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Abstract

Purpose of Review Patients with different types of choreic syndromes, specially those with Huntington’s (HD) and Wilson’s
(WD) diseases, report frequent sleep complaints. This review focuses on the main findings of studies addressing the sleep
features in these diseases, and other less frequent causes of chorea associated with sleep disorders, including a new syndrome
described in the last decade associated with IgLONS antibodies.

Recent Findings Patients with HD and WD showed a bad quality of sleep and high frequency of insomnia and excessive
daytime somnolence. WD patients also showed high scores on a specific scale for rapid eye movement sleep behavior dis-
orders. HD and WD share decreased sleep efficiency and increased REM sleep latencies, percentage of sleep stage N1, and
wake after sleep onset (WASO) among their polysomnographic features.

Summary Patients with HD and WD showed a high prevalence of different sleep disorders. Patients with other causes of
chorea, including neuroacanthocytosis, parasomnia with sleep breathing disorder associated with antibodies to IgLONS,

Sydenham's chorea, and choreic syndromes associated to certain genetic mutations show sleep disorders as well.

Keywords Essential tremor - Sleep disorders - Insomnia - Excessive daytime somnolence - Restless legs syndrome

Introduction

Sleep disturbances have been described as a frequent com-
plaint in patients with several movement disorders. While
sleep disorders in patients with Parkinson’s disease [1, 2],
essential tremor [3, 4], or Tourette’s syndrome [5-9] have
been addressed by several reviews, less attention has been
paid to other movement disorders such as choreic disorders
[10ee], [11ee], [12e¢]. In this narrative review, we sum-
marize the main findings on sleep disturbance in choreic
syndromes, specially, but not exclusively, in Huntington’s
and Wilson’s diseases. For this purpose, we underwent a
literature search from 1966 up to March 6, 2023, using the
PubMed, EMBASE, and Web of Science (WOS) main col-
lection. The results of the search, which retrieved a total of
3525 references, are summarized in Table 1. These refer-
ences were examined one by one, and those strictly related to
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the topic were then selected. The flowchart for the selection
of studies is plotted in Fig. 1.

Sleep Disorders in Huntington’s Disease

Firstly described by George Huntington in 1872, Hunting-
ton’s disease (HD) is an infrequent (5—10 cases per 100.000
inhabitants in Europe) neurodegenerative neuropsychiatric
genetic disorder caused by an autosomal dominant mutation
in the huntingtin gene (HTT or IT-15, chromosome 4p16.3,
gene ID 3064, MIM 613004), that is characterized from the
clinical point of view by movement disorders (chorea as the
most frequent, but also bradykinesia, rigidity, dystonia, gait
disorders, tics...), a wide spectrum of psychiatric symptoms
(depression or low mood, and less frequently anxiety dis-
orders, emotional lability, the apathy of schizophrenic-like
psychosis), and progressive cognitive impairment affecting
mainly attention and executive functions [13—15].

The first description of disorders of nocturnal sleep in
patients with HD was done in 1985 by Iakhno et al. [16], who
found an increased duration of the stage I sleep and the phase
of rapid eye movement (REM) sleep, an important shorten-
ing of delta-sleep, and an increase in body movements during
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Table 1 Strategy and results of literature search. Search terms in column 1 were crossed with those of line 1

Huntington’s disease Wilson’s disease Neuroacantho-cytosis Chorea (PubMed/
(PubMed/EMBASE/WOS ~ (PubMed/EMBASE/WOS  (PubMed/EMBASE/WOS ~ EMBASE/WOS main
main collection) main collection) main collection) collection)
Sleep disorders 224/1829/1998 5/241/140 5/24/15 253/3323/781
Sleep disturbances 141/187/337 1/23/31 4/4/4 201/243/138
Sleep complaints 9/22/12 0/17/4 0/3/0 10/37/7
Polysomnography 27/87/36 34/20/18 1/0/1 38/120/29
Insomnia 46/81/776 35/67/28 0/6/7 68/1181/249
Sleep breathing disorder 7/156/23 7/29/3 0/9/0 8/156/16
Sleep apnea 20/160/212 43/3/20 2/9/4 17/249/81
Snoring 51717 9/1/0 0/1/0 1/9/2
Narcolepsy 16/68/629 2/10/22 0/0/0 8/10/129
Kleine Levin syndrome 1/0/0 0/0/0 0/1/0 0/0/0
Excessive daytime somno-  9/66/4 7/10/5 0/1/0 9/29/4
lence
Circadian rhythm sleep 49/179/485 3/0/5 0/0/0 38/0/81
disorders
Somnambulism 0/0/1 0/1/0 0/1/0 1/15/2
Sleepwalking 0/7117 0/1/0 0/1/0 1/14/5
Sleeptalking 1/1/0 1/0/0 0/0/0 2/1/0
REM sleep behavior dis- 16/69/52 13/0/19 0/2/2 8/83/27
order
Isolated sleep paralysis 0/2/14 0/1/0 0/0/0 0/5/3
Nightmare disorder 5/31/0 3/6/8 0/1/0 7/60/5
Sleep enuresis 0/2/24 1/2/0 0/1/0 1/41/13
Restless legs syndrome 26/133/341 11/58/88 1/6/7 42/269/181
Periodic limb movements 3/15/7 4/3/1 0/1/0 5/18/4
during sleep
Sleep induced bruxism 0/2/3 0/0/0 0/0/2 0/3/1
Sleep induced myoclonus 1/8/44 0/1/1 0/0/8 0/38/43

The numbers in each cell represent the number of references found, respectively, in PubMed, EMBASE, and Web of Science (WOS) main

collection

sleep in a polygraphic study of nocturnal sleep involving 11
HD patients. Shortly after, Hansotia et al. [17] described a
lack of alterations in 2 patients with mild HD and increased
sleep-onset latency, increased interspersed wakefulness, and
decreased total sleep time and sleep efficiency, in 5 patients
diagnosed with moderate HD compared with 6 healthy con-
trols who underwent a nocturnal polysomnogram.

Prevalence of Sleep Disorders in Huntington’s
Disease

Studies on the prevalence of sleep disturbances in HD are
scarce, but in general, many patients diagnosed with this dis-
ease have complaints of sleep problems. Taylor et al. [18]
reported sleep problems in 87.8% of 292 HD patients using
a telephonic survey (61.7% referred to “very, or moderately
important sleep problems,” and 50.4% referred to persistence of
choreic movement during sleep). Videnovic et al. [19] reported
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sleep problems in 76.7% of a clinical series of 30 HD patients
(being more frequent in those patients with depression and with
longer duration of the disease), and Neutel et al. [20] in 100%
of another clinical series of 29 HD patients.

Baker et al. [21] reported sleep problems in 18 of 32 HD
patients (56.3%, compared with patients without sleep prob-
lems, those with sleep problems showed higher scores in
the Schedules of Compulsions Obsessions and Pathological
Impulse — SCOPI — scale, in Hamilton Anxiety Depres-
sion Scale — HADS — for anxiety and depression, and
in the global scores and items related with apathy, disin-
hibition, and executive dysfunction of the Frontal Systems
Behavioral scale), and in 18 of 35 patients with presymp-
tomatic HD (51.4%, compared with patients without sleep
problems, those with sleep problems showed higher scores
in HADS-Depression and in items related with executive
dysfunction in the Frontal System Behavioral scale).
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Fig. 1 Flowchart for the selection of eligible studies on choreic syndrome and sleep disorders

Ogilvie et al. [22], in the enroll-HD study cohort, compris-
ing 14.791 patients with positive genetic testing for HD (5.612
with premanifest, 6.696 in early stage, 1.911 in mid-stage, and
572 in late-stage HD), and 4958 controls, reported a preva-
lence of sleep disturbance of 15.6% in the HD patient cohort
that was significantly higher than that found in controls (5.6%,
OR 1.93, p=0.001), being this prevalence higher in subjects in
mid- or late-stage HD and those with 60 CAG repeats or more.
Finally, a retrospective population study in Israel reported the
presence of sleep disorders in 21% of 109 HD patients [23].

Prevalence of Specific Sleep Disorders and Sleep
Quality in Huntington’s Disease

Insomnia is a frequent complaint in HD patients, with a
prevalence that ranges from 25.0 to 64% in clinical series
[24-26], being significantly more frequent than in con-
trols [25, 27]. Maffi et al. [27] showed a lack of correlation
between the Insomnia Severity Index and cognitive perfor-
mance in patients with HD, while this index showed a posi-
tive correlation with the scores of depression in the HADS
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Table 2 Results of studies assessing the Pittsburg Sleep Quality Index (PSQI) and Epworth Sleepiness Scale (ESS) in patients with Huntington’s

disease (HD) and controls (C)

Authors, year [ref]  Country PSQI HD N; mean  PSQI C (mean
+SD +SD)
Videnovic et al., USA 30;7.5+1.62 -
2009 [19]
Aziz et al. 2010 [28]  The Netherlands 63;6.0+39 63;4.7+3.0
Lazar et al., [29]* UK and USA 29;4.4 +0.56 29;4.1 £0.56
Piano et al., 2017 Italy 30;6.93 +4.62 e
[30, 31]
Diago et al., [32] Spain 38;6.61 +4.15 38;4.24 +2.63
Tanigaki et al. [33] Japan 29;5.46 +3.0 22;4.87+3.5
Total series 219; 6.15 + 3.53 152; 4.50 + 2.69
Authors, year [ref]  Country ESS HD N; mean ESS C (mean + SD)
+SD)
Arnulf et al., 2008 France, Denmark, 25;6.8+46 e
[24] Germany, UK
Videnovic et al., USA 30,6039 e
2009 [19]
Aziz et al., 2010 [28] The Netherlands 63;45+42 63;4.8+3.5
Goodman et al. 2011 UK 9;5.1+2.8 10;3.0+3.2
[34]
Piano et al., 2015 Italy 30;6.3 +£5.0 30,23 +£20
[35]
Neutel et al., 2015 France 29;7.5+5.1 30;5.7+3.1
[20]
Lazar et al., [29]* UK and USA 29;7.1 £0.74 29;5.6 +£0.79
Piano et al., 2017 Italy 30;6.33 +£5.02 cemememeeee
[30, 31]
Diago et al., [32] Spain 38;6.39 +4.19 38;4.08 +2.23
Tanigaki et al. [33] Japan 29;392+6.0 22;624+7.0

Total series 312;5.89 +4.52 222;4.63 +3.56

- 30(23.3)

—1.26 (-1.98 to

Difference (95%
CDh,p

PSQI>5HD (%) PSQI>5C (%) OR (95% CI), p

-1.30(=2.53 to
-0.07); 0.038
—0.30 (-0.59 to
—0.01); 0.046
- 30 (60)

63 (58.1) 63 (34.9) 2.60 (1.59-4.24); 0.0001

—2.37 (=3.96 to
—0.78=; 0.004

—0.59 (—2.42 to
1.24); 0.521

—1.65 (=2.31 to
0.98); 0.001

93 (58.71) 63 (34.9) 2.66 (1.71-4.13); 0.0001

OR (95% CI), p ESS>10HD N (%) ESS>10CN (%) OR (95% CI), p

-- 25 (20)

- ENYC) T —

0.30 (=1.06 to 1.66);
0.664

—2.10 (—0.503 to
0.83); 0.148

—4.00 (=5.97 to
~2.03); 0.0001

~1.80 (=3.99 to
0.39); 0.106

~1.50 (=1.90 to
~1.10); 0.0001

63 (12.7) 63 (7.9) 1.69 (1.17-2.45); 0.005

—2.31(-3.84to

—0.78); 0.004

2.35 (=131 t0 6.01);

0.203

148 (23.64) 63 (7.9) 3.61 (2.63-4.95); 0.0001

—0.54); 0.0006

OR odds-ratio, CI confidence intervals

*All premanifest

and a negative correlation between functional assessment
and total functional capacity.

