N
N

N

HAL

open science

Movements and behaviors during spontaneous arousals
in healthy young adults: an intermediary stage between
wakefulness and sleep?

Ana Branquinho Bras, Jean-Baptiste Maranci, Zhongmei Yang, Charlotte

Chaumereuil, Isabelle Arnulf

» To cite this version:

Ana Branquinho Bras, Jean-Baptiste Maranci, Zhongmei Yang, Charlotte Chaumereuil, Is-
abelle Arnulf. Movements and behaviors during spontaneous arousals in healthy young adults:
an intermediary stage between wakefulness and sleep?. Sleep Medicine, 2022, 89, pp.93-96.

10.1016/j.sleep.2021.11.012 . hal-03509484

HAL Id: hal-03509484
https://hal.sorbonne-universite.fr /hal-03509484v1

Submitted on 4 Jan 2022

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.sorbonne-universite.fr/hal-03509484v1
https://hal.archives-ouvertes.fr

Movements and behaviors during spontaneous arousals in healthy young adults:

an intermediary stage between wakefulness and sleep?
Ana Branquinho Bras 2P, Jean-Baptiste Maranci ®, Zhongmei Yang ¢, Charlotte

Chaumereuil @ and Isabelle Arnulf?

Sleep Disorders Unit, Pitié-Salpétriére Hospital, Sorbonne University, Paris, France
bDepartment of Neurology, Centro Hospitalar e Universitario de Coimbra, Coimbra
Portugal

‘Department of Neurology, the University-Town Hospital of Chongging Medical

University, China

Keywords: arousal, motor pattern, chewing, facial expression

Submitted to: Sleep Medicine

MS count: 2140 words, 22 references, 2 tables, 1 supplemental video-clip.

Corresponding author: Isabelle Arnulf

Address: Service de Pathologies du Sommeil, Pitié-Salpétriere Hospital, 47-83
Boulevard de I"'Hopital, 75013, Paris, France

Phone: 33142 16 77 02

Fax: 3314216 77 00

E mail: isabelle.arnulf@aphp.fr



Abstract

Background: Arousals are common, sudden and transient elevations of the vigilance
level during normal sleep, but arousal-associated behaviors have not yet been studied.
Objective: We aimed to describe the duration as well as motor and autonomic patterns
associated with arousals across sleep stages in normal subjects.

Methods: The spontaneous arousals of 25 healthy young adults were randomly
analyzed on polysomnography with body- and face-oriented video cameras. The
duration of the heart rate response as well as the frequency, amplitude, speed, body
segment and semiology of associated movements were measured.

Results: Among 624 arousals (258 in N2, 140 in N3 and 226 in REM sleep), REM sleep
arousals had the shortest duration, and N3 arousals were associated with greater heart
rate acceleration. Movements and behaviors (mostly involving the head and neck, then
the upper limbs, with rare eyes opening and no turning in bed) were frequent during
arousals (69.4% during N2 sleep, 89.3% during N3 and 93.8% during REM sleep).
Arousals more frequently included ample, prolonged and whole-body movements
during N3 sleep and fast movements and facial expressions during REM sleep. During
N2 arousals, chewing was the most prevalent behavior. Some movements resembled
orientation and comfort behaviors (flexing/rotating the neck and trunk, scratching,
pulling the sheets, rubbing the nose, yawning, smiling, frowning and speaking),
whereas others resembled sleep-associated automatisms (swallowing, chewing).
Conclusion: In contrast with previous assumptions, most arousals are associated with
movements. The type of movements suggests that arousal is an intermediary state

between wakefulness and sleep.



1. Introduction

Behind the sleep macroarchitecture, many different but repeated events occur
during sleep, superimposed on the background activity and connecting the sleeping
subject to the external world. They include autonomic reactions (e.g., brief episodes of
tachycardia), K complexes, cyclic alternating patterns, arousals and awakenings [1-3].
They may be spontaneous or occur in reaction to environmental, physical or mental
events. Arousals are defined by sudden and transient shifts in EEG frequency that are
greater than the background frequency and lasting between 3 and 15 seconds [4].
Longer durations define awakenings. Because alpha EEG rhythms are common in rapid
eye movement (REM) sleep, arousals in this stage should also include a concomitant
increase in chin muscle tone [4].

