University of Groningen

Motor and non-motor symptoms in cervical dystonia
Smit, Marenka

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2017
Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Smit, M. (2017). Motor and non-motor symptoms in cervical dystonia: a serotonergic perspective. [Thesis
fully internal (DIV), University of Groningen]. Rijksuniversiteit Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).
The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverneamendment.
Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 09-01-2023

MOTOR AND NON-MOTOR SYMPTOMS IN CERVICAL DYSTONIA
A SEROTONERGIC PERSPECTIVE
Marenka Smit

ISBN: 978-90-367-9605-7
Printed by: Ipskamp Printing
The research presented in this thesis was financially supported by Stichting Wetenschapsfonds Dystonie and
Healthy Ageing Pilot Fund.
Publication of this thesis was financially supported by Stichting Wetenschapsfonds Dystonie, University of
Groningen, Research School of Behavioural and Cognitive Neurosciences, Ipsen Farmaceutica BV, Merz
Pharma Benelux BV and Allergan BV.

Motor and non-motor symptoms in cervical dystonia
A serotonergic perspective

Proefschrift

ter verkrijging van de graad van doctor aan de
Rijksuniversiteit Groningen
op gezag van de
rector magnificus prof. dr. E. Sterken,
en volgens het besluit van het College voor Promoties.
De openbare verdediging zal plaatsvinden op
woensdag 10 mei 2017 om 12.45 uur.

door

Marenka Smit
geboren op 6 december 1986
te Schagen

Promotores
Prof. dr. M.A.J. de Koning-Tijssen
Prof. dr. R.A.J.O. Dierckx
Copromotores
Dr. A.L. Bartels
Dr. B.M. de Jong
Beoordelingscommissie
Prof. dr. T. van Laar
Prof. dr. R. Boellaard
Prof. dr. J.J. van Hilten

Paranimfen
Madelien Regeer
Rodi Zutt

CONTENT
Chapter 1

General introduction
Based on: Unmet needs in the management of cervical dystonia
Frontiers in Neurology. 2016; 28:7:165

8

Chapter 2

Psychiatric co-morbidity is highly prevalent in idiopathic
cervical dystonia and significantly influences health-related
quality of life: results of a controlled study
Parkinsonism and Related Disorders. 2016; 30:7-12

18

Chapter 3

Fatigue, sleep disturbances and their influence on quality
of life in cervical dystonia patients
Movement disorders clinical practice. 2016.

34

Chapter 4

The frequency and self-perceived impact on daily life of motor
and non-motor symptoms in cervical dystonia
Submitted

50

Chapter 5

Serotonergic perturbations in dystonia disorders –
a systematic review
Neuroscience and Biobehavioral Reviews. 				
2016; 65:264-275

62

Chapter 6

Indications of an altered serotonergic state in cervical
dystonia: a [11C]DASB PET study
Submitted

94

Chapter 7

Indications of an altered regional cerebral blood flow in
cervical dystonia and its relation with motor and non-motor
symptoms
In preparation

112

Chapter 8

General discussion					

124

Nederlandse Samenvatting				

140

Dankwoord						

148

Curriculum Vitae

154

CHAPTER 1
General Introduction
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Chapter 1

Historical background
Cervical dystonia (CD) is a hyperkinetic movement disorder characterized by sustained or
intermittent contractions of the cervical musculature, leading to abnormal neck postures.
It is the most common form of adult-onset focal dystonia, with a prevalence ranging
between 28-183 cases per million people [1].
The first official description of dystonia dates back to 1911, when the Berlin neurologist
Hermann Oppenheim (1858-1919) described a patient with dystonia musculorum
deformans (now called early-onset generalized dystonia) [2]. However, one of the first
descriptions of cervical dystonia dates from the sixteenth century, when Felix Platerus
(1536-1614) described a case of ‘spasmi species, in qua caput in sinistrum latus
torquebatur’ (a kind of spasm in which the head was turned to the left side) [3]. Since this
first description, there has been a continuous debate about the origin of cervical dystonia,
either being psychogenic or organic. The geste antagonistique, used by patients to correct
the position of the head by simply touching the face or neck, was one of the strongest
arguments in favor of a psychogenic cause. Stories about patients who developed
‘mental torticollis’ as a consequence of pleasurable stroking movements by their mother,
or after losing their job or money, strengthened the idea of a psychological cause. This
debate lasted until 1975, when David Marsden (1939-1998) argued for an organic cause
during the International Symposium on Dystonia and the organic origin became generally
accepted. Ten years later, in 1985, twelve CD patients were successfully treated with
botulinum toxin (BoNT) in order to relief the dystonic posturing [4]. Currently, 31 years
after the first introduction of BoNT, BoNT injections are still the golden standard in the
cervical dystonia management.
Non-motor symptoms
Although CD is defined by its motor symptoms, non-motor symptoms (NMS) are
increasingly recognized as integral part of the phenotype of CD [5,6]. These NMS mainly
include psychiatric co-morbidity, pain, sensory abnormalities, sleep and fatigue, but also
less frequently described symptoms like dizziness and problems with sexual behavior.
Of the non-motor spectrum of CD, most research has been conducted on psychiatric comorbidity. The prevalence of psychiatric disorders in CD can reach up to 91.4%, compared
to 35% in the general population [7]. This could logically be the consequence of living
with a chronic, visible and disabling disorder. However, when comparing the prevalence
of psychiatric co-morbidity with other chronic and visible diseases, CD patients still have
a significantly increased odds ratio to develop psychiatric co-morbidity [8]. Moreover,
psychiatric co-morbidity often manifests before the onset of motor symptoms, which
favors the idea of a shared neurobiology of motor- and NMS in CD [6].
Studies on the incidence of other NMS in CD are very limited and showed contrasting
results. A feeling of discomfort months before CD develops and altered pain pressure
thresholds suggests influence of the sensory system [9]. The ‘geste antagonistique’ is
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currently considered an important supportive symptom in CD and indicates involvement
of disturbed sensory afferent input (feedback) in dystonia. In this respect, disturbed
prediction of the sensory consequences of movement (feed forward deficit) has also
been suggested to play a role in the pathophysiology underlying dystonia [10,11]. Existing
studies on the incidence of sleep disturbances or fatigue are also limited with contrasting
results. Sleep quality seems to be impaired, but this is at least partially influenced by
psychiatric co-morbidity [12]. Fatigue is highly prevalent, but the most important predictors
of fatigue in CD are still unknown [13].
In this thesis, we will first focus on the frequency and severity of NMS in CD patients,
including psychiatric co-morbidity, fatigue and sleep disturbances. To that end, we
propose a short clinically applicable NMS screenings list. Particular attention will be given
to the onset of NMS in relation to both the onset of motor symptoms and the severity of
motor symptoms, to distinguish between a primary and secondary symptom.
Health-related quality of life
Importantly, a few studies showed that NMS and especially the psychiatric comorbidity
are the most important predictors of decreased health-related quality of life (HR-QoL)
[14–16]. This finding emphasizes the importance of not only to focus on motor symptoms
in daily practice, but also to pay attention to NMS. After 31 years of only treating motor
symptoms with BoNT, more personalized medicine, including both motor- and NMS, could
significantly contribute to a better wellbeing of CD patients. For this, a better knowledge
of the prevalence and influence of specific NMS in CD is important, as well as forth going
insight in the pathophysiology.
Pathophysiology
In the second part of this thesis, we will focus on the pathophysiology of CD. Until now,
the pathophysiology of CD still remains largely unclear, although a few abnormalities in
brain functions have been described. These abnormalities include sensory dysfunction,
alterations of synaptic plasticity and loss of inhibition [17]. Sensory dysfunction relates
to the mild sensory complaints of dystonia patients. It was shown that the ‘geste
antagonistique’ modifies cortical EEG activity and globus pallidus local field potentials,
even before actual touching the head [10]. Alterations of synaptic plasticity have been
described in animal models and in patients with primary dystonia, and is characterized by
a prevailing facilitation of synaptic potentiation. The third phenomenon, loss of inhibition,
might be responsible for the excess of movement and the overflow phenomena in dystonia
patients. Loss of inhibition is related to basal ganglia disorganization, with an imbalance
between direct and indirect basal ganglia pathways [17]. Within the basal ganglia,
the internal globus pallidus (GPi) appears to play a key role in the network underlying
dystonia pathophysiology [17,18], which is also illustrated by the therapeutic effect of
deep brain stimulation of the GPi for dystonia [18]. Disturbances in the direct and indirect
basal ganglia pathways suggest involvement of basal ganglia neurotransmitter systems,
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which is further strengthened by the absence of anatomical changes in the basal ganglia
in CD patients. Dopamine, as one of these neurotransmitters, is known to play a key role
in both hypokinetic and hyperkinetic movement disorders, and also acetylcholine is an
important neurotransmitter involved in movement disorders like dystonia [19]. However,
besides the role of dopamine and acetylcholine, serotonin is increasingly recognized for
its possible role in movement disorders. In dopa-responsive dystonias, gene mutations
directly affect the biosynthesis of monoamine neurotransmitters including serotonin.
The role of serotonin in other forms of dystonia is less well known, but it may play a
role in the pathophysiology as well. Moreover, within the substantia nigra, serotonergic
neurons exert complex, mainly inhibitory effects on the dopaminergic system [20,21].
This interaction, associated with complex interactions of noradrenergic and cholinergic
inputs [22], could contribute to the dystonia pathophysiology.
Involvement of the serotonergic system is well known in psychiatric disorders [8]. For
many years, psychiatric disorders have been linked to serotonergic disturbances and
psychoactive drugs often influence the serotonergic system [23]. As discussed above
it is hypothesized that psychiatric symptoms are part of the dystonia phenotype with a
shared neurobiology, so the psychiatric co-morbidity further supports a likely role of the
serotonergic system in the pathophysiology of dystonia. Other NMS in CD like pain [24]
and sleep disturbances [25] have also been related to serotonergic dysfunctions.
Serotonin
Serotonin, or 5-hydroxytryptamine, is synthesized from diet-derived tryptophan. In the
brain, the rate limiting step is the conversion of L-tryptophan to 5-hydroxy-L-tryptophan (5HTP) by tryptophan 5-hydroxylase 2 (Tph2). The second and final step is the conversion
of 5-HTP to serotonin by aromatic L-amino acid decarboxylase (Figure 1). Once formed,
serotonin is quickly transported into vesicles via the vesicular monoamine transporter 2
(VMAT2). Via exocytosis, serotonin is released into the synaptic cleft, where it can bind
to at least eighteen different pre- and/or post-synaptic serotonin receptors. After release,
the presynaptically located serotonin transporter (SERT) reuptakes serotonin back into
the presynaptic neuron, where it is restored again, broken down by monoamino oxidase
A (MAO-A) into 5-hydroxyindoleacetic acid (5-HIAA), or metabolized into melatonin in
the pineal gland. The serotonin transporter is considered to be one of the most important
regulators of the serotonergic system. It avoids desensitizing of the serotonergic receptors
by regulating the amount of serotonin in the synaptic cleft [26].
In the brain, serotonergic neurons arise from the raphe nuclei in the brainstem. From
these nuclei, 300.000 serotonergic projections reaches to various subcortical (basal
ganglia) and cortical regions, as well as downward to spinal neurons. It serves many
functions, like maintaining a circadian rhythm, the regulation of appetite and cognitive
and autonomic functions. Furthermore, it’s functioning is strongly age-related, with an
increasing risk of problems with sleep, sexual behavior and mood in elderly people [26].
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Figure 1
The metabolic pathway of serotonin and dopamine.

1

Investigating the serotonergic system by using positron emission tomography
An important technique explored in this thesis is PET, a nuclear medicine functional
imaging technique. To conduct a PET scan, a radioactieve isotope is incorporated into a
biologically active molecule, thereby making a radiotracer, and administered intravenously.
After injection, the radioisotope undergoes positron emission decay, whereby a positron
is emitted. After travelling for a short distance (usually less than 1mm), the positron loses
kinetic energy, decelerates, and then interact with an electron. The following annihilation
between the positron and electron produces two 511 keV gamma rays moving in opposite
directions. When the scintillator detectors in the PET camera detects these 2 photons
at the same time (typically within 4 to 6 ns), a so-called coincidence detection took
place. The detection line between these detectors is then called the line of response. A
three dimensional PET image is eventually formed by combining the information from
millions of these lines of responses using a process called image reconstruction. The
reconstructed PET image then represents the distribution of the radiotracer over the body
and/or within organs over time.
Several tracers for both presynaptic and postsynaptic receptors of the serotonergic system
are available [27]. In our study, we used the [11C]DASB tracer, which binds specifically to
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one of the most important regulators of the serotonergic system, namely the serotonin
transporter [28–30].
Moreover, a specific kinetic model can be used to describe the observed time activity
curve of the tracer and information about specific tracer binding and/or relative cerebral
blood flow (rCBF) could be derived from these kinetic models [31]. The method of rCBF
measurement has been employed in studying the pathophysiology of dystonia [32],
showing changes in cerebral networks involved in dystonia. In this thesis, we investigated
differences in rCBF between CD patients and controls, and investigated whether such
changes were related to motor and NMS.
Cervical dystonia treatment
Currently, there are no good (pharmaco)therapeutic options for CD or associated nonmotor symptoms. Symptomatic treatment with oral medications like trihexyphenidyl and
clonazepam could provide benefit, but the required high doses to reduce symptom severity
are often accompanied by major disadvantages and are not effective in all patients. The
most effective treatment currently is injections in dystonic muscles with BoNT to alleviate
the dystonic posturing and pain. Unfortunately, this has only a partial and temporarily
effect [33]. Moreover, BoNT treatment can be insufficient, contra-indicated, or technically
difficult, especially in patients with antecollis. For these patients, surgical treatment with
deep brain stimulation (DBS), thalamotomy or pallidotomy can be considered, but these
treatment options are not effective in all patients and can also have rare but (major)
disadvantages, such as bleeding or infection [34].
A better understanding of the role of serotonin could help to improve treatment, not
only symptomatically but also to target the underlying pathophysiology. Aberrations of
the serotonergic system, related to both motor- and NMS, could lead to more rational
therapeutic strategies in CD by modulating the serotonergic system.
Aims and outline
The aim of this thesis was threefold. First, we systematically investigated the prevalence
and severity of psychiatric co-morbidity (Chapter 2) and sleep disturbances and fatigue
(Chapter 3) in a cross-sectional study in CD patients and controls. Attention was given to
the onset of these symptoms in relation to the onset of motor symptoms and its influence
on HR-QoL. Furthermore, we assessed the prevalence of a range of NMS using an
extended NMS-questionnaire combined with the self-perceived impact of motor and nonmotor symptoms in CD patients. We highlighted a limited number of NMS with a high
impact on patient’s life. This shortlist of NMS can easily be screened for in daily practice
(Chapter 4).
Second, existing literature was reviewed to assess the current knowledge of involvement
of serotonin on both motor- and NMS in patients with several forms of dystonia (Chapter 5).
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The final aim was to perform [11C]DASB PET in CD patients and controls to assess the
role of central serotonergic functioning as well as changed relative cerebral blood in
the pathophysiology of CD, including motor- and NMS. First, we describe the binding to
the serotonin transporter in the brain and its relation with clinical characteristics in CD
patients and healthy controls in vivo, as measured with [11C]DASB and PET (Chapter 6).
Second, derived from the same data, we calculated the relative tracer delivery to specific
brain regions as compared to the reference region, to generate a measure of the relative
cerebral blood flow (rCBF). We hypothesized that an abnormal rCBF pattern, as an index
for abnormal regional cerebral activity, would add insight in the pathophysiology of CD
concerning network changes involved in both motor and NMS (Chapter 7).
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ABSTRACT
Introduction: The aim of this study was to systematically investigate the prevalence of
psychiatric disorders and factors influencing health-related quality of life (HR-QoL) in
cervical dystonia (CD) patients, in the context of objective dystonia motor severity.
Methods: We studied 50 CD patients and 50 matched healthy controls. Psychiatric
assessment included the MINI–PLUS interview and quantitative questionnaires. Dystonia
motor severity (based on video evaluation), pain and disability were determined with the
TWSTRS rating scale. In addition, severity of tremor and jerks was evaluated with the
7-point CGI-S scale. HR-QoL was determined with the RAND-36 item Health Survey and
predictors of HR-QoL were assessed using multiple regression analysis.
Results: In CD patients, the MINI-PLUS revealed a significantly higher prevalence of
psychiatric disorders (64% vs. 28%, p=0.001), with substantially more depression (32%
vs. 14%) and anxiety disorders (42% vs. 8%). This was confirmed by the quantitative
rating scales. Disease characteristics did not differ between patients with and without a
psychiatric diagnosis. HR-QoL in dystonia patients was significantly lowered. The most
important predictors of HR-QoL appeared severity of depressive symptoms, pain and
disability, but not severity of motor symptoms.
Conclusion: Psychiatric co-morbidity is highly prevalent and is an important predictor
of HR-QoL in CD patients, rather than dystonia motor severity. Our findings support the
theory of a shared neurobiology for motor and non-motor features and highlight the need
for systematic research into psychiatric disorders in dystonia. Adequate treatment of
psychiatric symptoms could significantly contribute to better overall quality of life of CD
patients.
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INTRODUCTION
Cervical dystonia (CD) is a hyperkinetic movement disorder characterized by sustained or
intermittent contractions of the cervical musculature, leading to abnormal head postures.
It is the most common form of adult-onset focal dystonia, with a prevalence ranging
between 28-183 cases per million people [1].
Growing evidence suggests that the phenotype of CD also includes an important non-motor
component, with psychiatric co-morbidity being most prevalent. The lifetime prevalence of
psychiatric disorders can reach up to 91.4% in CD patients, compared with 35% in the
general population [2]. Susceptibility for specific psychiatric disorders differed between
studies with either a high prevalence of depressive symptoms [3–8], anxiety symptoms/
panic disorders [2,5–7], obsessive-compulsive symptoms [7,8] or substance abuse [7].
Importantly, some studies even showed that psychiatric co-morbidity is the most
important predictor of poorer health-related quality of life (HR-QoL) in CD patients [9–11].
However, methodological limitations were noted in these studies; an appropriate control
group and an objective CD motor score were not systematically applied. Importantly, a
systematic interview assessing all axis 1 DSM-IV diagnoses complemented with specific
questionnaires for the most prevalent disorders was also lacking.
The recognition of psychiatric co-morbidity in CD still raises the question whether this is part
of the phenotype of dystonia or the result of living with a chronic motor disorder. A strong
argument in favor of a shared pathophysiology hypothesis is that approximately 70% of the
diagnosed psychiatric disorders manifested before the onset of motor symptoms [4,6,7].
Moreover, studies comparing CD with other chronic disorders with pain and/or disability
such as cervical spondylosis [3] or alopecia areata [5] showed higher prevalence’s of
psychiatric disorders in dystonia patients, also implying a primary phenotype.
In order to systematically investigate the prevalence of psychiatric disorders, HR-QoL
and factors influencing HR-QoL in CD patients, we examined motor severity, psychiatric
co-morbidity and HR-QoL in 50 CD patients and compared it with 50 matched healthy
controls. The prevalence of psychiatric disorders was assessed through a structured
interview based on the DSM-IV criteria, supplemented by specific questionnaires
regarding depression, anxiety and obsessive-compulsive disorders. The relative timing
of onset of motor symptoms and psychiatric symptoms was another focus point.
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METHODS
Subjects
This study included 50 patients (mean age 54 years, range 20-80 years) with a clinically
diagnosed idiopathic cervical dystonia, based on neurological examination, and 50 ageand sex-matched controls (mean age 54 years, range 24-83 years).
For all participants, exclusion criteria were relevant neurological co-morbidity and the
use of serotonergic drugs or other antidepressants. An additional exclusion criterion for
the CD patients was onset of CD before adulthood (<18yr, based on the classification of
Albanese et al. [12], and an additional exclusion criterion for the healthy controls consisted
of a positive first- or second-degree family history of dystonia. Due to the exclusion of
subjects using serotonergic drugs, eight CD patients could not be included in the study.
Furthermore, several additional patients within the different hospitals were not asked to
participate because of known medication use, and two patients did not want to participate
because of severe psychiatric complaints.
Patients were recruited via several outpatient clinics and via the dystonia patient
association. Controls were recruited by open advertisements or were acquaintances of
patients and investigators.
The number of 50 subjects in both the patient and control group was based on a sample
size calculation performed prior to the study. We used psychiatric co-morbidity in
myoclonus-dystonia (MD) patients as a reference [13,14]. In these studies a power of 0.85
is retained, using a two-sided Z test with a pooled variance and an α-value of 0.05. The
results within the two studies pointed towards 23 [13] and 44 [14] subjects per group. As
we anticipated that only 85% of included participants would complete the study protocol
50 subjects were included into each group.
Informed consent was obtained from all participants and the study was approved by the
local ethics committee.
Motor Assessment
Motor assessment was performed using a systematic video protocol. If patients were
treated with botulinum toxin, neurological assessment was performed between two
weeks prior to or one week after the treatment (based on the individual treatment
response time), in order to obtain the least influenced dystonia motor score. Based on
the video, severity of dystonia was independently scored by two experts (MS, VH). The
Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS) [15] was used to assess
cervical dystonia severity, pain (not explained by other conditions) and disability. We
hypothesized that psychiatric co-morbidity could be dependent of the CD subtype, like
predominant dystonia or predominant tremor/jerks. Therefore, overall clinical severity of
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dystonia and severity of jerks and tremor were separately evaluated by using the 7-point
Clinical Global Impression Scale (CGI-S) [16].
Psychiatric assessment and health-related quality of life
The presence of current/previous psychiatric disorders, as defined in the Diagnostic and
Statistical Manual of Mental Disorders, Fourth Edition (DSM-IV), was assessed using
the Mini International Neuropsychiatric Interview – PLUS (MINI-PLUS), Dutch version
5.0.0 [17]. With regard to quantitative psychiatric assessment, the severity of depression,
anxiety and obsessive-compulsive disorder was assessed in all subjects using the Beck
Depression Inventory (BDI) [18], the Beck Anxiety Inventory (BAI) [19], and the Yale
Brown Obsessive Compulsive Scale (Y-BOCS) [20]. For both the BDI and BAI guidelines
are recommended for the interpretation of the total score. With regard to the BDI, scores
between 0-9 could be interpreted as minimal depressive symptoms, 10-18 as mild,
19-29 as moderate and 30-63 as severe depressive symptoms [21]. The BAI could be
interpreted as follows: 0-9 normal or no anxiety, 10-18 mild-moderate, 19-29 moderate to
severe and 30-63 as severe anxiety [22].
HR-QoL was assessed with the RAND-36 item Health Survey (RAND-36) [23].
Statistical analysis
Statistical analysis was performed using PASW Statistics 22 for Windows (SPSS
Statistics, Chicago IL, USA), and differences were considered significant at p<0.05.
In the patient group, we assessed interobserver agreement of the dystonia rating scales
between the two independent raters by the Intraclass Correlation Coefficient (ICC).
A Pearson Chi-square test or Fisher’s Exact Test was used to assess the differences
in demographic features and the presence of DSM-IV diagnoses between patients and
healthy controls. A Mann-Whitney U test was used to assess group differences among
quantitative psychiatric rating scales and the nine domains of HR-QoL.
Because we had a relative small number of patients, we used the Spearman’s rho test
to assess the correlation between the domains of HR-QoL and clinical characteristics in
the patient group. For the discrete dichotomous variables the correlation was assessed
as point-biserial correlation with the Spearman r test. With multiple regression analysis,
we determined the influence of variables with a p-value of <0.20 in the univariate analysis
using backward elimination. The data fulfilled the assumption of normal distribution in
order to perform a linear regression analysis and there was no multicollinearity between
variables.
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RESULTS
Participants characteristics
The fifty patients with cervical dystonia included in this study had a mean total TWSTRS
score of 34.85 (SD=12.75) (mean subscores: motor severity 16.02 (SD=4.88), disability
10.52 (SD=5.37), pain 8.31 (SD=5.97)), a mean CGI-S dystonia score of 3.91 (SD=1.39)
and a mean CGI-S jerks/tremor score of 2.43 (SD=1.32).
Four patients had a clear positive family history of cervical dystonia in first or second
degree family members. In 14 patients a positive family history was suspected.
Motor assessment showed almost perfect intraclass correlation coefficients between
raters [24]. The interobserver agreement scores for the TWSTRS severity scale, the CGI-S
dystonia scale en the CGI-S-jerks/tremor scale were 0.84, 0.87 and 0.91 respectively.
Psychiatric disorders and quantitative psychiatric rating scales
Results of the structured interview assessing the presence of a DSM-IV diagnosis are
shown in table 1. Overall, the patient group showed a significantly higher prevalence of
psychiatric disorders (64% vs. 28%, p=0.001), with profoundly more depressive disorders
(32% vs. 14%, p=0.03) and anxiety disorders (42% vs. 8%, p<0.001). Other DSM-IV
diagnoses were not significantly increased in CD patients.
Additionally, on the quantitative rating scales, patients scored significantly worse on both
depression (10.62 vs. 4.38, p<0.001) and anxiety rating scales (10.00 vs. 3.76, p<0.001).
Based on the subdivision as described in the methods section, 23 patients (46%) had
aberrant scores on the BDI (13 mild, 10 moderate) in comparison to 12% (n=6: 5 mild,
1 moderate, p<0.001) in the healthy control group. With regards to the BAI, 20 patients
(40%) had aberrant scores (13 mild, 6 moderate, 1 severe) compared to 8% (n=4, 3 mild, 1
moderate, p<0.001) in the healthy control group. The Y-BOCS rating scale showed higher
total scores in the patients compared with controls (0.92 vs 0.08, p=0.02). However, except
for one subject (total score 12 out of 40), all scores were within the subclinical range.
Of the 32 patients who fulfilled the criteria of a psychiatric disorder according to the DSMIV criteria, 20 patients (62.5%) suffered from psychiatric illness before onset of motor
symptoms.
Comparing the disease characteristics of the patients who fulfilled the criteria of a DSMIV diagnosis with the patients without a DSM-IV diagnosis did not reveal any differences
(Table 2). Duration of dystonia (12.91yr vs. 13.89yr, p=0.78), a positive family history (3.1%
vs. 16.7%, p=0.13) or scores on the dystonia rating scales (TWSTRS total score: 36.67
vs. 31.62, p=0.22; CGI-S dystonia score: 3.97 vs. 3.81, p=0.86 and CGI-S jerks/tremor
score: 2.34 vs. 2.58, p=0.94) were not significantly different between the two groups.
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Table 1
Frequencies of psychiatric disorders (DSM-IV) and scores on psychiatric questionnaires

33 (66)

HC
(n=50)

p-value

Treatment MHC (n, %)

CD
(n=50)

17 (34)

<0.01

Mood
- Depressive episode
- Dysthymia
- Combined depression/anxiety
- Total

16 (32)
4 (8)
1 (2)
19 (38)

7 (14)
0 (0)
0 (0)
7 (14)

0.03
0.11
1
<0.01

5 (10)
12 (24)
9 (18)
8 (16)
6 (12)
21 (42)

1 (2)
1 (2)
0 (0)
2 (4)
0 (0)
4 (8)

0.20
<0.01
<0.01
0.05
0.03
<0.01

DSM-IV diagnosis (n, %)

Anxiety
- Panic disorder
- Agoraphobia
- Social phobia
- Simple phobia
- Generalized anxiety disorder
- Total

Total diagnosis

32 (64)

14 (28)

2

<0.01

Psychiatric rating scales (mean, SD)
BDI

BAI

Y-BOCS

10.62 (7.34)

10.00 (6.96)

0.92 (2.35)

4.38 (4.48)

3.76 (3.95)

0.08 (0.40)

<0.01

<0.01

0.02

Values are presented as n (%) or mean (SD). CD = cervical dystonia. HC = healthy control. MHC = mental health
care.

Table 2
Disease characteristics of patients with and without a DSM-IV diagnosis
CD with DSM-IV diagnosis
(n=32)
Age at onset dystonia (mean, SD)

39.81 (12.79)

Positive family historya (n, %)

Dystonia duration in years (mean, SD)
TWSTRS (mean, SD)
- Severity
- Pain
- Disability
- Total

CGI-S dystonia (mean, SD)

CGI-S jerks/tremor (mean, SD)

CD without DSM-IV
diagnosis
(n=18)

p-value

43.22 (9.51)

0.22

1 (3.1)

3 (16.7)

0.13

16.08 (5.31)
9.41 (6.10)
11.19 (5.37)
36.67 (13.23)

15.92 (4.15)
6.37 (5.36)
9.33 (5.31)
31.62 (11.50)

0.88
0.09
0.27
0.22

2.34 (1.09)

2.58 (1.69)

0.94

12.91 (10.48)

3.97 (1.52)

13.78 (10.68)

3.81 (1.15)

0.78

0.86

Values are presented as mean (SD) or n (%). CD = cervical dystonia. HC = healthy control. aHistory of dystonia
in first- or second-degree relatives.
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HR-QoL and predictors of HR-QoL
The results of the scores on the nine domains of HR-QoL are shown in supplementary
figure 1. The patient group scored significantly worse on the first eight domains compared
to the healthy controls. Univariate analysis showed that age, fulfillment of a DSMIV diagnosis and high scores on the BDI, BAI, YBOCS, TWSTRS pain and TWSTRS
disability negatively affect the first eight domains of HR-QoL. Duration of dystonia had a
mild effect on the domain expected health change (p<0.20) and the severity of dystonia
(TWSTRS dystonia severity) had only a mild effect on the domain physical functioning
(p<0.20), but not on the other domains of HR-QoL (Table 3).
Based on the univariate analysis, multiple regression analysis revealed that a reduced
HR-QoL was significantly predicted by high scores on the BDI (domain: social functioning,
role limitation emotional, mental health and vitality), by high scores on the TWSTRS
pain rating (domain: role limitation emotional and pain), by high scores on the TWSTRS
disability rating (domain: physical functioning) and by high scores on the BAI (domain:
mental health) (Table 4).
To check if pain and disability, as important predictors of a reduced HR-QoL, were
influenced mostly by motor severity or by psychiatric symptoms, we performed an
additional multiple regression analysis. Univariate analyses showed that disability was
associated with anxiety, depression, dystonia motor severity and pain. (Supp. table 1).
Pain appeared to be associated with age, psychiatric co-morbidity, disability and dystonia
motor severity. In the multiple regression analysis, severity of disability as measured by
the TWSTRS disability subscale was significantly associated with pain (B 0.38, SE 0.11, β
.42, p<0.01) and by the severity of depressive symptoms as measured by the BDI (B 0.20,
SE 0.09, β .28, p<0.05) (R2 adjusted 0.29). The degree of pain, as measured with the
TWSTRS pain subscale, was significantly associated with the TWSTRS disability rating
(B 0.47, SE 0.14, β .42, p=0.001) and anxiety symptoms as measured by the BAI (B 0.28,
SE 0.10, β .33, p=0.01) (R2 adjusted 0.32). Dystonia motor severity had no significant
influence on disability or pain.

