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ABSTRACT: Background: As gene-targeted therapies
are increasingly being developed for Parkinson’s disease
(PD), identifying and characterizing carriers of specific
genetic pathogenic variants is imperative. Only a small
fraction of the estimated number of subjects with mono-
genic PD worldwide are currently represented in the liter-
ature and availability of clinical data and clinical trial-
ready cohorts is limited.
Objective: The objectives are to (1) establish an interna-
tional cohort of affected and unaffected individuals with
PD-linked variants; (2) provide harmonized and quality-
controlled clinical characterization data for each included
individual; and (3) further promote collaboration of
researchers in the field of monogenic PD.
Methods: We conducted a worldwide, systematic online
survey to collect individual-level data on individuals with
PD-linked variants in SNCA, LRRK2, VPS35, PRKN,
PINK1, DJ-1, as well as selected pathogenic and risk
variants in GBA and corresponding demographic, clini-
cal, and genetic data. All registered cases underwent
thorough quality checks, and pathogenicity scoring of
the variants and genotype–phenotype relationships were
analyzed.

Results: We collected 3888 variant carriers for our ana-
lyses, reported by 92 centers (42 countries) worldwide.
Of the included individuals, 3185 had a diagnosis of
PD (ie, 1306 LRRK2, 115 SNCA, 23 VPS35, 429 PRKN,
75 PINK1, 13 DJ-1, and 1224 GBA) and 703 were
unaffected (ie, 328 LRRK2, 32 SNCA, 3 VPS35,
1 PRKN, 1 PINK1, and 338 GBA). In total, we identified
269 different pathogenic variants; 1322 individuals
in our cohort (34%) were indicated as not previously
published.
Conclusions: Within the MJFF Global Genetic PD Study
Group, we (1) established the largest international cohort
of affected and unaffected individuals carrying PD-linked
variants; (2) provide harmonized and quality-controlled
clinical and genetic data for each included individual;
(3) promote collaboration in the field of genetic PD with a
view toward clinical and genetic stratification of patients
for gene-targeted clinical trials. © 2023 The Authors.
Movement Disorders published by Wiley Periodicals LLC
on behalf of International Parkinson and Movement Dis-
order Society.

Key Words: Parkinson’s disease; monogenic PD

Rapidly advancing sequencing technologies offer new
and cost-effective approaches to increasingly define genetic
subtypes of common diseases. An illustrative example is
Parkinson’s disease (PD) that can be genetically stratified
into subgroups of patients with well-established, albeit indi-
vidually rare, genetic forms of PD. These are due to patho-
genic variants in LRRK2, SNCA, VPS35, PRKN, PINK1,
DJ-1, and GBA, the latter acting as the strongest known
genetic risk factor of PD.1

As a relatively common disease with only up to 10%
accounting for genetic subtypes,2 PD is not considered a
hereditary disorder per se. As genetic testing is not a com-
mon or even standard element of the diagnostic workup
due to the absence of gene-specific therapies, it is currently
most often performed in a research setting. However, sci-
entific interest in publications on clinical-genetic screening
studies of well-established PD genes is continuously
declining, whereas the advent of first gene-targeted thera-
pies3,4 immediately calls for well-characterized clinical
trial-ready cohorts of variant carriers.
To address the lack of systematic data resources

on monogenic PD, our team established the Move-
ment Disorder Society Genetic Mutation Database
(MDSGene, www.mdsgene.org). Although the actual
number of PD patients with a genetic cause is esti-
mated at �650,000, ie, �10% of the �0.65 million
PD patients worldwide,2,5 only a small fraction
(n = 2120) of monogenic PD patients with individual

patient information are contained in the international
medical literature published in the English language.
Availability of quantitative clinical data is limited,
and there is a strong focus on motor symptoms and
on select ethnicities in the literature.6,7 However, fre-
quency, clinical expression, and penetrance of genetic
variants may vary considerably across different
populations and ethnicities.8 For example, a landmark
study comparing patients with the same pathogenic
variant in LRRK2 in a Norwegian and a Tunisian
sample revealed a much higher proportion of affected
variant carriers among the Tunisians than the Norwe-
gians at a 60-year age cut-off. Knowing, understand-
ing, and considering these population-specific factors
facilitate the composition of study samples tailored to
specific research questions or clinical trials.
The MDSGene resource served to systematically iden-

tify researchers following monogenic PD patients, 98%
of whom expressed interest to jointly build up the
MJFF Global Monogenic PD Study Group8 to address
the following aims: (1) establish an international cohort
of individuals with PD-linked variants; (2) provide har-
monized and quality-controlled clinical characterization
data for each included individual; (3) further promote
the collaboration of researchers in the field of mono-
genic PD with a view toward demographic, clinical,
and genetic stratification of patients for gene-targeted
clinical trials.
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Patients and Methods
Data Collection Process

