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Objectives: Sleepwalkers often complain of excessive daytime somnolence (EDS). Our retrospective study
aimed to document the presence of EDS in a substantial sample of sleepwalkers and to explore the con-
tribution of other sleep disorders, nocturnal sleep disruption, and sleep depth to the alteration of their
daytime vigilance.

Methods: Seventy adult sleepwalkers and 70 control subjects completed the Epworth Sleepiness Scale
(ESS). Sleepwalkers also were studied for one night in the sleep laboratory. We compared the sleep pro-
files of 32 somnolent vs 38 nonsomnolent sleepwalkers and investigated the relationship between ESS
scores and sleep-related variables.

Results: No differences were found in polysomnographic (PSG) parameters. Slow-wave activity (SWA)
also was similar in the two subgroups. Sleepwalkers’ ESS scores were not correlated with their body mass
index (BMI) or periodic limb movements during sleep (PLMS) indeX, but they tended to be negatively cor-
related with indices of respiratory events.

Conclusions: The EDS reported by adult sleepwalkers does not appear to be explained by the presence of
concomitant sleep disorders or PSG signs of nocturnal sleep disruption. These results raise the possibility
that EDS is part of the sleepwalking phenotype and that it is linked to its underlying pathophysiology.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Somnambulism (or sleepwalking) is defined by the American
Academy of Sleep Medicine as “a series of complex behaviors that
are usually initiated during arousals from slow-wave sleep (SWS)
and culminate in walking around with an altered state of con-
sciousness and impaired judgment.” Episodes generally develop
from sudden but incomplete arousals from SWS and less often
from stage 2 sleep [1-4]. No major differences in the percentage
of sleep stages or in sleep stage distribution have been observed
between sleepwalkers and age-matched controls. The main distin-
guishing findings are the increased number of awakenings and
electroencephalographic (EEG) microarousals (MA), specifically
occurring in the SWS of sleepwalkers even on nights without epi-
sodes [2,5,6]. Some studies also found decreased slow-wave activ-
ity (SWA) in sleepwalkers’ first sleep cycles of the night [6,7] and a
different time course of their § activity decay across the night [2].
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Despite the documented increase in sleepwalkers’ nocturnal
awakenings during SWS and their reduced SWA, there is a paucity
of information on sleepwalkers’ daytime functioning. Recently a
large survey of the general population reported that somnambulism
was associated with sleepiness [8]. Additionally a laboratory study
of 10 adults who consulted a sleep clinic for chronic somnambulism
revealed that they reported excessive daytime somnolence (EDS)
[9], even after a night without sleepwalking episodes. In fact, the
sleepwalkers had significantly lower mean sleep latencies on the
Multiple Sleep Latency Test (MSLT) than matched control subjects.
Moreover, 7 of the 10 sleepwalkers had a mean latency below
8 min, which is the accepted threshold for clinical somnolence [10].

Our study aimed to better document the presence of EDS in a
larger sample of subjects consulting for sleepwalking and to use
polysomnography to assess the contribution of nocturnal events, noc-
turnal sleep disruption, and poor sleep depth to sleepwalkers’ EDS.

2. Methods
2.1. Subjects

Seventy sleepwalkers (40 women, 30 men; mean age,
33.1£10.1 years; age range, 17-60 years) were included in our


http://crossmark.crossref.org/dialog/?doi=10.1016/j.sleep.2013.04.029&domain=pdf
http://dx.doi.org/10.1016/j.sleep.2013.04.029
mailto:jy.montplaisir@umontreal.ca
http://dx.doi.org/10.1016/j.sleep.2013.04.029
http://www.sciencedirect.com/science/journal/13899457
http://www.elsevier.com/locate/sleep

1188 A. Desautels et al./Sleep Medicine 14 (2013) 1187-1191

study. All subjects were investigated for at least one night in the
sleep laboratory and completed the Epworth Sleepiness Scale
(ESS) [11]. None of the subjects had sleep-disordered breathing
or concomitant neurologic or psychiatric disorders, and none of
the subjects were taking psychotropic medications. Seventy con-
trol subjects (42 women, 28 men; mean age, 35.5 + 14.0 years;
age range, 20-56 years) without a sleep disorder only completed
the ESS for comparisons purposes.