Arousals are more frequent in the N2 stage of non-REM (NREM) sleep than in
REM and N3 sleep [5]. Their frequency increases with age [6]. Arousals are
characteristic of normal sleep, but they play a prominent role in sleep disorders. They
contribute to fragmented sleep as a reaction to disturbing factors (including mainly
noise, disturbed breathing and periodic leg movements) and to increased daytime
sleepiness and reduced functional outcomes of sleep [3]. Per the first scoring rule,
arousals are “transient and generally do not result in behavioral awakening” [7].
However, this last affirmation has not been formally studied through video studies. The
motor behavior and semiology of arousal in normal subjects and across the different
sleep stages have not been described. A precise description of movements and
behaviors during arousals in normal sleep would be interesting to establish a hierarchy
of motor arousals and help distinguish normal behaviors during arousals from the

behaviors observed in NREM and REM sleep parasomnias [8, 9]. Therefore, this study



aimed to describe and compare the motor (plus the autonomic) pattern profiles

associated with arousal across sleep stages in healthy young adults.

2. Methods

2.1 Participants

Twenty-five healthy young adults were recruited by word of mouth for another
study focusing on undisturbed sleep in normal subjects (clinicaltrial.gov:
NCT03074578). Inclusion criteria were male or female sex, between 18 and 30 years
old, good health, absence of sleep, physical and mental problems and drug intake. These
criteria were assessed by interviews, scales and a physical examination performed one
week before the sleep study by a sleep physician plus a psychologist. A regular sleep-
wake schedule and the absence of sleep deprivation were recommended and verified
on sleep logs for seven days prior to sleep monitoring. Participants signed an agreement
(including the retrospective use of their data for studies other than the primary study)
and were paid for taking part in the study. The study was approved by the local ethics

committee and promoted by the Centre National de la Recherche Scientifique.

2.2 Video and sleep analysis

The video-polysomnography included three standard EEG channels, left and
right electrooculography, chin (mentalis) and legs (left and right tibialis anterior)
EMG, nasal pressure, naso-oral thermistors, tracheal microphone, chest and abdominal
plethysmography, pulse oximetry, electrocardiogram, EEG-synchronized videos from
two cameras (focused on the face and on the whole body) in an infrared light source

and ambiance audio monitoring. The sleep stages, periodic leg movements, respiratory



events and arousals were scored according to international criteria [4]. Twenty-five to
30 arousals (3 to 15 sec long) per subject were further analyzed (five to 10 arousals in
each sleep stage). They were randomly selected after excluding those occurring during
the N1 stage and those associated with periodic leg movements, neck myoclonus,
ambient noises and respiratory events. The onset of arousal was defined as the first
appearance of a visible alpha (8-12 Hz) EEG rhythm. Their duration was measured.-as
The associated heart rate (measured on the pulse wave) change was the difference
between the maximal heart rate during arousal and the average basal heart rate during
10 s before arousal. In each spontaneous arousal, the corresponding video recording
was carefully examined by a single scorer. She determined whether the eyes were open
or not, if there were movements or behaviors, their amplitude and speed (qualitative
measure, as previously described [8]), the body parts displaced in the movement (face
and neck, torso, upper and lower limbs), and their types (turning in bed, chewing,
scratching, raising the head or torso, facial movement, including emotional expressions
or simple frowning, verbal utterances, ...). The sequence between arousing and moving
was measured in the full sample, and the exact time elapsed between arousing and

moving was measured in 10% of the sample.

2.3. Statistical analysis

Continuous variables are presented as the mean + standard deviation (SD), and
categorical variables are presented as absolute frequency (%). The arousals were
grouped by sleep stage. ANOVA was used to compare arousal characteristics across
stages for quantitative dependent factors. Logistic regression was used for qualitative

dependent factors. When the global level of significance of tests was lower than 0.05,



a two-stage comparison was performed using a Bonferroni correction (significant p

value < 0.001).

