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Abstract
Purpose of Review Tremor is an important phenotypic feature of dystonia with wide variability in the reported prevalence
ranging from 14 to 86.67%. This variability may be due to the types of dystonia patients reported in different studies. This
article reviews research articles reporting tremor in primary monogenic dystonia.
Recent Findings We searched the MDS gene data and selected all research articles reporting tremor in primary monogenic
dystonia. Tremor was reported in nine dystonia genes, namely DYT-HPCA, DYT-ANO3, DYT-KCTD17, DYT-THAP1, DYT-
PRKRA, DYT-GNAL, DYT-TOR1A, DYT-KMT2B, and DYT-SGCE in the descending order of its frequency. HPCA gene
mutation is rare, but all reported patients had tremor. Similarly, tremor was reported in eight genes associated with dystonia
parkinsonism, namely DYT-SLC6A3, DYT-TH, DYT-SPR, DYT-PTS, DYT-GCH1, DYT-TAF1, DYT-QDPR, and DYT-
SCL30A10 in the descending order of its prevalence.
Summary DYT-HPCA andDYT-ANO3 gene showed the highest prevalence of tremor in isolated dystonia, andDYT-SLC6A3 has
the highest prevalence of tremor in combined dystonia.
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Introduction

Dystonia is a common movement disorder, and of the differ-
ent forms of dystonia, isolated idiopathic and genetic forms
are more common [1]. Tremor has been generally recognized
as an important manifestation of dystonia ranging in 14–
86.67% of patients [2]. According to the recent consensus
statement, “dystonia” is defined as “a movement disorder
characterized by sustained or intermittent muscle contractions
causing abnormal, often repetitive movements, postures, or
both. Dystonic movements are typically patterned, twisting,
and may be tremulous. Dystonia is often initiated or worsened
by voluntary action and associated with overflow muscle ac-
tivation” [3]. It also further classifies dystonia into two axes.
The axis-I describes dystonia as isolated or combined [3]. In
isolated dystonia, dystonia is the only motor feature except for

tremor, whereas in combined dystonia, the dystonia is com-
bined with other movement disorders such as myoclonus, par-
kinsonism, and others [3]. Tremor has been described in iso-
lated as well as combined dystonia. The second axis (axis – II)
in the new dystonia classification addresses etiology in three
broad groups; inherited acquired and idiopathic. Tremor has
been reported in inherited dystonia, but their exact prevalence
is not known.

We reviewed tremor in genetically associated dystonia to
know the prevalence and clinical characteristics of tremor in
different types of primary monogenic dystonia.

Methods

We searched the MDS gene database (https://www.mdsgene.
org/) (https://www.mdsgene.org/) on December 22, 2019, for
the genes associatedwith dystonia and dystonia parkinsonism.
They have described nine causal genes for dystonia (DYT-
HPCA, DYT-ANO3, DYT-KCTD17, DYT-THAP1, DYT-
PRKRA, DYT-GNAL, DYT-TOR1A, DYT-KMT2B, and DYT-
SGCE) and eight genes causing dystonia-parkinsonism (DYT-
GCH1, DYT-QDPR, DYT-SLC30A10, DYT-SLC6A3, DYT-
TAF1, DYT-TH, DYT-PTS, and DYT-SPR). A total of 150
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papers (Supplementary table 1) reporting genes for dystonia
(Table 1) and 106 papers (Supplementary table 1) reporting
genes associated with dystonia parkinsonism (Table 2) were
screened for the presence of tremor in dystonia and dystonia
parkinsonism patients. We read the full text of these research
papers, and the percentage of patients with tremor and without
tremor for each gene was calculated. The phenotypic and clin-
ical correlation of these genes was established by a detailed
review of articles.