2.2. Data collection

The ESS is a self-administered scale in which the subject is
asked to rate his or her chance of dozing off in each of the 8 daily
life situations based on a 4-point scale (0-3). Thus the total score
can range from 0 to 24. The cutoff point for pathologic EDS was
established as a score of greater than 10 [12]. The body mass index
(BMI) was obtained for every subject. Information regarding famil-
ial history of sleepwalking was obtained from the subjects during
the clinical interview. A positive family history was defined as
the presence of current or prior sleepwalking in at least one first-
degree relative of the patient.

Polysomnographic (PSG) recordings were performed between
2007 and 2011 using a 32-channel Grass polygraph (sensitivity,
7 wV/cm; bandpass, 0.3-100 Hz). Signals were relayed to a PC, dig-
itized at a sampling rate of 256 Hz using commercial software
(Harmonie, Stellate Systems, Montreal, Canada). PSG recordings
and electrode placement were performed according to the interna-
tional 10-20 system and included electrooculograms, submental
electromyography, electrocardiogram, and EEG, which were re-
corded with a linked-ear reference (or a linked-mastoid reference).
Surface electromyography of the bilateral anterior tibialis also
was used to quantify periodic limb movements during sleep
(PLMS) according to the standard method [13]. Respiration was
monitored using an oronasal cannula and a thoracoabdominal
plethysmograph. Oxygen saturation was recorded with a finger
pulse oxymeter. None of the subjects had an index of respiratory
events (number of apneas + hypopneas) greater than 15 per hour
of sleep.

The scoring of the sleep stages was performed by trained tech-
nicians according to the standard method [13]. MA were scored on
the central and occipital leads according to the standard criteria
[13]. The MA index represents the number of MA per hour of sleep.
In addition to these indices, the following sleep architecture vari-
ables were retained for analysis: sleep latency, sleep duration,
sleep efficiency, total number of awakenings, percentage of time
spent in each sleep stage, duration (in minutes) of SWS, percentage
of SWS in each third of the sleep period, number of awakenings
during SWS, all-night MA index, MA in SWS index, and number
of somnambulistic episodes during the PSG investigation.

Finally, the SWA (0-4.5 Hz) during nonrapid eye movement
(NREM) sleep and also during SWS in the first two sleep cycles
was measured in two subgroups of sleepwalkers: 15 subjects with
an ESS score below 7 (9 women, 6 men; mean age, 31.3 years) and
15 subjects with an ESS score greater than 12 (9 women, 6 men;
mean age, 33.4 years). Five subjects in each subgroup had the
linked-mastoid reference and 10 subjects in each group had the
linked-ear reference. Spectral analyses were computed with a com-
mercial software package (Stellate Systems, Montreal, Canada) on
the C3 to A2, F3, and F4 leads using fast Fourier transform algo-
rithms with cosine tapering on 4-s artifact-free sections, yielding
a spectral resolution of 0.25 Hz.

2.3. Statistical analyses

To determine if the distribution of sleepwalkers’ scores on the
ESS was significantly different from that of nonsleepwalkers, t tests

were used to compare the group of 70 sleepwalkers to a group of
70 control subjects (distributions were normal). To fully explore
the relationship between EDS and other variables, two statistical
approaches were taken. First sleepwalkers were divided into two
groups based on their ESS score. Based on established cutoff points,
sleepwalkers with an ESS score between 0 and 10 were considered
nonsomnolent and those with an ESS score >11 were classified
into the somnolent group. The t tests were used to compare the
two subgroups on all variables. The second approach consisted of
using correlational analyses with Pearson product moment corre-
lation coefficients to assess if a linear relationship existed between
ESS scores and the other variables of interest. Finally Mann-Whit-
ney U tests were used to compare the mean SWA of the two sub-
groups of 15 subjects. In all statistical analyses, the significance
level was set at P <.05.

