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Abstract. In people with young onset Parkinson’s disease (YOPD), onset of symptoms is between 21 and 40 years of age.
The distinction between YOPD and late-onset Parkinson’s disease is supported by genetic differences (a genetic etiology
is more common in people with YOPD) and clinical differences (e.g., dystonia and levodopa-induced dyskinesias are more
common inYOPD). Moreover, people with YOPD tend to have different family and societal engagements compared to those
with late-onset PD. These unique features have implications for clinical management, and call for a tailored multidisplinary
approach involving shared-decision making.
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INTRODUCTION
The prevalence of Parkinson’s disease (PD) rises
sharply with age, reaching 2.6% in people aged 85
to 89 years [1, 2]. In the Western world, the mean
age of onset of PD is in the early-to-mid 60s [3],
but in 3–5% of cases symptoms start decades earlier,
before the age of 40 [4, 5]. In Japan, higher percentages of early onset PD have been reported (up to
10–14%) [4], possibly due to a higher genetic suspectability. Early-onset PD can be further subdivided
into the rare juvenile parkinsonism and young-onset
PD (YOPD) [6, 7]. Disease onset of juvenile parkinsonism is below 21 years, while the age of onset of
YOPD lies between 21 and 40 years, although some
studies use 50 years of age as the cut off [8]. The dis∗ Correspondence to: Bart Post, MD, PhD, Radboud University
Medical Centre, PO Box 9101, 6500 HB Nijmegen, The Netherlands. E-mail: bart.post@radboudumc.nl.

tinction between juvenile parkinsonism and YOPD
is supported by clinical, pathological and genetical
differences [6]. Genotypical and phenotypical differences have also identified between YOPD and
late-onset PD. Moreover, people with YOPD tend to
have other roles in society compared to those with
late-onset PD [9]. These differences make YOPD a
unique group, which requires a personalized multidisciplinary approach to management, assessing and
subsequently targeting the specific needs of people
with YOPD (see Box 1). In this viewpoint we highlight unique features of YOPD, and its implications
for daily clinical practice.
GENETICS IN YOPD AND ITS
IMPLICATIONS FOR MANAGEMENT
The genetic background of PD is gradually being
revealed and consists of the spectrum from common
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variants that have small contributions to an increased
vulnerability, to true monogenic forms [10]. Some of
the genes that previously received a PARK locus symbol are in fact unconfirmed, are risk alleles, or—if
mutated—give rise to a more complex phenotype.
A new nomenclature of genetic movement disorders, including PD, was recently proposed and has
tried to deal with these complexities [11]. Here, we
focus on the confirmed genes that can be considered
monogenic forms of PD. These mainly include the
dominant genes SNCA, LRRK2, GBA, and VPS35,
and the recessive genes Parkin, PINK1, DJ1. The
common picture from the literature is that PD patients
with a mutation in one of these genes present at an
earlier age, particularly for the recessive genes and
SNCA [12]. So, vice versa, if a PD patient presents at
a young age, the option of a genetic etiology is often
considered. While next generation sequencing platforms have simplified screening the relevant genes,
we have to critically address the question: what is the
actual benefit of genetic testing in YOPD?
In practice, the yield of genetic testing is relatively limited, with the exception of selective testing
in certain ethnic populations (e.g., LRRK2 mutations in Ashkenazi Jewish PD patients), and often
significantly lower than published in papers that
screened cohorts soon after a new gene was discovered. Knowledge of the a priori chance of an
underlying gene mutation is crucial for pre-test counseling sessions. Also, there are some important issues
that make genetic counseling a very challenging matter in PD, particularly in terms of risk predictions
for family members and their offspring. These issues
include 1) the incomplete penetrance of some variants, e.g., in LRRK2; 2) the ongoing controversy of
whether single heterozygous mutations in the recessive PD genes impose an increased risk to develop
PD; and 3) the difficulties to follow-up and interpret
variants of unknown significance or previously unreported variants in one of the genes. The advantage
of an identified PD gene mutation in the diagnostic process of YOPD is limited to those with a
very early onset (especially a juvenile onset) [7]
and those with complex or atypical phenotypes, as
this will end any further diagnostic odysseys related
to the long and exotic differential of young-onset
parkinsonism.
In terms of prognostic value, the identification of
a mutation might allow some predictions on the further evolution of the disease. However, even within
one genotype, there is a large clinical variability.
Also, differences in relevant disease milestones are

