73 0.01
n=68 Age 0.03 0.04 0.12
Sex 0.50 2.81 0.02
SES -1.21 1.83 -0.09 0.28 2.29 0.30*
2.00 (Constant) -3.14 8.36
Age 0.02 0.04 0.08
Sex -0.79 2.79 -0.04
SES -0.99 1.93 -0.07
Bedtime Resistance 0.56 0.53 0.22
Sleep Onset Delay 2.68 1.73 0.24
Sleep Duration 1.56 0.80 0.31
Sleep Anxiety 0.50 0.58 0.17
Night Wakings 0.11 0.84 0.02
Parasomnia 0.20 0.36 0.09
Sleep Disordered Breathing 0.24 0.64 0.06
Daytime Sleepiness 0.84 0.33 0.36*
FASD 1.00 (Constant) 27.42 4.49 0.02 2.11 0.02
n=102 Age -0.04 0.03 -0.16
Sex -1.87 1.79 -0.10
SES 0.67 1.51 0.04
2.00 (Constant) 16.22 8.08 0.09 1.25 0.12
Age -0.04 0.03 -0.16
Sex -1.84 1.83 -0.10
SES 1.05 1.59 0.07
Bedtime Resistance 0.26 0.46 0.10
Sleep Onset Delay 0.86 1.55 0.07
Sleep Duration 0.89 0.57 0.19
Sleep Anxiety 0.48 0.48 0.16
Night Wakings 0.51 0.61 0.10
Parasomnia 0.44 0.32 0.18
Sleep Disordered Breathing 0.51 0.55 0.10
Daytime Sleepiness 0.13 0.33 0.05
TD 1.00 (Constant) 9.08 5.04 0.05 4.89 0.05
n=101 Age 0.06 0.03 0.22
Sex -427 178 -0.23
SES -2.06 153 -0.13
2.00 (Constant) -12.00 6.52 0.27 490 0.38*
Age 0.02 0.03 0.06
Sex 2.59 1.60 0.14
SES 0.10 1.45 0.01
Bedtime Resistance 0.39 0.39 0.13
Sleep Onset Delay 1.81 1.25 0.16
Sleep Duration 0.66 0.59 0.11
Sleep Anxiety 0.25 0.52 0.06
Night Wakings 1.19 0.68 0.16
Parasomnia 0.43 0.30 0.14
Sleep Disordered Breathing 1.14 0.63 0.18
Daytime Sleepiness 0.94 0.27 0.37*

*p=<0.05, ** p=<0.001.
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2.8.9 Sleep as a predictor of Behaviour

Sleep disturbances were associated with CBCL Total Score in the Autism, TD and FASD groups.
Hierarchical multiple regression results examining the associations between CBCL Total Score and
CSHQ variables are presented in Table 2.31. In the Autism group, composite sleep scores were
significant predictors of CBCL Total Score (AR? = 0.25, AF(1,55) =2.04, p = 0.05), as well as the subscale
of Sleep Duration (B =0.27, p=0.04) and Daytime Sleepiness (B = 0.41, p=0.01). In the FASD group,
composite sleep scores were significant predictors of CBCL Total Score (AR? = 0.13, AF(1,105) =1.86, p =
0.04), as well as the subscales of Sleep Duration (B = 0.23, p= 0.04) and Sleep Anxiety (8 = 0.27, p=
0.04). In the TD group, composite sleep scores were significant predictors of CBCL Total Score (AR? =
0.30, AFj1,101) =5.95, p = <0.001), as well as the subscales of SDB (B = 0.20, p= 0.04) and Daytime
Sleepiness (B =0.42, p=<0.001). Sleep disturbances explained 33% of the variance in Total CBCL scores
in the Autism group, 25% in the FASD group and 43% in the TD group after controlling for age, SES and

sex.

Group comparisons in CBCL Total Score

Raw Score: Overall, the tests of between subject effects on the CBCL Total Score subscale showed
significant differences between the three groups, with clinical groups scoring higher than the TD group
(Fi2, 266=71.02, p=<0.001, R?=0.35). In post-hoc analysis and tests of similarity, there were significant
differences in raw scores between the TD/ Autism (p=<0.001; Autism group scoring higher) TD/FASD
(p=<0.001; FASD group scoring higher) and FASD/ Autism groups (p=<0.001; FASD group scoring
higher). Age: There were no significant overall age differences in the FASD group, but in the Autism
and TD groups, age was significantly associated with total CBCL scores (Autism: F(1,56=4.13, p=0.05,
R?=0.07; TD F1,103=7.45, p=0.01, R?=0.07). Sex and SES were not significant predictors of CBCL Total

Scores in any of the groups.
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Table 2.31: Hierarchical multiple regression results for CBCL Total

Overall Model

Change Statistics

Group Block  Predictors B SEB R AR? AF? R?
Autism 1.00 (Constant) 44.01 14.51 0.07 4.06 0.07
n=68 Age 0.20 0.10 0.27
Sex 3.48 7.18 0.06
SES -3.36 4.66 -0.10
2.00 (Constant) -10.04  21.67 0.25 2.04  0.33%
Age 0.14 0.10 0.19
Sex 2.76 7.24 0.05
SES -0.04 5.00 0.00
Bedtime Resistance 0.32 1.36 0.05
Sleep Onset Delay 1.68 4.49 0.06
Sleep Duration 3.58 2.07 0.27*
Sleep Anxiety 0.16 1.49 0.02
Night Wakings 0.39 2.17 0.03
Parasomnia 0.63 0.92 0.10
Sleep Disordered Breathing 0.52 1.67 0.05
Daytime Sleepiness 2.47 0.85 0.41%
FASD 1.00 (Constant) 69.02 12.81 0.01 0.70 0.01
n=102 Age 0.06 0.08 0.07
Sex -3.15 5.11 -0.06
SES 2.03 4.30 0.05
2.00 (Constant) 24.89 22.52 0.13 1.86 0.25*
Age 0.05 0.08 0.07
Sex -2.05 5.09 -0.04
SES 3.38 4.43 0.08
Bedtime Resistance 143 1.29 0.19
Sleep Onset Delay 4.51 431 0.12
Sleep Duration 3.08 1.58 0.23*
Sleep Anxiety 2.30 1.35 0.27*
Night Wakings 143 1.71 0.10
Parasomnia 0.64 0.88 0.09
Sleep Disordered Breathing 1.43 1.54 0.10
Daytime Sleepiness 0.25 0.92 0.03
TD 1.00 (Constant) 25.89 15.58 0.07 7.38 0.07
n=101 Age 0.24 0.09 0.26
Sex -13.18 5.49 -0.23
SES -6.54 4.72 -0.14
2.00 (Constant) -44.10 19.50 0.30 5.95 0.43**
Age 0.08 0.08 0.09
Sex 7.54 4.78 0.13
SES 0.30 4.32 0.01
Bedtime Resistance 0.99 1.17 0.10
Sleep Onset Delay 4.67 3.74 0.13
Sleep Duration 1.65 1.77 0.09
Sleep Anxiety 0.46 1.56 0.04
Night Wakings 3.24 2.03 0.14
Parasomnia 1.41 0.89 0.14
Sleep Disordered Breathing 3.99 1.87 0.20*
Daytime Sleepiness 3.34 0.80 0.42**

*p=<0.05, ** p=<0.001.
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2.8.10 CBCL Summary

Children with FASD and Autism scored consistently higher than the TD group in every CBCL subscale.
Children in the FASD group tended to score higher than children with FASD. Syndrome specificity
(occasions where there were significant differences between all three groups) were noted in the

subscale of Delinquency. Children with FASD and Autism had significantly similar Withdrawn scores.

Developmental changes were apparent in the three groups. Age was a significant predictor of
Withdrawn and Delinquency symptoms in the FASD group, with older children scoring higher than
younger children. Children with Autism scored higher in the Withdrawn, Somatic and Total categories
with increasing chronological age. In the TD group, age was a significant predictor of Withdrawn,

Somatic, Anxious, Aggression and Total CBCL scores.

There were some sex related differences. Girls with FASD scored significantly higher than boys in

Attention and Social problems.

Behaviour scores were significantly associated with sleep problems in all three groups In the Autism
group, Sleep Anxiety, Daytime Sleepiness and Parasomnias accounted for the largest amount of
variance in behavioural problems; in total, 33% of the variance in CBCL scores were attributable to
sleep problems. In the FASD group, Sleep Duration, Sleep Anxiety and Parasomnias accounted for the
largest amount of variance in behavioural problems; in total, 25% of the variance in CBCL scores were
attributable to sleep problems. In the TD group, Daytime Sleepiness, Parasomnias and SDB accounted
for the largest amount of variance in behavioural problems; in total, 43% of the variance in CBCL scores

were attributable to sleep problems.
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CBCL Subscales Group Comparisons
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Figure 2.7: Comparison between Autism, FASD and TD scores on the CBCL subscales (SE bars)
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Figure 2.41: Scatter plot showing raw scores: sleep (CSHQ) against behaviour (CBCL)
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2.9 Discussion

This study aimed to assess sleep, anxiety, behaviour and executive functioning in the three samples,
using a sample large enough to test whether these domains are syndrome specific, and whether
inferences can be made about their relationship with sleep variables. In meeting these aims this study
was successful; the CSHQ, SCAS, BRIEF and CBCL were administered to 277 caregivers and statistical
analysis revealed an interesting set of similarities, differences and relationships both within and
between groups. Some of these results have implications for the social, emotional and behavioural
care and education of children with Autism and FASD. Results that appeared to be domain specific
and significantly associated with sleep are set out in the following section, together with a discussion

of where these results sit within current literature.
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2.9.1

1)

2)

Supported, partially supported and non-supported hypotheses.

a) Children with FASD and Autism will present with higher scores in the BRIEF, SCAS and CBCL
than TD children. (Kodituwakku, 2009, Lange 2017). This hypothesis was partially supported
by the results. According to parental report, children with Autism and FASD scored
significantly higher than their TD peers on most subscales, but not all. There were minimal
differences between the clinical and TD groups on the SCAS subscale of physical injury, and
there were no differences between the Autism and TD group on the subscale of social phobia.
There were no significant differences between the Autism and TD group on the CBCL subscale
of Delinquency. There were also syndrome specific, proportional, mean scores. These can be

seen in figures 2.6-2.8 and are discussed further.

a) Children with FASD will present with a higher number of attentional and conduct problems
than TD or children with Autism (Popova, Lange, Shield, et al., 2016). This hypothesis was
supported by the results. According to parental report, there were no significant differences
between the Autism and TD group on the CBCL subscale of Delinquency, whilst children with
FASD scored significantly higher in the subscales of attention and delinquency than their

peers.

b) Children with Autism will present with a higher number of social and communication
difficulties than children with FASD (Stevens et al., 2013). This hypothesis was not supported
by the results. It was predicted that children with Autism would present with higher numbers
of social and communication difficulties than children with FASD, however children with FASD

scored consistently higher in externalising and social problems than their peers.
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3)

4)

c¢) Children with FASD and Autism will present with a higher number of sleep problems than
TD children (Inkelis & Thomas, 2018; Mazzone et al., 2018). This hypothesis was partially
supported by the results. According to parental report, children with FASD and Autism scored
significantly higher than TD children in the subscales of sleep onset delay, sleep duration,
sleep anxiety, night wakings, parasomnia, daytime sleepiness and total CSHQ, but not on SDB
and bedtime resistance scores. Seventy two percent of the FASD sample scored above the
clinical cut off point for sleep disorders on the CSHQ. Sixty one percent of the Autism sample
and 41% of the TD sample scored above the point of clinical cut off. This high percentage of

TD children scoring above the clinical cut off was unexpected.

Sleep habits will be significantly correlated with executive functioning, behaviour and anxiety
in the three groups. (Cohen, Conduit, Lockley, Rajaratnam, & Cornish, 2014; Gregory & Sadeh,
2012; Wengel, Hanlon-Dearman, & Fjeldsted, 2011). This hypothesis was supported by the
results. Several statistical associations were found in every subscale and the present data
reveal that, according to caregiver report, there are associations between sleep, anxiety,
executive functioning and behaviour in Autism, FASD and TD groups. Furthermore, there were
syndrome specific statistical associations between sleep and psychological outcomes, which

appear to cluster around certain sleep variables in certain populations (Figure 2.5).

a) There will be higher anxiety scores amongst girls than boys in all three groups. (Buckhalt et
al., 2007; Kodituwakku, 2009); b) There will be higher maladaptive behaviour scores amongst
boys than girls in all three groups (Buckhalt et al., 2007; Kodituwakku, 2009; Mukherjee, Wray,
Commers, Hollins, & Curfs, 2013; Werling & Geschwind, 2013) This was partially supported.
Across the three groups, sex was a significant predictor of separation anxiety, physical injury,
social problems, working memory, shifting, planning and organising, organisation of materials,

monitoring, inhibition, initiation and emotional control. In accordance with previous studies,
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girls tended to score higher than boys on psychometric scores, however in the Autism group
this was not the case. Whilst sex was a significant predictor in the Autism group on several
subscales, it was not in line with previous studies in which girls tend to score higher than boys
in psychometric scores — both boys and girls in the Autism group scored highly at different

points.

c) Age will predict severity of sleep disturbances, maladaptive behaviour and anxiety in the
three groups. (Buckhalt et al., 2007; Kodituwakku, 2009; Mukherjee, Wray, Commers, Hollins,
& Curfs, 2013) This hypothesis was not supported by the results. Age was a significant
predictor of several subscales across the three groups and scores did not necessarily improve

with age in the TD group.

d) SES will be a predictor of sleep, behaviour and anxiety in the three groups (Buckhalt et al.,
2007; Kodituwakku, 2009; Mukherjee, Wray, Commers, Hollins, & Curfs, 2013; Werling &
Geschwind, 2013).This hypothesis was not supported by the results. Across the three groups
socioeconomic status was a significant predictor of sleep onset delay, parasomnia, working
memory, shifting and organising materials, with those from lower SES backgrounds tending

to score higher on psychometric scores.

The findings here provide evidence that sleep problems are more prevalent in children with Autism

and FASD than in TD children. The present results reveal that, according to caregiver report, sleep

problems predict behaviour, executive functioning and anxiety in children with Autism and FASD.

Furthermore, it appears that psychological outcomes cluster around certain sleep variables, according

to syndrome. This can be viewed in Figure 2.8.
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Figure 2.8: Significant regressions (p<0.05) between sleep variables and psychometric outcomes, ordered by syndrome.
Significant regressions appear to cluster around different areas. For example, the top right box (TD/Bedtime Resistance)
shows that SA (Separation Anxiety), IN (Inhibition) and BRT (BRIEF total) were significantly associated with Bedtime
Resistance in the TD group.
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2.9.2 The Children’s Sleep Habits Questionnaire (CSHQ)

2.9.2.1 Bedtime Resistance

The present results reveal that bedtime resistance was significantly associated with obsessive
compulsive, inhibition and attention related behaviour in the FASD sample. Bedtime resistance was
significantly associated with separation anxiety, inhibition and composite executive functioning scores
in the TD group, but not significantly associated with any subscales in the Autism group. The sleep
behaviour of resisting and refusing the bedtime routine is common in younger children in TD
populations who have yet to understand the concept of bedtime, learn to self sooth or be comfortable
on their own. It can include noncompliant behaviours that make bedtime routines longer than
necessary, such as refusing or stalling the bedtime routine, becoming distressed or making multiple
‘curtain calls’. In populations where there is a discrepancy between mental age and chronological age
(MA and CA), bedtime resistance can still present behaviourally with refusals, meltdowns or curtain
calls, but with the added complexities that being an older child with a neurodevelopmental condition
brings. The present results suggest that executive functioning domains are significantly correlated
with bedtime resistant behaviours. Inhibition, for example, is measured on the BRIEF as the ability to
resist impulses and stop one’s own behaviour at the appropriate time. For a child presenting with
clinical levels of inhibitory control/ impulsivity, who doesn’t feel the need to go to bed, bedtime
resistance may look like a desire to stay awake, keep playing or keep engaged in activities. For a child
presenting with clinical levels of compulsion, similarly, bedtime resistance can present as a persistent,
uncontrollable need to engage in activities other than bedtime, if the child has not ‘bought into’ the
concept of bedtime or does not understand the need to engage in the process of the bedtime routine.
Children with FASD who presented with impulsive, attentional and compulsive behaviour were more
likely to resist bedtimes. However, this is not true of the TD or Autism group, which leads to the
qguestion of whether this particular cluster of behavioural characteristics is syndrome specific. Perhaps

it is because, as is reported later in this discussion, children with FASD are much more likely than the

189



TD and Autism population to engage in delinquency and aggressive behaviours, and as a result have
more of an ability and inclination to act on rule-breaking impulses which can manifest as bedtime

resistance.

Unexpectedly, a high proportion of TD children also appeared to show bedtime resistance at similar
levels to the clinical group and is probably why there is no significant difference between the clinical
and TD groups on this subscale. This could be attributable to selection bias in this sample and is not
consistent with previous CSHQ studies on FASD and children with Autism (Diaz-Roman et al., 2018;

Inkelis & Thomas, 2018).

2.9.2.2 Sleep Onset Delay

Sleep onset delay is measured on the CSHQ from one question: ‘child falls asleep within 20 minutes
after going to bed’, based on the assumption that when the average sleep latency of a child is above
20-30 minutes it is classified as disruptive. Sleep onset delay was significantly higher in the clinical
groups than the TD group, and significantly similar between FASD and Autism. A number of theoretical
reasons may underline this, such as the inability to self-soothe (as with bedtime resistance), excessive
rumination, or inability to relax. In populations where MA is lower than CA the learnt behaviour of
self-soothing tends to be underdeveloped (Meltzer & Mindell, 2006) and it was expected therefore
that children within the clinical groups would score higher in the category of sleep onset delay.
Outcomes related to attention and executive control clustered around sleep onset delay in the two
clinical groups: working memory, organisation of materials and panic were closely associated with
sleep onset delay in the Autism group, whilst shifting and attention were associated with sleep onset
delay in the FASD group. Meanwhile in the TD group, anxiety symptoms were more closely associated
with sleep onset delay. Since this is the first study to analyse these variables in the FASD population,
these associations would benefit from replications from further studies. Nonetheless sleep onset

delay was a significant predictor of attention and working memory in the FASD group, which fits the
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profile of the child who cannot self sooth at bedtime as a result of problems with executive or
attentional control. Similarly, this is the first study to use the CSHQ with the BRIEF in the Autism
population, however sleep and executive function have been examined previously using other
instruments. Consistent with previous similar work, the present study found that sleep onset delay in
the Autism sample was associated with executive functioning subscales. For example Tsung-Han Tsai
and colleagues (2019) conducted a large scale study assessing 8-14 year olds (n=6832) for Autism traits
and sleep deficits, finding that sleep was a significant moderator for Autism traits (measured by
executive functioning parameters) in the general population, and that cognitive inflexibility or
repetitive, obsessive or impulsive behaviour was a predictor of sleep onset delays (Tsai, Chen, & Gau,

2019).

2.9.2.3 Sleep Duration

Sleep duration is measured by the CSHQ as a composite of three questions: ‘child sleeps the right
amount’; ‘child sleeps the same amount every day’ and ‘child sleeps too little’. Asking a parent is an
obvious measure of whether a child is sleeping for long enough but is often estimated erroneously by
caregivers, particularly those with older children for whom sleep latency or night waking might be less

known (Meltzer & Mindell, 2006).

According to caregiver responses, sleep duration appeared to be significantly lower in the clinical
groups than the TD group. Additionally, sleep duration predicted several anxiety, behaviour and
executive functioning concerns. The present study found a considerable number of executive
functioning domains clustered around sleep duration in the three groups. In the Autism group, sleep
duration was a significant predictor of every BRIEF subscale apart from ‘shifting’, as well as BRIEF total.
In the FASD group, sleep duration was a significant predictor of working memory, planning and
organising, monitoring, inhibition, emotional control and BRIEF total. In the TD group, sleep duration

was a significant predictor of shifting, planning and organising and BRIEF total. Given the large number
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of BRIEF subscales that were significantly associated with the amount that children sleep, as well as
evidence from previous studies in Autism and TD populations (Tsai et al., 2019; Wilckens, Woo, Kirk,
Erickson, & Wheeler, 2014), and the strength of pre and post hoc power analyses, a claim can be made
from the present data that there exists an association between executive functioning and sleep
duration in children with FASD. With this in mind, a recommendation can be made here for the
pressing need for sleep intervention studies in this population, to investigate whether adequate sleep

may ameliorate executive functioning in the FASD population.

2.9.2.4 Sleep Anxiety

Sleep anxiety was the biggest predictor of anxiety and delinquency symptoms in the Autism group.
This is consistent with previous findings examining SCAS and CSHQ in Autism, where anxiety was
associated with sleep problems in a sample (n=167) of children aged between 5 and 18 years
(Rzepecka et al., 2011). In the FASD sample, sleep anxiety was a predictor of clinical anxiety, separation
anxiety, thought problems, behaviour composite, and a cluster of executive functioning subscales and
BRIEF total. This, in particular the association with separation anxiety and thought problems, is likely
due to the consistent engagement in negative rumination that is common in both children with FASD
and Autism. Both clinical groups tend to ‘live in imaginary worlds’, however when additional negative
experiences are present, the child is more likely to live in a negative imaginary world which can impact

multiple areas of life.

The development of the imagination involves a critical period in which the child learns to explore and
differentiate what is real and what is imaginary. Television characters, fictional creatures and fantasy
may seem obviously imaginary to an adult but can be very real for young children. Early childhood
anxieties tend to focus on imaginary, magical, supernatural or fictional creatures; during this time
sleep anxiety can result from common childhood fantasy fears, for example of monsters, witches, the

dark, etc (Mindell & Owens, 2015). Older children tend to have fears of realistic perceived threats,
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such as school or social anxieties, performance anxieties, friendship problems or catastrophic news
events (Mindell & Owens, 2015). To this extent, irrational fears and worries may also play a part in
anxieties in older children, and for children who experience nightmares, going to bed can be a
distressing and anxious time. Night-time anxieties can result in increased bedtime resistance and sleep
onset delay, bedtime refusals or battles with caregivers, lying awake and ruminating, or distracting
from worries by engaging in increased screen time (Hale & Guan, 2015). Additionally, when there is
trauma in a child’s early life, anxieties will and ruminations tend to be more intense and constantly
present; therefore sleep anxiety amongst TD children with early life trauma and attachment issues,
who have experienced multiple caregivers, tends to be higher than TD children with no trauma (Trejos-
Castillo & Trevino-Schafer, 2018). This is significant in the present population of children with FASD,
the majority of whom were in the care of a foster or adoptive parent or biological relative other than
the biological parent. Children with Autism can tend to show high levels of creative imagination and
visual imagery (Crespi, Leach, Dinsdale, Mokkonen, & Hurd, 2016; Scott, 2013) despite claims to the
contrary (Craig, 2001). One striking similarity between children with FASD and Autism is that both tend
to ‘live in imaginary worlds’ sometimes containing a rich array of vivid imagery and fantasy characters
(Catterick & Curran, 2014; P. E. Davis, Simon, Meins, & Robins, 2018). Clinical and educational
professionals note that children with FASD tend to display vivid imaginations and creative thinking
(Catterick & Curran, 2014) but similar to children with Autism appear less able to do so when it comes

to playing with others, or when prescribed imaginary things to think about (Bishop et al., 2007).

