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ARTICLE INFO ABSTRACT
Keywords: Introduction: Parkinson’s disease (PD) research is hampered by slow, inefficient recruitment and burdensome in-
Parkinson’s disease person assessments that may be challenging to conduct in a world affected by COVID-19. Fox Insight is an

Telemedicine
Fox Insight
Video-based

ongoing prospective clinical research study that enables individuals to participate in clinical research from their
own homes by completing online questionnaires. To date, over 45,000 participants with and without PD have
enrolled. We sought to validate self-reported PD diagnosis in the Fox Insight cohort, assess the validity of other
self-reported health information, and evaluate the willingness of participants to participate in video-based
research studies.

Methods: Individuals with and without self-reported PD enrolled in Fox Insight were invited to participate in this
virtual research study. Participants completed online questionnaires and two virtual visits, during which we
conducted standard cognitive and motor assessments. A movement disorder expert determined the most likely
diagnosis, which was compared to self-reported diagnosis.

Results: A total of 203 participants from 40 U.S. states, 159 with remote clinician-determined PD and 44 without,
completed the study (59% male, mean (SD) age 65.7 (9.8)). Level of agreement between self-reported PD
diagnosis in Fox Insight and clinician-determined diagnosis was very good ((kappa = 0.85, 95% CI 0.76-0.94).
Overall, 97.9% of participants were satisfied with the study, 98.5% were willing to participate in a future
observational study with virtual visits, and 76.1% were willing to participate in an interventional trial with
virtual visits.

Conclusion: Among the Fox Insight cohort, self-reported diagnosis is accurate and interest in virtual research
studies is high.

1. Introduction problematic in neurodegenerative diseases such as Parkinson’s disease
(PD) where driving ability and functional mobility may be impaired, and

The success of clinical research is dependent upon patient partici- caregiver burden is high [2-5].
pation, yet the traditional research model generally limits participation The COVID-19 pandemic has further heightened concerns about
to those residing near a research center and burdens participants with requiring individuals to travel to research centers for study participation
frequent travel. As a result, less than one third of clinical trials suc- [6]. Virtual studies allow individuals to participate in research from
cessfully meet their recruitment targets [1]. This burden is especially their homes, mitigating the risk of infection and reducing disability- and
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geography-based barriers to participation [7,8]. Prior studies have
demonstrated the feasibility of video-based research visits in a broad
range of neurodegenerative disorders and high levels of interest in the
model [7,9,10]. However, adoption in research studies has been limited
to date.

Fox Insight (FI) is an ongoing online prospective clinical research
study that has enrolled over 45,000 participants with and without self-
reported PD to date [11]. On a quarterly basis, participants complete an
extensive series of standard assessments pertaining to quality of life,
non-motor symptoms, physical activity, and general health [12]. This
work is the first effort to validate self-reported diagnosis in FI. Validation
of self-reported PD diagnosis is essential for all online-based research
studies; a similar effort was undertaken with 23andMe’s Parkinson’s
Research Community [7].

Here, we report the results of a virtual cross-sectional study of a
subset of FI participants using video-based visits. Our primary objective
was to assess the validity of self-reported PD diagnosis in FI against
remote clinician-determined diagnosis. Our hypothesis was that agree-
ment would be very good. Secondary aims were to expand the clinical
characterization of participants, assess the validity of self-reported
health information, and assess the willingness of FI participants to
participate in future video-based research studies.

2. Methods
2.1. Study setting

Research team members based at the University of Rochester (UR)
conducted all virtual study visits. The study was approved by the UR
Institutional Review Board (STUDY0000176). All participants provided
informed consent.

2.2. Participants

Eligible participants were adult men and women with and without a
self-reported diagnosis of PD (from a healthcare provider) recently
enrolled in FI, who had completed their baseline study visit, resided in
the United States, and had access to an internet-enabled device that
would support study visits. In addition, eligible participants were on a
stable regimen of both PD and non-PD medications since their baseline
FI study visit and could complete all study related activities within 6
weeks of completing their baseline FI study visit.