3. Results

3.1. Duration of the arousals and autonomic reaction
The 12 men and 13 women in the sample had a mean age of 22.5 years (18 to 26 years).
The sleep efficiency, sleep onset and REM sleep latencies, percentage of N1, N2, N3
and REM sleep, arousals and awakenings, periodic leg movements and apnea-
hypopnea indices were normal in all participants (Supplemental Table). A total of 624
spontaneous arousals were analyzed, including 258 in N2 sleep, 140 in N3 sleep and
226 in REM sleep. The arousals were shorter in REM sleep than in N2 and N3 sleep
(Table 1). The heart rate change was greater when arousing from N3 sleep than from
REM or N2 sleep. As many as 1311 behaviors or movements were observed during the
624 spontaneous arousals, and most (82.7%) of them were associated with movements
(more often in N3 and REM sleep than in N2 sleep). Movements occurred after the
onset of arousals, not before (Supplemental video-clip). Ample movements were more
frequent during N3 arousals, and rapid movements were more frequent during REM
sleep arousals than during other stages (Table 1). The heart rate change was higher
during arousals associated with (16.2 + 10.5 beats per min) than without (7.9 + 6 beats
per min, P < 0.001) movements, regardless of the sleep stage. In order of frequency,
the head and neck moved more frequently upon arousals, then it was the upper limbs,
whereas the lower limbs and trunk more rarely moved, with no further difference

between sleep stages regarding this order of frequency.

3.2 Type of movements during arousals



The nature of movements and behaviors observed during arousals is described in Table
2 in descending order of frequency. No turning in bed was observed during arousals.
Head rotation and arm movements were the most frequent types. During N2 arousals,
chewing was more frequent, but head rotation, arm and leg movements and trunk
rotation were less frequent here than during other sleep stages. During N3 arousals, arm
movements, scratching oneself, head flexion and opening the eyes were more frequent
than during other sleep stages, and yawning was more frequent than during N2 arousals.
However, all healthy participants had fewer than two arousals in N3 associated with
eye opening. During REM sleep arousals, facial expressions (frowning, smiling and
contracting orbicularis oris muscles) predominated over other sleep stages arousals,

and arm movements were more frequent than in N2 sleep.

4. Discussion

The characterization of movements and behaviors associated with more than
600 arousals in N2, N3 and REM sleep using a double camera yielded several new
results. In contrast with the rarity of arousal-associated movements mentioned in the
pioneering rules for scoring arousals [7], movements and behaviors (mostly involving
the head, neck and upper limbs) were frequent during arousals, especially during N3
and REM sleep. REM sleep arousals had the shortest duration and contained the most
rapid movements and more facial expressions, whereas N3 arousals yielded the highest
sympathetic activation and contained frequent sequences of head and arm movements
(including scratching oneself) and eye openings.

Video-polysomnography has developed significantly over the last 30 years,

possibly explaining why the movements and behaviors associated with arousals have



been previously underreported [7]. Movement arousals were previously described in
the Rechstchaffen and Kales manual of sleep scoring (EMG increase plus a change in
another channel) but were not quantified or characterized [10]. This characterization
requires examining the real-time concomitant videos (body and face) of each arousal,
which is time-consuming. Routine scorers may subjectively recognize these numerous
comfort movements made by sleepers during arousals as “normal”.

The maximal heart rate acceleration (approximately 12-15 beats per minute)
during arousals is one of the autonomic markers of transient elevations of sympathetic
tone. It was expected during spontaneous EEG arousals and reached values close to
those demonstrated in healthy subjects [11-13]. The heart rate maximal response was
higher during N3 than N2 and REM sleep-associated arousals, whereas the opposite
(lowest maximal heart rate) was found during arousals evoked by noise [11, 13]. These
findings might possibly be linked to the major step between N3 sleep (a stage associated
with low, stable and regular heart rate and predominant parasympathetic tone) and
wakefulness (a stage with both sympathetic and parasympathetic tones).

