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Introduction: Clinical research and studies using animal models have revealed a complex and relatively
under-explored interaction between prenatal alcohol exposure (PAE) and alterations in sleep-wake
behaviors.
Objectives: To utilize a structured naturalistic observation-based methodology, consisting of descriptive
elements, to provide insight into possible links between altered sleep and disruptive daytime pre-
sentations in children and adolescents with fetal alcohol spectrum disorder (FASD). To apply a similar
structured behavioral observation protocol in a PAE animal model to compare outcomes from the
experimental and clinical studies utilizing naturalistic observational methodology.
Methods: Forty pediatric patients with FASD (1.8—17.5 yrs, median age 9.4 yrs) and chronic sleep
problems were assessed. In the PAE animal model, male offspring from PAE, Pair-Fed (PF), and ad libitum-
fed Control (C) groups (n = 8/group) were assessed in the juvenile/preadolescent (23—25 days of age)
and adolescent/pubertal (35—36 days of age) periods.
Results: In the clinical setting, we found that 95% of children with FASD showed disruptive or exter-
nalizing behaviors, 73% showed internalizing behaviors, 93% had circadian rhythm sleep disorders, all
had chronic insomnia, and 85% had restless sleep, often with tossing/turning/kicking movements
indicative of non-restorative sleep with hypermotor events. In the daytime, individuals showed excessive
daytime sleepiness as well as hyperactive/hyperkinetic behaviors, an urge-to-move, and involuntary
movements suggestive of hyperarousability. Alterations in sleep/wake behaviors in the PAE animal model
paralleled the clinical data in many aspects, demonstrating greater sleep latencies, less total time asleep,
more total time awake and longer awake bouts, more position changes, more time in transition, and
longer transition bouts in PAE compared to PF and/or control animals.
Conclusions: Thus, our findings provide support for the power and validity of naturalistic observational
paradigms in revealing dysregulated sleep-wake behaviors and their association and/or exacerbating
relationship with day and nighttime behavioral problems, such as disruptive behaviors, externalizing and
internalizing disorders, and daytime sleepiness.

© 2018 Published by Elsevier B.V.

1. Introduction

Abbreviations: ADHD, attention deficit hyperactivity disorder; CRSD, circadian
rhythm sleep disorder; C, control; FASD, fetal alcohol spectrum disorder; GD,
gestation day; NDCs, neurodevelopmental conditions; PF, pair-fed; PND, postnatal
day; PAE, prenatal alcohol exposure; RLS, restless legs syndrome.
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Fetal alcohol spectrum disorder (FASD), which results from
prenatal alcohol exposure (PAE), is the most common form of
prenatally acquired brain injury [1—4]. and represents a major
public and population health concern. Estimations of affected
populations vary from 1% to 5% in North America and some
Western European countries [5—8]. Children with FASD exhibit
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numerous alterations in day and nighttime functioning including
neurocognitive deficits, impaired self-regulation and adaptive
functioning, disruptive daytime behaviors, and sleep problems
[9—15]. Sleep problems occur in up to 80% of individuals with FASD
[16] and include short sleep duration, low sleep efficiency,
decreased active sleep, increased sleep fragmentation, night
awakenings, sleep disordered breathing, and parasomnias [17].
Disruptive daytime behaviors include externalizing and internal-
izing disorders, mainly attention deficit hyperactivity disorder
(ADHD), oppositional defiant and obsessive-compulsive disorders,
anxiety, depression, and sensory processing abnormalities
[3,4,9,10], which can be exacerbated by [16] or even result from [13]
dysregulated sleep.

Binge drinking during early pregnancy was shown to have
strong predictive power for sleep problems during infancy [ 18], and
alcohol-exposed infants showed increased sleep fragmentation
[17]. Even pre-pregnancy alcohol consumption was found to
correlate with maternal report of poor infant alertness [17].
Furthermore, lower birth weight and length were associated with
lower sleep efficiency following prenatal alcohol and tobacco
exposure [19]. These studies concluded that PAE disrupts postnatal
sleep organization and that increased sleep fragmentation pro-
motes sleep deprivation, which seems to be a chronic phenomenon
thatin turn could affect postnatal development. Disruptive daytime
behaviors were also described, including difficult temperament
[18] and increased irritability [17].

Although both clinical research [9—15], and animal studies
[20—22], have highlighted these complex interactions between
sleep and daytime behaviors, clinical practice has typically utilized
daytime-related clinical explanatory models to explain the
disruptive behaviors of children with FASD [23—25]. Unless asked
specifically, even parental descriptions of their child's problems are
focused almost solely on daytime behaviors [13,26]. Sleep, as a first
line therapeutic target of disruptive daytime behaviors, has not
been investigated in a systematic manner [13,16], resulting in a
significant burden on the wellbeing of both the children and their
caregiver families [9,13,27,28].

To capture the coexistence of disruptive sleep and wake be-
haviors in children and adolescents with neurodevelopmental
conditions (NDCs) [13], we apply methods that allow for observa-
tion, exploration and description of naturalistic real-life situations
[29]: emplotted narratives [13], structured daytime observations
[30,31], and structured, video-based nighttime observations in the
home setting [29,32—34]. In this context, emplotted is defined as
working collaboratively with parents and caregivers (via explora-
tion and negotiation of symptoms) to describe challenging/
disruptive behaviors and then sharing the final summary for quality
control. This approach facilitates self-description and observation
of nighttime symptoms, which are otherwise not unveiled in time-
constricted clinic visits, thus increasing our understanding of the
interrelation between day and nighttime symptoms [31]. Notably,
this methodology allowed us to capture the high prevalence of
probable restless legs syndrome (RLS) in children with NDCs,
including FASD [13,30,31]. RLS is a diagnosis based on the patient's
verbal description of subjective symptoms, such as discomfort and
urge to move in a resting state [33,35]. Among those who are able to
express themselves, the prevalence of RLS is assumed to be
approximately 2—3% [36], while in those who are unable to express
themselves, RLS remains widely under-diagnosed [33]. Indeed, the
restlessness associated with RLS is often confused with or mis-
diagnosed as ADHD [33,37]. Similarly, there is ambiguity in
ADHD diagnoses in children with FASD [25,38]; despite the fact
that ADHD is frequently diagnosed [39,40], the spectrum of

ADHD presentations is not well-described [41], which may affect
clinical treatment concepts [14,25].

Our naturalistic observation-based methodology allowed us to
step-back from categorical diagnoses and capture the phenotypes
of disruptive day- and nighttime behaviors characterized as: hy-
perkinesia, hypermotor events, and hyper/hypo-arousability [“H”
behaviors]. Hyper-kinesia is a wake-state presentation of hyper-
active behaviors that is used as a core diagnostic characteristic of
ADHD [42], and goes along with hyper- and/or hypoarousability
[43,44]. ADHD and/or anxiety present as hyperarousability while
concentration difficulties and learning disabilities present as
hypoarousability (delayed or uneven functioning). Traditionally,
hypermotor restlessness, and hyper-/hypoarousability or arousal
dysregulation [45] are terms established mainly in neurophysi-
ology- (EEG-) based sleep (and wake) behavior research [46—49].
However, H-behaviors are also used as characteristic terminology
in child psychiatry and mental health research (eg, to describe
ADHD-, anxiety- or trauma-associated daytime behaviors) [50—52]
or to describe an aroused state in different clinical contexts [53].
Reviewing the effects of PAE from the H-behavior perspective could
reveal a novel explanatory model.

Studies using animal models of PAE support and extend the
clinical literature demonstrating that PAE has significant short-
and long-term adverse effects on the offspring, resulting in
altered, “disruptive” daytime behaviors as well as alterations in
the sleep-wake cycle and circadian rhythm. Impairments in self-
regulation (eg, attention deficits, hyperactivity, deficits in
response inhibition/habituation and regulation, hyperarousal,
hyperresponsiveness to stressors, and increased depressive- and
anxiety-like behaviors) and adaptive functioning (eg, attachment,
feeding and suckling responses, and ultrasonic vocalizations
[communication] in neonatal offspring, deficits in social behavior,
and altered motor development) have been reported in animal
studies [54—59]. Alterations in sleep behaviors include impaired
sleep initiation, decreases in active sleep, increases in wakeful-
ness, disruption of quiet sleep, reduced time spent in REM sleep,
and increased latency to both slow-wave- and REM-sleep onset
[60—63]. Reduced and fragmented slow-wave sleep along with
reduced slow-wave bout duration and increased slow-wave/
fast—wave transitions have also been observed in PAE compared
to control animals [59]. Of relevance, a study on adolescent
alcohol exposure found similar reductions in mean duration of
slow-wave sleep episodes and total amount of time spent in slow-
wave sleep in adulthood, suggesting that alcohol exposure across
developmental periods has robust effects on slow-wave sleep
[64]. PAE animals also show deficits in the ability to re-entrain
physiological function and behavior to a new light—dark cycle
following a circadian phase shift [65,66]. Of note, however, most
of these studies have utilized short observation times and/or
removed animals from their home cage and/or restrained or
instrumented them during observation. While this allowed for a
wealth of important behavioral and physiological data, the be-
haviors observed may not fully reflect what would be seen under
more naturalistic undisturbed conditions.

To achieve our aim of capturing presentations of disruptive
sleep-/wake-behaviors in real-life, natural settings, we applied a
structured behavioral observation protocol (ie, naturalistic obser-
vations) in the clinical setting [31,34], and a similar behavioral
observation protocol in our well-established PAE animal model in
the home-cage environment [67]. This collaborative work in-
vestigates dysregulated sleep-wake behaviors and compares out-
comes from the experimental and clinical studies utilizing the
naturalistic observational methodology.
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2. Methods
2.1. Clinical study

2.1.1. Patient population

This is a case series of patients with intractable chronic sleep
problems, who had confirmed PAE with an FASD diagnosis and/or a
prenatal alcohol history, assessed utilizing the Canadian diagnostic
FASD criteria [3], which had caused child protection services to
initiate intervention and/or assessment.