It was expected therefore that sleep anxiety amongst both the FASD and Autism groups would be
higher than the TD group. According to caregiver responses, children with FASD and Autism
experienced significantly higher levels of sleep anxiety than their TD peers. Additionally, Autism and
FASD sleep anxiety scores were significantly similar. The present study found that sleep anxiety
increased with CA in the FASD group and was significantly higher in girls than boys with Autism. This

is consistent with previous findings in Autism, in which sleep anxiety was at higher levels than typical
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controls. In one study conducted by Gunes and colleagues (2019) assessing sleep and Autism traits in
a sample (n=112) of children and adolescents with Autism diagnoses aged between 2-18 years, sleep
anxiety was significantly higher in their clinical sample than their TD sample (t(222)=2.48, p=0.01). The
higher sleep anxiety levels in the clinical groups may be attributable to a number of factors. Firstly,
children with Autism and FASD tend to experience higher levels of daytime anxiety which can transfer
into night-time fears (Kambeitz et al., 2019; Keen, Adams, Simpson, den Houting, & Roberts, 2019).
Secondly, both children with Autism and FASD present with atypical developments of imagination,
mental imagery, deciphering real from fiction, and mental creativity (Scott, 2013). Children with FASD
and Autism become ‘lost’ in thought which may have played a role in sleep anxiety and the delaying

of bedtime.

2.9.2.5 Night Waking

There were no significant associations between night waking and anxiety, behaviour or executive
functioning symptoms in the Autism or FASD groups. Night waking has previously been reported to
correlate with Autism traits based around executive functioning factors. In the previously mentioned
study by Gunes and colleagues (2019), night waking as measured on the CSHQ significantly correlated
with Autism traits as measured by the Childhood Autism Rating Scale (CARS; R?=0.04; p=0.05) but
measured with effect size thresholds below the threshold for the present study. Of the two previous
studies assessing CSHQ parameters in children with FASD, one (Wengel et al., 2011) calculated the
correlation between CSHQ parameters and daytime functioning, finding that night waking was
correlated with the Sensory Profile parameters of low endurance/ tone (Spearman Correlation
[SC]=0.58, p=0.023), registration (SC=0.543, p=0.04), modulation of visual and emotional input
affecting activity (SC=0.662, p=0.007) and emotional/social responses to sensory input (SC=0.610,
p=0.016). It is unfortunate that regression (rather than correlational) data were not published here,
which would shed more light on the similarities and discrepancies between the present results and

those of Wengel and her colleagues. In the present study however, night waking was a significant
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predictor of attentional problems and somatic complaints in the TD group. This concurs with a sleep
restriction study conducted by Kahn and colleagues (2014) in healthy neurotypical adults (n=61),
where night wakings were a significant predictor of attentional differences, including reduced reaction

time and increased commission and omission errors.

The present results reveal that children in the two clinical groups experienced significantly more night
wakings than TD children. Sleep cycles in primary school aged children last around 90 minutes, at the
end of which there is usually a short arousal (see Section 1.1.2). Typically, children should be able to
fall back asleep after waking after a sleep cycle. In preschool TD children, one of the most common
complaints is multiple night wakings that require parental assistance to return back to sleep (Mindell
& Owens, 2015). This is usually due to negative sleep onset associations, where the child associates
their ability to fall asleep with certain conditions, environments, or caregivers present, such as being
held, rocked or nursed, or having a story read prior to sleep time. Night-time waking is normal, even
in adults, as the end of the sleep cycle will usually end in an arousal, after which an individual should
be able to fall back asleep. However, if at the end of a sleep cycle the child has woken up and is
expecting the same conditions as when he fell asleep (or was put to sleep), the night-time waking will
tend to result in calling for parental assistance. If, additionally, the child has a sleep onset delay, sleep
anxiety, bedtime resistance, or experiences nightmares, it can put further strain on the caregiver and
delay the child further from going back to sleep after a night waking. Furthermore, atypical
neurobiological functioning in both clinical groups may impact the sleep-wake process. In both Autism
and FASD populations, atypical hypothalamic control of sleep and wakefulness (including SCN
abnormalities) GABA maturation and melatonin secretion are thought to play a role in interfering with

the sleep-wake process (Giannotti et al., 2002; Goril et al., 2012).

Night waking is amongst the most common complaints for caregivers of children with Autism and
FASD (Jan et al., 2010). According to parental reports, night waking is common for periods of 2-3 hours

in children with Autism during which time the child may be fully awake, laugh, talk, scream or get up
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and play with toys or various objects in the room, while sleep onset and night waking problems are
associated with poor sleep hygiene or maladaptive sleep associations (Cortesi, Giannotti, lvanenko, &
Johnson, 2010). Night wakings are prevalent in children with FASD, according to parental report (Chen
et al., 2012), PSG (Chen et al., 2012; Goril et al., 2016) and actigraphy (Wengel, Hanlon-Dearman, &
Fjeldsted, 2011b). The present findings are in agreement with these previous reports of night waking
in Autism and FASD. According to caregiver report, children with Autism and FASD experienced

significantly more night wakings than TD children.

2.9.2.6 Parasomnia

The CSHQ measures parasomnia through seven questions asking whether the child talks in their sleep,
moves around during sleep, sleepwalks during the night, wets the bed at night, grinds teeth during
sleep, is alarmed by a frightening dream, or awakens at night screaming, sweating, inconsolable. An
additional question was added asking caregivers to describe the content of nightmares, the raw data
is included in the Appendix section of this thesis. In the present study the most frequently mentioned
problems amongst children with FASD in the CSHQ and CBCL were nightmares, usually centred around
persecution, frightening creatures, family members being taken away or dying. Persecutory
nightmares are common in children with early life trauma and in foster care (Trejos-Castillo & Trevino-
Schafer, 2018), and can be triggered by changes in environment, further trauma, or being reminded

of trauma (Meltzer & McLaughlin Crabtree, 2015).

Children in the clinical groups were significantly more likely to experience parasomnias than TD
children, although one critique of using the CSHQ in clinical populations is that the parasomnia
subscale incorporates enuresis — which might often explain the high score in syndromic children, but
might also be associated with the developmental stage of the child rather than an underlying
psychopathology. In the present study, parasomnia was a predictor of BRIEF total score, separation

anxiety, and thought problems in the Autism group, whereas parasomnia was associated with SCAS
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total score and symptoms of panic in the TD group. In the FASD group, several BRIEF subscales were
significantly associated with parasomnia, but no anxiety scores. This seems to suggest that parasomnia
and its associations are syndrome specific and more related to executive functioning than anxiety in
the clinical groups, and more related to anxiety in the TD group. Previous studies assessing the
relationship between psychological outcomes and parasomnia have tended to associate them with
behavioural and affect related outcomes. According to Wengel and colleagues (2011), parasomnias
were significantly correlated with behavioural outcomes of the Sensory Profile (Spearman Correlation
=0.52, p=0.05). Parasomnias are reported to be prevalent in up to 83% of individuals with Autism
(Ming, Sun, Nachajon, Brimacombe, & Walters, 2009) but with mixed reports about its relationship
with psychological outcomes, depending on subjective and objective report. One PSG study conducted
by Ming and colleagues (2009) examining parasomnia in children aged between 3-12 years with
diagnoses of Autism (n=23) found that whilst parasomnias were prevalent in their sample, they were
not associated with anxiety or mood instability. Meanwhile, in the previously mentioned study by
Gunes and colleagues (2019), parasomnia as measured by the CSHQ was significantly related to CARS
score. In the TD population, parasomnias are associated with fatigue, emotional stress, separation
anxiety, bullying or fear/ worrying (Wolke & Lereya, 2014), anxiety and related psychopathology

(Meltzer & McLaughlin Crabtree, 2015).

2.9.2.7 SDB

SDB was associated with Anxious symptoms in the FASD group, and several anxiety and behavioural
subscales in the TD group but not significantly associated with any psychometric data in the Autism
group. Sleep disordered breathing was not significantly higher in the clinical groups than the TD group.
these findings are supported by previous studies: neither Chen et al. (2012) or Wengel et al. (2011)
found significant differences in SDB between FASD participants and typical controls when measured
by CSHQ. However, pulse oximetry data reveals that children with FASD (in particular those with FAS

craniofacial characteristics) have increased levels of SDB, which may account for the shorter sleep
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durations and night wakings, but are not accurately identified by caregiver report. This is one of the
limitations of using caregiver reported data, rather than objective data and is an important limitation
of this study. In the CSHQ, SDB is measured on the basis of three questions: child grinds teeth; child
snores; child snorts or gasps during sleep. These cannot always be known especially with older
children who tend to become more independent with bedtimes and wake times. Another limitation
of this study is the lack of factor validity on the subscale of SDB in the CSHQ. Whilst Markovich and
colleagues (2015) found that sleep onset delay, sleep duration, night waking and SDB subscales were
around 80% in accordance with PSG (Markovich et al., 2015), and Holley and colleagues (2010) found
that parental reports of sleep duration were significantly correlated with actigraphy measures, factor

validity of the CSHQ would ensure more accurate reporting of sleep problems.

Two interesting findings were revealed on the subscale of SDB. Firstly, SDB scores between FASD and
Autism were significantly similar, as were their associations with anxiety, executive functioning and
behaviour. Secondly, significant correlations appeared to cluster around SDB in the TD population,
where it was strongly related to nine anxiety and behaviour subscales, as well as the SCAS and CBCL
totals. This concurs with previous data on SDB in TD populations, in which negative behavioural and

affect related outcomes are associated with respiratory events (Mietchen et al., 2016).

2.9.2.8 Daytime Sleepiness

The CSHQ measures daytime sleepiness across eight questions asking whether the child wakes up by
themselves, appears to be sleep or falls asleep in various relaxed daytime activities and difficulties
waking up in the morning and becoming alert. Daytime sleepiness was significantly higher in the
clinical groups than the TD group, with children with FASD showing the highest levels of daytime
sleepiness out of the three samples. This is in agreement with previous CSHQ assessments in the FASD

population (Chen et al.,, 2012, Wengel et al., 2012), however the study conducted by Wengel and
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colleagues (2011) did not find any significant correlational data between levels of daytime sleepiness

and sensory issues.

Children with Autism were more likely to engage in aggressive and delinquent behaviour if they were
sleepy during the day. Similarly, children with FASD were more likely to have social problems if they
were sleepy during the day. Whilst anxiety and behavioural symptoms were predicted by daytime
sleepiness in the Autism and FASD groups, daytime sleepiness was a predictor of several behavioural,
anxiety and executive functioning characteristics that appeared to cluster around the TD group but
not the clinical groups. This is in line with previous research on behaviour and sleep in TD populations
in which daytime sleepiness is associated with maladaptive behavioural functioning and school
performance (e.g. Kelly, Kelly, & Sacker, 2013; Sadeh et al., 2002; Touchette et al., 2007). Daytime
sleepiness can have several causes, but in TD children is increasingly the result of shortened sleep
duration due to the pressures of school, increased usage of electronic devices and blue light (Hanifin
et al., 2019). There is a need for further research in this area to ascertain reasons for these sleep,

behavioural and affect related outcomes.

2.9.3 The Spence Children’s Anxiety Scale (SCAS)

As predicted, children with Autism and FASD had significantly higher levels of anxiety, in both total
and subscales of the SCAS (panic, separation anxiety, physical injury fears, social phobia, obsessive
compulsive, generalised anxiety). Regression analysis revealed that a significant proportion of anxiety
problems in the Autism, FASD, and TD groups was attributable to sleep problems, apart from in the
generalised anxiety and obsessive-compulsive subscales. There additionally appeared to be age, sex

and SES related differences between the three groups, which could significantly predict anxiety.

Children with FASD displayed more ‘worry’ based anxieties, whilst children with Autism displayed
more ‘fear’ based anxieties. On the other hand, both clinical groups also shared significant similarities,

so it is unclear whether anxiety profiles are syndrome specific or whether they overlap (Figure 2.9).
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Anxiety Differences Between ASC, FASD, TD

ASC —e—FASD ——TD

Panic
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Generalised Anxiety Separation Anxiety

Obsessive Compulsive Physical Injury

Social Phobia

Figure 2.9: Radar Chart showing SCAS raw score differences between the three groups

Sleep problems predicted panic, separation anxiety, physical injury fears, social phobia and SCAS total
scores in the Autism, TD and FASD groups. Unexpectedly, sleep did not significantly predict
generalised anxiety and obsessive-compulsive symptoms in the Autism or FASD groups, but did in the
TD group. There were significant differences between Autism/TD and FASD/TD on both the
generalised anxiety and obsessive-compulsive scales, and in both scales the mean scores for the
clinical groups exceeded the clinical cut-off points. However, this did not correlate with sleep as
strongly as in the TD group. To my knowledge, there are two previous studies looking as SCAS and
sleep in populations with Autism (May, Cornish, Conduit, Rajaratnam, & Rinehart, 2015; Rzepecka et
al., 2011), and none in FASD populations. Both previous studies report the outcomes of total SCAS
scores and their associations with sleep variables, rather than the associations between subsets.
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Previous studies on sleep and anxiety in TD populations have noted Generalised Anxiety symptoms as
being the most associated with sleep disturbances (e.g. Alfano, Zakem, Costa, Taylor, & Weems, 2009;
Fletcher et al., 2018; Gregory & Eley, 2005). It is interesting that both FASD and Autism groups had
similar outcomes in relation to generalised anxiety, obsessive-compulsive symptomology and sleep.
This may support the idea maintained by Factor and colleagues (2016) that anxiety symptomology in
Autism is a product of repetitive and restricted behaviours that are not necessarily associated with
worry or fear — compulsive stimming, for example can feel positive and calming in a child with Autism,
whilst compulsive hand washing or ritualistic behaviour in a TD child might be the result of altered

perceptions based in fear and worry (Factor, Condy, Farley, & Scarpa, 2016).

Sleep and affect related outcomes such as anxiety and depression are part of a complex bidirectional
relationship combining multiple psychological and sensory domains. It may equally be said that
insomnia is a diagnosis with depression as an outcome — or that depression is a diagnosis with
insomnia as an outcome, with no definitive conclusions been made regarding the two (Alvaro,
Roberts, & Harris, 2013; Litwiller, Snyder, Taylor, & Steele, 2017). Such relationships may exist in the
present study sample; anxiety caused by environmental cues may be driving sleep onset delays, but
short sleep duration in turn may be contributing towards negative affect experienced in the daytime.
When additional factors such as school performance, negative home experiences or social anxieties
are also present, such a bidirectional relationship can be more pronounced. Further analysis of this
would be warranted through experimental and objective studies in Autism and FASD populations,

particularly assessing the differing consequences of sleep onset delay and sleep duration.

Failure to fall asleep and stay asleep, when driven by persistent anxious ruminations, can consist of
several neurochemical processes in the TD population, but may be exacerbated in FASD and Autism
populations due to differences in neurological functioning. Sleep-wake regulation results from
circadian and homeostatic processes. These include sleep inducing inhibitors (such as the

neurotransmitter GABA) and wake and arousal mechanisms including (among many others) the
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neurotransmitter CRH (Corticotropin Releasing Hormone), the LC-AN (Locus Cereleus- autonomic
nervous) System, and the HPA (Hypothalamic Pituitary Adrenal) Axis. These mechanisms are involved
in a feed-forward system which respond to environmental and physiological stresses, but are
vulnerable to dysfunction. Therefore, neurochemical reactions to environmental and physiological
arousals can proceed even when the stressful situation is removed. Acute stress, mediated by CRH
and HPA Axis mechanisms, can manifest in changes in both NREM and REM sleep, and contribute to
spontaneous waking even without stressors (Staner, 2010). This can be seen in the spontaneous
waking experienced by individuals with anxiety symptoms, in particular with Panic Disorder,
Separation Anxiety and Social Phobia. In the present study, significant associations were found
between symptoms of Panic and sleep disturbances in both the TD and FASD groups. Panic Disorder
symptoms include autonomic occurrences with increased psychic anxiety including palpitations,
sweating, shortness of breath, paresthesia, or chest pains. Individuals with a diagnosed Panic Disorder
are more likely to experience nocturnal panic attacks, sleep paralysis, apnea, sleep terrors, or
nightmares, with or without environmental cues (Staner, 2010). The SCAS measures panic symptoms
from questions such as “My child suddenly starts to tremble or shake when there is no reason for
this”, “All of a sudden my child feels really scared for no reason at all” or “My child worries that (s)he
will suddenly get a scared feeling when there is nothing to be afraid of”, which both fits the
neurobehavioural profile of a dysfunctional HPA axis (Wieczorek, Fish, O’Leary-Moore, Parnell, & Sulik,
2015) and can explain elevated scores in items such as sleep latency and night waking. Prenatal alcohol
exposure, mediated by negative early life experiences, alters the developmental programming of the
HPA axis in children with FASD (McLachlan et al., 2016). Concomitantly around 91% of children with
FASD have a co-occurring mental health condition, 20% of children with FASD will experience panic
symptoms at a clinical level (Pei et al., 2011), while up to 40% of individuals with Autism experience
panic symptoms (Stahlberg 2004). It was predicted that children with Autism and FASD would exhibit
significantly higher anxiety and sleep problems than TD children, and that both groups would have

significant associations with anxiety scores. Thirty nine percent of the variance in the Autism

202



SCAS/CSHQ composite score, 32% of the variance in the FASD SCAS/CSHQ composite score and 40%
of the TD SCAS/CSHQ scores were attributable to disordered sleep after controlling for age, SES and
sex. This supports previous studies in anxiety and sleep in TD and Autism populations and serves as

an evidence base for the association between sleep and anxiety in children with FASD.
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2.9.4 The Behavior Rating Inventory for Executive Functioning (BRIEF)

The neocortex is responsible for processing complex information associated with higher order
processing and executive functioning. For example, Bilateral Magnetic Apraxia, or ‘utilisation
behaviour’, can demonstrate what happens to social or impulsive behaviour in the event of neural
damage to prefrontal areas. Individuals with utilisation behaviour respond to visual stimuli (usually
objects) by involuntarily (or impulsively) reaching out, grabbing them, and using them for their
intended purpose without it being socially appropriate to do so. Upon seeing a toothbrush nearby, an
individual with frontal lobe damage may pick it up and start using it, even if they were in a supermarket
at the time. There is a phylogenetic reason for this. Neuroanatomical compositions of the higher
mammals include ‘extra’ neocortical matter in the prefrontal lobes which allow the understanding of
social context to be applied to behaviour. This means that typical human behaviour is no longer
entirely stimulus driven or environmentally dependent. So, when disinhibition or impulsivity occurs,
it is an indication that there is a structural or functional atypicality in the prefrontal area (Bowman,
2016). Atypical brain development that is specific to both Autism and FASD is predominantly (but not
entirely) associated with the prefrontal cortex and therefore executive functioning is a vital
component of FASD and Autism. This section of the study aimed to both characterise the executive
functioning profiles of FASD and Autism alongside each other and compare the sleep/executive
functioning coefficients between groups. With this in mind, a visual representation of the results

displayed above is shown in Figure 2.10.
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Executive Functioning differences between Autism, FASD, TD

ASC FASD TD
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Figure 2.10: Radar chart showing BRIEF raw score differences between the three groups

The executive functioning differences in Autism, FASD and TD appear more amplified, in the order of
TD<FASD<ASC, but fall within similar patterns. These results are in accordance with previously
reported executive functioning results in FASD (Raja Mukherjee, 2019) and Autism (Hill, 2004) in which
BRIEF subset scores were at clinical levels in all domains. However, this is the first time executive
functioning profiles of FASD and children with Autism have been compared with each other. In Autism,
enlarged frontal areas mature at a higher rate in early childhood and decline in volume after around
10-15 years of age (Ha, Sohn, Kim, Sim, & Cheon, 2015). Frontal area functioning is additionally
associated with FASD, as well as ADHD, Obsessive Compulsive Disorder, Tourette’s Syndrome, and

Schizophrenia (Bowman, 2016), all of which are associated with atypical executive functioning.

Children with FASD often have elevated problems in executive functioning which become apparent

when school routines and tasks become overwhelming (Mukherjee, 2019). In school settings, these
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elevated problems however tend to become overlooked or attributed to maladaptive behaviour, since
they may not appear to be syndromic or resemble more well-known neurodevelopmental conditions
such as Autism or ADHD. The results here may offer an insight into why this is the case. Within these
results, FASD executive functioning profiles do not exceed the levels of Autism executive functioning
profiles and within a classroom might not look as clinically relevant or as urgent as the Autism profile.
It may also be the case that FASD and Autism profiles look clinically similar, but the underlying
neurobiological functioning differs. This supports previous work on the neurological differences
between FASD and Autism, which maintains that whilst Autism may be the result of neural local
overconnectivity and global underconnectivity, FASD is the result of functional impairment due to

structural damage (Fletcher-Watson & Happé, 2019; Lange et al., 2017).

It was predicted that the two clinical groups would score higher in executive functioning domains than
the TD group. This was found to be the case. Thirty one percent of the variation in scores in the Autism
group, 36.1% of the variance in scores in the FASD group and 36.2% of variance in the scores in the TD
group were attributable to sleep disturbances. This suggests that executive functioning profiles in
Autism and FASD may be syndrome specific and that there is evidence that, according to caregiver

report, executive functioning is associated with sleep disturbances in all three groups.
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2.9.5 The Child Behaviour Checklist (CBCL)

Behaviour is the result of a complex interaction between executive functions, environmental stimuli
and emotional responses (Bowman, 2016). For those working with children with FASD, there are more
clinical and educational resources for externalised, aggressive and conduct related behaviours than
internalised or withdrawn behaviours, most probably because the externalised behaviours warrant
more immediate responses from caregivers and educators (Catterick & Curran, 2014). For this reason,
most prior research on FASD and behaviour has focussed on externalised behaviours. The behavioural
profile of Autism is more established, and less variable than the FASD behavioural profile; yet as can
be seen in Figure 2.11 there appeared to be to be syndrome specific behavioural characteristics in

both FASD and Autism.

