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for a randomized controlled trial
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Daniel M. Corcos? and The SPARX3-PSG Investigators

Abstract

Background: To date, no medication has slowed the progression of Parkinson’s disease (PD). Preclinical, epidemio-
logical, and experimental data on humans all support many benefits of endurance exercise among persons with PD.
The key question is whether there is a definitive additional benefit of exercising at high intensity, in terms of slowing
disease progression, beyond the well-documented benefit of endurance training on a treadmill for fitness, gait, and
functional mobility. This study will determine the efficacy of high-intensity endurance exercise as first-line therapy for
persons diagnosed with PD within 3 years, and untreated with symptomatic therapy at baseline.

Methods: This is a multicenter, randomized, evaluator-blinded study of endurance exercise training. The exercise
intervention will be delivered by treadmill at 2 doses over 18 months: moderate intensity (4 days/week for 30 min per
session at 60-65% maximum heart rate) and high intensity (4 days/week for 30 min per session at 80-85% maximum
heart rate). We will randomize 370 participants and follow them at multiple time points for 24 months. The primary
outcome is the Movement Disorders Society-Unified Parkinson’s Disease Rating Scale (MDS-UPDRS) motor score

(Part Ill) with the primary analysis assessing the change in MDS-UPDRS motor score (Part Ill) over 12 months, or until
initiation of symptomatic antiparkinsonian treatment if before 12 months. Secondary outcomes are striatal dopamine
transporter binding, 6-min walk distance, number of daily steps, cognitive function, physical fitness, quality of life, time
to initiate dopaminergic medication, circulating levels of C-reactive protein (CRP), and brain-derived neurotrophic fac-
tor (BDNF). Tertiary outcomes are walking stride length and turning velocity.
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Discussion: SPARX3 is a Phase 3 clinical trial designed to determine the efficacy of high-intensity, endurance treadmill
exercise to slow the progression of PD as measured by the MDS-UPDRS motor score. Establishing whether high-intensity
endurance treadmill exercise can slow the progression of PD would mark a significant breakthrough in treating PD. It
would have a meaningful impact on the quality of life of people with PD, their caregivers and public health.

Trial registration: ClinicalTrials.govNCT04284436. Registered on February 25, 2020.

Keywords: Parkinson disease, Endurance exercise, Treadmill exercise, Exercise dose response, DaTscan' SPECT, Gait
assessment, Quality of life, Time to initiate dopaminergic medication, Blood biomarkers
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Introduction

Background and rationale {6a}

Resistance exercise, balance exercise, and endurance exer-
cise are therapeutically beneficial for people with Parkin-
son’s disease (PD) [1, 2, 3, 4]. Despite being proposed as
the “Universal prescription for Parkinson’s disease” [5],
most clinicians who treat people with PD are still unclear
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about how best to prescribe endurance exercise. In con-
trast, medications for PD are prescribed with specified
doses and frequencies due to large scientific investigations
demonstrating efficacy and side effects [6]. Exercise has
great clinical potential given the ease of implementation,
safety, and physiological benefits [7]. However, exercise
regimens in PD have not undergone the pipeline of testing
in Phase 2 and Phase 3 trials, unlike their pharmacologic
counterparts, leaving many unanswered questions about
dosing and efficacy. This necessarily limits confidence in
clinical recommendations.

Exercise has been shown to regulate brain function [8,
9, 10, 11] and modify the signs and symptoms of PD. [12]
There is mounting evidence that it also protects against
neurological damage in animal models [13]. Several
principles have emerged for modifying the symptoms of
neurological insult through exercise: specificity of train-
ing is important, for example the best way to improve
walking is by walking, repetition is critical, and exercise
intensity matters. These principles have been applied to
animal models of PD with attempts to reduce the parkin-
sonian symptoms resulting from neurochemical damage
[14, 15, 16] with emphasis on skill development [15] and
gait training [14, 16, 17]. The mechanisms by which exer-
cise modifies brain function are not well understood but
could include increased cerebral blood flow [8], increased
cerebral vascular reactivity [18], increased production of
anti-inflammatory cytokines [19, 20, 21], and increased
brain-derived neurotrophic factor (BDNF) [22]. A pos-
sible neuroprotective effect on striatal (GABAergic)
medium spiny neurons has also been demonstrated
in toxin-based models of PD. [23] To determine the
mechanism(s) by which exercise mitigates the signs of PD
in humans, we must first establish an appropriate dosage
of exercise with beneficial effects confirmed in a Phase 3
clinical trial.

In 2018, we published findings from a multicenter
Phase 2 clinical trial, the Study in Parkinson Disease of
Exercise (SPARX), using a futility design, in which we
studied the feasibility of having participants with PD per-
form moderate (60—65% maximum heart rate (HRmax))
and high-intensity endurance exercise (80—85% HRmax)
4 days per week for 6 months [24, 25]. Participants had
not yet started dopaminergic medication, eliminating
the potential confound of medication effects over time.
We demonstrated that (1) participants could exercise at
60-65% or 80—85% of HRmax for at least 6 months, (2)
they exercised for at least 3 days per week, (3) adverse
events were low and consistent with those expected for
endurance exercise, and (4) exercising at 80—85% HRmax
slowed PD progression enough compared to usual care to
warrant further investigation for efficacy at that intensity.
Progression was not slowed for participants exercising
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at 60-65% HRmax to warrant further investigation for
efficacy. These 4 findings were deemed a priori to be the
necessary results to proceed to a Phase 3 efficacy trial. As
such, we are now conducting a Phase 3 efficacy trial to
test high-intensity treadmill endurance exercise for slow-
ing the progression of the signs of PD.

Objectives {7}

This Phase 3 clinical trial will test whether the progres-
sion of the motor signs of PD, as measured by the Move-
ment Disorders Society Unified Parkinson’s Disease
Rating Scale (MDS-UPDRS) motor score (part III), is
attenuated at 12 months in people with PD who have not
yet started dopaminergic medication when they perform
high-intensity endurance treadmill exercise compared to
those who perform moderate-intensity treadmill exer-
cise. Secondary objectives are to test (1) whether there
is a reduction in the percent decline of the striatal dopa-
mine transporter binding at 12 months, (2) whether the
progression of motor symptoms is attenuated when they
continue to perform endurance treadmill exercise train-
ing at 18 months, and (3) the effects of endurance exercise
training on ambulatory mobility, daily walking activity,
cardiorespiratory fitness, quality of life, cognition, time
to initiate dopaminergic therapy and dose of dopamin-
ergic medication, blood-derived biomarkers of inflam-
mation, and neurotrophic factors at 12 and 18 months.
Tertiary objectives are to compare specific characteristics
of ambulation at 12 and 18 months between the high-
intensity and moderate-intensity exercise groups. An
exploratory objective is to test whether the progression of
the signs of PD is also attenuated at 24 months, 6 months
after supervised exercise is discontinued.

Trial design {8}

SPARX3 is a Phase 3, multisite, randomized, two-arm
(1:1 allocation), parallel group, evaluator-blinded, clinical
trial to test the superiority hypothesis that high-intensity,
endurance treadmill exercise slows the progression of the
signs of PD compared to moderate-intensity endurance
treadmill exercise. Assessments occur at baseline and at
3,6,9,12, 18, and 24 months (Fig. 1).

Methods: participants, interventions,

and outcomes

Study setting {9}

This study is being conducted at 26 clinical sites across
all geographic regions of the USA and 2 clinical sites in
Canada (28 sites total). Nearly all clinical sites are affili-
ated with academic medical centers, having neurology
practices specializing in movement disorders, as well as
exercise physiology laboratories and/or physical ther-
apy clinics. The list of study sites can be obtained from
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Pre-screen potential participants via telephone screen or in
person clinic screen

!

Informed consent process & Screening Visit 1

}

Screening Visit 2 (DaTscan™ SPECT)

!

Baseline Visit

!

N=370
Stratified randomization
within sites

High-intensity
exercise
80-85% HRmax

Moderate-intensity
exercise
60-65% HRmax

M12
(Primary Time
Endpoint)

R .| End of Intervention

Closeout

Fig. 1 Design of the Study in Parkinson Disease of Exercise (SPARX3) Trial. The moderate-intensity exercise group is assigned to exercise 4 days a
week at 60-65% HRmax, and the high-intensity exercise is assigned to exercise 4 days a week at 80-85% HRmax. The duration of the intervention is

18 months. Months 19 to 24 are observational
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ClinicalTrials.gov, and on the study web page https://
www.sparx3pd.com. Screening and assessment visits
are occurring in both neurology and exercise laboratory
settings.

Eligibility criteria {10}

Our study population is defined as persons 40—80 years
of age with a recent (less than 3 years) diagnosis of PD
who are untreated with PD medications at baseline and
are not expected to require PD pharmacologic treat-
ment within 6 months of starting the study [24]. Poten-
tial participants undergo a four-step screening process,
comprised of a phone or clinic interview, an in-person
medical screening visit, confirmation of idiopathic PD
with imaging, and an in-person baseline assessment to
ensure they meet eligibility criteria (Table 1).

Who will take informed consent? {26a}

Standard written informed consent is obtained at the
first in-person screening visit. Those who elect to par-
ticipate are given the informed consent to review. The
informed consent form is explained in detail by a study
site research team member, including but not limited to
the study purpose, duration, procedures, risks, benefits,
confidentiality, instructions on whom to contact with
questions, and the voluntary nature of participation. We
do not permit consent from a legally authorized repre-
sentative for this study. In addition to the research par-
ticipant, written informed consent must be signed by a
site investigator or authorized research team member. As
part of clinical monitoring, the Clinical and Data Coor-
dinating Center (CDCC) acquires documentation of the
consent process and 100% of the informed consent forms
are monitored remotely.

Additional consent provisions for collection and use

of participant data and biological specimens {26b}

There are no required additional consent provisions for
collection and use of participant data and biological spec-
imens in ancillary studies. Participants are encouraged to
take part in the Parkinson’s Progression Markers Initia-
tive (PPMI). Participants are encouraged to take part in
PD GENEration (https://www.parkinson.org/PDGEN
Eration) so that the genetic data can be integrated and
used with SPARX3 data. Consenting for PPMI and PD
GENEration is independent of consenting for SPARX3.

Interventions

Explanation for the choice of comparators {6b}

Exercise regimens include four principles of dosing: (1)
frequency, (2) intensity, (3) length of time of exercise ses-
sion, and (4) type [30]. With respect to people with PD,
an additional principle of exercise delivery is whether
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exercise is performed at a high experimenter-controlled
cadence or not [31]. We have chosen (1) the frequency of
exercise to be 4 times per week, (2) a moderate-intensity
of 60—65% HRmax or high-intensity of 80—-85% HRmax,
(3) the exercise time to be 30 min (with an additional
5-min warm up and a 5-min cool down), and (4) the type
to be endurance treadmill exercise without experimenter-
controlled cadence. We are using a treadmill to ensure
participants follow a regular rhythmic stimulus that is
provided by the moving treadmill using procedures simi-
lar to our Phase 2 study [24]. HRmax is measured dur-
ing the baseline maximal graded exercise test (GXT) and
is used to determine the appropriate heart rate training
zone for each participant based on the exercise group to
which they are randomized. It is particularly important to
accurately measure each participant’s HRmax in research
studies because formulas for estimating the HRmax are
no longer recommended [30], and may not be accurate
for all people with PD due to the possibility of a blunted
heart rate response [32].

The 60-65% HRmax was chosen as the comparator
based on the SPARX Phase 2 study which showed feasi-
bility and safety for 6 months but was deemed futile in
slowing disease progression compared to usual care.
We considered four other control groups including (1)
an intensity lower than moderate (57.5-62.5%), (2) best
medical management (usual care/no study prescribed
exercise), (3) a stretching, balance, and light resistance
group, and (4) a placebo drug group. We chose to use a
moderate intensity of endurance exercise as a clear test of
the hypothesis that the intensity of the dose of endurance
exercise is important. This also narrows the focus on a
potential disease-specific biological effect, as opposed to
a general symptomatic benefit due to improvements in
fitness and agility.

Intervention description {11a}

The frequency, time, and type of exercise for the high-
intensity group are the same as the moderate-inten-
sity comparator group: treadmill walking 4 times per
week for 30 min with an additional 5-min warm up
and 5-min cool down. The targeted HR range for the
high-intensity group is 80-85% HRmax. The 80-85%
HRmax was originally chosen because of increases in
VO, at this exercise intensity in healthy individu-
als of a similar age to those who typically have PD (age
range 60-71) [33]. This is close to the highest heart
rate that typical adults can exercise on a continuous
and sustained basis [34]. The Study in Parkinson Dis-
ease of Exercise (SPARX), a Phase 2 randomized clini-
cal trial, extended this finding to people with PD who
had not previously been medicated [24]. The high-
intensity group undergoes exercise training to promote
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Table 1 Inclusion and exclusion criteria for Study in Parkinson Disease of Exercise (SPARX3) Trial

Inclusion criteria

1. A diagnosis of idiopathic PD based on the modified *UK PD brain bank criteria [26, 27, 28] and which are consistent with recent criteria proposed
for clinically established early established Parkinson’s disease that no longer exclude individuals with a family history of Parkinson’s disease [29].