2.1.2. Sleep-wake behavior analysis in children and adolescents

We analyzed retrospectively data from assessments performed
between 2011 and 2014 at the Sleep/Wake-Behavior Clinic (British
Columbia Children's Hospital, the only quaternary care center in
British Columbia), on 40 pediatric patients with major sleep
problems who were referred by community-based practitioners
after unsuccessful treatment attempts. The novelty of the struc-
tured assessment methodology as a clinical standard of care, uti-
lizing the naturalistic listening, observing, exploring and describing
methodology, with an assessor and trainee observer, has been
explained in detail previously [13,14,29,31,68]. The clinical data
were extracted from our database, which has been developed un-
der UBC REB#: H15-00323 study (a retrospective chart study for
patients seen at the Sleep-Wake Behavior Clinic between 2008 and
2015, based on the documentation of assessments). The inter-
viewing techniques used during the clinical assessments were
developed within UBC REB#: H09-00475 [13]; the refined assess-
ment techniques were developed within UBC REB# H10-03466
[29]. Briefly, assessments included: (a) Clinical and narrative-
based sleep-wake behavior history (emplotted narratives)
[13,29,68], including a detailed medication history of past and
current prescription/non-prescription medications; (b) An
extended family sleep history (if birth parents and/or grandparents
attended the assessment); (c) Structured behavioral observations
using the formal and informal Suggested Clinical Immobilization
Test (SCIT) (both direct quotations from patients and parents/
caregivers and clinical observations were documented by a second
observer throughout the assessment); (d) Sleep-wake behavior
video recordings, if permitted by parents and/or legal guardian (see
S1 Table for more information on the SCIT, video recordings, and
definitions of observation-based descriptions analyzed in the
clinical setting [31,34]); (e) Exploration of sensory processing,
including auditory, tactile, visual, and oral domains [69]; and (f) A
sleep-wake-behavior report, shared with the patient family as a
quality control measure (for review/correction by the caregivers).
The sleep-wake-behavior report included: (i) detailed description
and summary of sleep-wake-behaviors (including excerpts of
original quotations by patients/caregivers); (ii) our interpretations,
which incorporated the caregivers' emplotted narratives in de-
medicalized language; (iii) recommendations for caregivers and
discussion of complex cases with involved community-based sup-
port teams. We used inclusive language at a grade five reading level
comprehensible for any interested layperson.

2.2. PAE animal model

2.2.1. Breeding and experimental diets

Animals were bred in our central animal facility; detailed
methods have been described previously [70]. Briefly, on day one of
pregnancy, as confirmed by a vaginal smear, Sprague—Dawley fe-
male rats (n = 24) were assigned to one of three treatment groups
(n = 8/group): (a) PAE dams were fed a liquid ethanol diet
(Weinberg/Keiver High Protein Ethanol Diet #710324, 36% ethanol-
derived calories), ad libitum; (b) Pair-fed (PF) dams were fed an

isocaloric liquid control diet (Weinberg/Keiver High Protein Control
Diet #710109), in the amount consumed by a PAE partner (g/kg
body weight/day of gestation), with maltose-dextrin isocalorically
substituted for ethanol. This controls for the reduced food intake
that occurs with ethanol consumption; and (c) Control (C) dams
were fed an isocaloric pelleted version of the liquid control diet ad
libitum (Weinberg/Keiver High Protein Pelleted Control Diet
#710109). Experimental diets, prepared by Dyets, Inc., Bethlehem,
PA [71], were designed to meet nutritional requirements of preg-
nant animals, and were replaced with standard laboratory chow on
gestation day (GD) 21. Parturition typically occurred on GD 22—23.
All dams had ad libitum access to water throughout gestation and
lactation.

At birth [postnatal day one (PND1)] litters were culled to 12 (six
males, six females when possible). On PND 22, pups were weaned,
paired-housed, and left undisturbed until testing. Only male
offspring were tested in the present study due to logistical con-
straints; sex differences will be examined in future studies.
Nevertheless, as most previous studies on sleep in PAE models were
done on males, this allowed us to compare our results to other
studies in the literature. All experimental protocols were in accor-
dance with the NIH guidelines for the care and use of laboratory
animals and the Canadian Council on Animal Care and approved by
the UBC Animal Care Committee (UBC ACC# A14-0156).

2.2.2. Sleep-wake behavior analysis

Our analyses tested the hypothesis that sleep-wake behaviors
would differ in PAE compared to PF and C offspring. Recordings
occurred in the juvenile/pre-adolescent (PND 23—25) and adoles-
cent/pubertal (PND 35—36) periods on pairs of rats (paired by
prenatal group and in keeping with their social nature) in their
home cages, which were transparent polycarbonate cages
(24 x 16 x 46 cm), with pine-shaving bedding and wire grid tops.
Animals were habituated to the facility for one day prior to the first
day of recording. An infrared camera that provided an unrestricted
“bird's-eye view” of each cage was used. Given the transparent
cages and wire grid tops, a clear full view of each cage was possible.
Videos recorded at each age were 26 h long (1840 h [lights off at
1900 h, lights on at 0700 h] on one day to 2040 h the next day) to
capture lights-on and lights—off transitions, in accordance with the
nocturnal cycle of the rat. The single recording session at each age
was the basis for all analyses. Animals remained completely un-
disturbed while video recordings were in progress; cages were not
changed on that day, and neither experimenters nor animal care
technicians entered the experimental room for 6 h prior to and
during the entire 26 h video session. Due to technical difficulties,
videos were incomplete for one pair of animals at each age.

Cages were numbered so that prenatal group could not be
identified, and videos were scored by two independent observers
(KW, AH: kappa = 0.86), blind to the prenatal treatment of the an-
imals. A standardized approach was used to analyze behaviors over
the entire 12 h lights-on period and sleep-wake behaviors in the
transition from lights off to lights on, measured from lights on until
the animal fell asleep for a period of at least 5 min (the average
length of a sleep bout as determined during video analysis). Sleep-
wake behaviors included: Active behavior (playing, rearing, dig-
ging); Quiet behavior (grooming, eating/drinking, locomotion,
standing or resting quietly), Twitches, and Sleep latency. For the 12-
hr observations, behaviors included: Number of arousals, move-
ments, and position changes; Total minutes awake, asleep and in
transition; and Average length of awake, asleep and transition bouts
(bout defined as minutes in one state prior to changing state).
Criteria for assessing each behavior were standardized and the two
individuals scoring the videos were trained extensively to these
criteria and showed high inter-rater reliability (noted above). Videos



104 O.S. Ipsiroglu et al. / Sleep Medicine 54 (2019) 101—112

were viewed at 2Xx—8x speed to capture the behavioral patterns and
then in real-time to further assess behaviors of interest; see S1 Table
for definitions of behaviors scored in the animal model.

Two-way ANOVAs for the factors of group and age were per-
formed using the Statistical Package for the Social Sciences soft-
ware (SPSS, Inc, Chicago, IL). Newman—Keuls post-hoc comparisons
were performed for all significant main or interaction effects; sig-
nificant differences are indicated by * or # symbols in the text,
figures, and figure legends. Further analyses included a priori
comparisons (LSD) based on our hypothesis; significant differences
are indicated by the “&” symbol. A p-value of <0.05 was considered
significant, and p values < 0.10 were considered trends.

3. Results
3.1. Patients with FASD in the clinical setting

Out of 380 patients with NDCs seen at the Sleep/Wake-Behavior
Clinic from 2011 to 2014, 49 (approximately 13%) patients met
the inclusion criteria of FASD according to the Canadian FASD
guidelines [3]. Twenty-nine patients had an FASD diagnosis with
complete neurodevelopmental assessment of FASD-related mor-
bidities; 11 patients had an FASD diagnosis based on confirmed PAE
history with neurodevelopmental assessment under investigation.
Nine cases were excluded due to incomplete information, leaving
40 patients for analysis (23 males, 17 females, mean age 9.1 years,
median age 9.4 years, range 1.8—17.5 years). Table 1 presents an
overview of the clinical description of the patient and day/night-
time presentations, which are summarized below.

3.1.1. Overall presentation at assessment

Amongst the 40 patients (see Table 1), 95% (38/40) were diag-
nosed with disorders of disruptive behaviors or externalizing dis-
orders, with disruptive behaviors not otherwise specified (such as
tantrums or aggression) being the most common presentation [70%

(28/40)], and ADHD being the second most common [68% (27/40)].
Moreover, 73% (29/40) had an internalizing disorder diagnosis,
with anxiety disorders [58% (23/40)] being the most common,
followed by mood disorders (including depression) [43% (17/40)].
Typically, there was more than one presentation per patient;
common neurodevelopmental presentations were global develop-
mental delay/intellectual disability [25% (10/40)], uneven neuro-
developmental profile [45% (18/40)], and/or syndromes and/or
other neurological disorders [60% (24/40)].

3.1.2. Sleep-wake behavior narratives

Daytime motor and behavior characteristics, indicative of H-
behaviors, included descriptions such as ‘always on the go’, ‘motor
driven’, ‘fidgety’ and were reported in 68% (27/40) of patients,
consistent with the parental perception of fatigue or daytime
sleepiness in 70% (28/40) of the patients; 45% (18/40) of patients
had both excessive daytime sleepiness and hyperactivity, see
Table 1. Nighttime motor and behavioral characteristics, indicative
of H-behaviors, included ‘visualizing’ descriptions such as ‘restless
sleep, tossing and turning’ and ‘kicking movements’ were noted in
85% of the patients (34/40), see Table 2. With the addition of
confirmed and suspected periodic limb movements in sleep war-
ranting investigation, this number increased to 95% (38/40), and
were grouped as hypermotor events at nighttime, see Table 3. 93%
(37/40) of patients fulfilled the criteria for circadian rhythm sleep
disorder (CRSD): 98% (38/40) with delayed sleep onset subtype;
13% (5/40) with early awakenings; 25% (10/40) with a tendency for
bi- or polyphasic sleep (note that three patients with typical nap-
ping habits below age six were excluded), see S2 Table for
narrative-based visualizing descriptions.