26

Psychiatric co-morbidity is highly prevalent in idiopathic cervical dystonia

Table 3
Univariate analysis between the nine domains of HR-QoL and selected variables in cervical dystonia patients.
PF
Demographic
characteristics
Age

0.10

Gender

DSM-IV diagnosis

BAI

Y-BOCS

Dystonia
characteristics

Dystonia duration

TWSTRS Severity

TWSTRS Disability

TWSTRS Pain

CGI-S jerks/tremor

RLP

RLE

MH

V

0.15

0.29*

0.19†

0.29*

0.40**

-0,28†

-0,45**

-0.45**

-0.65**

0,05

-0,05

-0,28*

-0,40**

-0.44**

-0.25†

Psychiatry
BDI

SF

-0.54**
0.15

0,01

-0,34*

-0.65**

-0.43**

-0.19†

-0.19†

-0.25†

-0,05

-0.61**
-0.14

-0,03

-0.71**
-0.15

0,01

-0,46**

P

GHP

EHC

0.13

0.09

-0.02

-0,27†

-0,08

-0.47**

-0.15

0,01

0,13

-0,22†

-0.62**

-0.46**

-0.24†

-0.20†

-0.52**

-0.42**

-0.01

0.03

0.03

-0.16

0.02

0.02

-0.62**

-0.36**

-0.28*

-0.18

-0.22†

-0.33*

-0.50**

-0.14

0.09

0.06

0.02

-0.07

-0.12

-0.25†

0.04

-0.52**

-0.28†

0.08

-0.37**
-0.07

0.11

-0.36**

0.11

-0.25†

0.10

-0.37**

-0.47**
-0.07

0.10

-0.08

-0.59**

-0,07

-0.04
0.15

2

0.01

-0.23†

-0.45**

-0.00

0.03

-0.12

-0.08

-0.40**

0.00

-0.14

Data are shown as correlation coefficient. PF = physical functioning. SF = social functioning. RLP = role limitation
physical. RLE = role limitation emotional. MH = mental health. V = vitality. P = pain. GHP = general health
perception. EHC = expected health change. †p<0.20, *p<0.05, **p<0.01.

Table 4
Significant predictors of a reduced HR-QoL
Domain

Predictor(s)

Adjusted R
Square

B°

β

p-value

Physical functioning

TWSTRS disability

0.36

-2.61 (0.49)

-.61

<0.001

Social functioning

BDI

0.43

-2.11 (0.34)

-.67

<0.001

Role limitation physical

-

Role limitation emotional

BDI
TWSTRS pain

0.47

-2.84 (0.58)
-2.30 (0.71)

-.53
-.35

<0.001
<0.001

Mental health

BDI
BAI

0.59

-1.10 (0.22)
-0.57 (0.23)

-.57
-.28

<0.001
0.02

Vitality

BDI

0.42

-1.52 (0.25)

-.65

<0.001

Pain

TWSTRS pain

0.33

-2.40 (0.48)

-.58

<0.001

General health perception

-

Expected health change

-

Multiple linear regression analysis for the effect of predictors with a p-value of <0.20 in the univariate analysis.
For the significant predictors, we calculated the adjusted R square, the B° (unstandardized coefficient with
standard error in parenthesis) and β (standardized regression coefficient).
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Supplementary figure 1
Health-related quality of life in CD patients and healthy controls.

Median values of the nine domains of HR-QoL (wide stripe), including interquartile ranges and minimum
and maximum scores. CD = cervical dystonia. HC = healthy control. PF = physical functioning. SF = social
functioning. RLP = role limitation physical. RLE = role limitation emotional. MH = mental health. V = vitality. P =
pain. GHP = general health perception. EHC = expected health change. *p<0.001.

Supplementary table 1
Univariate analysis between the TWSTRS disability score and TWSTRS pain score and selected variables in
cervical dystonia patients.
TWSTRS disability

TWSTRS pain

-0.16

-0.28*

Total DSM-IV diagnosis

0.17

0.25†

BAI

0.24†

0.42**

Demographic
Age

Gender

Psychiatry
BDI

Y-BOCS
Motor

-0.03

0.38**
0.11

0.16

0.29*

0.24†

Dystonia duration

-0.05

-0.12

TWSTRS Disability

NA

0.51**

TWSTRS Severity
TWSTRS Pain

CGI-S dystonia

CGI-S jerks/tremor

0.47**
0.51**

0.38**
0.17

0.34**
NA

0.23†
-0.03

Data are shown as correlation coefficient. NA = not applicable. †p<0.20, *p<0.05, **p<0.01.
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DISCUSSION
In this study, we showed that a lifetime prevalence of psychiatric disorders, particularly
depression and anxiety disorders, was significantly higher in CD patients compared
to matched healthy controls. Notably, the prevalence found in our study is likely an
underestimation, as patients using antidepressant medication were excluded. Furthermore,
the first eight domains of HR-QoL were significantly lower in dystonia patients compared
to healthy controls and this strongly related to the presence of depressive and anxiety
symptoms, pain and disability, while there was no significant correlation with the objective
severity of motor symptoms.
The higher prevalence of psychiatric disorders in CD patients was documented by the
structured interview regarding DSM-IV axis 1 diagnostic categories, as well as the selfreported levels of depressive and anxiety symptoms using the BDI and BAI. Several
other studies also found similar high prevalences of depressive disorders [2–5,7,8] and
anxiety disorders [2,5–7] in CD patients, indicating an important non-motor component.
The Y-BOCS rating scale showed a higher total score in the patients compared with
the healthy controls. However, except for one subject (total score of 12 out of 40), all
scores were within the subclinical range. Two previous studies have used the Y-BOCS
in order to quantify obsessive-compulsive symptoms in CD patients. One study found
similar scores on the Y-BOCS in CD patients [4]. However, of the 34 patients included,
44% used several anxiolytics and anti-depressive agents, which possibly caused lower
scores on the Y-BOCS. In contrast, Bihari et al. found significantly higher and clinically
relevant Y-BOCS scores in CD patients, even in a smaller sample size [8]. Influence of
the rater on scoring the Y-BOCS could possibly have contributed to the higher scores,
as the healthy controls in the cohort of Bihari et al. also had higher Y-BOCS scores.
However, our study results compliment the study of Bihari et al., suggesting higher levels
of obsessive compulsive symptoms in CD patients compared to control subjects.
Interestingly, in 20 patients (40% of the total group, 62.5% of the group with a DSM-IV
diagnosis) the structured interview revealed the presence of psychiatric disorders before
the onset of dystonia (mean age of onset 41 years), which is similar to the prevalence found
in other dystonia studies [4,6,7]. This percentage reflects the total lifetime prevalence
of psychiatric illnesses in the general Dutch population (41.2%) [25], suggestive of an
earlier higher prevalence in dystonia patients. The occurrence of psychiatric symptoms
before the motor symptoms is suggestive for a shared neurobiology instead of a reactive
mechanism. Moreover, no relation was found between the presence or severity of
psychiatric disorders and the severity of motor symptoms, which is a further indication that
the psychiatric symptoms are not solely a response to motor symptoms. These findings
support the hypothesis of psychiatric co-morbidity as part of the phenotype of dystonia.
Possibly, disturbances in networks related to the dystonia pathophysiology could lead to
both motor- and NMS. However, the retrospective design of the study is not suitable to
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draw firm conclusions about a primary and/or secondary cause of psychiatric disorders
in dystonia patients.
Our second finding comprised that the first eight domains of HR-QoL were significantly
lower in dystonia patients compared with healthy controls. This effect was caused by the
presence and severity of depressive and anxiety symptoms, pain and disability, while
there was no significant correlation with the objective severity of motor symptoms scored
on the several CD rating scales. Typically, the degree of disability was only predicted by the
degree of pain and depressive symptoms and pain was mostly associated with disability
and anxiety symptoms. The finding of psychiatric co-morbidity as the most important
predictor of a decreased HR-QoL was supported by other studies [9–11]. However, in
these studies the effect of dystonia motor severity was not systematically examined. With
our study we confirmed the lack of correlation between motor severity and a decreased
HR-QoL. This finding argues against a decreased HR-QoL as a sole consequence of
living with a chronic, visible and disabling movement disorder, and emphasizes the need
for systematic screening for psychiatric disorders in dystonia patients.
The increasing recognition of psychiatric co-morbidity as part of the phenotype of
dystonia suggests a shared pathophysiology. Basal ganglia networks are involved in the
pathophysiology of dystonic motor symptoms, and changes in plasticity in these networks
are thought to play a causative role. The finding of psychiatric co-morbidity may point to
a role of neurotransmitters like dopamine and serotonin in both motor- as well as NMS.
Disruption of serotonergic function is known to be involved in many psychophysiologic
processes and early life serotonergic dysregulation is associated with a wide spectrum
of psychiatric disorders. Furthermore, during gestation, serotonin is involved in the
formation of cortical circuits and in modulating plasticity, which in turn is known to be
involved in the pathophysiology of dystonia [26–28]. Thus, involvement of basal ganglia
neurotransmitter changes in dystonia needs further study.
Our study had several limitations. First, as mentioned before, retrospectively assessing
psychiatric disorders is difficult and likely caused an underestimation of the prevalence
of psychiatric disorders. The underestimation was further strengthened by the exclusion
of subjects using antidepressant medication. Second, as described previously, the
cross-sectional design of the study does not allow firm conclusions to be drawn about
a primary or secondary cause of psychiatric disorders in dystonia patients, although the
onset of psychiatric disorders before onset of motor symptoms suggests a primary cause.
Third, personality profile and coping style were not investigated in our study, but might
have influenced the results, as these factors are also associated with the prevalence of
psychiatric complaints in the general population. In future research, it would be interesting
to elucidate the influence of these factors on the phenotype of dystonia.
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In conclusion, a higher rate of several psychiatric disorders in CD patients was confirmed
in this study and suggests there is an important non-motor component of this disorder. In
particular, mood and anxiety disorders were more prevalent in CD patients, albeit patients
using antidepressant medication were excluded from the study. Quite often psychiatric
complaints preceded the motor symptoms, suggestive of a shared neurobiology.
Prospective studies could further elucidate the question whether psychiatric disorders
are part of the phenotype of dystonia or a secondary mechanism in response to motor
symptoms. The most important predictors of HR-QoL were the severity of depressive
symptoms, pain and disability, but not the severity of motor symptoms. This finding
highlights the need for systematic research into psychiatric disorders in dystonia patients.
We plead for attention to NMS as an integral part of the care for patients with CD.
Adequate treatment of these disorders could significantly contribute to better physical
and mental quality of life of CD patients.
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ABSTRACT
Background: Non-motor symptoms (NMS) are highly prevalent in cervical dystonia (CD).
In general, fatigue and sleep are important NMS determining a decreased health-related
quality of life (HR-QoL), but their influence in CD is unknown.
Objectives: We systematically investigated fatigue, excessive daytime sleepiness (EDS)
and sleep quality in CD patients and controls and assessed the influence of psychiatric
co-morbidity, pain and dystonia motor severity. Moreover, we examined the predictors of
HR-QoL.
Methods: We included 44 CD patients and 43 matched controls. Fatigue, EDS and sleep
quality were assessed with quantitative questionnaires and corrected for depression and
anxiety using ANCOVA. We scored motor severity with the TWSTRS and CGI-S jerks/
tremor scale and assessed whether motor characteristics could explain an additional
part of the variation in fatigue and sleep-related measures. HR-QoL was determined with
the RAND-36 item Health Survey, predictors of HR-QoL were assessed using multiple
regression.
Results: Fatigue scores were increased independently from psychiatric co-morbidity (4.0
vs. 2.7, p<0.01), while EDS (7.3 vs. 7.4, p=0.95) and sleep quality (6.5 vs. 6.1, p=0.73)
were highly associated with depression and anxiety. In CD patients, motor severity did
not explain variation in fatigue (ΔR2= 0.06, p= 0.15), EDS (ΔR2=0.00, p=0.96) and sleep
quality (ΔR2=0.04, p=0.38) scores. Fatigue, EDS, psychiatric co-morbidity and pain
predicted a decreased QoL.
Conclusion: Independently from psychiatric co-morbidity and motor severity, fatigue
appeared a primary NMS. Sleep-related measures were highly associated with psychiatric
co-morbidity, but not with motor severity. Only NMS predicted HR-QoL, which emphasize
the importance of attention to NMS in CD patients.
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INTRODUCTION
Cervical Dystonia (CD) is a hyperkinetic movement disorder characterized by sustained
or intermittent contractions of the cervical musculature, leading to abnormal head
postures. Although defined by its motor symptoms, growing evidence indicates that nonmotor symptoms (NMS) are an important part of the phenotype of CD [1–3] and that they
have a profound effect on health-related quality of life (HR-QoL) [3–5].
While psychiatric co-morbidity has been studied more extensively, only a few studies
investigated the prevalence and severity of fatigue, excessive daytime sleepiness and
sleep quality in CD patients. Fatigue, referring to an increased level of perceived fatigue
[6], has been described in 50 percent of the CD patients [7,8]. Daytime sleepiness
scale scores, as reviewed by Hertenstein et al., were usually within the normal range
in CD patients, while sleep quality has been found reduced in several studies [3]. Until
now, it is still unknown whether these symptoms may be a response to or related with
psychiatric co-morbidity, or if these symptoms are a secondary phenomenon in response
to motor symptoms. Interestingly, symptoms of excessive daytime sleepiness and the
disturbed sleep quality did not improve after botulinum toxin therapy despite significant
improvement of dystonia motor severity [9], which would suggest that these symptoms
may be a primary phenomenon in dystonia.
Although these former studies have shown that fatigue and sleep disturbances are highly
prevalent in CD patients, methodological limitations were noted. Either an appropriate
control group or an objective CD motor score were lacking. Moreover, not all studies
examined the influence of depression, anxiety, pain and severity of motor symptoms on
fatigue, excessive daytime sleepiness and sleep quality scores. HR-QoL and the most
important predictors of a reduced HR-QoL were often not systematically assessed.
In this study, we examined the prevalence and severity of fatigue, excessive daytime
sleepiness and sleep quality in CD patients and compared this with matched controls.
In addition, we calculated the fatigue and sleep-related scores corrected for depression
and anxiety. Then, in the patient group, we used a stepwise linear regression model to
examine whether motor characteristics could explain an additional part in the variation in
fatigue and sleep-related measures, besides the known association with psychiatric comorbidity and pain. In the last section, we assessed which motor- and/or NMS were the
most important contributors to a decreased HR-QoL.
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METHODS
Subjects
We included patients with a clinically diagnosed idiopathic CD and age and gender
matched controls. An exclusion criterion for the patients was onset of CD before 18yr.
Additional exclusion criteria for all subjects included other relevant neurological comorbidity and the use of antidepressant medication. All subjects previously participated
in a study about psychiatric co-morbidity, see also Smit et al [10]. Informed consent was
obtained from all participants and the study was approved by the local ethics committee.
Fatigue, excessive daytime sleepiness, sleep quality and HRQoL
Fatigue was evaluated by the Fatigue Severity Scale (FSS). The FSS quantifies the
impact of fatigue and contains 7 items which could be scored on a scale from one to
nine. The summed score (max 63) is divided by nine and a total score of more than four
is regarded as an indicator of fatigue [11]. Excessive daytime sleepiness was assessed
by the self-administered Epworth Sleepiness Scale (ESS). A score of ten or higher (range
0-24) indicates excessive daytime sleepiness [12]. Quality of sleep was evaluated by the
Pittsburgh Sleep Quality Index (PSQI). A score of five or higher (range 0-21) indicates
impaired sleep quality [13]. The severity of depression and anxiety were measured with
the Beck Depression Inventory (BDI) [14] and the Beck Anxiety Inventory (BAI) [15]. HRQoL was assessed by the RAND-36 item Health Survey (RAND-36) [16]. For all scales,
a score of zero indicates no complaints, and increasing scores indicates increasing
severity.
Motor assessment
Motor assessment was performed by using a systematic video protocol. To obtain the
least influenced motor score, 39 patients were videotaped two weeks prior to their next
botulinum toxin (BoNT) injections and five patients were videotaped in the first week after
BoNT injections. CD severity was scored with the Toronto Western Spasmodic Torticollis
Rating Scale (TWSTRS) [17]. Because the TWSTRS does not include severity of jerks
and tremor, jerks and tremor were additionally scored by using the 7-point Clinical Global
Impression Scale: CGI-S jerks-tremor [18]. The motor function was independently scored
by two experts (MS, VH) and revealed good agreement (>0.80 Intraclass Correlation
Coefficients, two-way mixed, absolute agreement, average measures). The average
score of the two experts was used in the statistical analysis.
Statistical analysis
Statistical analysis was performed using PASW Statistics 22 (SPSS Statistics, USA) and
differences were considered significant at p<0.05. Demographic and clinical data were
compared between CD patients and controls using the Pearson χ2 test/Fisher’s exact
test or the Mann-Whitney U test. An Analysis of Covariance (ANCOVA) was performed
to control for the potential confounding effect of depression and anxiety on the FSS, ESS
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and PSQI. For this purpose, the BDI and BAI score were combined to one factor using
factor analysis.
In the CD patient group, influence of motor severity on fatigue, excessive daytime
sleepiness and sleep quality was assessed with a stepwise multiple linear regression
analysis. In the first step, we assessed the influence of depression, anxiety and the
severity of pain on the FSS, ESS and PSQI. In the second step, we assessed whether
motor characteristics, including dystonia, jerks and tremor, could explain an additional
part of the variation in FSS, ESS and PSQI scores.
The influence of clinical variables on HR-QoL in CD patients was first assessed with
a univariate analysis. Because we had a relatively small number of patients, this was
performed with the Spearman’s rho test, or, for the discrete dichotomous variables, with
the Pearson’s r test. With multiple regression analysis, we then determined the influence
of variables with a p-value of <0.05 in the univariate analysis on the HR-QoL domains
using backward elimination. Assumptions of the linear regression and multicollinearity
were checked.

RESULTS
Clinical characteristics
This study included 44 CD patients (mean 51yr, range 20-80) and 43 controls (mean
54yr, range 25-83) (Table 1). Nine CD patients used benzodiazepines, one patient
trihexyphenidyl, one gabapentin and one pregabalin. In the control group, three subjects
used benzodiazepines. Benzodiazepine type, dosage and frequency were highly
variable. ESS scores in CD patients were significantly higher in those using psychoactive
medication: 12.6 (±6.7) vs. 7.7 (±6.6), p=0.04, but no relation with sleep quality was
found. (Suppl. table 1). None of the participants was officially diagnosed with restless
legs syndrome. Snoring was significantly more prevalent in CD patients as compared to
controls: 68.2% vs. 39.5%, p<0.01. Breath holding spells were also more prevalent in CD
patients, although not significantly: 18.2% vs. 7.0%, p=0.12.
The CD patients had a mean dystonia duration of 13.3yrs (±11.2). The mean total TWSTRS
score was 34.1 (±13.0) and the mean CGI-S jerks/tremor score was 2.5 (±1.3). Patients
scored significantly worse on the FSS (4.4 (±1.7) vs. 2.7 (±1.4), p<0.01), on the ESS (8.8
(±6.9) vs. 5.8 (±4.9), p=0.04), and on the PSQI (7.4 (±3.9) vs. 5.1 (±4.4), p<0.01). Also on
the depression rating scale (10.6 (±7.3) vs. 4.5 (±5.0), p<0.01) and the anxiety rating scale
(9.3 (±6.8) vs. 4.0 (±4.2), p<0.01), patients scored significantly worse.
Based on the criteria as described in the method section, significantly more patients
fulfilled the criteria of fatigue (28 (63.3%) vs. 7 (16.7%), p<0.01), excessive daytime
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sleepiness (19 (43.2%) vs. 9 (20.9%), p=0.03) and impaired sleep quality (34 (77.3%) vs.
18 (41.9%), p<0.01) as compared to controls.
After controlling for depression and anxiety, patients still scored significantly worse on
the FSS (mean 4.0 vs. 3.1 p=0.01). In contrast, the ESS (mean 7.3 vs. 7.4 p=0.95) and
the PSQI (mean 6.5 vs. 6.1 p=0.73) were not significantly different between groups after
controlling for depression and anxiety (Table 1).

Table 1
Clinical characteristics.
CD
(n=44)

Age

54 (10.6)

Gender M/F (n)

Duration of Dystonia

13.3 (11.2)

TWSTRS Total
- TWSTRS Severity
- TWSTRS Disability
- TWSTRS Pain

34.1 (13.0)
16.0 (4.6)
10.2 (5.5)
7.9 (6.2)

CGI-S jerks/tremor

p-value

11/ 32

0.86

4.5 (5.0)

<0.01

54 (11.3)

12/ 32

Motor characteristics

HC
(n=43)

0.93

2.5 (1.3)

Non-motor
characteristics
BDI

10.6 (7.3)

BAI

9.3 (6.8)

4.0 (4.2)

Uncorrected

Corrected

4.4 (1.7)

4.0

7.4 (3.9)

6.5

FSS

ESS

8.8 (6.9)

PSQI

<0.01

Uncorrected

Corrected

Uncorrected

2.7 (1.4)

3.1

<0.01

5.1 (4.4)

6.1

<0.01

7.3

5.8 (4.9)

7.4

0.04

Corrected
0.01

0.95
0.73

Values are presented as mean (SD) or n (as indicated). Corrected values are controlled for depression and
anxiety as one factor by using ANCOVA. CD = cervical dystonia. HC = healthy control.

Supplementary table 1
The effect of psychoactive medication on FSS, ESS and PSQI scores.
CD
without medication
(n= 34)

CD
p-value
with medication
(n=10)

Control
without medication
(n=40)

Control
with medication
(n= 3)

p-value

7.74 (6.58)

12.60 (6.71)

5.73 (5.04)

7.00 (3.61)

0.36

FSS

4.15 (1.72)

PSQI

6.97 (3.97)

ESS

5.27 (1.59)

0.07

9.00 (3.43)

0.10

0.04

Values are presented as mean (SD). CD = cervical dystonia.
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Predictors of fatigue, excessive daytime sleepiness and sleep disturbances
To assess whether the FSS, ESS and PSQI scores in the CD patient group were
associated with the severity of the dystonic posturing, jerks and/or tremor, we performed
a stepwise linear regression analysis. In the first step, we assessed the influence of
depression, anxiety and the severity of pain on the FSS, ESS and PSQI. In the second
step, we assessed the influence of the severity of dystonia, jerks and tremor in addition
to step one. Thus, in the first step we included factors that are known from the literature
to have an effect on fatigue and sleep-related measures and in the second step we
assessed whether motor characteristics could explain an additional part of the variation
in fatigue and sleep-related measures.
The FSS was significantly influenced by depression, anxiety and pain (R2=0.37 for step 1,
p<0.01), with a significant influence of the depressive symptoms (β=0.44, p=0.01) (Table
2, suppl. table 2). Motor severity did not influence fatigue scores (ΔR2=0.06 for step 2,
p=0.15), although the CGI-S jerks/tremor score showed a mild association with the FSS
(β=0.27, p=0.05).
The ESS was also significantly influenced by step 1 (R2=0.31 for step 1, p<0.01), with
depression being the only significant predictor (β=0.57, p<0.01). In step 2, severity of
dystonia, jerks and tremor did not significantly influence the model (ΔR2=0.00 for step 2,
p= 0.96).
The PSQI was significantly influenced by the TWSTRS pain score (β=0.40, p=0.01)
(R2=0.26 for step 1, p=0.01), while depressive symptoms had no significant influence.
Motor symptoms did not influence the PSQI (ΔR2=0.04 for step 2, p=0.38).
HR-QoL and predictors of a decreased HR-QoL
The patient group scored significantly worse on the first eight domains of the HR-QoL
rating scale as compared to the healthy control group (Table 3).

Table 2
Influence of motor symptom severity on the FSS, ESS and PSQI.
Step 1
R

2

FSS

0.37

PSQI

0.26

ESS

0.31

Step 2
p-value

ΔR

<0.01

0.06

<0.01
0.01

2

0.00
0.04

p-value
0.15

0.96

0.38

Multiple linear regression analysis to predict the effect of depression, anxiety and pain (step 1) on the FSS, ESS
and PSQI, and the additional effect of severity of motor symptoms (step 2) in CD patients.
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Supplementary table 2
Influence of motor symptom severity on the FSS, ESS and PSQI.
Domain

Predictors

B°

β

p-value

FSS

Step 1
- Constant
- BDI
- BAI
- TWSTRS pain

Step 2
- Constant
- BDI
- BAI
- TWSTRS pain
- TWSTRS severity
- CGI-S jerks/tremor

2.56 (0.45)
0.11 (0.04)
0.03 (0.04)
0.06 (0.04)

0.44
0.11
0.22

0.01
0.51
0.12

1.82 (0.92)
0.13 (0.04)
0.00 (0.04)
0.07 (0.04)
-0.01 (0.05)
0.36 (0.18)

0.53
0.00
0.25
-0.03
0.27

<0.01
0.99
0.09
0.82
0.05

Step 1
- Constant
- BDI
- BAI
- TWSTRS pain

Step 2
- Constant
- BDI
- BAI
- TWSTRS pain
- TWSTRS severity
- CGI-S jerks/tremor

3.33 (1.83)
0.53 (0.15)
-0.02 (0.17)
0.01 (0.16)

0.57
-0.02
0.01

<0.01
0.93
0.95

2.64 (3.94)
0.52 (0.16)
-0.00 (0.19)
-0.01 (0.17)
0.06 (0.21)
-0.07 (0.76)

0.56
-0.00
-0.01
0.04
-0.01

<0.01
0.99
0.97
0.78
0.93

Step 1
- Constant
- BDI
- BAI
- TWSTRS pain

4.13 (1.09)
0.16 (0.09)
-0.04 (0.10)
0.25 (0.09)

0.30
-0.07
0.40

0.08
0.70
0.01

1.86 (2.28)
0.15 (0.09)
-0.01 (0.11)
0.21 (0.10)
0.17 (0.12)
-0.12 (0.44)

0.27
-0.02
0.33
0.20
-0.04

0.12
0.93
0.04
0.17
0.79

R2= 0.37 for step 1 (p<0.01), ΔR2= 0.06 for step 2 (p= 0.15)
ESS

R2= 0.31 for step 1 (p<0.01), ΔR2= 0.00 for step 2 (p= 0.96)

PSQI

Step 2
- Constant
- BDI
- BAI
- TWSTRS pain
- TWSTRS severity
- CGI-S jerks/tremor

R2= 0.26 for step 1 (p= 0.01), ΔR2= 0.04 for step 2 (p= 0.38)

Multiple linear regression analysis to predict the effect of depression, anxiety and pain (step 1) on the FSS, ESS
and PSQI, and the additional effect of severity of motor symptoms (step 2). The constant indicates the b0, ie
the Y intercept. B°=unstandardized coefficient with standard error in parenthesis. β=standardized regression
coefficient.
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The univariate analysis showed that a decreased HR-QoL in CD patients was associated
with fatigue, excessive daytime sleepiness, sleep disturbances, depression, anxiety and
pain, while motor symptoms were not associated with HR-QoL (Table 4).
The multiple linear regression analysis revealed that the FSS had a significant negative
influence on the domain physical functioning (β=-0.60, p<0.01), on the domain mental
health (β=-0.26, p=0.03) and on the domain pain (β=-0.37, p<0.01) (Table 5). The ESS
had a significant negative influence on the domain mental health (β=-0.39, p<0.01) and
on the domain vitality (β=-0.36, p=0.01). The PSQI was not associated with any of the
HR-QoL domains. In addition to fatigue and excessive daytime sleepiness, the severity of
depression, anxiety and pain was also negatively associated with the domains physical
functioning, social functioning, role limitation emotional, vitality and pain. Motor symptoms
were not included in the multiple regression analysis, because they were not associated
with HR-QoL in the univariate analysis.