2.Hoehn and Yahr stage: less than 3
3. Disease duration: less than 3 years since disease diagnosis
4. Age: 40-80 years

5. Positive DaTscan'™ SPECT by qualitative visual assessment from the Institute of Neurodegenerative Disorders. _
i. For women: If not surgically sterile or postmenopausal, a negative pregnancy test will be required prior to receiving the DaTscan'" SPECT.

Exclusion criteria

1. Currently being treated with PD medications such as levodopa or
dopamine receptor agonists, MAO-B inhibitors, amantadine, or anticho-
linergics.

2. Expected to require treatment with medication for PD in the first 6
months of the study.

3. Use of any PD medication 60 days prior to the baseline visit including
but not limited to levodopa, direct dopamine agonists, amantadine, Rasa-
giline (Azilect), Selegiline (Eldepryl), Artane (trihexyphenidyl), Mucuna.

4. Duration of previous use of medications for PD exceeds 60 days.

5. Use of neuroleptics/dopamine receptor blockers for more than 30 days
in the year prior to baseline visit, or any use within 30 days of baseline
visit.

6. Presence of known cardiovascular, metabolic, or renal disease or
individuals with major signs or symptoms suggestive of cardiovascular,
metabolic, or renal disease without medical clearance to participate in
the exercise program.

7.Uncontrolled hypertension (resting blood pressure is greater than
150/90 mmHag).

8. Individuals with orthostatic hypotension and standing systolic BP
below 100 will be excluded. Orthostatic hypotension (OH) is a reduction
of systolic blood pressure of at least 20 mm Hg or diastolic blood pressure
of at least 10 mm Hg within 3 min of standing.

9. Hypo- or hyperthyroidism (TSH is less than 0.5 or is greater than 5.0
mU/L), abnormal liver function (AST or ALT more than 2 times the upper
limit of normal), abnormal renal function (creatinine clearance calculated
by the Cockcroft-Gault equation is less than 50mL/min, or estimated glo-
merular filtration rate using the MDRD4 equation or the CKD-EPI equation
is less than 45 mL/min/1.73 m?).

10. Complete Blood Count (CBC) out of range and physician’s judgment
that abnormal value is clinically significant.

11. Recent use of psychotropic medications (e.g., anxiolytics, hypnotics,
benzodiazepines, antidepressants) where dosage has not been stable for
28 days prior to screening.

12. Serious illness (requiring systemic treatment and/or hospitalization)
within the last 4 weeks.

13. Any other clinically significant medical condition, psychiatric condi-
tion, drug or alcohol abuse, assessment or laboratory abnormality that
would, in the judgment of the investigator, interfere with the subject’s
ability to participate in the study.

1. Montreal Cognitive Assessment (MoCA) score of less than 24.

2. Beck Depression Inventory Il (BDI) score is greater than 28, indicating
severe depression that precludes ability to exercise. Any subject with such
a score will be referred to a Primary Care Physician (PCP) or physician for
further evaluation and management of depression. Individuals with a
BDI-Il score of 17-28 will be excluded if any of the following conditions are
met: (1) individual is suicidal, (2) needs depression treatment modification
currently or (3) depressive symptoms are likely to interfere with adherence
to study protocol. Any subject with such a score will be referred to a PCP or
physician for further evaluation and management of depression.

3. Individuals who have been exercising at greater than moderate intensity
for 120 min or more per week consistently over the last 6 months will be
excluded. Greater than moderate intensity is defined as a range greater
than 60-65% HRmax. These individuals are excluded since their exercise
activities are greater than the activities they would experience if they were
assigned to the 60-65% treatment group. As such, they would be expected
to lose fitness.

4. Use of the following within 90 days prior to the DAT neuroimaging
screening evaluation: bupropion, modafinil, armodafinil, metoclopramide,
alpha-methyldopa, methylphenidate, reserpine, any amphetamine or
amphetamine derivative. These can compromise DaTscan™ SPECT.

5. Known allergy to iodinated products.

6. Known hypersensitivity to DaTscan™" SPECT (either to the active sub-
stance of '>l-ioflupane or any of the excipients).

7. (For women only) Actively breastfeeding an infant, and/or pregnant, or
plan to become pregnant in the next 12 months.

8. Other disorders, injuries, diseases, or conditions that might interfere with
the ability to perform endurance exercises (e.g., history of stroke, respira-
tory problems, traumatic brain injury, orthopedic injury, or neuromuscular
disease).

physiological adaptations using treadmill speed and/or
incline.

For both exercise intervention groups, the initial
training occurs at exercise laboratories where exercise
interventionists instruct participants to monitor heart
rate and adjust the exercise intensity to remain in the
target heart rate range (i.e., by changing treadmill speed
and/or incline). Qualified study personnel (exercise
physiologist, physical therapist, or study coordinator)
responsible for implementing the exercise intervention
are required to review the SPARX3 Exercise Interven-
tion Training Manual, attend or review a 1-h training

webinar, and complete a certification exam prior to
obtaining approval to work with participants. Within
approximately 1 week of randomization, participants
should begin exercise under supervision of the exercise
interventionist. The exercise interventionist provides
each participant an orientation regarding treadmill uti-
lization, treadmill safety, and heart rate monitor train-
ing. Participants wear a heart rate monitor (Zephyr™
bioharness 3.0 heart rate monitor) that captures and
stores heart rate and step cadence throughout exercise
bouts [35]. Over the first few weeks, the exercise inter-
ventionist helps the participant identify a combination
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of speed and/or incline that achieves the targeted heart
rate intensity. In-person exercise supervision takes
place until the participant is deemed independent, after
which participants are allowed to complete the tread-
mill exercise sessions at a fitness facility or on their
own at home. Participants are required to complete
in-person exercise sessions under the supervision of
the exercise interventionist periodically (approximately
once per month) throughout the 18-month interven-
tion, which can occur at the research facility, in fitness
facilities or at home.

Criteria for discontinuing or modifying allocated
interventions {11b}

Participants with PD may be taking medications that
lower their HRmax (such as beta blockers) or may be
prescribed such medications during the study. Partici-
pants who start, stop, or change the dose of chrono-
tropic medications during the study will have exercise
intensity monitored using ratings of perceived exertion
(RPE) they were using prior to the change in medica-
tion until a new maximum heart rate is assessed at the
next assessment visit. It is important that participants
are instructed how to appropriately calibrate their RPE
response during their exercise training sessions so that
their RPE is consistent should they need to exercise
using RPE [36].

If a clinically significant medical finding is identified
or the participant experiences adverse effects during the
exercise phase of the protocol, the investigator or quali-
fied designee will determine any changes to the continu-
ation of exercise. Participants are free to withdraw from
the intervention at any time upon request. All tempo-
rary or permanent discontinuations or modifications to
the exercise intervention are documented along with the
reason(s) for the changes.

Strategies to improve adherence to interventions {11c}
The exercise coordinators view the HR monitor data
via a cloud-based platform provided by the service
provider (Zephyr, Medtronic, Inc.). In addition, data
from each exercise session (both supervised and unsu-
pervised) are integrated into the study database. Dur-
ing supervised sessions, the exercise coordinators
review and discuss adherence to the intervention with
the participant to provide feedback and identify and
provide solutions to barriers of exercise participation.
To enhance long-term adherence to exercise, we are
allowing participants to exercise at a facility of their
choice or at home and are paying the cost of the facil-
ity or treadmill equipment needed for in-home use,
when necessary. The in-home option is particularly
important in the era of COVID-19.
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Relevant concomitant care permitted or prohibited

during the trial {11d}

During this study, participants are asked to refrain from
enrolling in any interventional studies or other studies
that could affect their MDS-UPDRS motor score (Part
III) or VOzpeak (e.g., drug trials, exercise studies), but can
continue to engage in their usual physical activities prior
to enrolment in SPARX3. Participants are encouraged
not to take dopaminergic medication for the duration of
the study, unless medically necessary.

Provisions for post-trial care {30}

There are no provisions for post-trial care due to the
nature of the intervention. Those participants who
received a treadmill for home exercise will be able to
keep the treadmills for their personal use after the trial
is over but will be required to report the current value of
the treadmill to the Internal Revenue Service. If the high
intensity is found to be efficacious, those participants
exercising at moderate intensity will be able to increase
their intensity using the study treadmill.

Outcomes {12}

The outcome measures for SPARX3 are listed below as
well as in Table 2 which includes the domain, measure,
metric, method of aggregation, and timepoint.

Primary outcome

The primary efficacy outcome is the MDS-UPDRS motor
examination score (Part III) at 12 months. The MDS-
UPDRS (Parts [-IV) is used to evaluate various aspects of
PD including non-motor and motor experiences of daily
living and motor complications [37]. The MDS-UPDRS
Part III is a 33-item rater-assessed evaluation of motor
signs with each item rated 0 to 4. The motor examina-
tion score is created by summing the ratings with higher
scores indicating worse motor signs. Twelve months was
selected as the primary time end point as a longer-term
outcome compared to the Phase 2 trial with hypoth-
esized trajectories of the two intervention groups based
on the Phase 2 6-month changes and a sample of people
with PD excluding people with scans without evidence of
dopamine deficit (SWEDD) [38, 39].

Secondary outcomes

Secondary outcomes include brain imaging, motor sign
severity (longer term), functional capacity, physical activ-
ity, cognitive function, cardiorespiratory fitness, quality
of life, symptom progression, inflammation, and neu-
ronal function and survival.

+ Dopamine Neuron Function (Brain Imaging): The
striatal specific binding ratio (SSBR) is quantified
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Table 2 SPARX3 trial outcomes
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Domain

Specific measurement
variable

Metric

Method of
aggregation

Timepoint(s)

Primary outcome
(1) MDS-UPDRS part 3

Secondary outcomes

(1) DatScan (Dopa-
minergic activity)

(2) Six min walk

(3) MDS-UPDRS part 3
(4) Activity Level

(5) Cognitive Function
(6) Peak VO2

(7) The Parkinson
Disease Questionnaire
(PDQ-39)

(8) Initiation of dopa-
minergic therapy

(9) C-Reactive Protein

(10) Brain-derived
neurotrophic factor

Tertiary outcomes
(1) Stride Length

(2) Turning Velocity

Motor sign assessment
of Parkinson’s disease

Dopamine neuron func-
tion (Brain Imaging)
Functional capacity
Motor sign assessment
of Parkinson’s disease
Physical activity
Cognitive function

Cardiorespiratory fitness

Quality of life

Symptom progression
Inflammation

Neuronal function and
survival

Gait

Gait

MDS-UPDRS part lll

Striatal specific binding
ratio

Distance walked in 6
min in meters

MDS-UPDRS part Il
Number of daily steps
Montreal Cognitive

Assessment Scale

Peak volume of oxygen
consumed

PDQ-39
Time (months)
CRP protein (mg/L)

BDNF protein (ng/ml)

Length of stride (meters)

Turning velocity
(degrees/second)

Score at time point Mean 12 months
assessed

Value at time point Mean 12 months
assessed

Value at time point Mean 12 and 18 months
assessed

Score at time point Mean 18 months
assessed

Value at time point Mean 12 and 18 months
assessed

Score at time point Mean 12 and 18 months
assessed

Value at time point Mean 12 and 18 months
assessed

Score at time point Mean 12 and 18 months

assessed

Month of drug initiation

Time to event

Value at time point Mean 12 and 18 months
assessed
Value at time point Mean 12 and 18 months
assessed
Value at time point Mean 12 and 18 months
assessed
Value at time point Mean 12 and 18 months

assessed

with dopamine transporter (DAT) single photon
emission tomography (SPECT) imaging with DaTs-
can'" occurring at local imaging centers with cen-
tral processing and review by the contract research
organization Invicro at screening and 12 months.
Recent publications from a multisite observational
study in PD, the Parkinson’s Progression Markers Ini-
tiative (PPMI) suggest that quantified DAT binding
may provide a valuable tool in assessing mechanisms
from interventions designed to slow progression of
the disease, especially early in the disease [40, 41, 42].
Motor Sign Severity: The MDS-UPDRS motor score
(Part III) at 18 months.

Functional Capacity: The total distance walked in 6
min is used as a measure of ambulatory mobility [43].
Using standardized courses and instructions, partici-
pants are instructed to walk as far as possible for 6
min and the distance walked is measured in meters at
12 and 18 months [44, 45, 46].

Physical activity: Daily walking activity is measured
by the number of daily steps obtained from thigh

mounted activity monitors (activPAL"™). Participants
wear an activity monitor for 1 week every 3 months
to assess average daily step count. Time points of
interest are at 12 and 18 months.

Cognitive function: The Montreal Cognitive Assess-
ment (MoCA — version 7.1) assesses different cog-
nitive domains of attention and concentration,
executive functions, memory, language, visuo-con-
structional skills, conceptual thinking, calculations,
and orientation. The total score at 12 and 18 months
are secondary outcomes where higher scores indicate
better cognitive function.

Cardiorespiratory fitness: VO, (ml/kg/min) is the
gold standard of cardiorespiratory fitness and is con-
sidered a vital sign linked to all-cause mortality [47].
VOypcax is Obtained using a maximal graded exercise
test (GXT). The values at 12 and 18 months are sec-
ondary outcomes with higher values indicating better
fitness.

Quality of life: Quality of life will be measured with
self-reported Parkinson’s Disease Questionnaire-39
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(PDQ-39) at 12 and 18 months. The PDQ-39 has 8
subscales representing mobility, activities of daily
living, emotional well-being, stigma, social support,
cognition, communication, and bodily discomfort
[48].

