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Abstract
Parkinson disease (PD) is highly prevalent among neurodegenerative diseases, affecting a diverse patient population. Despite a
general willingness of patients to participate in clinical trials, only a subset of patients enroll in them. Understanding the barriers
to trial participation will help to alleviate this discrepancy and improve trial participation. Underrepresented minorities, older
patients, and patients with more medical comorbidities in particular are underrepresented in research. In clinical trials, this has the
effect of delaying trial completion, exacerbating disparities, and limiting our ability to generalize study results. Efforts to improve
trial design and recruitment are necessary to ensure study enrollment reflects the diversity of patients with PD. At the trial design
level, broadening inclusion criteria, attending to participant burden, and focusing on trial efficiency may help. At the recruitment
stage, increasing awareness, with traditional outreach or digital approaches; improving engagement, particularly with community
physicians; and developing targeted recruitment efforts can also help improve enrollment of underrepresented patient groups. The
use of technology, for virtual visits, technology-based objective measures, and community engagement, can also reduce partic-
ipant burden and increase recruitment. By designing trials to consider these barriers to trial participation, we can improve not only
the access to research for all our patients but also the quality and generalizability of clinical research in PD.
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Introduction

Parkinson disease (PD) is the second most common neurode-
generative disease, affecting patients in a range of ages, geo-
graphic locations, and racial and ethnic backgrounds, and af-
fecting men and women [1–3]. There is a pressing need for
both basic science and clinical research to develop improved
therapeutics. However, poor recruitment is a chronic problem
in clinical studies of patients with PD. An informal survey by
The Michael J. Fox Foundation (MJFF) found that although
80% of patients were at least “somewhat likely” to be willing
to participate in a trial, fewer than 10% had participated [4].
Patients who do participate in a trial overwhelmingly report a
willingness to enroll in another and would recommend partic-
ipation to others [5]. Despite this readiness of patients, 90% of

clinical trials fail to enroll patients within the target amount of
time requiring an extended enrollment period [6].
Furthermore, only 1/3 of multicenter trials achieve their
planned recruitment goals forcing trials to close early because
of inadequate recruitment [7–9]. For these reasons, the MJFF
and others have prioritized education and outreach about clin-
ical trials [10].

Despite significant efforts, there remain many formal and
informal barriers to trial participation in Parkinson disease,
which have several important consequences. Delays in trial
completion result in delays in the review and potential approv-
al of new drugs. Incomplete trials reduce patient confidence in
clinical research in general. Moreover, barriers to trial partic-
ipation disproportionately affect some populations more than
others. The impact of these barriers can affect the sex, age,
racial, ethnic, socioeconomic, and geographic diversity of the
patients included, which, in turn, limits the generalizability of
trial results and our understanding of the therapeutic effective-
ness of agents. In this review, we examine some of the major
barriers to trial participation in Parkinson disease, consider the
implications of these barriers on diversity and trial
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generalizability, and discuss novel designs for recruitment and
participation.

Barriers to Trial Participation

Barriers to trial participation can occur at several stages in trial
design and recruitment. Some patients are excluded from trials
explicitly as part of the trial design. The indirect burdens of
trial participation—physical, financial, and logistical costs—
on patients and their caregivers can also pose an obstacle.

Restrictive Inclusion and Exclusion Criteria

Formal barriers imposed by trial design can have a major
effect on recruitment and participation. Eligibility criteria are
intended to ensure the safety of participants, limit confound-
ing variables, and define the population. However, restrictive
eligibility criteria can also serve as a barrier to recruitment and
limit our understanding of the generalizability of an interven-
tion. Restrictive eligibility criteria have raised concerns about
the generalizability of clinical trials in many fields, including
stroke [11], cardiology [12–14], oncology [15–17], endocri-
nology [18], psychiatry [19, 20], nephrology [21], rheumatol-
ogy [22], critical care [23], and substance abuse [24]. For
example, in oncology, among patients newly diagnosed with
non–small cell lung cancer, a recent analysis has shown that
79% of patients would be ineligible for trials based on stan-
dard eligibility criteria [16]; a similar analysis in cardiology
showed that 81% of patients with heart failure would be inel-
igible for a trial [12].