Table 3
HR-QoL in patients and healthy controls.
HRQoL domain
Physical functioning
Social functioning

Role limitation physical

Role limitation emotional

CD
(n=44)

HC
(n=43)

p-value

75.0 (62.5 – 88.0)

100.0 (88.0 – 100.0)

<0.01

75.0 (55.0 – 90.0)
50.0 (0.0 – 100.0)

100.0 (42.4 – 100.0)

95.0 (90.0 – 100.0)

<0.01

100.0 (75.0 – 100.0)

<0.01

100.0 (100.0 – 100.0)

Mental health

72.0 (63.5 – 80.0)

88.0 (80.0 – 92.0)

<0.01

Pain

62.0 (45.0 – 79.9)

90.0 (67.0 – 100.0)

<0.01

Vitality

General health perception
Expected health change

55.0 (40.0 – 68.8)
57.5 (41.3 – 70.0)

50.0 (31.3 – 50.0)

80.0 (65.0 – 85.0)
80.0 (70.0 – 90.0)
50.0 (50.0 – 50.0)

<0.01

<0.01
0.13

Values are presented as median (interquartile ranges).
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Table 4
Correlations between the domains of HR-QoL and clinical variables in CD patients.
PF
Demographic
characteristics
Age

Gender

Non-motor
FSS

0.14

SF

RLP

-0.03

-0.19

0.22

0.36*
-0.06

-0.11

-0.71**

-0.54**

-0.55**

-0.37*

-0.29

-0.33*

-0.33*

-0.14

ESS

-0.55**

BDI

-0.51**

-0.62**

-0.09
-0.44**

PSQI

BAI

Dystonia rating
scales

Dystonia duration

TWSTRS Severity
TWSTRS Pain

CGI-S jerks/tremor

RLE

-0.61**

-0.43**

0.01

0.29

0.38**
-0.03

-0.06

-0.37*
-0.32*

-0.13

-0.54**

-0.41**

-0.61**

-0.69**

0.03

-0.04

-0.20

-0.20

-0.41**

-0.38*

0.17

0.21

-0.42**

V

-0.24

-0.16

-0.13

0.19

MH

-0.31*

-0.51**

0.11

0.12

0.06

0.19

-0.70**

0.04

0.08

-0.24
0.10

P

GHP

EHC

0.19

0.06

-0.05

-0.57**

-0.52**

-0.46**

-0.15

-0.28

-0.35*

-0.36*

0.08

-0.57**
-0.65**

-0.58**

0.07

0.08

-0.37*
0.04

0.03

-0.28

-0.35*

-0.44**

-0.44**

-0.42**

0.11

-0.10

0.02

-0.02

0.06

-0.32*

-0.36*

-0.02

-0.11

-0.48**

-0.08

-0.61**

-0.13

0.17

-0.01
-0.13

-0.08

Data are shown as correlation coefficient. PF = physical functioning. SF = social functioning. RLP = role limitation
physical. RLE = role limitation emotional. MH = mental health. V = vitality. P = pain. GHP = general health

Table 5
Predictors of a decreased HR-QoL in CD patients.
Domain

Physical functioning

Predictor(s)

FSS
TWSTRS pain

Adjusted R2
0.48

Social functioning

BDI

Role limitation physical

-

Role limitation emotional

BDI
TWSTRS pain

0.48

BDI
ESS

0.49

Mental health

Vitality
Pain

BDI
ESS
BAI
FSS

TWSTRS pain
FSS

General health perception

-

Expected health change

-

0.37

0.67

0.45

B°

β

p-value

-0.62

<0.01

-0.52
-0.39

<0.01
<0.01

-0.82 (0.16)
-0.82 (0.40)

-0.60
-0.24

-2.80 (0.61)
-2.50 (0.72)

-1.88 (0.37)

<0.01
0.05

-0.84 (0.24)
-0.81 (0.24)
-0.79 (0.23)
-0.24 (0.11)

-0.44
-0.39
-0.38
-0.26

<0.01
<0.01
<0.01
0.03

-1.76 (0.46)
-0.56 (0.18)

-0.47
-0.37

<0.01
<0.01

-1.03 (0.30)
-0.89 (0.32)

-0.45
-0.36

<0.01
0.01

Clinical characteristics significantly associated with a decreased HR-QoL, assessed with multiple lineair
regression analysis after backward elimination. For the variables with a signifincant influence, we calculated
the adjusted R2, the B° (unstandardized coefficient with standard error in parenthesis) and β (standardized
regression coefficient).
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DISCUSSION
This study shows a significantly increased prevalence of fatigue, excessive daytime
sleepiness and an impaired sleep quality in CD patients as compared to the controls. The
level of perceived fatigue in CD patients appeared to be increased independently from
psychiatric co-morbidity and motor symptom severity. Excessive daytime sleepiness and
sleep quality were highly associated with depression and anxiety, but not with motor
symptoms severity.
Compared to other studies, we found a higher prevalence of fatigue in CD patients. In our
cohort, 63.3% fulfilled the criteria of fatigue, while two other studies found a prevalence of
50% [7,8]. One explanation could be that depressive symptom scores were also higher in
our cohort compared to the study of Wagle Shukla et al. (10.6 vs. 6.8) [7]. As depression
is positively associated with fatigue scores, this might explain the higher frequency of
fatigue in our patient group. However, after correction for depression and anxiety, fatigue
scores were still significantly increased in our CD patients. Moreover, we also found higher
excessive daytime sleepiness scores (8.8 vs. 7.4), a variable which is also positively
associated with fatigue. Severity of motor symptoms did not significantly influence fatigue
scores, although severity of jerks/tremor showed a mild association with the perceived
level of fatigue. Similar to other neurological disorders like Parkinson’s disease (PD) and
multiple sclerosis in which fatigue is a primary non-motor symptom [6], fatigue might be
part of the phenotype of dystonia instead of a secondary phenomenon. Dysfunction of
the basal ganglia is likely to form a shared underlying mechanism of both the dystonia
motor pathophysiology and fatigue [6,19]. Especially serotonergic functioning in the basal
ganglia might contribute to both fatigue and dystonia [20]. In PD, decreased serotonin
transporter binding was found in PD patients, which was even lower in PD patients with
fatigue [21]. These findings reinforce the hypothesis of a primary mechanism, intrinsic to
dystonia, being responsible for the perception of fatigue in CD patients.
Severity of excessive daytime sleepiness and impaired sleep quality was similar to
the scores found in other studies [3], and even more related to depressive and anxiety
symptoms. Pain, present in 77.3% of our patients, also appeared to be significantly
associated with an impaired sleep quality, and excessive daytime sleepiness was related
with medication use. The severity of dystonia and/or jerks/tremor was not associated with
excessive daytime sleepiness or an impaired sleep quality. A different approach to assess
the influence of motor symptoms was used by Eichenseer et al, who examined patients
before and after botulinum toxin (BoNT) treatment. While BoNT significantly improved
the motor symptoms, there was no effect on the excessive daytime sleepiness and
sleep quality scores [9]. Both approaches suggest that the severity of motor symptoms
does not significantly contribute to excessive daytime sleepiness or an impaired sleep
quality. Besides the influence of depression and pain, other factors such as restless
legs syndrome (RLS) could possibly also contribute. As described by Paus et al., the
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prevalence of RLS in CD was increased and associated with an impaired sleep quality
[22]. None of our participants had a medical history of RLS, but it was not systematically
investigated in our study. Medication like benzodiazepines or GABAergic agents was also
related to higher excessive daytime sleepiness scores in our patient cohort, but not to
impaired sleep quality. Due to the use of several types of medication, with different doses
and variable frequencies, raising from sporadically to daily use, it was not possible to
perform a reliable correction for medication use. However, the study of Eichenseer et al.
did not found an influence of benzodiazepine use on sleep impairment in CD patients [9],
which suggests that medication does not play a major role in altered sleep in CD patients.
HR-QoL in CD patients is not only influenced by psychiatric co-morbidity [5], but
fatigue and excessive daytime sleepiness also appeared to be significant contributors
to a decreased HR-QoL. The influence of tiredness on HR-QoL has previously been
described by Soeder et al., although they did not use a CD specific motor scale and could
therefore not exclude the influence of motor symptoms [4]. In our study, the severity of
dystonia and the severity of jerks and tremor were not associated with a decreased HRQoL. The influence of fatigue and excessive daytime sleepiness on HR-QoL highlights
the need for systematic screening of these symptoms in the daily practice, and to treat
possible contributing factors like depression and pain.
This study had several limitations. First, our results could have been biased by the use
of medication. Nine patients and two healthy controls used benzodiazepines, which
could have induced sedative effects and a reduced sleep quality [3]. On the other hand,
the exclusion of patients using anti-depressant medication could also have caused a
selection bias by excluding subjects with high depressive scores. In total, we did not
include eight patients using various antidepressants, and within the different hospitals
several additional patients were not asked to participate because of known medication
use. As depression appeared to be highly correlated with fatigue and excessive daytime
sleepiness, this could have influenced our results. Therefore, increased fatigue,
excessive daytime sleepiness and sleep disturbances scores in our cohort are possibly
an underestimation, which emphasizes the need to screen for these symptoms in the daily
practice. Second, with our study we only focused on the subjective sensation of fatigue,
excessive daytime sleepiness and sleep quality. In future studies, objective measures to
study fatigability or sleep quality, like electromyography or polysomnography, would be of
help to understand the underlying pathophysiological mechanisms.
In conclusion, high rates of fatigue, excessive daytime sleepiness and sleep disturbances
were detected in our study in CD patients. Independently from psychiatric co-morbidity,
pain and motor severity, fatigue appeared to be a primary NMS. Sleep-related measures
were highly associated with depression, anxiety and pain, but not with motor symptom
severity. Importantly, only NMS significantly influenced HR-QoL, while severity of motor
symptoms had no influence on any of the HR-QoL domains. Our results suggest that
fatigue, excessive daytime sleepiness and a decreased sleep quality are correlated
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with psychiatric comorbidity but must be seen independently from motor symptoms
and require different treatment approaches. Future studies are warranted to investigate
pathophysiological mechanisms behind fatigue and impaired sleep quality in dystonia
patients and to assess if targeted treatment of fatigue, excessive daytime sleepiness and
sleep disturbances could improve HR-QoL in CD patients.
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ABSTRACT
Background: Evidence suggest that non-motor symptoms (NMS) are the most important
predictors of a decreased health-related quality of life (HR-QoL) in cervical dystonia (CD)
patients. In this study, we evaluate a NMS screening list and examine the influence of
motor and NMS on HR-QoL.
Methods: In forty CD patients the frequency of NMS was evaluated using an extended
NMS-questionnaire [1]. Furthermore, patients composed a list of their five most
burdensome motor and NMS and scored the severity of predefined symptoms. HR-QoL
was examined with the RAND-36.
Results: 38 out of 40 patients experienced NMS (median number of NMS: 6.5, range
0-13, maximum 15). The self-perceived most burdensome symptoms were tremor/
jerks, pain, sleep disturbances, daily-life limitations and fatigue. Also, of the predefined
symptom list, tremor and fatigue were found most disturbing. All domains of HR-QoL
were significantly influenced by several NMS, while motor symptoms only had a small
influence on the domain physical functioning.
Conclusion: Our findings highlight the impact of NMS on HR-QoL and emphasize the
importance of a standardized validated NMS-questionnaire for dystonia. This would
enable to monitor the effect of motor and NMS treatment on an individual basis and
improve treatment options.
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INTRODUCTION
Cervical dystonia (CD) is a hyperkinetic movement disorder characterized by sustained
or intermittent contractions of the cervical musculature, leading to abnormal head
postures. Growing evidence suggests that the phenotype of CD also includes important
non-motor symptoms (NMS), with psychiatric co-morbidity, pain, sensory abnormalities,
sleep disturbances and fatigue most frequently described [2,3]. Importantly, these NMS
are important predictors of a decreased health-related quality of life (HR-QoL) in CD [4].
It is acknowledged that Parkinson’s disease patients have both motor- and NMS [5] with a
major impact on HR-QoL. Similar to Parkinson’s disease it is likely that in dystonia motor
and NMS share common pathophysiological mechanisms. In Parkinson, NMS rating
scales have already been developed over the last few years [6,7].
Recently, Klingelhoefer et al. examined the frequency of NMS in CD patients, using a
list of NMS derived from the NMS Questionnaire validated in Parkinson’s disease [1,6].
In CD, 95% of patients experienced NMS. However, this study did not include the selfperceived impact of motor and NMS on daily life. Short lists of complaints in daily life
determined by the patients themselves can be a good tool in clinical practice to focus on
the most burdensome complaints [6].
In our study, we investigated the frequency of NMS by using an extended version of the
NMS rating scale for CD patients as proposed by Kingelhoefer et al [1]. We aimed to
highlight a limited number of highly frequent NMS, which could be easily screened for in
daily practice. In addition, we assessed self-perceived severity and impact of both motor
symptoms and NMS on HR-QoL.

METHODS
Subjects
Forty patients (mean age 54.1 years, range 20-80 years) with a clinically diagnosed
idiopathic CD were included. Thirty-seven of these patients were treated with botulinum
toxin. Exclusion criteria were: onset before 18yr, treatment with DBS and other relevant
neurological co-morbidity. Additionally, patients using antidepressant/serotonergic
medication were excluded (n=8), because all subjects also participated in a study on
psychiatric co-morbidity [8]. Patients were included via several botulinum toxin clinics and
via the dystonia patient association. Informed consent was obtained from all participants
and the study was approved by the local ethics committee.
NMS assessment
We assessed the frequency of NMS using the NMS list as proposed by Klingelhoefer et al
[1], with additionally a question about sexual problems (see table 1). Furthermore, patients
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were asked to compose a list of their five most burdensome complaints, either motor
complaints or NMS. To make this top five, patients were asked to choose symptoms from
the NMS list as provided in table 1, supplemented with several motor symptom options
(See also supplementary table 1). In addition, based on literature in combination with our
experience, patients were asked to score the severity of symptoms with a high impact on
HR-QoL on a scale from zero (no complaints) to ten (severe complaints). These symptoms
included ‘tremor/jerks’, ‘sad or depressed feeling’, ‘feeling nervous, worried or frightened
for no apparent reason’, ‘sleep disturbances’, ‘fatigue’, and ‘pain not explained by other
conditions’. HR-QoL was assessed with the RAND-36 item Health Survey (RAND-36) [9],
consisting of nine domains of both physical en mental health. With the RAND-36 instead
of the CDQ we will be able to compare our results with other forms of dystonia, which we
would like to include in future studies.
Motor assessment
Motor assessment was performed using a systematic video protocol. If patients were
treated with botulinum toxin, neurological assessment was performed between two
weeks prior to or one week after the treatment (based on the individual treatment
response time), in order to obtain the least influenced dystonia motor score. We scored
CD severity with the Toronto Western Spasmodic Torticollis Rating Scale (TWSTRS) [10].
Because the TWSTRS does not include the severity of jerks and tremor, jerks-tremor
was separately scored by using the Clinical Global Impression Scale: CGI-S jerks-tremor
(raising from zero (no complaints) to seven (severe complaints) [11]. The motor scores
were independently scored by two experts (MS, VH, for further details see Smit et al. [8])
and revealed good (>0.85) intraclass correlation coefficients.
Statistical analysis
Statistical analysis was performed using PASW Statistics 22 for Windows (SPSS
Statistics, Chicago IL, USA), and differences were considered significant at p<0.05.
To calculate the correlation between the number of NMS and clinical characteristics,
we used the Spearman’s rho test. For the point-biserial correlation between discrete
dichotomous variables and HR-QoL domains, we used the Pearson’s r test.

RESULTS
Dystonia characteristics
Forty CD patients were included (29 females, 11 males) with a mean age at onset of CD
at 41.1yr (SD=11.81) and a mean disease duration of 13.1yr (SD=11.2). The mean total
TWSTRS score was 33.31 (SD=12.91) (subscores TWSTRS: severity: 16.03 (SD=4.64),
disability: 9.93 (SD=5.51), pain: 7.34 (SD=6.23)) and the mean CGI-S jerks-tremor score
was 2.40 (SD=1.32).
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Frequency of NMS and self-perceived impact
The frequency of the NMS is shown in table 1. In total, 38 out of 40 patients (95%)
experienced at least one NMS (median number of NMS 6.5, range 0-13), while 25 (62.5%)
experienced five (out of 15) or more NMS. Fatigue (76.3%) and pain (71.8%) were most
frequently reported.
The individual top five of the most burdensome complaints, which could consist of both
motor and NMS, is shown in table 2. Twenty-six patients completed the top five list; 14
patients only filled in four of less complaints (median number 2.5). The most frequently
mentioned complaints were: tremor/jerks (23 times), pain (20 times), fatigue (19 times),
sleep disturbances (18 times) and limitations in daily life (15 times) (See supplementary
table 1 for a complete overview).
Severity of six predefined motor and NMS was rated by the patients on a scale from
zero to ten. With a median score of 7, tremor (interquartile range 6.25 – 8) and fatigue
(interquartile range 3.25 – 8) were rated as most severe complaints. The other symptoms
showed median scores between 2.5 and 6.
Besides the list of NMS as provided in table 1, patients were asked if they experienced
complaints which were not mentioned. Concentration problems were mentioned by two
patients, and three patients experienced stress due to reactions from the environment
and due to the inability to function appropriately at work.

Table 1
Frequency of non-motor symptoms in cervical dystonia patients
Non-Motor Symptom

Fatigue or lack of energy which limits daytime activities
Pain, not explained by other conditions
Difficulties falling or staying asleep

Frequency
76.3%
71.8%

62.5%

Loss of self-confidence due to stigma of visible head/neck dystonia

55.3%

Any walking difficulty or balance problem

48.7%

Feeling not refreshed after an overnight sleep
Feeling sad or depressed

Feeling nervous, worried or frightened for no apparent reason
Dystonia affecting vision

51.3%

42.5%

36.8%

35.9%

Problems with or less interested in sexual activities

34.2%

Flat moods without the normal ‘highs’ and ‘lows’

30.8%

Experience of light headedness or dizziness

Experience of unpleasant sensation such as numbness, tingling or pins and needles
Any speech problems

Difficulties while eating such as chewing or swallowing

33.3%
30.8%
26.7%

25.6%
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Table 2
Top 5 rating of most burdensome complaints
Symptom

Top 5 rating

Mean

1

2

3

4

5

Total

1. Tremor/jerks

13

4

2

2

2

23

1.96

3. Difficulties falling or staying asleep

2

4

7

3

2

18

2.94

2. Pain, not explained by other conditions

4

4. Fatigue or lack of energy which limits daytime activities
5. Limitations in daily activities

1

1

5

3

3

4

5

3

4

7

4

3

3

4

20
19
15

2.85
3.42
3.47

The data represent the number of patients who listed the symptom at the corresponding position in the top five.
The top five is constituted of the five most frequent complaints, in order of the mean score.
Supplementary Table 1
Overview of all symptoms in the top 5 rating
Symptom

Top 5 rating
1

2

3

Change of head position

2

3

Tremor/jerks

13

4

2

Limited range of movement of the head

6

3

3

Any walking difficulty or balance problem

2

1

3

Experience of light headedness or dizziness

2

Pain, not explained by other conditions

4

Loss of self-confidence due to stigma of visible head/ 1
neck dystonia

Mean
4

5

1
2

Total
6

2.00

2

23

1.96

1

13

2.00

2

8

2.88

4

2.25

1

1

5

4

4

3

20

2.85

5

2

2

1

11

2.73

1

2

3

4.67

2

1

2

6

3.67

Feeling sad or depressed

Final
top 5

1

2

Flat moods without the normal ‘highs’ and ‘lows’
Feeling nervous, worried or frightened for no
apparent reason

1

Problems with or less interested in sexual activities

1

2

3.5

Limitations in daily activities

1

1
3

3

4

4

15

3.47

5

Difficulties falling or staying asleep

2

4

7

3

2

18

2.94

3

Fatigue or lack of energy which limits daytime
activities

1

3

5

7

3

19

3.42

4

2

2

4

4.5

1

2

4

3

2.33

1

1

2

3

Feeling not refreshed after an overnight sleep
Experience of unpleasant sensation such as
numbness, tingling or pins and needles

1

Difficulties while eating such as chewing or
swallowing

1

Dystonia affecting vision

1

Any speech problems

1

1

1

1

The data represent the number of patients who listed this symptom at the corresponding position in the top five.
The final top five is constituted of the five most frequent complaints, in order of the mean score.
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Correlation between motor severity, non-motor symptoms and HR-QoL
The total number of NMS did not show a significant correlation with the TWSTRS severity
scale (rs=-.07, p= 0.67) or the CGI-S jerks-tremor scale (rs=.30, p=0.06). Also age (rs=-.29,
p=0.07), gender (rs=.18, p=0.26) and disease duration (rs=-.07, p=0.67) did not show a
significant correlation with the total number of NMS.
Looking at the correlations between motor characteristics and the individual NMS, the
TWSTRS motor severity scale showed a significant correlation with a flattened affect
(rpb=-.40, p=0.01), and the CGI-S jerks/tremor scale showed a significant correlation
with ‘loss of self-confidence or feeling embarrassed’ (rpb=.54, p=<0.01) and with ‘feeling
nervous, worried or frightened for no apparent reason’ (rpb=.47, p<0.01).
To examine which symptoms were the most important contributors to a decreased quality
of life (see Supp. table 2 for an overview of RAND-36 scores), we performed a univariate
analysis with both motor and NMS. Besides a significant influence of limited movement
on the domain physical functioning (rpb=-.39, p=0.01), only NMS significantly influenced
the nine domains of HR-QoL (Table 3). The NMS feeling ‘not refreshed after an overnight
sleep’ was most often associated with a decreased HR-QoL, affecting seven out of
nine domains. Other NMS that were frequently associated with a decreased HR-QoL
were ‘fatigue or lack of energy which limits daytime activities’ (4 out of 9), ‘any walking
difficulty or balance problem’ (3 out of 9), ‘feeling sad or depressed’ (3 out of 9), ‘problems
with or less interested in sexual activities’ (3 out of 9), ‘experience of light headedness
or dizziness’ (3 out of 9) and ‘experience of unpleasant sensation such as numbness,
tingling or pins and needles’ (3 out of 9)

Supplementary table 2
Mean values (standard deviation) of the nine domains of HR-QoL in CD patients.
Physical functioning

72.6 (21.0)

Role limitations physical

50.0 (42.7)

Social functioning

Role limitations mental
Mental health
Vitality
Pain

General health
Health change

69.9 (20.3)
77.7 (37.3)
71.1 (13.9)

55.0 (17.0)

64.5 (21.8)
58.4 (18.6)

48.6 (18.9)
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Table 3
Univariate analysis between the nine domains of HR-QoL and motor- and non-motor symptoms
PF

SF

RLP

RLE

MH

V

P

GHP

EHC

Dystonic posturing

,151

-,002

,041

-,076

,069

,089

,012

,031

-,083

Tremor/jerks

-,060

,006

-,041

,065

-,040

-,084

,010

-,163

-,291

Limited movement

-,389*

-,029

-,189

-,080

,033

-,038

-,219

-,082

-,132

-,433**

-,230

-,407*

-,198

-,258

-,292

-,470**

-,339*

-,063

Pain, not explained by other
conditions

-,443**

-,227

-,292

-,259

-,239

-,283

-,470**

-,232

-,273

Difficulties falling or staying
asleep

-,226

-,013

-,245

-,201

-,082

-,062

-,438**

-,223

,164

Loss of self-confidence due
to stigma of visible head/neck
dystonia

-,052

-,199

,000

,169

-,219

-,089

,119

-,052

,146

-,339*

-,451**

-,549**

-,427**

-,523**

-,612**

-,504**

-,295

-,248

Any walking difficulty or balance
problem

-,505**

-,308

-,306

-,218

-,186

-,189

-,386*

-,326*

-,100

Feeling sad or depressed

-,219

-,595**

-,240

-,211

-,516**

-,482**

-,157

-,131

-,018

Feeling nervous, worried or
frightened for no apparent
reason

-,067

-,136

-,181

-,093

-,287

-,095

-,014

-,116

-,060

Dystonia affecting vision

-,304

-,195

-,264

-,212

-,254

-,278

-,232

-,340*

,011

Problems with or less interested
in sexual activities

-,404*

-,123

-,218

-,378*

-,265

-,199

-,348*

-,075

-,067

Experience of light headedness
or dizziness

-,283

-,333*

-,238

-,199

-,423**

-,421**

-,310

-,259

-,044

Flat moods without the normal
‘highs’ and ‘lows’

-,038

-,300

-,145

-,138

-,318*

-,208

-,013

-,146

-,167

Experience of unpleasant
sensation such as numbness,
tingling or pins and needles

-,382*

-,440**

-,178

-,089

-,286

-,355*

-,301

-,298

-,152

Any speech problems

-,073

-,044

-,158

-,019

-,092

-,219

-,206

-,280

-,034

Difficulties while eating such as
chewing or swallowing

-,096

-,387*

,053

-,007

-,359*

-,307

,051

,017

-,030

Motor symptoms

Non-motor symptoms
Fatigue or lack of energy which
limits daytime activities

Feeling not refreshed after an
overnight sleep

Data shown as correlation coefficient. PF = physical functioning. SF = social functioning. RLP = role limitation
physical. RLE = role limitation emotional. MH = mental health. V = vitality. P = pain. GHP = general health
perception. EHC = expected health change. *p<0.05, **p<0.01.
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DISCUSSION
In this study, we showed that 95% of the CD patients experienced at least one and 62.5%
at least five NMS, which is in accordance with the frequency described by Klingelhoefer et
al. [1]. Notably, because of the exclusion of subjects using psychoactive drugs, the number
of NMS found in our study is likely an underestimation. The NMS pain was present in
71.8% of our participants, which is almost equal to the frequency found in other studies
[3,12]. However, Klingelhoefer et al found a lower frequency of 43.1% [1]. The cause of this
difference is unclear, but could possibly be caused by different therapeutic approaches of
pain or a different timing of questioning in relation to botulinum toxin therapy in CD patients.
The second aim of the study was to examine which complaints are experienced as
most burdensome, rather than only highly frequent. The self-perceived top five of most
burdensome complaints revealed three NMS, namely pain, sleep disturbances and
fatigue. A high burden of these symptoms was confirmed in the rating of predefined
symptoms, especially fatigue. These results highlight a limited number of NMS with a
high impact on patient’s life that could easily be screened for in daily practice. Moreover,
it emphasizes the need not only to develop a short screening list for NMS for use in daily
practice, but also to develop a method to quantify NMS in dystonia patients like the NMSS
in Parkinson’s disease [7].
In contrast to Klingelhoefer et al. [1], we did not find a significant correlation between the
number of NMS and motor severity. This difference could have been caused by different
rating tools for measuring motor severity. In our study, we used specific cervical dystonia
rating scales instead of a general dystonia rating scale. Our results even more highlight
the importance of awareness for NMS in all CD patients, since also patients with mild
dystonia could have a variety of NMS. Moreover, the need for screening of NMS in daily
practice is emphasized by a significant influence of NMS on HR-QoL, while we did not
find a significant correlation between motor severity and HR-QoL.
In conclusion, we replicated the high frequency of NMS as previously described [1]. Similar
to Parkinson’s disease, NMS in CD have long been underrecognized and undertreated,
while they have a major impact on HR-QoL [4]. Our findings emphasize the importance of a
validated short NMS questionnaire, in order to adjust treatment on an individual basis with
attention for individual perceptions and to monitor the effect of motor and NMS treatment.
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ABSTRACT
Dystonia is a hyperkinetic movement disorder characterized by sustained or intermittent
muscle contractions. Emerging data describe high prevalence’s of non-motor symptoms,
including psychiatric co-morbidity, as part of the phenotype of dystonia. Basal ganglia
serotonin and serotonin-dopamine interactions gain attention, as imbalances are known
to be involved in extrapyramidal movement and psychiatric disorders.
We systematically reviewed the literature for human and animal studies relating to
serotonin and its role in dystonia. An association between dystonia and the serotonergic
system was reported with decreased levels of 5-hydroxyindolacetic acid, the main
metabolite of serotonin. A relation between dystonia and drugs affecting the serotonergic
system was described in 89 cases in 49 papers. Psychiatric co-morbidity was frequently
described, but likely underestimated as it was not systematically examined.
Currently, there are no good (pharmaco)therapeutic options for most forms of dystonia or
associated non-motor symptoms. Further research using selective serotonergic drugs in
appropriate models of dystonia is required to establish the role of the serotonergic system
in dystonia and to guide us to new therapeutic strategies.
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Abbreviations
5-HIAA, 5-hydroxyindolacetic acid;
5-HT, 5-hydroxytryptamine;
5-HTP, 5-hydroxytryptophan;
AADC, aromatic L-amino acid decarboxylase;
ADR, acute dystonic reaction;
BH4, tetrahydrobiopterin;
CSF, cerebrospinal fluid;
DRD, dopa-responsive dystonia;
dRN, dorsal raphe nucleus;
DTG, di-o-tolyguanidine;
DYT, dystonia;
GCH1, GTP cyclohydrolase deficiency 1;
GP, globus pallidus;
GPi, globus pallidus pars interna;
GPe, globus pallidus pars externa;
HVA, homovanillic acid;
PKAN, panthothenate kinase associated neurodegeneration;
RDP, rapid-onset dystonia-parkinsonism;
SERT, serotonin transporter;
SGCE, ε-sarcoglycan gene;
SNr, substantia nigra pars reticulata;
SPR, sepiapterin reductase;
SSRI, selective serotonin reuptake inhibitor;
VMAT2, vesicular monoamine transporter 2.
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INTRODUCTION
Dystonia is defined as a hyperkinetic 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 [1].
Growing evidence suggests that the phenotype of dystonia also includes an important nonmotor component, with psychiatric co-morbidity being most prevalent [2,3].
The pathophysiological basis of dystonia is still not fully unraveled. The basal ganglia
are known to play a pivotal role in dystonia, and thus basal ganglia neurotransmitter
systems are likely involved. Dopamine, as one of these neurotransmitters, plays
a significant role in motor control, both via the direct and indirect motor pathway [4].
However, besides dopamine, serotonin is increasingly recognized for its potential role
in dystonia. Postmortem studies show that the dorsal raphe nucleus (dRN) with its
serotonergic neurons is connected with the basal ganglia and sensorimotor cortices [5].
The serotonin (5-hydroxytryptamine, 5-HT) axon bundle from the dRN travels through
the median forebrain bundle located dorsolateral to the substantia nigra and subthalamic
nucleus and innervates all basal ganglia nuclei, most densely to the output nuclei globus
pallidus pars interna (GPi) and substantia nigra pars reticulata (SNr) [5]. This serotonergic
circuit is likely to play a role within the hypothesized dysfunctional basal ganglia network
involved in dystonia [6,7]. The role of the GPi is established in this circuit as it is the
major target for dystonia deep brain stimulation [8]. Furthermore, within the substantia
nigra, serotonergic neurons exert complex, mainly inhibitory effects on the dopaminergic
system [9,10]. This interaction, associated with complex interactions of noradrenergic and
cholinergic inputs [11], could contribute to the dystonia pathophysiology. The specific role
of serotonergic action in these circuits needs to be further elucidated with respect to their
influence on movement disorders.
Serotonin is synthesized in a two step synthesis pathway from the essential aminoacid
tryptophan. Peripheral and central nervous system serotonin synthesis is differentially
regulated through the enzymes tryptophan hydroxylase 1 (periphery) and tryptophan
hydroxylase 2 (central nervous system) [12]. Serotonergic signaling is mediated by at
least 18 different pre- and post-synaptic serotonin receptor subtypes, either activating or
repressing serotonergic activity. An important regulator of the serotonergic system is the
serotonin transporter (SERT), which reuptakes serotonin from the synaptic cleft back into
the presynaptic neuron. After reuptake, the breakdown of serotonin is primarily mediated
by monoamino oxidase A [12].
Since the 1980s, several studies have examined the role of serotonin in different forms
of dystonia, both in animal models and in humans. The recognition of psychiatric comorbidity as integral part of the clinical phenotype of dystonia [3], representing a shared
neurobiology, highlights a likely role of the serotonergic system in the pathophysiology

66

Serotonergic perturbations in dystonia disorders - a systematic review

of dystonia. For many years, psychiatric disorders have been linked to serotonergic
disturbances and psychoactive drugs often influence the serotonergic system [13,14].
Moreover, serotonergic neurons are highly represented in the limbic system, which is an
important modulator of mood and behavior [15].
Taken all together, there are several indications that disturbances of the serotonergic
system are part of the pathophysiology of dystonia. At this moment, no good (pharmaco-)
therapeutic options are available for most forms of dystonia. Zooming in on the aberrations
of serotonergic metabolism may provide new insights in the pathophysiology of dystonia
and therefore may well lead to a new potential target(s) for therapeutical interventions.
In this paper we systematically reviewed the involvement of serotonin in different types
of dystonia and discuss the possible role of serotonin in the pathophysiology of dystonia.

