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Introduction: Movement disorders 
caused by inborn errors of 

metabolism

Partly based on: 

Neurometabolic disorders are treatable causes of dystonia. 

Anouk Kuiper, Hendriekje Eggink, Marina AJ Tijssen, Tom J de Koning 

Revue Neurologique 2016, Aug ‒ Sep;172(8-9):455-464
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Chapter 1

1.1 ― Orientation on the subject

This thesis is about movement disorders (MDs) in patients with inborn errors of metabolism (IEM). 
Inborn errors of metabolism comprise a large and heterogeneous group of inherited disorders, 
some of them potentially life-threatening. To most people, IEM are best known from the newborn 
screening program. All IEM are rare disorders, however, together as a group they account for a 
substantial proportion of young-onset, chronical disorders. Approximately 800 Dutch children 
with an IEM are born every year and sadly, about 180 die yearly because of an IEM, which means 
that IEM are in the top 3 causes of death in children in The Netherlands.1 

The common denominator in IEM is a disruption in the synthesis, metabolism, transport or storage 
of metabolites or molecules. These changes can impact upon all organs resulting in a variety of 
symptoms. One of the frequently involved systems is the central nervous system, resulting in for 
example epilepsy and psychomotor retardation, but also MDs.

Movement disorders, or involuntary/disrupted movements, can be classified as hypokinetic or 
hyperkinetic. The latter group is further subdivided into dystonia, myoclonus, chorea, tremor, 
ballism, and tics. In addition, ataxia is distinguished as a separate MD. Accurate classification of 
the MDs is important for diagnosis of the underlying IEM, ongoing management and treatment 
choices. However, identifying MD types can be challenging. This is especially true in patients 
with IEM, who often have a mixed MD phenotype and multiple co-occurring (extra)neurological 
symptoms.

Movement disorders are often not the sole symptom in patients with an IEM, but there is growing 
awareness for their importance and the need for more insight in the occurrence of MDs in patients 
with neurometabolic disorders. It is important to realise that a large proportion of all childhood 
MDs are due to an IEM.

In this introduction chapter we will give an overview of the different MD types and describe 
what is known about IEM as causes of MDs in both children and adults, with special attention 
for the treatable causes. The phenotyping of MDs in IEM will be discussed and we will give a 
brief overview of several important neurometabolic aetiologies. We will further touch on the 
co-occurring non-motor features, such as behavioural or psychiatric symptoms, and discuss 
therapeutic strategies for neurometabolic MDs. At the end of this chapter, an outline of the next 
chapters of this thesis is provided.
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1.2 ― Overview of movement disorder types

In this section we will give a more detailed description of the different MD types. Ballism and tics 
will be left out, considering their very weak or lacking association with IEM. Table 1 provides an 
overview of the MD types with the most important associated IEM. 

1.2.1 ― Dystonia
Dystonia is one of the most well-known hyperkinetic MDs. It is defined by “sustained or intermittent 
muscle contractions causing abnormal, often repetitive, movements, postures or both. Dystonic 
movements are typically patterned, twisting, and may be tremulous. Dystonia is often initiated or 
worsened by voluntary action and associated with overflow muscle activation.”2 

Dystonia can be a presenting symptom in numerous conditions, both acquired and inherited 
disorders. However, the list with inherited conditions that can cause dystonia largely outnumbers 
the list with acquired causes. The inherited forms of dystonia can be further divided in isolated 
dystonia, where there are no other co-occurring MDs; and combined dystonia, where other MDs 
are also present. The latter group comprises the largest number of inherited disorders associated 
with dystonia.

The true prevalence of all different types of dystonia is unknown, but it surely is one of the most 
prevalent hyperkinetic MDs. When focusing on the group of neurometabolic disorders, dystonia 
is the most prevalent MD in these patients. 

1.2.2 ― Myoclonus
Myoclonus is characterised by involuntary, sudden, non-rhythmic, ‘shock-like’ jerks. It can 
be classified based on aetiological, clinical, and most importantly anatomical characteristics. 
Examples of classifying characteristics are body distribution: generalised, focal, or multifocal; 
and activation conditions: spontaneous or in response to a movement or sensations. The guiding 
classification based on anatomical origin divides myoclonus into cortical, subcortical, spinal and 
peripheral subtypes. 

1.2.3 ― Tremor
Tremor is defined as an involuntary, rhythmic, oscillatory movement of a body part.3 Tremor can be 
further classified based on clinical features and aetiology. Important characteristics of the tremor 
itself are body distribution, frequency and activation conditions. Regarding the latter, tremor can 
be characterised as a resting tremor or an action tremor. Action tremors can be further subdivided 
into postural, intention, kinetic, task specific or isometric. Some characteristics of tremor occur 
frequently in the same pattern, and thereby form tremor syndromes, such as essential tremor or 
dystonic tremor.
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Table 1 ― Overview of the different movement disorders types with the most important neurometabolic 
causes

Movement disorder type Examples of IEM that can present with MD type
Hyperkinetic

Dystonia

Neurotransmitter disorders (e.g. GTPc1 deficiency, TH-deficiency, AADC deficiency)
Organic acidurias (e.g. GA1, MMA, PA) 
Aminoacidopathies (e.g. MSUD, Hartnup disease)
Mitochondrial syndromes (e.g. Leigh syndrome, POLG mutations, Thiamine 

transporter defect)
Lysosomal storage disorders (e.g. NP-C, GM1 gangliosidosis type 3, Fucosidosis)
Metal storage disorders (e.g. WD, PKAN, DBMA)
Disorders in carbohydrate metabolism (e.g. Classical galactosemia, GLUT1 deficiency)
Vitamin and cofactor deficiencies (e.g. Vitamin E deficiency, Biotinidase deficiency, 

Cerebral folate deficiency)
Other: GAMT-deficiency, Cerebrotendinous xanthomatosis, Lesch-Nyhan syndrome

Myoclonus

Metal storage disorders (e.g. WD, PKAN)
Mitochondrial disorders (e.g. POLG deficiencies, Leigh syndrome)
Lysosomal storage disorders (e.g. GM1 gangliosidosis, Lafora body disease, neuronal 

ceroid lipofuscinoses)
GLUT1 deficiency 
Cerebrotendinous xanthomatosis
TH-deficiency

Tremor

Neurotransmitter disorders (e.g. dopamine deficits)
Mitochondrial disorders
Metal storage disorders (e.g. WD, PKAN)
Classical galactosemia
Lesch-Nyhan syndrome

Chorea
Organic acidurias (e.g. GA1, PA)
Metal storage disorders (e.g. PLA2G6 mutations)
Mitochondrial disorders

Hypokinetic

Parkinsonism

Neurotransmitter disorders (e.g. GTPc1 deficiency, PTPS deficiency, TH deficiency, 
AADC deficiency)

Metal-storage disorders (e.g. WD, PKAN, PLA2G6 mutations, DBMA)
Lysosomal storage disorders (e.g. NP-C, GM1 gangliosidosis)
Mitochondrial disorders (e.g. POLG deficiencies)

Other

Ataxia

Mitochondrial disorders (e.g. Pyruvate dehydrogenase deficiency, Leigh syndrome)
Amino acid disorders (e.g. MSUD, Hartnup disease)
Lysosomal storage disorders (e.g. NP-C)
GLUT-1 deficiency
Vitamin E deficiency 
Biotinidase deficiency
Cerebrotendinous xanthomatosis

*Please note that this is not a complete, exhaustive list of all IEM that can present with movement disorders. 
Abbreviations: AADC: aromatic l-amino acid decarboxylase, DBMA: dystonia with brain manganese accumulation, 
GA1: glutaric aciduria type 1, GAMT: guanidinoacetate methyltransferase, GLUT1: glucose transporter 1, GTPc1: guanosine 
triphosphate cyclohydrolase 1, MMA: methylmalonic aciduria, MSUD: maple syrup urine disease, NP-C: Niemann-Pick type C, 
PA: propionic aciduria, PKAN: pantothenate kinase-associated neurodegeneration, POLG: polymerase gamma, PTPS: 6-pyruvol-
tetrahydropterin synthase, TH: tyrosine hydroxylase, WD: Wilson’s disease.
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1.2.4 ― Chorea
The term chorea is derived from the Greek word ‘chorus’, meaning ‘dance’. Chorea refers to 
involuntary movements which are not rhythmic or stereotyped; the movements often jump from 
body region to body region and appear unpredictable, chaotic and purposeless. Patients with 
chorea try to incorporate the involuntary movements in seemingly voluntary movements and 
often patients appear restless. In IEM, chorea is not a very common MD type.

1.2.5 ― Ataxia
Ataxia is characterised by the inability to perform normal coordinated voluntary movements, 
not caused by weakness or involuntary muscle activity about the affected joint.4 It is caused by 
dysfunction of the cerebellum and spinocerebellar tracts. Typical signs of ataxia include dysmetria, 
intention tremor, dysdiadochokinesis and nystagmus. Ataxia is quite frequently associated with 
and can occur in a variety of IEM. An IEM should particularly be considered as underlying cause in 
patients with intermittent and progressive ataxia. 

1.2.6 ― Parkinsonism
Parkinsonism is also referred to as hypokinetic-rigid syndrome. It consists of the combination 
of hypokinesia: a decrease in movements; bradykinesia: slowing of movements; and rigidity: 
increased resistance to passive movement. In adults, parkinsonism is of course best known in 
Parkinson’s disease. However, parkinsonism can be seen in a range of genetic disorders of which 
IEM form an important group. In IEM, parkinsonism is often combined with other MDs such as 
dystonia.

1.3 ― Phenomenology of movement disorders caused by IEM; 
diagnostic clues

There are two main routes through which a clinician can encounter IEM that present with MDs. 
Either because a patient presents with a MD of an unknown cause, or because a patient with 
a known IEM develops a movement disorder. In both situations correct and timely recognition 
and classification of the MD is of utmost importance. In patients with an unknown aetiology, a 
detailed description of the MD phenotype may guide the clinician in the right direction to obtain 
a diagnosis, of course with due consideration of other clinical and demographic features like age 
of onset and accompanying signs and symptoms. When a patient is already diagnosed with an 
IEM that is known to give rise to MDs, it is important to consciously determine the dominant MD 
subtype, its severity and distribution in order to be able to give appropriate advice and therapy. 

Detangling the MD phenotype can be challenging, especially in the case of neurometabolic 
disorders. One of the reasons for this complexity is that patients with a metabolic disorder usually 
present with mixed MDs, rather than just one subtype.5 So, combinations of dystonia, parkinsonism, 
ataxia, myoclonus, tremor and less often chorea can all be seen in patients with an IEM. When 
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dealing with young children, an additional challenge is the distinction between “involuntary” 
movements arising from immaturity of the central nervous system and the presence of a real 
MD.6 Besides mixed MDs, the clinical picture of neurometabolic disorders is often complicated 
by additional neurological and systemic symptoms, such as seizures or psychomotor retardation. 

Because of this complexity, MDs caused by IEM appear at the interface between the expertise 
of movement disorder neurologists, pediatric neurologists, metabolic pediatricians, internists 
and clinical geneticists. Correct classification requires combined expertise and in our opinion a 
multidisciplinary approach will have added value.7 

In search of the underlying diagnosis, there are several signs and symptoms besides the MDs 
that might guide clinicians in the direction of an underlying neurometabolic condition. The most 
significant clinical clues include eye movement abnormalities, dementia/cognitive loss, muscle 
weakness, neuropathy, organomegaly, ophthalmological or skin abnormalities and deafness.8,9 

Another important clue towards a neurometabolic aetiology, is the fact that these are all inherited 
diseases. The inheritance pattern can provide additional information about the underlying IEM. 
Multiple modes of inheritance are associated with the MDs: autosomal recessive like in the 
organic acidurias, X-linked like in Lesch-Nyhan disease and pyruvate dehydrogenase complex 
(PDHC) deficiency; autosomal dominant like in GTP-cyclohydrolase deficient dopa-responsive 
dystonia and Glucose transporter 1 (GLUT1) deficiency; or a mitochondrial (maternal) inheritance 
pattern.

We can distinguish specific characteristics of dystonia that are more frequently associated with a 
metabolic aetiology (box 1). These include a generalised distribution, usually an early and (sub) 
acute onset, and mostly a more or less continuous temporal pattern or a progressive course 
over time.10 However, different manifestations are possible within the broad group of metabolic 
disorders presenting with dystonia. For example, in dopa-responsive dystonia (DRD), the MD can 
very well start focally and have diurnal fluctuations11, and in GLUT1 deficiency dystonia typically 
occurs paroxysmal after periods of exercise or prolonged fasting.12 

The age of onset is also important to take into account when considering the possible aetiology. 
Most IEM that present with MDs start at a young age, but the different groups of IEM have 
different classical ages of onset of neurological symptoms. For example, most dystonic crises 
in the organic acidurias will occur before the age of three years, while in Wilson’s disease (WD) 
a neurological presentation is rare before the age of nine.13 However, it should be kept in mind 
that the known classical presentation is often not the only presentation ‒ for example in glutaric 
aciduria type 1, a more insidious onset of MDs after positive newborn screening and even adult 
onset of dystonia can occur as well. 
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Box 1 ― Clinical characteristics that might suggest IEM as a cause of movement disorders

 ̶ Mixed movement disorder phenotype
 ● Combinations of dystonia, ataxia, parkinsonism, myoclonus, chorea or tremor

 ̶ Other accompanying (non)-neurological signs
 ● e.g. psychomotor retardation or cognitive decline, seizures, eye (movement) abnormalities, 
organomegaly, skin abnormalities and deafness

 ̶ Most often generalised distribution
 ̶ Usually young age of onset
 ̶ Often acute onset after metabolic decompensation leading to basal ganglia damage, although a more 

insidious and progressive course can be seen as well 
 ̶ In most cases continuous temporal pattern, but can also very well be paroxysmal or influenced by 

intercurrent illnesses, fatigue, exercise, or eating/fasting
 ̶ Positive family history (specific inheritance patterns)

Next to clinical clues, neuroimaging can be a very helpful diagnostic step. In a subgroup of IEM, 
the MDs are caused by basal ganglia damage, visible on brain MRI. This is true for the majority 
of patients with dystonia due to organic acidurias. Of importance, there are also treatable IEM 
that result in basal ganglia abnormalities on a brain MRI, like Wilson’s disease, PDHC deficiency, 
Co-enzyme Q10 deficiency, Cerebral folate deficiency and Thiamine transporter deficiency (Biotin 
responsive basal ganglia disease).5 Sometimes brain imaging can also give specific diagnostic 
clues; an example is the eye of the tiger sign that directly points towards brain iron accumulation, 
most often due to panthotenate kinase deficiency. In other IEM, like most neurotransmitter 
disorders or GLUT1-deficiency, imaging can be completely normal. Therefore, performing a brain 
MRI can aid in distinguishing the type of IEM before going to further targeted biochemical or 
genetic testing. 

Many IEM, including a large proportion of the treatable disorders, can be diagnosed through 
traditional biochemical tests in plasma, urine and CSF. Although familiar to those who work 
with IEM on a daily basis, many clinicians find these diagnostic procedures quite complex and 
unfortunately not all tests are available in every centre and therefore we foresee an increasingly 
prominent role of genetic testing in the field of MDs and inborn errors. The availability of new 
possibilities in genetic testing using next generation sequencing (NGS) techniques enable us to 
examine large numbers of genes at once, instead of sequencing genes one by one. For example, 
once it has been established that there is dystonia with a likely inherited cause, a clinician can 
now order a whole set of genes known to be involved in dystonia. However, it should be kept in 
mind that NGS also has its pitfalls and that it will not deliver diagnoses as if by magic. Results need 
careful interpretation and for this clinical input is indispensable.14 Additionally, one needs to be 
aware of the fact that diagnostic sensitivity of DNA testing for individual neurometabolic disorders 
can be lower compared to biochemical testing, because most NGS approaches target only the 
coding regions of the genes tested, so biochemical procedures remain important. Nevertheless, 
we believe that the widespread use of NGS techniques in the field of MDs will lead to broadening 
of classical (childhood) IEM phenotypes. It recently has been demonstrated that many dystonia-
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associated genes can give rise to a much more heterogeneous clinical phenotype than was known 
before,15 which is likely to be true for most neurometabolic disorders as well. 

Notwithstanding the advances in genetic testing, it remains of vital importance to recognise any 
treatable disorders early in the diagnostic process. A step-to-step diagnostic approach for all 
patients with young-onset dystonia, including recommendations for biochemical investigations, 
imaging and NGS, will therefore be explicated in more detail in chapter 2 where a diagnostic 
algorithm will be presented with focus on treatable IEM. 

It is worth realizing that despite the emphasis on treatable disorders, a correct diagnosis is always 
very valuable for the patient and family, even if the condition is not easily treated. It enables 
genetic counselling and the detection of other affected relatives. Furthermore, it can give some 
peace of mind to know a definite diagnosis and it allows more accurate education and prognostic 
counselling.

1.4 ― Important neurometabolic causes of MDs

In this paragraph we will briefly discuss the distinctive features of some of the most notable groups 
of neurometabolic disorders that can present with MDs, again with a specific focus on dystonia. 
The most important neurometabolic conditions associated with dystonia are summarised in 
Table 1.

1.4.1 ― Neurotransmitter disorders
Neurotransmitter disorders form a group of metabolic disorders in which MDs are the key 
symptoms and also directly relate to the biochemical defect. The dopa-responsive dystonias 
are amongst the most well-known neurometabolic conditions with dystonia as main symptom. 
In these disorders, dystonia arises from a dopaminergic deficit and the very good response 
to levodopa-substitution therapy is one of the hallmarks.16 This is in contrast to many other 
metabolic diseases, in which dystonia is often the result of actual damage of the basal ganglia 
rather than a biochemical deficit. 

The autosomal dominant inherited GTP-cyclohydrolase deficiency, also known as Segawa disease, 
is the most frequent DRD. The classical clinical picture consists of early-onset dystonia, usually 
starting in a limb and gradually spreading over the body. There is typical diurnal fluctuation of the 
symptoms, which tend to worsen over the day and are associated with fatigue. Besides dystonia, 
parkinsonian features are part of the phenotype and these symptoms are more prominent in 
later presentations and in adulthood.11 The severity of symptoms is highly variable, with non-
penetrance for the motor symptoms on one side of the spectrum and severe generalised dystonia 
on the other. In chapter 7, this group will be further studied with special attention for the non-
motor symptoms (psychiatric and sleep disorders) and quality of life.
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The recessive forms of DRD, sepiapterin reductase deficiency and tyrosine hydroxylase deficiency, 
often have a more complex and severe phenotype that presents in infancy or early childhood. 
Besides the dystonic-hypokinetic picture, these patients may also have intellectual disability and 
oculogyric crises.17,18

Other mono-amine neurotransmitter disorders like 6-pyruvoyl-tetrahydropterin synthase (PTPS) 
deficiency, dihydropteridin reductase (DHPR) deficiency and aromatic l-amino acid decarboxylase 
(AADC) deficiency can cause dystonia and parkinsonism. Again, in these cases the clinical picture 
is usually more complex with more associated symptoms such as oculogyric crises and a less 
straight-forward response to treatment.19 In most countries patients PTPS deficiency and DHPR 
deficiency will be picked up in newborn screening programs because of a mild elevation of the 
amino acid phenylalanine in plasma, but patients from countries were this is not the case, may 
present with dystonia at a later age.

1.4.2 ― Intoxication like IEM
Several IEM of the intoxication-like type can give rise to dystonia, mostly due to the occurrence 
of encephalopathic crises following intercurrent illnesses. The acute metabolic decompensation 
causes basal ganglia lesions which are visible on brain MRI20, this in contrast to the previously 
described group of neurotransmitter disorders where brain imaging is unremarkable in 
most children.21 The organic acidurias such as glutaric aciduria type 1, propionic aciduria and 
methylmalonic aciduria are exemplary disorders where an acute decompensation is known to 
lead to often severe dystonia. In chapter 5, we will describe the MD phenotype in these groups 
based on a prospective case study. 

The most frequently seen condition in this group is glutaric aciduria type 1. If untreated, in the 
majority of cases an encephalopathic crisis occurs at a very young age, usually before the age of 
three years.22 It often is the first presentation of the disorder and can result in a severe generalised 
and disabling dystonia which is, once present, irreversible. Luckily, the occurrence of these acute 
crises can largely be prevented by timely installation of an appropriate protein-restricted diet, 
medication and vitamins, and, importantly, an emergency regime during periods of illness or 
prolonged fasting.23,24 

Besides the three above described classic organic acidurias, other intoxication-like IEM (such as 
isovaleric academia and maple syrup urine disease), as well as other disorders of amino acid 
metabolism (such as homocystinuria and Hartnup disease) can all be associated with dystonia.25

1.4.3 ― Mitochondrial disorders 
The mitochondrial disorders represent a very heterogeneous group, and can be caused by 
mutations in the mitochondrial or nuclear DNA. Not only a large genetic variation, but also a wide 
clinical spectrum is seen in these disorders. Different clinical syndromes, such as Leigh syndrome, 
have been well described and these can be caused by mutations in a large number of genes. 
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But what all mitochondrial disorders have in common is a disturbed cellular energy metabolism. 
As the brain, and specifically the basal ganglia, have a relatively high energy demand,26 it is not 
surprising that various mitochondrial disorders can lead to MDs. 

In a paper by Martikainen et al.,27 the prevalence of extrapyramidal MDs was studied in a relatively 
large and heterogeneous cohort of patients with mitochondrial disease. Dystonia was found 
to be highly prevalent in pediatric patients (92%) In adults, dystonia was the second common 
movement disorder (37%), following parkinsonism. 

Leigh syndrome, or subacute necrotizing encephalomyelopathy, is a classical clinical mitochondrial 
syndrome. This encephalopathic decompensation occurs during an intercurrent illness and leads 
to (highly) elevated levels of lactic acid and typical lesions of the basal ganglia and/or brain 
stem on MRI. It is clinically characterised by a broad range of neurological manifestations that 
include psychomotor retardation and several types of MDs. Extra-neurological manifestations 
may include cardiomyopathy and renal and liver involvement. Onset of symptoms within the 
first year of life is common, although later onset even up to adulthood has been described.28 
It is important to notice that in rare cases Leigh syndrome is caused by a treatable defect in 
the cerebral thiamine transporter (SLC19A3). Clinically this disorder presents in childhood with 
a Leigh-like syndrome consisting of acute encephalopathy, dystonia, seizures and brain lesions 
visible on MRI in the cerebral cortex, basal ganglia, thalami, brainstem and cerebellum. This form 
of Leigh syndrome has an early and very good effect on timely supplementation with thiamine 
and biotin.29 Therefore, while awaiting further diagnostic tests, a trial with thiamine and biotin 
can be considered in patients with clinical and radiological signs of Leigh syndrome.

Furthermore, mutations in the mitochondrial DNA polymerase gamma gene (POLG) can cause 
a highly heterogeneous phenotype, often involving MDs. In a larger case series dystonia was 
found to be present in 31% of the patients, next to a variety of other MDs such as ataxia, chorea 
and myoclonus.30 Other characteristic signs often seen in POLG mutations are chronic external 
ophthalmoplegia, areflexia and loss of vibration sense.30 

Pyruvate dehydrogenase complex deficiency in infancy can give rise to basal ganglia lesions with a 
clinical presentation consisting of paroxysmal dystonia, neuropathic ataxia or epilepsy. It can also 
present with a Leigh-like phenotype. It is an important diagnosis to consider as the ketogenic diet 
can substantially improve the paroxysmal dystonia and seizures.31

Finally, a clinical clue that should lead to the suspicion of a mitochondrial disorder is the 
combination of dystonia and deafness, which is seen in several mutations in genes affecting 
mitochondrial function. Deafness-dystonia syndromes are for example seen in SERAC1 (MEGDEL 
syndrome) and TIMM8A (Mohr-Tranebjaerg syndrome) mutations.32–34
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With the increasing use of NGS strategies to diagnose neurometabolic disorders it is important 
to realise that mutations in mtDNA are currently not yet reported in all exome or targeted 
resequencing panels and so it is good to be aware of the coverage and information obtained with 
the different genetic techniques. 

1.4.4 ― Lysosomal storage disorders
One of the most well-known lysosomal storage disorders presenting with MDs is Niemann-Pick type 
C (NP-C). This progressive neurodegenerative disease can give rise to a spectrum of neurological 
symptoms. Classically, a combination of cerebellar ataxia and dystonia of mainly the upper limbs 
and face was described, predominantly seen in patients with a later onset of symptoms. One of 
the most distinct features and a red flag for the clinician is the early onset vertical supranuclear 
gaze palsy. The disease is further characterised by cognitive decline. Also, the occurrence of an 
acute psychosis in adolescents and young adults is a well-known phenomenon.35,36 

We believe the MD spectrum in NP-C is broader than currently described and in our experience 
MDs can very well be the presenting symptom, also in patients with a juvenile presentation. 
In chapter 6 we describe the results of a cohort study on the presence of MDs, next to 
neuropsychological features and quality of life.

Besides NP-C, other lysosomal storage disorders, like GM1 type 3 gangliosidosis or fucosidosis, 
can present with MDs.37–39 

1.4.5 ― Metal storage disorders 
The basal ganglia appear also particularly vulnerable for accumulation of different metal 
metabolites. The abnormal storage of copper in Wilson’s disease (WD), the iron accumulation 
in NBIA (neurodegeneration with brain iron accumulation) and manganese accumulation caused 
by SLC30A10 mutations (DBMA: dystonia with brain manganese accumulation), all have dystonia 
as a key symptom. An early diagnosis of WD and DBMA is of extra importance because in these 
disorders symptoms can be prevented by timely treatment. Besides the presence of dystonia, 
these two disorders are known for involvement of the liver. Another distinctive sign is a Kayser-
Fleischer ring on the cornea in WD. Neurological symptoms do usually not occur before the age of 
9 years in WD, so this disorder does not have to be considered as a differential diagnosis in young 
infants that present with dystonia. The biochemical abnormalities are a low serum copper and 
ceruloplasmin in WD and hypermanganesemia in plasma in DBMA.40,41

In the group of the NBIA disorders, pantothenate kinase-associated neurodegeneration (PKAN), 
caused by mutations in the PANK2 gene, is the most prevalent defect presenting with dystonia. The 
accumulation of iron in the globus pallidus results in a typical MRI pattern known as the eye of the 
tiger (pallidal hypo intensity with central hyper intensity on T2 images). Clinically the disorder is 
characterised by generalised dystonia, often starting in childhood and presenting with (dystonic) 
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gait abnormalities, next to this the dystonia is often very prominent in the oromandibular region. 
In addition to PKAN, other NBIAs like mutations in PLA2G6 can also present with dystonia.42

1.4.6 ― Other disorders
It is important to notice that the above described groups provide a far from complete picture 
of neurometabolic disorders causing MDs. Next to the above mentioned typical groups of 
neurometabolic disorders associated with MDs, we will now briefly discuss some IEM that deserve 
attention, mainly because there are treatment options for these disorders.

One of the disorders that needs to be discussed is deficiency of the glucose transporter 1 
(GLUT1, encoded by SLC2A1). In this disorder, the classical presentation is a developmental 
encephalopathy in infancy with intellectual disability, epilepsy and MDs. The most prevalent MD 
phenotype in adolescents and adults is that of a paroxysmal dyskinesia, triggered by episodes 
of fasting or exercise. However, in recent years it has become clear that a broad range of clinical 
phenotypes is associated with GLUT1 deficiency. The MD presentation can vary substantially, 
not only paroxysmal dystonia but sustained and generalised dystonia can be seen as well and 
associated MDs like ataxia, chorea and myoclonus can all be present.12 In GLUT1 deficiency, the 
ketogenic diet is the mainstay of treatment and can result in clear improvement of the MDs. 

Examples of other treatable disorders related to energy metabolism are the creatine biosynthesis 
disorders arginine:glycine amidinotransferase (AGAT) and guanidinoacetate methyltransferase 
(GAMT) deficiency. These disorders are clinically characterised by intellectual disability, speech 
delay and seizures, while extrapyramidal MDs can also occur. Alterations in guanidinoacetate 
plasma and urine concentration is the biochemical hallmark. The clinical symptoms, including the 
MDs, can significantly improve on creatine, ornithine and arginine supplementation.43,44 For this 
group of neurometabolic defects brain MRS has been particularly helpful in identifying patients. 
Low creatine/ATP peaks are diagnostic for these defects and typically improve during treatment 
with creatine and amino acids.43

Another condition that needs to be considered as a treatable IEM is cerebrotendinous 
xanthomatosis. This rare condition is characterised by the accumulation of cholestenol in mainly 
the central nervous system, eyes, tendons and vessels. Associated neurological features include 
pyramidal signs, ataxia, neuropathy and seizures. Some cases have been described presenting 
with a rare form of myoclonus dystonia. The disorder is responsive to chenodeoxycholic acid.45

Finally, IEM that were historically not classified as neurometabolic disorders, like classical 
galactosemia, are increasingly being recognised to have an important distinct motor phenotype 
as well. MDs were found to be present in a large proportion of adult classical galactosemia 
patients.46 In chapter 4 of this thesis, we systematically determined the frequency, classification 
and severity of MDs in a cohort of adult and pediatric galactosemia patients. 
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1.5 ― Non-motor features and quality of life

Similar to other MDs such as Parkinson’s disease, there has been increasing attention for 
associated non-motor features in dystonia. Psychiatric symptoms, sleep disorders and cognitive 
and behavioural abnormalities were all found to occur at a high frequency amongst patients with 
different types of dystonia. This might partly be attributable to the physical limitations directly 
related to the motor symptoms, but it is also suggested that motor and non-motor features 
share the same neurobiological pathophysiology.47 Basal ganglia dysfunction with aberrant 
neurotransmitter concentrations and affected neuronal circuits have been suggested to play 
an important role in the co-occurrence of both motor and non-motor symptoms.48 We could 
demonstrate in a recent review of the literature that in almost all genetically defined primary 
dystonias a broad range of non-motor symptoms is reported, consisting not only of purely 
psychiatric symptoms but also sleep, pain and sensory problems.49 The number and consistency 
of the described problems amongst different types of dystonia indeed suggests a common 
pathogenic pathway, and non-motor symptoms are now considered as an integral part of the 
phenotype of dystonia. 

It is very likely that dystonia occurring in the context of IEM is also associated with significant non-
motor symptoms. In DRD has already been described that many patients suffer from psychiatric 
and behavioural problems, but we anticipate this will be the case for many IEM. Compared 
to primary dystonias, patients with a neurometabolic cause of dystonia often have a more 
comprised brain function or even encephalopathic brain. It is therefore very feasible that they 
will experience not only motor symptoms but are as well prone for the non-motor symptoms. 
This combined neurological phenotype of both MDs and psychiatric, behavioural or cognitive 
problems understandably can have a substantial impact on quality of life and daily functioning.

1.6 ― Treatment options

MDs can significantly interfere with activities of daily living.50 Because of the great impact of MDs, 
treatment is often desired. As discussed in earlier sections of this chapter, it is important to realise 
that adequate and timely treatment of IEM can in some cases prevent the occurrence of MDs, 
especially in the intoxication-like disorders. But when MDs are already present, disease-specific 
metabolic therapies are often not effective anymore in treatment of MDs, although they might 
still contribute in the prevention of progression of neurological symptoms. An exception is found 
in some disorders where disease-specific therapy is also the MD therapy, like neurotransmitter 
disorders that can be treated with L-dopa and GLUT1-deficiency with a ketogenic diet. Still, in 
most cases disease-specific treatment is not possible or not effective, symptomatic treatment 
should be considered. However, there is only little evidence for MD treatment specific for 
neurometabolic disorders. 
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1.6.1 ― General considerations regarding symptomatic treatment
Symptomatic treatment for MDs in IEM is in principle the same as in other patients with 
MDs. The treatment is aimed at treating the (dominant) MD type(s) and mostly consists of 
pharmacotherapy. Regarding this pharmacotherapy, there is extra concern in patients with IEM, 
especially in children. Their diseases are often complex and involve multiple organ systems and in 
many cases the young patients cannot communicate about experienced side effects. One should 
therefore be extra cautious for interactions, side effects and the efficacy of pharmacotherapy 
in these patients who already have a compromised brain by their IEM. Some groups of IEM are 
especially vulnerable for specific side effects. Mutation carriers of the POLG gene are for example 
at a very high risk of acute liver failure when using sodium valproate, so this drug should be 
avoided in these patients.51 In general, there is extra concern when using medication in children, 
since there is very little evidence for the application of most drugs in the pediatric population. 
Most of the therapies are rather based on empirical observations.6,52,53 Further, some of the side 
effects of dystonia therapy such as constipation and urinary retention are complaints that are 
already prevalent in many patients with IEM and deserve extra attention.

Next to pharmacotherapy, in rare cases an operative approach in the form of DBS can be beneficial. 
Results of this procedure differ in patients with MDs due to IEM from the results in patients with 
primary MDs; this will be discussed in more detail in one of the following paragraphs. Further, 
supportive care such as physiotherapy and occupational therapy can aid in improving and 
maintaining the motor function, as well as preventing complications such as muscle contractures. 
In the next section we will summarise the main treatment options for the most important MD 
types. In Table 2 a summary of the different symptomatic treatment options is provided. 

1.6.2 ― Treatment of dystonia
Pharmacological options to treat dystonia include the anticholinergic drug trihexyphenidyl; 
botulinum toxin injections, but mainly for the more localised focal and segmental dystonia; 
benzodiazepines, mainly as additive to other therapies; levodopa/carbidopa, mainly in DRDs but 
may also be helpful in dystonia with other aetiologies; and gabapentin, which was shown to have 
a good effect on both dystonia severity and quality of life in patients with dystonia of varying 
aetiologies including several IEM.54

The muscle relaxant baclofen is reported as treatment option in patients with associated spasticity 
and with painful dystonia, but its effectivity in dystonia is controversial and we believe should be 
preserved for treatment of spasticity. Another drug used in treatment of dystonia is tetrabenazine, 
but can cause very serious side effects as depression.55 As a result, in many countries this is not 
considered to be a very valuable therapy option. 
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Table 2 ― Overview of the most important symptom specific treatment options per MD type

Dystonia treatment

Treatment Recommended dosage Remarks

Trihexyphenidyl In adults a starting dose of 1 mg/day is advised, 
slowly increasing till beneficial or till side effects 
occur.72 Children may tolerate higher dosages up 
to 0.7 mg/kg/day.53

Can be beneficial to reduce 
generalised dystonia.

Levodopa/carbidopa In children starting dose of levodopa  
1 mg/kg/day, gradually increasing till effective, 
usually around 4–5 mg/kg/day.73

In adults usual dosage is 1 to 3 tablets of  
100/25 mg per day.55

Especially in dopa-responsive 
dystonia, but might as well be helpful 
in other conditions.

Benzodiazepines 
(e.g. clonazepam, 
diazepam, lorazepam)

Variable, usually high doses are required. Mainly as add-on therapy for tone 
reduction.

Baclofen In adults an oral daily dosage of 60‒120 mg 
is advised.55 In children 0.5–1.5 mg/kg/day is 
recommended.53

Can be given orally and via intrathecal 
pump, mainly indicated when there is 
also spasticity, or in painful dystonia.

Gabapentin In children up to 18 mg/kg/dose, three times a 
day.54

Can be helpful in generalised dystonia.

Tetrabenazine In adults starting at 12.5 mg daily, and titrated  
up to a target of 25–100 mg daily.

Only in some cases beneficial, large 
inter-individual variability in optimal 
dose, caution for side effects.

Botulinum toxin 
injections

Dosage depending on the size and number of 
muscles that are targeted.  
Usual interval 3‒4 months.

For focal relief, facilitation of 
caregiving, task specific dystonia, or 
prevention of contractures.

Deep brain  
stimulation

Most used DBS target for dystonia: GPi. Option for patients with severe, 
disabling dystonia; only in selected 
cases, individual assessment of 
eligibility.

Myoclonus treatment

Treatment Recommended dosage Remarks

Levetiracetam Up to 3000 mg/day. First choice option for cortical 
myoclonus.

Piracetam 2.4–21.6 g/day. First choice option for cortical 
myoclonus.

Valproic acid 1200–2000 mg/day. Second choice option for cortical 
myoclonus (to be avoided in 
mitochondrial disorders, particularly 
POLG1 defects).
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Table 2 ― Continued

Myoclonus treatment

Treatment Recommended dosage Remarks

Clonazepam Up to 15 mg/day for cortical, up to 6 mg/day  
for subcortical.

First choice option for most types of 
subcortical and spinal myoclonus, 
second choice option for cortical 
myoclonus.

Deep brain  
stimulation

Most used targets for subcortical myoclonus:  
GPi or VIM.

Option for patients with severe, 
disabling subcortical myoclonus, 
only in selected cases, individual 
assessment of eligibility, experience 
mainly based on myoclonus-dystonia 
(DYT11).

Tremor treatment

Treatment Recommended dosage Remarks

Propranolol 40–240 mg/day.
<62.5‒750 mg/day.

Evidence based on essential tremor.

Primidone 40–240 mg/day.
<62.5‒750 mg/day.

Evidence based on essential tremor.

Trihexyphenidyl 3‒6 mg/day. In case of dystonic tremor.

Chorea treatment

Treatment Recommended dosage Remarks

Tetrabenazine 12.5‒300 mg/day (mostly 37.5–75 mg/day). Large inter-individual variability of 
optimal dose, caution for side-effects.

Atypical  
antipsychotics

Variable. When no associated dystonia is 
present.

Abbreviations: GPi: globus pallidus internus, VIM: ventralis intermedius nucleus of the thalamus

When symptoms exacerbate and the patient is at risk for an acute crisis (status dystonicus), other 
drugs like clonidine or even sedation have to be considered. A guideline for the treatment of 
different stages of status dystonicus is provided by Allen et al.56 Next to pharmacological therapy 
for dystonia the treatment of status dystonicus consists of supportive measures and monitoring 
of vital and metabolic function.

In severe cases of dystonia, deep brain stimulation (DBS) in the form of bilateral stimulation of 
the globus pallidus can give relieve of the dystonic symptoms. However, the efficacy largely varies 
and is, amongst others, dependent on the aetiology of the dystonia. Most experience has been 
gained in cases with primary dystonia. Unfortunately, the results of DBS in secondary forms of 
dystonia such as in IEM have generally shown to be inferior than in primary dystonia.57 It should 
however be kept in mind that the effects of DBS can be very hard to measure looking at the 
patient’s motor function only, especially when there is a mixed movement disorder phenotype or 
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other comorbidity. It has therefore also been stated that measuring the improvement on motor 
scales alone might not be a good reflection of the overall change in well-being of the patient and 
therefore personalised treatment goals should be pursued that may even be non-motor goals.58

The evidence for DBS in the various neurometabolic disorders largely consists of case reports. 
Most of the DBS procedures have been performed in patients with NBIA, with both promising and 
sometimes disappointing results.59 Also, case reports of DBS in Lesch-Nyhan, GM1 gangliosidosis 
type 3, glutaric aciduria, homocystinuria and methylmalonic aciduria have been described, again 
with variable results.60–63 It has to be concluded that the evidence for DBS in neurometabolic 
disorders remains up to now anecdotic and that in each individual patient the pros and cons of 
this procedure and the goals of treatment needs to be carefully evaluated.

1.6.3 ― Treatment of myoclonus
In the symptomatic treatment of myoclonus the anatomical classification of the myoclonus, e.g. 
cortical, subcortical, spinal or peripheral, can guide the therapy choice. This holds for patients 
with IEM complicated by myoclonus, similar to patients in which myoclonus is caused by other 
reasons. Neurophysiological diagnostics can be helpful to determine the MD subtype, and these 
investigations might in some cases be required for an informed treatment choice.64 This is not 
only true for myoclonus but can also apply to other MD types such as tremor.

The level of evidence for symptomatic treatment of myoclonus in general, not restricted to 
patients with IEM, is already low and consists mainly on small observational studies and expert 
opinion.65 In cortical myoclonus levetiracetam or piracetam are generally considered first choice, 
with valproic acid as alternative. In the other subtypes clonazepam is the first choice, with many 
alternatives mentioned in literature such as levodopa, L-5-HT, sodium oxybate and even in 
some cases deep brain stimulation.65 Specific evidence for the effect of symptomatic treatment 
of myoclonus in patients with IEM is lacking. Still, in an earlier paper describing four patients 
with myoclonus based on various childhood onset neurogenetic disorders we demonstrated that 
symptomatic treatment of myoclonus resulted in marked improvement of both myoclonus and 
overall functioning in all four patients.66

1.6.4 ― Treatment of tremor
It can be hard to choose the optimal symptomatic treatment for tremor. Similar to myoclonus, the 
subtype of the tremor can guide the treatment choice. However, in IEM this might not always be 
clear and mixed tremor types can occur within one disease or even within one patient. 

When the clinical characteristics resemble the pattern of a dystonic tremor, anticholinergics such 
as trihexyphenidyl can be tried. In general, most evidence for the treatment of tremor is available 
for essential tremor. In this group significant therapeutic effect of propranolol and primidone 
have been established.67 With lacking evidence for other types of tremor, this treatment is often 
empirically transferred to other tremor patients. Beside beta blockers and primidone, other 
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possibly effective medications mentioned in the literature include topiramate, gabapentin, 
clonazepam and alprazolam.67 No specific studies on the treatment of tremor in IEM can be found.