In PD, analysis of the postmarketing use of agents demon-
strates that clinical trials often exclude the very patient groups
in whom those agents will be used. There are frequently dif-
ferences in the trial population compared to the real-world use.
For example, a postmarketing study of rasagiline demon-
strates its use as monotherapy in older patients than were
studied in the phase 3 TEMPO trial (65.4 vs 60.5 years) [25,
26]. A postmarketing study of entacapone also demonstrates
its use in older patients as compared to the phase 3 clinical
trials (69 vs 62.7 years) [27, 28]. Istradefylline was found to be
used in older patients (70.7 vs 65.5 years) with a longer dura-
tion of disease (8.8 vs 7.7 years) and greater motor symptoms
than in the phase 3 trial (UPDRS Part 3 score 33.7 vs 21) [29,
30]. Patients with surgical treatments, including DBS, were
excluded from the study of istradefylline, but 31% of patients
in postmarketing analysis had undergone surgical
intervention.

Age

Exclusion of older adults in randomized clinical trials directly,
with age cutoffs, or indirectly, by using medical and cognitive

criteria that disproportionately affect older participants, is
common. Zulman et al. [31] evaluated the inclusion of older
adults in clinical trials published in major medical journals, of
any medical specialty, and noted that although 20% of trials
explicitly excluded older patients, nearly half used criteria that
would disproportionately exclude older adults. These include
exclusion criteria based on functional limitations and age-
related cognitive impairment. Despite this, several trials noted
a difference in the benefit of a drug by age, suggesting that
there are differences in clinical effect and side effects associ-
ated with age that are not being captured in many clinical
trials.

In PD, Mitchell et al. [32] studied whether older subjects
were included in early trials of drugs to treat motor symptoms.
They evaluated the 112 studies published between 1966 and
1996 for inclusion of participants older than 75. Overall, only
37.5% of studies clearly included subjects older than 75
(27.7% of articles did not clearly report) and only 5.5% of
participants were older than 75. Earlier studies (conducted
between 1966 and 1976) of immediate-release levodopa for-
mulations, anticholinergic agents, and amantadine were more
likely to include older subjects than newer studies of selegiline
and sustained-release levodopa formulations.

Given the high prevalence of PD in older adults, with an
increase in PD incidence with age [1, 2], restrictive age criteria
pose a major barrier to trial participation. Age criteria with a
cutoff of 75 years eliminate 69% of patients with PD in the
USA, and up to 74% of patients in some states [33]. Globally,
age criteria excluding patients over 75 years would eliminate
approximately 75% of patients [2].

Age criteria also limit generalizability. Patients with early-
onset PD are more likely to have slower disease progression;
less likely to have early gait difficulty, cognitive impairment,
or neuropsychiatric side effects; and more likely to have dys-
tonia [34]. Older patients with PD are more likely to have
dementia [35] and medical comorbidities—exclusion of these
patients limits assessment of the side effect profile in more
vulnerable patients. Women also tend to present at an older
age than men, more commonly with tremor-predominant phe-
notype [36, 37], and have a lower occurrence of dementia [35]
with differences in the frequencies of some nonmotor symp-
toms [36], so age criteria can indirectly affect the sex and
clinical phenotypes represented in a study.

Based on these and other data, in 2016, Congress passed
the 21st Century Cures Act [38], which required the National
Institutes of Health (NIH) to collect data and publish data on
the age of participants in an NIH-funded clinical research and
determine whether to revise guidelines on the inclusion of
participants based on age [39]. The NIH enacted the
Inclusion Across the Lifespan Policy for grants in 2019, which
requires rationale and justification to be submitted if partici-
pants are excluded based on age and suggests that trial eligi-
bility criteria reflect the population with the condition being
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studied [40]. Participants should be excluded only if the study
presents an unacceptable risk compared to the knowledge
gained and therapeutic benefit.

Burdensome Participation Requirements

Participation in clinical trials poses unique challenges for pa-
tients and their families. A survey of 27 PD patients in a deep
brain stimulation (DBS) trial asked about the experience of
participating; 63% of patients reported some burden associat-
ed with participation in the trial (Table 1) [5]. The financial
commitment (including travel, time off work), neuropsycho-
logical testing, and washout periods were the most common
hardships. Notably, the survey was based on free-text re-
sponse in a small group of relatively young (61 ± 6.4 years)
patients with early disease (duration 2.1 ± 1.8 years) who
completed a surgical trial (1 patient withdrew from the trial
because of financial/family concerns and was not included in
the survey). Thus, it may not accurately represent the concerns
of patients more generally, including older participants with
more advanced disease.