Behavioural differences between Autism, FASD, TD
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Figure 2.11: Radar chart showing CBCL raw score differences between the three groups
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Emotion, memory and cognition all participate in the process of informing adaptive behaviour, in part
by allowing meaning to be given to experiences, which are then used to influence and guide behaviour
(Bowman, 2016). However, it is a commonly held belief, particularly in educational institutions, that
reason and emotion are antithetical. In the UK, academic curriculums are based on traditional beliefs
that stress reason and logic as part of attaining an academic goal, whilst ‘non cognitive skills’ such as
emotional awareness can be taught through Personal, Social, Health and Economic (PSHE)
curriculums. This dualist perspective is incongruent with neurobehavioural evidence that ‘rational’
behaviour is in fact the result of a complex association between memory, emotion and executive
control, and that the idea of ‘non cognitive’ skills as ‘emotional’ skills is paradoxical. This is why the
three aspects of anxiety, executive functioning and behaviour were chosen for this study. They make
up what is described by Bowman (2016) as a ‘new paradigm’ where emotion plays a role in the
decision-making process and allows individuals to choose between various options. This seems an

appropriate set of variables with which to begin an exploration in neurodevelopmental conditions.

Figure 2.8 is a visual representation of the differences between behaviour subsets in the three groups.
Previously (in Figure 2.7) children with FASD appeared to have lower levels of executive functioning
difficulties, but here appear to present with higher levels of behavioural difficulties, with marked
differences in aggression and delinquency. This was expected given the high number of children with
FASD that present with conduct problems and is in agreement with previous studies comparing FASD

and Autism characteristics (Stevens et al., 2013).

Levels of withdrawn behaviour were significantly similar in FASD and Autism groups and higher than
the TD group. In both clinical groups, around 20% of children scored above the clinical cut off for
Withdrawn behaviour whereas this was only true in around 5% of the TD group. Internalised behaviour
tends to become overshadowed by externalised behaviour, especially in caregiver reports which may
reflect behaviour that features more heavily in everyday parenting strategies. Nonetheless, it is

important to point out that in both FASD and Autism groups, withdrawn levels were significantly
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higher than the TD group, but not to the same extent as other behavioural symptoms. This is surprising
given that ‘rather be alone’ and ‘keeps to him/herself’ seem to form part of the core behavioural
profile of Autism. There were also unexpected sex related differences with boys scoring significantly
higher than girls in the Autism group, and expected age-related differences with levels of withdrawn
behaviour increasing with chronological age. Whilst the age related differences were to be expected,
sex related differences might offer an interesting insight into whether individuals with Autism may

experience social, gender and sex roles differently.

TD children with higher parasomnia and daytime sleepiness scores were more likely to be withdrawn
in the daytime. This was not the case for the Autism or FASD groups. Confused arousals, sleep terrors
or nightmares can be the result of underlying anxieties or disorders of affect, and it may be the case
that other related psychopathological risk factors contribute to parasomnias in the TD group. Sleep
problems were not significant predictors of somatic complaints in the clinical groups but were in the
TD group. Typically developing children who experienced more night wakings, SDB and daytime
sleepiness were more likely to present with somatic complaints. This is in line with previous studies,
for example one cross sectional study conducted by Mulvaney and colleagues (2006) in a sample of
school-aged children (n=403) found that, according to PSG and CBCL data, somatic complaints were
significantly associated with SDB (Odds Ratio=3.33, p=0.017). One possibility for this was that SDB can

often result in headaches, which is accounted for in the clinical assessment of SDB.

Parasomnias were predictors of social problems in the FASD and TD groups, whereas sleep duration
was a predictor of social problems in the Autism group. Social problems are clinically reported in both
children with FASD and children with Autism. Children with FASD tend to behave in a socially
inappropriate manner and can present with delinquent, oppositional and defiant behaviour, whereas
children with Autism tend to present with socially unaware behaviour. Both groups tend to have
atypical social functioning that presents in different ways (see Sections 1.2 and 1.3). This concurs with

previous research on sleep and social behaviour in Autism. One narrative review for example,
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conducted by Devnani and Hedge (2015) reports that sleep time corresponds to increases in Autism
behaviours, including social interactions. Parasomnias, which are an indication of an underlying
neuropathology, were predictors of social problems in the FASD and TD groups. Although further
research is needed in this area, this could perhaps be due to social fears in the daytime reflecting in
nightmares. One qualitative study that supports this theory in both FASD and TD populations was
conducted in 2018 by Spruyt and colleagues. In this study, sleep complaints were qualitatively
analysed through text mining, finding that nightmares and school based fears were amongst the most

used words amongst caregivers of children with FASD (Spruyt et al., 2018).

It was predicted that children with FASD would have significantly higher socially maladaptive and
aggressive problems than children with Autism, and that children with Autism would present with a
higher number of social and communication difficulties than children with FASD. This was based on
the hypothesis that the social and communication phenotype is more identifiable in the Autism
population, and based on previous factor analysis of the CBCL, social and aggression problems were
considered to be part of the neurobehavioural profile of FASD. Delinquency scores were significantly
higher in the FASD group than the TD group, with no difference in scores between the Autism and TD
groups. Contrary to prediction 3 (‘Children with Autism will present with a higher number of social and
communication difficulties than children with FASD’), children with FASD had significantly higher social
problems than the Autism group. According to caregiver report, 33% of the variance in Autism
behaviour scores, 25% of the variance in FASD behaviour scores and 45% of the variance in TD
behaviour scores were attributable to sleep problems. This is in agreement with previous research on
the positive linear association behaviour and sleep in Autism and TD populations and provides

evidence that sleep and behaviour may be related in the FASD group.
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2.9.6 Limitations

Several limitations have been reported within this discussion that can be summarised as follows:
Parental reports are subjective views of children’s behaviours and further analysis can benefit from
objective sleep measures such as actigraphy or PSG; furthermore the instrument used within this
study to measure sleep could benefit from further validation studies or development. This study may
contain selection bias in that parents of children with sleep problems were more likely to want to take
part and the present sample may not have the heterogeneity of a population-based sample.
Predictions within this study are statistical descriptions. Without an experimental design and with the
limits of cross-sectional data, causation cannot be implied. However, this study has provided a
platform for the need for further examination using objective sleep and cognitive measures in this

clinical population.
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2.9.7 Summary

This is the first study to show how sleep disturbance predicts anxiety, behaviour and executive
functioning in children with FASD and Autism. Within the three groups, significant regressions were
found associating sleep with several psychological domains that may be amenable to treatment. In
the clinical groups, sleepy children were more likely to engage in delinquent and rule breaking
behaviours while in the TD group, sleepy children experienced a large number of social, behavioural
and affect related outcomes. On the other hand, children in the Autism and FASD samples who slept
less were significantly more likely to experience a large number of executive functioning, anxiety and

behavioural problems, whilst this was less pronounced in the TD sample.

This is the first study to analyse anxiety, executive functioning and behaviour profiles of a large
number of children with Autism and FADS side by side. The present results reveal an interesting
pattern of syndrome specific as well as syndrome-similar results that should be further studied in
order to explore the vast array of the consequences of prenatal environments, and the

neuropathological profiles of conditions related to frontal lobe functioning.

This study aimed to investigate the theory that behaviour is the manifestation of executive control
and affect related processes, and that this triad of processes is mediated by sleep. As predicted, many
anxiety, executive functioning and behavioural outcomes were significantly related to sleep. All
neurodevelopmental, depressive, dissociative and psychotic disorders are at some point underpinned
by executive, social, behavioural and affect related processes and further investigation in this field
should come from such assessments of not only Autism and FASD, but across the range of other
conditions for which these domains are compromised, and the extent to which sleep can mediate or

ameliorate these processes.
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Given the importance of sleep to healthy neurodevelopment there is a pressing need for sleep
intervention studies in these populations. Sleep disturbances can often be overlooked or assumed to
be intrinsic to the neurodevelopmental condition rather than amenable to treatment. Early
identification and intervention for sleep problems should be a therapeutic priority, supported by
research to assess whether improvements in sleep are associated with improved cognitive and

behavioural outcomes, including reduced anxiety.
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Chapter 3
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3.1 Study 2: Sleep and cognition in Autism and FASD

The purpose of this thesis is to support the evidence that psychological domains are mediated by sleep
processes. As discussed in the literature review (See Sections 1.1.4-1.1.4.3), an underlying assumption
is that, in childhood, one function and role of sleep is to aid in the neurodevelopmental process. Study
1 of this thesis examined the linear associations between sleep and behavioural, executive functioning
and affect-related processes, and found evidence of distinct relationships between sleep and these
domains in TD children, children with Autism and those with FASD. Not only were these relationships
apparent within the three samples, but they appeared to be both syndrome specific in some areas
and significantly similar in other areas. The second study of this thesis used objective methodology to
measure sleep and cognition in a sample of TD children (n=45), children with Autism (n=21) and those
with FASD (n=29). The domains of working memory and attention were examined using Digit Span and
Choice Reaction Time (CRT) task, since these domains work in communication with each other
(Bowman, 2016) and are known to be mediated by sleep in both TD populations and those with
neurodevelopmental conditions (Kamara & Beauchaine, 2019). Tests of verbal and nonverbal MA
were conducted using the Ravens Standard Progressive Matrices (RSPM) and British Picture
Vocabulary Scale (BPVS) with the intention of providing a developmental account of sleep and
cognition profiles in children. This chapter begins with a review of the literature on sleep, working
memory and attention in Autism and FASD. The aims and hypotheses of this study, its methodology
and results follow. A discussion of statistical associations, limitations and outlines for areas of further

research concludes this chapter.
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3.2 Introduction

3.2.1 Working memory

Working memory is a limited capacity cognitive system which is responsible for temporarily holding
information for the purposes of higher order processes such as reasoning, behaviour, decision making
and other such attention demanding tasks (Holdnack, 2019). A widely used model of working memory
formulated by Baddeley and Hitch (1974) theorises its three functional components: the phonological
loop (which keeps auditory information immediately available), visual sketchpad (which keeps visual
and spatial information immediately available), and central executive (which allocates cognitive
resources to manipulate the immediately available information). These short-term functional
components interact with long-term memory in order to retrieve previously learned information,
which can then either be used in the process of higher order functioning, process new information for
long-term storage, or be lost from the short-term storage. In typical development, working memory
capacity increases gradually during childhood and declines gradually in adulthood (Schweppe &
Rummer, 2014). Neo-Piagetian theories maintain that if processes of central executive control feature
as a mechanism to working memory capacity, they are key to the cognitive function of learning, and
therefore working memory capacity is fundamental to the mechanistic process of atypical

neurodevelopment (Alloway & Gathercole, 2012; Holdnack, 2019).

Improvements can be made to working memory performance through repetitive tasks and training,
even in populations in which memory is declining. In one randomised controlled trial conducted by
Huntley and colleagues (2017), working memory training based on ‘chunking’ significantly improved
phonological memory and general cognitive function in a sample of patients (n=30) with early onset
Alzheimer’s disease (Huntley, Hampshire, Bor, Owen, & Howard, 2017). Sleep can accelerate this
process and working memory performance can be improved further by both training and periods of
sleep. In one study by Kuriyama and colleagues (2008), a sample of healthy adults (n=29) were

administered a spatial variant of the n-back working memory task; task performance was significantly
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improved after post-training sleep (Kuriyama, Mishima, Suzuki, Aritake, & Uchiyama, 2008). Similarly,
in a randomised controlled trial conducted by Hiscock and colleagues (2015) with children with a
diagnosis of ADHD (n=244), working memory as measured by digit span tests improved after six
months of sleep hygiene and behavioural interventions (Hiscock et al., 2015). As outlined in Section
1.1.4.3, SWA, NREM and REM serve what are thought to be specific functions contributing to
declarative, episodic and procedural memory consolidation. The previously mentioned studies
conducted by Huber (2004) and Barakat et al. (2011) found that memory tasks correspond with SWA
and sleep spindles, for example motor tasks result in SWA in the motor control regions of the brain.
Conversely, it has been theorised that sleep would increase as a result of increased information
processing during the day. When Quach and colleagues (2018) conducted a series of randomised
controlled trials in school aged children (n=452), conversely, they found that sleep duration did not
change in correspondence with increased working memory tasks during the day. This points to the
importance of distinguishing the difference between sleep architecture and sleep duration in such
studies, since SWA was not known in this study, rather was assumed by increases in sleep duration

(Quach, Spencer-Smith, Anderson, & Roberts, 2018).

In children with FASD, PAE is associated with the inhibited growth, structure and function of prefrontal
and parietal areas which are responsible for working memory processes. Research on working
memory in children with FASD consistently describes problems in this neuropsychological domain,
both in psychometric testing and fMRI research (For reviews see: Khoury et al., 2015; Lange et al.,
2017; Rasmussen, 2005). Perhaps because of the paucity of data in this field, many of these studies
set working memory within a battery of standardised tests, and so where working memory nestles
within other neuropsychological domains, such as executive functioning (Khoury et al., 2015),
mathematical ability (Rasmussen & Bisanz, 2011), visuospatial and oculomotor control (Paolozza et
al., 2014), and attentional capacity (Boseck, Davis, Cassady, Finch, & Gelder, 2015), these relationships

are well understood. This may lead us to believe that the working memory profile of a child with FASD
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sits neatly within the Baddeley and Hitch model, since impaired working memory capacity in this
population works in communication with impaired phonological and visuospatial processing domains.
However as will be discussed below, children with FASD can present with working memory difficulties
but might at times have some sustained attentional capacities that are on par with neurotypical
children. Perhaps this suggests that within the Baddeley and Hitch model, working memory needs all
three domains functionally intact in order to function to a typical level. Furthermore, there is evidence
suggesting that working memory can be improved with rehearsal training in children with FASD. In
one study conducted by Loomes and colleagues (2008), a sample of school aged children with FASD
(n=33) were trained to rehearse working memory techniques by whispering digit spans that were read
aloud to them. In this study, working memory significantly improved for the experiment group but not
for the control group, which not only suggests that working memory can be improved in this
population but should also be an area for educational interventions given the importance of working
memory to learning outcomes (Loomes, Rasmussen, Pei, Manji, & Andrew, 2008). Nonetheless it is
clear that diminished working memory capacity is intrinsic to FASD. Astley and colleagues (2009)
conducted fMRI assessments on a sample of children with FASD (n=58), whilst administering the n-
back working memory task, in which amongst a series of faces that were presented, participants were
required to identify duplicate consecutive and non-consecutive images. Performance was poorer in
the FASD sample than control sample, and performance on the task was marked by significant deficits
in long-range prefrontal, posterior and parietal lobe function (Astley et al., 2009). Together these
cognitive and functional neuroanatomical studies suggest working memory problems are intrinsic to

the FASD neurocognitive profile.

In individuals with Autism, working memory is often conceptualised as a process sitting within the
broader domain of executive functioning, and therefore integral to the cognitive processes that make
up the Autism profile. Decreased working memory in Autism is associated with decreased social

communication functioning, increased RRBI’s (Barendse et al., 2013), learning paradigms (Alloway &
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Gathercole, 2012), behavioural regulation, and attentional control (Hughes et al., 1994). Similarly to
FASD, working memory is therefore regarded as an integral part of the cognitive features of Autism.
In a meta-analysis performed by Habib and colleagues (2019), 34 studies were identified assessing
working memory processing in individuals with Autism across the lifespan. Across the studies,
individuals with Autism scored significantly lower in visuospatial working memory than control
participants. This was the case in both adult and child (aged 11-18) populations that were included in
this meta-analysis, and accounted for the differences in methodological assessments of working
memory, as well as age and IQ (Habib, Harris, Pollick, & Melville, 2019). In assessing studies focussing
on phonological working memory, the same meta-analysis found a heterogeneity in results but also
found that scores on this aspect of working memory were consistently lower than controls. One
limitation of the study mentions that the paucity of data here means that this difference in score
should be interpreted with care, particularly given that the studies focussed on adults, and in
adulthood working memory tends to decline (Habib et al., 2019). Earlier work suggests that
phonological working memory in children with Autism is more consistent with TD controls. Mottron
and colleagues in a 2001 review claimed that children with Autism encode phonological information
at higher levels than TD children, since the difference lies in episodic memory and lexical and semantic
attributes. This review, which used studies that were not included in the meta-analysis conducted by
Habib et al. (2019), maintained that children with Autism exhibited typical performance in verbal
immediate and serial recall tests of working memory, but scored lower in visuospatial and attentional
components of working memory (Mottron, Morasse, & Belleville, 2001). The mechanistic processes
of working memory in Autism are thought to be due to altered function in the frontal areas. FMRI
studies such as those conducted by Yeung and colleagues (2019) show that when n-back tasks were
administered to adolescents with diagnoses of Autism, compensatory mechanisms were employed in
the right-lateralised prefrontal areas, that were not used by controls. This suggests that individuals
with Autism may be employing a different visuospatial processing style to compensate (Yeung, Lee, &

Chan, 2019).
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In summary, working memory in Autism tends to be more compromised when serial recall carries
specific meaning (such as lexical and semantic meaning) which may be difficult for an individual with
Autism to decipher. In some areas, individuals with Autism may be compensating and recalling at the
same rate as typical individuals, whilst in other areas they consistently score lower than typical

controls.

3.2.2 Attention

Vigilant (or sustained) attention is the effortful, adaptive ability to maintain focus and remain alert to
stimuli across a period of time and is a major component of cognitive processes and task performance
(Hudson, Van Dongen, & Honn, 2020). In child development, attention is a critical aspect of learning,
since it incorporates the ability to selectively attend to important stimuli whilst ignoring competing
aspects of the environment. In the psychology literature, sustained attention tends to be measured
with a continuous performance task (CPT), in which target signals across a computerised screen
measure an individual’s response rate, inhibition and impulsivity, response time, and ability to
maintain vigilance. This performance ability sits within the context of Signal Detection Theory, a widely
used model that places deficits in attention amongst the ability to discriminate between ‘target’ and
‘noise’ (Green & Swets, 1966). In addition, attention tasks must also take into consideration an
individual’s willingness (as well as ability) to respond. Theories around why deficits in vigilance occur
take into consideration issues such as boredom or under stimulation (Manly, Robertson, Galloway, &
Hawkins, 1999), neural habituation to repeated stimulations, altered salience and cognitive control

(Tegelbeckers et al., 2015) and cognitive fatigue (Pattyn, Neyt, Henderickx, & Soetens, 2008).

Prenatal alcohol exposure is associated with reduced vigilance, inattention and impulsivity in children.
One of the diagnostic features of FASD is reduced attention, and its neurocognitive profile includes
hyperactivity, distractibility, impulsive behaviour and slower reaction times in attentional tasks

(Rangmar, Sandberg, Aronson, & Fahlke, 2015). For this reason, children are at times diagnosed with
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ADHD and FASD in parallel (Kooistra, Crawford, Gibbard, Kaplan, & Fan, 2011). One early but robust
study found evidence for the extent of attentional atypicalities in this population and their association
with PAE. At one timepoint during a longitudinal study conducted by Streissguth et al. (1996), a CPT
was administered to a cohort of children with PAE (n=473). Within this sample, after confounding
effects such as environmental conditions, demographics, presence of other prenatal teratogens and
maternal stress were controlled for, the frequency and timing of PAE was most associated with errors
of omission and commission, reaction time and errors in vigilance (Streissguth, Barr, Kogan, Bookstein,
1996). More recently, tests of attention on children with FASD have tended to focus on the delineation
between FASD and ADHD. Whilst there is a diagnostic overlap and several similarities between the
two conditions, clinical differences between FASD/ADHD and idiopathic ADHD are apparent in the
areas of vigilance and reaction time, as well as distractibility (Kooistra et al., 2011). Additionally,
children with FASD are less amenable to interventions designed for children with ADHD because of
differences in processing and contextualising information (S. Lange et al., 2017). To this extent, Burden
and colleagues (2005) found that children with FASD tended to find more difficulties than age matched
controls in tasks involving effortful rather than automatic processing (Burden, Jacobson, Sokol, &
Jacobson, 2005). Similarly, Roebuck and colleagues (2002) reported that individuals with FASD showed
greater difficulty than controls on a task that involved interhemispheric transfer of information
(Roebuck-Spencer, Mattson, Marion, Brown, & Riley, 2004). Thus, there is growing evidence that
children with FASD have difficulty in rapidly processing relatively complex information. As will be
discussed below, individuals with Autism show a diversity in attentional capacity, from distractibility
to narrow attentional over-focus on one item or stimulus. In the Autism literature, it is now emerging
that RRBIs and attentional capacity are better understood in terms of increased perceptual processing,
rather than deficits in filtering or ability to maintain focus (Remington & Fairnie, 2017). One similarity
between Autism and FASD is that both include repetitive behaviours, although in FASD this is more
commonly framed as obsessional behaviour. Examples of this may include listening to the same song

repetitively, pacing from one room to another for hours, or being absorbed in a video game for
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prolonged periods of time, without stopping to eat or sleep (Catterick & Curran, 2014). In one
systematic review conducted by Popova et al. (2016), Obsessive Compulsive Disorder was prevalent
in between 8-30% of individuals with FASD (Popova et al., 2016), and in study 2 of this thesis, obsessive
behaviour was prevalent in the sample. Although Obsessive Compulsive Disorder includes a wider and
more abstract pattern of repetitive ideas, thoughts and behaviours, and is likely to be mediated by
external inputs such as environmental stresses, it requires narrow attentional focus and a switch
between internal and external attention (Stern et al., 2017). Further studies in the area of perceptual

capacity in FASD would shed light on these attentional similarities.

Children with Autism tend to show atypical attention, including alternations in attentional capacities,
such as disengagement, orienting attention away from stimuli, or increased capacity and focus on
narrow stimuli (Ames & Fletcher-Watson, 2010). In one narrative review, Keehn and colleagues (2013)
conceptualise attention in individuals with Autism as the product of a deficit resulting in atypical social
communication, which contributes to the weak central coherence profile. In this review, Keehn et al.
maintain that attentional deficits are formed of functionally independent networks comprised of
alerting, orienting and executive control functionality (Keehn, Wagner, Tager-Flusberg, & Nelson,
2013). Atypical attentional function is noted in infants with a high likelihood of Autism, such as the
younger siblings of children with an Autism diagnosis and may act as an early indicator. For example,
Elsabbagh and colleagues (2009) found that disengagement and facilitation from central to peripheral
stimuli took longer in their sample of 9-10-month-old siblings (n=19) of children with an Autism
diagnosis (Elsabbagh et al., 2009). Conversely, socially related attentional capacities such as visual
searching and novelty detection reveal attentional superior functioning. In an fMRI study by Gomot
and colleagues (2008) assessing attentional functioning when presented with novel auditory stimuli,
the authors found that frontal and parietal areas were hyper-aroused which led to faster reaction
times than typical controls (Gomot, Belmonte, Bullmore, Bernard, & Baron-Cohen, 2008). More

recently, Remington & Fairnie (2017) investigated auditory capacity when taxed with perceptual load,
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finding that increased capacity simultaneously results in enhanced selective attention task
performance, but also leads to increased distractibility when perceptual loads were lightened

(Remington & Fairnie, 2017).