1.6.5 ― Treatment of chorea
Again, the evidence for the symptomatic treatment of chorea is limited. Tetrabenazine is 
suggested as the first choice. Originally this drug was used only in Huntington’s disease, but was 
later found to be effective in other forms of chorea and hyperkinetic MDs as well.68 However, as 
mentioned before, there are important concerns about the safety of this drug because of the 
serious side-effects. 

Further, the choice of treatment can depend on other co-existing symptoms. In case of co-existing 
dystonic symptoms anticholinergics can be tried. When there are neuropsychiatric symptoms but 
no co-occurring dystonia, antipsychotics such as tiapride, olanzapine, and quetiapine might be 
helpful, although this recommendation is mainly based on expert opinion. Further, anticonvulsants 
such as levetiracetam, valproic acid, and carbamazepine can be tried.69

1.6.6 ― Treatment of ataxia
Unfortunately, there are no evidence-based pharmacological options for the symptomatic 
treatment of ataxia. There has been some evidence that exergaming, a form of exercise based on 
body-controlled videogames, gives some improvement in neurodegenerative forms of ataxia.70 
Still, although some promising results have been reported, in a recent systematic review it had to 
be concluded that the available studies on the effect of exercise and physical therapy are of low 
methodological quality so that no definite conclusions can be drawn about the effectiveness.71

1.7 ― Further outline of this thesis

Based on the foregoing overview, we can conclude that MDs are important symptoms that can 
occur in a broad range of IEM. In this thesis we will shine a light on different aspects of MDs 
in patients with IEM. Our research aims to answer the following key questions: ‘What is the 
prevalence and characterisation of MDs in several different IEM? How is daily functioning and 
health-related quality of life (HrQoL) affected in these patients? Which non-motor, behavioural 
symptoms play a role? And what are the associations between these symptoms?’.

Correct phenotyping of the motor symptoms is vital in diagnosing an underlying condition and 
in the selection of rational therapeutic interventions. In the chapter 2 we will further zoom in 
on the diagnostic approach in childhood dystonia, with specific attention for IEM, and plea for 
prioritizing the group of treatable IEM. In this chapter we present a helpful diagnostic algorithm. 
Awareness for the occurrence of MDs in IEM is also important since these symptoms can have 
a substantial impact on quality of life and daily functioning of patients. Chapter 3 describes the 
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results of a pilot study determining the type and severity of MDs and the impact of these MDs on 
HrQoL and daily functioning in a heterogeneous group of children with an IEM. 

In chapters 4, 5, 6 and 7 we focus on specific IEM groups. This section of the thesis describes 
the results of prospective studies on the presence, subtypes and severity of MDs in respectively 
classical galactosemia (CG), organic acidurias (OAs), Niemann-Pick type C (NP-C), and dopa-
responsive dystonia (DRD).

In chapters 4 and 5 patients with CG and OAs are included regardless of the presence of motor 
symptoms, to be able to determine the prevalence of MDs. Next to the prevalence of MDs, 
we provide a detailed characterisation of the motor phenotype. In addition, we evaluate self-
perceived motor symptoms, and the association between MDs and clinical characteristics. Non-
motor (behavioural) symptoms and daily functioning are also studied. 

Chapter 6 describes an evaluation of both motor and non-motor symptoms in eight patients with 
NP-C. It is known that patients with this disorder suffer from MDs. In our cohort we determine 
the spectrum of MD types and severity, and whether MDs were the presenting symptom of the 
disease. We specifically look further into the occurrence of myoclonus and its (neurophysiological) 
characteristics. Daily functioning and non-motor symptoms are also evaluated by questionnaires 
and neuropsychiatric testing. 

Chapter 7 addresses a patient group in which a prominent MD phenotype is well-known: dopa-
responsive dystonia (DRD). In contrast to most IEM, the MDs in these patients respond very well 
to pharmacotherapy, allowing us to focus more on the non-motor symptoms and quality of life.

Finally, chapter 8 consists of an overall summary and general discussion. In this chapter we give 
an overview and provide an integration of the most important findings. In this last chapter we 
also provide suggestions for further research and describe the clinical implications of our work.
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Abstract

Early etiological diagnosis is of paramount importance for childhood dystonia because some of 
the possible underlying conditions are treatable. Numerous genetic and non-genetic causes have 
been reported, and diagnostic workup is often challenging, time consuming and costly. Recently, 
a paradigm shift has occurred in molecular genetic diagnostics, with next-generation sequencing 
techniques now allowing us to analyse hundreds of genes simultaneously. To ensure that patients 
benefit from these new techniques, adaptation of current diagnostic strategies is needed. On the 
basis of a systematic literature review of dystonia with onset in childhood or adolescence, we 
propose a novel diagnostic strategy with the aim of helping clinicians determine which patients 
may benefit by applying these new genetic techniques and which patients first require other 
investigations. We also provide an up-to-date list of candidate genes for a dystonia gene panel, 
based on a detailed literature search up to 20 October 2014. While new genetic techniques are 
certainly not a panacea, possible advantages of our proposed strategy include earlier diagnosis 
and avoidance of unnecessary investigations. It will therefore shorten the time of uncertainty for 
patients and their families awaiting a definite diagnosis.
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2.1 ‒ Introduction

Dystonia is a movement disorder characterised by sustained or intermittent muscle contractions 
causing abnormal, often repetitive, movements, postures, or both.1 For dystonia in children 
and adolescents, here referred to as dystonia of childhood (DC), the list of possible genetic and 
non-genetic causes is extensive.2,3 For clinicians encountering a young patient with dystonia, an 
important practical question is how to manage the diagnostic work-up, which is often challenging, 
time-consuming and costly. 

Recently, a paradigm shift has occurred in molecular genetic diagnostics, with next-generation 
sequencing (NGS) techniques now allowing us to analyse hundreds of genes simultaneously. NGS 
diagnostic strategies are particularly effective in heterogeneous conditions, including movement 
disorders, significantly increasing the diagnostic yield at lower costs.4,5 As a significant proportion 
of DC cases is estimated to be genetic, a ‘genetics first’ diagnostic approach for all patients 
with DC seems logical and appealing. However, there are two groups of patients for whom 
another initial approach should be considered. First, in children and adolescents who may have 
acquired dystonia, and second, in patients in whom the cause may be a treatable inborn error 
of metabolism (IEM), because for most of these IEM biochemical investigations will be a faster 
diagnostic method than genetic testing. 

We first provide a systematic literature review of the phenomenology, classification, and etiology 
of DC. We then propose a novel diagnostic strategy that will help clinicians determine which 
patients may benefit from NGS technologies and which patients require other initial investigations. 
Finally, we give an up-to-date list of dystonia gene candidates to enhance the development of 
NGS diagnostics for DC (supplementary Table S1).

2.2 ‒ Methods

We systematically reviewed all papers regarding DC up to October 20th 2014, both genetic and 
non-genetic, in three age groups (infancy, childhood and adolescence), as proposed in the latest 
dystonia classification.1 For details of our systematic search, see supplementary Box S2. 

2.3 ‒ Dystonia in children and adolescents: state of the art

2.3.1 ‒ Phenomenology: Is it dystonia?
The first step in diagnosing DC is the identification of a hyperkinetic movement as being 
‘dystonic’. Dystonia is defined as “a movement disorder characterised by sustained or intermittent 
muscle contractions causing abnormal, often repetitive, movements, postures or both. Dystonic 
movements are typically patterned or twisting, and may be tremulous. They are often initiated or 
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worsened by voluntary action and associated with overflow muscle activation.”1 This definition of 
dystonia is identical for adults and children1,3 and similar to the definition of dystonia published by 
the Taskforce on Childhood Movement Disorders.6 In children, dystonia is more often generalised 
compared with adult-onset dystonia.

Correct identification of dystonia involves both an understanding of classification systems and 
visual pattern recognition. Three important, characteristic, clinical features of dystonia are: 
(1) patterned, predictable contractions of the same muscles; (2) exacerbation when performing 
voluntary movements (e.g. walking, running, writing) and (3) the so-called geste antagoniste, or 
sensory trick. This phenomenon is characterised by the relief of dystonic movements by lightly 
touching the relevant or adjacent part of the body. A sensory trick is particularly frequent in 
cranial and cervical dystonia, whereas limb and trunk involvement more often predominate in 
children. Therefore, a sensory trick is not an obligatory feature in DC; however, when observed, it 
strongly favours a diagnosis of dystonia.1,6 

In children, movements should be evaluated in relation to their developmental age. For instance, 
a healthy toddler can have normal overflow movements that may look like dystonia, diminishing 
as the child’s development progresses.3 In addition to these normal movements, abnormal 
movements may also mimic dystonia (Table 1). For example, children with focal, stereotyped 
movements of the eyelids, face, or neck, are more likely to have tics than focal dystonia.7,8

Reliable diagnostic criteria for different body localisations of dystonia are needed to help clinicians 
accurately differentiate dystonia from conditions mimicking dystonia. Recently a diagnostic 
guideline for diagnosing blepharospasm has been validated;9 however, blepharospasm is a form 
of focal dystonia that rarely occurs in childhood or adolescence. For other body localisations of 
dystonia specific diagnostic criteria are an unmet need.

2.3.2 ‒ Classification of dystonia 
The most recent general classification scheme of dystonia identifies two distinct axes: axis I - 
clinical characteristics, and axis II – etiology.1 Axis I describes the clinical features by (1) age at 
onset, (2) body distribution, (3) temporal pattern, (4) coexistence of other movement disorders 
and (5) other neurological or systemic manifestations. Axis II addresses the etiology via two 
components: (1) nervous system pathology and (2) whether the dystonia is inherited or acquired. 
Classification of etiology into the categories ‘inherited’ or ‘acquired’ differs from traditional 
classification schemes in which dystonia was classified into primary genetic dystonia or secondary 
dystonia.1 The reason for this change was that primary dystonias, heredodegenerative dystonias 
and dystonia-plus syndromes are all in fact genetic disorders.1 These three categories are now 
considered together as ‘inherited’. In this review, we elaborate on this recent change in etiologic 
classification.
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Table 1 ‒ Mimics of dystonia in children and adolescents

Type of dystonia Mimics

Mimics of facial dystonia Tics
Stereotypies
Functional

Mimics of cervical dystonia
(head tilt)

Tics
Stereotypies
Trochlear nerve palsy
Vestibulopathy
Spasmus nutans
Acquired nystagmus 
Congenital muscular torticollis
Sternocleidomastoid injuries
Benign paroxysmal torticollis of infancy
Posterior fossa tumors
Tumors in the pineal region
Chiari malformation
Atlanto axial subluxation (e.g. syndrome of Grisel)
Cervical tumors (in cervical cord, bone or soft tissue)
Upper spinal cord syringomyelia
Juvenile rheumatoid arthritis
Sandifer syndrome
Klippel-Feil syndrome
Functional

Mimics of trunk dystonia Scoliosis
Stiff person syndrome
Functional

Mimics of limb dystonia 
(posturing)

Overflow movements in toddlers (normal developmental movements)
Stereotypies 
Shoulder subluxation
Dystonic (tonic) tics
Myotonia
Neuromyotonia
Cramp
Satayoshi syndrome
Rigidity
Spasticity 
Focal tonic seizures
Spasms (hypocalcemia, hypomagnesemia, alkalosis)
Deafferentation (pseudoathetosis)
Functional

Mimics of generalised dystonia Self-stimulation
Opisthotonus
Stiff person syndrome
Functional
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2.3.3 ‒ Etiology of dystonia
There are many possible etiologies of DC. For this review, we highlight acquired dystonias and 
treatable IEM because an initial approach other than NGS testing needs to be considered for these 
conditions. All other genetic causes can be tested at the same time by means of NGS diagnostics.

2.3.3.1 ‒ Acquired dystonias
We focus on acquired forms of dystonia that are relatively common and/or treatable. Drugs and 
toxic agents that may cause DC are listed in Table 2. For other causes of acquired DC, clinical clues 
and recommended investigations are summarised in Table 3. 

Table 2 ‒ Drugs and toxic agents that may cause dystonia in children and adolescents

Drugs

Dopamine receptor blocking drugs (neuroleptics, antiemetics) 

Dopamine depleting drugs (e.g. tetrabenazine)

Dopamine receptor stimulants (L-dopa, dopamine receptor agonists)

Antihistaminic drugs

Tricyclic antidepressants

Serotonin reuptake inhibitors

Cholinergic agonists (e.g. trihexyphenidyl)

Antiepileptic drugs (especially phenytoin and carbamazepine)

Antimalarials (e.g. chloroquine, amodiaquine)

Calcium channel blockers

Disulfiram

Lithium

Cocaine

Toxins Main source

Carbon monoxide Smoke inhalation, poorly functioning heating systems or fuel-burning 
devices

Cyanide Inhalation of smoke, ingestion of toxic household and workplace 
substances or cyanogenic foods

Manganese Drinking water with a high concentration of manganese, long-term 
parenteral nutrition

Methanol Ingestion of certain industrial products such as antifreeze solution or 
cleaners

Organophosphate Exposure to or ingestion of insecticides
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Table 3 ‒ Clinical clues suggesting acquired dystonia 

Clinical clue Differential diagnosis Recommended initial investigations

Acute onset dystonia or
rapidly progressive course

 ̶ Structural lesion
 ̶ External insulta

 ̶ Autoantibody-associated movement 
disorder 

 ̶ ADEM
 ̶ Infection

 ̶ Neuroimaging
 ̶ Neuroimaging
 ̶ Autoantibodies in serum and CSF

 ̶ Neuroimaging, CSF
 ̶ Neuroimaging, serum, CSF

Unilateral dystoniab  ̶ Structural lesion 
 ̶ External insulta

 ̶ Autoantibody-associated movement 
disorder 

 ̶ Demyelinating diseasec

 ̶ Antiphospholipid syndromed

 ̶ CP

 ̶ Neuroimaging
 ̶ Neuroimaging
 ̶ Autoantibodies in serum and CSF

 ̶ Neuroimaging, CSF
 ̶ Serum investigations
 ̶ Neuroimaging

Psychiatric symptoms  
(de novo) 

 ̶ Autoantibody-associated movement 
disorder

 ̶ Infection

 ̶ Autoantibodies in serum and CSF

 ̶ Neuroimaging, serum, CSF

Seizures (de novo)  ̶ Structural lesion 
 ̶ Autoantibody-associated movement 

disorder
 ̶ Rasmussen’s syndromee

 ̶ Infection

 ̶ Neuroimaging
 ̶ Autoantibodies in serum and CSF
 
 ̶ Neuroimaging
 ̶ Neuroimaging, serum, CSF

Signs of meningo-
encephalitis or  
encephalitis

 ̶ Autoantibody-associated movement 
disorder

 ̶ Infection

 ̶ Autoantibodies in serum and CSF

 ̶ Neuroimaging, serum, CSF

Abnormal birth or  
perinatal history

 ̶ CP  ̶ Neuroimaging

Local signs of autonomic 
disturbances and pain

 ̶ CRPS I  ̶ Clinical diagnosisf 

a External insults include head trauma and hypoxic insults caused by near-drowning, cardiac arrest or status epilepticus. 
b Unilateral dystonia comprises either focal or hemidystonia.
c Demyelinating diseases including ADEM, multiple sclerosis and neuromyelitis optica. 
d Antiphospholid syndrome with or without associated rheumatic disease such as systemic lupus erythematosus should be 
considered in all children with hemidystonia of unknown origin. 
e In Rasmussen’s syndrome dystonia can be an accompanying sign or the presenting feature. 
f Criteria for CRPS are described by Mersky et al, see Supplemental references (Supplement 4).
Abbreviations: ADEM: acute disseminated encephalomyelitis; CP: cerebral palsy; CRPS I: complex regional pain syndrome type I.

Drugs and toxic agents
DC can be induced by certain drugs and toxic agents, most commonly neuroleptics and 
antiemetics (Table 2).7,8 Drug-induced dystonias are categorised into acute dystonic reactions and 
tardive (chronic use) dystonia. The latter is a well-recognised disorder in adults, but may also 
occur in children.7 Acute forms of dystonia may arise after taking a few doses or even after one 
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administration or accidental ingestion.8 The dystonia usually disappears rapidly on withdrawing 
the offending drug. 

Cerebral palsy
Dyskinetic cerebral palsy (CP) is the most common cause of acquired DC.10 CP is a clinical 
diagnosis, encompassing a group of permanent disorders that cause impairment of movement 
and posture, attributed to non-progressive disturbances that occurred in the developing fetal or 
infant brain.11 Dyskinetic CP is characterised by the presence of choreoathetosis and dystonia11 
and possible etiologies are heterogeneous.8,12 It is most common in children, born at term, who 
have experienced adverse perinatal effects, since the basal ganglia are particularly vulnerable to 
pathogenic events toward the end of gestation.12 There are guidelines to help identify whether an 
acute intrapartum event was the likely cause of any particular case of CP.13 Due to the aggressive 
treatment of perinatal hyperbilirubinemia, it is now rare to see kernicterus as a cause of dyskinetic 
CP.12 

In dyskinetic CP, the hyperkinetic movements are usually bilateral and mostly begin after the 
first year of life, and progress slowly for several years.7,8 In children with severe CP, dystonia may 
be so profound and sustained that it manifests as hypertonia rather than abnormal involuntary 
movements.3 Brain MRI demonstrates abnormal findings in about 80% of individuals with CP.14 

Genetic analysis is recommended in those cases where no specific cause can be determined, as 
several monogenic disorders can present with clinical features similar to CP.15

Acquired structural lesions
Structural lesions, such as stroke, neoplasms or structurally abnormal vessels including 
arteriovenous malformations, may result in unilateral DC (focal or hemidystonia).7,8 Childhood 
stroke may result in dystonia if the caudate, lenticular nucleus or thalamus are involved.7,8 In most 
cases, the dystonia develops months or even years after the incident. 

Autoantibody-associated and autoimmune disorders
Several autoantibody-associated and autoimmune disorders can lead to DC (Table 3).16 We put 
emphasis on two autoantibody-associated disorders, as early recognition and timely therapy can 
improve the outcome significantly in these conditions.16

Anti-N-Methyl-d-Aspartate Receptor (NMDAR) encephalitis in children is characterised by a 
combination of seizures, movement disorders, psychiatric symptoms and encephalopathy.16 The 
first symptom is often non-psychiatric.17 In addition to dystonia, multiple movement disorders 
can be seen in the same patient,16 the most characteristic being orofacial dyskinesias.17 Young 
children often present with temper tantrums, hyperactivity or irritability, whereas in older 
patients anxiety, psychosis and altered personality are the main psychiatric features observed.17 
Recognition of the combination of symptoms should prompt testing for anti-NMDARs antibodies, 
both in serum and cerebrospinal fluid (CSF).17 Brain MRI, EEG and CSF may all show non-specific 
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abnormalities.17,18 An underlying neoplasm is found in approximately 6% of girls younger than 12 
years but rarely in boys, whereas the association with an ovarian teratoma increases in adolescent 
girls.18 Treatment consists of immunotherapy and oncological treatment in those patients with a 
clinically detectable tumor.18 Outcome is good in the majority of patients treated early enough.18

Autoimmune basal ganglia encephalitis is a syndrome characterised by extrapyramidal movement 
disorders including dystonia and parkinsonism, sleep disturbance, dysautonomia and psychiatric 
symptoms.16 Approximately 70% of cases have serum antidopamine-2 receptor antibodies.16 
Many patients have MRI T2 hyperintense basal ganglia abnormalities and show signs of CSF 
inflammation including oligoclonal bands.16 Immune therapy is the mainstay of treatment.16 In the 
past, encephalitis with dominant involvement of the basal ganglia was given a variety of names, 
including encephalitis lethargica and (infantile) bilateral striatal necrosis.16 These disorders and 
autoimmune basal ganglia encephalitis may all be part of the same clinical entity.16

Infections
DC caused by infection is relatively rare, but has been reported in children with viral infections, 
tuberculosis, mycoplasma or toxoplasmosis.19 Infection by flaviviruses is an important cause of 
DC, the most common being Japanese encephalitis.19 Other viruses associated with DC include 
influenza viruses, herpes viruses (including herpes simplex and herpes zoster) and measles 
viruses, which may lead to subacute sclerosing panencephalitis.7,8 The main bacterial infections 
are tuberculosis and infection by Mycoplasma pneumoniae.8 Infection should be suspected in 
any child with dystonia and pre-existing immunodeficiency or signs of meningoencephalitis or 
encephalitis. Detecting the infectious agent may be important for the type of therapy chosen and 
therefore serum and CSF investigations are indicated in addition to neuroimaging.

2.3.3.2 ‒ Treatable IEM 
IEM are highly heterogeneous. For most clinicians who do not work daily with IEM, it will be 
virtually impossible to recognise all these often extremely rare conditions. Fortunately, since all 
IEM can be detected with NGS diagnostics, early identification is only necessary for those IEM 
where timely treatment can improve the outcome.20 

In general, an important clue for an IEM is a complex clinical picture comprising both neurological 
and non-neurological features. An overview of treatable IEM associated with DC is provided in 
supplementary Table S3. We defined ‘treatable’ as the availability of a therapy that might lead 
to the improvement or prevention of symptoms. We will highlight five significant subgroups of 
treatable IEM that may cause DC. 

Organic acidurias
Organic acidurias can present both acutely and intermittently and are associated with ‘intoxication-
like’ non-specific symptoms, such as vomiting and anorexia, progressing towards encephalopathy. 
Episodes are frequently triggered by intercurrent illness, dietary changes or prolonged fasting.21 
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When the underlying enzymatic defect is severe, onset will be in the newborn period. Milder 
phenotypes may present later as a slowly progressive disorder or with an intermittent course. 
Examples of organic acidurias associated with DC are propionic aciduria, methylmalonic aciduria, 
cobalamin defects and glutaric aciduria type I.22 

GLUT-1 deficiency
GLUT-1 deficiency, caused by mutations in the SCL2A1 gene, can give rise to paroxysmal dystonia 
triggered by prolonged exercise.23 This phenotype is also referred to as paroxysmal exertion-
induced dystonia. The SCL2A1 gene encodes for the glucose transport protein 1, and mutations in 
this gene compromise glucose transport to the brain. Paroxysmal dystonia can be the sole feature, 
but developmental delay, spasticity, ataxia and epilepsy can also be part of the phenotype. A 
ketogenic diet is the current gold standard for treatment and has proven to be beneficial in most 
cases.23 

Metal storage
Wilson’s disease (WD) and dystonia with brain manganese accumulation (DBMA), caused 
by SLC30A10 mutations, are both metal storage disorders in which symptoms can be fully or 
partly prevented by timely treatment.24,25 In both disorders, a combination of neurological 
symptoms and hepatic involvement is usually present. Other manifestations are psychiatric 
symptoms and a corneal Kayser-Fleischer ring in WD and parkinsonism and polycythaemia in 
DBMA. Indicative biochemical findings include low serum copper and ceruloplasmin in WD and 
hypermanganesaemia in DBMA. 

Lysosomal storage
Niemann-Pick type C is a clinically heterogeneous disorder in which the presenting phenotype 
depends on the age of onset. Infants can present with ascites and liver or pulmonary disease. The 
classic presentation in mid to late childhood consists of ataxia, a supranuclear vertical gaze palsy, 
psychiatric symptoms, dystonia and dementia, whereas the clinical picture in adults is dominated 
by psychiatric symptoms and cognitive decline.26 Recently, treatment with miglustat has been 
shown to stabilise the progression of neurological symptoms, including in pediatric patients.27 

Dopa-responsive dystonias
Dopa-responsive dystonias (DRDs) are a group of disorders with a more insidious onset, probably 
representing 5% of childhood dystonias.28 The autosomal dominant form, GTP-cyclohydrolase 
deficiency, is most common. This form is also known as Segawa disease and shows an excellent 
and sustained response to low doses of levodopa.29 Typically, there is a diurnal fluctuation of 
symptoms, and associated parkinsonism. Furthermore, two autosomal recessive forms of DRD 
have been identified: tyrosine hydroxylase deficiency and sepiapterin reductase deficiency, both 
often accompanied by intellectual disability and ophthalmological problems like oculogyric crisis, 
upward gaze and ptosis.30 
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Since DRD features can be non-specific and can show considerable phenotypic variability, DRDs 
are frequently misdiagnosed as CP.30 This may result in a considerable delay in diagnosis and 
adequate treatment.29,30

In addition to biochemical and molecular studies, a levodopa trial can be used as a diagnostic 
procedure. However, it should be noted that a positive response on a levodopa trial is not specific 
for the classic DRDs, but can also be seen in other disorders such as ataxia telangiectasia and 
GLUT1-deficiency.31,32

2.3.3.3 ‒ Classification of genetic dystonias 
The genetic forms of dystonia including IEM, may be categorised into two groups. The first 
group consists of the monogenetic forms of dystonia with assigned genetic loci identified as 
DYT1-25, formerly named ‘primary dystonias’ and ‘dystonia plus syndromes’. These disorders are 
characterised by isolated dystonia, or dystonia combined with parkinsonism or myoclonus.1 The 
second group consists of genetic disorders in which dystonia is an important feature among several 
other neurological and systemic features. On axis I of the latest dystonia classification, these co-
occurring neurological or systemic manifestations are classified as ‘associated features’.1 Important 
associated features in children include: ataxia, epilepsy, mental retardation, spasticity, hypotonia, 
abnormal eye movements, neuropathy, deafness, ophthalmological signs, hepatosplenomegaly, 
psychiatric and dysmorphic features. These features are decisive for accurate phenotyping and a 
prerequisite for correct interpretation of NGS results. 

2.3.4 ‒ NGS methodology
Genetic techniques using massive parallel sequencing are called NGS. With these new techniques, 
sequencing the entire genome of a patient (whole-genome sequencing; WGS), the coding regions 
(exons) of every gene (whole-exome sequencing; WES) or targeting specific disease-causing genes 
(targeted resequencing; TRS) have all become a reality in DNA diagnostics. Technical details of the 
specific methods fall outside the scope of this review, but are described elsewhere.33 

It is important to recognize that with WGS or WES approaches, information for all genes will 
become available, including those not relevant to the diagnostic question. These genes need to 
be excluded to restrict the data analysis to a list of known genes that might explain the phenotype. 
If the phenotype is unique and no mutation is found in the selected genes, the information 
about the excluded genes may be used to hunt for new disease-causing genes. The drawbacks 
of WGS and WES are high costs, the risk of unsolicited findings, and coverage that is usually less 
than in TRS panels, compromising the diagnostic accuracy. In TRS panels, a preselected list of 
several known genes that cause dystonia are tested. By sequencing only preselected genes, the 
coverage significantly increases, contributing to diagnostic accuracy, and unsolicited findings are 
minimised, at significantly lower costs. 
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The important benefits of NGS diagnostics compared with regular biochemical procedures are 
that shipping DNA to referral centres is relatively cheap and straightforward, without stringent 
shipping conditions. In contrast, the costs and conditions of shipping samples, for instance, for 
(CSF) biochemical tests can be a serious hurdle in the present diagnostic process. 

It is to be expected that in the near future the widespread use of NGS, both in research and in 
clinical diagnostics, will lead to many more reports of dystonia associated genes, and the list of 
associated genes will grow rapidly. However, it is important that independent confirmation of the 
causal relationship between gene variants and dystonia is performed, because in some of the 
recently annotated dystonia genes, variants in these genes also occur with high frequency in the 
general population.34

2.4 ‒ A new diagnostic algorithm

Owing to the extraordinarily broad range of possible causes of DC, several algorithms have been 
developed to assist clinicians in making diagnostic decisions.2,35,36 These algorithms are not widely 
applicable as they mainly focus on (rare) neurometabolic causes and do not make use of the 
availability of NGS methodologies. On the basis of our systematic literature review and our own 
clinical experience, we propose a new diagnostic algorithm with five steps (Figure 1).

2.4.1 ‒ Step 1: Is it dystonia?
The first step in the algorithm is to record a careful history and perform a physical and neurological 
examination to determine that dystonia is an important feature. 

Movement disorders that may be misdiagnosed as dystonia are listed in Table 1. In general, these 
‘pseudodystonias’ have a known or presumed cause that is thought to differ from the causes of 
the broader dystonia group.1 Applying the algorithm and using NGS testing is not advised in these 
conditions.

2.4.2 ‒ Step 2: Could the dystonia be medication-induced or caused by toxic 
agents?
The second step is to verify exposure to any medication or toxic agents that could be causing the 
dystonia (Table 2). Treatment consists of discontinuing medication or prevention of further toxic 
exposure, and, if possible, detoxification.

2.4.3 ‒ Step 3: Clinical clues suggesting acquired dystonia?
Step 3 is to consider whether the dystonia could be acquired. In Table 3 we indicate red flags for 
acquired disorders with the main subgroups. These red flags are only defined to guide clinicians 
to a limited number of disorders in which immediate diagnosis and treatment is necessary to 
identify treatable disorders, preventing insults to the brain during the diagnostic process. 
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Figure 1 ‒ Diagnostic algorithm of dystonia in children and adolescents
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Abbreviation: IEM, inborn error of metabolism.

2.4.4 ‒ Step 4: Biochemical investigations and levodopa trial 
In any child with dystonia without obvious clues for an acquired cause, we recommend performing 
a laboratory workup (Table 4) aimed at identifying the treatable forms, before moving on to 
NGS testing. Of course this recommendation only applies for those centres where biochemical 
diagnostics will provide faster results than NGS testing, depending on the local facilities. CSF 
investigations are only recommended in selected patients (Table 4) because otherwise the 
diagnostic yield of CSF investigations is likely to be rather low.37,38

In addition to the laboratory investigations, we recommend that all patients receive a trial of 
levodopa with carbidopa.30 The primary goal of the trial is diagnostic. However, an additional 
advantage is that levodopa can also give symptom relief in non-DRD dystonia.39 The recommended 
starting dose of levodopa is 1 mg/kg/day, to be gradually increased until complete benefit or until 
dose-limiting side effects occur.7 Most individuals respond to 4‒5 mg/kg/day in divided doses.40 

Levodopa should be given for 3 months before considering the trial a failure.39 
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Table 4 ‒ Biochemical investigations to identify treatable inborn errors of metabolism with dystonia as 
important feature

Laboratory test In sample of Disorder

Organic acids Urine glutaric aciduria type I, propionic aciduria, methylmalonic aciduria, 
cobalamin deficiencies

Lactate Plasma propionic aciduria, methylmalonic aciduria, biotin responsive 
basal ganglia disease

Pyruvate Plasma pyruvate dehydrogenase complex (PDC) deficiency

Acylcarnitines Plasma propionic aciduria, methylmalonic aciduria, glutaric aciduria type 1

Amino acids Plasma ornitine transcarbamylase deficiency, maple syrup urine disease, 
pterin defects

Homocysteine Plasma homocysteinuria

Copper, ceruloplasmin Plasma, urine Wilson’s disease

Manganese Plasma dystonia with brain manganese accumulation

Biotinidase Plasma biotinidase deficiency

Creatine,  
guanidinoacetic acid

Plasma, urine cerebral creatine deficiency syndrome 3 (AGAT deficiency), 
guanidinoacetate methyltransferase deficiency

Vitamin E (α-tocopherol) Plasma Ataxia with vitamin E deficiency (AVED)

Uric acid Plasma Lesch-Nyhan Syndrome

Cholestanol Plasma cerebrotendinous xanthomatosis

Glucose CSF*, plasma GLUT1 deficiency

Folate CSF* cerebral folate deficiency

HVA, 5-HIAA CSF* tyrosine hydroxylase deficiency

Pterines CSF*, urine GTP-cyclohydrolase 1 deficiency,
6-pyruvoyl-tetrahydropterin synthase (PTPS) deficiency, 
aromatic l-amino acid decarboxylase (AADC) deficiency

Sepiapterin CSF* sepiapterin reductase deficiency

Note: performing this set of laboratory investigations is only recommended if obtaining the results of these tests will be faster 
than NGS testing. 
* CSF: cerebrospinal fluid. Lumbar puncture seems justified only in selected cases with a high clinical suspicion for these 
disorders. 

2.4.5 ‒ Step 5: NGS
Simultaneously with the biochemical investigations and the initiation of the levodopa trial, all 
possible genetic causes can be approached by using NGS diagnostic technologies. To facilitate 
this, we provide a list of DC associated genes (Supplementary Table S1). For those cases that 
remain unsolved after NGS testing, referral to a tertiary referral centre is recommended to further 
explore the possibilities to obtain an etiological diagnosis. 
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2.5 ‒ Discussion

We provide a comprehensive overview of DC and propose a new diagnostic algorithm (Figure 1). 
This five-step approach provides guidance for clinicians to determine which patients may benefit 
from innovative genetic tests and those for whom other investigations are required first, while 
taking into account the importance of early recognition of acquired and treatable causes of DC. 

Our proposed flowchart (Figure 1) differs from existing algorithms in that certain commonly used 
processing steps have been omitted, such as age at onset, temporal pattern (e.g., persistent or 
paroxysmal), associated features, and mode of inheritance.2,35,36 Indeed, ‘pattern recognition’ 
based on these features has been important in the delineation of dystonia disorders and can still 
be successful in identifying classical phenotypes, especially by experts in the field.1,8 However, 
these features were not included in our algorithm because many clinicians will have limited 
experience with these rare disorders and specific clinical patterns will easily remain unrecognised. 
In addition, recent insights from more widely applied NGS testing demonstrate that the clinical 
heterogeneity of many disorders is much larger than expected,23,31 so clinical pattern recognition 
of milder, intermediate and unusual phenotypes remains problematic.

Nevertheless, careful clinical phenotyping still remains indispensable for two reasons. First, 
clinicians need to define, on the basis of these clinical parameters, the a priori risk that the patient 
is indeed suffering from a genetic disorder. NGS methodology should not be used when the a 
priori risk is low, because the numerous genes being tested increase the chance that variants will 
be misinterpreted as disease-causing, in genes that are unlikely to explain the clinical phenotype. 
Second, closely related to the first reason, detailed phenotyping is key when the results of NGS 
diagnostic strategies are available and need to be interpreted. As Hennekam and Biesecker41 
clearly stated, NGS and computers will not magically make patient diagnoses for us. Instead, there 
will be a shift from a pre-NGS-test differential diagnostic mode to a post-NGS-test diagnostic 
assessment mode.41 Thus, the diagnostic skills of clinicians will be integrated into the evaluation 
of NGS test results, to make molecular diagnoses together with laboratory staff.

Notably, clinicians using NGS diagnostics should be aware that there are some technical 
pitfalls in the application of NGS diagnostics such as a limited ability to detect large structural 
rearrangements. In DC, this is particularly relevant if no causative mutation in a gene can be 
identified by NGS techniques, while at the same time the clinical picture is compatible with, for 
example, myoclonus dystonia or paroxysmal kinesigenic dyskinesia, both disorders that may be 
caused by deletions (in SCGE and PRRT2, respectively). In these cases, additional genetic tests 
detecting deletions are still required, such as multiplex ligation-dependent probe amplification or 
array comparative genomic hybridization (array-CGH).42

At present we live in a period of transition between emerging NGS diagnostic tests and changing 
costs, budgets and availability of diagnostic procedures. In the future, NGS tools will become 
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increasingly available in many areas of clinical diagnostics and clinical decision-making, and will 
be incorporated in our daily work and change our daily routines. Although not a panacea, the 
advantages of this new strategy will be earlier diagnosis, avoidance of unnecessary investigations, 
and the possibility of genetic counselling for family members. It will crucially shorten the time DC 
patients and their families spend in uncertainty awaiting a definitive diagnosis.
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Supplementary Table S1 ‒ Overview of genes that may cause dystonia in children and adolescents

Gene (OMIM) Disease name/phenotype Mode of 
inheritance

1 ‒ (Formerly called) Primary dystonias (DYTs):

TOR1A (605204) DYT1: Early-onset generalised primary torsion dystonia (PTD) AD

TUBB4A (602662) DYT4: Whispering dystonia AD

GCH1 (600225) DYT5: GTP-cyclohydrolase 1 deficiency AD

THAP1 (609520) DYT6: Adolescent onset torsion dystonia, mixed type AD

PNKD/MR1 (609023) DYT8: Paroxysmal nonkinesigenic dyskinesia AD

SLC2A1 (138140) DYT9/18: Paroxysmal choreoathetosis with episodic ataxia and spasticity/
GLUT1 deficiency syndrome-1

AD

PRRT2 (614386) DYT10: Paroxysmal kinesigenic dyskinesia AD

SGCE (604149) DYT11: Myoclonus-dystonia AD

ATP1A3 (182350) DYT12: Rapid-onset dystonia parkinsonism AD

PRKRA (603424) DYT16: Young-onset dystonia parkinsonism AR

ANO3 (610110) DYT24: Primary focal dystonia AD

GNAL (139312) DYT25: Primary torsion dystonia AD

2 ‒ Inborn errors of metabolism:

GCDH (608801) Glutaric aciduria type 1 AR

PCCA (232000) Propionic aciduria AR

PCCB (232050) Propionic aciduria AR

MUT (609058) Methylmalonic aciduria AR

MMAA (607481) Cobalamin A deficiency AR

MMAB (607568) Cobalamin B deficiency AR

MMACHC (609831) Cobalamin C deficiency AR

C2orf25 (611935) Cobalamin D deficiency AR

MTRR (602568) Cobalamin E deficiency AR

LMBRD1 (612625) Cobalamin F deficiency AR

MTR (156570) Cobalamin G deficiency AR

CBS (613381) Homocysteinuria AR

PCBD (126090) Hyperphelaninemia variant D AR

TH (191290) Tyrosine hydroxylase deficiency AR

SPR (182125) Sepiaterine reductase deficiency AR
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Supplementary Table S1 ‒ Continued

Gene (OMIM) Disease name/phenotype Mode of 
inheritance

QDPR (612676) Dihydropteridine reductase (DHPR) deficiency AR

PTS (612719) 6-Pyruvoyltetra-hydropterin synthase (PTPS) deficiency AR

DDC (107930) Aromatic L-amino acid decarboxylase deficiency AR

SLC19A3 (606152) Thiamine transporter deficiency (formerly Biotin responsive basal ganglia 
disorder)

AR

GAMT (601240) Guanidinoacetate methyltransferase deficiency AR

GATM (602360) Cerebral creatine deficiency syndrome 3 (AGAT deficiency) AR

NPC1 (607623) Niemann Pick type C AR

NPC2 (601015) Niemann Pick type C AR

ATP7B (606882) Wilson’s disease AR

SLC30A10 (611146) Dystonia with brain manganese accumulation AR

PDHA1 (300502) Pyruvate dehydrogenase E1-alpha deficiency XD

PDHX (608769) Pyruvate dehydrogenase E3-binding protein deficiency AR

PDHB (179060) Pyruvate dehydrogenase E1-beta deficiency AR

DLAT (608770) Pyruvate dehydrogenase E2 deficiency AR

PDP1 (605993) Pyruvate dehydrogenase phosphatase deficiency AR

LIAS (607031) Pyruvate dehydrogenase lipoic acid synthetase deficiency AR

BTD (609019) Biotinidase deficiency AR

GALT (606999) Galactosemia AR

ADCK3 (606980) Coenzyme Q10 deficiency AR

MTP (157147) Abetalipoproteinemia (Bassen-Kornzweig syndrome) AR

FOLR1 (136430) Cerebral folate deficiency AR

MOCS1 (603707) Molybdenum cofactor (sulfite oxidase) deficiency type A AR

OTC (300461) Ornitine transcarbamylase deficiency XR

HPRT2 (308000) Lesch-Nyhan Syndrome XR

ALDH5A1 (610045) Succinic semialdehyde dehydrogenase deficiency AR

SLC6A3 (126455) Infantile parkinsonism-dystonia (Dopamine transporter deficiency) AR

BCKDHA (608348) Maple syrup urine disease type Ia AR

BCKDHB (248611) Maple syrup urine disease type Ib AR

DBT (248610) Maple syrup urine disease type II AR
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Supplementary Table S1 ‒ Continued

Gene (OMIM) Disease name/phenotype Mode of 
inheritance

DLD (238331) Dihydrolipoamide dehydrogenase deficiency (Maple syrup urine disease 
type III)

AR

ETHE1 (608451) Ethylmalonic encephalopathy AR

SLC6A8 (300036) Cerebral creatinine deficiency syndrome 1 XR

SLC6A9 (608893) Hartnup disorder AR

SERAC1 (614725) 3-methylglutaconic aciduria with deafness, encephalopathy, and  
Leigh-like syndrome (MEGDEL)

AR

SUOX (606887) Sulfocysteinuria AR

FUCA1 (612280) Fucosidosis AR

GLB1 (611458) GM1-gangliosidosis AR

HEXA (606869) Tay-Sachs disease (GM2-gangliosidosis type 1) AR

HEXB (606873) Sandhoff disease (GM2-gangliosidosis type 2) AR

CLN3 (607042) Neuronal ceroid lipofuscinosis 3 (Batten disease) AR

TPP1 (607998) Neuronal ceroid lipofuscinosis 2 AR

ARSA (6007574) Metachromatic leukodystrophy (Arylsulfatase A deficiency) AR

SLC16A2 (300095) Allan-Herndon-Dudley syndrome (monocarboxylate transporter-8 
(MCT8) deficiency)

