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ABSTRACT: Genetic testing for persons with
Parkinson’s disease is becoming increasingly common.
Significant gains have been made regarding genetic testing
methods, and testing is becoming more readily available
in clinical, research, and direct-to-consumer settings.
Although the potential utility of clinical testing is expanding,
there are currently no proven gene-targeted therapies, but
clinical trials are underway. Furthermore, genetic testing
practices vary widely, as do knowledge and attitudes of rel-
evant stakeholders. The specter of testing mandates finan-
cial, ethical, and physician engagement, and there is a
need for guidelines to help navigate the myriad of chal-
lenges. However, to develop guidelines, gaps and contro-
versies need to be clearly identified and analyzed. To this
end, we first reviewed recent literature and subsequently
identified gaps and controversies, some of which were par-
tially addressed in the literature, but many of which are not
well delineated or researched. Key gaps and controversies
include: (1) Is genetic testing appropriate in symptomatic

and asymptomatic individuals without medical act-
ionability? (2) How, if at all, should testing vary based on
ethnicity? (3) What are the long-term outcomes of
consumer- and research-based genetic testing in pres-
ymptomatic PD? (4) What resources are needed for clinical
genetic testing, and how is this impacted by models of care
and cost-benefit considerations? Addressing these issues
will help facilitate the development of consensus and
guidelines regarding the approach and access to genetic
testing and counseling. This is also needed to guide a mul-
tidisciplinary approach that accounts for cultural, geo-
graphic, and socioeconomic factors in developing testing
guidelines. © 2023 The Authors. Movement Disorders pub-
lished by Wiley Periodicals LLC on behalf of International
Parkinson and Movement Disorder Society.

Key Words: Parkinson’s disease; genetic testing;
genetic counseling; attitudes

Introduction

Significant advances have been made in understand-
ing the genetic basis of Parkinson’s disease (PD).1-3

These advances have led to several clinical trials in
genetic subtypes of PD, with additional trials in the
pipeline.4 Because the field has moved in the direction
of subtyping persons with Parkinson’s disease (PwP)
based on their presumed disease biologic substrates,
including individual-level genetics, disclosure of genetic
testing results to PwP in both research and clinical set-
tings has become increasingly common.5-7 Despite this
paradigm shift, there are limited guidelines regarding
who should be tested, which gene or genes should be
examined, and how genetic counseling should be per-
formed. Furthermore, knowledge of and attitudes8-15

toward genetic testing vary widely among the stake-
holders involved, including clinicians, researchers,
genetic counselors, PwP, caregivers, and family mem-
bers. There is also significant variability regarding
access to testing resources. In this article we review the
literature regarding the role of genetic testing and
genetic counseling in PD and identify gaps that need to
be filled and controversies that need to be addressed to
successfully translate advances in PD genetics into real-
world clinical practice.

Methods
Protocol Development

The Task Force on Recommendations for Clinical
Genetic Testing in Parkinson’s Disease was developed
with three primary objectives: (1) convene a panel of
international experts to review the current state of the
field in PD diagnostic genetic testing and counseling in
various regions of the world; (2) review the ethical
and social implications of genetic testing, counseling,
and variable access to testing for those with PD; and
(3) build consensus on the policies and recommenda-
tions for PD diagnostic genetic testing and counseling.16

Members developed medical subject headings and other
terms related to genetic testing in PD, which were used
to formulate the following six questions (Table 1):
(1) What are the current recommendations regarding
indications for genetic testing in PD? (2) What are the
genetic testing options for PwP and their families? (3)
What are the different genes recommended for testing
in different populations? (4) What are PwP’s, their care-
givers’ and relatives’, and clinicians’ attitudes toward
genetic testing? (5) What are PwP’s experiences with
receiving PD genetic testing results? (6) What genetic
counseling services are offered and available for
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individuals undergoing genetic testing? Additional
details regarding methodology can be found in
Appendix S1, and all included articles and summaries
are provided in Appendix S2.
The literature review did not yield complete answers

to the questions posed, rather, it facilitated the identifi-
cation of gaps in knowledge and controversies identi-
fied through authors’ open commentary and discussion
(Fig. 1). We summarize our findings from the literature
review, gaps and controversies they raise, and subse-
quently, further discuss key gaps and controversies that
need to be addressed.