Results

Genes for Dystonia (DYT)

MDS gene described nine causal genes for dystonia: DYT-
HPCA, DYT-ANO3, DYT-KCTD17, DYT-THAP1, DYT-
PRKRA, DYT-GNAL, DYT-TOR1A, DYT-KMT2B, and DYT-
SGCE. A single review article was reported for DYT-HPCA
gene which had mentioned three patients, and all had tremors.
DYT-ANO3 gene was associated with tremor in 66% of dys-
tonia patients. Mutations in DYT-KCTD17 gene are known to
cause myoclonus dystonia, and it showed tremor in 25% (2/8)
of patients. Tremor was reported in 18% of patients withDYT-
THAP1, 17% of patients with DYT-PRKRA, 12% of patients
withDYT-GNAL, 11% of patients of DYT-TOR1A, and 6% of
patients with DYT-KMT2B gene mutation. DYT-SGCE gene
mutations have a similar phenotype of that of DYT-KCTD17,
and it showed tremors in only 4% of patients.

Genes for Dystonia/Parkinsonism (DYT-PARK)

MDS gene database had reported 8 genes causing dystonia-
parkinsonism: DYT-GCH1, DYT-QDPR, DYT-SLC30A10,
DYT-SLC6A3, DYT-TAF1, DYT-TH, DYT-PTS, and DYT-
SPR. DYT-SLC6A3 gene causing dystonia parkinsonism
showed the highest (64%) frequency of tremor followed by
DYT-TH (44%) which encodes for tyrosine hydroxylase.

DYT-PTS and DYT-SPR are two genes that encode for protein
involved in tetrahydrobiopterin (BH4) biosynthesis, and the
mutation in these genes leads to symptoms of dystonia-par-
kinsonism. Tremor was present in 26% and 25% of patients
withDYT-SPR andDYT-PTS genes, respectively.DYT-GCH1
gene which encodes a GTP cyclohydroxylase showed tremor
in 18% patients. DYT-TAF1 gene is reported to be causal for
X-linked dystonia parkinsonism, and 4% of patients with this
mutation are reported with tremors. Two genes, DYT-QDPR
and DYT-SLC30A10, did not show tremor in any of the pa-
tients. In most of these studies, the cohorts were small, and the
prevalence will have to be validated.

Clinical Description

DYT-HPCA gene was found to have the highest prevalence of
tremor among all the genes associated with dystonia, but due
to the small number of patients (only three) reported, this can
be considered as non-significant. This gene is inherited in an
autosomal recessive pattern, and the onset can be childhood,
adolescence, or early adulthood [4, 5••]. Clinical manifesta-
tions include isolated dystonia or dystonia combined with in-
fantile seizures, developmental delay, and cognitive decline
[4]. Bilateral upper limb tremors and occasionally head tremor
can also be seen [4]. Tremor was seen in 66% of dystonia
patients with the DYT-ANO3 gene, which is inherited as
autosomal-dominant cranio-cervical dystonia [6, 7]. Age at
onset of DYT-ANO3 ranges from the very early childhood to
40 years. The dystonia can be focal or segmental without
generalization. It can involve laryngeal, brachial, or cranio-
cervical regions with tremor and/or myoclonic jerks. The
tremor is dystonic with a jerky quality affecting the head,
voice, or upper limbs [6]. Occasionally few patients might
present only with upper limb tremor leading to misdiagnosis
of essential tremor [7].

DYT-THAP1 gene was found to have tremor in 18% of
patients. It is inherited in an autosomal dominant fashion with
reduced penetrance [1]. The onset is generally at adolescence

Table 1 Tremor in primary
monogenic dystonia gene Gene Number of papers

reviewed
Patients Tremor

present
Percent Tremor

absent
Percent

DYT-HPCA 1 3 3 100% 0 0%

DYT-ANO3 7 33 22 66% 8 29%

DYT-KCTD17 1 8 2 25% 6 75%

DYT-THAP1 29 168 31 18% 137 82%

DYT-PRKRA 3 12 2 17% 10 83%

DYT-GNAL 9 48 6 12% 42 88%

DYT-TOR1A 63 403 46 11% 354 89%

DYT-KMT2B 7 56 4 7% 52 93%

DYT-SGCE 30 161 6 4% 155 96%
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or adulthood with generalized or segmental dystonia, involv-
ing laryngeal, cranio-cervical, and oromandibular dystonia [8,
9], but it can also present with focal dystonia of the limbs [1].
Presentation of tremors ranges from mild, asymmetrical, rest,
and postural bilateral upper limb to occasional head and lower
limb tremors [10].