3.2.3 Sleep and cognition

Vigilant attention and working memory, as well as a range of cognitive processes, are affected by sleep
deprivation (Hudson et al., 2020). One reason for this is the allostatic process of sleep which is
observed through Process S and Process C (See Section 1.1.3). In a sleep deprivation study conducted
by Doran et al. (2001), reaction times on a psychomotor vigilance task fluctuated with total sleep
deprivation time (total time 88 hours) depending on homeostatic and circadian pressures. This
supports the ‘state instability’ hypothesis in which it is claimed performance during sleep deprivation
varies according to the influence of the sleep initiating mechanisms of Process S and Process C (Doran,
Van Dongen, & Dinges, 2001). Attentional capacity is one component in a number of interrelated
cognitive processes, including working memory, semantic encoding, motor action and planning
(Habeck et al., 2004). In understanding the relationship between attention and sleep, it is important
to place it amongst a number of cognitive processes that are organised together. Recent work by
Whitney, Hinson and Nusbaum (2019) conceptualises the cognitive effects of sleep loss using a
‘dynamic attentional control framework’ theory, which proposes that there is a pattern of ‘preserved’
and ‘compromised’ cognitive functions that show no or variable decline after sleep deprivation. This
variable task performance can be understood in terms of the influence of sleep deprivation on
frontostriatal circuitry. The ability to maintain some task relevant information remains intact after
sleep deprivation, whilst the ability to update task relevant information is affected by sleep
deprivation, which can in turn mean heterogeneity in CPT performance after sleep deprivation
(Whitney, Hinson, & Nusbaum, 2019). In fact, in paediatric studies, attentional outcomes as a result
of sleep restriction are variable. In a study conducted by Sadeh et al. (2003), sleep restriction of an

hour a night for three nights on a sample of children aged between 9 and 12 years (n=77) did not have
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an impact on CPT performance and had variable effects on neurobehavioural functioning (Sadeh,
Gruber, & Raviv, 2003). Similarly, in a study conducted by Fallone et al. (2001), experimental sleep
extension and restriction in a sample of children aged between 8 and 15 years (n=87) to ten hours
extension, and four hours restriction, did not affect performance on a visual attention CPT (Fallone,
Acebo, Arnedt, Seifer, & Carskadon, 2001). It must be noted however that within these restriction

studies sleep restriction was more successful to implement than sleep extension.

Previous research suggests that sleep may mediate attention and working memory in children with
Autism. Al-Backer and colleagues (2018) measured sleep and attention in a sample of children with a
diagnosis of Autism aged between 7 and 10 years (n=18). Actigraphy variables and a selection of CPTs
from the Cambridge Neuropsychological Test Automated Battery (CANTAB) were administered, and
results showed that those with shorter sleep duration had higher response times in motor and simple
reaction time tasks (Al-Backer, Al-Backer, Alzawad, Habibullah, & Bashir, 2018). In one study assessing
the association between sleep disturbances and digit span recall in adolescents with Autism (n=96),
Calhoun and colleagues (2019) assessed whether insomnia and parasomnia symptoms, as measured
by a subset on the Pediatric Behavior Scale (Lindgren & Koeppl, 1987) predicted working memory
outcomes, as measured by the Weschler Intelligence Scale for Children (WISC-1V, Weschler 2003). In
this study, children who were reported by their caregivers to have slept less than optimal amounts
and experienced parasomnias such as sleep walking were more likely to score lower on tests of
working memory (Calhoun et al., 2019). Conversely, in an earlier study by the same authors, but in
infants and children between the ages of 1 and 15 years (n=477), across the Autism spectrum (IQs 9-
146) sleep was not significantly correlated with working memory when using the same methodology
(Mayes & Calhoun, 2009). The difference between the two sets of results may be due to the variations

in the cognitive baselines of participants.

In a systematic review and meta-analysis on cognition and sleep in paediatric populations, Short et al.

(2018) identified studies using objectively measured sleep duration and cognitive function in children
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(Short et al., 2018). Overall, fourteen studies measuring working memory and sleep in children aged
between 5 and 12 years (n=1568) revealed a homogeneity of variance (r=0.02, p=0.63). These studies
utilised a diverse number of working memory tasks, including n-back tasks, digit span tests from the
Weschler and Woodcock John tests of intelligence, word memory tests and symbol tapping tasks, as
well as actigraphy or PSG. In the six studies included in the same meta-analysis assessing processing
speed and sleep, five reported associations between attention and sleep, however with random effect
size too small to be significant (r=0.05, p=0.4). As with other meta-analytic reviews, this variance can
be attributable to the differences in methodology, but as the authors note, there may be instances
when cognition is not linearly related to sleep. One reason for this may be the large numbers of
covarying data that might influence sleep and cognition, which are not always accounted for in meta-
analytic reviews. For example, one study included in the review examined the relationship between
sleep and cognition in children using body mass, dietary intake, sedentary time and exercise as
covariates. In this study, conducted by Hjorth et al. (2016), a linear relationship between sleep and
reaction time was not found, but in the overall model, children with more sedentary lifestyles, higher

body mass and sleep problems tended to have lower cognitive scores (Hjorth et al., 2016).
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Aims and hypotheses

The aims of this study were:

To objectively measure and report on sleep quality and quantity in children with Autism, FASD
and TD children.

To objectively measure working memory, attention, fluid intelligence and receptive
vocabulary tasks in children with Autism, FASD and TD children.

To check for ‘syndrome specificity” (i.e. statistically different scores than the other two
groups) and compare group differences in sleep quality/ quantity, receptive vocabulary, fluid
intelligence, working memory and attention in children with Autism, FASD and TD children.
To examine whether sleep duration and sleep efficiency are related to chronological and
mental development in children with Autism, FASD and TD children.

To examine whether working memory, attention, fluid intelligence and receptive vocabulary
are related to chronological and mental development in children with Autism, FASD and TD
children.

To examine whether there are (or are not) significant regressions between sleep duration,
sleep efficiency and sleep fragmentation and cognitive scores in children with Autism, FASD
and TD children.

To compare subjective caregiver reported sleep data to objectively quantified actigraphy data.

To examine whether sex and SES are predictors of sleep and cognitive outcomes.

It is predicted that:

1.

a) Children with FASD and Autism will have lower sleep duration and sleep efficiency, and
higher sleep fragmentation than TD children (Diaz-Roman et al., 2018; Inkelis & Thomas,

2018).
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b) Sleep problems, as defined by sleep duration, efficiency and fragmentation, will be
syndrome specific.

There will be age associated differences in cognition in children with Autism, FASD and TD
children. It is expected that older children will perform better on cognitive tasks than younger
children (Fletcher-Watson & Happé, 2019b; Novick Brown et al., 2012)

a) Children with Autism will score higher than children with FASD on cognitive tasks (Happe &
Fletcher Watson, 2019).

b) TD children will score higher than the clinical groups on cognitive tasks (Kodituwakku,
2009).

¢) Children with FASD will present with higher levels of attentional problems, in particular
inhibitory control (Mukherjee et al., 2013)

There will be developmentally related changes in cognitive tasks in all three groups (Happe &
Fletcher Watson, 2019; Kodituwakku, 2009).

Sleep and cognition will be linearly related in Autism, FASD and TD groups. The higher the
sleep duration and sleep efficiency, the higher the cognitive ability (Inkelis & Thomas, 2018).

Caregiver reports on sleep will be inconsistent with objective measurements (Espie & Morin,
2012).

a) Sex will be associated with cognitive outcomes in all three groups. It is expected that girls
will score higher than boys in cognitive measures (Corcoran, Crusius, & Mussweiler, 2011).

b) SES will be associated with cognitive outcomes in all three groups. It is expected that those
from higher SES will score higher than lower SES in cognitive measures (Corcoran, Crusius, &
Mussweiler, 2011)

¢) SES will be associated with sleep disturbances in all three groups. It is expected that those
from lower SES will have lower sleep duration and higher sleep fragmentation than higher SES

(Corcoran, Crusius, & Mussweiler, 2011)
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3.4 Power analysis

A-Priori analyses were carried out to assess necessary sample sizes and fit of data, as described in
Section 2.3 earlier. For a power calculation of 0.8m, a sample size of 22 was calculated when assessing

2 variables (5 variables and covariables in total). This is outlined in Table 3.1.

Table 3.1: A-priori power analysis to check for sample size in Study 2.

F tests - Linear multiple regression: Fixed model, R? increase

Effect size 0.5
o err prob 0.05
Power (1-B err prob) 0.75
Number of tested predictors 2
Total number of predictors 5
Noncentrality parameter A 11
Critical F 3.63
Numerator df 2
Denominator df 16
Total sample size 22
Actual power 0.8

3.5 Methodology

3.5.1 Ethical approval

Ethical approval for this study is outlined in Section 2.4.12.4.1

3.5.2 Participants

Participants were TD children and children with a diagnosis of FASD or Autism, aged between 6-12
years. This age group differs from the previous study and was chosen since it represents a large sample
from which age-related changes in sleep and daytime functioning can be examined. All children had
received either a diagnosis of FASD, Autism, or had no diagnoses. Screening tools for FASD and Autism
(Neurobehavioural Screening Tool and Childhood Autism Rating Scale — Parents Version) were

administered to ascertain children met diagnostic thresholds.
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3.5.3 Exclusion criteria

In the Autism group, children were excluded if they had a diagnosis of a co-occurring
neurodevelopmental condition. In FASD populations this is more difficult to ascertain, given the
overlap of diagnostic criteria with other conditions such as ADHD or Sensory Processing Disorder. Only
children with diagnoses of FASD and Autism were excluded so data would not overlap, however it was
not viable to exclude other diagnoses given the overlap between FASD and other neurodevelopmental
conditions. Given that in the UK the diagnosis of FASD includes an ADOS assessment, the FASD sample

did not meet Autism diagnostic thresholds.

3.5.4 Recruitment

TD participants were recruited through a school in West London. FASD participants were recruited
through the UK FASD Network mailing list, while caregivers of children with Autism were recruited
through online Autism forums. Consent was gained from all caregivers, and assent gained from all
children where this was understood. To avoid sample bias, this study was not explicitly advertised as
a study of sleep, rather, it was advertised in different ways as a study on cognition, school and learning,
home life, social and emotional behaviour and sleep (See Appendix for sample feedback booklets and

recruitment material).

3.5.5 Participants

134 caregivers responded to the original study advertisements. Of these, 19 were excluded as they
did not meet the diagnostic criteria (16 were children with PAE who did not have a FASD diagnosis
from a clinical professional, 3 were children with Autism who had co-occurring diagnoses of ADHD). A
further 4 were excluded as they did not meet the age criteria. Out of the remaining 101 families

interested in taking part, 95 responded to further communication, signed consent forms and arranged

to take part in the sleep and cognitive testing.
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3.5.6 Sample

One-way between group ANOVAs indicated differences in age (F(1,93)=1.06, p=0.03, n,?=0.09), SES
differences (F(1,3)=1.06, p=0.04, n,2=0.08) and differences between sex (F(1,2)=6.58, p=0.01,
Np?=0.02). There were significantly more boys than girls in the Autism group, but no significant sex
differences in the TD and FASD groups. Because of the heterogeneity of samples, all regression
analyses were conducted with SES and chronological age (CA) as covariates. Regression analyses in
the FASD and TD groups, additionally, contained Sex as a covariant, but not the Autism group. The

final sample consisted of 95 participants, outlined in Table 3.2.

Table 3.2: Study 2 Participants

Autism (n=21) FASD (n=29) TD (n=45)
Male/ Female 17/4 16/13 23/22
Age (M/SD) 8.42(1.81) 9.60(2.48) 8.12(1.29)
SES 1/2/3 5/15/1 1/20/8 6/29/10
Living with Biological parent 21 1 44
Living with Foster parent 0 22 1
Living with Adoptive parent 0 4 0
Living with Biological relative 0 2 0
Co-occurrence 0 SPD (n=2); ADHD (n=2) -

3.5.7 Materials

This study used objective measurements to measure sleep, working memory, fluid intelligence,

attention and receptive vocabulary.

3.5.8 Sleep measures

3.5.8.1 Actigraphy

Each TD child was given a CamNTech actiwatch 8 (CamNTech, 2019) to wear continuously for seven

days and nights. Caregivers of children with FASD or Autism were given their child’s actiwatch and
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instructed to place the watch on the child’s non-dominant wrist at bedtime, and take it off in the
morning for seven consecutive nights, which ensured that watches were not taken off or lost during
the day. Medical bracelets were placed on the watch instead of watch straps to ensure that the watch
could not be removed during the night. All actigraphy data were collected during term time which
ensured that sleep data reflected a normal school week. The watches were set to the default ‘medium’

sensitivity level and collected one-minute epochs of data.

3.5.8.2 Sleep diary

Caregivers completed a sleep diary recording bedtimes, waking up time, any naps or night wakings,
and any unusual occurrences or activity (see Appendix). These bedtimes and wake times are reported
in the sleep data as ‘assumed’ times, and are used as parameters to support the analysis of actigraphy

data.

3.5.9 Experimental tasks

During the time in which children’s sleep was being examined, a battery of tests examining cognitive
performance was administered. All tasks were administered in semi-formal test conditions, with
background noise similar to a quiet school classroom. In the clinical groups, caregivers were present
either in the room or were nearby, and in the TD group testing took place in a small, separate room
near a busy part of school. It was ensured that all children understood the tasks before progressing,
and assent was acquired after the tasks had been explained by saying: “those are the games and
activities that we are going to do today, how does that sound? Would you like to do that and do you
have any questions?”. Children were encouraged to concentrate on the activity but were offered the
option of taking a break and returning if it seemed to be causing cognitive exhaustion. A small number
of children would not tolerate all of the task and declined to finish them. This is described in the results

section and discussed further below.
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3.5.9.1 Raven’s Standard Progressive Matrices (RSPM).

Raven’s Standard Progressive Matrices (RSPM; Raven, Raven, & Court, 1998) is a widely used 60 item
non-verbal test which measures two components of fluid intelligence: the capacity to think clearly and
make sense of complex data (eductive ability); and the capacity to store and reproduce information
(reproductive ability). The test contains five sections which require participants to identify a missing
component in a series of figural patterns. The sections, which progressively increase in difficulty,
require increasingly greater skill in encoding and analysing information. The RSPM is often used to
assess children’s non-verbal MA and is a necessary tool when examining children with
neurodevelopmental conditions where CA is incongruent with MA. It has previously been used in
children with Autism (e.g. Simard, Luck, Mottron, Zeffiro, & Soulieres, 2015) and FASD (e.g. (P.
Kodituwakku et al., 2006). In a sample of 6,529 children, Abdel Khalek et al (2005) reported that the
RSPM has internal consistency (0.88-0.93 Cronbach Alpha) and good factorial validity (0.73-0.89)
(Abdel-Khalek, 2005). The task was conducted according to the RSPM Manual (Ravens et al., 1998)

with no time limit
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Figure 3.1: A sample question from the RSPM
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3.5.9.2 British Picture Vocabulary Scale 3 (BPVS).

The BPVS was used in order to examine children’s receptive vocabulary and calculate verbal MA. This
task has previously been used in Autism (Hannant, 2018) and FASD (Brown, 2013) populations, both
as a measure of MA and as a measure of receptive vocabulary. It consists of 168 words, divided into
14 sets which increase with difficulty. Each set contains twelve words which are read out to the child
and shown alongside a picture. The child is required to point out the picture which corresponds to the
word. Children’s vocabulary ages are calculated from raw scores (ceiling item minus error), which
correspond to standardised scores, and percentile ranks. From this, the child’s vocabulary age can be
calculated. In a sample of 3278, Dunn, Dunn, Style & Sewell (2009) reported that the BPVS had
criterion validity with the Schonell Vocabulary Test of 0.8, and construct validity of 0.71 (Dunn et al.,

2009). The task was conducted according to the BPVS Manual (Dunn et al., 2009) with no time limit.

Figure 3.2: BPVS test word ‘Feline’
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3.5.9.3 Digit span test of working memory

This is a task taken from the Weschler Memory Scale (Wechsler, 1997), and can provide a measure of
short-term memory span, previously used in Autism (Barendse et al., 2013) and FASD (Crocker, Riley,
& Mattson, 2015). The task involves reading digits aloud, after which the participant is required to
immediately recall the sequence of digits. A sequence of two digits is read, then three, then four, and
so on until a sequence of nine digits. The participant’s Digit Span is the longest number of sequential
digits that can accurately be recalled immediately. Participants are required to recall digits both
forwards and backwards. In a sample of 55 children Sung (2011) reported high test-retest reliability of
the digit span test (0.86). In a larger sample of 2,200 children, Canivez (2019) conducted exploratory
and confirmatory factor analysis on the full Weschler Intelligence Scale for Children (WISC), finding
that the coefficient for general intelligence was high (0.89) and the coefficients for group factors
(including working memory) were lower, ranging from 0.87- 0.54 (Canivez, Watkins, & Dombrowski,

2017). The task was conducted according to the WISC Manual (Weshler, 1997) with no time limit.

3.5.9.4 Choice reaction time (CRT) continuous performance task

In order to assess children’s sustained attention, vigilance, motor speed, inhibition and impulsivity, a
choice reaction task (CRT) was designed in Matlab using a PsychTools authorised task (Matlab &
Psychtools, 2020). A 2-choice task was used. This is similar to a simple reaction time task, however
stimulus and response uncertainty are introduced by having two possible stimuli and two possible
responses. This is in line with previous CRT tasks that have been used with children with FASD
(Simmons, Wass, Thomas, & Riley, 2002) and Autism (Rinehart, Bradshaw, Moss, Brereton, & Tonge,
2001). The task was presented on a MacBook Air laptop with a 33cm screen and a viewing distance of
around 50cm. The task required the child to respond to two different looking stimuli, a cartoon sloth,

and a banana as can be seen in Figures 3.3 and 3.4
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Figure 3.3: Sloth Figure 3.4: Banana

When the sloth appeared on the screen, the child was required to press the ‘left’ arrow key. When
the banana appeared on the screen, they were required to press the ‘right’ arrow key. Target stimuli
appeared on the screen in a random sequence on a white background, with intervals of 0.5-2.00
seconds. Before the trial, it was ensured that the children were able to identify and discriminate
between the objects, and relay the instructions, in order to ensure that the instructions were
understood. Children were given verbal instructions: “This is a sloth, and this is a banana. When you
see the sloth, you must press this ‘right” button. When you see the banana, you must press this’ left’
button.” In order to ensure the instructions were understood, further questions were asked: “Which
one is the sloth? When he comes up which button do you press? Which one is the banana? When it
comes up which button do you press? Brilliant, shall we start?” Correct answers elicited a positive ‘bell’
sound which is normally associated with correct answers, and incorrect answers elicited a negative
‘buzz sound’, which is normally associated with negative answers (Matlab & Psychtools 2020). When
necessary, children were given positive feedback and encouraged to continue: “well done, you’re
doing great! keep going”. A practice trial, consisting of 10 targets, was administered. Five blocks of 20
trials were administered in the recorded reaction time. Outcome measures assess correct and
incorrect responses, errors of commission and omission (late and early responses), and latency

(response speed).
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3.5.10 Statistical analysis

Data were analysed using the haven, glmnet and xtable packages in R, as well as IBM Statistical
Package for Social Science V.22. Outlying scores were identified through Cook’s distances and
removed. Analyses where the significance of results changed once outliers were removed are labelled

as ‘OR’ (Outliers Removed).

3.5.10.1 Group comparisons

Data were examined for normality using Levene’s Test of homogeneity. To determine whether sex
was a confounding factor, independent samples t-tests were used to compare males and females
within the FASD and TD groups. Given the uneven ratio of boys to girls in the Autism group (17:4),
where sex is used as a covariate hereon it does not refer to the Autism group. Regressions were used
to investigate age-related changes in sleep, attention, fluid intelligence, working memory and
receptive vocabulary. One-way ANOVAs were used to determine whether SES differences contributed
to either sleep or psychological outcomes, per group. Since some age, SES and sex differences were

found, all subsequent analyses were conducted using age, SES and sex as covariates.

Group comparisons between Autism, FASD and TD were made through one-way between-group
Analysis of Variance (ANOVA), for each of the objectively defined variables: Sleep data (actigraphy),
fluid intelligence/ nonverbal MA, receptive vocabulary/ verbal MA, working memory and attention. In
post-hoc analysis where equal variances could not be assumed, the Games-Howell test was used.

Where equal variances were assumed, the Bonferroni Correction was used, as set out in Field (2018).

3.5.10.2 Regression analysis

Regression analysis was conducted as per the methodology mentioned in the previous chapter, but

with changes to collinear variables.

236



Hierarchical multiple linear regression using the Enter model was used to assess whether sleep was
able to predict attention, fluid intelligence, working memory or receptive vocabulary, in Autism, FASD
or TD groups. Block one always controlled for age, SES and sex. Tolerance statistics were conducted
to examine the collinearity between variables. Actigraphy data was entered into Block two. Because
there were several highly collinear actigraphy variables (>0.9), separate analyses were conducted for
each actigraphy variable (bed time, wake time, assumed sleep time, actual sleep time, sleep efficiency,
sleep latency, mean sleep bouts, number of night wakings, mean night waking duration, mean activity
epoch, fragmentation). These variables were analysed separately in order to avoid Type Il error, where

results may be unreliable given high levels of collinearity.

Adjusted R? values are reported as the percentage of variance, in order to control for the number of

predictors in the model.

ANCOVA interaction models were used to assess whether the strength of association between sleep
and attention, fluid intelligence, working memory and receptive vocabulary was significantly different

between groups.

Two-One-Sided Tests were conducted in R to assess for significant similarities between groups.
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3.6 Results

The results from this study are laid out as follows: firstly, sleep data is described in order to give an
overview of the quality and quantity of children’s sleep. Secondly, children’s performance on the
experimental tasks is described, following the results of the relationship between the experimental

tasks and sleep.

3.6.1 Sleep measures

3.6.1.1 Actigraphy

All children were required to wear an actiwatch for seven consecutive days and nights, however some
declined to wear it for the full seven nights. Three children from the FASD group did not tolerate the
watch and declined to wear it at all, and three children did not tolerate the watch for the full seven
days. Three children from the Autism group did not tolerate the watch at all whilst one participant
lost a watch. All TD children completed at least five school nights of actigraphy (across all three groups
mean number of nights = 5.45). The final number of participants who completed a minimum of four

nights of actigraphy was Autism (n=17), FASD (n=26), TD (n=45).