METHODS
A systematic literature search was performed according to PRISMA guidelines [16] to
identify all papers describing the characterization, disturbances or influence of serotonin
or its metabolites in dystonia patients and animal models of dystonia. Articles were
selected from PubMed from January 1985 until December 2014, with a combination
of the following MeSH terms and free text words: “dystonia”, “dystonic disorders”,
“dysphonia”, “blepharospasm”, “torticollis”, “writer’s cramp”, “DYT” AND “serotonin”,
“serotonergic”, “serotonin plasma membrane transport proteins”, “serotonin agents”,
“serotonin receptors”, “5-HT”, “5-HTP”, “5-hydroxyindole acetic acid”, “5-HIAA”, “serotonin
transporter”, “SERT”, “SLC6A4”. Additional articles were identified in the reference lists.
Only articles in English language were reviewed. Articles concerning dystonia as part of
tardive dyskinesia, resulting from prolonged treatment (> 6 months) with psychotropic
agents, were excluded. Furthermore, only disorders comprising at least two cases are
described in further detail in this review. Reported psychiatric co-morbidity in patients
with dystonia in these papers was also evaluated.

RESULTS
The literature search retrieved papers describing a relation between serotonin and a
heterogeneous group of dystonias. This included levels of serotonin or its metabolites
in blood platelets, cerebrospinal fluid (CSF) or brain tissue, but also drugs affecting the
serotonergic system. First, we will describe the dopa-responsive dystonias, in which gene
mutations directly affect serotonin synthesis. These dopa-responsive dystonias provide
a good model to interpret the results observed in other dystonias, such as inherited-,
idiopathic- and acquired dystonias on which we will report thereafter. Finally, serotonergic
perturbations in several animal models of dystonia are discussed.
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Supplementary figure 1
Flowchart

Dopa-responsive dystonias
Dopa-responsive dystonias included the autosomal dominant inherited GTP
cyclohydrolase 1 deficiency, the autosomal recessive inherited GTP cyclohydrolase 1
deficiency, sepiapterin reductase deficiency and aromatic L-amino acid decarboxylase
deficiency. All four disorders affect both the biosynthesis of serotonin and dopamine
(Supplementary figure 2).
Autosomal dominant inherited GTP cyclohydrolase I deficiency
Dopa responsive dystonia (DRD), or Segawa syndrome (OMIM: #128230) (DYT5), is
caused by GTP cyclohydrolase 1 (GCH1) deficiency. This in turn is the consequence of
heterozygous mutations in the GCH1 gene (OMIM: *600225). GTP cyclohydrolase 1 is
the first and rate limiting enzyme for the tetrahydrobiopterin (BH4) synthesis, the cofactor
needed for the combined biosynthesis of serotonin and dopamine. Dopa responsive
dystonia due to GCH1 deficiency is diurnally fluctuating and L-dopa responsive.
Symptoms usually start in childhood or adolescence typically with dystonia in one
leg, with progression to generalized dystonia until around young adulthood. Possible
accompanying non-motor symptoms include psychiatric co-morbidity like autistic
features, depression or obsessive-compulsive disorder [17].
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Supplementary figure 2
The metabolic pathway of serotonin and dopamine.

5
Three studies examined the level of 5-hydroxyindolacetic acid (5-HIAA, the breakdown
product of serotonin) in CSF in patients (n=7) with mutations in this gene, with results
varying from decreased to increased levels (Table 1) [18–20]. Levels of CSF homovanillic
acid (HVA), the breakdown product of dopamine, were also determined prior to
supplementation therapy, showing a median of 100 nmol/L (range 39 – 410 nmol/L).
According to the reported reference values the level of HVA was decreased in four out of
seven patients.
Ishida et al. treated two patients with GCH1 deficiency alternately with L-dopa/carbidopa,
BH4, or 5-hydroxytryptophan (5-HTP) [18]. 5-HTP is the direct precursor of serotonin
and can be given as medication providing the substrate for a sufficient synthesis of
serotonin. In one case, 5-HTP supplementation resulted in a remarkable improvement
of hand dystonia, which did not respond to L-Dopa therapy only (Table 2). The effect of
5-HTP in addition to L-dopa in another case was reported to be doubtful. Fatigability and
gait disturbance showed a variable response. Acute aggravation of dystonia following
treatment with serotonin reuptake inhibitors (SSRIs) was reported in two patients with
DRD due to GCH1 deficiency [21]. Both patients were asymptomatic on L-dopa treatment.
Treatment with SSRIs was started because of mood problems. After prescription of
fluoxetine to one patient and venlafaxine to the other patient, dystonia reoccurred to the
same extend as before L-dopa treatment.
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Autosomal Recessive

Autosomal Dominant

Inheritance pattern

Diurnal fluctuation, swallowing difficulties,
hypotonia, autonomic disturbances, mental
retardation, developmental delay

Extrapyramidal disorders, diurnal fluctuation,
axial hypotonia, autonomic disturbances,
developmental delay, intellectual disability

Hypotonia, severe extrapyramidal disorders,
oculogyric crisis, epileptic seizures, autonomic
disturbances, severe developmental delay

SPR
*182125

AADC
*107930

Abrupt onset dystonia-parkinsonism, rostrocaudal
gradient, bulbar symptoms

Hypokinetic-rigid syndrome, diurnal fluctuation,
psychiatric disorders

Characteristic features
besides dystonia

GCH1
*600225

ATP1A3
*182350

GCH1
*600225

Affected
gene/
OMIM

Table 1
Cerebrospinal fluid concentrations of 5-HIAA in inherited dystonias.

Manegold et al., 2009
Tay et al., 2007
Barth et al., 2012
Swoboda et al., 1999
Fiumara et al., 2002
Abdenur et al., 2006
Maller et al., 1997
Abeling et al., 1998
Gucuyener et al., 2014
Helman et al. 2014
Hyland et al., 1992

Abeling et al., 2006
Arrabal et al., 2011
Blau et al., 1999
Blau et al., 1998
Dill et al., 2012
Echenne et al., 2006
Friedman et al., 2006
Friedman et al., 2012
Kusmierska et al., 2008
Leu-Semenescu et al., 2009
Steinberger et al., 2004
Verbeek et al., 2008
Wali et al., 2010

Blau et al., 1995
Sato et al., 2014

Brashear et al., 1998

Van Hove et al., 2006
Zambrino et al., 1991
Ishida et al., 1988

Authors

23

28

2

10

7

Number of
patients
described

10
(1-53))

7.5
(1-100)

103
(92-114)

114.6
(31.4-177.3)

66
(14-194)

Decreased:

Decreased:
Normal:

Decreased:

Decreased:
Normal:

Decreased:
Normal:
Increased:

23

27
1

2

1
9

3
3
1

Median 5-HIAA Interpretation*
(nmol/L) in CSF
(range)
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HPRT
*308000

X-Linked

Auto-mutilation, behavioral problems,
mental retardation, poor cognitive and
speech development, spastic cerebral palsy,
choreoathetosis, uric acid urinary stones

Extrapyramidal disorders, mood disturbances,
autonomic disturbances, developmental delay

1
9

Rilstone et al., 2013
Jankovic et al., 1988
Silverstein et al., 1985

183.1 (104.6355.7)

169
Normal:
Unknown:

Normal:
6
3

1

Cerebrospinal fluid concentrations of 5-HIAA in patients with dystonia (median, range).
A complete overview of all the individual 5-HIAA concentrations and corresponding reference ranges is provided in the supplementary material, table 1. * The interpretation is
according to the provided reference ranges in the papers. 5-HIAA = 5-Hydroxyindolacetic Acid. CSF = Cerebrospinal Fluid.

SLC18A2
*193001

Autosomal Recessive
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Besides motor symptoms, non-motor symptoms were examined in another study in 16
patients with DRD [19]. In total, eight of 16 patients fulfilled the criteria of at least one
psychiatric disorder including major depressive disorder (n=8), recurrent major depressive
disorder (n=5), obsessive compulsive disease (n=4) or anxiety (n=4), either solitary or
combined. Moreover, several patients developed psychiatric co-morbidity before the
onset of motor symptoms. This finding suggests a shared neurobiology and a potential
important role for serotonin, possibly in association with other neurotransmitters.
Autosomal recessive inherited GTP cyclohydrolase I Deficiency
Three case studies examined neurotransmitter metabolites in CSF in pediatric patients
with the more severe autosomal recessive form of GCH1 deficiency (OMIM: #233910)
[22–24]. Clinical characteristics included dystonia, hypotonia, clonic movements and
developmental delay. In all three patients a decreased level of 5-HIAA was found, of which
only in two patients were quantified (Table 1) [23,24]. The level of HVA was 20.9 nmol/L
and 50 nmol/L respectively. All children received treatment with 5-HTP combined with
L-Dopa/carbidopa and BH4. In two cases, the biochemical effect of 5-HTP was described,
which led to normalization of the level of 5-HIAA in CSF [23,24]. The clinical effect was
variable and only reported at months or years after the start of supplementation therapy.
Sepiapterin Reductase Deficiency
Dopa-responsive dystonia (OMIM: #612716) could also be the consequence of sepiapterin
reductase (SPR) deficiency, caused by mutations in the sepiapterin reductase (SPR)
gene (OMIM: *182125), another autosomal recessive form of DRD. The last step in the
tetrahydrobiopterin biosynthesis pathway is catalyzed by sepiapterin reductase and a
deficiency again leads to an impaired dopamine and serotonin synthesis.
Forty-three patients with SPR deficiency are described in literature, reviewed by Friedman
et al. [25–44]. Of 43 patients, 30 patients were affected by dystonia and 21 patients
experienced psychiatric or behavioral symptoms. In 29 patients biochemical analysis of
the CSF was performed, the level of 5-HIAA was determined in 28 cases. The median
level of 5-HIAA in CSF was decreased: 7.5 nmol/L (Table 1). Nineteen patients were
treated with 5-HTP in addition to L-dopa/carbidopa, which led to further improvement
of motor and sleep symptoms in 16 of these patients. One patient was treated with
only 5-HTP/carbidopa, which induced marked improvement in both motor and sleep
problems. Sertraline, an SSRI, was initiated in one patient, with modest benefit in motor
symptoms. Furthermore, assessment of cognitive skills revealed improvement in 13 of 38
patients assessed. Eleven of them received both L-dopa/carbidopa and 5-HTP. In eight
patients 5-HTP was started a short time after start of L-dopa, so the additional effect
remains unclear. However, three of these patients improved in school performance or
had resolution of mild dysexecutive syndrome after adding 5-HTP at least 8 years after
the start of L-Dopa.
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Table 2
Effect of drugs specifically affecting the serotonergic system.
Dystonia

Affected
gene

Author

Type of drug

Inherited

GCH1

Ishida et al., 1988
Blau et al., 1995
Sato et al., 2014

5-HTP

Mathen et al., 1999

SSRI

SERT

Aggravation

2

SPR

Friedman et al., 2012

5-HTP

Friedman et al., 2006

SSRI

Precursor
serotonin

Improvement
No effect

16
4

Manegold et al., 2009
Swoboda et al., 1999

SSRI

SERT

Aggravation

2

Fiumara et al., 2002
Swoboda et al., 1999

5-HTP

Side effects

2

Swoboda et al., 1999

1

Mosapride

Serotonergic
receptors

Side effects

Piyasena et al., 2014

Ergotamine
tartrate

Precursor
serotonin

5-HT4

Improvement

1

Schreiber et al., 1995
Isaacs et al., 2008

SSRI

SERT

Improvement

3

Arnone et al., 2002
Bates et al., 1998
Bilen et al., 2008
Boyle et al., 1999
Black et al., 1992
Coulter et al., 1995
Chong et al., 1995
Dave et al., 1994
George et al., 1993
Hoaken et al., 1995
Jones-Fearing et al., 1996
Lenti et al., 1999
Lewis et al., 1997
Moosavi et al., 2014
Najjar et al., 2004
Patel et al., 2006
Petitpain et al., 2005
Poyurovsky et al., 1997
Reccoppa et al., 1990
Shihabuddin et al, 1994
Tikka et al., 2013
Walker et al., 2002

SSRI

SERT

ADR

35

Lopez-Alemany et al., 1997
Oterino et al., 1998

Sumatriptan

5-HT1 agonist

ADR

2

Patel et al., 2011

Ondansetron

5-HT3
antagonist

ADR

1

AADC

Idiopathic

Acquired

Action on
serotonergic
system

Precursor
serotonin

SERT

Effect

Improvement
Variable

Improvement

1
4

1

SSSRI = Selective Serotonin Reuptake Inhibitor. SERT = Serotonin Transporter. ADR= Acute Dystonic Reaction.
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Observed psychiatric and behavioral signs in these patients included inattention (n=14),
irritability (n=11), anxiety (n=7), hyperactivity (n=5), aggression (n=4), obsessive or
compulsive features (n=3), depression (n=2), impulsivity/disinhibition (n=2), panic (n=1)
and psychosis (n=1).
Improvement of both motor and non-motor symptoms with 5-HTP treatment again
suggests a role of serotonin in the phenotype of SPR deficiency. Furthermore, these
studies illustrate that systematic searching for psychiatric and behavioral signs increases
the awareness of non-motor symptoms being present in SPR deficiency and dystonia.
Aromatic L-amino acid Decarboxylase Deficiency
Mutations affecting the Dopa Decarboxylase (DDC) gene (OMIM: *107930) cause
aromatic L-amino acid decarboxylase (AADC) deficiency, resulting in combined
deficiencies of serotonin, dopamine and other catecholamines. The phenotype consists of
severe extrapyramidal disorders, epileptic seizures, autonomic features and pronounced
developmental delay (OMIM: #608643). The severity of the disorder in the majority of
patients with this disorder usually precludes the scoring of psychiatric co-morbidity.
Eleven studies quantified the level of 5-HIAA in CSF in 23 patients with AADC deficiency
and dystonia (Table 1) [45–55]. Four patients were treated with agents specifically acting
on the serotonergic system, with different responses. One 17-year-old patient received
a therapeutic trial with paroxetine, an SSRI. Unfortunately, oculogyric crises occurred
and the trial was stopped [53]. In addition to L-dopa and vitamin B6 supplementation,
treatment with 5-HTP was initiated in a child [48], but had to be stopped due to severe
abdominal pain. This therapy trial was initiated without a peripheral decarboxylase
inhibitor. Swoboda et al. described different treatment trials in two children in an attempt
to correct serotonergic deficits. A treatment trial with 5-HTP in one patient was stopped
because it induced lethargy and worsened axial hypotonia. The use of a peripheral
decarboxylase inhibitor is not described. Buspirone, a partial 5HT1A agonist and weak
dopaminergic (D2) antagonist, reduced limb rigidity and irritability in both children, but had
to be stopped because of tardive dyskinesia. Sertraline, an SSRI, led to impairment of
dystonia. Ergotamine tartrate, a direct serotonin receptor agonist, was stopped because
it induced lethargy and hypotonia [54].
Irritability and/or dysphoria were described in ten out of 23 cases [45,48–51,53,54].
Manegold et al. described patients with AADC deficiency in seven different families. A
high incidence of psychiatric disorders was found in six out of seven investigated families
in first or second degree relatives, including depression, psychosis and suicide [53].
In summary, in dopa-responsive dystonias a role of the serotonin system in the
pathogenesis of the disorders is well established. Several gene defects affect the synthesis
of serotonin, leading to significantly reduced levels of 5-HIAA in CSF. Alterations of motor
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symptoms following serotonergic medication suggest new therapeutic possibilities for
dystonia. A high prevalence of non-motor symptoms also suggests a possible role of
the serotonergic system in the non-motor features associated with dystonia, likely in
association with other neurotransmitter systems.
Inherited-, idiopathic- and acquired dystonias
Inherited dystonias form a heterogeneous group of dystonias with different genetic
origins and include autosomal dominant, autosomal recessive, X-linked recessive and
mitochondrial inheritance patterns. Acquired dystonias are dystonias due to a known
specific cause, without evidence of a genetic origin. Finally, the idiopathic dystonias
consists of a group of dystonias with an unknown cause and comprises many focal or
segmental isolated dystonias. This is by far the largest group of dystonias as the focal
adult onset dystonias are part of this group.
Inherited dystonias: Autosomal dominant disorders
The autosomal dominant inherited dystonias in which a relation with serotonin is reported
included early-onset primary dystonia and rapid-onset dystonia-parkinsonism.
Early-Onset Primary Dystonia
Early-onset primary dystonia (OMIM: #128100), also known as DYT1 dystonia, is due to
a defect in the ATP-binding protein torsin-A. Molecular analysis reveals a trinucleotide
(GAG) deletion in the coding region of the TOR1A gene (OMIM: *605204). Early-onset
primary dystonia usually starts as a focal dystonia during childhood or adolescence.
Typically, there is a progressive course resulting in generalized dystonia.
Hornykiewicz et al. histologically and biochemically examined the postmortem brains
of two patients with dystonia musculorum deformans [56,57]. Dystonia musculorum
deformans is now classified as early-onset primary dystonia, but at that time genetic
confirmation was not available. Both patients showed a decreased level of serotonin
in the dorsal raphe nucleus and increased levels in the globus pallidus. In the first
patient, 5-HT levels were also increased in the locus ceruleus and subthalamic nucleus.
Increased levels of 5-HIAA, the main metabolite of serotonin, were found in both patients
in the raphe nucleus obscurus and globus pallidus. Both patients were long-term treated
with neuroleptics and underwent bilateral thalamotomy, which might have influenced the
measurements of the serotonergic system.
Korczyn et al. examined platelets of 11 patients with dystonia musculorum deformans,
showing similar concentrations of serotonin compared with matched healthy controls.
Furthermore, an equal number of presumed binding sites was found. Though, a significant
lower affinity of serotonin to its receptors was detected [58]. Only patients free of any
medical treatment for at least several weeks were included, so the lower affinity could
not be explained by medication use. Despite the normal concentrations of serotonin, they
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proposed that the lower affinity of serotonin to its receptors may have led to hyposerotonergic
function and thereby possibly contributed to the development of dystonia.
Rapid-Onset Dystonia-Parkinsonism
Rapid-onset dystonia-parkinsonism (RDP) (OMIM: #128235), or DYT12, is caused by
mutations in the ATP1A3 gene (OMIM: *182350) encoding the alpha-3 subunit of the N,KATPase. RDP is clinically characterized by an abrupt onset of dystonia and parkinsonism
in young adulthood, with typically a rostrocaudal gradient. Symptoms are usually
triggered by fever, stress or binge drinking [59]. After this initial phase, symptoms often
show little improvement and then stabilize. Occasionally a second episode may occur
with consequently worsening of symptoms.
Brashear et al. described (repeated) neurotransmitter metabolite levels in CSF from ten
individuals clinically affected by RDP [60]. Only in one individual a slightly decreased
level of 5-HIAA in CSF was found: 31.4 nmol/L (reference range: 55.4 – 160.1 nmol/L).
Six out of ten initial lumbar punctures were performed during treatment with different
medications, which hampered the interpretation of results in this study.
Inherited dystonia: Autosomal recessive disorders
In two disorders a possible association between dystonia and serotonin was described,
including panthothenate kinase associated neurodegeneration (PKAN) and dystonia as
a result of a SLC18A2 gene mutation (vesicular monoamine transporter 2).
Panthothenate Kinase Associated Neurodegeneration
Panthothenate kinase associated neurodegeneration (OMIM: #234200) is due to a defect
in panthothenate kinase, an enzyme involved in the Coenzyme A synthesis. This defect
is caused by mutations in the panthothenate kinase 2 (PANK2) gene (OMIM: *606157)
and results in progressive iron accumulation in the basal ganglia and other brain regions.
Clinically it is characterized by progressive extrapyramidal movement disorders, including
dystonia. Psychiatric co-morbidity like depression, impulsivity, obsessive compulsive
disorder and tics are described in several cases [61]. Onset is usually before ten years of
age, although late onset is also described.
Assmann et al. described the level of 5-HIAA in CSF in four patients with HallervordenSpatz syndrome, now called PKAN. Diagnosis was made based on clinical characteristics,
as genetic confirmation was not available at the time. In three out of four patients a
decreased level of 5-HIAA was found compared with healthy controls (median SD -1.2,
range -1.1 - -1.5), with one patient showing a normal level (SD 0.7) [62]. The authors
suggested that serotonergic tract degeneration, as part of the neurodegenerative
process, may have caused the lowered levels of 5-HIAA in CSF.
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Dystonia as result of SLC18A2 gene mutation
Dystonia can result from defects in the vesicular monoamine transporter 2 (VMAT2), due
to recessive mutations in the SLC18A2 gene (OMIM: *193001). VMAT2 is responsible
for the storage of monoamine neurotransmitters including serotonin, dopamine and
noradrenaline into (pre)synaptic vesicles. The phenotype is constituted by the deficiency
of these monoamine neurotransmitters.
Eight children of an extended consanguineous Saudi Arabian family suffered from a
complex movement disorder including dystonia [63]. Analysis of 5-HIAA in CSF was
described in only one of these patients: 169 nmol/L (ref. range 74 – 345 nmol/L) (Table
1). At least five of the parents showed symptoms of depression. Mood disturbances in the
patients were mentioned briefly, but not systematically described. Based on the sparse
descriptions, the role of impaired serotonergic synaptic transmission in the phenotype of
these patients remains unclear. However, the presence of mood disorders could suggest
possible serotonergic involvement.
Inherited dystonias: X-linked inheritance
A relation between serotonin and dystonia due to disorders with an X-linked inheritance
pattern is only described in Lesch-Nyhan syndrome.
Lesch-Nyhan syndrome
Lesch-Nyhan syndrome (OMIM: #300322) is caused by a deficiency of the enzyme
hypoxanthine-guanine phosphoribosyltransferase 1, due to mutations in the hypoxanthineguanine phosphoribosyl 1 (HPRT1) gene (OMIM: *308000). Clinically it is characterized
by dystonia, non-motor symptoms including auto mutilation, behavioral problems, poor
cognitive and speech development. Increased levels of uric acid can be found in routine
biochemical testing.
Two studies described the level of 5-HIAA in patients with Lesch-Nyhan syndrome. Four
boys with Lesch-Nyhan syndrome, dystonia and self-mutilation had normal 5-HIAA levels
in CSF over a five year period (Table 1) [64]. In another study, two patients with LeschNyhan syndrome, dystonia and self-mutilation showed a normal level of 5-HIAA in CSF,
in three cases the reference range was not provided (Table 1) [65]. The patient with the
mildest self-mutilation had the highest level of 5-HIAA in CSF (272 nmol/L).
Idiopathic dystonias
In 15 patients with idiopathic adult-onset focal dystonia, 5-HIAA analysis in CSF showed
significantly reduced levels in patients (median 59.6 nmol/L, range 26.2 – 130.8 nmol/L)
compared to controls (median 92.2 nmol/l, range 44.5 – 196.2 nmol/L)) (p < 0.02) [66].
Levels of HVA in CSF were also lower in the group of focal dystonia patients compared
with the healthy controls, however this finding did not appear to be statistically significant
in contrast to the serotonin concentrations.
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Another paper described a 60-year-old female with blepharospasm. Mosapride, a 5-HT4
agonist, was started because of gastro-esophageal reflux disease [67]. Three days
after starting mosapride, the patient experienced a major improvement of her dystonia
symptoms. After cessation of mosapride the blepharospasm reoccurred. Treatment
with fluoxetine, an SSRI, also induced a beneficial effect in two patients with idiopathic
blepharospasm, as described by Schreiber et al. [68]. One patient with blepharospasm
and an adjustment disorder experienced an improvement of symptoms three weeks after
treatment with fluoxetine. The other patient suffered from blepharospasm, an adjustment
disorder and a depressed mood, all with good response to fluoxetine. This patient decided
to stop with fluoxetine after 12 weeks, after which the symptoms reoccurred. A similar
result is described in a patient with writer’s cramp. Sertraline, an SSRI, was initiated by
a psychiatrist because of recurrent headaches. According to the patient, treatment with
sertraline achieved a 95 percent remission of his writer’s cramp [69].
Besides serotonin transporter blockers and specific serotonin receptor agonists, also
antagonists of 5-HT2 receptors can positively influence dystonia. One trial was performed
with cyproheptadine, an antagonist of mainly 5-HT2 receptors and histamine receptors,
on five patients with blepharospasm [70]. In all five patients the blepharospasm
improved in a few days, however in one patient cyproheptadine was stopped because
of side effects. Another trial tested risperidone, a neuroleptic agent blocking 5-HT2 and
D2 receptors, in five patients with idiopathic segmental dystonia [71]. After four weeks
of treatment, a clear beneficial effect was reached on both duration and amplitude of
the dystonic movements. Furthermore, all patients were previously treated and scored
during haloperidol monotherapy and after washout, at which time higher mean scores
on the Tsui’s Dystonia Score were found. Following this trial, Grassi et al. treated seven
patients (two patients with idiopathic dystonia, five patients with unknown or symptomatic
dystonia) with risperidone. All patients showed improvement following risperidone. The
best response was seen in patients with idiopathic dystonia [72]. These findings suggest
a positive additive effect of 5-HT2 receptor blocking above merely D2 receptor blocking,
which usually induces or aggravates dystonia [73].
Different aspects of the serotonergic system in patients with idiopathic dystonia have
been described. Lowered levels of 5-HIAA in CSF in patients with idiopathic dystonia may
point to the involvement of the serotonergic system, as well as the positive effect of drugs
interacting with the serotonergic system.
Acquired dystonias: Perinatal brain injury & Infections
Only a very limited number of papers reported serotonin concentrations in acquired forms
of dystonia. Five patients with cerebral palsy or postnatal hypoxic-ischemic encephalopathy
and clinically manifest dystonia were described by Assmann et al. [62]. Levels of 5-HIAA in
CSF were normal to slightly decreased (median SD -1.0, range -0.9 - -1.6).
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A single study of 25 patients with Japanese encephalitis and four patients with non-specific
encephalitis reported the prevalence of dystonia and neurotransmitter concentrations
in CSF [74]. Eight out of 29 (non-specified) patients suffered from dystonia what was
observed during the acute stage of encephalitis. Significantly decreased levels of 5-HT
(p=0.0001) and HVA (p=0.01) in CSF were found in patients with encephalitis compared
to controls. The level of 5-HIAA was not determined.
In this category, the broad spectrum of underlying pathophysiology and its anatomical
localization makes it hard to draw any conclusions about aberrations of the serotonergic
system.
Acquired dystonias: Drugs with effect on the serotonergic system
Acute dystonic reactions (ADR) have been reported after the use of several types of
medication that affect the serotonergic system. In this review we will restrict ourselves to
ADRs following the use of medication with a predominantly serotonergic effect. Papers
describing ADRs following medication that mainly affects other neurotransmitters will not
be discussed in further detail, because in these cases the observations cannot merely be
attributed to changes in the serotonergic system.
Thirty-five patients were described with acute dystonic reactions provoked by SSRIs
[75–96]. Furthermore, dystonia is described after treatment with sumatriptan (n=2), a
5-HT1 receptor agonist [97,98], and after ondansetron (n=1), a potent 5-HT3 receptor
antagonist [99]. The differential effects of SSRI’s on different types of dystonia will be
further argumented below in the discussion section.
Animal models of dystonia
Perturbations of the serotonergic system are described in several animal models of
dystonia, including early onset primary dystonia, myoclonus-dystonia and focal dystonias.
Several animal models exist for torsion dystonia, now called early-onset primary dystonia.
LeDoux et al. examined the levels of serotonin and norepinephrine in both normal and
genetically modified dystonic rats. Although similar levels of serotonin were found in both
groups at the end of the study, they did found a significant association of serotonin with
age and phenotype of the dystonic rats [100].
Michela et al. examined the response to quipazine, a serotonin agonist, is both normal and
genetically modified dystonic rats [101]. The DYT1 rats showed an enhanced sensitivity to
the tremorogenic effects of quipazine. The dystonic rats also showed a sixfold increased
sensitivity to develop dystonia following administration of a 5-HT1A agonist compared with
normal littermates [102].
In the DYT1 hamster model, increases in both serotonin and noradrenaline were found in
several (motor cortex) regions. Except for the olfactory bulb, no alterations in dopamine
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metabolism were found [103]. Furthermore, in this hamster model prodystonic effects
have been reported with 5-HT drugs altering the function of 5-HT1A or 5-HT2A/2C receptors
[103,104].
Signs of potential involvement of serotonin in dystonia and co-morbid psychiatric
features were also found in ε-sarcoglycan gene (SGCE) knockout mice. Mutations in the
ε-sarcoglycan gene in humans result in myoclonus-dystonia (DYT 11). As shown in this
animal model, mutations of the murine SGCE gene also result in dystonia, myoclonus,
hyperactivity, anxiety and depression. Measurement of monoamine neurotransmitters in
the murine striatum revealed that the level of 5-HIAA, and the ratio of 5-HIAA to serotonin,
had a tendency to be higher in the knockout mice, suggestive of an altered turnover or
synthesis of serotonin. Furthermore, Chan et al. studied the expression of ε-sarcoglycan
mRNA in the mouse brain, which was highly expressed in serotonergic neurons of the
dorsal raphe nucleus [105].
Several animal studies also described a relation between focal dystonias and serotonin.
In 12 cats, a lesion in the left side of the ventromedial tegmentun was induced electrically
in order to obtain a spasmodic torticollis-like posture. In six out of 12 cats, this effect
was actually achieved. In the caudate nucleus of these animals, the extracullular level of
5-HIAA was decreased compared to the level of HVA. In the four cats with the longest
disease duration, the change in 5-HIAA levels was most prominent [106].
Another study tested involvement of serotonin in the development of blepharospasm in
both cats and monkeys. Injections with serotonin in the facial nucleus induced unilateral
blepharospasm and hemifacial spasm. Pretreatment with ketanserin, a 5-HT2 antagonist,
reduced the severity of the blepharospasm and hemifacial spasm [107].
Faherty et al. investigated the underlying mechanism of altered motor function following
administering SSRIs in rats. Direct injection of several SSRIs into the left red nucleus
of the rat lead to acute dystonic movements/posturing following fluvoxamine and
fluoxetine, but not after citalopram, sertraline and paroxetine [108]. Consequently,
Faherty et al. examined the influence of sensitization of σ2 receptors following SSRIs
on motor behavior. Chronic treatment with fluvoxamine or the selective σ receptor ligand
di-o-tolyguanidine (DTG) followed by an intra-rubral injection of DTG elicited dystonia
and indicated a sensitization of σ2 receptors. This effect was also not observed after
sertraline, citalopram and paroxetine. The dystonic posturing correlated with an increase
in the concentration of serotonin in the brainstem [109].
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DISCUSSION
This paper systematically reviewed the role of serotonin in the clinically heterogeneous
group of inherited, acquired and idiopathic dystonias and presents an overview of
the findings of serotonin in dystonia animal models. Several aspects of serotonergic
perturbations in dystonia were described in these papers, which will be discussed in
more detail below.
Biochemical analysis of serotonin metabolites
One of the most consistent findings comprised a decreased level of 5-HIAA in CSF in
patients with several types of dystonia, indicating either an altered serotonergic turnover
or an altered serotonergic synthesis. A decreased level of 5-HIAA was most consistently
shown in dopa-responsive dystonias, in which different gene defects directly affect the
synthesis of serotonin, but decreased levels of serotonin were also reported in idiopathic
focal dystonias. Interpretation of serotonin levels in other inherited dystonias was often
not reliable, mainly because of associated medication used that can influence serotonin.
The widely divergent genes involved, all leading to a phenotype with dystonia, makes
interpretation even harder, as the exact pathogenic effects of these mutated genes are
often not known.
Serotonin and it metabolites can be analyzed in various ways and by different methods.
Measurement of serotonin in peripheral blood platelets is thought to reflect serotonin
levels in the brain, but has several limitations [110]. Measurement of serotonin and
its metabolites in CSF more specifically reflects turnover of serotonin in the brain.
Measurement of 5-HIAA is preferred, because this metabolite is a very stable degradation
product of serotonin [111].
Another factor that should be taken into account is that levels of 5-HIAA can be influenced
by many factors, including medication, other co-morbidity, age, diet, diurnal fluctuation
and physical exertion [112]. Also, the analysis of 5-HIAA in CSF obtained by lumbar
puncture does not specifically reflect cerebral serotonin synthesis, but also synthesis of
serotonin within the spinal cord (and plexus) [110]. Interlaboratory variations of analytical
methods used to determine the level of 5-HIAA and variable reference values hamper
firm conclusions. But, despite these limitations, the decreased levels of 5-HIAA in CSF
reported in multiple papers support a role of serotonin in the pathophysiology of dystonia.
Influence of drugs interacting with the serotonergic system
Another remarkable finding comprised serotonergic acting drugs either eliciting or improving
dystonia, depending on the specific target on the serotonergic system and dystonia etiology.
For example, SSRIs usually aggravated dystonia in dopa-responsive dystonias, it improved
dystonia in the idiopathic dystonias and induced acute dystonic reactions in 35 subjects in
which SSRIs were prescribed for several other indications (Table 2).