What We Know: Current
Recommendations for Clinical

Genetic Testing for PD
Diagnostic Testing in Symptomatic PD for

Clinical Purposes
Various recommendations regarding whom and what

to test for in the clinical setting were identified in the lit-
erature; however, original research supporting these
recommendations is lacking. Recommendations are
mostly based on expert opinion, predominantly neurol-
ogists, and some are now outdated, and coming mainly

from North America and Europe. As reported for other
related neurodegenerative disorders, genetic testing
practices varied by region and healthcare provider.17

Age of onset, ethnicity, and family history have typi-
cally been the considerations for offering PD genetic
testing, as summarized in Table 2.9,16-18 It has been
suggested by some authors that “all patients with early-
onset PD (age <50 years), either sporadic or familial,
are eligible for genetic testing.”10 The European Federa-
tion of Neurological Societies/Movement Disorders
Society–European Section (EFNS/MDS-ES) Task Force
recommends diagnostic genetic testing for PD on an
individual basis considering family history and age of
onset. High-risk ethnic groups, such as the Ashkenazi
Jewish and the North African Berber communities, may
have a higher frequency of genetic forms of PD.18 The
EFNS/MDS-ES Task Force concluded that studies that
examine the utility of diagnostic gene testing studies are
classified as Class III evidence (retrospective, ie, genetic
testing performed in clinically characterized cohorts)
and, therefore, diagnostic genetic testing for PD carries
a Level B recommendation (ie, “probably effective”).19 In
addition to the EFNS/MDS-ES guidelines, GeneReviews
has published expert consensus regarding genetic testing
for PD, which was updated in 2019.20

Diagnostic testing is complicated by the incomplete
penetrance of variants in several key genes linked to PD

TABLE 1 Questions of interest addressed

Research Question Search Terms Filters

What are the current recommendations
regarding indications for genetic
testing in PD and presymptomatic
PD?

Parkinson* AND (“genetic test” OR
“gene test” OR “genetic testing” OR
“genetic screening” OR “genomic
test” OR “mutation testing”) AND
“english”[Language]

Human studies only, searches only title
and abstracts

What are the genetic testing options for
PwP and their families?

Parkinson* AND (“genetic test” OR
“gene test” OR “genetic testing” OR
“genetic screening” OR “genomic
test” OR “mutation testing”) AND
“english”[Language]

Human studies only, searches only title
and abstracts

What are the different genes
recommended for testing in different
populations?

Parkinson* AND (“genetic test” OR
“gene test” OR “genetic testing” OR
“genetic screening” OR “genomic
test” OR “mutation testing”) AND
“english”[Language]

Human studies only, searches only title
and abstracts

What are PwP’s, their caregivers’ and
relatives’, and clinicians’ attitudes
toward genetic testing? What are
PwP’s experiences with receiving PD
genetic testing results?

Parkinson* AND (genetic* OR gene*
OR genomic* OR mutation*) AND
(attitude* OR “clinical practice”)
AND “english”[Language]

Human studies only, searches only title
and abstracts

What genetic counseling services are
offered and available for individuals
undergoing genetic testing?