3.1.3. Insomnia presentations (based on history and available
logs/diaries)

All subjects experienced intractable chronic insomnia for longer
than one year, 50% since early infancy: 98% (39/40) had problems

Table 1
Clinical description of patients: diagnoses & FASD-related morbidities.
n %
Prenatal Alcohol and/or Substance Exposure 40 100%
FASD (with completed neurodevelopmental assessment) 29 73%
FASD (neurodevelopmental assessment under investigation; PAE by history) 11 28%
Neurodevelopmental Morbidities 34 85%
Intellectual disability/Global developmental delay (ID/GDD) 10 25%
Autism spectrum disorders (ASD) 2 5%
Uneven developmental profile (only for patients without ID/GDD) 18 45%
Syndromes and neurological disorders® 24 60%
Mental Health Morbidities 40 100%
Externalizing disorders or disorders of disruptive challenging behavior 38 95%
ADHD/ADD 27 68%
Oppositional defiant disorder 8 20%
Disruptive/Challenging behavior NOS (ie, tantrums, aggression) 28 70%
Other externalizing disorders” 14 35%
Internalizing disorders 29 73%
Anxiety disorders 23 58%
Mood disorders (including depression) 17 43%
Post-traumatic stress disorder 5 13%
Excessive Daytime Behaviors 37 93%
Daytime sleepiness 28 70%
Daytime hyperactivity and/or disruptive behaviors 27 68%
Daytime sleepiness, hyperactivity and/or disruptive behaviors 18 45%
Chronic and Ongoing Sleep Problems 40 100%
Onset early infancy (described by parents as “since birth”) 20 50%
Onset later in early childhood 5 13%
Onset not specified but longer than one year 15 38%

n = 40, mean 9.4 y/median 9.1 y; min 1.8 y; max 17.5 y; 23M/17F.

2 Epilepsy, cerebral palsy, anatomical abnormalities, obesity, abnormal EEG/MRI, genetic abnormalities (CPT-1 deficiency), neurological disor-
ders such heterotopia and other morbidities such as ataxia, tics and headaches.
b Obsessive-compulsive disorder, conduct disorder, neurobehavioral disorder, and attachment disorder.
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Table 2
Presentations of most frequent sleep disorders in patients.
n %
Insomnia 40 100%
Difficulties falling asleep 39 98%
Despite medications 26 65%
Nighttime awakenings/sleep maintenance problems 37 93%
Despite medications 4 10%
Behavioral insomnia® 33 83%
Restless sleep with tossing/turning/kicking movements 34 85%
Despite medications 4 10%
Waking up early in the morning 6 15%
Restless Legs Syndrome (RLS) 39 98%
Confirmed/Suspected familial RLS 14/6 35/15%
Confirmed/Suspected RLS 12/7 30/18%
Parasomnias 29 73%
Sleep walking 8 20%
Sleep talking 12 30%
Teeth grinding 8 20%
Nightmares 18 45%
Night terrors 13 33%
Hypnagogic hallucinations 6 15%
Confusional arousals 6 15%
Sleep Disordered Breathing (SDB) 38 95%
Clinical Diagnosis of SDB 34 85%
Snoring 21 50%
Mouth breathing/dry mouth 32 80%
Drooling and/or motor hypotonia 6 15%
Witnessed apnea 3 8%
Bedwetting (age 5 and older) 11 28%
Sweating during sleep 16 40%
Uncomfortable/abnormal sleeping position to maintain open airways 6 15%
Difficulties getting up in the morning 19 48%
Circadian Rhythm Sleep Disorders 37 93%
With delayed sleep onset 36 90%
With early awakenings 6 15%
Bi- or polyphasic sleep® 10 25%
Anatomical/Craniofacial Characteristics leading to SDB 27 68%
Retrognathia 14 35%
Upper airway narrowing (eg adenoids) 17 43%
Ear infections/hearing loss 5 13%
Surgical interventions in the ENT region 6 15%

n = 40, mean 9.4 y/median 9.1 y; min 1.8 y; max 17.5 y; 23M/17F. Please note that that hyperkinesia, hyperarousability and hypermotor events
have been investigated with day- and nighttime symptoms as possible organic causes of insomnia.

¢ Three patients who were aged six or younger were excluded due to their age.

b In all cases, behavioral insomnia was interpreted as secondary to an organize cause, eg, sensory processing abnormalities.

falling asleep and 93% (37/40) had sleep maintenance problems, see
Table 2. Of note, 65% (26/40) of the group with problems falling
asleep and 10% (4/40) with sleep maintenance problems showed
symptoms of insomnia despite being medicated.

3.1.4. Non-restorative sleep

All patients presented with non-restorative sleep warranting
further investigations: hypermotor events at nighttime occurred in
95% (38/40) of patients, see Table 3; similarly, 95% (38/40) of pa-
tients showed signs of sleep disordered breathing, 68% (27/40)
showed signs of upper airway narrowing due to adenoids and/or
anatomical facial features; and 73% (29/40) reported parasomnias,
see Table 2.

3.1.5. Sleep-wake behavior video recordings

Eighteen home-based video-recordings were conducted [34].
All patients presented with motor and behavioral characteristics of
‘restless sleep’ and/or hypermotor events, confirming caregiver
observations and behaviors that are part of our functional H-
behavior concept: (a) fragmented and non-restorative sleep, such
as spontaneous or several mini foot movements in series, including
‘foot rubbing’, which (b) usually ended in bigger limb movements,
and resulted in (c) ‘tossing/turning,’ ‘kicking,” and ‘scratching’ [72].

3.1.6. Formal sleep study reports

Four polysomnographic records were obtained: (a) one patient
(age 12) had no pathological polysomnographic findings in regards
to sleep architecture and signs of sleep disordered breathing;
however, attention was drawn to the increased spontaneous
arousals with an index of 9.2 per hour. All other patients had
significantly affected sleep architecture with delayed sleep onset
and/or sleep maintenance problems, explaining some potential
causes of the clinical diagnosis of CRSD. (b) One patient (age 16)
woke up after approximately 20 min and could not fall back asleep,
confirming the clinical diagnoses of insomnia and CRSD. Within
this short period, the patient showed snoring and had an apnea-
hypopnea index of 7. Patients (c) (age 16) and (d) (age 17) had
polysomnographies with affected sleep architectures. One had a
normal REM latency and one had a prolonged REM latency, both
had signs of significant sleep disordered breathing with increased
apnea-hypopnea indices of 18 and 43, respectively, and, in both
patients, periodic limbs movements were accompanied by respi-
ratory events. These results confirm parental-reported observa-
tions of fragmented non-restorative sleep (described as restless
sleep), are suggestive of hypermotor events, and are in accordance
with hyperarousability (all had the diagnoses of anxiety and ADHD)
and hypoarousability (all had the diagnoses of attention-deficit and
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Table 3
Presentation of descriptive H-Behaviors in patients.
n %
Hypermotor Events at Nighttime 38 95%
Suspected periodic limb movements during sleep and/or probable high frequency of spontaneous arousals at nighttime® 29 73%
Abrupt leg/feet movements at daytime interpreted as increased frequency of spontaneous arousals at nighttime 14 35%
Sensory Processing Abnormalities as a probable trigger of H-Behaviors 35 88%
Sensitive to sensory input 24 60%
High pain tolerance 22 55%
Confirmed leg pain 8 20%
Suspected leg pain based on observational patterns 6 15%
H-Behaviors during Daytime assessed with SCIT 37 93%
Positive formal SCIT result (out of the 18 who were able to participate) 15 83%
Positive informal SCIT result” (out of 19 with an observation-based test) 17 90%
Inconclusive formal or informal SCIT result (out of 37)° 3 8%
Negative formal or informal SCIT result (out of 37) 2 5%

n = 40, mean 9.4 y/median 9.1 y; min 1.8 y; max 17.5 y; 23M/17F.

2 Three confirmed by polysomnography and 18 confirmed by home-based video-recordings.

b patients with a formal SCIT are excluded from this category.
¢ One patient was under medication, which may have affected his/her result.

major learning disabilities) at daytime. These sleep studies reveal
that the in-depth dimension of the causes of H-behaviors are fully
realized through laboratory-based testing.

3.1.7. Sensory processing abnormalities

Sensory processing abnormalities were present in 88% (35/40)
of the patients, see Table 3. Of those, 60% (24/40) had heightened
tactile sensitivity, 55% (22/40) had a high pain threshold, and 20%
(8/40) had confirmed leg pain. Within the “high pain threshold”
category, caregivers talked about their children responding in an
unexpected/inappropriate manner to injuries (eg, “...broke his hand
... but did not notice until later ...; ” “... fell .... on his face but did
not cry ...; ” “..tripped and hit head, but laughed and walked
away”). Within the “heightened tactile sensitivity” category, care-
givers reported sensitivity to touch (eg, likes firm hugs/deep pres-
sure, sensitivity to clothing tags, picks at themselves or “head-
butts” peers, particular about food textures), see S2 Table for quo-
tations from the clinical setting.

3.1.8. Suggested Clinical Immobilization Test

Ninety-three percent (37/40) of patients were assessed with a
formal or informal SCIT, see Table 3; 49% (18/37) participated
actively in the formal SCIT and 83% (15/18) of these reported some
type of ‘urge-to-move’ and showed positive signs of involuntary
movements of toes/feet/legs. For the 51% (19/37) of patients who
could not participate in the formal SCIT due to insufficient
comprehension (age or intellectual disability), observations of
involuntary motor movements at random rest situations were
utilized as an informal SCIT [31]. Three out of 37 patients had
inconclusive results; two of these were on stimulant medications
(methylphenidate and dextroamphetamine), which may have
masked their presentation. Five percent (2/37) of the (formal or
informal SCIT) tested patients did not have a positive result; these
two presented as calm, with no abnormal limb movements or
fidgeting during the assessment. However, one of these patients
was on atomoxetine at the time, which was described to be making
a “huge improvement” in his/her behaviors.

3.1.9. Medications

Eighty-three percent (33/40) of patients were on at least one
medication (including melatonin, clonidine, trazodone, benzodi-
azepines, hypnotics or atypical antipsychotics prescribed for sleep)
for challenges with insomnia. In addition, 60% (24/40) of patients
were prescribed at least one psychoactive medication (including
stimulants, atomoxetine, antidepressants, atypical antipsychotics,

mood stabilizers, and «2-adrenergic agonists) for challenges with
disruptive day- and nighttime behaviors. Moreover, 35% (14/40) of
patients experienced an adverse drug reaction to prescribed
psychoactive medications, and 28% (11/40) to medications
prescribed for ADHD. Twenty-five percent (10/40) of patients
were on at least one medication (including antihistamines,
dimenhydrinate, diphenhydramine, fluticasone, albuterol sulfate,
and salbutamol) for allergies and asthma; note that non-
prescription antihistamines are also used as a remedy for
insomnia. One patient was using a mometasone spray for sleep
disordered breathing difficulties.