81

5

Chapter 5

Several factors might explain the differential effects of serotonergic acting drugs. First,
serotonergic drugs have different points of engagement and effects on the motor circuits.
As recently reviewed by Ohno et al., 5-HT1A, 5-HT2A/2C, 5-HT3 and 5-HT6 receptors all are
involved in regulating extrapyramidal motor disorders. Treatment with a 5-HT1A agonist
inhibits firing of serotonergic neurons of the raphe nuclei, attenuates HT2A/2C, 5-HT3 and
5-HT6 receptor function and influences GABAergig, glutaminergic, acetylcholinergic and
dopaminergic activity. Blockage of 5-HT2A/2C receptors relieves 5-HT2A/2C receptor mediated
inhibition of dopamine release and neural firing of dopaminergic and cholinergic neurons.
Antagonism of the 5-HT6 receptor with SB-258585 inhibits acetylcholinergic activity in the
striatum, and thereby alleviating extrapyramidal movement disorders [11]. As shown in the
dystonia patients, drugs with different points of engagement on the serotonergic system
had differential clinical effects. Better understanding of the role of these receptors and
reuptake mechanisms is important to gain insight into the pathophysiology of dystonia and
might improve current treatment strategies.
Another factor that might explain the differential effects of dystonia treatment with
serotonergic agents is suggested to be from developmental modifications in the
serotonergic system [113]. One of the factors influencing serotonergic systems/circuits
might be the varying availability of serotonin during gestation and development. In DRD,
gene mutations directly affect the availability of serotonin, which might have caused
modifications in serotonergic neural networks during development. Another factor that may
influence the development of the serotonergic system is a polymorphism in the promotor
region of the gene encoding the serotonin transporter, resulting in either a short (S) or a
long (LG or L A) allele. This in turn modulates mRNA expression and the amount of 5-HTT
protein that is transcribed [114,115]. The short allele is associated with an increased risk
of developing depression, although several studies have shown that the short allele does
not lead to altered serotonin transporter activity in the adult brain (reviewed by Sibille and
Lewis, 2006 [113]). This contradiction could be explained by a different maturation of the
serotonergic system during gestation, childhood or adolescence, whereby environmental
factors later in life have a different effect on the eventual phenotype [116,117].
A third explanation of the differential effects of serotonergic acting drugs is the different
age at initiation of treatment and the differences in treatment duration. In childhood,
SERT is highly available, followed by slowly decreasing levels during adulthood. In the
psychiatric literature, different effects of SSRIs are described in children compared with
adults, especially with a higher risk of worsening of symptoms and even more suicide
within the first few weeks of treatment [118]. The treatment duration is another factor
as the time frame in which SSRIs caused acute dystonic reactions was usually within
hours. Aggravation of dystonia in DRD was mostly seen in the first weeks of treatment,
whereas improvement of dystonia in the idiopathic dystonias usually took several weeks.
In depression, initiation of an SSRI is associated with higher levels of synaptic serotonin
in projection areas, but this increase in serotonin also induces a decreased firing rate by
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activation of inhibiting 5-HT1A autoreceptors in the raphe nuclei. Only after weeks, when
the 5-HT1A autoreceptors in the raphe nuclei desensitizes and the firing rate increases,
serotonin signaling in projection areas actually increases [119]. This might explain some
of the observations in dystonia as well, related to the different effects of treatment duration
and consistent with network plasticity in dystonia, as the clinical effects of deep brain
stimulation of the GPi takes several weeks to months to evolve.
In conclusion, several theories of serotonergic modulation of basal ganglia networks are
likely to be involved in dystonia. In such a complex network, interpretation of results
of studies using different dystonia models is difficult, and warrants further research
specifically into the role of serotonergic modulation of dystonia networks/circuits.
Psychiatric co-morbidity
Psychiatric co-morbidity or unclassified behavioral disorders were not systematically
examined but have been described in 50 cases [18,19,21,26,27,30,37,39,45,48–
51,53,54,60,64,65]. Most (n=48) of the patients suffered from the inherited forms of
dystonia. In the majority of these patients the synthesis of serotonin was disturbed
as they suffered from a form of DRD. Psychiatric disorders included (a combination
of) depression, obsessive compulsive disease, anxiety disorders, eating disorders,
attention disorders, aggressive behavior, autistic disorders and self-mutilation. However,
it should be noticed that psychiatric co-morbidity was often not described and likely not
systematically examined. The results from our review may thus be an underestimation. As
clearly shown by the study in patients with sepiapterin reductase deficiency, systematic
testing of non-motor functions may reveal much higher numbers of (serotonin related)
co-morbidity [37].
Strikingly, psychiatric co-morbidity often preceded motor symptoms. This is in accordance
with previous studies described in literature on mainly focal dystonia [2,3,120–124],
suggesting psychiatric co-morbidity as an integral part of the phenotype of dystonia and
a shared pathophysiology.
Disruption of serotonergic functions is known to be involved in many psychophysiologic
processes and (early life) serotonergic dysregulation is associated with a wide spectrum
of psychiatric disorders. Furthermore, during gestation serotonin is involved in the
formation of cortical circuits and modulating plasticity, which is known to be involved
in the pathophysiology of dystonia [7,125,126]. Several papers described poorer motor
development in infants exposed to SSRIs in utero. Unfortunately, no follow up is described
so possible development of specifically dystonia in these cases is unknown [127–130].
Conclusion
In conclusion, our systematic review reveals an association between serotonergic
neurotransmission and (the phenotype of) dystonia. In dopa-responsive dystonias, gene
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defects directly affect serotonergic functioning. However, in other inherited, acquired
and idiopathic dystonias disturbances of the serotonergic neurotransmission are also
reported to be present. The influence of serotonergic medication furthermore suggests
a shared pathophysiological mechanism of both motor and non-motor symptoms in
dystonia patients. Thus far, only serotonergic metabolism at the level of 5-HT or 5-HIAA
has been studied in a limited number of predominantly genetic disorders. Our review
shows that in the majority of these studies a dysfunction of the serotonergic system or an
imbalance with the dopaminergic basal ganglia innervation is suggested.
Our review also reveals the drawbacks of the conventional methods of analyzing serotonin
concentrations and its metabolites in platelets and CSF. New technologies may overcome
these shortcomings and provide valuable insights into serotonergic neurotransmission.
Positron emission tomography imaging for instance allows in vivo quantification of the
serotonergic system in specific brain regions and may provide a useful tool for future
research [110].
Ultimately, a better understanding of the pathophysiology of the different forms of dystonia
and the involvement of the serotonergic system in motor as well as non-motor symptoms
will guide us to more rational therapeutic strategies in dystonia.
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Supplementary table 1
Complete overview of 5-HIAA levels in CSF in dystonia patients.
Affected gene

Authors/year

N

CSF 5-HIAA
(nmol/L)

Reference
range
(nmol/L

Interpretation

Ishida et al., 1988

2

Zambrino et al., 1991

1

14
29

21 – 58.8
21 – 58.8

Decreased
Normal

Van Hove et al., 2006

4

Brashear et al., 1998

10

194
67
66
81

58 – 190
58 – 190
58 – 190
109 – 214

Increased
Normal
Normal
Decreased

Autosomal dominant
GTP Cyclohydrolase 1

ATP1A3

Autosomal Recessive
GTP Cyclohydrolase 1

Sepiapterin Reductase

17.8

111.9
156.9
31.4
61.7
105.7
117.2
123.4
177.3
145.9
98.9

78.5 – 130.8

55.4 – 160
55.4 – 160
55.4 – 160
55.4 – 160
56.5 – 195.6
56.5 – 195.6
55.4 – 160
55.4 – 160
55.4 – 160
56.5 – 195.6

Decreased

Normal
Normal
Decreased
Normal
Normal
Normal
Normal
Normal
Normal
Normal

Sato et al., 2014

1

114

539 – 953

Decreased

Blau et al., 1995

1

92

114 – 336

Decreased

Friedman et al., 2012

11

Arrabal et al., 2011

2

17.0
6.0
5.0
10.0
6.0
3.0
3.0
1.0
4.0
10
13

88 – 178
88 – 178
105 – 299
105 – 299
114 – 336
88 – 178
88 – 178
66 – 141
88 – 178
88 – 178
114 – 336

Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased

Blau et al., 1999

1

4

105 – 299

Decreased

Blau et al., 1998

1

14

88 – 178

Decreased

Echenne et al., 2006

2

Friedman et al., 2006

1

5
8

87 – 247
87 – 247

Decreased
Decreased

Abeling et al., 2006

1

5

68 – 115

Decreased

Steinberger et al., 2004
Data from: Friedman et
al, 2012

1

100

66 – 141

Normal

Verbeek et al., 2008

2

Kusmierska et al., 2008

1

5
4

109 – 214
100 – 245

Decreased
Decreased

9
25

10

12.3

125 – 303
63 – 185

79 – 140

100 – 400

5

Decreased
Decreased

Decreased

Decreased
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Dill et al., 2012

1

10.3

114 – 336

Decreased

Leu-Semenescu et al.,
2009

1

45

65 – 200

Decreased

Wali et al., 2010

2

Hyland et al., 1992

2

6
12

10
21

88 – 178
114 – 336
63 – 503
63 – 503

Decreased
Decreased

Decreased
Decreased

Manegold et al., 2008

8

Abeling et al., 1998

1

4
2
53
31
2
2
2
2

302 – 1952
105 – 299
130 – 362
159 – 989
105 – 299
87 – 372
87 – 372
87 – 372

Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased
Decreased

Maller et al., 1997

1

31.9

181.5 – 232.8

Decreased

Abdenur et al., 2005

1

5

152 – 462

Decreased

Fiumara et al., 2002

1

21

110 – 265

Decreased

Swoboda et al., 1999

2

Barth et al., 2011

1

20
9

63 – 503
63 – 503

Decreased
Decreased

Tay et al., 2007

1

13

67 – 189

Decreased

Gucuyener et al., 2014

1

10

155 – 350

Decreased

Helman et al., 2014

4

SLC18A2

Rilstone et al., 2013

1

9
5
Undetectable
22

169

129 – 520
129 – 520
Not provided
> 66

74 – 345

Decreased
Decreased
Decreased
Decreased

Normal

HPRT

Jankovic et al., 1988

5

4

107.5 – 307.1
107.5 – 307.1
Not provided
Not provided
Not provided

Normal
Normal

Silverstein et al., 1985

266.8
183.1
272
109.8
183.1

Aromatic L-amino
acid decarboxylase
deficiency

X-Linked

27

12

355.7
219.7
136
104.6

120 – 400

87 – 366

172.6 – 413.2
104.6 – 240.6
57.5 – 219.7
36.6 – 151.7

Decreased

Decreased

Normal
Normal
Normal
Normal

Total overview of all 5-HIAA levels in CSF in inherited dystonias including the interpretation according to the
provided reference ranges in the original article. 5-HIAA = 5-Hydroxyindolacetic Acid. CSF = Cerebrospinal Fluid.
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ABSTRACT
Background: The pathophysiology of cervical dystonia (CD) is largely unknown.
Regarding the involvement of neurotransmitter changes, the serotonergic system has
been implicated in dystonia. In this imaging study we aimed to assess whether altered
presynaptic serotonin transporter (SERT) binding contributes to the CD pathophysiology,
concerning both motor and non-motor symptoms (NMS).
Methods: We studied the non-displaceable binding potential (BPND) of SERT using [11C]
DASB PET imaging in 14 CD patients and 12 age- and gender-matched controls. Severity
of motor symptoms was scored using the TWSTRS and CGI-S jerks/tremor scale. NMS
depression, anxiety, fatigue and sleep disturbances were assessed with quantitative
rating scales. The correlation between SERT binding and clinical patient characteristics
was analyzed with the Spearman’s rho test and multiple regression.
Results: Increased BPND in the dorsal raphe nucleus significantly correlated (p<0.001)
with motor symptom severity (rs =0.65), pain (rs =0.73) and sleep disturbances (rs = 0.73),
with motor symptom severity being the most important predictor. Compared to controls,
the increased dRN binding in patients was not significant (18.3%, d= 0.46, p= 0.21).
An opposite trend of BPND binding was particularly found in the putamen of CD patients
(right 10.7%, d= 0.64, p=0.06; left 8.8%, d= 0.57, p=0.11) which, however, did not correlate
with clinical parameters.
Conclusion: Emphasizing the clinical correlation with enhanced [11C]DASB binding in the
dRN, we propose that CD is associated with an enhanced state of serotonergic activity.
The consequent increase of distant endogenous serotonin release inflicts a reduction of
striatum [11C]DASB binding due to competition between serotonin and [11C]DASB.
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INTRODUCTION
Cervical dystonia (CD) is a movement disorder characterized by involuntary abnormal
muscle contractions of the neck. Non-motor symptoms (NMS) like psychiatric features,
pain and fatigue are prevalent in up to 95% of CD patients [1].
The pathophysiology of CD is largely unknown. Neurotransmitter changes have been
suggested and the serotonergic system has been implicated in both motor and NMS in
dystonia [2]. A dense projection of fibers from serotonergic neurons, located within the
raphe nuclei in the brainstem, arise to important structures of the basal ganglia motor
control system, such as the striatum and internal globus pallidus (GPi). The GPi plays a
key role in the network underlying the dystonia pathophysiology [3,4], supported by the
therapeutic effect of GPi deep brain stimulation for dystonia [3].
Positron emission tomography (PET) provides an unique opportunity to study the serotonin
transporter (SERT), an important presynaptic marker of serotonergic functioning, in vivo.
The PET radioligand [11C]DASB is a tracer to measure SERT binding in the human brain.
In Parkinson’s disease, [11C]DASB PET studies have shown that aberrations of SERT are
related to both motor and NMS, including tremor severity [5], dyskinesia [6], fatigue [7]
and depressive symptoms [8]. To the best of our knowledge, SERT binding has never
been studied in dystonia patients.
In this study, we examined SERT binding in CD patients and matched controls using
[11C]DASB PET imaging and corrected for the serotonin transporter gene-linked
polymorphism. We hypothesized that dysfunction of the serotonergic system is a shared
pathophysiological pathway for motor- and NMS in CD patients.

METHODS
Subjects
This case-control study included 14 patients with a clinically diagnosed idiopathic CD and
14 age- and sex-matched controls.
The number of subjects was based on numbers (between 10 and 15 subjects) described
in [11C]DASB PET studies in the literature [5,7].
Exclusion criteria included onset of CD before the age 18 and severe tremor and/or jerks
obstructing accurate brain imaging. Exclusion criteria for all subjects were other relevant
neurological co-morbidity and the use of serotonergic medication or antidepressants.
Informed consent was obtained from all participants and the study was approved by the
local ethics committee.
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Clinical measures
Motor assessment was performed using a systematic video protocol, within two weeks
prior to or one week after botulinum toxin treatment in order to obtain the least influenced
motor score. CD motor symptom severity and related pain were scored with the Toronto
Western Spasmodic Torticollis Rating Scale (TWSTRS) [9]; severity of jerks and tremor
were scored using the Clinical Global Impression Scale: CGI-S jerks-tremor [10]. Motor
function was independently scored by two experts (MS, VH) and the average score was
used in the statistical analysis as there was good inter-observer agreement (Intraclass
Correlation Coefficients >0.70, two-way mixed, absolute agreement).
NMS, including depression, anxiety, fatigue and sleep disturbances, were assessed using
the Beck Depression Inventory (BDI), the Beck Anxiety Inventory (BAI), the Fatigue Severity
Scale (FSS) and the Pittsburgh Sleep Quality Index (PSQI) (see also Smit et al., [11]).
Genetics
The serotonin transporter gene-linked polymorphic region (5-HTTLPR), encoded by the
SLC6A4 gene, is an important regulator of the number of expressed serotonin transporters.
Three different alleles in this polymorphic region have been associated with changes in
transcriptional activity. Functionally, the S and LG allele induce low transcriptional activity,
while the L A allele induce high transcriptional activity [12]. We classified 5-HTTLPR status
as L A /L A genotype or LG/S-allele carrier; details of the methodology are explained in the
supplementary material.
PET and MRI data acquisition
Positron emission tomography imaging was performed either with a Biograph 40-mCT
or 64-mCT (Siemens Healthcare, USA). Head movement was minimized with a headrestraining band. After a low-dose CT for attenuation and scatter correction, a dynamic
60-min data acquisition scan was started simultaneously to an intravenous bolus injection
of [11C]-3-amino-4-(2-dimethylaminomethyl-phenylsulfanyl)benzonitrile ([11C]DASB)
(379±44 MBq). Synthesis of [11C]DASB was performed by methylation of N-Methyl-2-(2amino-4-cyanophenylthio)-benzylamine, details have been reported elsewhere [13].
Axial 3D T1-weighted gradient-echo images (3T Intera, Philips, The Netherlands) of the
brain were acquired from all participants. MR images were visually examined and no
structural lesions were detected.
Image reconstruction and preprocessing
The list-mode data from the PET scans was reconstructed using the 3D OSEM algorithm,
(3 iterations and 24 subsets), point spread function correction and time-of-flight, resulting
in a matrix of 400 × 400 × 111 of isotropic 2 mm voxels, smoothed with 2 mm filter at full
width at half maximum, and 23 frames (7×10 sec, 2×30 sec, 3×1 min, 2×2 min, 2×3 min,
5×5 min, 2×10 min).
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Image processing and pharmacokinetic analysis was performed with PMOD v3.7
software (PMOD Technologies Ltd, Switzerland). Motion correction was applied to the
PET images (frame 9 to 23, using frame 15 as reference) to account for the movement of
the subject during the scan. Then, the summed image (frames 13 to 23) was used for rigid
matching registration of the individual PET to the individual MRI. A 3 tissue probability
map normalization of the individual MRI into the Montreal Neurological Institute (MNI)
standard space was calculated, and subsequently applied to the corresponding PET
image [14].
Predefined volumes of interest (VOIs) (Supplementary table 1) were transformed back into
individual space, based on the Hammers atlas [15] and limited to the grey matter tissue
of cortical regions (>30% grey matter probability based on individual segmentations). In
addition, VOIs for the dorsal raphe nucleus (dRN) and the median raphe nucleus (mRN)
were manually defined based on their MNI coordinates (atlas based, i.e. dRNa and mRNa)
[16]. Moreover, driven by local signal intensity, extra definitions of dRN and mRN VOIs
were delineated by selecting only voxels with >80% uptake within a sphere (diameter of
8mm for the dRN and 6mm for mRN) manually located in these regions, according to
visual inspection of the PET image (average of frames 20-23) (subject based, i.e. dRNs
and mRNs).
After spatial registration of the images, pharmacokinetic modelling was performed to
obtain the [11C]DASB non-displaceable binding potential (BPND) [17], using the Simplified
Reference Tissue Model 2 (SRTM2) [18] with the cerebellum (excluding vermis) as the
reference region. BPND values were obtained from aligned PET images in the individual
space for the VOI-based analysis, and in the MNI space for the voxel-based analysis.
A Gaussian kernel of 6 mm FWHM was applied to the PET image before voxel-based
pharmacokinetic modelling.
Statistical analysis
Statistical analysis was performed using SPSS Statistics 22 (IBM SPSS Statistics, USA).
Demographic and clinical data and values obtained from the VOI-based modelling were
compared between groups using the Pearson χ2 test/Fisher’s exact test or the MannWhitney U test. Differences were considered statistically significant at <5% probability
(p<0.05) of equality, without correction for multiple comparisons. Additionally, effect sizes
were calculated using the Cohen’s d test, which were interpreted as: d>0.1: small effect;
d>0.3: medium effect; d>0.5: large effect [19].
For statistical comparison of the BPND parametric images a two-sample t-test was
performed in SPM12 (Wellcome Trust Centre for Neuroimaging, UK) between dystonia
patients and controls. For interpretation of the results, T-maps data were interrogated at
p=0.005 (uncorrected) and only clusters with p<0.05 corrected for family wise error were
considered significant.
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Correlation analysis between the BPND obtained from the VOI-based modelling and
clinical characteristics was performed using the Spearman’s rho test. With multiple
regression analysis, we then determined the influence of clinical variables with a p-value
<0.05 in the univariate analysis on the BPND. Assumptions of the linear regression and
multicollinearity were checked.

RESULTS
Clinical characteristics
14 patients (mean age 56yr, range 46-70) and 14 controls (mean age 54yr, range 39-70)
were included in the study (Table 1). Two controls, however, were excluded from the
analysis. One healthy control prematurely stopped the scanning procedure. The other
subject was excluded due to subcutaneous infusion of the tracer. The patients had a
median dystonia duration of 9 years (range 1 – 52) years. The total TWSTRS score was
36.4 (SD ± 15.9), the CGI-S jerks/tremor score 1.9 (SD ± 0.8). Most of the measured NMS
scores were significantly higher in the CD patient group as compared with the controls,
with values for depression (BDI) of 12.6 (SD ± 6.6) vs. 3.6 (SD ± 3.9) (p<0.01), anxiety
(BAI) 8.9 (SD ± 5.6) vs. 3.9 (SD ± 3.6) (p=0.01) and fatigue (FSS) 38.8 (SD ± 14.3) vs. 22.9

Table 1
Demographic and clinical characteristics

Age

Female

Dystonia duration

CD
(n=14)

Controls
(n=12)

12 (86%)

10 (83%)

56 ± 9 y

12 ± 13 y

53 ± 8 y

TWSTRS
- Motor severity
- Disability
- Pain
- Total

17.5 ± 5.7
11.6 ± 5.7
7.2 ± 6.4
36.4 ± 15.9

BDI

12.6 ± 6.6

FSS

38.8 ± 14.3

22.9 ± 6.6

3 (21%)

5 (42%)

CGI-S tremor/jerks
BAI

PSQI

LA/LA genotype

Injected dose [11C]DASB
(MBq)

1.9 ± 0.8

8.9 ± 5.6

8.3 ± 3.8

387 ± 33.5

Maximum
value

Cut-off
value

p-value
ns

ns

35
30
20
85
3.6 ± 3.9

3.9 ± 3.6

5.3 ± 4.3

371 ± 53

7

63

63

63

21

≥ 10

≥ 10

≥ 36
≥5

0.01

<0.01

<0.01
ns

ns

ns

Demographic and clinical characteristics of CD patients and controls, including the maximum values of the
different motor and non-motor scales and used cut off values. Data shown as mean ± standard deviation or
number (%). CD = cervical dystonia. Y = years. TWSTRS = Toronto Western Spasmodic Torticollis Rating Scale.
CGI-S = Clinical Global Impression Scale. BDI = Beck Depression Inventory. BAI = Beck Anxiety Inventory. FSS
= Fatigue Severity Scale. PSQI = Pittsburgh Sleep Quality Index.
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(SD ± 6.6) (p<0.01). Sleep disturbances (PSQI) were also more severe in CD patients,
but the difference did not reach statistical significance: 8.3 (SD ± 3.8) vs. 5.3 (SD ± 4.3)
(p= 0.16).
The prevalence of the L A /L A genotype was not significantly different in patients and
controls (42% vs. 21%, p= 0.40).
VOI-based analysis of [11C]DASB binding
The distribution of [11C]DASB in control subjects revealed strong binding in the dorsal
midbrain, thalamus and striatum (Suppl. figure 1).
No significant differences in the BPND of SERT between CD patients and controls were
detected with the VOI-based analysis (Suppl. table 1). Neither were significant asymmetries
detected between the left and right VOIs in any of the groups. The comparison between
groups was also performed with both sides combined, providing the same results.
A trend with substantial effect size was detected towards decreased binding in the
putamen of CD patients (right 10.7% decrease, d= 0.64, p=0.06; left 8.8% decrease,
d= 0.57, p=0.11) and to a lesser extent in the globus pallidus (right 11.1% decrease, d= 0.58,
p=0.14; left 5.1% decrease, d= 0.20, p=0.50). A trend to an increased binding in the raphe
nuclei was found in the patient group as compared to the controls, both in the dRN (dRNs
18.3% increase, d= 0.46, p=0.21; dRNa 9.5% increase, d= 0.31, p=0.22) and the mRN
(mRNs 25.8% increase, d= 0.72, p=0.16; mRNa 29.9% increase, d=0.73, p= 0.45).
Voxel-based analysis of [11C]DASB binding
Similar to the VOI-based approach, the whole brain voxel-based analysis revealed no
significant differences (p=0.005, uncorrected) in the BPND between CD patients and
controls. Exploring the T-maps with a less conservative threshold (p=0.05, uncorrected)
the patient group showed a decreased binding bilaterally in the putamen (left T=2.4±0.5;
right T=2.2±0.4), left anterior (T=2.2±0.4) and posterior (2.1±0.2) cingulate gyrus, the left
superior frontal gyrus (T=2.2±0.4), and the right insula (T=2.1±0.3) (Figure 1, suppl. table 2).

