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Abstract
Background and Objectives
To recruit and characterize a national cohort of individuals who have a genetic variant (LRRK2
G2019S) that increases risk of Parkinson disease (PD), assess participant satisfaction with a
decentralized, remote research model, and evaluate interest in future clinical trials.

Methods
In partnership with 23andMe, Inc., a personal genetics company, LRRK2 G2019S carriers with
and without PD were recruited to participate in an ongoing 36-month decentralized, remote
natural history study. We examined concordance between self-reported and clinician-
determined PD diagnosis. We applied the Movement Disorder Society Prodromal Parkinson’s
Disease Criteria and asked investigators to identify concern for parkinsonism to distinguish
participants with probable prodromal PD. We compared baseline characteristics of LRRK2
G2019S carriers with PD, with prodromal PD, and without PD.

Results
Over 15 months, we enrolled 277 LRRK2 G2019S carriers from 34 states. At baseline, 60 had
self-reported PD (mean [SD] age 67.8 years [8.4], 98% White, 52% female, 80% Ashkenazi
Jewish, and 67% with a family history of PD), and 217 did not (mean [SD] age 53.7 years
[15.1], 95% White, 59% female, 73% Ashkenazi Jewish, and 57% with a family history of PD).
Agreement between self-reported and clinician-determined PD status was excellent (κ = 0.94,
95% confidence interval 0.89–0.99). Twenty-four participants had prodromal PD; 9 met cri-
teria for probable prodromal PD and investigators identified concern for parkinsonism in 20
cases. Compared with those without prodromal PD, participants with prodromal PDwere older
(63.9 years [9.0] vs 51.9 years [15.1], p < 0.001), had higher modified Movement Disorders
Society-Unified Parkinson’s Disease Rating Scale motor scores (5.7 [4.3] vs 0.8 [2.1], p <
0.001), and had higher Scale for Outcomes in PD for Autonomic Symptoms scores (11.5 [6.2]
vs 6.9 [5.7], p = 0.002). Two-thirds of participants enrolled were new to research, 97% were
satisfied with the overall study, and 94% of those without PD would participate in future
preventive clinical trials.
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Discussion
An entirely remote national cohort of LRRK2 G2019S carriers was recruited from a single site. This study will prospectively
characterize a large LRRK2G2019S cohort, refine a newmodel of clinical research, and engage new research participants willing
to participate in future therapeutic trials.

Gene-directed therapies have the potential to delay or prevent
the onset of neurologic disorders.1,2 However, clinical trials of
such gene-directed therapies require the identification of ge-
netically at-risk individuals and recruitment of primarily
asymptomatic persons willing to participate in such trials.3

Two advances may accelerate therapeutic development for
genetically defined conditions. The first is direct-to-consumer
genetic testing. Despite its limitations,4 such testing has been
purchased by more than 26 million people,5 vastly expanding
the number of individuals who know their risk for different
diseases. The second advance is “decentralized” studies in
which research assessments are moved away from clinical sites
into participant homes.6,7 Remote assessments remove geo-
graphic barriers to participation, reduce recruitment time and
cost, and reduce the burden of participation.8 The coronavirus
disease 2019 (COVID-19) pandemic has accelerated the
adoption of such models, which limit the spread of infectious
diseases and are less susceptible to study disruption.9,10

Although promising, linking direct-to-consumer genetic
testing with decentralized research studies has had few ap-
plications to date.11 Consequently, we launched a national,
decentralized, natural history study of individuals who un-
derwent direct-to-consumer genetic testing and carry a
LRRK2 Gly2019Ser (G2019S) variant. The LRRK2 G2019S
variant, which is the only LRRK2 variant included in
23andMe’s Parkinson’s disease report, is the most prevalent
cause of autosomal dominant Parkinson disease (PD) in the
United States and exhibits reduced penetrance.12 We sought
to assess the extent to which we could characterize partici-
pants remotely and to determine the value of the study in
creating a cohort ready for gene-based clinical trials.

Methods
Study Design
Virtual Assessment of LRRK2 carriers to Optimize Research
of PD is a decentralized, remote natural history study of
LRRK2 G2019S variant carriers with and without self-
reported PD.13 Participants, all of whom are LRRK2
G2019S carriers, complete annual video visits for 36 months

via a HIPAA-compliant web-based video platform from Zoom
(San Jose, CA) and participant-reported outcomes via RED-
Cap (Vanderbilt University). Study recruitment took place
from June 2019 to August 2020 and was conducted from a
single site at the University of Rochester. This study is on-
going with data collection anticipated to conclude in Sep-
tember 2023. The study design and methods have been
previously reported in detail13; key elements are provided in
this manuscript, which describes baseline results.

Standard Protocol Approvals, Registrations,
and Patient Consents
The study was reviewed and approved by the University of
Rochester’s Research Subjects Review Board (STUDY00003703).
All participants provided consent to participate in the study via a
process that included reviewing an electronic consent form, being
given an opportunity to ask questions and producing an electronic
signature.