Financial Burden

Trial participation can have a significant financial burden on
patients and families who may be also coping with other med-
ical expenses. Financial impact can be direct because of costs
of travel and lodging, or indirect as a result of missed days of
work or additional medical testing. In one study, 30% of pa-
tients with PD reported financial commitments were a burden
to trial participation (Table 1) [5]. Similar results have been
reported in other conditions. Goel et al. [41] surveyed patients
with myeloproliferative disorders participating in a clinical
trial and found that 35% of patients reported spending more
money during the trial than on prior treatments and 21%
missed more days of work than during prior treatments [41].
Among participants in that study from the USA, more than

40% of patients spent more than $100 for trial participation
and nearly 20% spent more than $1000. Nipp et al. [42] eval-
uated oncology patients enrolled in a program to support those
with financial needs or financial impediments to trial partici-
pation, and found that these patients spent more than $600 per
month on travel and lodging for trial participation.

Financial burdens can introduce disparities into clinical tri-
al participation. Patients withmore limited financial resources,
including minorities and older adults who may be on fixed
incomes, may be less able to participate [40].

Travel

Participating in trials can require frequent and, for some pa-
tients, lengthy travel to the study site for evaluations. An esti-
mated 70% of potential trial participants live more than 2 h
away from a study center [43]. Borno et al. [44] found that
oncology patients participating in clinical trials traveled
25.8 miles on average to the study site, with a higher burden
of travel for NIH-sponsored trials, phase 1 studies, and partic-
ipants living in low-income areas. More than 25% of NIH-
sponsored trial participants traveled more than 100 miles each
way. Notably, this study evaluated patients who actually
chose to participate; eligible patients with further travel dis-
tance may have elected against participation [45]. Patients
who are older, with more advanced disease or impaired phys-
ical function, or with more medical comorbidities are more
likely to be affected by travel requirements for in-person fol-
low-up [40].

Significant travel requirements can result in higher finan-
cial burden to trial participation, more days of missed work,
and potential loss of employment [41]. As a result, travel can
also disproportionately affect patients of lower socioeconomic
status.

Medication Adjustments/Washout Periods

Stopping or adjusting a stable treatment regimen, even briefly
for on/off testing, can be uncomfortable for patients and dis-
ruptive to their lives. In one survey of patients with PD and
their caregivers, changes to medication regimen were
considered a barrier to participation in more than half
of those surveyed [46]. Disruption to participants’ lives
was also a concern of 37% of respondents. In a survey
of participants in a DBS trial, the washout period re-
quired for participation was described as a burden for
25% of participants (Table 1) [5]. Patients with more
advanced disease or a greater number of comorbidities
may be more sensitive to these concerns, and so, limit-
ing, when possible, medication adjustments may allow
more of these patients to be included in clinical trials.

Table 1 Burdens associated with trial participation (adapted from [5]).
A survey of 27 relatively young PD patients with early disease reported
the following burdens to trial participation after completing a surgical trial

Source of burden % of patients

No part of the study was burdensome 37%

Financial commitment 30%

Neuropsychological testing 26%

Washout periods 25%

Time commitment 15%

Unified Parkinson’s Disease Rating Scale testing/daily
clinical research coordinator evaluations

7%

Other 7%

1726 Overcoming Barriers to Parkinson Disease Trial Participation: Increasing Diversity and Novel Designs for...



Access to Caregivers

Patients with PD often rely on caregivers to provide support,
assist with treatment regimen and access to medical care, and
perform activities of daily living. Among patients with PD,
more than 80% in some studies have a regular informal or
formal caregiver, most commonly a spouse [47–49].
Caregivers frequently accompanied patients or provided trans-
portation to doctor’s visits [47, 49]. Given the reliance on
caregivers for access to medical care, taken together with the
travel requirements and frequent clinical assessments in clin-
ical trials, the increased burden on caregivers can be an addi-
tional barrier to trial participation. Patients without a regular or
paid caregiver may be less able to participate. Notably, access
to caregivers is not uniform across the population. Men with
PD more frequently have a regular caregiver than women and
more frequently had caregivers who accompanied them to
physician visits [49, 50]. Caregivers of men with PD also
experience significantly more caregiver burden [49].

Additional explicit support in clinical trials for caregivers,
with particular attention to the effects of trial participation, in
person visits, travel, and medication changes on caregivers
and caregiver burden could, in part, address this barrier to
participation and reduce disparities that arise as a result of
access to regular caregivers.