3.2. PAE animal model

3.2.1. Overall changes with age

ANOVAs for the factors of group and age revealed, as expected,
significant main effects of age for a number of variables, indicating
normal age-related changes in sleep-wake behaviors, independent
of prenatal treatment (Table 4). Overall, at the start of the 12-hr
lights-on (sleep) period, active behaviors (Fi33 = 14.78,
p < 0.001) increased and quiet behaviors (Fq 33 = 14.80, p < 0.001)
decreased with age. In addition, the overall number of arousals
(F136 = 14.78, p < 0.001) and movements (F136 = 4.10, p < 0.05)
decreased, average duration of sleep bouts (Fq 36 = 14.41, p < 0.001)
increased, and average duration of awake bouts (Fi3 = 8.26,
p < 0.01) decreased with age.

3.2.2. Disrupted sleep-wake behaviors

In addition to the overall changes in behaviors with age, we
found that prenatal alcohol exposure differentially altered sleep-
wake behaviors compared to those in PF and/or Control offspring.
For sleep latency, the two-way ANOVA revealed main effects of age
(F1,38 = 11.80, p < 0.002) and prenatal group (F» 33 = 5.46, p < 0.01).
One-way ANOVAs by age followed by Newman—Keuls post-hoc
comparisons indicated that at PND 23—25 (F,19 = 5.55, p < 0.02),
PAE showed longer sleep latencies than both PF and C (*p < 0.02),
while at PND 35—36 (F,19 = 3.56, p < 0.05), PAE had longer sleep
latencies than C (*p < 0.02); PF showed intermediate latencies and
were not different from either PAE or C (Fig. 1). In addition, while
controls showed no changes in sleep latency from PND 23—25 to
PND 35—36 (p > 0.70), PAE (¥p < 0.02) and PF (¥p < 0.01) animals
both showed increased sleep latencies with age (Fig. 1). We further
explored group differences over the 12 h observation period using
LSD a priori comparisons, according to our hypothesis. We found
trends for less total time asleep in PAE compared to C (“p < 0.080)
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Table 4

Age-related changes in sleep-wake behaviors, independent of prenatal group.

Pre-adolescent period (PND 23—25)

Adolescent period (PND 35—36)

Behavior

Active behaviors 12.0 + 3.0
Quiet behaviors 88.0 + 3.0
Arousals 93.7+33
Movements 6124 + 289
Duration sleep bouts (min) 42 +0.2
Duration awake bouts (min) 239+14

30.1 + 3.4
69.9 + 3.4
75.7 £ 3.1%%*
544.5 + 18.5"
5.6 + 0.3"*
18.9 £ 1.2*

Number or duration of behaviors (Mean + SEM); * p < 0.05; ** p < 0.01; *** p < 0.001; **** p < 0.0005.

Sleep Latency

Total Time Asleep
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E 304 ‘E 300
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C PF C PF PAE
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Fig. 1. Sleep latency and total time asleep. Left panels: At PND 23—25, PAE had longer sleep latencies than PF and C animals (*p < 0.02) while at PND 35—36, sleep latency was
greater in PAE than C animals (*p < 0.02), with PF not different from either. In addition, both PAE (*p < 0.02) and PF (¥p < 0.01) animals had increased sleep latencies with age,
whereas C animals showed no change with age. Right panels: PAE showed a trend for less total time asleep compared to C animals at PND 35—36 (*p < 0.080). C, Control; PF, pair-

fed; PAE, prenatal alcohol exposure.

at PND 35-36, Fig. 1) and more total time awake in PAE compared
to PF (¥p < 0.05) and C (¥p < 0.086) at PND 23—25 (Fig. 2).
Furthermore, while total time awake decreased to control levels in
PAE animals by PND 35—36, mean duration of awake bouts was
greater in PAE than C (“p < 0.05) at that time (Fig. 2). At PND 2325,
we also found more position changes in PAE (¥p < 0.02) and PF
(%p < 0.05) compared to C (Fig. 3). By contrast, at PND 35—36, total
time in transition (¥p < 0.05) and duration of transition bouts
(%p < 0.05) were greater in PAE compared to C (Fig. 4). There were
no effects of prenatal treatment or age on number of twitches.

4. Discussion

Our observational, exploratory and naturalistic methodology,
applied to both clinical and animal studies, reveals consistent evi-
dence that sleep-related problems are a fundamental part of the
behavioral spectrum of FASD. These problems manifest interde-
pendently as H-behaviors in both the wake and sleep states.

4.1. Observations in the clinical setting

All patients presented with FASD-related mental health mor-
bidities and the associated disruptive behaviors appeared to cause
major concerns, as 60% of patients were treated with psychoac-
tive medications for their daytime presentations. The in-depth
history revealed that the majority of children experienced
intractable chronic insomnia since infancy or early childhood.
This might explain why 85% of patients had been prescribed at
least one medication for challenges with insomnia over the

course of their lives. Given the broad range of over-the-counter
medications (melatonin and antihistamine prescriptions are not
regulated), this figure might be even higher. The home-based
video recordings unveiled the dimension of thus far under-
recognized “tossing ... turning ... kicking” movements during
the night and confirmed the caregiver-reported narratives of al-
terations in sleep-related behaviors. For all of the behaviors
scored, a majority (from 68% to 95%) of patients exhibited changes
in both day- and nighttime behaviors. At night, patients had
restless sleep with kicking movements (hypermotor events)
causing insomnia. In the daytime, they presented with external-
izing behaviors, excessive daytime sleepiness, ADHD with hyper-
and hypo-arousability, and internalizing disorders. There was an
overlap of hypermotor and hyperkinetic events with excessive
daytime sleepiness in 45% of patients. A majority also had sensory
processing abnormalities, in which H-behaviors were again a
major observable component that affected the perception of
stimuli and increased pain threshold.

Overall, these results confirm the co-occurrence of disruptive
daytime behaviors with chronic sleep problems, mainly intrac-
table insomnia, and support the concept of H-behaviors as the
common denominator of both day and nighttime behaviors in
patients with FASD. These data support and extend previous
studies that investigated the link between sleep problems and
disruptive daytime behaviors in infants [17—19], schoolchildren,
and adolescents [15], with an FASD diagnosis. Similarly, a previ-
ous study found that sensory processing abnormalities can
aggravate not only intractable chronic insomnia but also
disruptive behaviors [12].
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Fig. 2. Total time awake and mean duration of awake bouts. PAE spent more total time awake than PF (“p < 0.05) and showed a trend for more time awake compared to C
(“p < 0.086) animals at PND 23—25. PAE also showed a longer mean duration of awake bouts compared to C animals (¥p < 0.05) at PND 35—36. C, Control; PF, pair-fed; PAE, prenatal

alcohol exposure.
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Fig. 3. Total position changes. Total number of position changes was greater in PAE
(*p < 0.02) and PF (¥p < 0.05) compared to C animals at PND 23—25. C, Control; PAE,
PF, pair-fed; PAE, prenatal alcohol exposure.

4.2. Observations in the animal model

The findings in our animal model reveal sleep-wake distur-
bances consistent with those found in the clinical setting. In parallel
with the early onset of sleep problems in infants with FASD [18],
and their persistence over time [16], PAE animals showed longer
sleep latencies, spent less time asleep and more time awake, and
had longer awake bouts than their PF and/or control counterparts.
As well, we observed increased numbers of position changes, more
time in transition and longer transition bouts in PAE compared to

control animals, which parallel the clinical findings of more restless
or non-restorative sleep. Together with previous studies in the
literature, our findings suggest a possible correlate to the insomnia
and H-behaviors seen in children with FASD.

These data are complementary to and build on previous studies
in animal models that utilized short observations and/or removed
animals from their home cages, and restrained and/or instru-
mented them during observations for the collection of physiolog-
ical data [60—63,65,66]. The observational approach of the present
study places sleep in a more complete context by considering both
sleep and wake behaviors. However, this strength might also be
considered a possible limitation of our methodology, as assessment
of behavior was by observation only, albeit using standard set
criteria for each behavior scored. One cannot confirm that the an-
imal is asleep, and certainly cannot assess stages of sleep, without
the use of electrophysiological recordings, as demonstrated in
previous studies [59—64]. Nevertheless, our study fills a gap in the
literature; it is the first to utilize prolonged observations over a
24+ hr period, across light-on/lights—off transitions, to assess
sleep-wake behaviors under naturalistic home cage conditions.
While instrumenting an animal provides accurate and important
neurobiological and physiological data, these procedures in them-
selves could alter sleep-wake states and behaviors, and may not
fully reflect the behaviors that occur under undisturbed conditions.
The fact that the behaviors observed in our animal model not only
broadly replicate some of the previous findings in the literature but
also parallel the clinical findings, supports the power and impor-
tance of this observational methodology.

The instances where we saw similar behaviors in pair-fed and
PAE animals likely do not reflect the same underlying mecha-
nism(s). While pair-feeding is the accepted standard procedure to
account for the reduced intake typical of alcohol-consuming ani-
mals, it is at best an imperfect control and in many ways, a treat-
ment in itself [73]. Although both PAE and PF treatments result in
reduced food intake by the dam and thus mild undernutrition of
the fetus, pair-feeding can never control for alcohol's nutritional
effects, including its impact on absorption and utilization of nu-
trients. Moreover, while alcohol-consuming females consume their
food ad libitum over the 24 h period, the reduced ration presented
to pair-fed females results in consumption of their entire daily
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Fig. 4. Total time in transition and mean duration of transition bouts. Both total time in transition (*p < 0.05) and mean duration of transition bouts (*p = 0.05) were greater in
PAE compared to C animals at PND 35—36. C, Control; PF, pair-fed; PAE, prenatal alcohol exposure.

ration within a few hours. These females are then hungry for the
remainder of the 24-h cycle and therefore are more behaviorally
aroused and experience some level of mild stress compared to their
alcohol-consuming counterparts. The pair-feeding regimen (effec-
tively, a “meal-feeding” schedule) is also known to have a number
of metabolic effects [74—76], and to cause a phase shift in circadian
periodicities of protein synthesis, certain liver enzymes, brain
tryptophan, body temperature, running activity and HPA activity
[77—79], which in themselves could alter behavioral and physio-
logical function of offspring [80,81].

