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Abstract
Introduction Both prevalence and clinical features of the various movement disorders in adults with primary mitochondrial 
diseases are unknown.
Methods Based on the database of the “Nation-wide Italian Collaborative Network of Mitochondrial Diseases”, we reviewed 
the clinical, genetic, neuroimaging and neurophysiological data of adult patients with primary mitochondrial diseases 
(n = 764) where ataxia, myoclonus or other movement disorders were part of the clinical phenotype.
Results Ataxia, myoclonus and movement disorders were present in 105/764 adults (13.7%), with the onset coinciding or 
preceding the diagnosis of the mitochondrial disease in 49/105 (46.7%). Ataxia and parkinsonism were the most represented, 
with an overall prevalence at last follow-up of 59.1% and 30.5%, respectively. Hyperkinetic movement disorders were reported 
in 15.3% at last follow-up, being the less common reported movement disorders. The pathogenic m.8344A > G and POLG 
variants were always associated with a movement disorder, while LHON variants and mtDNA single deletions were more 
commonly found in the subjects who did not present a movement disorder. The most common neuroimaging features were 
cortical and/or cerebellar atrophy, white matter hyperintensities, basal ganglia abnormalities and nigro-striatal degeneration. 
Almost 70% of patients with parkinsonism responded to dopaminergic therapy, mainly levodopa, and 50% with myoclonus 
were successfully treated with levetiracetam.
Conclusion Movement disorders, mainly ataxia and parkinsonism, are important findings in adult primary mitochondrial 
diseases. This study underlies the importance of looking for a mitochondrial etiology in the diagnostic flowchart of a move-
ment disorder and may help direct genetic screening in daily practice.
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Abbreviations
MDs  Primary mitochondrial diseases
MD  Primary mitochondrial disease
CNS  Central nervous system
MELAS  Mitochondrial encephalopathy, lactic acidosis, 

and stroke-like episodes
MERRF  Myoclonic epilepsy with ragged-red fibers
LHON  Leber hereditary optic neuropathy
MIRAS  Recessive mitochondrial ataxia syndrome
NARP  Neuropathy, ataxia, and retinitis pigmentosa
PET  Positron emission tomography
SPECT  Single-photon emission computed tomography
MRI  Magnetic resonance imaging
mtDNA  Mitochondrial DNA
POLG  Polymerase gamma
OPA1  OPA1 mitochondrial dynamin like GTPase
TWNK  Twinkle
SARA   Scale for assessment and rating of ataxia

Introduction

Primary mitochondrial diseases (PMDs) are the most com-
mon group of metabolic inherited disease characterized 
by pathogenic variants in either the nuclear or mitochon-
drial genomes that directly or indirectly interfere with the 
respiratory chain function [1, 2]. PMDs are multisystemic 
disorders that mainly affect tissue requiring a high energy 
demand, including the central nervous system (CNS). Age 
of onset is variable and there are many clinical features of 
CNS involvement, among them ataxia, myoclonus and a 
broad spectrum of movement disorders [3]. In some of the 
mitochondrial phenotypes, ataxia or movement disorders are 
cardinal features (i.e., myoclonus or ataxia in MERRF, or 
ataxia in MIRAS), while in other PMDs, their prevalence is 
not well known, having been reported either anecdotally or 
in few cohorts [4, 5].

Moreover, little is known about genotype–phenotype cor-
relation, clinical course, radiological features and response 
to therapy in mitochondrial movement disorders.

The aim of the present study was to characterize the 
cohort of Italian PMDs patient registered in the “Nationwide 
Italian Collaborative Network of Mitochondrial Diseases” 
affected by movement disorders.

Methods

We have selected from the Italian registry patients with the 
following movement disorders as a clinical manifestation 
of adult-onset (above age 16 years) PMD: ataxia/cerebellar 
signs, tremor, parkinsonism, dystonia, dyskinesias, and myo-
clonus. The Italian registry is the National platform where 
the different Italian centers collect detailed data of PMDs 
patients, in whom the diagnosis is confirmed either by the 
presence of a mtDNA or nuclear DNA pathogenetic vari-
ant or if the clinical picture, muscle biopsy and other tests 
strongly support PMD diagnosis.