2.3. Study recruitment

We used disproportionate stratified random sampling to enroll five
approximately equal cohorts: self-reported PD <2 years since diagnosis,
3-5 years since diagnosis, 6-9 years since diagnosis, >10 years since
diagnosis, and without PD. Members of the FI team sent weekly invi-
tation emails to a random sample of individuals who had completed
their baseline visit within the last 3 weeks. Interested individuals used a
personalized link on their FI page that directed them to a form in the
Research Electronic Data Capture (REDCap; Vanderbilt University)
system where they provided their contact information and consent to be
contacted by a UR coordinator.

A coordinator then conducted a pre-screening telephone call to
provide an overview of the study, assess interest, and determine eligi-
bility. Individuals reviewed an eConsent document in REDCap and
provided their consent to participate. Participants could opt-in to
receive an individualized summary of results—a brief description and
scores for the motor examination and Schwab and England-and/or have
it sent to a provider. We mailed participants without a web camera a
suitable camera at no cost.
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2.4. Study procedures

Participants completed a series of questionnaires in REDCap
covering demographic information, PD symptom and diagnosis history
(Suppl Table 1), and fall frequency. Also included were the Movement
Disorders Society-Unified Parkinson’s Disease Rating Scale (MDS-
UPDRS) parts Ib and II [13]. Subsequently, participants completed one
virtual test visit with a coordinator and one virtual research visit with a
movement disorders expert (RBS, CGT, RB, JLA) using HIPAA-compliant
Zoom video conferencing software (San Jose, CA). Visits were typically
completed within an hour.

During the virtual test visit, a coordinator completed any trouble-
shooting necessary related to audio, video, or internet connection.
Medications were documented and a Montreal Cognitive Assessment
(MoCA) was conducted [14]. Video-based administration of the MoCA
has been shown to be feasible in PD [15,16] and the reliability of video-
based administration has been established in non-PD populations [17].
A copy of the visuospatial/executive and naming portions was sent to
the participant in advance. During the virtual research visit, the inves-
tigator reviewed the medications, collected a health history, and per-
formed the modified MDS-UPDRS motor examination, which excludes
tests of rigidity and postural instability that cannot be performed
remotely. Video-based administration of the modified MDS-UPDRS
motor examination correlates moderately with in-person administra-
tion [18] but has not been validated for longitudinal use [19].

Investigators, who were blinded to self-reported PD status, con-
ducted an unscripted history and performed additional examination
maneuvers to make a clinical diagnostic determination (PD, no PD, or
alternative neurological diagnosis). They also applied three sets of PD
diagnostic criteria, modified for remote assessment: the United Kingdom
Parkinson’s Disease Society Brain Bank Criteria (UK PD Criteria) [20],
NIH Diagnostic Criteria for Parkinson’s Disease (NIH PD Criteria) [21],
and the Movement Disorder Society Clinical Diagnostic Criteria for
Parkinson’s Disease (MDS PD Criteria) [22]. Features that could not be
assessed remotely, including rigidity, postural instability, graphesthesia,
stereognosis, pyramidal weakness, pathologic hyperreflexia, and
Babinski sign, were excluded. Following this visit, participants
completed a satisfaction and research interest survey (Suppl Table 2).

2.5. Safety

We asked participants to walk with their assistive device as appli-
cable and allowed for gait assessment to be deferred in the presence of
any safety concerns. In preparation for possible urgent medical events,
we collected contact information for an emergency contact and local
emergency services and provided guidance to the study team regarding
appropriate actions.

2.6. Sample size and statistical methods

We used Cohen’s kappa coefficient to determine the level of agree-
ment beyond chance between self-reported diagnosis, clinician-
determined diagnosis, and diagnostic criteria. We determined that a
sample size of 200 participants would provide >80% power to detect a
true kappa value of at least 0.8 (indicating very good agreement)
assuming the null hypothesis value of kappa to be 0.6, using a signifi-
cance level of 5%. We explored variation in level of agreement according
to self-reported PD duration, temporal proximity from FI baseline to the
virtual visit, disease-specific clinical features, and demographic features.

We used descriptive statistics to assess willingness to participate,
satisfaction with this study, and willingness to participate in future
studies as well as to characterize participants. We used observed percent
agreement to determine agreement between PD medications and health
history (presence/absence) as self-reported in FI and obtained by the
study team. We assessed associations between the Geriatric Depression
Scale scores from FI and the MDS-UPDRS depression item using
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Spearman correlation. To explore factors associated with participation,
we used logistic regression with enrollment (yes or no) as the outcome
variable and age, sex, ethnicity, education, household income, and self-
reported disease-duration as predictor variables.