Several studies addressing sleep quality by using the
Pittsburgh Sleep Quality Index (PSQI) have shown a rela-
tively bad quality of sleep in patients with HD [19, 28-33]
(Table 2), with a mean + SD of 6.15 + 3.53, that was sig-
nificantly higher than that found in controls (4.50 + 2.69).
The percentage of patients with PSQI > 5 (indicating bad
sleep quality) was reported to range from 58.1 to 60% [19,
30, 31]. Maffi et al. [27] described a positive correlation
between global PSQI scores and HADS depression scores,
and a negative correlation between PSQI and total functional
capacity in patients with HD.
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Thirty-two percent of HD patients of the series by Arnulf
et al. [24] and 13.2% of the series by Aldaz et al. [25]
reported excessive daytime somnolence. The results of stud-
ies addressing the results of the Epworth Sleepiness Scale
(ESS), summarized in Table 2 [19, 20, 24, 28-35], showed a
significantly higher score in HD patients (5.89 + 4.52) than
in controls (4.63 + 3.56). The percentage of HD patients
with ESS > 10 ranged from 12.7 to 50% [19, 24, 28, 30, 31].

Restless legs syndrome has been described as a comorbid
condition in a family diagnosed with HD [36], and as a pos-
sible early manifestation of this disease in a single case [37].
The frequency of RLS in clinical series of HD patients has been
reported to range between 0 and 20.8% [10, 24, 25, 31, 35].
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REM sleep behavior disorder (RBD) was described in
6.7-13.3 % of HD patients in some clinical series [24, 31,
35], although Aldaz et al. [25] reported symptoms related
to this condition such as “vivid dreams” in 41.5% and “act-
ing out during dreams” in 45.3% of their patients with HD.

About other sleep problems, Videnovic et al. [19]
reported snoring in 60% of their 30 HD patients, and 26.7%
of the 30 patients of a clinical series “had a high risk of
obstructive sleep apnea” [35] but reports of sleep apnea as
a comorbidity of HD are scarce [38]. Finally, Aldaz et al.
[25] reported nocturia in 41.5% of their HD patients and 16
% of their controls.

Polysomnographic Studies in Huntington’s Disease

Since the previously mentioned pioneering polysomno-
graphic studies [16, 17], a significant number of studies have
been published trying to establish the polysomnographic
characteristics of HD, whose results are summarized in
Table 3. Zhang et al. [45], in a recent meta-analysis of those
polysomnographic studies of patients with HD compared
with controls with strict inclusion criteria reported up to
2018 [20, 24, 29, 34, 35, 40, 42], that involved a total of
158 HD patients and 144 controls, found that HD patients
showed decreased sleep efficiency, decreased percentage
of slow wave sleep and rapid eye movement (REM) sleep,
and increased percentage of N1 sleep, wake time after sleep
onset (WASO), and REM sleep latency.

Neurochemical Data

Van Wamelen et al. [46], in a brain postmortem study involv-
ing 8 HD patients and 8 healthy controls, described an 85%
decrease of neurons immunoreactive for vasoactive intestinal
polypeptide (VIP), and a 33% decrease of neurons immu-
noreactive for arginine-vasopressin in the suprachiasmatic
nucleus (considered as the body’s masters clock regulating
the circadian rhythm of sleep) in patients with HD compared
with controls, while the melatonin 1 and 2 receptor expres-
sion was unaltered.

Plasma melatonin concentrations are decreased in pre-
manifest and early-stage HD patients [47], and a delayed
onset of the diurnal melatonin rise, both in plasma [48] and
saliva [49] of HD patients, has been described, suggesting
a delayed sleep phase syndrome-like circadian rhythm dis-
order in this disease.

Despite neuropathological studies in the brains of humans
with HD and in mice experimental models of HD have
shown significant atrophy and loss of hypocretin (orexin)
neurons in the lateral hypothalamus [50], a study involv-
ing 10 patients with HD and 12 patients with chorea-like
hyperkinetic movement disorders (non-HD) showed similar

cerebrospinal fluid hypocretin 1 level in both groups, sug-
gesting that cerebrospinal hypocretin 1 is not a reliable
marker for HD [51].

Data on Sleep Disturbances in Experimental Models
of Huntington’s Disease

The R6/2 transgenic mice model of HD, which suffers
from a progressive disintegration of circadian rhythms,
showed an important reduction of activity in the wheel
running behavior both under light-dark and under constant
darkness conditions [52]. The use of drugs for managing
sleep/wake cycles such as alprazolam (to induce sleep) and
modafil (to induce wake-up) improves cognitive function
and apathy in this model [53]. Despite the disintegration
of the circadian rhythms, R6/2 transgenic mice can adapt
to changes in the light-dark cycle with adequate training,
although they show an abnormal response to changes in
light cycles because a shortened circadian period, impaired
light detection, and/or reduced masking by evening light
that can be traduced in an exaggerated jet-lag [54]. In this
model, quantitative electroencephalogram (EEG) showed
anomalous increases in high beta-gamma activity in all
sleep/wake states, increases in theta activity during NREM
and REM, and a reduction of delta power in NREM sleep
[55, 56]. Sleep EEG in the R6/1 transgenic HD mice shows
a progressive deterioration of sleep architecture and EEG
brain rhythms, which are correlated timely with spatial
working memory impairments and are accompanied by the
loss of delta power which increases with age and disease
progression [57].

The (z)Q175 mouse model of HD (a knock-in model with
multiple copies of the mutant huntingtin gene) showed a
gene-dose and age-dependent circadian sleep disruption not
related to neuronal loss in the suprachiasmatic nucleus [58].
Quantitative EEG analysis in this model showed a gene-
dose and age-dependent disruption in the EEG field poten-
tial from 8-12 w, a progressive reduction in low-frequency
power, a slowing of REM peak theta frequency, and the
emergence of beta-gamma oscillations [59].

Inhibition of complex II of the mitochondrial respira-
tory chain with the toxin 3-nitropropionic in mice (another
model of HD) causes a severe deficit in behavior and dis-
ruption in sleep with difficulty in the initiation of sleep
behavior and hyperactivity, and a reduction in daytime fir-
ing rate of the neurons of the suprachiasmatic nucleus not
accompanied of neuropathological changes [60].

A sheep model of HD expressing the full-length human
huntingtin with a high number of CAG repeat mutations
showed circadian behavioral and sleep-wake abnormali-
ties [61]. OVT3 transgenic sheep spend more time awake
than normal sheep, specially during the beginning of the
night, and EEG recordings show a significant decrease
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in delta power across the night, and a change of the dis-
tributions of delta, theta, and alpha oscillations that pre-
dominates in the second half instead in the first half of
the night [62].

Finally, a Drosophila model of HD shows sleep and
activity disruptions in early adulthood that are mediated
by the cyclic adenosine monophosphate (cAMP)/r-PKA
(regulatory subunit of protein kinase A) pathway, being
these alterations exacerbated after sleep deprivation [63].

Management of Sleep Disorders in Huntington’s
Disease

The treatment of sleep disorders in HD has not been clearly
established because of the lack of systematized studies.
Moreover, many of the drugs used for the treatment of their
clinical symptoms cause sleep disturbances. Several recom-
mendations, such as the following, could be useful [10, 64]:

A. Adjusting the dose and time of administration of drugs
that can contribute to excessive daytime somnolence and/
or to nocturnal insomnia, for example, the use of stimu-
lant drugs for the treatment of daytamine somnolence
should be done early in the day and sedative drugs for the
treatment of nocturnal insomnia should be administered
in the evening.

B. Sleep hygiene measures and changing sleep behavior
(determine bedtime and wake time, avoid naps during
the day, avoid intake of stimulants, use relaxation meth-
ods, do regular exercise....).

C. Melatonin could be useful, specially in patients with
disruption of the circadian rhythm of sleep.

D. Sedating antidepressants (mirtazapine, trazodone),
sedating neuroleptics (olanzapine, quetiapine), and
short-acting benzodiazepines (these should be the last
option) could be useful for the treatment of insomnia.

E. Clomipramine could be useful in patients with sleep dis-
orders associated with obsessive perseverative symptoms.

F. Modafinil could be useful for the symptomatic therapy
of daytime sleepiness by increasing alertness (although
it does not improve mood or cognitive symptoms).

The orexine 1 and orexin 2 receptor antagonist suvorexant
has shown a beneficial effect in improving sleep an decreas-
ing the beta power in the R6/1 mice model of HD [65]. How-
ever, there are not specific publications on the potential use-
fulness of this and other orexin antagonists in the treatment
of insomnia in patients with HD.

Because the possible role of the histaminergic system in
HD, the use of antagonists/inverse agonists such as pitolisant
for the treatment of excessive sleepiness could be considered
[66], but there is no clinical experience with this drug. There is

@ Springer

also no clinical experience with other drugs used in the treat-
ment of excessive daytime sleepiness in other diseases such
as armodafinil and solriamfetol. Gamma-hydroxybutiric acid
(oxybate) was tested as symptomatic therapy in a cross-over
study involving 22 patients with HD including other GABAer-
gic drugs such as gamma-aminobutyric acid and baclofen, but
the specific results on sleep were not described [67].

Sleep Disorders in Wilson’s Disease

Described by Kinnier Wilson in 1912, Wilson’s disease
(WD) is an autosomal recessive metabolic disorder caused
by mutations in the ATPase copper transporting beta gene
(ATP7B gene, chromosome 13q14.3, gene ID 540, MIM
606882). This gene encodes a copper-transporting ATPase
that exports copper outside the cells and hepatic copper into
the bile. Mutations in the ATP7B gene lead to copper accu-
mulation in the tissues. Clinical features can include several
degrees of liver disease, neurological (tremor, dysarthria,
dystonia, chorea, parkinsonism) and psychiatric symptoms,
haemolytic anemia, Kayser-Fleischer ring, and other less
common systemic symptoms. The diagnosis is confirmed by
measurement of serum ceruloplasmin, the urinary excretion
of copper, liver biopsy, and molecular genetic studies [68].
To our knowledge, there are no specific studies on the
prevalence of sleep disorders in WD, although in some clinical
series, a frequency ranging from 10% [69] to 80% [70] has been
reported. Xu et al. [12], in a meta-analysis of studies reported
up to September 2018, reported a frequency of 54.1% (95%
CI=42.1-57.9%) for sleep disorders in patients with WD.

