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92.02%, 90.66%, 77.51%, and 72.18% for subject-independent models for the
RF, SVM, NB and k-NN algorithms, respectively. In RF models, averaged
recall and precision measures were 96.93% and 97.76% for subject-
dependent models, and 90.18% and 91.56% for subject-independent
models.
Conclusions: In this work, we have proposed a non-invasive sensor sys-
tem and demonstrated the effectiveness of the mattress sensors in clas-
sifying in-bed movements using machine learning algorithms, while
considering subject-dependent and subject-independent data sets. RF
models showed the best classification performance, followed by SVM, NB,
and k-NN models. Further studies need to be conducted to investigate the
effect on classifier performances in different patient groups.
Acknowledgments: Kids Brain Health Network (KBHN); BC Children's
Hospital Foundation; The Natural Sciences and Engineering Research
Council of Canada (NSERC).

Neurological Sleep Disorders Affecting Sleep
SLEEP-WAKE CYCLE RECOVERY AFTER MODERATE TO SEVERE
TRAUMATIC BRAIN INJURY: ARE ULTRADIAN RHYTHMS INVOLVED?

S. Van der Maren 1,2, C. Duclos 3,4, M. Dumont 1,2, H. Blais 1, J. Daoust 1,2, J.-
M. Lina 1,5, F. Bernard 1,2, D.K. Menon 6, J. Carrier 1,2, N. Gosselin 1,2. 1Hôpital
du Sacr�e-Coeur de Montr�eal, Canada; 2Universit�e de Montr�eal, Canada;
3McGill University Health Center, Canada; 4 School of Physical and
Occupational Therapy, McGill University, Canada; 5 �Ecole de Technologie
Sup�erieure (ETS), Montr�eal, Canada; 6Division of Anesthesia, University of
Cambridge, Cambridge, United Kingdom

Introduction: Recent studies showed that survivors of moderate to severe
traumatic brain injury (TBI) have severe fragmentations of sleep and wake
episodes across 24 h during their hospital stay, despite having a normal
melatonin rhythm. In most cases, the 24-hsleep-wake cycle reappears
before hospital discharge. However, very little is known about how the 24-
h sleep-wake cycle recovers. More specifically, whether ultradian rhythms
are present before the occurrence of a consolidated 24-h sleep-wake cycle
is unknown. The aim of the present study was to verify whether ultradian
sleep-wake rhythmicity is present in hospitalized patients with moderate
to severe TBI.
Materials and methods: 35 patients with moderate to severe TBI (30 ± 12
years old, 24 males) were compared to 27 patients (34 ± 15 years old, 21
males) with orthopedic or spinal cord injury (OSCI) hospitalized in the
same environment. Patients were included once they reached medical
stability and were no longer continuously sedated. Their sleep-wake cycles
were assessed using actimetry (Actiwatch-L or Actiwatch-Spectrum; Phi-
lips Healthcare) on a nonparalyzed arm for 14.5 ± 5 days in the TBI group,
and 11.3 ± 3.3 days in the OSCI group, with one sample per minute. Activity
data of each patient were segmented into 3-day windows and activity
counts were averaged in 15 min bins. To assess rhythmicity, autocorrela-
tions were calculated on each 3-day window for lag times extending from
0 to 1.15 days. The highest positive autocorrelation peak was identified for
each 3-day window and for each subject. Groups were compared using
chi-square statistics.
Results: In the first three days of recording, corresponding to 22.2 ± 12.2
days post-injury in TBI subjects and 12.2 ± 9.1 post-injury in OSCI subjects,
36.4% of TBI patients showed a clear rhythm close to 24 h (range: 20-25 h)
compared to 63% of OSCI patients. Among patients who did not exhibit a
circadian sleep-wake rhythm in the first three days of recording, signifi-
cant ultradian peaks were found (range: 3-19.5 h), most of which had a 3 to
8 h period. In fact, 36.4% of TBI patients exhibited an ultradian sleep-wake
rhythm between 3 to 8 h, compared to 11.1% of OSCI patients (c2 (2)¼ 5.97;
p ¼ 0.05). During the last three days of recording, no OSCI patients
exhibited a 3 to 8 h ultradian rhythm but 12.1% of TBI patients still showed
a significant 3 to 8 h rhythm (c2 (2) ¼ 3,56; p¼.152).
Conclusions: Using autocorrelations, we identified ultradian sleep-wake
rhythms, most of which were within a 3 to 8 h period. This ultradian
rhythmicity was more frequently observed in TBI patients compared to a
control group of OSCI patients. Whether ultradian sleep-wake rhythms are
driven by physiological processes or caused by the environment (e.g.
medication schedule, nurse interventions) warrants further investigation.
Ultradian rhythm could represent a transition period from fragmented
sleep to a consolidated sleep-wake cycle.