3. Results

The FI team invited 2125 individuals (1559 with self-reported PD,
566 without self-reported PD) to participate (Fig. 1). A total of 374 (304
(19.5%) with self-reported PD and 70 (12.4%) without self-reported PD)
provided consent to contact (17.6% response rate). Examining the 2125
invited, those with self-reported PD duration of 3-10 years were more
likely to participate than those without self-reported PD (OR 1.7, 95% CI
1.1-2.7, p-value 0.02) (Table 1). Age, sex, ethnicity, level of education,
and household income were not associated with participation (all p >
0.05).

We successfully contacted 265 (70.9%) of those who provided con-
sent to contact. Twelve declined participation in the study, 23 were
ineligible, and 7 were lost to follow-up (Fig. 1). Ultimately, 223 in-
dividuals consented to participate with 98.5% requesting a summary of
their results for themselves, 46.8% for their primary care provider, and
54.2% for their neurology provider. Between September 10, 2018 and
April 26, 2019, 213 completed the virtual test visit (enrolled). We
enrolled an average of 6.5 participants per week and completed study
recruitment in approximately 33 weeks.

A total of 203 participants from 40 states completed the virtual
research visit and were the focus of our analyses (Fig. 2). Fox Insight
participants from all 50 states were invited and ten states (Alaska,
Arkansas, Delaware, Idaho, lowa, Kansas, New Hampshire, New Mexico,

2, 125 Invited

I

374 Consented to
Contact
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North Dakota, and South Dakota) were not represented in this validation
study. Virtual research visits were completed a mean (SD) of 37.8 (10.1,
range 11-73) days after completion of the FI baseline. The final cohort
was 59% male and 96% white with a mean (SD) age of 65.7 (9.8)
(Table 1). A total of 38 self-reported no PD; 58 self-reported PD <2 years
since diagnosis, 41 self-reported 3-5 years since diagnosis, 32 self-
reported 6-9 years since diagnosis, and 34 self-reported >10 years
since diagnosis.

3.1. Validation of self-reported diagnosis

Agreement between self-reported PD diagnosis in FI and clinician-
determined PD diagnosis was very good (kappa = 0.85, 95% CI
0.76-0.94) with stronger agreement (kappa = 0.92 versus 0.75, p =
0.08) when diagnoses were determined in close temporal proximity
(<median of 38 days compared to >38 days apart). Disagreement
occurred in 10 (4.9%) of 203 cases (Table 2a). In four of these cases, self-
reported diagnosis in FI differed from self-reported diagnosis provided
in this study; the clinician determination agreed with the self-reported
diagnosis provided in this study in each of these cases. Agreement be-
tween self-reported PD diagnosis in FI and in this validation study was
very strong (kappa = 0.89, 95% CI 0.81-0.97). Disagreement occurred
in 7 (3.4%) of 203 cases. Six individuals self-reported PD in FI but not in
this study and one individual self-reported PD in this study but not in FI.
There were no significant differences in level of agreement between self-
reported PD diagnosis in FI and clinician-determined PD diagnosis ac-
cording to self-reported PD duration, age, sex, race, ethnicity, or pres-
ence of rest tremor on examination.

With modified remote assessment, 42.6% met UK PD Criteria, 60.9%

[

| 109 Unable to be Contacted

265 Pre-Screened

223 Consented to

12 Not Interested
6 Time Commitment

* 3 Privacy Concerns

+ 2 Seeking Second Opinion

+ 1 Overwhelmed by Required Technology
23 Ineligible
17 Changes in Medication
2 Unable to Conduct Video Call

+ 1 Cognitive Impairment

+ 3 Unable to Complete Study in Window
7 Lost to Follow-Up

Virtual Study

20 Withdrew Prior to Virtual Research Visit
(10 Prior to Test Visit, 10 After Test Visit)

7 Lost to Follow-up

6 Unknown Reason

3 Too Busy

2 New Medication

2 Other Issues

203 Completed
Virtual Research Visit

Fig. 1. Participant flow.
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Table 1
Participant characteristics.