The clinical section of the dataset includes dichotomous 
(“yes or no”) items that allowed us to subdivide the whole 
sample (as at the end of 2019) into two groups according 
to the presence or absence of movement disorders, and to 
analyze the main molecular features of each of these groups. 
Since the registry does not contain a specific dataset for a 
detailed characterization of the movement disorders features, 
an online 50-item Google  Form®-based questionnaire was 
sent by email to all centers following adult PMDs (sup-
plementary Table 1). The present study does not include 
patients with NARP, Leigh or other pediatric mitochondrial 
syndromes, that have movement disorders among the core 
clinical features [6], which are described separately [7].

The database establishment (and its use for scientific 
purposes) was approved by the local Ethical Committees 
of the single centers, which obtained written informed con-
sent from all patients or their legal representatives and has 
been performed in accordance with the ethical standards 
laid down in the 1964 Declaration of Helsinki. This is a 
retrospective study; all the involved centers have specific 
expertise in PMDs.

We analyzed the main clinical, molecular, and radio-
logical features from the 50-item Google  Form®. Given 

Table 1  Phenotype

Prevalence of phenotype at baseline and last follow-up: percentages refers to proportions within the 105 patients who have a mitochondrial 
movement disorders

Phenotype Predominant phenotype at 
baseline: number of patients 
(%)

Patients with this movement 
disorder as secondary features 
at onset

Patients developing this move-
ment disorder later during the 
course of the disease

Cumulative prevalence at 
follow-up. Number of patients 
(%)

Ataxia 55 (53.9) 0 7 62 (59.1)
Hypokinetic 26 (24.8) 0 6 32 (30.5)
Myoclonus 13 (12.3) 6 3 22 (20.9)
Hyperkinetic 11 (10.5) 3 2 16 (15.3)
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that many patients presented a complex phenotype (i.e., 
a combination of two movement disorders at baseline, or 
an additional movement disorder during the course of the 
MD), for each patient the investigator defined at baseline 
the most relevant movement disorders (the predominant 
phenotype at baseline, Table 1) and the concomitant sec-
ondary features. Age at onset was referred to the onset of 
the predominant movement disorder. Disease onset was 
defined as the age of the clinical or molecular diagnosis of 
PMD. In addition to the predominant movement disorder, 
it was also assessed whether the patient developed other 
movement disorders at follow-up.

Movement disorders were classified into hypokinetic 
and hyperkinetic [8]. Although ataxia and myoclonus are 
sometimes classified as hyperkinetic movement disorders, 
they are not considered classic extrapyramidal “movement 
disorders” and were considered separately. Hyperkinetic 
were further subdivided into three subgroups: dystonia, 
chorea-ballism and tremor. Dystonia, tremor and myo-
clonus were further defined, according to its respective 
recent classifications [9–11]. Moreover, ataxia was classi-
fied into pure cerebellar, spinocerebellar, sensory system 
involvement or mixed type [12, 13].

Clinical course was considered as a categorical vari-
able, as follows: progressive, stable or ameliorative. 
Autonomy in daily life was also considered a categori-
cal variable as follows: independent, minimal assistance, 
partially dependent (may cooperate in some tasks) and 
totally dependent.

Drug therapy was also valuated, and the clinical response 
was defined as no improvement vs clinical improvement.

Analysis of neurophysiological exams considered nerve 
conduction studies and electromyography. Evoked poten-
tials were not routinely performed, and therefore, were not 
analyzed. Analysis of neuroimaging was defined trough 
categorical data: cerebral atrophy, cerebellar atrophy, brain 
stem atrophy, spinal cord atrophy, white matter hyperintensi-
ties, basal ganglia abnormalities (calcifications, iron deposi-
tion), nigro-striatal degeneration on 123I-FP-CIT SPECT or 
18-F-DOPA PET, and evidence of stroke-like lesions.

Statistical analyses were conducted using  MedCalc® 
software, version 18.10.2. Two-tailed Fisher’s exact test 
was used for categorical associations. Continuous variables 
were analyzed by unpaired two-tailed Student’s t-test. Bon-
ferroni’s correction for multiple tests was applied where 
appropriate. Statistical significance was set at a two-tailed 
P value of < 0.05. A “non-significant trend” was defined by 
a P < 0.05, however, not reaching formal statistical signifi-
cance after Bonferroni’s correction.