Limited Participating Sites

Clinical epidemiology and treatment trials are largely con-
ducted at a limited number of academic medical centers. The
limited geographic availability of trials can pose direct and
indirect barriers to recruitment and trial participation. There
is substantial geographic variability in the prevalence of
Parkinson disease across the USA [33] and the world [2], so
some patients may not be able to access clinical trials because
of their distance from a clinical site. There is also significant
regional variability in the healthcare usage, hospitalization
rate, and the out-of-pocket cost of care [33], and so financial
and travel barriers may further increase regional disparities in
trial participation. The use of clinical trial networks and mul-
tisite consortiums (e.g., the Parkinson’s Progression Markers
Initiative (PPMI) [51]) can increase access and the represen-
tation of subpopulations in clinical trials [40].

Recruitment for trials largely at academic centers via a
neurologist or movement disorders specialist can also limit
access. In one study, among Medicare beneficiaries with PD,
only 58% saw a neurologist; 42% of patients did not see a
specialist [52] and so presumably would not have had access
to participate in treatment or other trials. Increasing primary
care referrals to secondary care and increasing recruitment for
trials among community physicians in PD have proven chal-
lenging [53, 54], but further efforts to connect patients, partic-
ularly women and minorities, may improve access.

Unique Challenges Related to Racial/Ethnic
Diversity in Trial Recruitment
and Participation

Although several studies suggest that the rate of diagnosed PD
is lower among individuals of African or Hispanic descent
when compared to those of European descent (or whites)
[55–58], the rates of clinical trial participation for these tradi-
tionally underserved minority groups are even lower. A sys-
tematic review of published clinical trials from 1985 to 2007
demonstrated that very few studies (17%) reported participa-
tion by race/ethnicity [59]. Of the 33 distinct studies that did
report race/ethnicity, less than 8% (560/7481) of participants
were nonwhite. When one study that exclusively studied mi-
norities is excluded, the number of nonwhite participants is
reduced even further to 5.6% [59]. In comparison, US census
data for the same time period show that the nonwhite popula-
tion was at least 20%. More recent genetic studies of PD
largely use data from individuals of European ancestry.
These disparities in clinical trial participation are not unique
to PD. A review of pivotal clinical trials, that is, studies that
led to subsequent Food and Drug Administration (FDA) ap-
proval, across all therapeutic areas from 2011 to 2013 showed
that African–Americans and Hispanics were under-
represented relative to their numbers in the general population
[60].

The lack of diversity in clinical trials has several implica-
tions. First, our understanding of PD biology and subsequent
development of novel therapeutics are severely hampered
when only a limited subpopulation is studied. PD is a hetero-
geneous disorder, and improving our knowledge of its com-
plex etiologies, trajectories, and outcomes will require more
diversity in research participation. Second, traditionally un-
derserved minorities already receive substandard PD care
when compared to whites [61–63]. Lack of available, gener-
alizable data from clinical trials will limit our ability to pro-
vided high-value, evidence-based, and personalized care fur-
ther exacerbating healthcare disparities.

The first step to address the problem of lack of diversity in
clinical trials is to understand the underlying causes.
Researchers have proposed several potential reasons for these
disparities in PD [64]. One hypothesis is that delays in PD
diagnosis [65] and presentation to clinical care at more ad-
vanced stages [66] prevent enrollment in early-stage, neuro-
protective trials. Another very likely possibility is that the
majority of clinical trials occur at the specialty movement
disorders center, and most minority patients lack access to
these centers [52, 67]. For example, the large observational
study through the Parkinson Foundation Parkinson Outcomes
Project now with over 10,000 participants recruited from
Parkinson Foundation Centers of Excellence has predomi-
nantly white participants [49]. Thus, trials aiming to recruit a
higher proportion of minority participants will need to first

1727Vaswani et al.



access potential participants outside of the traditional model of
movement disorders clinical center-based recruitment.

There are also several barriers to clinical trial participation
among minorities that are universal across diseases. Language
can pose a particular barrier in recruitment of non–English
speaking or illiterate/low-literacy participants. In one review
of 1492 clinical trials at one major academic institution, nearly
half did not include the option to enroll non–English speaking
patients [68]. As a result, many non–English speaking patients
are not even approached about clinical trial participation, de-
spite high rates of enrollment when included. Many (36%) of
these studies justified exclusion in part because study tools are
not validated in other languages.

