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Abstract

Background: Molecular technologies are expanding our knowledge about genetic variability underlying early-onset non-
progressive choreic syndromes. Focusing on NKX2-1-related chorea, the clinical phenotype and sleep related disorders have been
only partially characterized.

Methods: We propose a retrospective and longitudinal observational study in 7 patients with non-progressive chorea due to
NKX2-1 mutations. In all subjects sleep and awake EEG, brain MRI with study of pituitary gland, chest X-rays, endocrinological
investigations were performed. Movement disorders, pattern of sleep and related disorders were investigated using structured clin-
ical evaluation and several validated questionnaires.

Results: In patients carrying NKX2-1 mutations, chorea was mainly distributed in the upper limbs and tended to improve with
age. All patients presented clinical or subclinical hypothyroidism and delayed motor milestones. Three subjects had symptoms con-
sistent with Restless Legs Syndrome (RLS) that improved with Levodopa.

Conclusions: Patients with NKX2-1 gene mutations should be investigated for RLS, which, similarly to chorea, can sometimes be
ameliorated by Levodopa.
� 2018 The Japanese Society of Child Neurology. Published by Elsevier B.V. All rights reserved.
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1. Background

In recent years, thanks to the advances in DNA
sequencing technologies, the list of genetic non-
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progressive forms of hereditary choreas has expanded
[1]. In 2002 mutations in NKX2-1 (also known as TITF1
or TTF1) were linked to benign hereditary chorea
(BHC) [2,3]. More recently, ADCY5 mutations have
been described as a cause of hyperkinetic movements
with a non-progressive course and childhood onset [4–
6]. Differentiating these genetic disorders on clinical
lsevier B.V. All rights reserved.
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grounds only, can be challenging due to the existence of
several clinical overlaps, including delay in motor mile-
stones, axial hypotonia and similar age at onset. More-
over, some phenotypic features of these genetic
conditions have not been investigated in detail. Despite
the elevated disability due to sleep-related disturbances
in choreic syndromes and parkinsonisms with adult
onset [7,8], data on sleep disorders in monogenic early
onset non-progressive choreas are scarce. Patients with
ADCY5 mutations often show sleep-related episodic
exacerbations of movement disorder [9].

The first descriptions of BHC reported the disappear-
ance of hyperkinetic movement disorder during sleep
with reappearance upon awakening [10]. Afterwards,
this finding was recognized to be specific only in families
carrying NKX2-1 mutations [11]. No other studies
focusing on movement disorders during sleep was tried
in this group of patients. The aim of the present study
was to describe clinical movement sleep-awake patterns
and to analyse sleep quality in patients with NKX2-1
gene mutation.

2. Material and methods

We performed a retrospective longitudinal observa-
tional study including 7 consecutive patients diagnosed
with benign hereditary chorea due to NKX2-1 mutations
belonging to four different pedigrees (three sporadic
cases and four related patients). The institutional
research ethics committee approved the study and
informed consent was obtained from the parents of the
children enrolled. All patients presented a non-
progressive hyperkinetic movement disorder mainly
characterized by generalized chorea with onset before
the age of 20 months, without other major neurological
features. All subjects had been referred to our Depart-
ment of Child Neurology from 2010 to 2017 and under-
went an extensive diagnostic workup including sleep and
awake EEG, brain MRI with study of pituitary gland,
chest X-ray, cardiac ultrasound and endocrinologic
investigations (TSH, FT3 and FT4 in serum TSH,
FT3 and FT4 in serum TSH, FT3, FT4, cortisolemia,
ACTH, serum glucose).

Movement disorders were analysed through clinical
and video-taped evaluation and Abnormal Involuntary
Movement Scale (AIMS) questionnaire was adminis-
tered [12]. Written informed consent to perform genetic
testing was obtained from the parents of enrolled chil-
dren and directly from adult subjects included in the
study. All participants were assessed by neurologists
with expertise in movement disorders.

Genomic DNA was extracted from peripheral blood
lymphocytes according to standard procedures and the 3
coding exons of NKX2-1 gene were Sanger sequenced as
described by Breedveld and colleagues [2]. Sleep quality
and sleep disorders were investigated using validated
questionnaires and a structured clinical interview: for
subjects in the paediatric age, Sleep Disturbance Scale
for Children (SDSC) [13], Paediatric Restless Legs Syn-
drome (RLS) Severity Scale and the paediatric version
of the Epworth Sleepiness Scale were used; in adults,
Epworth Sleepiness Scale, Berlin questionnaire, a vali-
dated Restless Legs Syndrome (RLS) single question
[14–17] and Pittsburgh Sleep Quality Assessment (PSQI)
were administered. Subjects with confirmed different
sleep disorders were investigated for the influences of
anti-dyskinetic pharmacological treatment on sleep
patterns.

