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Abstract.

Background: The rise of direct-to-consumer genetic testing has enabled many to learn of their possible increased risk
for rare diseases, some of which may be suitable for gene-targeted therapies. However, recruiting a large and repre-
sentative population for rare diseases or genetically defined sub-populations of common diseases is slow, difficult, and
expensive.

Objective: To assess the feasibility of recruiting and retaining a cohort of individuals who carry a genetic mutation linked
to Parkinson’s disease (G2019S variant of LRRK?); to characterize this cohort relative to the characteristics of traditional,
in-person studies; and to evaluate this model’s ability to create an engaged study cohort interested in future clinical trials of
gene-directed therapies.

Methods: This single-site, 3-year national longitudinal observational study will recruit between 250 to 350 LRRK?2 carriers
without Parkinson’s disease and approximately 50 with the condition. Participants must have undergone genetic testing by the
personal genetics company, 23andMe, Inc., have knowledge of their carrier status, and consent to be contacted for research
studies. All participants undergo standardized assessments, including video-based cognitive and motor examination, and
complete patient-reported outcomes on an annual basis.

Results: 263 individuals living in 33 states have enrolled. The cohort has a mean (SD) age of 56.0 (15.9) years, 59% are
female, and 76% are of Ashkenazi Jewish descent. 233 have completed the baseline visit: 47 with self-reported Parkinson’s
disease and 186 without.
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Conclusions: This study establishes a promising model for developing a geographically dispersed and well-characterized

cohort ready for participation in future clinical trials of gene-directed therapies.

Trial registration: None (study is observational)

Keywords: Clinical trials as topic, cohort studies, genetic testing, LRRK2, Parkinson’s disease, rare disease, remote consul-

tation, telemedicine

INTRODUCTION

Since its completion in 2003, the Human Genome
Project has led to two modern phenomena—direct-
to-consumer genetic testing and a rapid expansion
in development of gene-directed therapies [1-3].
More than 26 million individuals have purchased
direct-to-consumer genetic tests, and the number is
increasing exponentially [4]. As a result, many indi-
viduals are now aware of whether they carry known
genetic markers that place them at risk, for rare
and common diseases [5]. Genetic information can
inform the identification of appropriate drug targets
for disease therapies. Drugs that target pathways sup-
ported by genetic information are twice as likely
to progress from early stages of development to
approval [6].

One challenge to investigating emerging gene-
directed therapies is identifying and characterizing
the genetically defined populations. By their nature,
these genetically defined sub-populations are smaller
than the aggregate, undifferentiated disease pop-
ulation. As a result, identifying and recruiting a
sufficiently sized population, particularly for large
phase 3 trials, is challenging. The advent of direct-
to-consumer genetic testing enables the identification
of a potentially large number of individuals with
the genetic marker of interest. Potential participants
identified in this manner are likely to be widely
geographically dispersed, requiring a move beyond
traditional, brick-and-mortar site-based research
studies. Virtual clinical studies can be conducted from
asingle site, can recruit from pre-identified geograph-
ically dispersed genetic sub-populations, and reduce
geography- and disability-based barriers to partici-
pation [7-9]. While this approach has garnered much
attention for investigating drugs [10-12], it may be
even more readily adapted to lower risk observational
studies [13].

Parkinson’s disease is the fastest growing neu-
rological disorder in the world [14]. In 1997,
Polymeropoulos and colleagues identified the first
known genetic cause for the disease [15]. Since then,

numerous genetic variants have been identified, and
gene-directed therapies are emerging rapidly [16].
In 2004, the first genetic mutations in the leucine-
rich repeat kinase 2 (LRRK2) gene were identified
as causes of Parkinson’s disease, and LRRK2 muta-
tions are the most common autosomal dominant
genetic causes of the disease [17]. One to four per-
cent of individuals with Parkinson’s disease carry
the most common LRRK2 mutation, G2019S [18].
The penetrance of LRRK2 mutations is incomplete
and increases with age; for LRRK2 G2019S carri-
ers the risk is 28% at 59 years and increases to 74%
at 79 years [18]. 23andMe, Inc., a personal genetics
company, has identified over 3,000 LRRK2 G2019S
carriers, located in almost every state in the U.S. This
cohort could augment current studies of the disease
and expand our understanding of the natural history
of LRRK? Parkinson’s disease.

Our virtual cohort study will enable broad clinical
phenotyping of a group at high risk for Parkinson’s
disease and can help accelerate the development of
new treatments for the disease.