To collect individual-level data on the patients that
had been reported to us in the first phase of the MJFF
Global Genetic PD Project,9 we developed an online
survey. We focused on carriers of variants in genes
associated with monogenic PD (LRRK2, SNCA,
VPS35, PRKN, PINK1, DJ-1), but also included vari-
ants in the strongest genetic risk factor for PD, ie,
GBA. Variants in other PD-linked genes were not
included in the analyses (Appendix S1: Table 1). We
collected detailed genetic information alongside demo-
graphic data, disease status, pedigrees, motor scales,
nonmotor scales, risk factors, and medication (31 items,
Appendix S1: Table 2). All members of the MJFF
Global Genetic PD Study Group were invited to partici-
pate, and new members were included upon recommen-
dation or request. The survey was open from October
2018 to March 2019, including two rounds of
reminders and additional customized extensions of the
deadline upon request by several study centers. After
1 year, from September to October 2020, we reopened
the survey for its first annual update and invited mem-
bers of the study group to update their data and to add
newly identified individuals with PD-linked variants.
An important part of the data collection process was
the communication with study centers to keep them
informed about the project, to address any questions
regarding the survey, and to ensure a high quality of
the collected data.

Nomenclature
The nomenclature of the genes follows the recommenda-

tions of the HUGO Gene Nomenclature Committee
(www.genenames.org) with the exception of PARK7 that
we refer to as DJ-1. Variants are annotated corresponding

to the following transcript IDs: LRRK2: NM_198578.3,
SNCA: NM_000345.3, VPS35: NM_018206.5,
PRKN: NM_004562.2, PINK1: NM_032409.2, DJ-1:
NM_001123377.1, GBA: NM_000157.3.

Inclusion and Exclusion Criteria
All registered variant carriers underwent thorough

quality checks regarding both clinical and genetic data
(Fig. 1). The mandatory minimal data set for eligible
samples comprised information on the genetic variant,
sex, disease status, and age at onset. In case of any
missing or contradictory information, we asked the
submitting researcher for clarification. Duplicate sub-
missions and samples with an unresolved clinical or
genetic status were excluded from further analyses.
Variants in LRRK2, SNCA, VPS35, PRKN, PINK1,

and DJ-1 were excluded if they had a minor allele fre-
quency (MAF) ≥ 1% based on the ethnicity with the
maximal MAF in the gnomAD Browser v.2.1.1 (https://
gnomad.broadinstitute.org), dbSNP (http://www.ncbi.
nlm.nih.gov/snp/). Individuals with pathogenic variants
in more than one PD gene were excluded, but those
harboring an additional known risk variant in LRRK2
(p.R1628P) or GBA (p.R83C, p.E365K, p.T408M,
p.N409S, p.L483P, p.V499L, p.R535H) were included
in our analyses. For GBA, we only included the four
most frequent variants (p.E365K, p.T408M, p. N409S,
p.L483P). Although p.N409S and p.L483P are consid-
ered pathogenic variants due to their causal link to
Gaucher’s disease and are rare (<0.5% globally
according to gnomAD), p.E365K and p.T408M are
classified as PD risk variants with a global MAF of
>0.5%.10 Analyses for GBA exclude digenic variant
carriers; that is, all included individuals have been
reported to carry one variant in GBA only.

FIG. 1. Number of cases registered in the online survey and number of cases excluded after quality control and evaluating pathogenicity including rea-
sons for exclusion.
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Pathogenicity Scoring
Variants of eligible individuals underwent pathoge-

nicity scoring. The presumed pathogenicity of a genetic
variant was taken from MDSGene for previously
scored variants or assessed using MDSGene criteria,6

(https://mdsgene.org/methods). The score is based on
four items, including information on segregation, vari-
ant frequency in patients and controls, in-silico predic-
tion using the Combined Annotation Dependent
Depletion (CADD) score (http://cadd.gs.washington.
edu/), and functional evidence extracted from published
in-vitro and in-vivo studies. Based on these categories, a
pathogenicity score was devised, and variants were clas-
sified as definitely pathogenic, probably pathogenic,
possibly pathogenic, or benign.6 The MDSGene patho-
genicity scoring was designed for causative, monogenic
causes but is not applicable to variants with an MAF
>1% such as risk variants in GBA.

Statistical Analyses
All statistical analyses were performed using SPSS

26.0.0.0 (IBM, Armonk, NY). For median values, the
interquartile range (IQR) is displayed in parentheses.