3. Results

Patients included in the study carried four different
mutations in the NKX2-1 gene; three sporadic cases har-
boured de novo missense mutations causing a single
amino acid substitution (p.Leu230Pro; p.Pro291Arg)
or a premature stop codon (p.Tyr100*), whereas four
affected children, belonging to the same dominant kin-
dred, carried a frameshift mutation causing a premature
stop codon (p.Trp238Cysfs*9). All patients presented
with chorea between 6 and 15 months with a mean age
of onset of 10.4 months; all exhibited mild to moderate
hypotonia and delayed motor milestones at time of first
evaluation. Chorea had a generalized distribution over
the whole disease course, although its severity was vari-
able, also depending on the patients’ age and pharmaco-
logical treatment; a significant spontaneous
improvement was observed from childhood to adoles-
cence in one patient. Some features were consistently
observed: prominent arm involvement was recognized
in 6 subjects and particularly in 3 belonging to the same
family with a positive AIMS examination receiving a
score of 3 or 4 in upper extremity movements. One sub-
ject displayed myoclonic jerks in the upper limbs, more
prominent upon awakening and decreased in severity
during the day with a circadian pattern whereas none
reported drop attacks. Abnormal involuntary move-
ments were absent at rest in 3 subjects whereas sponta-
neous darting movements were seen in the others.
Dysarthric speech (moderate modification of fluency)
was reported in two patients (Table 1).

With regards to respiratory manifestations, only one
patient required mechanical ventilation due to neonatal
respiratory distress and chest X-rays (performed at the
time of first evaluation) were unremarkable in all sub-
jects. Subclinical or clinical hypothyroidism with high
serum thyrotropin concentration was documented in
all subjects at the time of diagnosis and hormone
replacement therapy was started in five out of seven
patients.

Results coming from analysis of sleep scales and
questionnaires are reported in Table 2. The SDSC is a
quantitative paediatric scale which identifies an overall



Table 1
Phenotypic features and sleep patterns of NKX2.1 positive subjects.

NKX2-1 patients Family 1/subject II-A1* Family 1/subject III-A2* Family 1/subject III-A3* Family 1/subject
III-B1*

Sporadic case/subject
1

Sporadic case/subject 2 Sporadic
case/subject 3

Ethnic origin IT-Caucasian IT-Caucasian IT-Caucasian IT-Caucasian IT-Caucasian IT-Caucasian IT-Caucasian
Age at onset 6 months (post-

vaccination)
10 months 11 months 9 months 13 months 10 months 14 months

Age at last examination 35 years 8 years 4 years 3 years 16 years 5 years 7 years
Mutation (affected
transcript Ref. Seq.
NM_001079668.2)

c.714del G c.714del G c.714del G c.714del G c.689T>C c.872C>G c.300C>G

Affected protein (Ref.
Seq. NP_001073136.1)

p.Trp238Cysfs*9 p.Trp238Cysfs*9 p.Trp238Cysfs*9 p.Trp238Cysfs*9 p.Leu230Pro p.Pro291Arg p.Tyr100*

Symptoms at onset Motor delay Motor and language delay Motor delay Motor delay Motor and language
delay

Motor delay Motor and
language delay

Episodic mov dis
exacerbations

No No No No No No No

Choreic features
(pattern and
distribution)

Prominent arm
involvement

Prominent arm
involvement

Prominent arm
involvement

No dyskinetic
movement at rest

No dyskinetic movement
at rest

No dyskinetic
movement at rest

AIMS (higher score) Extremity movements
(upper: arms, wrist, hand,
finger) score 3