METHODS

Study design

This is a 36-month remote observational cohort
study of individuals with the G2019S variant of
LRRK?2 (both with and without Parkinson’s dis-
ease according to self-report). Participants are asked
to complete four annual virtual research visits
from their home or preferred location using a
HIPAA-compliant web-based video platform. Each
virtual visit includes collection of a series of
participant-reported outcomes in addition to study
team-conducted assessments.

Study objectives

The study has three primary aims. The first is to
assess the ability to recruit and retain a national cohort
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of LRRK?2 G2019S carriers with and without Parkin-
son’s disease from the genetic database of 23andMe
into a virtual cohort study. The second is to character-
ize prospectively this large cohort and to compare its
demographic and clinical characteristics to those of
traditionally assessed cohorts. The third is to assess
the value of this study model for creating a cohort
ready for future clinical trials.

Setting

The study is a collaboration between the Univer-
sity of Rochester and 23andMe and is funded by
the National Institute of Neurological Disorders and
Stroke. The virtual visits are conducted by inves-
tigators and coordinators from the University of
Rochester. The study was reviewed and approved
by the University of Rochester’s Research Subjects
Review Board (STUDY00003703).

Farticipants

Individuals who have pursued genetic testing
through 23andMe, elected to know they are carriers
of the LRRK2 G2019S mutation, and have previ-
ously provided 23andMe with their consent to be
contacted regarding research opportunities are eli-
gible to participate. Within the Parkinson’s disease
report, 23andMe only reports on the presence of the
LRRK?2 G2019S mutation and does not report on the
presence of other LRRK2 mutations. Additionally,
participants must be atleast 18 years old, have viewed
their Parkinson’s disease report through 23andMe
more than 30 days prior to contact (to allow time
to process the information), reside in the U.S., be
fluent in English, have access to an internet-enabled
device that will support video conferencing, and be
willing and able to provide informed consent. Up to
400 individuals will participate in the study. Approx-
imately 50 will have Parkinson’s disease (manifest),
and 250 to 350 will not (non-manifest) according to
self-report.

Procedures

To ensure the inclusion of older adults and increase
the odds of phenoconversion to manifest disease
during the study period, enrollment is stratified by
age (<60 and >60). We are using disproportional
stratified sampling with the goal of enrolling approx-
imately equal numbers of individuals who are under

the age of 60 and over the age of 60 among LRRK?2
manifest and non-manifest carriers.

23andMe emails eligible individuals an invitation
to participate in the research study, and directs them
to a 23andMe-hosted website to learn more about
the study. Eligible individuals are emailed up to three
times. Interested individuals can click on a secure per-
sonalized link that will direct them to a form in the
Research Electronic Data Capture system (REDCap;
Nashville, TN) where they can provide their email,
phone number, and consent to be contacted by the
study team at the University of Rochester. A study
coordinator then emails or calls interested partici-
pants to provide a study overview and assess their
willingness to participate. Prospective participants
are emailed a link to an IRB-approved electronic
consent document in REDCap and scheduled for a
test video visit. If needed, a web camera is mailed
to the prospective participant at no cost to the par-
ticipant. An informational handout explaining the
relationship between the LRRK2 G2019S variant and
Parkinson’s disease is included with the electronic
consent document. This handout also connects par-
ticipants with free genetic counseling offered through
Indiana University should they desire more informa-
tion or guidance. After providing consent, the study
participant completes surveys in REDCap. Included
is a modified (to reduce participant burden) envi-
ronmental risk factors questionnaire that covers use
of tobacco, caffeinated coffee, green tea, and black
tea, and exposures to pesticides or solvents—all
of which have been linked to Parkinson’s disease
[19, 20].

During the test video visit, using Zoom video con-
ferencing software (San Jose, CA), the coordinator
reviews the study with the participant, addresses any
questions, and ensures that the participant under-
stands the study details. The coordinator also assists
the participant with any technical difficulties using
Zoom on their computer, tablet, or smartphone device
and establishes a suitable set-up for future video
visits. In addition, the coordinator collects medi-
cations, a health history, and a family history of
Parkinson’s disease. Participants who have provided
informed consent and completed the test video visit
are considered enrolled. At the baseline visit and
annual visits thereafter, participants complete addi-
tional surveys and undergo standardized cognitive
and physical assessments. As part of our retention
efforts, we have started distributing newsletters to
participants and will be hosting regular webinars for
participants.