Sleep Breathing Disorders
INCREASED BEHAVIORAL PROBLEMS AT 5 YEARS OF AGE ARE
ASSOCIATED WITH SLEEP DISORDERED BREATHING PHENOTYPES,
BASED ON PARENT-REPORTED SYMPTOMS: THE CANADIAN HEALTHY
INFANT LONGITUDINAL DEVELOPMENT BIRTH COHORT STUDY

C. van Eeden 1, S.K. Tamana 1, N. Hammam1, J. Chikuma 1, D.L.
Lefebvre 2, M.B. Azad 3, T.J. Moraes 4, P. Subbarao 4, A. Becker 3, S.E.
Turvey 5, M.R. Sears 2, C. Rasmussen 1, J. Pei 1, P.J. Mandhane 1. 1University
of Alberta, Edmonton, Canada; 2McMaster University, Hamilton, Canada;
3University of Manitoba, Winnipeg, Canada; 4Hospital for Sick Children,
University of Toronto, Toronto, Canada; 5BC Children's Hospital, University
of British Columbia, Vancouver, Canada

Introduction: Sleep breathing problems affect up to 10% of children aged
between 2 and 8 years of age. Sleep-disordered breathing (SDB), from
habitual snoring to obstructive sleep apnea, in school aged children has
been associated with poor learning, adverse executive functioning and,
externalizing behavior problems such as ADHD. Our previous investigation
found that children with parent-reported SDB up to 2 years of age had
greater ADHD symptoms. Our objective was to examine the association
between the age of onset and duration of parent-reported symptoms of
SDB and behavioral problems at age 5 years.
Materials and methods: Parent-reported SDB symptoms were assessed
quarterly between 3 months and 2 years, and annually from 3 to 5 years of
age among 581 CHILD study Edmonton-site participants. Parent-reported
SDB symptoms were clustered into phenotypes using trajectory modelling
(STATA traj) based on age of onset and duration of symptoms. The Child
Behavior Checklist (CBCL) preschool-version (Mean t-score 50, standard
deviation 10 points) assessed total, externalizing (attention), and inter-
nalizing (anxiety, depression) behaviors at 5 years of age.
Results: We identified four SDB phenotypes to five years of age: no SDB
(77.8%), early onset SDB (10.2%, peak symptoms at 18 months), late onset
SDB (6.9%, peak symptoms at 3.6 years) and persistent SDB (4.5%, peak
symptoms at 3.2 years). The mean CBCL T-Score for total behavior prob-
lems was 42.2 (95% CI 41.4, 42.9) with 1.7% of children having clinically
significant T-Scores of �65. Compared to children with no SDB, those with
persistent SDB had the greatest increase in their total behavioral problems
score (7.8 points, 95% CI 4.6, 10.9; p � 0.001). Late onset SDB also had a
significant increase in total behavior symptoms (5.0 points, 95% CI 2.4, 7.6;
� 0.001). Early onset SDB had a significant, albeit minimal, increase in total
behavior problems (2.1 points, 95% CI 0.03, 4.14; p ¼0.05). The effects of
SDB on behavior exceeded those of any other potential covariate controlled
for in this study, including current SDB symptoms, sleep duration,
maternal stress and screen time. We found similar results for externalizing
behavior for children with persistent and late-onset SDB symptoms.
Conclusions: Children with persistent or late onset SDB phenotypes have
markedly higher behavioral problems than those children with no SDB.
These behavioral problems include both externalizing (ADHD-like symp-
toms) as well as internalizing (anxiety and depression) issues. These
findings highlight the need to screen young children for SDB, to try miti-
gate future mental health problems.
Acknowledgements: We are grateful to all the families that took part in
this study and as well as the entire CHILD team. The Canadian Institutes of
Health Research (CIHR) and the Allergy, Genes and Environment
(AllerGen) Network of Centres of Excellence provided core support for
CHILD. This research was specifically funded by Women & Children's
Health Research Institute (WCHRI).