Among cancer prevention and therapeutic trials, actual bar-
riers to participation that have been tested among under-
represented groups included reduced opportunity to partici-
pate in trials and lack of awareness about clinical trials [69].
Another systematic review among studies of perceived bar-
riers to clinical trial participation found mistrust, competing
demands, concerns about side effects, and lack of access to
information as the top 4 barriers to participation [70]. On the
other hand, a common perception is that minority groups are
less willing to participate in research. However, a recent study
showed that when potential participants were asked whether
they would participate in a proposed PD research study, there
were no observed racial/ethnic differences in agreement to
participate [71]. Furthermore, in a systematic review of 20
studies that reported rates of consent by race/ethnicity, there
were no differences in willingness to participate in research
[72]. There are also several perceived facilitators of research
participation reported among minority subjects. These include
benefits of participation (e.g., monetary compensation, free
medical services) and altruism (i.e., helping family or commu-
nity) [70].

We can learn important lessons from prior attempts to re-
cruit a more diverse sample in PD clinical trials. One of the
most successful studies, the pramipexole in levodopa-treated
Parkinson’s disease patients of African, Asian, and Hispanic
heritage conducted by the Parkinson Study Group over
18 months, sought to study the response to pramipexole
among minorities specifically, and enrolled 144 minority sub-
jects [73]. In this study, subjects were reimbursed for expenses
such as transportation and dependent care in order to over-
come financial barriers to participation. One of the first studies
to test a specific recruitment methodology in order to improve
minority patient participation in PD trials was an important
building block for future studies. This randomized recruitment
intervention tested partial funding for a recruitment coordina-
tor, continuing medical education for physicians serving un-
derserved populations and outreach to community-based re-
ferring physicians, but was stopped early because of lack of
efficacy [53]. This study did find that the sites that were more
successful in recruiting a higher proportion of minority

subjects had stronger, existing relationships with community
physicians. Amore recent cluster-randomized trial of minority
recruitment into an early stage PD trial tested a trust-based
continuous quality improvement intervention that consisted
of tailored interventions by site, patient navigation, and reduc-
tion of instrumental barriers (for example, cost to participate,
transportation) [74]. This PD trial (STEADY-PD III)
established a prespecified goal to recruit at least 10% minority
subjects in the study cohort. In order to improve the efficiency
of recruitment of all participants, a recruitment toolkit was
created that incorporated materials for patient and referring
provider engagement [75]. In addition, the study team paid
particular attention to reducing the complexity of the study
to limit the exclusionary criteria and reduce participant bur-
den. In order to meet the minority subject recruitment goal, all
aspects of the study design and implementation were ad-
dressed, from selecting sites based on prior record of minority
enrollment and demographic data of the site, local community
engagement, translated materials, and additional funding tai-
lored to the needs of each site. More recently, Fox Insight, a
large, web-based, longitudinal study of patient-reported out-
comes among people with PD and healthy controls, employed
targeted digital marketing through Facebook to underrepre-
sented geographical areas within the USA and successfully
recruited more participants than nontargeted recruitment
[76]. These results were likely also influenced by other simul-
taneous recruitment efforts by the MJFF to the Fox Insight
study [77].

Targeted recruitment efforts in other conditions have
been successful in increasing the enrollment of traditional-
ly underrepresented minorities. The most commonly used
interventions for targeted recruitment are social marketing,
community outreach, recruitment through the health sys-
tem and referrals; however, community outreach appears
to be the least effective [78]. Partnerships with community
health workers, or trusted laypeople from under-
represented communities, can help build relationships with
minority patients. Community health workers have been
shown to increase access to care [79]. When patient nav-
igators or lay community health workers were used to
support African–American patients through oncology clin-
ical trials, retention was dramatically improved (75% of
participants with a patient navigator completed the study
compared to 38% without a navigator) [80]. Patient navi-
gators provided help with transportation, lodging, and in-
surance, in addition to social and emotional support.

Although there is uncertainty as to what is the most cost-
effective or efficient approach to increase diversity in clinical
trial participation, there are several, established approaches
that could be easily employed more broadly across PD clinical
trials (Table 2). Although every approach may not be possible
for every trial, investigators currently planning clinical trials
should consider each of the listed measures.
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In addition, we need to invest in research aimed at under-
standing and testing innovative methods to improve diversity
in PD clinical trials. The Michael J. Fox Foundation recently
launched a new initiative, Fostering Inclusivity in Research
Engagement for Under-represented Population in Parkinson’s
Disease (FIRE-UP PD) across 4 sites in the USA to engage
more diverse communities in PD research [77]. This is an
important step to build community engagement and under-
stand specific barriers to participation in PD trials. Health
policies such as the NIH guidelines on the inclusion of women
and minorities in clinical research [81], and FDA regulations

about required subgroup analyses prior to FDA approval, will
also help motivate both academic and industry researchers to
be more accountable. Finally, rethinking how we design and
implement clinical trials can help improve recruitment and
participation for all people with PD.