1198 R.B. Schneider et al. / A Virtual Cohort Study of LRRK2 Carriers

Table 1
Study outcomes

Study Team-Completed Assessments

Assessment

Description

Movement Disorder Society — Unified
Parkinson Disease Rating Scale
(MDS-UPDRS) Parts Ia, III, IV [21-24]
Montreal Cognitive Assessment [25, 58]

Stroop Color and Word Test [26, 59]

Schwab & England Activities of Daily
Living Scale [60]

Clinician global impression of severity and
change [61, 62]

Expert-Assessed Parkinson’s Disease Status

Most commonly used Parkinson’s disease rating scale assessing non-motor aspects of
daily living, motor features, and motor complications. Balance and rigidity tests are
excluded with remote administration.

Assesses visuo-spatial and executive function, language, short-term memory,
attention, abstraction, and orientation.

A measure of cognitive flexibility adapted for digital administration on computers,
tablets, and smartphones where participants respond to stimuli using their keyboard or
screen.

An assessment of the participant’s level of independence in activities of daily living.

A scale for the global assessment of the participant compared to the investigator’s past
experience with others who have the same diagnosis.

Participant’s most likely diagnosis determined primarily through expert clinical
determination and secondarily using modified Movement Disorders Society clinical
diagnostic criteria [27], UK PD Brain Bank Criteria [28], and NIH PD criteria [29].

Participant-Completed Assessments

Assessment

Description

Parkinson’s Disease Symptoms and
Diagnosis History

REM Sleep Behavior Disorder Screening
Questionnaire [63]
MDS-UPDRS Parts Ib and II [22]

Patient global impression of severity and
change

Scales for Outcomes in Parkinson’s Disease
— Autonomic [64]

Epworth Sleepiness Scale [65]

Parkinson’s Disease Questionnaire — 39 [66]

Beck Depression Inventory — II [36]
Parkinson Anxiety Scale [67]
University of Pennsylvania Smell
Identification Test [68]

A survey capturing the presence of any Parkinson’s disease symptoms, response to any
Parkinson’s disease medications, and details regarding any history of diagnosis of
Parkinson’s disease.

A questionnaire for detecting the presence of REM Sleep Behavior Disorder.

An assessment of motor and non-motor experiences of daily living in Parkinson’s
disease.
A scale assessing the overall severity of symptoms and their change.

A scale for the assessment of autonomic symptoms in Parkinson’s disease.

An assessment of excessive daytime sleepiness in eight different situations
encountered commonly in daily life.

A measure of how Parkinson’s disease has affected the participant’s health and overall
quality of life.

A scale for the assessment of depressive symptoms.

A scale for the assessment of anxiety in Parkinson’s disease.

An assessment for olfactory loss with normative data.

Outcome measures

The study team also administers two cognitive
assessments at each annual visit. The first, the Mon-

As outlined in Table 1, each annual visit involves
the completion of several surveys that assess
Parkinson’s disease symptoms, including non-motor
features (e.g., depression, anxiety). A trained inves-
tigator administers a modification of the standard
motor examination of the Movement Disorders
Society-Unified Parkinson’s Disease Rating Scale
(MDS-UPDRS) [21]. The modification excludes
assessments of rigidity and postural stability, which
cannot be performed remotely. Previous studies have
demonstrated the feasibility and reliability of similar
remote assessments for Parkinson’s disease [22-24].
Investigators are asked to rely on history where neces-
sary to determine the presence of postural instability
and the Hoehn & Yahr stage.

treal Cognitive Assessment, has previously been
studied for remote administration [25]. Participants
are mailed or emailed the portions of the Montreal
Cognitive Assessment that require a motor response
in advance of the visit, are instructed by a coordi-
nator to complete the tasks during the video visit,
and are scored by displaying their completed items
to their web camera. Additionally, participants com-
plete the Stroop Color and Word Test, adapted for
digital administration. Participants are emailed per-
sonalized links to a Java-based version of the test [26]
where they are presented with stimuli (two minutes
for each of the three rounds) and respond by press-
ing the correct response using their computer’s arrow
keys or their device’s screen. At present, no validated



R.B. Schneider et al. / A Virtual Cohort Study of LRRK2 Carriers 1199

external normative data exists for this modified digital
administration of the Stroop.