Prevalence of Specific Sleep Disorders and Sleep
Quality in Wilson’s Disease

The prevalence of insomnia or reduced sleep in clinical
series of WD ranges from 11.1 to 59% [70-75] and has been
reported to be higher than that found in healthy controls
[70, 71, 73, 75]. According to Cochen de Cock et al. [73],
patients with WD have shown a higher Insomnia Severity
Index than that found in controls, and this index was cor-
related with the severity of depressive symptoms and was
higher in the neurological forms of the disease.

Studies addressing sleep quality with the PSQI, summa-
rized in Table 4 [76-78], showed higher mean + SD scores
in patients with WD (5.66 + 3.21) than in controls (4.11 +
2.29), reflecting a relatively bad quality of sleep in patients
with WD. The percentage of patients with PSQI > 5 (indicat-
ing bad sleep quality) was significantly higher in WD patients
than in controls according to a single study [76]. You et al.
[78] reported similar PSQI in WD patients with neurological,
hepatic, and asymptomatic forms of the disease.
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Table 4 Results of studies assessing the Pittsburg Sleep Quality Index (PSQI), Epworth Sleepiness Scale (ESS), and REM sleep behavior disor-
der-single question (RBD-SQ) in patients with Wilson’s disease (WD) and controls (C)

Authors, year [ref]  Country

Netto et al., 2011 India
[76]

Tribl et al., 2016 [77] Brazil

You etal., 2022 [78]  China

Total series

Authors, year [ref] Country

Nevsimalova et al., Czech Republic
2011 [70]

Netto et al., 2011 India
[76]

Tribl et al., 2016 [77] Brazil

Cochen de Cock France

etal., 2021 [73]
Palmieri et al., 2022 Italy
[79]

You et al., 2022 [78]  China
Total series
Authors, year [ref] Country

Nevsimalova et al.,
2011 [70]
Tribl et al., 2016 [77]

Czech Republic
Brazil
Palmieri et al., 2022 Italy

[791

Total series

PSQI WD N; mean
+SD

25;55+35

41;72+ 46

1505 5.26 +£2.52

216; 5.66 + 3.21

ESS WD N; mean

£8D)

55;7.95 +4.71

25,175+ 15.6

41;74+£40

40;7.72 £ 497

27,85+2.38

150; 5.38 + 3.00

338;7.47 +6.29

RBDSQ WD NV;
mean + SD)

55;4.42 +3.34

41;42 %27

27,3.5+0.88

123;4.14 £ 2.76

PSQI C (mean
+SD)

25;35+26

41;4.1+2.1

150;4.21 +2.29

216;4.11 +2.29

ESS C (mean + SD)

55;6.06 +2.96

25,193+ 139

41;69 +3.1

40; 8.57 + 4.08

35;3.5+£0.88

150; 3.57 £ 2.10

346; 6.70 + 6.06

RBDSQ C (mean
+SD)

55;2.31 +1.76

41; 1.6+ 1.1

35,7+ 175

131;3.34 +£2.73

Difference (95%
Ch,p

—2.00 (-3.75to
—0.25); 0.026

—3.10 (—4.67 to
—1.53); 0.0002

—1.50 (-1.60 to
—0.50); 0.0002

-1.15(-1.78 to
—0.52); 0.0004

OR (95% CI), p

—1.89 (=338 to
—0.40); 0.013

1.80 (=6.60 to
10.20); 0.669

~0.50 (=2.07 to
1.07); 0.529

0.85 (=1.17 to 2.87);
0.406

~5.00 (=5.87 to
—4.13); 0.0001

—1.81 (=240 to
~1.22); 0.0001

~1.40 (=233 to
—0.47); 0.003

OR (95% CI), p

-2.11(=3.12to
—1.10); 0.0001

—2.60 (=3.51to
—1.69); 0.0001

3.50 (2.76 to 4.24);
0.00041

—0.80 (-1.48 to
—0.12); 0.021

PSQI >5 WD (%)

15 (60)

15 (60)

ESS>10 WD NV
(%)

3(12)

3(12)

RBDSQ =5 HD
N (%)

PSQI>5 C (%)

6 (24)

6 (24)

ESS>10 C N (%)

2(8)

2(8)

RBDSQ>5CN
(%)

OR (95% CI), p

4.75 (1.41-16.05);
0.011

4.75 (1.41-16.05); 0.011

OR (95% CI), p

1.05 (0.16-6.76); 0.963

1.05 (0.16-6.76); 0.963

OR (95% CI), p

OR odds-ratio, CI confidences intervals

Firneisz et al. [80] reported an exceptional case of a patient
with severe hypersomnia that showed an increased percentage
of REM sleep (57.5%). Amann et al. [81] reported another
case of severe hypersomnia, in which the PSG study did not
show abnormalities and multiple sleep latency tests showed
reduced latency to sleep without sleep-onset REM periods.
The percentage of excessive daytime somnolence reported in
clinical series of WD ranged from 4 to 30.0% [69, 70, 72, 73,
75]. Table 4, which summarizes the results of studies address-
ing the results of ESS [70, 73, 76-79], shows a significantly
higher score in WD patients (7.47 + 6.29) than in controls
(6.70 £ 6.06). In patients with WD, ESS was found to be
significantly lower in patients with longer disease duration or
using de-coppering therapy [76].

The frequency of restless legs syndrome reported in clini-
cal series of WD ranged from 17.5 to 31% [67, 70, 72, 79],
and was not significantly higher than in controls [70, 73,
75]. According to Trindade et al. [82], patients with WD
and RLS showed higher PSQI scores than patients with WS
without RLS.

REM sleep behavior disorder (RBD) was first described
by Tribl et al. [83] in 4 patients with WD, 3 of them present-
ing this symptom. All these patients showed mesencephalic
tegmental lateral hyperechogenicity in ultrasonographic
studies, and 2 of them showed pontomesencephalic hyper-
intensities in MRI. A recent report described RBD as an
early manifestation of WD as well [84]. The frequency of
RBD in clinical series of patients with WD ranged from 0

@ Springer



Current Neurology and Neuroscience Reports

to 20% [73, 75, 77]. Several studies, summarized in Table 4
[70, 77, 79], have shown significantly higher scores on the
RBD Screening Questionnaire (RBD-SQ) scale in patients
with WD (4.14 + 2.76) than in controls (3.34 + 2.73). On
the other hand, a recent literature review on the etiologies
of RBD without synucleinopathies has shown that 6 of 237
patients with RBD (2.5%) were diagnosed with WD [85].
Nightmares have been reported in 6% of a clinical series of
50 WD patients [69], and vivid dreams in 23.6% of 55 WD
patients in another [70].

Nocturnal enuresis was first reported by Zhang et al. [86]
in a patient with WD carrying 2 rare missense mutations in
the ATP7B gene, this symptom being developed with the aug-
mentation of the illness and relieved with de-coppering ther-
apy. Cochen de Cok [73] described nicturia in 22.8% of their
WD patients and 7.6% of their controls. Other sleep problems
reported in WD patients include sleep apnea (12.7%), non-
specified parasomnia (10.9%), sleep paralysis (20.8-25.9%),
and cataplexy-like episodes (24.1-29.2%) [70, 72].

Polysomnographic Studies in Wilson’s Disease

The results of PSG studies in patients with WD and healthy
controls are summarized in Table 5 [70, 74, 77, 82, 87]. A
meta-analysis of studies published up to September 2018 [70,
74, 77, 82] showed that, compared to controls, WD patients
had decreased total sleep time, sleep efficiency, and the per-
centage of sleep stage N2, and increased sleep onset and
REM sleep latencies, and the percentage of sleep stage N1.
However, it must be taken into consideration that 2 of the
studies included in this meta-analysis [77, 82] involved the
same group of patients and controls. Nevertheless, a study
published after this meta-analysis, with a low sample size but
with all WD patients untreated, showed the same findings
together with an increased percentage of WASO [74].

Management of Sleep Disorders in Wilson’s Disease

Similarly to that, comment for HD, there are no systema-
tized studies on the treatment of sleep disorders in WD. It
seems reasonable to think that sleep disorders could improve
with de-coppering therapy since it has been described an
improvement of several sleep symptoms this treatment and
worsening of any of the sleep disorders with a longer dura-
tion of the disease [76, 86]. General recommendations for
the hygiene of sleep should be similar to that described
previously for HD [10, 64]. Insomnia could require symp-
tomatic therapy, for which melatonin/melatonin agonists,
nonbenzodiazepine drugs approved for the treatment of
insomnia, benzodiazepines, sedating antidepressants, and
doxepin could be used as first-line therapy, and trazodone
as a second-line option [88, 8§9]. Symptomatic treatment of
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restless legs syndrome should require specific treatment with
dopamine agonists (pramipexole, ropinirole, rotigotine),
alpha2-delta calcium channel ligands (gabapentin, prega-
balin), or, in severe cases, opioids (tramadol, oxycodone,
methadone) [88, 90], and RBD could benefit for the use of
clonazepam, melatonin, or other drugs [88, 91].

To our knowledge, there are no specific publications
on the potential usefulness of drugs as orexin antagonists,
pitolisant, armodafinil, solriamfetol, or oxybate in the treat-
ment of sleep disorders in WD.

Sleep Disorders in Neuroacanthocytosis

Neuroacanthocytosis is a group of infrequent diseases
characterized by the presence of acanthocytes (misshaped
spiky red blood cells) associated with neurological disor-
ders (mainly chorea), which include chorea-acanthocytosis,
McLeod syndrome, HD-like 2, pantothenate kinase-asso-
ciated neurodegeneration (PKAN), abeta- and hypobeta-
lipoproteinemia, and aceruloplasminemia [92].

Hori et al. [93] reported the presence of high voltage slow
activity during a drowsy state and REM sleep in 2 siblings
diagnosed with neuroacanthocytosis, one of them with many
episodes of apnea. Silvestri et al. [41] described decreased
sleep efficiency, increased WASO, increased stage 1, and
reduced stage 2 in PSG studies performed on 5 patients
with neuroacanthocytosis. Bramanti et al. [94] described
the presence of sleep spindles in the EEG of patients with
this disease.

Weaver et al. [95] described obstructive sleep apnea in
all 5 patients diagnosed with McLeod syndrome carrying
novel mutations. Lim et al. [96], in a PSG study involv-
ing 6 patients diagnosed with McLeod syndrome, found the
presence of obstructive sleep apnea in all patients (severe
in 4 and moderate in 1), PLMS in 4 of them (although in
the other two this item was not assessed), and REM sleep
without atonia in 2.