+ Symptom progression: The time to initiate dopamin-
ergic therapy is defined as the time from randomiza-
tion to the time of initiation of dopaminergic therapy
in months. The doses of medications will be con-
verted to levodopa equivalent doses (LED) for pur-
poses of quantifying the amount for analysis.

+ Inflammation and neuronal function and survival:
C-reactive protein (CRP, mg/L) and brain-derived
neurotrophic factor (BDNF, ng/ml) will be assessed
in peripheral blood. CRP is elevated in PD [49],
and BDNF is reduced and associated with cognitive
impairments [50]. The effects of endurance exercise
have yet to be studied on CRP in PD, but exercise
reduced CRP in older adults [51]. A high-intensity
bootcamp for people with PD demonstrated clini-
cal improvement that was associated with increased
BDNF and an anti-inflammatory response [19].
BDNF has been shown to respond to exercise in PD
[52].

Tertiary outcomes

Gait characteristics of stride length and turning velocity
will be measured at 12 and 18 months. Participants wear
5 Opal inertial measurement units (APDM Inc, Portland,
OR) (feet, wrists, and lumbar area) for the 6-min walk
from which we derive 2 tertiary measures related to gait:
stride length and turning velocity. Both are potentially
sensitive measures of the beneficial effects of exercise and
gait impairment in recently diagnosed people with PD
and as such may differentiate treatment arms [53, 54].

Additional measures

SPARX3 provides an outstanding opportunity to inves-
tigate several other outcomes and measures that may
respond to exercise, inform exercise dose response, diag-
nosis, biological change, and responsiveness to exercise
with respect to genetic profiles.

MDS-UPDRS Part I and Part II are measures of non-
motor experiences of daily living and motor experiences
of daily living, respectively, with higher scores indicating
more disease burden. The Schwab and England Activi-
ties of Daily Living scale is a single rating of a person’s
ability to complete activities of daily living. The Quality
of Life in Neurological Disorders (Neuro-QOL) is being
collected so that SPARX3 can contribute to describing
and comparing the quality of life among persons with
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Parkinson’s disease to those with other neurological con-
ditions [55]. We assess both patient and clinician global
impression of change (P-GIC, C-GIC) as well as whether
PD pharmacologic therapy is warranted. The P-GIC and
C-GIC both range from 1 (Very much improved) to 7
(Very much worse). As explanatory variables, we docu-
ment both treadmill incline and speed since these may
inform adverse events. We measure the cadence at which
people walk on the treadmill using the Zephyr monitor
since evidence suggests that the cadence with which a
person cycles on a stationary bike may be a key variable
in reducing the signs of PD. [31, 56] We collect a compre-
hensive set of measures to allow us to document safety
and adherence, as well as information on all participant
medications, paying particular attention to chronotropic
medications which may affect how participants respond
to endurance exercise due to reduction in HRmax. The
Zephyr™ bioharness provides a wide variety of meas-
ures related to cardio autonomic dysfunction which may
be impaired in some people with PD. [57] The extent to
which autonomic dysfunction modulates how a person
responds to exercise remains unknown.

For blood biomarkers, we have aligned our protocols
closely with the Parkinson’s Progression Markers Initia-
tive (PPMI) and matched healthy control groups so that
our data can be compared with and complement each
other. All blood samples including whole blood, plasma,
serum, and buffy coat for DNA are sent to BioSpecimen
Exchange for Neurological Disorders (BioSEND) [58] and
are stored using state-of-the-art techniques (more details
on collection and storage in designated section “Plans
for collection and storage of biological specimens for
genetic, biochemical or molecular analysis in the future
{33}”). In plasma and serum, we plan to measure mark-
ers that may help us with diagnosis, prognostication of
progression, monitoring disease progression, predicting
response to exercise intervention, and assessing biologi-
cal response to exercise [59].

Finally, the Exercise Confidence Beliefs & Goals ques-
tionnaire is administered at the baseline visit and will
allow us to predict exercise adherence and compliance
with the intervention. This is a battery of questionnaires
that align with Social Cognitive Theory [60]. We are
measuring exercise self-efficacy, outcome expectations,
facilitators/barriers, and goal setting/planning [61, 62, 63,
64, 65]. This will also inform future exercise trials allow-
ing for optimization of the variables for maximizing com-
pliance and training adaptations.

Participant timeline {13}
The complete schedule of pre-screening, enrollment,
randomization, interventions, assessments, and visits
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for participants is provided (Table 3). Of note, the symp-
tomatic treatment visit is an “as needed” visit to obtain
an assessment of the MDS-UPDRS just prior to initiat-
ing dopaminergic therapy, should the participant plan
to start dopaminergic medication. Initiating dopamin-
ergic is not part of the plan for all participants but this
will happen for some under the medical care of their
neurologist or primary care physician. If a participant
initiates dopaminergic medications, all subsequent MDS-
UPDRS assessments will be administered in the medica-
tion “OFF” state, with dopaminergic therapy withheld for
at least 12 or 24 h depending on the medication prior to
assessment.

Sample size {14}

The primary objective of this Phase 3 randomized clinical
trial is to test if high-intensity endurance exercise reduces
the progression of the signs of PD at 12 months com-
pared to moderate-intensity endurance exercise as meas-
ured by the MDS-UPDRS motor score (Part III). Based
on SPARX Phase 2 data, we hypothesize the high-inten-
sity group will have little to no worsening at 12 months.
In addition, we predict that the moderate-intensity group
will worsen by at least 3.5 points at 12 months [24]. We
would expect the moderate-intensity group to progress
no more than the PPMI cohort which showed 12-month
changes ranging from 4.2 in untreated and treated
patients in OFF state [40] to 6.3 in untreated patients
[66]. If we conservatively assume a standard deviation
of 8.2 (high-intensity exercise) [24], with a minimum
sample size of N=240, we will have 91% power to detect
a difference of 3.5, which is in the range of the minimal
clinically important differences for change on the MDS-
UPDRS motor score (Part III) (=0.05) [67]. If we adjust
for 10% lower-adherence in the high-intensity group
based on the SPARX Phase 2 [240/(1 — 0.1)*2=296] and
inflate for 20% attrition at 12 months (296/0.8), we will
need to randomize N=370 participants. The difference
of 3.5 is entirely consistent with two recent studies pub-
lished since SPARX3 was funded in 2019 [68, 69]. Van der
Kolk and colleagues showed a between-group difference
of 4.2 points on the MDS-UPDRS motor score (Part III)
at 6 months when comparing high-intensity endurance
exercise with stretching (n=65 per group) [68]. Similarly,
Mak and colleagues showed a difference of 4.6 points
(n=35 per group) for a brisk walking and balance inter-
vention [69]. The smaller sample size of these two studies
compared to SPARX3 is probably due to the fact that the
control group used by Van der Kolk and colleagues was
assigned a less vigorous intervention than our control
group and the treatment intervention used by Mak and
colleagues included two interventions [68, 69]. For our
secondary outcomes (analyzed as continuous variables),
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we will have 80% power to detect a small effect size (0.36,
approximately one-third standard deviation) with at least
n=120 per group at 12 months.

For time to dopaminergic initiation, 27% of partici-
pants in the SPARX Phase 2 initiated PD medications
prior to 12 months of follow-up which is low compared
to NINDS Exploratory Trials in PD (NET PD) (48%) and
PPMI (59%) studies [66, 70]. Although we have assumed
20% attrition at 12 months, we expect to have at least
N=260 with some follow-up information (n=130 partici-
pants per group) during the 12-month follow-up to con-
duct analyses on starting dopaminergic medication. We
will have 84% power to detect an absolute 15% reduction
in the proportion initiating dopaminergic therapy prior
to 12 months in the high-intensity exercise group assum-
ing a 30% dopaminergic initiation rate in the moderate-
intensity group (two-side test of proportions, a=0.05).
The power for the 15% absolute reduction is 74 and
70% if the moderate-intensity group rate is 40 and 50%,
respectively. All sample size analyses were conducted
using PASS version 15 (Power Analysis and Sample Size
Software (2017)).

Recruitment {15}

The Parkinson Study Group (PSG), which has conducted
many key intervention studies of treatments for Parkin-
son’s disease since 1987 (https://www.parkinson-study-
group.org/clinical-trials), has approved SPARX3 as a
PSG study. Most of the sites were PSG-credentialed prior
to funding of SPARX3, and all other sites were creden-
tialed before their activation. Prior to submitting the
grant application, 29 sites were very carefully vetted to
maximize the probability that SPARX3 would be able
to recruit the required number of participants. Should
enrollment fall behind schedule, PSG has more than 120
additional credentialed North American sites that may be
enlisted to help with recruitment.

A Recruitment, Retention and Diversity Core (RRDC)
is responsible for training sites on recruitment strategies
with a particular focus on increasing the proportion of
minorities in the SPARX3 trial compared to previous tri-
als in PD. [71, 72] Attaining an adequate representation
of diverse populations ensures equity and generalizability
and may allow for identification and evaluation of racial/
ethnic differences in response to the intervention. The
RRDC developed a series of 5 minority recruitment train-
ing modules delivered to research coordinators, study
neurologists, and the site principal investigators at the
beginning of site recruitment. The 5 modules focus on the
importance of recruiting ethnically and racially diverse
participants, identifying barriers to minority recruit-
ment, developing process improvement plans, locating
areas with potential minority participants, strategies for
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communicating with community physicians to address
barriers to physician referrals, effective patient-focused
communication practices for improved study recruit-
ment, and implementing navigation strategies to address
participant barriers. The RRDC will monitor targeted
and actual enrolment using reports generated by the
Data Coordinating Center and through discussions with
the sites during regular check-in calls. The RRDC and the
CDCC will work with sites that fall below their individ-
ual site targeted enrolment numbers to problem solve on
barriers and challenges to recruitment.

Assignment of interventions: allocation

Sequence generation {16a}

Participants are randomized 1:1 to (1) exercise 4 times
per week at 60—-65% HRmax or (2) exercise 4 times per
week at 80—-85% HRmax. The study statistician generates
the randomization list in SAS version 9.4 using permuted
blocks of random block sizes stratified by site.

Concealment mechanism {16b}

The systems analyst will load the list into the web-based
data management system such that allocation will only
be revealed once the participant is deemed eligible
based on entered eligibility information and agrees to be
randomized.

Implementation {16c}

An unblinded study member will retrieve the alloca-
tion from the electronic data capture system (EDC) and
ensure implementation of the correct exercise intensity
arm.

Assignment of interventions: blinding

Who will be blinded {17a}

Due to the nature of the intervention, trial participants
are not blinded to assigned exercise intensity. Partici-
pants are instructed not to discuss their exercise with
study personnel except the exercise coordinator. Any
research personnel responsible for scoring the assess-
ments for primary or secondary outcomes are blinded
to group assignment. All personnel conducting assess-
ments are trained not to discuss any part of the exercise
intervention with the participants. The project coordi-
nator, the quality control lead, and study team members
involved with the exercise implementation and supervi-
sion are aware of the exercise arm. All other investiga-
tors, including the study principal investigator (PI), site
PIs, and research staff, remain blinded to intervention
allocation for participants. No study-wide reports con-
tain information about intervention arms. An inde-
pendent doctoral level statistician and masters level
analyst will generate closed reports for the Data Safety

Page 13 of 26

Monitoring Board (DSMB) stratified by coded interven-
tion arms (A or B).

Procedure for unblinding if needed {17b}

There is no circumstance under which unblinding would
be required or permissible at the site level. Should an
evaluator become unblinded to allocation, the site is
responsible for substituting a blinded evaluator for the
participant’s remaining evaluations and documenting
the break of blinding as a protocol deviation. The qual-
ity control and monitoring team will track these events
and subsequent actions throughout the implementation
of the study.

Data collection and management

Plans for assessment and collection of outcomes {18a}

All research investigators and staff are required to
undergo extensive and documented training on the
study protocol. Assessors for both the MDS-UPDRS
and the Montreal Cognitive Assessment undergo sep-
arate training and certifications. Standard Operating
Procedures have been developed for the 6-min walk test
(including use of the Opals), VO, test, blood draws,
DAT imaging, and collection of activity monitor and
heart rate data. Study team members involved with the
collection and/or shipment of blood undergo additional
training. All imaging centers undergo a multi-step Site
Quualification Process handled by Invicro. All person-
nel requiring access to the EDC system are trained on
the forms and data entry fields. In addition, they must
successfully enter test cases for pre-screening, screen-
ing, randomization, and follow-up. The MDS-UPDRS
is required to be recorded on paper and entered twice
into the database to ensure the accuracy of the data
since the two entries are compared. All data collection
forms are in the Appendices of the Manual of Opera-
tions and available in the clinical trial document man-
agement system.