Participants (including those who already have
been diagnosed with Parkinson’s disease) are further
assessed for features typical or atypical (e.g., expo-
sure to anti-psychotic medication) of Parkinson’s
disease—including the Movement Disorder Society
Clinical Diagnostic Criteria for Parkinson’s disease
[27], the UK Parkinson’s Disease Society Brain Bank
Criteria [28], and the NIH Diagnostic Criteria for
Parkinson’s disease [29]—to determine if the disease
is present clinically. Items that cannot be adequately
assessed remotely are excluded: rigidity and supranu-
clear gaze palsy, which are common to all three
sets of criteria; assessment of cerebellar oculomotor
abnormalities, graphesthesia, stereognosis, pyrami-
dal weakness, and pathologic hyperreflexia for the
Movement Disorder Society Clinical Diagnostic Cri-
teria; and assessment of the Babinski sign for the
UK Parkinson’s Disease Society Brain Bank Criteria.
Investigators are blinded to self-report of Parkinson’s
disease diagnosis. Additionally, at the baseline and
Year 3 visits, participants are mailed and asked to
complete and return the University of Pennsylvania
Smell Identification Test. The 40-item scratch-and-
sniff test assesses olfaction, which may be diminished
early in the course of Parkinson’s disease [30, 31].

After each visit, participants complete a satisfac-
tion survey developed based on earlier telehealth
studies [32, 33]. The survey assesses overall satisfac-
tion with the telehealth study visit as well as specific
satisfaction with the technical quality, convenience,
and comfort of the visit. The survey also determines
interest in future research participation—separately
assessing for interest in observational studies, symp-
tomatic treatment trials, disease prevention trials,
and disease-modifying trials—both with and with-
out virtual visits. Recognizing the quickly evolving
LRRK? research landscape, our intention is to adapt
the questions in response to the development of spe-
cific interventions of interest.

Assessment of prodromal disease

We have incorporated into our study and are able
to assess all elements of the 2015 MDS Prodromal
Parkinson’s Disease Criteria to identify those without
self-reported Parkinson’s disease that have probable
prodromal Parkinson’s disease [34, 35]. These crite-
ria assign a likelihood ratio to a variety of participant-
and investigator-reported measures (e.g., exposure to
environmental risk factors, non-motor symptoms of

Parkinson’s, motor function, prior diagnostic testing).
The product of these likelihood ratios provides a total
likelihood ratio which can be combined with their
age-based prior probability of prodromal Parkinson’s
to determine whether they meet criteria for probable
prodromal Parkinson’s disease. The ability to identify
individuals with prodromal disease is critical to estab-
lishing a clinical-trial-ready cohort for evaluating the
impact of potential disease-modifying therapies.

Safety oversight

While this observational study is associated with
minimal risk, we have developed a safety monitor-
ing plan that takes into account the remote nature of
the study and will assess the safety of participants
throughout. The participant’s location is collected at
the start of each visit to ensure that emergency ser-
vices can be correctly directed should the need arise.
For urgent medical concerns (e.g., chest pain) that
arise during a virtual visit, either the participant, their
care partner (if present), or a study team member will
contact the local emergency medical response sys-
tem, and the study team member will remain in video
contact with the participant until emergency person-
nel arrive. If a participant has a high score (above 14)
or indicates suicidal thoughts on the Beck Depres-
sion Inventory- II [36], an automatic notification is
triggered prompting evaluation by an investigator.

If an investigator determines that a non-manifest
participant has signs or symptoms consistent with
parkinsonism or another neurological disease, the
investigator uses his/her judgment in determining
whether to suggest that the participant follow up with
a local healthcare provider. At the conclusion of each
remote visit, the investigator documents any negative
events, such as a fall during the study visit or com-
promise of confidentiality. These events are reported
to the study’s principal investigator or co-principal
investigator.

Data sharing

In the study’s electronic informed consent form,
participants are asked whether they would like their
physician(s) to receive a summary of their research
evaluation. If desired, the summary, which includes
select test results but not an interpretation or diagno-
sis, is provided after the baseline and annual visits
thereafter. Results of the modified MDS-UPDRS
motor examination, REM Sleep Behavior Disorder
Screening Questionnaire, Epworth Sleepiness Scale,
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Beck Depression Inventory-II, and Montreal Cogni-
tive Assessment are included in this summary along
with the study team’s contact information for any
follow-up questions. Such information is also shared
with the participant if requested. As indicated in the
consent form, data from the study (except for per-
sonal contact information) are shared with 23andMe,
employees of which are members of the study team
and have previously collaborated with the study team
at the University of Rochester [37].