Results
The MJFF Global Genetic PD Cohort

To establish the cohort, we contacted researchers
from 232 centers all over the world and obtained data
from 92 centers in 42 countries. In total, 5571 cases
were registered in our database, of whom 3888 were
included in our analyses (1683 cases were excluded; for
details, see Fig. 1).
Of these, 3175 had PD (ie, 1306 LRRK2, 115 SNCA,

23 VPS35, 429 PRKN, 75 PINK1, 3 DJ-1, and 1224
GBA) and 703 were unaffected individuals (ie,
328 LRRK2, 32 SNCA, 3 VPS35, 1 PRKN, 1 PINK1,
and 338 GBA). These numbers exclude monoallelic
carriers of variants in PRKN (PD: n = 217, unaffected:
n = 89), PINK1 (PD: n = 56, unaffected: n = 45), and
DJ-1 (PD: n = 4, unaffected: n = 3). Forty-four individ-
uals carried pathogenic variants in other genes linked
to forms of parkinsonism or related movement disor-
ders (Appendix S1: Table 1). Individuals originated
from 65 countries worldwide (Fig. 2A), and the pre-
dominant ethnicity was white (90%) (Fig. 2B).
The break-up of centers per continent is as follows:

Europe: n = 48; Asia: n = 15; North America: n = 13;
South America: n = 8; Australia: n = 3; Africa: n = 2
(Fig. 3A). About 75% of the world population (5.9 bil-
lion) inhabits the countries of origin included in our
cohort, whereas the countries of 25% of the world pop-
ulation (�2 billion individuals) are not yet represented
in the MJFF Global Genetic PD Cohort (Fig. 3B).

Data Completeness
Per inclusion criteria, basic data such as age at onset

were complete for all participants. Availability of clini-
cal data across the cohort ranged from more basic fea-
tures (77% for disease duration) to more complex
assessment of nonmotor symptoms (41% for cogni-
tion). Motor scales were available for 51% (MDS-
UPDRS or UPDRS) and 47% (Hoehn and Yahr Stage)
of the individuals with PD, respectively. Information on
medication was reported for 60% of the sample, and
risk factor data (smoking, caffeine) were available for a
subset (20%) of individuals.

Gene-Specific Findings
The median age at onset of PD was younger in indi-

viduals with variants in recessively inherited genes than
in those with variants in dominantly inherited genes
and GBA (Fig. 4 and Appendix S1: Tables 4–6).
Gene-specific findings for dominantly (LRRK2,

SNCA, VPS35) and recessively inherited genes (PRKN,
PINK1, DJ-1) and GBA are summarized in the follow-
ing paragraphs (Appendix S1: Tables 4–8; Supplemen-
tary Information 1–10; Figs. 7–49): For details on the
genetic spectrum, see Appendix S1: Figures 1–6.

LRRK2

A total of 1308 individuals with PD (50% women) and
328 unaffected individuals (54% women) with variants in
LRRK2 were registered. Most participants were white
(93%), including individuals who identify as Berber (20%)
and Ashkenazi Jewish (17%). The most common countries
of origin were Tunisia (20%), Spain (14%), and Israel
(11%). The median age at onset of PD was 57 years (inter-
quartile range [IQR]: 48–65 years) with a predominantly
late onset (>40 years, n = 1167, 89%) and only a small
fraction of patients with an early onset (20–40 years,
n = 141, 11%). The median disease duration at the time
of inclusion was 8 years (4–14, 9% missing data). Forty-
eight percent of the individuals with PD and 89% of unaf-
fected individuals reported a family history of PD.

SNCA

We obtained data on 147 individuals with variants
in SNCA (115 with PD [52% women], 32 unaffected
[56% women]). The majority were white (97%), and
45% originated from Greece. The median age at
onset was 45 years (IQR: 38–52 years), and most
patients had a late onset of PD (>40 years, n = 79,
69%), but early onset was also reported (20–
40 years, n = 36, 31%). The median disease duration
at the time of inclusion was 6 years (IQR: 3–9 years,
12% missing data). Eighty-nine percent of the PD
cases and 100% of the unaffected individuals
reported a family history of PD.
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VPS35

Twenty-six individuals had variants in VPS35
(23 individuals with PD [61% women] and three unaf-
fected individuals [33% women]). All individuals were

white, and the most common countries of origin were
Germany (27%), France (19%), and Austria (15%).
The median age at onset was 48 years (44–56 years),
21 individuals had a late onset (>40 years, 91%), and

FIG. 2. (A) Reported country of origin of all samples (with and without Parkinson’s disease [PD]). Information missing for 941 individuals (22%). Other
countries of origin included (all at <1%): Armenia, Argentina, Australia, Austria, Azerbaijan, Belgium, Bolivia, Canada, China, Czech Republic, Denmark,
Ecuador, Estonia, Faroe Islands, Finland, Guadeloupe, Hungary, India, Indonesia, Jersey, Republic of Korea, Lebanon, Libya, Luxembourg, Malaysia,
Mexico, Morocco, Netherlands, Peru, Philippines, Pakistan, Saudi Arabia, Serbia, Singapore, Slovakia, South Africa, Sudan, Switzerland, Thailand,
Tonga, Ukraine, Venezuela, Vietnam. (B) Reported ethnicity of all samples (with and without PD). Other ethnicities/combinations reported in </=2% are
summarized in “Mixed/other.”
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two had an early onset of PD (20–40 years, 9%). The
disease duration was 11 years (5–15). Ninety percent of
the individuals with PD and 67% of unaffected individ-
uals reported a family history of PD.