XD

2.1 Mitochondrial disorders:

POLG (174763) Alpers/MNGIE/SANDO (Mitochondrial DNA depletion syndrome 4) AR

SUCLA2 (603921) Mitochondrial DNA depletion syndrome 5 AR

MPV17 (137960) Mitochondrial DNA depletion syndrome 6 (hepatocerebral type) AR

C2orf10 (606075) Mitochondrial DNA depletion syndrome 7 (hepatocerebral type) AR

NDUFS1 (157655) Mitochondrial complex I deficiency AR

NDUFS3 (603846) Mitochondrial complex I deficiency AR

NDUFS4 (602694) Mitochondrial complex I deficiency/Leigh syndrome AR

NDUFS7 (601825) Mitochondrial complex I deficiency/Leigh syndrome AR

NDUSF8 (602141) Mitochondrial complex I deficiency/Leigh syndrome AR

NDUFA2 (602137) Mitochondrial complex I deficiency/Leigh syndrome AR

NDUFA9 (603834) Mitochondrial complex I deficiency/Leigh syndrome AR

NDUFA10 (603835) Mitochondrial complex I deficiency/Leigh syndrome AR

NDUFA12 (614530) Mitochondrial complex I deficiency/Leigh syndrome AR
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Supplementary Table S1 ‒ Continued

Gene (OMIM) Disease name/phenotype Mode of 
inheritance

NDUFAF2 (609653) Mitochondrial complex I deficiency/Leigh syndrome AR

NDUFAF5 (612360) Mitochondrial complex I deficiency/Leigh syndrome AR

NDUFAF6 (C8orf38) 
(612392)

Mitochondrial complex I deficiency/Leigh syndrome AR

FOXRED1 (613622) Mitochondrial complex I deficiency/Leigh syndrome AR

NDUFV1 (161015) Mitochondrial complex I deficiency/infantile bilateral striatal necrosis AR

SDHA (600857) Mitochondrial complex II deficiency (Succinate dehydrogenase 
deficiency) 

AR

SDHAF1 (612848) Mitochondrial complex II deficiency (Succinate dehydrogenase assembly 
factor 1 deficiency)

AR

BCS1L (603647) Mitochondrial complex III deficiency/Leigh syndrome AR

COX10 (602125) Mitochondrial complex IV deficiency/Leigh syndrome AR

COX15 (603646) Mitochondrial complex IV deficiency/Leigh syndrome AR

COX20 (614698) Mitochondrial complex IV deficiency AR

SURF1 (185620) Mitochondrial complex IV deficiency/Leigh syndrome AR

TACO1 (612958) Mitochondrial complex IV deficiency/Leigh syndrome AR

MTATP6 (516060) Mitochondrial complex V deficiency/Leigh syndrome Mitochondrial

MTND1 (516000) Leber optic atrophy and dystonia Mitochondrial

MTND3 (516002) Leber optic atrophy and dystonia Mitochondrial

MTND1 (516003) Leber optic atrophy and dystonia Mitochondrial

MTND1 (516006) Leber optic atrophy and dystonia Mitochondrial

MTATP6 (516060) Mitochondrial infantile striatonigral degeneration Mitochondrial

3 ‒ Other disorders, including neurodegenerative diseases:

PANK2 (606157) Neurodegeneration with brain iron accumulation (NBIA) 1/HARP AR

PLA2G6 (603604) Neurodegeneration with brain iron accumulation (NBIA) 2/PARK14 AR

FTL (134790) Neurodegeneration with brain iron accumulation (NBIA) 3 AD

C19orf12 (614297) Neurodegeneration with brain iron accumulation (NBIA) 4 AR

Wdr45 (300894) Neurodegeneration with brain iron accumulation (NBIA) 5 XD

CYP27A1 (606530) Cerebrotendinous xanthomatosis AR

PLP1 (300401) Pelizaeus-Merzbacher disease XR

MTP (157147) Abetalipoproteinemia (Bassen-Kornzweig syndrome) AR
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Supplementary Table S1 ‒ Continued

Gene (OMIM) Disease name/phenotype Mode of 
inheritance

FA2H (611026) Spastic paraplegia type 35 AR

ATP13A2 (610513) Kufor-Rakeb syndrome (PARK9) AR

PRKN (602544) Juvenile Parkinson disease type 2 (PARK2) AR

PINK1 (608309) Early onset Parkinson disease type 6 (PARK6) AR

DJ1 (602533) Early onset Parkinson disease type 7 (PARK7) AR

FBXO7 (605648) Early onset Parkinson disease type 15 (PARK15) AR

SYNJ1 (604297) Early-onset atypical parkinsonism (PARK20) AR

SPG11 (610844) Spastic paraplegia type 11 AR

AP4B1 (607245) Spastic paraplegia type 47 AR

TREX1 (606609) Aicardi-Goutieres syndrome 1 AR,AD

RNASEH2B (610362) Aicardi-Goutieres syndrome 2 AR

RNASEH2C (610330) Aicardi-Goutieres syndrome 3 AR

RNASEH2A (606034) Aicardi-Goutieres syndrome 4 AR

SAMHD1 (606754) Aicardi-Goutieres syndrome 5 AR

ADAR1 (146920) Aicardi-Goutieres syndrome 6 AR,AD

NUP62 (605815) Infantile striatonigral degeneration AR

NKX2-1/TITF1 
(600635)

Benign hereditary chorea AD

ATM (607585) Ataxia-Telangiectasia AR

VPS13A (605978) Choreoacanthocytosis AR

COL4A1 (120130) Porencephaly 1 AD

SEPSECS (613009) Pontocerebellar hypoplasia type 2D AR

CTC1 (613129) Cerebroretinal microangiopathy with calcifications and cysts (CRMCC) 
(Coats plus syndrome)

AR

ALSIN (606352) Juvenile amyotrophic lateral sclerosis 2 AR

TIMM8A (300356 Mohr-Tranebjaerg syndrome (Dystonia deafness syndrome XR

BTK (300300) X-linked agammaglobulinemia with hearing impairment,  
dystonia-parkinsonism, and progressive neurodegeneration

XR

BCAP31(300398) Deafness, dystonia and central hypomyelination XR
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Supplementary Table S1 ‒ Continued

Gene (OMIM) Disease name/phenotype Mode of 
inheritance

OPA3 (606580) Optic atrophy with early onset pyramidal tract signs and dystonia AR

ACTB (102630) Juvenile onset dystonia AD

ARFGEF2 (605371) Periventricular nodular heterotopia and dystonia AR

GRIK2 (138244) Intellectual disability, behavioural disorder, epilepsy and dystonia AR

HTT (613004) Huntington disease AD

C2orf37/DCAF17 
(612515)

Woodhouse Sakati syndrome AR

MECP2 (300005) Rett syndrome XD

FOXG1 (164874) Rett syndrome, congenital variant de novo

ARX (300382) Partington syndrome/X-linked mental retardation XR

ATN1 (607462) Dentatorubral-pallidoluysian atrophy AD

CACNA1B (601012) Myoclonus-Dystonia-like syndrome with cardiac arrhythmias AD

Abbreviations: AR: Autosomal recessive, AD: Autosomal dominant, XR: X-linked recessive, XD: X-linked dominant
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Supplementary Box S2 ‒ Search criteria systematic review

Search strategy:

We reviewed all papers regarding dystonia, both genetic and non-genetic, in three age groups (infancy, 
childhood and adolescence), which is from birth to 20 years of age.1 The key terms we used were “dystonia” 
combined with (synonyms of) “children”, “childhood”, “adolescence” and “early onset”, as well as 
(synonyms of) terms indicating possible etiologies including “genetic”, “acquired”, “primary”, “secondary”, 
“heredodegenerative”, “hereditary”, and “inborn errors of metabolism”. All reviewed papers and abstracts 
were presented in English. 

We considered using the Quality Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool for selecting 
papers, developed by Whiting and colleagues (see Supplemental references). However, this tool proved not 
to be applicable as disorders causing dystonia of childhood are rare and the available evidence consisted 
only of small clinical trials, case series and expert opinion. For the same reason, not all items of the PRISMA 
Checklist (Supplement 6) are applicable. 

Study selection: 

Included literature and associated references involved at least one adequate description of: symptoms, signs, 
laboratory investigations (including metabolic evaluation), neuroimaging or genetic analysis, with supporting 
evidence for the etiological diagnosis. Included literature concerned at least two patients with the same 
condition, presenting with dystonia as an isolated, prominent or presenting symptom. Further references 
were retrieved manually from reference lists. Text books, Online Mendelian Inheritance in Man (OMIM) and 
GeneReviews were used for overviews of possible causes of dystonia. The list of genes (Supplement 1) is 
based on a detailed literature search up to October 20th 2014). The final reference list was generated on the 
basis of originality and relevance to the topic. 

Key electronic search strategy for PubMed:

(dyston* AND (child* OR pediatric OR adolescent* OR (early onset) OR (early-onset))) AND (genetic OR 
primary OR hereditary OR heredodegenerative OR acquired OR secondary OR (inborn errors of metabolism)) 

Filters activated: Humans, English.
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Supplementary Table S3 ‒ Treatable inborn errors of metabolism with dystonia as important feature

IEM Gene (OMIM) Characteristic features besides 
dystonia

Treatment

Glutaric aciduria  
type 1

GCDH (608801) Macrocephaly, developmental 
retardation, cardiomyopathy, 
encephalopathic crisis

Lysine restriction, 
carnitine 
supplementation, 
emergency treatment 
during intercurrent 
illness 

Propionic aciduria PCCA (232000) /  
PCCB (232050)

Developmental retardation, 
encephalopathic crisis, optic nerve 
atrophy, cardiomyopathy, alopecia, 
pancytopenia, (pseudo-) diabetes

Dietary protein 
restriction, carnitine 
supplementation
emergency treatment 
during intercurrent 
illness

Methylmalonic  
aciduria

MUT (609058) Developmental retardation, 
encephalopathic crisis, renal 
insufficiency, alopecia,  
pancytopenia, (pseudo-) diabetes

Dietary protein 
restriction, carnitine 
supplementation
emergency treatment 
during intercurrent 
illness

Cobalamin A  
deficiency

MMAA (607481) Developmental delay, recurrent 
vomiting, ataxia, spasticity,
pancytopenia

Hydroxocobalamin, 
protein restriction

Cobalamin B 
deficiency

MMAB (607568) Developmental delay, recurrent 
vomiting, ataxia, spasticity,
hepatomegaly, pancytopenia

Hydroxocobalamin, 
protein restriction

Cobalamin C  
deficiency

MMACHC (609831) SGA, microcephaly, failure to thrive, 
anemia, developmental delay, 
abnormal retinal pigmentation, 
seizures, psychiatric disease

Hydroxocobalamin

Cobalamin D  
deficiency

C2orf25 (611935) Developmental delay, intellectual 
disability, anemia, ataxia,  
nystagmus, behaviour problems

Hydroxo- / 
cyanocobalamin

Cobalamin E  
deficiency

MTRR (602568) Developmental delay, intellectual 
disability, megaloblastic anemia, 
failure to thrive, ataxia, seizures, 
blindness

Hydroxo- / 
methylcobalamin, 
Betaine

Cobalamin F  
deficiency

LMBRD1 (612625) Developmental delay, intellectual 
disability, failure to thrive, frequent 
infections: stomatitis, ataxia, 
spasticity, pancytopenia

Hydroxocobalamin

Cobalamin G  
deficiency

MTR (156570) Developmental delay, intellectual 
disability, megaloblastic anemia, 
failure to thrive, ataxia, seizures

Hydroxo- / 
methylcobalamin, 
Betaine
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Supplementary Table S3 ‒ Continued

IEM Gene (OMIM) Characteristic features besides 
dystonia

Treatment

Homocysteinuria CBS (613381) Mental retardation, behavioural 
disturbances, marfan-like 
appearance, myopia, ectopia lentis, 
osteoporosis, thromboembolic 
events

Methionine restriction, 
Betaine
In some cases 
pyridoxine

GTPc1-deficiency 
(Segawa disease)

GCH1 (600225) Diurnal fluctuation, hypokinetic-rigid 
syndrome, psychiatric disorders

Levodopa-carbidopa 
(marked response)

Tyrosine hydroxylase 
deficiency 

TH (191290) Developmental delay, hypokinetic-
rigid syndrome, diurnal fluctuation, 
oculogyric crises, autonomic 
disturbance 

Levodopa 

Sepiapterin reductase 
deficiency 

SPR (182125) Developmental delay, intellectual 
disability, diurnal variation, 
oculogyric crises, hypotonia, 
autonomic disturbance

Levodopa-carbidopa, 
5-hydroxytryptophan

Dihydropteridine 
reductase (DHPR) 
deficiency 

QDPR (612676) Progressive developmental delay, 
seizures, microcephaly,  
parkinsonism

Levodopa-carbidopa, 
5-hydroxytryptophan 
Tetrahydrobiopterin, 
Folinic acid, Phe-
restricted diet

6-Pyruvoyltetra-
hydropterin synthase 
(PTPS) deficiency

PTS (612719) Developmental delay, seizures, 
microcephaly, parkinsonism, 
hypersalivation

Tetrahydrobiopterin, 
Levodopa/carbidopa, 
5-hydroxytryptophan 

Aromatic L-amino 
acid decarboxylase 
deficiency

DDC (107930) Developmental delay, oculogyric 
crises, hypotonia, autonomic 
symptoms

Levodopa / dopamine 
agonists, pyridoxine, 
MAO inhibitors (therapy 
only effective in a 
minority of patients)

GLUT-1  
deficiency

SLC2A1 (138140) Paroxysmal dyskinesias, epilepsy, 
psychomotor retardation, spasticity, 
ataxia, microcephaly

Ketogenic diet

Galactosemia GALT (606999) Failure to thrive, food intolerance, 
hepatomegaly, jaundice, cataract

Lactose restricted diet

Thiamine transporter 
deficiency (formerly 
Biotin responsive basal 
ganglia disorder)

SLC19A3 (606152) Subacute encephalopathy, 
dysarthria, and dysphagia, severe 
rigidity, quadriparesis

Thiamine and Biotin 

Guanidinoacetate 
methyltransferase 
deficiency

GAMT (601240) Intellectual disability, seizures, 
autistic behaviour, hypotonia

Creatine, Ornithine, 
dietary arginine 
restriction



58

Chapter 2

Supplementary Table S3 ‒ Continued

IEM Gene (OMIM) Characteristic features besides 
dystonia

Treatment

Cerebral creatine 
deficiency syndrome 3 
(AGAT deficiency)

GATM (602360) Mental retardation with severe delay 
of speech, myopathy causing muscle 
weakness, failure to thrive

Oral creatine 
supplementation

Niemann-Pick type C NPC1 (607623) /  
NPC2 (601015)

Dementia, psychiatric symptoms, 
epilepsy, ataxia, supranuclear vertical 
gaze palsy, cholestatic icterus, liver 
failure

Miglustat

Wilson’s disease ATP7B (606882) Chronic liver disease, Kayser-
Fleischer rings, cardiomyopathy, 
hemolysis

Zinc, 
Tetrathiomolybdate

Dystonia with 
brain manganese 
accumulation 

SLC30A10 (611146) Chronic liver disease, polycythemia, 
parkinsonism, hypermanganesaemia

Chelation with 
intravenous disodium 
calcium edentate,
Ferro fumarate

Pyruvate 
dehydrogenase  
complex (PDC) 
deficiency
(Mostly X-linked)

PDHA1 (300502)
PDHX (608769)
PDHB (179060)
DLAT (608770)
PDP1 (605993)
LIAS (607031)

Mental retardation, hypotonia, 
hypertonia, seizures, microcephaly, 
ataxia

Thiamine, ketogenic 
diet, dichloroacetate 
(DCA)

Biotinidase  
deficiency

BTD (609019) Developmental delay, seizures, 
hypotonia, ataxia, vision and hearing 
problems, cutaneous abnormalities

Biotin

Coenzyme Q10 
deficiency

ADCK3 (606980) Ataxia, exercise intolerance, seizures Coenzyme Q10

Cerebrotendinous 
xanthomatosis

CYP27A1 (606530) Diarrhea, cataract, tendon 
xanthomas, neuropsychiatric 
symptoms, spasticity

Chenodeoxycholic acid

Abetalipoproteinemia 
(Bassen-Kornzweig 
syndrome)

MTP (157147) Fat malabsorbtion, retinitis 
pigmentosa, ataxia, acathocythosis

Vitamin E, fat reduced 
diet

Ataxia with Vitamin E 
Deficiency (AVED)

TTPA (600415) Ataxia, areflexia, loss 
of proprioception, 
dysdiadochokinesiahead titubation, 
decreased visual acuity

Vitamin E  
(alpha-tocopherol)

Cerebral folate 
deficiency

FOLR1 (136430) Epileptic seizures, mental 
retardation, 

Folinic acid

Molybdenum cofactor 
(sulfite oxidase) 
deficiency type A

MOCS1 (603707) Intractable neonatal seizures, 
developmental delay, feeding 
difficulties, lens dislocation

Cyclic PMP
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Supplementary Table S3 ‒ Continued

IEM Gene (OMIM) Characteristic features besides 
dystonia

Treatment

Ornitine 
transcarbamylase 
deficiency
(X-linked)

OTC (300461) Mental retardation, episodic lethargy 
and irritability, coma, ataxia

Protein restricted 
diet with arginine 
supplementation, 
sodium benzoate

Maple syrup urine 
disease (type I and II)

BCKDHA (608348) / 
BCKDHB (248611) / 
DBT (248610)

Neonatal encephalopathy, ataxia, 
intercurrent illness

Leucine restricted 
diet, in some 
patients thiamine 
supplementation
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Abstract

Background: Inborn errors of metabolism (IEM) form an important cause of movement disorders 
in children. The impact of metabolic diseases and concordant movement disorders upon children’s 
health-related quality of life (HrQoL) and its physical and psychosocial domains of functioning has 
never been investigated. We therefore conducted a case study on the HrQoL and development of 
adaptive functioning in children with an IEM and a movement disorder.

Methods: Children with co-existent IEM and movement disorders were recruited from pediatric 
outpatient clinics. We systematically collected clinical data and videotaped examinations. The 
movement disorders were diagnosed by a panel of specialists. The Pediatric Quality of Life 
Inventory 4.0 and the Vineland Adaptive Behavior Scale were used to assess the HrQoL and 
adaptive functioning, respectively.

Results: We recruited 24 children (10 boys, mean age 7y 5 m). Six types of movement disorders 
were recognised by the expert panel, most frequently dystonia (16/24), myoclonus (7/24) and 
ataxia (6/24). Mean HrQoL (49.63, SD 21.78) was significantly lower than for other chronic 
disorders in childhood (e.g. malignancy, diabetes mellitus, rheumatic disease, psychiatric 
disorders; p<0.001) and tended to diminish with the severity of the movement disorder. The 
majority of participants had delayed adaptive functioning, most evident in their activities of daily 
living (51.92%, SD 27.34). Delay in adaptive functioning had a significant impact upon HrQoL 
(p=0.018).

Conclusions: A broad spectrum of movement disorders was seen in patients with IEM, although 
only five were receiving treatment. The overall HrQoL in this population is significantly reduced. 
Delay in adaptive functioning, most frequently seen in relation to activities of daily living, and 
the severity of the movement disorder contribute to this lower HrQoL. We plead for a greater 
awareness of movement disorders and that specialists should be asked to diagnose and treat 
these wherever possible.
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3.1 ‒ Background

Inborn errors of metabolism (IEM) form a heterogeneous group of rare inherited disorders in which 
the synthesis, metabolism, transport and/or storage of metabolites or molecules is disturbed. 
These changes can affect all organs and result in a variety of symptoms. The central nervous 
system is frequently involved, with disorders often manifesting as epilepsy and psychomotor 
retardation. Movement disorders, although less frequently documented, may also be present.1,2

IEM contribute to a significant proportion of childhood movement disorders, classified as ataxia, 
hypokinetic or hyperkinetic. The last category is further subdivided into dystonia, myoclonus, 
chorea, ballism, tremor and tics. An accurate classification is important for diagnosis, ongoing 
management and treatment choices. However, there is little data on which movement disorders 
are most prevalent in IEM. In addition, identifying movement disorder subtypes, especially in 
children, can be challenging as these are often associated with secondary structural lesions. 
These may also precipitate additional neurological features e.g. spasticity, epilepsy, psychomotor 
retardation or other movement disorders, resulting in a complex clinical picture.3

As with other chronic, disabling conditions, IEM are likely to impair physical functioning and 
social participation. As a result, assessing health-related quality of life (HrQoL) has emerged as an 
important outcome measure in chronic illnesses of childhood.4,5 HrQoL comprises the subjective 
perception of the impact of a chronic illness on physical, psychological, social and occupational 
functioning and its use has been established in a broad range of childhood conditions.6,7

To date little is known about how much impact IEM have on children’s HrQoL. Studies in adequately 
treated phenylketonuria (PKU) report a similar HrQoL to control populations.8,9 However, PKU is 
detected by screening in the newborn period thereby allowing early therapeutic intervention and 
minimizing neurological damage. This population may therefore not be representative of all IEM 
as a significant number of IEM are detected when neurological impairment has already occurred. 
For example, recent papers on galactosemia and Hunter syndrome (mucopolysaccharidosis type II) 
revealed a markedly impaired HrQoL in the physical and psychosocial domains of functioning.10,11 
To our knowledge, no previous studies have investigated the impact of a broader range of IEM 
with secondary movement disorders upon quality of life of these patients.

IEM in children are frequently associated with developmental delay in one or more domains of 
functioning.12 The level of disability may vary considerably between patients, suggesting that this 
is an important factor when assessing HrQoL. Consequently, adaptive functioning, defined as ‘the 
collection of conceptual, social and practical skills that have been learned by children in order 
to function in their everyday lives’, has become an important outcome measure.13 Our literature 
search found no reports combining both HrQoL and adaptive functioning tools in assessing 
patients with IEM.
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We systematically assessed the types of movement disorders observed in a cohort of patients with 
an established IEM diagnosis. We are the first to use systematic and standardised questionnaires 
to assess HrQoL and adaptive functioning, thereby highlighting areas of impairment in the context 
of these disorders.

3.2 ‒ Methods

3.2.1 ‒ Participants
Participants younger than 19 years of age were recruited between January and July 2007 from two 
Dutch university medical centres (Wilhelmina Children’s Hospital, Utrecht and Academic Medical 
Centre, Amsterdam). All patients with a confirmed IEM and a suspected movement disorder were 
asked to participate. After enrolment, informed consent or third party assent was obtained in all 
cases. The study was approved by the medical research and ethics committees of both centres.

3.2.2 ‒ Data collection
All participants were assessed in their home environment and a videotaped examination was 
performed using a standard protocol. Past medical history relating to the diagnosis of the 
metabolic disorder, and past and present medical therapies and their efficacy were collected from 
the clinical notes. Three movement disorder specialists (MFC, BP, MT) were blinded to the clinical 
diagnosis and asked to classify the movement disorder and its severity according to a 5-point 
Likert scale based on the videotaped examination. Severity scores ranged from 1 (minimal), 
2 (mild), 3 (moderate), 4 (severe) to 5 (very severe).

The Dutch Generic Core Scale of the Pediatric Quality of Life Inventory (PedsQL) 4.0 and the 
Vineland Adaptive Behavior Scale (VABS) questionnaires were completed by the parents in each 
case.14 The PedsQL was used to determine the HrQoL. This questionnaire asks parents to indicate 
to what extent the child had a problem with each item the past month. Items are subdivided 
in physical (8 items; walking, running, exercise, lifting, self-care, pain, tiredness), emotional 
(5 items; anxiety, sadness, angriness, trouble sleeping, worrying), social (5 items; getting along, 
friends, teasing, keeping up with others, playing) and school-related domains (5 items; attention, 
forgetting, schoolwork, missing school because of sickness or doctor visits). Scores were calculated 
by the sum of all scores divided by the number of answered items. Results were compared to 
parent-proxy reports of the PedsQL for other chronic stigmatizing conditions.7,15-18

The VABS, validated in the Netherlands for children with or without cognitive impairment, was 
used to determine age-appropriate adaptive functioning in areas of communication, daily living 
skills and socialisation.19 The total score and scores of the three sub-domains were converted to 
an estimated age of development using validated age-equivalents. Percentage of development 
was calculated by dividing estimated age of development by biological age. Percentage of delay 
was calculated by subtracting the percentage of development from 100%.
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3.2.3 ‒ Statistical analysis
Statistical analysis included Mann Whitney U and t-tests, as well as linear regression analysis 
where appropriate. Results were corrected for multiple comparisons using the Bonferroni-Holm 
correction.

3.3 ‒ Results

A total of 24 children were recruited (10 boys, 14 girls, mean age 7y 5 m). This cohort contained 12 
different IEM diagnoses, with organic acidurias (11/24) and respiratory chain defects (5/24) being 
the most common. Table 1 presents the demographic characteristics and IEM diagnoses. MRI 
data were available in 17 patients, showing abnormalities in twelve. Most common white matter 
abnormalities (5/17), atrophy (4/17) and basal ganglia abnormalities (4/17) (supplementary 
Table S1).

Table 1 ‒ Demographics and details of IEM diagnosis (n=24)

No. of cases

Sex 
 Male
 Female

10
14

Mean age (years, months) (SD) 7y 5m (4y 1m)

Metabolic diagnosis
 Respiratory chain defects
 Organic acidurias

 Glutaric aciduria type I
 Propionic aciduria
 Homocystinuria 
 Maple syrup urine disease
 Methylmalonic aciduria

 Disorders of carbohydrate metabolism
 Galactosemia

 Neurotransmitter defects
 PTPS deficiency 
 AADC deficiency

 Other
 CDG 1a
 AASA deficiency
 MCT-8 deficiency
 Nonketotic hyperglycinemia

5
10

4/10
2/10
2/10
1/10
1/10

1
1/1
2

1/2
1/2
6

3/6
1/6
1/6
1/6

Abbreviations: IEM: inborn error of metabolism, AADC: aromatic amino acid decarboxylase, AASA: alpha-aminoadipic 
semialdehyde, CDG: congenital disorder of glycosylation, MCT-8: Monocarboxylate transporter 8, PTPS: 6-pyruvoyl-
tetrahydropterin synthase, SD: standard deviation
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3.3.1 ‒ Movement disorder characteristics
Based on videotape evaluation by the panel of movement disorder specialists, dystonia was the 
most frequently observed movement disorder (16/24, 10 generalised, 4 segmental and 2 focal), 
followed by myoclonus (7/24) and ataxia (6/24). In over one-third of cases (9/24), two or more 
movement disorders were observed simultaneously (Figure 1, supplementary Table S1).

Figure 1 ‒ Diagrammatic representation of the number, type and treatment of movement disorders

Number of movement disorders per pa�ent
1: n=15              ≥2: n=9

Total number of cases
n=24

Dystonia
n=16

Myoclonus
n=7

Ataxia
n=6

Tremor
n=2

Orofacial 
dyskinesias

n=2

Hypokinesia
n=1

4 0 0 0 0 1

Number of
pa�ents
receiving
treatment
for their 
movement
disorder

Scheme showing the number of movement disorders per patient, and the number of patients for each movement disorder 
subtype. The bottom row of boxes indicates the number of cases receiving treatment in each subgroup. 

Disease specific therapy was provided in the majority of the patients, mostly consisting of dietary 
measures (Supplementary file 1: Table S1). Medical therapy for treatment of the movement 
disorders had been prescribed in only five cases (Figure 1): in four patients, dystonia was the 
predominant movement disorder, while the fifth patient had hypokinesia with more subtle 
dystonia. Two dystonic patients with Glutaric Aciduria (GA) type 1 received trihexyphenidyl and 
one Methylmalonic Aciduria patient with dystonia and orofacial dyskinesias was treated with 
trihexyphenidyl combined with clonazepam. In all three cases, the parents reported a beneficial 
effect, particularly in reducing the mobile component of dystonia. The fourth dystonic patient, 
who had 6-pyruvoyl-tetrahydropterin synthase (PTPS) deficiency, received levodopa-carbidopa 
both to restore normal neurotransmission of dopamine as well as minimise dystonia symptoms. 
Parents reported a marked response as patient showed only a mild dystonia of the limbs during 
walking with this treatment strategy. The patient with a predominant hypokinetic movement 
disorder had an underlying diagnosis of Aromatic Amino Acid Decarboxylase (AADC) deficiency. 
She had previously been treated with pramipexol and tranylcypromine, but stopped the latter 
due to adverse side effects.

3.3.2 ‒ Health-related quality of life
PedsQL scores were found to be independent of age and sex. When compared to control data, 
patients in this study had a statistically significant lower HrQoL score in each functional sub-
domain as well as in the total score (Table 2).14
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Table 2 ‒ HrQoL scores of children with IEM and movement disorders compared to scores in healthy 
children 

Cohort IEM  
with MDs  

n=24

Healthy Dutch 
population 

n=87

t-value CI 95% p-value*

mean value (SD) mean value (SD)

Total score 49.63 (21.78) 87.60 (11.00) -8.21 -28.78 to -47.16 <0.001

Physical functioning 39.71 (24.56) 92.20 (9.10) -10.44 -43.31 to -63.67 <0.001

Emotional functioning 63.50 (23.18) 81.10 (17.40) -3.42 -7.38 to -27.82 <0.001

Social functioning 49.71 (29.18) 90.30 (14.00) -6.57 -25.32 to -52.86 <0.001

School functioning 51.29 (32.05) 82.50 (16.30) -4.49 -17.41 to -45.01 <0.001

HrQoL scores were measured on the PedsQL 4.0 Generic Core Scales. Parent proxy-reports of children with IEM and movement 
disorders were compared to scores of healthy Dutch children.[14]; Abbreviations: CI: confidence interval, IEM: inborn error 
of metabolism, SD: standard deviation, * significance level after Bonferroni-Holm correction for multiple comparisons.  
Bold values: statistically significant

When compared to published data for children with other chronic, disabling disorders, this 
cohort was found to have a significantly lower total HrQoL: malignancy (mean 68.47, SD 19.22, 
t(583)=-4.17, p<0.001), diabetes mellitus (mean 76.62, SD 14.08, t(329)=-5.97, p<0.001), juvenile 
rheumatic disease (mean 68.73, SD 19.32, t(379)=-4.19, p<0.001) and psychiatric disorders (mean 
66.90, SD 14.00, t(329)=-3.28, p<0.001).7,15‒17. There was no significant difference with data for 
children with cerebral palsy (mean 51.28, SD 18.00, t(246)=-0.36, p=0.721).18

Severity scores were available in all but one case. We divided this study cohort based on movement 
disorder severity (mild to moderate versus marked to severe) and found a significant difference 
in the physical functioning domain and total HrQoL score; those with a less severe movement 
disorder reported higher quality of life scores (Table 3).

Table 3 ‒ Comparison of HrQoL scores between patients with a less severe and more severe movement 
disorder

Severity of movement 
disorder 

Minimal to moderate 
n=14

Marked to severe  
n=9

 U-value Z-value p -value*

mean value (SD) mean value (SD)

Total score 59.00 (17.92) 33.67 (19.55) 22.00 -2.60 0.009

Physical functioning 49.64 (22.28) 20.44 (18.08) 18.00 -2.84 0.003

Emotional functioning 69.57 (20.33) 54.44 (26.75) 40.00 -1.45 0.159

Social functioning 59.86 (26.24) 31.67 (27.04) 48.00 -2.21 0.028

School functioning 57.36 (29.27) 39.22 (35.52) 45.50 -1.11 0.277

HrQoL scores were measured on the PedsQL 4.0 Generic Core Scales. The total cohort was divided in two groups based on 
the severity of their movement disorder, determined by the expert panel. HrQoL: Health-related quality of life, SD: standard 
deviation, * significance level after Bonferroni-Holm correction for multiple comparisons. Bold values: statistically significant
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3.3.3 ‒ Adaptive functioning
The mean overall delay reported for adaptive functioning was 51.92% (SD 27.34), suggesting 
a developmental age half that of their chronological age. Delay was seen across all three sub-
domains, with the highest rates observed in relation to daily living skills (mean 57.70%, SD 23.80), 
followed by socialisation (mean 40.92%, SD 33.50) and communication (mean 38.32%, SD 38.39). 
The extent of delay varied widely among the patients (range 0‒90.95%) and was unrelated to age 
or sex. Adaptive functioning (total VABS score) was found to have a significant impact upon HrQoL 
using linear regression analysis (F(1,22)=7.171, p=0.014), accounting for 24.6% of the variance in 
reported HrQoL (R2=0.246). 

After the Bonferroni-Holm correction, a more severe movement disorder did lead to a significantly 
larger relative delay in daily living skills (49.00% SD 23.88 vs 71.11% SD 19.15, U(23)=102.50, 
Z=2.489, p=0.011). We saw trends, but no significant differences, with communication (23.92% SD 
36.44 vs 60.03 SD 34.37, U(23)=95.00, Z=2.018, p=0.046), socialisation (31.74% SD 30.93 vs 56.23 
SD 35.35, U(23)=92.50, Z=1.859, p=0.062) and total adaptive functioning (43.19% SD 24.46 vs 
65.72 SD 28.80, U(23)=96.00, Z 20.79, p=0.039).

3.4 ‒ Discussion

We systematically assessed the types of movement disorder observed in a pediatric IEM 
population with a broad range of underlying diagnoses. This is the first study to use systematic 
and standardised tools for assessing HrQoL and adaptive functioning in such a population. We 
also analysed the influence of movement disorder severity and how delay could impact upon 
overall quality of life.

Of the domains assessing HrQoL, difficulties with physical functioning were the most frequently 
reported and formed the largest contributor to reduced quality of life. Overall HrQoL in this 
population was markedly lower than that of other chronic disabling disorders, e.g. joint disease 
and diabetes, but similar to that reported in children with cerebral palsy. A previous study analysing 
HrQoL scores across a range of conditions found those with cerebral palsy to be in the group with 
the most impaired scores.7 Both IEM and cerebral palsy are associated with motor impairment 
and psychomotor retardation, suggesting that these are likely to be important determinants in 
overall well-being in childhood.12,20 These results also suggest that while the impact of cerebral 
palsy upon quality of life is widely acknowledged, the effect of IEM with movement disorders is 
similar and deserves wider recognition in clinical practice.

Adaptive functioning scores varied widely, with the majority of participants demonstrating delay 
in at least one domain. This likely reflects the global impact of IEM upon cerebral functioning, 
rather than damage to specific areas. The extent of the delay also varied widely across all three 
domains, consistent with the large variation in cerebral damage reported in IEM.1 Four patients 
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had better communication or socialisation skills than expected for their age. However, these 
same patients were reported to have significant delays in activities of daily living, resulting in a 
large overall delay in adaptive functioning. These findings demonstrate the importance of being 
able to perform basic tasks upon developmental delay.

Overall, adaptive functioning and HrQoL appear to be related; a larger delay was associated with 
a lower HrQoL. The overall level of adaptive functioning accounted for a significant proportion 
of the variance in HrQoL and may also partly account for the difference in HrQoL between this 
cohort and previous studies of PKU patients.8,9 However, it also demonstrates that in disorders 
where developmental delay is observed, estimation and allowance for adaptive functioning are 
important factors in clinical management.

A broad spectrum of predominantly hyperkinetic movement disorders were seen in this cohort. 
Not all patients showed an anatomical defect on MRI, a relatively small number showed basal 
ganglia changes. In previous literature, it has been acknowledged that the movement disorders in 
IEM are often associated with basal ganglia dysfunction. This is however not necessary observed 
anatomically, for example in neurotransmitter disorders.21 Of the four patients in our cohort who 
showed basal ganglia abnormalities on MRI, three suffered from an organic aciduria. Interestingly, 
all four presented with dystonia as the predominant movement disorder.

The limited number of publications addressing IEM and movement disorders, coupled with the 
small number of cases in this cohort that had received treatment targeting their movement 
disorder, suggests there may be poor recognition of movement disorders in IEM populations. 
Nonetheless, our results show that a more severe movement disorder may be associated with a 
lower overall quality of life and a larger developmental delay in daily living skills. These results 
underscore the importance of recognizing movement disorders in complex childhood disorders 
like IEM.

An accurate diagnosis of a movement disorder is also essential in the choice of therapeutic 
management and likely efficacy of treatment. This factor was highlighted in our cohort, with 
only five patients receiving treatment for their movement disorder. Three of these were treated 
with trihexyphenidyl and one with levodopa/carbidopa, with a good symptomatic response 
reported in all cases. The fifth was treated with pramipexol for her hypokinesia (frequently used 
in patients with AADC deficiency). However, the specialists who analysed this patient’s video felt 
that dystonia was also present, for which she received no specific therapy.

There are several therapeutic options available to treat movement disorders. Besides disease-
specific therapy often additional symptomatic therapy is necessary. Examples of symptomatic 
therapies are trihexyphenidyl or botulinum toxin for dystonia and clonazepam for myoclonus. 
Especially with the existence of these options and development of novel symptom-specific 



72

Chapter 3

treatments, for instance like deep brain stimulation for childhood dystonia, an accurate clinical 
diagnosis by a specialist is becoming increasingly important.

In our study, only patients with a suspected movement disorder were asked to participate. 
Therefore it is not possible to draw conclusions on the incidence of movement disorders in this 
population. Also, the studied group is heterogeneous and comprises patients with diverse and 
severe disorders. In these patients the presence of movement disorders is just one of the factors 
affecting the HrQoL. The small sample sizes prevented subgroup analysis to differentiate the 
impact of type and severity of the movement disorder from the wider complications of the IEM 
upon HrQoL and adaptive functioning. A larger, multi-centre study, comprising patients with and 
without movement disorders, would be required to investigate this further.

Furthermore, in this study we collected standardised parental observations rather than self-
reported assessments by the children. Although self-reported data is widely acknowledged to 
be preferential to proxy-reported data, most participants (19/24) in this study were unable to 
complete the questionnaires themselves. Previous studies found that when children may have 
communication or cognitive deficits, parental reporting provides a useful alternative tool.22

3.5 ‒ Conclusions

This study demonstrates that HrQoL in children with IEM and co-existent movement disorder 
is significantly reduced compared to other chronic, stigmatizing disorders. Delay in adaptive 
functioning and a more severe movement disorder were associated with a lower HrQoL. Accurate 
classification of movement disorders, particularly in the context of complicated, multi-organ 
disorders, is likely to aid therapeutic management, especially since effective therapeutic options 
are available. We hope a greater awareness of the presence of movement disorders and targeted 
therapies might lead to improved motor function and possibly subsequent overall quality of life.
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Abstract 

Although movement disorders (MDs) are known complications, the exact frequency and severity 
remains uncertain in patients with classical galactosemia, especially in children. We determined 
the frequency, classification and severity of MDs in a cohort of pediatric and adult galactosemia 
patients, and assessed the association with non-motor neuropsychological symptoms and daily 
functioning. Patients from seven centres in the United Kingdom and the Netherlands with 
a confirmed galactosemia diagnosis were invited to participate. A videotaped neurological 
examination was performed and an expert panel scored the presence, classification and severity 
of MDs. Disease characteristics, non-motor neuropsychological symptoms, and daily functioning 
were evaluated with structured interviews and validated questionnaires (Achenbach, Vineland, 
Health Assessment Questionnaire, SIP68). We recruited 37 patients; 19 adults (mean age 32.6 
years) and 18 children (mean age 10.7 years). Subjective self-reports revealed motor symptoms 
in 19/37 (51.4%), similar to the objective (video) assessment, with MDs in 18/37 patients (48.6%). 
The objective severity scores were moderate to severe in one third (6/37). Dystonia was the 
overall major feature, with additional tremor in adults, and myoclonus in children. Behavioural or 
psychiatric problems were present in 47.2%, mostly internalizing problems, and associated with 
MDs. Daily functioning was significantly impaired in the majority of patients. Only one patient 
received symptomatic treatment for MDs. We show that MDs and non-motor neuropsychological 
symptoms are frequent in both children and adults with classical galactosemia.
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4.1 ‒ Introduction

Classical galactosemia (OMIM: 230400) is an inborn error of galactose metabolism, caused by 
a severe deficiency of the galactose-1-phosphate uridyltransferase (EC 2.7.7.12) enzyme. After 
ingestion of galactose in infancy, the accumulation of galactose-1-phosphate and its metabolites 
results in multi-organ failure with predominant involvement of the liver. In particular newborns 
are susceptible for severe Escherichia coli sepsis. The mainstay of treatment is a galactose-
restricted and lactose free diet, which is lifesaving when started early. 