Participants
Adult individuals who pursued genetic testing through
23andMe, chose to be informed of theirLRRK2G2019S carrier
status, and consented to be contacted by 23andMe about re-
search opportunities were eligible. Access to an internet-
enabled device and United States residence were required for
participation. Consistent with NIH policy mandating the
reporting of sex, race, and ethnicity, participants were asked to
self-identify their sex, race (American Indian or Alaska Native,
Asian, Black of African American, Native Hawaiian or Other
Pacific Islander, White), and ethnicity (Hispanic/Latino or not
Hispanic/Latino). Given the high prevalence of LRRK2 vari-
ants among those who are Ashkenazi Jewish and the fact that
no genetic information was received directly from 23andMe,
participants were also asked whether they are Ashkenazi Jewish
and were asked to provide percentage Ashkenazi Jewish
according to their 23andMe report, if known. This information
was provided after providing consent to participate.

Outcome Measures
In advance of the annual video visits, participants are emailed
a link to complete several participant-reported outcome
measures that cover sleep, mood, motor, and autonomic
symptoms.13 During the annual video visits, assessments of

Glossary
BDI-II = Beck Depression Inventory-II; CI = confidence interval; COVID-19 = coronavirus disease 2019; IQR = interquartile
range; LR = likelihood ratio; MDS-UPDRS = Movement Disorders Society-Unified Parkinson’s Disease Rating Scale; PD =
Parkinson disease; ROPAD = Rostock International PD; UPSIT = University of Pennsylvania Smell Identification Test.
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motor function, independence, and cognition are com-
pleted.13 At baseline, 1 of 4 trained investigators administers a
modified version of the Movement Disorders Society-Unified
Parkinson’s Disease Rating Scale (MDS-UPDRS) motor as-
sessment14 that excludes assessments of postural instability
and rigidity, which cannot be performed via video. The fea-
sibility and reliability of such remote assessments for PD has
been previously demonstrated in other studies.15 Investiga-
tors, who are blinded to self-reported PD status, also assess all
participants for features of PD to determine whether the
disease is clinically present. This includes application of the
Movement Disorder Society Clinical Diagnostic Criteria for
Parkinson’s disease,16 the UK Parkinson’s Disease Society
Brain Bank Criteria,17 and the NIH Diagnostic Criteria for
Parkinson’s disease.18 Items that cannot be adequately
assessed remotely (e.g., rigidity, postural instability, hyper-
reflexia, and graphesthesia) are excluded. In addition, partic-
ipants receive the University of Pennsylvania Smell
Identification Test (UPSIT) via mail and are asked to com-
plete and return the test prior to their baseline video visit.
After the visit, participants are emailed a link to complete a
survey on satisfaction and research interest.

Determining Prodromal PD and Concern
for Parkinsonism
We used the 2015 Movement Disorder Society Prodromal
Parkinson’s Disease Criteria to determine the probability of
prodromal PD in participants without self-reported PD at
baseline.19 These criteria assign a likelihood ratio (LR) to a
range of markers, all of which are captured in this study
(Table 1). Pesticide exposure, occupational solvent exposure,
caffeine use, and smoking status were captured on an environ-
mental risk factors questionnaire completed by participants after
providing consent to participate and prior to completing any
research visits. During the baseline visit, participants were asked
specifically about diagnostic testing, including dopamine trans-
porter single-photon emission CT imaging, transcranial ultra-
sound, quantitative motor testing, and polysomnography. We
did not attempt to obtain or verify participant-reported testing
results. The cutoffs used to determine the presence of other
clinical features are provided in Table 1. We multiplied LRs for
each item to determine the overall LR; missing information was
excluded from the equation. Participants with an overall LR that
exceeded the specified age-based minimum LR required to meet
the recommended 80% probability threshold19,20 were classified
as having probable prodromal PD. We did not assess the
probability of prodromal PD for participants younger than 50
years because no estimated prior probability is provided for these
younger age groups. In addition, clinicians identified cases of
concern for parkinsonism in individuals without self-reported
PD at baseline. In these cases, examination was consistent with
parkinsonism but findings were insufficient to support the clin-
ical presence of PD according to expert determination. For the
purposes of analyses, both participants who met the 2015
Movement Disorder Society Prodromal Parkinson’s Disease
Criteria and those where clinicians identified concern for par-
kinsonism were categorized as prodromal PD.

Safety
Safety assessments for this observational study are limited to
the collection of reportable events either spontaneously offered
by the participant (e.g., hospitalization) or observed by a study
team member (e.g., fall). Participants who have a score ≥14 or
endorse suicidal thoughts on the Beck Depression Inventory-II
(BDI-II) inventory undergo a focused safety assessment by an
investigator during their video visit. A detailed description of
safety oversight has been reported previously.13

Return of Results
Participants were asked at the start of the study whether they
would like their neurologist and/or primary care provider to
receive an individualized research summary after each visit.
Participants may also receive their own results if requested. A
detailed description of the process for the return of individual
research results has been reported previously.13

Bias
Traditionally, LRRK2 carriers with manifest PD are identified
by screening individuals with PD who present to academic
research centers, and LRRK2 nonmanifest carriers are iden-
tified by screening relatives of these individuals. This process
results in a biased identification of LRRK2 carriers. In our
model, LRRK2 carriers may pursue 23andMe genetic testing
for reasons other than finding out their LRRK2 carrier status
and testing is not dependent on the genetic status of relatives,
so the bias expected with family-based methods and clinic-
based recruitment is reduced. However, the resulting pop-
ulation reflects those who pursue direct-to-consumer genetic
testing and is not representative of the general population.21