Clinical Parkinsonism & Related Disorders 4 (2021) 100094

Completed Virtual Research Visit

Clinician-Determined PD

Invited but did not Consent to Study

Overall Yes No Overall
(n = 203) (n =159) (n=44) (n =1,902)
Age 65.7 (9.8) 66.7 (8.9) 62.2 (11.7) 64.0 (11.7)
Male, % 58.6 61.0 50.0 52.6
White Race, % 95.6 95.0 97.7 97.0
Hispanic/Latino Ethnicity, % (n = 198) 2.5 2.6 2.3 7.1
Education >High School, % (n = 202) 91.1 89.9 94.5 99.0
Fox Insight Household Income, %
<$50,000 26.3 25.2 30.0 31.2
$50,000-$99,999 38.0 38.1 37.5 36.1
>$100,000 35.7 36.7 325 32.7
Self-Reported Disease Duration, %
No PD 18.7 1.3 81.8 27.5
Early PD (<3 years) 29.1 34.6 9.1 26.2
Mid PD (3-10 years) 36.0 44.6 4.6 29.1
Later PD (>10 years) 16.3 19.5 4.6 17.2
Parkinson’s Disease Questionnaire — 8 21.2 (17.0) 20.4 (16.3) (n = 157) 35.9 (24.0) (n = 8) 24.1 (18.1)
(total possible score: 100) (n = 165)
Non-Motor Symptoms Questionnaire 9.5 (5.3) 9.9 (5.1) 8.0 (5.6) 9.9 (5.9)
(total possible score: 30)
Penn Parkinson’s Disease Daily Activities 51.0 (9.0) 51.1 (8.8) 50.8 (9.8) 49.8 (11.2)
Questionnaire — 15 (total possible score: 60)
Geriatric Depression Scale 3.7 (3.6) 3.8(3.4) 3.4 (4.3) 4.3 (3.9)
(total possible score: 15)
Living in Health Professional Shortage Areas*, % 42.9 42.8 43.2 -
Parkinson’s Disease Medication Use, % 74.9 90.6 18.2 -
Freezing of Gait in the Past 12 Months, % 28.1 34.0 6.8 -
Falls in the Past 12 Months Not Related to Freezing of Gait, % 38.4 39.0 36.4 -

Results are mean (standard deviation) unless otherwise indicated.

*Participants were determined to live in a Health Professional Shortage Area (HPSA) if their mailing address zip code was included on the list of all U.S. HPSA zip codes,

as determined by the Centers for Medicare & Medicaid Services.

Fig. 2. Geographical distribution of participants.

met NIH PD Criteria (30.7% possible PD, 30.2% probable PD), and
38.6% met MDS PD Criteria (10.9% probable PD, 27.7% clinically
established PD). Agreement between the different diagnostic criteria
and self-reported diagnosis or clinician-determined diagnosis was fair to
moderate (Table 2b). We examined cases where clinicians determined
PD but the participant did not meet MDS PD Criteria (n = 80), UK PD
Criteria (n = 72), or NIH PD Criteria (n = 35); in 68 (85%), 45 (63%),
and 10 (29%) of cases respectively the participant had bradykinesia but
did not meet core parkinsonism criteria. Results were similar examining

cases of disagreement between self-reported diagnosis and the diag-
nostic criteria. Greater agreement was observed between self-reported
PD diagnosis and the NIH PD Criteria with self-reported PD duration
>10 years compared to 0-2 years (86% vs 67%, p = 0.05), but not for UK
PD Criteria or MDS PD Criteria.

3.2. Validation of self-reported health information

There was 94% observed agreement between self-reported,
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Table 2a
Agreement between Fox Insight Self-Reported Diagnosis and Clinician-
Determined Disease Status.

Clinician-Determined PD

Self-Reported PD in Fox Insight Yes No Total
Yes 157 8* 165
No 2" 36 38
Total 159 44 203

*Alternative clinician-determined diagnosis:

Progressive supranuclear palsy (1)

Multiple system atrophy (1)

Drug-induced parkinsonism (1)

Drug-induced parkinsonism + essential tremor (1)

No parkinsonism (4)

“In both cases, the clinician determined PD with 90-100% confidence.