PRKN

Our cohort includes 646 individuals with PD (50%
women) and 90 unaffected individuals (51% women)
with variants in PRKN. Of these, 431 patients carried
biallelic variants and were included in the following

analyses. Seventy-eight percent were white, and the
most commonly reported countries of origin were
France (23%) and Italy (12%). The median age at onset
of PD was 32 (IQR: 23–38 years), and most patients
had an early onset (20–40 years, n = 283, 65.5%); late
onset was reported for 80 patients (>40 years, 18.5%),
whereas 68 had a juvenile onset (<20 years, 16%). The
median disease duration was 15 years (8–25). Fifty-
three percent of the PD patients reported affected
family members (12% of missing data).

FIG. 3. (A) Countries of origin of individuals in the MJFF Global Genetic PD Cohort. This figure displays numbers for reported individuals with variants
in Parkinson’s disease (PD)-associated genes (including LRRK2, SNCA, VPS35, PRKN, PINK1, DJ-1, GBA, and also monoallelic carriers of variants in
PRKN, PINK1, and DJ-1) with and without a diagnosis of PD (numbers after the slash represent subjects without PD). Missing data for 941 subjects
(22%), mixed origin for six subjects (0.001%). Country names are abbreviated using the two-letter codes defined in ISO-3166-1 alpha-2. (B) Countries
harboring centers that submitted individuals to be included in the MJFF Global Genetic PD Cohort. This figure highlights countries with centers partici-
pating in the MJFF Global Genetic PD Project in blue, and countries shaded in gray are not yet reflected in the cohort (for details, see Appendix S1:
Supplement 3).
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PINK1

For PINK1, we included 131 PD patients (49%
women) and 46 unaffected individuals (33% women)
in our cohort. Of these, 75 patients carried biallelic var-
iants and were included in the following analyses.
Sixty-three percent were white, and the most frequent
countries of origin were Italy (25%), Malaysia (9%),
and Germany (7%). The median age at onset of PD
was 34 years (IQR: 28–40 years), and 54 patients had
an early onset (20–40 years, 72%), 17 had a late onset
(>40 years, 23%), and four patients had a juvenile
onset (<20 years, 5%). The median disease duration
was 17 years (7–29 years). Sixty-one percent reported a
family history of PD (4% of missing data).

DJ-1

Our cohort includes 17 PD patients (41% women)
and three unaffected individuals (67% women) with
pathogenic variants in DJ-1. Of these, 13 patients car-
ried biallelic variants and were included in the following
analyses. Sixty-nine percent were white, and the largest
portions originated from Malaysia (31%), Italy (15%),
and France (15%). The median age at onset of PD was
29 years (IQR: 23–36 years), and the majority reported
an early onset (20–40 years, n = 11, 85%). Two patients
had a juvenile onset of PD (<20 years, 15%). The
median disease duration was 14 years (7–16 years).

GBA

The most frequently reported variants in GBA were
p.E365K, p.T408M, p.N409S, and p.L483P. We
obtained data for 848 individuals carrying one of the
two pathogenic variants, p.N409S or p.L483P (715
[84%] with PD [42% women] and 133 [16%] unaffected
[28% women]). Eighty-eight percent were white and, of
these, 34% identified as Ashkenazi Jewish. The median
age at onset was 56 years (IQR 47–64). Of these,
648 patients had a late onset (>40 years, 90.6%), 66 had

an early onset (20–40 years, 9.2%), and one person had a
juvenile onset (<20 years, 0.2%). The disease duration
was 7 years (IQR 4–2 years).
A total of 714 persons harbored one of the two

included GBA risk variants, p.E365K or p.T408M
(510 [71%] with PD [42% women] and 204 [29%]
unaffected [54% women]). Of these, 98% were white
including 1% Ashkenazi Jewish. Affected individuals
had a median age at onset of 63 years (IQR 54–69)
including 467 with a late onset (>40 years, 91.6%),
42 an early onset (20–40 years, 8.2%) and 1 a juvenile
onset (<20 years, 0.2%). The disease duration was
6 years (IQR 3–11 years).

Genetic Data and Pathogenicity Scoring
Across all cases (including monoallelic cases for

PRKN, PINK1, and DJ-1), we found 266 different var-
iants with 22% classified as definitely pathogenic, 48%
as probably pathogenic, 30% as possibly pathogenic,
and the four included GBA variants. Missense variants
represent the most frequent variant type across all genes
(84%) as well as for all genes individually, except for
PRKN, in which structural variations were most com-
mon (51%). Candidate gene testing was the most fre-
quently reported genetic test (42%), followed by PD
gene panel (18%, Fig. 5).

Comparison With Published Data (MDSGene)
A total of 1275 individuals in our cohort (32%) were

reported as not previously published. Comparing the
numbers of individuals in our cohort with those of
already published individuals curated in the MDSGene
database, our cohort includes fewer individuals for
most genes (79% for SNCA, 34% of VPS35, 65% for
PRKN, 89% for PINK1, and 52% for DJ-1), but
almost twice as many individuals with pathogenic vari-
ants in LRRK2 (181%).

