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Abstract.
OBJECTIVE/BACKGROUND: Though sleep problems (apnea, insomnia) and related daytime symptoms (fatigue, anxiety,
depression) have been associated with vestibular problems (falls, dizziness), it is not well known which particular sleep
features relate to vestibular problems. We thus assessed symptoms of vestibular problems in patients visiting a sleep clinic
and evaluated how they were associated with objective sleep parameters derived from polysomnography and relevant daytime
symptoms.
PATIENTS/METHODS: The polysomnography data of thirty-one patients (61% female, between 20 and 79 years of age)
who were referred for clinical sleep assessment was collated with subjective measures of symptoms linked to vestibular
problems (rated on the Situational Characteristics Questionnaire), as well as fatigue, anxiety and depression symptoms.
Multiple linear regression was used to identify factors associated with vestibular symptoms, including analyses adjusted for
age, sex, medication use and total sleep time.
RESULTS: A higher percentage of REM sleep and more severe anxiety symptoms were independently associated with
more severe vestibular symptoms, which survived adjusted analyses. Other sleep stages, as well as as sleep efficiency,
apnea-hypopnea index and oxygen saturation were not significantly related to vestibular symptoms.
CONCLUSIONS: These results point at vestibular symptoms as possible important and overlooked correlates of variations
in sleep architecture in individuals with sleep complaints. Though replication is needed to confirm findings from this limited
sample, the results highlight the importance of assessing vestibular symptoms in people with sleep complaints. In particular,
further investigations will need to address the potential implication of REM sleep for vestibular functions and the directionality
of this relation.
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rosciences Cognitives et Intégratives d’Aquitaine- UMR 5287
CNRS, Sleep/Wake, Aging and Neuroimaging Team (SWAN),
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Léo Saignat, 33076 Bordeaux cedex, France. Tel.: +33 5 57 82 11
03; E-mail: ellemarije.altena@u-bordeaux.fr.

1. Introduction

Sleep disturbances can affect cognitive and affec-
tive functioning, but much less is known about their
relation to vestibular functioning. Experimental sleep
deprivation can cause vestibular problems, such as
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postural instability and disruption of visuo-spatial
perception [4, 8, 34]. Furthermore, people with
obstructive sleep apnea syndrome (OSAS) have an
elevated risk of falling and showing postural instabil-
ity [15, 36] which can decrease after OSAS treatment
[8, 36]. Also, insomnia has been related to vestibular
symptoms such as nausea and oculomotor symptoms,
with increased sensitivity to motion sickness in a driv-
ing simulator [2]. However, specific sleep features
which may relate to vestibular problems are not well
known.

Vestibular disorders can be linked to central (e.g.
stroke, demyelinating disease, brain injury etc.) or
peripheral involvement (Ménière’s disease, benign
paroxysmal positional vertigo, etc.). Yet, in about
40% of cases, no organic cause is found, leading
to a diagnosis of psychogenic dizziness [25]. Peo-
ple with vestibular disorders were found to have
abnormal sleep durations (e.g. very short or very
long sleep duration), and worse sleep problems com-
pared to people without vestibular disorders [7, 8]. In
addition, those with psychogenic dizziness reported
worse quality of sleep and higher insomnia severity
than those with other vestibular diagnoses [1, 21].
The term ‘psychogenic dizziness’ has more recently
changed into ‘persistent postural-perceptual dizzi-
ness (PPPD)’ and this new terms has been accepted
as part of the Classification of Vestibular Disorders
[35]. Sleep may thus be one of the factors linked
to certain types of seemingly idiopathic vestibular
problems.

Although previous studies suggested a link
between sleep problems and vestibular dysfunctions,
the specific sleep features which may be involved
remain poorly understood. In support of the poten-
tial involvement of deep sleep in vestibular function,
lower percentage of N3 sleep has been linked to worse
postural stability in people with OSAS [41]. In addi-
tion, fatigue and mental health symptoms frequently
co-occuring with sleep disturbances could possibly
also contribute to vestibular problems. For instance,
anxiety, depression and fatigue are highly comorbid
with both sleep disorders and vestibular disorders
[30, 35, 40]. This is of high relevance since anx-
iety disorders and major depression, the two most
prevalent types of mental disorders worldwide [42],
are known to share a bidirectional relationship with
sleep disturbances [16, 33]. Notably, alterations in
both N3 and REM sleep are common in people
with anxiety disorders or major depression [3, 18],
and REM abnormalities have been related to more
prominent depression comorbid with sleep-related

breathing disorders [17, 27]. There is thus a need to
investigate how vestibular functions relate to sleep
disturbances, fatigue, anxiety and depression.