Novel Trial Designs

The barriers to trial enrollment and participation described
above present opportunities for clinical researchers and

Table 2 Barriers and potential mitigation strategies to improve trial participation

Trial stage Barrier Potential mitigation strategy

Recruitment Lack of racial and ethnic
diversity

Prespecified goal for recruitment of minority subjects
Translate recruitment material into other languages, use of plain language in health literacy

materials, tailoring research to community needs
Make in-person translators available
Build an ethnic and racially diverse recruitment team
Partner with community health workers or trusted laypeople
Expand recruitment to sites that serve a high proportion of minorities and have had prior success

recruiting diverse populations

Limited comprehension or
trust of research

Identify community research advocates or navigators
Develop opportunities for learning about research
Engage communities in the development process
Crowdsourcing for study design, recruitment tactics, consent format
Delivery of material via print and video or multimedia format
Educational opportunities for potential participants
Provide participants their own research data when possible

Geographic location Provide or reimburse for transport, accommodations
Develop community physician partnerships

Concerns over research
integrity

Electronic and passive data capture
Use of biochemical and imaging markers as outcomes
Blockchain data monitoring

Screening/enrollment Burdensome requirements Simplified study design
Short double-blind phase
Provide telephone/text/electronic reminders of visits
Coordinate medical and research visits
Alter study design to reduce inefficiency/waste of participant time via adaptive designs and

pragmatic trials

Concern of receiving placebo Active treatment comparison
Cross-over to treatment after placebo-controlled phase
Open-label design

Limited pool of potential
participants

Registries of research-interested PD patients
Electronic medical record screening tools
Opt-out research consent for whole clinic

Lack of racial and ethnic
diversity

Establish relationships with community groups
Identify community research advocates

Geographical location Partnering/networking with nonacademic physicians to expand access to research
Remote screening via telephone or video conference
Enhanced records access through electronic medical records

Retention Loss of income due to trial
participation

Compensation strategies tailored to participants needs (travel, lodging, parking, child/adult care,
work leave reimbursement)

Reward payments for timely completion of study requirements

Home/life obligations Limit in-person evaluations, consider telehealth or virtual research visits
Decrease research burden by limiting unnecessary data collection, increasing remote data capture
Flexible time of visits, including evenings and weekends
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aligned professions such as biostatisticians, ethicists, and clin-
ical trial coordinators to develop novel strategies to improve
clinical research. Strategies to overcome barriers to clinical
trial participation in PD vary widely as do the problems that
have been identified. Unfortunately, many of these strategies
are without empiric, or even anecdotal, evidence. Simple and
pragmatic ideas lend to their easy adoption and can be imple-
mented without evidence of their efficacy. To address more
complex barriers to participation, more research is needed. In
some cases, a fundamental rethinking of our clinical research
paradigm may be necessary.

Improving Recruitment

Many approaches to improve trial recruitment have been pro-
posed, and several are formally tested. A collaborative recruit-
ment strategy across institutions and practitioners could in-
crease access for patients and researchers alike, despite the
logistical and contractual challenges this may present [82].
This will require strong partnerships with community leaders
and providers. Considering that most PD-related trials are
conducted by movement disorders neurologists at specialized
centers, a collaborative recruitment strategy modeled after the
hub and spoke system used for stroke and trauma care could
expand access dramatically. Pragmatic interventions such as
using an opt-out consent format, where appropriate (e.g. ob-
servational studies), [83] enhanced patient educational mate-
rial utilizing video and written patient-facing research docu-
ments, [84] more frequent communication through telephone
reminders and text messages about upcoming visits and eligi-
bility screening, [85, 86] and financial incentives [87] can
increase trial recruitment [88]. Beyond these process-related
interventions, the study design can also serve as an important
tool in overcoming the challenge of recruitment.