FIG. 4. Median age at onset of Parkinson’s disease (PD) and interquartile ranges for subjects with variants in LRRK2, SNCA, VPS35, PRKN, PINK1, DJ-
1, and GBA. Red: recessively inherited genes, blue: dominantly inherited genes, gray: GBA.
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MDSGene data are overall comparable to data on
sex, age at onset, and variant spectrum from our cohort
for the most commonly mutated dominant (LRRK2)
and recessive (PRKN) genes (Appendix S1: Figs. 51
and 52).

The MJFF Global Genetic PD Study Group
The MJFF Global Genetic PD Study Group comprises

70 members initially identified through a search of
corresponding authors of articles describing patients
with monogenic PD included in the MDSGene data-
base, 10 members additionally included from the
Genetic Epidemiology of Parkinson’s Disease (GEoPD)
Consortium, and 90 (self-)referred members. All clinical
and genetic information is being stored in a searchable
database similar to the MDSGene database (www.
mdsgene.org) that will be made available via the
website of the Global Parkinson’s Genetics Project
(www.gp2.org) in the first quarter of 2023 upon com-
pletion of the ethical-legal framework for this database.
A Steering Committee has been established and over-
sees the database as well as data use and access. Project
suggestions from the study group or from external
researchers will be reviewed by the Steering Committee
for scientific and ethical content, as well as for potential
overlap with ongoing analyses to avoid duplication of
efforts and to promote collaboration among all inter-
ested researchers in the best possible way. The network
welcomes new members on a rolling basis, and all cur-
rent members are being contacted once a year for an
update of potential new variant carriers to be included
in the project. Communication is organized mainly via
group or personal email by personnel at the coordi-
nating site in Lübeck, currently having included �15
personal emails per data contributor. Due to the SARS-
CoV-2 pandemic, in-person meetings at international

conferences were currently possible only in 2018 and
2019 and are expected to be resumed in 2022.

Discussion

The MJFF Global Genetic PD Cohort is the first large-
scale international collection of individuals with PD-
linked variants. Although �10% of the global PD popu-
lation is expected to carry a pathogenic variant in
LRRK2, SNCA, VPS35, PRKN, PINK1, DJ-1 or vari-
ants in GBA, published clinical data are overall limited
and non-systematic and no well-defined clinical trial-
ready cohort is available to date. Lack of an overall
genetic testing routine continuously identifying patients
with genetic forms of a progressive degenerative disor-
der, as is the case in PD, does impact the availability of a
clinical trial-ready cohort. For example, the recent anti-
sense oligonucleotide trial in Huntington’s disease,11 cur-
rently affecting an estimated 390,000–780,000 patients
worldwide, recruited four patients per day. In contrast,
the MOVES-PD trial in PD patients with pathogenic
GBA variants (NCT02906020) comprising �8.5% of
all PD patients, ie, an expected �550,000 individuals,
was able to include only one patient every 4 days. In
contrast to PD, for Huntington’s disease, as well as for
other monogenic disorders, there are well-established
networks, such as the European Huntington’s Disease
Network (EHDN; http://www.ehdn.org). The MJFF
Global Genetic PD Cohort and Study Group aims to
close this gap for hereditary PD, which represents a con-
siderable fraction of all PD and where several promising
therapeutic options targeting specific genes or pathways
have been entering the clinical trial stage.
Although the need for clinical trial-ready cohorts is

undisputed, the MJFF Global Genetic PD Cohort serves
two additional important purposes: First, it provides
carefully quality-controlled clinical and genetic data

FIG. 5. Types of genetic testing performed per gene. MLPA: multiple ligation-dependent probe amplification.

296 Movement Disorders, Vol. 38, No. 2, 2023

V O L L S T E D T E T A L

http://www.mdsgene.org
http://www.mdsgene.org
http://www.gp2.org
http://www.ehdn.org


with detailed phenotypic information, including scores
for motor- and nonmotor assessments. Second, it
includes all available variant carriers followed by the
contributing centers, which specifically encompasses
unpublished ones representing about one third of our
cohort, and more detailed individual-level clinical infor-
mation on those individuals who have already been
included in publications. As a special feature of our
cohort, we report whether a participant is still available
for future research projects and, in addition to that, the
majority of researchers are willing to collaborate and to
identify study participants for future projects. Our
approach thereby counteracts the increasing trend of
decreasing reporting of variant carriers in the literature
and the related problem of publication bias toward
patients with atypical presentations, as genotype–
phenotype studies of well-known genetic conditions are
increasingly difficult to publish in traditional medical or
genetic journals.
Our rigorous quality control, strongly supported by