more likely related to the younger age at onset, rather
than to the gene involved. For example, one study of
YOPD patients with versus without Parkin mutations
found that these two groups were clinically indistinguishable [13].
Hence, genetic testing should not be considered
lightly as a diagnostic test. Importantly, for the majority of people with YOPD, family planning will be
affected if a gene mutation is detected [14]. Still it
will increasingly be a topic in YOPD consultations.
A previous study showed that PD patients have a
high level of interest in genetics and genetic testing, but at the same time they seem to lack genetic
knowledge and overestimate the risk of a genetic
mutation [15]. This clearly indicates that genetic
counseling is necessary to make well informed decisions about whether or not genetic testing is desired.
Genetic testing should therefore be done at centres that have proven experience in the clinical
aspects, counseling dilemma’s, and genetic pitfalls
of testing the PD genes. These experiences should
be shared to improve clinical practice of testing
PD genes.
Until recently, the absence of therapeutic consequences of an identified PD gene mutation was
another reason to hold a reserved attitude towards
genetic testing in PD. However, gene-specific interventions are now entering clinical trials, such as for
GBA and for LRRK2. Many patients are, via internet and social media, aware of these developments
and want genetic testing done for this reason. There
are also recent indications that gene status might
also affect outcome of DBS in PD. Carriers of a
GBA mutation were more likely to develop cognitive impairment during the follow-up after DBS [16],
while carriers of the G2019S andLRRK2 mutation
were suggested to have better DBS outcomes compared to non-carriers [17]. These findings have to be
confirmed, but fuel an interesting area of research
referred to as ‘surgicogenomics’. These emerging
therapeutic implications for specific genotypes will
probably be the main driver that will change the attitude towards genetic testing in patients and doctors
alike.

CLINICAL ASPECTS OF YOPD AND ITS
IMPLICATIONS FOR MANAGEMENT
Several phenotypical differences between YOPD
and late-onset PD have been identified at group
level [18]. Here, we elaborate on those phenotypi-
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cal differences that significantly impact daily clinical
practice.
Dystonia
At early disease stages, dystonia is more common
in YOPD than in late-onset PD [19]. Dystonia is
a well-known feature of later stages of classic PD,
either as part of levodopa-induced dyskinesias or as a
disease-related motor feature (e.g., striatal hand and
antecollis). However, in drug-naive YOPD, dystonia
is a very common, early co-existing and occasionally
presenting feature. Especially exercise-induced dystonia in patients aged 21 or older should always raise
the suspicion of PD [19]. This is typically a mobile
dystonia that can affect all body parts, although foot
or leg involvement seems to be the most common. We
have seen people with YOPD presenting with writer’s
cramp, exercise-induced dystonia of the toes (‘dystonic claudication’), and retrocollis that responded
to a sensory trick. While in such cases, the dystonia is clearly an intrinsic part of the phenotype, the
response to levodopa does not always parallel that of
the hypokinetic-rigid features. Alternative strategies
are required in many people with YOPD, including
oral medications (e.g., anticholinergics), physiotherapy (e.g., taping to elicit the sensory trick effect) or
botulinum toxin injections. In some patients, GPi or
STN deep brain stimulation can be considered to treat
treatment-refractory dystonia, even if hypokineticrigid features are well controlled with levodopa.
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could explain why there is still reluctance to start with
levodopa in some patients and clinicians [27–29].
For instance in the PDMED study [30] only 12% of
patients had an age under 60, and in the recently published LEAP study [31] a mere 11% of patients was
under 50 years of age (personal communication). In a
recent review on the initiation of treatment in PD [32],
the authors state that young age is an important factor to consider alternatives to levodopa. Importantly,
alternatives for levodopa (e.g., dopamine agonists and
MAO-B-inhibitors) are not without side effects either.
Hence, starting pharmacological treatment in people
with YOPD has to be made in close collaboration with
the patient and their caregivers and carefully monitored. There is need for a patient centered approach
using shared decision making. In our opinion, the
choice of the drug depends on the impact of improving motor disability (better with levodopa compared
to dopamine agonist of MAO-B inhibitor) in relation
to the risk of motor complications (more risk of motor
complications with levodopa compared to dopamine
agonists and MAO-B-inhibitors, especially at
younger age) and the risk of neuropsychiatric complications (higher risk with dopamine agonists, compared to levodopa and MAO-B-inhibitors [33], especially in male patients with younger age [34]). Later
on in the disease course DBS is an important consideration in YOPD patients. The EARLYSTIM study,
with a mean age at inclusion of 52 years and mean
disease duration of 7 years, suggests that this treatment should be considered early in the disease course
of YOPD patients with motor complications [35].