Statistical Analysis
We planned to enroll at least 250 LRRK2 G2019S carriers
without and 50 carriers with self-reported PD. A detailed jus-
tification of the sample size has been reported previously.13

Predictors of enrollment in the study for all participants invited
from 23andMe were identified using logistic regression with
enrollment (yes or no) as the outcome variable and age, sex,
genetic ancestry (i.e., Ashkenazi Jewish, European, Latino, or
other), education level, marital status, PD status/duration, and
family history of PD as independent variables. Genetic ancestry
is used rather than self-reported ancestry because the latter is
more likely to have missing data and yet still highly correlates
with genetic ancestry. Given low numbers, to maintain ano-
nymity, African American and Asian were not pulled out as
separate categories under genetic ancestry.

Concordance between baseline self-reported PD status and
expert clinician-determined PD, as well as PD determined
according to each of the different diagnostic criteria (Move-
ment Disorder Society Clinical Diagnostic Criteria for Par-
kinson’s disease,16 the UK Parkinson’s Disease Society Brain
Bank Criteria,17 and the NIH Diagnostic Criteria for Par-
kinson’s disease18), was determined using Cohen κ with 95%
confidence intervals (CIs). To determine whether our study
cohorts differed from those of published reports of other
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Table 1 Frequency of Prodromal Markers Among Carriers Without Parkinson Disease

Prodromal marker Criteria
Likelihood
ratio

No
reported
Parkinson
disease (all)a

n (%)

No
prodromal
Parkinson
disease
n (%)

Probable
prodromal
Parkinson
disease
n (%)

Concern for
parkinsonism
n (%)

LRRK2 Gly2019Ser
carrier

NA 25 211 (100) 187 (100) 9 (100) 20 (100)

Sex Participant-reported Male 1.2
Female 0.8

85 (40.3)
126 (59.7)

75 (40.1)
112 (59.9)

5 (55.6)
4 (44.4)

9 (44.0)
11 (55.0)

Regular pesticide
exposure

Respond “yes” on item N1 or respond “often” on any
question regarding frequency of nonwork exposure (section
O)b,c

1.5 37 (17.5) 28 (15.0) 3 (33.3) 8 (40.0)

Occupational
solvent exposure

Respond “yes” on item P1b,d 1.5 24 (11.4) 20 (10.7) 2 (22.2) 2 (10.0)

Caffeine Current consumption of ≥3 cups of coffee or ≥6 cups of tea
per weekb

Nonuse 1.35
Use 0.88

46 (21.8)
165 (78.2)

38 (20.3)
149 (79.7)

5 (55.6)
4 (44.4)

6 (30.0)
14 (70.0)

Smoking Participant-reportedb Never 1.25
Current 0.45
Former 0.8

144 (68.2)
2 (0.9)
65 (30.8)

125 (66.8)
2 (1.1)
60 (32.1)

9 (100.0)
0 (0.0)
0 (0.0)

15 (75.0)
0 (0.0)
5 (25.0)

SN
hyperechogenicity

Participant-reported Present 4.7
Absent 0.45

0 (0.0)
2 (0.9)

0 (0.0)
2 (1.1)

0 (0.0)
0 (0.0)

0 (0.0)
0 (0.0)

PSG-proven RBDe

Positive RBD
screene

Participant-reported
Score ≥6 on the RBDSQ44

Present 130
Absent 0.62
OR
Present 2.3
Absent 0.76

3 (1.4)
36 (17.2)

24 (11.5)
146 (69.9)

1 (0.5)
25 (13.5)

22 (11.9)
137 (74.1)

2 (22.2)
2 (22.2)

1 (11.1)
4 (44.4)

0 (0.0)
10 (50.0)

2 (10.0)
8 (40.0)

DAT-SPECT Participant-reported Abnormal 40
Normal 0.65

1 (0.5)
3 (1.4)

1 (0.5)
3 (1.6)

0 (0.0)
0 (0.0)

0 (0.0)
0 (0.0)

Subthreshold
parkinsonism
Quantitative motor
testing

Score >6 on the MDS-UPDRS part III (excluding postural and
action tremor items)14,45

Participant-reported

Present 10
Absent 0.70
OR
Abnormal 3.5
Normal 0.60

10 (4.7)
198 (93.8)

0 (0.0)
3 (1.4)

4 (2.1)
180 (96.3)

0 (0.0)
3 (1.6)

5 (55.6)
4 (44.4)

0 (0.0)
0 (0.0)

6 (30.0)
14 (70.0)

0 (0.0)
0 (0.0)

Olfactory lossf Score <20th percentile for the individual’s age and sex on the
UPSIT20,46

Present 4.0
Absent 0.43

46 (23.7)
148 (76.3)

42 (24.7)
128 (75.3)

3 (33.3)
6 (66.7)

1 (5.0)
19 (95.0)

Constipatione Score ≥2 on any constipation item (#5–6) or indication of use
of medication for constipation on the SCOPA-AUT47

Present 2.2
Absent 0.80

23 (11.0)
186 (89.0)