Finally, Hernandez-Vara et al. [97] described a patient
diagnosed with neuroacanthocytosis who developed chorea
and typical restless legs syndrome.

NREM and REM Parasomnia with Sleep
Breathing Disorder Associated
with Antibodies to IgLON5

In 2014, Sabater et al. [98] described 8 patients with a
new syndrome consisting of abnormal sleep movements
and behavior and obstructive apnea/stridor, confirmed by
PSG, who had antibodies against a neuronal cell surface
antigen named IgLONS in the serum and the CSF. The
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first symptom was sleep disorder in 4, and gait instability
in the other 4. All of them showed abnormal sleep behav-
ior, 7 bulbar symptoms, 7 dysautonomic symptoms, 5 limb
ataxia, 5 abnormal ocular movements, 4 chorea, and 2
cognitive impairment. Only one patient improved (but suf-
fered from sudden death later) with combined therapies
including steroids, cyclophosphamide, rituximab, and/or
immunoglobulins. PSG showed obstructive sleep apnoea,
stridor, abnormal sleep architecture (undifferentiated
NREM sleep normalized by the end of the night, poorly
structured stage N2), simple movements and finalistic
behavior, and REM sleep behavior disorder. Neuropatho-
logical studies (performed in 2 patients) showed neuronal
loss and extensive deposits of hyperphosphorylated tau
mainly involving the tegmentum of the brainstem and
hypothalamus.

Since then, there have been reported several case
reports [99-101] and 2 retrospective observational case
series including 22 [102] and 72 patients [103] with this
syndrome. At the time of diagnosis, 87% had one or more
movement disorders, including gait and balance distur-
bances (72%), chorea (33%), bradykinesia (28%), dysto-
nia (26%), abnormal body postures or rigidity (25%), and
tremor (21%) and other such as myoclonus, akathisia, myor-
hythmia, myokymia, or abdominal dyskinesias (36%). Sleep
alterations were present in 87%, bulbar dysfunction in 74%,
and cognitive impairment in 53%. Immunotherapy, which
was used in 55 patients, get significant improvement in only
7 cases.

Sleep Disorders in Other Causes of Chorea

Diaz-Grez et al. [104] reported a high frequency of insom-
nia in a series of 55 patients diagnosed with Sydenham
chorea, a postinfectious neuroinflammatory disease involv-
ing the basal ganglia and related to rheumatic disease.

Ram-Pettersen et al. [105] described episodes of sud-
den sleep in 2 of 10 patients from a 4-generation fam-
ily with glucose transporter type 1 deficiency syndrome
(GLUT1-DS), a rare metabolic encephalopathy with par-
oxysmal exercise-induced dyskinesias among their main
symptoms related to the ¢.823G>A (p.Ala275Thr) vari-
ant in the SLC2A1 gene (solute carrier family 2 member
1; chromosome 1p34.2; gene ID 6513; MIM 138140).
Anurat et al. [106] described 2 siblings diagnosed with
GLUTI1-DS related to the c.1177G > T (p.Glu393%), a
mutation in the SLC2A1 gene whose clinical symptoms
included paroxysmal exercise-induced dyskinesias in one
and paroxysmal dystonia in the other, excessive daytime
somnolence in both, and insomnia, restless legs, and
paroxysmal episodes of loss of tone and weakness after
awake in the other.

@ Springer

Iodice et al. [107] described restless legs syndrome
responsive to levodopa in 3 of 7 patients carrying muta-
tions in the NKX2-1 gene (NK2 homeobox I; chromosome
14q13.3; gene ID 7080; MIM 600635) associated with
chorea.

Méneret et al. [108] reported lower sleep efficiency due
to prolonged awakenings secondary to the abnormal move-
ments in PSG studies of patients with mutations in the
ADCYS5 gene (adenylate cyclase 5; chromosome 3q21.1;
gene ID 111; MIM 600293) which cause diurnal and noc-
turnal paroxysmal dyskinesias.

Finally, Piard et al. [109] reported 4 patients belonging
to a large French family carrying the GRIA3 ¢.2477G > A
variant in the GRIA3 gene (glutamate ionotropic recep-
tor AMPA subtype subunit 3; chromosome Xq25; gen ID
2892; MIM 305915) that is associated to dramatic dis-
turbances in the sleep-wake cycle, who showed an exag-
gerated startle reflex, chorea, and multifocal myoclonus
among their clinical symptoms.

Conclusions and Future Directions

Sleep disorders are very frequent in choreic syndromes,
specially in HD [18-23] and in WD [12, 69, 70]. Patients
with HD have shown a higher frequency of insomnia
[24-27], bad sleep quality, assessed by the PSQI [19,
28-33], and excessive daytime somnolence [24, 25],
assessed with the ESS [19, 20, 24, 28-35], although the
latter could be related with the effects of drugs used for
the therapy of choreic and psychiatric symptoms. The fre-
quency of RBD is higher than that seen in the general
population [24, 31, 35], and the frequency of RLS has
shown variability between different clinical series [10, 24,
25, 31, 35], although are similar to that seen in the gen-
eral population. Regarding PSG features, HD patients have
shown decreased sleep efficiency, percentage of slow wave
sleep and REM sleep, and increased N1 sleep, WASO, and
REM sleep latency, according to a recent meta-analysis
of previous publications [45]. Alterations in the suprachi-
asmatic nucleus [46] and in melatonin concentrations or
secretion [47-49] could be involved in sleep disturbances
described in HD. In addition, several experimental mod-
els of HD have shown alterations in the circadian rhythm
of sleep [52-58]. Many sleep disturbances are present in
patients with premanifest HD [22, 29].

Patients with WD have a high prevalence of insomnia
[70-75], poor sleep quality assessed by the PSQI [76-78],
and a high frequency of excessive daytime somnolence [72,
73,75, 76, 78] assessed by the ESS [70, 73, 76-79], although
less marked than that described in HD patients. RLS was a
frequent complaint of WD patients, but the frequency was
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similar to that reported by controls [70, 73, 75]. RBD is
relatively frequent in patients with WD, who showed higher
scores than those of controls in a specific scale for the detec-
tion of RBD [72, 73, 76]. Insomnia seems to be more severe
in patients with the neurological forms of WD than in those
with hepatic and asymptomatic forms of the disease [73].
PSG features of WS included decreased sleep efficiency
and percentage of sleep stage N2, and increased sleep onset
and REM sleep latencies, percentage of sleep stage N1, and
WASO [12, 74].

Other infrequent choreic syndromes such as neuroacan-
thocytosis, Sydenham chorea, and mutations in the SLC2A1,
NKX2-1, ADCYS5, and GRIA3 genes have shown sleep dis-
turbances that were described in a previous section. Finally,
in the last decade, a new syndrome combining NREM and
REM parasomnia with a sleep-breathing disorder, which
includes chorea as a frequent symptom and is associated
with [gLONS antibodies, has been described and character-
ized [98-101].

We suggest that future works with the aim of establish-
ing frequency, etiology, and clinical and neurophysiological
features of sleep disorders in choreic disorders, specially in
those more prevalent such as HD and WD, should fulfill, at
least, the following points: (A) multicentre design including
large cohorts of patients with HD or WD and healthy con-
trols not having family history of movement disorders; (B)
inclusion of the patients in the study previously to starting
specific therapies for HD and WD that could interfere with
data from the study; (C) exclusion from the study of those
patients or controls who were using drugs that could induce
somnolence or affect sleep quality or; (D) clinical evaluation
of the different patient groups with specific and validated
rating scales for their respective diseases (this should let to
establish correlations between the severity of these diseases
and the sleep parameters); (E) an exhaustive questionnaire on
sleep complaints, including PSQI, ESS, and RBD-SQ, and
performance of polysomnographic studies when appropriate.
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tary material available at https://doi.org/10.1007/s11910-023-01274-2.

Funding The work at the authors’ laboratory is supported in part by
Grants PI18/00540 and P121/01683 from Fondo de Investigacién Sani-
taria, Instituto de Salud Carlos III, Madrid, Spain, and IB20134 and
GR21073 from Junta de Extremadura, Mérida, Spain. Partially funded
with FEDER funds.

Declarations

Conflict of Interest Félix Javier Jiménez-Jiménez, Hortensia Alonso-
Navarro, Elena Garcia-Martin, and José A.G. Agindez declare that
they have neither financial nor non-financial conflicts of interest.

Human and Animal Rights and Informed Consent This article does not
contain any studies with human or animal subjects performed by any
of the authors.

References

Papers of particular interest, published recently, have
been highlighted as:

e Of importance

ee Of major importance

1. Raggi A, Bella R, Pennisi G, Neri W, Ferri R. Sleep disorders
in Parkinson’s disease: a narrative review of the literature. Rev
Neurosci. 2013;24(3):279-91. https://doi.org/10.1515/revne
uro-2013-0002.

2. Lajoie AC, Lafontaine AL, Kaminska M. The spectrum
of sleep disorders in Parkinson’s disease: a review. Chest.
2021;159(2):818-27. https://doi.org/10.1016/j.chest.2020.09.099.

3. Jiménez-Jiménez FJ, Alonso-Navarro H, Garcia-Martin E, Agtin-
dez JAG. Sleep disorders in essential tremor: systematic review
and meta-analysis. Sleep. 2020;43(9):zsaa039. https://doi.org/
10.1093/sleep/zsaa039.

4. Jiménez-Jiménez FJ, Alonso-Navarro H, Garcia-Martin E, Agtn-
dez JAG. Sleep disorders in patients with essential tremor. Curr
Neurol Neurosci Rep. 2021;21(5):23. https://doi.org/10.1007/
s11910-021-01109-y.

5. Hibberd C, Charman T, Bhatoa RS, Tekes S, Hedderly T, Grin-
gras P, Robinson S. Sleep difficulties in children with Tourette
syndrome and chronic tic disorders: a systematic review of char-
acteristics and associated factors. Sleep. 2020;43(6):zsz308.
https://doi.org/10.1093/sleep/zsz308.

6. Jiménez-Jiménez FJ, Alonso-Navarro H, Garcia-Martin E, Agtin-
dez JAG. Sleep disorders in Tourette syndrome. Sleep Med Reyv.
2020;53:101335. https://doi.org/10.1016/j.smrv.2020.101335.

7.  Keenan L, Sherlock C, Bramham J, Downes M. Overlapping
sleep disturbances in persistent tic disorders and attention-
deficit hyperactivity disorder: a systematic review and meta-
analysis of polysomnographic findings. Neurosci Biobehav Rev.
2021;126:194-212.

8. Blaty JL, DelRosso LM. Tourette disorder and sleep. Biomed J.
2022;45(2):240-9. https://doi.org/10.1016/j.bj.2022.01.002.