the high degree of responsivity and support of the con-
tributing centers, resulted in the removal of about a
third of all submitted variant carriers from the initially
reported individuals. Reflecting global mobility and
migration, we were able to include individuals originat-
ing from 65 countries, although our contributing cen-
ters were located in only 42 different countries. We
tried to be as inclusive as possible by combining a
systematic recruitment approach with “spreading-the-
word” efforts and were able to cover a significant
proportion of countries across the globe, which harbor
about three quarters of the world population. Notably,
however, in many particularly populous parts of the
world, we could only include a relatively small number
of centers so that our recruitment efforts resulted in
overrepresentation of Europe, parts of Asia, and North
America, as also reflected by “white” being by far the
most common ethnicity (91%) in our data set.
The clinical and genetic findings in our cohort are

well compatible with previous descriptions, which is at
least partially driven by the fact that about two-thirds
of our cohort constitute previously published patients
represented in the MDSGene Database, albeit now with
much more comprehensive clinical information avail-
able and information on availability for follow-up stud-
ies (eg, �70% of the participants can be recontacted).
As expected from Mendelian forms of PD, women
account for about half of all of the described patients in
our cohort. Median ages of onset range from 34 years
(DJ-1) to 57 years (LRRK2). Interestingly, the majority
(>40%) of variant carriers were identified by candidate
gene sequencing, whereas panel sequencing was per-
formed in only �20% of the patients. With the excep-
tion of PRKN, where half of the described variants
were gene dosage changes, point mutations were by far
the most prevalent variant type.

Limitations of the current MJFF Global Genetic PD
Cohort are its predominant inclusion of white individ-
uals and its limited outreach to underrepresented
populations including the lack of participants from the
African continent, and overrepresentation of certain
countries due to a higher frequency of specific patho-
genic variants in select populations, resulting in easier
and more frequent genetic testing for these variants.
Furthermore, the data comprise a relatively small mini-
mal data set with gaps for more detailed clinical infor-
mation beyond the minimal data set and limited
availability of structured information on ethnicity.
Notably, additional bias will have been introduced due
to a focus on tertiary referral centers and academic set-
tings, as well as variable access to genetic testing
resources in different countries. In keeping with the lat-
ter notion, there has been heterogeneous assessment of
pathogenic variants across sites, ranging from single
gene sequencing to panels and exomes, thereby
impacting on detectable variants and, consequently, fre-
quency and type of pathogenic variants identified. Lack
of universally accepted PD genetic testing guidelines
and methods promotes this heterogeneity further.
Strengths include the large amount of carefully curated
clinical and genetic data on �4000 PD variant carriers,
build-up of a strong and growing global network of
doctors and researchers following PD variant carriers, a
sustainable and user-friendly digital infrastructure for
regular updates of the cohort, the timeliness of the
effort while a number of clinical trials are already
actively searching for eligible patients, inclusion of non-
manifesting carriers enabling the study of possible mod-
ifying factors of penetrance, and establishment of a
cohort for potential future neuroprotective trials.
Regarding future perspectives, we are completing

the development of a searchable database that will be
made publicly available to facilitate and democratize
data access, while all communication with patients and
unaffected variant carriers will rest with the local cen-
ters in a decentralized fashion to protect patient confi-
dentiality and comply with cultural, ethical, and legal
requirements at the respective local centers. Additional
future aims and opportunities include (1) in-depth data
mining and inclusion of all potentially pathogenic vari-
ants (eg, in GBA); (2) further expansion of the study
group and cohort to better reflect underrepresented
populations; these aims will be achieved in conjunction
with GEoPD and the recently established Global
Parkinson’s Genetics Program (GP2)12; (3) performing
regular annual updates to enable a sustainable and cur-
rent resource; (4) creating a world map of genetic PD
centers and facilities ranging from research facilities to
information on clinical trial options to take interna-
tional research and translational collaboration in PD
genetics to a new level, which may also serve as a
model for other rare disorders.

Movement Disorders, Vol. 38, No. 2, 2023 297

T H E M J F F G L O B A L G E N E T I C P D C O H O R T



Acknowledgment: We would like to thank all collaborators and their
study participants for contributing to this project. Eva-Juliane Vollstedt
would like to thank Laura Möde, Natascha Bahr, and Leonie Schröder
for their great assistance with data preparation and figures, Bianca
Räsenhöft for taking over the (grant) management of this project, and
Sebastian Boden for teaching me how to write a program to display the
data graphically and for his tireless support. Open Access funding enabled
and organized by Projekt DEAL.

Data Availability Statement
Data available on request from the authors.

References
1. Domingo A, Klein C. Genetics of Parkinson disease. 2018.

p. 211–27.

2. Skrahina V, Gaber H, Vollstedt E, Förster TM, Usnich T, Curado F,
et al. The Rostock international Parkinson’s disease (ROPAD) study:
protocol and initial findings. Mov Disord 2021;36(4):1005–10.

3. Mullin S, Smith L, Lee K, D’Souza G, Woodgate P, Elflein J, et al.
Ambroxol for the treatment of patients with Parkinson disease with
and without glucocerebrosidase gene mutations: a nonrandomized,
noncontrolled trial. JAMA Neurol 2020;77(4):427–434.