Parkinson* AND (genetic* OR gene*
OR genomic* OR mutation*) AND
(counsel*) AND “english”[Language]

Human studies only, searches only title
and abstracts

Abbreviations: PD, Parkinson’s disease; PwP, persons with Parkinson’s disease.
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and this is an important consideration when testing
PwP. Further, even with a specific gene, such as variants
in glucocerebrosidase (GCase; GBA1), there can be a
range in expression and penetrance. For instance, vari-
ants in GBA1 have been classified as severe or mild,
depending on their effect on the GCase enzyme, and
vary in their effect on developing PD. GCase enzyme
activity is also affected by whether individuals are
homozygous or heterozygous variant carriers. Pene-
trance may be as high as 29.7% by age 80 years21,22

depending on the variant type and population studied.
In another study, risk for PD associated with GBA1
was 10% at 60 years, 16% at 70 years, and 19% at
80 years of age.23

Presymptomatic Testing in Unaffected
Individuals at Risk for Disease

Historically, presymptomatic testing for PD has been
controversial because of the variable penetrance of
some of the major PD gene variants and because no

disease-modifying therapeutics are currently avail-
able.21 Specific guidelines for presymptomatic testing in
PD have not been established. There is an opportunity
to learn from experience with other neurodegenerative
conditions, such as Huntington’s disease (HD), a mono-
genic disorder with near-complete penetrance, and for
which extensive guidelines exist.24 However, consider-
ations related to presymptomatic testing for PD are
highly complex and different, and they are outside the
scope of this current effort.

Current Genetic Testing Options for PD
A variety of methods have been used to perform

genetic testing on cohorts of PwP from different ethnic
backgrounds in both clinical and research settings.25-44

Sanger sequencing was commonly used; however, next-
generation sequencing (NGS), including deletion/
duplication analyses, is becoming increasingly common
for accurate, efficient, affordable, and rapid testing of
genes and pathogenic variants associated with PD.45

FIG. 1. Illustration of the existing gaps and controversies related to genetic testing in Parkinson’s disease and the relevant stakeholders that warrant
engagement to address the highlighted issues. PwP, persons with Parkinson’s disease; VUS, variants of unknown significance. [Color figure can be
viewed at wileyonlinelibrary.com]
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In clinical and research settings, multigene panels
using NGS are widely available in many countries,
although mostly high-income areas,73 and they tend to
be an efficient way to test for PD genetic variants given
the difficulty in assessing the likely genetic form
through clinical evaluation.46 Additional testing may be
warranted to determine copy number variants, which
might not be captured by NGS and may not be part of
current routine analysis. These include separate dele-
tion/duplication analysis.5,46 Care must be taken to
determine whether GBA1 is included within the testing
panel and includes full sequencing, because coverage
for the range of variants can vary among laborato-
ries.47 Testing beyond the analysis of select known
pathogenic variants can result in the identification of
variants of unknown significance (VUSs) requiring
expert interpretation and follow-up, and it may not
yield definitive results regarding pathogenicity. Informa-
tion about specific testing options is available at the
Genetic Testing Registry (https://www.ncbi.nlm.nih.
gov/gtr/). In the future, as technology continues to
improve, whole-genome sequencing (WGS) is likely to
become the preferred approach for genetic test-
ing in PD.
Regarding cost, in some countries such as Canada,

testing is covered under the healthcare system. In the
United States and many other countries, insurance may
not typically cover the cost of diagnostic PD genetic
testing, and testing may not be available in lower-
income countries.73 However, in the research setting,
several ongoing studies offer free genetic testing with or

without genetic counseling (Table 3),5 although such
testing is restricted to a limited number of sites outside
of the United States, Canada, and Europe. Both
research and direct-to-consumer (DTC) testing may be
differently regulated than clinical testing. For example,
in the United States, clinical laboratories are govern-
ment regulated and must have Clinical Laboratory
Improvement Amendments certification, whereas DTC
labs are not required to be certified.