Supplementary figure 1
A representative image of a control subject.

Binding potential non-displaceable (BPND)
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Supplementary table 1
BPND in CD patients and controls in volumes of interest (VOIs)

Right

CD (n=14)

Left

Controls (n=12)

Right

Left

Thalamus

1.27 ± 0.24

1.22 ± 0.24

1.35 ± 0.23

1.27 ± 0.22

N. Caudatus

0.78 ± 0.36

1.02 ± 0.50

0.91 ± 0.41

0.87 ± 0.30

Putamen

G. Pallidus
S. Nigra

Hippocampus
Amygdala

Anterior cingulate cortex

Frontal cortex
- Middle- and inferior frontal gyrus
- Superior frontal gyrus
- Anterior-, medial-, lateral- and
posterior orbital gyrus
- Subgenual frontal cortex, subcallosal
area and pre-subgenual frontal cortex

1.58 ± 0.30
1.28 ± 0.26
2.03 ± 0.93

0.49 ± 0.07
1.51 ± 0.41

0.43 ± 0.09

1.55 ± 0.28

1.50 ± 0.41

1.90 ± 0.50
0.49 ± 0.11

1.65 ± 0.44
0.42 ± 0.08

1.77 ± 0.29

1.44 ± 0.29
1.84 ± 0.27

0.55 ± 0.12

1.70 ± 0.44
0.47 ± 0.08

1.70 ± 0.25
1.58 ± 0.30

1.81 ± 0.29

0.54 ± 0.08
1.61 ± 0.40
0.48 ± 0.10

0.23 ± 0.06
0.16 ± 0.05
0.28 ± 0.09

0.22 ± 0.07
0.17 ± 0.06
0.32 ± 0.08

0.25 ± 0.07
0.19 ± 0.05
0.31 ± 0.04

0.24 ± 0.06
0.19 ± 0.06
0.35 ± 0.06

0.63 ± 0.16

0.60 ± 0.13

0.67 ± 0.10

0.60 ± 0.13

Cuneus + lingual gyrus

0.36 ± 0.09

0.35 ± 0.09

0.35 ± 0.08

0.36 ± 0.10

Temporal lobe

0.22 ± 0.06

0.22 ± 0.07

0.55 ± 0.05

0.23 ± 0.05

Insula

dRN
- dRNa
- dRNs

mRN
- mRNa
- mRNs

0.62 ± 0.11

0.61 ± 0.11

0.69 ± 0.10

0.67 ± 0.12

5.29 ± 1.32
6.78 ± 1.62

4.79 ± 1.84
5.54 ± 3.42

9.67 ± 5.08
10.02 ± 4.76

6.78 ± 2.28
7.43 ± 1.72

The BPND of the different volumes of interest in CD patients and controls. No significant differences were
detected. Data are shown as mean ± standard deviation. CD = cervical dystonia. BPND = binding potential, nondisplaceable. dRN = dorsal raphe nucleus, atlas based (dRNa) or subject based (dRNs). mRN = median raphe
nucleus, atlas based (mRNa) or subject based (mRNs).

Correlations between clinical variables and [11C]DASB binding.
In CD patients, motor symptom severity was significantly correlated with the BPND in the
dRN (dRNs: rs= 0.65, p=0.01; dRNa: rs= 0.60, p=0.02). No other regions, particularly not
the basal ganglia, showed such a correlation with motor symptom severity. Among the
NMS scores, we found a significant correlation between the BPND in the dRN and pain
(dRNs: rs=0.73, p<0.01; dRNa: rs= 0.58, p=0.03) and sleep disturbances (dRNs: rs=0.73,
p<0.01, dRNa: rs= 0.71, p<0.01) (Figure 2, suppl. table 3). Patients with the L A /L A genotype
had a relatively low BPND in the dRNs, namely 5.1, 5.2 and 5.4.
Subsequently, in the multiple regression analysis, we included motor symptom severity,
pain and sleep disturbances to assess the effect on the BPND of the dRNs. As there
was multicollinearity between pain and sleep disturbances scores (rs= 0.87, p<0.01), this
was performed in two separate steps. First, we included motor severity and pain in the
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Figure 1
Results of the voxel-based analysis.

BPND - Decrease in dystonia patients

4
3
2
1
0

Regions with a decreased BPND (voxel-threshold of p= 0.05, uncorrected) in CD patients compared with controls.

Supplementary table 2
Decreased BPND in CD patients compared with controls.
Region

Voxels

T

±

SD

Cingulate gyrus anterior part left

247

2.18

±

0.39

Cohen's d
0.89

Cingulate gyrus posterior part left

167

2.07

±

0.24

0.84

Putamen left

151

2.39

±

0.51

0.98

Putamen right

119

2.21

±

0.41

0.90

Insula right

225

2.11

±

0.32

0.86

Superior frontal gyrus left

165

2.20

±

0.44

0.90

Functional regions (>100 voxels) showing a decreased BPnd, obtained from significant clusters when the T-maps
were explored with a p= 0.05 uncorrected threshold and a minimum cluster size of 400. For each functional
region, the mean T-value, standard deviation (SD), effect size (Cohen’s d), and voxel size are reported. BPND =
binding potential, non-displaceable. CD = cervical dystonia.

model. This revealed an adjusted R2 of 0.47; none of the variables significantly influenced
the model. Second, we included motor symptom severity and sleep disturbances in the
model. This revealed an adjusted R2 of 0.55, with motor symptom severity being the most
important predictor of an increased BPND in the dRNs (β=1.56, p=0.02) (Table 2).
Furthermore, fatigue was associated with a decreased BPND in the mRN (mRNs: rs=0.61, p=0.045, mRNa: rs=-0.63, p=0.049); while depression (rs=-0.54, p=0.045) and
anxiety (rs=-0.55, p= 0.04) showed an association with a decreased BPND in only the right
hippocampus.
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Figure 2
Correlation between the BPND in the dRNs in CD patients and clinical variables.

10
9

8

dRNs

dRNs

9

7

rs = 0.73
p < 0.01

10
9

8

dRNs

rs = 0.65
p = 0.01

10

7

8
7

6

6

6

5

5

5

4

4

10

15

20

25

Motor symptom severity (TWSTRS)

30

0

5

10

Pain (TWSTRS)

15

4

20

rs = 0.73
p < 0.01

0

5

10

15

Sleep disturbances (PSQI)

20

Univariate correlation analysis in CD patients between the BPND in the dRNs and the TWSTRS motor severity
score, TWSTRS pain score and PSQI score. The dashed line indicates the mean BPND in the dRNs of
the control group. Patients with the L A /L A genotype are indicated as white circles. BPND = binding potential,
non-displaceable. dNRs: dorsal raphe nucleus, subject based. CD = cervical dystonia. rs = Spearman’s rho.
TWSTRS = Toronto Western Spasmodic Torticollis Rating Scale. PSQI = Pittsburgh Sleep Quality Index.

Supplementary table 3
Univariate correlation analysis between the BPND in the dRNs in CD patients and clinical variables.

dRNs
TWSTRS severity
TWSTRS pain
BDI
BAI
FSS

TWSTRS
severity

TWSTRS
pain

BDI

BAI

FSS

PSQI

0.65**

0.73**

-0.41

-0.20

-0.13

0.73**

0.67**

-0.41

-0.29

-0.05

0.64*

-0.17

-0.11

0.05

0.87**

0.51

0.65*

-0.24

0.15

-0.11
-0.02

Data are shown as correlation coefficient. BPND = binding potential, non-displaceable. dRNs: dorsal raphe
nucleus, subject based. *p<0.05, **p<0.01. TWSTRS = Toronto Western Spasmodic Torticollis Rating Scale. BDI
= Beck Depression Inventory. BAI = Beck Anxiety Inventory. FSS = Fatigue Severity Scale. PSQI = Pittsburgh
Sleep Quality Index.
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Table 2
Multiple regression analysis between the BPND of the dRNs and clinical variables.
Model

Region

Predictors

Adjusted R
Square

B°

β

p-value

1

dRNs

- TWSTRS severity
- TWSTRS pain
- Interaction effect

0.47

0.10 (0.14)
0.02 (0.22)
0.00 (0.01)

0.34
0.10
0.38

0.49
0.91
0.75

2

dRNs

- TWSTRS severity
- PSQI
- Interaction effect

0.55

0.44 (0.16)
0.70 (0.35)
-0.03 (0.02)

1.56
1.65
-2.21

0.02
0.07
0.09

Results of the multiple regression analysis to assess the effect of the TWSTRS severity score, the TWSTRS
pain score, the PSQI score and additional interaction effects on the BPND in the dRNs in CD patients. Due to
multicollinearity between the TWSTRS pain score and PSQI score, we performed the analysis in two separate
steps. For all variables, we calculated the B° (unstandardized coefficient with standard error in parenthesis) and
β (standardized regression coefficient). BPND = binding potential, non-displaceable. dRNs: dorsal raphe nucleus,
subject based. TWSTRS = Toronto Western Spasmodic Torticollis Rating Scale. PSQI = Pittsburgh Sleep Quality
Index.

DISCUSSION
In this functional brain imaging study, we demonstrated a significant correlation between
increased [11C]DASB SERT binding in the dRN of CD patients and the severity of dystonic
motor symptoms, pain and sleep disturbances, respectively, but not with psychiatric comorbidity. This correlation of clinical parameters with increased binding in the dRN is
consistent with the observed trend of increased SERT binding in this midbrain center of
serotonin neurons in CD when compared to controls. At the hemisphere target regions of
serotonin innervation, we found a trend towards a bilateral decrease of SERT binding in
the putamen and pallidum. These opposite trends may illustrate the dynamic complexity
of serotonin neurotransmitter regulation.
For the interpretation of our results, it is important to keep in mind that, although the
level of regionally measured [11C]DASB generally reflects the available SERT binding
sites, this binding may be influenced by the quantity of endogenous serotonin, competing
at the binding sites. E.g., an increase of endogenous serotonin may reduce [11C]DASB
binding without a change in the actual number of binding sites. The latter has particularly
been demonstrated in acute experimental conditions of drugs employed to manipulate
serotonin availability [20]. As the patients included in our study were characterized by
a distinct profile of symptoms, the finding of a significant correlation between symptom
severity and increased dRN [11C]DASB binding provides a strong argument to regard this
dRN binding as a fair index of the actual SERT binding sites in the participating subjects.
The concept of increased serotonergic activity in CD is supported by the literature
describing serotonin-induced motor effects. In both cat and monkey, serotonin injections
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in the facial nucleus induced focal dystonia of the eyelids [21]. Administering the precursor
of serotonin elicits a consistent hyperkinetic motor syndrome including lateral head
waving [22]. At the spinal cord level, serotonin increases spinal motor neuron excitability,
facilitating the generation of action potentials [23]. Moreover, serotonergic activation
caused suppression of sensory information processing [24], which is compatible with the
disturbed sensorimotor (afferent) integration known to be an important key stone of the
dystonia pathophysiology [4].
Although direct effects of serotonin injections in the basal ganglia have not been
investigated, the strong increase of endogenous serotonin release in the monkey
striatum by a precursor challenge [20], highlights the functional interrelationship of the
basal ganglia with the origin of serotonergic innervation in the dRN and underscores
that changed serotonergic activity in the putamen and globus pallidus is consistent with
the current hypothesis concerning their involvement in the pathophysiology underlying
dystonia [3,4]. Dyskinesia is another condition of increased motor activity, occurring
in Parkinson’s disease and associated with an increased ratio of serotonergic versus
dopaminergic putamen innervation [6]. Finally, coherent change of serotonin activity in
the basal ganglia and the raphe nucleus has recently been described in social anxiety
disorder, in which increased [11C]DASB binding in the two regions was explained by
presynaptic serotonergic overactivity [25].
The trend of decreased [11C]DASB binding in the basal ganglia of our CD patients, which
we explained as a result of increased endogenous serotonin release, did not reach
statistical significance. Given the medium to large effect size, one may argue that this
absence of significance was due to a small sample size. Nevertheless, the subthreshold
identification of bilateral striatum decreases in [11C]DASB binding resulted from both predefined VOI and hypothesis-free voxel-based analyses. Particularly the distinct spatial
pattern that emerged from the latter supports our inference that this changed [11C]DASB
binding indeed represents region-specific serotonergic changes within the cerebral
hemispheres of CD patients.
To illustrate the complexity of the balance between serotonergic activity in the dRN and
basal ganglia, a full review of the entire spectrum of regulatory mechanisms in cerebral
serotonin activity would be required, which is, however, beyond the scope of this paper.
We only mention that e.g. increased 5-HT1A autoreceptor activation in the dRN may
have an inhibitory effect on discharge patterns to the output areas [26]. In Parkinson’s
disease, such reduced serotonergic activity in the basal ganglia by stimulating inhibitory
5-HT1A receptors may ameliorate dyskinesia [6]. These circumstances of increased
SERT binding in the dRN together with decreased striatum SERT binding may reflect an
adaptive mechanism. As we found a correlation between increased symptom severity
and increased dRN and not with decreased striatum binding, we regard increased SERT
binding in the dRN to be a primary and not an adaptive effect. The above discussed
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issues indeed point at the limitation of [11C]DASB as a tracer that only provides detailed
information about serotonin transporter binding, but not about other serotonergic receptors
and the interaction with other neurotransmitters. Future combined studies of SERT and
5-HT1A autoreceptor binding and/or with other postsynaptically located receptors or
different neurotransmitters would potentially provide more insight in the dynamic balance
of serotonergic functioning.
Not only motor severity but also pain and sleep disturbances showed a positive correlation
with the BPND in the dRN. Serotonin involvement in pain is supported by previous studies.
For example, spinal analgesic action is mediated by serotonin release, and selective
serotonin reuptake inhibitors induce a central analgesic effect [27]. In sleep disorders,
altered discharge patters of serotonergic neurons were suggested to be involved by
influencing the different serotonergic postsynaptic receptors [28]. Altogether, the relation
between SERT binding in the dRN and motor severity, pain and sleep disturbances
supports our hypothesis that serotonin forms a shared pathophysiological pathway of
motor and NMS in dystonia.
Depression and anxiety were not related to the BPND in the dRN, but were significantly
related to a decreased BPND in the right hippocampus. The lack of correlation between
the dRN and psychiatric features is difficult to compare with previous studies as
raphe values in those studies were measured as part of the whole brainstem region
(including other nuclei) or not reported at all. Our findings in CD with reductions in the
hippocampus-amygdala complex are in line with previous studies in depressive patients
(for meta-analyses see Kambeitz and Howes [29] and Meyer [30]). Whether these SERT
binding reductions in limbic regions underlies vulnerability to depression or represent a
psychopathological state (state or trait factor) is unclear in both the depression studies
and in our CD cohort. Longitudinal studies and larger and more heterogeneous samples
will be required for further clarification.
In conclusion, this study provides evidence on involvement of the serotonergic system in
both motor and NMS in CD, which motivates the design of future studies with serotonergic
drugs on the motor and NMS symptoms in CD, if possible combined with the effect on
receptor binding imaging, thus opening a new therapeutic field for dystonia patients.

107

6

Chapter 6

Supplementary text: SERT genotyping
The SERT S/L A /LG variants were determined using polymerase chain reaction (PCR)
with Forward primer FAM-5’TGAATGCCAGCACCTAACCC-3’ and Reverse primer
5-TTCTGGTGCCACCTAGACGC-3’, and subsequent ingestion of the PCR product with
Msp-I for at least 3 hours at 37 °C. The resulting restriction fragments were separated
using capillary electrophoresis (ABI 3130 analyzer; Applied Biosystems, the Netherlands)
and fragment sizes were estimated using the ABI Prism® GeneMapper™ software,
version 3.0 (Applied Biosystems). The S, LG and L A variants were determined by detection
of fragments of 325, 152 or 284 base pairs, respectively.
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ABSTRACT
Relative cerebral blood flow (rCBF) was studied in cervical dystonia (CD) patients relating
to motor and non-motor symptoms (NMS).
Fourteen CD patients and 12 healthy volunteers underwent MRI and serotonin transporter
PET ([11C]DASB) scans. The obtained PET data enabled calculation of initial tracer
distribution as surrogate of rCBF, using a nonlinear reference tissue model (SRTM2).
Motor and NMS (i.e. depression, anxiety, fatigue and sleep disturbances) were assessed.
A decreased rCBF in temporal and frontal areas and the insula was found in CD patients
compared to controls. A negative correlation was observed between the rCBF in temporal
lobes and depression and anxiety scores, and between a decreased rCBF in the basal
ganglia and motor symptoms.
Our results indicate an altered rCBF in CD, representing dysfunction of networks involved
in head-motion registration and sensory-motor integration. Current pathophysiological
hypotheses in CD are supported and motivate the design of larger studies towards
involvement of temporal and frontal lobe regions and the insula in dystonia.
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INTRODUCTION
Cervical dystonia (CD) is the most prevalent form of adult-onset focal dystonia, affecting
28-183 cases per million people [1]. The definition of CD is based on the abnormal motor
movements of the cervical musculature, but in 95% of all cases CD is also accompanied by
non-motor symptoms (NMS) like psychiatric co-morbidity, fatigue and sleep disturbances
[2].
Alterations in the regional cerebral blood flow (rCBF) have been implicated in the
pathophysiology of dystonia [3]. In primary dystonia, using [15O]H2O PET a prefrontal
increase in relative cerebral blood flow (rCBF) has been demonstrated, which could
be reversed by effective deep brain stimulation [4]. Moreover, [15O]H2O PET activation
studies in idiopathic torsion dystonia have shown overactivity of striatofrontal projections
and impaired activity of motor executive areas [5]. It was hypothesized that alterations in
rCBF in motor and sensory areas suggest dysfunction in interconnecting circuits, causing
defective sensorimotor integration [6].
In general, PET rCBF studies with [15O]H2O concern activation experiments aimed to
explore distinct regional cerebral functions by task-evoked responses, requiring repeated
rCBF measurements in each participating subject. In the current PET study, we calculated
rCBF by using the initial distribution curve of the [11C]DASB receptor tracer. In this way, a
single rCBF measurement in each subject provides a robust index of regional neuronal
activity comparable with the information obtained by [18F]fluorodeoxyglucose (FDG).
The method of [ C]DASB-based rCBF measurements was employed in CD patients and
controls to assess whether changes in rCBF were related to motor and NMS.
11

METHODS
Subjects
Patients (n=14, 56yr [46-70]) with a clinically diagnosed idiopathic CD and age- and sexmatched controls (n=12, 54yr [39-70]) were included in the study (Supplementary table 1).
The same patients have been described in a previous paper (Smit et al., in preparation)
reporting the use of [11C]DASB to study the cerebral distribution of serotonin transporter
sites with PET in patients with CD and controls. By using the Simplified Reference Tissue
Model (SRTM2) model [7], we now additionally calculated the relative tracer delivery to
a preselected series of brain regions as compared to the reference region (R1) [8]. This
model has proved to generate a reliable measure of the relative rCBF [8]. The use of R1
as a robust apparent index of rCBF has also been validated for [11C]PiB [9].
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Supplementary table 1
Demographic and clinical characteristics
CD
(n=14)

Controls
(n=12)

Female

12 (86%)

10 (83%)

Dystonia duration

12±13 y

Age

56±9 y

53±8 y

TWSTRS
- Motor severity
- Disability
- Pain
- Total

17.5±5.7
11.6±5.7
7.2±6.4
36.4±15.9

Beck Depression Inventory

12.6±6.6

3.6±3.9

Fatigue Severity Scale

38.8±14.3

22.9±6.6

CGI-S tremor/jerks

Beck Anxiety Inventory

Pittsburgh Sleep Quality Index

8.3±3.8

Cut-off
value

p-value
Ns
Ns

35
30
20
85

1.9±0.8

8.9±5.6

Maximum
value

7

63

3.9±3.6

63

5.3±4.3

21

63

≥ 10

0.01

≥ 10

<0.01

≥5

ns

≥ 36

<0.01

Demographic and clinical characteristics of cervical dystonia patients (CD) and controls, including the maximum
values of the different motor and non-motor scales and cut-off values. Data shown as mean ± standard deviation
or number (%). Y = years. TWSTRS = Toronto Western Spasmodic Torticollis Rating Scale. CGI-S = Clinical
Global Impression Scale.

An exclusion criterion for the CD patients was onset of CD before the age 18 and severe
tremor and/or jerks obstructing accurate brain imaging. Additional exclusion criteria for
all subjects included other relevant neurological co-morbidity and the use of serotonergic
medication or antidepressants. Informed consent was obtained from all participants and
the study was approved by the local ethics committee (2014/034).
Clinical measures
Motor assessments, including dystonia severity (TWSTRS) [10] and the severity of jerks
and tremor (CGI-S jerks/tremor) [11], were performed using a systematic video protocol
and scored by two experts (MS, VH). In addition, depression (BDI) [12], anxiety (BAI) [13],
fatigue (FSS) [14], and sleep disturbances (PSQI) [15] were examined in all the subjects.
Brain imaging
Image data acquisition, reconstruction, and processing are described in detail elsewhere
(Smit et al., in preparation). In brief, all subjects underwent a dynamic 60-min PET scan
simultaneously to an intravenous bolus injection of [11C]DASB (379±44 MBq), in addition to
a T1-weighted gradient-echo magnetic resonance imaging (MRI). Image processing and
pharmacokinetic analysis was performed with PMOD v3.7 software (PMOD Technologies
Ltd, Switzerland). After registration of individual PET to the individual MRI, the images
were spatially normalized into the Montreal Neurological Institute (MNI) standard space.
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Predefined volumes of interest (VOIs) were defined based on the Hammers atlas [16]
and limited to the grey matter tissue of cortical regions. With the VOI analysis, we
focused only on hemispheric regions. We did not define brainstem VOI’s because rCBF
did not demarcate a distinct subregion in this small structure, in contrast to the local
spot of specific binding sites for the serotonin transporter in the dorsal midbrain. For the
additional voxel-based analysis, the whole brain was assessed.
Pharmacokinetic modelling was performed for using the Simplified Reference Tissue
Model 2 (SRTM2) [17] with the cerebellum (excluding vermis) as the reference region.
The ratio of tracer delivery (R1=K1/K1’ [17]) was used as the apparent index of the rCBF
and further referred to as rCBF.
Statistics
Statistical analysis was performed using SPSS Statistics 22 (IBM SPSS Statistics, USA).
Demographics, clinical data and VOI-based data were compared between groups using
the Pearson χ2 test, Fisher’s exact test, and the Mann-Whitney U test. Correlation analysis
between the rCBF values and clinical characteristics were explored with Spearman’s rho
test. Differences were considered statistically significant at p<0.05, without correction for
multiple comparisons.
Additionally, voxel-based analysis of rCBF images was performed using SPM12
(Wellcome Trust Centre for Neuroimaging, UK) between dystonia patients and healthy
volunteers. T-maps data were interrogated at p=0.005 (uncorrected) and only clusters
with p<0.05 corrected for family-wise error were considered significant. Moreover, effect
sizes were calculated using the Cohen’s d test.

RESULTS
VOI-based analysis
A decreased rCBF was found in several brain regions in CD patients when compared
with controls, including bilaterally the temporal lobe (right 7.6%, d=1.2, p=0.01; left 6.4%,
d=1, p=0.02), and unilaterally in the left anterior cingulate cortex (7%, d= 0.8, p=0.046),
right middle/inferior frontal gyrus (6.3%, d= 0.77, p=0.04), right orbital gyrus (7.8%, d=1.14,
p=0.02) and right insula (6.5%, d= 0.92, p=0.046) (Table 1).
Voxel-based analysis
The mean rCBF image derived from the control subjects is shown in supplementary
figure 1.
In the voxel-based analysis, a statistically significant decrease in the rCBF values was
found in CD patients when compared with controls, namely bilaterally in the superior
temporal gyrus pars anterior (left, T=3.6 (SD ± 0.6); right T=3.1 (SD ± 0.3)) and pars
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posterior (left T=3.5 (SD ± 0.6); right T=3.2 (SD ± 0.3)), the posterior part of the temporal
lobe (left T=3.2 (SD ± 0.3); right T=3.3 (SD ± 0.4)), and in the left thalamus (T=3.4 (SD ±
0.4)) (Figure 1, supplementary table 2).
Correlations between clinical variables and the rCBF.
In the CD patients, the severity of jerks and tremor was negatively correlated with
the rCBF in the right caudate nucleus (rs=-0.69, p<0.01), the right putamen (rs=-0.54,
p=0.046), and the right insula (rs=-0.56, p= 0.04).
No statistically significant correlation between the rCBF values and the NMS was
observed within the CD patients. However, when both CD patients and controls were
included in the analysis, a significant negative correlation was found between the rCBF
in the superior temporal posterior (STP) and anterior (STA) areas and depression (STP
right: rs=-0.50, p<0.01, STP left: rs=-0.45, p=0.02, STA left rs=-0.48, p=0.01), anxiety
(STP right: rs=-0.43, p=0.03, STP left: rs=-0.44, p=0.03, STA left rs=-0.45, p=0.02), and
fatigue (STP right: rs=-0.43, p=0.03, STP left: rs=-0.62 p= 0.047).

Table 1
Relative cerebral blood flow
CD (n=14)

HC (n=12)

Right

left

right

left

Thalamus

1.02±0.06

0.99±0.06

1.04±0.08

1.02±0.08

Nucleus Caudatus

0.69±0.11

0.69±0.12

0.68±0.12

Putamen

Globus Pallidus

1.02±0.06
0.74±0.06

1.02±0.06

1.03±0.08

1.03±0.09

0.74±0.03

0.75±0.05

0.78±0.07

0.76±0.05

0.81±0.06*

Substantia Nigra

0.80±0.05

0.80±0.07

Amygdala

0.67±0.04

0.66±0.05

Hippocampus

Anterior cingulate cortex

0.75±0.05
0.96±0.10

0.68±0.14

0.79±0.07

0.79±0.06

0.93±0.10

0.67±0.03

1.00±0.08

0.69±0.02

0.83±0.07*
1.00±0.07*

Frontal cortex
- Middle- and inferior frontal gyrus
- Superior frontal gyrus
- Anterior-, medial-, lateral- and
posterior orbital gyrus
- Subgenual frontal cortex,
subcallosal area and pre-subgenual
frontal cortex

1.04±0.08

1.04±0.09

1.11±0.10*

1.10±0.09

0.96±0.08
0.95±0.07

0.96±0.09
0.96±0.07

1.02±0.07
1.03±0.07*

1.01±0.09
1.02±0.07

0.78±0.08

0.84±0.09

0.85±0.09

0.89±0.07

Insula

0.86±0.06

0.87±0.06

0.92±0.07*

0.93±0.08

Cuneus + lingual gyrus
Temporal lobe

1.03±0.07

0.73±0.05

1.01±0.06

0.73±0.05

1.06±0.08

0.79±0.05*

1.03±0.07

0.78±0.05*

The rCBF in cervical dystonia patients (CD) and controls. Data concerning pre-defined volumes of interest (VOI)
are shown as mean ± standard deviation.CD=cervical dystonia. HC= healthy control. * p<0.05
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Supplementary figure 1
Mean rCBF image derived from the control subjects.

Figure 1
Areas with decreased rCBF in CD patients, when compared with the controls

7
Voxel-based analysis based on decreased rCBF, based on initial tracer distribution (R1), in CD compared to
control subjects. Only significant clusters are represented (p-voxel<0.005 uncorrected, and p-cluster<0.05familywise error corrected).