18 (9.7)
167 (90.3)

3 (33.3)
6 (66.7)

3 (15.0)
17 (85.0)

Excessive daytime
somnolencee

Score >10 on the ESS48 Present 2.2
Absent 0.88

8 (3.8)
201 (96.2)

7 (3.8)
178 (96.2)

1 (11.1)
8 (88.9)

0 (0.0)
20 (100.0)

OHe Score ≥2 on any OH item (#14–16) or indication of use of
medication for OH on the SCOPA-AUT47

Present 2.1
Absent 0.87

4 (1.9)
205 (98.1)

3 (1.6)
182 (98.4)

0 (0.00)
9 (100.0)

1 (5.0)
19 (95.0)

Erectile
dysfunctione,g

Respond “yes” on SCOPA-AUT item #23A47 Present 2.0
Absent 0.90

4 (4.8)
79 (95.2)

3 (4.1)
70 (95.9)

0 (0.0)
4 (100.0)

1 (11.1)
8 (88.9)

Urinary
dysfunctione

Score ≥2 on any urinary item (#8–13) or indication of use of
catheterormedication forurinary symptomsontheSCOPA-AUT47

Present 1.9
Absent 0.90

114 (54.6)
93 (50.3)

93 (50.3)
92 (49.7)

9 (100.0)
0 (0.0)

17 (85.0)
3 (15.0)

Depressionh,i Score ≥14 on the BDI-II49 or ongoing use of an
antidepressant or reported history of depression

Present 1.8
Absent 0.85

78 (38.8)
123 (61.2)

62 (35.0)
117 (65.0)

6 (66.7)
3 (33.3)

14 (70.0)
6 (30.0)

Abbreviations: BDI-II = Beck Depression Inventory-II; DAT-SPECT = dopamine transporter single-photon emission CT; ESS = Epworth Sleepiness Scale; MDS-
UPDRS = Movement Disorders Society-Unified Parkinson’s Disease Rating Scale; OH = orthostatic hypotension; PSG = polysomnography; RBD = rapid eye
movement behavior disorder; RBDQ = REM Sleep Behavior Disorder Screening Questionnaire; SCOPA-AUT = Scale for Outcomes in Parkinson’s Disease for
Autonomic Symptoms; SN = substantia nigra
a This excludes 60 participantswho self-reported Parkinson disease and 6 participantswho the clinician investigator determined likely to have Parkinson disease.
b Information collected from an environmental risk factors questionnaire.
c N1:Over your lifetime, have you ever had a JOB inwhich youmixed, applied, orwere exposed in someotherway to any type of pesticide, including herbicides
(kill weeds), fungicides (kill fungus/mold), insecticides (kill insects), rodenticides (kill rats/mice) or fumigants (gas used to kill fungus/mold or insects)?
d P1: In your lifetime, have you used solvents or degreasers 100 or more days at work or at home?
e Missing data (n = 2).
f Missing data (n = 17).
g Erectile dysfunction likelihood ratio only applied to male participants.
h Likelihood ratio for absence of depression is not applied if participant presents with anxiety, as determined by a score of >13 on the Parkinson Anxiety Scale.50
i Missing data (n = 10).
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established LRRK2 cohorts22-27 regarding baseline de-
mographic characteristics, t tests were used for continuous
characteristics and χ2 or Fisher exact tests were used for cat-
egorical characteristics.

Those without self-reported PD and without clinician-
determined PD were further categorized as having prodromal
PD, defined as either meeting the 2015 Movement Disorder
Society Prodromal Parkinson’s Disease Criteria or by clinician
determination of concern for parkinsonism. Baseline de-
mographic and clinical characteristics were compared among
those without prodromal PD, with prodromal PD, and with
clinician-determined PD using analysis of variance for contin-
uous characteristics or χ2 tests for categorical characteristics.
Pairwise group comparisons were performed using the Tukey-
Kramer test for analysis of variance and Bonferroni adjustment
for χ2 tests to control the type I error probability.

The percentage of participants reporting at baseline being
satisfied or very satisfied with the study and the percentage of
participants being willing to participate in other virtual re-
search studies were used to assess the acceptance of virtual

study designs. In addition, interest in future PD research
participation was reported as the percentage willing to par-
ticipate in observational and interventional studies. Analyses
were performed using SAS v9.4. p Values <0.05 were con-
sidered statistically significant. Missing data were minimal;
therefore, results are based on actual responses with no im-
putation of missing values.

Data Availability
Anonymized data not published in the article may be shared
on request from qualified researchers.