Despite this treatment many patients develop long-term complications.1,2 The most frequent 
and severe long-term complications are impaired cognition, speech and language deficits, and 
in women premature ovarian failure.3 Next to these well-known complications, galactosemia is 
increasingly being recognised as a neurometabolic disorder with significant motor involvement.3–5 
In particular tremor and ataxia have been reported.1,4,6 However, in most papers, data were 
collected retrospectively or without formal neurological examination and quantification of the 
severity of symptoms.2,6,7 Two more detailed and recent papers evaluated movement disorders 
(MDs) in adult galactosemia patients by direct neurological examination. Waisbren et al studied 
33 adult patients and found tremor being most frequent (46%), followed by ataxia (15%), and 
dystonia (6%).3 Rubio-Agusti et al investigated MDs in 47 adult patients.8 They reported motor 
dysfunction in 66%. Tremor was seen in 49%, ataxia in 13%, and a remarkably higher frequency 
of dystonia (49%) than earlier reported. Detailed information about MDs in particular in children 
with galactosemia is currently scarce and possible differences between children and adults are 
largely unknown.

In galactosemia a high prevalence of depression and anxiety has been reported. In patients with 
(primary) MDs there is also an increasing awareness of associated non-motor neuropsychological 
symptoms.9–11 Whether these symptoms are secondary to the burden of a MD or part of the 
phenotype is still unsolved. It is interesting to evaluate whether the motor and non-motor 
symptoms are associated in galactosemia patients.3,8 

The aim of this study is to systematically determine the frequency, classification and severity 
of MDs in a cohort of adult and pediatric galactosemia patients, and to assess the association 
with clinical characteristics, such as treatment variables. We will also evaluate non-motor 
neuropsychological symptoms and daily functioning and analyse whether these are associated 
with the presence of MDs.
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4.2 ‒ Methods

Patients were recruited from the metabolic departments of five nationally endorsed centres 
of expertise in the Netherlands and two in the United Kingdom. All patients, both children 
(<18 years) and adults (≥18 years), with a genetically or enzymatically confirmed diagnosis of 
classical galactosemia were invited to participate. Written informed consent has been obtained 
from all participants or their official caregivers. 

Self-perceived motor symptoms were evaluated with a structured interview. Demographic and 
disease characteristics were obtained by interviewing and/or from patient files. To determine the 
presence, classification and severity of MDs, a standardised videotaped neurological examination 
was performed (AK). This protocol included walking, posturing tasks, kinetic tasks, and functional 
tasks such as writing. The motor phenotype was scored during consensus meetings using the 
videos. The expert panel (MT, TK, RZ, HE, AK) was briefly informed about the clinical history and 
self-reported symptoms. The dominant and any associated MD types were identified. Severity of 
each MD was determined with the Clinical Global Impression severity scale (CGI, a 7-point Likert 
scale, higher scores indicate a more severe MD).12 

Adaptive and daily functioning and psychiatric and behavioural problems were assessed with age-
specific validated Dutch and English questionnaires. In children we assessed adaptive functioning 
with the Vineland Adaptive Behavior Scale13, and scores were transformed in a developmental 
age equivalent. Subsequently, the percentage of age-appropriate functioning (developmental 
age/biological age × 100%) was determined. Daily functioning in adults was evaluated with the 
Health Assessment Questionnaire (HAQ)14, providing a Functional Disability Index (FDI, range 
0‒3, higher scores indicating more disability), and with the Sickness Impact Profile (SIP68, range 
0‒68, higher score indicating more disability).15 The presence of various domains of psychiatric 
and behavioural problems were identified with age-appropriate versions of the Achenbach 
questionnaires, using both a self-report and proxy version (Child Behavior Checklist and Youth 
Self Report, Adult Behavior Checklist, and Adult Self report).16–18 

Statistical analyses were carried out using SPSS version 23. Univariate logistic regression was used 
to calculate odds ratios for MD presence according to clinical or demographic characteristics. To 
assess differences in MD frequencies, the Fisher’s exact test was used. Differences in continuous 
variables between patients with and without MDs were analysed with the Independent samples 
t-test or Mann-Whitney U test, depending on normality of the data. 

This study was approved by the medical ethics committees of the participating centres. All 
procedures followed were in accordance with the ethical standards of the responsible committee 
on human experimentation (institutional and national) and with the Helsinki Declaration of 
1975, as revised in 2000. This article does not contain any studies with human or animal subjects 
performed by the any of the authors.
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4.3 ‒ Results

Thirty seven patients were recruited (15 males, 22 females), from 29 different families (eight 
pairs of siblings). The participation rate was 70% (37/53). The cohort contained 19 adult patients 
(mean age 32.6 years) and 18 children (mean age 11.0 years). Four of the adult patients reported 
here, were also included in the study by Rubio-Agusti et al8. Table 1 presents the demographic 
and disease characteristics.

Table 1 ‒ Demographic and disease characteristics

Frequencies of characteristics in the cohort (n=37)

Gender 
Male
Female

40.5%
59.5%

Age group
Children (<18y)
Adults (≥18y)

48.6%
52.4%

Age (years) mean (SD)
Adults
Children (<18y)

32.6y (8.4)
11.0y (5.4)

Country of residence
Netherlands
United Kingdom

81.1%
18.9%

Time of diagnosis 
Median age in days (IQR)
Early (within 2 weeks of age)
Late (after 2 weeks of age)

8 (15)
73%
27%

Reason for diagnosis
Clinical symptoms
New-born screening*
Sibling screen

75.7%
13.5%
10.8%

Reported dietary adherence
Strict adherence
Minor variability in adherence
Longer non-adherent periods

83.8%
13.5%
2.7%

Educational level adults 
Special needs or primary school
Lower vocational education
Secondary education
Higher education

4/19 (21.1%)
4/19 (21.1%)

10/19 (51.6%)
1/19 (5.3%)

Motor milestones
In time
Delayed

67.6%
32.4%

Values represent frequencies in percentages. 
Age is represented as mean (SD), and age at diagnosis as median (IQR). 
* New born screening for galactosemia was introduced in The Netherlands in 2007.
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4.3.1 ‒ Self-perceived motor symptoms
The structured self-report revealed subjective motor symptoms in 19/37 patients (51.4%, 
5 children, 14 adults). Twelve of them reported problems with fine motor tasks (writing and 
closing buttons) as well as gross motor skills (running or balance), four had difficulties only with 
fine motor tasks, and three patients only gross motor problems. The rate of self-reported motor 
problems was similar to the frequency of MDs observed with the video assessment, but these 
frequencies do not comprise exactly the same patients. Three patients who were found to have 
MDs based on the video examination did not report motor problems themselves. On the other 
hand, four patients reported motor symptoms themselves (one intermittent trembling of the 
hands, three problems with gross motor skills) while no MDs were detected during the video 
examination.

In 7/19 (36.8%), all adults, these symptoms were reported progressive. The majority of patients 
(78.9%) indicated that their motor symptoms had already started before the age of 10 years, in 
two it started between 10 and 20 years, in one patient between 20 and 40 years, and in one after 
the age of 40.

4.3.2 ‒ Movement disorder assessment
Based on videotape evaluation by the expert panel, MDs were present in 18/37 patients (48.6%). 
In the pediatric group the total frequency of MDs was 38.9% and in adults 57.9% (Fisher’s exact 
test p=0.330). In the majority (10/18) more than one MD was present simultaneously. MDs were 
predominantly scored as mild (maximal CGI 3), but in one third (6/18) MDs were at least moderate 
(CGI 4‒7). Table 2 presents the type, severity, and distribution of MDs. 

Dystonia was most frequently observed (3 children, 9 adults). In all but one dystonia was the 
predominant MD type. The dystonic symptoms were mild in the majority of cases, but in three 
patients classified as moderate (CGI 4), and in one as severe generalised dystonia (CGI 6). The 
upper limbs were most often affected (n=9) and five patients had a torticollis. When only the 
upper limbs were affected, dystonia was often action-specific, while in case of a generalised or 
segmental distribution including the neck or trunk a more persistent pattern was seen. 

Tremor was the second most common MD, present in 1 child and 5 adults. The severity of tremor 
ranged from minimal (CGI 2) to marked (CGI 5). The tremor was limited to the upper limbs in most 
patients, in three the head was also tremulous. In one patient a jaw tremor was observed. Tremor 
was frequently seen in combination with dystonic features (4/6). In three patients the tremor 
could be characterised as a fast bilateral combined intention and action tremor, in one as only a 
mild intentional tremor. In two other patients the tremor was more distal, postural, fast, and with 
a small amplitude. In one patient a slower rest tremor was seen, with larger amplitude. 

Myoclonus was found in four children. Myoclonus was mild and in only one patient generalised 
and the dominant MD type. In the others it was associated with either dystonia, tremor, or ataxia 
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and affected the upper limbs, mostly distal. Myoclonus was in all cases provoked by action and 
not stimulus sensitive. 

Table 2 ‒ Details of the observed MDs by video examination

Patient Overall 
CGI

Predominant MD Associated MD Other neurological 
signs

(sex, age) Type CGI Type CGI

M, 2y 2 Stereotypies 2 1 Hemi spasticity R

M, 9y 4 Dystonia: UL (R&L), N, persistent 4 Chorea: G 3

M, 11y 3 Dystonia: UL (L>R), action 
specific

3 Tics, stereotypies 2 Mirror movements

M, 13y 3 Ataxia: UL (R&L) 3 Myoclonus: UL (R&L) 3

M, 13y 3 Dystonia: T, UL (R&L), action 
specific

3 Myoclonus: T & UL (R&L) 2 Mirror movements

F, 16y 4 Tremor: UL (L>R): action & 
intention, fast, small amplitude

4 Myoclonus: UL (R&L) 2

M, 17y 2 Myoclonus: G 2 1 Mirror movements

F, 19y 5 Tremor: UL (R&L): action & 
intention, fast, large amplitude

5 Dystonia: N & UL (R&L), 
action-specific

2

F, 23y 2 Dystonia: N, persistent 2 1

F, 24y 2 Tremor: UL (R&L): postural, fast, 
small amplitude

2 Ataxia: UL (R&L) 2

F, 25y 6 Dystonia: G, persistent 6 Ataxia: UL, LL, gait 3

M, 30y 2 Dystonia: UL (L), action specific 2 Tics, stereotypies 2

F, 31y 2 Dystonia: UL (R), persistent 2 1

M, 35y 3 Dystonia: N&T, persistent 3 Tremor: UL (R): intention, 
fast, small amplitude

2

F, 40y 4 Dystonia: UL (R>L), N, persistent 4 Tremor: UL (R&L),  
H: action & intention,  
slow, large amplitude

4

F, 43y 3 Dystonia: UL (L>R), action 
specific

3 1

F, 44y 2 Dystonia: UL (L), action specific 2 1

F, 50y 4 Dystonia: UL (R>L), N, persistent 4 Tremor: UL (R>L), H, J: 
rest & intention, slow, 
large amplitude
Ataxia: UL (R&L)

3

CGI = Clinical Global Impression severity scale, values represent the following: 1 = no MD, 2 = minimal signs of a MD, 3 = mild 
MD, 4 = moderate MD, 5 = marked MD, 6 = Severe MD, 7 = among most extremely affected patients.
Abbreviations: UL: upper limb(s), LL: lower limb(s), N: neck, H: head, T: trunk, G: generalised, J: jaw, R: right, L: left
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Other MDs and motor symptoms included ataxia, tics, stereotypies, and spasticity. In four patients, 
one child and three adults, ataxia was seen and in three of them ataxia was not the dominant 
feature but associated with dystonia or tremor. Ataxic signs consisted of upper limb dysmetria 
and dysdiadochokinesis in three patients and in one there was a more extended picture with 
involvement of lower limbs and gait ataxia as well. Three patients had tics or stereotypies, all in 
the context of psychomotor retardation or autism. One boy with a history of intracranial bleeding 
in infancy had spasticity. Further, speech problems were frequent (59.5%), consisting of word-
finding difficulties or stuttering rather than dysarthria. One patient had a spasmodic dysphonia. 

In our cohort there was only one patient, suffering from generalised dystonia and ataxia, who 
received specific MD treatment (trihexyphenidyl, botulinum toxin injections, and a lycra suit). Ten 
patients had supportive therapy such as physiotherapy or occupational therapy at some point in 
their lives.

4.3.3 ‒ Non-motor findings
Eight patients (21.6%) had at least one psychiatric diagnosis in their past and were all treated for 
this. Four patients were diagnosed with an autism spectrum disorder, three with attention deficit 
hyperactivity disorder (ADHD), two with a depression, one had generalised anxiety, and one had 
had a psychotic episode.

The Achenbach questionnaires revealed behavioural problems on at least one of the evaluated 
domains in 47.2%. Internalizing problems were most frequent; 38.9% had a deviant score (either 
borderline range (n=3) or clinical range (n=11)) when assessed by proxy-report (available in 36 
patients). When assessed with self-report (available in 26 patients), internalizing problems were 
found in 26.9%. The most contributing subdomain was withdrawn/depressed, abnormal in 33.3% 
respectively 30.8% (proxy- and self-report), followed by anxious/depressed, abnormal in 16.7% 
and 19.2%. See supplementary Table S1, Supporting Information for T-scores on the different 
domains.

4.3.4 ‒ Daily functioning
The mean level of adaptive functioning in the children in our cohort was only 68.8% of their age-
appropriate functioning. All three subdomains (communication, daily activities, and social skills) 
were affected, with the daily activities showing the largest delay. (Data shown in supplementary 
Table S2). 

The median FDI of adult patients was 0.06 (interquartile range [IQR] 0.41); slightly higher than 
the median score of 0.00 in corresponding age groups in the general population.14 A few patients 
had considerably more functional impairment; the highest score was 2.50. Overall, almost half 
of the adult patients (47.4%) had some form of disability (FDI>0), a higher percentage than in 
corresponding age groups in the general population (8.5% to 25.0% in ages 30 to 50).14 The median 
score on the SIP68, also assessing impact on daily life, was 4.5 (IQR 9). No normative values are 
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available, but the level of disability in this cohort was lower than reported for patients with acute 
traumatic brain injury (mean SIP68 score 15.6 ± 11.5)19 or acute stroke (mean score 41.2 ± 11.7)20 
However, again we saw some outliers in our cohort with considerable disability (highest score 30). 
Furthermore, 6/19 adult patients (31.6%) had to use an aid or device for their daily activities, such 
as a wheelchair, bath seat, or a tray to carry things.

4.3.5 ‒ Factors associated with the presence of MDs
We performed a univariate logistic regression analysis to identify whether clinical factors, such 
as age at diagnosis or dietary adherence, are associated with the presence of MDs (Table 3). 
MDs were not significantly more frequent among patients diagnosed late (later than 2 weeks 
of age (cut off based on Jumbo-Lucioni et al. (2012)21) than those diagnosed within 2 weeks of 
age. We also found no differences in MD frequency between groups with higher or lower dietary 
adherence. However, a delay in motor milestones was strongly associated with the presence of 
MDs (odds ratio 28.29, p=0.003). 

Table 3 ‒ Associations of clinical variables with the presence of MDs

Frequency of MDs OR (95% CI) p-value*

Male vs female 53.3% vs 45.5% 1.37 (0.37‒5.12) 0.638

Adults vs children 57.9% vs 38.9% 2.16 (0.58‒8.04) 0.251

Late (>2wks) vs early diagnosis (and treatment) 60.0% vs 44.4% 1.98 (0.43‒8.20) 0.404

Some dietary inaccuracies vs strict dietary 
compliance

50.0% vs 48.4% 1.07 (0.19‒6.13) 0.942

Delayed motor milestones vs normal motor 
development

91.7% vs 28.0% 12.25 (1.08‒138.99) <0.001

Speech problems vs no speech problems 59.1% vs 33.3% 2.89 (0.74‒11.36) 0.129

Fertility problems vs no fertility problems (women) 50.0% vs 66.7% 0.50 (0.04‒6.55) 0.597

Special education vs normal education (school 
children)

80.0% vs 22.2% 14.00 (0.94‒207.60) 0.055

Currently unemployed vs employed (adults) 87.5% vs 40.0% 10.50 (0.91‒121.39) 0.060

* p-value based on univariate logistic regression analysis
Bold values: statistically significant

MDs were found more frequently in children receiving special education than in those attending 
regular education (80.0% vs 22.2%), and more frequently in adults who were unemployed than 
in those who had a paid job (88.5% vs 40.0%), although these differences did not reach statistical 
significance (p=0.055 and p=0.060). 

We found a significant association between MDs and internalizing behavioural problems; MDs 
were present in 71.4% vs 31.8% of the patients respectively with (n=14) and without (n=22) 
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internalizing problems (Fisher’s exact p=0.023). This association with MD presence was also 
found for the subdomain anxious/depressed, MDs were observed in 100% (n=6) vs 36.7% (n=30) 
in patients respectively with and without these psychiatric problems (Fisher’s exact p=0.006). The 
age- and sex-adjusted T-scores for internalizing problems, the anxious/depressed subdomain, and 
total behavioural problems (proxy reports) were significantly higher in patients with MDs than in 
those without (supplementary Table S1).

When assessing adaptive functioning in children, the score on the communication domain differed 
most and significantly between patients with and without MDs (68.5% vs 95.5%, p =0.009). The 
scores on the other two subdomains and the total score were also lower in children with MDs, 
not reaching statistical significance. (supplementary Table S2) The adult patients with MDs had a 
somewhat higher FDI than those without (median scores 0.13 vs 0.00), but this difference was not 
significant (Mann-Whitney U p=0,304). The same is true for the SIP68 score; patients with MDs 
had a slightly higher median SIP68 score (7.5 vs 3.5, Mann-Whitney U p=0.109).

4.4 ‒ Discussion

This is the first comprehensive study reporting a systematic and detailed evaluation of MDs 
together with non-motor neuropsychological symptoms and the impact on daily functioning in 
both children and adults with classical galactosemia. 

MDs were found in almost half of the patients. This frequency is in line with the earlier reports 
in adults (45 and 66%).3,8 The MD prevalence could be an overestimation since there might have 
been a selection bias; patients suffering from MDs may be more inclined to participate in research 
addressing this topic. The participation rate of our study was relatively high (70%), thereby 
reducing this possible selection bias. In respect of the prevalence and severity of MDs we found, 
it is remarkable that only one patient in our cohort received specific MD treatment. 

Dystonia and tremor were the major MD types in adults, which is in accordance with the 
dominant MD types reported by Rubio-Agusti et al.8 Similar to what is known for other inborn 
errors of metabolism (IEM) with MDs,22 the majority of patients had a combined MD phenotype 
with different MD types being present simultaneously. 

One of the strengths of the present study is the inclusion of both children and adults, allowing 
us to demonstrate remarkable differences in MD types. Dystonia and myoclonus dominated the 
phenotype in children, while in adults no myoclonus was detected. This suggests evolution of 
MDs over time. Possibly, MD appearance in childhood is influenced by development, immaturity, 
and ongoing myelination of the central nervous system (CNS), while later in life the MDs evolve 
to a more tremulous appearance. It would be interesting to see whether a similar difference 
between children and adults is seen in other IEM with MDs. 
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Next to the video assessment, we interviewed patients about self-perceived motor symptoms. 
We found less discrepancy between the self-report and the expert evaluation than in earlier 
reports.8 The majority of patients in our study indicate that their motor symptoms started in 
childhood, but later beginning was also described. Almost 40% of the patients with MDs report 
their motor symptoms to be progressive, remarkably only reported by adults. A limitation of 
this study is that data on the course of symptoms were collected retrospectively and were self-
reported. Longitudinal studies are required to further clarify when MDs occur and whether these 
are indeed progressing or evolving in time. 

It is not well understood why some galactosemia patients develop a severe neurological 
phenotype and others do not. In many IEM an early diagnosis and treatment is very important 
for the clinical (neurological) outcome. However, in our cohort this association was not found. 
This is in accordance with earlier studies in galactosemia.1,8,23 It seems that, although obviously 
of undisputed importance, early initiation of treatment does not always prevent MDs. Moreover, 
in our study there were two pairs of siblings of whom the youngest were diagnosed and treated 
from day one and had much more severe MDs than the late diagnosed older sibs. This was also 
described within a family reported by Hughes et al.6 Strict dietary adherence also cannot prevent 
MDs. Dietary adherence was very high in our patient group, but patients who had noncompliant 
periods did not have more MDs. Too strict dietary regimens with over-restriction of galactose 
might even have negative effects. This hypothesis has also been suggested by Knerr et al.24 and 
similar phenomena were also described in other IEM, like urea cycle defects.25 These findings 
might be explained by accumulation of toxic metabolites on one hand, and lack of relevant 
(intermediary) metabolites on the other hand. Based on current knowledge, we assume that 
both ends of the spectrum, late/no dietary treatment as well as a very restricted diet, would not 
lead to optimal (motor) functioning. 

In our study we found an association between a history of delayed motor milestones and the 
occurrence of MDs. This is an important finding, as it can serve as a “red flag.” We advise extra 
alertness for the occurrence of MDs in children with galactosemia who have a delayed motor 
development. Based on our results, the occurrence of MDs seems to be based on an individual 
susceptibility rather than on treatment characteristics. Our findings might indicate that patients 
with MDs have a more severe phenotype in general, as we also observed a trend that MDs 
were more frequent in patients with speech problems, children who attend special education 
and in adults who are unemployed. Although we did not demonstrate statistically significant 
differences for these parameters, the found differences are of reasonable magnitude and should 
be interpreted in the light of the relatively small sample size. Despite lacking statistical power, the 
differences might very well be relevant. 

Next to MDs, a high percentage of patients in our study had behavioural or psychiatric problems 
(47.2%), associated with the presence of MDs. Internalizing symptoms such as depression and 
anxiety, were most frequent (38.9%). This is in accordance with earlier reports on psychiatric 
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comorbidity in galactosemia with high rates of anxiety and depression.3,8 It is interesting to 
speculate whether these symptoms are a secondary phenomenon to physical or cognitive 
disability or if they are part of the disease itself. In recent years it has become clear that non-
motor neuropsychological symptoms form an integral part of several primary MDs such as 
idiopathic cervical dystonia or dopa-responsive dystonia.9,10 The fact that in our study psychiatric 
and behavioural symptoms were associated with MDs and were often co-occurring outlines the 
possibility that in galactosemia there might also be a common pathophysiological pathway affecting 
both motor and non-motor circuits. Unfortunately, in our study we had no electrophysiological 
registrations or magnetic resonance imaging (MRI) or neurotransmitter imaging data available. 
To further elucidate the pathophysiology of MDs and neuropsychological symptoms in patients 
with galactosemia, it is important to incorporate the results of these diagnostic tests and clinical 
data in future studies. 

Impairment in daily and adaptive functioning was common in our cohort. Patients with MDs had 
lower levels of adaptive functioning; especially the communication domain appeared associated 
with MDs. To improve the level of functioning of our patients, MDs are important to take into 
account and should be considered for symptomatic treatment and supportive therapies. 

In conclusion, hyperkinetic MDs are frequent in both children and adults with galactosemia. 
We found remarkable differences in the clinical presentation between children and adults. The 
occurrence of MDs seems to be based on an individual susceptibility rather than treatment 
characteristics. Longitudinal studies are needed to further elucidate the evolvement of MDs. 
We demonstrated an association between MDs and non-motor neuropsychological symptoms 
and a lower level of daily functioning. Based on the results of our study, we recommend an 
increased awareness of both MDs and non-motor neuropsychological symptoms in patients with 
galactosemia. When applicable, treatment of MDs should be considered. Patients would benefit 
from regular and detailed neurological and neuropsychological assessments; the inclusion of 
these assessments in galactosemia guidelines is supported by this research.
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Supplementary Table S1 ‒ Psychiatric and behavioural symptoms in patients with and without MD

Proxy-report Self-report 

No MD  
(n=19)

MD  
(n=17)

p-value* No MD  
(n=12)

MD  
(n=14)

p-value* 

Anxious/depressed 51 (9) 61 (17) 0.006 51 (8) 52 (18) 0.426

Withdrawn/depressed 52 (10) 61(21) 0.158 56 (14) 56 (16) 0.518

Internalizing problems 50 (15) 62 (17) 0.006 49.5 (16) 54 (28) 0.236

Externalizing problems 49 (12) 54 (18) 0.222 43 (14) 48.5 (16) 0.216

Total behavioural problems 48 (12) 58 (19) 0.010 48.5 (16) 50 (21) 0.246

Values represent the median (IQR) T-scores (age and sex adjusted) for the behavioural domains assessed by the Achenbach 
questionnaires. 
* p-value based on Mann-Whitney U test
Bold values: statistically significant
 

Supplementary Table S2 ‒ Adaptive functioning in children in total group and split according to MD 
presence 

Total group  
(n=18)

No MDs  
(n=11)

MDs  
(n=7)

p-value* 

Domain adaptive functioning

Communication 85.0 (23.0) 95.5 (19.0) 68.5 (19.6) 0.010

Daily activities 66.8 (17.2) 70.2 (14.2) 61.4 (21.2) 0.303

Social 67.6 (16.7) 69.5 (15.5) 64.7 (19.2) 0.571

Total 68.8 (14.9) 73.3 (10.2) 61.8 (19.0) 0.112

Values represent the mean percentage of age-appropriate adaptive behaviour (developmental age as assessed by the VABS 
questionnaire / biological age x100%) with standard deviation.
* p-value based on independent samples T-test
Bold values: statistically significant
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Abstract

Background and objectives: Movement disorders (MDs) are known complications in organic 
acidurias (OAs). In this study we determined the frequency, classification and severity of MDs in 
pediatric and adult OA patients, their self-perceived motor symptoms, behavioural problems and 
daily functioning. 

Methods: Patients with a confirmed diagnosis of glutaric aciduria type 1 (GA1), propionic aciduria 
(PA) or methylmalonic aciduria (MMA) were invited to participate. Based on a videotaped 
neurological examination an expert panel scored the presence, classification and severity of 
MDs. Self-perceived motor symptoms, disease characteristics, behavioural symptoms and daily 
functioning were evaluated with structured interviews and validated questionnaires.

Results: We recruited 37 patients (25 children and 12 adults): 13 with GA1, 10 with PA and 14 
with MMA. Based on the video assessment MDs were present in 24/37 patients (64.9%) More 
severe MDs were seen in 9/37 (24.3%), most often in GA1 (7/13, 53.8%). Dystonia was the overall 
most prevalent MD type (13/24, 54.2%), but in the MMA subgroup myoclonus was most frequent 
(6/8, 75%). Self-perceived motor symptoms were reported even more frequently than MDs were 
identified by the expert panel. Six patients received symptomatic MD treatment. Behavioural 
problems were present in 15/30 (50%), most often internalizing problems. Daily functioning was 
significantly impaired in the majority of patients, with the worst scores in PA. The only clinical 
factor associated with MDs was age at diagnosis. Non-motor symptoms and daily functioning 
could not be correlated with MDs.

Conclusions: MDs, behavioural problems and impaired daily functioning are frequent in children 
and adults with OAs. Next to severe dystonia, other milder hyperkinetic MDs such as myoclonus 
are also common. 
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5.1 ‒ Introduction

Organic acidurias (OAs) are a group of inborn errors of metabolism (IEM) caused by deficiencies 
of specific enzymes in the intermediate degradation pathways of amino acids. This leads to 
accumulation of specific organic acids in tissues, including the brain. Many patients with OAs have 
neurological manifestations of their disease, and movement disorders (MDs) form an important 
part. Glutaric aciduria type 1, (GA1), methylmalonic aciduria (MMA) and propionic aciduria 
(PA) are among the most common OAs with MDs as possible complications. However, the exact 
frequency and severity is not known, especially because the phenotypes of these disorders have 
been extended with late-onset presentations, leading to a different clinical picture.1,2

Glutaric aciduria type 1 (GA1) or glutaryl-coenzyme A dehydrogenase deficiency (OMIM 23167) 
is caused by mutations in the GCDH gene. When left untreated, encephalopathic crises usually 
occur in childhood after intercurrent illnesses which cause irreversible damage to the basal 
ganglia resulting in severe generalised dystonia.3–5 With a protein-restricted diet and emergency 
regimes to prevent encephalopathic crisis, the severe neurological sequelae can be prevented 
in the majority of patients. But even when acute crises are prevented, MDs might still occur in 
a subgroup of patients.6 However, the MD phenotype in patients who have not experienced an 
encephalopathic crisis is not characterised well yet.7,8 Other MD types than severe dystonia are 
not systematically reported, but in our clinical experience found to be present in some patients.

Propionic aciduria (PA) and methylmalonic aciduria (MMA) are both disorders of the branched-
chain amino acid metabolism. In PA there is a deficiency of the enzyme propionyl CoA carboxylase 
(OMIM 606054), which is caused by mutations in the PCC-A or PCC-B gene. MMA is caused by 
deficiency of methylmalonylCoA mutase or by defects in the synthesis of its cofactor cobalamin, 
based on mutations in the MMUT, MMAA or MMAB gene (OMIM 251000/251100/251110). Like 
in GA1, MDs in MMA and PA have been reported after an early onset acute encephalopathy 
leading to damaged basal ganglia,9 but the MD phenotype is less clear and certainly more variable 
than dystonia alone. In some cases other MD types such as myoclonus or chorea are reported.10-12 
In MMA and PA, the MDs tend to get more overshadowed because patients suffer from several 
other non-neurological complications, such as cardiomyopathy, cardiac arrhythmias, feeding 
difficulties and mental retardation (PA), as well as chronic renal failure and pancreatitis (MMA).13 

Up to now, most data on MDs in OA have been reported in children, while many patients with 
IEM nowadays may survive into adulthood. Newborn-screening and thus early treatment was 
demonstrated to importantly reduce major complications.4,10,12–16 Also, the population has been 
extended with late-onset presentations with a different clinical picture.1,2 Therefore studying a 
population of both children and adults is of additional value. Furthermore, in the current study 
we also report self-perceived motor symptoms for the first time, thereby including a patient-
centred analysis.
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When studying MDs, it is known that motor symptoms are often associated with co-occurring 
non-motor symptoms, such as behavioural or psychiatric problems. This association has been 
reported in several primary MDs,14–16 but also in MDs caused by IEM. For example, in a recent 
study in galactosemia patients we found MDs to be present in half of the patients, which were 
correlated with internalizing behavioural problems.17 In several OAs, a higher incidence of 
behavioural or psychiatric problems have been described, but not consistent.18,19 Additionally, 
neurological impairment such as MDs can be considered as a determinant influencing daily 
functioning and overall well-being. It seems reasonable to assume this association between MDs 
and daily functioning, however it has never been investigated that such an association indeed 
exists in OA patients. 

In the current study we systematically evaluate the presence, type and severity of MDs in children 
and adults with GA1, MMA and PA using a standardised neurological examination. With validated 
questionnaires and disease severity rating scales we assess self-perceived motor symptoms, 
behavioural problems and daily functioning, and investigate their association with MDs. We also 
analyse which clinical or treatment factors are correlated with the presence of MDs. 

5.2 ‒ Methods

Patients were recruited from the metabolic departments of five nationally endorsed centres of 
expertise in the Netherlands and two in the United Kingdom. All patients, both children (<18yrs) 
and adults (≥18yrs), with a genetically or enzymatically confirmed diagnosis of GA1, MMA or 
PA were invited to participate. We included patients with isolated methylmalonic aciduria 
caused by a deficiency of methylmalonylCoA mutase or its cofactor 5’-deoxyadenosylcobalamin 
(mut0, mut-, CblA, CblB), representing both cobalamin responsive and unresponsive subtypes. 
Potential participants were selected only on the basis of diagnosis and not on the presence of MD 
or perceived/reported motor problems. Written informed consent has been obtained from all 
participants or their official caregivers. This study was approved by the medical ethics committees 
of all the participating centres with primary approval by the board of the University Medical 
Center Groningen (2013/417).

To determine the presence, classification and severity of MDs, a videotaped neurological 
examination was performed following a standard protocol. This protocol included walking, 
posturing tasks, kinetic tasks and functional tasks such as writing. Based on these videos, the 
motor phenotype was scored during consensus meetings by an expert panel (MT, TK, RZ, HE, AK). 
The dominant MD type and the associated MD types were identified. Severity of each MD was 
determined with the Clinical Global Impression severity scale (CGI, a 7-point Likert scale, higher 
scores indicate a more severe MD).20 Self-perceived motor symptoms (by patient and/or parents/
caregivers) were evaluated with a structured interview. Demographic and disease characteristics 
were obtained both by interviewing and from patient files.
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Adaptive and daily functioning and psychiatric and behavioural problems were assessed with age-
specific validated questionnaires, available both in Dutch and English. In children we assessed 
adaptive functioning with the Vineland Adaptive Behavior Scale (VABS)21, and scores were 
transformed in a developmental age equivalent. Subsequently, the percentage of age-appropriate 
functioning (developmental age / biological age x 100%) was determined. Daily functioning in 
adults was evaluated with the Health Assessment Questionnaire (HAQ)22, providing a Functional 
Disability Index (FDI, range 0‒3, higher scores indicating more disability), and with the Sickness 
Impact Profile (SIP68, range 0‒68, higher score indicating more disability)23. The presence of 
various domains of psychiatric and behavioural problems were identified with age-appropriate 
versions of the Achenbach questionnaires, using both a self-report and proxy version (Child 
Behavior Checklist and Youth Self Report, Adult Behavior Checklist and Adult Self report).24–26 

Statistical analyses were carried out using SPSS version 23. We used descriptive statistics to 
report frequencies and distribution of data. Tests were performed two-sided and differences 
were considered significant at p <0.05. To assess differences in MD frequencies, the Fisher’s exact 
test or Pearson chi-square test was used. Differences in continuous variables between patients 
with and without MDs were analysed with the Independent samples T-test or Mann-Whitney U 
test, depending on normality of the data. Univariate logistic regression was used to calculate odds 
ratios for MD presence according to clinical or demographic characteristics.

5.3 ‒ Results

A total of 59 potential candidates were approached for the study of which 37/59 (63%) 
consented to participate (19 male, 18 female). The other approached patients did not respond 
to the invitation, or indicated that they found participation too bothersome. The included cohort 
contains 25 children (mean age 10.2 years, SD 4.3, range 2.0‒16.9) and 12 adults (mean age 
26.9 years, SD 7.7, range 19.5‒45.8), from 35 different families (two pairs of siblings). Thirteen 
patients had GA1, fourteen had MMA of whom 9 were cobalamin responsive, and 10 patients had 
a diagnosis of PA. Table 1 presents the demographic and disease characteristics.

5.3.1 ‒ Movement disorder assessment by the expert panel
Based on videotape evaluation by the expert panel, MDs were present in 24/37 patients (64.9%). 
In 6 of these patients more than one MD was present. In 9 patients (24.3% of the total cohort) 
MDs were rated as moderate or severe (CGI≥4). Table 2 shows the type, severity and distribution 
of all MDs. In the pediatric group the total frequency of MDs was 17/25 (68%) and in adults 
7/12 (58.3%). This difference was not statistically significant (Fisher’s exact test, p=0.716). The 
proportion of patients with a more severe MD (CGI≥4) was higher in the pediatric group (7/17, 
41.2%) than in the adult group (2/7, 28.6%) (Fisher’s exact test, p=0.669).
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Table 1 ‒ Demographic and disease characteristics

Total cohort  
(n=37)

GA1 
(n=13)

PA 
(n=10)

MMA 
(n=14)

Gender 
Male
Female

19 (51.4%)
18 (48.6%)

7 (53.8%)
6 (46.2%)

3 (30%)
7 (70%)

9 (64.3%)
5 (35.7%)

Age group
Children (<18y)
 Mean age in years (SD)
Adults (≥18y)
 Mean age in years (SD)

25 (67.6%)
10.2 (4.3)

12 (32.4%)
26.9 (7.7)

8 (61.5%)
8.8 (4.2)

5 (38.5%)
28.4 (10.2)

6 (60%)
8.2 (4.6)
4 (40%)

24.8 (6.3)

11 (78.6%)
12.2 (3.4)
3 (21.4%)
27.3 (6.7)

Country of residence
Netherlands
United Kingdom

28 (75.7%)
9 (24.3%)

13 (100%)
0

7 (70%)
3 (30%)

8 (57.1%)
6 (42.9%)

Time of diagnosis 
Median age in days (IQR)
Early (within 4 weeks)
Late (after 4 weeks)

240 (634)
14 (37.8%)
23 (62.2%)

270 (1824)
5 (38.5%)
8 (61.5%)

125 (492)
5 (50%)
5 (50%)

90 (601)
4 (28.6%)

10 (71.4%)

Reason for diagnosis
Clinical symptoms
New-born screening*
Sibling screen

28 (75.7%)
4 (10.8%)
5 (13.5%)

7 (53.8%)
4 (30.8%)
2 (15.4%)

10 (100%)
0
0

11 (78.6%)
NA

3 (21.4%)

Cobalamin responsive (for MMA)
Responsive
Unresponsive 

NA NA NA 9 (64.3%)
5 (35.7%)

Reported dietary adherence
Strict adherence
Minor variability in adherence
Longer non-adherent periods

30 (81.1%)
3 (8.1%)

4 (10.8%)

9 (69.2%)
3 (23.1%)
1 (7.7%)

10 (100%)
0
0

11 (78.6%)
3 (21.4%)

0

Median number metabolic crises  
/ serious illnesses (IQR) 4 (14) 2 (5) 5 (18) 5 (14)

Motor milestones
Achieved in time
Delayed

11 (29.7)
26 (70.3%)

6 (46.2%)
7 (53.8%)

0
10 (100%)

5 (35.7%)
9 (64.3%)

Other reported complications
Seizures
Cardiac problems 
Renal failure
Pancreatitis
Visual/ocular problems

8 (21.6%)
4 (10.8%)
2 (5.4%)
2 (5.4%)

4 (10.8%)

1 (7.7%)
0
0
0
0

4 (40%)
3 (30%)

0
0

3 (30%)

3 (21.4%)
1 (7.1%)

2 (14.3%)
2 (14.3%)
1 (7.1%)

Values represent number of patients (% of group). Age is represented as mean (SD), and age at diagnosis and number metabolic 
crises as median (IQR). 
Abbreviations: SD: standard deviation, IQR: interquartile range, NA: not applicable
* New born screening for GA1 was introduced in The Netherlands in 2007 and in the UK in 2015.
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Table 2 ‒ Details of the observed MDs by video examination

Patient Diagnosis Overall  
CGI

Predominant MD Associated MD MD treatment

sex, age Type, distribution CGI Type, distribution CGI

F, 3y GA1 7 Dystonia, G 7 Trihex, Bot, Diaz

M, 7y GA1 3 Dystonia, UL 3

M, 10y GA1 7 Dystonia, G 7 Trihex, Bacl, Bot,  
Clon, Loraz

M, 12y GA1 5 Dystonia, G 5 Trihex, Clon

M, 12y GA1 6 Dystonia, G 6

F, 15y GA1 7 Dystonia, G 7 Clon (Trihex+Bacl 
stopped, side effects)

M, 20y GA1 2 Dystonia, N 2

F, 22y GA1 3 Myoclonus, UL&T, 
P>D

3 Dystonia, UL, N 2

M, 24y GA1 6 Dystonia, G 6 Dantr, Tiapr (Bacl+Tetrab 
stopped, side effects)

F, 45y GA1 4 Chorea, G 4 Dystonia, G 2

F, 2y PA 4 Dystonia, LL, R>L, T 4

F, 11y PA 2 Chorea, G 2

F, 11y PA 3 Chorea, G 3

F, 12y PA 3 Myoclonus, UL, D>P 3

M, 19y PA 3 Dystonia, UL, L>R 3

F, 33y PA 3 Dystonia, N&UL 3 Tremor, N&UL 3

F, 8y MMA, C+ 2 Myoclonus, G 2

M, 9y MMA, C+ 2 Myoclonus, G 2

M, 12y MMA, C+ 2 Dystonia, UL&N 2

M,14y MMA, C+ 3 Myoclonus, G 3 Dystonia, writer’s 
cramp

2

F, 14y MMA, C+ 7 Dystonia, G 7 Bacl

F, 15y MMA, C- 3 Myoclonus, G 3 Dystonia, G 2

M, 16y MMA, C+ 2 Myoclonus, G 2 Dystonia, UL R>L 2

M, 20y MMA, C+ 3 Myoclonus, G 3

CGI: Clinical Global Impression severity scale, values represent the following: 1 = no MD, 2 = minimal signs of a MD, 3 = mild 
MD, 4 = moderate MD, 5 = marked MD, 6 = Severe MD, 7 = among most extremely affected patients.
Abbreviations: M: male, F: female, GA1: glutaric aciduria type 1, PA: propionic aciduria, MMA: methylmalonic aciduria, C+: 
cobalamin responsive, C-: cobalamin unresponsive, UL: upper limbs, LL: lower limbs N: neck, T: trunk, G: generalised, J: jaw, 
R: right, L: left, P: proximal, D: distal, Trihex: trihexyphenidyl, Bacl: baclofen, Bot: botulinum toxin, Clon: clonazepam, Loraz: 
lorazepam, Diaz: diazepam, Dantr: dantrolene, Tiapr: tiapride, Tetrab: tetrabenazine
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When focusing on the different IEM groups, MDs were most prevalent in GA1: 10/13 (76.9%), in PA 
and MMA the frequency was somewhat lower (6/10 (60%) and 8/14 (57.1% respectively). These 
frequencies did not significantly differ between groups (Pearson chi-square p=0.522). However, 
if we only look at the prevalence of the more severe MDs (CGI≥4), the difference becomes more 
clear: the frequency in GA1 (53.8%) is clearly higher than in PA (10%, Fisher’s exact p=0.074) and 
MMA (7.1%, Fisher’s exact p=0.013). 