4. Prasuhn J, Brüggemann N. Genotype-driven therapeutic develop-
ments in Parkinson’s disease. Mol Med (Cambridge, MA) 2021;
27(1):42.

5. Dorsey ER, Constantinescu R, Thompson JP, Biglan KM,
Holloway RG, Kieburtz K, et al. Projected number of people with
Parkinson disease in the most populous nations, 2005 through
2030. Neurology 2007;68(5):384–386.

6. Kasten M, Hartmann C, Hampf J, Schaake S, Westenberger A,
Vollstedt E-J, et al. Genotype-phenotype relations for the
Parkinson’s disease genes parkin, PINK1, DJ1: MDSGene systematic
review. Mov Disord 2018;33(5):730–741.

7. Trinh J, Zeldenrust FMJ, Huang J, Kasten M, Schaake S, Petkovic S,
et al. Genotype-phenotype relations for the Parkinson’s disease genes
SNCA, LRRK2, VPS35: MDSGene systematic review. Mov Disord
2018;33(12):1857–70.

8. Hentati F, Trinh J, Thompson C, Nosova E, Farrer MJ, Aasly JO.
LRRK2 parkinsonism in Tunisia and Norway: a comparative analy-
sis of disease penetrance. Neurology 2014;83(6):568–569.

9. Vollstedt E, Kasten M, Klein C, Aasly J, Adler C, Ahmad-Annuar A,
et al. Using global team science to identify genetic Parkinson’s dis-
ease worldwide. Ann Neurol 2019;86(2):153–157.

10. Alcalay RN, Levy OA, Waters CC, Fahn S, Ford B, Kuo SH, et al.
Glucocerebrosidase activity in Parkinson’s disease with and without
GBA mutations. Brain 2015;138(9):2648–2658.

11. Tabrizi SJ, Leavitt BR, Landwehrmeyer GB, Wild EJ, Saft C,
Barker RA, et al. Targeting huntingtin expression in patients with
Huntington’s disease. N Engl J Med 2019;380(24):2307–2316.
https://doi.org/10.1056/NEJMoa1900907

12. Global Parkinson’s Genetics Program. GP2: the global Parkinson’s
genetics program. Mov Disord 2021;36(4):842–851.

Appendix

MJFF Global Genetic Parkinson’s Disease Study
Group
Anna Aasly, Department of Neuromedicine and

Movement Science, Norwegian University of Science
and Technology, Trondheim, Norway
Jan O. Aasly, Department of Neurology, St. Olavs

Hospital, Trondheim, Norway; Department of Neuro-
science, Norwegian University of Science and Technol-
ogy, Trondheim, Norway

Natalya Y. Abramycheva, Department of Neurogenetics,
ResearchCenter ofNeurology,Moscow, Russia
Azlina Ahmad-Annuar, Department of Biomedical

Science, Faculty of Medicine, University of Malaya,
Kuala Lumpur, Malaysia
Alberto Albanese, Department of Neurology, IRCCS

Istituto Clinico Humanitas, Rozzano, Milano, Italy;
Department of Neurology, Catholic University, Milano,
Italy
Roy N. Alcalay, Department of Neurology, Columbia

University, New York, New York, USA
Amaal Aldakheel, King Faisal Specialist Hospital and

Research Centre, Riyadh, Saudi Arabia
Thamer Alkhairallah, King Faisal Specialist Hospital

and Research Centre, Riyadh, Saudi Arabia
Bashayer Al-Mubarak, Behavioural Genetics Unit,

Department of Genetics, Research Centre, King Faisal
Specialist Hospital and Research Center, Riyadh, Saudi
Arabia
Nada Al-tassan, Behavioural Genetics Unit, Depart-

ment of Genetics, Research Centre, King Faisal Special-
ist Hospital and Research Center, Riyadh, Saudi Arabia
Victoria Alvarez, Laborat�orio de Genética, Hospital

Universitario Central de Asturias, Oviedo, Asturias,
Spain; Instituto de Investigaci�on Sanitaria del
Principado de Asturias (ISPA), Oviedo, Spain
Paolo Amami, Department of Neurology, IRCCS

Istituto Clinico Humanitas, Rozzano, Milano, Italy
Grazia Annesi, Institute of Biomedical Research and

Innovation, National Research Council, Cosenza, Italy
Silke Appel-Cresswell, Pacific Parkinson’s Research

Centre, Division of Neurology, Department of Medi-
cine, Vancouver, British Columbia, Canada
Marco Antonio Araujo Leite, Division of Neurology,

Movement Disorders Unit, Antônio Pedro University Hos-
pital, Fluminense Federal University, Rio de Janeiro, Brazil
David Arkadir, Department of Neurology, Hadassah

Medical Center and theHebrewUniversity, Jerusalem, Israel
Micol Avenali, Neurorehabilitation Unit, IRCCS