4.3. Significance and impact of our results

The interdependence of sleep and wake problems in children
and adolescents with FASD has been under-recognized in clinical
practice and therefore has often not been considered in the
development of therapeutic strategies thus far. Factors that may
account for this lack of recognition include: (a) the overshadowing
of the effects of sleep disturbances by disruptive daytime behav-
ioral alterations and the fact that behavioral problems that occur at
night may be thought of as characteristics of FASD rather than as
sleep problems [26]; (b) the belief that sleep has to be investigated
in a lab environment, as sleep studies are the “gold-standard” [13];
and (c) the predominantly missing phenomenology of disruptive
H-behaviors, which divides parental and professional perceptions
and connotation of symptoms [29]. The results of our approach
show that: (a) that sleep should always be included in the diag-
nostic evaluation of every child with FASD who presents with a
spectrum of disruptive daytime behaviors, even in the absence of
caregiver or self-report of a concomitant sleep problem; and (b) the
importance of caregivers’ narratives, emphasizing the role of
descriptive visualizing observations in the clinical history.

The current understanding is that disruptive daytime behaviors
may affect sleep initiation, and result in circadian rhythm disorders
and possibly melatonin deficiency or delayed melatonin onset [16],
which have been observed in children with NDCs [93—96].
Consequently, physicians typically target daytime behaviors first,
which can result in a cascade of prescriptions for psychotropic
medications, and has led to overmedication and even poly-
pharmacy, further complicating clinical presentations [14]. Indeed,

children with PAE are diagnosed with ADHD more frequently than
those without an FASD diagnosis [9,13,27]. ADHD-like H-behavior
symptoms are a frequent target for pharmacological interventions
with psychostimulants despite indications that the complexity of
behavioral problems in FASD cannot be explained by an ADHD-
related pathophysiology alone [41,97], and the high frequency of
variable and/or adverse responses to medications in this population
[14,23,24,38,98—102]. In our clinical sample, 60% of patients were
on psychotropic medications and almost 45% had shown adverse
drug reactions, necessitating the prescription of other medications.
Consistent with these findings, a recent study utilizing our animal
model found that PAE rats exhibit a lower threshold for amphet-
amine sensitization than controls, suggesting a possible basis for
the frequent adverse responses to stimulant medications in chil-
dren with FASD [103].

The complexity of symptoms and problems in children with
FASD, coupled with the lack of recognition of the interdependence
of sleep and wake problems that often occurs, shifts the focus to
diagnosis rather than the phenomenology of observations.
Currently, FASD guidelines reflect this clinical diagnostic frame-
work as sleep disorders are still not included as part of the func-
tional differential diagnosis of ADHD-like behaviors [3,4], despite
publications questioning ADHD per se as the cause of disruptive
daytime behaviors in children with FASD [27,41]. Therefore, we
suggest: (a) encouraging descriptive narratives and capturing them
through in-depth history-taking, including the use of video clips of
disruptive behaviors; (b) implementing structured observations in
the assessment of disruptive H-behaviors, eg, with the SCIT, in or-
der to include caregiver observations in a more in-depth manner
than previously done; (c) developing a shared language through
the discussion and negotiation of symptoms, which will (d) facili-
tate phenotyping to overcome the current categorical diagnostic
model.

The pathophysiology underlying dysregulated sleep-wake and
H-behaviors remains to be elucidated. Promising avenues of
research supported by data from both PAE animal models and
clinical studies include: (a) The adverse effects of altered iron status
on key characteristics of FASD [20—22,82,83]. The finding that iron
deficiency also plays a pathogenic role in conditions associated
with H-behaviors, such as RLS [33,35], ADHD [84,85], and tics [86],
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is further evidence for its importance. Moreover, patients from our
clinic with other NDCs (eg, autism) and iron deficiency presented
with intractable chronic insomnia, similar to the patients described
herein [30]. (b) The role of hypothalamic-pituitary-adrenal (HPA)
dysregulation in sleep disturbances, including insomnia. Several
studies have demonstrated altered HPA activity and regulation in
FASD and this can support the possible role of cortisol in sleep-
wake disturbances [87—92]. Investigation of these and other
possible mechanisms is a key target for future research.

5. Conclusion

Our exploratory and naturalistic observational approach
allowed us to obtain insight into the sleep-wake behaviors of
children in the clinical setting and to replicate our approach,
methods and findings in a well-established animal model. In the
clinical-setting, history-taking and exploration of caregiver narra-
tives improved standard clinical practice and allowed us to develop
a shared language among parents, professionals, and researchers
[13]. Significantly, the observational methodology applied in our
experimental animal study revealed the persistent dimensions of
disrupted sleep and wake behaviors that are possible correlates of
insomnia and H-behaviors observed in children with FASD. These
findings not only justify further research but also the re-launching
of a traditional but foundational concept, namely, listening,
observing, exploring and describing in clinical assessments of
disruptive day- and nighttime as well as sleep behaviors. The par-
allel nature of the observations between the settings will allow us
to explore basic physiological and neurobehavioral mechanisms in
the animal model and to move from the clinic to the laboratory and
back again and thus more rapidly advance our clinical practice.
Application of this concept will facilitate a shift from categorical
diagnoses to a phenomenological, semiology-oriented under-
standing of disruptive behaviors that captures the critical role of
sleep in the context of behavioral problems in children with FASD.

Acknowledgments

In Dr. Ipsiroglu's laboratory, the clinical research was funded by
The Fetal Alcohol Spectrum Disorder (FASD) Action Fund through
the Victoria Foundation [grant number 07—2444], BC Children's
Hospital and the BC Children's Hospital Research Institute
(formerly Child and Family Research Institute) via the Treatable
Intellectual Disability Endeavour [grant number F11-00419], and
the Kids Brain Health Network (formerly NeuroDevNet), Canadian
Networks of Centres of Excellence [grant number 20R72932].

In Dr. Weinberg's laboratory, the animal model research is
funded by NIH/National Institute on Alcohol Abuse and Alcoholism
[grants number R37 AA007789 and number RO1 AA022460], and
Kids Brain Health Network (formerly NeuroDevNet) (Canadian
Networks of Centres of Excellence [grant number 20R23427]).

We would like to extend our gratitude to Mr. Gerhard Kloesch
for his critical review and constructive discussion in the presenta-
tion of the results, and to Parker J. Holman for the statistical ana-
lyses and the figures.

Conflict of interest

The authors declare no potential conflicts of interest with
respect to the research, authorship, or publication of this article.

The ICMJE Uniform Disclosure Form for Potential Conflicts of
Interest associated with this article can be viewed by clicking on the
following link: https://doi.org/10.1016/j.sleep.2018.10.006.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.sleep.2018.10.006.

References

[1] Jones KL, Smith DW. Recognition of the fetal alcohol syndrome in early in-

fancy. Lancet 1973;302:999—1001.

Clarren SK, Smith DW. The fetal alcohol syndrome. N Engl ] Med 1978;298:

1063—7. https://doi.org/10.1056/NEJM197805112981906.

Chudley AE, Conry ], Cook ]JL, et al. Fetal alcohol spectrum disorder: Canadian

guidelines for diagnosis. CMA] 2005;172:S1—-21. https://doi.org/10.1503/

cmaj.1040302.

Cook JL, Green CR, Lilley CM, et al. Fetal alcohol spectrum disorder: a

guideline for diagnosis across the lifespan. CMAJ 2016;188:191—7. https://

doi.org/10.1503/cmaj.141593.

Government of Canada, Health Canada, Public Affairs, Consultation, Branch C.

It's your health - fetal alcohol spectrum disorder [Health Canada, 2006].

2006. Available: http://www.hc-sc.gc.ca/hl-vs/iyh-vsv/diseases-maladies/

fasd-etcaf-eng.php.

May PA, Gossage JP, Kalberg WO, et al. Prevalence and epidemiologic char-

acteristics of FASD from various research methods with an emphasis on

recent in-school studies. Dev Disabil Res Rev 2009;15:176—92. https://
doi.org/10.1002/ddrr.68.

May PA, Chambers CD, Kalberg WO, et al. Prevalence of fetal alcohol spec-

trum disorders in 4 US communities. JAMA 2018;319(5):474—82. https://

doi.org/10.1001/jama.2017.21896.

Centers for Disease Control and Prevention. Fetal Alcohol Spectrum Disor-

ders (FASDs) Data & Statistics. June 4, 2018 [internet]. Available: https://

www.cdc.gov/ncbddd/fasd/data.html#ref. [Accessed November 12, 2018].

Streissguth AP, Barr HM, Kogan ], et al. Understanding the occurrence of

secondary disabilities in clients with fetal alcohol syndrome (FAS) and fetal

alcohol effects (FAE),’ final report to the centers for disease control and
prevention (CDC) [Internet]. University of Washington, Fetal Alcohol & Drug

Unit; 1996. Report No.: 96-06. Available:, http://lib.adai.uw.edu/pubs/

bk2698.pdf.

[10] Steinhausen HC, Spohr HL. Long-term outcome of children with fetal alcohol
syndrome: psychopathology, behavior, and intelligence. Alcohol Clin Exp Res
1998;22:334-8.

[11] Hanlon-Dearman AC. Sleep characteristics of young alcohol affected chil-
dren: a quantitative and qualitative analysis [Internet]. MSc, University of
Manitoba; 2003. Available:, http://mspace.lib.umanitoba.ca/handle/1993/
19900.

[12] Wengel T, Hanlon-Dearman AC, Fjeldsted B. Sleep and sensory characteris-
tics in young children with fetal alcohol spectrum disorder. ] Dev Behav
Pediatr 2011;32:384—92. https://doi.org/10.1097/DBP.0b013e3182199694.

[13] Ipsiroglu OS, McKellin WH, Carey N, Loock C. “They silently live in terror...”
why sleep problems and night-time related quality-of-life are missed in
children with a fetal alcohol spectrum disorder. Soc Sci Med 2013;79:76—83.
https://doi.org/10.1016/j.socscimed.2012.10.027.

[14] Ipsiroglu O, Berger M, Lin T, et al. Pathways to overmedication and poly-
pharmacy. In: DiPietro N, Illes ], editors. The science and ethics of antipsy-
chotic use in children. Elsevier; 2015. p. 125—48.

[15] Chen ML, Olson HC, Picciano JF, et al. Sleep problems in children with fetal
alcohol spectrum disorders. ] Clin Sleep Med 2012;8:421-9. https://doi.org/
10.5664/jcsm.2038.

[16] Jan JE, Asante KO, Conry ]L, et al. Sleep health issues for children with FASD:
clinical considerations. Int J Pediatr 2010;2010. https://doi.org/10.1155/
2010/639048.