3. Results

The mean ESS score for the 70 sleepwalkers was significantly
higher than that of controls (9.1 +4.5 vs 5.8 +3.4; P=.000003).
Thus nearly half (45.7%) of the subjects who consulted a sleep
disorders center for sleepwalking without concomitant depres-
sion reported EDS, as indexed by a score greater than 10 on
the ESS. The distribution of ESS scores per group is shown in
Fig. 1.
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Fig. 1. Distribution of Epworth Sleepiness Scale scores in 70 adult sleepwalkers (A)
and 70 adult controls (B). The bold vertical line represents the cutoff point for
pathologic somnolence.
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Table 1
Sleep profiles of nonsomnolent and somnolent sleepwalkers.
Nonsomnolent Somnolent t test
sleepwalkers sleepwalkers
(n=38) (n=32)
Mean SD Mean SD P value
Age at PSG, y 343 10.6 31.6 9.5 27
Gender 21 W/17M 19W/13 M 73
Positive family history 75.0% (24/32) 74.1% (20/27) .93
ESS score 5.7 2.7 13.2 23 000001
BMI 26.0 4.1 26.1 4.9 .86
Hypopnea index 0.8 14 0.6 1.2 .60
Apnea index 1.2 3.1 0.7 0.7 .30
AHI 2.0 3.9 13 1.7 32
PLMS index 10.4 12.7 9.4 10.2 74
PLMS-MA index 3.5 2.8 3.2 2.5 .68
MA 10.3 5.3 9.0 5.0 31
Sleep latency 14.6 10.9 15.6 173 77
Sleep duration 428.3 41.7 426.2 57.3 .86
Sleep efficiency 89.3 6.8 90.0 6.9 .67
Awakenings, n 27.0 10.7 25.7 10.0 .61
N1% 11.6 5.1 103 4.7 .26
N2% 54.2 7.5 52.0 7.9 23
REM sleep% 18.8 4.2 20.0 4.9 .29
SWS% 154 9.0 17.8 8.7 .26
o First third% 8.9 5.3 10.0 4.6 .36
o Second third% 4.8 3.8 53 3.5 .54
o Third third% 1.7 2.5 2.5 3.4 .30
SWS duration (min) 66.1 38.5 74.6 34.0 34
Awakenings from SWS,n 2.8 23 3.7 2.6 17
MA index in SWS, n/h 3.5 3.0 3.1 2.4 .58
Episodes during PSG, n 1.2 1.7 13 1.9 .98

Abbreviations: PSG, polysomnography; y, years; SD, standard deviation; W, women;
M, men; ESS, Epworth Sleepiness Scale; BMI, body mass index; AHI, apnea-hypo-
pnea index; PLMS, periodic limb movements during sleep; PLMS-MA, periodic limb
movements during sleep with microarousals; n, number; N1, stage 1 sleep; N2,
stage 2 sleep; REM, rapid eye movement sleep; SWS, slow-wave sleep; min, min-
utes; n/h, number per hour.

3.1. Dichotomized ESS scores

In the first set of analyses, sleepwalkers were divided into two
subgroups based on their score on the ESS: 38 subjects had a score
<10 and 32 subjects had a score >10. Subgroups were similar in age
and proportion of men and women (Table 1). The proportion of
subjects with a positive family history also was similar in the two
subgroups. The index of respiratory events was not significantly dif-
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ferent in the two subgroups. Moreover, these values were well
within reference range, and thus had little clinical significance. All
of the other sleep parameters, including indices of sleep fragmenta-
tion (i.e, PLMS index, total number of awakenings, MA index,
number of awakenings from SWS, MA in SWS, number of somnam-
bulistic episodes during PSG), were similar in both subgroups. In
addition, they were all within reference range (Table 1).

3.2. Correlations between ESS score and other variables

Sleepwalkers’ scores on the ESS were not correlated with their
BMI, PLMS index, or PLMS-MA index. Oddly ESS tended to be neg-
atively correlated with the index of respiratory events (n=69;
r=-0.23; P=.06), indicating that the sleepier subjects had lower
indices of respiratory events, mainly fewer apneas in our sample.
Therefore, concomitant sleep disorders do not explain the EDS
reported by sleepwalkers.

ESS was not significantly correlated with sleep duration, sleep
efficiency, sleep latency, total number of awakenings, MA index,
MA during SWS index, number of awakenings during SWS, total
time spent awake, or stage 1 sleep percentage. ESS scores also were
not related to the number of somnambulistic events recorded dur-
ing the night. ESS scores were weakly negatively correlated with
total percentage of stage 2 sleep (r=—0.24; P=.045). The scores
tended to be positively correlated with total percentage of SWS
(r=0.19; P=.12) and with percentage of SWS in the last third of
the night (r=0.23; P=.059), indicating that the subjects who re-
ported more daytime sleepiness actually tended to have a little
more (not less) SWS.

3.3. SWA and ESS scores

There were no between-group differences in SWA during either
of the first two NREM sleep cycles (or for the first two cycles
pooled) derived from the C3-A2, F3, and F4 leads (Fig. 2). There also
were no between-group differences for any cycle or lead when only
the SWA in SWS of the first two cycles was considered.

