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Chapter 5

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 



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

5

105

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 
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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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