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Abstract

About a third of patients with inherited metabolic diseases with neurologic involvement suffer
from a movement disorder, in the form of ataxia, hyperkinetic movements, or hypokinetic-rigid
syndrome. We reviewed and updated the list of known metabolic etiologies associated with various
types of movement disorders, and found approximately 200 relevant inborn errors of metabolism.
This represents the first of a series of articles attempting to create and maintain a comprehensive
list of clinical and metabolic differential diagnoses according to system involvement.
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1. Introduction

It can be difficult to keep abreast of new developments in the field of inherited metabolic
diseases. Given the rapid pace of advances in molecular diagnostics and a growing number
of new diseases, we reason it is timely to provide a series of short reviews on inborn errors
of metabolism (IEMs) involving different organs and systems. This series of articles will
provide a rapidly accessible list of inherited metabolic diseases associated with specific
signs and symptoms. The list will follow the classification as included in the knowledge
base of IEMs (IEMBase) [1] and in the recently proposed Nosology of IEMs [2]. Just

as the classic textbook “Gamuts in Radiology” and its subsequent updates have served as

"Corresponding authors: Carlos R. Ferreira, National Human Genome Research Institute, National Institutes of Health, 10

Center Drive, MSC 1851, Building 10, Room 9N248B, Bethesda, Maryland 20892, USA, ferreiracr@mail.nih.gov and Nenad

Blau, Dietmar-Hopp Metabolic Center, University Children’s Hospital, Im Neuenheimer Feld 669, 69120 Heidelberg, Germany,
nenad.blau@med.uni-heidelberg.de.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.

Declarations of interest: none



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Ferreira et al.

Page 2

a comprehensive list of radiographic differential diagnosis for over four decades [3], we
hope that our series of articles will serve as a comprehensive and updated list of metabolic
differential diagnosis for the busy clinician.

The first issue of our series will be dedicated to movement disorders, which are not
uncommon in patients with inherited metabolic diseases. In a prospective study of 170
patients with confirmed or highly suspected IEMs with neurologic involvement, 29% had a
movement disorder [4]. This likely represents an underestimate, since many neurometabolic
conditions now known to be associated with movement disorders had not yet been described
by the time that article was published (particularly the group of disorders of complex lipid
synthesis and remodeling, in which movement disorders are prevalent). A second reason
why the aforementioned prevalence represents an underestimate is because many IEMs
manifest with adult-onset movement disorders. Although the age of the patients evaluated in
this series was not specified, it is likely that at least most of those patients were children,
given that a pediatric department represented one of the sites where patients were evaluated.

A recent paper addressed the opposite question, i.e., what percentage of patients with a
movement disorder has an IEM. Of a total of 378 patients with a movement disorder,
ranging in age from birth to 84 years (mean: 31 years), 45 subjects had probable pathogenic
variants in one of 71 genes included in the current nosology of IEMs. Another recent

article evaluated the genetic landscape of movement disorders in 51 pediatric patients, 11 of
whom were found to have an IEM [5]. This means that 9.3% of patients of any age with a
movement disorder suffer from a metabolic etiology, while this percentage is as high as 22%
in pediatric patients [6].

The burden of movement disorders caused by IEMs is significant and both clinical course
and symptoms may overlap with non-metabolic diseases. The overall health-related quality
of life (as evaluated by the Pediatric Quality of Life Inventory 4.0) was found to be
significantly lower when compared to published data for children with chronic debilitating
conditions, including malignancy, diabetes mellitus, rheumatic disease, and psychiatric
disorders [7]. The overall adaptive functioning (as measured by the Vineland Adaptive
Behavior Scale) was found to be 51.9%, thus suggesting a developmental age half that of the
chronological age, indicating global impact of the IEM on brain function [7].

2. Signs and symptoms

Other than ataxia, movement disorders in children are typically divided in two subgroups:
hyperkinetic/dyskinetic movement disorders (which include dystonia, chorea, athetosis,
myoclonus, tremors, tics, and stereotypies), and hypokinetic movement disorders, which
include Parkinsonism. A formal definition of each hyperkinetic movement disorder, and how
to distinguish them from one another, is outside of the scope of the present article, and

can be found elsewhere [8]. In the case of Parkinsonism, the preferred term in children

is “hypokinetic-rigid syndrome”, as it’s often incomplete (resting tremor is very rare in
pediatric Parkinsonism), complex (associated with other neurologic involvement), and the
pathomechanism is not solely restricted to loss of presynaptic dopaminergic neurons [9,10].
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In a case series of 50 patients with movement disorder due to inborn errors of metabolism,
54% of patients had dystonia, 28% had myoclonus, 14% had stereotypies, 10% each had
chorea, athetosis, and tremor, and 4% had Parkinsonism [4]. In another series of 24 patients,
67% had dystonia, 29% suffered from myoclonus, and 25% had ataxia [7]. In this same
series, 37.5% had a combination of two or more movement disorder, and the most common
groups corresponded to organic acidurias (26%) and respiratory chain defects (21%) [7].