Table 2b
Agreement between self-reported or clinician-determined diagnosis and modi-
fied diagnostic criteria.

UK PD Criteria NIH PD MDS PD
Criteria® Criteria®
Self-Reported Diagnosis 0.26 0.48 0.22
(0.17,0.35 (0.37,0.60) (0.14,0.30)
Clinician-Determined 0.34 0.60 0.30
Diagnosis (0.25,0.43) (0.50,0.71) (0.21,0.38)

Results are Kappa with 95% CI. ®Possible or probable Parkinson’s disease.
Probable or clinically established Parkinson’s disease.

remotely-entered PD medications in FI and study-team obtained PD
medications. When examined by class, observed agreement was 98% for
levodopa, 95% for dopamine agonists, 98% for monoamine oxidase in-
hibitors, 98% for catechol-O-methyltransferase inhibitors, and 97% for
amantadine. Observed agreement between self-reported health history
in FI and study-team obtained health history was 93% for neurological,
77% for psychiatric, and 70% for cardiovascular disorders. There was
moderate correlation between the GDS-15 in FI and the MDS-UPDRS
Depression Item (1.3) completed in this study (correlation = 0.49, p-
value <0.001).

3.3. Safety

No falls occurred during the visits and no urgent medical events
occurred that required contacting local emergency services.

3.4. Satisfaction and research participation

97.9% of participants were satisfied or very satisfied with the overall
study (Suppl Fig. 1a). More than 90% of participants felt they were
accurately assessed, it was easy to participate, and they would recom-
mend participation in virtual studies (Suppl Fig. 1a). A small number
had concerns regarding confidentiality (6.6%) and communication
(2.0%), and a small proportion (12.1%) would have preferred in-person
visits.

Participants indicated a high level of willingness to participate in
future virtual studies. 98.5% were willing to participate in a future
observational study with virtual visits, 76.1% in an interventional trial
with some virtual visits, and 68.5% in an interventional trial with all
virtual visits. More than 50% of participants indicated they were more
interested in participating in observational and interventional studies
that included virtual visits (Suppl Fig. 1b).

4. Discussion
This virtual research study confirmed the accuracy of self-reported

diagnosis of PD in FI, established the validity of remotely entered clin-
ical information, and demonstrated great interest in virtual research
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studies from participants.

Self-reported PD status is accurate in the FI cohort. A similarly high
level of agreement for PD diagnosis was seen in a study with 23andMe’s
Parkinson’s Research Community and in a study with Fox Trial Finder
(an online research interest registry) [7,9]. Critically, the level of
agreement between self-reported and clinician-determined diagnoses
was not associated with self-reported PD duration, age, sex, race,
ethnicity, or presence of rest tremor on examination.

Agreement between self-reported or clinician-determined diagnoses
and the diagnostic criteria was only fair to moderate. 29-85% of par-
ticipants with clinician-determined PD and bradykinesia did not meet
core parkinsonism diagnostic criteria. The UK PD Criteria require the
presence of bradykinesia plus at least one of the following—rigidity, rest
tremor, or postural instability [20]. The NIH PD Criteria for possible PD
require the presence of at least two of the following—rest tremor, bra-
dykinesia, rigidity, and asymmetric onset [21]. The MDS PD Criteria
require the presence of bradykinesia plus either rigidity or rest tremor
[22]. Neither rigidity nor postural instability can be readily assessed
remotely forcing a heavier reliance on the presence of rest tremor, which
may be absent, suppressed by medications, or missed during remote
assessment due to limited direct visualization. Higher levels of agree-
ment were seen with the NIH PD Criteria for those with self-reported PD
duration >10 years compared to 0-2 years. These results suggest that
the use of these diagnostic criteria as part of the eligibility criteria for a
remote study may result in inappropriate exclusion of PD participants.
Future work should focus on the development and validation of modi-
fied diagnostic criteria for remote PD diagnosis that consider the limi-
tations of a virtual exam.