Current State of Clinical Genetic Counseling
for PD

Genetic counseling for PD can occur in a variety of
settings for various indications, including prenatal,
pediatric, or adult populations. Content of sessions will
vary depending on the indication and the provider
involved. Possessing adequate knowledge and having
time to provide genetic counseling has been recognized
as key to the provision of quality genetic testing for
patients with neurodegenerative conditions such as
PD.17 Although genetic counselors are specialized in
providing this type of care, they may not be available
or used at all sites, requiring that clinicians assume this
role, which may be the case in many countries. In a sur-
vey of movement disorder specialists from North
America,8 there was evidence that providers were
unprepared and uncomfortable integrating PD genetics
information into routine patient care. Furthermore, the
study found that genetic testing, and therefore genetic
counseling, is not routinely performed for PD.8

TABLE 2 Current recommendations regarding specific gene testing for Parkinson’s disease based on the available literature10,19

Gene Inheritance Recommendation

SNCA Dominant inheritance Test for point mutations and gene multiplications only in families with
multiple affected members in more than one generation with early- or
late-onset PD

LRRK2 Dominant inheritance Test for known pathogenic variants in patients with a clinical picture of
typical PD and a positive family history

Sporadic pattern Test for known LRRK2 founder mutations in the appropriate populations
(ie, with known high mutation frequencies)

GBA1 Sporadic, recessive, or
dominant pattern

Test in patients with typical PD limited to the known founder mutations of
established pathogenic role in the appropriate populations (ie, with
known high mutation frequencies)

PRKN, PINK1, DJ-1 Recessive inheritance Test in patients with typical PD, particularly when the disease onset is
<50 years of age

Sporadic pattern Test when onset is very early and if consanguinity is present in the family
(<40 years)

ATP13A2, PLA2G6,
FBXO7, DNAJC6,
SYNJ1, VPS13C,
PTRHD1

Sporadic pattern or
recessive inheritance

Test when onset is very early (<40 years) if no mutation in PRKN,
PINK1, and DJ-1 genes is found

Phenotype is atypical

Abbreviation: PD, Parkinson’s disease.
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However, this is a single study limited to North Amer-
ica and thus may not be generalizable worldwide. Clini-
cian training varies greatly by region and country, and
thus clinician comfort level with genetic counseling may
vary accordingly.
Recently, experience has been rapidly gained through

multiple large PD research studies offering genetic test-
ing and counseling to thousands of individuals with PD
and those at risk (Parkinson’s Progression Markers Ini-
tiative [PPMI],48 PD GENEration (ClinicalTrials.gov:
NCT04994015), Rostock International Parkinson’s
Disease [ROPAD] study49), and neurologists, research
genetic counselors, and movement disorder specialists
have published expert opinions on performing PD
genetic counseling for those with and without manifest
disease.7,20 In addition, experience with disclosure of
LRRK2 research results was recently published, which
may be instructive for clinical care.50 Remote genetic
counseling provided by PD genetic counselors versus
genetic counseling provided by local clinical sites
regarding GBA1 variant status (and others) was
recently compared as part of the PD GENEration pilot
study (ClinicalTrials.gov: NCT04994015), with the
results of the study currently pending. Counseling for
GBA1 is particularly complicated given penetrance var-
iability, as discussed earlier, and potential association
with Gaucher disease (GD) depending on the variant
type. Literature from the HD and the dementia fields51

may provide insights into conditions such as PD,
amyotrophic lateral sclerosis (ALS), and frontotemporal
dementia, which may have complex patterns of inheri-
tance in many instances.17 Experts generally agree that

genetic testing for complex disorders such as PD should
be accompanied by pretest and posttest genetic
counseling.5,16,52,53

Novel ways to deliver genetic counseling that differ
from a traditional model are increasingly being consid-
ered because of the shortage of genetic counselors.54

Already, neurologists are being trained to provide some
level of genetic counseling as PD genetic testing
becomes more widely performed.8,45 When possible,
however, it is recommended that clinicians should refer
patients to genetic counselors and/or medical geneticists
for further discussion when cases become complex (out-
side of their level of comfort), involve prenatal testing,
or are predictive in nature.5,20 General guidelines for
PD genetic counseling are emerging, although most are
United States-centric,20 and there is a need to consider
how practices should be adapted according to
healthcare system and/or geographical region.