Study Design

The research question will dictate the overall clinical trial de-
sign to evaluate the intervention by the most appropriate meth-
od. It is not surprising that recruitment is easier for observa-
tional trials than for randomized controlled trials, or that short-
duration studies favor recruitment [82]. The possibility of re-
ceiving a placebo in a blinded study can be a deterrent to
participation for many potential participants as well [89]. In
pharmacological comparator studies, the use of an active com-
parator rather than a placebo might improve enrollment, when
this is possible [90]. Another study design solution is the open
trial design, in which participants know what treatment they
are receiving. Although there is a greater risk of bias associ-
ated with an unblinded design, it has been associated with
increased recruitment compared to a placebo-controlled study
[91]. A crossover design can, similarly, address concerns
about receiving a placebo, though this design requires a

washout period and can lengthen the trial duration overall.
Finally, the role and effects of a placebo are often not clearly
communicated—more clearly discussing these effects in the
informed consent process may also improve recruitment [92].

Furthermore, reducing the complexity and volume of data
collection can help with trial participation. In general, the ra-
tionale for each research intervention should be scrutinized,
and interventions reduced to capture the minimum set of nec-
essary information to answer the research question. This will
serve tomaximize enrollment by eliminating unnecessary data
collection, interventions, procedures, and burden on partici-
pants. Study design improvements aimed at improving trial
efficiency may also improve recruitment and retention by re-
quiring less from a smaller set of research participants.

Traditional, randomized clinical trials are the standard for
clinical research; yet, they are expensive to conduct, require
large sample sizes and long study durations, and lack power to
evaluate efficacy in subgroups. Adaptive trial designs, aimed
at improving the efficiency of trials, have been implemented
in some cases to address these challenges. Adaptive trial de-
signs have been used to identify safe dose ranges more effi-
ciently, and to make prospective planned changes to the future
course of ongoing trials by accounting for the results of pre-
viously collected data. Examples include seamless phase 2 to
3 designs, sample-size re-estimation, group sequential design,
and population-enrichment designs [93, 94]. All of these ap-
proaches serve to improve efficiency, allow participants to
focus their limited efforts on fewer trials, and benefit from
interim analyses that allow for earlier identification of futility
with the potential for early stopping, if appropriate.
Furthermore, interim analyses may identify subgroups of par-
ticipants with greater response rates, which would allow for
subsequent targeted enrollment. Group sequential designs
may additionally reduce the exposure to ineffective treat-
ments, or limit participant time on placebo [95]. The overall
effect of these trial design adaptations is to limit resources,
costs, and waste in patients’ time and effort, and to arrive at
helpful answers more quickly. In addition, traditional, ran-
domized clinical trials often do not reflect the realities of
real-world practice. Pragmatic clinical trials designed to eval-
uate interventions in routine practice are also gaining favor
[96].

Financial Incentives

Financial incentives to participate in research are widely used,
and have been shown to improve trial recruitment [87, 97].
However, there is substantial variability in the approach taken
by institutional review boards towards financial incentives
[98]. The size of the incentive is generally considered to in-
fluence participation, although ethical concerns of inducement
remain a concern for incentives of significant value. In con-
trast, behavioral economic theories suggest the size of the
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incentive is less important than the design of the incentive, and
a number of studies have examined how best to incentivize
research participants [99]. Studies evaluating different models
of financial incentive in smoking-cessation programs have
shown that both group and individual incentives are equivalent
in their effect on abstinence duration. Furthermore, reward pay-
ments, or payments for completing a task, are more effective
than deposit reimbursements, in which a participant is reim-
bursed parts of their own deposit after increasing lengths of
compliance with the outcome of interest [100]. Whereas finan-
cial incentives encourage study participation, and reward pay-
ments seem to be more effective, complex financial incentive
programs do not seem to be more effective than simpler ones.
Financial incentives can also be tailored based on the charac-
teristics of the study, in collaboration with the IRB, to encour-
age participation and reduce attrition without undue pressure.
For example, reimbursement to defray incurred costs of trial
participation, including transportation, lodging, and parking,
may help reduce financial burdens of trial participation and
reduce some socioeconomic barriers to participation.

Technological Approaches

Technological advances can serve to improve trial participa-
tion by streamlining data collection, improving data accuracy
and quality, and reducing or eliminating inefficiencies in the
conduct of clinical trials. They can specifically mitigate the
barriers posed by travel, and indirectly reduce financial bur-
dens to trial participation.

Virtual visits utilizing a computer interface, or web-based
data collection methods, remove travel from a participant’s
decision-making process and have been shown to increase
interest in participating in a clinical trial [101]. These virtual
visits can be incorporated as the sole means of conducting
research visits, or at interim visits based on the needs of the
trial. Whenever possible, participants can also opt to have
virtual visits, increasing participant autonomy.