Statistical analysis

We will determine the number and percentage
of contactable non-manifest and manifest LRRK?2
G2019S carriers that enroll in the study. Enroll-
ment of at least 250 (approximately 10%) of
2,514 currently contactable non-manifest and 50
(approximately 18%) of 272 currently contactable
manifest LRRK2 G2019S carriers in the 23andMe
database will be considered successful recruit-
ment for this virtual cohort study. With successful
recruitment, our cohort will be comparably-sized to
other traditionally-established LRRK? carrier cohorts
[38—41].

We will also determine the percentages of mani-
fest and non-manifest participants who complete the
36-month study and will consider at least 80% who
complete follow-up as successful retention during the
study. We will define completers as those who do not
withdraw from the study, are not lost to follow up, and
complete at least three of the four virtual research vis-
its, including the Year 3 visit. In order to characterize
feasibility, we will also provide descriptive statis-
tics for the mean number of virtual research visits
completed and the proportion of scheduled research
assessments completed at each visit.

We will use descriptive statistics to character-
ize the baseline characteristics of participants. We
will explore differences in baseline characteristics
between the non-manifest, prodromal, and manifest
groups in our cohort using analysis of variance or
chi-square tests as appropriate.

Due to differences in recruitment, we antici-
pate that our cohort will differ from traditional
cohorts with respect to demographics and disease
characteristics. We will determine the proportion
of participants who have previously participated in
LRRK?2 or Parkinson’s research. We will use descrip-
tive statistics to characterize baseline characteristics
and compare these to corresponding figures from
published reports of other established LRRK?2 cohorts

[38—41]. We will use t-tests or chi-square tests as
appropriate to compare our non-manifest and mani-
fest LRRK?2 cohorts to these other established cohorts.
Changes in mean scores over time between our
cohort (manifest and non-manifest) and other estab-
lished cohorts will be compared using t-tests at each
available time point common to the studies being
compared.

Additionally, we will determine the proportion
of self-described non-manifest carriers who have
clinically probable Parkinson’s disease and the pro-
portion who have probable prodromal Parkinson’s
disease at each visit. ‘Clinically probable’ will be
determined primarily through expert clinical deter-
mination and secondarily using modified Movement
Disorder Society’s clinical diagnostic criteria, UK
Parkinson’s Disease Brain Bank criteria, and NIH
Parkinson’s Disease criteria. Probable prodromal
Parkinson’s disease will be defined as a probability
of disease exceeding the 80% threshold, calculated
in accordance with the 2015 Movement Disorder
Society’s Prodromal Parkinson’s Disease Criteria
[34]. While we do not capture each item in the
updated 2019 Movement Disorder Society’s Pro-
dromal Parkinson’s Disease Criteria, we will also
calculate the probability of prodromal Parkinson’s
disease in accordance with these criteria [42]. We will
evaluate concordance between self-reported Parkin-
son’s disease status and remote expert assessment at
each visit using Cohen’s kappa coefficient. We will
determine the proportion of non-manifest carriers
who develop manifest Parkinson’s disease, as deter-
mined separately by self-report and remote expert
assessment and the proportion who develop prob-
able prodromal Parkinson’s disease, as determined
by different thresholds on the Prodromal Parkinson’s
Disease Criteria, during the course of the study.

Finally, we will assess the value of this research
model. We will consider at least 80% of participants
reporting being satisfied or very satisfied with the
virtual study and at least 80% of participants being
willing to participate in other virtual research studies
as indicative of a well-received acceptance of virtual
study designs. We will also consider at least 50% of
non-manifest participants being willing to participate
in a Parkinson’s disease prevention trial as indicative
of a successful model for this non-manifest group.