Current Clinician and Patient Attitudes Toward
and Knowledge of Genetic Testing

Surveys of clinicians and patients have provided
insights into the attitudes toward and knowledge of
genetic testing for PD. In a 2019 survey of movement
disorders specialists from 146 Parkinson Study Group
sites in the United States (n = 131) and Canada
(n = 15), only 17% of respondents said they would not
offer genetic testing.8 Still, around 87% of participants
reported referring fewer than 10 patients for genetic
testing in the 12 months before completing the survey.
The most cited reason for not referring for genetic test-
ing included lack of insurance coverage/cost to the
patient.
There is a significant need to increase knowledge

among healthcare providers and patients regarding
genetic testing in PD. Among the Parkinson Study
Group clinicians surveyed,8 nearly all respondents cor-
rectly answered the basic knowledge questions, but
responders were not confident regarding their genetic
knowledge. When respondents were asked to rate their
confidence in genetic knowledge as it pertains to PD
using a Likert scale from 0 to 100, the mean score was
47.6 (SD, 26.3), indicating low confidence. Notably,
PD-specific questions regarding the inheritance and
penetrance of GBA1 and LRRK2 variants were
answered correctly by only 60% of clinicians.
From the PwP perspective, attitudes regarding genetic

testing vary by the population surveyed and by type of
testing proposed. For instance, in a study of PwP living
in Australia, support was higher for diagnostic testing
(97%) versus predictive (78%) or prenatal (58%) test-
ing.13 In contrast, when responses of US participants
were compared with those in Singapore, 85% to 92%
of US-based PwP had a positive attitude toward the
potential medical benefits of genetic testing, compared

TABLE 3 Major research projects offering genetic testing and/or genetic
counseling for qualifying people with Parkinson’s disease and/or their
relatives5

PD Research Project Contact Details

PDGENEration, Parkinson’s
Foundation

genetics@parkinson.org,
http://www.parkinson.
org/PDGENEration

ClinicalTrials.gov
Identifier:
NCT04057794

Parkinson’s Progression Markers
Initiative, The Michael J. Fox
Foundation

https://www.ppmi-info.
org/contact-us/

Fox Insight substudy, The
Michael J. Fox Foundation

info@foxinsight.org

Rostock International
Parkinson’s Disease study,
Centogene

ClinicalTrials.gov
Identifier:
NCT03866603

Note: Details on the scope of each program can be found on the respective
websites.
Abbreviation: PD, Parkinson’s disease.
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with 32% to 42% of PwP in Singapore, highlighting
that attitudes about genetic testing are likely different
among cultures.15 In North America, multiple studies
have documented a strong interest in genetic testing
and genetic counseling by PwP, their relatives, and care-
givers.6,7,45 Among PwP, knowledge of PD genetics is
highly variable, with a mean percent of correct
responses ranging from 37%12 to 73% depending
on the study and population examined.9,11-13,55-59

Although cultural, religious, and educational factors
impact patient experiences and attitudes regarding
genetic testing, the lack of preventive and disease-
modifying therapies also likely impact decision making.
Data are lacking regarding patient and clinician atti-
tudes toward and knowledge of genetic testing for PD
from lower-income countries.
The specific gene being examined (ie, GBA1) may

also play a critical role in patient attitudes toward
genetic testing. As noted, the relationship between
GBA1, PD, and GD is a complex one and may pose
its own unique challenges. A survey of PwP and care-
givers revealed a desire for information about GD
that may have an impact on their or their family’s
health.12 In a study of partners who had screened
negative for GBA1 variants, the majority (87%) felt
that everyone should be informed before carrier
screening regarding the relationship between GD and
PD.55 Specifically, for those with GD, most patients
thought that discussion of PD should occur at the
time of GD diagnosis and should come from their
healthcare provider.56