Results

Features of PMD patients with movement disorders

Among the 764 symptomatic adult patients included in 
the Italian database who had a fully described clinical 
picture, 105 (13.7%, 56 females) were listed as suffering 

Table 2  Genotype with associated predominant phenotype at baseline

N number of patients, AD autosomal dominant, AR autosomal recessive

GENE N % Predominant associated phenotype at baseline

Ataxia Myoclonus Hypokinetic Hyperkinetic

POLG1 23 (12 AD, 11 
AR)

22.0 16 (6 AD, 10 AR) 0 6 (5 AD, 1 AR) 1 (AD)

MT-TK 19 18.1 8 10 0 1
Multiple mtDNA deletions 10 9.5 1 0 6 3
MT-TL1 8 7.7 8 0 0 0
Single mtDNA deletion 9 8.6 3 0 3 3
TWNK 7 6.7 2 0 5 0
OPA1 4(AD) 3.8 2 0 2 0
MT-TS1 2 1.9 2 0 0 0
AARS2 1 0.9 1 0 0 0
DARS2 1 0.9 1 0 0 0
MT-ATP6 1 0.9 0 1 0 0
MT-CO1 1 0.9 1 0 0 0
MT-ND4 1 0.9 0 0 1 0
MT-TF 1 0.9 0 1 0 0
PMPCA 1 0.9 1 0 0 0
Unknown 16 15.1 9 1 3 3
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from different movement disorders. The movement dis-
orders group had mean PMD onset of 38.6 ± 15.7 years 
(M = 37.4 ± 15.7; F = 39.6 ± 15.7, ns) and mean age at 
last evaluation of 55.1 ± 13.5 years, whereas among the 
patients without movement disorders the onset was at 
36.3 ± 15.6 years and last evaluation at 49.2 ± 16.1 years (not 
significant differences after Bonferroni’s correction for two 
tests). Age at onset of movement disorders was 45 ± 18.1 (M 
44.1 ± 17.8; F 45.7 ± 18.3, ns).

In 40/105, the onset of movement disorders coincided 
with PMD onset, in 9 preceded the diagnosis of PMD, while 
in 56 movement disorders developed after 13.7 ± 12.3 years 
from the PMD diagnosis. Mean duration of follow-up was 
9.0 ± 7.2 years.

The most frequent phenotype at baseline was ataxia 
55/105 (52.4%) followed by hypokinetic (26/105, 24.7%), 
hyperkinetic (11/105, 10.5%) movement disorders, and myo-
clonus (13/105, 12.4%) (Table 1 and Fig. 1).

Nineteen patients developed either ataxia or another 
movement disorder in the disease course, making the phe-
notype more complex: three showed myoclonus, six had a 
hypokinetic movement disorder, seven had ataxia and three 

a hyperkinetic movement disorder (one tremor and two dys-
tonia) (Table 2).

Table 2 and e-Figure 1 report the genetic etiology. Over-
all, 42/105 patients harbored an mtDNA pathogenic variant: 
9 mtDNA single deletion, the others mtDNA point patho-
genic variants (mainly in the tRNAs) whereas 37 harbored 
a nuclear gene pathogenic variant and 10 multiple deletions 
(common genes excluded). In 16 patients, the molecu-
lar defect remains unknown. For the last two groups with 
unknown or unclear genetic defect, the diagnosis of PMD 
was based on clinical and instrumental findings (including, 
but not limited to, muscle biopsy) [14, 15].

Regarding the genotype–phenotype correlation, the path-
ogenic mtDNA m.8344A > G and POLG variants were sig-
nificantly associated with the presence of a movement disor-
der (Table 3), while “LHON”-associated pathogenic variants 
and mtDNA single deletion were more commonly found in 
subjects who did not developed a movement disorder.