The patterns of movements upon arousal mostly involved first the head and neck
and then arm movements, suggesting a general, coordinated orientation behavior. In
contrast, rare sleepers occasionally opened their eyes during arousals. Therefore,
brainstem arousal systems may trigger a cephalic reflex response, even in the absence
of external stimulation and without the need for eye opening to establish a connection
to the external world. If eye opening was mainly seen (15%) during N3 arousals, it was
isolated, never reaching the cutoff of two N3 arousals with eye opening that we
previously demonstrated as sensitive and specific for differentiating healthy subjects
from those with arousal disorders [8]. Alternatively, the movements observed during

arousals may correspond with comfort, automatic movements, as suggested by



scratching oneself and changing the position of a body segment (head, arm, leg).
Swallowing and pushing/pulling the sheets were, however, rare behaviors, and turning
in bed (to the supine, side or prone position) was absent during arousals, suggesting
that this last behavior requires a longer time (in this case corresponding with an
awakening). Rubbing the nose, which may be triggered by sensing the nasal pressure
canula during polysomnography, was, however, rare. Chewing occurred during one-
third of arousals, although none of the participants suffered from sleep bruxism. In
normal sleepers, as many as 60% exhibit rhythmic masticatory motor activities
(detected using masseter muscle electromyography) in the absence of teeth grinding
[14]. Such automatic movements (which seem devoid of practical utility in the absence
of food during the night) may correspond with the release of brainstem pattern
generators relieved from the inhibition from higher cortical structures [15]. They nicely
indicate that arousals are not equivalent to fully established wakefulness (during which
automatic chewing movements are rare). In contrast, yawning, opening the eyes,
displaying exploratory behavior and verbalizing were exceptional, possibly
corresponding with elaborate behaviors more typical of awakenings than of arousals.
Facial expressions were rare (4% of arousals contained frowning, smiles or contractions
of the orbicularis oris muscle which did not correspond with emotional expressions)
but more frequent (8.7% of arousals) in REM sleep. This result parallels previous
findings indicating that smiles and frowning occur more frequently during REM than
NREM sleep [16, 17], although they here occurred upon arousal, not during sleep.
Whether they correspond with briefly enacted dreaming behaviors (when emotions are
more frequent during REM than NREM sleep mentation [18]) cannot be demonstrated
here in the absence of recalled information from the sleeper. Taken together, these

results suggest that arousal is not only a construct in a manual of coding, but may be



conceptualized as an intermediary stage between sleep and wakefulness because it
includes behaviors that are close to wakefulness behaviors (flexing/rotating the neck
and trunk, scratching oneself [19], pulling the sheets, rubbing the nose, yawning,
opening the eyes, smiling, frowning and speaking) and behaviors that are close to sleep-
associated automatic behaviors (swallowing, which is normal during sleep and prevents

saliva aspiration [20], chewing, smiling and frowning).

Because this study is limited to healthy young subjects, the first night in a sleep
laboratory (without adaptation night) and spontaneous arousals, the results are
restricted to these conditions. Additionally, some elements (speed and amplitude of
movements) were subjectively analyzed in the absence of kinematics techniques, such
as motion capture.

The new concept of arousal as an intermediary state between sleep and wakefulness
may explain why some movement disorders are exacerbated during arousal [21, 22].
The automatic analysis of 3D video during the night or even simple wrist monitors may
be developed in the future to monitor normal sleep and diagnose and follow up
parasomnia and other movement disorders during sleep. The manual analysis of
arousal-associated movements across sleep stages, as performed here, may be useful

for this purpose.
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Appendix: Supplementary material

Supplementary data to this article can be found online at ...

Legend of the video-clip

This video-clip illustrates an arousal in stage N2 in a healthy volunteer (who accepted
her face to be shown). The video-polysomnography shows the EEG alpha rhythm
started a few milliseconds before a head movement (EOG: 2 first pink channels; EEG:

3 further channels including F3-A2, C3-A2, O3-A2; Chin EMG: last channel).
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Table 1- The duration, autonomic reaction and frequency of movements and behaviors associated with spontaneous arousals across

sleep stages in 25 healthy young adults.