9. Jiménez-Jiménez FJ, Alonso-Navarro H, Garcia-Martin E, Agtin-
dez JAG. Sleep disorders and sleep problems in patients with
Tourette syndrome and other tic disorders: current perspectives.
Nat Sci Sleep. 2022;25(14):1313-31. https://doi.org/10.2147/
NSS.S340948.

10.ee Herzog-Krzywoszanska R, Krzywoszanski L. Sleep disorders in
Huntington’s disease. Front Psychiatry. 2019;12(10):221. https://
doi.org/10.3389/fpsyt.2019.00221. Review on sleep disorders
in Huntington’s disease.

11.ee Cochen De Cock V, Woimant F, Poujois A. Sleep disorders in
Wilson’s disease. Curr Neurol Neurosci Rep. 2019;19(11):84.
https://doi.org/10.1007/s11910-019-1001-4. Review on sleep
disorders in Huntington’s disease.

12.ee XuJ, Deng Q, Qin Q, Vgontzas AN, Basta M, Xie C, Li Y. Sleep
disorders in Wilson disease: a systematic review and meta-anal-
ysis. J Clin Sleep Med. 2020;16(2):219-30. https://doi.org/10.
5664/jcsm.8170. Meta-analysis of sleep disorders in Wilson’s
disease.

13.  Walker FO. Huntington’s disease. Lancet. 2007;369(9557):218—
28. https://doi.org/10.1016/S0140-6736(07)60111-1.

14.  Roos RA. Huntington’s disease: a clinical review. Orphanet
J Rare Dis. 2010;20(5):40. https://doi.org/10.1186/
1750-1172-5-40.

15.  Ferreira JJ, Rodrigues FB, Duarte GS, Mestre TA, Bachoud-Levi
AC, Bentivoglio AR, Burgunder JM, Cardoso F, Claassen DO,
Landwehrmeyer GB, Kulisevsky J, Nirenberg MJ, Rosser A,
Roth J, Seppi K, Slawek J, Furr-Stimming E, Tabrizi SJ, Walker

@ Springer


https://doi.org/10.1007/s11910-023-01274-2
https://doi.org/10.1515/revneuro-2013-0002
https://doi.org/10.1515/revneuro-2013-0002
https://doi.org/10.1016/j.chest.2020.09.099
https://doi.org/10.1093/sleep/zsaa039
https://doi.org/10.1093/sleep/zsaa039
https://doi.org/10.1007/s11910-021-01109-y
https://doi.org/10.1007/s11910-021-01109-y
https://doi.org/10.1093/sleep/zsz308
https://doi.org/10.1016/j.smrv.2020.101335
https://doi.org/10.1016/j.bj.2022.01.002
https://doi.org/10.2147/NSS.S340948
https://doi.org/10.2147/NSS.S340948
https://doi.org/10.3389/fpsyt.2019.00221
https://doi.org/10.3389/fpsyt.2019.00221
https://doi.org/10.1007/s11910-019-1001-4
https://doi.org/10.5664/jcsm.8170
https://doi.org/10.5664/jcsm.8170
https://doi.org/10.1016/S0140-6736(07)60111-1
https://doi.org/10.1186/1750-1172-5-40
https://doi.org/10.1186/1750-1172-5-40

Current Neurology and Neuroscience Reports

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

FO, et al. An MDS evidence-based review on treatments for
Huntington’s disease. Mov Disord. 2022;37(1):25-35. https://
doi.org/10.1002/mds.28855.

Iakhno NN. Narusheniia nochnogo sna pri khoree Gentingtona
[Disorders of nocturnal sleep in Huntington chorea]. Zh Nev-
ropatol Psikhiatr Im S S Korsakova. 1985;85(3):340-6.
Hansotia P, Wall R, Berendes J. Sleep disturbances and sever-
ity of Huntington’s disease. Neurology. 1985;35(11):1672—4.
https://doi.org/10.1212/wnl.35.11.1672.

Taylor N, Bramble D. Sleep disturbance and Huntingdon’s dis-
ease. BrJ Psychiatry. 1997;171:393. https://doi.org/10.1192/bjp.
171.4.393c.

Videnovic A, Leurgans S, Fan W, Jaglin J, Shannon KM. Day-
time somnolence and nocturnal sleep disturbances in Huntington
disease. Parkinsonism Relat Disord. 2009;15(6):471-4. https://
doi.org/10.1016/j.parkreldis.2008.10.002.

Neutel D, Tchikviladzé M, Charles P, Leu-Semenescu S, Roze
E, Durr A, Arnulf I. Nocturnal agitation in Huntington disease
is caused by arousal-related abnormal movements rather than
by rapid eye movement sleep behavior disorder. Sleep Med.
2015;16(6):754-9.

Baker CR, Dominguez DJF, Stoug JC, Gabery S, Churchyard
A, Chua P, Egan GF, Petersén A, Georgiou-Karistianis N,
Poudel GR. Subjective sleep problems in Huntington’s dis-
ease: a pilot investigation of the relationship to brain structure,
neurocognitive, and neuropsychiatric function. J Neurol Sci.
2016;15(364):148-53. https://doi.org/10.1016/j.jns.2016.03.021.
Ogilvie AC, Nopoulos PC, Schultz JL. Sleep disturbances by
disease type and stage in Huntington’s disease. Parkinsonism
Relat Disord. 2021;91:13-8. https://doi.org/10.1016/j.parkreldis.
2021.08.011.

Tanigelov-Yusim N, Barer Y, Martinec M, Siadimas A, Roump-
anis S, Furby H, Goldshtein I, Jan A, Coloma PM. Hunting-
ton’s disease in Israel: a population-based study using 20 years
of routinely-collected healthcare data. J Huntingtons Dis.
2021;10(4):469-77. https://doi.org/10.3233/JHD-210500.
Arnulf I, Nielsen J, Lohmann E, Schiefer J, Wild E, Jennum P,
Konofal E, Walker M, Oudiette D, Tabrizi S, Durr A. Rapid eye
movement sleep disturbances in Huntington disease. Arch Neu-
rol. 2008;65(4):482-8. https://doi.org/10.1001/archneur.65.4.482.
Aldaz T, Nigro P, Sanchez-Gémez A, Painous C, Planel-
las L, Santacruz P, Camara A, Compta Y, Valldeoriola F,
Marti MJ, Muifioz E. Non-motor symptoms in Hunting-
ton’s disease: a comparative study with Parkinson’s disease.
J Neurol. 2019;266(6):1340-50. https://doi.org/10.1007/
s00415-019-09263-7.

Furby H, Siadimas A, Rutten-Jacobs L, Rodrigues FB, Wild EJ.
Natural history and burden of Huntington’s disease in the UK: a
population-based cohort study. Eur J Neurol. 2022;29(8):2249—
57. https://doi.org/10.1111/ene.15385.

Maffi S, Scaricamazza E, Migliore S, Casella M, Ceccarelli C,
Squitieri F. Sleep quality and related clinical manifestations in
Huntington disease. J Pers Med. 2022;12(6):864. https://doi.org/
10.3390/jpm12060864.

Aziz NA, Anguelova GV, Marinus J, Lammers GJ, Roos RA.
Sleep and circadian rhythm alterations correlate with depression
and cognitive impairment in Huntington’s disease. Parkinsonism
Relat Disord. 2010;16(5):345-50. https://doi.org/10.1016/j.parkr
eldis.2010.02.009.

Lazar AS, Panin F, Goodman AO, Lazic SE, Lazar ZI, Mason
SL, Rogers L, Murgatroyd PR, Watson LP, Singh P, Borowsky
B, Shneerson JM, Barker RA. Sleep deficits but no metabolic
deficits in premanifest Huntington’s disease. Ann Neurol.
2015;78(4):630-48. https://doi.org/10.1002/ana.24495.

Piano C, Imperatori C, Losurdo A, Bentivoglio AR, Cortelli P,
Della MG. Sleep-related modifications of EEG connectivity in the

@ Springer

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

sensory-motor networks in Huntington disease: an eLORETA study
and review of the literature. Clin Neurophysiol. 2017;128(7):1354—
63. https://doi.org/10.1016/j.clinph.2016.11.019.

Piano C, Della Marca G, Losurdo A, Imperatori C, Solito M,
Calandra-Buonaura G, Provini F, Cortelli P, Bentivoglio AR.
Subjective assessment of sleep in Huntington disease: reliability
of sleep questionnaires compared to polysomnography. Neurode-
gener Dis. 2017;17(6):330-7. https://doi.org/10.1159/000480701.
Diago EB, Martinez-Horta S, Lasaosa SS, Alebesque AV, Pérez-
Pérez J, Kulisevsky J, Del Val JL. Circadian rhythm, cognition,
and mood disorders in Huntington’s disease. ] Huntingtons Dis.
2018;7(2):193-8. https://doi.org/10.3233/JTHD-180291.
Tanigaki WK, Rossetti MA, Rocha NP, Stimming EF. Sleep dys-
function in Huntington’s disease: perspectives from patients. J
Huntingtons Dis. 2020;9(4):345-52. https://doi.org/10.3233/
JHD-200434.

Goodman AO, Rogers L, Pilsworth S, McAllister CJ, Shneerson
IJM, Morton AJ, Barker RA. Asymptomatic sleep abnormalities
are a common early feature in patients with Huntington’s dis-
ease. Curr Neurol Neurosci Rep. 2011;11(2):211-7. https://doi.
0rg/10.1007/s11910-010-0163-x.

Piano C, Losurdo A, Della Marca G, Solito M, Calandra-Buon-
aura G, Provini F, Bentivoglio AR, Cortelli P. Polysomnographic
findings and clinical correlates in Huntington disease: a cross-
sectional cohort study. Sleep. 2015;38(9):1489-95. https://doi.
org/10.5665/sleep.4996.

Evers S, Stogbauer F. Genetic association of Huntington’s dis-
ease and restless legs syndrome? A family report. Mov Disord.
2003;18(2):225-7. https://doi.org/10.1002/mds.10341.

Savva E, Schnorf H, Burkhard PR. Restless legs syndrome: an
early manifestation of Huntington’s disease? Acta Neurol Scand.
2009;119(4):274-6. https://doi.org/10.1111/j.1600-0404.2008.
01091.x.

Banno K, Hobson DE, Kryger MH. Long-term treatment of sleep
breathing disorder in a patient with Huntington’s disease. Par-
kinsonism Relat Disord. 2005;11(4):261—4. https://doi.org/10.
1016/j.parkreldis.2005.01.005.

Bollen EL, Den Heijer JC, Ponsioen C, Kramer C, Van der Velde
EA, Van Dijk JG, Roos RA, Kamphuisen HA, Buruma OJ.
Respiration during sleep in Huntington’s chorea. J Neurol Sci.
1988;84(1):63-8. https://doi.org/10.1016/0022-510x(88)90174-8.
Wiegand M, Moller AA, Schreiber W, Lauer C, Krieg JC. Brain
morphology and sleep EEG in patients with Huntington’s dis-
ease. Eur Arch Psychiatry Clin Neurosci. 1991;240(3):148-52.
https://doi.org/10.1007/BF02190755.