[17] Troese M, Fukumizu M, Sallinen BJ, et al. Sleep fragmentation and evidence
for sleep debt in alcohol-exposed infants. Early Hum Dev 2008;84:577—85.
https://doi.org/10.1016/j.earlhumdev.2008.02.001.

[18] Alvik A, Torgersen AM, Aalen OO, et al. Binge alcohol exposure once a week
in early pregnancy predicts temperament and sleeping problems in the in-
fant. Early Hum Dev 2011;87:827—33. https://doi.org/10.1016/j.earlhumdev.
2011.06.009.

[19] Pesonen A-K, Rdikkonen K, Matthews K, et al. Prenatal origins of poor sleep
in children. Sleep 2009;32:1086—92.

[20] Miller MW, Roskams AJ, Connor JR. Iron regulation in the developing rat
brain: effect of in utero ethanol exposure. ] Neurochem 1995;65:373—80.
https://doi.org/10.1046/j.1471-4159.1995.65010373 ..

[21] Rufer ES, Tran TD, Attridge MM, et al. Adequacy of maternal iron status
protects against behavioral, neuroanatomical, and growth deficits in fetal
alcohol spectrum disorders. PLoS One 2012;7, e47499. https://doi.org/
10.1371/journal.pone.0047499.

[22] Huebner SM, Tran TD, Rufer ES, et al. Maternal iron deficiency worsens the
associative learning deficits and hippocampal and cerebellar losses in a rat
model of fetal alcohol spectrum disorders. Alcohol Clin Exp Res 2015;39:
2097—-107. https://doi.org/10.1111/acer.12876.

[23] O'Malley KD, Koplin B, Dohner VA. Psychostimulant clinical response in fetal
alcohol syndrome. Can ] Psychiatr 2000;45:90—1.

2

[3

[4

(5

(6

(7

8

[9


https://doi.org/10.1016/j.sleep.2018.10.006
https://doi.org/10.1016/j.sleep.2018.10.006
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref1
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref1
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref1
https://doi.org/10.1056/NEJM197805112981906
https://doi.org/10.1503/cmaj.1040302
https://doi.org/10.1503/cmaj.1040302
https://doi.org/10.1503/cmaj.141593
https://doi.org/10.1503/cmaj.141593
http://www.hc-sc.gc.ca/hl-vs/iyh-vsv/diseases-maladies/fasd-etcaf-eng.php
http://www.hc-sc.gc.ca/hl-vs/iyh-vsv/diseases-maladies/fasd-etcaf-eng.php
https://doi.org/10.1002/ddrr.68
https://doi.org/10.1002/ddrr.68
https://doi.org/10.1001/jama.2017.21896
https://doi.org/10.1001/jama.2017.21896
https://www.cdc.gov/ncbddd/fasd/data.html#ref
https://www.cdc.gov/ncbddd/fasd/data.html#ref
http://lib.adai.uw.edu/pubs/bk2698.pdf
http://lib.adai.uw.edu/pubs/bk2698.pdf
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref10
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref10
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref10
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref10
http://mspace.lib.umanitoba.ca/handle/1993/19900
http://mspace.lib.umanitoba.ca/handle/1993/19900
https://doi.org/10.1097/DBP.0b013e3182199694
https://doi.org/10.1016/j.socscimed.2012.10.027
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref14
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref14
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref14
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref14
https://doi.org/10.5664/jcsm.2038
https://doi.org/10.5664/jcsm.2038
https://doi.org/10.1155/2010/639048
https://doi.org/10.1155/2010/639048
https://doi.org/10.1016/j.earlhumdev.2008.02.001
https://doi.org/10.1016/j.earlhumdev.2011.06.009
https://doi.org/10.1016/j.earlhumdev.2011.06.009
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref19
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref19
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref19
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref19
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref19
https://doi.org/10.1046/j.1471-4159.1995.65010373.x
https://doi.org/10.1371/journal.pone.0047499
https://doi.org/10.1371/journal.pone.0047499
https://doi.org/10.1111/acer.12876
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref23
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref23
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref23

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

[44]

[45]

[46]

[47]

[48]

0.S. Ipsiroglu et al. / Sleep Medicine 54 (2019) 101-112 m

Doig ], McLennan ]D, Gibbard WB. Medication effects on symptoms of
attention-deficit/hyperactivity disorder in children with fetal alcohol spec-
trum disorder. ] Child Adolesc Psychopharmacol 2008;18:365—71. https://
doi.org/10.1089/cap.2007.0121.

Oldani M]. Uncanny scripts: understanding pharmaceutical emplotment in
the aboriginal context. Transcult Psychiatr 2009;46:131—56. https://doi.org/
10.1177/1363461509102291.

Spruyt K, Ipsiroglu O, Stockler S, et al. Challenging sleep-wake behaviors
reported in informal, conversational interviews of caregivers of children
with fetal alcohol spectrum disorder. Int ] Dev Disabil 2016:1—10. https://
doi.org/10.1080/20473869.2016.1229395.

Rasmussen C, Benz ], Pei ], et al. The impact of an ADHD co-morbidity on the
diagnosis of FASD. Can ] Clin Pharmacol 2010;17:e165—76.

Spohr HL. Fetal alcohol syndrome. In: Childhood and Adulthood [Das Fetale
Alkoholsyndrom: im Kindes- und Erwachsenenalter]. Berlin: De Gruyter;
2016.

Ipsiroglu OS. Applying ethnographic methodologies & ecology to unveil di-
mensions of sleep problems in children & youth with neurodevelopmental
conditions. Doctor of Philosophy - PhD, University of British Columbia; 2016.
Ipsiroglu OS. Autism Spectrum Disorders and Willis Ekbom disease. A plea
for explorative histories [Autismus-Spektrum-Storungen und Willis-Ekbom-
Erkrankung. Ein Pladoyer Fur explorative Anamnesen]. In: Paditz E,
Sauseng W, editors. Sleep medicine compendium [schlafmedizin kompen-
dium]. Dresden: Kleanthes; 2015. p. 49—65.

Ipsiroglu OS, Beyzaei N, Berger M, et al. “Emplotted narratives” and struc-
tured “behavioral observations” supporting the diagnosis of willis-Ekbom
disease/restless legs syndrome in children with neurodevelopmental con-
ditions. CNS Neurosci Ther 2016. https://doi.org/10.1111/cns.12564.
Picchietti DL, Arbuckle RA, Abetz L, et al. Pediatric restless legs syndrome:
analysis of symptom descriptions and drawings. J Child Neurol 2011;26:
1365—76. https://doi.org/10.1177/0883073811405852.

Picchietti DL, Oliviero B, de Weerd A, et al. Pediatric restless legs syndrome
diagnostic criteria: an update by the international restless legs syndrome
study group. Sleep Med 2013;14:1253—9. https://doi.org/10.1016/j.sleep.
2013.08.778.

Ipsiroglu OS, Hung Y-HA, Chan F, et al. “Diagnosis by behavioral observation”
home-videosomnography - a rigorous ethnographic approach to sleep of
children with neurodevelopmental conditions. Front Psychiatr 2015;6:39.
https://doi.org/10.3389/fpsyt.2015.00039.

Allen RP, Picchietti DL, Diego G-B, et al. Restless legs syndrome/Wil-
lis—Ekbom disease diagnostic criteria: updated International Restless Legs
Syndrome Study Group (IRLSSG) consensus criteria — history, rationale,
description, and significance. Sleep Med 2014;15:860—73. https://doi.org/
10.1016/j.sleep.2014.03.025.

Picchietti D, Allen RP, Walters AS, et al. Restless legs syndrome: prevalence
and impact in children and adolescents-the Peds REST study. Pediatrics
2007;120:253—66.

Walters AS, Silvestri R, Zucconi M, et al. Review of the possible relationship
and hypothetical links between attention deficit hyperactivity disorder
(ADHD) and the simple sleep related movement disorders, parasomnias,
hypersomnias, and circadian rhythm disorders. ] Clin Sleep Med 2008;4:
591-600.

Peadon E, Elliott E]J. Distinguishing between attention-deficit hyperactivity
and fetal alcohol spectrum disorders in children: clinical guidelines. Neu-
ropsychiatr Dis Treat 2010;6:509—15.

Brownell MD, de B Hanlon Dearman AC, Macwilliam LR, et al. Use of health,
education, and social services by individuals with fetal alcohol spectrum
disorder. J Popul Ther Clin Pharmacol 2013;20:e95—106.

Popova S, Lange S, Shield K, et al. Comorbidity of fetal alcohol spectrum
disorder: a systematic review and meta-analysis. Lancet 2016;387:978—87.
https://doi.org/10.1016/S0140-6736(15)01345-8.

Coles CD. Fetal alcohol exposure and attention: moving beyond ADHD.
Alcohol Res Health 2001;25:199—-203.

Barkley RA. Attention-deficit hyperactivity disorder: a handbook for diag-
nosis and treatment. 4th ed. New York: The Guildford Press; 2014.

Kiithle HJ, Hoch C, Rautzenberg P, et al. Brief video-assisted observation of
visual attention, facial expression, and motor skills for diagnosis of attention
deficit/hyperactivity disorder (ADHD) [Kurze videounterstiitzte Verhaltens-
beobachtung von Blickkontakt, Gesichtsausdruck und Motorik zur Diag-
nostik des Aufmerksamkeitsdefizit/Hyperaktivitatssyndroms (ADHS)]. Prax
Kinderpsychol Kinderpsychiatr 2001;50:607—21.

Kiihle HJ, Kinkelbur ], Andes K, et al. Self-regulation of visual attention and
facial expression of emotions in ADHD children. J Atten Disord 2007;10:
350-8.

James S-N, Cheung CHM, Rijsdijk F, et al. Modifiable arousal in attention-
deficit/hyperactivity disorder and its etiological association with fluctu-
ating reaction times. Biol Psychiatry Cogn Neurosci Neuroimag 2016;1:
539—47. https://doi.org/10.1016/j.bpsc.2016.06.003.

Zucconi M, Oldani A, Ferini-Strambi L, et al. Nocturnal paroxysmal arousals
with motor behaviors during sleep: frontal lobe epilepsy or parasomnia?
] Clin Neurophysiol 1997;14:513—-22.