Results
Recruitment
23andMe emailed 3,808 individuals inviting them to partici-
pate in the study, and 4,199 (38.9%) of all emails were
opened. Of those invited, 376 participants (9.8%) consented
to be contacted by a research coordinator at the University of
Rochester to confirm eligibility, 336 (8.8%) contacts were
successfully completed, and 277 (7.3%) LRRK2 G2019S

Figure 1 Flowchart of Study Participants

*Participants were instructed to choose all that applied.
COVID-19 = coronavirus disease 2019; PD = Parkinson
disease.
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carriers from 34 states enrolled in the study from June 2019 to
August 2020 (Figures 1 and 2). A total of 217 individuals
without self-reported PD (mean [SD] age 53.7 years [15.1],
95%White, 59% female, 73% Ashkenazi Jewish, and 57% with
a family history of PD) and 60 individuals with self-reported
PD (mean [SD] age 67.8 years [8.4], 98%White, 52% female,
80% Ashkenazi Jewish, and 67% with a family history of PD)
enrolled in the study. Forty-three percent of enrolled partic-
ipants without self-reported PD were 60 years or older
compared with 85% of enrolled participants with self-reported
PD (p < 0.001). Independent predictors of enrollment in the
study were greater number of years of education (odds ratio
[95% CI] = 1.16 [1.09–1.24], p < 0.001), being separated vs
married (2.8 [1.2–6.7], p = 0.02), early PD (<5 years since
diagnosis) vs no PD (3.5 [1.6–7.8], p = 0.002), and having a
family history of PD (1.7 [1.2–2.3], p = 0.002).

Assessment of PD
At baseline, the clinician assessment of PD matched closely
with the participant’s self-report of their PD status (κ = 0.94
95% CI 0.89–0.99). For 6 individuals, the investigator’s expert
assessment did not match the participant’s self-report; all were
suspected new PD diagnoses. In all cases where the individual
self-reported PD, the investigator concurred. Of those with
self-reported PD, 22 (37%) met Movement Disorder Society
Clinical Diagnostic Criteria, 24 (40%) met UK Parkinson’s
Disease Society Brain Bank Criteria, and 49 (82%) met NIH
Diagnostic Criteria (eTable 1, links.lww.com/NXG/A531).
Across the entire cohort, agreement between self-reported
diagnosis and application of the diagnostic criteria was mod-
erate (κ = 0.45, 95% CI 0.31–0.58) for the Movement Dis-
order Society Clinical Diagnostic Criteria, moderate (κ = 0.49,
95% CI 0.36–0.62) for the UK Parkinson’s Disease Society
Brain Bank Criteria, and good (κ = 0.79, 95% CI 0.71–0.88)
for the NIH Diagnostic Criteria. Of those without self-

reported or clinician-identified PD (n = 211), 9 (4%) met the
threshold for probable prodromal PD, investigators identified
20 (10%) with concern for parkinsonism, and 5 participants
met both conditions. The frequency of each prodromal
marker is presented in Table 1.

Study Cohort
The baseline characteristics of the study cohort are presented
in Table 2. Median (interquartile range [IQR]) time for
completion of the participant-reported outcome measures,
and the baseline video visit was 7 (4–13) days. On average,
individuals without PD or prodromal PD were younger than
those with prodromal PD (those who either met the threshold
for probable prodromal PD according to MDS criteria or had
concern for parkinsonism) and those with clinician-
determined PD. Participants with self-reported PD (n = 60)
had a mean (SD) age at diagnosis of 61.1 (9.2) years. Aside
from participation in the 23andMe Research Program re-
quired for participation in this study, over 75% of those
without self-reported PD did not report participation in a
prior PD or LRRK2 research study.

Compared with participants without prodromal PD, those
with prodromal PD had higher autonomic scores (Scale for
Outcomes in Parkinson’s Disease for Autonomic Symptoms
mean [SD] score 11.5 [6.2] vs 6.9 [5.7], p = 0.002) and higher
motor scores (modified MDS-UPDRS part III mean [SD]
score 5.7 [4.3] vs 0.8 [2.1], p < 0.001). There were no sig-
nificant differences in depressive symptom scores, sleep
symptom scores, cognitive scores, or rates of hyposmia be-
tween these 2 groups. Overall, those with concern for par-
kinsonism who did not meet the threshold for probable
prodromal PD (n = 15) had higher motor scores and a lower
rate of hyposmia than those who met the threshold for
probable prodromal PD but did not have concern for

Figure 2 Location of Study Participants
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parkinsonism (n = 4) (data not shown). Compared with
participants without PD or prodromal PD, those with
clinician-determined PD had higher depressive symptom
scores (BDI-II mean [SD] score 9.1 [6.7] vs 4.8 [6.6], p <
0.001), more daytime sleepiness (Epworth Sleepiness Scale
mean [SD] score 5.3 [3.2] vs 4.1 [2.9], p = 0.02), and were

Table 2 Baseline Characteristics of the Study Cohort

Demographic
characteristics

No
prodromal
PD (n = 187)

Prodromal
(n = 24)

Clinician-
determined
PD (n = 66)

p
Value

Age, y 51.9 (15.1)*† 63.9 (9.0)* 67.7 (8.7)† <0.001

Women, % 59.9 58.3 50.0 0.38

Ashkenazi Jewish, % 0.64

Yes 73.8 66.7 80.3

No 24.6 29.2 18.2

Do not know 1.6 4.2 1.5

Race, % 0.54

Asian 0.0 0.0 1.5

Black or African
American

0.5 0.0 0.0

White 95.7 91.7 95.5

Multiracial 1.1 0.0 1.5

Prefer not to answer 2.7 8.3 1.5

Hispanic/Latino
ethnicity, %

0.65

Yes 7.0 12.5 6.1

No 88.2 87.5 87.9

Prefer not to answer 4.8 0.0 6.1

Education, % 0.21

Doctorate/
professional school
degree

26.7 41.7 28.8

Master’s degree 29.4 20.8 28.8

Bachelor’s degree 31.6 20.8 21.2

Associate’s degree,
some college, trade
school

11.8 12.5 19.7

High school diploma 0.0 4.2 1.5

Prefer not to answer 0.5 0.0 0.0

Veteran, % 8.0 12.5 7.6 0.73

Family history of PD, % 58.3 54.2 63.6 0.65

New to PD or LRRK2
research participation,
% (n = 263)