Extremity movements
(upper: arms, wrist, hand,
finger) score 4

Extremity movements
(upper: arms, wrist, hand,
finger) score 3

Extremity and
trunk
movements:
score 2

Extremity and trunk
movements: score 1

Facial, oral, Extremity
and trunk movements:
score 1

Extremity and
trunk movements:
score 1

Other Movement
disorders

Darting movement of the
legs at rest

Darting movement of the
legs at rest

Darting movement of the
legs at rest

Jerky movements Darting movement of
the legs at rest and
during sleep

– –

MRI Normal Little pituitary gland Normal Normal Normal Hippocampal
dysmorphism

Normal

EEG awake and sleep Sleep apnoeas
Endocrinological
alterations

Hypothyroidism Hypothyroidism Subclinical
hypothyroidism

Hypothyroidism Hypothyroidism Subclinical
hypothyroidism

Hypothyroidism;
neonatal
respiratory distress

Therapy Tetrabenazine (50 mg/day)
Levodopa (3 mg/kg/day)

Levodopa (4 mg/kg/day) Levodopa (3 mg/kg/day) Levodopa (5 mg/
kg/day)

Levodopa (3 mg/
kg/day)

Trihexifenydil (2 mg/
kg/day) discontinued at
5 years of age

Levodopa (3 mg/
kg/day)

*Pedigree referring to family 1 with autosomal dominant NKX2-1 mutation: four affected subjects (black); one female carrier with mild movement disorder (light gray); one founder (dark grey).
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Table 2
Retrospective and longitudinal sleep analyses.

NKX2-1 patients Family 1/subject II-A1 Family
1/subject III-
A1

Family 1/subject III-A2 Family 1/subject III-
B3

Sporadic case/subject 1 Sporadic
case/subject 2

Sporadic
case/subject 3

Restless legs
syndrome
diagnostic
criteria

RLS Possible RLS Possible RLS

Positive RLS single question.
International RLS Study

Group consensus diagnostic

criteria for restless legs

syndrome.

No
unpleasant,
restless
feelings in the
legs during
evening or
sleep.

P-RLS-SS: suspected RLS.

The child is observed to have

behavior manifestations of

lower extremity discomfort

when sitting or lying,

accompanied by movement of

the affected limbs. The

discomfort is characterized by

RLS criteria 2–5

No legs movements
during sleep.
No behaviour
supporting
uncomfortable
sensation transiently
relieved by
movement

P-RLS-SS: suspected RLS.

Between 5 and 9 years of age

the child is observed to have

behavior manifestations of

lower extremity discomfort

when sitting or lying,

accompanied by movement of

the affected limbs.

The discomfort is

characterized by RLS criteria

2–5

No unpleasant,
restless feelings
in the legs
during evening
or sleep.

No unpleasant,
restless feelings
in the legs
during evening
or sleep.

Sleep
Disturbance
Scale for
Children

NP TOTAL T
score 54
normal/near
normal

TOTAL T score 50 normal/
near normal

TOTAL T score 68
Subdomains:
Sleep wake
transition disorder
84 T score (hypnic
myoclonias;
nocturnal
hyperhidrosis) – T
score 93

TOTAL T score 66
Subdomains: Sleep wake
transition disorder – T score
70

TOTAL T
score 54
Subdomains:
Disorders of
arousal – T
score 82
(enuresis)

TOTAL T
score 48:
normal/near
normal

Pittsburgh Sleep
Quality
Assessment

Global PSQI (overall score
10) Items: Cannot get to
sleep within 30 min (score 2);
Wake up in the middle of the
night or early morning (score
2); Have pain (score 2);
medicine to help you sleep
(score 3)

NP NP NP NP NP NP

Berlin
questionnaire

no categories with a positive
score

no categories
with a positive
score

no categories with a positive
score

no categories with a
positive score

no categories with a positive
score

Low risk OSAS
Category 1
(score 2):
snoring as loud
as talking

no categories
with a positive
score

Epworth
Sleepiness Scale

TOTAL score: 6 (normal) TOTAL score:
8 (normal)

TOTAL score: 0 (normal) TOTAL score: 4
(normal)

TOTAL score: 6 (normal) TOTAL score:
6 (normal)

TOTAL score:
8 (normal)

Effect of
Levodopa on
RLS and sleep
pattern

Levodopa ameliorated RLS
criteria 3 (urge to move the
legs and any accompanying
unpleasant sensations are
partially or totally relieved
by movement)

Regular sleep-
wake pattern

Levodopa ameliorated RLS
criteria 3 and 4 (unpleasant
sensations during rest or
inactivity only occur or are
worse in the evening or night
than during the day)

Regular sleep-wake
pattern

Levodopa ameliorated RLS
criteria 3 and 4 (unpleasant
sensations during rest or
inactivity only occur or are
worse in the evening or night
than during the day)

Enuresis still
present with
seasonal course

Regular sleep-
wake pattern

RLS: Restless Legs syndrome; P-RLS-SS: Pediatric Restless Legs Syndrome Severity Scale; NP: not performed due to age.
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score and five subdomains, based on a Likert-type scor-
ing. In our sample we detected a mild impairment in glo-
bal score for two subjects due to hypnic myoclonias and
nocturnal hyperhidrosis in one case and to sleep-wake
transition disorder in the other case. One subject pre-
sented enuresis with seasonal relapse.