3.6.1.1.1 Group comparison

The actigraphy variables set out below were chosen to give a broad overview of sleep characteristics
across the three groups. Group comparisons were made using ANOVA and Tests of Similarity. Group
differences and similarities are outlined in Table 3.3, Figures 3.5-3.7, and reviewed in detail in the

following discussion section.
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Figure 3.5: Sleep Duration (hh:mm): comparison between groups.
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Table 3.3: Mean scores and group differences using ANOVA for selected actigraphy variables

Autism (n=17) FASD (n=26) TD (n=45)

Mean SD. Mean SD. Mean SD. F p np2
Bed Time 21:18:45 0:57:26  21:14:50 1:21:32  21:08:13 0:55:32 0.28 0.75 0.01
Wake Time 0:07:03 0:01:13  0:07:06  0:01:10 0:06:59 0:00:43 0.13 0.88! 0.00
Assumed Sleep 9:12:52 1:00:52 9:29:20 0:57:11 9:45:58 1:18:25 1.42 0.251 0.03
Time
Actual Sleep Time 7:24:33 1:03:03  6:58:41  1:11:07 8:06:55 1:04:44 8.74 <0.001234  0.18
Sleep Efficiency 72.68 7.55 68.00 10.82 80.02 6.99 16.39 <0.001%34  0.29
Sleep Latency 0:38:18 0:34:12  0:24:30 0:20:20 0:26:08 0:26:49 1.53 0.22 0.04
Mean Sleep Bouts 0:24:21 0:33:54  0:11:00 0:03:21 0:13:50 0:04:07 4.10 0.0223 0.14
Night Wakings (n) 35.24 7.20 40.32 16.73 38.61 13.65 0.67 0.51 0.02
Mean Night Waking  0:03:07 0:00:46  0:04:18 0:03:31 0:02:36 0:01:03 4.99 0.0123 0.11
Fragmentation 31.06 7.60 40.44 17.08 36.01 9.76 2.96 0.05234 0.07
Index
ISignificant Similarity between Autism and FASD (p=<0.05); 2Significant Difference between Autism and TD (p=<0.05); 3Significant Difference between FASD and TD
(p=<0.05);

“Significant Difference between Autism and FASD (p=<0.05)

3.6.1.2 Chronological age and sleep parameters

Linear regression was used to assess whether there were any developmentally related associations
between sleep and chronological age (CA). It was predicted that sleep parameters would change in
accordance to age in TD, but not clinical populations. In summary, bedtime, wake time and mean sleep
bouts were significantly correlated with CA however no significant trajectories were found in other

actigraphy parameters. These are explained in more detail below.

3.6.1.3 Bedtime

Bedtime was significantly related to CA in the TD group with older children going to bed later. It was
not significantly related to CA in the Autism or FASD groups (Autism: R?= 0.09, F(1,17) = 1.43, p=0.25;

FASD: R2= 0.02, F(1,25) =0.45, p=0.51; TD: R2= 0.10, F(1,39) = 3.39, p=0.05).
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3.6.1.4 Wake time

Wake time significantly changed with age for children with TD children and those with Autism. Older
TD children woke up significantly later, but older children with Autism woke up significantly earlier,
regardless of the day of the week. There were no age related changes in the FASD group (Autism: R%=

0.22, F(1,15 = 3.92, p=0.03; FASD: R?= 0.003, F(1,25 = 0.6, p=0.78; TD: R?= 0.11, F(139) = 3.5, p=0.04).

3.6.1.5 Mean sleep bouts

The mean number of sleep bouts (contiguous epochs of non-movement) increased significantly with
age for children with Autism, but not for TD children or children with FASD (Autism: R?= 0.15, F(1,15) =

3.66, p=0.04; FASD: R2= 0.03, F(124= 0.29, p=0.29; TD: R?= 0.01, 135 = 1.39, p=0.12).

3.6.1.6 Nonsignificant results

Some effect sizes were too small to state a significant result, but some B-values showed either small
developmental trends, or no change with increased chronological age, both of which deserve to be
mentioned here. Non-significant results can indicate whether there were no developmental changes
and the variable stayed constant throughout childhood, whether there were slight trends but not

significant enough to report, or no trend and no constant (Field 2019). These can be seen in Table 3.4.
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Table 3.4: Non significant developmental trends.

B R? p

Assumed Sleep/ CA

Autism 0.26 0.07 0.79
EASD -0.15 0.02 0.10
D 0.00 <0.01 0.72
Sleep Duration/ CA

Autism -0.33 0.11 0.14
FASD -0.14 0.02 0.49
D -0.02 <0.01 0.91
Sleep Efficiency/ CA

Autism 0.11 0.01 0.69
FASD -0.16 0.03 0.43
D 0.02 <0.01 0.89
Sleep Latency/ CA

Autism -0.22 0.05 0.42
FASD 0.07 0.01 0.72
D 0.01 <0.01 0.93
Fragmentation/ CA

Autism -0.07 0.01 0.79
FASD 0.21 0.04 0.31
D 0.06 <0.01 0.72

Highlighted Results: 8 value of >0.2 indicates a slight but not significant trend whilst <0.05 indicates a constant, or no

developmental trend

3.6.1.7 SES and sex differences

In the TD group, SES was significantly related to bedtime, with higher SES participants sleeping earlier

(R2= 0.11, F(1,17) =4.60, p=0038)

Sex differences were not examined in the Autism group due to uneven sizes, but in the FASD group,

girls woke up significantly later than boys (male: m=06:17, SD= 1:18, female: m=07:22, SD=00:58;

t(24)=-2.4, p=0.02). In the TD group, boys were significantly more mobile at night, with mean activity

epochs significantly higher than girls (male: m=27.98, SD= 9.97, female: m=21.32, SD=10.87;

t(39)=2.04, p=0.04).
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3.6.2 Objective versus subjective reports

Pearson’s product moment correlations were conducted in order to investigate whether subjective
parental report and objective measurements of sleep were similar to each other, using analogous

CSHQ and actigraphy variables. These similarities can be viewed in Table 3.5.

Table 3.5: Pearson's product moment correlations between parent report and actigraphy

Autism (n=17) FASD (n=24) TD (n=45)
B p B ] B p
Sleep Duration/ Actual Sleep 0.14 0.61 -0.21 0.32 -0.18 0.27
Sleep Onset Delay/ Sleep Latency 0.32 0.23 0.17 0.42 0.06 0.70
Night Waking / Wake Bouts -0.42 0.11 -0.12 0.59 0.32 0.04
Total CSHQ / Actual Sleep 0.19 0.48 -0.15 0.50 -0.32 0.04
Total CSHQ / Sleep Efficiency -0.21 0.43 -0.03 0.88 -0.31 0.05

3.6.3 RSPM/ nonverbal MA

The RSPM was used as a measure of nonverbal MA. Differences between the Autism, FASD and TD
groups were investigated using one way between group ANOVAs, with Games-Howell post hoc
comparisons. Associations between sleep and MA were investigated using hierarchical multiple

regression, accounting for sex in the FASD and TD group, and SES in all three groups.

Nonverbal MA is calculated using the RSPM total score, out of a possible 36. Two children (one with
Autism, one FASD) scored below the threshold of 5; Nonverbal MA was therefore calculated from the

RSPM total score, as described by Ashworth (2013).

It was not possible to collect RSPM data from all participants. In the TD group, all participants
completed the task, however in the clinical groups if a child became irritable or restless with the task,
a break was given, and they were encouraged to return. Five children with FASD did not want to finish
the task: two out of externalised aggression (e.g. picking the book up, throwing it on the floor) and
three out of internalised fear (e.g. crying and going to a caregiver for comfort). One child with Autism
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did not complete the task, due to peripheral and sensory overload (the child was preoccupied with

thoughts, had impulsive behaviour and was unable to attend to the task).

3.6.3.1 Group comparisons between nonverbal MA

There were significant differences between Autism, FASD and TD groups in the RSPM total scores,
indicating that nonverbal MA is distinct to each clinical profile and significantly different to TD
populations (see Table 3.6). There were no significant associations between nonverbal MA, SES and

sex.

Table 3.6: Between Groups one-way ANOVA for RSPM

Autism FASD TD . . .
(n=20) (n=24) (n=45) f sig Autism/TD  FASD/TD  Autism/FASD
RSPM Score (M[SD]) 22.38 18.75 26.82 2.09 0.04 0.04 0.001 0.003

(8.81)  (10.01)  (6.83)

3.6.3.2 The relationship between CA and nonverbal MA

Significant linear regressions between CA and Nonverbal MA were found in all three groups (Autism:
R2= 0.22, F(1,19) = 5.26, p=0.03. FASD: R2= 0.50, F123) = 22.15, p=<0.001. TD: R?= 0.57 F(1,44) = 55.81,

p=<0.001).

3.6.3.3 Nonverbal MA and sleep

Nonverbal MA was found to be a predictor of bedtime, sleep efficiency, sleep latency, wake time,
mean night waking and mean mobile activity in the FASD group, but not in the ASD group. Nonverbal
MA was associated with later bedtimes in the TD group. Higher MA scores were associated with more
sleep problems and lower sleep efficiency in the FASD group, however this was not the case in the TD
or Autism groups. To give an overview of the associations between sleep and MA in FASD, results are

shown in Table 3.11.
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3.6.4 BPVS/ verbal MA

The BPVS was used as a measure of verbal MA. Differences between the Autism, FASD and TD groups
were investigated using one way between group ANOVAs, with Games-Howell post hoc comparisons.
Associations between sleep and MA were investigated using hierarchical multiple regression,

accounting for sex in the FASD and TD group, and SES in all three groups.

Raw scores on the BPVS are calculated by subtracting the total number of errors from the ceiling item
score. These raw scores are plotted against age norms which in turn identifies a child’s verbal MA.
However, because of the significant differences in age of the participants (the TD participants are on
average younger than the FASD), it is more accurate to use standardised scores to account for the age

differences.

All TD and Autism participants completed the BPVS task. Four children with FASD did not wish to

complete the task.

3.6.4.1 Group comparisons between verbal MA.

Table 3.7: Between Groups one-way ANOVA

Autism FASD TD

n=21 =25 =5 f p Autism/TD FASD/TD  Autism/FASD
BPVS Standard 95.09 87.16 98.91 5.136 0.008 0.79 OR 0.01 OR 0.05
Score (M[SD]) (15.79) (15.12) (13.95)

There were significant differences between Autism/ FASD, and TD/FASD groups in the BPVS standard
scores, however not a significant difference between Autism/TD (See Table 3.7). Children in the FASD
group scored significantly lower than the other two groups each time. There were no significant
associations between verbal MA and sex in the FASD and TD group. There were significant associations
between verbal MA and SES in the Autism and TD group, but not the FASD group, with higher SES
groups performing better on the receptive vocabulary task (Autism: 8 =0.39; p=0.05. FASD: B =0.23;

p=0.07. TD: B = 0.33; p=0.041).
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3.6.4.2 The relationship between CA and verbal MA

Significant linear regressions between CA and verbal MA were found in the clinical but not TD group,
with higher CA associated with higher verbal MA (Autism: R?= 0.21, F(1,20) = 5.21, p=0.03. FASD: R?=

0.46, F(1,24) = 19.24, p=<0.001. TD: R2= 0.04 F(1,44) = 1.64, p=0.21).

3.6.4.3 Verbal MA vs sleep

Similar to nonverbal MA, children with FASD who were more cognisant experienced more sleep
problems. Nonverbal MA was associated with later bedtimes in the FASD and TD group. A negative
significant association was found between sleep efficiency and verbal MA in the FASD group. Further
associations were found in mean mobile activity and sleep fragmentation in the FASD group. These

associations are shown in Table 3.12.
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3.6.5 Attention

A Choice Reaction Time task was completed by all TD and Autism participants. Seven FASD participants
declined to take part in the attention task (six refused, one was overwhelmed by the number of

activities that were being given).

Outcome measures were correct and incorrect responses (score out of 100), latency (response speed)

and impulsivity (pressing at random).

3.6.5.1 Group comparisons between attention subsets

One- way ANOVA results showed that there were significant differences in correct responses,
incorrect responses, reaction times and impulsivity. There were no significant differences or
similarities between Autism/TD groups in Commissions, or Autism/FASD groups in omissions or

impulsivity (see Table 3.8).

Table 3.8: Between Groups one-way ANOVA for CRT Task

Autism FASD TD
(n=21) (n=22) (n=45) f p Autism/TD FASD/TD  Autism/FASD
M [SD] M [SD] M [SD]
85.41 93.8
Correct Responses 86.47(9.75) (23.72) (7.79) 3.56 0.03 0.12 <0.001 0.05
. . 1162.17 942.27 862.86
Reaction Time Correct (776.78) (370.74) (289.58) 2.93 0.05 0.04 0.05 0.05
Reaction Time 799.67 2577.27 683.61
Incorrect (461.76) (8435.94) (405.93) 356 0.03 0.01 0.05 0.02
. 5.36 0.27
Impulsivity 4.14 (6.69) (21.23) (1.27) 3.88 0.01 0.03 0.04 0.62

3.6.5.2 Developmentally related differences in attention

Chronological age was significantly related to reaction time in the TD, but not in the clinical groups.
Older children had higher correct reaction times (Autism: R?= 0.12, F(1,20 = 9.05, p=0.12. FASD: R?=

0.08, F122) = 2.67, p=0.19. TD: R?= 0.31 F(1.44) = 10.67, p=<0.001).
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3.6.5.3 Sex and SES differences in attention

There were significant sex differences in correct responses in the FASD group, with boys showing lower

levels of vigilance than girls (male: M=78.92, SD=29.38, female: m=94.78, SD=3.99. t(20)=1.59, p=0.03)

There were no significant associations between attention variables and sex in the FASD and TD group.

SES was not significantly related to attention variables in any of the groups.

3.6.5.4 Attention and sleep

Impulsivity and reaction times were associated with sleep fragmentation and sleep bouts. These

results can be viewed in Tables 3.13 and 3.14.
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3.6.6 Digit span test of working memory

The Digit Span test of Working Memory was completed by all Autism and TD children. Five FASD

participants declined to take part for the same reasons listed in Section 3.5.3 above.

Outcome measures were noted as raw score forwards, and raw score backwards. Digit Span Age is
calculated from age norms related to raw scores. Regression analysis used SES and chronological age

as covariates in all three groups, and sex as a covariant in the FASD and TD groups.

3.6.6.1 Group comparisons for working memory

One- way ANOVA results showed that there were significant differences between digit span forward

and backward raw scores, and significant differences in digit span age (see Table 3.9).

Chronological age was significantly related to forwards and backwards raw scores in the TD and FASD,
but not Autism group, with older children tending to achieve higher results (Forwards: Autism: R?=
0.24, F(1,21) = 5.99, p=0.02. FASD: R2= 0.45, F(1 23 = 18.25, p=<0.001. TD: R2= 0.26 F(1 44 = 15.36, p=<0.001;
Backwards: Autism: R?= 0.16, F(1,20) = 3.54, p=0.08. FASD: R?= 0.33, F(1,23 = 10.29, p=0.03. TD: R?= 0.45

F(1,22y = 34.54, p=<0001)

Table 3.9: Between groups one-way ANOVA for Digit Span

Autism FASD ™ f Autism/ FASD/ Autism/

(n=21)  (n=24) (n=45) D ™ FASD
Fs'g']t)s pan Forward (M (27(.)6622) (167.'30; (252.‘3703) 702 0.001 0.21 0.001 0.03
I(Dl\l/lgl[tS?DF])?n Forward Age (1625%333) (i;:ég) (1:0(?'7489) 631 0.003 044 0.002 0.15
[E;'g']t)s pan Backward (M (;03'(1)) (222% (15%'8467) 412 0019  0.05 0.02 0.43
E\'Ag'[tsiﬁin Backward Age (gi:g;) (2‘15:?;) (121‘fi692) 412 0.019 0.05 0.001 0.97

251



3.6.6.2 Developmentally related differences in working memory

There were developmentally related differences relating to verbal and nonverbal MA. Overall

developmentally related differences from both cognitive tasks of attention and memory in relation to

verbal and nonverbal MA can be viewed in Table 3.10.

Table 3.10: Developmental related differences in attention and working memory

Autism FASD TD
f P r2 f P r2 f P r2

Verbal MA

Reaction Time Correct 6.52 0.002 0.26 0.27 0.61 0.01 2.60 0.14 0.06
Impulsivity 2.73 2.12 0.13 3.49 0.77 0.15 10.78 0.002 0.20
Digit Forward Raw Score 5.07 0.04 0.21 33.61 <0.001 0.60 4.44 0.04 0.09
Digit Backward Raw Score 133 0.26 0.07 19.90 <0.001 0.48 0.00 0.99 0.00
Nonverbal MA

Attention Correct (n) 1.82 0.19 0.08 6.38 0.02 0.25 3.63 0.06 0.08
Reaction Time Correct 8.22 0.01 0.30 0.39 0.54 0.02 2.33 0.13 0.05
Impulsivity 1.59 0.22 0.08 10.54 <0.001 0.36 0.01 0.93 0.00
Digit Forward Raw Score 7.74 0.01 0.29 44.06 <0.001 0.67 11.45 0.002 0.21
Digit Backward Raw Score 278 0.11 0.13 36.66 <0.001 0.63 19.12  <0.001 0.31

3.6.6.3 Sex and SES differences in working memory

SES and sex were not associated with digit span results in any of the groups.

3.6.6.4 Working memory and sleep

Working memory was associated with bedtime and sleep duration. These results can be viewed in

Tables 3.15 and 3.16.
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Table 3.11: Nonverbal MA and Sleep

Autism (n=20) FASD (n=25) TD (n=45)
B SEB B R2 p B SEB B R2 p B SEB B R2 p
Bedtime <0.001 0.001 0.11 0.37 0.66 <0.001 <0.001 0.32 0.48 0.01 0.01 0 0.316 0.6 0.01
Sleep Efficiency 0.1 0.07 0.35 0.12 0.18 -0.14 0.06 -0.47 0.18 0.02 -0.06 0.1 -0.09 0.02 0.57
Wake time 0.09 16.53 0 <0.001 0.99 76.1 23.75 0.58 0.34 0.004 44.82 80.61 0.09 <0.001 0.59
Mean night waking -0.29 4.94 -0.16 0.03 0.56 2.89 1.4 0.42 0.14 0.05 -0.15 0.95 -0.26 0.03 0.87
Mean mobile activity 0.01 0.09 0.02 <0.001 0.96 0.42 0.14 0.56 0.28 0.01 -0.07 0.16 -0.07 0.01 0.65
Table 3.12: Verbal MA and Sleep
Autism (n=21) FASD (n=24) TD (n=45)
B SEB B R? p B SEB R R? p B SEB B R? p
Bedtime <0.001 0.001 0.11 0.37 0.66 <0.001  <0.001 0.32 0.48 0.01 0.01 0 0.316 0.6 0.01
Sleep Efficiency 1.78 1.28 0.34 0.16 0.18 -2.06 0.86 -0.46 0.22 0.03 -0.43 0.35 -0.19 0.04 0.23
Mean mobile activity -0.06 1.13 -0.14 0.01 0.96 1.05 0.31 0.59 0.36 0.003 -0.14 0.23 -0.1 0.09 0.55
Sleep Fragmentation -1.59 1.26 -0.31 0.1 0.227 0.97 0.41 0.44 0.21 0.03 -0.5 0.26 -0.31 0.01 0.84
Table 3.13: Attention Reaction Time Correct and Sleep
Autism (n=21) FASD (n=22) TD (n=45)
B SEB R R2 p B SEB R R2 p B SEB ] R2 p
Sleep Bouts 1.25 0.31 0.29 0.32 0.04 0.97 0.4 0.09 0.03 0.57 2.97 0.34 0.47 0.24 0.002
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Table 3.14: Attention Impulsivity and Sleep

Autism (n=21) FASD (n=22) TD (n=45)
B SEB R R2 p B SEB R R2 p B SEB R R2 p
Sleep Fragmentation 0.85 0.026 0.39 0.31 0.003 1.23 1.11 0.06 0.01 0.32 2.32 1.24 0.12 0.14 0.34
Table 3.15: Digit Span Forwards (raw score) and Sleep (working memory and sleep)
Autism (n=21) FASD (n=24) TD (n=45)
B SEB B R? p B SEB R R? p B SEB B R? P
Bedtime 1.78 0.01 0.33 0.24 0.01 0.02 0.001 0.19 0.09 0.21 1.68 0.01 0.41 0.32 0.01
Table 3.16: Digit Span Backwards (raw score) and Sleep (working memory and sleep)
Autism (n=21) FASD (n=24) TD (n=45)
B SEB R R2 p B SEB R R2 p B SEB R R2 p
Bedtime 1.68 0.12 0.42 0.21 0.22 2.36 0.21 0.54 0.29 0.05 1.7 0.02 0.38 0.26 0.04
Actual Sleep 1.35 0.15 0.39 0.24 0.01 2.55 1.01 0.03 0.42 0.23 0.01 0 0.01 0.05 0.57
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3.7 Discussion

The primary aims of this study were to investigate sleep characteristics and their association with
working memory and attention in healthy TD children and children with FASD or Autism. Additionally,
this study intended to examine whether findings were syndrome specific or developmentally related.
In meeting these aims this thesis was successful: sleep, attention, working memory, vocabulary and
fluid intelligence were objectively measured in the three groups, with sample sizes reported here large
enough to calculate significant regressions. It was predicted that sleep and cognitive characteristics
would be syndrome specific, and that better sleep would be associated with higher cognitive ability.
It was also predicted that the developmental effects of sleep and cognition in the TD group would be
in line with previous studies, but due to disruptions in neurodevelopment this would not be the case
in the Autism and FASD groups. The results reveal a number of expected, novel, and unexpected
findings. This section contains a discussion on these findings, how they relate to the predictions made
in Section 3.3, and where they sit within existing research. This is followed by a discussion of the

limitations of this study, its potential implications and suggestions for future research.

3.7.1 Sleep

3.7.1.1 Actigraphy

In summary, actigraphy data were mostly, but not completely, consistent with previous reports of
sleep problems in children with FASD and Autism (e.g. Diaz-Roman et al., 2018; Wengel et al., 2011).
TD children experienced fewer sleep problems than children with Autism and FASD. Sleep problems
showed a developmental trend in CA in TD but not in the clinical groups, and developmental trends in

MA in the FASD group. Sleep problems were syndrome specific.
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3.7.1.1.1 Prediction 1a: Children with FASD and Autism will have lower sleep duration and sleep
efficiency, and higher sleep fragmentation than TD children (Diaz-Roman et al., 2018;

Inkelis & Thomas, 2018).