Silvestri R, Raffaele M, De Domenico P, Tisano A, Mento G,
Casella C, Tripoli MC, Serra S, Di Perri R. Sleep features in
Tourette’s syndrome, neuroacanthocytosis and Huntington’s
chorea. Neurophysiol Clin. 1995;25(2):66—77. https://doi.org/
10.1016/0987-7053(96)81034-3.

Cuturic M, Abramson RK, Vallini D, Frank EM, Shamsnia M.
Sleep patterns in patients with Huntington’s disease and their
unaffected first-degree relatives: a brief report. Behav Sleep
Med. 2009;7(4):245-54. https://doi.org/10.1080/1540200090
3190215.

Marotta J, Piano C, Brunetti V, Genovese D, Bentivoglio AR,
Calabresi P, Cortelli P, Della MG. Heart rate variability dur-
ing wake and sleep in Huntington’s disease patients: an obser-
vational, cross-sectional, cohort study. Neurodegener Dis.
2021;21(3-4):79-86. https://doi.org/10.1159/000520754.
Annapureddy J, Ray S, Kamble N, Kumar G, Pal PK, Dv S, Jain
S, Kutty B, Yadav R. The association of saccadic abnormalities
with rem sleep in patients with Huntington’s disease. Sleep Med.
2022;93:84-9. https://doi.org/10.1016/j.sleep.2021.10.035.

45.ee Zhang Y, Ren R, Yang L, Zhou J, Li Y, Shi J, Lu L, Sanford

LD, Tang X. Sleep in Huntington’s disease: a systematic


https://doi.org/10.1002/mds.28855
https://doi.org/10.1002/mds.28855
https://doi.org/10.1212/wnl.35.11.1672
https://doi.org/10.1192/bjp.171.4.393c
https://doi.org/10.1192/bjp.171.4.393c
https://doi.org/10.1016/j.parkreldis.2008.10.002
https://doi.org/10.1016/j.parkreldis.2008.10.002
https://doi.org/10.1016/j.jns.2016.03.021
https://doi.org/10.1016/j.parkreldis.2021.08.011
https://doi.org/10.1016/j.parkreldis.2021.08.011
https://doi.org/10.3233/JHD-210500
https://doi.org/10.1001/archneur.65.4.482
https://doi.org/10.1007/s00415-019-09263-7
https://doi.org/10.1007/s00415-019-09263-7
https://doi.org/10.1111/ene.15385
https://doi.org/10.3390/jpm12060864
https://doi.org/10.3390/jpm12060864
https://doi.org/10.1016/j.parkreldis.2010.02.009
https://doi.org/10.1016/j.parkreldis.2010.02.009
https://doi.org/10.1002/ana.24495
https://doi.org/10.1016/j.clinph.2016.11.019
https://doi.org/10.1159/000480701
https://doi.org/10.3233/JHD-180291
https://doi.org/10.3233/JHD-200434
https://doi.org/10.3233/JHD-200434
https://doi.org/10.1007/s11910-010-0163-x
https://doi.org/10.1007/s11910-010-0163-x
https://doi.org/10.5665/sleep.4996
https://doi.org/10.5665/sleep.4996
https://doi.org/10.1002/mds.10341
https://doi.org/10.1111/j.1600-0404.2008.01091.x
https://doi.org/10.1111/j.1600-0404.2008.01091.x
https://doi.org/10.1016/j.parkreldis.2005.01.005
https://doi.org/10.1016/j.parkreldis.2005.01.005
https://doi.org/10.1016/0022-510x(88)90174-8
https://doi.org/10.1007/BF02190755
https://doi.org/10.1016/0987-7053(96)81034-3
https://doi.org/10.1016/0987-7053(96)81034-3
https://doi.org/10.1080/15402000903190215
https://doi.org/10.1080/15402000903190215
https://doi.org/10.1159/000520754
https://doi.org/10.1016/j.sleep.2021.10.035

Current Neurology and Neuroscience Reports

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

review and meta-analysis of polysomnographic findings. Sleep.
2019;42(10):zsz154. https://doi.org/10.1093/sleep/zsz154.
Meta-analysis of sleep disorderes and polysomnographic
studies in Huntington’s disease.

van Wamelen DJ, Aziz NA, Anink JJ, van Steenhoven R,
Angeloni D, Fraschini F, Jockers R, Roos RA, Swaab DF.
Suprachiasmatic nucleus neuropeptide expression in patients
with Huntington’s disease. Sleep. 2013;36(1):117-25. https://
doi.org/10.5665/sleep.2314.

Kalliolia E, Silajdzi¢ E, Nambron R, Hill NR, Doshi A, Frost
C, Watt H, Hindmarsh P, Bjorkqvist M, Warner TT. Plasma
melatonin is reduced in Huntington’s disease. Mov Disord.
2014;29(12):1511-5. https://doi.org/10.1002/mds.26003.

Aziz NA, Pijl H, Frolich M, Schréder-van der Elst JP, van
der Bent C, Roelfsema F, Roos RA. Delayed onset of the
diurnal melatonin rise in patients with Huntington’s disease.
J Neurol. 2009;256(12):1961-5. https://doi.org/10.1007/
s00415-009-5196-1.

Alders J, Smits M, Kremer B, Naarding P. The role of melatonin
in sleep disturbances in end-stage Huntington’s disease. J Neu-
ropsychiatry Clin Neurosci. 2009;21(2):226-7. https://doi.org/
10.1176/jnp.2009.21.2.226.

Petersén A, Gil J, Maat-Schieman ML, Bjorkqvist M, Tanila
H, Aratjo IM, Smith R, Popovic N, Wierup N, Norlén P, LiJY,
Roos RA, Sundler F, Mulder H, Brundin P. Orexin loss in Hun-
tington’s disease. Hum Mol Genet. 2005;14(1):39-47. https://
doi.org/10.1093/hmg/ddi004.

Meier A, Mollenhauer B, Cohrs S, Rodenbeck A, Jordan W,
Meller J, Otto M. Normal hypocretin-1 (orexin-A) levels in the
cerebrospinal fluid of patients with Huntington’s disease. Brain
Res. 2005;1063(2):201-3.

Kudo T, Schroeder A, Loh DH, Kuljis D, Jordan MC, Roos KP,
Colwell CS. Dysfunctions in circadian behavior and physiol-
ogy in mouse models of Huntington’s disease. Exp Neurol.
2011;228(1):80-90. https://doi.org/10.1016/j.expneurol.2010.
12.011.

Pallier PN, Morton AJ. Management of sleep/wake cycles
improves cognitive function in a transgenic mouse model of
Huntington's disease. Brain Res. 2009;1279:90-8. https://doi.
org/10.1016/j.brainres.2009.03.072.

Wood NI, McAllister CJ, Cuesta M, Aungier J, Fraenkel E, Mor-
ton AJ. Adaptation to experimental jet-lag in R6/2 mice despite
circadian dysrhythmia. PLoS One. 2013;8(2):e55036. https://
doi.org/10.1371/journal.pone.0055036.

Kantor S, Szabo L, Varga J, Cuesta M, Morton AJ. Progressive
sleep and electroencephalogram changes in mice carrying the
Huntington’s disease mutation. Brain. 2013;136(Pt 7):2147-58.
https://doi.org/10.1093/brain/awt128.

Fisher SP, Black SW, Schwartz MD, Wilk AJ, Chen TM, Lincoln
WU, Liu HW, Kilduff TS, Morairty SR. Longitudinal analysis
of the electroencephalogram and sleep phenotype in the R6/2
mouse model of Huntington's disease. Brain. 2013;136(Pt
7):2159-72.

Lebreton F, Cayzac S, Pietropaolo S, Jeantet Y, Cho YH.
Sleep physiology alterations precede plethoric phenotypic
changes in R6/1 Huntington’s disease mice. PLoS One.
2015;10(5):e0126972. https://doi.org/10.1371/journal.pone.
0126972.

Loh DH, Kudo T, Truong D, Wu Y, Colwell CS. The Q175
mouse model of Huntington’s disease shows gene dosage- and
age-related decline in circadian rhythms of activity and sleep.
PLoS One. 2013;8(7):669993. https://doi.org/10.1371/journal.
pone.0069993.

Fisher SP, Schwartz MD, Wurts-Black S, Thomas AM, Chen
TM, Miller MA, Palmerston JB, Kilduff TS, Morairty SR.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

Quantitative electroencephalographic analysis provides an
early-stage indicator of disease onset and progression in the
zQ175 knock-in mouse model of Huntington’s disease. Sleep.
2016;39(2):379-91. https://doi.org/10.5665/sleep.5448.

Kudo T, Loh DH, Tahara Y, Truong D, Herndndez-Echeagaray
E, Colwell CS. Circadian dysfunction in response to in vivo
treatment with the mitochondrial toxin 3-nitropropionic acid.
ASN Neuro. 2014;6(1):e00133. https://doi.org/10.1042/AN201
30042.

Morton AJ, Rudiger SR, Wood NI, Sawiak SJ, Brown GC,
Mclaughlan CJ, Kuchel TR, Snell RG, Faull RL, Bawden CS.
Early and progressive circadian abnormalities in Huntington’s
disease sheep are unmasked by social environment. Hum Mol
Genet. 2014;23(13):3375-83. https://doi.org/10.1093/hmg/
ddu047.

Vas S, Nicol AU, Kalmar L, Miles J, Morton AJ. Abnormal
patterns of sleep and EEG power distribution during non-rapid
eye movement sleep in the sheep model of Huntington’s disease.
Neurobiol Dis. 2021;155:105367. https://doi.org/10.1016/j.nbd.
2021.105367.

Gonzales ED, Tanenhaus AK, Zhang J, Chaffee RP, Yin JC.
Early-onset sleep defects in Drosophila models of Huntington’s
disease reflect alterations of PKA/CREB signaling. Hum Mol
Genet. 2016;25(5):837-52. https://doi.org/10.1093/hmg/ddv482.
Cabanas M, Pistono C, Puygrenier L, Rakesh D, Jeantet Y, Gar-
ret M, Cho YH. Neurophysiological and behavioral effects of
anti-orexinergic treatments in a mouse model of Huntington’s
disease. Neurotherapeutics. 2019;16(3):784-96. https://doi.org/
10.1007/s13311-019-00726-3.

Shan L, Swaab DF. Changes in histaminergic system in neu-
ropsychiatric disorders and the potential treatment conse-
quences. Curr Neuropharmacol. 2022;20(2):403—11. https://
doi.org/10.2174/1570159X19666210909144930.