The most encountered MRI features were global cerebral 
atrophy (46/105; 43.8%), cerebellar atrophy (32.4%), white 
matter hyperintensities (35.2%), with normal MRI findings 

Fig. 1  Prevalence of movement 
disorder phenotypes at baseline 
and last follow-up: percentages 
refers to proportions within the 
105 patients who have a mito-
chondrial movement disorders

Table 3  Genotype–phenotype 
correlation

The patients have been divided in two groups, with and without movement disorders. Genotypes with less 
than 25 patients have not been considered and are not shown. Significance levels after Bonferroni’s correc-
tion 0.007. Significant differences are represented in bold
n.s. not significant

Movement disorders: 
yes (n = 105)

Movement disorders: no 
(n = 659)

m.3243A > G pathogenic variant 8 (7.6%) 47 (7.1%) n.s.
m.8344A > G pathogenic variant 17 (16.2%) 16 (2.4%)  < 0.0001
mtDNA LHON pathogenic variants 1 (0.9%) 154 (23.4%)  < 0.0001
mtDNA single deletion 9 (8.6%) 125 (19.0%) 0.003
nDNA: OPA1 pathogenic variants 4 (3.8%) 25 (3.8%) n.s.
nDNA: POLG pathogenic variants 23 (21.9%) 19 (2.9%)  < 0.0001
nDNA: Twinkle pathogenic variants 7 (6.7%) 23 (3.5%) n.s.
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in 11.5% of cases (Fig. 2). A nigro-striatal alteration was 
detected in 21.9% of cases.

E-Table 1 shows MRI features and their association with 
specific genotypes. The only significant finding is a nega-
tive association between POLG variants and white matter 
hyperintensities. No associations between the m.3243A > G 
variant and white matter hyperintensities, between TWNK 
variants and cerebral atrophy, and POLG variants and a nor-
mal MRI were observed.

Furthermore, 44/105 (41.9%) patients had an axonal 
neuropathy (32 sensory and 12 sensory motor axonal 
neuropathy).

The clinical course was progressive in 81% and stable 
in 19%. At the last follow-up (mean value 9.0 ± 7.2 years), 
22/105 (21%) patients were completely independent, 32/105 
(30.5%) needed minimal assistance, 34/105 (32.4%) were 
partially dependent on a caregiver, and 17/105 (16.1%) were 
totally dependent on a caregiver.

Hypokinetic movement disorder

A predominant hypokinetic movement disorder was the 
manifesting feature in 26/105, in 6 cases was the first clini-
cal manifestation while in the remaining cases developed 
after a mean of 18.9 years (range 1–55) after PMD diagnosis 
(E-Table 2). All patients fulfilled the UK-PD Society brain 
bank criteria for parkinsonian syndrome [16]. Age at onset of 
the movement disorder was 62.7 ± 11.2 years (vs 48.3 ± 18.1 
for PMDs) and mean follow-up was 8.9 ± 6.0 years.

Clinical course was progressive in 21/26 and stable in 
5; unfortunately, UPDRS values were not collected. Six 
patients were completely independent, 14 needed mini-
mal assistance, 4 were partially dependent on a caregiver 

and 2 totally dependent for daily activities. Dysphagia 
was observed in seven patients. Of the 26 patients, one 
received polytherapy with levodopa and dopamine agonist 
without improvement, 3 were not treated, and 22 received 
a monotherapy: 19 levodopa/dopa decarboxylase inhibi-
tor up to 800 mg/day (18 with partial/full benefit, 1 with-
out) and 3 dopamine agonists (pramipexole and rotigo-
tine) with benefit. In a few patients, the clinical course 
was complicated by additional movement disorders. One 
levodopa-treated patient developed dyskinesia, a single 
case harboring an OPA1 variant developed focal dystonia 
during disease course, and one POLG patient developed 
progressive ataxia.

The overall prevalence of hypokinetic movement disor-
ders at the last follow-up was 30.5%. Six ataxic patients (four 
POLG, two OPA1) later developed a hypokinetic movement 
disorder during disease course, one with a poor response 
and another one with good response to levodopa therapy. 
E-Table 3 shows the genotype–phenotype correlation for 
hypokinetic movement disorders. POLG and TWNK patho-
genic variants were significantly associated with hypokinetic 
movement disorders, whereas the opposite was observed for 
the LHON pathogenic variants.

Neuroimaging data mainly showed diffuse cerebral atro-
phy (46.2%), white matter hyperintensities 42.3%, basal gan-
glia alteration (15.4%). In 61.5%, nigro-striatal degeneration 
on 123I-FP-CIT SPECT or (18)F-dopa PET SPECT/PET 
alteration was detected.

Nerve conduction studies revealed an axonal sensory neu-
ropathy in 4/26, axonal sensorimotor neuropathy in 2. EMG 
was myopathic in 20 and neurogenic in 2 (being normal in 
4).