Plans to promote participant retention and complete
follow-up {18b}

The attrition rate in our prior SPARX Phase 2 clinical
trial was 9% at 6 months and 16% at 12 months. We have
accounted for 20% attrition in our sample size analysis.
We are implementing several strategies to enhance reten-
tion and minimize loss to follow-up based on our prior
experience including (a) being flexible when scheduling
appointments, (b) being responsive to participants’ and/
or spouse/care partner questions, and (c) ensuring par-
ticipants are appropriately trained to use all equipment
involved so they feel confident in their ability to engage in
the appropriate exercise. The exercise coordinators meet
with participants throughout the duration of the study,
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sometimes traveling to the participant’s fitness facility or
home, which should enhance adherence to the exercise
program and allow development of a strong researcher-
participant relationship. We allow remote supervision
periodically under certain circumstances to decrease the
travel burden on participants and allow for greater flex-
ibility when participants have vacations, work conflicts,
or other events that complicate adhering to the proto-
col. We allow participants to choose where they exercise
and provide the means to do so to promote retention
and long-term adherence to exercise. A research coor-
dinator contacts participants to inquire about their cur-
rent health status at least once per month. The study
team calls participants before their appointments to
review study visit preparation and to remind them of
the appointment time. These reminder phone calls
are designed to help with retention. We provide park-
ing passes for study visits, stipends per screening, and
assessment visits and provide supervised training ses-
sions throughout the entire duration of the study. Each
participant receives a personalized thank you card signed
by the study team at months 6, 12, 18, and 24 in order to
acknowledge the appreciation of the study team and pro-
mote retention. Regardless of a participant’s adherence
to exercise, priority will be placed on obtaining MDS-
UPDRS motor score (Part III) evaluations since this is the
primary outcome measure for the trial. Should a partici-
pant want to discontinue from the study, every attempt
will be made to obtain a final MDS-UPDRS motor score
(Part III) measure prior to study discontinuation.

Data management {19}

Details of data management procedures can be found
in the protocol under Data Collection and Manage-
ment Responsibilities. Briefly, the EDC is hosted by
the School of Health and Rehabilitation Sciences Data
Center (SHRS DC) at the University of Pittsburgh. The
EDC is a secure, web-based application developed using
the Microsoft Development Stack including Microsoft
Windows Server for the operating system, SQL Server
for a relational database system, and the C#NET pro-
gramming language and libraries to create applications.
The system provides management of user access to
the data, a mechanism for validated data uploads from
external sources, real-time validation rules, an audit
trail for tracking data entry and edits, and a mechanism
for data downloads which can be imported into statisti-
cal software for analyses.

Case report forms (CRFs) serve as the basis for the
structure of the EDC with the data entry screens being
as visually similar to the CRFs as possible. CRFs contain
data elements matched to NINDS Common Data Ele-
ments for demographics, medical history, PD medical
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history, concomitant medications, quality of life meas-
ures, MDS-UPDRS, and adverse events.

For questionnaires that are self-report, a “participant
mode” screen has been developed for the participant to
complete the questionnaire on a tablet. Data from HR
monitors are sourced from the Zephyr™ cloud plat-
form. Activity monitor data collected using activPAL"™
are saved by each site to the EDC and processed at the
University of Colorado. Numeric results from the quanti-
fication of the DAT imaging, biomarker data from blood
assays, and genetic profiles from PD Gene will be inte-
grated with the study data captured through the EDC.

The Clinical and Data Coordinating Center (CDCC)
works with each site PI to determine access to the EDC
system for each site team member. The system is pro-
tected by unique login and password. Once a research
staff member has gone through data entry training and
testing, and site completed all requirements to initiate
recruitment, a member of the CDCC will permit access
to the production system. Users will only have access to
participants at their respective site. A user access log will
be maintained by the CDCC.

Confidentiality {27}

Data that could be used to identify a specific study partic-
ipant is held in strict confidence by the research team. No
personally identifiable information from the study will be
released to any unauthorized third party without prior
written approval of the sponsor/funding agency. Author-
ized representatives of the sponsor or funding agency, or
representatives of the Institutional Review Board (IRB),
may inspect all documents and records required to be
maintained by the investigator for the participants in this
study.

Participant’s contact information is securely stored at
each clinical site for internal use during the study. Only
approved team members at each site and the select mem-
bers of the CDCC will have access to personal informa-
tion needed for tracking and informed consent. This
includes the quality control monitoring team who will
monitor 100% of the informed consents. At the end of
the study, all records will continue to be kept securely for
the length of time required by the reviewing IRB, the site
IRBs and the Research Ethics Boards (REBs), Institutional
policies, and sponsor/funding agency requirements.

Each study participant is assigned a Participant Identi-
fication (PID) number. The participant names and linkage
to the PID are maintained by the local study teams stored
in a locked file in a locked office or in encrypted and
password-protected electronic documents. No personal
health identifiers (except for date of birth and hospitali-
zation dates for serious adverse advents (SAEs)) will be
entered into the EDC system. Date of birth is necessary



Patterson et al. Trials (2022) 23:855

to ensure eligibility based on calculated age at the time
of screening. Monitor data (HR, activity, and movement)
does not include global system positioning location of
the participants. Blood sample labels do not include any
identifiable information.

Participants will not be identified by name in any pub-
lications of research results. All study participants will be
identified by the PID on all data collection instruments,
documents, and files used in the statistical analysis and
manuscript preparation. The site PIs and the CDCC
ensure all mechanisms used to share data include proper
plans and safeguards for the protection of privacy, confi-
dentiality, and security for data dissemination and reuse
(e.g., all data will be thoroughly de-identified and will
not be traceable to a specific study participant). With the
permission of the participant via the informed consent,
de-identified data may be shared with other researchers
from the PPMI study and/or the PD GENEration study.
Additional information on protection of privacy of study
participants can be found in the protocol.

Plans for collection and storage of biological specimens

for genetic, biochemical, or molecular analysis in the future
{33}

With the participant’s consent, blood will be collected at
each of the study visits indicated in Table 3. All samples
are collected using best practices and following a study
manual of procedures provided by the BioSpecimen
Exchange for Neurological Disorders (BioSEND; https://
biosend.org/resources/sparx3.html) [58, 73]. The proto-
col requires 20 ml of blood to be collected in ethylenedi-
aminetetraacetic acid (EDTA) tubes for plasma and buffy
coats (for DNA) and another 20 ml of blood collected in
serum collection tubes for serum. These 40 ml of blood
are spun in a refrigerated centrifuge at 4° C at 1500g for
15 min. The plasma and serum are aliquoted into 1.5-ml
cryovials. This approach does not require intense coor-
dinator effort to create distributable aliquots (in the
200-500 ml volume) and instead a single freeze thaw
at BioSEND provides distributable aliquots that can be
shipped to approved researchers for plasma and serum-
based biomarker assays. An additional 6 ml of blood are
collected without further processing which can be made
available to researchers for future blood-based assays or
for extraction of high molecular weight DNA for long-
read sequencing. BioSEND provides barcoded labels for
all specimens to ensure that all are de-identified [58, 73].
Only the unique participant code will be used to identify
the biological sample. Care has been taken to ensure the
processing procedures and collection material used are
consistent with the large-scale Parkinson’s Disease Bio-
markers Program (PDBP) and Parkinson’s Progression
Markers Initiative (PPMI). This ensures comparability
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across cohorts for more robust analyses. All samples
collected as part of SPARX3 can be used for future bio-
marker and genetic research related to the causes of
PD, its complications, differential diagnosis, response to
exercise, and other treatment modalities. The biological
samples would be provided to researchers at academic
institutions, hospitals, and biotechnology/pharmaceuti-
cal companies through a formal request process.

Statistical methods

Statistical methods for primary and secondary outcomes
{20a}

The primary outcome is the MDS-UPDRS motor score
(Part III) at 12 months. Analyses will follow intention-to-
treat with all participants analyzed in the group to which
they were assigned regardless of adherence. We will use
linear mixed models with time (baseline, 3 months, 6
months, 9 months, 12 months, and 18 months) and the
group-time interaction as fixed effects while controlling
for repeated measures using an unstructured correla-
tion matrix between time points. The effect of time will
be treated as categorical. No main effect for treatment is
included as the baseline means are assumed to be equal
due to randomization. We will also control for site since
this is a stratification factor in the randomization. Site will
be added as a random effect. We will use linear contrasts
to test high versus moderate intensity at 6, 12 (primary),
and 18 months. If a participant initiates dopaminergic
medication, MDS-UPDRS scores will be censored after
initiation [74, 75]. Additional details on sensitivity analy-
ses can be found in the Statistical Analysis Plan.

Since we have a control group that is exercising at
a heart rate level that elicits clear health-related ben-
efits [30], it is possible that there will be no differences
detected between the 2 groups at 6, 12, or 18 months. In
light of this, we devised an a priori plan to test the within
group changes over 12 months and 18 months to see if
the 95% confidence intervals exclude the mean change
observed in the PPMI untreated cohort, essentially using
this cohort as an historical control for each intervention
group [40].

Secondary outcomes to be treated as continuous meas-
ures are distance walked during the 6-min walk test, aver-
age number of daily steps, cognitive function, VO,
and the quality-of-life subscales. These measures will be
analyzed using linear mixed models like the models for
the primary outcome. We will use Kaplan-Meier curves
and log rank tests to compare the time to initiate dopa-
minergic therapy between the two groups. For those who
initiate dopaminergic therapy, we will compare the dose
of dopaminergic medication at initiation (converted to
levodopa equivalent dose) between groups using the Wil-
coxon rank sum test.
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The secondary outcomes of SSBR, CRP, and BDNF are
assumed to come from right-skew distributions requir-
ing transformation prior to analysis. If the measures can
be transformed to approximate a normal distribution,
we will use linear mixed models using all time points to
test for differences between groups. If the data are highly
skewed with a large proportion of lowest level of detec-
tion prohibiting normalization, we will use a generalized
linear mixed model with a log link or a tobit regression
model for the comparisons.

Interim analyses {21b}

We plan to conduct sample size re-estimation when we
have approximately 50% of the targeted sample with
12-month follow-up data. The sample size re-estimation
will be based on the observed variance and attrition com-
pared to the assumed variance and attrition in the original
power calculation. We will use a restricted design where
the final sample size is at least as large as the originally
planned sample size. This approach has negligible impact
on a with naive test at end of study [76]. At the same time
as the sample size re-estimation, we will conduct futil-
ity analysis for the primary outcome at the primary and
secondary time points (12 and 18 months) to inform the
decisions for sample size should the observed variance
be much higher than the variance assumed for the power
analysis. The futility analysis will be conducted by an inde-
pendent statistician and the results will be shared with the
DSMB only. The DSMB will make a recommendation to
NINDS based on these two interim analyses.

Methods for additional analyses (e.g., subgroup analyses)
{20b}

We plan to explore differences in intervention effects
by sex, race/ethnicity, and PD subtypes. We will ana-
lyze our data to look for sex differences in outcomes and
consistency of effects of high-intensity exercise by test-
ing the 3-way sex-intervention-time interaction at & =
0.10. Although we are not adequately powered to detect
a moderate sex by exercise interaction, we will have 80%
power to detect moderate effect sizes (0.39-0.45) in
each group given the expected proportion of men and
women based on SPARX Phase 2 data and our planned
target enrollment 57% men, 43% women). We expect
approximately 10% of our randomized sample to be non-
Caucasian or of Hispanic ethnicity. Statistical power will
be extremely limited for meaningful differences should
they exist. However, in the linear mixed models follow-
ing intention to treat, we will conduct subgroup analyses
for race (Caucasian/non-Caucasian) and ethnicity (His-
panic/non-Hispanic) by first testing the 3-way interaction
at #=0.10 and then estimating mean differences between
groups and 95% confidence intervals. PD subtypes have
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been identified whose rates of disease progression are
different; therefore, endurance exercise may interact with
the potential rates of disease progression and predomi-
nant signs may respond differently to endurance exercise.
Two subtypes that we will analyze are tremor dominant
(TD) and postural instability and gait disorder (PIGD).
PIGD have more severe disease manifestations at diagno-
sis and greater cognitive progression as well as more pro-
nounced features of dopamine dysregulation syndrome
than TD patients [77, 78]. This has been interpreted as
an expression of greater neurodegeneration in those who
manifest the PIGD subtype at disease onset, and this
could influence how people respond to exercise. We will
use an interaction term with PD subtype to test if this
factor modifies the response to exercise.

Methods in analysis to handle protocol non-adherence

and any statistical methods to handle missing data {20c}
We anticipate no more than 20% attrition at the 12-month
assessment based on the SPARX Phase 2 study and have
accounted for this in sample size analyses [24]. We will
compare baseline characteristics between participants with
missing 6-, 12-, and 18-month assessments to those without
to assess potential biases. We will try to obtain reasons for
study dropout so that we can identify potential causes for
missing data. The linear mixed models proposed for analy-
sis of the primary objective assume missing at random and
have been shown to perform as well as multiple imputation
given the same assumption of the missing data mechanism.
We will conduct several sensitivity analyses assuming non-
ignorable missingness with differential imputation [79, 80,
81] and pattern mixture models [82]. We will compare the
results from these analyses to our primary analyses with all
observed data to assess the robustness of our findings.

Plans to give access to the full protocol, participant-level
data, and statistical code {31c}

The full protocol and Statistical Analysis Plan (SAP) are
available with this publication and will be submitted to
ClinicalTrials.gov with the clinical trial results. The proto-
col, SAP, de-identified participant-level datasets, statistical
code, and data documentation will be shared with NINDS
repository within 1 year of the primary publication or
within 18 months of the last study visit of the last subject,
whichever occurs first.