Experience with Genetic Testing and Genetic
Counseling in Patients and Their Relatives
Little is known about the genetic counseling experience

specifically for PD, although this has been documented
for other neurodegenerative conditions.17,24,51,60,61 Only
one study thus far has examined PD genetic testing and
genetic counseling outcomes in PwP and relatives at risk.7

Participants from a large North American population
were surveyed after receiving genetic counseling, and they
reported high satisfaction and no significant adverse
sequelae. However, the population was highly homoge-
nous and educated, and testing was targeted to only two
variants, warranting further studies in more diverse,
global populations.7

Gaps and Controversies
Controversy: Clinical Testing of Symptomatic
and Asymptomatic Individuals Without Medical

Actionability
We define medical actionability as the availability of

a proven clinical intervention or a change in clinical

decision making (ie, whether to perform a procedure).
From the clinician perspective, absence of disease-
modifying therapies and the variable penetrance of
most known variants currently limit the usefulness of
genetic diagnostic testing for PD in clinical practice62

(lack of medical actionability). At the present time, no
clinical trials have demonstrated the clear benefit of an
intervention based on a genetic subtype of PD, although
clinical trials aimed at targeting genetic subtypes of PD
have offered genetic testing as part of the screening pro-
cess. Thinking among clinicians and researchers may be
shifting, with the idea that genetic information gleaned
from testing may provide useful information to patients
and their caregivers relating to genotype–phenotype
correlations, disease prognosis, treatment options
(ie, reconsideration of deep brain stimulation surgery
for those with GBA1 variants63), consequences for chil-
dren, and for some, reproductive planning.6

From the PwP perspective, there is increasing recogni-
tion that PwP may experience personal utility from
knowing this information, whether it is to simply
obtain more information about the condition, help
answer questions regarding causation, inform family
members, or contribute to research.7 Increasingly,
genetic testing, whether for those with disease or with-
out, but at risk, is viewed as an individual choice and a
personal decision. Personal and not just medical utility
is increasingly being considered by the PD community
as justification for testing, especially in those countries
that have sponsored testing programs. PwP and family
members in some parts of the world have access to PD
genetic testing through DTC services, even though prac-
titioners may believe in limiting testing to specific
cases of PD.
It is interesting to note that in a systematic review of

diagnostic testing for ALS and frontotemporal demen-
tia, seven studies from five countries found that more
than half of surveyed patients and relatives were not
aware of the availability of genetic testing and, thus,
not likely informed by their practitioners. When
informed, 83% thought testing should be offered to all
patients.17 A survey of movement disorder specialists
felt “patients do not want genetic testing,” although this
does not match patient survey responses where a signifi-
cant interest is reported.8 Regardless of disagreements
over who should be tested and under what conditions,
most experts agree that individuals interested in predic-
tive testing or those with a low likelihood of receiving
abnormal results from testing (ie, low risk) should at
least be referred for genetic counseling.16,45 In the near
future, data from large studies such as PD GENEration
(ClinicalTrials.gov: NCT04994015), ROPAD,49 and
other international studies may shed light on the utility
and impact of widespread genetic testing and genetic
counseling for PD.
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Controversy: Clinical Testing Based on
Ethnicity