Fisher RH, Norris JW, DeManuele F, Ridgley B, Malyon C.
Huntington’s chorea. Can Med Assoc J. 1982;126(6):605-6.
Anderson KE, van Duijn E, Craufurd D, Drazinic C, Edmond-
son M, Goodman N, van Kammen D, Loy C, Priller J, Good-
man LV. Clinical management of neuropsychiatric symptoms
of Huntington disease: expert-based consensus guidelines on
agitation, anxiety, apathy, psychosis and sleep disorders. J
Huntingtons Dis. 2018;7(3):355-66. https://doi.org/10.3233/
JHD-180293.

Lucena-Valera A, Ruz-Zafra P, Ampuero J. Wilson’s disease:
overview. Med Clin (Barc). 2023;23:261-7. https://doi.org/10.
1016/j.medcli.2022.12.016.

Soltanzadeh A, Soltanzadeh P, Nafissi S, Ghorbani A, Sikaroodi
H, Lotfi J. Wilson’s disease: a great masquerader. Eur Neurol.
2007;57(2):80-5. https://doi.org/10.1159/000098056.
Nevsimalova S, Buskova J, Bruha R, Kemlink D, Sonka K, Vitek
L, Marecek Z. Sleep disorders in Wilson’s disease. Eur J Neurol.
2011;18(1):184-90. https://doi.org/10.1111/j.1468-1331.2010.
03106.x.

Portala K, Westermark K, von Knorring L, Ekselius L. Psychopa-
thology in treated Wilson’s disease determined by means of CPRS
expert and self-ratings. Acta Psychiatr Scand. 2000;101(2):104-9.
https://doi.org/10.1034/j.1600-0447.2000.90085.x.

Portala K, Westermark K, Ekselius L, Broman JE. Sleep in
patients with treated Wilson’s disease. A questionnaire study.
Nord J Psychiatry. 2002;56(4):291-7. https://doi.org/10.1080/
08039480260242796.

Cochen De Cock V, Lacombe S, Woimant F, Poujois A. Sleep
disorders in Wilson’s disease. Sleep Med. 2021;83:299-303.
https://doi.org/10.1016/j.sleep.2020.07.007.

Jernajczyk W, Litwin T, Czlonkowska A, Bembenek JP. Sleep
disturbances in newly diagnosed treatment-naive patients with

@ Springer


https://doi.org/10.1093/sleep/zsz154
https://doi.org/10.5665/sleep.2314
https://doi.org/10.5665/sleep.2314
https://doi.org/10.1002/mds.26003
https://doi.org/10.1007/s00415-009-5196-1
https://doi.org/10.1007/s00415-009-5196-1
https://doi.org/10.1176/jnp.2009.21.2.226
https://doi.org/10.1176/jnp.2009.21.2.226
https://doi.org/10.1093/hmg/ddi004
https://doi.org/10.1093/hmg/ddi004
https://doi.org/10.1016/j.expneurol.2010.12.011
https://doi.org/10.1016/j.expneurol.2010.12.011
https://doi.org/10.1016/j.brainres.2009.03.072
https://doi.org/10.1016/j.brainres.2009.03.072
https://doi.org/10.1371/journal.pone.0055036
https://doi.org/10.1371/journal.pone.0055036
https://doi.org/10.1093/brain/awt128
https://doi.org/10.1371/journal.pone.0126972
https://doi.org/10.1371/journal.pone.0126972
https://doi.org/10.1371/journal.pone.0069993
https://doi.org/10.1371/journal.pone.0069993
https://doi.org/10.5665/sleep.5448
https://doi.org/10.1042/AN20130042
https://doi.org/10.1042/AN20130042
https://doi.org/10.1093/hmg/ddu047
https://doi.org/10.1093/hmg/ddu047
https://doi.org/10.1016/j.nbd.2021.105367
https://doi.org/10.1016/j.nbd.2021.105367
https://doi.org/10.1093/hmg/ddv482
https://doi.org/10.1007/s13311-019-00726-3
https://doi.org/10.1007/s13311-019-00726-3
https://doi.org/10.2174/1570159X19666210909144930
https://doi.org/10.2174/1570159X19666210909144930
https://doi.org/10.3233/JHD-180293
https://doi.org/10.3233/JHD-180293
https://doi.org/10.1016/j.medcli.2022.12.016
https://doi.org/10.1016/j.medcli.2022.12.016
https://doi.org/10.1159/000098056
https://doi.org/10.1111/j.1468-1331.2010.03106.x
https://doi.org/10.1111/j.1468-1331.2010.03106.x
https://doi.org/10.1034/j.1600-0447.2000.90085.x
https://doi.org/10.1080/08039480260242796
https://doi.org/10.1080/08039480260242796
https://doi.org/10.1016/j.sleep.2020.07.007

Current Neurology and Neuroscience Reports

75.

76.

77.

78.

79.

80.

81.

82.0

83.e

84.

85.

86.

87.

88.

89.

Wilson’s disease. Acta Neurol Belg. 2022;122(3):745-51.
https://doi.org/10.1007/s13760-022-01915-2.

Chakraborty AP, Mukherjee A, Sarkar S, Sinharoy U, Biswas A.
Evaluation of non-motor symptoms in Wilson disease using the
Parkinson’s disease nonmotor symptoms questionnaire: a pilot
cross-sectional study and critical assessment. Ann Indian Acad
Neurol. 2022;25:1062-6.

Netto AB, Sinha S, Taly AB, Panda S, Rao S. Sleep in Wilson’s
disease: questionnaire based study. Ann Indian Acad Neurol.
2011;14(1):31-4. https://doi.org/10.4103/0972-2327.78047.
Tribl GG, Trindade MC, Bittencourt T, Lorenzi-Filho G, Car-
doso Alves R, Ciampi de Andrade D, Fonoff ET, Bor-Seng-Shu
E, Machado AA, Schenck CH, Teixeira MJ, Barbosa ER. Wil-
son’s disease with and without rapid eye movement sleep behav-
ior disorder compared to healthy matched controls. Sleep Med.
2016;17:179-85. https://doi.org/10.1016/j.sleep.2015.09.003.
You Z, Xu H, Wu Z, You Z. Sleep disorders in Wilson’s disease:
a questionnaire study. Neurol Sci. 2023;44(1):209-14. https://
doi.org/10.1007/s10072-022-06401-4.

Palmieri GR, De Michele G, Matarazzo M, Di Dato F, Perillo
S, Dello Iacovo DCP, Cuomo N, Pane C, Russo CV, Iorio R, De
Michele G, De Rosa A. Prevalence and features of non-motor
symptoms in Wilson’s disease. Parkinsonism Relat Disord.
2022;95:103-6. https://doi.org/10.1016/j.parkreldis.2022.01.016.
Firneisz G, Szalay F, Halasz P, Komoly S. Hypersomnia in Wil-
son’s disease: an unusual symptom in an unusual case. Acta
Neurol Scand. 2000;101(4):286-8. https://doi.org/10.1034/j.
1600-0404.2000.101004286.x.

Amann VC, Maru NK, Jain V. Hypersomnolence in Wilson
disease. J Clin Sleep Med. 2015;11:1341-3. https://doi.org/10.
5664/jcsm.5204.

Trindade MC, Bittencourt T, Lorenzi-Filho G, Alves RC, de
Andrade DC, Fonoff ET, Bor-Seng-Shu E, Machado AA, Teix-
eira MJ, Barbosa ER, Tribl GG. Restless legs syndrome in
Wilson’s disease: frequency, characteristics, and mimics. Acta
Neurol Scand. 2017;135(2):211-8. https://doi.org/10.1111/ane.
12585. Association between restless legs syndrome and Wil-
son’s disease.

Tribl GG, Bor-Seng-Shu E, Trindade MC, Lucato LT, Teixeira
M]J, Barbosa ER. Wilson’s disease presenting as rapid eye move-
ment sleep behavior disorder: a possible window to early treat-
ment. Arq Neuropsiquiatr. 2014;72(9):653-8. https://doi.org/10.
1590/0004-282x20140118. Association between REM sleep
behavior disorder and Wilson’s disease.

Voloshyna D, Bseiso A, Shaik TA, Sedhai S, Abdelsamad A,
Khan MH, Sandhu QI, Saleem F, Ghaffari MAZ. Rapid eye
movement behavior sleep disorder as a primary manifestation
of Wilson disease: a gateway to early intervention. Cureus.
2022;14(9):€29618. https://doi.org/10.7759/cureus.29618.
Keir LHM, Breen DP. REM sleep behaviour disorder in
patients without synucleinopathy. J Neurol Neurosurg Psy-
chiatry. 2020;91(11):1239-40. https://doi.org/10.1136/
jnnp-2020-323475.

Zhang S, Li L, Wang J. Wilson disease patient with rare heterozy-
gous mutations in ATP7B accompanied by distinctive nocturnal
enuresis: a case report. Medicine (Baltimore). 2020;99(28):20997.
https://doi.org/10.1097/MD.0000000000020997.

Netto AB, Sinha S, Taly AB, Panda S, Rao S. Sleep in Wil-
son’s disease: a polysomnography-based study. Neurol India.
2010;58(6):933-8. https://doi.org/10.4103/0028-3886.73752.
Cochen De Cock V, Girardot-Tinant N, Woimant F, Pou-
jois A. Sleep abnormalities in Wilson’s disease. Curr Treat
Options Neurol. 2018;20(11):46. https://doi.org/10.1007/
s11940-018-0531-4.

Seow SY, Kwok KFV, Tay KH, Chee WSA, Rawtaer I,
Cheng Y, Tan QX, Tan SM. Systematic review of clinical

@ Springer

90.

91.

92.

93.

94.

95.

96.

97.

98.e0

99.

100.

101.

102.

practice guidelines for insomnia disorder. J Psychiatr Pract.
2022;28(6):465-77. https://doi.org/10.1097/PRA.0000000000
000670.

Gossard TR, Trotti LM, Videnovic A, St Louis EK. Restless
legs syndrome: contemporary diagnosis and treatment. Neu-
rotherapeutics. 2021;18(1):140-55. https://doi.org/10.1007/
s13311-021-01019-4.

Jiménez-Jiménez FJ, Alonso-Navarro H, Garcia-Martin E, Agin-
dez JAG. Current treatment options for REM sleep behaviour
disorder. J Pers Med. 2021;11(11):1204. https://doi.org/10.3390/
jpm11111204.

Peikert K, Danek A, Hermann A. Current state of knowledge in
chorea-acanthocytosis as core neuroacanthocytosis syndrome.
Eur J Med Genet. 2018;61(11):699-705. https://doi.org/10.
1016/j.ejmg.2017.12.007.

Hori A, Kazukawa S, Nakamura I, Endo M. Electroencepha-
lographic findings in neuroacanthocytosis. Electroencephalogr
Clin Neurophysiol. 1985;61(5):342-8. https://doi.org/10.1016/
0013-4694(85)91024-7.