Fig. 2  Neuroimaging features 
of patients with movement 
disorders
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Ataxia

Fifty-five patients (52.4%, 27 male) presented ataxia as 
main phenotype at the onset (Fig. 1). Age at diagnosis of 
MD was 36.7 ± 14.1 years, while age at onset of ataxia was 
38.8 ± 16.4 and the mean follow-up 8.00 ± 6.7 years. Ataxia 
was the presenting features of MD in 34/55 (61.8%).

In 46/55 patients, clinical phenotype was defined as pure 
ataxia; in three cases, ataxia was associated with pyramidal 
signs, in four with myoclonus, in single cases with myo-
clonus and dystonia or with chorea and dystonia, respec-
tively. Ataxia was cerebellar in 22/55, pure sensory ataxia 
in 9/55 (all with axonal neuropathy, sensory in seven and 
sensory motor in 2, mostly related to POLG) and spinocer-
ebellar in 24/55.

Ataxic signs involved trunk limb and gait ataxia in 20/55, 
limb and gait in 16/55, only gait ataxia in 10/55 patients, gait 
and limb in 2, trunk and gait in 1, limb ataxia and trunk with 
gait ataxia in 3, respectively.

Twenty-three ataxic patients harbored nDNA pathogenic 
variants (16 POLG1, 2 OPA1 and TWNK, 1 AARS2, DARS2, 
and PMPCA), 1 patient had multiple mtDNA deletions and 
22 patients presented mtDNA variants. E-Table 4 shows 
genotype–phenotype correlations for ataxia: POLG and 
m.8344A > G pathogenic variants were significantly asso-
ciated with ataxia, while the opposite was true for the LHON 
pathogenic variants.

Later in the disease course, nine ataxic patients developed 
other movement disorders: six had parkinsonism (4 POLG, 2 
OPA1), three with mtDNA point pathogenic variants devel-
oped myoclonus. On the contrary, six patients with myo-
clonus and one POLG parkinsonism later developed ataxia 
(4 cerebellar, 2 mixed, 1 sensory), with an overall prevalence 
of ataxia at last follow-up of 62/105, 59.1% (Fig. 1).

Clinical course was progressive in 51 patients and sta-
ble in 4. Four patients were completely independent, 13 
needed minimal assistance, 25 were partially dependent 
on a caregiver and 13 totally dependent for daily activities. 
SARA score was available for 33 patients: SARA at follow-
up statistically deteriorated (16.8 ± 9.2 at last follow-up vs 
10.8 ± 7.7 at baseline, P < 0.05).

Neuroimaging data revealed mainly global atrophy in 
40%, cerebellar atrophy in 42%, brain stem atrophy and basal 
ganglia abnormalities in 14.5%, white matter hyperintensi-
ties in 29%, and lactate peak on spectroscopic MRI in 16%. 
Seven cases presented SPECT alterations (with parkinson-
ism in five). Spinal cord MRI revealed diffuse atrophy in 
three cases and abnormal signal in posterior columns in one 
DARS2 subject.

Nerve conduction studies revealed an axonal sensory 
motor neuropathy in 10, sensory axonal neuropathy in 22 
and normal in 8 patients (data not available for 16 patients). 
EMG was myopathic in 12 cases and neurogenic in 16.

Myoclonus

Myoclonus was the predominant movement disorder at 
onset in 13/105 patients (12.3%, Fig.  1), with a mean 
age at onset of 32.2 ± 11.8 years and a mean follow-up of 
9.9 ± 7.8. Six patients showed myoclonus at baseline in 
association with other movement disorders. Three mtDNA 
patients developed myoclonus later, at follow-up, with 
a final prevalence of myoclonus at follow-up of 22/105 
(20.9%).

Myoclonus was mainly associated with mtDNA patho-
genic variants (10/13), mainly the m.8344A > G MT-TK 
(P < 0.01).

Myoclonus was generalized in 6/22 (27.3%), multifo-
cal in 8/22 (36.4%), focal in 5/22 (22.8%), segmental in 1 
(4.5%), not classified in 2 (9.0%). Considering the provok-
ing factor, myoclonus was spontaneous in 9/22 (40.9%), 
spontaneous and reflex in 6/22 (27.3%) and spontaneous 
and action activated in 5/22 (22.8%).