The present study partially supports the prediction made in hypothesis 1a, stating that sleep would
be more disrupted and problematic in the clinical groups than the TD group. Previous studies
measuring actigraphy parameters suggest higher levels of sleep disruption in Autism and FASD
populations than TD populations, although these data are not generalisable and meta-analytical data
suggest within-group heterogeneity (e.g. Chen et al., 2012; Diaz-Roman et al., 2018). Nonetheless,
sleep duration, sleep efficiency and sleep fragmentation scores were significantly different in all three
groups, with lower sleep duration and efficiency and higher fragmentation in the clinical groups than
TD group. There was evidence that these sleep parameters are syndrome specific given the significant
differences between Autism and FASD samples in sleep duration, sleep efficiency and sleep
fragmentation. Children with FASD slept for an average of 6 hours and 58 minutes, with an average of
68% sleep efficiency and 40% fragmentation. Children with Autism slept for an average of 7 hours and
24 minutes, with an average of 72% sleep efficiency and 36% fragmentation, whilst TD children slept
for an average of 8 hours and 6 minutes, with an average of 80% sleep efficiency and 31%
fragmentation. This specificity suggests that the neural mechanisms of sleep may mature and develop

differently depending on the structural and functional differences that make up Autism and FASD.

To my knowledge, one other study has used actigraphy to measure sleep in children with FASD.
Wengel and colleagues (2011) used actigraphy to measure sleep in 3 to 6 year-old children (n=19), but
reported that sleep quality and duration did not differ between the FASD group and age matched
controls. The inconsistency between the present study and Wengel et al. (2011) may be due to the
differences in the age ranges of participants (3-6 years old in the Wengel et al. study, versus 6-12 years
old in the present study), differences in sample sizes, and/or differences in the technology used.

Children with FASD can reach age appropriate developmental milestones in the early years, but social,
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emotional and cognitive development tends to delay at the start of school and plateau at around
seven years old; hence the minimum age that a child can be referred to a FASD clinic being six years
(Mukherjee, 2019). The present results suggest that, if 3-6 year old children do not experience
significant sleep problems, but 6-12 year old children do, perhaps sleep also follows a similar
developmental trend, plateauing at the same time as the cognitive domains. Additionally, Wengel et
al. (2011) did not report numerical actigraphy results and the present study is therefore the first to
report actigraphy variables for children with FASD, which further demonstrates the need for research

in this field.

The present study findings are consistent with previous ones on sleep in children with Autism,
however previous findings are not easily generalisable. A meta-analysis by Diaz-Roman and colleagues
(2018) reported five studies that met their quality criteria for actigraphy findings in children with
Autism. In this meta-analysis, children with Autism (n=140) slept on average 7 hours and 38 minutes,
with an average of 73% sleep efficiency, whilst TD children (n=132) slept on average 8 hours, with an
average of 90% sleep efficiency (Diaz-Roman et al., 2018). Sleep was also more fragmented in the
Autism than TD group, and standard mean differences with 95% Cl showed that children with Autism
consistently presented with more sleep problems than TD children. However, within the same sample,
sleep efficiency, sleep duration, fragmentation and assumed sleep was heterogenous which indicates
a difficulty in generalising findings when using actigraphy results. Contrary to Prediction 1, and
inconsistent with previous studies, sleep onset latency was not significantly higher in the Autism and
FASD group than the TD group. There were also no significant differences in children’s bedtimes, wake

times and assumed sleep. This is discussed in more detail in the following two sections.

3.7.1.1.2 Prediction 1b: Sleep problems, as defined by sleep duration, efficiency and

fragmentation, will be syndrome specific
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The present study partially supports the prediction made in hypothesis 1b, stating that sleep problems
will be syndrome specific. Sleep duration and quality, sleep bouts, night wakings and fragmentation
were significantly different between the three groups, indicating that Autism, FASD, and TD groups
had different sleep profiles. Meanwhile, tests of significant similarity revealed that bedtimes, wake
times, and assumed sleep were significantly similar in the Autism and FASD groups. This means that
even though children with Autism and FASD went to sleep at similar times, woke up at similar times,
and caregivers thought they slept significantly similar amounts, children with FASD had poorer sleep
than children with Autism within the time they were asleep. Naturally, this implies that sleep
fragmentation should be higher in the FASD group than the Autism group. Possibly due to the high
inter-individual variability of the present findings, the number and duration of night wakings did not
differ statistically between the two clinical groups although non-significant results showed that
children with FASD experienced more night wakings that lasted longer: children with FASD had on
average 40 night wakings lasting around four minutes whilst children with Autism had on average 35,
lasting around 3 minutes. Children with FASD had significantly increased fragmentation than both the
Autism and FASD groups which may explain why, despite the fact that bedtimes and wake times were
significantly similar between the two clinical groups, sleep efficiency and duration was significantly

poorer in the FASD group.

Thus sleep efficiency, duration and fragmentation profiles of Autism, FASD and TD children appeared
to be syndrome specific. The teratogenic effects of PAE result in neural structural and functional
damage, affecting a thinner cortical structure and a loss of connectivity between cortical and
subcortical layers. Autism Spectrum Condition is thought to be the behavioural result of
overconnectivity in local regions (Fletcher-Watson & Happé, 2019). Consequently, the main neural
differences between FASD and Autism are thought to be differences in global and local processing.
Syndrome specificity regarding sleep therefore suggests that the cortical and subcortical maturation

that is associated with NREM and some REM sleep (See Section 1.1.4.2) might develop differently in
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Autism and FASD, but in an ‘Autism’ specific and ‘FASD’ specific way. Although it seems likely, without
multiple replicated studies it is too early to tell whether syndrome specificity regarding sleep is

definitely true between Autism and FASD and demonstrated the need for further studies in this field.

3.7.1.1.3 Results that were inconsistent to previous findings or contrary to predictions

Contrary to the prediction in hypotheses 1 and 2, sleep latency was not syndrome specific, nor was it
significantly different between the three groups. Mean sleep latency for children in the Autism sample
was 38 minutes which was 14 minutes longer than the FASD sample, and 12 minutes longer than the
TD sample, although within all three groups there was high inter-individual variability. This is
inconsistent with previous findings in actigraphy studies in children with Autism, where latency has
tended to be significantly higher than TD populations and has shown the most homogeneity of
variance (Diaz-Ramon et al., 2018). This inconsistency may be attributable to the lower sample size in
this study than the ones mentioned in Diaz-Ramon’s 2018 meta-analysis, but conversely, previous PSG
reports measuring sleep onset latency are less clear (bearing in mind that sleep onset latency in a
laboratory setting can yield inaccurate results, particularly in children with developmental conditions.
Often sleep onset latency relies on sleep diary information which may also be inaccurate). In the same
meta-analysis by Diaz-Ramon, sleep onset latency was heterogenous in this population when
measured through PSG (p=0.32; n=211) and is less well known. Similarly, the study conducted by
Wengel et al. (2011) found that sleep latency was the only actigraphy variable to differ significantly
between the FASD and TD groups, whilst PSG findings are less clear. Of the two previous PSG studies
on children with FASD, neither used a control sample and referent results were used as control
comparisons (Goril et al., 2016; Chen et al., 2015). Nonetheless, there was high variability between
the two results. Sleep Onset Latency in the PSG study conducted by Goril et al. (2016) was reported
to be 32 minutes while in Chen et al. (2015) reported 15 minutes, although this inconsistency may be
attributable to going to sleep in a new and strange environment. In the present study this

inconsistency with previous actigraphy reports on sleep latency in Autism and FASD may be due to a
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number of reasons. Firstly, there are various environmental factors that influence sleep onset latency,
such as complex anxieties, problems with attachment and not understanding bedtime as a concept
(Jan et al., 2010). Secondly, the average sleep latency for the TD group was 6 minutes higher than

typical sleep latency in TD, which may have affected the significance of the comparative results.

3.7.1.1.4 Prediction 2: There will be age associated differences in cognition in children with
Autism, FASD and TD children. It is expected that older children will perform better on
cognitive tasks than younger children (Fletcher-Watson & Happé, 2019b; Novick Brown
etal., 2012)

3.7.1.1.4.1 Chronological Age (CA) and Sleep

There were no significant CA related changes in sleep duration, sleep efficiency, sleep latency, night
wakings or fragmentation in any of the groups although there were some non-significant trends which
are discussed below. There were however CA related changes in bedtime, wake time and sleep bouts

for some of the groups.

This cross-sectional study represents a period in child development in which the increasing volume of
grey matter in the parietal and frontal lobes peak, before decreasing to give way to white matter,
resulting in a decrease in delta power (Jenni & Carskadon, 2012). During this period, differences in
sleep patterns emerge, such as increased daytime sleepiness, differences on school days and
weekends, later bedtimes and wake times, and a mean reduction in overall sleep duration (Espie &
Morin, 2012). It was therefore expected that sleep duration would decrease with CA. In general, there
was a trend for shorter sleep duration with increasing CA, however effect sizes were too small for this
to be a significant result. In the TD group, CA was related to later bedtimes and wake times as Espie &
Morin (2012) report, with older children going to bed later and waking up later than younger children.
This was not the case in the Autism group however, who woke up significantly earlier with increasing

age, and experienced significantly more night wakings with increased CA. This was expected in the
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Autism group given that longitudinal studies in this population report that sleep fragmentation

increases with CA (Verhoeff et al., 2018).

3.7.1.1.4.2 Non-significant results in developmental trends

Although some effect sizes were too small to be significant, some smaller non-significant correlations
attributable to chronological age and actigraphy variables emerged. In the Autism group, there was a
small decrease in sleep duration, sleep latency and sleep fragmentation. In the FASD group, there was
a small decrease in assumed sleep, sleep duration and sleep efficiency, an increase in fragmentation,
and a slight increase in sleep latency. Non-significant B values close to zero may indicate that some
variables remain at a constant rate during development (Field, 2018), however without the benefit of
a longitudinal analysis this cannot fully be known. Nonetheless, in the TD group, scores remained
mostly constant, decreasing slightly in sleep duration and increasing slightly in sleep fragmentation.
This is supported by the body of literature maintaining sleep architecture changes throughout
childhood (see Section 1.1.2). In the age range of the present study, sleep cycles tend to become
longer, whilst SWS diminishes with a corresponding increase in stage Il sleep (Espie & Morin, 2012). It
is not possible to detect these changes using actigraphy but increases in fragmentation and night

wakings together with shorter sleep duration can indicate lighter stages of sleep are emerging.

3.7.1.1.4.3 Verbal and nonverbal Mental Age (MA) and sleep

The present study measured MA through two measures, the BPVS, measuring the child’s receptive
vocabulary, and the RSPM, measuring the child’s fluid intelligence. These two measurements were
taken with the intention of forming a comprehensive look at the child’s verbal and nonverbal MA. In
the present study, nonverbal MA appeared to be syndrome specific however there were no
differences between the TD and Autism group in verbal MA, when outliers were removed. The present
study found that TD children had the highest mean MA, and the FASD group had the lowest, which

was expected given the higher levels of learning difficulties in children with FASD (S. Lange et al.,
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2017). Both clinical groups also tend to experience additional environmental pressures such as
performance anxiety and cognitive exhaustion which can have an impact on cognitive scores. On a
number of occasions whilst testing for this study it became apparent that the child was bored, not
engaged or giving false answers, which will be discussed in the limitations section below. One way of
identifying inaccuracies in results is to assess whether CA and MA are linearly related, and whether
expected associations exist between MA and other scores. In all three groups MA and CA were linearly
related however there were some interesting associations between MA and sleep in the FASD group.
Children with FASD who were more cognisant experienced more sleep problems, which was an
unexpected result. Perhaps this is due to the more cognisant children experiencing higher levels of
anxiety and having a more sophisticated understanding of social and environmental stressors, which

in turn contribute to sleep disturbances.

3.7.2 Cognitive Tasks: CRT and Digit Span

3.7.2.1 Prediction 3a: Children with Autism will score higher than children with FASD on the
cognitive tasks; Prediction 3b: TD children will score higher than the clinical groups on
the cognitive tasks. 3c: Children with FASD will present with higher levels of attentional

problems, in particular inhibitory control (Mukherjee et al., 2013).

The present study used a computerised task to measure sustained attention and choice reaction time.
It was predicted that children with FASD, a condition with high co-occurrence to ADHD, would have
longer reaction times, more incorrect answers and higher impulsivity than the other two groups. The
present study only partially supports this prediction. In comparison to TD children, children with FASD
had fewer correct responses, higher impulsivity and took longer to react to stimuli. Previous work on
sustained attention in FASD (e.g. Kooistra et al., 2011) show that children with FASD tend to have
higher levels of inattention and lower task performance than TD children. In comparison to children
with Autism, children with FASD had fewer correct responses and were slower to react to the choice

stimulus. In children with Autism, delays in choice reaction have been noted as the result of an intact
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ability to execute a movement but delayed ability to prepare for it (e.g. Rinehart et al., 2001) which
can account for the non-significant results between the TD and Autism groups in correct and incorrect
responses, but the difference in results for reaction times. Others however, such as Ferraro (2016),
claim that reaction time and sustained attention in Autism populations is more heterogenous, and
interpretation of attentional task results in this population should be made with care. Atypical
attentional characteristics are well documented in Autism and form part of early indicators that lead
to diagnostic referrals (Fletcher-Watson & Happé, 2019), but localised attentional superior abilities in
Autism (such as the ability to focus on one task for longer periods than neurotypical individuals)
demonstrate that sustained attention and vigilance, when directed towards a topic or task that is of
interest to the individual, is not deficient . Similar attentional superior abilities also exist in the FASD
population. Children with FASD can tend to focus on one particular subject, task or object for
prolonged periods of time, such as playing with one object or pacing and running from one room to
another repetitively without understanding the appropriate time to stop to take a break, including to
sleep or eat. These are likely to be labelled as RRBI’s, or strange or obsessional behaviours in FASD,
but are now emerging as superior abilities in Autism (Brown & Mather, 2016). One limitation of this
methodology therefore is that computerised tasks are not accurate at showing the true capacity of
sustained attention in these populations because they do not appeal to a child’s particular interest
and show special or superior attentional ability. This is discussed further in the limitations section

below and is an important area of further research.

The present study used a digit span test to measure working memory in the three groups. Due to
cortical damage as a result of PAE, working memory, short term memory and memory consolidation
problems are among the main cognitive issues in children with FASD (Lange et al., 2017). Given that
tests of working memory in the Autism population are more heterogeneous (Habib et al., 2019),
relying on visuospatial, phonological, attentional and executive control domains (Baddeley & Hitch,

1974; Limoges et al., 2013), it was therefore expected that children with FASD would score significantly
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lower than the TD and Autism groups in the test of working memory. Interestingly, whilst the present
findings established working memory differences between the clinical and TD groups, significant
similarities emerged between the Autism and FASD groups on logarithmic digit span-backward scores.
If this is examined within the working memory model of Baddeley and Hitch (1974; see Section 3.2.1),
it suggests there might also be similarly impaired visuospatial, phonological, attentional and executive
control functions in the two conditions. However, in the present study, sustained attention was found
to be significantly different between the two groups, and in the previous study (Section 2.8.4),
parentally reported executive function appeared to be syndrome specific. It may be the case that
methodological issues in the present study have not offered a full or substantial picture of the working
memory model, but if replicated studies arrive at similar results perhaps the working memory domain
is arrived at using differently functioning attentional and executive control domains. It is beyond the
scope of this thesis to make an argument for neuroconstructivism, but further studies in this field
should assess PAE affected cortical and subcortical structural damage (evidenced in FASD), in
comparison with overcompensated localised neural connectivity (evidenced in Autism). Both
divergent neural pathways result in significantly similar ‘impaired’ domains, as well as advanced

‘intact’ ones such as the superior attentional abilities as mentioned above (Karmiloff-Smith, 2009).

3.7.2.2 Prediction 4: There will be developmentally related changes in cognitive tasks in all three

groups (Happe & Fletcher Watson, 2019; Kodituwakku, 2009).

In general, children improved on all cognitive tasks with increasing CA. In comparison to the two
clinical groups, TD children showed the strongest CA related improvements on the cognitive tasks.
This was expected given the known differences in cognitive development between TD children and

those with Autism or FASD (e.g. Bodner et al., 2014; Brown & Mather, 2016).

In the Autism group, verbal and nonverbal MA was related to correct reaction times and digit score

forward, but not related to impulsivity or digit score backward. The FASD group saw the most MA
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related cognitive results: verbal MA was related to digit scores forwards and backwards, but not to
attention, while nonverbal MA was related to attention (correct hits), impulsivity, digit score forwards
and backwards. In the TD group, verbal MA was related to impulsivity and digit score forwards, while
nonverbal MA was related to digit scores forwards and backwards. Standard Deviation scores indicate
higher levels of variability in the Autism cognitive and MA scores, which may be a reason for this
outcome. Overall, in all three groups, MA was associated with both cognitive tasks, which as predicted

suggests that brain maturation is related to higher order cognitive skills across the three groups.

3.7.2.3 Prediction 5: Sleep and cognition will be linearly related in Autism, FASD and TD groups.
The higher the sleep duration and sleep efficiency, the higher the cognitive ability (Inkelis

& Thomas, 2018).

Multiple regression analyses were performed to examine whether sleep parameters assessing sleep
duration, sleep quality, sleep efficiency and sleep fragmentation were predictors of working memory
and attention in the three groups. It was predicted that, after controlling for CA, sex and SES, children
with better sleep quality and duration would perform better in the cognitive tasks. The models
demonstrated that a number of sleep parameters predicted cognitive outcomes in the Autism, FASD

and TD groups, but that some results were inconsistent with the hypothesis.

In the Autism group, sleep duration predicted 24% of the variance in working memory scores and 31%
of the variance in impulsivity. Longer sleep duration was associated with shorter correct reaction times
in the CRT. In the FASD group, later bedtimes predicted 29% of the variance in working memory scores,
whilst in the TD group, sleep parameters predicted 26-32% of the variance in working memory and
24% of the variance in correct reaction times. In summary, sleep was a significant predictor of working

memory and attention in the Autism and TD groups, but not in the FASD group.

In the present study, TD children who experienced higher sleep efficiency had longer digit spans. This

is consistent with previous work on the relationship between sleep and working memory in
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neurotypical individuals, where sleep disruption is associated with reduced performance in working
memory tasks (Espie & Morin, 2012). This performance decline is mediated by neural connectivity in
the frontal and parietal areas (Chee & Choo, 2004). Since working memory is an important part of
cognitive performance, reduced ability in this domain implies reduced task performance in several

neurocognitive domains.

The present study found that children with Autism who slept longer had longer digit spans. This is
consistent with hypothesis 7 and is supported by previous work by Calhoun and colleagues (2019)
where, in a sample of adolescents with Autism (n=96), digit span tests and actigraphy revealed that
working memory was linearly related to sleep disturbances. In the FASD sample however, the only
sleep parameter to be associated with working memory was bedtime: the later the child’s bedtime,
the longer the digit span. One obvious reason for this is that older children had later bedtimes and so
longer digit spans were related more to the developmental trajectory, despite CA being controlled for
in the model. Other than bedtime, neither working memory nor attention appeared to be significantly
associated with sleep in the FASD group (although nonsignificant results with smaller effect sizes did
show associations between sleep and cognition). This is inconsistent with hypothesis 7 which
predicted that cognitive outcomes would be predicted by sleep in the FASD group. It is unclear why
these relationships are inconsistent between the groups, but one reason may be due to the underlying
structural damage to the prefrontal areas caused by PAE. Astley and colleagues (2009) conducted fMRI
assessments on a sample (n=58) of children with FASD, whilst administering the N-back working
memory task, in which amongst a series of faces that were presented, participants were required to
identify duplicate consecutive and non-consecutive images. Performance was poorer in the FASD
sample than control sample, and performance on the task was marked by significant deficits in long-
range prefrontal, posterior and parietal lobe function (Astley et al. 2009). Hence, working memory
problems are intrinsic to the FASD neurocognitive profile due to this functional deficit (Lange et al.,

2017). Meanwhile, in TD populations, prefrontal and parietal areas continue to mature into
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adolescence, and are thought to have an association with sleep since this later maturation makes
these areas vulnerable to the effects of sleep disruption (Beebe, 2011). Firstly, as outlined in Section
1.1.4, one of the functional processes of SWS is the consolidation of memory through global cortical
and subcortical areas. During this time, prefrontal areas appear to ‘functionally disconnect’ from other
regions (Beebe, 2011). Secondly, after sleep deprivation has occurred, prefrontal areas are less able
to attend to cognitively demanding tasks, and theta waves can be observed which correspond with
diminished working memory function and sustained attention (Carskadon & Dement, 2011). As Beebe
(2011) suggests, cognitive deficits can be created through sleep deprivation and chronic sleep
disruption. It may be the case that in FASD, global structural and functional damage due to PAE has
caused working memory deficits, which, since they are intrinsic to FASD, will not be associated with
sleep to a significant extent. It is unclear whether this association would improve with sleep

intervention but this result demonstrates the need for this area of research.

3.7.2.4 Prediction 6: Caregiver reports on sleep will be inconsistent with objective

measurements (Espie & Morin, 2012).

It was predicted that parent report would be inconsistent with objective sleep measurements.
Although there were some similarities in all three groups, only the TD group passed the threshold of
significant correlations between CSHQ and actigraphy variables. Night Waking as measured on the
CSHQ were significantly related to Wake Bouts as measured through actigraphy in the TD group.
Additionally, Actual Sleep and Sleep Efficiency were negatively correlated with CSHQ total in all three
groups, but only significant in the TD group. This is consistent with previous studies. In a PSG,
actigraphy and CSHQ validation study conducted by Markovich et al. (2015) on a sample of TD children
(n=30), the only CSHQ and actigraphy variable that was analogous was Night Waking (Markovich et
al., 2015). Additionally, caregivers were not accurate at reporting sleep duration across the three
groups, which is consistent with the argument that there are inaccuracies in subjective caregiver

reports, and such studies should be supported with objective studies.
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3.7.2.5 Prediction 7a: Sex will be associated with cognitive outcomes in all three groups. It is
expected that girls will score higher than boys in cognitive measures (Corcoran et al.,
2011). 7b: SES will be associated with cognitive outcomes in all three groups. It is
expected that those from higher SES will score higher than lower SES in cognitive
measures (Corcoran, Crusius, & Mussweiler, 2011). 7c: SES will be associated with sleep
disturbances in all three groups. It is expected that those from lower SES will have lower
sleep duration and higher sleep fragmentation than higher SES (Corcoran, Crusius, &

Mussweiler, 2011)

In the TD group, SES was a significant predictor of bedtime, with those from higher SES backgrounds
sleeping earlier. Children with Autism and TD children from higher SES backgrounds performed better
on the receptive vocabulary task than those from lower SES backgrounds. It was predicted that SES
would be a mediator in the FASD group given that around 80% of children born with FASD are born
into situations of psychosocial risk, such as cyclical poverty or to a biological parent with a substance
addiction (Price et al., 2017). Psychosocial risk factors can have an impact on daily behavioural,
adaptive and cognitive functioning (Brown & Low, 2008), and factors such as chaotic home
environments, overcrowding and noise have a negative impact on sleep and academic performance
(Marco, Wolfson, Sparling, & Azuaje, 2011). Additionally, SES can have an impact on parent-child
relationships and children’s educational outcomes (Brown & Low, 2008). It would be expected
therefore that children from higher SES backgrounds score higher in cognitive tasks, but perhaps this
is not the case in the FASD group as the SES backgrounds have become more evenly distributed after

children have been placed in foster care.