Supplementary table 2
Decreased rCBF in CD patients compared with controls.
Region

Superior temporal gyrus anterior part left

Superior temporal gyrus anterior part right
Superior temporal gyrus posterior part left

Voxels

3.14

±

0.28

1.28

0.34

1.33

0.44

1.36

3.53

±

0.58

3.21

±

0.27

448

Posterior temporal lobe right

335

Thalamus left

SD

425

Superior temporal gyrus posterior part right
Posterior temporal lobe left

±

3.63

128

175

111

Cohen's d

T

213

3.25

3.33
3.43

±

±

±
±

0.57

0.45

1.48

1.44

1.31

1.40

Functional regions (>100 voxels) showing decreased rCBF, obtained from significant clusters (p-voxel<0.005
uncorrected, and p-cluster<0.05family-wise error corrected). For each functional region, the mean T-value,
standard deviation (SD), effect size (Cohen’s d) and voxel size are reported.
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DISCUSSION
In this brain imaging study, a significantly decreased rCBF was observed in CD patients
when compared with controls, particularly comprising temporal lobe regions, the
thalamus, frontal and orbital gyrus, insula and anterior cingulate. These results emerged
from both VOI-based and voxel-based analysis. Moreover, the decreased rCBF in the
temporal lobe was significantly correlated with the NMS anxiety, depression and fatigue.
In CD patients, the severity of jerks and tremor was negatively correlated with the rCBF
in the caudate nucleus, putamen and insula. Our results indicate impairment of distinct
circuitries for motor and NMS in CD patients.
The observed CD-related decreases in temporal lobe regions, the thalamus, frontal and
orbital gyrus and cingulate regions point at functional impairment of circuitries serving
integration of limbic and sensorimotor information, indeed likely associated with motor
and NMS in CD.
Of special interest was the observed decreased rCBF in the insula. This region serves
as a primary reception area for interoceptive sensory information, including head-motion
registration [18,19]. In Parkinson’s disease, NMS have also been associated with insula
dysfunction, thus supporting our results [18,19]. Disturbed integration and altered head
motion registration is compatible with the pathophysiological hypotheses in dystonia [20].
In CD, dysfunction of the insula has not been described before, but might thus be an
interesting region at the interface of CD motor symptoms.
We found a correlation between decreased temporal cortex rCBF and both depression
and anxiety. This is consistent with a pattern of decreased rCBF in the temporal and
frontal areas in a SPECT study in a patient with myoclonus dystonia [21], explained
as a consequence of psychiatric comorbidity. Involvement of the temporal cortex in
idiopathic dystonia is also supported by human pallidum recordings in combination
with magnetoencephalography (MEG). In that study a coherent pallido-temporal theta
frequency band and pallidum coherence with sensorimotor regions was detected [22].
This network, considered to reflect learning and integration of limbic information in
sensorimotor output, support a likely role of the temporal lobe in CD. With FDG PET,
involvement of the temporal cortex in CD has also been described, although both
decreased and increased regional metabolism has been found [23].
In conclusion, by employing the initial distribution of [11C]DASB as an apparent index
of relative rCBF we were able to identify changes in the limbic circuitry. Together with
decreases in the spatially adjacent insula, the involvement of these regions point at
functional impairment of circuitry serving integration of limbic and sensorimotor information
likely associated with CD. Indeed, we found a relationship between a decreased rCBF
in the temporal lobe and psychiatric co-morbidity, and a relationship between the basal
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ganglia and motor symptoms. A challenge for future functional brain imaging in CD
research is to identify crucial nodes in cerebral circuitry that may be initially affected and
how network dysfunction subsequently expands in the brain.
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GENERAL DISCUSSION
Cervical dystonia (CD) is a hyperkinetic movement disorder which affects daily living of
many patients. In the Netherlands, the prevalence of cervical dystonia (CD) is estimated
at 8000 patients. This thesis focuses on two important aspects of CD, namely its
phenotype, including motor and non-motor symptoms (NMS), and the pathophysiology of
CD, focusing at the role of serotonin and the relative cerebral blood flow.
We first systematically investigated the frequency and severity of NMS in CD patients
and matched controls, including psychiatric co-morbidity, fatigue, excessive daytime
sleepiness and sleep disturbances (Chapter 2 and 3). Moreover, we examined the
influence of both motor and NMS on HR-QoL. We also explored an extended dystonia
NMS questionnaire, as a first step towards a validated NMS questionnaire suitable for
the use in daily practice (Chapter 4). With this questionnaire, we not only assessed which
NMS are highly prevalent, but also which NMS are experienced as most tedious.
In the second part of th is thesis, we explored the role of serotonin in motor and NMS
in patients with several forms of dystonia, described in a systematic review (Chapter 5).
Based on frequently described low levels of the breakdown product of serotonin and the
influence of several serotonergic drugs on dystonia, we have tried to explain how the
serotonergic system could influence dystonia as an extrapyramidal movement disorder.
Then, in the last part of this thesis, we set a first step in investigating the role of serotonin
in CD patients and matched controls using in vivo techniques. This was performed with
[11C]DASB positron emission tomography (PET) imaging, examining serotonin transporter
(SERT) binding as important presynaptic serotonergic marker (Chapter 6). Moreover,
this technique revealed also information about the relative cerebral blood flow, which is
discussed in Chapter 7.
Our main findings will be discussed in the following paragraphs. After this discussion, I
will present some ideas for future research directions.
Psychiatric co-morbidity
In the first part of this thesis, we used a case-control design to investigate the frequency
and severity of several NMS and their influence on HR-QoL. In Chapter 2, we first
investigated psychiatric co-morbidity in 50 CD patients and 50 matched controls. We
demonstrated that 64% of CD patients fulfilled the criteria of a psychiatric disorder in the
present and/or past, which was significantly higher than in the control group (28%). Also
in our study, most of the psychiatric illnesses consisted of depression and anxiety. Of
the 32 patients who fulfilled the criteria of a psychiatric disorder according to the DSMIV criteria, 20 patients (62.5%) retrospectively suffered from one or more psychiatric
disorders before the onset of motor symptoms. This finding suggests that psychiatric
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disorders are more likely part of the phenotype of dystonia, instead of a secondary
phenomenon in response to the burden of motor symptoms. Moreover, we could not
detect a relation between the severity of motor symptoms and the frequency and severity
of psychiatric disorders, which also suggests a primary mechanism of NMS. Since a
few years, the origin of psychiatric comorbidity in dystonia has been the subject of a
continuous debate. Recently, Zurowski et al. summarized the arguments in favor of either
a primary or secondary cause [1]. Again, the onset of psychiatric co-morbidity before the
onset of motor symptoms was one of the strongest arguments that psychiatric disorders
are intrinsic to the neurobiology of dystonia. Another argument included the 1:1 ratio of
men to women with dystonia and psychiatric co-morbidity, while in the general population
women are more frequently diagnosed with psychiatric disorders (ratio men to women:
1:2). Also, the missense relation between motor severity and psychiatric co-morbidity,
which was confirmed in our study, and the higher ratio of psychiatric disorders in dystonia
patients compared with other visible and disabling disorders argues for a primary cause.
An argument in favor of a secondary cause is the high correlation of pain with psychiatric
co-morbidity in previous studies. In our study, pain appeared to be related to disability
and anxiety symptoms, but not to other psychiatric co-morbidities like depression. Until
now, only retrospective studies examined psychiatric co-morbidity, a design that is not
suitable to draw firm conclusions about a primary or secondary cause of psychiatric comorbidity in dystonia. Also in our study, we noticed that diagnosing psychiatric disorders
that happened in the past had some drawbacks. Retrospectively assessing psychiatric
disorders is difficult, as subjects often did not remember their exact symptoms. Finally,
to distinguish between a primary or secondary cause, prospective studies are warranted.
Fatigue and sleep disturbances
The frequency and severity of the NMS fatigue, excessive daytime sleepiness and sleep
disturbances were examined in chapter 3. One of the problems when examining fatigue
and sleep-related measures is the high correlation with psychiatric co-morbidity and
the overlap between questionnaires examining fatigue, sleep and psychiatric disorders.
Therefore, it is important to systematically investigate all those aspects, in order to be
able to distinguish between a primary NMS or a secondary phenomenon in reaction to
or related with psychiatric co-morbidity. In previous studies, methodological limitations
regarding this systematic approach were noted. Another issue in previous research is
that fatigue was often not defined, while its meaning can be interpreted in many ways.
Two major domains of fatigue include the perception of fatigue, influenced by homeostatic
factors and psychological factors, and performance fatigability, which depends on both
peripheral and central factors [2]. In our study, we used a quantitative questionnaire
examining the level of perceived fatigue.
In our cohort of CD patients, fatigue scores were increased independently from psychiatric
co-morbidity, while excessive daytime sleepiness and impaired sleep quality were highly
associated with depression and anxiety. Motor severity, including both dystonic posturing,
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jerks and tremor, did not explain variation in fatigue, excessive daytime sleepiness and
sleep quality scores, which again suggest a primary mechanism of these NMS.
Interpreting fatigue as primary NMS, intrinsic to the neurobiology of dystonia, might
shed new light on the underlying pathophysiology. In Parkinson’s disease, an abnormal
perception of fatigue has been related to altered basal ganglia function [3], regions
that are also related to the dystonia pathophysiology [4,5]. Moreover, disturbances in
the domains perception of fatigue and fatigability often occur together. This means that
also specific cortical and subcortical networks involved in fatigability, which encompass
the motor cortices, thalamus and again the basal ganglia [2], might be involved in the
dystonia pathophysiology. These dysfunctional networks and structures involving the
basal ganglia point towards a possible role of neurotransmitters. Central disturbances
in the neurotransmitters serotonin and dopamine are described in both fatigue and
dystonia [2,7,8]. The serotonergic hypothesis of central fatigue includes that serotonergic
activity increases during prolonged exercise, resulting in lethargy and loss of drive [9]. In
general, serotonergic agonists induce a dose-dependent reduction in exercise capacity
while serotonergic antagonists enhances this capacity [9]. Relating to motor symptoms,
an increased serotonergic state also increases the excitability of motoneurons and
thereby facilitates the generation of action potentials [10]. In an animal model of dystonia,
injections with serotonin in the facial nucleus induced focal dystonia of the eyelids [11],
also supporting the hypothesis that regional increased levels of serotonin might form
a shared pathophysiological pathway of motor and NMS in dystonia. All together,
these findings reinforce the hypothesis of a primary mechanism, intrinsic to dystonia,
being responsible for the perception of fatigue in CD patients. In these mechanisms,
serotonergic networks might well be involved. I’ll come back to this hypothesis in the part
on our study of serotonin involvement.
NMS questionnaire
As described in chapter 2 and 3, psychiatric co-morbidity, fatigue and sleep disturbances
are highly prevalent in CD patients. However, the NMS spectrum of dystonia also includes
other (less prevalent) symptoms. While examining psychiatric co-morbidity in the first part
of the study, patients spontaneously mentioned problems with for example concentration
or sexual activities, both NMS that have previously not been systematically examined.
In Chapter 4, we explored a NMS questionnaire for dystonia. For this purpose, we used
an extended version of the NMS rating list for CD patients as proposed by Klingelhoefer
et al., who in turn composed a list distracted from the NMS Questionnaire validated in
Parkinson’s disease [12]. Our list proved a valuable exploration of the frequency of NMS.
Up to 95% of the included patients experienced NMS, with a median number of NMS of
6.5 (range 0-13, maximum 15). Moreover, it provided information on which motor and
NMS were experienced as most burdensome, rather than only highly prevalent. This
revealed that patients were bothered the most by tremor/jerks, pain, sleep disturbances,
daily-life limitations and fatigue. The results of this study highlighted the impact of NMS
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and emphasized the importance of a validated NMS-questionnaire in dystonia. Similar as
developed for Parkinson’s disease, this would ideally exists of both a NMS questionnaire
that can be used by the patients themselves and a NMS rating scale for professionals.
The questionnaire for patients would then focus on the frequency of different NMS,
and the more elaborate rating scale used by professionals would include a quantitative
scoring system for both the frequency and severity of NMS.
Influence on health-related quality of life
In all our studies, we additionally examined the influence of motor and NMS on HR-QoL. It
appeared that only NMS influenced HR-QoL, while motor symptoms did not influence any
of the HR-QoL domains. This was first shown in the paper about psychiatric co-morbidity,
and confirmed in the paper about fatigue and sleep disturbances that took into account
the influence of both psychiatric co-morbidity, pain, fatigue and sleep-disturbances.
The multiple linear regression analysis revealed that fatigue had a significant negative
influence on the domain physical functioning, on the domain mental health and on the
domain pain. Excessive daytime sleepiness had a significant negative influence on the
domain mental health and on the domain vitality. The severity of depression, anxiety
and pain was also negatively associated with the domains physical functioning, social
functioning, role limitation emotional, vitality and pain. Sleep disturbances were not
associated with any of the HR-QoL domains. Motor symptoms were not included in the
multiple regression analysis, because they were not associated with HR-QoL in the
univariate analysis.
Our findings emphasize the need for more personalized medicine. Until now, the
treatment of CD patients usually focuses on improvement of the motor symptoms, with
periodic botulinum toxin injections in the affected muscles. However, regarding HR-QoL
as important outcome measure of treatment, NMS should receive more attention. The
significant influence of several NMS on all aspects of HR-QoL highlights the need for
systematic screening of these symptoms in the daily practice. Future studies are needed
to investigate whether targeted treatment of NMS could improve HR-QoL in CD patients.
Is serotonin a shared pathophysiological pathway of motor and NMS?
In the second part of this thesis, we performed a systematic review of the literature
concerning the role of serotonin in both motor and NMS in patients with several
forms of dystonia (Chapter 5). Serotonin is an important neurotransmitter involved in
structures and circuitries that are currently hypothesized to play a key role in the dystonia
pathophysiology, such as the basal ganglia, the basal ganglia-thalamo-cortical circuit
and the cerebello-thalamo cortical circuit [13]. Moreover, its role in the NMS that are
highly prevalent in CD, like psychiatric co-morbidity, pain and sleep disturbances, is well
established [14,15]. Our review revealed that disturbances of the serotonergic system
were found in both inherited, acquired and idiopathic dystonias and that they might be
related to both motor severity and NMS. One of the most consistent findings comprised
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a decreased level of 5-hydroxyindolacetic acid (5-HIAA), the breakdown product of
serotonin, in cerebrospinal fluid, suggestive of either an altered serotonergic turnover or
synthesis. As expected, this was mainly found in dopa-responsive dystonias, in which
several gene mutations directly influence the metabolism of serotonin. However, changes
in 5-HIAA levels were also detected in other dystonia subtypes like CD.
Another important finding comprised the effect of serotonergic acting drugs, either eliciting
or improving dystonia, probably depending on several factors such as the specific target
on the serotonergic system, the underlying dystonia etiology, the age when initiated and
the duration of treatment.
The NMS related to serotonergic dysfunction mainly included psychiatric co-morbidity
and sleep disturbances, although they were often not systematically examined and
therefore likely underestimated.
Importantly, our systematic review clearly highlighted the complicatedness of the
serotonergic system and the drawbacks of conventional analyzing methods. This is not
surprising, as the serotonergic system forms the most complex efferent system of the
human brain. From the raphe nuclei located in the brain stem, 300.000 serotonergic
projections reach to various subcortical (basal ganglia) and cortical regions, as well as
downward to spinal neurons. The firing rate of the raphe nuclei is mainly regulated by
the synthesis of serotonin from diet derived tryptophan and by 5-HT1A somatodendritic
autoreceptors, whereas serotonin synthesis and release in the output areas is regulated
by 5-HT1B/D receptors and by re-uptake action of the serotonin transporter. After release,
serotonin can bind to at least 18 different pre- and post-synaptic receptors, after which
it is either broken down by monoamine oxidase A (MAO-A) in 5-HIAA or melatonin, or
taken back into the presynaptic neuron by the serotonin transporter [16]. The serotonin
transporter is thus an important regulator of serotonergic activity. Most studies used the
level of 5-HIAA in cerebrospinal fluid as marker of serotonergic functioning, but this only
reflects one part of the system in a different compartment then directly in the brain itself.
Moreover, changes in 5-HIAA levels could indicate disturbances in either the synthesis,
release or breakdown, which makes interpretation even harder.
Decreased levels of 5-HIAA in dystonia can be interpreted in several ways. For example,
dysfunction of MAO-A may well lead to both increased synaptic levels of serotonin and
decreased levels of 5-HIAA. Interestingly, in earlier studies the MAO-A agonist reserpine
has shown beneficial effects in dystonic symptoms [17]. Decreased levels of 5-HIAA
may also point at a decreased serotonin synthesis, a mechanism that is more likely
involved in dopa-responsive dystonias. Ideally, all the aspects of the serotonergic system
should be studied simultaneously to be able to draw firm conclusions about the exact
pathophysiological mechanisms that can be involved in dystonia.
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The same problem holds true for understanding the effect of serotonergic medication.
As mentioned, serotonergic agents either elicited or improved dystonia, depending on
the specific target on the serotonergic system, the underlying dystonia etiology, the age
when initiated and the duration of the treatment. Influencing one part of the serotonergic
system induces a cascade of effects, both on the serotonergic system as well as on
other neurotransmitter systems. For example SSRIs, frequently prescribed for psychiatric
symptoms also in dystonia patients, induces differential short- and long-term effects on
the serotonergic system. First, it blocks the serotonin transporters both near the raphe
nuclei and the output areas. Only for a short time, this results in an increased amount
of synaptic serotonin in the brain. Because increased synaptic serotonin levels near the
raphe nuclei causes an increased 5-HT1A autoreceptor activation, the firing rate decreases
and the increased synaptic levels of serotonin will return to pretreatment levels. The longterm effect of SSRIs is based on the desensitization of the 5-HT1A autoreceptors, finally
increasing the level of serotonin in the output areas [18]. Moreover, as the serotonergic
system has mainly an inhibiting effect on the dopaminergic system, SSRIs not only influence
the serotonergic system but also other neurotransmitters. This is only one example of the
complicatedness of influencing the serotonergic system, where influencing one part of the
serotonergic system affects many other sub receptors and also other neurotransmitters.
Investigating several parts of the serotonergic system involved in basal ganglia functioning
will be important to shed more light on the serotonergic perturbations involved in dystonia.
Possibilities to do this lie in animal studies but also in patient studies using in vivo imaging,
where several tracers of serotonergic systems are available. For this thesis, we have set a
first step in this direction. I’ll discuss this further in the following sections.
[11C]DASB PET imaging in CD patients
With our [11C]DASB PET brain imaging study, we investigated whether altered SERT
binding in the brain contributed to the pathophysiology of CD. Our results indicated that
cerebral serotonin indeed contributes to the pathophysiology of both motor symptom
severity and several NMS.
First, we demonstrated a significant correlation between increased [11C]DASB binding in
the dorsal raphe nucleus (dRN) of CD patients and the severity of the dystonic posturing,
pain and sleep disturbances. This correlation was consistent with the observed trend of
increased SERT binding in the dRN in CD patients when compared to control subjects.
At the hemisphere target regions of serotonin innervation, on the other hand, we found
a trend towards a bilateral decrease of SERT binding in the putamen and pallidum in the
CD patients.
The trend of increased SERT binding in the dRN and decreased SERT binding in the
basal ganglia did not reach statistical significance. However, given the medium to
large effect size, one may argue that this absence of significance was due to a small
sample size. Importantly, the identification of decreased bilateral basal ganglia SERT
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binding resulted from both pre-defined VOI and hypothesis-free voxel-based analysis.
Particularly the distinct spatial pattern of the voxel-based results supports our inference
that this changed SERT binding indeed represents region-specific serotonergic changes
within the striatum of CD patients.
Increased SERT binding in de dRN in CD patients may suggest an increased activity of
the serotonergic system. The hypothesis that regional increased levels of serotonin in our
patient group might contribute to the dystonia pathophysiology is supported by the literature
describing serotonin-induced motor effects, which has also previously been discussed. In
both cat and monkey, serotonin injections in the facial nucleus induced focal dystonia of the
eyelids [11]. Administering the precursor of serotonin elicits a consistent hyperkinetic motor
syndrome including lateral head waving [19]. At the spinal cord level, serotonin increases
spinal motor neuron excitability, facilitating the generation of action potentials [10].
Moreover, serotonergic activation caused suppression of sensory information processing
[20], which is compatible with the disturbed sensorimotor (afferent) integration known to be
an important key stone of the dystonia pathophysiology [4].
To understand the role of serotonin in the pathophysiology of extrapyramidal
movement disorders like dystonia, it is important to understand the dynamic balance
of the serotonergic system and the complex interaction between serotonin and other
neurotransmitters. Besides the important role of SERT, the 5-HT1A receptor also plays
a crucial role in motor activity. Previous studies have shown that activation of 5-HT1A
receptors ameliorates extrapyramidal and specifically hyperkinetic movement disorders
[21]. Regarding the interaction between serotonin and other neurotransmitters, the
serotonergic system has mainly an inhibiting effect on the dopaminergic system, of which
alterations might further contribute to the dystonia pathophysiology [5]. Furthermore, in
the striatum, GABAergic medial spiny neurons receive excitatory glutamatergic input
from the motor cortex as well as excitatory innervation of cholinergic interneurons
positioned within the striatum (reviewed by Ohno et al. [21]). In contrast to the excitatory
influence of the glutamatergic and cholinergic system, the dopaminergic system has an
inhibitory influence on these neurons located in the striatum. The serotonergic system
modulates extrapyramidal movement disorders caused by disturbances in the delicate
balance between the GABAergic, glutamatergic, cholinergic and dopaminergic system.
This is mainly regulated by the 5-HT1A, 5-HT2A/2C, 5-HT3 and 5-HT6 receptors, with either
a positive or negative influence on the movement disorder.
In our PET imaging study we studied the serotonin transporter as an important presynaptic
marker. However, considering the complexity of the serotonergic system, a combined
study of SERT and 5-HT1A autoreceptor binding or other pre- or postsynaptically located
receptors would potentially provide more insight in the dynamic balance of serotonergic
functioning. Furthermore, it would be interesting to combine information about the role
of the serotonergic system and other neurotransmitters like acetylcholine or dopamine.
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As recently reviewed by Eskow Jaunarajs et al. [22], the cholinergic system is also an
important contributor to the dystonia pathophysiology. In several forms of dystonia,
cholinergic acting medication such as trihexyphenydil proved a valuable treatment,
especially in children [22]. The cholinergic system influences dopaminergic activity and
plays a critical role in the plasticity underlying motor learning, a key feature of the dystonia
pathophysiology [4]. Moreover, cholinergic interneurons play a central role in the activity
of both the direct and indirect basal ganglia motor pathway, of which an imbalance is also
suggested to be part of the dystonia pathophysiology [4].
Besides the significant correlation between dRN SERT binding and motor symptoms, also
the NMS pain and sleep disturbances were significantly correlated with increased SERT
binding is this region. This finding favors our hypothesis of a shared pathophysiological
pathway of motor and NMS in dystonia. A relation between serotonergic activity and
sleep disturbances has mainly been described in studies using microdialysis techniques.
Altered discharge patters of serotonergic neurons were suggested to be involved in
sleep disturbances, either directly by influencing the different serotonergic postsynaptic
receptors or by influencing other neurotransmitters [15]. Particularly the REM sleep seems
to be controlled by serotonergic activity. Moreover, a relation between both serotonergic
activity arising from the dRN, REM sleep and muscle tone have been described in
animals. The REM sleep paralysis is mediated by inhibition of motoneurons, during which
activity of serotonergic neurons is also suppressed. Moreover, inactivation of the dorsal
raphe nucleus in animals caused a condition similar to REM sleep and simultaneously
induced muscle paralysis [19], further linking this region to sleep disturbances. Serotonin
involvement in pain has also been supported by previous studies. For example, spinal
analgesic action is mediated by serotonin release, and selective serotonin reuptake
inhibitors induce a central analgesic effect [23].
With our study we could not detect a significant relation between SERT binding and
psychiatric co-morbidity, an important NMS on which the hypothesis of a shared
pathophysiology was also based. However, not corrected for multiple testing, SERT
binding in the right hippocampus appeared to be negatively related with psychiatric comorbidity. A possible explanation that we could not detect a relation between psychiatric
co-morbidity and SERT binding is the variance in psychiatric symptom severity among
the subjects, prohibiting significant power in a small group. Another possible influence
is the differentiation of the raphe nuclei, divided in such small regions that individual
delineation is not possible with the current resolution of PET cameras. Eight different
raphe nuclei have been described, while we were only able to manually delineate the
dorsal and median raphe nuclei based on regional high uptake and MNI coordinates.
Moreover, the nuclei themselves are further divided in several sub regions, based on
cytoachitecture and topographically organized projections [24]. For example, the dRN
exists of nine sub regions, which even allow a more precise regulation of serotonergic
output [24]. Besides the anatomical organization, each of the nuclei are also functionally
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differentiated. For example, the raphe nucleus magnus has been related to pain and the
raphe nucleus obscurus and pallidus to motor activity [25]. This differentiation with small
sub regions involved could be an explanation why we could not detect a relationship
between psychiatric co-morbidity and SERT binding. Also in other studies examining
depressive patients inconsistent numbers of SERT binding sites were detected [26,27],
which is probably caused by differences in patients characteristics, the underlying
pathophysiology, different brain regions studied or different analysis approaches.
Perturbations in relative cerebral blood flow
In addition to SERT binding, the [11C]DASB PET imaging study also revealed information
about the relative cerebral blood flow (rCBF) (Chapter 7). Using the SRTM2 model,
we calculated the relative tracer delivery to specific brain regions as compared to the
reference region. This model has proved to generate a reliable measure of the rCBF
[28]. With this study, we found a decreased rCBF symmetrically in the temporal lobe and
unilaterally in the thalamus, frontal and orbital gyrus, insula and anterior cingulate. The
same pattern of a decreased flow in the temporal lobe has been described in two case
reports of patients with myoclonus dystonia, which was explained as a result of psychiatric
co-morbidity [29,30]. However, the actual relationship between the decreased blood flow
and psychiatric symptoms was not described. In our study, when we examined the relation
between the rCBF and NMS in all participants, we found a significant correlation between
a decreased flow in the superior temporal gyrus and the NMS depression, anxiety and
fatigue. This finding, together with the significant relation between a decreased SERT
binding in the hippocampus and psychiatric co-morbidity, attributes to the described
functional connectivity changes in a network involving the hippocampus, amygdala and
temporal cortex in CD patients [31].
Interestingly, we also found a significant relationship between the severity of jerks/tremor
and a decreased flow in the basal ganglia and insula. In Parkinson’s disease, the insula
plays an important role in disturbances in sensorymotor integration and autonomic and
cognitive-affective information processing [32], which are all described in dystonia as
well [4]. Moreover, the posterior part of the insula plays an important role in head-motion
registration, which highlights a likely role of the insula in CD.
In conclusion, by employing the initial distribution of [11C]DASB as an apparent index
of relative rCBF we were able to identify changes in the limbic circuitry. Together with
decreases in the spatially adjacent insula, the involvement of these regions point at
functional impairment of circuitry serving integration of limbic and sensorimotor information
likely associated with CD. Indeed, we found a relationship between a decreased rCBF
in the temporal lobe and psychiatric co-morbidity, and a relationship between the basal
ganglia and motor symptoms. A challenge for future functional brain imaging in CD
research is to identify crucial nodes in cerebral circuitry that may be initially affected and
how network dysfunction subsequently expands in the brain.
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Future directions
Our research revealed three major knowledge gaps. First, as described in chapter 2 to 4,
it appeared that NMS are highly prevalent, but their origin, either primary or secondary,
cannot be ascertained based on retrospective studies. Therefore, prospective trials
are warranted. Two new developments make prospective trials within reach. First is
the discovery of new CD related genes, like the ANO3, GNAL and CIZ1 gene [33]. This
discovery enables to follow gene carriers over time, which could specify the time course
of both motor and NMS. Another possibility is the use of endophenotypes, i.e. to study
trait (endophenotype) instead of state (phenotype), also to avoid the misattribution of
secondary adaptive changes to pathogenesis [34]. Moreover, this approach facilitates
to study the contributing environmental effects that could lead to the development of
the phenotype. In CD, the abnormal temporal discrimination threshold may be a reliable
endophenotype that could be used to select subjects for prospective trials. It reflects a
prolonged interval in which two stimuli may be determined as asynchronous [34]. This
endophenotype is found in 50% of unaffected first-degree relatives and therefore a good
candidate to use in subject selection in future research.
Second, it appeared that NMS are highly prevalent and significantly influence HR-QoL,
but the effect of NMS treatment on HR-QoL is still unknown. For this purpose, a validated
dystonia specific NMS questionnaire is indispensable. Such a questionnaire would
enable to monitor the effect of motor and NMS treatment on an individual basis and
ultimately improve treatment directions.
The third knowledge gap comprised the pathophysiology of both motor and NMS in CD.
Although in recent years several aspects of the pathophysiology have been detected,
causal mechanism are still not fully understood. Changes at the neurochemical level are
an interesting candidate for further research, because structural changes do not provide
a diagnostic hallmark in CD. With our study we have made a first step towards a better
understanding of the role of serotonin in the pathophysiology of CD, but only one part of this
system was investigated. In addition to SERT, it would be interesting to study the role of the
5-HT1A receptor using PET. For this, the most commonly used radioligands are [11C]WAY100635 [35] and [18F]MPPF [36]. The combination of SERT and 5HT1A receptor imaging, both
important regulators of serotonin levels, could lead to a better understanding of the dynamic
balance within the serotonergic system in dystonia. Also for MAO-A, the enzyme effective
in serotonin breakdown, several tracers have been developed, for example [11C]befloxatone.
Moreover, the role of other neurotransmitters remains to be elucidated. Ideally, this should
also be performed by using in vivo techniques. The tracers [18F]DOPA and [11C]raclopride
provide the opportunity to study important presynaptic and postsynaptic aspects of the
dopaminergic system, and the recently developed [18F]FEOBV tracer is a good candidate
to study presynaptic function of the cholinergic system [37]. Investigation of neurochemical
systems that may be involved in dystonia pathophysiology is still in its infancy, and in vivo
imaging using PET provides a means to expand our knowledge of these mechanisms.
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Conclusions
To conclude, we detected a high frequency of NMS in CD patients, with a high impact
on HR-QoL. It appeared that psychiatric co-morbidity and fatigue are most likely primary
symptoms and part of the phenotype of CD, while excessive daytime sleepiness and
impaired sleep quality were highly related to psychiatric co-morbidity and pain. To improve
the diagnostics and treatment of NMS, we proposed and explored a NMS questionnaire as
a first step towards a dystonia specific NMS questionnaire. Future studies are warranted
to explore the effect of NMS treatment on HR-QoL.
Secondly, we explored the role of serotonin in the pathophysiology of dystonia. It appeared
that serotonergic perturbations in the raphe nuclei and in basal ganglia output regions are
related to both motor and NMS in CD. Currently, there are no good (pharmaco)therapeutic
options for most forms of dystonia or associated non-motor symptoms. Further research
using PET imaging or by using selective serotonergic drugs in appropriate models of
dystonia is required to establish the role of the serotonergic system in dystonia and to
guide us to new therapeutic strategies.
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NEDERLANDSE SAMENVATTING
Cervicale dystonie (CD) is een bewegingsstoornis die wordt gekarakteriseerd door
aanhoudende of intermitterende spiercontracties van de nek en schouder spieren.
Door deze ongecontroleerde spiercontracties ontstaat er een afwijkende houding en
bewegingen van de nek en van het hoofd. CD is de meest voorkomende vorm van
dystonie, met een geschatte prevalentie van 28-138 per miljoen mensen. Dit betekent dat
er in Nederland ongeveer 8000 patiënten zijn met CD.
Zodra CD zich manifesteert, gemiddeld rond de leeftijd van 40-60 jaar, kunnen de motore
symptomen de eerste twee tot vijf jaar verergeren. Na deze fase wordt meestal een
stabiele situatie bereikt. Een veel voorkomend verschijnsel is dat patiënten met CD de
motore symptomen kunnen verlichten door slechts licht de wang of kin aan te raken, ook
wel genoemd de ‘geste antagonistique’.
Naast de kenmerkende motore verschijnselen van het draaien van hoofd en nek komen
ook niet-motore verschijnselen vaak voor bij patiënten met CD. Voorbeelden van nietmotore symptomen (NMS) zijn psychiatrische klachten, zoals angst en depressie, maar
ook pijn, vermoeidheid en slaapstoornissen.
Van de NMS in CD is psychiatrische co-morbiditeit het meest beschreven. De prevalentie
van psychiatrische stoornissen in CD kan oplopen tot 90%. Dit is een stuk hoger dan de
prevalentie in de algemene Nederlandse bevolking, welke wordt geschat op ongeveer
35%. Voorgaande studies naar het voorkomen van psychiatrische symptomen bij CD
waren moeilijk vergelijkbaar door verschillende gebruikte methodes. Vaak werd slechts
naar een beperkt aantal psychiatrische stoornissen gekeken en was er geen goede
motore score van de patiënten.
Hoe vaak andere NMS voorkomen bij CD is minder goed bekend. Er zijn slechts enkele
onderzoeken naar symptomen als pijn, slaapproblemen en vermoeidheid, en vaak
werd niet goed gecorrigeerd voor de invloed van psychiatrische co-morbiditeit op deze
klachten. Het is namelijk goed voorstelbaar dat een CD patiënt met een depressie ook
hoger zal scoren op een klachtenlijst naar vermoeidheid of slaapproblemen. In dat geval
betreft het een secundair symptoom en niet een klacht die bestaat als onderdeel van het
fenotype van dystonie.
Een belangrijk gegeven is dat juist NMS, en met name de psychiatrische co-morbiditeit,
een belangrijke bijdrage leveren aan de verminderde kwaliteit van leven van CD patiënten.
Opvallend in studies is dat de motore klachten veel minder invloed op de kwaliteit van
leven in CD patiënten hebben dan de psychiatrische klachten.
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Hoe CD ontstaat is nog grotendeels onbekend. Waarschijnlijk spelen de basale kernen
(basale ganglia) in het centrale deel van de hersenen een belangrijke rol. De functie van
de basale kernen is belangrijk bij het controleren en de fijne afstemming van bewegingen.
Dit speelt zich af in een netwerk dat de samenwerking verzorgt met andere delen van
de hersenen zoals de motorische schors en de kleine hersenen. De communicatie in
dit netwerk wordt in belangrijke mate geregeld door boodschapperstoffen, zogenaamde
neurotransmitters. Een verandering in de balans van neurotransmitters in de hersenen
zou een belangrijke rol kunnen spelen in het ontwikkelen van dystonie.
Een andere ziekte waarin een verstoring van neurotransmitters een belangrijke rol speelt is
de ziekte van Parkinson. Hier betreft het voornamelijk een tekort aan de neurotransmitter
dopamine. Dopamine speelt ook een rol bij dystonie, maar het is onwaarschijnlijk dat
er bij dystonie sprake is van veranderingen in één type neurotransmitter. Het is meer
waarschijnlijk dat er een verandering in de balans is van verschillende neurotransmitters. Er
zijn aanwijzingen dat bij dystonie ook de neurotransmitters serotonine en acetylcholine een
rol spelen in het ontstaan van de ziekte. Een extra argument hiervoor is de hoge prevalentie
psychiatrische co-morbiditeit in dystonie patiënten. Het is bekend dat veranderingen in
serotonine een belangrijke rol spelen bij psychiatrische stoornissen zoals depressie en
angst. Daarnaast speelt serotonine ook een rol in andere veel voorkomende NMS in CD,
zoals pijn en vermoeidheid. De frequent voorkomende NMS in dystonie ondersteunen dus
de hypothese dat serotonine een rol speelt in het ontstaan van dystonie.
In de eerste hoofdstukken van dit proefschrift richten we ons op het voorkomen van NMS
in CD. We onderzoeken hoe vaak NMS in een groep van CD patiënten voorkomen en
vergelijken de uitkomst met een groep gezonde controles. Daarnaast kijken we naar de
invloed van zowel de motore als NMS op de kwaliteit van leven in CD patiënten. In het
tweede deel van het proefschrift gebruiken we Positron Emissie Tomografie (PET) om
met de 11C gelabelde tracer DASB cerebrale veranderingen in het serotonerge systeem
bij CD te onderzoeken.
In Hoofdstuk 2 hebben wij onderzoek gedaan naar psychiatrische co-morbiditeit
bij 50 patiënten met CD en 50 controles. Hierbij beoordeelden we de prevalentie van
psychiatrische stoornissen, de ernst ervan en het moment van ontstaan van psychiatrische
klachten ten opzichte van motore symptomen. Daarnaast hebben we de invloed van
motore en niet-motore symptomen op de kwaliteit van leven onderzocht.
In de patiënten groep bleek 64% te voldoen aan de criteria van tenminste één psychiatrische
stoornis, ten opzichte van 28% in de controle groep. Daarnaast waren de bestaande
psychiatrische klachten in de patiënten groep significant ernstiger vergeleken met de
controles. Logischerwijs kan gedacht worden dat psychiatrische stoornissen het gevolg zijn
van de motore symptomen, mede gezien de pijn en schaamte die de dystonie met zich
meebrengt. Echter, de hoge prevalentie van psychiatrische klachten voor het ontstaan van
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motore klachten (20 patiënten) pleit ervoor dat psychiatrische stoornissen onderdeel zijn van
het fenotype van dystonie. Aangezien de motore symptomen nog niet aanwezig waren op
dat moment van ontstaan van de psychiatrische stoornis, kan deze simpelweg dus ook niet
de consequentie zijn van de motore problemen. Een kanttekening hierbij is wel dat het een
retrospectief onderzoek betreft, waardoor harde conclusies niet getrokken kunnen worden.
Een volgende belangrijke bevinding van dit onderzoek was dat psychiatrische klachten
de belangrijkste voorspeller zijn van een verminderde kwaliteit van leven in patiënten met
CD. De ernst van motore klachten had geen invloed op kwaliteit van leven. Deze bevinding
benadrukt het belang van screening naar psychiatrische stoornissen bij dystonie patiënten
in de dagelijkse praktijk. Op dit moment bestaat de behandeling van dystonie patiënten
voornamelijk uit het symptomatisch behandelen van motore symptomen door middel van
injecties met botuline toxine in de aangedane spieren. Uit ons onderzoek blijkt echter dat
behandeling van psychiatrische co-morbiditeit een erg belangrijke bijdrage zou kunnen
leveren aan een betere kwaliteit van leven van CD patiënten.
In Hoofdstuk 3 is verder ingegaan op de prevalentie, ernst en invloed op kwaliteit van
leven van de NMS vermoeidheid, overmatige slaperigheid en verminderde slaap kwaliteit.
Een probleem bij onderzoek naar vermoeidheid en slaap stoornissen is de hoge correlatie
tussen deze stoornissen en psychiatrische stoornissen en pijnklachten. Bovendien
overlappen vragenlijsten naar deze stoornissen elkaar gedeeltelijk. Het is ook onbekend
welke invloed de ernst van de motore symptomen op vermoeidheid en slaapstoornissen
heeft. Daarom is het belangrijk om alle aspecten zoals vermoeidheid, slaapstoornissen,
psychiatrische co-morbiditeit en ernst van de motore klachten tegelijkertijd systematisch
te onderzoeken.
Uit ons onderzoek is gebleken dat, ook na correctie voor psychiatrische co-morbiditeit,
patiënten significant ernstigere vermoeidheidsklachten hebben dan controle proefpersonen.
Slaap gerelateerde klachten waren wel sterk geassocieerd met psychiatrische comorbiditeit en pijn. Deze resultaten suggereren dat vermoeidheidsklachten, net als de
psychiatrische stoornissen, onderdeel zijn van het fenotype van dystonie. Het onderscheid
tussen een primair of secundair symptoom is belangrijk, omdat primaire symptomen meer
duidelijkheid kunnen geven over het ontstaan van dystonie. Vermoeidheidsklachten, als
primair symptoom van dystonie, wijzen bijvoorbeeld op dysfunctie van netwerken tussen
de basale kernen, de thalamus en de motorische hersenschors.
Daarnaast bleek uit dit onderzoek dat naast psychiatrische co-morbiditeit, vermoeidheid en
slaapproblemen een belangrijke invloed hebben op een verminderde kwaliteit van leven.
Wat betreft de vermoeidheid en slaap problemen betrof dit voornamelijk de domeinen
fysiek functioneren, mentale gezondheid en vitaliteit als onderdeel van kwaliteit van leven.
Naast psychiatrische co-morbiditeit, vermoeidheid en slaap stoornissen komen ook andere
(minder vaak voorkomende) NMS voor bij dystonie patiënten. De uitgebreidheid en ernst
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van dit bredere klachtenspectrum is echter nog nauwelijks onderzocht. In Hoofdstuk
4 hebben we middels een uitgebreide lijst met verschillende NMS onderzoek gedaan
naar het voorkomen van deze additionele klachten. Hiervoor hebben we een eerder
voorgestelde NMS vragenlijst verder uitgebreid en afgenomen bij de patiënten met CD.
Onze scorelijst bleek een waardevolle manier om systematisch verschillende NMS te
onderzoeken. 95% van de onderzochte patiënten gaf aan last te hebben van tenminste
één NMS, met een gemiddeld aantal klachten van 6,5 (range 0-13, max. 15). Patiënten
werd ook gevraagd om een top vijf te maken van meest vervelende motore en niet-motore
klachten. Uit deze lijst kozen patiënten het vaakst voor trillen en schudden van het hoofd,
pijn, slaap problemen, vermoeidheid en beperkingen in het dagelijks leven (zoals moeite
met stofzuigen, boodschappen doen) als meest vervelende klachten. Opnieuw bleken juist
de NMS de belangrijkste voorspeller van een verminderde kwaliteit van leven.
In het vervolg van dit proefschrift staat de rol van serotonine in het ontstaan van dystonie
centraal, gerelateerd aan zowel motore als niet-motore symptomen.
In hoofdstuk 5 wordt een samenvatting gegeven van de bestaande literatuur over de rol
van serotonine in verschillende vormen van dystonie. Deze systematische review leidde
tot twee hoofdbevindingen. Ten eerste werd in de verschillende vormen van dystonie een
verlaagde hersenvocht concentratie van 5-hydroxyindol azijnzuur (5-HIAA) gevonden.
5-HIAA is het afbraakproduct van serotonine, en vormt een van de meest betrouwbare
metingen van het serotonerg systeem. Een verlaagde waarde van 5-HIAA suggereert
een veranderde aanmaak en/of gebruik van serotonine in patiënten met dystonie. Ten
tweede, medicatie met effect op het serotonerg systeem bleek enerzijds dystonie te
kunnen verbeteren, maar anderzijds ook uit te kunnen lokken. Het uiteindelijke effect is
waarschijnlijk afhankelijk van verschillende factoren, zoals het specifieke aangrijpingspunt
op het serotonerg systeem, het type dystonie, de leeftijd waarop behandeling werd
aangevangen en de duur van de behandeling.
Naast bovenstaande bevindingen komt uit de review vooral naar voren hoe complex het
serotonerg systeem is en wat de nadelen zijn van gebruikte analyse methoden. Vanuit de
raphe kernen (raphe nuclei), gelegen in de hersenstam, ontspringen 300.000 serotonerge
projecties naar verschillende delen van de hersenen en richting het ruggenmerg. Deze
serotonerge projecties hebben een belangrijke functie in onder andere motore activiteit,
stemming, cognitieve functies, slaap, pijn en autonome stoornissen. In de cellen van het
serotonerg systeem wordt serotonine gemaakt vanuit tryptofaan, een basisbestanddeel
dat wordt opgenomen uit de voeding. Na aanmaak wordt serotonine afgegeven in de
synapsspleet tussen twee opeenvolgende zenuwcellen. In de synapsspleet regelen
verschillende receptoren de activiteit van het serotonerg systeem. Nadat serotonine
aan deze receptoren een signaal heeft doorgegeven wordt het of afgebroken door
monoamino-oxidase A (MAO-A), of heropgenomen door de cel met behulp van een
zogenaamde serotonine transporter (SERT).
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In eerder gepubliceerde literatuur werd meestal onderzoek gedaan naar de waarde van
het afbraakproduct van serotonine in hersenvocht. Dit geeft echter slechts een schets
van de dynamische situatie die in de hersenen plaatsvindt. Harde conclusies over een rol
van serotonine bij dystonie kunnen uit voorgaand onderzoek dus niet getrokken worden.
Een beeldvormende techniek die het mogelijk maakt om de activiteit van verschillende
neurotransmitters in de hersenen zelf te onderzoeken is Positron Emissie Tomografie
(PET). Met deze techniek kan door middel van toediening van een bepaalde tracer
bijvoorbeeld een specifiek onderdeel van het serotonerg systeem onderzocht worden.
Door PET te gebruiken met de tracer [11C]DASB hebben we in Hoofdstuk 6 onderzoek
gedaan naar de rol van de serotonine transporter bij het optreden van CD symptomen. Zoals
eerder beschreven neemt de serotonine transporter serotonine op vanuit de synapsspleet
en brengt het terug in de zenuwcel. Op deze manier bepaalt de serotonine transporter
voor een belangrijk deel de activiteit van serotonine in de synapsspleet en hoeveel andere
receptoren geactiveerd kunnen worden. [11C]DASB is een radioactieve tracer die specifiek
en selectief bindt aan de serotonine transporter. Deze tracer werd toegediend bij 14 CD
patiënten en 14 controles, waarna de binding aan de serotonine transporter werd berekend.
Uit ons onderzoek bleek in de CD groep een significante correlatie tussen verhoogde
SERT binding in de raphe kernen en de ernst van de motore symptomen, de pijn en
de slaapproblemen. Dit, tezamen met een trend tot een verhoogde binding in de raphe
kernen in CD patiënten ten opzichte van gezonde controles, suggereert een verhoogde
activiteit van het serotonerg systeem bij patiënten met dystonie.
In de projectie gebieden vanuit de raphe kernen, zoals het putamen, werd juist een trend
tot een verlaagde binding gezien. Het putamen is onderdeel van de basale kernen en
speelt een belangrijke rol in het ontstaan van dystonie.
Met dit onderzoek verkregen we steun voor onze hypothese dat een gemeenschappelijk
pathofysiologisch mechanisme aan de basis ligt van motore en niet-motore symptomen
in CD. We hebben zeer gedetailleerd gekeken naar de serotonine transporter, wat echter
als consequentie had dat de dynamiek met andere delen van het serotonerg systeem en
de interactie met andere neurotransmitters niet opgehelderd kon worden. In toekomstige
studies zou het interessant zijn om onderzoek naar de serotonine transporter te
combineren met andere serotonerge receptoren of andere neurotransmitters zoals
dopamine en acetylcholine.
Het laatste hoofdstuk in dit proefschrift beschrijft regionale veranderingen in
hersenactiviteit van CD patiënten ten opzichte van controles (Hoofdstuk 7). Dit werd
vastgesteld aan de hand van veranderingen in relatieve cerebrale perfusie (ofwel
hersendoorbloeding), als maat voor de hersenactiviteit. Hiervoor gebruikten we de
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cerebrale perfusie resultaten verkregen uit het [11C]DASB PET onderzoek. Door middel
van een specifiek analyse model, namelijk het Simplified Reference Tissue Model 2, kan
deze relatieve perfusie worden berekend. Praktisch gezien wordt deze perfusie m.n. in
beeld gebracht in de eerste fasen na injectie van de tracer, voordat deze goed vastzet
aan zijn specifieke bindingsplaats.
Het resultaat van de studie was een afname van de perfusie in voornamelijk de lobus
temporalis (de slaapkwab) in CD patiënten. Verder bleek dat de ernst van de schokken
en tremor gerelateerd waren aan verminderde perfusie in het striatum, terwijl de ernst
van depressie en angstsymptomen een relatie hadden met verminderde perfusie in de
de lobus temporalis. Aangezien regionale perfusieveranderingen een weergave zijn van
lokale veranderingen in hersenactiviteit, wijzen deze bevindingen op specifiek veranderde
netwerk functies in het ontstaan van CD.
In de toekomst kan PET onderzoek naar netwerkveranderingen verder worden uitgebreid
in grotere groepen met behulp van [15O]H2O perfusiemetingen of bepalingen van regionaal
glucosemetabolisme met de tracer 18-F-fluordeoxyglucose (FDG). Ook met speciale
MRI technieken kan de cerebrale perfusie tegenwoordig gemeten worden. Inzicht in
veranderingen van betrokken netwerken kan helpen om het ontstaan van motore en nietmotore symptomen in dystonie beter te begrijpen.
Samenvattend, een belangrijke bevinding in dit proefschrift is dat niet-motore symptomen
zeer frequent voorkomen in CD en de belangrijkste oorzaak zijn van een verminderde
kwaliteit van leven. Psychiatrische co-morbiditeit en vermoeidheid lijken een primair
symptoom en onderdeel van het fenotype van dystonie, terwijl slaap stoornissen sterk
gerelateerd zijn aan psychiatrische klachten en pijn. Om diagnostiek en behandeling van
NMS te verbeteren, hebben we een eerste voorstel gedaan voor een screeningslijst naar
NMS. Deze korte screeningslijst zou makkelijk toegepast kunnen worden in de dagelijkse
praktijk. Een betere herkenning en behandeling van NMS zou kunnen bijdragen aan een
betere kwaliteit van leven van CD patiënten.
Daarnaast hebben we aangetoond dat serotonine een belangrijke rol lijkt te spelen in het
fenotype van dystonie, zowel in relatie tot motore symptomen als NMS. Een verhoogde
activiteit van het serotonerg systeem bleek significant gerelateerd te zijn aan zowel de
ernst van de motore symptomen, pijn en slaap problemen, welke onze hypothese van
een gedeeld ontstaansmechanisme van motore symptomen en NMS ondersteunt. Op
dit moment bestaat voor de meeste vormen van dystonie geen goede (medicamenteuze)
behandeling. Verder onderzoek naar de rol van serotonine, bijvoorbeeld door middel van
PET beeldvorming of door serotonerge medicatie is nodig om de rol van het serotonerg
systeem in dystonie verder te ontrafelen. Mogelijk leidt dit in de toekomst tot nieuwe
therapeutische mogelijkheden voor de behandeling van (cervicale) dystonie.