Sample size considerations

We anticipate enrolling at least 250 non-manifest
LRRK2 G2019S carriers and 50 manifest carriers.
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A sample size of 250 non-manifest participants will
enable us to estimate the percentage of completers
with a 95% confidence interval width of 9.9%, and
a sample size of 50 manifest participants will enable
us to estimate the percentage of completers with a
95% confidence interval width of 23.7%, assuming
that the true (unknown) percentages are close to 80%.
A sample size of 250 non-manifest participants will
enable us to estimate the percentage who have clin-
ically probable Parkinson’s disease at baseline with
a 95% confidence interval width of 7.4%, assuming
that the true (unknown) percentage is close to 10%.
Data from The Michael J. Fox Foundation’s LRRK2
cohort indicated a standard deviation of 11.6 years
for mean age of Parkinson’s disease onset [40]. We
anticipate a similar standard deviation in our study
cohort. Atotal sample size of 566 participants (50
manifest LRRK? carriers enrolled in this study and
516 manifest LRRK?2 carriers in the MJFF LRRK?2
Consortium) will provide 83% power to detect a 5-
year difference in mean age of Parkinson’s disease
onset between the two groups using a r-test with a
significance level of 5% (two-tailed). Analogous t-
tests comparing 250 non-manifest LRRK?2 carriers
enrolled in this study to 208 non-manifest LRRK2
carriers from the Parkinson’s Progression Markers
Initiative will provide 80% power to detect a 1-point
difference in mean baseline MDS-UPDRS Part III
scores (assuming a pooled standard deviation of 3.8
points) and 82% power to detect a 1.6-point dif-
ference in mean baseline SCOPA-AUT total scores
(assuming a pooled standard deviation of 5.9 points)
between the two groups [43].

RESULTS

Between June 28, 2019 and May 5, 2020, 3,761
individuals were invited by 23andMe to participate
in this study. A total of 9,909 email invitations were
delivered and 38.7% of these emails were opened.
A total of 351 (9.3%) individuals provided consent
to be contacted by a University of Rochester study
team member. Of these, 302 (86%) were success-
fully contacted and completed prescreening. A total
of 22 individuals declined to participate; 10 found the
study too burdensome, 6 were too busy, 4 had privacy
concerns, 2 were uncomfortable with the reminder of
their LRRK2 G2019S carrier status, and 1 sought an
interventional trial. In the first ten months of recruit-
ment, 263 individuals from 33 states and Washington,
D.C. (Fig. 1) have enrolled in this single-site study,

Fig. 1. Distribution of current study participants, by state.

yielding an enrollment rate of approximately 26 per
month. The cohort with completed baseline visits
(n=233) includes 47 individuals with self-reported
Parkinson’s disease and 186 without, is 59% female,
and has a mean (SD) age of 56.0 (15.9). Fifty-eight
percent of non-manifest carriers have a family his-
tory of Parkinson’s disease and 77% are Ashkenazi
Jewish.

Virtual visits are widely accepted by our partici-
pants. Of the 233 participants who have completed
a baseline visit, 97% reported they were “Satisfied”
or “Very Satisfied” with the study overall, and satis-
faction ratings of the technical quality, convenience,
and comfort of the video visits were comparably
high—95%, 99%, and 99%, respectively. Beyond
this study, our participants report strong interest in
future Parkinson’s disease clinical trials. Eighty-four
percent are willing to participate in a clinical trial
evaluating a “treatment for the symptoms of Parkin-
son’s disease,” 86% in a clinical trial evaluating a
“treatment to slow the progression of Parkinson’s
disease,” and 94% in a clinical trial evaluating a
“treatment to prevent the development of Parkinson’s
disease.”

DISCUSSION

Virtual cohort studies offer the potential to con-
nect the rapidly increasing number of individuals with
known genetic mutations to researchers seeking to
advance knowledge and evaluate new gene-directed
therapies. This study in Parkinson’s disease, in col-
laboration with one of the largest direct-to-consumer
genetic companies, will help evaluate that promise.

Enrollment has been rapid and nationwide. Nor-
mally, such an effort would require multiple sites,
review by numerous institutional review boards,
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Table 2
Comparison of virtual clinical studies to traditional site-based studies
Characteristic Traditional study Virtual study
Focus Participants, investigators, sites Participants
Geographic reach Sites Internet access
Sites Many One
Institutional Review Boards Many One
Time to initiate study Long Medium
Investigators Many Few
Rating Variance High Low
Participant Comfort Low High
Participant Convenience Low High
Cost High Moderate
Table 3
Characteristics of LRRK?2 mutation carriers
Mutation carriers without Parkinson’s disease Mutation carriers with Parkinson’s disease
23andMe Ashkenazi Parkinson’s LRRK2 Cohort 23andMe Ashkenazi LRRK?2 Cohort
Research Jewish LRRK2 Progression Consortium Research  Jewish LRRK2 Consortium
Cohort Consortium Markers [41] Cohort Consortium [40]
[38] Initiative [43] [39]
Number 2514 134 208 342 272 97 516
Mean age 48.0 (16.6) 49.5 (16.8) 61.6 (7.6) 51.9 (15.6) 71.0 (8.9) 68.6 (8.8) 65.0 (11.5)
(SD)
Women (%) 51.9 56 58 58 47.1 51 48
Ashkenazi 38.9 100 NA NA 66.9 100 NA
Jewish (%)
College NA NA; Median years 83 71 NA 75 61
education (%) 16
Number 1 3 34 20%* 1 3 20
ofsites