Although telehealth can be used to increase access to trials
and mitigate financial burdens, it does have limitations. Nearly
30% of households headed by a person aged 65 or older did not
own or use a desktop, laptop, or handheld device; similarly,
37% of these households did not have any internet subscription
[102]. Similar disparities in access to technology exist for
households with limited English proficiency, of Black or
Hispanic origin, and with lower household income [102].
Care must be taken to ensure technological solutions do not
exacerbate disparities. Advocacy and system development to
increase reliable broadband access and digital literacy are crit-
ical. Another important consideration is that simply recreating
an in-person visit at a remote location would underutilize the
capacity of virtual visits and web-based technologies in re-
search studies. The opportunities to improve recruitment strat-
egies via electronic means, collect large amounts of electronic

data (including from wearable devices, smartphones and acces-
sories, speech recognition devices, electronic questionnaires)
and incorporate them into research visits, and integrate infor-
matics platforms would dramatically increase the efficiency of
data collection and safety [103]. However, to manage andmake
sense of the vast amounts of data, data scientists and the appli-
cation of artificial intelligence and complex computer algo-
rithms would become essential [104].

With the advent of novel technology-based objective mea-
sures (TOMs), such as wearable devices and computer inter-
face, the method by which we collect and store data in clinical
trials is undergoing a transformation. In the PD field, a 2017
survey demonstrated that only 3.2% of trials conducted use
TOMs as outcome measures [105], a number that is expected
to increase over time. Trials in which TOMs have been uti-
lized have benefited from a smaller required sample size,
shorter duration, and lowered costs [105–108]. Furthermore,
TOMs can improve the accuracy of data collection and min-
imize the challenges of intra- and inter-rater variability [109].
A multitude of devices and platform are in development, al-
though the relevance and validity of the measured variables,
the complexity of the data that is obtained, costs associated
with development, patient acceptance and compliance with
wearing devices, and lack of standardization across devices
have hampered further adoption into clinical trials [109].
Although there remains much work before TOMs can be
widely deployed, they have the potential to capture real-life
measures that are not captured in research office visits and
reduce participant burden. More evidence is needed to deter-
mine how they can be used as primary outcome measures in
future clinical trials to improve recruitment and retention, and
to simplify clinical trial design.

There are additional benefits to using technology in clinical
research beyond improved data collection. One of the biggest
benefits to the conduct of research studies may be the oppor-
tunity to engage with diverse communities outside of the ac-
ademic environment. Crowdsourcing, a term not often asso-
ciated with clinical research, is the process of obtaining ser-
vices, ideas, or information from an outsourced labor force, or
“crowd,” by soliciting input through the internet [110]. Any
tasks can be outsourced, and the labor pool tends to be diverse
and not prespecified, although the “crowd” is expanding to
include medical experts including physicians [111, 112].
Crowdsourcing has been used in clinical trial development
to engage key stakeholders and provide solutions to improve
the design and conduct of trials [113, 114]. In a phase I HIV
antibody trial, crowdsourcing was used to obtain input from
community members on the informed consent process, the
experience of participating in a clinical trial, and fairness/
reciprocity in HIV clinical trials. As a result, novel approaches
to consent and participant recruitment were developed and
implemented in the clinical trial [113]. Crowdsourcing has
yet to be applied and tested broadly, but in PD clinical trial
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research, crowdsourcing may improve trial participation for
several reasons. For example, this approach may encourage
community members to feel invested in the research process, a
metric that is associated with higher trial participation. It may
also serve to engage members of the PD community tradition-
ally underrepresented in clinical research including those out-
side academic centers and of different racial and ethnic back-
grounds. Being involved in the design process may help to
demystify the research study process and increase trust in the
research system. Finally, crowdsourcing can help the research
community to define the areas of highest importance and en-
sure that research remains patient centered.

Conclusions

As the number and breadth of clinical trials in PD grow,
expanding access to clinical trials and ensuring representative
enrollment are increasingly important. By addressing barriers
to study participation when designing trials and when
recruiting patients, we can improve access to care and research
for all our patients. The use of technology, thoughtful and
novel trial designs, careful attention to the burdens of trial
participation, and recognition of disparities in healthcare ac-
cess and delivery can help address common barriers.
Increasing access and advancing community engagement
can speed trial recruitment, allowing therapies to be studied
thoroughly and, when effective, to reach patients more quick-
ly. When trial design and recruitment strategies overcome
these barriers to enroll a diverse group that reflects the PD
population overall, we can better provide evidence-based,
high-value care to all patients with PD.
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