Overall, dystonia was the most frequent dominant MD type (n=13), followed by myoclonus 
(n=8) and chorea (n=3). Not only the severity, but also the characterisation of MD types differed 
between the IEM groups. In GA1, dystonia was common (8/10), and often (n=6) severe and 
generalised. In PA, half of the MDs consisted of dystonia (3/6, max CGI:4), 2/6 had chorea and 
1/6 myoclonus. In MMA, myoclonus was most frequent (6/8), and 2/8 had dystonia of whom 
1 patient severe generalised dystonia (CGI:7). Four patients had tics or stereotypies, all in the 
context of psychomotor retardation or autism. 

5.3.2 ‒ Factors associated with the presence of MDs
To get more insight in the occurrence of MDs, we analysed whether clinical factors were associated 
with the presence of MDs. Table 3 shows the results of univariate logistic regression analysis, 
describing the association of MDs with demographic/disease characteristics, parameters for 
the level of functioning, and behavioural/psychiatric symptoms. Because of the relatively small 
sample size, these analyses were performed for the whole cohort and not split by diagnosis.

The only factor significantly associated with the presence of MDs was age at diagnosis/start 
treatment. In the group without MDs, the median age at start treatment was 10 days (IQR 251), 
while in the group with MDs the median age was 317 days (IQR 730), Mann-Whitney U p=0.026. 
Also, when dividing the group in those diagnosed within a month after birth and those after one 
month, we saw a significant difference in MD prevalence (42.9% vs 73.3%, Fisher exact p=0.039). 

Still, early diagnosis did not guarantee absence of MDs. Four patients who were diagnosed 
within one week nevertheless had MDs. This included a 3.5-year-old girl with GA1 who had been 
diagnosed through NBS. She had a severe generalised dystonia (CGI 7) after acute metabolic crises 
that occurred despite strict dietary adherence and good (emergency) treatment compliance.

We saw a tendency, not reaching statistical significance, for MDs to be more frequent in patients 
reporting no completely strict dietary compliance compared to those who strictly adhered 
to their diet (87.5% vs 58.6%, Fisher exact p=0.216) and in patients with a history of delayed 
motor milestones than in those with a normal motor development (73.1% vs 45.5%, Fisher exact 
p=0.143). We saw no difference in MD presence based on the number of experienced metabolic 
crises/serious illnesses.
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Table 3 ‒ Associations of clinical variables with the presence of MDs

Demographic and disease characteristics

Frequency of MDs OR (95% CI) p-value*

Female vs male (n=37) 12/18 (66.7%) vs 12/19 (63.2%) 1.17 (0.30‒4.51) 0.823

Children vs adults (n=37) 17/25 (68.0%) vs 7/12 (58.3%) 1.52 (0.37‒6.30) 0.565

Diagnosis:
GA1 vs PA vs MMA (n=37)

10/13 (76.9%) vs 6/10 (60%)  
vs 8/14 (57.1%)

PA vs GA1: 0.45 (0.07‒2.74)
MMA vs GA1: 040 (0.07‒2.12)

0.386
0.282

Start treatment: 
Within 4 weeks vs later (n=37)

6/14 (42.9%) vs 18/23 (73.3%) 0.21 (0.05‒0.89) 0.034

Dietary inaccuracies vs strict dietary 
compliance (n=37) 

7/8 (87.5%) vs 17/29 (58.6%) 4.94 (0.54‒45.58) 0.159

Number of metabolic crises:
≥5 vs <5 (n=32)

8/16 (50%) vs 8/16 (50%) NA NA

Delayed motor milestones vs normal 
motor development (n=37)

19/26 (73.1%) vs 5/11 (45.5%) 3.26 (0.75‒14.16) 0.115

Parameters of functioning

Frequency of MDs OR (95% CI) p-value*

Special education vs normal 
education (n=33)

11/16 (68.8%) vs 10/17 (58.8%) 1.54 (0.37‒6.45) 0.555

Unemployed vs currently employed
(adults, n=12)

3/6 (50%) vs 4/6 (66.7%) 0.50 (0.05‒5.15) 0.560

Speech problems vs no speech 
problems (n=37)

17/23 (73.9%) vs 7/14 (50%) 2.83 (0.70‒11.51) 0.145

Functional disability: FDI>0 vs FDI=0
(adults, n=12) 

5/8 (62.5%) vs 2/4 (50%) 1.67 (0.15‒18.87) 0.680

Scores in patients with MDs  
vs patients without MDs

p-value†

Mean total VABS score (SD)
(children, n=19)

51.8 (34.7) vs 57.5 (32.9) 0.99 (0.97‒1.02) 0.711

Median FDI (IQR)
(adults, n=12)

0.125 (0.375) vs 0.375 (0.938) 0.89 (0.12‒6.52) 0.887

Mean total SIP68 score (SD)
(adults, n=12)

7.71 (6.55) vs 5.80 (4.87) 1.07 (0.861‒1.32) 0.555
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Table 3 ‒ Continued

Non-motor symptoms

Aachenbach questionnaires: (n=30) Frequency of MDs OR (95% CI) p-value*

Any domain deviant vs no deviant 
score

8/15 (53.3%) vs 10/15 (66.7%) 0.57 (0.13‒2.50) 0.458

Internalizing problems vs  
no internalizing problems

7/12 (58.3%) vs 11/18 (61.1%) 0.89 (0.20‒3.95) 0.879

Withdrawn/depressed vs  
not withdrawn/depressed

3/4 (75%) vs 15/26 (57.7%) 2.20 (0.20‒24.09) 0.518

Anxiety problems vs  
no anxiety problems

2/3(66.7%) vs 16/27 (59.3%) 1.38 (0.11‒17.09) 0.804

Attention problems vs  
no attention problems

3/6 (50%) vs 15/24 (62.5%) 0.74 (0.17‒3.24) 0.578

Sleep problems (n=32) Frequency of MDs OR (95% CI) p-value*

Self-reported sleep problems vs  
no sleep problems

6/11 (54.5%) vs 13/21 (61.9%) 0.74 (0.17‒3.24) 0.688

* p-value based on univariate logistic regression analysis
† p-value based on independent samples t-test or Mann-Whitney U test (depending on normality of data)
Abbreviations: OR: odds ratio, 95%CI: 95% confidence interval, SD: standard deviation, IQR: interquartile range, NA: not 
applicable, VABS: Vineland Adaptive Behavior Scale, scores represent the percentage of age-appropriate adaptive behaviour 
(developmental age as assessed by the questionnaire / biological age x100%). FDI: Functional Disability Index, SIP68: Sickness 
Impact Profile 68. Bold values: statistically significant.

Within the MMA group we observed, unanticipated, more MDs in the cobalamin responsive 
group (7/9) than in the unresponsive group (1/5), not reaching statistical significance (Fisher 
exact p=0.09).

5.3.3 ‒ Treatment for MDs
In our cohort 6/37 patients received specific pharmacotherapy for MDs. Five of them had GA1 
and one MMA; 5 children and 1 adult. All of them had moderate to severe generalised dystonia, 
CGI≥5. Three out of the nine patients (3/9) in our cohort with a more severe MD (CGI≥4) were not 
pharmacologically treated for their MD. The most commonly used medications were botulinum 
toxin, benzodiazepines, muscle relaxants (baclofen, dantrolene) and/or trihexyphenidyl (see 
Table 2). Further, 23 patients have had supportive therapy such as physiotherapy or occupational 
therapy at some point in their lives. 

5.3.4 ‒ Self-perceived motor symptoms
The structured self-report/interview revealed subjective motor symptoms in 27/37 patients 
(73%). Twelve of them reported gross motor problems (such as difficulties with walking, running 
or balance), one had affected fine motor skills (such as writing and closing buttons), and 14 
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describe a combination of problems with both fine motor tasks as well as gross motor skills. These 
problems were experienced on a regular basis, not just occasionally.
The number of patients with self-reported motor symptoms is higher than the number of patients 
with MDs identified by the video assessment by the expert panel. Seven patients report self-
perceived motor symptoms, while the expert panel did not see signs of a MD based on the video 
examination. Three of them report gross motor symptoms consisting of general clumsiness 
and more frequent falls, three describe trembling of their hands during some tasks, sometimes 
combined with balance problems, and one patient reports muscle cramps during exercise and 
difficulties with writing and tying shoelaces. On the other hand, there are also five patients in 
whom the expert panel identified a MD, who did not report problems themselves. All these five 
patients were rated as having only a minimal MD (CGI 2), and the dystonia seen in these patients 
was focal, not generalised.

It is important to note that in the group reporting motor symptoms, 10/27 (37%) indicated that 
their motor symptoms were progressive. The majority of patients, 25/27 (92.6%), indicated that 
their motor symptoms had already started at age <10 years. In two adult PA patients motor 
symptoms started later; one young man indicated his problems with writing, trembling hands 
and progressive difficulties with biking started between 10‒20 years, and a woman complaining 
of tremor of her head and hands first noted these symptoms between 20 and 40 years of age.

A large proportion of the patients (26/37, 70.3%) report a history of delayed motor milestones, 
including all participating PA patients (10/10), 7/13 GA1 patients and 9/14 MMA patients. Delayed 
motor milestones were also common in patients diagnosed within one week after birth (6/10). 

5.3.5 ‒ Non-motor behavioural symptoms
Two patients had a confirmed psychiatric diagnosis in their medical history; one woman with GA1 
had an anxiety disorder and was being treated for this, one girl with PA was diagnosed with an 
autism spectrum disorder. 

The Achenbach questionnaires were completed for 30/37 patients (either proxy report, available 
in n=29 or self-report, available in n=17). In 15/30 patients (50%) at least one behavioural domain 
was scored deviant and considered to be in the clinically relevant range (see Table 4). Internalizing 
problems were found most frequently, 12/30 (40%) had a deviant score on this domain. The most 
contributing subdomain for the internalizing problems was withdrawn/depressed, abnormal 
in 5/30 (16.7%), while anxiety symptoms were also quite common (3/30, 10%). Externalizing 
problems were less frequent, found in 2/30 (6.7%). Further, attention problems were relatively 
common (6/30, 20%). The numbers of affected patients in the different IEM groups were too 
small to study differences between groups. No associations could be demonstrated between 
behavioural/psychiatric symptoms and the presence of MDs (Table 3).
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5.3.6 ‒ Level of functioning
Table 5 gives an overview of different parameters of the functioning level of the patients, both 
adults and children and split by diagnosis. 

Table 4 ‒ Frequency of psychiatric/behavioural symptoms as assessed by the Achenbach questionnaires in 
total group and split by diagnosis

Total cohort
(n=30)

GA1
(n=12)

PA
(n=9)

MMA
(n=9)

At least any domain deviant 15 (50%) 4 (33.3%) 7 (77.7%) 4 (44.4%)

Internalizing problems
Anxious/depressed
Withdrawn/depressed
Somatic

12 (40%)
3 (10%)

5 (16.7%)
4 (13.3%)

4 (33.3%)
2 (16.6%)
1 (8.3%)
1 (8.3%)

5 (55.5%)
1 (11.1%)
3 (33.3%)
2 (22.2%)

3 (33.3%)
0

1 (11.1%)
1 (11.1%)

Externalizing problems
Aggressive
Rule breaking behaviour

2 (6.7%)
2 (6.7%)

0

0
0
0

1 (11.1%)
1 (11.1%)

0

1 (11.1%)
1 (11.1%)

0

Other
Thought problems
Social problems (n=15)*
Attention problems

1 (3.7%)
6 (40%)
6 (20%)

0
2 (33.3%)
1 (8.3%)

1 (11.1%)
2 (50%)

4 (44.4%)

0
2 (40%)

1 (11.1%)

Total problem scale 5 (16.7%) 1 (8.3%) 3 (33.3%) 1 (11.1%)

Values represent the number of patients with a deviant score (% of group)
* Because of age specific questionnaires, the domain ‘social problems’ is only applicable for a subset of patients (total: n=15, 
GA1: n=6, PA: n=4, MMA: n=5)

The mean level of adaptive functioning in the children in our cohort as assessed by the VABS 
questionnaire was only 53.9% of their age-appropriate functioning, meaning that they functioned 
only about half as good as their healthy peers. All three subdomains (communication, daily 
activities and social skills) were affected, with the domain daily activities showing the largest 
delay. The domain communication was relatively spared, especially in GA1. Children with PA 
showed on average the largest delay with the lowest VABS scores.

In adults, the median Functional Disability Index was 0.25 (IQR 0.47), versus a median score of 
0.00 (IQR 0.00) in corresponding age groups (<50yrs) in the general population.22 A few patients 
had considerably functional impairment; the highest score was 1.875. Overall, 8/12 (66.7%) of 
the adult patients had some form of disability (FDI>0), a considerably higher percentage than in 
corresponding age groups in the general population (8.5% to 25.0% in ages 30 to 50).22 The mean 
score on the SIP68, also assessing impact on daily life, was 6.92 (SD 5.74). No normative values 
are available, but the level of disability in this cohort was much lower than reported for patients 
with acute traumatic brain injury (mean SIP68 score 15.6 ± 11.5)27 or acute stroke (mean score 
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Table 5 ‒ Parameters of functioning in total group and split by diagnosis 

Total cohort 
(n=37)

GA1 
(n=13)

PA 
(n=10)

MMA 
(n=14)

VABS – mean adaptive functioning in 
children (SD)* 

Total
Communication
Daily activities
Social functioning

(n=19)

53.9 (33.3)
70.7 (43.2)
48.8 (32.1)
53.2 (30.4)

(n=8)

60.4 (41.6)
81.0 (52.4)
52.0 (40.2)
59.5 (38.5)

(n 6)

45.5 (14.2)
56.9 (20.1)
46.8 (17.0)
42.4 (10.5)

(n =5)

53.7 (38.7)
70.9 (50.6)
45.9 (33.6)
56.2 (34.3)

Functional disability in adults
Median FDI (IQR)
Patients with disability (FDI>0)

(n=12)
0.250 (0.469)

8 (66.7%)

(n=5)
0 (1.000)
2 (40%)

(n=4)
0.438 (0.969)

4 (100%)

(n=3)
0.325 (NA)
2 (66.7%)

Sickness Impact Profile in adults 
Mean total SIP68 score (SD)

(n=12)
6.9 (5.7)

(n=5)
3.4 (6.0)

(n=4)
9.8 (5.0)

(n=3)
9 (4.4)

Using an aid for daily activities 12 (32.4%) 6 (46.2%) 1 (10%) 5 (35.7%)

Never been able to walk 5 (13.3%) 4 (30.8%) 0 1 (7.1%)

ADL dependency 
Completely independent
Partly dependent
Mostly dependent

16 (43.2%)
13 (35.1%)
8 (21.6%)

7 (53.8%)
2 (15.4%)
4 (30.8%)

2 (20%)
6 (60%)
2 (20%)

7 (50%)
5 (35.7%)
2 (14.4%)

Problems with speech/language
No problems
Mild problems, comprehensive
Severe, mostly uncomprehensive

17 (45.9%)
11 (29.7%)
9 (24.3%)

6 (46.2%)
2 (15.4%)
5 (38.5%)

1 (10%)
7 (70%)
2 (20%)

10 (71.4%)
2 (14.3%)
2 (14.3%)

Problems with swallowing/dysphagia
No problems
Mild problems
Severe, frequent dysphagia

22 (59.5%)
4 (10.8%)

11 (29.7%)

9 (69.2%)
0

4 (30.8%)

3 (30%)
2 (20%)
5 (50%)

10 (71.4%)
2 (14.3%)
2 (14.3%)

Problems with drooling 11 (29.7%) 5 (38.5%) 2 (20%) 4 (28.6%)

Problems with sleeping 11 (29.7%) 4 (30.8%) 3 (30%) 4 (28.6%)

Reduced exercise tolerance 24 (64.9%) 7 (53.8%) 8 (80%) 9 (64.3%)

Problems with attention/alertness 17 (45.9%) 4 (30.8%) 7 (70%) 6 (42.9%)

Educational level adults 
Special needs or primary school
Lower vocational education
Secondary education
Higher education/academic

(n=12)
3 (25%)

2 (16.7%)
5 (41.7%)
2 (16.6%)

(n=5)
0
0

4 (80%)
1 (20%)

(n=4)
2 (50%)
1 (25%)

0
1 (25%)

(n=3)
1 (33.3%)
1 (33.3%)
1 (33.3%)

0

Special education
(n=33)

16 (48.5%)
(n=12)

3 (23.1%)
(n=8)

7 (87.5%)
(n=13)

6 (46.2%)

Unemployment in adults
(n=12)
6 (50%)

(n=5)
1 (20%)

(n=4)
2 (50%)

(n=3)
3 (100%)

Presented are the numbers of patients (% of group), unless otherwise indicated. Percentages are calculated over the total of 
the group (column header), unless otherwise indicated per item.
* Values represent the mean percentage of age-appropriate adaptive behaviour (developmental age as assessed by the VABS 
questionnaire / biological age x100%).
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41,2 ± 11,7)28 However, again we saw some outliers in our cohort with considerable disability 
(highest score 14). Especially the disability on the mobility subscales was scored high in several 
patients, meaning severe difficulty or inability to independently walk, dress or bath.

Overall, 12 patients (32.4%) had to use an aid or device for their daily activities, such as a 
wheelchair, home adaptations or special cutlery. Only 16/37 patients indicated that they were 
completely autonomous in daily self-care, while 6 patients (3 GA1, 1 PA, 2 MMA) indicated to be 
completely dependent on others for self-care. Five patients (four GA1, one MMA) had never been 
able to walk and were wheelchair-bound.

No associations could be demonstrated between parameters of daily/adaptive functioning and 
the presence of MDs (Table 3).

 
5.4 ‒ Discussion

In this comprehensive study we report a systematic evaluation of MDs, behavioural symptoms 
and daily functioning in patients with GA1, PA and MMA. MDs were found in nearly 65% of the 
total group of patients, with more severe MDs in 24%. Dystonia was the main MD type in GA1, 
myoclonus was predominant in MMA, and a more mixed motor phenotype was seen in PA. Half of 
the patients had behavioural or psychiatric problems, without demonstrable association with the 
presence of MDs. Functional impairment in daily activities was common, especially in children we 
found a significant impairment in all domains of adaptive functioning.

Considering the MD phenotype, we identified some unique characteristics. As expected, dystonia 
was the overall most frequent MD type, but we saw a varying MD pattern in the different IEM 
groups. In MMA, myoclonus was the most frequent MD type. To the best of our knowledge, this 
has not been described earlier. It is possible that these patients represent a ‘milder’ phenotype. 
In our study, we did not confine to MMA patients with the classic mutation but also included 
the cobalamin responsive types. Cobalamin responsive patients usually represent a milder form 
of MMA, which can partially explain the milder or different MD phenotype. However, this is not 
the sole explanation as we even saw more MDs in the cobalamin responsive group than in the 
non-responsive group. Furthermore, the one MMA patient with a severe dystonia (CGI 7) was 
cobalamin responsive (she was late diagnosed at the age of 4 and had experienced one metabolic 
crisis). 

Not only in MMA, but in the total cohort we report a substantial subset of patients with relatively 
mild MDs. The MD phenotype appears to be more diverse than the known classical picture of 
severe generalised dystonia. In GA1 too, we could identify different subsets of patients: those 
with ‘classic’ severe generalised dystonia after an encephalopathic crisis, and those with a 
more insidious or late onset who presented with milder and different MD types, such as mild 



Movement disorders, behavioural problems and daily functioning in patients with organic acidurias

5

109

myoclonus, chorea or focal dystonia. This group with insidious/late phenotype is an interesting 
group for further research. Not much is known about the causative factors and the course of 
these symptoms, but intracerebral accumulation of neurotoxic metabolites is suggested.7

The age of patients might also be of influence on MD appearance. In a cohort with classical 
galactosemia we recently described a different MD pattern in children than in adults.17 In 
GA1 as well, like in many other IEM, a different phenotype has been described in adults than 
in children.2,7,29–31 In our current study we could not demonstrate a clear difference in MD 
appearance or severity between children and adults. Still, almost 40% of the patients indicated 
that their motor symptoms changed over time. Individual case descriptions might indeed suggest 
an influence of aging and maturing of the CNS. For example, our cohort contains an interesting 
case of a woman with GA1 who only was diagnosed in her forties. Retrospectively, she reported 
motor problems with walking, abnormal posturing and jerking, which had clearly changed over 
time and became more choreatic. Longitudinal studies will be needed to determine how MDs 
evolve with aging, especially in those with a more gradual onset of MDs not occurring after an 
acute encephalopathic crisis.

In our study we looked for correlations between clinical and disease characteristics and the 
occurrence of MDs. The only significant association we found was age at the start of treatment. 
This association confirms what has been reported before in literature,13,32,33 and stresses again 
the need for timely diagnosis of these disorders. The fact that we found significantly less MDs in 
patients diagnosed before one month of age than in those later than a month is indicative that, at 
least in a large proportion of patients, there are narrow windows of opportunity to prevent MDs.

Next to the MD evaluation by the expert panel, we asked patients about their self-perceived 
motor symptoms. Almost three quarters of the total cohort report some motor symptoms, both 
gross motor symptoms (mostly clumsiness and problems with balance) and fine motor problems 
(mostly tremor). The majority of patients in our study indicate that their motor symptoms already 
started in childhood, but in a few cases a later emerge was described. Remarkably, in PA the 
MD prevalence as assessed by video-examination was 60%, while no less than 90% report self-
perceived motor symptoms. This might be related to an overall lower level of functioning in PA. 
MDs can be hard to describe for patients, and there can be other reasons for impaired motor 
function. In our cohort a large proportion of patients also reported a reduced exercise tolerance 
(65%). Still, the fact that self-reported symptoms are even more frequent than symptoms rated 
by professionals, shows that self-perceived symptoms are important in determining individual 
and concrete treatment goals and patient-centred outcomes. We plead for attention for and 
documentation of self-perceived problems in addition to the use of ‘objective’ severity rating 
scales by professionals in both clinical work and research.

Half of the patients in our study had behavioural or psychiatric problems as assessed by the 
questionnaires. Internalizing symptoms such as depression and anxiety were most frequent 
(40%). This is in accordance with earlier reports on psychiatric comorbidity in different IEM such 
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as galactosemia and phenylketonuria.17,34,35 It is not yet determined whether these psychiatric and 
behavioural problems are a secondary phenomenon to physical or cognitive disability or that they 
are rather part of the disease itself. In our cohort we found no associations between MD presence 
and behavioural/psychiatric symptoms, in contrary to what was found in other disorders such 
as in classical galactosemia or primary dystonia syndromes.15–17 Especially in disorders with a 
broader range of problems (multi-organ involvement rather than merely neurological), such as 
PA and MMA, it is unlikely that behavioural and non-motor symptoms are only linked to MDs. 
Because patients often have multiple medical problems that can influence behaviour or mood, a 
direct relation with MDs will be harder to prove. 

When assessing the level of (daily) functioning we had to conclude that several patients were 
severely handicapped in daily life due to their disorder. We could however also identify a small 
subset of patients in our cohort with a very high level of performance. Examples include a girl 
with MMA doing very well on high school, who is sporty and involved in dancing, and a woman 
with GA1 now practicing as a young doctor, without experiencing any functional disabilities. This 
woman had been treated from day 1, but had still suffered from 4 serious illnesses. Her mild 
phenotype cannot be further explained by genetic factors, since her sibling who had the same 
mutation died as a result of severe encephalopathic complications of the disorder. Although we 
might not completely understand which factors exactly determine the outcome in these disorders, 
it is reassuring and important to keep in mind that some patients are perfectly capable to manage 
their disease without major problems, given that it is diagnosed early.

A limitation of our study is the relatively small cohort size, which is however a logical consequence 
of the rare nature of the disorders. This makes comparisons and statistical analysis harder, 
especially for analyses within one IEM group. The analyses might not always have had enough 
power to detect differences. Further, in some patients additional factors might have contributed 
to the appearance of MDs. For example two patients in our cohort with myoclonus suffered from 
renal failure, which can be a potential contributing factor.36 However, one of the patients with 
renal failure was on dialysis and had subsequently a renal transplant; neurological re-evaluation 
several months after the transplant showed no difference in the MD pattern or severity (data not 
shown). We also had to deal with some missing data, since seven patients did not complete all 
questionnaires. Further, we cannot fully rule out that there might have been a selection bias; the 
participation rate of our study was 63%. Overall, we found a relatively mild MD phenotype in our 
cohort, so possibly participation was declined by the more severely affected patients because 
they felt the study to be too burdensome. However on the other hand, patients suffering from 
MDs may be more inclined to participate in research addressing this topic. 

In conclusion, hyperkinetic MDs are seen frequently in patients with OAs. Not only the classical 
severe dystonic picture but other MD subtypes are also common, and are variable between OAs. 
Also a majority of patients themselves report to experience motor symptoms, of whom about 
one-third experience their symptoms to be progressive over time. 
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Early diagnosis and treatment of the OA remains the most important factor associated with a 
favourable MD outcome. Behavioural symptoms are an important part of the phenotype and daily 
functioning can be severely impaired, although not clearly related to MDs. We believe patients 
would benefit from regular and detailed neurological and neuropsychological assessments; the 
inclusion of these assessments in guidelines is supported by this research. 
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Abstract

Background: Niemann-Pick type C (NP-C) is a rare autosomal recessive progressive neuro-
degenerative disorder caused by mutations in the NP-C 1 or 2 genes. Besides visceral symptoms, 
presentation in adolescent and adult onset variants is often with neurological symptoms. The 
most frequently reported presenting symptoms of NP-C in adulthood are psychiatric symptoms 
(38%), cognitive decline (23%) and ataxia (20%). Myoclonus can be present, but its value in early 
diagnosis and the evolving clinical phenotype in NP-C is unclear. In this paper we present eight 
Dutch cases of NP-C of whom five with myoclonus. 

Methods: Eight patients with genetically confirmed NP-C were recruited from two Dutch 
University Medical Centres. A structured interview and neuropsychological tests (for working 
and verbal memory, attention and emotion recognition) were performed. Movement disorders 
were assessed using a standardised video protocol. Health-related quality of life (HrQoL) was 
evaluated by questionnaires (Rand-36, SIP-68, HAQ). In four of the five patients with myoclonic 
jerks simultaneous EEG with EMG was performed.

Results: A movement disorder was the initial neurological symptom in six patients: three with 
myoclonus and three with ataxia. Two others presented with psychosis. Four experienced 
cognitive deficits early in the course of the disease. Patients showed cognitive deficits in all 
investigated domains. Five patients showed myoclonic jerks, including negative myoclonus. In all 
registered patients EEG-EMG coherence analysis and/or back-averaging proved a cortical origin 
of myoclonus. Patients with more severe movement disorders experienced significantly more 
physical disabilities.

Conclusions: Presenting neurological symptoms of NP-C include movement disorders, psychosis 
and cognitive deficits. At current neurological examination movement disorders were seen in 
all patients. The incidence of myoclonus in our cohort was considerably higher (63%) than in 
previous publications and it was the presenting symptom in 38%. A cortical origin of myoclonus 
was demonstrated. Our data suggest that myoclonus may be overlooked in patients with NP-C. 
All patients scored significantly lower on physical domains of HrQoL. Symptomatic treatment of 
movement disorders may improve physical functioning and subsequently HrQoL. 
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6.1 ‒ Background

Niemann-Pick type C (NP-C) is a rare autosomal recessive neurodegenerative disorder with an 
estimated incidence of 1 per 120.000 live births.1 The disorder is caused by mutations in the 
NP-C 1 (95%) or NP-C 2 gene (5%). Although the exact cellular functions of the proteins remain 
to be elucidated, they are involved in cellular lipid transport/trafficking and mutated proteins 
lead to (lysosomal) accumulation of lipids. Lipid storage products accumulate in many organs 
including the brain, resulting in cerebral degeneration with progressive neurological symptoms, 
cognitive decline and psychiatric symptoms. NP-C is a very heterogeneous disorder with regard 
to age of onset and clinical presentation. The age of onset can vary from the newborn period to 
adulthood. The neonatal variant usually presents with liver disease at or soon after birth and 
causes early death. After the newborn period, early- and late- infantile NP-C (0–6 years), juvenile 
NP-C (6–15 years) and adolescent/adult NP-C (>15 years) can occur and patients mainly present 
with neurological symptoms, although visceral symptoms, in particular in children also occur.2,3 

The neurological symptoms in the adolescent or adulthood form of NP-C start insidiously and have 
a slower progression compared to children.2 The adult onset forms of NP-C were considered rare, 
but recent studies suggest that NP-C in adulthood is under-recognised.2‒4 Long delays between the 
onset of neurological manifestations and genetic conformation of NP-C are not uncommon,3 likely 
because of the more insidious course and nonspecific presenting symptoms. The most frequently 
reported presenting symptoms of NP-C in adulthood are psychiatric symptoms (38%), cognitive 
decline (23%), ataxia (20%) and other movement disorders including dystonia (11%).4,5 Especially 
the combination of neurological, visceral and psychiatric symptoms is considered to be highly 
suggestive for the diagnosis NP-C.6 As treatment options for NP-C have become available, early 
identification of NP-C is important to prevent further deterioration and progress of neurological 
manifestations.7 

The frequency of myoclonus in NP-C was found around 8.5% in a retrospective review8, but the 
frequency of myoclonus being a presenting symptom is unknown. Canafoglia et al. described a 
single case of late-infantile NP-C with severely disabling cortical myoclonus at the age of eight 
years. They concluded that high-frequency myoclonus may be subtle and easily overlooked at 
disease onset, potentially leading to considerable delays in diagnosis.9 Based on our clinical 
experience in other patients with neurogenetic disorders with multiple movement disorders,10 
myoclonus can be difficult to identify indeed, especially when ataxia is present in the same 
patient. For this reason we suspect that myoclonus is under-recognised in NP-C.

Psychiatric disorders and cognitive deficits are common in adults with NP-C and can precede the 
motor symptoms.5 Psychosis is one of the characteristic disorders in the adult onset form of NP-C, 
but patients can present with a variety of unspecific psychiatric problems. Hence, the diagnosis 
is often delayed11 and treatment can be delayed for several years.12 Vanier et al. described 
depression and behavioural problems with aggression and withdrawal as possible psychiatric 
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symptoms that precede the motor signs of NP-C.1 The number of studies on cognitive functioning 
of patients with NP-C is limited, but the existing studies show deficits in language, information 
processing speed and divided attention, memory, visuospatial skills and constructional praxis.13,14 
Deficits in social cognition and other domains contribute to the observed cognitive decline that 
can be one of the precursors of NP-C.8 

In this paper we present eight Dutch cases of NP-C. Early symptoms of NP-C include movement 
disorders, psychiatric symptoms and cognitive deficits. For this reason we investigated 
neuropsychological functioning in seven patients with NP-C. We aim to increase knowledge of 
movement disorders and neuropsychiatric functioning in NP-C. The goal of our study was to 
determine the frequency of myoclonus in NP-C patients and to determine the anatomical origin 
of the myoclonus. We considered that recognition of myoclonus might be an important diagnostic 
sign for NP-C and enables symptomatic treatment to improve overall functioning.10

6.2 ‒ Methods 

We assessed the type and severity of neurological symptoms/movement disorders, behavioural 
and cognitive deficits, health related quality of life (HrQoL) and daily functioning in patients with 
NP-C. Inclusion criteria were a confirmed molecular diagnosis of NP-C and age at examination 
above 18 years. Twelve patients fulfilling the inclusion criteria were found. Two patients passed 
away during recruitment, two patients did not consent to participate for various reasons, such 
as end stage disease. Finally, eight patients were included from two Dutch University Medical 
Centres (University Medical Center Groningen and Academic Medical Center Amsterdam). 
This study was approved by the medical ethical committee of the University Medical Center 
Groningen (METc2013.417). Data on demographics, age of diagnosis, symptoms at onset, 
disease characteristics and treatment were collected. To determine the presence and severity 
of a movement disorder, all patients underwent a standardised videotaped neurological 
examination. These videos were scored by an expert panel through consensus discussions 
and by using the Clinical Global Impression Scale (CGI).15 In those patients who were able to 
complete the tests and questionnaires, extensive neuropsychological testing was performed. The 
assessment took place varying from directly after the diagnosis to 4 years after diagnosis. The 
neuropsychological assessment covered emotion recognition as part of social cognition16, but also 
intelligence17‒19, working memory20, verbal memory21, attention22, and verbal fluency19. Results of 
the neuropsychological assessment were compared to normative data as mentioned in the test 
manuals. HrQoL and daily functioning were examined using questionnaires (36-Item short form 
health survey (Rand-36), Dutch Health Assessment Questionnaire (HAQ) and Sickness Impact 
Profile 68 (SIP-68)). The scores on HrQoL and daily functioning in our cohort were compared with 
published reference ranges for the Dutch population.23,24 Also correlations between the (non-)
motor symptoms and QoL and daily functioning were studied.
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If patients were found to have myoclonic jerks at neurological examination, additional 
neurophysiological tests were performed to analyse the relationship between myoclonus 
and cortical events. These tests consisted of simultaneous electroencephalography (EEG) and 
polymyography. Cortical activities were recorded by standard EEG according to the international 
10–20 system. Muscle activity was measured by nine channel surface electromyography (EMG) 
with the electrodes placed on extensor and flexor muscles of both upper and forearms, and on 
the abductor pollicis brevis muscle on one side. A standard myoclonus protocol was performed, 
assessing rest periods, several postures and also the effect of several stimuli, such as auditory, 
tactile and lightflash stimuli. Back-averaging and coherence analysis were performed to relate the 
cortical signals to EMG burst.

6.3 ‒ Results

Eight patients with a confirmed diagnosis of Niemann-Pick type C were included. Their ages 
ranged from 19 to 61 years. Five patients presented with juvenile onset NP-C and three patients 
with adolescent/adult onset NP-C. All patients had mutations in the NP-C 1 gene. In seven patients 
the mutations were detected through direct Sanger sequencing of the NP-C genes and in one 
patient (nr. 3) the diagnosis was made through a gene panel with 88 genes related to movement 
disorders. In six patients Filipin staining was performed. In patient 1, 4, 5, 6, 7 and 8 Filipin stain 
was positive. No Filipin stain was performed in patient 2 and 3. 

The characteristics of the patients are shown in Table 1. Three patients (nr. 2, 4, 8) had a history 
of prolonged neonatal jaundice. Two other patients (nr. 5, 6) presented with visceral signs later in 
childhood including (hepato)splenomegaly. In patient number 8 jaundice and hepatosplenomegaly 
were reason for additional investigations which led to the diagnosis of NP- C before any other 
symptom did occur. 

In five out of eight patients non-specific changes were seen on brain MRI, including white matter 
changes and/or global (including cerebellar) atrophy.

6.3.1 ‒ Presenting neurological symptoms and current neurological abnormalities
In retrospect, when asked patients or parents, involuntary movements were the first noticed 
neurological symptom in six patients. Three presented with jerks very suggestive of myoclonus 
(age 20, 25, 61) and three with signs of ataxia (age 19, 26, 58). Psychosis was presenting symptom 
in two patients, but neurological examination revealed a movement disorder as well in both 
patients at the initial presentation. In patient number 1 there were signs of gait ataxia and VSGP 
(vertical supranuclear gaze palsy), in patient number 5 dystonia of the right arm and VSGP were 
present.
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Table 1 ‒ Patient characteristics 

Patient Sex Mutation Age at 
neurological 

symptoms (yrs)

Age at 
diagnosis 

(yrs)

Age at 
examination 

(yrs)

Miglustat

1 Female Compound heterozygous mutations 
c.1211G>A (p. Arg404Gln) and 

c.2861C>T (p. Ser954Leu)

18 23 35 No

2 Female Homozygous mutations  
c.3182T>C (p. IIe1061Thr)

8 21 25 Yes

3 Male Compound heterozygous mutations 
c.2474A>G (p. Tyr825Cys) and 

c.3019C>G (p. Pro1007Ala)

52 59 61 Yes

4 Female Homozygous mutations  
p. Gly640Arg

14 18 20 Yes

5 Male Compound heterozygous mutations 
c.346C>T (p. R116X) and  

c.247A>G (p. Y825C)

14 17 19 No

6 Male Compound heterozygous mutations 
c.1918G>A (p.Gly640Arg) and  

c.3451G>A (p. Ala1151Thr)

6 14 19 Yes

7 Male Compound heterozygous mutations 
c.3203C>T (p. Thr1068IIe) and 

c.3614C>A (p. Thr1205Lys)

40 52 58 Yes

8 Female Homozygous mutations  
c.3182T>C (p. IIe1061Thr)

11 6 26 No

In half of the patients signs suggestive of VSGP (impaired downward gaze manifesting itself with 
troubles playing piano or working on the computer) and cognitive problems were mentioned also 
early in disease by patients or parents. However, unlike movement disorders or psychosis, none 
of the patients sought medical attention for this. 

In all patients the presenting movement disorder was currently also the predominant movement 
disorder seen. However, seven patients developed additional movement disorders. Four of them 
had one additional movement disorder and the other three patients two. This showed that the 
majority of patients had mixed and sometimes complex movement disorder phenotypes (Table 2). 

Upon current neurological examination, myoclonic jerks were found to be present in five patients. 
In one patient (nr. 3) the jerks were generalised and present in all extremities, trunk, face and 
tongue. In the other four patients, myoclonus was predominantly located distally in the limbs and 
aggravated with posture maintenance and active movements. The upper extremities were usually 
more affected than the lower extremities. In one of these patients (nr. 4) there were perioral 
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Table 2 ‒ Presenting and current movement disorders

Patient Presenting movement 
disorder

Severity of current movement disorder (CGI)*

Ataxia Myoclonus Dystonia Tic Overall severity

1 Ataxia 5 1 3 1 5

2 Myoclonus 3 4 1 1 4

3 Myoclonus 2 3 1 1 3

4 Myoclonus 4 5 3 1 5

5 Dystonia 1 1 2 1 2

6 Ataxia 4 1 4 1 4

7 Ataxia 5 4 3 1 5

8 Ataxia 4 2 1 2 4

*CGI: Clinical Global Impression Scale, 1 (no movement disorder) ‒ 7 (among the most extremely affected patients)

myoclonic jerks as well. In all patients but one (nr. 3) myoclonus was stimulus-sensitive. Negative 
myoclonus was seen in all patients. On the CGI the myoclonus was considered to be significant 
in two patients (4 and 5 on the scale of 7). Myoclonus was however not the most frequently 
observed movement disorder. Seven patients developed ataxia of the extremities in the course of 
the disease, including three patients who presented with myoclonus (nr. 2, 3, 4). 

Dystonia was also present in five patients, with only in one of them dystonia being the presenting 
symptom. In two patients generalised dystonia was observed; one patient (nr. 1) suffered from 
dystonia of face, trunk and extremities and in another patient (nr. 4) facial and cervical dystonia 
were present combined with dystonic posturing of the feet. In the other three patients dystonia 
was more confined to the neck and shoulder region. Patient 5 showed minimal dystonia of the 
right arm and patient 6 had a combination of cervical and upper extremity dystonia. Finally, 
patient 7 had severe cervical dystonia with also dystonic postures of the left hand while writing. 

One patient showed a tic of the head. Tremor, chorea and parkinsonism were not observed in 
our cohort.

6.3.2 ‒ Myoclonus and electrophysiological characteristics 
In four out of five patients (nr. 2, 3, 4, 7) with myoclonus, EEG-EMG polygraphic study was 
performed. Patients were subjected to a standard myoclonus protocol. Table 3 shows the results 
of the neurophysiological analysis of the four tested patients. 

In all patients typical features of cortical myoclonus were found with short EMG burst duration, 
both negative and positive myoclonus types, and with a predominantly distal distribution. 
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Activation of the myoclonus was induced by posture. A detailed description of patient 2 is seen 
in Figure 1.

Table 3 ‒ Electrophysiological characteristics

Patient Duration Frequency Location Type Backaveraging Coherence Reflex 
myoclonus

2 40‒60 ms 0.1‒10 Hz distal positive and 
negative

positive positive no

3 50‒100 ms 0.1‒10 Hz distal positive and 
negative

positive positive no

4 40‒70 ms 0.1‒10 Hz distal positive and 
negative

NA* positive no

7 <70 ms 0.1‒10 Hz proximal 
and distal

positive and 
negative

NA* positive no

*NA: not applicable

6.3.3 ‒ Cognitive dysfunction and psychiatric symptoms 
Neuropsychological tests of five patients were available, in two patients new assessments were 
performed. In one patient no assessment was available. Not all patients have completed the same 
tests. Estimations of intelligence ranged from low average to average. Emotion recognition as a 
basic aspect of social cognition was compromised in the three assessed patients. Furthermore, 
patients showed impairments of working memory, attention, verbal fluency and learning of 
verbal information. Retention in long-term memory in relation to the imprinting was average to 
above average in three of our patients (Table 4). 

Patients indicated elevated scores on the subscale somatic complaints of the Adult Self Report 
(ASR). Furthermore, patients and caregivers indicated elevated scores on the subscale attention 
problems. However, all scores were within the normal range and Wilcoxon signed rank tests 
showed no significant differences between patient and caregiver. Three patients were affected 
by a psychotic disorder (nr. 1, 5, 8), one of them (nr. 1) was using antipsychotic medication during 
this study. Neuropsychological data were only available for two of these patients. Their scores 
were average compared to the other patients in the cohort.