Oversight and monitoring

Composition of the coordinating center and trial steering
committee {5d}

This clinical trial is overseen by the Clinical Coordinat-
ing and Data Center (CDCC) and 4 Cores. The CDCC is
co-directed by the PI (DMC) and the lead biostatistician
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(CGP). The CDCC oversees the single IRB of record and
is responsible for the study protocol, training, site initia-
tion, clinical and data monitoring, and coordination of all
cores and committees as well as data management and
statistical analysis. The IRB of authority for all US sites
is the University of Pittsburgh. Separate REBs oversee
the 2 Canadian sites. The SPARX3 Cores are the Walking
Activity, Heart Rate and Exercise Monitoring Core, the
Biomarker Core, the Imaging Core, and the Recruitment,
Retention and Diversity Core. Each core is responsible
for finalizing devices and methods, developing standard
operating procedures, ensuring appropriate data ele-
ments are collected, and monitoring implementation of
their specific aspects of the trial.

The SPARX3 trial requires several committees to over-
see training, study implementation, and safety. The Exec-
utive Steering Committee (ESC) is comprised of the PI,
the lead biostatistician, the quality control lead, Core
leaders, a representative of the PSG, a patient advocate,
and an NINDS Clinical Program Director. The ESC has
reviewed and approved the final study protocol and will
review any proposed future modifications. The ESC will
monitor the study progress including recruitment, reten-
tion, and site compliance with study procedures.

The Sub-Steering Committee is composed of selected
members of the Executive Steering Committee and meets
at least 4 times a year. The other committees for SPARX3
are the Forms Committee (determining data elements
for data collection forms), Publications Committee (poli-
cies and procedures for primary and secondary papers),
Exercise Committee (training, standardization, and mon-
itoring of the exercise procedures), Quality Control and
Clinical Coordination Committee (monitor study imple-
mentation from screening to randomization and follow-
up including protocol deviations and data quality), and
Adverse Events Adjudication Committee (internal and
external review of adverse event naming and determina-
tions for severity, relatedness and expectedness).

Composition of the data monitoring committee, its role
and reporting structure {21a}

The Data and Safety Monitoring Board (DSMB) for
SPARX3 was appointed by the National Institute of Neu-
rologic Diseases and Stroke. An NINDS Program Official
from the Office of Clinical Research serves as the NINDS
liaison to the Board. The DSMB members are experts in
movement disorders, endurance exercise, clinical trials,
and biostatistics. The Board serves as an independent
body responsible for monitoring the progress of the trial
and the quality of study implementation and ensuring
the safety of the participants. The charter is maintained
by NINDS. The Board met to approve the protocol and
meets approximately every 6 months during recruitment
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and follow-up. Members of the DSMB make recom-
mendations to NINDS and the Principal Investigator
concerning continuation, termination, or other modifica-
tions of the trial.

An Independent Medical Safety Monitor serves as the
contact person for serious adverse event reporting and
independently reviews safety-related issues that arise
throughout the study. The Independent Medical Safety
Monitor has the authority to remove participants from
the study and take any steps to protect safety and well-
being of the participants. The Independent Medical
Safety Monitor for this study is a Professor of Neurology
with expertise in Parkinson’s disease who was appointed
prior to study implementation.

Adverse event reporting and harms {22}
Based on the SPARX Phase II trial, we expect mainly
adverse events classified as musculoskeletal and con-
nective tissue disorders such as pain in extremity, back
or buttock pain, and arthralgia as we have reported on
ClinicalTrials.gov (NCT01506479). We systematically
are collecting all adverse events reported by the partici-
pants every month by asking about medication changes,
visits to doctor or other health care professional, hospi-
talizations, illness or health problems without seeing a
doctor, and any problems with the exercise program. We
specifically ask about fall frequency in the past month.
In addition to the monthly health status update, partici-
pants may report AEs at any exercise session, research
visit or in any communication with site personnel. Once
an adverse event is reported by a participant, the AE is
recorded in the electronic data capture system along with
grade, relatedness, and expectedness following recom-
mendations of NINDS Common Data Elements. AEs
are named and graded using the Common Terminology
Criteria for Adverse Events (CTCAE) version 5.0. AEs
that are (i) Unexpected, (ii) Related or Possibly Related
to participation in the research study, and (iii) Serious or
otherwise suggests that the research places the subject
or others at a greater risk of harm than was previously
known or recognized, are considered reportable events.
The CDCC adheres to the central IRB reporting timelines
for reportable events (less than 24 h of learning of the
event if fatal or life threatening; less than 10 working days
of learning of the event for all other events that are not
fatal and not life threatening; less than 10 working days
of the investigator becoming aware of an unanticipated
problem involving risk that are possibly or definitely
related to the research and incidents of noncompliance
that involve risk).

An Adverse Events Adjudication Committee pro-
vides an independent review of all adverse events that
occur during the conduct of the trial. The committee
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adjudicates the adverse event name, level of severity,
relatedness, and expectedness reported by the local study
team resulting in consistent classification of adverse
events within sites and across sites. The purpose of this
external Adverse Events Adjudication Committee is to
mitigate potential investigator bias and facilitate an accu-
rate safety profile of the study.

The Independent Medical Safety Monitor will be noti-
fied of each serious adverse event with details for review
to ensure appropriate clinical care and to quickly identify
any potential trends. Any concerns with the SAE or SAE
reporting will be relayed to the CDCC for resolution. In
addition, all other individuals or entities who have over-
sight of the study receive an immediate notification when
a SAE is submitted in the EDC.

For the primary SPARX3 publication, we will report at
a minimum the number of persons with adverse events
related to exercise (all and severity greater than mild),
events >10% in a single group, events by organ system
>10% in a single group, and number with any serious
adverse events and by organ system. For ClinicalTrials.
gov, all adverse events and serious adverse events will be
reported by term and organ system.

Frequency and plans for auditing trial conduct {23}
Clinical site monitoring is conducted to ensure that the
rights and well-being of trial participants are protected,
that the reported trial data are accurate, complete, and
verifiable, and that the conduct of the trial complies
with the currently approved protocol, with International
Council on Harmonization Good Clinical Practice, and
with applicable regulatory requirements. Monitoring of
the sites is the responsibility of the PI, the Project Coor-
dinator, and the Quality Control Lead. Monitoring is
intended to take place both on-site and remotely. There
are 4 types of monitoring visits for this study: Site Initi-
ation Visits (1 visit split into 2 parts prior to site activa-
tion); Interim Monitoring Visits (annually); For-Cause
Visits (as needed); and Close Out Visits (close of study).
At a minimum, the participant data monitored include
consent documents, SAEs, AEs, protocol deviations, and
a sample of complete study files. Reports of all monitoring
visits include notes of the discussions, resolution of any
issues, and action items and their completion dates. These
reports are distributed to site PIs and their study team
and uploaded in the e-Regulatory Binder system. Due to
COVID-19, all site visits have been conducted remotely.

Plans for communicating important protocol amendments
to relevant parties (e.g., trial participants, ethical
committees) {25}

The study-wide communication for important proto-
col amendments will be the responsibility of the PL

Page 18 of 26

Information will be distributed by the Project Coordina-
tor, Regulatory Specialist, or Research Assistant on behalf
of the study PIL

Dissemination plans {31a}

The investigators are responsible for publicly dissemi-
nating results, study materials, and procedure manu-
als. As such, this trial is registered at ClinicalTrials.gov
(NCTO04284436), and results information from this trial
will be submitted to ClinicalTrials.gov no later than 1
year after the study’s primary completion date. In addi-
tion, results will be disseminated through presentations
and publications in peer-reviewed journals and by means
of the web page: https://www.sparx3pd.com. SPARX3
has an extensive publication policy which outlines guide-
lines for authorship and appropriate attribution of credit
to the “The SPARX3-PSG Investigators” No professional
writers will be used for SPARX3 publications. De-iden-
tified data will be submitted to the NINDS Clinical Tri-
als repository within 1 year after publication of primary
results or within 18 months of the last study visit of the
last subject, whichever occurs first.

Discussion

Phase 3 clinical trials are the benchmark for establishing
treatment efficacy. In the area of PD, there have been sev-
eral Phase 3 clinical trials for delaying disease progression
and to date none have been successful [75, 83, 84, 85].
As such, we took great care in the design of this Phase
3 clinical trial both to maximize the probability of deter-
mining if endurance exercise should serve as first-line
treatment for this population to slow disease progression,
and to collect other important data to better inform the
benefits of exercise. The SPARX Phase 2 clinical trial was
designed to be 6 months in duration [24]. With consid-
erable support and guidance from NINDS, the duration
of the intervention of SPARX3 was tripled to 18 months.
This has two effects. The first is to allow a longer time for
the benefits of exercise to accrue. The second is to allow
for an extended analysis of disease progression. Given
that the SPARX Phase 2 clinical trial showed a difference
of 3.9 points on the MDS-UPDRS motor score (Part III),
that the study by van der Kolk and colleagues showed a
difference of 4.2 points, and that both studies exceeded
the minimally clinically important difference, our big-
gest concern is that increasing from 3 sites in the SPARX
Phase 2 clinical trial and 1 site in the van der Kolk study
will increase the variability of the MDS-UPDRS motor
score (Part III). We have taken 4 approaches to mitigate
this increase. First, we used the highest group specific
standard deviation from SPARX Phase 2 for our sample
size analysis. Second, we have required all assessors to
be certified and have mandated that the same assessor
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is used across all 5 time points unless this is impossible.
Third, we are using DaTscan” SPECT to maximize the
probability that the participants in SPARX3 have PD. It
has been suggested that the rate of worsening of partici-
pants without evidence of DAT deficit (SWEDD) is less
and excluding these individuals will reduce variability
[86]. Fourth, as we outline in section {21B}, we will con-
duct an interim sample size re-estimate to make sure we
are adequately powered based on the actual variability of
the assessments from all sites.

Selection of outcome measures

We chose the MDS-UPDRS motor score (Part III) to be
our primary outcome since it has been more frequently
used in Phase 3 clinical trials and cohort studies of dis-
ease progression in PD to date. It is not without its limi-
tations. First, it is inherently subjective due to being
rater-completed, albeit raters must undergo certification
in SPARX3. Second, factors such as anxiety can influence
how participants present during the examination. Third,
although we closely monitor and instruct sites to use the
same assessor across each timepoint, we cannot prevent
staff turnover and availability for a 2-year follow-up.
Fourth, it does not provide a biological assay of nervous
system change. The MDS-UPDRS motor score (part III)
is susceptible to the effects of dopaminergic medication.
We will attempt to mitigate this by only recruiting indi-
viduals who are expected to not require dopaminergic
medications for at least 6 months from enrollment, and
for those who initiate medication, by assessing this score
in the medication “OFF” state. We will compare dopa-
minergic medication doses in each study arm for those
who initiate medication.

We have also used a variety of secondary and tertiary
measures that may turn out to be more sensitive than
the MDS-UPDRS motor score (Part III) and may pro-
vide a potential explanation of exercise-induced changes
in the basal ganglia. The first is DAT binding, which has
recently been shown to be quite sensitive to 12 months
changes in striatal specific binding ratios (SSBRs) [87]. If
there is a dose response to endurance exercise, it is pos-
sible that the typical rate of decline of about 10% of the
SSBR over 12 months could be reduced. If this proves
to be true, it will provide evidence that endurance exer-
cise can attenuate the decline in dopamine binding rate
in the caudate and putamen, which in turn could signify
an effect of exercise on the integrity of the nigrostriatal
pathway. Second, the distance walked in the 6-min walk
test is sensitive to change with respect to endurance exer-
cise [69, 88, 89]. Third, we have added two tertiary meas-
ures of gait, turning velocity and stride length, both of
which are sensitive to the effects of exercise and disease
progression [53, 54].
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We will also be able to derive additional measures
from the blood samples to either enrich the sample by
excluding participants who do not have PD or to provide
mechanistic insight into how exercise might work. For
example, neurofilament light chain can help distinguish
the atypical parkinsonisms such as multiple system atro-
phy and progressive supranuclear palsy from PD [90-92]
whereas DAT SPECT cannot. Neurofilament light chain
may also provide prognostic value by stratifying SPARX3
subjects for their cognitive and motor progression with
exercise [90, 93, 94, 95]. Biomarkers responding to
endurance exercise in healthy subjects will be tested to
determine if their response is similar or different in PD
participants and if their response correlates with their
clinical outcomes from exercise. These include the sec-
ondary outcome CRP as well as interleukin-6 and other
cytokines that relate to inflammation and also may relate
to tremor [96]. We are assaying klotho which is an aging
regulator that when overexpressed, extends life in model
organisms and augments cognition [97, 98, 99]. While
klotho levels decrease with aging and PD [100], physical
exercise robustly increases klotho levels in healthy adults
[101, 102]. Similarly, recent data show glycosylphos-
phatidylinositol-specific phospholipase D1 (GPLD1) is
higher in older people than those who are more active
(takes greater than 7100 steps daily) than in those who
are less active (takes less than 7100 steps daily). Recent
animal studies show GLPD1 [103] and clusterin [104]
as candidate mediators of exercise benefits for the brain
and would be measured as biomarkers to assess bio-
logical responses. Horowitz et al. showed that elevation
of GPLD1 level by transfusing plasma from exercised
mice transferred the benefit to sedentary aged mice
[103]. There have also been several promising advances
in exerkines and tissue-brain crosstalk [105]. Whether
exercise increases these biomarkers in PD and protects
against motor or non-motor signs of progression is not
yet known. During the implementation of our trial over
the next several years, SPARX3 is seeking additional can-
didate biomarkers as science advances knowledge of bio-
logical effects of exercise [106] and our understanding of
how to prognosticate and monitor PD progression.