147

Dankwoord

Chapter 8

DANKWOORD
Voor u ligt het resultaat van drie zeer plezierige jaren op ‘V4’. Gedurende deze periode
hebben velen bijgedragen aan de totstandkoming van dit proefschrift. Ik zou daarom
iedereen die mij geholpen heeft graag willen bedanken voor alle steun en inzet. Een
aantal mensen zou ik in het bijzonder willen noemen.
Allereerst wil ik graag mijn promotor, prof. dr. M.A.J. de Koning-Tijssen, bedanken. Marina,
bedankt voor het vertrouwen en de kans die je me hebt gegeven om in een ontzettend
inspirerend en fijn team onderzoek te komen doen. Dankzij jouw scherpte, kritische
blik en ervaring heb ik mij de afgelopen jaren kunnen ontwikkelen als onderzoeker. En
ondanks dat je meteen waarschuwde dat een promotietraject iets is wat je vooral zelf
moet doen, wist ik me altijd gesteund. Daarnaast waren er vooral ook de gezellige uitjes
met elkaar, die de afgelopen jaren extra glans hebben gegeven en een mooie herinnering
vormen. Kortom, heel erg bedankt voor een ontzettend leuke en leerzame tijd!
Ook wil ik graag mijn tweede promotor, prof. dr. R.A. Dierckx, bedanken. U kwam pas
later in beeld, bij aanvang van het PET-onderzoek. Mede dankzij u is het project na vele
tegenslagen toch mogelijkheid geworden. Bedankt voor uw hulp, en ik hoop dat we in
de toekomst samen kunnen blijven werken aan onderzoek en de expertise van beide
afdelingen kunnen combineren!
Dr. A.L. Bartels, mijn co-promotor, is vanaf de eerste dag een hele fijne begeleidster
gebleken. Anna, jij maakte mij vertrouwd met het onderzoek en stond altijd klaar met
raad en daad. En ondanks dat ook voor jou de afgelopen jaren druk waren met je gezin
en werk, was je betrokkenheid en snelheid altijd verzekerd. Steeds wist je ook weer met
nieuwe inzichten te komen, waardoor de verschillende artikelen er sterker uitkwamen.
Daarnaast waren er de gezellige etentjes met pannenkoeken, vergezeld door champagne
toen de eerste paper geaccepteerd was! Heel erg bedankt voor de fijne tijd!
Dr. de Jong, Bauke, je raakte als tweede co-promotor voornamelijk bij het tweede deel
van het onderzoek betrokken. Ik heb veel van je geleerd over de verschillende analyse
methoden van PET-scans. Daarnaast hebben we fijne discussies gehad over de dynamiek
van het serotonerg systeem, wat de artikelen naar een hoger niveau heeft getild! Bedankt
voor de fijne en leerzame tijd!
De leden van de leescommissie, prof. dr. T. van Laar, prof. dr. R. Boellaard en prof. dr. J.J.
van Hilten wil ik bedanken voor het lezen en beoordelen van dit proefschrift.
Graag wil ik ook alle patiënten en controles bedanken voor hun deelname aan het
onderzoek. Sommigen van jullie zijn zelfs verschillende malen naar het verre Groningen
terug gekeerd. Dankzij jullie is het onderzoek mogelijk geworden!
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Daarnaast is er vanuit verschillende afdelingen een helpende hand geboden, enkele
mensen daarvan zou ik graag apart willen benoemen.
David Vállez García, your patience with explaining the PMOD software was significant,
for which I would like to thank you! Dr. de Vries en dr. Willemsen, bedankt voor de
ondersteuning bij de opzet en uitvoering van de DASB PET studie. Ook dank aan de
medisch nucleair werkers, laboranten en Anita en Judith voor de ondersteuning bij de
uitvoering van de verschillende scans.
Dr. de Koning, Tom, bedankt voor je heldere inzichten en hoe je de meest gecompliceerde
materie altijd weer op begrijpelijke manier wist uit te leggen.
Klary, Martijn, Ingrid en prof. Kema, hoewel de verschillende laboratoriumbepalingen
uiteindelijk niet meer in dit proefschrift zijn verschenen hebben jullie een belangrijke rol
gespeeld tijdens mijn onderzoekstijd. Bedankt voor jullie geduld mij wegwijs te maken in
jullie specifieke vakgebieden. En Klary, bedankt voor de leuke intermezzo’s, vooral de
stukjes fruit van de markt maakten de momenten met tegenslag weer wat aangenamer!
Dan natuurlijk mijn collega’s van V4, die van mijn onderzoekstijd een tijd hebben gemaakt
om nooit te vergeten. Na mijn overstap naar Groningen was het fijn om direct in zo’n warm
team opgenomen te worden. Enkelen wil ik graag in het bijzonder noemen. Danique,
Tinka, Marouska en Marieke, als harde kern van het aquarium, bedankt voor de gezellige
theemomenten en het delen van lief en leed. Anouk, je was mijn naaste collega op het
onderzoek, maar bovendien ook medepaardrijdster! Samen hebben we de tegenslag
verwerkt en vooral ook de leuke mijnpalen gevierd, bedankt voor de fijne tijd en ik hoop
in de toekomst samen nog eens een fijne buitenrit te maken!
Daarnaast natuurlijk Jeannette, Wieke, Robbert, Hans, Rodi, Jonathan, Gerrit, Roald,
Sanne, Octavio, Esther, Harmen, Martje, Marja, Madelein, Sygrid, Myrthe, Maraike,
Arnoud, Myrthe, Rick, Lisette, Dan en Didier, bedankt voor alles!
Mijn nieuwe AIOS-collega’s, neurologen en andere collega’s van de neurologie, bedankt
voor het opnieuw terechtkomen in een fijn team! Ik kijk uit naar de komende jaren!
Madelien, fijn dat we naast elkaars reisgenootjes, huisgenootjes en vriendinnen nu ook
elkaars paranimf zijn! Weer een dierbare herinnering erbij!
Rodi, gezellig waren de ritjes terug naar onze ‘roots’, waardoor de tijd in de auto altijd
weer omvloog. Daarnaast ben je de laatste jaren een soort buddy geweest waar ik je zeer
dankbaar voor ben. Ik voel me vereerd dat je nu mijn paranimf bent!
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Als laatste wil ik graag mijn familie bedanken.
Egbert, vandaag precies een jaar geleden begon ons avontuur! Bedankt voor je liefde en
support, inmiddels kan ik me geen leven meer zonder je voorstellen.
Oma, het ‘verslag’ is nu eindelijk klaar, tijd voor een feestje! Fijn dat u er, ondanks dat u
recent 86 jaar oud bent geworden, ook bij kunt zijn. Bedankt voor al uw liefde, wijsheid en
goede raad: ik hoop hier nog lang op te mogen terugvallen!
Mirjam, Maurice, Fenna en Maud, wat ben ik dankbaar voor onze fijne band, en ik hoop
dat we nog vele mooie momenten samen kunnen beleven.
Richard en Lisette, mijn lieve broer en schoonzus. Van Schagen naar Amsterdam, en
daarna weer door naar Haarlem en vervolgens Groningen. Gelukkig kan ik altijd rekenen
op jullie steun! Bedankt, niet alleen voor de hulp bij de vele verhuizingen (hopelijk volgt er
binnenkort weer één!), maar ook voor al het andere.
Als laatste wil ik graag pap en mam bedanken. Altijd hebben jullie voor me klaar gestaan
en mij geholpen mijn dromen uit te laten komen. Ik kan in woorden niet uitdrukken hoe
dankbaar ik hiervoor ben.
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CURRICULUM VITAE
Marenka Smit werd geboren op 6 december 1986 te Schagen. In 2005 haalde zij haar
gymnasium diploma aan de Gemeenschappelijke Scholengemeenschap Schagen.
Hetzelfde jaar startte zij met de studie geneeskunde aan de Universiteit van Amsterdam.
Daarnaast volgde zij verschillende vakken aan de rechtenfaculteit en deed zij zesmaal
mee aan de Nederlandse Kampioenschappen carrousel rijden, onderdeel van de
hippische sport. Tijdens een keuze co-schap neurologie en klinische neurofysiologie te
Suriname en oudste co-schap neurologie in het Medisch Centrum Alkmaar groeide haar
interesse in de neurologie.
Na haar afstuderen werkte zij een jaar als ANIOS in de eerstelijns gezondheidszorg te
Purmerend en een jaar als ANIOS neurologie en neurochirurgie in het Medisch Centrum
Alkmaar. In 2014 begon zij als promovendus op de afdeling bewegingsstoornissen van
het Universitair Medisch Centrum Groningen, onder leiding van prof. dr. Marina.A.J. de
Koning-Tijssen. Het promotietraject werd mede mogelijk gemaakt door twee succesvolle
subsidieaanvragen. Dit betrof een subsidie van Stichting Wetenschapsfonds Dystonie en
een subsidie van Healthy Ageing Pilot Fund.
Op dit moment werkt Marenka als neuroloog in opleiding in het Universitair Medisch
Centrum Groningen met als opleider prof. dr. H.P.H. Kremer. Het klinisch werk combineert
zij met verder onderzoek naar dystonie en het opzetten van de Europese variant van
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