Levodopa-induced dyskinesias
Anxiety and depression
Second, in addition to dystonia, levodopa-induced
dyskinesias are more common in YOPD than in
late-onset PD [20–23]. It is not unravelled yet why
levodopa-induced dyskinesias are more common
in young patients [24]. Potentially, the development of levodopa-induced dyskinesias reflects
a greater capacity to exhibit maladaptive plastic responses [25]. Alternatively, higher synaptic
dopamine turnovers have been reported in YOPD
patients compared to patients with late-onset PD,
resulting in larger swing in dopamine synaptic levels, and possibly contributing to the occurrence of
levodopa-induced dyskinesias [26].
Although there is consensus that levodopa is still
the most effective therapy for treating motor symptoms in PD, the relative high risk of developing
levodopa-induced dyskinesias in YOPD and the small
amount of young onset patients included in trials

When looking at anxiety, conflicting epidemiological data have been reported. One study using
case-series of 79 patients reported that patients with
YOPD are more likely to experience anxiety compared to late onset-PD [36], but a disadvantage of
the latter study is that patients were dichotomised
into young-onset and late-onset PD using a cut-off of
62 years, which is not in accordance with the commonly used definitions of YOPD [6]. In contrast to
the latter findings, it has also been reported that anxiety is more common in late-onset PD compared to
YOPD [37]. Moreover, others did not find a difference in anxiety rates between YOPD and late-onset
PD [38]. When compared to the general population,
anxiety is more common in YOPD [9]. Conflicting
results are also present when looking at the presence of depression, as higher [22, 39, 40], equal
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[38], and lower incidences [41] have been reported,
but the general consensus is that depression is more
common in people with YOPD compared to PD in
general [42]. Hence, in YOPD, evaluation of mood is
of particular importance, and both pharmacological
and non-pharmacological treatment modalities (such
as cognitive behavioural therapy) should be made
available [43].

CIRCUMSTANCES AND SOCIETAL
ENGAGEMENT IN YOPD AND
IMPLICATIONS FOR MANAGEMENT

The patient’s perspective
How YOPD impacts on social engagement may
differ between patients.
At our center, creating a mind map provides a
tool to assess the needs for (young persons) living
with Parkinson’s disease, which subsequently helps
to organize personalized healthcare using cocreation
(see Box 1 and Fig. 1). Common topics include pregnancy, work and relations, on which we elaborate
here.

Pregnancy
In general, people with YOPD tend to have different family and societal engagements to those with
late-onset PD. For example, most people diagnosed
with YOPD will have a job, whereas some people
with late-onset PD have already retired. Additionaly,
it is not unusual that people with YOPD have young
children (who need to be educated about the disease),
or may want to start a family.

The incidence of pregnancy during PD is unknown,
and available knowledge is based on case reports
and case-series [44, 45]. In about 50% of women
with YOPD, symptoms seem to deteriorate during
pregnancy. The risk of deterioration is smaller when
dopaminergic medication is continued and when
needed adjusted throughout pregnancy. The mech-

Box 1: The perspective of a patient
Being diagnosed with a non-curable chronic disease at the age of 41 turns your world upside
down. Especially since we were familiar with the impact of PSP, the disease my father in law
suffered from. The diagnosis of YOPD disrupted my family and social life. All the things we
took for granted became questionable: ‘will I be able to see my daughter through college?’,
‘what is the impact on her?’, ‘will our marriage last?’, ‘to what extend will my partner be able
to care for me?’, ‘what about work and financial issues?’
In search for answers to these fundamental questions, my wife and I found little recognition
and even disbelieve, even by close friends and relatives.
In 2014 my neurologist and I teamed up for a fundraising cycling event. During this ride we
talked about the impact of my disease on my personal life. This conversation inspired my wife
and myself to make a mind map of the areas of concern and how these impacts on our lives
(Fig. 1).