NA, Not available. *By design, the LRRK?2 Cohort Consortium included the sites from the Ashkenazi Jewish LRRK2 Consortium and thus,
information on more than 70% of the reported manifest carriers in the LRRK2 Cohort Consortium had been previously published.

training of dozens of investigators, years of time, and
considerable cost. A virtual cohort study bypasses
such requirements and brings research studies to
the participants directly, among other advantages
(Table 2). The virtual nature of our study makes
our study team nimble and affords the opportunity
to quickly adapt our surveys and assessments in
response to a changing research landscape. More-
over, by replacing site-based recruitment with remote
nationwide recruitment, we may be able to recruit a
more representative sample of the population.
Several traditional in-person cohort studies have
sought to study this genetically defined sub-
population of Parkinson’s disease. The traditional
time-consuming process for identifying LRRK?2 car-
riers requires first screening large numbers of
individuals with Parkinson’s disease who present
to the clinic for a LRRK2 mutation and second,
screening relatives of the identified probands. While
such studies have recruited hundreds of individu-
als, they may not represent the broader population
of those who carry the genetic mutation (Table 3).
In the Parkinson’s Progression Markers Initiative,

86% of non-manifest carriers had a family history
of Parkinson’s disease [43]. Enrollment of LRRK?2
carriers was enriched through focused recruitment
of individuals of Ashkenazi Jewish descent [44],
a population which has a high prevalence of the
G2019S mutation [45]. Similarly, in the Ashke-
nazi Jewish LRRK2 Consortium cohort, 100% of
non-manifest carriers were Ashkenazi Jewish and
100% had a family history of Parkinson’s disease
[38]. Whereas in this study, thus far 77% of non-
manifest carriers are Ashkenazi Jewish and 58% have
a family history of Parkinson’s disease. Engagement
and comprehensive clinical characterization of this
geographically dispersed population coupled with
targeted assessment of clinical trial interest may
help generate a clinical trial-ready cohort. Exceed-
ing our expectations, nearly 95% of our participants
are interested in participating in a Parkinson’s dis-
ease prevention trial. Beyond generating interest,
longitudinal characterization of our large cohort of
non-manifest carriers will help to fill key knowl-
edge gaps, such as the identification of protective
and risk factors for phenoconversion to manifest
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Parkinson’s disease, that will ultimately inform the
design of clinical trials.

This study also reinforces the importance of data
privacy procedures with virtual research studies,
ensuring that the overall benefits of current and future
data use are maximized, while the risks—including
data breaches—are minimized. In an increasingly
interconnected and digital world, concerns regard-
ing data privacy and regulation of data sharing are
growing. While the Health Insurance Portability and
Accountability Act (HIPAA) provides guidance on
de-identifying health information, there is a risk
of re-identification from other data sets, particu-
larly as more personal information becomes available
online [46, 47]. Ensuring adequate data privacy and
transparency regarding data sharing may require
additional expertise and deliberations outside the tra-
ditional IRB review, including patients and experts in
data privacy and societal ethics [47, 48]. To this end,
we have included patients and an expert in electronic
consent methods on our steering committee and use
secure HIPAA-compliant systems for the collection
of participant information and the conduct of study
visits.

In this study, all participants are aware of their
LRRK? carrier status prior to study enrollment. How-
ever, participants without a self-reported diagnosis
of Parkinson’s disease may have never undergone an
evaluation for Parkinson’s disease and be unaware
of their clinical status. Other investigators have
examined understanding of Parkinson’s disease and
genetic testing, desire for genetic testing, and rea-
sons for or against genetic testing among Ashkenazi
Jewish individuals with Parkinson’s disease and their
non-manifest relatives [49]. Similar work is needed
to inform our understanding of participant desire for
disclosure of their clinical status. Our approach is
to explicitly ask participants if they would like their
physician(s) to receive a summary of their research
evaluation; study coordinators email a summary
directly to participants only if requested. Partici-
pants are interested in receiving their research results;
43.5% have asked for their study results to be sent to
their primary care provider, neurologist, or both and
31% have requested that their results be shared with
them directly.