3.8 Limitations

A number of limitations to this study have been noted above. The present study, and many previous

large-scale ones, have reported the diminished intellectual abilities of children with FASD through
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measuring ability on standardised scales (e.g. Streissguth et al., 1996, Nash et al., 2009). These studies
have noted that children with FASD consistently score lower on tests of cognitive ability but one
limitation here is that cognitive exhaustion, performance anxiety and negative school experiences may
cause children to withdraw from laboratory or classroom like settings. During the testing procedure
in the present study, it became apparent that the FASD participants needed more support and
encouragement from both the experimenter and caregiver than the Autism and TD children. Children
with FASD tended to react negatively when confronted with an item of ‘schoolwork’ and almost all
FASD participants refused to initially take part, particularly at the beginning of the set of tasks. Children
would also become overwhelmed by tasks and were aware that their cognitive capacities were being
tested. It became apparent that one child (aged 11) was deliberately giving the wrong answer every
time, which was ascertained when the task was paused and a picture from the BPVS set 1 (age 3) was
shown containing: 1. Pencil, 2. Cat, 3. Hairbrush, 4. Sock. The child was asked to name the items on
the picture and named them 1. Cat, 2. Toothbrush, 3. Sock, 4. Balloon. The child’s caregiver
encouraged him to volunteer the correct answer, but it became apparent that this was an attempt at
a refusal to take part. Conversely, other children tried to ‘cheat’ by moving from their chairs to look
at the answers. One child was overwhelmed by the BPVS after he did not know an answer and was
thereafter too preoccupied with having given the wrong answer to take part further. Whilst controlled
settings and standardised tasks measure cognitive ability, they also require that the child is not
experiencing overload; this is not only a priority for cognitive testing in FASD but should also offer an

insight into how educational strategies can address children with FASD.

Similarly, in the task of sustained attention, both children with Autism and FASD may not have
exhibited the full extent of their attentional capacities as the task was not of interest to them. As
mentioned above, children with Autism and FASD can show advanced sustained attention when
attending to particular games, videos or interactive activity, but may not show the same motivational

attention when presented with a cognitive attention task. This may mean that the child obtains a low
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score on a controlled attentional task but is actually capable of longer sustained attention. Conversely,
a ceiling effect emerged within the attention task in the TD group, with 16 children (36%) making no

errors.

In the working memory task, children with FASD developed a way to ‘figure out’ how to recall the
backwards digit span, without using the backwards working memory construct. The number was read
out (e.g. “1,3,5,2,7”). The child would then repeat the number quietly, but only emphasise the final
number (e.g. “1,3,5,2...7",“1,3,5..2”). Although working memory and higher order cognition was used
to satisfy the answer, backwards working memory was not employed in these instances. Where it was
apparent that this was occurring, the task was restarted with repeated instructions, however it was

only apparent that this was occurring when the children were quietly repeating the numbers forwards.

In the RSPM, some TD children were at an advantage if they had completed similar nonverbal puzzles
or 1Q tests before. Some children were seeing such a task for the first time and did not immediately
know how to complete it. Instructions were given as per the RSPM manual, however, some children
were more able to answer correctly if they had previously completed a similar task or puzzle. This is
often a problem with the RSPM since nonverbal tasks are less frequently used in primary educational
settings than when the normative data for standard RSPM scores were collected (between 1984 -

1987; Raven, Raven & Court, 2000)

One way of overcoming these limitations, albeit time consuming and expensive, would be to conduct
in depth studies with children with FASD, as well as with their caregivers and teachers in order to build
a wider picture of the child’s abilities. Such studies ought to be complemented with in school or at

home observations of children to see their cognitive capacities in a relaxed and normal environment.

Finally, whilst attempts were made to refrain from emphasising this as a sleep study, it was explicit

that children’s sleep would be measured. For this reason, there may be a sample bias within the
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clinical groups as caregivers with children with sleep problems were more likely to take part (see

Appendix for recruitment materials).

271



Chapter 4

272



4.1 Thesis Summary

This thesis presents the first two studies comparing sleep and daytime function in children with Autism
and FASD. Whist there is a paucity of sleep data concerning the FASD population, the studies
contained within this thesis contribute to the growing body of literature reporting sleep and its
correlates in Autism. Sleep was found to be a predictor of cognitive domains, domains of affect, and
adaptive behaviour in not only the two clinical samples but also TD. Sleep problems were also more
likely to be at higher, clinical levels in the Autism and FASD groups than in the TD groups. Therefore,
it is proposed here that sleep within these populations is of clinical concern, and that sleep
assessments and interventions should be designed specifically for children with Autism and FASD,
given the variability of their neurodevelopmental profiles as well as their apparent sensitivity to sleep
disruption. It is also proposed here that within these two clinical populations there exists a complex
interplay between sleep and several domains that are crucial during development. This thesis supports
the claim that caregivers, clinicians and educators ought to be informed of both the importance of
sleep to the neurodevelopmental process, and provided with strategies for addressing sleep

behaviour and sleep hygiene.

In Study 1, measurements from three inter-related domains were taken: anxiety, behaviour, executive
function. To recap Bowman (2018), behaviour is an expression of an emotional response, governed
by executive control. Bowman uses the example of a car accident: if an individual is driving along a
certain road and hits a car coming out of a junction, executive control mechanisms file the episodic
memory alongside the fear emotion. The following instance the same junction is passed, the fear
associated with this episodic memory resurfaces, and a maladaptive behaviour such as avoidance
follows. This neuronal pathway was phylogenetically intended to protect humans from predators, to
remember where predators were most likely to be encountered, and manifests in ‘fight or flight’

behaviour. Further strengthening these fear connections results in a pathological fear, which in turn
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becomes the fear and worry associated with anxiety. Thus, behaviour is conceptualised as the result
of constructed emotional and executive control responses. In examining the anxiety, behaviour and
executive functioning profiles of clinical groups where these three domains are compromised, it was
possible to begin an exploration into Bowman’s Triad concept using the examples of Autism and FASD.
However, it would not have been novel to measure these characteristics side by side, since (as outlined
in Section 1.4) several cross-syndrome comparisons have compared the neuropsychological domains
of Autism and FASD (albeit without using this particular battery of measurements). Adding the variable
of sleep allowed for a cross syndrome regression comparison between the Bowman Triad and sleep,

a known associate of anxiety, executive functioning and maladaptive behaviour.

Although there are caveats and cautions regarding apparent significance, the results of Study 1
revealed several significant regressions which may provide novel contribution to the study of sleep
and neurodevelopment. When placed visually (see Section 2.9), it appeared that some significant
regressions clustered around particular groups and variables, even when sex, age and SES were
accounted for. In the TD group for example, almost every maladaptive behavioural subscale
(withdrawn, somatic, anxious, social problems, thought problems, delinquency, aggression and
composite score) was significantly correlated with daytime sleepiness. This was not the case in the
Autism or FASD groups. Similarly, high levels of executive functioning problems were apparent in
relation to sleep duration in the two clinical groups, but not the TD group. In the Autism group, fear-
based anxieties were related to sleep anxiety, whilst in the FASD group executive functioning was
more related to sleep anxiety. Because some significant regressions appear to cluster around sleep
parameters across different syndromes, it is tempting to claim sleep may serve different domains
depending on neurodevelopmental profile and environmental input. However, it must be noted that

cross sectional data cannot give us causal information.
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Syndrome specificity (defined as when ASC/FASD; FASD/TD; ASC/TD all yielded statistically significant
differences) was found in some subscales of executive functioning (shifting, organisation of materials,
monitoring and emotional control; Autism consistently scoring higher than FASD) and behaviour
(delinquency; FASD scoring higher than Autism). Whilst there may be similarities in behaviour and
affect in the two populations, several executive functioning domains appeared to have what is
conceptualised here as syndrome specificity. If this can be generalised to the greater Autism and FASD
populations, it may suggest phenotypic differences in executive control and rule following. This has
important implications for caregivers and professionals working with children with FASD, where
resources that are aimed at children with Autism are often reused for children with FASD (Catterick &
Curran, 2014). If executive functioning profiles are variable then resources aimed at Autism may not
be appropriate for the learning needs of a child with FASD. For example, the present results suggest
shifting from one task to another is more difficult for a child with Autism than it is for a child with
FASD, but rule following behaviour is more difficult for a child with FASD than a child with Autism.
Interventions used in the classroom therefore, such as a timer to count down until the next activity to
allow time for adequate ‘shifting’, may not resonate with a child with FASD where rule following
behaviours (as seen in ODD and conduct disorder) are likely to interfere with concepts such as teacher-

facilitated schemes of work/ timetables.

This thesis is a cross-syndrome comparison between Autism and FASD, however it makes a novel
contribution to the field because it is not simply a comparison of the differences between the two
clinical samples, or an assessment of which clinical thresholds are met: tests of similarity allow the
researcher to assess whether two sets of data are statistically significantly similar. Previous literature
examining Autism and FASD have assessed significant differences between the neurodevelopmental
profiles, or assessed whether one clinical group fits the diagnostic criteria of the other (e.g. Bishop et
al., 2007; Mukherjee et al., 2011). The present studies yielded similar results to previously conducted

cross syndrome comparisons between Autism and FASD, but tests of similarity can add an extra
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dimension to this. For example, the present results concur with Bishop et al., (2007) who found that
both their Autism (n=33) and FASD (n=29) samples presented with social communication difficulties
that were at a clinically significant level (as ascertained by ADI-R). In Study 1 (albeit not as rigorously
or objectively as Bishop and colleagues), it was similarly found that both children with FASD and
Autism reached clinical levels for social communication difficulties, as well as a number of other
cognitive, behavioural and affect related clinical thresholds found throughout Study 1 and Study 2.
Another cross-syndrome comparison was conducted by Mukherjee and colleagues (2011) and
outlined in Section 1.4. In Mukherjee et al. (2011), children with FASD and Autism both displayed
clinical levels of withdrawn behaviour. Study 1 similarly found that both FASD and Autism groups
reached clinical thresholds for ‘Withdrawn’ as a CBCL subscale, but additionally found that there were
statistical similarities between Autism and FASD in the subscale of ‘Withdrawn’. This statistical
similarity was not found in the subscale of social/ communication and therefore cannot (using the
present results) be applied to the Bishop et al. (2007) results. Therefore, adding tests of similarity
allows us to understand past whether the two sets of means simply reach a threshold, but also to
what extent two neurodevelopmental profiles might parallel each other. Two-one-sided-tests
revealed several statistically significant similarities between the Autism and FASD groups in behaviour
(withdrawn behaviour), and anxiety (panic, separation anxiety, physical injury, generalised anxiety and
SCAS total). This provides a novel methodological contribution and can be utilised in the future in

order to further assess the FASD profile.

Study 2 examined two cognitive domains (working memory and attention) against sleep and CA/MA.
As outlined in Section 3.7 There was high variability within the two clinical groups in the cognitive
tasks, supporting the argument that both children with Autism and FASD can show typical and atypical
cognitive functioning. Children with Autism and TD children showed minimal differences in verbal MA
scores, digit span forward, and attention scores. Developmental effects were found across the three

groups in cognitive scores. Few associations were found between sleep and cognition across the three
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groups, and whilst sleep was associated with attention and working memory in the Autism and TD
group, it was not in any meaningful way in the FASD group. Since this is the first study to report the
association between sleep and cognition in FASD, it is not possible to compare this study with previous
similar ones. In Autism research, previous meta-analyses assessing sleep and psychological domains
reveal heterogeneity in results (e.g. Diaz-Roman et al., 2018), possibly because sleep and cognition
also contain high inter-individual variability and future studies may require larger sample sizes and
uniform methodology. Nonetheless, the present study is the first to report both Autism and FASD
sleep data side by side, the first to do so for the FASD population and for that reason provides a unique

contribution to the field of developmental psychology.

4.1.1 Limitations summary

As mentioned throughout the discussion sections of this thesis, several limitations to these studies
are noted. Validation issues with the CSHQ mean that it is not the most reliable sleep measurement
tool available for paediatric populations. It is not validated for neurodevelopmental populations, or
for the upper range of the sample age in Study 1. This may have yielded some inaccurate significant
results, which can be identified/ rectified through future replicated studies and a push for other sleep
measurement instruments to be more widely used. Additionally, whilst it was noted that caregiver
report may not support objective reports, the CSHQ was inconsistent with actigraphy. This may have
been because of ‘first night’ or ‘participating in a sleep study’ effects (several caregivers commented
on how the watch served as a visual reminder that sleep habits were being monitored, which they felt
led to smoother bedtimes resulting in better sleep for the week of the actigraphy). There were
additionally sample limitations. Care was taken to not include any children with diagnoses of both
FASD and Autism and both the NST and CARS were used to assess overlapping symptoms. No child
with FASD who scored at clinical levels on CARS participated in either study, however this cannot

guarantee that children with FASD with any Autism characteristics were excluded. There may also
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have been sample bias in this study which was at first advertised as a study assessing sleep in Autism

and FASD.

Significant results were assessed within this thesis as those yielding effect size larger than 0.3, p value
<0.05, and pre and post hoc power analyses to examine the extent to which it is likely the data
translates to the population. Ensuring viability when assessing significant results is important to
experimental and novel work and there are several limitations to these statistical measures. P values
are a widely used measurement of significance in scientific literature, but have several disadvantages
as they could indicate significance when there is none, or provide a simplistic and binary view of
significance. It may be the case, as Ranstram (2012) suggests, that confidence intervals and other
measurements of significance should be used alongside p values in order to assess significance.
Similarly, a-priori power analyses are adept at measuring the number of participants that are needed
to explore a phenomenon in the population, but post-hoc analyses are constrained in their ability to

offer much more than the results already gained (Field, 2018).

It was also demonstrated here that differences between caregiver report and objective measurements
should be taken into consideration for future studies assessing sleep in atypical populations. However,
according to both caregiver report and objective measurements, getting to sleep and staying asleep

appeared to be more problematic in the clinical groups than the TD group.

Additionally, the samples represented here are not necessarily representative of the wider population
and further replicated studies, preferably with longitudinal, stratified samples would provide more of
an indication of sleep and daytime characteristics in the wider population. Some statistical limitations
are also of note: when multiple regressions are being analysed, there can sometimes be a tendency
to overinterpret significant results within the sample to the whole population. The most this can be

rectified is through F ratios to assess the degrees of freedom there are likely to be between the sample
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and the population, or a-priori and post hoc power analyses which assess the likelihood of high
applicability to the population based on sample size (Field, 2018). Meanwhile, power analyses are not
efficient or reliable at generalising to the population (Faul, Erdfelder, Lang, & Buchner, 2007; Zhang et

al., 2019)

4.1.2 Future studies

The most reliable way to ensure certain phenomena exist within the population is through replicated
studies and meta-analyses. Future correlational studies in Autism and FASD can ensure the robustness
of the claim that there is a relationship between daytime functioning and sleep in these clinical
populations. In turn, it would be ideal to ascertain whether this correlational relationship is causal.
Sleep intervention studies are much needed both in FASD as well as Autism, and are areas of
immediate concern. Primarily this is because it is now established that sleep is crucial to healthy
neurodevelopment. Future studies should also include further PSG and actigraphy data in the FASD
population as there is a scarcity of data here aside from the present thesis and the two previously
mentioned studies. This would enable researchers to gain an understanding of the sleep architecture

in this population.

If attempting to extend work on behavioural profiles and sleep, future studies could replicate this
study on samples of children with a diagnosis of FASD, diagnoses of FASD and ADHD, and
pathognomonic ADHD. This would contribute some understanding of the relationship between PAE
and attention. One methodological suggestion for future studies is further use of the two-one-sided

test, which can assess significant similarity between two sets of means.

Sleep problems are a burden on caregivers, family and the children involved. Sleep intervention

studies and correlative studies can contribute to the understanding of the function and impact of sleep

279



in Autism and FASD, with the ultimate aim of creating an impact that can alleviate some of the stresses
and burdens faced by children with Autism and FASD, as well as their caregivers. There is a pressing
need for resources on sleep hygiene or behavioural interventions specific to the sensory, perceptual,
attentional specifics of children with either Autism or FASD. More importantly, there is a general lack
of awareness of FASD amongst professionals who may not realise they are coming across a child with
PAE (Brown & Mather, 2016). Although training and resources exist in social work and social care
settings where the presence of FASD is more well-known (Catterick & Curran, 2014), resources and
training for special educational needs co-ordinators (SENCOs), educational psychologists and teaching
staff would be beneficial in extending the knowledge of this little known but impactful developmental

condition.
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Appendix I:

Content and frequency of nightmares by group. This question was asked as part of the battery of

guestionnaires. Not all children experienced nightmares but of those who did, children with FASD

tend to experience more persecutory nightmares than children with Autism.
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Diagnosis Does your child have nightmares? If so, please describe the content and frequency.

TD Random content. Could be me leaving could be monsters. Could be about going to school. Usually weekly.

TD Very rarely, last time she dreamed our puppy had died.

TD At least once a week, they tend to involve wolves, aliens or family members going away/being hurt.

TD Rarely at the minute and usually he will get up out of bed but not fully awake, needs consoling but will go
back to bed easily and fall back to sleep.

TD May call out for Mummy or Daddy once every couple of weeks. Will sometimes talk in sleep but make no
sense.

TD Occasionally about 1 a month. She can’t remember the content.

TD Yes, he is just been able to tell us that he dreams that monsters are eating people. More often he wakes
crying repeatedly (up to 10 times a night) calling for me and tells us that he feels sad.

TD Nothing | would call a nightmare, but she calls them nightmares. They sound like random dreams, with
some running away.

TD Separation monthly.

TD Dead people, ghosts, it can happen a couple of times per month.

TD Every now and then. Normally about something happening to close family or the pets.

TD The content can vary, and he doesn't always remember. Depending on our routine they are infrequent as
he suffers from night terrors, so we monitor things closely.

TD Very often most nights speak about being chased by a dog.

TD School worries.

TD Sporadic. Maybe every 3 -5 weeks. No regular pattern. Sometimes link to tv.

TD Once a year maybe. Sometimes involving monsters.

TD He has nightmares very sporadically, but he doesn't want to talk about them.

TD Occasional due to anxiety, issues at school and stress of preparing for GCSE's.

FASD Crying screaming thrashing about not often.

FASD Sometimes, alone, Vikings.

FASD He sometimes has nightmares. Maybe once a week.

FASD Yes. Every night. She wakes up screaming and sweating at least once. She seems phased out and will not
talk she will however follow instructions. She can’t remember what her nightmares are about and will not
talk about them the next day.

FASD Few times a month for a few consecutive nights then none for a while. Content is not clear.

FASD Occasional nightmares, something that may be worrying him.

FASD Occasionally.

FASD Yes. Always monsters chasing him. Usually once or twice a week.

FASD Yes, related to past experiences, about 2-4 times per week.

FASD He tells me he has nightmares most nights. He dreams people die or he dies. He dreams he is alone and
can't find anyone. He feels he can't come and get me or call out for help as he thinks there are people in
the house who will come and kill him.

FASD Occasionally about monsters and zombies.

FASD Regularly. Scary witches. Ghosts.

FASD One every 2 or so weeks. Dreams of being taken by a stranger.

FASD Once twice a month, she can never remember but she’s shouting at somebody in her sleep.

FASD Being chased, maybe twice a week.

FASD Sometimes, being chased or chasing, fighting others, knives or clowns. Less frequent in last year and a
half.

FASD She will shout out in her sleep and talks a lot.

FASD Usually involving boys fighting over her, once a week.

FASD Has nocturnal epilepsy. Used to have when younger. Now has waking fear palpitation.

FASD Yes, more than 2 to 3 times a week.

FASD None that he talks about.

FASD Yes - vivid dreams about zombies and monsters are common.

FASD She can’t tell me the content. 5 times a week approx.

FASD Maybe, but she cannot tell us.

FASD House break in.

FASD Not sure, will sometimes wake up very upset.

FASD Being 'robbed' from me.

FASD Not often. Once a month perhaps. Often dreams foxes have eaten our chickens. Or a fox jumps into his
bedroom window. Or fox staring at him through his 2nd floor bedroom window. Sometimes dreams of
giants smashing things up in his bedroom. Or dreams of thieves breaking in and stealing his toys and
precious cuddly toys. Sometimes monsters or dinosaurs.

FASD Rarely but if does being chased.

FASD Yes, but she is unable to explain the content.
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FASD

FASD

FASD
FASD
FASD
FASD
FASD
FASD
FASD
FASD
FASD

FASD
FASD
FASD
FASD

FASD
FASD
FASD
FASD
FASD
FASD

FASD
FASD
FASD

FASD
FASD
FASD
FASD
FASD
AUTISM
AUTISM

AUTISM
AUTISM

AUTISM

AUTISM

AUTISM
AUTISM
AUTISM

AUTISM
AUTISM
AUTISM
AUTISM
AUTISM
AUTISM

AUTISM

Yes, and wets bed at same time. Content is varied but can be being chased, about once a month it wakes
her up.

Yes, about twice a week he will have bad dream. He is usually shouting 'get off me' and pleading. We go
and stroke his head and tell he's at home in bed and is safe.

Yes 1-week approx. The past.

Sometimes not as frequent at the moment but talks a lot in his sleep.

Not as bad recently. Used to wake and be inconsolable, sometimes self-harming.

Approx. Twice a week. Usually about bad guys or monsters.

Occasionally no idea what they are about she says bad guys.

Occasionally....Mum dying.

Yes, big presence in his room, disturbed by noise.

Not being able to get something.

2-3 per month he tells me he has had a nightmare, maybe has them more but doesn't say. They always
seem to be about him, his brother and his mum but he can’t explain anymore. Suffered neglect while
living with mother because of drug and alcohol misuse.

Sometimes but not clear what the nightmare was about as she doesn’t remember, or she can’t describe it.
Sometimes he will say | had a bad dream last night.

Monsters people in his head telling him to do bad things. At least once a week.

They have reduced following two and a half years of psychotherapy, but they are nightmares of red
buttons, trolls, robots.

Yes, less frequently now, but approx. Every 3 weeks or so. He is unable to tell us the content.

Not that he says, he’s only mentioned a few in the past but can’t remember them

Yes. Very abstract not very specific.

Possibly 3-4 times a month Usually someone chasing him or catching him.

Yes, quite regular, about his siblings, the dog, his toys dying.

Usually twice a week shouting n muttering in sleep is noted but child will not recall a nightmare. Once a
fortnight usually a nightmare about her safety or my safety.

Yes, he does. Can be very large insects chasing him. Being killed, shot.

Every night.

Every night. Mostly about me dying or there being people in the house that will kill him. Lots of his
nightmares don't make sense.

Most night. Dreams about skeletons or the monster that eats babies that lives at school.

Most nights. Used to be an insomniac before going on risperidone.