Memory
MANIPULATING MEMORY DURING SLEEP

E.A.M. van Poppel 1,2, L.M. Talamini 1. 1 Psychology, University of Amsterdam,
Amsterdam, Netherlands; 2Cognitive Biopsychology and Methods, University
of Fribourg, Fribourg, Switzerland

Introduction: Targeted Memory Reactivation (TMR) is the deliberate
reactivation of a memory trace by presenting learning-related cues during
sleep. TMR is thought to selectively enhance memory consolidation during
Slow-Wave Sleep (SWS). The hallmark of SWS is the slow-wave, charac-
terized in the electro-encephalogram (EEG) as a wave with amplitude >75
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mV and frequency around 1 Hz. The slow-wave reflects global synchronous
neuronal depolarisation and increased excitability in the so-called up-state,
followed by a widespread neuronal hyperpolarisation in the down-state. In
this study, our aimwas to present learned stimuli during either a slow-wave
up- or down-state. Our expectations were that stimuli cued during the up-
state would enhance vocabulary memory the most, since the up-state is
associated with neuronal depolarisation and increased excitability.
Materials andmethods: 65 Native Dutch speakers participated in the study.
They learned 120 Danish nouns before sleep. We developed a closed-loop
method that allows targeting stimuli to any oscillatory phase by modelling
and predicting the oscillatory brain activity. We used this method to predict
either up- or down-states in slow-waves. In the “Up” group (N¼23), half of
the learned words were aurally cued again during predicted slow-wave up-
states. In the “Down” group (N¼19), half of the learned words were cued
during predicted slow-wave down-states. The “Sham” group (N¼23) did not
receive any cues during the night. Auditory TMR started at the beginning of
SWS and continued for 3 hours. The following morning, participants had to
retrieve all 120 words in a cued recall test.
Results: Our results show that memory for words cued in the up-state of a
slow-wave was improved, i.e. on average participants knew more of the
cued words after sleep (107%±12%) compared to the uncued words
(99%±10%, p¼.03). Moreover, we are the first to show that memory traces
seem to deteriorate when cued in a slow-wave down-state (95%±11%)
compared to uncued words (102%±10%, p¼.04). The sham group knew on
average the same amount of words after sleep compared to the learned
amount before sleep (100%±8%). Event-Related Potentials (ERPs) show an
induced slow-wave-like pattern after cueing at the beginning of a slow-
wave up-state, which is not present in an ongoing “sham” slow-wave.
Presenting a cue at the beginning of a down-state seems to disrupt this
pattern, resulting in a phase shift of the induced slow-wave-like pattern.
Time-frequency analysis reveals an early enhancement in the fast spindle/
beta power range (14-21 Hz) for the up-state cued words compared to the
down-state cued words. Interestingly, both TMR cued groups show more
SWS (17%±6%) compared to the sham group (11%±7%, p¼.01).
Conclusions: Applying TMR in an ongoing slow-wave up-state enhances
post-sleep memory, whereas reactivation in the slow-wave down-state
depresses memory. Thus, by taking into account the oscillation phase of
the slow-wave, it is possible to manipulate the fate of a memory trace
during sleep. These results open perspective for exciting future research,
such as strengthening deliberate memory traces with a device wearable at
home when learning, or even deteriorating memory traces in PTSD
patients.

Memory
THE EFFECT OF A DAYTIME NAP ON MEMORY CONSOLIDATION OF
NOVEL WORD LEARNING

E. van Rijn, S.A. Walker, V.C.P. Knowland, M.G. Gaskell, L.-M.
Henderson. Psychology, University of York, York, United Kingdom

Introduction: Sleep plays an important role in memory consolidation of
word learning. Previous research has indicated that explicit memory for
novel words, as well as the integration of novel words into existing
knowledge networks (indexed by lexical competition), benefits from non-
rapid eye movement (NREM) sleep. Such findings can be explained by
systems consolidation, which supports the transfer of newmemories from
hippocampal to neocortical memory networks. However, studies of vo-
cabulary consolidation have tended to focus on nocturnal sleep. The pre-
sent study addresses whether a daytime nap has similar effects on newly
learned words.
Materials and methods: Adult participants (N ¼ 31; mean age ¼ 20.91,
SD ¼ 1.55) were trained on two lists of spoken novel words (e.g.,
“dolpheg”) in two different training sessions, once followed by a day-
time nap and once followed by an equal period of daytime wake (with
nap/wake conditions counterbalanced). Training procedures were
adopted from a previous overnight study. Participants were explicitly
instructed to learn the novel words, and training included repetition of
novel words, as well as phoneme monitoring. Sleep was monitored
using polysomnography (PSG) in the nap condition. Both immediately
after training and after the nap/wake period, explicit novel word
memory was measured using stem completion and recognition tasks.