Levetiracetam (1–4 g/day) was the most used drugs to 
treat myoclonus (50%), as monotherapy in nine cases, with 
good response. The other drugs used in our cohort were 
clonazepam (up to 2.5 mg/day), valproic acid, and in one 
case, piracetam.

Hyperkinetic movement disorders

Eleven patients (10.5%, 8 females) presented a predomi-
nant hyperkinetic movement disorder: 6 tremor, 2 chorea-
ballism, and 3 focal dystonia. Tremor was focal in four and 
segmental in two cases, and classified as mixed tremor in 
all cases. Age at diagnosis of PMD was 37.3 ± 13.2 years, 
while age at onset of movement disorder was 47.4 ± 14.4, 
with a mean follow-up of 12.9 ± 10.7 years. In all cases, 
the hyperkinetic movement disorder coincided or followed 
PMD onset (up to 28 years after PMD onset). No correla-
tion between genotype and hyperkinetic movement disor-
der was observed.

Three patients developed minor hyperkinetic movement 
disorder at baseline in the context of another movement 
disorder, while two patients developed and hyperkinetic 
movement disorder at the follow-up. Therefore, the preva-
lence of hyperkinetic movement disorders at last follow-up 
was 16/105 = 15.3% (Fig. 1). Given the poor representa-
tion of hyperkinetic disorders, we have no statistical power 
in this category.

Considering the treatment, dystonia was treated with 
clonazepam, levodopa or botulinum toxin with poor 
response; one choreic patient was treated with tetrabena-
zine with improvement, and propranolol was used to treat 
tremor without success.
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Discussion

Among the 764 patients with adult-onset PMD, we iden-
tified 105 cases with a movement disorder during the 
disease course, estimating a minimum prevalence of 
movement disorders in PMD of 13.7%, which is higher 
compared to what has been observed in a recent study 
from Newcastle [4], most likely due to the fact we have 
included patients with ataxia and myoclonus.

In our cohort, ataxia was the commonest features being 
present in 62/105 (59.1%) of patients, often in associa-
tion with other movement disorders, mainly myoclonus in 
patients harboring a MT-TK pathogenic variants or cases 
presenting parkinsonism and POLG pathogenic variants, 
making the clinical pictures complex. Similar data on 
prevalence of ataxia are reported in the UK-based Mito-
chondrial Research Center-funded cohort study, which 
estimates a frequency of ataxia of 65.2% [5].

Ataxia was associated with both POLG  and 
m.8344A > G pathogenic variants. Ataxia was mostly cer-
ebellar or spinocerebellar; pure sensory ataxia was found 
in 16% of ataxic patients, mainly in POLG pathogenic 
variants in the setting of a SANDO phenotype. Although 
our data on genotype–phenotype correlations did not 
reach a statistical association, ataxia was also frequently 
observed in MT-TL1 patients, in Kearns Sayre syndrome 
and other mitochondrial or nuclear variants. Surprisingly, 
SPG7, which causes PMD trough impaired mtDNA main-
tenance, is not represented in our cohort despite ataxia and 
parkinsonism are commonly reported features [17, 18]. 
This could be related to referral of patients, as those har-
boring biallelic variants in SPG7 may escape recording in 
the Italian Network National Registry.

Not surprisingly, myoclonus is commonly observed in 
mitochondrial encephalopathies, mainly in MERRF, as 
predominant features at onset or appearing at follow-up 
in ataxic patients, as already described [19]. On the other 
hand, hyperkinetic movement disorders (chorea, dystonia, 
ballism, and tics) are rarely observed in adults.

The most frequent MRI abnormalities were global cer-
ebral or cerebellar atrophy, basal ganglia abnormalities 
and white matter hyperintensities, although we did not 
find statistically significant association in the genotype-
neuroradiological approach.