Because the yield of a test, and thus the benefit-
to-cost ratio, will be higher in those populations with a
greater frequency of variants, it has been suggested that
testing is potentially more beneficial in specific
populations. Studies that use comprehensive PD panels
in specific ethnic populations could be performed, indi-
cating which genes are present in these populations and
which are not. One such example is the ROPAD
Study.49 In theory, such studies could help design
panels that are tailored to specific ethnic/genetic back-
grounds. At the present time, few such studies exist and
may not be feasible given rapidly expanding globaliza-
tion. Furthermore, the ethical implications of testing
based solely on an individual’s ethnic background need
to be considered. Currently available studies tested for
the presence of selected variants in specific ethnic
groups.15,64-67 Based on high frequency of pathogenic
variants in the selected genes, we can conclude that
these genes such as LRRK2 should be included in
panels designed for North African or Ashkenazi Jewish
populations.64 However, given the lack of published
data on the prevalence of rarer variants in these
populations, narrow panels may miss variant carriers.
Guidelines, such as those from the EFNS/MDS-ES Task
Force, are available,19 but the field has advanced signifi-
cantly since that time. We suggest that there is a critical
need to regularly update specific guidelines, with
input from stakeholders, that guide genetic testing for
PD. At the present time, there is no standard genetic
panel or guidelines for genetic testing that are appli-
cable to all patients with PD. Efforts to fill this gap
are underway as evidenced by programs such as PD
GENEration.123 Such programs may inform testing
so it can be tailored to the needs of the individual
country, region, or ethnic population, if necessary. As
genetic testing methods advance, WGS is likely to
become the preferred approach for testing in PD,
which will limit the utility of less comprehensive
panels, although WGS will come with its own set of
unique challenges.

Gap: Long-Term Outcomes of Consumer- and
Research-Based Genetic Testing in

Presymptomatic PD
As discussed earlier, presymptomatic PD testing is

controversial but remains available through DTC test-
ing in which the physician is circumvented. Not infre-
quently, PwP and family members may consult with
their clinical providers after having completed DTC
genetic testing. Increasingly, people can obtain their
raw genetic data via DTC or research testing. This
raises ethical and legal issues that remain to be fully
explored.27 Although presymptomatic testing may be

discouraged by some, it has been performed in the
research setting for years through studies such as
PPMI.48 If genetic testing results are given to partici-
pants in such settings, genetic counseling is imperative.
However, the long-term ramifications of disclosing
results in these settings are not fully understood,
although preliminary work in PD and more extensive
research in other specialties suggest less harm than
anticipated.7 In general, more research and follow-up
are needed to document short- and long-term sequelae
of genetic testing in both affected and unaffected indi-
viduals, regardless of test results.

Gap: Resource Allocation, Models of Care, and
Cost-Benefit Considerations for Clinical

Genetic Testing
Although genetic testing is currently available, there

exists a need to develop multidisciplinary genetic testing
programs that are person centered, flexible, and readily
accessible to the PD community to allow PwP and their
family members to make informed, personalized medi-
cal decisions. This is supported by work done with
genetic testing programs for HD and ALS.68 Team
members may include a new generation of movement
disorder specialists trained in neurogenetics, genetic
counselors, geneticists, social workers, and psycholo-
gists. Using this multidisciplinary team-based approach,
clinicians could integrate medical and family histories
into genetic discussions, and PwP would gain an under-
standing of disease causation, transmission, penetrance,
expressivity, potential VUSs, and potential therapeutic
options. This approach would not be “one size fits all,”
because cultural beliefs, religious values, cost consider-
ations, and other differences in health systems and
practices of different countries would need to be consid-
ered in customizing these programs.13,14,70 Ultimately,
genetic testing should be offered respecting patient
autonomy and following an informed decision, recog-
nizing that family issues and support will be important
to address. Clinician guidelines and checklists for PD
genetic discussions with minimum talking points could
be helpful in this regard.
A major barrier to achieving such a multidisciplinary