77.1† 79.2‡ 40.6†‡ <0.001

Clinical characteristics

MDS-UPDRS

Part I 5.6 (4.7)*† 9.2 (6.0)* 10.8 (5.6)† <0.001

Part II (n = 274) 0.8 (1.8)† 2.6 (4.7)‡ 10.1 (7.6)†‡ <0.001

Part III (modified) 0.8 (2.1)*† 5.7 (4.3)*‡ 21.4 (11.1)†‡ <0.001

Part IV
(n = 53)

NA NA 5.1 (4.2) NA

Montreal Cognitive
Assessment

27.7 (2.1) 26.8 (1.8) 27.1 (2.1) 0.03

Table 2 Baseline Characteristics of the Study Cohort
(continued)

Demographic
characteristics

No
prodromal
PD (n = 187)

Prodromal
(n = 24)

Clinician-
determined
PD (n = 66)

p
Value

Hoehn and Yahr
stage, %

*† *‡ †‡ <0.001

0 98.4 54.2 0.0

1 0.5 37.5 25.8

2 1.1 8.3 54.5

3 0.0 0.0 13.6

4 0.0 0.0 4.6

5 0.0 0.0 1.5

Modified Schwab and
England scale

99.3 (2.8)† 97.9 (5.9)‡ 85.6 (13.6)†‡ <0.001

Use of PD
medications,a %

0.0† 0.0‡ 83.3†‡ <0.001

Total daily dosage of
levodopa (n = 53)

NA NA 767.5 (579.9) NA

REM sleep behavior
disorder total score
(n = 274)

3.1 (2.5) 4.0 (3.1) 3.7 (2.6) 0.12

Scale for outcomes in
PD for autonomic
symptoms (n = 274)

6.9 (5.7)*† 11.5 (6.2)* 12.5 (7.1)† <0.001

Epworth Sleepiness
Scale (n = 274)

4.1 (2.9)† 5.0 (2.9) 5.3 (3.2)† 0.02

Parkinson’s Disease
Quality of Life
Questionnaire—39
(n = 235)

2.6 (6.5)*† 3.9 (6.7)* 16.9 (12.2)† <0.001

Beck Depression
Inventory II
(n = 274)

4.8 (6.6)† 5.5 (5.9) 9.1 (6.7)† <0.001

Parkinson Anxiety
Scale (n = 274)

6.9 (7.3) 7.4 (6.8) 6.1 (6.1) 0.67

University of
Pennsylvania Smell
Identification Test
score below age-
sex cutoff, %
(n = 257)

24.7† 16.7‡ 54.0†‡ <0.001

Abbreviations: COMT = catechol-O-methyl transferase; MAO-B = mono-
amine oxidase type B; MDS-UPDRS = Movement Disorder Society-Unified
Parkinson’sDisease Rating Scale; NA = not available; PD = Parkinson disease.
Values are mean (SD) for continuous variables and percent (%) for cate-
gorical variables. pValues test for differences among the 3 groups.Matching
*†‡ symbols indicate significantly different pairwise comparisons using post
hoc multiple comparisons tests controlling the type I error probability.
a Taking levodopa, amantadine, a COMT inhibitor, a dopamine agonist, or an
MAO-B inhibitor.
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more likely to have hyposmia (UPSIT score below age-sex
cutoff 54.0% vs 24.7%, p < 0.001).

Comparison With Traditional LRRK2 Cohorts
In comparison with traditional, in-person LRRK2 cohorts
without PD, we recruited a comparable number of individuals
from a single location over a shorter period of time. As shown
in Table 3, in comparison with traditional LRRK2 cohorts, our
participants were more likely to identify as White, more likely
to have a college education, and less likely to be Ashkenazi
Jewish. In addition, our participants without PD were less
likely to have a family history of PD.

Safety
One fall occurred during the baseline remote examinations,
and no injuries occurred. No breaches of privacy or confi-
dentiality were reported. No adverse clinical outcomes related
to the study occurred.

Participant Feedback
Of the 262 participants who completed a postbaseline visit
survey, 97% reported that they were “satisfied” or “very sat-
isfied” with the study overall. The satisfaction ratings for the
technical quality, convenience, and comfort of the video visits
were similarly high (Figure 3). About one-third would not
have participated in this study if it required in-person study
visits. In addition, over 99% of participants indicated will-
ingness to participate in another observational study with
video visits, and 94% of those without self-reported PD were
willing to participate in a PD prevention trial (Figure 4).

Median (IQR) time for completion of all baseline activities,
including the participant-reported outcome measures, the
video visit, and the postvisit survey, was 14 (8–21) days.