Tremor in DYT-PRKRA was observed in 17% (2/12) of
patients. It is inherited as an autosomal recessive condition
presenting either as pure generalized dystonia or with a
dystonia-parkinsonism which is unresponsive to L-dopa
[11]. In cases where both features are present, parkinsonism
appears as a late feature than dystonia, although rest tremor
has not been described. Mild postural tremors are most fre-
quently reported [11]. A gradual onset of dystonia in child-
hood, affecting the limbs with prominent, relatively rapid on-
set, bulbar cranio-cervical, and striking axial dystonia,
opisthotonos, hyperextension of the trunk, and tortipelvis,
was the most common presentation [11].

Tremor in DYT-GNAL was reported in 22% of patients.
DYT-GNAL gene is involved in dopamine signaling. D1 do-
pamine receptors have a known role in mediating locomotor
activity; hence, there is a link between DYT-GNAL and dys-
tonia [1] Tremor is reported to occur in the head and upper
limbs [12]. It causes primary torsion dystonia with onset in the
region of the neck and cervical region, and it may progress to
other sites but rarely generalizes [1, 12].

Among the childhood, dystonia tremor was reported in
11% of patients with DYT-TOR1A gene. DYT-TOR1A-related
dystonia typically presents in childhood with dystonic postur-
ing of the foot or leg, though it may begin in any part of the
body and evolves to generalized dystonia with fixed deformi-
ties [1, 13]. Clinical features range from focal, segmental,
multifocal, or generalized dystonia with the initial presenta-
tion being generally the gait difficulties [13].

Tremor can manifest as jerky postural tremors and action
tremors of upper limbs and lower limbs with occasional dys-
tonic tremors [1].

Early-onset dystonia due to DYT-KMT2B gene mutation is
inherited as an autosomal dominant complex childhood-onset

movement disorder [14]. It has its onset in the form of lower-
limb focal dystonia leading to toe walking and gait distur-
bances progressively evolving into generalized dystonia with
prominent cervical, cranial, and laryngeal involvement [14,
15••]. Upper limb involvement in the form of abnormal pos-
tures and dystonic tremors, leading to reduced dexterity and
handwriting difficulties, has also been reported [14].
Additional features comprise mild to moderately impaired
cognition, oculomotor disturbances, spasticity, epilepsy, and
other systemic comorbidities, including psychiatric or derma-
tological illnesses [14, 15••]. Dysmorphic features and char-
acteristic facial appearances in the form of an elongated face
and bulbous nasal tip are seen [14].

Two genes with myoclonus-dystonia are DYT-KCTD17
and DYT-SGCE with tremor being reported in 25% and 4%,
respectively. Tremor in DYT-KCTD17 gene mutation is re-
ported to occur in the head or jerky arm tremors, whereas in
DYT-SGCE gene mutation, the tremor is associated with dys-
tonia [16]. Myoclonus inDYT-KCTD17 is the initial symptom
at the onset, although mild when compared to DYT-SGCE
gene mutation [17]. DYT-KCTD17 gene mutation has pro-
gressive dystonia with spreading to other sites, whereas
DYT-SGCE gene mutation has characteristic cervical dystonia
and writer’s cramp [16, 17].

Among the combined dystonia, DYT-SLC6A3 was found
to have the highest reported tremor. Mutations in the DYT-
SLC6A3 gene i s t h e f i r s t i nh e r i t e d dopamine
“transportopathy” to be described [18]. It is inherited in an
autosomal recessive pattern with early infantile onset [18].
Tremor occurs as rest tremor as a part of parkinsonism features
along with slowness of movement, muscle rigidity, and dys-
tonic features [19]. Other observed features of parkinsonism-
dystonia are ocular flutter and saccade initiation failure [19].