model is the paucity of geneticists and genetic counsel-
ing resources (at least in the United States), and this will
have an impact on the ability to implement programs
based on a paradigm of providing in-person pretest and
posttest genetic counseling, as taken from HD-related
guidelines. Because PD is a common disease, these
resource considerations will be important challenges to
implementing genetic testing paired with counseling in
clinical practice. In addition, these challenges raise the
need to develop educational initiatives and programs
on PD genetics, involving healthcare providers, move-
ment disorder experts, and genetic counselors. Research
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regarding patient and family attitudes toward testing
for PD support the recommendation that diagnostic
testing should be at least discussed with patients as an
option, where training and resources allow this consid-
eration. Because offering PD genetic testing varies
among clinicians, more targeted education and consen-
sus guidelines will be needed to address this potential
barrier to patients and relatives receiving testing. A cat-
egorical recommendation to not test individuals, includ-
ing family members, as suggested by some authors,
should be approached with caution because this could
be perceived as limiting person autonomy and paternal-
istic in nature. Rather, in these cases, formal genetic
counseling could be offered to explore the needs and
expectations of patients and their relatives. In looking
to the future, the availability of technological innova-
tions, such as telemedicine, novel models of genetic ser-
vice delivery, and social media, may allow for the
widespread acceptance and implementation of such
comprehensive programs.54,71

These issues are likely to become increasingly com-
plex as genetic testing methods advance and WGS is
likely to become the preferred approach for testing in
PD. The expected increased availability of WGS comes
with exciting opportunities but also significant chal-
lenges. One potential benefit is that WGS is a compre-
hensive test that enables rapid integration of new
genetic findings into molecular diagnostics, allowing for
data to be reanalyzed as more information becomes
available.72 Thus new variants may be determined, and
information regarding prior VUSs may be clarified. The
challenge such technology poses lies in understanding
who is ultimately responsible for such reanalysis and
reinterpretation of data. Patients will need to be
informed of the process for reinitiation and reinterpre-
tation of data. Furthermore, this process may, at least
initially, not be reimbursed by insurance and may not
be an automated process, but this is rapidly evolving.
For instance, in May 2020, the Australian Medicare
Benefits Schedule added a provision for the reimburse-
ment of reanalysis testing in relation to “genetic testing
for childhood syndromes,”73 and other countries are
likely to follow suit for a variety of indications that will
expand over time.

Conclusions

Current published data provided limited guidance on
genetic testing and counseling standards for PD. At the
present time, genetic testing is performed clinically in
limited settings and on a case-by-case basis, with wide
regional differences. From a research perspective,
genetic testing is performed to (1) aid in improving sub-
typing based on genotype–phenotype correlations and
(2) provide PwP with an opportunity to participate in

clinical trials based on their genetic status.18 As we
have learned from the COVID-19 pandemic, a major
challenge exists in ensuring that there is equal access to
such research opportunities regardless of income, geog-
raphy, sex, and ethnicity. Indeed, most of the data dis-
cussed comes from mainly White non-Hispanic
populations, and although efforts have expanded to
Latin America (LARGE-PD study),122 studies are
needed in more diverse populations. Non-White
populations, many of whom may come from lower- or
middle-income countries, may have unique barriers to
accessing genetic testing, counseling, and research
opportunities. The Global Parkinson’s Genetics Pro-
gram (GP2) is an example of a collaborative effort to
overcome such barriers.123 Programs such as GP2 may
allow for examination of genetic variants across differ-
ent regions/populations, and guidelines will be impor-
tant to manage the data generated and to return results
to participants effectively.
For genetic testing to become clinically relevant and

ubiquitous, improved PD models for drug discovery
and screening are needed, which will allow for discov-
ery of disease-modifying treatments and acceptance of
gene-specific therapies.27,33,70,76-78 In the meantime, in
some parts of the world, there is strong consumer inter-
est driving more widespread PD testing, which will
require new considerations of whom, how, and why to
test, as well as how PD genetic testing will be provided
consistently, with quality and equity.
Due to the anticipated increase in PD genetic testing,

models for providing genetic services, including stan-
dards of practice, and educational initiatives, targeting
PwP, family members, and clinicians, will need to be
developed. Tools and resources will be crucial to sup-
port informed, personalized decisions. Additional
research and recommendations are needed to address
some of the remaining major controversies, such as
genetic testing and clinical actionability versus patient
autonomy and the right to know, cost-benefit consider-
ations and equal access to testing, representation of all
populations, and harnessing and adapting to technolog-
ical changes in the field.
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