Discussion
Despite the COVID-19 pandemic, a large, national cohort of
individuals with and at genetic risk for developing PD enrolled
in an entirely remote observational study in just over a year.
The scope of clinical assessments conducted was similar to
that in traditional clinical studies, and the model was well
received by participants who expressed high levels of satis-
faction and interest in future clinical trials.

Precision medicine clinical trials aimed at individuals who
carry genetic variants that put them at high risk of developing
a neurologic disorder will likely need to screen and recruit
large numbers of individuals.3 We have demonstrated that the
combination of direct-to-consumer genetic testing and a re-
mote, decentralized study design can identify and characterize
a large number of at-risk carriers. Genetic testing is not yet
standard practice in the care of individuals with PD. Tradi-
tional recruitment methods would require a large number of
sites and widespread testing to identify a sufficient number of
individuals at genetic risk for PD. For example, the Rostock
International PD (ROPAD) study offers comprehensive ge-
netic testing to individuals with PD and individuals without
PD at higher likelihood of having a LRRK2 variant.28 ROPAD
has thus far enrolled 67 individuals without PD at higher

Table 3 Comparison of VALOR-PD Study Participants to Other Studies of Individuals With LRRK2 Variants

No PD PD

VALOR-PD

LRRK2 Ashkenazi
Jewish
Consortium24

LRRK2 Cohort
Consortium23 PPMI27 VALOR-PD

LRRK2 Ashkenazi
Jewish
Consortium25

LRRK2 Cohort
Consortium22 PPMI26

n 211 134 342 208 66 97 516 158

Age, mean (SD) 53.3 (15.0) 49.5 (16.8)a 51.6 (15.6) 61.6 (7.6)a 67.7 (8.7) 68.6 (8.8) 65.0 (11.5) 63.8 (9.2)a

Women, % 59 56 58 58 50 52 48 52

White, % 95 NA 82a 93 96 NA 65a 89a

Hispanic/Latino, % 8 NA NA 13 6 NA NA 25a

Ashkenazi Jewish, % 73 100a NA NA 80 100a NA NA

College educated, % 99 NA 71a 83a 98 75a 61a 78a

Family history of PD, % 57 100a 100a 86a,b 64 39a,b NA 63

No. of states 33 + DC 1c 9c 15c 24 + DC 1c 9c 15c

No. of sites 1 3 20 33 1 3 20 33

Recruitment time, mo 15 NA 43 65 15 NA 43 65

Abbreviations: NA = not available; PD = Parkinson disease; PPMI = Parkinson’s ProgressionMarker Initiative; VALOR-PD = Virtual Assessment of LRRK2 carriers
to Optimize Research of Parkinson disease.
a p < 0.05 compared with VALOR-PD.
b First-degree family history of PD.
c More than 1 country represented.
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likelihood of having a LRRK2 variant and, among 1,288 in-
dividuals with PD, identified 23 LRRK2 Gly2019Ser carriers.
It is clear that we will need to use multiple different methods
of identification to recruit sufficient numbers of individuals for
precision medicine trials.

As shown in Table 3, this cohort differs from traditionally
established LRRK2 cohorts by race (a greater proportion are
White) and education (more are college educated).22-27 This
cohort, though, is also more geographically dispersed across
the United States, less likely to be Ashkenazi Jewish, less likely
to have a family history of PD (at least among those without
PD, which expands the sampling frame), and includes many
participants who are new to research, including more than
75% of those who do not have PD. This latter population may
be especially important for trials aimed at delaying or pre-
venting onset of the disease. In addition, recruitment was
faster than has occurred for similar cohorts, covered a larger
geographical area within the United States at likely lower cost,
and unlike most other research studies,29 was not delayed or
otherwise affected by the COVID-19 pandemic.

This study also demonstrated that a wide range of clinical
assessments, including patient-reported outcomes, which may
be better administered in an individual’s natural setting than
in an artificial clinical one, can be conducted remotely. Con-
sistent with prior studies,11,30 when assessed remotely, 100%
of individuals with self-reported PD were judged to have PD
by the study investigators and 97% of those who did not
report PD were judged not to have the disease. Agreement
between self-reported PD status and modified formal di-
agnostic criteria was moderate to good. As suggested by
Myers et al., these lower levels of agreement may reflect the
inability to assess the core criterion of rigidity and to ade-
quately assess the core criterion of rest tremor during remote
assessment.30 Diagnostic criteria that are validated for remote
application are needed.

We also demonstrated the ability to apply the Movement
Disorder Society Prodromal Parkinson’s Disease Criteria in
LRRK2 carriers remotely, identifying 9 individuals who met
the criteria for probable prodromal PD. We anticipate that
long-term follow-up of this cohort will identify additional

Figure 3 Participant Satisfaction With Video Visits

Figure 4 Percent Willing to Participate in PD Clinical Trials

*Responses include only individuals without self-reported
PD, those with self-reported PD were not asked. PD = Par-
kinson disease.
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cases and add to the literature regarding the sensitivity and
specificity of these criteria for identifying LRRK2 carriers who
will ultimately develop PD.20