To date, there is very limited evidence to inform under-
standing of the extent to which genes may influence how
people with Parkinson’s disease respond to exercise. A
recent study utilizing data from PPMI demonstrated that
increased physical activity attenuated APOE E4-related
vulnerability to cognitive decline in individuals with PD.
[107] This suggests that the benefits of physical activity
may be modulated by genetic background. People who
enroll in SPARX3 are encouraged to enroll in PD GENE,
and these data will be available to the investigators of
SPARX3 for analysis. Any analyses will be exploratory
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and designed to inform future studies. The genes being
assessed are LRRK2, GBA, SNCA, PRKN, PARK 7,
PINK1, and VPS35. The potential importance of this line
of research can be understood from a recent study in
PINK1-deficient Drosophila melanogaster which showed
that exercise caused the organism’s proteomic profile to
return towards wild-type levels [108]. Future DNA analy-
sis beyond these known PD genes in the future may help
us to discern the effects of genetic risk factors for pro-
gression and response to exercise as well as potentially
provide subgroup analyses based on the genetic profiles.

Participant recruitment

The most difficult aspect of clinical trials is elegantly cap-
tured by Lasagna’s Law [109]. As quoted by Feinstein, the
law is as follows: “the number of patients who are actu-
ally available for a trial is about 1/10 to 1/3 of what was
originally estimated” [110]. In studies of exercise and
in studies of PD, there are several good reasons for this
precipitous decline in the actual number of the available
participants upon initiation of the clinical trial. First and
foremost, SPARX3 competes with many other studies
of people with PD who have not yet taken medication.
The approach taken by many sites is to present all avail-
able research opportunities and let the individual choose
which study or studies they prefer. The fact that sites are
recruiting for many studies can impact the number of
available participants, especially when these are inter-
ventional studies such as drug studies since participation
in such studies is an exclusionary criterion for our study.
Second, sites can be overly optimistic in their projections.
Two of the three sites in SPARX Phase 2 over-estimated
their anticipated recruitment numbers [24]. Prior to
submitting the grant for SPARX3, all sites were formally
surveyed to determine their actual ability to recruit par-
ticipants for the study. Sites were asked to confirm antici-
pated recruitment numbers prior to study start up and
final recruitment numbers were again discussed at each
individual site initiation visit, as well as rate of recruit-
ment. Third, there is certainly burden on participants
when taking part in an exercise study that lasts 2 years,
requires multiple assessment visits, and requires interact-
ing with technology to measure heart rate during every
exercise session. The study design we proposed was origi-
nally for 1 year, which is consistent with the participant
commitment required for our Phase 2 study. The design
we are implementing is twice as long requiring twice the
participant commitment. Fourth, taking part in the inter-
vention can be complicated depending on how close the
participant lives either to the study site or to an exercise
facility. To make taking part in the exercise intervention
more feasible for all individuals, each site has the option
of making treadmills available for in-home use.
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Another reason why recruitment may be a challenge in
SPARX3 is that, just as we did in SPARX2, SPARX3 made
the decision to study participants prior to them starting
medication for their PD symptoms. We made this deci-
sion primarily for 3 reasons: (1) to be able to study the
effects of exercise training independent of any medica-
tion effects since medication has a clear symptomatic
effect that can compromise interpretation of any results,
(2) the earlier a person starts exercising, the longer the
time over which exercise can potentially work to delay
the progression of the disease, and (3) allows addressing
the question of whether exercise can delay the time at
which medication is taken. We recognize that many par-
ticipants may have started medication by 12 months—the
time of the primary endpoint. Nevertheless, we expect to
have enough people to analyze. Our goal is to reduce this
to the minimum, consistent with best research practices.

Another critical and complex clinical trial decision is
determining the inclusion and exclusion criteria [111].
Ideally, the inclusion and exclusion criterion should
match the population of interest being studied. How-
ever, the scientific review process is very rigorous and
weighs threats to internal validity as highly, if not higher,
than threats to external validity. In the original design
of SPARX3, we took a very conservative approach with
our exclusion criteria since we do not want our findings
to be compromised by incorrect diagnosis (use of DAT
imaging), medication regime, safety issues, impaired
cognition, depression, comorbidities, etc. We chose to
use DAT SPECT to enrich the sample with people accu-
rately diagnosed with PD. We did not use DAT SPECT
in SPARX, and to the best of our knowledge, no exercise
study to date has previously used DAT SPECT for exer-
cise studies [24]. We expect 15% of our sample to receive
a negative DAT SPECT scan and thus be ineligible to par-
ticipate in the study. All DAT SPECT scans conducted in
SPARX3 follow strict quality assurance guidelines since
the scans serve not only as a screening mechanism but
also as a secondary outcome measure. DAT SPECT scans
add an additional layer of complexity to exercise studies
because many sites are not familiar with the procedures
involved which are organizationally complex, time sensi-
tive, and dependent on delivery of the radioactive tracer
the morning of the scan.

After monitoring our screen failures very closely for the
first 6 months of the study, we made 5 modifications to
our exclusion criteria. First, we removed the restriction
originally imposed by the central IRB to delay recruit-
ment for anyone who had a DAT SPECT conducted in
the prior 6 months. There was no safety reason behind
this restriction and so we requested that it be removed
since a high percentage of our participant referrals had
recently had DAT SPECT imaging. Previously acquired
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clinical scans cannot be used in lieu of a SPARX3 scan.
Second, we decreased our MoCA cutoff from 26 to 24.
Third, we increased our BDI cutoff from 16 to 28, while
excluding those with scores between 17 and 28 if any of
the following conditions are met: (1) individual is sui-
cidal, (2) needs depression treatment modification cur-
rently, or (3) depressive symptoms likely to interfere with
adherence to study protocol. Fourth, we increased the
time that participants could have taken PD medication
from 30 to 60 days. Fifth, we modified our exercise cri-
teria to exclude individuals consistently participating in
120 min or more of greater than moderate-intensity exer-
cise per week over the last 6 months rather than exclud-
ing individuals exercising at moderate intensity. More
and more people with PD are now exercising, and our
original guidelines were too restrictive. The key criterion
is that we cannot recruit people who are exercising above
60—65% HRmax since their activities are greater than the
activities they would experience if they were assigned
to the 60—-65% HR max treatment group. As such, they
would be expected to lose fitness.

To maximize the probability that we will recruit 370
participants, SPARX3 has worked very closely with the
Parkinson Study Group (PSG). If recruitment accrual
falls below expected rates, additional SPARX3 sites can
be added. In addition, we have a Recruitment, Reten-
tion and Diversity Core who have developed 5 interactive
modules to help sites recruit participants and focus on
diversity [112, 113]. Historically, clinical trials in PD have
had dismally low levels of minority enrollment [71, 114].
One of the SPARX3 sites is Morehouse School of Medi-
cine which serves a predominantly Black population.

Assuring fidelity of exercise dose prescription

Multisite studies of endurance exercise have one major
logistical issue that must be addressed to ensure inter-
vention fidelity: implementation of the VO, test.
There are many ways to establish the dose of endurance
exercise and the gold standard is using a heart rate range
based on the results of a laboratory based VO, test.
This test serves 2 purposes. The first purpose is to get an
accurate measure of VO, which is both a secondary
outcome measure and is considered by many to be to be
an intermediate outcome measure since it demonstrates
the dose of treatment has had a differential effect. This
differential treatment effect may be related to changes in
striatal activation since Saceheli and colleagues showed
endurance exercise increases both VO2,.,, and striatal
dopamine release [115]. The second purpose is to get an
accurate measure of a person’s HRmax that is used to
inform the heart rate prescription for the exercise. We
adjust the exercise prescription if a participant’s maxi-
mal heart rate at any subsequent VO,,, test assessment
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exceeds the previously recorded maximal heart rate by
5 beats per minute or more, which could occur if a sub-
maximal effort was not given at a previous time point.
As such, this test must be performed consistently within
and across all sites. We are monitoring closely the res-
piratory exchange ratio (RER) within and across all sites
to ensure that sites are reporting values consistent with
those observed in a true peak test since we have evidence
that there were site differences in RER for SPARX.

Role of central IRB

Large multisite studies in the USA are confronted with a
major logistical issue: central IRB, which is a mandated
requirement. Although many local IRBs rely on the cen-
tral IRB and process their paperwork in a timely fash-
ion with only essential site-specific operational needs
for change, some local IRBs request to make significant
changes that require detailed discussions between legal
departments at both the central IRB and the relying site
IRB. Discussions with some sites are still on-gong with
local IRBs at the beginning of the third year of the study.
An additional complicating factor in exercise studies with
respect to IRB requirements is that at 4 sites, we have
been required to have 2 sets of IRB approval. This occurs
at sites where the Departments of Neurology and Radiol-
ogy are governed by different local IRBs than the depart-
ments overseeing the implementation of the exercise
regimen. We also decided to include sites in Canada to
increase the generalizability of our results. This includes
the further complication that the Canadian Research Eth-
ics Board (REB) operates under different guidelines and
is not overseen by the central IRB.

Covid-19

On March 9, 2020, the novel coronavirus (COVID-19)
outbreak was declared a global pandemic by the World
Health Organization. All studies of humans that planned
to initiate recruitment in and around March 2020 have
been affected by COVID-19. SPARX3 was no different.
Because there are clear differences in how states in the
USA and Canada responded to COVID-19, we made
the decision to delay the activation of sites until after
March 1, 2021. We estimate that COVID-19 delayed
SPARX3 by up to 18 months since some sites were not
able to collect data on all people with PD before Janu-
ary 2022. For example, PD by itself was not considered
an increased risk if a person caught COVID-19. How-
ever, the site would be required to exclude someone with
PD if they were over 60, had another chronic condition
that elevated their risk of severe COVID-19, and were
immune compromised or obese. We were fortunate that
the study had not yet started and so there have been no
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participants that have been unable to maintain their exer-
cise regimen. However, one unexpected consequence of
the delay is that some of our potential participants had to
wait several months before being screened, and initiated
dopaminergic therapy during that waiting period, thus no
longer qualifying.

Conclusion

In summary, SPARX3 will be the first Phase 3 clinical
trial of exercise dose in PD. It will answer the question
of whether high-intensity exercise differs to moderate-
intensity exercise in affecting the rate of disease pro-
gression as measured by the MDS-UPDRS motor score
(Part III) in early PD, disease duration less than 3 years
from diagnosis. In addition, it will also determine if high-
intensity exercise differs to moderate-intensity exercise in
affecting the SSBR, functional measures of performance,
gait, and blood-derived biomarkers, including inflamma-
tory markers. There is an abundance of preclinical evi-
dence, epidemiological evidence, mechanistic evidence,
and randomized clinical evidence supporting the benefi-
cial effects of endurance exercise on PD. This will be the
first Phase 3 randomized clinical trial designed to test the
efficacy of high-intensity exercise compared to moderate-
intensity. As a final comment, it is worth noting that one
important benefit of exercise that is perhaps underap-
preciated is that it is accessible to all. Medications have
a cost associated with them and require access to physi-
cians with experience in treating Parkinson’s disease.
Exercise does not.

Trial status

At the time of this publication, the study is being con-
ducted under protocol Version Number 1.7 10/18/2021.
The study began recruitment in March 2021 with esti-
mated enrollment to be completed July 2025.

Abbreviations

AE: Adverse event; BDI: Beck Depression Inventory; BDNF: Brain-derived neuro-
trophic factor; CDCC: Clinical and Data Coordinating Center; CRF: Case report
form; CRP: C-reactive protein; DAT: Dopamine transporter; DSMB: Data and
Safety Monitoring Board; EDC: Electronic data capture system; ESC: Executive
Steering Committee; GPLD1: Glycosylphosphatidylinositol-specific phospholi-
pase D1; GXT: Maximal graded exercise test; HRmax: Maximum heart rate; IRB:
Institutional Review Board; MoCA: Montreal Cognitive Assessment; MDS-
UPDRS: Movement Disorders Society-Unified Parkinson’s Disease Rating Scale;
Neuro-QOL: Quality of Life in Neurological Disorders; NIH: National Institutes of
Health; NINDS: National Institute of Neurologic Disease and Stroke; PD: Parkin-
son's disease; PDGene: PD GENEration; PDQ-39: Parkinson's Disease Question-
naire-39; PI: Principal Investigator; PID: Participant Identification; PIGD: Postural
instability gait disorder; PPMI: Parkinson’s Progression Markers Initiative; PSG:
Parkinson Study Group; REB: Research Ethics Board; RER: Respiratory exchange
ratio; SAE: Serious adverse event; SAP: Statistical Analysis Plan; SPARX3: Study
in PARkinson's disease of eXercise Phase 3 clinical trial; SPECT: Single Photon
Emission Computerized Tomography; SSC: Sub-Steering Committee; SSBR:
Striatal specific binding ratios; SWEDD: Scans without evidence of dopamine
deficit; TD: Tremor dominant; VO, q,: Peak volume of oxygen.

Page 22 of 26

Acknowledgements

We would like to acknowledge the valuable role played by the DSMB in
SPARX3. Their role in monitoring data and safety, as well as making sugges-
tions for protocol modifications, has improved the implementation of SPARX3
significantly. The DSMB is comprised of Ellen Rosenberg, Eric Macklin, PhD,
Sarah Pirio Richardson, MD, Michele Tagliati, MD, Nahab Fatta, MD, Lynne T.
Braun, PhD, Jill Kanaley, PhD, and Judy Davidson, DNP. We would also like to
acknowledge the valuable role played by Ergun Y. Uc, MD, from the University
of lowa as the Independent Medical Safety Monitor of SPARX3.