6.3.4 ‒ Quality of life and daily functioning 
The health related quality of life in our cohort, measured with the RAND-36, was on several 
domains significantly lowered compared to the general population.24 Especially the general health 
perception was scored remarkably low, 35.0 on a scale of 0–100. Other domains that were rated 
low were physical functioning, role limitations due to physical problems and vitality, while the 
domains social functioning, mental health and pain were on average relatively spared (Table 5). 
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Figure 1 ‒ Electrophysiological characteristics of patient number 2

Left Panel: 6s of raw EEG data with four left sided EMG channels, 2 and 3 are biceps and triceps, 4 and 5 are wrist flexor and 
extensor muscles. EEG montage: average reference. Note the multiple small myoclonic discharges, mostly in distal muscles, 
with small EMG burst duration and synchronous activation of agonists and antagonists. Background EEG pattern is normal 
without signs of epileptiform activity.
Right Panel: coherence analysis (upper panels) shows significantly increased coherence from 14 to 28Hz, with also increased 
coherence around the myoclonus discharge frequency (around 4Hz). The red line is the threshold for significant coherence. The 
phase plot shows a linear decrease in phase from 14‒28Hz (EEG leads EMG), with a calculated corticomuscular conduction time 
of 20.7ms. The analysis is based on a segment of 180 s with frequently occurring myoclonus during rest. The lower panels show 
the result of back-averaging on the same segment. The average was based on 242 segments, with 75ms pre-EMG onset and 
25ms post-EMG onset depicted. In the mapping view (view from above) a clear positive-negative potential field can be seen in 
the right centroparietal area. The positive peak is maximal at 23ms before myoclonus onset.

The level of functional disability in daily life, expressed by the functional disability index (FDI, 
range 0–3), in our patients was 1.56 (SD 1.02). This is considerably higher than reference values 
of the general population, where mean values of 0.03 to 0.05 are reported23 (Mann-Whitney U 
test: p=0.001), indicating more functional disabilities in our cohort. 

It appeared that patients with a more severe movement disorder as measured with the CGI Scale 
had a significantly higher FDI (Spearman’s Rho: rs=0.814, p=0.014). Also with another measure 
of impact on daily life, the SIP-68, a significant relation was found between the severity of the 
movement disorder and somatic autonomy (Spearman’s Rho: rs=0.706, =0.050) and physiological 
autonomy/communication (Spearman’s Rho: r=0.727, p=0.041). 
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Table 4 ‒ Results of neuropsychological assessment per domain

Domain Distribution of  
patients

Number of 
patients

% Patients in 1st‒5th 
percentile

% Patients in 6th 
percentile or above

Emotion recognitiona 100 0 3

% Patients in 1st‒9th 
percentile

% Patients in 10th‒49th 
percentile

% Patients in 50th 
percentile or above

Intelligenceb 29 43 28 7

Working memoryc 57 43 0 7

Verbal learningd 86 14 0 7

Retentiond 29 29 42 7

Attentione 80 20 0 5

Verbal fluencyf 100 0 0 5

aTest used: FEEST, bTests used: WAIS-III, WAIS-IV, GIT-2, PPVT-III-NL, NART cTests used: WAIS-III digit span, WAIS-IV digit span, 
dTest used: RAVLT, eTest used: Trailmaking Test, fTests used: Fluency GIT-2, verbal fluency

Table 5 ‒ Health-related quality of life

RAND-36 domains Study population,
mean (SD)

General population,
mean (SD)

p-value*

Physical 43.1 (40.9) 81.9 (23.2) p=0.007

Social 73.4 (33.0) 86.9 (20.5) p=0.248

Role limitations (physical) 43.8 (37.5) 79.4 (35.5) p=0.008

Role limitations (emotional) 70.8 (45.2) 84.1 (32.3) p=0.406

Mental Health 84.0 (10.5) 76.8 (18.4) p=0.055

Vitality 55.0 (16.5) 67.4 (19.9) p=0.035

Pain 93.1 (19.5) 79.5 (25.6) p=0.051

General health 35.0 (17.9) 72.7 (22.7) p<0.001

Health change 50.0 (29.9) 52.4 (19.4) p=0.821

*Independent samples t-test for equality of means, bold values: statistically significant.
 SD: standard deviation 

The RAND-36 domain concerning physical functioning was correlated with the severity of the 
movement disorder; patients with more severe movement disorders experienced more physical 
disabilities (Spearman’s Rho: rs=-0.845, p=0.008). No significant relation was shown for the other 
QoL domains including emotional functioning and well-being, energy, social functioning, pain, 
general health and health change.
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6.4 ‒ Discussion

We systematically assessed the presenting and current symptoms in NP-C, with a special focus 
on movement disorders and neuropsychiatric functioning. Not unexpectedly, the most common 
movement disorder was ataxia, but myoclonus was seen in five out of eight patients. Furthermore 
dystonia was frequently seen and one patient showed a tic. Neurological signs are very common 
in NP-C and movement disorders represent an important part of the neurological phenotype. 
Although the presence of movement disorders was not an inclusion criterion, all included 
patients in our cohort were routinely seen by a neurologist, implicating a potential selection 
bias. However, according to the literature only a minority (13%) of the patients with NP-C do not 
display any neurological manifestations at all and most of these patients have the infantile form 
of NP-C.2 

In all our patients movement disorders were a presenting neurological feature, often in 
combination with VSGP, psychosis or cognitive deficits. Movement disorders and psychosis were 
reason to seek medical attention; VSGP and cognitive decline were not. However, also in patients 
with movement disorders help-seeking delay was found, although the exact time span in our 
cohort is not known. Reason for this is that only the moment of first symptoms and final diagnosis 
were reported in the medical history, data about previous visits to general practitioners and other 
hospitals before referral to an academic centre were not available. 

Incidence of ataxia as first presenting symptom in literature is 20%, other movement disorders 
cover 11%.5 This is considerably lower than in our cohort. Reason for this might be the higher 
age of onset of NP-C in our study. Movement disorders and psychiatric symptoms are the most 
common presenting symptoms in adolescence and adult NP-C.1 A combination of two or more 
movement disorders, in this age group present in seven patients, should raise suspicion of NP-C, 
especially in combination with eye movement disorders or cognitive deficits. 

We found myoclonus in five out of eight patients, of which in three of them it was the first 
presenting movement disorder. The reported frequency of myoclonus in NP-C in the literature is 
low, but our study suggests that this may be higher than expected. It is not unlikely that myoclonus 
in NP-C is not always recognised and we can imagine that when myoclonus is more subtle and 
multiple movement disorders are present, this can be overlooked. Especially in patients with other 
movement disorders that may be more dominant, subtle jerks can be easily missed.10 Recognition 
of myoclonus is very important. Firstly because having an extra movement disorder can be an 
important clue for diagnosing NP-C. Furthermore, myoclonic jerks can be very disabling and 
symptomatic treatment is possible. EEG and polymyography showed that the myoclonus in NP-C 
has a cortical origin and that it consists of both positive and negative myoclonus. Furthermore, 
both low frequency and high frequency myoclonus were found. Previous reports in two patients 
also detected a cortical myoclonus.4,9 For the treatment of cortical myoclonus, levetiracetam or 
piracetam are considered drugs of first choice. Alternatives are clonazepam and valproic acid.25,26 
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The patients in our cohort experienced significantly more functional disabilities compared to 
healthy controls and a significant relation was found between the severity of the movement 
disorder and psychical disabilities. Recognition and adequate treatment of myoclonus are likely 
to positively influence daily functioning, but further treatment studies are required to support 
this hypothesis. 

Except one, all patients showing myoclonus also had cerebellar ataxia. Cortical myoclonus 
is thought to result from increased excitability of the sensorimotor cortex due to decreased 
inhibition through the cerebellarthalamic-cortical loop.27 The combination of cortical myoclonus 
and cerebella ataxia is also seen in disorders with prominent Purkinje cell loss, for example 
celiac disease.28,29 In NP-C brains, ballooned neurons, axonal abnormalities, neurodegeneration 
and astroglyosis have been described. Especially Purkinje cells of the cerebellum are vulnerable 
to early damage and cell loss begins early in disease.30,31 Damage to Purkinje cells may play a 
role in cortical myoclonus and ataxia in NP-C and these pathological findings support the shared 
pathology of cortical myoclonus and ataxia in our patients. With loss of Purkinje cells being a 
prominent feature of NP-C and not only playing a role in ataxia but in myoclonus as well, this 
also suggest that incidence of myoclonus in NP-C might be higher than currently estimated. The 
clinical syndrome of myoclonus and ataxia in combination of relatively mild epilepsy and mental 
retardation is called progressive myoclonus ataxia (PMA) or the Ramsay Hunt syndrome32, and 
seems applicable in many cases with NP-C. 

Present in seven patients, ataxia was the most common movement disorder in our group and is 
underscoring previous reports.2,8 However, it is important to mention that not in all NP-C patients 
ataxia was the presenting movement disorder. In three patients ataxia developed later during 
the course of the disease. Hence, ataxia was not the most prominent movement disorder in all 
patients. In three patients with ataxia, myoclonus was more severe. So, ataxia is an important 
neurological hallmark of NP-C, but its absence does not exclude NP-C. 

Besides movement disorders, cognitive deficits and psychiatric features are early symptoms of 
NP-C, especially in the adolescent and adult form.5 Two patients developed a psychosis early 
in disease and also cognitive deficits were among the early symptoms. Patients in our sample 
showed cognitive deficits in all domains investigated, in particular in working and verbal memory 
and attention. This confirms earlier findings by Klarner et al.16 We focused on social cognition in 
three patients and found deficits in emotion recognition. More studies with bigger sample sizes 
are needed in order to clarify whether these deficits in social cognition are typically for NP-C and 
when they develop in the course of the disease. This might help in identifying patients with NP-C 
presenting with cognitive problems early in the course of the disease and discriminating them 
from patients with other neuropsychiatric disorders.
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6.5 ‒ Conclusion

We presented evidence that movement disorders, psychiatric symptoms and cognitive deficits 
are important features of NP-C. Cortical myoclonus was seen in more than half of the patients. 
The role of myoclonus in NP-C is not yet established, but our study suggests that incidence may 
be higher than considered until now. Careful examination is required to detect myoclonus and 
other movement disorders as they sometimes require specific treatment. Nowadays, diagnosing 
NP-C is still a challenge for physicians. In adolescent and adult patients presenting with mostly 
psychiatric and neurological signs, knowledge of the exact phenotype of these symptoms is very 
important in order to diminish diagnosis delay. Further research is needed to determine the exact 
role of myoclonus in NP-C.



128

Chapter 6

References

1. Vanier MT. Niemann-Pick disease type C. Orphanet J Rare Dis. 2010;5:16. 1172-5-16. 

2. Imrie J, Heptinstall L, Knight S, Strong K. Observational cohort study of the natural history of 
Niemann-Pick disease type C in the UK: a 5-year update from the UK clinical database. BMC Neurol. 
2015;15(1):257. 015-0511-1. 

3. Patterson MC, Mengel E, Wijburg FA, Muller A, Schwierin B, Drevon H, et al. Disease and patient 
characteristics in NP-C patients: findings from an international disease registry. Orphanet J Rare Dis. 
2013;8:12. 1172-8-12. 

4. Anheim M, Lagha-Boukbiza O, Fleury-Lesaunier MC, Valenti-Hirsch MP, Hirsch E, Gervais-Bernard H, et 
al. Heterogeneity and frequency of movement disorders in juvenile and adult-onset Niemann-Pick C 
disease. J Neurol. 2014;261(1):174–9. 

5. Sevin M, Lesca G, Baumann N, Millat G, Lyon-Caen O, Vanier MT, et al. The adult form of Niemann-Pick 
disease type C. Brain. 2007;130(Pt 1):120–33. 

6. Mengel E, Klunemann HH, Lourenco CM, Hendriksz CJ, Sedel F, Walterfang M, et al. Niemann-Pick 
disease type C symptomatology: an expert-based clinical description. Orphanet J Rare Dis. 2013;8:166. 
1172-8-166. 

7. Patterson MC, Mengel E, Vanier MT, Schwierin B, Muller A, Cornelisse P, et al. Stable or improved 
neurological manifestations during miglustat therapy in patients from the international disease registry 
for Niemann-Pick disease type C: an observational cohort study. Orphanet J Rare Dis. 2015;10:65. 015-
0284-z.

8. Wijburg FA, Sedel F, Pineda M, Hendriksz CJ, Fahey M, Walterfang M, et al. Development of a suspicion 
index to aid diagnosis of Niemann-Pick disease type C. Neurology. 2012;78(20):1560–7. 

9. Canafoglia L, Bugiani M, Uziel G, Dalla Bernardina B, Ciano C, Scaioli V, et al. Rhythmic cortical myoclonus 
in Niemann-Pick disease type C. Mov Disord. 2006;21(9):1453–6. 

10. Van Egmond ME, Elting JW, Kuiper A, Zutt R, Heineman KR, Brouwer OF, et al. Myoclonus in childhood-
onset neurogenetic disorders: The importance of early identification and treatment. Eur J Paediatr 
Neurol. 2015;19(6):726–9. 

11. Stampfer M, Theiss S, Amraoui Y, Jiang X, Keller S, Ory DS, et al. NiemannPick disease type C clinical 
database: cognitive and coordination deficits are early disease indicators. Orphanet J Rare Dis. 
2013;8:35. 1172-8-35. 

12. Klunemann HH, Santosh PJ, Sedel F. Treatable metabolic psychoses that go undetected: what Niemann-
Pick type C can teach us. Int J Psychiatry Clin Pract. 2012;16(3):162–9. 

13. Klarner B, Klunemann HH, Lurding R, Aslanidis C, Rupprecht R. Neuropsychological profile of adult 
patients with Niemann-Pick C1 (NPC1) mutations. J Inherit Metab Dis. 2007;30(1):60–7. 

14. Walterfang M, van de Warrenburg BP. Cognitive impairment in “Other” movement disorders: hidden 
defects and valuable clues. Mov Disord. 2014;29(5):694–703. 

15. Busner J, Targum SD. The Clinical Global Impressions Scale: Applying a Research Tool in Clinical Practice. 
Psychiatry (Edgmont). 2007;4(7):28–37. 

16. Young A, Perrett D, Calder A, Sprengelmeyer R, Ekman P. Facial Expression of Emotion: Stimuli and Tests 
(FEEST). Bury St. Edmunds, England: Thames Valley Test Company; 2002. 

17. Wechsler D. Wechsler Adult Intelligence Scale IV (WAIS-IV). Amsterdam: Pearson; 2008. 

18. Schlichting L. Peabody Picture Vocabulary Test-Third Edition NL (PPVT-III-NL). Amsterdam: Pearson; 
1997. 

19. Schmand B, Lindeboom J, van Harskamp F. Nederlandse Leestest voor Volwassenen (NLV) [Dutch 
version of the National Adult Reading Test]. Lisse: Swets & Zeitlinger; 1992. 



Ataxia, dystonia and myoclonus in adult patients with Niemann Pick type C

6

129

20. Wechsler D. Wechsler Adult Intelligence Scale III (WAIS-III) [Intelligence test for adults]. Lisse: Swets & 
Zeitlinger; 1997. 

21. Deelman B, Brouwer W, van Zomeren A, Saan R. In: Jennekens-Schinkel A, Diamant J, et al., editors. 
Functiestoornissen na trauma capitis. Neuropsychologie in Nederland. Deventer: Van Loghum Slaterus; 
1980. 

22. Reitan R, Wolfson D. The Halstead-Reitan Neuropsychological Test Battery: Theory and clinical 
interpretation. Tucson: Neuropsychology Press; 1985. 

23. Krishnan E, Sokka T, Hakkinen A, Hubert H, Hannonen P. Normative values for the Health Assessment 
Questionnaire disability index: benchmarking disability in the general population. Arthritis Rheum. 
2004;50(3):953–60. 

24. Zee KI van der, Sanderman R. Het meten van de algemene gezondheidstoestand met de 
RAND-36, een handleiding. Groningen: Rijksuniversiteit Groningen, Noordelijk Centrum voor 
Gezondheidsvraagstukken; 2012. 

25. Dijk JM, Tijssen MA. Management of patients with myoclonus: available therapies and the need for an 
evidence-based approach. Lancet Neurol. 2010;9(10):1028–36. 

26. Levy A, Chen R. Myoclonus: Pathophysiology and Treatment Options. Curr Treat Options Neurol. 
2016;18(5):21. 016-0404-7. 

27. Ganos C, Kassavetis P, Erro R, Edwards MJ, Rothwell J, Bhatia KP. The role of the cerebellum in the 
pathogenesis of cortical myoclonus. Mov Disord. 2014;29(4):437–43. 

28. Tijssen MA, Thom M, Ellison DW, Wilkins P, Barnes D, Thompson PD, et al. Cortical myoclonus and 
cerebellar pathology. Neurology. 2000;54(6):1350–6. 

29. Bhatia KP, Brown P, Gregory R, Lennox GG, Manji H, Thompson PD, et al. Progressive myoclonic 
ataxia associated with coeliac disease. The myoclonus is of cortical origin, but the pathology is in the 
cerebellum. Brain. 1995;118(Pt 5):1087–93. 

30. Tang Y, Li H, Liu JP. Niemann-Pick Disease Type C: from molecule to clinic. Clin Exp Pharmacol Physiol. 
2010;37(1):132–40. 

31. Lopez ME, Scott MP. Genetic dissection of a cell-autonomous neurodegenerative disorder: lessons 
learned from mouse models of Niemann-Pick disease type C. Dis Model Mech. 2013;6(5):1089–100. 

32. Van Egmond ME, Verschuuren-Bemelmans CC, Nibbeling EA, Elting JW, Sival DA, Brouwer OF, et al. 
Ramsay Hunt syndrome: clinical characterization of progressive myoclonus ataxia caused by GOSR2 
mutation. Mov Disord. 2014;29(1):139–43.



7Chapter



7 Non-motor symptoms and  
quality of life in dopa-responsive 

dystonia patients

Anouk Kuiper1, Elze R Timmers1, Marenka Smit, Anna L Bartels,  
Daan J Kamphuis, Nicole I Wolf, Bwee-Tien Poll-The, Tessa Wassenberg,  

Els A J Peeters, Tom J de Koning, Marina A J Tijssen

1 Contributed equally

Orphanet Journal of Rare Disorders. 2017 Dec;45:57-62



132

Chapter 7

Abstract

Background: In patients with GTP-cyclohydrolase deficient dopa-responsive dystonia (DRD) the 
occurrence of associated non-motor symptoms (NMS) is to be expected. Earlier studies report 
conflicting results with regard to the nature and severity of NMS. The aim of our study was to 
investigate the prevalence of psychiatric disorders, sleep problems, fatigue and health-related 
quality of life (HrQoL) in a Dutch DRD cohort.

Methods: Clinical characteristics, motor symptoms, type and severity of psychiatric co-morbidity, 
sleep problems, fatigue and HrQoL were assessed in DRD patients with a confirmed GCH1 
mutation and matched controls.

Results: Twenty-eight patients were included (18 adults and 10 children), from 10 families. Dystonia 
symptoms were well-controlled in all patients. According to the DSM IV patients significantly more 
often met the criteria for a lifetime psychiatric disorder than controls (61% vs 29%, p<0.05). In 
particular the frequencies of generalised anxiety and agoraphobia were higher in patients (both 
29% vs 4%, p<0.05). Patients scored significantly higher on daytime sleepiness than controls (ESS, 
11.2 vs 5.7, p<0.05). Adult patients had significantly lower scores on the mental component of the 
HrQoL (47 vs 54, p<0.05) than controls mainly associated with (worse) quality of sleep.

Conclusion: NMS were highly prevalent in our cohort of DRD patients, despite adequate treatment 
of motor symptoms. Our findings support the accumulating evidence of an important non-motor 
phenotype in DRD, with possible involvement of serotonergic mechanisms. This highlights the 
need to address NMS and the underlying neurobiology in patients with DRD.
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7.1 ‒ Introduction

Autosomal dominant dopa-responsive dystonia (DRD) or Segawa disease is a rare condition 
caused by mutations in the guanosine triphosphate cyclohydrolase 1 (GCH1) gene. A typical 
presentation comprises young-onset lower limb dystonia with subsequent generalisation and 
parkinsonian features.1 Patients have diurnal fluctuations and a good sustained response to 
levodopa treatment. Penetrance is incomplete; around 38% in men and 87% in females, with 
females more severely affected.2 

Over the last decade there is increasing awareness for non-motor symptoms (NMS) in dystonia 
patients.3 Psychiatric comorbidity, sleep disturbances and fatigue were all shown to have a 
significant impact on the health-related quality of life (HrQoL).4,5 In DRD, NMS are even more 
suspected based on the underlying pathophysiology of the genetic defect. Mutations in the GCH1 
gene result in a deficiency of guanosine triphosphate cyclohydrolase 1 (GTPc1), the first and rate 
limiting enzyme in the biosynthesis of tetrahydrobiopterin (BH4).6 Since BH4 acts as cofactor 
for the different aromatic acid hydroxylases, GTPc1 deficiency not only impairs the synthesis of 
dopamine, but also of serotonin. Serotonin is known to be involved in the pathophysiology of a 
range of psychiatric and sleep disorders.7‒10 

Until now, in DRD conflicting results have been reported on NMS. In a Dutch study with 18 
patients major depressive disorder and obsessive compulsive disorder (OCD) were more prevalent 
compared to the Dutch population (44% vs 19% and 22% vs 0.9%, respectively).11 This higher 
frequency of psychiatric comorbidity was confirmed in some case series,12‒14 but contradicted 
in others15,16. Subjective sleep problems were reported in 10 of the 18 Dutch DRD patients.11 
In another cohort of 23 DRD patients this was not confirmed, but impaired sleep quality and 
depressive symptoms were associated with a lower HrQoL.15 Overall, a systematic controlled 
design to evaluate NMS was often lacking, or findings were based on small sample sizes.

In the current study we systematically evaluate for the first time the motor and non-motor features 
of DRD patients and assess the impact of symptoms on HrQoL in a large cohort of Dutch patients, 
and compare it with matched controls. More insight in the NMS in DRD is essential, because this 
allows a more integrated therapeutic approach to improve the HrQoL in DRD patients.

7.2 ‒ Methods

7.2.1 ‒ Study population
Patients with a confirmed mutation in the GCH1gene were eligible, both with and without a 
motor phenotype. We included children (aged ≥6yrs) and adults (aged ≥18yrs) plus age and sex-
matched controls. Patients were recruited from several Dutch hospitals. Controls were recruited 
through open advertisements. Informed consent was obtained from all participants and the study 
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was approved by the medical ethics committee of the University Medical Center Groningen (METc 
2014/034). 

7.2.3 ‒ Clinical and neurological assessment
Clinical data included a structured interview, with medical history, evolution of symptoms, 
medication use and effect, and family history. In the patient group, motor symptoms were 
assessed with a standardised videotaped neurological examination. The severity of dystonia was 
independently scored by two investigators (ET, AK) using the Burke Fahn Marsden Dystonia Rating 
Scale (BFMS).17 Parkinsonian features were scored with subscale three of the Unified Parkinson’s 
Disease Rating Scale (UPDRS).18 The video-based scores of both investigators were combined into 
a mean score (intra-class correlation 0.94). During the study, all patients continued their usual 
medication regime.

7.2.4 ‒ Assessment of NMS and HrQoL
The presence of psychiatric disorders, as defined in the Diagnostic and Statistical Manual of Mental 
Disorders Fourth Edition (DSM-IV), was evaluated with the Mini International Neuropsychiatric 
Interview ‒ PLUS (MINI-PLUS)19, and in children with the Mini International Neuropsychiatric 
Interview for Children and Adolescents (MINI-KID)20. Validated questionnaires were used to assess 
the severity of current depressive, anxiety and OCD symptoms. Impaired sleep quality, excessive 
daytime sleepiness, fatigue and HrQoL were also evaluated with validated questionnaires, 
with age-appropriate versions for children. See supplementary Table S1 for details of the used 
questionnaires.

7.2.5 ‒ Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics version 22. A p-value <0.05 was 
considered statistically significant. All baseline data were quantitatively described. A χ2-test 
or Fishers’ exact test was used to assess the differences in consulting mental health care and 
the presence of DSM-IV diagnoses between the adult patient group and controls. To assess 
the influence of motor symptoms on having a (lifetime) psychiatric disorder we performed a 
binary logistic regression analysis. A student t-test or, in case of non-normality, a Mann Whitney 
U test was used to assess differences in psychiatric, sleep and HrQoL scales between groups. 
The scores of the adult and child version of the psychiatric questionnaires were combined by 
computing z-scores based on the control group. The scores on the different HrQoL domains for 
adults were combined into two components (mental health and physical health) using factor 
analysis as described previously21. Associations between sleep, fatigue scores, HrQoL and clinical 
characteristics were assessed using univariate correlation analysis. With multivariate regression 
analysis, we determined the influence of the variables with a p<0.05 in the univariate correlation 
analysis. Assumptions of the multivariate regression analysis were checked.
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7.3 ‒ Results

We included a total of 28 patients (mean age 38 yrs, range 10‒77 yrs), from 10 different families, 
and 28 age and gender matched controls (mean age 38 yrs, range 11‒80 yrs) (see Table 1).

Table 1 ‒ Clinical characteristics

Total cohort Adults Children

Patients 
(n=28)

HC  
(n=28)

p-value Patients 
(n=18)

HC  
(n=19)

p-value Patients 
(n=10)

HC  
(n=9)

p-value

Gender 
M/F 9/19 8/20 0.77 4/14 4/15 0.93 5/5 4/5 0.81

Age (in years)
Median (range) 38.3 

(22.3)
38.3 

(22.1)
1.00 51.8 

(15.7)
50.0 

(16.8)
0.73 13.9  

(2.1)
13.7 
(2.0)

0.81

Patients (n=28) Patients (n=18) Patients (n=10)

Motor symptoms
Age of onset
Duration of dystonia
Age at diagnosis
Time till diagnosis
BFMS

7.6 (5.5)
27.4 (20.8)
24.0 (17.1)
14.0 (13)
6.4 (4.9)

8.8 (6.6)
40.9 (16.3)
33.3 (15.4)
22.2 (11.3)

6.9 (5.4)

5.9 (3.2)
7.9 (4.0)
9.1 (2.8)
3.0 (2.7)
5.5 (4.1)

Values are presented as mean (SD) or n (as indicated). Student t-tests were used to compute p-values. HC: healthy controls,  
M: male, F: Female, BFMS: Burke Fahn Marsden Dystonia rating scale

7.3.1 ‒ Clinical characteristics
Twenty-three mutation carriers experienced motor symptoms and received treatment and 
5 patients were mutation carriers without dystonic symptoms. The mean age of onset of dystonia 
was 8 years and all symptomatic patients developed dystonia before the age of 20 years. In a 
majority of patients dystonia started in the lower legs (n=20, 87%), in 2 patients in their hands 
(9%) and in one in the neck.

Twenty-one of the symptomatic patients reported diurnal fluctuation (91%). Some patients 
indicated that factors worsening dystonia were tiredness (22%) and a combination of heavy 
work and stress (22%). Seven patients (30%) had been wheelchair bound before treatment with 
levodopa was initiated, 8 patients (35%) reported a period in which they could only walk short 
distances or had to use walking-devices. The remaining patients had always been able to walk 
independently.

Currently, 21 patients are still on levodopa. Two symptomatic patients ceased treatment because 
they felt the benefits no longer outweighed the effort of daily medication taking. The 21 patients 
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all experienced a marked effect of the treatment, 6 (29%) reported complete remission of motor 
symptoms, but 15 (71%) still had some mild residual symptoms, such as very mild dystonic 
posturing of feet and neck in the evening.

The majority of patients (n=17, 81%) used a combination of levodopa and carbidopa, the other 
4 (19%) used levodopa with benserazide. Only 2 patients (1 adult and 1 child) have been using 
5-hydroxytryptophan on top of the levodopa treatment, one of them stopped this treatment 
because a lack of efficacy while the other is still using 5-hydroxytryptophan. Two patients were 
currently under antidepressant treatment (paroxetine and mirtazapine) and one was successfully 
treated for depression with an SSRI in the past.

The symptomatic patients had a mean BFMS score of 6.4 (on a scale of 0‒120) indicating mild 
dystonia, while the asymptomatic carriers had a mean score of 2.0. Symptomatic adult patients had 
a slightly higher score on the BFMS than the symptomatic children (6.9 vs 5.5). No parkinsonism 
was observed (UPDRS=0). 

7.3.2 ‒ Psychiatric symptoms
The adult DRD patients had consulted mental health care professionals for psychiatric complaints 
twice as frequent as the adults in the control group (61% vs 33%, p=0.10). Reasons for these 
consultations were similar between groups; most frequently mood disturbances. One patient 
visited a psychologist because of problems with sleep and fatigue. In contrast to adults, children 
with DRD had consulted mental health care less frequent than controls (10% vs 60%, p=0.06).

A total of 17 (13 adults and 4 children) patients met the criteria for a lifetime psychiatric 
disorder according the DSM IV compared to 8 (5 adults and 3 children) persons in the control 
group (61% vs 29%, p<0.05). Most common were mood and anxiety disorders (see Table 2). In 
particular, a significantly higher prevalence of generalised anxiety and agoraphobia was found 
(both disorders 29% vs 4%, p<0.05).

On the quantitative scales the average scores of the patient group for severity of current 
depressive, anxiety and OCD symptoms were slightly higher compared to controls, but not 
significantly different (see Table 3). For children the severity scores were similar between the 
two groups without significant differences. Similar to symptomatic mutation carriers, 3 of the 
5 mutation carriers without dystonia met the criteria for a psychiatric disorder. This number is 
higher than in controls (29%), but probably due to the small sample size it did not reach statistical 
significance.

We assessed whether severity of motor symptoms predicts the presence of a psychiatric disorder 
but found no significant association between motor symptoms and the presence of a psychiatric 
disorder (see supplementary Table S2).
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Table 2 ‒ Lifetime prevalence of psychiatric disorders based on the MINI-PLUS interview

Psychiatric disorder Patients (n=28) Healthy controls (n=28) p-value

Any psychiatric disorder 17 (61%) 8 (29%) 0.02

Generalised anxiety 8 (29%) 1 (4%) 0.03

Agoraphobia 8 (29%) 1 (4%) 0.03

Depressive disorder 9 (32%) 4 (14%) 0.11

Pain disorder 2 (7%) 2 (7%) 1.00

Specific phobia 4 (14%) 1 (4%) 0.35

Panic disorder 4 (14%) 2 (7%) 0.67

Social phobia 4 (14%) 0 (0%) 0.11

Attention deficit disorder 3 (11%) 0 (0%) 0.11

Obsessive compulsive disorder 2 (7%) 1 (4%) 1.00

Post-traumatic stress disorder 2 (7%) 1 (4%) 1.00

Substance dependence 2 (7%) 0 (0%) 0.49

Alcohol dependence 1 (4%) 2 (7%) 1.00

Body dysmorphic disorder 2 (7%) 0 (0%) 0.23

Values are presented as number of patients (%). Chi-square test or fishers exact test was used to compute p-values. Bold 
values: statistically significant

Table 3 ‒ Severity of psychiatric symptoms

Patients Healthy controls p-value

Adults n=18 n=18

BDI 6.3 (5.1) 4.8 (4.9) 0.38

BAI 5.8 (3.3) 3.8 (3.9) 0.14

Y-BOCS (range) 2.4 (0‒18) 0.1 (0‒2) 0.26

Children n=10 n=9

CDI 6.9 (5.3) 7.3 (7.6) 0.91

SCARED-NL 88.7 (14.0) 94.0 (7.5) 0.35

CY-BOCS (range) 0.2 (0‒2) 1.2 (0‒9) 0.47

Total group n=28 n=28

BDI/CDI z-score 0.17 (0.93) 0.0 (0.96) 0.51

BAI/SCARED-NL z-score -0.21 (1.2) 0.0 (0.98) 0.51

Y-BOCS (range) 1.7 (0‒18) 0.5 (0‒9) 0.59

Values are presented as mean (SD) or mean (range) (as indicated). Student-t tests or Mann Whitney U tests were used to 
compute p-values.
Abbreviations: BAI: Beck Anxiety Inventory, BDI: Beck Depression Inventory, CDI: Children’s Depression Inventory, CY-BOCS: 
Children’s Yale-Brown Obsessive Compulsive Scale, SCARED-NL: Screen for Child Anxiety Related Emotional Disorders NL, SD: 
standard deviation, Y-BOCS: Yale-Brown Obsessive Compulsive Scale
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7.3.3 ‒ Sleep and fatigue
Patients did not report significantly more sleeping problems compared to controls (whole group 
50% vs 54%, adults 66% vs 50%, children 20% vs 60%). Four patients and 5 controls reported 
problems falling asleep, 3 patients and 5 controls had difficulties staying asleep as long as desired, 
but in both groups the majority had a combination of both. In the adult group significantly more 
patients reported fatigability (adults 55% vs 22%, p <0.05), but not in the whole (43% vs 32%) and 
children’s group (20% vs 50%).

Twenty-two patients (age ≥15 yrs) completed the quantitative questionnaires about excessive 
daytime sleepiness (ESS), fatigue (FSS) and quality of sleep (PSQI). Patients had significantly higher 
scores on the ESS (11.2 vs 5.7, p<0.05) but not on the FSS and the PSQI (Table 4). Significantly more 
patients fulfilled the criteria of excessive daytime sleepiness than controls (16 (73%) vs 5 (24%), 
p<0.05). More patients met the criteria for fatigue (8 (36%) vs 5 (24%), and impaired sleep quality 
than the controls (17 (77%) vs 10 (48%)), not reaching statistical significance.

Table 4 ‒ Sleep and fatigue questionnaires

Patients Healthy controls p-value

Adult questionnaires n=22 n=21

Gender M/F 5/17 3/18 0.70

Age 45.2 46.2 0.88

ESS 11.2 (5.9) 5.7 (4.5) <0.01

FSS 35.0 (16.2) 27 (14.0) 0.1

PSQI 8.4 (4.5) 5.7 (4.5) 0.06

Children questionnaires n=6 n=4

CSHQ 45.2 (3.7) 46.3 (6.7) 0.74

SSR 28.7 (4.5) 36.8 (4.5) 0.02

Values are presented as mean (SD) or n (as indicated). Student-t test were performed to compute p-values.
Abbreviations: CSHQ: Children’s Sleep Habits Questionnaire, ESS: Epworth Sleepiness scale, F: female, M: male, FSS: Fatigue 
Severity Scale, PSQI: Pittsburgh Sleep Quality Index, SD: standard deviation, SSR: Sleep Self Report for children. Bold values: 
statistically significant

The children (age <15 yrs) in the patient group and the controls had comparable scores on the 
parental sleep questionnaires (45.2 vs 46.3), but significantly lower scores on the sleep self-report 
(28.7 vs 36.8, p <0.05), indicating less sleeping problems.

Asymptomatic mutation carriers had significantly lower scores on the ESS and the FSS than the 
symptomatic mutation carriers (respectively 23 vs 39, p <0.05; 5 vs 13, p <0.05). The lower scores 
on the PSQI did not reach significance (6 vs 9). Scores of the asymptomatic mutation carriers were 
not significantly different to the scores of the control group. 
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A higher ESS score was positively associated with the severity of motor symptoms and depression 
(both p<0.05; see supplementary Table S3). A higher FSS score was positively associated with 
severity of motor symptoms and depression (both p<0.05) and negatively with age of onset of 
dystonia (p<0.05). The PSQI showed no association with the studied variables.

Multiple regression analysis resulted in a significant model to explain the variance in ESS score 
(Adjusted R2: 0.32, p<0.01; see supplementary Table S4). The ESS score was significantly associated 
with severity of depressive symptoms (b: 0.6, p<0.01) and also the variance in the PSQI score was 
explained with severity of depressive symptoms (Adjusted R2: 0.62, p<0.01; β: 0.8, p<0.01).

7.3.4 ‒ Health-related Quality of Life
Adult patients scored significantly lower on the mental health component (perceived health) 
of the RAND-36 (47 vs 54, p<0.05), but not on the physical health component (47 vs 50, see 
supplementary Table S5). No significant HrQoL differences were found in the pediatric group, nor 
between the asymptomatic mutation carriers and controls.

Both the univariate and multivariate analysis of the adult patient group showed that the mental 
health component score of the HrQoL was negatively associated with sleep problems (PSQI 
score) (β: -0.54, p<0.05; see supplementary Tables S6 and S7). Univariate analysis showed that 
the physical HrQoL was negatively associated with fatigue (<0.01), daytime sleepiness (<0.01), 
depression (p<0.05) and positively associated with the age at diagnosis (p<0.05). The multiple 
linear regression analysis showed that a high FSS score negatively influenced the physical 
component of HrQoL (β: -0.77, p<0.01), i.e. a lower HrQoL was associated with more fatigue.

7.4 ‒ Discussion

Our study showed a significant higher lifetime prevalence of psychiatric disorders and daytime 
sleepiness in adult, but not pediatric DRD patients. The reported HrQoL was low in the adult 
group despite good control of their motor symptoms and mainly associated with quality of sleep 
and fatigue.

Adult DRD patients had a significantly increased lifetime prevalence of generalised anxiety and 
agoraphobia compared to controls (both disorders 29% vs 4%). Other psychiatric disorders, 
such as depression, panic disorder and social phobia, were also more prevalent but differences 
did not reach statistical significance. The prevalence of depression we found in our cohort is 
consistent with previous studies11,14, but the prevalence of anxiety in our cohort is higher 
(57% vs 19‒25%).11,14,16 Similar to two previous studies13,14, but different from the study of van 
Hove et al. we found a relatively low prevalence of OCD (7%). This latter difference might be 
explained by using a different standardised interview (MINI-PLUS vs SCID). In line with the study 
of Brüggemann et al. we did not find differences in the quantitative scales assessing the current 
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severity of depression and anxiety.15 Based on our study we confirm that in DRD patients there 
is a higher lifetime prevalence of psychiatric co-morbidity, especially anxiety and agoraphobia.

Based on the pathophysiology of DRD, the higher prevalence of psychiatric co-morbidity in DRD 
patients is likely to be part of the phenotype instead of a secondary phenomenon of living with a 
motor disability.8 The possible lack of serotonin due to GTPc1 deficiency may be associated with 
psychiatric problems and treatment with agents that influence the serotonergic system seems 
effective in both anxiety and depression. In two patients of our cohort psychiatric symptoms had 
successfully been treated with serotonergic treatment, as was described in previous DRD patients 
with psychiatric complaints.11,13 The severity of motor symptoms in our patients did not predict 
the presence of a psychiatric disorder. Furthermore, the prevalence of psychiatric disorders in 
asymptomatic and symptomatic mutation carriers was similar. These findings further support that 
anxiety and agoraphobia are part of the DRD phenotype. 

Consistent with the study of van Hove, about half of the DRD patients in our cohort reported sleep 
disturbances,11 consisting of excessive daytime sleepiness, fatigue and reduced quality of sleep. In 
contrast to the comparable prevalence of psychiatric symptoms in symptomatic and asymptomatic 
mutation carriers, we didn’t find more sleep problems and fatigue in the asymptomatic mutation 
carriers. This suggests that sleep disturbances and fatigue might be secondary to the dystonic 
symptoms. From literature it is known that excessive daytime sleepiness has negative effects 
on several behavioural, psychologic and cognitive domains.22 Correspondingly, we found 
that excessive daytime sleepiness and fatigue were positively associated with depression and 
the severity of motor symptoms. On the other hand, serotonin is a precursor of melatonin, a 
hormone known to play an important role regulating sleep.10 The expected alterations in the 
serotonin metabolism in DRD patients suggest that sleep disorders can be part of the phenotype. 
The detected prevalence of sleep disturbances and fatigue in our DRD cohort is high. Whether 
this is part of the phenotype or secondary to the dystonia requires further studies.

Interestingly, children in the patient group did not have more psychiatric co-morbidity and sleep 
disturbances compared to controls. A study showed that psychiatric co-morbidity in DRD usually 
has an onset in adulthood, with a peak incidence between 41 and 50 years of age.11 Consequently, 
it is possible that these children will develop more psychiatric disorders in the future.

In adult DRD patients we found a lower HrQoL. Interestingly, not the motor symptoms, but the 
NMS, especially fatigue and quality of sleep, were associated with the decreased HrQoL. This is 
in line with a previous study.15 The scores of DRD patients on the HrQoL are comparable to the 
scores found in different forms of focal dystonia.4 This implicates that the NMS are, similar to 
focal dystonia, an important burden in daily life in DRD patients. It underscores the importance to 
recognise and address the NMS and initiate adequate treatment.
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A limitation of our study is the small number of patients. However, the achieved sample size is 
relatively large seen in the light of the very low incidence of DRD (estimated 1:million worldwide); 
it is one of the largest cohorts of patients with genetically proven GTPc1 deficiency. Due to the 
different questionnaires we had to use for children and adults the sample size was further 
reduced for some analyses. Although we did not always have enough power to reach significance, 
all findings did point in the same direction.