Sleep stage All N2 sleep N3 sleep REM sleep p*
Arousals, no. 624 258 140 226 NA
Duration, sec 8.6 +3.6 8.3%6.1 11.6 +3.5 7.4 +3.30¢ < 0.0001
Heart rate change, bpm 14.7 +10.3 129+8.38 19.6 £11.9*¢ 13.8+10 <0.0001
Heart rate change >30 bpm, % of arousals 7.1 4.3 12.9 6.6 0.262
Movement/behavior during arousals, % with 82.7 69.430 89.3 93.8 < 0.0001
Ample movements 18.1 8.9 36.4%¢ 17.3 < 0.0001
Rapid movements 23.9 5.4 7.2 55.30¢ < 0.0001
Body part involved, % of movements/behaviors

Head or neck 53.1 59.6 49.5 51.2 NA
Torso 8.2 5 10.3 8.7 NA
Upper limb 28.1 26.5 31.2 26.5 NA
Lower limb 10.7 8.9 9 13.6 NA
Time from arousal onset to movement onset, sec 16+1.6 1.7+14 21+14 1620 0.55

*ANOVA for quantitative dependent factors and logistic regression for qualitative dependent factors. Post hoc test: p<0.001 for a difference
between N2 and N3, ®N2 and REM, ¢N3 and REM.



Table 2 — Type of movements and behaviors observed during arousals across

sleep stages in healthy young subjects

Sleep Total N2 N3 REM p*
Head rotation 46 29.52P 61.4 55.3 < 0.0001
Arm movement 36.7 24 55.73¢ 39.4° < 0.0001
Chewing 36.4 43.8° 34.3 29.2 0.0002
Leg movement 22.4 13.23b 27.9 29.6 <0.0001
Scratching 14.6 11.6 25%¢ 115 <0.0001
Trunk rotation 11.5 3.5%b 25 12.4 < 0.0001
Swallowing 8.2 5.8 8.6 6.2 NA
Head flexion 6.6 3.9 18.6%¢ 6.6 < 0.0001
Trunk flexion 5.6 3.9 7.1 6.6 0.01
Eyes opening 55 2.7 152¢ 2.7 < 0.0001
Facial expressions 4.2 1.2 2.9 8.4b¢ < 0.0001
Pushing the sheets 4 2.3 7.1 4 0.03
Rubbing the nose 3.7 1.6 9.3 2.7 0.0008
Yawning 3.2 0.4 8.6° 3.1 <0.0001
Exploratory behavior 1 0 4.3 0 NA
Verbalization 0.6 1.4 0 0 NA

*ANOVA for quantitative dependent factors and logistic regression for qualitative

dependent factors. Post hoc test: p<0.001 for a difference between N2 and N3, N2

and REM, °N3 and REM.
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Supplemental Table — Clinical and polysomnographic characteristics in healthy

young subjects

Variable No.
Gender, female % 52
Age,y 225+25
Polysomnographic measures
Total sleep time, min 423.9+29.9
Sleep efficiency, % 92.6+£6.2
Latency to, min
Sleep onset 21.2 +28.6
REM sleep 104.0 £ 45.3
Sleep stages, % of total sleep time
N1 27+1.8
N2 512+7.38
N3 26.2+4.5
REM 19.9+53
Sleep fragmentation, event/h of sleep
Arousal index 8.8+6.1
Periodic leg movements 02+1.1
Apnea/hypopnea 0.3+04

mean + standard deviation (SD)

Supplemental Table — Clinical and polysomnographic characteristics in healthy

young subjects

Variable

No.

Gender, female %

Age,y

Polysomnographic measures
Total sleep time, min
Sleep efficiency, %

Latency to, min

Sleep onset

52
225+25

423.9 +29.9
92.6+6.2

21.2 +28.6
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REM sleep
Sleep stages, % of total sleep time
N1
N2
N3
REM
Sleep fragmentation, event/h of sleep
Arousal index
Periodic leg movements

Apnea/hypopnea

104.0 £ 45.3

27+18
51.2+7.8
26.2+4.5
19.9+53

8.8%6.1
0211
03+04

mean + standard deviation (SD)
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