The Epworth Sleepiness Scale, the Berlin question-
naire and the Pittsburgh Sleep Quality Assessment also
are quantitative scales and give the opportunity to
gather information about daytime sleepiness, sleep
apneas or other sleep disorders commonly relevant in
clinical practice. Results of these scales in our sample
were within normal limits in all patients. On the other
side Paediatric Restless Legs Syndrome (RLS) Severity
Scale and validated Restless Legs Syndrome (RLS) sin-
gle question were useful to satisfy clinical diagnostic cri-
teria for RLS. In line with current validated scales and
RLS International diagnostic criteria, two children dis-
played symptoms consistent with a diagnosis of possible
Restless Legs Syndrome (RLS) [14–16]. In fact, both
patients showed lower extremity discomfort when sitting
or lying, which worsened during rest and sleep and were
transiently relieved by voluntary movements of the
affected limbs. We used the Pediatric Restless Legs Syn-
drome Severity Scale (P-RLS-SS) as a qualitative mea-
sure of RLS sensations intending to identify clinically
relevant symptoms. In one subject RLS was still present
at the time of the last evaluation (4 years) with only mild
impairment on sleep and awake activities. In the teen
subject despite his age (16 years old) pediatric criteria
for RLS were applied due to language disorder; more-
over clinical follow-up documented clear sleep impair-
ment, due to the leg discomfort, during the period
between 5 and 9 years before starting therapy with
Levodopa. In both pediatric patients, sleep disturbances
improved after the introduction of Levodopa (therapeu-
tic range between 3 and 5 mg/kg with maximum daily
dose of 300 mg): based on caregivers’ report, the ongo-
ing movements RLS-related improved during rest and
inactivity even in the evening or night. The single ques-
tion for the rapid screening of RLS was positive in the
adult patient [14]; subsequently deep investigation based
upon the clinical history confirmed all 5 criteria for RLS
[17]. In that case Levodopa ameliorated only the
unpleasant sensation and the urge to move the legs.

4. Discussion

In this study, we retrospectively evaluated seven
patients with genetically confirmed NKX2-1 related
chorea with a special focus on sleep disorders. Our case
series provides four novel frameshift and missense
pathogenic NKX2-1 variants, of which one co-
segregating with disease status in an autosomal domi-
nant pedigree and three arising de novo in sporadic
cases. Clinically, all patients presented mild to moderate
motor delay in infancy followed by the onset of chorea,
as observed in most patients previously reported in the
literature [18].