Concluding, NMS were highly prevalent in our cohort of DRD patients despite good control of the 
dystonic motor symptoms. Our findings support the accumulating evidence of an important non-
motor phenotype in DRD. Adequate treatment of NMS will significantly contribute to a better 
HrQoL and serotonin might be the missing link. This highlights the need for systematic research 
into NMS symptoms and the underlying neurobiology in patients with neurometabolic disorders.
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Supplementary Table S1 ‒ The used questionnaires concerning psychiatry, sleep and quality of life

Adults Children

Psychiatry

Depression Beck Depression Inventory (BDI) Children’s Depression Inventory (CDI) (age 8‒17 yrs)

Anxiety Beck Anxiety Inventory (BAI) Screen for Child Anxiety Related Emotional Disorders 
(SCARED-NL) (age 7‒19 yrs)

Obsessive compulsive 
disorder

Yale Brown Obsessive Compulsive 
Scale (Y-BOCS)

Children’s Yale Brown Obsessive Compulsive Scale 
(CY-BOCS) (age 7‒18 yrs)

Sleep

Quality of sleep Pittsburgh Sleep Quality Index 
(PSQI) (criteria: score ≥5)

Child Sleep Habits Questionnaire (CSHQ)  
(age 6‒14 yrs, to be answered by parents);  
Sleep Self Report (SSR) (age 7‒14 yrs)

Fatigue Fatigue Severity Scale (FSS) 
(criteria: score ≥36)

Child Sleep Habits Questionnaire (CSHQ)  
(age 6‒14 yrs, to be answered by parents);  
Sleep Self Report (SSR) (age 7‒14 yrs)

Excessive daytime 
sleepiness

Epworth Sleepiness Scale (ESS) 
(criteria: score ≥8)

Child Sleep Habits Questionnaire (CSHQ)  
(age 6‒14 yrs, to be answered by parents);  
Sleep Self Report (SSR) (age 7‒14 yrs)

Quality of life

RAND-36 item Health Survey 
(RAND-36)

Pediatric Quality of Life Inventory (PedsQL)  
(age 6‒18 yrs, dependent on age to be answered by 
parents and/or child)

Supplementary Table S2 ‒ Logistic regression results: presence of a lifetime psychiatric disorder and motor 
symptoms

Predictors Odds ratio 95% CI for Odds ratio p-value

BFMS 0.92 0.78‒1.09 0.35

Age onset 1.03 0.88‒1.21 0.69

Age diagnosis 0.99 0.95‒1.04 0.74

Duration dystonia 0.99 0.95‒1.04 0.71

Time till diagnosis 1.02 0.95‒1.09 0.57
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Supplementary Table S3 ‒ Correlations between sleep and fatigue scores and psychiatric comorbidity and 
motor symptoms

ESS FSS PSQI

Age -0.25 -0.09 0.30

Age onset -0.36 -0.58* -0.24

Duration dystonia 0.04 0.23 0.33

BFMS 0.49* 0.47* 0.29

BDI/CDI z-score 0.59* 0.72* 0.03

BAI/SCARED z-score 0.13 0.30 0.14

Y-BOCS 0.41 0.40 0.11

Data are shown as Pearson’s correlation coefficient. * p-value <0.05.

Supplementary Table S4 ‒ Clinical characteristics associated with excessive daytime sleepiness, fatigue and 
impaired sleep quality

Predictors Adjusted R² B β p-value

ESS

Model 1
BFMS

BDI/CDI z-score

0.35
0.31
2.50

0.30
0.44

<0.01
0.18
0.05

Model 2
BDI/CDI z-score

0.33
3.43 0.59

<0.01
<0.01

FSS

Model 1
BFMS

BDI/CDI z-score
Age onset

0.73
-0.76
11.53
-0.81

-0.28
0.87
-0.35

<0.01
0.16

<0.01
0.05

Model 2 
BDI/CDI z-score

Age onset 

0.70
9.52
-0.74

0.72
-0.32

<0.01
<0.01
0.08

Model 3
BDI/CDI z-score

0.62
10.66 0.81

<0.01
<0.01

Assessed with multiple linear regression analysis after backward elimination
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Supplementary Table S5 ‒ Quality of life 

Patients Healthy controls p-value

Adults n=18 n=18

RAND-36

PC 47.3 (9.1) 50.0 (10.0) 0.40

MC 47.0 (12.0) 53.6 (5.4) 0.05

Children n=10 n=8

C-PedsQL

Total 84.9 (11.6) 80.0 (13.3) 0.43

PC 84.0 (13.2) 88.0 (11.8) 0.53

MC 86.5 (12.4) 75.7 (15.6) 0.13

P-PedsQL

Total 80.6 (15.3) 83.0 (16.1) 0.75

PC 87.2 (14.2) 85.1 (18.4) 0.79

MC 79.4 (12.4) 79.6 (18.1) 0.97

Values are presented as mean (SD). Student-t test and Mann Whitney U tests were performed to compute p-values. C-PedsQL= 
child version of the Peds-QL. PC: physical component, MC: mental component, P-PedsQL: parental version of the Peds-QL

Supplementary Table S6 ‒ Correlations between domains of QoL and clinical variables

PC MC

Age 0.18 -0.07

Fatigue (FSS) -0.78* -0.29

Sleepiness (ESS) -0.65* -0.34

Quality of sleep (PSQI) -0.22 -0.54*

Depression (BDI) -0.57* -0.18

Anxiety (BAI) -0.09 -0.32

Dystonia duration -0.08 -0.14

Time till diagnosis 0.42 -0.02

Age at onset 0.48 0.41

Age at diagnosis 0.60* 0.18

BFMS -0.27 0.18

Data are presented as Pearson’s correlation coefficients. *p-value<0.05. PC: physical component, MC: mental component.
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Supplementary Table S7 ‒ Clinical characteristics associated with two components of quality of life 

Predictors Adjusted R² B β p-value

Physical component

Model 1
ESS
FSS
BDI

Age diagnosis

0.53
-0.59
-0.24
0.10
0.05

-0.37
-0.51
0.06
0.08

0.02
0.23
0.13
0.83
0.74

Model 2
ESS
FSS

Age diagnosis 

0.57
-0.57
-0.23
0.04

-0.36
-0.48
0.06

<0.01
0.21
0.10
0.77

Model 3
ESS
FSS

0.60
-0.61
-0.24

-0.38
-0.49

<0.01
0.16
0.07

Model 4
FSS

0.59
-0.37 -0.77

<0.01
<0.01

Mental component

PSQI 0.24 -1.43 -0.54 0.02

Assessed with multiple linear regression analysis with backward elimination. 
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Chapter 8

This thesis presents a comprehensive assessment of movement disorders (MDs) in inborn errors 
of metabolism (IEM). The research questions central to this thesis are �What is the prevalence 
and characterisation of MDs in several different IEM?�, ‘How is daily functioning and health-
related quality of life (HrQoL) affected in these patients?�, and �Which non-motor and behavioural 
symptoms play a role?�

In this last chapter we formulate answers on these questions by summarizing the main overall 
results of our studies. An integration of the findings is provided by addressing the recurrent 
themes discussed throughout this thesis. Further, based on these findings, suggestions for 
directions of further research are provided. We will conclude with remarks on the clinical and 
general implications of our work.

8.1 ‒ Summary and integration of findings

In this paragraph, we firstly summarise our findings concerning the prevalence, severity and 
characterisation of MDs in the studied IEM. Subsequently, the importance of recognition and 
correct classification of MDs is stressed. This is further illustrated by an evaluation of daily or 
adaptive functioning and HrQoL in the patients. Finally, the results on the occurrence of non-
motor behavioural symptoms are summarised. 

8.1.1 ‒ Prevalence and characterisation of MDs
We have shown that a broad range of inherited metabolic disorders can present with MDs. 
Dystonia is the most frequently associated dominant MD, although a mixed and complex clinical 
picture is seen in many IEM patients (chapter 1).

In chapter 3, a heterogeneous cohort of 24 children with a confirmed IEM and complaints of a 
MD was studied. Based on videotape evaluation by an expert panel of MD specialists, all children 
indeed were confirmed to have a MD. A broad range of MD types was seen, most frequently 
dystonia, myoclonus and ataxia. The need for more awareness for MDs was demonstrated by the 
fact that only one fifth of the patients were symptomatically treated for their MD, even though 
one third of all patients had a moderate to severe MD.

Based on the results of this pilot study (chapter 3) and based on a review of the literature 
(chapter 1), we deemed more detailed research into the occurrence and phenomenology of MDs 
in IEM necessary. The following step was to focus on specific IEM groups, and to determine the 
prevalence of MDs. In the next section of this thesis we therefore focused on the occurrence of 
MDs in specific IEM groups: classical galactosemia (CG), organic acidurias (OAs), and Niemann-
Pick type C (NP-C) (chapters 4, 5 and 6 respectively). In these prospective cohort studies it was 
demonstrated that MDs are frequent complications in all studied disorders. Based on videotape 



Summary and general discussion 

8

151

evaluation of a standardised neurological examination by a MD expert panel, MDs were present 
in 48.6% of the studied CG patients, 64.9% of the OA patients, and in all 8 studied NP-C patients. 

As expected, we found a high frequency of a mixed MD phenotype. More than one co-occurring 
MD type was seen in 12/37 CG patients (66.7% of patients with MDs), in 7/37 OA patients (25% 
of patients with MDs), and even in 7/8 NP-C patients (87.5%).

Noticeably, the characterisation of the MD phenotype differed between the various IEM groups. 
We found dystonia to be the most prevalent MD type in CG: in all but one of the patients with 
MDs dystonia was the dominant MD type. The second most common MD type in CG was tremor. 
Both dystonia and tremor were classified as more severe (CGI≥4) in several patients. Further, we 
found a remarkable difference between children and adults in this group: dystonia with associated 
myoclonus dominated the phenotype in children, while in adults no myoclonus was detected. The 
presence of myoclonus in CG has not been reported before; with our study we contributed to the 
understanding of the motor phenotype in CG, and this knowledge might be highly relevant for 
treatment choices.

In the OA group, dystonia was also the predominant MD. This was especially true for the GA1 
subgroup, affected patients showed more often a severe, generalised form of dystonia. In PA, 
chorea was relatively common next to dystonia, while in the MMA subgroup myoclonus clearly 
was most frequent. This high frequency of myoclonus had not been reported before. Further, we 
report a substantial subset of patients with a relatively mild and mixed MD type in the OA group, 
contrary to the dominant classical descriptions of severe generalised dystonia. 

In NP-C, ataxia was most common, seen in all but one patient. Still, in these patients dystonia and 
myoclonus were also frequently seen. The incidence of myoclonus in our cohort was considerably 
higher (63%) than in previous publications, and it was the presenting symptom in 38% of the 
patients. Using neurophysiological testing, we demonstrated a cortical origin of myoclonus. The 
discrepancy between the initial presenting MD type and the current MD types suggests a motor 
phenotype that is evolving over time in this group.

Overall, we observed the whole spectrum of MD severity along the different patient groups; 
from very mild to most severe and disabling. The relatively high prevalence of MDs cannot be 
explained by just the inclusion of mild or subtle MDs. When we focus only on the more severe 
MDs (CGI≥4/7), we found that these were also present in a substantial proportion of patients in 
all studied disorders. In CG, 6 out of 37 patients had a more severe MD (33% of the patients with 
MDs). In the OA group, 9 out of 37 patients had a more severe MD (37.5% of the patients with 
MDs), and in the GA1 subgroup the proportion of more severe MDs was even 53.8%. The highest 
proportion of patients with a more severe MD was observed in the NP-C group, present in 6 out 
of the 8 patients (75%). 
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In chapter 7 we focused on another type of IEM: dopa-responsive dystonia (DRD). In this 
neurotransmitter disorder, MDs are the hallmark of the disease. A very specific MD phenotype 
is known in these patients, consisting of young-onset dystonia with diurnal fluctuations. In our 
cohort, 23/28 (82.1%) of the studied mutation carriers had experienced young-onset dystonia in 
varying severity grades, the remaining 5 patients had been (neurologically) asymptomatic due 
to incomplete penetrance. Luckily the dystonia can be treated well with levodopa and during 
treatment, the dystonia severity scores of the previously symptomatic patients were found to 
be very low (average of 6.4 on a scale of 120). In our cohort, 73% of the patients still reported to 
occasionally experience some residual, very mild dystonic symptoms.

Concluding, in all different IEM patient groups we found a relatively high prevalence of MDs, 
with substantial proportions of patients with severe MDs. Often the observed percentages of 
MD prevalence were slightly higher than described in earlier literature. Based on our systematic 
and detailed evaluation, we could also report a more variable MD picture in several patient 
groups with more MD subtypes or a different distribution of MD subtypes than reported in the 
literature. We hypothesise that this relatively higher prevalence of MDs has, at least partly, to do 
with awareness. “What we see depends mainly on what we look for”.1 

Moreover, parallel to the high prevalence of MDs determined with the video-based evaluation by 
the expert team, patients were asked to report self-perceived motor symptoms. We repeatedly 
found comparable or even higher numbers of patients that reported to suffer from motor 
symptoms themselves. Percentages of patients reporting motor symptoms ranged from 51% in 
the CG group to 73% in the OA group, up to even 90% in the PA subgroup. This shows that MDs 
are not only seen by our focused and trained expert team, but that motor symptoms are also very 
regularly experienced by patients. It also stresses the importance to ask patients about these 
symptoms in order not to miss it.

8.1.2 ‒ Recognition and correct phenotyping of MDs
Although we certainly acknowledge that IEM can give rise to a much wider range of complications 
than just MDs, we do think the aforementioned results demonstrate that in these patients MDs 
deserve more attention from physicians. In chapters 3, 4 and 5 this was also illustrated by the 
remarkably small proportion of patients with MDs that receive specific symptomatic therapy 
for their MD. In our CG study, only one patient received pharmacological treatment, while 18 
patients were found to have MDs of whom 6 had moderate-severe symptoms (CGI≥4/7). In the OA 
population, only 6/24 patients with MDs were treated for their MD, even though 9 had moderate 
to severe symptoms (CGI≥4/7). This indicates that in a substantial part of the patients their MDs 
are insufficiently treated, especially when we keep in mind the high percentages of patients that 
reported self-perceived motor symptoms. Possibly this under-treatment comes from inadequate 
recognition of MDs in patients with IEM. 
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There are two reasons why recognition and correct phenotyping of MDs are highly 
important: 1) it can aid diagnosing an (unknown) underlying IEM; and 2) it enables choosing the 
appropriate symptomatic treatment for the MD. 

1. Careful phenotyping of the MD can be a first step towards diagnosing the underlying metabolic 
condition, of course further supported by imaging, biochemical diagnostics and the availability 
of modern diagnostic techniques such as next generation sequencing (NGS). Notwithstanding 
the advances in NGS techniques, clinical phenotyping remains of great importance. Clinical 
phenotyping remains needed firstly to establish in which patients it should be used, and 
secondly to be able to correctly interpret the results of genetic testing and to be able to 
explore phenotypic variations. Further, despite increasing availability and technological 
advances, some acute manifestations of treatable IEM are nowadays still earlier diagnosed 
through biochemical testing than with NGS, which requires a targeted approach based on 
the clinical symptoms. In chapter 2 we have presented a diagnostic algorithm for childhood 
dystonia containing the above described principles. In this chapter we advocate prioritizing 
the treatable IEM in the diagnostic process. This algorithm is applicable for patients with IEM; 
we are confident that the diagnostic approach will not be essentially different in dystonia due 
to IEM than in dystonia with other aetiologies.

2. Careful phenotyping of the MDs is the basis for rational treatment. In the symptomatic 
treatment of MDs, several therapeutic options are available. In chapter 1 we summarised the 
most common symptomatic treatment options. The choice and success of this symptomatic 
treatment depends on the (dominant) MD type and its distribution. 

By presenting a careful and structured description of the occurrence and phenomenology of MDs 
in the various groups of IEM, our research helps to better recognise these neurological symptoms 
and thereby aids in both diagnostics and treatment. 

8.1.3 ‒ Daily or adaptive functioning and HrQoL
Awareness and subsequent optimal treatment of MDs in IEM is vital because these symptoms can 
have a substantial impact on daily functioning and health-related quality of life (HrQoL). Indeed, 
a majority of participants in our studies had a lowered level of functioning. In this paragraph 
we summarise the findings concerning daily functioning and HrQoL in the different groups of 
disorders.

In the heterogeneous cohort of children with IEM in chapter 3 the mean level of adaptive 
functioning was only 52%, suggesting a developmental age about half of their chronological 
age. This indicates that the children did not master age-appropriate motor skills, but only the 
skills in accordance with a much younger age; for example they were not able to dress or brush 
their teeth. MDs had a contributing impact on both adaptive functioning and HrQoL. A delay in 
adaptive functioning, mostly activities of daily living, and a more severe MD both appeared to 
contribute to the lowered HrQoL that was reported.
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When assessing adaptive and daily functioning in the CG and OA groups in chapters 4 and 5, 
delays were observed in all groups. In children, we found mean scores of adaptive functioning 
between 54% and 69% of the age-appropriate scores, with lowest scores in the children with PA. 
On average, daily living skills were most affected. In adults with CG and OA, the average daily 
functioning scores were not largely deviant, although a small proportion did have considerable 
impairment. Still, 48% to 67% of the adult patients reported some form of disability and in both 
groups around 30% had to use an aid or device for daily living skills. We observed a trend that 
CG patients with MDs had lower levels of adaptive/daily functioning than those without MD, 
and impaired adaptive functioning in the communication domain was significantly associated 
with MD presence. We found no association between MD presence and functioning levels in the 
OAs. In the OA group overall psychomotor retardation was more common, which makes a direct 
relation with MDs and adaptive functioning harder to prove.

The daily functioning scores in NP-C (chapter 6) were most deviant of all studied groups. The 
HrQoL scores in NP-C were also the lowest of all studied groups, with an average general health 
perception score of only 35 on a scale of 0–100. The physical domain score of HrQoL correlated 
with MD severity. Further, a more severe MD was significantly associated with more functional 
impairment. Somatic and physiological autonomy were more often compromised in NP-C patients 
with more severe MDs.

In chapter 7 there was no significant physical disability in the treated DRD patients. Still, HrQoL 
was lowered, especially the mental health component. HrQoL was correlated with decreased 
sleep quality, fatigue and daytime sleepiness and depression, and not with the (very mild and 
treated) motor symptoms. 

Concluding, our studies revealed impairments in daily functioning and/or HrQoL in all patient 
groups. In some groups we found an association with the presence or severity of MDs, while in 
others we could not demonstrate such an association. Since IEM are severe multisystem disorders, 
it can be hard to differentiate the impact of specific symptoms such as MDs. The overall level of 
functioning and the HrQoL can rarely be explained by just one or two symptoms; often many 
different influencing factors play a role. This complexity makes it harder to (statistically) prove 
that the MDs are one of the causes of functional impairment and a lowered HrQoL. Nonetheless, 
the above described results point out that MDs indeed are symptoms that can have a substantial 
impact on the daily life of patients with IEM. 

8.1.4 ‒ Non-motor (behavioural) symptoms
In this thesis we did not solely focus on MDs on their own, but explicitly adapted a broader 
perspective by involving the frequently occurring non-motor features such as behavioural 
symptoms and sleep problems. Especially chapters 6 and 7 about respectively NP-C and DRD 
offered the opportunity to focus more on the non-motor symptoms. 
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NP-C in adulthood gives rise to a complex phenotype including neuropsychiatric symptoms. In 
our study a detailed neuropsychological examination was performed in five participants. The 
results of this study showed cognitive deficits in all domains; working and verbal memory and 
attention were most affected. When assessing social cognition, specific deficits in emotion 
recognition were found. Further, three patients had suffered from psychosis, a known psychiatric 
manifestation of the disease. So, our study confirmed an important behavioural phenotype, with 
specific neuropsychological deficits in this patient group.

In DRD, the core phenotype is a motor phenotype, but since this motor phenotype can be 
treated relatively well, we were able to focus more on the non-motor symptoms. Psychiatric 
symptoms were evaluated with an extensive structured interview (MINI-PLUS in 28 DRD patients; 
23 symptomatic patients and 5 asymptomatic mutation carriers. We found a significantly higher 
lifetime prevalence of psychiatric disorders in adults compared to healthy controls (61% vs 29%). 
Especially anxiety disorders such as generalised anxiety and agoraphobia were very frequent. 
Further, about half of the DRD patients in our cohort reported sleep disturbances, consisting 
of excessive daytime sleepiness, fatigue and reduced quality of sleep. The severity of motor 
symptoms in the DRD patients did not predict the presence of a psychiatric disorder, and in the 
mutation carriers without motor symptoms we found psychiatric symptoms as well. Furthermore, 
the prevalence of psychiatric disorders in asymptomatic and symptomatic mutation carriers was 
similar. These findings support that anxiety and agoraphobia are an inherent part of the DRD 
phenotype rather than secondary to physical disability.

Not only in NP-C and DRD, but in also in CG and the OAs a strikingly high proportion of patients 
had behavioural and psychiatric problems. About half of the patients in both CG and the 
OAs (chapters 4 and 5) reported psychological or behavioural problems as indicated by the 
Aachenbach questionnaires (47% and 50% respectively). In both disorders these consisted mostly 
of internalizing problems in children and adults. We could demonstrate a significant statistical 
association between MDs and internalizing behavioural symptoms in CG. This association was not 
demonstrated in OA.

Altogether, behavioural or (neuro)psychiatric symptoms are seen frequently in all studied IEM. In 
some groups an association between these non-motor symptoms and MDs was found. Overall, 
MDs and psychiatric or behavioural symptoms were often co-occurring, which suggests the 
possibility of a common pathophysiological pathway affecting both motor and non-motor circuits.
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8.2 ‒ Suggestions for further research

8.2.1 ‒ Improving the recognition of MDs in IEM
In this thesis we plead for more awareness for MDs in patients with IEM. Clinicians should ask 
their patients with IEM whether they experience motor symptoms/involuntary movements. To 
facilitate easier recognition of MDs, the development of a standardised clinical screening tool 
would be helpful. This should result in an easy to use, little time-consuming instrument to support 
non-MD-specialist clinicians in their decision-making which patients to refer to an expert or 
expert team. Future studies will have to determine whether such an instrument, for example 
consisting of a small set of specific neurological tests combined with a few questions, is capable 
of successfully selecting patients suffering from MDs.

To promote further knowledge on the occurrence of MDs, data about MDs should be incorporated 
in the large international databases that already exist for several IEM. The results or scores of a 
clinical screening tool as described above could be used in these databases, which will promote 
uniform and standardised assessments in all patients in different countries. This would facilitate 
research in larger groups of IEM patients.

Further, in search of methods that enable easier classification of MD types, we foresee an 
increasing role of artificial intelligence or biomechanics. Examples include the use of biometric 
sensors to quantify MD symptoms, but also computer algorithms and deep learning techniques 
to diagnose and differentiate various MD types based on (large sets) of video data. Research into 
the use of these strategies in patients with MDs is awaited with great interest. Earlier recognition, 
better follow up with reproducible qualification and quantification of MDs (both the natural 
course and monitoring of treatment effects) could all be attained by the use of smart electronic 
devices and computers. 

8.2.2 ‒ Adult patients and milder subtypes
With advancing insight in the treatment and prevention of acute and life-threatening symptoms 
in children with IEM, patients tend to get older. This results in a shift of focus towards the 
management of long-term complications. MDs can be an acute complication of IEM, but also a 
long-term gradually emerging complication. Little is yet known about the course of MDs over time, 
and how these symptoms evolve with aging. Our studies showed indications for the evolvement of 
MDs over time. These include different patterns between children and adult patients, differences 
between the reported first presenting symptom and later found symptoms, and descriptions 
of individual patients about the course of their symptoms. To confirm this change of motor 
phenotype over time, longitudinal follow-up studies would be necessary. It is important to know 
the natural course of MDs, for example in the light of long-term evaluation of treatment effects. 

Further, studies aiming to describe the phenotype in older patients are needed. The current existing 
literature on IEM mainly deals with the ‘classical’ childhood onset cases and acute presentations. 
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However, facilitated by the expanding possibilities in genetic testing, many IEM have proven to 
have a milder late-onset form. These forms can present with a different expression of neurological 
symptoms and possibly a different MD phenotype. Further characterisation of these adult and 
atypical phenotypes will require specific attention in future studies on MDs in IEM to prevent that 
potentially treatable disorders are not recognised. Adult patients with unexplained neurological 
symptoms/MDs should be screened for the presence of an IEM. When a patient with a late or 
atypical phenotype is diagnosed, it is important to carefully record all symptoms. To get a better 
understanding of the whole phenotypic spectrum of MDs in IEM, database studies can be helpful. 
For this type of studies to be successful and truly contributing, detailed and standardised clinical 
assessments in larger groups is a prerequisite. 

8.2.3 ‒ Recognition of disease-specific behavioural/cognitive patterns
In our studies we found specific behavioural or cognitive deficits in the different patient groups. 
For example, emotion recognition was compromised in several NP-C patients and psychosis is 
common in this group. DRD patients suffer from anxiety disorders and sleep problems significantly 
more often, and we found a high prevalence of internalizing behaviour problems in CG and OA.

More studies are needed to confirm that these deficits are indeed typical for the disorders, and 
to assess when these symptoms occur in the course of the disease. This might help identifying 
patients at risk and facilitates timely interventions. Knowledge of specific cognitive deficits 
can for example help discriminate NP-C patients from patients with other neuropsychiatric 
disorders. Larger cohort studies using standardised detailed neuropsychological testing can help 
gaining more insight in the typical behavioural patterns, which can subsequently help to tailor 
psychological care for IEM patients and their families.

8.2.4 ‒ Pathophysiology of MDs and associations with other symptoms/signs
Although not the main focus of this thesis, the pathology of MDs in the different IEM is an 
interesting subject. More insight in pathophysiological mechanisms can result in new starting 
points for the development of novel rational treatments. Comparison of the prevailing MD 
types between the various IEM can help to generate hypotheses about the pathophysiological 
mechanisms involved. To gain more insight in factors determining the individual susceptibility for 
MDs, it would be interesting to evaluate a broad subset of possible contributing factors, which 
should not only include clinical but also genetic, biochemical, electrophysiological and imaging 
characteristics. The comparison of imaging (MRI) data with detailed clinical MD assessment 
can provide valuable information. Still, in chapter 3 we already saw that not all patients with 
MDs have classical visible basal ganglia damage. This suggests that we have to obtain not only 
anatomical data but also functional data on connectivity and metabolism, and gather information 
about other areas of the brain as well, such as the cerebellum and cortex.

Further, studies into the role of neurotransmitters might be very interesting. Disturbances in 
neurotransmitter metabolism are an obvious pathophysiological pathway in the DRDs; it would 
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be interesting to study the role of neurotransmitters, and specifically serotonin, in the suggested 
common pathway of not only the motor but also the non-motor features. Also in non-classical 
neurotransmitter disorders a pathophysiological role for neurotransmitters has been suggested. 
For example, a dopaminergic deficit was suggested in the pathophysiology of tremor in classical 
galactosemia.2,3 One of the modalities that could be used to study neurotransmitter disturbances 
in groups of IEM is PET-imaging. 

8.2.5 ‒ Research on (rational) treatment options for MDs in IEM
Although several symptomatic treatment options for MDs are available, these are often not 
specifically established for patients with IEM. As with most rare disorders, existing treatment 
recommendations in this group are based on experience and expert opinion, rather than on 
well-designed clinical trials. This is especially true for pharmacotherapy, certainly for its use 
in children. In the case of IEM this is of additional concern because of specific vulnerability of 
the already compromised brain by the metabolic disorder. Moreover, some IEM are associated 
with a high risk for specific side effects. This indicates the need for evidence-based treatment 
guidelines for MDs in IEM. To fulfil this need, well-designed clinical trials are required, despite the 
challenges caused by small numbers of patients. Multicentre designs, or preferably international 
cooperation will be needed in these trials. Further, gathering and structuring expertise and 
experiences is also necessary, and for example repeated n=1 studies can be useful too. Eventually, 
(inter)national collaboration in networks is essential to provide evidence-based guidelines. The 
ongoing establishment of international databases could facilitate this.

8.2.6 ‒ Patient-centred outcome measures
When doing research on specific symptoms and their treatment in complex disorders like IEM, 
assessment of the impact for the individual patient is highly important. To eventually improve 
the HrQoL, which probably should be the ultimate goal of medicine (rather than ‘just’ relieving 
symptoms), one has to give consideration to what is important for every individual patient; a 
patient is more than his disease. HrQoL consists of different dimensions and the relative weight 
someone assigns to each dimension can vary between persons and even between situations. 
These differences in personal goals and differences in valuation of performance levels make it 
challenging to use these outcomes in research. So, HrQoL is an important, but complex concept 
to incorporate in research. The way of measuring HrQoL deserves attention. Currently, the 
prevailing method is with questionnaires. However, given the multidimensionality of HrQoL, 
do these measure what we think we measure? It is a known phenomenon that when someone 
suffers from a severe physical disability, there can be confusion about the level of functioning 
and the valuation of life, which are not the same. Because of the limitations of research based 
on questionnaires, addition of qualitative research could be of added value to get a deeper 
insight into HrQoL and other patient-centred outcomes. For example, the use of focus groups and 
themed interviews can give extra information where quantitative research may fall short. Given 
the rare nature, the complexity and variability of phenotypes, IEM are pre-eminently a patient 
group in which qualitative research could be highly valuable. 
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8.3 ‒ Clinical implications

8.3.1 ‒ Structural assessments of MDs and non-motor symptoms in guidelines 
for IEM
We have demonstrated that both motor and non-motor symptoms are frequent complications in 
many different IEM. We plead for more awareness for these symptoms and believe that patients 
at least should be asked about perceived motor symptoms. Further, structural neurological 
investigation combined with neuropsychological assessments should be included in guidelines for 
the follow up of patients with IEM known to be associated with MDs. Only with these standardised 
assessments, specific deficits and non-motor symptoms will be identified timely. 

8.3.2 ‒ Multidisciplinary approach
Because our studies show a complex and intertwined phenotype of both motor and non-motor 
symptoms in patients with IEM, we believe a collaborative and multidisciplinary approach 
is paramount in the management of these symptoms. Ideally, the individual doctors who are 
responsible for the standard care of patients with IEM (either pediatricians or adult metabolic 
doctors) are alert to the occurrence of MDs and capable of recognizing these problems. 
Subsequently, when these symptoms seem to interfere with activities and treatment may be 
desirable, an easily approachable expert team can be consulted for the precise classification and 
the discussion of treatment options. In a cohort of young-onset MDs, we recently demonstrated 
that a multidisciplinary approach is indeed beneficial for patients.4 We think this will be no 
different for the IEM population with MDs and are convinced that dedicated and experienced 
multidisciplinary teams are crucial in the care of patients with IEM and MDs.

Further, based on the earlier described advances in the treatment of IEM and the expansion 
of phenotypes, we foresee an increasingly important role for adult metabolic doctors and 
neurologists. They will be important in the recognition and treatment of MDs in patients with 
classical childhood onset IEM that now become adults and for recognition of mild late onset 
cases. So, for adult neurologists and internal medicine doctors as well, more awareness and 
training in the care for patients with IEM and MDs will be needed. 

8.3.3 ‒ Patient-centred approach
The prior reflection on the importance of a patient-centred outcomes in research, of course 
also applies to clinical practice. Especially when decisions have to be made on starting a specific 
treatment, or in the evaluation of these treatments, adequate patient-reported outcome measures 
will be needed to robustly monitor symptoms and therapy effects. Especially in rare disorders, 
when there often is uncertainty regarding the (natural) course or the expected treatment effects, 
tailored medicine is paramount. 

In this respect, a combination of quantitative/objective measurements of MD type and severity, as 
well as a qualitative assessment of the patient’s experience is preferred. Therefore, attention for 
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daily functioning, personal goals and quality of life is essential. To maximise patient satisfaction 
and improve outcomes, a doctor should wonder: “What is most important for this patient sitting 
in front of me?”. Determining individual goals and the use of goal attainment scaling is already 
customary in rehabilitation medicine, and can also be helpful in the care for IEM patients with 
MDs. Again, to help patients formulate and achieve realistic personal goals and weight the 
different options for intervention, a multidisciplinary team will be of added value. 

8.4 ‒ Concluding personal notes and general considerations

To conclude, in this thesis we have demonstrated that both motor and non-motor symptoms are 
frequent complications in many different IEM. These symptoms can have considerable impact 
on daily functioning and quality of life. For many MDs, a symptomatic treatment is available but 
currently only a small percentage of patients receive treatment. In the following last paragraphs 
of this thesis I will provide some personal and overarching principles and considerations. 

8.4.1 ‒ Listen and ask questions
Throughout this thesis I have advocated to carefully observe the visible signs of a movement 
disorder. An additional lesson that can be drawn from my academic work is that it is crucial to 
not only look, but also actively listen to the story of your patient. This is especially true in the 
case of chronic or complex disorders. I learned that sometimes it is necessary to specifically ask 
more detailed questions about symptoms or experiences (such as motor symptoms) and what 
these mean for someone. This requires sufficient time with your patient. Not all patients will 
mention motor or non-motor symptoms themselves, even if these symptoms interfere with daily 
life. Patients (or parents of patients) with a chronical, multi-organ condition might get used to 
impairment, and appear to have accepted some complaints as ‘just being part of it’. However, 
sometimes we can actually do something to alleviate these burdensome symptoms. And even 
when we can’t relieve symptoms, acknowledgement or just being heard can make a difference. 
Next to that, from an academic point of view, it is important to know which symptoms are 
common in a specific patient group and whether these are part of the phenotype. Particularly in 
current times of expanding use of next-generation genetic testing, precise phenotyping is of utter 
importance to be able to correctly interpret the results of genetic tests. 

8.4.2 ‒ The importance of context
In my opinion it will prove added value in the care and long term support of our patients to 
explicitly assess the impact of their disease on multiple domains of daily life. A home visit, as I 
have performed with a large number of participants in this study, does provide valuable extra 
information. Being at the patient’s home will help you to see the bigger picture and impact of 
the disorders and might leave you a different impression of someone’s struggles and level of 
functioning than you’ll get from an outpatient/medical practice visit. Based on this experience, I 
think next to a multidisciplinary team in the hospital, a general practitioner (GP) could be involved 
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in the care for these patients. He or she is eminently the doctor who knows the context of the 
patient and the family, is used to provide care for both somatic and psychological symptoms, and 
can give continuous care. Of course, the role of the GP should be additional to the specialist in the 
hospital and has to be based on good collaboration between primary care and specialised medics 
and paramedics. This will require tailored arrangements that should be adjusted to the specific 
situation. This approach fits the emerging concept of network medicine. 

8.4.3 ‒ The key principles
To conclude, in my opinion optimal support and care for our patients with MDs and IEM, both in 
research and in clinical work, can be summarised in pursuing the following four principles:
1. Thorough knowledge about the occurring motor and non-motor complications 
2. Careful observation of movements
3. Sufficient time to listen to your patient
4. Genuine interest in the person behind the disease and his personal goals

I hope my research will inspire and aid clinicians and researchers involved in patients with IEM to 
implement these principles in their daily routine and in clinical guidelines. 
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Stofwisselingziekten, of metabole ziekten, vormen een grote heterogene groep erfelijke 
aandoeningen waarbij de omzetting van bepaalde stoffen in het lichaam niet goed verloopt. 
Hierdoor kunnen schadelijke tussenproducten ontstaan, evenals tekorten van eindstoffen. Er 
bestaan honderden soorten stofwisselingsziekten, waarbij afhankelijk van het precieze defect 
veel verschillende klachten kunnen voorkomen. Eén van de meest aangedane organen in het 
lichaam is het brein. 

Een mogelijk gevolg van schade aan de hersenen is het ontstaan van bewegingsstoornissen. 
Bewegingsstoornissen bestaan uit onwillekeurige overmatige bewegingen (hyperkinetische 
bewegingsstoornissen), een tekort aan spontane bewegingen (hypokinetische bewegings-
stoornissen of parkinsonisme) en ongecoördineerde bewegingen (ataxie). De hyperkinetische 
bewegingsstoornissen kunnen verder worden onderverdeeld in dystonie, myoclonus, tremor, 
chorea, ballisme en tics. 

Het herkennen en correct classificeren van bewegingsstoornissen is van belang voor het zoeken 
naar de onderliggende oorzaak indien die nog onbekend is en voor het kunnen inzetten van de 
juiste behandeling. Elk type bewegingsstoornis vraagt namelijk een eigen behandelstrategie. 
Tot slot is het belangrijk voor patiënten dat deze klachten en het feit dat ze hiervan hinder 
kunnen ondervinden in het dagelijks leven worden onderkend. Correcte classificatie van 
bewegingsstoornissen bij patiënten met stofwisselingsziekten kan een uitdaging zijn omdat 
veel patiënten een gemengd beeld hebben bestaande uit meerdere bewegingsstoornissen 
tegelijkertijd. Daarnaast hebben zij vaak verschillende andere neurologische en niet-neurologische 
klachten die het beeld kunnen vertroebelen. 

Het is voor veel stofwisselingziekten niet precies duidelijk welke typen bewegingsstoornissen 
voorkomen, hoe ernstig deze zijn, en hoe vaak deze voorkomen. Dit terwijl het wel symptomen 
zijn waarvoor meer aandacht gerechtvaardigd is. Stofwisselingsziekten kunnen beter worden 
behandeld en de overleving is de afgelopen jaren verbeterd, wat maakt dat langere termijn 
gevolgen zoals bewegingsstoornissen belangrijker zijn. Bewegingsstoornissen lijken bovendien 
een flinke impact te hebben op het dagelijks functioneren en de kwaliteit van leven, al is dit niet 
goed gekwantificeerd. 

In dit proefschrift wordt de aanwezigheid en karakterisering van bewegingsstoornissen bij 
stofwisselingsziekten bestudeerd bij zowel kinderen als volwassenen, met daarbij aandacht 
voor dagelijks functioneren, kwaliteit van leven en niet-motorische (gedrags-)problemen. 
In hoofdstuk 1, de introductie, is systematisch uiteengezet welke kennis er beschikbaar is op 
basis van de bestaande literatuur. In dit hoofdstuk wordt duidelijk dat er een zeer brede range 
van stofwisselingsziekten gepaard kan gaan met verschillende bewegingsstoornissen. Een 
gedetailleerde beoordeling van de typen bewegingsstoornissen ontbreekt echter vaak of is 
verouderd.
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In hoofdstuk 1 wordt naast een overzicht van de belangrijkste stofwisselingsziekten die 
geassocieerd worden met bewegingsstoornissen ook een opsomming gegeven van de 
behandelopties voor de bewegingsstoornissen. Hierbij wordt onderscheid gemaakt tussen 
ziekte-specifieke en symptoomgerichte behandeling. Voor een aantal stofwisselingsziekten, 
zoals dopa-responsieve dystonie, geldt dat behandeling van de stofwisselingsziekte zelf ook de 
bewegingsstoornis wegneemt. Voor andere aandoeningen, zoals de organische acidurieën, kan 
tijdige ziekte-specifieke behandeling het ontstaan van bewegingsstoornissen grotendeels voor-
komen. Echter, veelal zijn reeds aanwezige bewegingsstoornissen niet (meer) weg te nemen met 
ziekte-specifieke behandeling, en is men aangewezen op symptomatische behandeling. Deze 
symptoomgerichte behandeling is afhankelijk van het dominante type bewegingsstoornis en 
verschilt in principe niet van de behandeling van bewegingsstoornissen door andere oorzaken.

De meest voorkomende bewegingsstoornis bij patiënten met een metabole ziekte is dystonie, 
wat vaak al ontstaat op de jonge kinderleeftijd. In hoofdstuk 2 richten we ons daarom verder 
op dystonie op de kinderleeftijd. In dit hoofdstuk wordt een overzicht gegeven van de mogelijke 
onderliggende oorzaken. Ook wordt er een algoritme gepresenteerd voor de diagnostiek 
van dystonie op de kinderleeftijd, met specifieke aandacht voor het tijdig herkennen van 
behandelbare stofwisselingsziekten. Deze strategie houdt in om eerst verworven oorzaken uit 
te sluiten en beeldvorming (MRI) te verrichten, om daarna een panel biochemische tests uit te 
voeren om snel onderliggende behandelbare stofwisselingsziekten op te sporen. Ook wordt een 
L-dopa trial aanbevolen in alle gevallen van niet-verworven dystonie op de kinderleeftijd. Verder 
is er een belangrijke plaats voor genetisch onderzoek middels next-generation sequencing (NGS). 
Bij deze technieken kunnen grote groepen genen gerelateerd aan een symptoom tegelijkertijd 
worden onderzocht, wat het stellen van de juiste diagnose binnen korte tijd faciliteert. Het is 
wel belangrijk om te realiseren dat niet alle diagnoses gevonden kunnen worden met behulp 
van NGS; mutaties in het mitochondriaal DNA worden bijvoorbeeld niet opgespoord. Ook bij 
toenemend gebruik van NGS blijft correcte fenotypering van groot belang; ten eerste om de 
juiste diagnostische technieken te selecteren voor een patiënt, en ten tweede om gevonden 
resultaten van genetisch onderzoek correct te kunnen interpreteren. Voor deze interpretatie is 
kennis noodzakelijk van het fenotypisch spectrum waarmee de stofwisselingsziekten zich kunnen 
presenteren. Op basis van recente inzichten door het toepassen van NGS is naar voren gekomen 
dat veel stofwisselingsziekten een grotere fenotypische heterogeniteit vertonen dan eerder 
werd aangenomen. Mildere, intermediaire of atypische fenotypes worden in toenemende mate 
herkend, waarbij het volledige spectrum nog niet compleet is opgehelderd. 