We do not provide diagnostic status, rather results
that may inform the need for further neurological
evaluation. If an investigator determines that a par-
ticipant without self-reported Parkinson’s disease has
signs or symptoms consistent with parkinsonism,
they are instructed to inform the participant and

depending on the individual situation, may recom-
mend evaluation by their primary care provider or
neurologist. We do not provide referrals or coordi-
nate clinical evaluation but we will follow-up on the
results of any clinical evaluation at subsequent vis-
its. With this approach, we are attempting to balance
the ethical principles of autonomy (a participant’s
right to receive their individual study results) and
non-maleficence (concern regarding potential nega-
tive psychological effects of disclosure) [50]. Studies
examining the psychological effects of clinical status
disclosure to individuals at genetic risk for Parkin-
son’s disease are needed.

There are significant limitations to the study. Only
individuals who have undergone genetic testing at
23andMe, know their status, and are willing to par-
ticipate in a virtual study are able to participate.
These individuals differ from the general popula-
tion. In one survey of nearly 1000 consumers of
direct-to-consumer genetic testing, participants were
largely white (86%), highly educated (over half have
at least a college degree), wealthy (45% had a house-
hold income above $100,000 annually), and healthy
(over 60% rated their health as “very good” or
“excellent”) [51]. That said, adoption of direct-to-
consumer genetic testing is increasing rapidly, is
accessible to many, and is now available at com-
mon convenience, pharmacy, and grocery stores
where almost all U.S. consumers shop. One future
approach may be to take a combined approach
recruiting from direct-to-consumer genetic testing
companies, industry-sponsored programs that pro-
vide free genetic testing for rare diseases [52], and
clinics. The need for video conferencing could also
reduce access to research for those on the other side
of the “digital divide.”

Although over 3000 LRRK?2 G2019S carriers who
received testing through 23andMe have been invited
to this virtual study, fewer than 10% have expressed
interest in participating. The low response rate raises
concern for potential bias as responders may dif-
fer from non-responders in key ways. Importantly,
after we have completed recruitment we plan to
examine variables (such as age, ethnicity, education
level, socioeconomic status, and location) that may
be predictors of enrollment. We have speculated as
to possible explanations for this low response rate.
One possibility is unease or reservations surrounding
the required use of technology, for which we offer
extensive technical support, and with the implications
of being a LRRK2 G2019S carrier. By approaching
only individuals more than 90 days after they have
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reviewed their 23andMe report, and by providing
additional information about LRRK?2 and Parkinson’s
disease, we aim to reduce this unease. Also, the
target cohort is primarily non-manifest participants.
As such, many individuals may have no personal
connection to Parkinson’s disease motivating them
to participate. Our recruitment materials specifically
highlight the importance of non-manifest participants
in research in an attempt to increase interest. Lastly,
the burden of a three-year study may deter some
participants, especially for those that are employed
full-time or have more advanced Parkinson’s disease.
We combat this by allowing participants to complete
all required surveys and questionnaires at their conve-
nience and minimizing time spent in research visits.

There are aspects of a typical in-person research
study that require modification for remote administra-
tion. Certain hands-on elements of the physical exam
(e.g., muscle tone and postural stability) are challeng-
ing to assess remotely, and certain procedures (e.g.,
lumbar puncture) or imaging tests require evaluation
in medical or research centers. However, as more
care is moving toward the home, so too can clini-
cal research (e.g. in-home research nursing, in-home
phlebotomy) [53]. Doing so makes participation in
research more convenient for participants and may
enhance recruitment and retention. We are not col-
lecting biological samples or assessing digital mark-
ers; however, we are committed to exploring optional
additional assessments for a sub-cohort. Finally, the
personal connection between study participants and
researchers may differ between in-person and vir-
tual visits. Previous studies have found high rates
of satisfaction with virtual research visits [37, 54],
as has been seen with participants in this study and
with virtual medical care [55-57]. Moreover, vir-
tual visits shift the dynamic between participants and
researchers by bringing research into the home and
enable a more holistic view of the participant.

Virtual cohort studies are poised to take advan-
tage of the rise in direct-to-consumer genetic testing
and the availability of gene-directed therapies. This
large, national study will help determine the value
of such an approach in defining the natural history
of genetically-defined diseases and creating a cohort
ready for future clinical trials.
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