It is important to recognize that the character of the movement disorder can evolve over
time. As an example, the dystonia seen in patients with glutaric aciduria type 1 evolves from
mobile to fixed, and is ultimately associated with akinetic-rigid Parkinsonism [11].

The relative occurrence of specific movement symptoms in nine IEM categories is illustrated
in Figure 1. The most common symptoms in 207 disorders were ataxia (73%), dystonia
(47%), chorea/athetosis (24%), hypokinetic-rigid syndrome (17%), tremor (15%) and
myoclonus (14%). Supplemental Table 1 summarizes in detail IEMs, including diagnostic
markers, associated with movement disorders.

3. Diagnosis/DD

An inherited metabolic disease should always be suspected when movement disorders
remain unexplained, once more common etiologies such as drug side effects, infections,

and focal brain lesions have been ruled out [9,12]. Red flags suggesting that a movement
disorder might be caused by an IEM include: 1) early age of onset (the earlier the onset,

the more likely a metabolic etiology); 2) associated neurologic or extraneurologic signs and
symptoms; 3) progressive neurodegeneration; 4) consanguinity; 5) family history of similar
disorder; 6) autonomic dysfunction; 7) paroxysmal episodic events; and 8) acute or subacute
onset with or without triggering factors such as fasting, fever, or high-protein intake [12,13].

A list of laboratory investigations to aid in the diagnosis of the various listed IEMs
is summarized in Table 1. For more details see Supplemental Table 1. The diagnostic
approach, as with all IEMs, should focus on treatable disorders.

4. Treatment

Therapy of movement disorders in patients with IEMs involves primary treatment of the
underlying metabolic condition, as well as symptomatic treatment of the specific movement
disorder, such as for example benzodiazepines, anticholinergic drugs, dopaminergic drugs,
baclofen, botulinum toxin, or deep brain stimulation for dystonia.

Supplemental table 1 includes information on primary treatment options for the mentioned
IEMs, i.e., treatment that addresses at least one aspect of the pathophysiology of the disease,
when available.

5. Conclusion

Symptoms from neurometabolic diseases frequently overlap with those of other neurologic
diseases. We provide a comprehensive list of neurometabolic diseases associated with
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movement disorders, as well as a proposed battery of standard laboratory and biochemical
tests to aid in diagnosis based on the many possible IEMs in the aforementioned list.

We intend to write a limited series of concise educational summaries with up-to-date
information on the differential diagnosis of IEMs. Our first entry in the series found a total
of 207 inherited metabolic diseases associated with various types of movement disorders.
The full list can be accessed for free at www.iembase.org/gamuts, and will be curated and
updated on a regular basis. We hope that this tool will prove useful in the daily work of the
metabolic clinician.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlights

. We found 207 inherited metabolic diseases associated with various types of
movement disorders, and provide a list of laboratory tests to consider to aid in
the diagnosis of these diseases.

. This represents the first issue in a series of concise educational summaries
providing a comprehensive and updated list of metabolic differential
diagnosis according to system involvement.

. We will curate and update this list on a continual basis in the IEMbase
website.
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DISORDERS OF NITROGEN-CONTAINING COMPOUNDS
DISORDERS OF VITAMINS, COFACTORS, METALS AND MINERALS
DISORDERS OF CARBOHYDRATES

MITOCHONDRIAL DISORDERS OF ENERGY METABOLISM
DISORDERS OF LIPIDS

DISORDERS OF TETRAPYRROLES

STORAGE DISORDERS

DISORDERS OF PEROXISOMES

CONGENITAL DISORDERS OF GLYCOSYLATION

Figure 1.
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ATAXIA
DYSTONIA
MYOCLONUS
TREMOR
HRS

CHOREA / ATHETOSIS

Occurrence (%) of symptoms associated with movement disorders in nine categories

of IEMs. The percentages for each movement disorder were calculated using as the
denominator the total number of IEMs in each category presenting with any movement
disorder. Heat scale ranges from red (0%) for diseases with no particular symptoms reported
to violet (100%) for diseases with particular symptoms being highly characteristic. HRS:

hypokinetic-rigid syndrome.
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Table 1.

Biochemical investigations in movement disorders.

Routine tests

Biochemical profiles

Special tests

Ammonia (B)
Blood count
Glucose (P, CSF)
Lactate (P, CSF)
Pyruvate (P)
ASAT/ALAT (P)
CK (P)

ALP (P)

Uric acid (U, P)

Copper (S, U)

Amino acids (P, CSF)
Organic acids (U)

Purines and pyrimidines (U)
Acylcarnitines (DBS, P)
B6-Vitamers

VLCFA (P)

Sialotransferins (S)

Vitamin E (P)

Sterols (P)

Biogenic amines (CSF)
Pterins (CSF)

Folates (CSF)

Free thiamine (CSF)

Lysosomal enzymes (DBS)
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