Provini F, Plazzi G, Lugaresi E. From nocturnal paroxysmal dystonia to
nocturnal frontal lobe epilepsy. Clin Neurophysiol 2000;111(Suppl. 2):52—8.
Silvestri R, Gagliano A, Arico I, et al. Sleep disorders in children with
Attention-Deficit/Hyperactivity Disorder (ADHD) recorded overnight by

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]

[74]

video-polysomnography. Sleep Med 2009;10:1132-8.
10.1016/j.sleep.2009.04.003.

Tinuper P, Bisulli F, Cross JH, et al. Definition and diagnostic criteria of sleep-
related hypermotor epilepsy. Neurology 2016;86:1834—42. https://doi.org/
10.1212/WNL.0000000000002666.

Simonds JF, Parraga H. Sleep behaviors and disorders in children and ado-
lescents evaluated at psychiatric clinics. ] Dev Behav Pediatr 1984;5:6—10.
Sadeh A. Sleep and trauma in children. In: Stores G, Wiggs L, editors. Sleep
distubance in children and adolescents with disorders of development: its
significance and management. London: Mac Keith Press; 2001. p. 169—73.
Corkum P. Sleep problems in attention deficit hyperactivity disorder. In:
Stores G, Wiggs L, editors. Sleep distubance in children and adolescents with
disorders of development: its significance and management. London: Mac
Keith Press; 2001. p. 174—80.

Durand SC, McGuinness TM. Irritability in childhood and adolescence.
J Psychosoc Nurs Ment Health Serv 2016;54:28—31. https://doi.org/10.1002/
da.22151.

Hellemans KGC, Verma P, Yoon E, et al. Prenatal alcohol exposure increases
vulnerability to stress and anxiety-like disorders in adulthood. Ann N 'Y Acad
Sci 2008;1144:154—75. https://doi.org/10.1196/annals.1418.016.

Comeau WL, Winstanley CA, Weinberg ]. Prenatal alcohol exposure and
adolescent stress - unmasking persistent attentional deficits in rats. Eur ]
Neurosci 2014;40:3078—95. https://doi.org/10.1111/ejn.12671.

Marquardt K, Brigman JL. The impact of prenatal alcohol exposure on social,
cognitive and affective behavioral domains: insights from rodent models.
Alcohol 2016;51:1—15. https://doi.org/10.1016/j.alcohol.2015.12.002.
Rodriguez ClI, Magcalas CM, Barto D, et al. Effects of sex and housing on
social, spatial, and motor behavior in adult rats exposed to moderate levels
of alcohol during prenatal development. Behav Brain Res 2016;313:233—43.
https://doi.org/10.1016/j.bbr.2016.07.018.

Atalar EG, Uzbay T, Karakas S. Modeling symptoms of attention-deficit hy-
peractivity disorder in a rat model of fetal alcohol syndrome. Alcohol Alcohol
2016;51:684—90.

Wilson DA, Masiello K, Lewin MP, et al. Developmental ethanol
exposure-induced sleep fragmentation predicts adult cognitive impairment.
Neuroscience 2016;322:18—27. https://doi.org/10.1016/j.neuroscience.2016.
02.020.

Hilakivi L, Leena H, David Sinclair ]. Effect of neonatal clomipramine treat-
ment on adult alcohol drinking in the AA and ANA rat lines. Pharmacol
Biochem Behav 1986;24:1451—5.

Hilakivi LA, Stenberg D, Sinclair JD, et al. Neonatal desipramine or zimeldine
treatment causes long-lasting changes in brain monoaminergic systems and
alcohol related behavior in rats. Psychopharmacology 1987;91:403—9.
Sylvester L, Kapron CM, Smith C. In utero ethanol exposure decreases rapid
eye movement sleep in female Sprague-Dawley rat offspring. Neurosci Lett
2000;289:13—6.

Volgin DV, Kubin L. Reduced sleep and impaired sleep initiation in adult
male rats exposed to alcohol during early postnatal period. Behav Brain Res
2012;234:38—42. https://doi.org/10.1016/j.bbr.2012.06.002.

Criado JR, Wills DN, Walker BM, et al. Effects of adolescent ethanol exposure
on sleep in adult rats. Alcohol 2008;42:631—-9. https://doi.org/10.1016/
j-alcohol.2008.08.001.

Allen GC, Farnell YZ, Maeng J-U, et al. Long-term effects of neonatal alcohol
exposure on photic reentrainment and phase-shifting responses of the ac-
tivity rhythm in adult rats. Alcohol 2005;37:79—88.

Sakata-Haga H, Dominguez HD, Sei H, et al. Alterations in circadian rhythm
phase shifting ability in rats following ethanol exposure during the third
trimester brain growth spurt. Alcohol Clin Exp Res 2006;30:899—-907.
Uban KA, Bodnar T, Butts K, et al. Direct and indirect mechanisms of alcohol
teratogenesis: implications for understanding alterations in brain and
behavior in FASD. In: Riley EP, Clarren S, Weinberg ], editors. Health care and
disease management. Edmonton: Institute of Health Economics; 2010.
p. 71-108.

Ipsiroglu OS, Carey N, Collet JP, et al. De-medicalizing sleep: sleep assess-
ment tools in the community setting for clients (patients) with FASD &
prenatal substance exposure. National Organisation for Fetal Alcohol Syn-
drome — UK; 2012. p. 33—41.

Dunn W, Westman K. The sensory profile: the performance of a national
sample of children without disabilities. Am J Occup Ther 1997;51:25—34.
Hellemans KGC, Sliwowska JH, Verma P, et al. Prenatal alcohol exposure:
fetal programming and later life vulnerability to stress, depression and
anxiety disorders. Neurosci Biobehav Rev 2010;34:791—807. https://doi.org/
10.1016/j.neubiorev.2009.06.004.

Redila VA, Olson AK, Swann SE, et al. Hippocampal cell proliferation is
reduced following prenatal ethanol exposure but can be rescued with
voluntary exercise. Hippocampus 2006;16:305—11.

Ipsiroglu OS, Black A, Vilela-Barbosa A, et al. T-L-090 describing restless legs
syndrome (RLS) as a cause of circadian rhythm sleep disorders (CRSD): video
studies in the home setting: from ethnography to quantitative analyses
[Abstract]. Sleep Med 2011;12:582—-3.

Weinberg J. Nutritional issues in perinatal alcohol exposure. Neurobehav
Toxicol Teratol 1984;6:261-9.

Tepperman HM, Tepperman J. Patterns of dietary and hormonal induction of
certain NADP-linked liver enzymes. Am ] Physiol 1964;206:357—61. https://
doi.org/10.1152/ajplegacy.1964.206.2.357.

https://doi.org/


https://doi.org/10.1089/cap.2007.0121
https://doi.org/10.1089/cap.2007.0121
https://doi.org/10.1177/1363461509102291
https://doi.org/10.1177/1363461509102291
https://doi.org/10.1080/20473869.2016.1229395
https://doi.org/10.1080/20473869.2016.1229395
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref27
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref27
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref27
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref28
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref28
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref28
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref29
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref29
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref29
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref29
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref29
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref30
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref30
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref30
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref30
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref30
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref30
https://doi.org/10.1111/cns.12564
https://doi.org/10.1177/0883073811405852
https://doi.org/10.1016/j.sleep.2013.08.778
https://doi.org/10.1016/j.sleep.2013.08.778
https://doi.org/10.3389/fpsyt.2015.00039
https://doi.org/10.1016/j.sleep.2014.03.025
https://doi.org/10.1016/j.sleep.2014.03.025
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref36
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref36
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref36
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref36
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref37
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref37
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref37
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref37
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref37
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref37
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref38
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref38
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref38
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref38
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref39
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref39
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref39
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref39
https://doi.org/10.1016/S0140-6736(15)01345-8
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref41
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref41
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref41
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref42
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref42
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref43
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref43
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref43
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref43
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref43
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref43
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref43
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref43
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref44
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref44
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref44
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref44
https://doi.org/10.1016/j.bpsc.2016.06.003
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref46
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref46
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref46
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref46
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref47
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref47
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref47
https://doi.org/10.1016/j.sleep.2009.04.003
https://doi.org/10.1016/j.sleep.2009.04.003
https://doi.org/10.1212/WNL.0000000000002666
https://doi.org/10.1212/WNL.0000000000002666
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref50
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref50
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref50
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref51
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref51
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref51
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref51
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref52
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref52
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref52
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref52
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref52
https://doi.org/10.1002/da.22151
https://doi.org/10.1002/da.22151
https://doi.org/10.1196/annals.1418.016
https://doi.org/10.1111/ejn.12671
https://doi.org/10.1016/j.alcohol.2015.12.002
https://doi.org/10.1016/j.bbr.2016.07.018
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref58
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref58
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref58
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref58
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref58
https://doi.org/10.1016/j.neuroscience.2016.02.020
https://doi.org/10.1016/j.neuroscience.2016.02.020
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref60
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref60
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref60
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref60
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref61
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref61
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref61
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref61
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref62
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref62
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref62
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref62
https://doi.org/10.1016/j.bbr.2012.06.002
https://doi.org/10.1016/j.alcohol.2008.08.001
https://doi.org/10.1016/j.alcohol.2008.08.001
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref65
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref65
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref65
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref65
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref66
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref66
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref66
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref66
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref67
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref67
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref67
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref67
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref67
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref67
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref68
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref68
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref68
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref68
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref68
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref68
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref69
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref69
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref69
https://doi.org/10.1016/j.neubiorev.2009.06.004
https://doi.org/10.1016/j.neubiorev.2009.06.004
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref71
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref71
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref71
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref71
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref72
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref72
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref72
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref72
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref72
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref73
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref73
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref73
https://doi.org/10.1152/ajplegacy.1964.206.2.357
https://doi.org/10.1152/ajplegacy.1964.206.2.357

112

[751]

[76]

[77]

(78]

(791

[80]

(81]

(82]

(83]

(84]

(85]

(86]

(87]

(88]

0.S. Ipsiroglu et al. / Sleep Medicine 54 (2019) 101—112

Leveille GA, Hanson RW. Adaptive changes in enzyme activity and metabolic
pathways in adipose tissue from meal-fed rats. J Lipid Res 1966;7:46—55.
Chakrabarty K, Leveille GA. Influence of periodicity of eating on the activity
of various enzymes in adipose tissue, liver and muscle of the rat. ] Nutr
1968;96:76—82.