Take Home messages
– Young onset Parkinson’s disease arbitrarily is defined as an age at onset between 21 and
40–50 years
– Genetic testing can be considered in young onset Parkinson’s disease but should be done
at centers that have proven experience in the clinical aspects, counseling dilemma’s, and
genetic pitfalls of testing the genes associated with Parkinson’s disease
– The unique challenges faced with when living with Parinson’s disease at a younger age,
require personalized healthcare, targeting the specific needs of the patients
– Our mindmap (Fig. 1) can function as a way to start exploring the needs of young onset
Parkinson’s disease patients
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Fig. 1. Mindmap visualizing the challenges faced by a young onset Parkinson’s disease patient. This mindmap displays the clinical aspects,
circumstances, societal engagements and complexity of the young onset Parkinson’s disease patient. It helps to facilitate person-centred care
based on the individual needs of the person living with Parkinson’s disease on a young age. This mindmap is created by Xander van Ruissen
(YOPD patient and co-author of this paper) and his wife Dorien Wissink.

anism underlying a worsening of symptoms during
pregnancy is likely multifactorial, including hormonal changes, physiological changes resulting in
altered pharmacokinetics, and physical and social
stress. The effect of anti-parkinsonian medication
during pregnancy has been best documented for levodopa/carbidopa, with no evidence of major fetal
abnormalities and a small amount of pregnancy
related complications effects [44]. Levodopa appears
to be the safest option as first-line treatment in pregnant women with YOPD, although this continues
to be an area of further study and the proposed
prospective registry in the latest review on this topic
seems to be a good start [44]. Data on the effects
of other pharmacological agents during pregnancy
is limited [45]. Amantadine should be avoided as it
has been associated with teratogenicity in both animal and human studies [46]. The effects of DBS
seems to be safe although data are based on a
small number of cases [47]. Compared to the normal population, there appears to be no differences
in deliveries by women with YOPD [45]. Despite
some case reports [48], describing succesfull breastfeeding in woman on anti-parkinsonian medication,
there is insufficient data on the safety of breastfeeding when using dopaminergic medication, and as a
result, it is usually discouraged to breastfeed when
using anti-parkinsonian medication.

Work
Workplace success is another important topic for
many people with YOPD. A retrospective study performed in Ireland found that unemployment rates for
men with PD were higher compared to the general
population, with a standardized ratio of 1.6; interestingly, this discrepancy was not found for women [49].
Retirement age was approximately 4–5 years younger
compared to the general population. Importantly,
average age of diagnosis in this study was 58 years,
so this number is likely higher in the YOPD-group.
Indeed, it has been reported that patients diagnosed
before the age of 45 years stop working on average 6
to 7 years after diagnosis, although large differences
between persons existed, but no differences between
sexes [50].
Signs such as dystonia and levodopa-induced dyskinesias can influence the ability to work considerably
[51]. However, severity of symptoms is not the only
factor that determines how long someone is able to
work after the onset of PD [50]. A qualitative study
found that workplace success for people with YOPD
depends on both internal and external factors [52].
Internal factors involve symptom severity, daily fluctuations in PD symptoms, but also the way in which
a patient copes with and adapts to the disease. External factors, on the other hand, involve the presence
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of supportive employers and colleagues who enable
appropriate adjustments to the working environment.
Importantly, for external and internal factors to be
present in a successful manner, sufficient knowledge
on PD needs to be present both to patients, employers and colleagues. In the latter qualitative study,
almost all patients reported that better workplace education would have improved their workplace success.
Hence, targeted workplace education should be an
element of rehabilitation programs for people with
YOPD. Job coaching (e.g., by an occupational therapist or an occupational doctor) that targets both these
internal and external factors and provides workplace
eduction should therefore be available for people with
YOPD. The scientific evidence for workplace education in PD remains to be investigated in coming
years.
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