Bramanti P, Ricci RM, Candela L, Di Bella P, Serra S, Xerra A,
Di Perri R. Sleep spindles in amyotrophic chorea-acanthocytosis
disease. Acta Neurol (Napoli). 1987 Jun;9(3):191-8.

Weaver J, Sarva H, Barone D, Bobker S, Bushara K, Hiller A,
Ishii M, Jankovic J, Lakhani S, Niotis K, Scharre DW, Tuite
P, Stutz A, Westhoff CM, Walker RH. McLeod syndrome: five
new pedigrees with novel mutations. Parkinsonism Relat Dis-
ord. 2019;64:293-9. https://doi.org/10.1016/j.parkreldis.2019.
04.022.

Lim MM, Sarva H, Hiller A, Feitell S, Oates P, Barone D,
Walker RH. Sleep disorders in McLeod syndrome: a case series.
Parkinsonism Relat Disord. 2022;102:86-8. https://doi.org/10.
1016/j.parkreldis.2022.07.013.

Hernandez Vara J, Fernandez Cortijo J, Purroy Garcia F, Miquel
Rodriguez F. Sindrome de piernas inquietas y neuroacantocitosis
[Restless legs syndrome and neuroacanthocytosis]. Med Clin
(Barc). 2005;124(18):717-8. https://doi.org/10.1157/13075104.
Sabater L, Gaig C, Gelpi E, Bataller L, Lewerenz J, Torres-Vega
E, Contreras A, Giometto B, Compta Y, Embid C, Vilaseca I,
Iranzo A, Santamaria J, Dalmau J, Graus F. A novel non-rapid-
eye movement and rapid-eye-movement parasomnia with sleep
breathing disorder associated with antibodies to IgLONS: a case
series, characterisation of the antigen, and post-mortem study.
Lancet Neurol. 2014;13(6):575-86. https://doi.org/10.1016/
S1474-4422(14)70051-1. Description of a new syndrome
associating sleep disorders and chorea.

Simabukuro MM, Sabater L, Adoni T, Cury RG, Haddad MS,
Moreira CH, Oliveira L, Boaventura M, Alves RC, Azevedo
Soster L, Nitrini R, Gaig C, Santamaria J, Dalmau J, Graus
F. Sleep disorder, chorea, and dementia associated with
IgLONS antibodies. Neurol Neuroimmunol Neuroinflamm.
2015;2(4):e136. https://doi.org/10.1212/NXI.0000000000
000136.

Haitao R, Yingmai Y, Yan H, Fei H, Xia L, Honglin H, Chaiyan
L, Stocker W, Liying C, Hongzhi G. Chorea and parkinsonism
associated with autoantibodies to IgLONS and responsive to
immunotherapy. J Neuroimmunol. 2016;15(300):9-10. https://
doi.org/10.1016/j.jneuroim.2016.09.012.

Montagna M, Amir R, De Volder I, Lammens M, Huyskens J,
Willekens B. IgLONS-Associated Encephalitis With Atypical
Brain Magnetic Resonance Imaging and Cerebrospinal Fluid
Changes. Front Neurol. 2018;17(9):329. https://doi.org/10.3389/
fneur.2018.00329.

Gaig C, Graus F, Compta Y, Hogl B, Bataller L, Briiggemann N,
Giordana C, Heidbreder A, Kotschet K, Lewerenz J, Macher S,
Marti MJ, Montojo T, Pérez-Pérez J, Puertas I, Seitz C, Sima-
bukuro M, Téllez N, Wandinger KP, et al. Clinical manifestations


https://doi.org/10.1007/s13760-022-01915-2
https://doi.org/10.4103/0972-2327.78047
https://doi.org/10.1016/j.sleep.2015.09.003
https://doi.org/10.1007/s10072-022-06401-4
https://doi.org/10.1007/s10072-022-06401-4
https://doi.org/10.1016/j.parkreldis.2022.01.016
https://doi.org/10.1034/j.1600-0404.2000.101004286.x
https://doi.org/10.1034/j.1600-0404.2000.101004286.x
https://doi.org/10.5664/jcsm.5204
https://doi.org/10.5664/jcsm.5204
https://doi.org/10.1111/ane.12585
https://doi.org/10.1111/ane.12585
https://doi.org/10.1590/0004-282x20140118
https://doi.org/10.1590/0004-282x20140118
https://doi.org/10.7759/cureus.29618
https://doi.org/10.1136/jnnp-2020-323475
https://doi.org/10.1136/jnnp-2020-323475
https://doi.org/10.1097/MD.0000000000020997
https://doi.org/10.4103/0028-3886.73752
https://doi.org/10.1007/s11940-018-0531-4
https://doi.org/10.1007/s11940-018-0531-4
https://doi.org/10.1097/PRA.0000000000000670
https://doi.org/10.1097/PRA.0000000000000670
https://doi.org/10.1007/s13311-021-01019-4
https://doi.org/10.1007/s13311-021-01019-4
https://doi.org/10.3390/jpm11111204
https://doi.org/10.3390/jpm11111204
https://doi.org/10.1016/j.ejmg.2017.12.007
https://doi.org/10.1016/j.ejmg.2017.12.007
https://doi.org/10.1016/0013-4694(85)91024-7
https://doi.org/10.1016/0013-4694(85)91024-7
https://doi.org/10.1016/j.parkreldis.2019.04.022
https://doi.org/10.1016/j.parkreldis.2019.04.022
https://doi.org/10.1016/j.parkreldis.2022.07.013
https://doi.org/10.1016/j.parkreldis.2022.07.013
https://doi.org/10.1157/13075104
https://doi.org/10.1016/S1474-4422(14)70051-1
https://doi.org/10.1016/S1474-4422(14)70051-1
https://doi.org/10.1212/NXI.0000000000000136
https://doi.org/10.1212/NXI.0000000000000136
https://doi.org/10.1016/j.jneuroim.2016.09.012
https://doi.org/10.1016/j.jneuroim.2016.09.012
https://doi.org/10.3389/fneur.2018.00329
https://doi.org/10.3389/fneur.2018.00329

Current Neurology and Neuroscience Reports

103.e

104.

105.

106.

107.

of the anti-IgLONS disease. Neurology. 2017;88(18):1736—43.
https://doi.org/10.1212/WNL.0000000000003887.

Gaig C, Compta Y, Heidbreder A, Marti MJ, Titulaer MJ,
Crijnen Y, Hogl B, Lewerenz J, Erro ME, Garcia-Monco JC,
Nigro P, Tambasco N, Patalong-Ogiewa M, Erdler M, Macher
S, Berger-Sieczkowski E, Hoftberger R, Geis C, Hutterer M,
et al. Frequency and characterization of movement disorders in
anti-IgLLONS disease. Neurology. 2021;97(14):e1367-81. https://
doi.org/10.1212/WNL.0000000000012639. Description of the
clinical features of a new syndrome associating sleep disor-
ders and chorea.

Diaz-Grez F, Lay-Son L, del Barrio-Guerrero E, Vidal-
Gonzalez P, de Sydenham C. Analisis clinico de 55 pacientes
con seguimiento prolongado [Sydenham’s chorea. A clinical
analysis of 55 patients with a prolonged follow-up]. Rev Neurol.
2004;39(9):810-5.

Ramm-Pettersen A, Nakken KO, Haavardsholm KC, Selmer
KK. GLUT1-deficiency syndrome: report of a four-generation
Norwegian family with a mild phenotype. Epilepsy Behav.
2017;70(Pt A):1-4. https://doi.org/10.1016/j.yebeh.2017.02.016.
Anurat K, Khongkhatithum C, Tim-Aroon T, Limwongse C,
Thampratankul L. Sleep disorder: an overlooked manifestation of
glucose transporter type-1 deficiency syndrome. Neuropediatrics.
2022;53(2):129-32. https://doi.org/10.1055/s-0041-1736179.
Iodice A, Carecchio M, Zorzi G, Garavaglia B, Spagnoli C,
Salerno GG, Frattini D, Mencacci NE, Invernizzi F, Veneziano

108.

109.

L, Mantuano E, Angriman M, Fusco C. Restless legs syndrome
in NKX2-1-related chorea: an expansion of the disease spec-
trum. Brain Dev. 2019;41(3):250-6. https://doi.org/10.1016/j.
braindev.2018.10.001.

Meéneret A, Roze E, Maranci JB, Dodet P, Doummar D, Riant F,
Tranchant C, Fraix V, Anheim M, Ekmen A, McGovern E, Vid-
ailhet M, Arnulf I, Leu-Semenescu S. Sleep in ADCY 5-related
dyskinesia: prolonged awakenings caused by abnormal move-
ments. J Clin Sleep Med. 2019;15(7):1021-9. https://doi.org/
10.5664/jcsm.7886.

Piard J, Béreau M, XiangWei W, Wirth T, Amsallem D, Buis-
son L, Richard P, Liu N, Xu Y, Myers SJ, Traynelis SF, Chelly
J, Anheim M, Raynaud M, Maldergem LV, Yuan H. The GRIA3
¢.2477G > A variant causes an exaggerated startle reflex, chorea,
and multifocal myoclonus. Mov Disord. 2020;35(7):1224-32.
https://doi.org/10.1002/mds.28058.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


https://doi.org/10.1212/WNL.0000000000003887
https://doi.org/10.1212/WNL.0000000000012639
https://doi.org/10.1212/WNL.0000000000012639
https://doi.org/10.1016/j.yebeh.2017.02.016
https://doi.org/10.1055/s-0041-1736179
https://doi.org/10.1016/j.braindev.2018.10.001
https://doi.org/10.1016/j.braindev.2018.10.001
https://doi.org/10.5664/jcsm.7886
https://doi.org/10.5664/jcsm.7886
https://doi.org/10.1002/mds.28058

	Sleep Disorders in Patients with Choreic Syndromes
	Abstract
	Purpose of Review 
	Recent Findings 
	Summary 

	Introduction
	Sleep Disorders in Huntington’s Disease
	Prevalence of Sleep Disorders in Huntington’s Disease
	Prevalence of Specific Sleep Disorders and Sleep Quality in Huntington’s Disease
	Polysomnographic Studies in Huntington’s Disease
	Neurochemical Data
	Data on Sleep Disturbances in Experimental Models of Huntington’s Disease
	Management of Sleep Disorders in Huntington’s Disease

	Sleep Disorders in Wilson’s Disease
	Prevalence of Specific Sleep Disorders and Sleep Quality in Wilson’s Disease
	Polysomnographic Studies in Wilson’s Disease
	Management of Sleep Disorders in Wilson’s Disease

	Sleep Disorders in Neuroacanthocytosis
	NREM and REM Parasomnia with Sleep Breathing Disorder Associated with Antibodies to IgLON5
	Sleep Disorders in Other Causes of Chorea
	Conclusions and Future Directions
	Anchor 22
	References