Fuller RW. Daily variation in liver tryptophan, tryptophan pyrrolase, and
tyrosine transaminase in rats fed ad libitum or single daily meals. Proc Soc
Exp Biol Med 1970;133:620—2.

Krieger DT. New studies on the experimental alteration of the circadian
periodicity of plasma corticosteroid levels in the rat. Chronobiologia
1974;1(Suppl. 1):82—-90.

Pocknee RC, Heaton FW. Changes in organ growth with feeding pattern. The
influence of feeding frequency on the circadian rhythm of protein synthesis
in the rat. ] Nutr 1978;108:1266—73.

Glavas MM, Ellis L, Yu WK, et al. Effects of prenatal ethanol exposure on basal
limbic-hypothalamic-pituitary-adrenal regulation: role of corticosterone.
Alcohol Clin Exp Res 2007;31:1598—610.

Lan N, Chiu MPY, Ellis L, et al. Prenatal alcohol exposure and prenatal stress
differentially alter glucocorticoid signaling in the placenta and fetal brain.
Neuroscience 2015. https://doi.org/10.1016/j.neuroscience.2015.08.058.
Carter RC, Jacobson SW, Molteno CD, et al. Fetal alcohol exposure, iron-
deficiency anemia, and infant growth. Pediatrics 2007;120:559—67.

Carter RC, Jacobson JL, Molteno CD, et al. Effects of heavy prenatal alcohol
exposure and iron deficiency anemia on child growth and body composition
through age 9 years. Alcohol Clin Exp Res 2012;36:1973—82. https://doi.org/
10.1111/j.1530-0277.2012.01810.x.

Cortese S, Azoulay R, Castellanos FX, et al. Brain iron levels in attention-
deficit/hyperactivity disorder: a pilot MRI study. World ] Biol Psychiatr
2012;13:223-31. https://doi.org/10.3109/15622975.2011.570376.

Cortese S, Angriman M, Lecendreux M, et al. Iron and attention deficit/hy-
peractivity disorder: what is the empirical evidence so far? A systematic
review of the literature. Expert Rev Neurother 2012;12:1227—40. https://
doi.org/10.1586/ern.12.116.

Avrahami M, Barzilay R, HarGil M, et al. Serum ferritin levels are lower in
children with tic disorders compared with children without tics: a cross-
sectional study. ] Child Adolesc Psychopharmacol 2016. https://doi.org/
10.1089/cap.2016.0069.

Buckley TM, Schatzberg AF. On the interactions of the hypothalamic-
pituitary-adrenal (HPA) axis and sleep: normal HPA axis activity and circa-
dian rhythm, exemplary sleep disorders. ] Clin Endocrinol Metab 2005;90:
3106—14. https://doi.org/10.1210/jc.2004-1056.

Balbo M, Leproult R, Van Cauter E. Impact of sleep and its disturbances on
hypothalamo-pituitary-adrenal axis activity. Int ] Endocrinol 2010;2010:
759234.

[89] Jacobson SW, Bihun JT, Chiodo LM. Effects of prenatal alcohol and cocaine

[90]

exposure on infant cortisol levels. Dev Psychopathol 1999;11:195—208.
Weinberg ], Sliwowska JH, Lan N, et al. Prenatal alcohol exposure: foetal
programming, the hypothalamic-pituitary-adrenal axis and sex differences

[91]

[92]

(93]

(94]

(95]

[96]

[97]

(98]

[99]

[100]

[101]

[102]

[103]

in outcome. ] Neuroendocrinol 2008;20:470—88. https://doi.org/10.1111/
j.1365-2826.2008.01669.x.

Oberlander TF, Jacobson SW, Weinberg ], et al. Prenatal alcohol exposure
alters biobehavioral reactivity to pain in newborns. Alcohol Clin Exp Res
2010;34:681—-92. https://doi.org/10.1111/.1530-0277.2009.01137.x.
McLachlan K, Rasmussen C, Oberlander TF, et al. Dysregulation of the cortisol
diurnal rhythm following prenatal alcohol exposure and early life adversity.
Alcohol 2016;53:9—18. https://doi.org/10.1016/j.alcohol.2016.03.003.
Wasdell MB, Jan JE, Bomben MM, et al. A randomized, placebo-controlled
trial of controlled release melatonin treatment of delayed sleep phase syn-
drome and impaired sleep maintenance in children with neuro-
developmental disabilities. ] Pineal Res 2008;44:57—64.

Rossignol DA, Frye RE. Melatonin in autism spectrum disorders: a systematic
review and meta-analysis. Dev Med Child Neurol 2011;53:783—92. https://
doi.org/10.1111/j.1469-8749.2011.03980.x.

Chaste P, Clement N, Botros HG, et al. Genetic variations of the melatonin
pathway in patients with attention-deficit and hyperactivity disorders.
J Pineal Res 2011;51:394-9. https://doi.org/10.1111/j.1600-079X.2011.
00902.x.

Veatch 0], Goldman SE, Adkins KW, et al. Melatonin in children with autism
spectrum disorders: how does the evidence fit together? ] Nat Sci 2015;1:
el125.

LaFrance MA, McLachlan K, Nash K, et al. Evaluation of the neurobehavioral
screening tool in children with fetal alcohol spectrum disorders (FASD).
J Popul Ther Clin Pharmacol 2014;21:e197—210.

Wilens TE, Spencer T, Biederman J, et al. Combined pharmacotherapy: an
emerging trend in pediatric psychopharmacology. ] Am Acad Child Adolesc
Psychiatry 1995;34:110—2.

O'Malley KD. Safety of combined pharmacotherapy. ] Am Acad Child Adolesc
Psychiatry 1997;36:1489—90.

O'Malley KD, Nanson J. Clinical implications of a link between fetal alcohol
spectrum disorder and attention-deficit hyperactivity disorder. Can J Psy-
chiatr 2002;47:349—54.

O'Malley K, Streissguth A. Clinical intervention and support for children aged
zero to five years with fetal alcohol spectrum disorder and their parents/
caregivers [Online]. In: Tremblay RE, Barr RG, Peters R, editors. Encyclopedia
on early childhood development. Montreal: Centre of Excellence for Early
Childhood Development; 2003. p. 1-9.

Rowles BM, Findling RL. Review of pharmacotherapy options for the treat-
ment of attention-deficit/hyperactivity disorder (ADHD) and ADHD-like
symptoms in children and adolescents with developmental disorders. Dev
Disabil Res Rev 2010;16:273—82. https://doi.org/10.1002/ddrr.120.

Uban KA, Comeau WL, Bodnar T, et al. Amphetamine sensitization and cross-
sensitization with acute restraint stress: impact of prenatal alcohol exposure
in male and female rats. Psychopharmacology 2015;232:1705—16. https://
doi.org/10.1007/s00213-014-3804-y.


http://refhub.elsevier.com/S1389-9457(18)30515-X/sref75
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref75
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref75
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref76
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref76
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref76
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref76
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref77
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref77
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref77
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref77
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref78
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref78
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref78
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref78
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref79
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref79
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref79
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref79
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref80
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref80
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref80
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref80
https://doi.org/10.1016/j.neuroscience.2015.08.058
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref82
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref82
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref82
https://doi.org/10.1111/j.1530-0277.2012.01810.x
https://doi.org/10.1111/j.1530-0277.2012.01810.x
https://doi.org/10.3109/15622975.2011.570376
https://doi.org/10.1586/ern.12.116
https://doi.org/10.1586/ern.12.116
https://doi.org/10.1089/cap.2016.0069
https://doi.org/10.1089/cap.2016.0069
https://doi.org/10.1210/jc.2004-1056
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref88
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref88
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref88
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref89
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref89
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref89
https://doi.org/10.1111/j.1365-2826.2008.01669.x
https://doi.org/10.1111/j.1365-2826.2008.01669.x
https://doi.org/10.1111/j.1530-0277.2009.01137.x
https://doi.org/10.1016/j.alcohol.2016.03.003
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref93
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref93
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref93
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref93
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref93
https://doi.org/10.1111/j.1469-8749.2011.03980.x
https://doi.org/10.1111/j.1469-8749.2011.03980.x
https://doi.org/10.1111/j.1600-079X.2011.00902.x
https://doi.org/10.1111/j.1600-079X.2011.00902.x
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref96
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref96
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref96
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref97
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref97
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref97
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref97
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref98
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref98
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref98
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref98
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref99
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref99
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref99
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref100
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref100
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref100
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref100
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref101
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref101
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref101
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref101
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref101
http://refhub.elsevier.com/S1389-9457(18)30515-X/sref101
https://doi.org/10.1002/ddrr.120
https://doi.org/10.1007/s00213-014-3804-y
https://doi.org/10.1007/s00213-014-3804-y

	Prenatal alcohol exposure and sleep-wake behaviors: exploratory and naturalistic observations in the clinical setting and i ...
	1. Introduction
	2. Methods
	2.1. Clinical study
	2.1.1. Patient population
	2.1.2. Sleep-wake behavior analysis in children and adolescents

	2.2. PAE animal model
	2.2.1. Breeding and experimental diets
	2.2.2. Sleep-wake behavior analysis


	3. Results
	3.1. Patients with FASD in the clinical setting
	3.1.1. Overall presentation at assessment
	3.1.2. Sleep-wake behavior narratives
	3.1.3. Insomnia presentations (based on history and available logs/diaries)
	3.1.4. Non-restorative sleep
	3.1.5. Sleep-wake behavior video recordings
	3.1.6. Formal sleep study reports
	3.1.7. Sensory processing abnormalities
	3.1.8. Suggested Clinical Immobilization Test
	3.1.9. Medications

	3.2. PAE animal model
	3.2.1. Overall changes with age
	3.2.2. Disrupted sleep-wake behaviors


	4. Discussion
	4.1. Observations in the clinical setting
	4.2. Observations in the animal model
	4.3. Significance and impact of our results

	5. Conclusion
	Acknowledgments
	Conflict of interest
	Appendix A. Supplementary data
	References