Among carriers without PD, compared with those without
prodromal PD, those with prodromal PD (according to pro-
dromal criteria or presence of concern for parkinsonism, n = 24)
are older, have higher motor scores, and have higher autonomic
symptom scores. Similarly, Mirelman et al.20 found that, com-
pared with those without prodromal PD, those with prodromal
PD (n = 20) were older, had higher motor scores, and more
often reported constipation and erectile dysfunction. Prior
studies have also demonstrated higher motor scores23,27 and
more autonomic symptoms24,27 in nonmanifest LRRK2G2019S
carriers compared with noncarriers. We did not detect differ-
ences in cognitive scores, sleepiness, depressive symptoms,
anxiety symptoms, REM sleep behavior disorder symptoms, or
hyposmia between those with and without prodromal PD.
Mirelman et al.20 found that those with prodromal PD more
frequently reported sleepiness, had lower cognitive scores, and
had higher frequency of hyposmia than those without prodromal
PD. Multiple prior studies have not shown higher rates of
sleepiness or REM sleep behavior disorder among nonmanifest
LRRK2 G2019S carriers compared with noncarriers.23,27,31,32

While Simuni et al. found lower cognitive scores and higher rates
of hyposmia among nonmanifest LRRK2 G2019S carriers
compared with noncarriers, other studies did not.23,24,33 Given
the incomplete penetrance of LRRK2 variants, the ability to
accurately identify individuals with prodromal disease will be of
high value in preparation for clinical trials.

Participants who chose to enroll in this longitudinal study
expressed high levels of study satisfaction as they have in
previous, remote cross-sectional studies in several neurode-
generative conditions.11,34-36 Participants also expressed high
levels of interest in participating in future clinical trials,
whether the treatment was aimed at prevention or symp-
tomatic benefit. Whether this translates to actual participation
remains to be seen.

Despite these benefits, the study has some significant limita-
tions. The first is that recruitment relied on individuals who
chose to pursue direct-to-consumer genetic testing. While in-
creasingly common, such individuals are not representative of
the general population.21 Moreover, while 23andMe invited all
potentially eligible LRRK2 G2019S carriers, only a small mi-
nority (7.3%) of those contacted chose to enroll in the study.
Only 217 individuals without self-reported PD were enrolled
(falling short of the target of 250 individuals without self-
reported PD) and 43% were older than 60 years (falling short
of the target 50%). A family history of PD, early PD, and greater
number of years of education predicted enrollment in the
study. The resulting cohort was 95% White and 99% had at
least some college education. The study was thus able to reduce
geographical but not social barriers to research participation.37

The digital divide38 that is common in clinical applications of
video visits may also apply to research studies.39

The second is that the characterization of this cohort is in-
complete. The clinical examination performed remotely is in-
ferior to an in-person examination and can be further
compromised by poor connectivity. Certain features (e.g., ri-
gidity, balance, eye movements) are difficult to assess re-
motely.40 This may be of particular concern when asking
clinicians to identify concern for parkinsonism. In addition,
while numerous clinical assessments were conducted, biological
assessments, including those that could be collected remotely
(e.g., urine) and those that would require in-person visits (e.g.,
lumbar puncture), imaging, and digital measures, were lacking.
This cohort may be well positioned to participate in studies
using digital sensors to develop deep clinical phenotypes41 and
identify novel digital endpoints for future research studies.
These new measures may be especially important in a pop-
ulation that is largely asymptomatic and in which biomarkers are
lacking. The third is that this study lacks a control group of
noncarriers for comparison. This may be of particular relevance
because investigators are aware that all participants are at high
risk for developing PD, which may introduce bias to over call
subtle signs. The fourth is that we did not use objective criteria
or cutoffs for the determination of concern for parkinsonism,
relying instead on investigator judgment, which could limit re-
producibility. Finally, this study was limited to carriers of a
specific variant linked to a single disease. Whether this research
model is generalizable to other variants (e.g., GBA)42 and to
other conditions (e.g., Alzheimer disease, amyotrophic lateral
sclerosis, autism) is yet to be determined. However, the use of
video visits, which have now been used to provide care to a wide
range of patients with neurologic 43 and other medical condi-
tions, is likely well suited to a broad range of conditions.

Notwithstanding these limitations, this study demonstrates
the feasibility and value of a new model of research. This
model, largely based on clinical applications of video visits,
will likely become more common as individuals, researchers,
and sponsors become increasingly familiar and comfortable
with the underlying technology. Its value will also rise as gene-
based therapies for a wide range of conditions move from the
laboratory to the clinic.2 Future studies, and likely clinical
trials, could include a mixture of remote and in-person as-
sessments, allowing for a more complete characterization of
the study cohort while minimizing participant burden.

This study has demonstrated that remote recruitment of a
geographically diverse cohort from a single site is feasible.
Moreover, among this sample of study participants who
obtained direct-to-consumer genetic testing, most like and
even prefer this model to traditional in-person research visits
and are interested in participating in future clinical trials.
Longitudinal assessment will allow prospective characteriza-
tion of this large LRRK2 G2019S cohort and address im-
portant gaps in knowledge, such as the identification of
protective factors and risk factors for PD. The study will also
inform the design of future clinical trials for this population
and serve as a model for other genetically defined cohorts. As
a new class of gene-based therapies arise for neurologic
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conditions, novel models of clinical research will be required.
This study, which broadens recruitment, lowers barriers to
participation, and may reduce complexity and cost, provides a
glimpse of what those models may look like.
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