4. Discussion

Our study revealed that a significant number of adult sleep-
walkers reported EDS. This finding does not apply to childhood
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Fig. 2. Slow-wave activity (0-4.5 Hz) during nonrapid eye movement sleep for sleep cycles 1 and 2 and during slow-wave sleep only for cycles 1 and 2 in nonsomnolent and
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somnambulism, which is much more prevalent but usually does
not require any intervention, given its transitory and relatively
harmless nature. This finding suggests that the widespread notion
of adulthood somnambulism as a parasomnia without conse-
quences on daytime functioning should be reconsidered. Moreover,
the findings indicate the somnolence associated with somnambu-
lism does not appear to be the direct result of sleep impairment.
Indeed no significant correlations were found between ESS scores
and any of the key sleep-related variables. On the contrary, there
was evidence to suggest that sleepwalkers who reported the most
severe EDS tended to have more rather than less SWS.

Several studies have reported that the arousals caused by sleep
apneas can be a trigger for sleepwalking episodes [8,14,15]. The
EDS noted in our study did not result from the presence of a sleep
apnea syndrome, as none of the subjects had an apnea-hypopnea
index (AHI) greater than 15 and only three subjects had an AHI be-
tween 10 and 15. If anything, the more somnolent sleepwalkers
(ESS >10) tended to have a lower AHI than nonsomnolent sleep-
walkers (ESS <10) and ESS tended to be negatively correlated with
AHL In fact, the three subjects with an AHI between 10 and 15
were all in the nonsomnolent group. However, these AHI values
were not clinically significant, as they were well within the range
of normal scores.

Taken together, these findings point to EDS as an intrinsic
characteristic of sleepwalkers, which possibly is indicative of a
general impairment in their daytime functioning. Findings from
other studies also support this view of somnambulism. First we
previously showed that subjects had EDS as measured objectively
by the MSLT in a small group of sleepwalkers [9]. Second Oudiette
et al. [16] reported pathologic ESS scores in nearly half of their 43
patients presenting with NREM sleep parasomnia. Third a single-
photon emission computed tomography study performed during
wakefulness in sleepwalkers and controls revealed hypoperfusions
in the sleepwalkers’ frontopolar cortex, superior and middle frontal
gyri, superior and inferior temporal gyri, and angular gyrus [17]. Fi-
nally a transcranial magnetic stimulation study during wakeful-
ness demonstrated hypoexcitability of some cortical GABAergic
and cholinergic inhibitory circuits in sleepwalkers [18].

No data exist for possible neural substrates of EDS associated
with adult somnambulism. However, it is now widely accepted
that sleepwalking is strongly influenced by genetic factors. The
between-subgroup difference in somnolence could be due to vari-
ability in patients’ genetic profile. For example, it has been shown
that certain polymorphisms in the adenosine deaminase gene, ADA,
and in PER3 in humans affect SWS duration and NREM sleep EEG
(SWA) [19,20]. Interestingly, a certain polymorphism of PER3 also
affects the waking EEG. Individuals carrying the PER3”* allele not
only have more slow waves in NREM sleep but also have more 0
and o activity during wakefulness compared to individuals with
the PER3%# allele. This finding could potentially account for the
association between greater SWS and less alert wakefulness in a
subgroup of sleepwalkers.

4.1. Clinical significance and study limitations

Our study documented the presence of EDS in subjects with
sleepwalking, and nearly half of the 70 investigated subjects ex-
ceeded the clinical threshold of 10 on the ESS. Furthermore, sleep-
walkers’ EDS did not appear to be caused by sleep fragmentation,
short sleep duration, or poor sleep quality or depth. We suggest
that EDS is part of the phenotype associated with sleepwalking
and that it should be considered in the clinical assessment and
management of adult somnambulism. Although the ESS was devel-
oped over 20 years ago and continues to be widely used to assess
EDS resulting from a variety of etiologies, further testing of day-
time vigilance is needed to elucidate the functional significance

of the EDS experienced by sleepwalkers. Because measures of
alertness and sleepiness often do not correlate with one another,
additional and objective assessments, including MSLT, psychomo-
tor vigilance task, event-related potentials, among others, should
be considered to better delineate which specific aspects of alert-
ness are most impaired in sleepwalkers.
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