The present study investigated the relation between
vestibular symptoms, sleep features, daytime fatigue,
and anxiety and depression symptoms in people
undergoing clinical sleep assessment. It was expected
that: (1) lower proportion of N3 and REM sleep, frag-
mented sleep, and more frequent respiratory events
would be associated with worse vestibular symp-
toms, and (2) sleep would have a stronger weight in
explaining vestibular symptoms than daytime fatigue,
anxiety or depression symptoms.

2. Methods

2.1. Participants

Thirty-one participants were sequentially recruited
from the Sleep Disorders Clinic of the Royal Ottawa
Mental Health Center (ROMHC) prior to their first
consultation. The only entry criteria was to be a new
patient referred for clinical sleep assessment. The
ROMHC Research Ethics Board approved this study.
All experimental procedures were conducted accord-
ing to the Declaration of Helsinki and all participants
provided informed consent.

2.2. Questionnaires

For descriptive purposes, participants were asked
to report all current mental disorders and medica-
tion intake on the day of polysomnography, and the
Pittsburgh Sleep Quality Index (PSQI [9]) was used
to characterize subjective sleep quality. Vestibular
symptoms were evaluated by the Situational Charac-
teristics Questionnaire (SCQ; [20]), which has been
used as an index of vestibular symptoms in several
studies [20, 31]. Through the 41 items of the SCQ,
levels of discomfort related to vestibular challenges
(e.g. being in a starting elevator) were rated on a Lik-
ert scale ranging from 0 to 3, yielding total scores
ranging between 0 and 123. Anxiety and depression
symptoms were assessed with the Beck Anxiety Inven-
tory (BAI; [5]) and the Beck Depression Inventory-II
(BDI; [6]) respectively. Daytime fatigue was rated on
the Fatigue Severity Scale (FSS; [22]). There were
missing data for self-reported current mental disor-
ders (n = 1), BAI/BDI (n = 1), FSS (n = 2), and PSQI
(n = 1).
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2.3. Objective sleep assessment

All paticipants underwent level 1 polysomnog-
raphy at the Sleep Disorders Clinic. A Registered
Polysomnographic Technologist placed electrodes
according to the 10–20 system with three electroen-
cephalogram channels (F3, C3 and O1), ground
and reference channels, right and left electrooculo-
grams, two chin and leg electromyograms (EMG),
and two electrocardiogram channels. Respiration
was monitored with an airflow cannula (pressure
transducer), oronasal thermistor, and chest and
abdomen plethysmography. Pulse Oximetry was used
to assess the minimum oxygen saturation percent-
age reached during sleep (minimum SaO2%). Sleep
stages, respiratory events, arousals, and periodic limb
movements were visually scored by a Registered
Polysomnographic Technologist according to guide-
lines established by the American Academy of Sleep
Medicine [7].

2.4. Statistical analysis

Multiple linear regression were performed using
the enter method with SCQ total scores as the
dependent variable and the following independent
variables: sleep parameters, BAI, BDI, and FSS
total scores. Due to multicollinearity issues and to
minimize the number of parameters, two distinct
regression models were run with different sets of
sleep parameters: one with the percentages of sleep
stages (using %N2 as a reference), and one with
sleep efficiency, the apnea/hypopnea index (AHI) and
minimum SaO2%. All analyses were repeated while
adjusting for age, sex, medication use, and total sleep
time to assess the effects of potential confounders.
Multicollinearity was verified with the variation infla-
tion factors (VIF).

3. Results

3.1. Sample characteristics

Table 1 presents global demographic characteris-
tics. In brief, this sample included 61% females and
ages ranged from 20 to 79 years. All participants were
referred for suspected sleep disordered breathing,
except for one individual who had suspected rest-
less legs syndrome. Overall, the average total sleep
time during polysomnography was 5.8 + 1.1 hours
and mean scores on the PSQI (8.0 ± 3.6) crossed the

standard threshold for poor subjective sleep quality.
Of all participants, 77% (n = 24) had an AHI > 5 and
35% (n = 10) reported having a current diagnosis of
a mental disorder. Twenty participants (65%) used a
psychotropic, cardiovascular or diuretic medication
on the day of polysomnography. Vestibular symp-
toms rated on the SCQ ranged from 2 to 116, with
a mean of 25.8 + 27.5.