Recruitment was rapid with an average of 6.5 participants enrolled
per week at a single site. In comparison, the OBSERVE-PD study (an in-
person, cross-sectional observational study of individuals with PD)
recruited an average of 0.42 participants per week at each of its 128 sites
[23,24]. Our cohort was geographically distributed, representing 40
states with 43% of participants residing in Health Professional Shortage
Areas, areas with insufficient primary care, dental, or mental health
professionals to serve the population [31]. Only 10% of individuals
contacted by the FI team participated in this research study, and our
recruitment efforts benefited from a large pool of potential participants.
Strategies to improve responses to email requests for research partici-
pation may include tailoring language to specific groups (e.g. healthy
controls), providing payment, and including individuals with PD in the
initial development of research studies and recruitment materials. We
were able to successfully recruit controls and individuals across disease
stages, suggesting that this approach could be used for clinical trials
recruiting early, de novo PD to moderate PD. The study was well
received with satisfaction rates exceeding 95%.

The value of video-based visits has never been more apparent than
during the on-going COVID-19 pandemic. COVID-19 has interrupted PD
clinical research [25], with likely long-term consequences for ongoing
study conduct. Video-based visits, at-home collection of patient-
reported outcomes, and the use of digital sensors to capture real-world
data can all help move clinical research forward. Patients are eager for
new, more accessible research models; 68.5% of our participants indi-
cated willingness to participate in an interventional trial with all virtual
research visits. This study was completed prior to the COVID-19
pandemic; with increasing familiarity with video-based visits we sus-
pect that even more patients would be interested in engaging in this type
of research now. New, patient-friendly approaches are already in use,
such as in an on-going trial of zoledronic acid for fracture prevention in
PD [26]. This study is being conducted entirely in the patient’s home
and, for some, will include remote verification of self-reported diag-
nosis—an approach supported by the results of our study.

Nearly all participants (98.5%) requested a summary of their results.
The return of individual results is consistent with the ethical principle
that participants have the right to receive data generated from their
research participation [27]. While there are reasonable concerns
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regarding potential psychological distress and a blurring of the line
between clinical care and research, recent guidelines have enabled more
transparent practices [28]. The high request rate may be attributable to
the fact that the majority of participants had already received a PD
diagnosis, allaying any anxiety regarding results, or to our uncommon
practice of proactively asking participants if they wanted their results.
With the proper protocols in place to do so safely and ethically, the re-
turn of research results to participants can build trust and encourage
participation in future research.

Our study had limitations that merit further discussion. First, our
200-person cohort represented only a fraction of participants in the
overall FI cohort and was not socio-demographically diverse. While the
proportion of Americans with access to high-speed broadband at home is
increasing, access is lower for older individuals, minorities, those with
lower incomes and those with lower educational levels [29]. The de-
mographics of our PD cohort and the PD cohort in FI were similar (mean
(SD) age 66.7 (8.9) vs 65.8 (9.5), 61.0% vs. 54.5% male, 95.0% vs 96.9%
white, and 2.6% vs 3.8% Hispanic/Latino [30]) suggesting that differ-
ential access to high-speed broadband may have impacted recruitment
for FI and this validation study. Best practices for recruiting diverse
cohorts may differ between in-person and virtual studies; more research
is needed to identify best practices for the recruitment of individuals
under-represented in research into virtual research studies. Second,
while interest in future virtual research studies was high, this was a self-
selected cohort already engaged in online clinical research and these
findings may not translate to a broader population. Third, investigators
were blinded only to self-reported diagnosis and, similar to a clinical
encounter, were not blinded to medications or any other historical in-
formation. We did not capture information on how investigators arrived
at the most likely diagnosis or which historical items contributed most to
their determination. Lastly, we validated self-reported diagnosis
through virtual visits, which are not without limitations. As discussed
above, key elements such as rigidity and postural instability as well as
reflexes cannot be assessed, and the modified MDS-UPDRS motor ex-
amination has not been satisfactorily validated. Potential strategies to
mitigate the limitations of virtual assessment and improve the accuracy
of remote PD diagnosis, include the collection of clinical records and
confirmation through locally-obtained testing (such as dopamine
transporter imaging).

Notwithstanding these limitations, our study supports the validity of
self-reported diagnosis in a large observational study, which is crucial to
the interpretation of the validity of FI results. Moreover, our study
demonstrates the promise of a much-needed novel model for conducting
PD research and highlights the potential of such a model for re-starting
and advancing clinical research in PD in the midst of a pandemic.
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