Our NKX2-1 positive patients showed a variable
severity of chorea over disease course, with a trend to
gradually improve with age. In terms of distribution,
choreic movements were more prominent in the upper
limbs with phenotypic variability, whereas during
growth no inter-subjective changes in pattern and side
distribution were documented. In the youngest child,
we did not observe classic chorea but mild jerky move-
ments overcoming voluntary movements and partially
relieved by therapy with Levodopa. This pattern was
also reported until three years of age, in the other two
children belonging to the same pedigree. Recently,
mutations in the ADCY5 gene have been described as
an additional cause of BHC but, unlike NKX2-1 muta-
tion carriers, patients often display a characteristic pat-
tern of movement disorders with episodic exacerbations
mostly upon awakening and falling asleep [4]. Previous
descriptions of BHC patients reported a generalized dis-
tribution of chorea with no further characterization [19];
in our series, choreic movements were classically gener-
alized but with a more specific pattern characterized by
marked involvement of extremities, partially sparing the
face and trunk. Jerky movements presumed to be chor-
eic in origin could be seen in toddlers. A clinical
painstaking analysis of movement disorder may be of
further help in discriminating NKX2-1 mutation carriers
from other forms of genetic chorea [8,18,19]. Sleep qual-
ity was investigated with different scales and question-
naires. Except for RLS suspicion in three subject
(Validated RLS single question in the adult patient
and P-RLS-SS in present or past clinical history of other
two children), no other sleep disorders commonly rele-
vant in clinical practice were identified. Diagnostic crite-
ria for possible or definite RLS [15,17] were clinically
fulfilled in three out of seven (43%) subjects; however
2 (50%) of the 4 NKX-2-1 variants described here were
associated with RLS. Due to the limited number of
patients included in our sample, clear correlation of
specific clinical aspects with different genetic variants
in the same gene is hampered. In all NKX2-1 mutation
carriers a clinical or subclinical hypothyroidism was also
documented, consistently with previous studies [19].
Hypothyroidism, especially together with low serum fer-
ritin, can contribute to the development of RLS-like
symptoms [20]. All three subjects with possible or defi-
nite RLS were taking hormonal replacement therapy
since the onset of movement disorders but with normal
blood thyroid hormones, ferritin levels and no iron defi-
ciency at the time of diagnosis. This feature has never
been described in patients carrying NKX2-1 gene muta-
tions; this might be related to the difficulty in differenti-
ating subtle chorea in the legs from voluntary
movements due to discomfort perceived in the lower
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limbs by patients with RLS, especially in the pediatric
age. The classical clinical presentation of RLS in chil-
dren consists in a compelling urge to move the legs,
often accompanied by uncomfortable dysesthesias.
Revised and simplified diagnostic criteria for pediatric
RLS specifically indicate that ‘‘the description of these
symptoms should be in the child’s own words”. For
non-verbal children, ‘‘diagnosis by behavioral observa-
tion” is suggested, supported by home-video-recording
[21,22].

Language and cognitive development determine the
applicability of the RLS diagnostic criteria, rather than
age [15]; for this reason, it was a challenging diagnosis in
our group of pediatric subjects due to psychomotor and
language delay. In BHC patients, only the adult subject
included in this study reported uncomfortable sensation
transiently relieved by movement, but behavioral obser-
vation and information obtained from caregivers sup-
ported the hypothesis of possible RLS in 2 additional
children.

Another important item required for RLS diagnosis
is the presence of sensory-motor symptoms at rest with
increased severity at night [15–17]. Accordingly, RLS
diagnosis in our patients was suggested by the strict cor-
relation between movements of legs and sleep, whereas
choreic movements were not seen at rest or during sleep.

In patients with movement disorders who have diffi-
culty in communicating subjective sensations, symptoms
of RLS may be confused with other sleep disturbances
(e.g. bedtime resistance and limit setting-type behaviors)
and primary conditions such as bruises, growing pains,
positional numbness or dermatitis which deserve to be
considered for the differential diagnosis [23].

From a pathophysiological perspective, the dopamin-
ergic theory of RLS supports a role for both dopamin-
ergic imbalance and iron deficiency, well documented
from brain autopsy, magnetic resonance imaging and
cerebrospinal fluid studies in adults [24,25]. Moreover,
there is evidence for decreased spinal dopamine D3
receptor (D3R) signaling in RLS [26] and a role for
brain dopaminergic signaling in RLS is suggested by
the efficacy of dopaminergic drugs in treating this disor-
der, demonstrated in multiple randomized clinical trials
[27]. Regarding NKX2-1-mutated subjects the hypothe-
sis that levodopa could compensate for underdeveloped
dopaminergic pathways is supported by the fact that
choreic movements usually improve in adolescence and
by the evidence of developmental defects of the basal
ganglia in NKX2.1-knock-out mice [10,19,28]. From this
point of view, the co-presence of chorea ad RLS in
NKX2-1 mutation carriers and the response of both to
treatment with Levodopa may suggest a common under-
lying pathophysiology involving imbalance in dopamin-
ergic transmission. The limitation of this study are: 1)
the reduced number of recruited subjects, preventing
the possibility of generalizing conclusions 2) lacking of
polysomnography to document Periodic Limb Move-
ments in Sleep, which will be the aim of incoming
studies.

5. Conclusion

Childhood-onset chorea has a wide differential
diagnosis, including rare genetic conditions such as
NKX2-1-related benign hereditary chorea. In this study,
we showed that patients with NKX2-1 mutations present
generalized chorea, but with a distribution mainly affect-
ing upper limbs, with variable degrees of (spontaneous)
improvement in adolescence. Moreover, we suggest
investigating patients with paediatric-onset chorea for
RLS, given the significant disability caused by this disor-
der, which can benefit from drug therapy, including
Levodopa that has proven effective also for chorea.
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