Dopa responsive dystonia can occur due to DYT-TH (5b),
DYT-GCH1 (5a), and DYT-SPR genes. The frequency of
tremors in these genes was found to be 44%, 26%, and 18%,
respectively. DYT-GCH1 (5a) and DYT-TH (5b) were report-
ed to have postural tremors, whereas DYT-SPR was found to
have rest tremors [20, 21].

Table 2 Tremor in primary
monogenic dystonia
parkinsonism genes

Gene Number of papers
reviewed

Patients Tremor
present

Percent Tremor
absent

Percent

DYT-SLC6A3 3 14 9 64% 5 36%

DYT-TH 18 45 20 44% 25 55%

DYT-SPR 10 19 5 26% 14 74%

DYT-PTS 4 20 5 25% 15 75%

DYT-GCH1 50 245 44 18% 201 82%

DYT-TAF1 16 419 19 4% 400 96%

DYT-QDPR 2 3 0 0% 3 100%

DYT-SLC30A10 3 21 0 0% 21 100%
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Tremor in DYT-PTS gene mutation was found to be 25%,
but the details of tremor were not available. Patients with 6-
PTS deficiencies typically develop neurological symptoms in
infancy, such as motor developmental delay, mental retarda-
tion, neonatal hypotonia, and seizures, as a form of primary
BH4 deficiency [22]. Predominant clinical features include
generalized dystonia, involving the eyelids, oromandibular
region, trunk, and extremities [22].

In four percent of patients withDYT-TAF1mutation, trem-
or was reported. It is an X-linked recessive syndrome of com-
bined dystonia-parkinsonism associated with an insertional
mutation within the intron of DYT-TAF1 [23]. The frequently
noted clinical phenotype consists of initial focal dystonia that
spreads to multiple body regions that are seen in combination
with or is replaced by parkinsonism over a period [24].
Tremors can be asymmetric resting tremor or action tremor
either in the early or later stages of the disease with rest
tremors being usually common. Symmetric upper-limb tremor
or head tremor like essential tremor can be seen in some pa-
tients. In some rare cases, tremor might involve the trunk,
craniofacial region, voice, and lower limb.

Other genes involved in combined dystonia are DYT-
SLC30A10 gene andDYT-QDPR, but tremor was not reported
in both the genes [25, 26].DYT-SLC30A10 encodes a manga-
nese [Mn] transporter which on mutation will cause Mn accu-
mulation in basal ganglia, cerebellum, and liver [25]. It pre-
sents as an early-onset autosomal recessive disorder called
hypermagnesemia with dystonia, cirrhosis, and polycythae-
mia [25]. Dystonia of all four limbs, toe walking, gait diffi-
culties, and dysarthria are the major clinical manifestations
[27].

Our review was based on published research papers, and it
has certain limitations. Many studies did not include detailed
phenotypic features including types of tremor, and additional
clinical details of affected and non-affected family members
were missing. Also, studies included in this review had
followed the 1998 “Movement Disorder Society” (MDS)-
consensus criteria of tremor leading to the inclusion of many
patients with overlapping features of dystonic tremor and ET-
syndromes [28]. In a recent review based on 2018 MDS
criteria, Magrinelli and colleagues have highlighted that the
understanding of genetically determined tremor syndrome
may have been hampered due to the inclusion of heteroge-
neous entities including dystonic tremor in previous studies
on ET [29••].

Conclusion

Our review has provided some important data regarding trem-
or in dystonia patients. First, it partially explains the wide
variability in studies reporting the prevalence of tremor in
dystonia patients ranging from 14 to 86.67%. Second, it also

explains the type of tremor (postural/kinetic/rest) reported in
different studies. Third, tremor is more common in multifocal
dystonia patients, suggesting the role of genetic mechanisms
that might underlie both tremor and dystonia. Fourth, pheno-
typic heterogenicity in tremor associated with dystonia could
have an underlying genetic basis and may contribute to its
pathophysiology. However, our review findings are based
on limited data, and future studies are necessary regarding
prevalence and clinical spectrum of tremor in primary mono-
genic dystonia.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s11910-021-01135-w.
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