Mondino Foundation, Pavia, Italy; Department of Brain
and Behavioural Sciences, University of Pavia, Pavia, Italy
Henrique Ballalai Ferraz, Department of Neurology

and Neurosurgery, Universidade Federal de São Paulo,
São Paulo, Brazil
Soraya Bardien, Division of Molecular Biology

and Human Genetics, Faculty of Medicine and
Health Sciences, Stellenbosch University, Cape Town,
South Africa
Melinda Barkhuizen, DST/NWU Preclinical Drug

Development Platform, North-West University, Potch-
efstroom, North-West, South Africa
Matthew J. Barrett, Department of Neurology, Uni-

versity of Virginia, Charlottesville, Virginia, USA
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Movement Disorders, Vol. 38, No. 2, 2023 301

T H E M J F F G L O B A L G E N E T I C P D C O H O R T



Kenya Nishioka, Department of Neurology, Juntendo
University School of Medicine, Bunkyo, Tokyo, Japan
Özgür Öztop Çakmak, Department of Neurology,

School of Medicine, Koç University, Istanbul, Turkey
Diana A. Olszewska, Department of Neurology, The

Dublin Neurological Institute at the Mater Mis-
ericordiae University Hospital, Dublin, Ireland; School
of Medicine and Medical Sciences, University College
Dublin, Dublin, Ireland
Avi Orr-Urtreger, The Genomic Research Laboratory

for Neurodegeneration, Tel-Aviv Sourasky Medical
Center, Tel-Aviv, Israel; Sackler School of Medicine,
Tel-Aviv University, Tel-Aviv, Israel
Sinthuja Pachchek, Luxembourg Centre for Systems

Biomedicine (LCSB), University of Luxembourg, Esch-
sur-Alzette, Luxembourg
Shalini Padmanabhan, Research Programs, The

Michael J. Fox Foundation for Parkinson’s Research,
New York, New York, USA
Maria Teresa Periñ�an, Unidad de Trastornos del

Movimiento, Servicio de Neurología y Neurofisiología
Clínica, Instituto de Biomedicina de Sevilla, Hospital
Universitario Virgen del Rocío/CSIC/Universidad de
Sevilla, Seville, Spain; Centro de Investigaci�on Bio-
médica en Red sobre Enfermedades Neurodegenerativas
(CIBERNED), Madrid, Spain
Simona Petrucci, Department of Clinical and Molecu-

lar Medicine, Sapienza University of Rome, Rome,
Italy; Sant’ Andrea University Hospital, Rome, Italy
Marcia M. G. Pimentel, Department of Genetics,

Institute of Biology Roberto Alcantara Gomes, State
University of Rio de Janeiro, Rio de Janeiro, Brazil
Radha Procopio, Institute of Neurology, Department

of Medical and Surgical Sciences, University Magna
Graecia, Catanzaro, Italy
Teeratorn Pulkes, Division of Neurology, Department

of Medicine, Ramathibodi Hospital, Mahidol Univer-
sity, Rajthevi, Bangkok, Thailand
Andreas Puschmann, Department of Neurology, Clin-

ical Sciences, Lund University, Lund, Sweden; Depart-
ment of Neurology, Skåne University, Lund, Sweden
Caroline Ran, Department of Neuroscience,

Karolinska Institutet, Stockholm, Sweden
Olaf Riess, Institute of Medical Genetics and Applied

Genomics, University of Tuebingen, Tuebingen, Germany
Owen A. Ross, Department of Neuroscience, Mayo

Clinic, Jacksonville, Florida, USA
Malco Rossi, Secci�on Movimientos Anormales,

Departamento de Neurociencias, Fleni, Buenos Aires,
Argentina; Argentine; National Scientific and Technological
ResearchCouncil (CONICET), BuenosAires, Argentina
Javier Ruiz-Martinez, Neuroscience Area, Bio-

donostia Research Institute, San Sebastian, Gipuzkoa,
Spain; Department of Neurology, University Hospital
Donostia, San Sebastian, Gipuzkoa, Spain

Esther M. Sammler, Neurology Department,
Ninewells Hospital and Medical School, Dundee,
United Kingdom; MRC Protein Phosphorylation and
Ubiquitylation Unit, University of Dundee, Dundee,
United Kingdom
João Santos Pereira, Movement Disorders Section,

Neurology Service, Pedro Ernesto University Hospital,
State University of Rio de Janeiro, Rio de Janeiro, Brazil
Wataru Satake, Department of Neurology, The Uni-

versity of Tokyo, Tokyo, Japan
Rachel Saunders-Pullman, Department of Neurology,

Icahn School of Medicine at Mount Sinai, New York,
New York, USA
Susen Schaake,
Maria Skaalum Petersen, Centre of Health Science,

University of the Faroe Islands, T�orshavn, Faroe
Islands; Department of Occupational Medicine and
Public Health, The Faroese Hospital System, Faroe
Islands
Matej Skorvanek, Department of Neurology, Pavol
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