Unfortunately, we cannot provide data on the pattern/
distribution of cerebral or cerebellar atrophy, which may 
play an important role in the pathogenesis of movement 
disorders. Schergelman and co-workers [20] showed that 
cerebellar atrophy was more pronounced in PMD patients 
with movement disorders than in patients without, suggest-
ing an important role of cerebellum. Intriguingly, this pat-
tern of cerebellar atrophy was also found in PMD patients 

with parkinsonism in association with a volume increase 
in the putamen. On the contrary, PMD patients without 
movement disorders showed no cerebellar atrophy but had 
reduced caudate gray matter and superior medial gyrus 
volume. In our study, patients with parkinsonian syndrome 
showed frequently DAT imaging abnormalities; however, 
this finding should be carefully interpreted since it has 
been reported even without clinical manifest movement 
disorders [21]. In fact, Tzoulis and colleagues showed that 
despite severe mitochondrial alteration and neuronal loss 
in substantia nigra pars compacta (valued by dopamine 
transporter imaging and PET), many POLG patients did 
not show signs of clinical parkinsonism, probably by com-
pensation of other brain structures such as thalamus and 
cerebellum. On the other hand, clinical parkinsonism in 
PMD can present with normal DAT findings [4].

Although under-represented in our series, given the high 
incidence of neuropathy in our cohort (44/105 = 42%), it is 
important to differentiate a truly hyperkinetic disorders from 
similar conditions such as pseudoathetosis or a neuropathic 
tremor: the latter are usual distal and associated with hypo-
pallesthesia, while truly choreic movement can involve face 
and bulbar district.

Another important message delivered by our cohort 
study is to consider a mitochondrial etiology in parkin-
sonism or other movement disorders, especially when 
other mitochondrial “red flags” are associated; in these 
conditions, we recommend to screen patients for variants 
in mitochondrial nuclear genes (mainly TWNK, OPA1, 
POLG1 and SPG7). On the other hand, mtDNA primary 
pathogenic variants seem to be more linked with ataxia. 
L-DOPA therapy was effective in most patients, although 
the response to this therapy is variable in mitochondrial 
parkinsonism and asymmetric DAT-SPECT findings 
are considered predictor of L-DOPA response [22–24]. 
Levetiracetam was the most used and effective therapy 
to treat myoclonus, confirming previous observations 
on safety and efficacy [25–28]. In our cohort, in 30% of 
cases parkinsonism developed before the diagnosis of 
PMD. Age at onset of mitochondrial parkinsonism (in 
our cohort 62.7 ± 11.2) is usually earlier than idiopathic 
Parkinson disease (iPD). However, given that 56.25% 
of patients developed the parkinsonism after the age of 
60 (E-Table 2), when iPD usually begins [29], a possi-
ble co-occurrence of PMD and iPD cannot be ruled out. 
The parkinsonian features, the nigro-striatal degenera-
tion on 123I-FP-CIT SPECT, the high rate of L-DOPA 
response are also typical features of iPD and found in 
several patients of our cohort. Neuroimaging data did not 
allow us to differentiate between iPD and PMD: global 
cerebral atrophy, cerebellar atrophy, and even the spec-
troscopic lactate peak are detected in both iPD and mito-
chondrial parkinsonism [30–32]. Moreover, the group with 
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parkinsonism onset before PMD did not show any peculiar 
clinical, genetic or imaging features. On the other hand, 
nigro-striatal vulnerability to mitochondrial dysfunction 
and phenotype complexity do not support iPD and PMD 
coexistence. Further studies are needed to identify—if 
any—clinical, biological and neuroimaging biomarkers 
of mitochondrial parkinsonism.

24.7% patients in our series (28.2% of hypokinetic move-
ment disorders group) did not have a molecular diagnosis 
(unknown gene or multiple mtDNA deletions). In this group, 
the diagnosis of PMD was based on the presence of mus-
cle, central nervous system, and multisystem involvement, 
biochemical and imaging results, and in case of biopsy the 
results of histology [33]. However, it must be considered that 
multiple mtDNA deletions and mitochondrial abnormalities 
on muscle biopsy (ragged red and COX negative fibers) can 
be found in other conditions, including iPD [30, 34] and are, 
therefore, not diagnostic. In these patients, with inconclu-
sive genetic tests, a “possible mitochondrial diagnosis” [35] 
should be considered.

In conclusion, movement disorders in PMDs are not the 
most common findings in adult PMDs, but have a significant 
role on disease burden. The neurologists should be aware 
of the mitochondrial etiology of movement disorders, espe-
cially in the presence of mitochondrial red flags (i.e., diabe-
tes, optic atrophy, epilepsy, myopathy) along with evocative 
MRI abnormalities (i.e., basal ganglia alterations or cere-
bellar atrophy), and consequently a mitochondrial genetic 
analysis should be considered according to the phenotype 
of the movement disorder.
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