Every night not recalled.

Monsters 2 times a week.

Yes at least once a week often every night. People or monsters chasing him.

Not sure if he has nightmares but he shouts out throughout the night and tosses and turns.

1 per week but has gone through phases of having lots. V scared of dark so often needs lights on or gets
the fear when wakes at night. When he wakes after midnight, he rarely seems that sleepy and I’'m not sure
he’s going to go back to sleep. He seems v alert.

Rarely, cannot recall content.

Yes often. He doesn't usually want to say but he often dreams of someone in the family or him dying. He
goes through phases where he will have nightmares and night terrors every night and other phase where
he doesn’t have them for a while. He doesn’t like closing his eyes or want to go to sleep for fear of
nightmares and if he has one in the night, he won’t go back to sleep for fear of it happening again.

Yes - almost every night. He doesn’t want to describe it when he wakes. Later he may say it’s about
something from TV or event that’s happened. He struggles to switch off the fear and so needs us to sleep
with him to get back and stay asleep.

Yes, about once a week, they are always linked to abandonment- being left at a railway station or about
waking and no one else being at home.

Yes. And infrequent once a week if that.

Aliens are coming to get him!

She says she has usually if someone has shown her something or she has seen something by accident. Can
be 3-4 times a week or none. No pattern. Gets scared by noises.

Approx. Once every 2-3 weeks.

Always. Car crashes. Death. Torture. Being left alone.

Yes, recurring after suffering trauma. Can be up to 4 times a week.

2/3 times a night.

Yes, sometimes, but content almost never disclosed, just 'scary'.

Patches of nightmares, subject not always disclosed. A couple of times a man who followed son and friend
in school and in wood and clearing and had fireballs for hands.

I think he sometimes has nightmares, but he is unable to explain the content of his dreams. This occurs
probably 2 or 3 times a week.
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AUTISM

AUTISM
AUTISM
AUTISM
AUTISM
AUTISM
AUTISM
AUTISM

Sometimes he does; he rarely remembers but they seem to involve him being chased. He went through a
rough patch when someone at school told him about 'Five Nights at Freddie's', he was anxious and had
nightmares about that for a while.

Nightmares 2-3 times a week usually of some form of harm happening to family member.

Sometimes - only a few times a month. He does talk in his sleep though and sleep walk more frequently.
Over past few months since starting high school has been happening about 10 times a month.

Yes, probably 2 to 3 times a week. Sometimes night terrors but this is lessening with age.

Apparently most nights but he can’t describe them.

Occasional nightmare about being lost and unable to find people or being chased by wolves.

Wakes crying saying had bad dream a hand full of times a year.
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Sloth
Scientists

Sloth Scientist workshops are a series of interactive
activity workshops for children, running every Saturday
between the 28th April and 4th of August at the UCL
Institute of Education.

Children are introduced to the fascinating world of the
mind and sleep, via Professor Slothington, who sleeps up
to 20 hours a day!

Children will be guided through some fun and creative
activities designed to make them think about the world
around them. They then take part in a series of computer
and brain games activities, while we get the opportunity to
learn about children’s sleep, attention, memory and
language.

Children aged between 6-13 welcome to attend.
Preference given to children on the Autism or Fetal
Alcohol Spectrum.

Email: rabya.mughal.14@ucl.ac.uk
www.lilaslab.com/sloth-scientists
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Institute of Education

Please Keep This For Your Information

Dear Parents,
Thank you for taking part in this study.

Your participation will help us find the link between how well children sleep, and how well they are
able to regulate their emotions, or learn things at school.

This study is being carried out at the UCL Institute of Education, Department of Psychology and
Human development.

What Happens Next?
1. Fill in and return the Consent Form and Questionnaire.

Please find enclosed a consent form, and questionnaire with multiple choice questions. These
questions are about your child’s sleep, behaviour, emotions, attachment and executive function
(planning/ memory/ organisation skills). Please fill in this questionnaire as soon as possible, as it is
only after you have completed the questionnaire that we are able to continue with the study.

2. Your child will take part in the activities (cognitive testing).

You child will take part in the following activities: 1) British Picture Vocabulary Scale (measuring
vocabulary); 2) Raven’s Progressive Matrices (Measuring 1Q); 3) Continuous Performance Task
(measuring attention span); 4) Digit Span Test (measuring working memory). These will be carried
out at school at an appropriate time. If you would like to be present whilst these are taking place
please indicate this in the consent form. You will be informed of the date and time of your child’s
test.

3. Your child will come home with an actiwatch (depending on the availability of equipment).

On the day of the activities/ testing, your child may be wearing an actiwatch. This is a small
accelerometer, worn on the wrist, that measures how well your child sleeps at night. | will be
present at home time in the playground if you have any questions about the watch. It cannot be
removed until you cut the plastic, and is waterproof so can be worn in the bath, shower, swimming,
etc. For the best results, it should be worn all week, however one normal night is the minimum
amount. If your child does not have a normal night of sleep, it should be worn for longer. Please
ensure that your child does not tamper with the straps. Please note there may be a waiting time for
the watch as there is a shortage of equipment.

4. You will receive a report.

After the study is finished, you will receive a detailed report on your child’s sleep, behaviour,
emotions, memory, executive functioning, 1Q, language and attention.

“6 y .3"/.
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Please ensure that you have completed and returned the questionnaire as soon as possible. If you
have any questions, please feel free to drop me an email/ find me at home time.

Kind regards,

Rabya Mughal
rabya.mughal.14@ucl.ac.uk

(\ Lifespan Learning and Sleep Laboratory

:‘6—-&’4
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Consent Form

The Lifespan Learning and Sleep Laboratory
Department of Psychology and Human Development
UCL Institute of Education

Please read the following carefully.
Project Title: Sleep, Anxiety, Executive Function and Behaviour in Children.
Information for Parents.

What is the purpose of this research?

Thank you for agreeing to take part in this research. The aim of this research is to find whether
there is a link between sleep problems, anxiety, executive function, and behaviour in children.
There are two parts to this study. The first part is completing the questionnaire attached to this
consent form. The second part is a study involving some cognitive and sleep measurements of
your child.

Do | have to take part?

Taking part in this study is voluntary and you are free to exit it at any time you wish. Allowing your
child to take part in the cognitive and sleep measurements is also voluntary. You or your child may
withdraw at any point.

What do | have to do?

1. In the following pages you will be asked a series of questions on your child’s health, sleeping
habits, emotions, and behaviour. You will also be asked background questions. Should you
wish to do so, you can provide your name and contact details so that your child’s results may
be sent to you.

2. Your child will then be given a set of cognitive measurements. These cognitive measurements
will take place during school time. You are welcome to attend whilst these take place. The
cognitive measurements are: 1) the British Picture Vocabulary Scale (a measurement of
language); 2) A Continuous Performance Task (a measurement of attention); 3) Ravens
Progressive Matrices (a measurement of 1Q); 4) The Digit Span Test (a measurement of
working memory); 5) Actigraphy (a measurement of your child’s sleep quality. This is an
accelerometer worn as a wristwatch.)

What happens to the information in the project?

All personal information on this questionnaire will remain confidential. Should you wish to leave
your contact details you are free to do so. All information given in this questionnaire is confidential,
and cannot be accessed by anyone other than the researchers named below. University College
London is registered with the Information Commissioner’s Office who implements the Data
Protection Act 1998. All personal data on participants will be processed in accordance with the
provisions of the Data Protection Act 1998.

What happens next?

If you are happy to take part, please sign below. Feedback will be given within two weeks of your
completion of this questionnaire. All results will be anonymised. Should the results be published,
you will be able to view them on the Lifespan Learning and Sleep Laboratory website:
wwww.lilaslab.com

Researcher contact details:
Rabya Mughal: rabya.mughal.14@ucl.ac.uk;

Supervisor: Dr Dagmara Dimitriou, Reader in Psychology, UCL Institute of Education.
Dr. Dagmara Dimitriou: d.dimitriou@ucl.ac.uk

WY
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Consent Form

If you have any questions or concerns, during or after this study,

or wish to contact an independent person to whom any questions may be directed or
further information may be sought from, please contact:

UCL Ethics Committee

University College London

Gower Street

London

WC1E 6BT Telephone: 0203 108 8216

Email: ethics@ucl.ac.uk

- | have read the information above and consent to this study:

- lunderstand | am free to withdraw at any point of this study, and that if | wish to do so, no
information from this study will be used:

- lunderstand | can contact the researcher Rabya Mughal at any time for any arising enquiries:

- lunderstand that the results will be shared anonymously and and no participant will be
identifiable.

Signed:

Any notes or comments:

¥
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Sleep Diary

(Write your name here)

Fill in these blanks with your information.

[ am years old and in grade.

This is the week of

(Month) Da  (Yean

1. Complete Before Going to Bed
* What did you drink today?

In the space inside each can, write the number of cans/bottles of caffeinated drinks, such as soda and tea, you had
each day of the week. Remember, caffeine in drinks can keep you from sleeping well.
Sunday Monday Tuesday Wednesday =~ Thursday Friday Saturday

* Check off any of these activities you did in the HOUR before going to bed.

Sunday | Monday | Tuesday |Wednesday | Thursday | Friday Saturday

Read
@ l)e:)loka

Used the
Computer

Played with
B

i Exercised/
Played Sports

@ Watched
TV

| =

ames
| /
& : s Listened
> * to Music
{ o Had a
Snack

; /f Took a Bath/
) Shower

P Talked
@ ] the Isho':ll;

Did
Homework
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2. Complete When You Wake Up

* How did you sleep?

Answer the first two questions by circling YES or NO. Write your answer to the last question.

Sunday | Monday | Tuesday |Wednesday| Thursday | Fri Saturday

Did you have troubl
falling asleep? Yes No Yes No Yes No Yes No Yes No Yes No Yes No
Did yoo e ip Yes No | Yes No | Yes No | Yes No | Yes No | Yes No

during the night? Yes No

Who or what
woke you up during
the night?

* How much sleep did you get last night?

Color in the boxes from the time you fell asleep last night until the time you woke up this morning. Count the number
of boxes you colored in to figure out how many hours you slept. Write the number of hours you slept below each day.

EXAMPLE Sunday Monday Tuesda: Wednesday || Thursday Friday Saturday
7:30 M 7:30 rM [ ] 7:30 M [ ] 7:30 M 7:30 PM [ ] 7:30 rm [ ] 7:30 M [ ] 7:30 pm [ ]
8:00 PM s:00em [ ||| 8:00 pm s:00om [ ||| s:00em [ ||| s:00em [~ ||| s:00em [ ||| 8:00em [
8:30 pMm 830 em [ Y| 830 em [T sz30em [T 830 em [T 8:30 em [TT|| 830 em [TT]|] 8:30 0w [T
9:00 PM™ 9:00em [ || 9:00 8 [ |[| 9:00 pm 9:00em [ ||| 9:00em [~ ||| 9:00em [ ||| 9:00em [
9:30 PM 9:30em [ ] 930 em [ (|| 930 em [T 9:30 em Y| 9:30 oM [T 9:30em [ || 9:30 em [T
10:00 pm || 10:00 pm [ ||| 10:00 pu 10:00 PM 10:00 em [ [|]10:00 em [ []]10:00 oM [ [|]10:00 @ [ |
10:30 rm [ 10:30 oy [ 10:30 Pm 10:30 PM 10:30 PM 10:30 PM 10:30 pm [ 10:30 em [
11:00 PM 11:00 em [ ||f11:00 em 11:00em [ ||f11:00 ese [ [J]11:00em [ Jff11:00 8 [ (|| 11:00 8 [
11:30 pM 30 em [ 3o e [T 30 em [T 1sz0 e [T 1rz30 em [T 030 e [T 11230 em [T
12:00 AM 12:00 am | ||f12:00 amt [ [} 12:00 ane [ ] 12:00 ane [ [}]12:00 ave [~ [|]12:00 avt [~ ||{12:00 amt [
12:30 AM 1230 am [ 12:30 am [ | 12:30 ane [TY| ] 12:30 am [T | 12:30 anve [T 12:30 am [T 12:30 am [T
1:00 AM 1:00am [ ]| 1:00am [~ || 1:00am [ ()] 1:00am [ ||| 1:00am [ (|| 1:00am [ ||| 1:00am [ |
1:30 AM 130 aM [ 130 am [T 3o av [T 130 ave [T 130 am [T 130 am [T 1:30 am [T
2:00 AM 200am [ ||| 2:00am [ ||| 2:00am [ ||| 2:00am [ ||| 2:00am [ ||| 2:00am [ ||| 2:00 am [ |
2:30 AM 2:30 am [ 2:30 AM 2:30 AM 2:30 M [ 2:30 AM 2:30 AM 230 am [ ]
3:00 AM [ 3:00 A [ ||| 3:00 av [~ || 3:00am [ || 3:00 axt [~ ||| 3:00am [ ||| 3:00 am [ ||| 3:00am [ |
3:30 A | 330 am [ 3:30 am [T 330 am [T 330 am [T 330 am [T 3:30 am [T 3:30 am [T
4:00 AM 4:00 am [ ||| 4:00 am [~ ||| 4:00 am [ ||| 4:00 ama [ ||| 4:00 avt [ ||| 4:00 am [ ||| 4:00 am [
4:30 am [ 430 am [N 430 am [T 430 av [T 430 am [T 4:30 av [T 430 am [T 4:30 am [T
5:00 AM 5:00am [ ||| 5:00am [~ (|| 5:00am [ ||| 5:00am [ ||| 5:00am [ ||| 5:00am [ ||| 5:00am [ |
5:30 AM 530 aM [ (|| s:30am [T s:30am [T s:30 am [T 530 am [T s:30 am [T 5:30 am [T
6:00 Am [} 6:00am [ ||| 600 am [ ||| 6:00am [ |f| 6:00 am [ ||| 6:00 am [ ||| 6:00am [ [}] 6:00 am [ |
6:30 AM 630 am [ 630 am [T 630 avt [T 630 am [T 630 amt [T 6230 amt [T 6:30 am [T
7:00 AM 7:00am [ ||| 7:00am [~ (|| 7:00am [~ ||| 7:00am [~ ||| 7:00am [~ ||| 7:00am [ ||| 7:00am [
730 M [ | 7:30 Am [ 7:30 AM 7:30 AM 7:30 Am [ 7:30 AM 7:30 AM 730am [
8:00am [ | 8:00 am [ ||| 8:00am [ ||| 8:00am [ ||| 8:00am [ ||| 8:00am [ ||| 8:00am [ ||| 8:00am [ |
8:30 am [ ] 8:30 am [ 8:30 am [T 830 am [T 8:30 am [T 8:30 am [T 8:30 am [T 8:30 am [T
9:00 aM [ | 9:00 am [ ||| 9:00 am [ [ 9:00 ame [ [ 9:00 am [ [ 9:00 am [ [ 9:00 am [ [|| 9:00 am [ |
9:30 am [ 930 am [ | 930 am [T 930 am [T 9:30 av [T 9:30 avt [T 9:30 av [T 9:30 am [T
10:00 am [ | 10:00 Am | |]]10:00 avt [~ ||{ 10:00 avt [~ |f{ 10:00 avt [ |f{ 10:00 am 10:00 AM 10:00 am ||
I slept I slept I slept I slept I slept I slept I slept I slept
11
hours. hours. hours. hours. hours. hours. hours. hours.
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3. Complete At The End of the Davy

* How did you feel during the day?

Color in the boxes up to the number that

describes how you felt each day.

* How much energy did you have today?

Monday | Tuesday |Wednesday| Thursday | Friday | Saturday | Sunday
Full of energy 5
4
Some energy 3
2
No energy 1
* How awake were you today?
Monday | Tuesday |Wednesday| Thursday | Friday | Saturday | Sunday
Wide Awake 5
4
Awake but a 3
little sleepy
2
Very sleepy 1
* How did you do in school today?
Monday | Tuesday |Wednesday| Thursday | Friday
Paid attention in all my classes 5
4
Paid attention some of the time 3
2
Couldn’t pay attention 1
Answer these questions by circling YES or NO
Monday | Tuesday |Wednesday| Thursday | Friday | Saturday | Sunday
Did you fall asleep
when you didn’t Yes No | Yes No | Yes No [ Yes No | Yes No | Yes No | Yes No
mean to?
Did you take anap? | Yes No | Yes No | Yes No | Yes No [ Yes No [ Yes No | Yes No
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The Lifespan Learning and Sleep Laboratory
University College London

25 Woburn Square

London

WC1H OAA

Dear ***
Thank you for taking the time to participate in this study. Please find your child’s results set out below.

Name:
Age at testing: * years * months
Date of Birth: dd/mm/yyyy

Below is a description of the tasks your child completed. On the following pages you will find the results
of these tasks.

1) Ravens Progressive Matrices (RPM; Raven 2008).

This is a test of general intelligence, traditionally called an IQ test. Raven's Progressive Matrices measure
two components of general intelligence: the capacity to think clearly and make sense of complex data
(eductive ability); and the capacity to store and reproduce information (reproductive ability). Children are
shown a number of pictures with pieces missing, and are instructed to “find the missing piece”. Care must
be taken when interpreting these kinds of results as children with more practice will do better at IQ tests.

2) British Picture Vocabulary Scale (BPVSI Dunn, 2009).

This is a test of receptive vocabulary which looks at the child’s vocabulary age (i.e if the child knows and
understands as many words as other children his own age). Children are shown a series of pictures and are
instructed to point out their meanings. Words increase in difficulty throughout the task.

3) Sleep - Actigraphy

Actigraphy is a measurement of a child’s movement, translated into sleep quality.

Sleep Efficiency: The quality of sleep. Anything above 80% is good.

Sleep Latency: The amount of time to go from wakefulness to sleep. This should be around 20 minutes.
Wake Bout: Number of (short) wakings during the night.

Mobile Time: The amount of time spent mobile during sleep. This should be below 20%.

Please see separate sheet for sleep analyses.

4) Child Sleep Habits Questionnaire (CSHQ; Owens, Spirito & McGuin, 2000)

This is a commonly used questionnaire that assesses pediatric sleep problems. Information from this
guestionnaire is grouped into 8 categories: Bedtime Resistance (this includes refusal at bedtimes, ‘curtain
calls’ — for example coming down for a glass of water or one more story etc.); Sleep Onset Delay (a delay
in the time between lights out and falling asleep); Sleep Duration; Sleep Anxiety (worries about being in
the dark, alone, etc.); Night Waking; Parasomnia (sleep walking/ talking/ grinding teeth etc.); Sleep
Disordered Breathing, and Daytime Sleepiness. Set out below are scores for each category, and an overall
score. If your child’s score is higher than a category or overall score, this is an indication that there is a
problem with sleep, which should be referred to a sleep professional through your GP or pediatrician.

5) Spence Children’s Anxiety Scale (SCAS; Spence, 1997;1998):

This is a commonly used questionnaire that assesses pediatric anxiety problems. Information from this
guestionnaire is broken down into several different categories: Separation Anxiety, Social Phobia,
Obsessive-Compulsive Disorder, Panic, Physical Injury Fears and Generalised Anxiety Disorder. Set out
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below are scores for each category, and an overall score. If your child’s score is higher than a category or
overall score, this is an indication that there are higher levels of anxiety, which should be seen by a clinical
professional.

6) The Child Behaviour Checklist (CBCL; Achenbach & Rescorla, 2001)

This is a commonly used questionnaire that assesses children’s behaviour. Information from this
questionnaire is broken down into several different categories: Withdrawn, Somatic Complaints, Anxious/
Depressed, Social Problems, Thought Problems, Attention Problems, Delinquency and Aggression. Set out
below are scores for each category, and an overall score. If your child’s score is higher than a category or
overall score, this is an indication that there are higher levels of behaviour problems, which should be seen
by a clinical professional and addressed/ planned for in daily situations such as at school.

7) The Behaviour Rating Inventory for Executive Function (BRIEF; Goiya & Isquith 2008)

This is a commonly used questionnaire that assesses children’s Executive Functioning. Executive
functioning is the ‘engine’ of the brain that allows us to plan, organise, learn and have emotional reactions.
Information from this questionnaire is broken down into several different categories: Working Memory
(the amount of information that can be held at one time); Shifting (the ability to move from one task to
another easily); Planning and Organising; Organisation of Materials; Monitoring (the ability to look outside
of the situation); Inhibition (impulsive or erratic behaviour); Initiation (‘commonsensical’ approaches to
daily tasks, and Emotional Control. Clinical scores here are usually used by professionals in conjunction
with other psychological measures, and don’t usually mean anything on their own.

8) The Attachment Style Classification Questionnaire for Children of Latency Age (Dottan, 2014)
Attachment is the social and biological bond between a baby and a caregiver. It is the basis for many
emotional, social and cognitive outcomes later on in life. This questionnaire can give an indication of your
child’s attachment style, and measures for: Secure, Anxious, Avoidant.

The results contained here are part of my PhD study on sleep, cognition and conduct in children with
neurodevelopmental conditions. This PhD is being undertaken at the Department of Psychology and
Human Development at the UCL Institute of Education. It is being supervised by Dr Dagmara Dimitriou,
Reader in Psychology at UCL. Should you require any further details please use the contact details shown
below.

Kind Regards,

Rabya Mughal

PhD Candidate

UCL Institute of Education
rabya.mughal.14@ucl.ac.uk
www.lilaslab.com
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1) RPM

RPM Score

RPM Age Equivalent

2) BPVS

Receptive Vocabulary
Score

Receptive Vocabulary Age

3) Sleep

Sleep Efficiency
Sleep Latency
Wake Bouts

Mobile Time

(Full actigraphy schedule is attached).

*** scored in the *
percentile for children
aged between * years *
months — * years *
months.

*** scored in the **
percentile for children
aged * years * months — *
years * months.

Bedtime resistance 8
Sleep onset delay 1.5
Sleep duration 4
Sleep anxiety 5.5
Night wakings 3.5
Parasomnias 8.5
Sleep disordered

breathing 35
Daytime sleepiness 10
Total 40
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Panic

Separation Anxiety
Physical Injury Fears
Social Phobia
Obsessive Compulsive
Generalised Anxiety

Total

Withdrawn

Somatic Complaints
Anxious/ Depressed
Social Problems
Thought Problems
Attention
Delinquency
Aggression

Total

31-33

11

20

65-80
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Working Memory -

Inhibition -
Shifting -
Emotional Control -
Planning and Organising -

Total 65*

*There is no real ‘cut off score’ here — this test is used in conjunction with behavioural observations.

9. The Attachment Style Classification Questionnaire for Children of Latency Age (Dottan, 2014)

Out of the three attachment styles outlined in this questionnaire (Secure, Avoidant, Anxious) ***
attachment style has shown as mainly Secure, with some Anxious and Avoidant traits.

= Secure = Anxious = Avoidant

Secure: **/25 (**%)
Anxious: **/25 (**%)
Avoidant: **/25 (**%)
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