3.2. Associations between vestibular symptoms,
sleep, fatigue, and anxiety and depression
symptoms

The regression model that focused on sleep stages
significantly explained variability in vestibular symp-
toms on the SCQ (F(6, 27) = 10.5, p < .001, R2 = .75
(Table 1). A higher percentage of REM sleep
(� = 0.38; p = .004) and more severe anxiety symp-
toms (BAI: � = 0.83; p < .001) were independently
associated with more severe vestibular symptoms.
Higher daytime fatigue (FSS: � = 0.30; p = .054)
tended to be associated with more severe vestibu-
lar symptoms. These effects, except for the trend for
fatigue, persisted after adjusting for age, sex, medi-
cation use, and total sleep time (�> 0.41; p < 0.004).
Figure 1 shows vestibular symptoms severity on the
SCQ plotted against the percentage of REM sleep,
anxiety symptoms and daytime fatigue levels.

The regression model focussed on respiratory
and fragmentation indices revealed that vestibu-
lar symptoms on the SCQ were not significantly
related to sleep efficiency (� = –0.04; p = .796),
AHI (� = –0.19; p = .341), or the minimum SaO2%
(β = –0.24; p = .212).

4. Discussion

The current preliminary findings indicate that,
independently of sleep duration, a higher proportion
of REM sleep is associated with more severe vestibu-
lar symptoms in people with sleep complaints. In
line with earlier studies, daytime fatigue and anxiety
symptoms were also found to contribute to vestibu-
lar symptoms, athough to a lower level. The current
results thus emphasize that, beyond sleep quantity,
sleep architecture may be linked to vestibular symp-
toms.

The finding that longer REM sleep duration is
linked to vestibular symptoms was unexpected. Pre-
vious literature in people with OSAS suggested that
vestibular symptoms are linked to sleep fragmen-
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Table 1
Sample characteristics and statistics from unadusted multiple regression examining the relative contribution of sleep, fatgigue (FSS : Fatigue Severity Scale), anxiety (BAI: Beck Anxiety

Inventory) and depression (BDI: Beck Depression Inventory) symptoms for vestibular symptoms as assessed by the SCQ (Situational Characteristics Questionnaire). A) Multiple regression
model focused on sleep stages, B) Multiple regression model focused on respiratory and fragmentation indices. Sleep effects remained significant after adusting for total sleep time, age, sex and
medication use. %N1/2/3: Percentage of Non-Rapid Eye Movement sleep stages (N2 was used as a reference in multiple regression); ‡Self-reported current diagnoses of mental disorders (some
participants reported multiple diagnosis). SD: Standard Deviation. REM: Rapid Eye Movement sleep; B: unstandardized coefficient (calculated per unit); 95% CI: confidence interval of B; �:

standardized coefficient; VIF: variation inflation factors

Multiple Regression

Mean±SD or % A) Sleep Stages B) Respiratory and Fragmentation Indices
(frequency) B [95% CI] Beta p VIF B [95% CI] Beta p VIF

General Demographics
Sex (F/M) 19/12
Age (Years) 48.5 ± 15.4
Medicated 64.5% (20)
Any Current Mental Disorders‡ 34.5% (10)

Anxiety disorders 13.8% (4)
Mood disorders 27.6% (8)
Other mental disorders 13.8% (4)

Daytime Symptoms
Fatigue (FSS) 37.8 ± 13.8 0.59 [–0.01; 1.20] 0.30 0.054 1.8 0.81 [0.06; 1.57] 0.41 0.036 2.0
Anxiety (BAI) 10.9 ± 9.7 2.34 [1.41; 3.27] 0.83 < 0.001 2.1 2.47 [1.32; 3.61] 0.87 < 0.001 2.3
Depression (BDI) 10.1 ± 8.8 –0.87 [-2.04; 0.29] –0.28 0.135 2.7 –1.48 [–2.92; –0.04] –0.48 0.044 3.0

Polysomnography
%N1 13.6 ± 6.7 0.31 [–0.69; 1.31] 0.08 0.528 1.2 – – – –
%N2 59.6 ± 9.8 – – – – – – – –
%N3 8.8 ± 6.9 0.23 [–0.72; 1.17] 0.06 0.622 1.1 – – – –
%REM 18.0 ± 5.8 1.78 [0.63; 2.94] 0.38 0.004 1.2 – – – –
Sleep Efficiency (%) 82.4 ± 11.8 – – – – –0.10 [–0.85; 0.66] –0.04 0.796 1.4
AHI (event/hour) 13.4 ± 15.5 – – – – –0.33 [–1.05; 0.38] –0.19 0.341 2.2
Mininum spO2% 89.0 ± 3.7 – – – – –1.78 [–4.66; 1.10] –0.24 0.212 2.1
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Fig. 1. Plots showing the association between symptoms for vestibular symptoms as assessed by the SCQ (Situational Characteristics
Questionnaire) and: A) the percentage of REM sleep (the association between the SCQ and REM% does persist if the three datum with the
highest SCQ scores are excluded), B) Anxiety symptoms as assessed by the Beck Anxiety Inventory (BAI), C) Daytime fatigue as assessed
by the Fatigue Severity Scale (FSS).