Group authorship

SPARX3

Terry D. Ellis

Ludy C. Shih

Timothy J. Nordahl

Michael T. Stevenson

Jay L. Alberts

Ashwini K. Rao

Corey Landis

Joe R. Nocera

Madeleine E. Hackney

Elizabeth L. Stegemoller

Angela L. Ridgel

Jan M. Hondzinski

Neil M. Johannsen

Patrick Drummond

Heather Milton

David A. Hinkle

Fay B. Horak

Mitra Afshari

Christopher P. Hurt

Ariel Kidwell

Corinna Conroy

Neil Panchal

Brooke Schultz

Jes Marchbank

Aaron Bloemer

Demetra D. Christou

David E. Vaillancourt

Stephanie Lapierre

Colum D. MacKinnon

Sommer Amundsen-Huffmaster

Kristin Garland

Blake B. Rasmussen

Summer Chapman

Jessica Spahn

LauraWu

Lee E. Dibble

Genevieve N. Olivier

Art Weltman

William Alex Dalrymple

David Edwards

Corey Rynders

Lauren Miller

Gammon M. Earhart

Kerri S. Rawson

Kelvin Jones

Krista Nelles

Quincy J. Almeida

PSG

Marie Saint-Hilaire
Stewart A. Factor
Camilla Kilbane
Brian J. Copeland
Marian L. Dale
Alberto J. Espay
Adolfo Ramirez-Zamora
Amanda Fessenden
Andres F. Deik
Richard Camicioli



Patterson et al. Trials (2022) 23:855

Authors’ contributions {31b}

CGP contributed to the study design, to the development and writing of the
proposal and protocol. She is also the lead trial biostatistician who developed
the statistical analysis plan and oversees the Electronic Data Capture system
and all trial reporting. EJ is the lead study coordinator: she helped develop the
study, worked on the proposal, and worked on the protocol development,
modifications to the protocol, and manual of procedures for study implemen-
tation and standardization. ABG is the quality control lead and is responsible
for training and monitoring to make sure sites are implementing the study as
described in the protocol. She contributed to the protocol development. WS is
the regulatory specialist for SPARX3 and contributed to protocol development
and modification. She makes sure that the protocol is approved across all IRBs
and the protocol is consistent with all regulatory bodies. TN has overall super-
vision of all training modules. He makes sites are fully informed of the protocol
and protocol changes and provides feedback about suggested protocol
changes from the sites. LC oversees the Imaging Core and DaTScan protocol in
terms of both enriching the sample with participants having a positive DatS-
can, and the quantification of the striatal specific binding ratio. CLC oversees
the Walking Activity, Heart Rate and Exercise Monitoring Core. He has overall
responsibility for protocol development and implementation of heart rate and
activity monitor recording. EM is a member of the Walking Activity, Heart Rate
and Exercise Monitoring Core and is responsible for overseeing algorithms

to quantify activity. WMK is a member of the Walking Activity, Heart Rate and
Exercise Monitoring Core. She designed the original exercise intervention and
is responsible for overseeing changes to both the protocol for the assessment
0f VO, 5 and also the exercise protocol. MM is a member of the Walking
Activity, Heart Rate and Exercise Monitoring Core. She developed the protocol
for use of the OPAL monitors which provide data for the tertiary outcome. DJ
is a member of the Walking Activity, Heart Rate and Exercise Monitoring Core
and is responsible for developing walking activity protocols. KB is a member of
the Walking Activity, Heart Rate and Exercise Monitoring Core and is responsi-
ble for checking data fidelity and implementing modifications to the protocol.
GG is a member of the Walking Activity, Heart Rate and Exercise Monitoring
Core and is responsible for checking data fidelity, implementing modifications
to the protocol, and developing guidelines for determining chronotropic
incompetence. MD is a member of the Walking Activity, Heart Rate and
Exercise Monitoring Core. She is responsible for coordinating the responses
for participants for implementation of the protocol. GL is a member Walking
Activity, Heart Rate and Exercise Monitoring Core. He is developing protocols
for assessing cardiac activity and response to exercise and overseeing the

role of chronotropic medications in response to exercise. ES is a member
Walking Activity, Heart Rate and Exercise Monitoring Core. She is developing
protocols for assessing cardiac activity and chronometric incompetence. DL is
Co-Chair of the Recruitment, Retention and Diversity Core. She is responsible
for developing and teaching 5 study modules which all sites are required to
attend. CB is Co-Chair of the Recruitment, Retention and Diversity Core. She is
responsible for developing and teaching 5 study modules which all sites are
required to attend. She is also responsible for developing strategies specifically
targeting diverse participants who are not yet medicated. KEM is a member of
the Recruitment, Retention and Diversity Core. She is responsible for develop-
ing and implementing strategies for systemic change in the recruitment of
diverse populations. LG is a member of the Recruitment, Retention and Diver-
sity Core. She is responsible for overseeing the implementation of 5 study
modules which all sites are required to attend. CP is a member of the Recruit-
ment, Retention and Diversity Core. She is responsible for overseeing the
implementation of 5 study modules which all sites are required to attend. BT
is a member of the Recruitment, Retention and Diversity Core. She provided
the original framework for the 5 recruitment modules that have been tailor
made for SPARX3. UJK is co-director of the biomarker core and is responsible
for the identification and selection of diagnostic biomarkers, monitoring
biomarkers, prognostic biomarkers, predictive biomarkers, and pharmaco-
dynamic/response biomarkers. MGT is co-director of the biomarker core and
is responsible for the identification and selection of diagnostic biomarkers,
monitoring biomarkers, prognostic biomarkers, predictive biomarkers, and
pharmacodynamic/ response biomarkers. NL developed the protocol for
biomarkers related to aging and cognition and oversees the protocol related
to cognition related biomarkers. CMT helped refine the inclusion and exclu-
sion criteria used in the protocol. JIMH developed the exerkines protocol and
oversees the exerkines protocol. GF helped with the proposal and suggested
selected inflammatory and trophic biomarkers to study. NRM developed the
neurotrophic biomarker protocol and oversees the neurotrophic protocol.

Page 23 of 26

PGL oversees the development of the protocol to determine how exercise
affects epigenetic mechanisms. TF facilitated the development of the blood
biomarker protocol that is banked with Biosend. RM contributed the Exercise
Confidence Beliefs & Goals questionnaire to the protocol for future analysis

on predictors of adherence to exercise. MAS helped refine the inclusion and
exclusion criteria used in the protocol. TS is responsible for Patient Global
Impression of Change and Clinician Global Impression of Change and helped
to refine the inclusion and exclusion criteria used in the protocol. KM is
responsible for advising on the quantification of striatal specific binding ratios.
AN is responsible for the collection of genetic data in many of the participants.
CL is the project scientist of SPARX3. He is responsible for providing scientific
input on the protocol with was involved in the decisions to extend the design
of the study from 12 to 24 months. DMC is the Principal Investigator; he con-
ceived the study, led the proposal writing and development, and has overall
final responsibility for the implementation of the study. All authors read and
approved the final manuscript.

Funding {4}

Funding for the SPARX3 trial is provided by NINDS grant number U01
NS113851. NINDS had no role in the original design of the study. With input
from NINDS, the original study design was extended from 12 to 24 months of
follow-up which includes 6 months of additional exercise intervention and 6
months follow-up. NINDS had no role in the writing of this manuscript.
Research reported in this publication was also supported, in part, by the
National Institutes of Health's National Center for Advancing Translational
Sciences, Grant Number UL1TR001422. The content is solely the responsibil-
ity of the authors and does not necessarily represent the official views of the
National Institutes of Health.

Availability of data and materials {29}

The final de-identified dataset, protocol, data documentation, and statistical
code will be shared with NINDS to be deposited in the NINDS Data Repository
for sharing with other investigators within 1 year of the primary publication or
within 18 months of the study close whichever occurs earliest.

Declarations

Ethics approval and consent to participate {24}

The SPARX3 trial has been approved by the University of Pittsburgh Institu-
tional Review Board Federal Wide Assurance A00006790. Written, informed
consent to participate is obtained from all participants.

Consent for publication {32}
A model consent form will be provided upon request to the study PI.

Competing interests {28}

Oregon Health Sciences University (OHSU) and Dr. Horak have a significant
financial interest in APDM Precision Motion, a division of Clario, International
that may have a commercial interest in the results of this research and tech-
nology. This potential conflict has been reviewed and managed by OHSU. The
other authors declare that they have no competing interests.

Author details

'Department of Physical Therapy, University of Pittsburgh, School of Health
and Rehabilitation Sciences, 100 Technology Drive, Suite 500, Pittsburgh,

PA 15219, USA. 2Department of Physical Therapy and Human Science,
Northwestern University, Feinberg School of Medicine, Suite 1100, 645

North Michigan Avenue, Chicago, IL 60305, USA. *Department of Neurology,
University of Pittsburgh, School of Medicine, 3471 Fifth Avenue, Pittsburgh,
PA 15213, USA. “Department of Physical Medicine & Rehabilitation, University
of Colorado, School of Medicine, Aurora, CO 80217, USA. °Division of Endo-
crinology, Metabolism and Diabetes, and Division of Geriatric Medicine,
Department of Medicine, University of Colorado Anschutz Medical Campus,
Aurora, CO, USA. SEastern Colorado VA Health Care System, Geriatric Research
Education and Clinical Center (GRECC), Denver, CO, USA. " Division of Geriatric
Medicine, Department of Medicine, University of Colorado Anschutz Medical
Campus, Aurora, CO, USA. 8Eastern Colorado Geriatric Research, Education,
and Clinical Center, Rocky Mountain Regional VAMC, Aurora, USA. °Depart-
ment of Neurology, Oregon Health & Science University, 3181 SW Sam Jackson
Road, Portland, OR 97219, USA. '°Neurological Institute, Cleveland Clinic, 9500



Patterson et al. Trials (2022) 23:855

Euclid Ave, Cleveland, OH 44195, USA. ' Movement Disorders Division, Depart-
ment of Neurology, University of Utah, 175 Medical Dr N, Salt Lake City, UT
84132, USA. "?Department of Physical Therapy & Athletic Training, Univer-

sity of Utah, 520 Wakara Way, Salt Lake City, UT 84115, USA. *Department

of Neurology, Feinberg School of Medicine, Northwestern University, Suite
115,710 N Lake Shore Drive, Chicago, IL 60611, USA. *Morehouse School

of Medicine, 720 Westview Dr SW, Atlanta, GA 30310, USA. "*Neurosciences
Clinical Program, Intermountain Healthcare, 5171 S Cottonwood Street, Suite
810, Murray, UT 84107, USA. '®Department of Kinesiology and Nutrition, UIC
College of Applied Health Sciences, 919 W Taylor Street, Chicago, IL 60612,
USA. ' Department of Biostatistics and Data Science, University of Texas Health
Science Center School of Public Health, 1200 Pressler Street E835, Houston, TX
77030, USA. "8NYU Langone Health, NYU Grossman School of Medicine, 435

E 30th Street, Science Building 1305, New York, NY 10016, USA. '°Depart-
ment of Neuroscience and Neurology, Normal Fixel Institute for Neurologi-
cal Diseases and College of Medicine, University of Florida, 4911 Newell

Road, Gainesville, FL 32610, USA. ?°Department of Neurology, Weill Institute
for Neurosciences, University of California San Francisco, 1651 4th Street, San
Francisco, CA 94158, USA. ?' School of Kinesiology, University of Michigan, 830
N. University Ave, Ann Arbor, MI 48109, USA. 2Department of Neurology, Nor-
man Fixel Institute for Neurological Diseases, College of Medicine, University
of Florida, Gainesville, FL 32608, USA. 2Department of Medical and Molecular
Genetics, Indiana University School of Medicine, 410 W. 10th Street, Indian-
apolis, IN 46220, USA. %*Mass General Institute for Neurodegenerative Disease,
Massachusetts General Hospital, Rm 3002, 114 16th Street, Boston, MA 02129,
USA. ZInstitute for Neurodegenerative Disorders, 60 Temple St, New Haven,
CT 06510, USA. °Parkinson’s Foundation 200 SE 1st Street Suite 800, Miami,
FL 33131, USA. #National Institute of Neurological Disorders and Stroke, NIH,
6001 Executive Blvd, #2188, Rockville, MD 20852, USA.

Received: 27 April 2022 Accepted: 1 September 2022
Published online: 06 October 2022

References

1. Corcos DM, Robichaud JA, David FJ, Leurgans SE, Vaillancourt DE, Poon
C, et al. A two-year randomized controlled trial of progressive resistance
exercise for Parkinson’s disease. Mov Disord. 2013;28(9):1230-40.

2. LiF Harmer P, Fitzgerald K, Eckstrom E, Stock R, Galver J, et al. Tai chi
and postural stability in patients with Parkinson’s disease. N Engl J Med.
2012,366(6):511-9.

3. de Almeida FO, SantanaV, Corcos DM, Ugrinowitsch C, Silva-Batista C.
Effects of Endurance Training on Motor Signs of Parkinson's Disease: A
Systematic Review and Meta-Analysis. Sports Med. 2022;52(8):1789-815.
https://doi.org/10.1007/540279-022-01650-x. Epub 2022 Feb 3.