Lexical integration was measured via a pause detection task, in which
participants made speeded decisions about the presence or absence of a
pause to existing words that overlapped with the trained non-words
(e.g., “dolphin”) and untrained control words. Novel word learning was
expected to initiate lexical competition (i.e., slower responses to trained
competitors than untrained control words) after sleep, but not wake, as
a consequence of lexical integration.
Results: Recall accuracy on the stem completion task decreased following
wake, but not following sleep. Recognition of the novel words was high
immediately after training, and did not differ following wake or nap.
Crucially, there was no evidence that a nap initiated lexical competition
effects. Analyses relating behavioral changes over the nap to NREM sleep
features measured with PSG (e.g., sleep spindles and slow oscillations) will
be presented.
Conclusions: While a daytime nap benefited explicit retrieval of newly
learned novel words (as evidenced by preserved stem completion accu-
racy), there was no clear evidence for lexical integration following a nap.
The findings indicate that a longer, possibly nocturnal, period of sleep-
dependent consolidation may be necessary for lexical competition effects
to emerge (at least under the present training regime). Ongoing research is
examining whether daytime naps have a similar enhanced effect in chil-
dren aged 10-12 years, and if nap benefits in children are associated with
structural white matter connections in, for example, networks involved in
sleep spindle activity and memory consolidation.
Acknowledgements: The research was supported by UK Economic and
Social Research Council grant no. ES/N009924/1.

Technology/Technical
EFFECT OF THE INTENSITY OF ROCKING MOVEMENTS ON NAP SLEEP

R. van Sluijs 1,2, Q. Rondei 1, D. Schluep 1, L. J€ager 1, P. Achermann 2,3, R.
Riener 1,2,4, E. Wilhelm 1,2. 1Health Science and Technology, ETH Zurich,
Switzerland; 2 Sleep and Health Zurich, University of Zurich, Switzerland;
3 The KEY Institute for Brain Mind Research, University Hospital of
Psychiatry, Switzerland; 4Medical Faculty, University of Zurich, Zurich,
Switzerland

Introduction: Rocking has been suggested as one of the most promising
approaches on the way to non-pharmacological treatments for sleep dis-
orders. However, studies on humans gave inconclusive results. An animal
study testing different stimulation intensities (peak accelerations resulting
from a combination of frequency and amplitude) showed that the pro-
portion of time spent in NREM sleep increased at the cost of wake without
a reduction of REM sleep when rocking with 0.79m/s2, which is equivalent
to 0.2 - 0.26 m/s2 in humans. This study set out to assess whether the sleep
promoting effect of rocking movements is also stimulation intensity
dependent in humans.
Methods: Afternoon nap data of 16 healthy young males (Mage: 24.1y ,
SDage: 3.0y) was analysed. Side-to-side rocking motions along a pendulum
trajectory were provided using the Somnomat bed. Polysomnography was
recorded and scored according to AASM rules (20-s epochs). Sleep archi-
tecture during baseline (bed sound), low intensity (a ¼ 0.15 m/s2) and
medium intensity (a ¼ 0.20 m/s2) stimulation naps (n ¼ 8) or baseline,
medium and high intensity (a ¼ 0.25 m/s2) stimulation naps (n ¼ 8) was
assessed. A linear mixed-effects model for interaction between experi-
mental condition and stage on latency to or duration of a specific sleep
stage, with participant as random factor, was compared to a null-model
without the interaction term.
Results: Medium intensity rocking motions shortened the median latency
to deep sleep by 2.8 min (n.s.), due to a shorter duration of stage N2 during
movement (Med: 16.7 min) compared to baseline naps (Med: 21.5 min). A
significant interaction[RMvS1] between stimulation intensity and stage on
duration of sleep stage was observed in the low intensity group. With the
amount of time spent in deep sleep increasing from 12.9% of total sleep
period at baseline, to 30.7% with low and 35.7% with medium intensity
stimulation. In the high intensity group no significant interaction between
stimulation intensity and stage was observed, most likely because a higher
proportion of deep sleep was already observed in baseline naps (38.3%).
However, similar to the other group participants spent 29.5% in deep sleep
during medium intensity stimulation, with an increase to 39.3% with high
intensity stimulation.
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