tation and less stage N3 sleep [41]. However, it
has previously been observed that astronauts have
increased REM sleep percentage and more rapid eye
movements during REM sleep in their first nights in
space with zero gravity [32]. Those astronauts show-
ing the highest increase of REM sleep percentage in
space also suffered from more nausea and vomiting
during the wake state, suggesting worse vestibular
functions. While Hobson et al. have suggested that
REM sleep may in fact play a role in vestibular adap-
tation in space [18], the current findings suggest that
this REM change may also relate to vestibular func-
tions under normal gravity.

Healthy sleepers typically spend 20 to 25% of their
sleep episode in REM [10]. Several of our partic-
ipants fell at the upper edge or above this range.
The current study focused on people with untreated

sleep problems, which may induce partial sleep depri-
vation. These sleep disruptions could possibly have
triggered REM rebounds and concomitant alterations
in vestibular functions [8]. Previous studies sug-
gested that people with sleep disordered breathing
may have decreased REM sleep percentages [12,
13]), but that individuals with depression show the
opposite pattern, with increased REM percentage
[26]. The current sample mostly contained people
with disordered breathing, but many participants also
had a mood disorder, which may have pulled the
amounts of REM sleep in different directions. Future
work should investigate whether depressed states
and/or medications such as selective serotonin reup-
take inhibitors, which are known to suppress REM
sleep [38], may modulate the relationship between
increased REM sleep and vestibular symptoms. Of
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note, experimental studies demonstrated that the
amounts of REM sleep can be enhanced by challenges
faced during wake such as adapting to living with an
inverted visual field (e.g. [14]). If REM sleep does
play a role in vestibular adaptation, it may be postu-
lated that REM sleep could increase in response to
vestibular challenges.

Although the current study does not enable to
assess causality, there are some indications that exper-
imental sleep manipulations can induce vestibular
dysfunctions [24]. Similarly, sleep loss is also known
to be associated with higher anxiety levels. As such,
addressing sleep problems may be a valuable thera-
peutic target to support the management of vestibular
problems, both through direct impacts on the vestibu-
lar system and indirect impacts via the attenuation of
anxiety levels. Furthermore, vestibular nuclei project
to the suprachiasmatic nucleus [11, 19], a brain struc-
ture notably involved in the regulation of REM sleep
[23, 39]. From this perspective, it may also be possi-
ble that dysfunctions of the vestibular system could
impact REM sleep dynamics.

Our preliminary report has some limitations. This
is an exploratory correlational study based on a sin-
gle timepoint, which precludes causal inferences.
Since vestibular functions were assessed with a ques-
tionnaire, these findings should be replicated with
objective vestibular tests. The SCQ measures the
frequency of symptoms provoked by environmental
challenges known to mobilize vestibular functions
and, as such, is an indirect proxy of vestibular
functions. Although elevated SCQ scores may be
indicative of vestibular problems, they are not spe-
cific to particular vestibular disorders, and there is
currently no validated clinical cut-off. Nevertheless,
scores above 0 are considered to suggest the pres-
ence of vestibular problems [20, 28, 29, 31, 37].
Subsequent work is needed to link objective mea-
surements of vestibular functions to sleep in people
with sleep disorders. Although we controlled for this
factor statistically, many participants were taking var-
ious medications which may influence both sleep
and vestibular functions. Further, since there was no
control group, conclusions are restricted to individ-
uals with sleep complaints referred to a sleep clinic.
This was a small heterogenous sample (e.g. large age
range, unequal sex distribution, and diverse clinical
sleep profiles), but this heterogeneity could possibly
more closely resemble clinical populations with sleep
complaints.

In conclusion, these preliminary observations sug-
gest that vestibular symptoms may be related to

elevated REM sleep, higher levels of anxiety and,
to a lower extent, increased fatigue. Further work
is required to confirm these findings with objective
vestibular measures in larger samples that would
enable to tease appart the potential influence of age,
sex, mental health status, medication, and different
subtypes of sleep problems. If replicated, these find-
ings would highlight the importance of assessing
vestibular symptoms in people with sleep complaints
and stress the need to for interventional studies
assessing whether sleep treatments could attenuate
vestibular problems. There is also a need to fur-
ther investigate the neural networks involved in both
vestibular and sleep functions, as well as the potential
role of REM sleep to process and integrate vestibular
information.
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