Om meer zicht te krijgen op het probleem van bewegingsstoornissen bij stofwisselingsziekten 
beschrijft hoofdstuk 3 een oriënterende studie naar bewegingsstoornissen en de impact 
hiervan in een heterogene groep van kinderen met stofwisselingsziekten. De 24 geïncludeerde 
patiënten waren geselecteerd op basis van klachten van onwillekeurige bewegingen. Met 
behulp van een systematisch neurologisch onderzoek, opgenomen op video, heeft een expert 
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panel bestaande uit ervaren clinici op het gebied van bewegingsstoornissen de verschillende 
typen bewegingsstoornissen en de ernst hiervan gescoord. Hierbij werden meerdere typen 
bewegingsstoornissen gevonden, waarbij dystonie (16/24), myoclonus (7/24) en ataxie (6/24) het 
meest voorkomend waren. Het feit dat slechts één-vijfde van de patiënten werd behandeld voor 
hun bewegingsstoornis, terwijl één-derde een matig tot ernstige bewegingsstoornis had (minimaal 
4 op een schaal van 7), geeft aan dat er sprake is van weinig herkenning of aandacht voor deze 
klachten of kennis van de behandelmogelijkheden. Bovendien bleek de gezondheid-gerelateerde 
kwaliteit van leven in de onderzochte groep patiënten significant lager dan gerapporteerde scores 
voor andere chronische aandoeningen op de kinderleeftijd. Ook werd een evidente vertraging in 
het adaptief functioneren waargenomen; met name op het gebied van dagelijkse vaardigheden 
was er sprake van een achterstand. De studiegroep had gemiddeld een functioneringsniveau 
passend bij slechts de helft van hun biologische leeftijd. Een ernstigere bewegingsstoornis was 
daarbij geassocieerd met een grotere achterstand in dagelijks functioneren. Zowel een ernstigere 
bewegingsstoornis als meer vertraging in adaptief functioneren hadden een significante impact 
op de kwaliteit van leven. Deze resultaten benadrukken het belang van de herkenning van 
bewegingsstoornissen in patiënten met een metabole ziekte. 

In de volgende sectie van dit proefschrift, de hoofdstukken 4 t/m 7, hebben we binnen specifieke 
patiëntgroepen het vóórkomen van bewegingsstoornissen gekarakteriseerd, bij zowel kinderen 
als volwassenen. Hierbij is gekeken naar zowel prevalentie als typering als classificatie van de ernst 
van de bewegingsstoornissen. In tegenstelling tot hoofdstuk 3, waar patiënten zijn geïncludeerd 
op basis van klachten van onwillekeurige bewegingen, zijn daarom voor deze studies alle patiënten 
met de specifieke stofwisselingsziekte benaderd om deel te nemen ongeacht of zij klachten 
hadden van een bewegingsstoornis. Deze hoofdstukken beschrijven prospectieve studies waarin 
wederom op basis van een gestandaardiseerd neurologisch onderzoek op video de aanwezigheid 
en ernst van de verschillende bewegingsstoornissen werd gescoord door een panel van experts. 
Daarnaast hebben we patiënten gevraagd naar eigen ervaren problemen met bewegen. Om het 
optreden van bewegingsstoornissen beter te kunnen duiden, is gekeken naar associaties met 
klinische (ziekte)karakteristieken. Daarnaast is het niveau van dagelijks functioneren in deze 
groepen onderzocht met behulp van gestandaardiseerde vragenlijsten. Tenslotte is er aandacht 
voor niet-motorische symptomen, bestaande uit gedrags- of psychiatrische problemen. Vooral 
bij Niemann-Pick type C (NP-C) (hoofdstuk 6) en dopa-responsieve dystonie (DRD) (hoofdstuk 7) 
zijn de niet-motorische symptomen expliciet bestudeerd. Ook hiervoor is gebruik gemaakt van 
gestandaardiseerde vragenlijsten en interviews, bij de NP-C patiënten is tevens neuropsychologisch 
onderzoek verricht.

In hoofdstuk 4 beschrijven we een groep van 37 patiënten met klassieke galactosemie, bestaande 
uit zowel kinderen (n=18) als volwassenen (n=19). In deze groep was bij bijna de helft (18/37) 
sprake van een bewegingsstoornis; bij één-derde (6/37) was er zelfs een matig tot ernstige 
bewegingsstoornis. Meer dan de helft van de patiënten (19/37) gaf ook zelf aan problemen te 
ervaren met bewegen of onwillekeurige bewegingen. Slechts één patiënt werd behandeld voor 
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een bewegingsstoornis. Verschillende typen bewegingsstoornissen werden gezien in volwassenen 
en kinderen. De meest geobserveerde bewegingsstoornis in de totale galactosemiegroep was 
dystonie. Bij kinderen was er naast dystonie vaak sprake van myoclonus, terwijl bij volwassen 
vaker tremor werd gezien. We konden weinig associaties aantonen tussen het optreden van 
bewegingsstoornissen en ziektekarakteristieken. Zo was het opvallend dat er in deze groep 
geen verband was tussen de aanwezigheid van een bewegingsstoornis en de leeftijd waarop de 
diagnose galactosemie werd gesteld en de behandeling gestart. Wel was er een associatie met 
vertraging in het behalen van motorische mijlpalen op de jonge kinderleeftijd, wat een individuele 
gevoeligheid suggereert voor het ontwikkelen van motorische problemen en onwillekeurige 
bewegingen. Naast bewegingsstoornissen was er een hoog percentage patiënten met gedrags- of 
psychiatrische problemen (47.2%). Internaliserende problemen, zoals depressieve klachten of 
angst, werden het meest frequent geobserveerd. Deze gedragsproblemen waren significant vaker 
aanwezig in de groep met bewegingsstoornissen dan in de groep zonder bewegingsstoornissen. 
Ook wat betreft het adaptief of dagelijks functioneren waren er beperkingen in veel patiënten; 
met name de kinderen scoorden lager met een gemiddeld functioneringsniveau op 68% van hun 
biologische leeftijd. Hierbij bleken met name problemen in het domein van de communicatieve 
vaardigheden geassocieerd met bewegingsstoornissen. Concluderend zijn bewegingsstoornissen 
een veelvoorkomende complicatie van galactosemie, met specifieke patronen die lijken te 
verschillen tussen kinderen en volwassenen. Ook is er een associatie tussen bewegingsstoornissen 
en de eveneens frequent voorkomende psychiatrische/gedragsproblemen en een verlaagd 
niveau van dagelijks functioneren. Deze gegevens kunnen gebruikt worden om patiënten beter te 
begeleiden en behandelen, naast aandacht voor dieet en bekendere complicaties.

Hoofdstuk 5 beschrijft patiënten met de volgende organische acidurieën (OA): glutaaracidurie 
type 1 (GA1), propionacidurie (PA) en methylmalonacidurie (MMA). In totaal was er bij 65% 
van de 37 OA patiënten sprake van een bewegingsstoornis, waarbij 9/37 (24%) een matig tot 
ernstige bewegingsstoornis had. Binnen de groep GA1 had zelfs meer dan de helft (7/13) een 
ernstigere bewegingsstoornis. Dystonie was wederom het meest voorkomend, maar in de 
MMA groep was myoclonus het meest frequent. De leeftijd ten tijde van het stellen van de 
diagnose was de enige factor die geassocieerd was met bewegingsstoornissen; er werden meer 
bewegingsstoornissen gezien in de groep met een latere diagnose. Dit is in tegenstelling tot wat 
gezien werd bij galactosemie, wat laat zien dat de etiologie en risicofactoren voor het ontstaan van 
bewegingsstoornissen verschillen per soort aandoening. De frequentie van zelf-gerapporteerde 
bewegingsproblemen lag hoog in de OA groep (73%). Zes patiënten kregen behandeling voor 
hun bewegingsstoornis. Het functioneringsniveau van de patiënten was duidelijk verlaagd, 
voor de kinderen bedroeg dit gemiddeld slechts 54% van het niveau van hun biologische 
leeftijd. Ook in de groep volwassenen had 67% een functionele beperking, ten opzichte van 
8.5 tot 25% in de corresponderende leeftijdsgroepen in de algemene populatie. De helft van 
de onderzoekspopulatie had gedragsproblemen; het merendeel bestond uit internaliserende 
problemen en daarnaast kwamen aandachtsproblemen ook relatief vaak voor. In de OA groep 
konden geen associaties worden vastgesteld tussen bewegingsstoornissen en gedragsproblemen 
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of dagelijks functioneren. Er wordt verondersteld dat dit te maken heeft met de veelheid aan 
andere klachten die OAs geven, die allen impact hebben op kwaliteit van leven en functioneren. 
Samenvattend heeft het merendeel van de patiënten met een OA een bewegingsstoornis, waarbij 
naast ernstige gegeneraliseerde dystonie ook mildere en andere typen bewegingsstoornissen 
zoals myoclonus worden gezien. 

Niemann-Pick type C (NP-C) is de aandoening die centraal staat in hoofdstuk 6; een ziekte 
waarbij een uitgesproken neurologisch en psychiatrisch beeld bekend is. Van de acht volwassen 
NP-C patiënten die geïncludeerd zijn in deze studie, hadden allen een bewegingsstoornis. In zes 
patiënten was een bewegingsstoornis ook het initiële presenterende symptoom, in de twee 
anderen was dit een psychose. Bij beoordeling van de huidige motorische symptomen was 
bij de meeste patiënten sprake van een complexe, samengestelde bewegingsstoornis. Naast 
ataxie en dystonie, vonden we binnen deze groep vaker myoclonus (5/8) dan is beschreven in 
eerdere literatuur. Door middel van neurofysiologisch onderzoek kon een corticale origine 
van de myoclonieën worden aangetoond. Patiënten met een ernstigere bewegingsstoornis 
rapporteerden meer problemen bij het dagelijks functioneren. Wat betreft de niet-motorische 
symptomen hadden 3 patiënten een psychose doorgemaakt. Verder is bij 7 patiënten een 
neuropsychologisch onderzoek verricht, waarbij in alle onderzochte domeinen tekorten werden 
gezien, het meest duidelijk in werkgeheugen, woordelijk geheugen en aandacht. Bij een aantal 
patiënten is sociale cognitie verder onderzocht, waarbij afwijkingen in emotieherkenning naar 
voren kwamen. Bevestiging dat deze tekorten specifiek aan NP-C zijn gerelateerd zal moeten 
volgen in verdere studies. Tot slot bleek de gezondheid-gerelateerde kwaliteit van leven van de 
NP-C patiënten significant verlaagd, waarbij vooral het domein ‘algehele gezondheidsperceptie’ 
opvallend laag werd gescoord. Concluderend presenteren patiënten met NP-C zich vaak met 
bewegingsstoornissen, waarbij naast dystonie en ataxie ook corticale myoclonieën frequent 
optreden. Ernstigere bewegingsstoornissen zijn geassocieerd met verminderd dagelijks 
functioneren. Daarnaast zijn (neuro)psychiatrische klachten veelvoorkomend, waarbij specifiek 
psychose, geheugenproblemen en afwijkingen in sociale cognitie worden gezien.

Hoofdstuk 7 beschrijft 28 patiënten, 18 volwassenen en 10 kinderen, met autosomaal dominante 
dopa-responsieve dystonie (DRD) op basis van GTP-cyclohydrolase deficiëntie. Bij deze vorm 
van DRD staan bewegingsstoornissen op de voorgrond, vrijwel altijd bestaande uit een op jonge 
leeftijd ontwikkelende, zich generaliserende dystonie met wisselingen gedurende de dag. De 
dystonie bij deze aandoening is vaak goed te behandelen met L-dopa. Er is bij DRD sprake van 
incomplete penetrantie, waardoor sommige mutatiedragers geen bewegingsstoornis hebben. 
In ons cohort waren 5/28 mutatiedragers motorisch asymptomatisch. De overige 23 patiënten 
hadden allen in wisselende mate dystonie gehad, bij 30% was de dystonie voor de diagnose 
zo ernstig dat zij rolstoel gebonden waren geweest. Tijdens deelname aan de studie, met 
voortzetting van reguliere behandeling, was de gemiddelde dystoniescore erg laag (BFM score 
van 6.4 op een schaal van 0‒120, gescoord op basis van video’s door een panel van experts). 
Het is in deze groep interessant om vooral te kijken naar niet-motorische symptomen. Het 
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voorkomen van psychiatrische aandoeningen en slaapstoornissen werd vergeleken met een 
vergelijkbare gezonde controlegroep. We zagen dat de life-time prevalentie van psychiatrische 
aandoeningen volgens de DSM IV in de patiëntengroep significant hoger was dan bij de DRD 
patiënten dan bij de gezonde controles (61 vs 29%). Hierbij waren angststoornissen het meest 
voorkomend. De aanwezigheid van slaapstoornissen werd bestudeerd, waarbij alleen een verschil 
tussen de groepen werd gevonden wat betreft slaperigheid overdag. De variatie in de score voor 
slaperigheid werd verklaard door depressieve klachten. Niet-motorische symptomen waren dus 
veelvoorkomend, ondanks dat de bewegingsstoornissen goed onder controle waren middels 
behandeling. Opvallend was dat ook de asymptomatische mutatiedragers vaker psychiatrische 
klachten hadden. Dit suggereert dat de niet-motorische symptomen niet alleen een gevolg zijn 
van het moeten leven met een bewegingsstoornis, maar eerder een inherent onderdeel zijn 
van het ziektebeeld. Er wordt een associatie gesuggereerd met het serotonine metabolisme, 
wat verder onderzoek behoeft. Samenvattend toonde deze studie dat dystonie door GTP-
cyclohydrolase deficiënte DRD goed te behandelen is, maar dat zowel in de behandelde patiënten 
als in asymptomatische dragers significant vaker psychiatrische klachten voorkomen dan in een 
controlegroep zonder dystonie. 

Alles overziend laat dit proefschrift zien dat bewegingsstoornissen frequent voorkomen in veel 
verschillende stofwisselingsziekten, zowel bij kinderen als volwassenen. De bewegingsstoornissen 
kunnen mild maar ook zeer ernstig zijn. De typen bewegingsstoornissen kunnen per 
stofwisselingsziekte en ook tussen kinderen en volwassenen verschillen. 

Alhoewel er relatief veel bewegingsstoornissen worden gezien en ook door de patiënten zelf 
worden gerapporteerd (met een verlaagde kwaliteit van leven en dagelijks functioneren), worden 
er maar weinig patiënten voor hun bewegingsstoornis behandeld. Bewegingsstoornissen bij 
stofwisselingsziekten verdienen dan ook meer aandacht en behandelaars moeten wellicht beter 
op de hoogte zijn van de behandelmogelijkheden. De gevonden niet-motorische symptomen in 
de vorm van gedrags- of psychiatrische problemen, die vaak samen met de bewegingsstoornissen 
voorkomen, zijn voor patiënten eveneens belangrijk. Het gezamenlijk voorkomen van motorische 
en niet-motorische symptomen suggereert een gedeelde pathofysiologie, wat een basis kan 
vormen voor toekomstig onderzoek.

De studies in dit proefschrift dragen door een betere karakterisering van de bewegingsstoornissen 
en niet-motorische symptomen bij aan het optimaliseren van de herkenning en behandeling van 
deze potentieel invaliderende klachten. Wij pleiten voor meer bewustwording, en verzoeken 
behandelaars om bij hun patiënten met stofwisselingsziekten te vragen naar klachten van 
onwillekeurige bewegingen en de bewegingen nauwkeurig te observeren. Tevens moet er 
aandacht zijn voor de geassocieerde psychische problematiek, die zoals bij DRD ook aanwezig 
kan zijn als er geen motorische verschijnselen meer zijn. Dit proefschrift ondersteunt het 
opnemen van een gestandaardiseerd neurologisch onderzoek en screening op psychologische/
gedrags-problemen in klinische richtlijnen voor stofwisselingsziekten. Bij de behandeling van 
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patiënten met bewegingsstoornissen als gevolg van een stofwisselingsziekte verwachten we 
dat multidisciplinaire samenwerking en het nastreven van persoonlijke doelen van toegevoegde 
waarde zijn voor het verbeteren van hun kwaliteit van leven.
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List of Abbreviations

AADC aromatic l-amino acid decarboxylase
AASA alpha-amino adipic semialdehyde
AD autosomal dominant
ADEM acute disseminated encephalomyelitis
AGAT arginine glycine amidinotransferase
AR autosomal recessive
Array-CGH array comparative genomic hybridization
ASR Adult Self Report
ATP adenosine triphosphate
AVED ataxia with vitamin E deficiency
BAI Beck Anxiety Inventory
BDI Beck Depression Inventory
BFMS Burke Fahn Marsden dystonia rating scale
BH4 tetrahydrobiopterin
C+ cobalamin responsive
C- cobalamin unresponsive 
CDG congenital disorder of glycosylation 
CDI Children’s Depression Inventory
CG classical galactosemia
CGI Clinical Global Impression scale
CI confidence interval
CNS central nervous system
CP cerebral palsy
CRPS complex regional pain syndrome
CSF cerebrospinal fluid 
CSHQ Children’s Sleep Habits Questionnaire
CY-BOCS Children’s Yale-Brown Obsessive Compulsive Scale
DBMA dystonia with brain manganese accumulation
DBS deep brain stimulation
DC dystonia of childhood
DHPR dihydropterin reductase
DNA deoxyribonucleic acid
DRD dopa-responsive dystonia
DSM-IV Diagnostic and statistical manual of mental disorders fourth edition
EEG electro-encephalogram
EMG electromyography
ESS Epworth Sleepiness Scale
F female
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List of abbreviations

FDI Functional Disability Index
FSS Fatigue Severity Scale
GA1 glutaric aciduria type 1
GAMT guanidinoacetate methyltransferase
GLUT1 glucose transporter 1
GP general practitioner
GPi globus pallidus internus
GTPc1 guanoside triphosphate cyclohydrolase 1
HAQ Health Assessment Questionnaire
HrQoL health-related quality of life 
IEM inborn error(s) of metabolism
IQ interquartile range
M male 
MCT-8 monocarboxylate transporter 8
MD movement disorder
MDs movement disorders
MEGDEL 3-methylglutaconic aciduria, deafness, encephalopathy and Leigh-like disease
MINI-PLUS Mini International Neuropsychiatric Interview plus
MINI-KID Mini International Neuropsychiatric Interview for children and adolescents
MMA methylmalonic aciduria
MRI magnetic resonance imaging
MRS magnetic resonance spectroscopy
MSUD maple syrup urine disease
mt-DNA mitochondrial DNA
NA not applicable
NBIA neurodegeneration with brain iron accumulation
NBS newborn screening
NGS next-generation sequencing
NMDAR anti-N-methyl-D-aspartate receptor 
NMS non-motor symptoms
NP-C Niemann-Pick type C
OAs organic acidurias 
OCD obsessive compulsive disorder
OMIM Online Mendelian Inheritance in man
OR odds ratio
PA propionic aciduria
PDHC pyruvate dehydrogenase complex
PedsQL Pediatric Quality of Life Inventory
PET positron emission tomography
PKAN panthothenate kinase-associated neurodegeneration
PKU phenylketonuria
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PMA progressive myoclonus ataxia
POLG polymerase gamma
PSQI Pittsburgh Sleep Quality Index
PTPS 6-pyruvol-tetrahydropterin synthase
QoL quality of life
QUADAS Quality Assessment of Diagnostic Accuracy Studies
SCARED-NL Screen for Child Anxiety Related Emotional Disorders NL
SCID Structured Clinical Interview for the DSM
SD standard deviation
SIP-68 Sickness Impact Profile 68
SSR Sleep Self Report for children
SSRI selective serotonin re-uptake inhibitor
TH tyrosine hydroxylase
TRC targeted resequencing
UPDRS Unified Parkinson’s Disease Rating Scale
VABS Vineland Adaptive Behavior Scale
VIM ventralis intermedius nucleus of the thalamus
VSGP vertical supranuclear gaze palsy
WD Wilson’s disease
WGS whole genome sequencing
XD X-linked dominant
XR X-linked recessive
Y-BOCS Yale-Brown Obsessive Compulsive Scale
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Dankwoord

“Als je je best doet dan lukt het wel!”

Met deze gevleugelde uitspraak moedigde ik jaren geleden als klein meisje mijn opa aan tijdens 
het sjouwen van loodzware grindtegels. Inmiddels, vele jaren later, realiseer ik me dat je best 
doen vaak niet het enige is wat nodig is om een project te laten slagen. Andere belangrijke 
voorwaarden, zeker als het gaat om een complexere taak zoals promoveren, zijn de medewerking, 
hulp en ondersteuning van anderen. Tijdens dit promotietraject heb ik zeker mijn best gedaan, 
maar de afronding van dit proefschrift was niet mogelijk geweest zonder de hulp van velen. Op 
deze plek wil ik dan ook iedereen die heeft bijgedragen aan de totstandkoming van dit proefschrift 
graag bedanken. 

Ten eerste wil ik mijn oprechte dank en waardering uitspreken naar alle patiënten, hun ouders/
verzorgers en de vrijwilligers die hebben meegedaan met de verschillende studies. Jullie inzet 
en openhartigheid, waarbij ik ook regelmatig thuis ben ontvangen, vormen de basis van dit 
proefschrift en hebben tot waardevolle inzichten geleid. 

Dan uiteraard een plek voor de drijvende krachten achter dit onderzoek. Prof. dr. T.J. de Koning 
en prof. dr. M.A.J. de Koning-Tijssen, Tom en Marina, het onderwerp van mijn proefschrift voelt 
bijna als de spreekwoordelijke liefdesbaby van jullie beider vakgebieden; wat een eer dat ik hierin 
met jullie samen mocht werken. Jullie expertises en stijl van begeleiden vullen elkaar heel goed 
aan. Maar hoe gemakkelijk jullie ook in één adem zijn te noemen, ik zou jullie tekort doen als ik 
jullie niet afzonderlijk zou aanspreken. 

Beste Tom, wat is het alweer lang geleden dat we in het WKZ de eerste plannen bespraken voor 
gezamenlijk onderzoek. Je liet me kennis maken met het metabole lab, maar het was je al snel 
duidelijk dat ik toch vooral een klinische dokter ben. Ik ben nog steeds blij dat je me de kans 
hebt gegeven om klinisch onderzoek te doen, al moest ik wel even schakelen toen naar voren 
kwam dat dit in Groningen zou zijn. Het bleek een heel mooi avontuur. Ik wil je bedanken voor de 
vrijheid die je me hebt gegeven om zelf mee te denken over de inhoud van het onderzoek. Ook 
heb je met al jouw professionele contacten in ‘het wereldje’ de weg voor me geplaveid en me 
geïntroduceerd binnen de metabole ziekten. We hebben vele kilometers samen het land door 
gereden, wat altijd leidde tot gezellige gesprekken die niet alleen over het onderzoek gingen. 
Tijdens het onderzoek is bovendien jouw nooit-aflatende optimisme van grote waarde geweest; 
na een goed gesprek bij een cappuccino zagen de zaken er altijd weer zonniger uit. Je hebt de 
begeleiding tijdens dit traject niet alleen puur inhoudelijk opgevat, maar je bent ook echt een 
mentor geweest. Deze persoonlijke betrokkenheid heb ik erg gewaardeerd. Ik ben er trots op dat 
ik je nu echt mijn promotor kan noemen!
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Beste Marina, wat ontzettend fijn dat je voor mij een onderzoeksplek bij de neurologie in jouw 
groep hebt weten te regelen. Ondanks dat mijn aanvankelijke insteek de kindergeneeskunde was, 
had ik me geen betere plek kunnen wensen. Je hebt me geleerd om goed naar patiënten te kijken 
en ik ben heel blij dat ik heb mogen profiteren van al jouw kennis over bewegingsstoornissen. 
Het meedoen met de poli bewegingsstoornissen voor kinderen en jongvolwassenen was vaak 
één van de hoogtepunten van de week. Mede dankzij jou hebben de neurologie, en met name de 
bewegingsstoornissen, voor altijd een plek in mijn hart. Ik bewonder de manier waarop jij in korte 
tijd een fantastische onderzoeksgroep bij elkaar wist te brengen. Jouw directe en pragmatische 
aanpak hebben geholpen om mijn onderzoek te stroomlijnen, bovendien maakte jouw kritische 
blik de manuscripten steeds beter. Dank ook voor je geduld en begrip toen door verschillende 
omstandigheden de afronding van het proefschrift op zich heeft laten wachten. 

Prof. dr. T. van Laar, prof. dr. B.H.R. Wolffenbuttel en prof. dr. A.T. van der Ploeg, hartelijk dank 
voor het beoordelen van mijn manuscript. 

Ik wil ook alle co-auteurs bedanken voor hun waardevolle bijdragen en de fijne samenwerking. 

During my PhD I got the chance to stay in London for several months to include patients in 
our studies. It was a wonderful experience and this period has been very valuable for both my 
professional and personal development. I would like to thank dr. Stephanie Grünewald for her 
unmatched hospitality. Stephanie, you did not only invite me to the metabolic department of the 
hospital, but also to your home. I really enjoyed the dinner parties and how you showed me all 
the beautiful things London has to offer. Vielen Dank!

I would also like to thank dr Elaine Murphy and dr Robin Lachmann for helping me including 
patients of the Charles Dent Metabolic Unit for the studies. That has definitely offered added 
value for the studies. Elaine, a special thanks for your help in translating all the study documents 
for ethical approval in the UK. 

Dear Kathryn, you coming to Groningen has been a great joy. You turned out to be much more 
than a co-author or colleague. I am grateful for all the fun moments together, it is never boring 
with you! Exploring Dutch nature on the back of a horse together was one of the highlights. Also 
a big thanks for your hospitality, I absolutely loved staying with you in Wales and visiting your 
parents’ farm. I truly appreciate your attempts to retain our friendship despite the distance, I 
know I haven’t made it easy but I promise I’ll do better in the future!

Dan uiteraard een woord van dank voor alle collega’s van V4 en V2: Arnoud, Dan, Danique, Elze, 
Esther, Gerrit, Hans, Harmen, Jeannette, Jeffrey, Jonathan, Madelein, Maraike, Marenka, Marieke, 
Marja, Marouska, Martje, Myrthe de K, Myrthe S, Octavio, Roald, Robbert, Rodi, Sanne, Sterre, 
Sygrid, Tinka, Wieke: Ik ben ontzettend blij dat ik in zo’n ontzettend gezellige (én getalenteerde) 
onderzoeksgroep terecht ben gekomen. De saamhorigheid die ik heb ervaren was bijzonder! 
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Binnen het UMCG hadden we het leuk, maar zeker ook daarbuiten. Bedankt dat ik samen met 
velen van jullie de ‘places-to-be’ van Groningen heb mogen leren kennen. Het lijken misschien 
bijzaken, maar alle borrels, retreats, sinterklaasfeestjes, puzzels, lunches enz. enz. hebben écht 
een verschil gemaakt! Een speciale vermelding voor mijn (oud-)kamergenoten van V4.105, we 
brachten zo veel tijd door in dezelfde kamer dat jullie bijna voelden als familie. Ik kijk terug op 
een mooie tijd, dank daarvoor!

Er zijn nog een aantal (oud-)collega’s aan wie ik specifiek een woord wil richten. Martje, toen 
ik startte in het UMCG heb jij me wegwijs gemaakt, heel fijn. De manier waarop jij zorg en 
wetenschap combineert is bewonderenswaardig. Je bent een sterk persoon en een hele fijne 
collega. Rodi, wat een positieve energie straal jij uit! Dankjewel voor het slaan van de brug tussen 
onderzoekers en AIOS. Je bent een kei in organiseren, oog hebben voor anderen en mensen 
samenbrengen. Ik heb veel respect voor de manier waarop jij alle ballen in de lucht houdt. 
Marenka, we hebben samen een groot deel van het serotonine-onderzoek gedaan. Ondanks dat 
het meeste werk daarvan niet in dit proefschrift terecht is gekomen, kijk ik wel met een goed 
gevoel terug op dit deel van het onderzoek. Dat is vooral door de fijne samenwerking met jou, 
dankjewel daarvoor. Jouw doortastendheid en Noord-Hollandse, nuchtere manier van aanpakken 
waren enorm behulpzaam! Aan het functioneren van de PET-scans was het meestal niet te 
danken, maar het was dan wel weer heel fijn dat we onze frustraties daarover konden delen. 
Maraike, jouw neuropsychologische kennis en vaardigheden waren een essentiële aanvulling 
voor de studies. Bedankt voor jouw hulp bij alle neuropsychologische testen en het uitwerken 
van de vragenlijsten. Je staat altijd voor iedereen klaar, ondanks je eigen volle agenda. Dat 
waardeer ik zeer! Lisette, het samenwerken aan de Niemann-Pick studie verliep heel prettig. 
Ik vind het ontzettend leuk dat jij het onderwerp bewegingsstoornissen bij (volwassenen met) 
metabole ziekten verder hebt opgepakt, dat is in goede handen! Elze, de start van jouw MD-
PhD traject was onze gezamenlijke studie bij DRD patiënten. Mooi om te zien hoe jij nu je eigen 
promotietraject vorm geeft. We hebben samen aardig wat tripjes door Nederland gemaakt om 
bij patiënten op locatie te filmen, dat was altijd gezellig. Als uitsmijter verkenden we samen op de 
scooter Rome tijdens de SSIEM, een onvergetelijke belevenis. Bedankt voor jouw bijdragen aan 
mijn proefschrift. Heel veel succes met het afronden van jouw eigen onderzoek, ik kijk ernaar uit 
om over een tijdje jouw proefschrift te bewonderen.

Lieve Wieke en Jeannette, wie anders dan jullie twee horen er naast me staan tijdens de 
verdediging. Vanaf het begin dat we samen op V4.105 kwamen zat het goed. Volgens mij hebben 
we de heren op de kamer goed partij geboden met z’n drieën. Ik koester de herinneringen aan 
alle mooie momenten die we samen hebben meegemaakt, dat zijn er teveel om op te noemen. 
Naast jullie onderzoekskwaliteiten bewonder ik jullie beider arbeidsethos en inzet voor de 
patiënten. Als ik mijn patiënten naar een neuroloog moet verwijzen hoop ik dat ze (zo’n goede 
dokter als) jullie treffen! Dankjewel dat jullie mijn paranimf zijn maar bovenal bedankt voor de 
fijne vriendschap, die is heel waardevol voor me. Laten we ook nu we alle drie weer uitgevlogen 
zijn naar een andere regio (of inmiddels weer terug in Groningen) die vriendschap voortzetten!
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Beste Linda, dankjewel voor een fantastisch jaar in de huisartsenpraktijk. Mede door de manier 
waarop jij mij de huisartsgeneeskunde hebt laten zien heb ik geen moment getwijfeld over mijn 
‘carrièreswitch’. Ons gedeeld enthousiasme voor wetenschap, jouw oprechte interesse in mijn 
onderzoek en jouw voorbeeldfunctie als gepromoveerde huisarts zijn een stimulans geweest in 
de afrondende fase van mijn onderzoek. Ik vind het heel fijn dat we contact houden!

Lieve Kim en Bas, dankjewel voor jullie vriendschap. Wat is het waardevol dat we bij de belangrijke 
momenten in elkaars leven er zijn. Kim, wat vond ik het fantastisch om tijdens jouw verdediging 
naast je staan. Jouw energie en optimisme zijn aanstekelijk. Dank voor het meeleven. En oké, die 
jongen uit Helmond was best een goed idee! 

Lieve Maartje en Lotte, ja hoor eindelijk kan ik me ook weer in jullie rijtje voegen! Jaren geleden 
zetten we met z’n drieën de eerste voorzichtige stapjes op het (modderige) wetenschappelijke 
pad, wat mooi dat we dat alle drie hebben kunnen voortzetten in ons eigen vakgebied. Ik vond 
het altijd leuk om jullie promotieverhalen te horen, heel verfrissend om van jullie te horen hoe 
het buiten mijn eigen vakgebied eraan toe gaat. Bedankt voor jullie vriendschap, dat betekent 
veel voor me. Dat er nog maar veel thee-momenten, borrels, etentjes, wandelingen en vakanties 
mogen volgen!

Lieve familie Buitendijk ‘down-under’, al is het vanaf de andere kant van de wereld, ik weet 
dat jullie altijd meeleven. Bedankt daarvoor. Als jullie de volgende keer weer in Nederland zijn 
proosten we samen op deze mijlpaal! Ik vind het echt jammer dat het er nog niet van gekomen is 
om jullie op te zoeken, maar ooit kom ik jullie paradijs bewonderen. Wat in het vat zit, verzuurt 
niet!

Lieve Nanda en Gert, wat fijn dat we zo’n goede band hebben! Ik prijs me gelukkig met jullie 
als ‘suikeroom en suikertante’! De talloze uitjes, avondjes, weekendjes en vakanties samen 
zijn stuk voor stuk geweldig. Dankjewel dat jullie altijd meeleven. Natuurlijk ook bedankt voor 
de betrokkenheid bij het onderzoek (zelfs tot meerdere keren op en neer Groningen door een 
weigerende PET-scanner aan toe..). 

Lieve familie Hertogs, ik prijs me gelukkig dat ik in zo’n warme familie terecht ben gekomen. 
Bedankt voor het meeleven met alles rondom het onderzoek. Peter en Trees, wat fijn om te weten 
dat we altijd bij jullie terecht kunnen. Bedankt voor de ontelbare keren dat wij vanuit Groningen 
de oversteek naar ‘het Zuiden’ maakten en bij jullie het weekend mochten doorbrengen. Ik voel 
me altijd welkom. Ook jullie bezoekjes aan Groningen waren steeds fijn. De afgelopen periode 
hebben we samen ook moeilijke momenten gedeeld, bedankt voor jullie steun en aanwezigheid 
daarbij. Ik ben heel blij dat we nu samen weer een mooie gebeurtenis kunnen vieren. 

Ik weet zeker dat al mijn opa’s en oma’s trots zouden zijn op het afronden van dit proefschrift. 
Helaas is het niet meer mogelijk om mijn promotie met hen allemaal te beleven. Het sterkt me dat 
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ik nog een groot deel van mijn onderzoek en de aanstaande promotie met opa van Dooijeweert 
heb kunnen bediscussiëren. Hij heeft altijd een speciale wetenschappelijke belangstelling gehad 
en de vele filosofische, beschouwende en vakgebied-overschrijdende gesprekken die ik met hem 
heb gehad zullen me altijd bijblijven. Wat een voorrecht om zo’n wijs man in mijn leven te hebben 
gehad. Lieve Omi, wat ben ik blij dat jij er bij kunt zijn, je bent een hele sterke vrouw. Dankjewel 
dat je me laat zien hoe belangrijk een liefdevolle familie is.

Lieve Marlot en Leon, wat fijn dat jullie altijd klaar staan voor een goede sessie ‘je hoofd leeg 
maken’. Of dat nou op de mountainbike, op de ski’s, bij de film of bij een lekker dinertje is, het is 
gegarandeerd gezellig! Ik hoop dat we dat nog heel lang zo volhouden!

Lieve Marlot, lieve grote kleine zus, wat bijzonder om samen (bijna) tegelijkertijd een 
promotietraject te doorlopen. Naast jouw hierboven beschreven bijdrage aan de broodnodige 
afleiding, ben jij ook mijn klankbord geweest voor veel promotie-gerelateerde zaken. Dankjewel 
voor het doorlezen en becommentariëren van veel stukken tekst, jij fungeerde niet zelden als 
mijn ‘interne controle’. Je bent dan wel jonger, maar er zijn absoluut gebieden waarin je een 
stuk wijzer bent dan ik. Ik ben heel erg trots op je en geniet ervan om te zien hoe je over de tijd 
gegroeid bent. Ik bewonder de passie die je hebt, de manier waarop je je leven vorm geeft en 
daarbij alles weet te combineren. Ik moet je ook nog bedanken dat je je hebt opgeofferd om 
Dante een beetje bij te rijden toen ik naar Groningen vertrok; je hebt hem best aardig in vorm 
gehouden. Maar het belangrijkste waar ik je voor wil bedanken is dat we alles kunnen delen: 
kleine irritaties, klein geluk, grote ellende of grote overwinningen. Als niemand het snapt, heb jij 
vaak maar een half woord nodig. Kortom, ik ben het met je eens: wij weten het. 

Lieve papa en mama, de basis is alles. Een betere basis hadden jullie me niet kunnen geven. Ik 
weet dat ik altijd op jullie kan vertrouwen, bedankt voor die onvoorwaardelijkheid. Jullie hebben 
me altijd alle kansen gegeven en gestimuleerd om te doen wat me gelukkig maakt, ook toen 
dat betekende dat ik aan de andere kant van het land ging wonen. Ik voel me bevoorrecht. Pap, 
je bent er altijd voor me. Ik weet dat jouw trots haast niet in woorden te vatten is. Mam, jouw 
luisterend oor zou menig (huis)arts jaloers maken. Dankjewel voor al je adviezen en levenslessen. 

Lieve Robbin, zonder het destijds te weten heb ik met de keuze om een promotietraject aan 
te gaan in Groningen ook jouw leven beïnvloed. Wat ben ik je onbeschrijflijk dankbaar dat je 
het avontuur met mij bent aangegaan en naar Groningen bent gekomen. Dit heeft alles anders 
gemaakt. Door jou werd het een thuis. Dankjewel voor je geduld en je zorgzaamheid. Jij haalt het 
beste in mij naar boven. Je helpt me om alles in perspectief te blijven zien, door jou weet ik wat 
echt belangrijk is. Samen kunnen we intens genieten van de mooie dingen in het leven. Laten we 
nog vele bergen bedwingen en genieten van alle toppen. We weten dat we ook de dalen samen 
doorkomen. “I’m gonna give all my love to you”. 
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Anouk Kuiper is geboren op 28 september 1988 te Utrecht. Ze volgde het atheneum aan het 
Johannes Fontanus College te Barneveld. Al tijdens haar schooltijd had ze een interesse in 
wetenschappelijk onderzoek, wat onder andere resulteerde in het winnen van een studiereis 
naar IJsland op basis van haar profielwerkstuk. 

Na het afronden van het atheneum besloot ze geneeskunde te gaan studeren aan de Universiteit 
Utrecht. Naast het menselijke aspect van het medische vak, wat voor haar een belangrijke 
drijfveer is, gaf deze studie haar de mogelijkheid om haar interesse in onderzoek verder uit te 
bouwen. Tijdens de Bachelor fase van haar studie startte Anouk tijdens deelname aan het Honours 
programma haar eerste medisch-wetenschappelijke project naar de genetische achtergrond van 
epilepsie. Aan het einde van haar studie kwam Anouk in contact met dr. Tom de Koning, bij wie 
ze haar wetenschappelijke stage deed in het Wilhelmina Kinderziekenhuis te Utrecht. Dit project 
over L-aminozuren in amyotrofische lateraal sclerose betekende haar eerste kennismaking met 
het metabole laboratorium en metabole ziekten, en zorgde voor definitief enthousiasme voor het 
doen van onderzoek.

De kans om een promotietraject te starten op het grensgebied tussen kindergeneeskunde en 
neurologie maakte dat ze er voor koos te verhuizen naar Groningen. De mogelijkheid om onder 
begeleiding van Tom en Marina de Koning klinisch onderzoek in een complexe en belangrijke 
patiëntengroep op te zetten en uit te voeren, maakte dat deze keuze geen moeilijke was. In 
het Universitair Medisch Centrum Groningen heeft ze met veel plezier onderzoek verricht en 
heeft ze daarnaast kunnen meedraaien met de multidisciplinaire polikliniek voor kinderen en 
jongvolwassenen met bewegingsstoornissen. Verder kreeg ze de gelegenheid om van februari t/m 
april 2016 in Londen te verblijven, om daar onder begeleiding van dr. Stefanie Grünewald in het 
Great Ormond Street Hospital for Children en National Hospital for Neurology and Neurosurgery 
patiënten te includeren voor de studies. De uiteindelijke resultaten van haar promotietraject zijn 
beschreven in dit proefschrift.

Na ruim vier jaar in Groningen besloot Anouk zich weer iets dichter bij haar wortels te vestigen. 
Vanuit haar huidige woonplaats Beuningen (Gld) deed ze verdere klinische ervaring op als arts-
assistent niet in opleiding bij de kindergeneeskunde in het Canisius Wilhelmina Ziekenhuis te 
Nijmegen en bij de ouderengeneeskunde in verpleeghuis Kalorama te Beek. Hierna is zij met 
veel enthousiasme gestart met de opleiding huisartsgeneeskunde aan de Radboud Universiteit te 
Nijmegen. Zij hoopt in de toekomst het mooie vak van huisarts te kunnen blijven combineren met 
onderzoek en onderwijsactiviteiten.
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