4. Ahlskog JE. Aerobic exercise: evidence for a direct brain effect to slow
Parkinson disease progression. Mayo Clin Proc. 2018;93(3):360-72.

5. Alberts JL, Rosenfeldt AB. The universal prescription for Parkinson’s
disease: exercise. J Parkinsons Dis. 2020;10(s1):S21-S7.

6. Bloem BR, Okun MS, Klein C. Parkinson'’s disease. Lancet.
2021,;397(10291):2284-303.

7. EllisT, Rochester L. Mobilizing Parkinson’s disease: the future of exercise.
J Parkinsons Dis. 2018;8(s1):595-5100.

8. Rhyu lJ, Bytheway JA, Kohler SJ, Lange H, Lee KJ, Boklewski J, et al.
Effects of aerobic exercise training on cognitive function and cortical
vascularity in monkeys. Neuroscience. 2010;167(4):1239-48.

9. Sutoo D, Akiyama K. Regulation of brain function by exercise. Neurobiol
Dis. 2003;13(1):1-14.

10. Petzinger GM, Fisher BE, Van Leeuwen JE, Vukovic M, Akopian G, Meshul
CK, et al. Enhancing neuroplasticity in the basal ganglia: the role of
exercise in Parkinson’s disease. Mov Disord. 2010;25(Suppl 1):5141-5.

11, Vucckovic MG, Li Q, Fisher B, Nacca A, Leahy RM, Walsh JP, et al. Exercise
elevates dopamine D2 receptor in a mouse model of Parkinson's disease:
in vivo imaging with [(1)Flfallypride. Mov Disord. 2010,25(16):2777-84.

12. Robichaud JA, Corcos DM. Motor deficits, exercise and Parkinson’s
disease. Quest. 2005;57:85-107.

13. JangY, Kwon |, Song W, Cosio-Lima LM, Lee Y. Endurance exercise
mediates Neuroprotection against MPTP-mediated Parkinson’s disease
via enhanced neurogenesis, antioxidant capacity, and autophagy.
Neuroscience. 2018;379:292-301.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

Page 24 of 26

Tillerson JL, Caudle WM, Reveron ME, Miller GW. Exercise induces
behavioral recovery and attenuates neurochemical deficits in rodent
models of Parkinson’s disease. Neuroscience. 2003;119(3):899-911.
Tillerson JL, Cohen AD, Philhower J, Miller GW, Zigmond MJ, Schallert T.
Forced limb-use effects on the behavioral and neurochemical effects of
6-hydroxydopamine. J Neurosci. 2001;21(12):4427-35.

Fisher BE, Petzinger GM, Nixon K, Hogg E, Bremmer S, Meshul CK,

et al. Exercise-induced behavioral recovery and neuroplasticity in the
1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine-lesioned mouse basal
ganglia. J Neurosci Res. 2004;77(3):378-90.

Cameron JL, Rockcastle N, Zigmond MJ, Leak RK, Smith A, Lopresti BJ,
et al. Exercise protects the striatum against MPTP damage in nonhu-
man primates. Chicago: Society for Neuroscience; 2009.

Murrell CJ, Cotter JD, Thomas KN, Lucas SJ, Williams MJ, Ainslie PN.
Cerebral blood flow and cerebrovascular reactivity at rest and during
sub-maximal exercise: effect of age and 12-week exercise training. Age
(Dordr). 2013;35(3):905-20.

Landers MR, Navalta JW, Murtishaw AS, Kinney JW, Pirio RS. A high-inten-
sity exercise boot camp for persons with Parkinson disease: a phase I,
pragmatic, randomized clinical trial of feasibility, safety, signal of efficacy,
and disease mechanisms. J Neurol Phys Ther. 2019;43(1):12-25.
Spielman LJ, Little JP, Klegeris A. Physical activity and exercise attenuate neu-
roinflammation in neurological diseases. Brain Res Bull. 2016;125:19-29.
Svensson M, Lexell J, Deierborg T. Effects of physical exercise on
Neuroinflammation, neuroplasticity, Neurodegeneration, and behavior:
what we can learn from animal models in clinical settings. Neurorehabil
Neural Repair. 2015;29(6):577-89.

Sleiman SF, Henry J, Al-Haddad R, El Hayek L, Abou Haidar E, Stringer
T, Ulja D, Karuppagounder SS, Holson EB, Ratan RR, Ninan I, Chao MV.
Exercise promotes the expression of brain derived neurotrophic fac-
tor (BDNF) through the action of the ketone body B-hydroxybutyrate.
Elife. 2016;5:215092. https://doi.org/10.7554/eLife.15092.

Toy WA, Petzinger GM, Leyshon BJ, Akopian GK, Walsh JP, Hoffman
MV, et al. Treadmill exercise reverses dendritic spine loss in direct and
indirect striatal medium spiny neurons in the 1-methyl-4-phenyl-
1,2,3,6-tetrahydropyridine (MPTP) mouse model of Parkinson'’s
disease. Neurobiol Dis. 2014,63:201-9.

Schenkman M, Moore CG, Kohrt WM, Hall DA, Delitto A, Comella CL,
et al. Effect of high-intensity treadmill exercise on motor symptoms
in patients with De novo Parkinson disease: a phase 2 randomized
clinical trial. JAMA Neurol. 2018;75(2):219-26.

Moore CG, Schenkman M, Kohrt WM, Delitto A, Hall DA, Corcos D. Study
in Parkinson disease of exercise (SPARX): translating high-intensity exer-
cise from animals to humans. Contemp Clin Trials. 2013;36(1):90-8.
Hughes AJ, Ben-Shlomo Y, Daniel SE, Lees AJ. What features improve
the accuracy of clinical diagnosis in Parkinson’s disease: a clinico-
pathologic study. Neurology. 1992;42(6):1142-6.

Hughes AJ, Ben-Shlomo Y, Daniel SE, Lees AJ. What features improve
the accuracy of clinical diagnosis in Parkinson's disease: a clinico-
pathologic study. 1992. Neurology. 2001;57(10 Suppl 3):534-8.
Berardelli A, Wenning GK, Antonini A, Berg D, Bloem BR, BonifatiV,

et al. EFNS/MDS-ES/ENS [corrected] recommendations for the diag-
nosis of Parkinson’s disease. Eur J Neurol. 2013;20(1):16-34.

Berg D, Adler CH, Bloem BR, Chan P, Gasser T, Goetz CG, et al. Move-
ment disorder society criteria for clinically established early Parkin-
son’s disease. Mov Disord. 2018;33(10):1643-6.

American College of Sports Medicine. ACSM's guidelines for exercise
testing and prescription. 11th ed. Philadelphia: Wolters Kluter; 2021.
Alberts JL, Linder SM, Penko AL, Lowe MJ, Phillips M. It is not about
the bike, it is about the pedaling: forced exercise and Parkinson’s
disease. Exerc Sport Sci Rev. 2011;39(4):177-86.

Kanegusuku H, Silva-Batista C, Pecanha T, Nieuwboer A, Silva ND Jr,
Costa LA, et al. Blunted maximal and submaximal responses to car-
diopulmonary exercise tests in patients with Parkinson disease. Arch
Phys Med Rehabil. 2016;97(5):720-5.

Kohrt WM, Malley MT, Coggan AR, Spina RJ, Ogawa T, Ehsani AA, et al.
Effects of gender, age, and fitness level on response of VO2max to
training in 60-71 yr olds. J Appl Physiol (1985). 1991;71(5):2004-11.
Loe H, Rognmo O, Saltin B, Wisloff U. Aerobic capacity reference
data in 3816 healthy men and women 20-90 years. PLoS One.
2013;8(5):e64319.


https://doi.org/10.1007/s40279-022-01650-x
https://doi.org/10.7554/eLife.15092

Patterson et al. Trials

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51

52.

53.

54.

(2022) 23:855

Nazari G, MacDermid JC, Sinden KE, Richardson J, Tang A. Reliability of
Zephyr bioharness and Fitbit charge measures of heart rate and activity
at rest, during the modified Canadian aerobic fitness test, and recovery.
J Strength Cond Res. 2019;33(2):559-71.

Eston R, Connolly D. The use of ratings of perceived exertion for exer-
cise prescription in patients receiving beta-blocker therapy. Sports Med.
1996;21(3):176-90.

Goetz CG, Tilley BC, Shaftman SR, Stebbins GT, Fahn S, Martinez-Martin
P, et al. Movement Disorder Society-sponsored revision of the unified
Parkinson’s disease rating scale (MDS-UPDRS): scale presentation and
clinimetric testing results. Mov Disord. 2008;23(15):2129-70.

Fahn'S, Parkinson Study G. Does levodopa slow or hasten the rate of
progression of Parkinson’s disease? J Neurol. 2005;252 Suppl 4:V37-42.
Marek K, Seiby! J, Eberly S, Oakes D, Shoulson |, Lang AE, et al. Longitu-
dinal follow-up of SWEDD subjects in the PRECEPT study. Neurology.
2014,82(20):1791-7.

Simuni T, Siderowf A, Lasch S, Coffey CS, Caspell-Garcia C, Jennings D,
et al. Longitudinal change of clinical and biological measures in early
Parkinson’s disease: Parkinson’s progression markers initiative cohort.
Mov Disord. 2018;33(5):771-82.

Marek K, Chowdhury S, Siderowf A, Lasch S, Coffey CS, Caspell-Garcia C,
et al. The Parkinson's progression markers initiative (PPMI) - establishing
a PD biomarker cohort. Ann Clin Transl Neurol. 2018;5(12):1460-77.
Koros C, Simitsi AM, Prentakis A, Papagiannakis N, Bougea A, Pachi |,

et al. DaTSCAN (1231-FP-CIT SPECT) imaging in early versus mid and
late onset Parkinson’s disease: longitudinal data from the PPMI studly.
Parkinsonism Relat Disord. 2020;77:36-42.

Bohannon RW, Crouch R. Minimal clinically important difference for
change in 6-minute walk test distance of adults with pathology: a
systematic review. J Eval Clin Pract. 2017;23(2):377-81.

Holland AE, Spruit MA, Troosters T, Puhan MA, PepinV, Saey D, et al. An
official European Respiratory Society/American Thoracic Society techni-
cal standard: field walking tests in chronic respiratory disease. Eur Respir
J.2014,44(6):1428-46.

Bloem BR, Marinus J, Aimeida Q, Dibble L, Nieuwboer A, Post B, et al.
Measurement instruments to assess posture, gait, and balance in
Parkinson’s disease: critique and recommendations. Mov Disord.
2016;31(9):1342-55.

Steffen T, Seney M. Test-retest reliability and minimal detectable change
on balance and ambulation tests, the 36-item short-form health survey,
and the unified Parkinson disease rating scale in people with parkin-
sonism. Phys Ther. 2008;88(6):733-46.

Ross R, Blair SN, Arena R, Church TS, Despres JP, Franklin BA, et al. Impor-
tance of assessing cardiorespiratory fitness in clinical practice: a case for
fitness as a clinical vital sign: a scientific statement from the American
Heart Association. Circulation. 2016;134(24):e653-e99.

Jenkinson C, Fitzpatrick R, Peto V, Greenhall R, Hyman N. The Parkinson's
disease questionnaire (PDQ-39): development and validation of a Par-
kinson’s disease summary index score. Age Ageing. 1997;26(5):353-7.
Song IU, Chung SW, Kim JS, Lee KS. Association between high-sensi-
tivity C-reactive protein and risk of early idiopathic Parkinson’s disease.
Neurol Sci. 2011;32(1):31-4.

Wang Y, Liu H, Zhang BS, Soares JC, Zhang XY. Low BDNF is associated
with cognitive impairments in patients with Parkinson’s disease. Parkin-
sonism Relat Disord. 2016;29:66-71.

Kohut ML, McCann DA, Russell DW, Konopka DN, Cunnick JE, Franke
WD, et al. Aerobic exercise, but not flexibility/resistance exercise,
reduces serum IL-18, CRP, and IL-6 independent of beta-blockers,

BMI, and psychosocial factors in older adults. Brain Behav Immun.
2006;20(3):201-9.

Frazzitta G, Maestri R, Ghilardi MF, Riboldazzi G, Perini M, Bertotti G,

et al. Intensive rehabilitation increases BDNF serum levels in parkin-
sonian patients: a randomized study. Neurorehabil Neural Repair.
2014,28(2):163-8.

Mirelman A, Bonato P, Camicioli R, Ellis TD, Giladi N, Hamilton JL, et al. Gait
impairments in Parkinson's disease. Lancet Neurol. 2019;18(7):697-708.
Hasegawa N, Shah WV, Harker G, Carlson-Kuhta P, Nutt JG, Lapidus

JA, et al. Responsiveness of objective vs. clinical balance domain
outcomes for exercise intervention in Parkinson’s disease. Front Neurol.
2020;11:940.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

67.

68.

69.

70.

72.

73.

74.

Page 25 of 26

Nowinski CJ, Siderowf A, Simuni T, Wortman C, Moy C, Cella D. Neuro-
Qol health-related quality of life measurement system: validation in
Parkinson’s disease. Mov Disord. 2016;31(5):725-33.

Ridgel AL, Vitek JL, Alberts JL. Forced, not voluntary, exercise improves
motor function in Parkinson’s disease patients. Neurorehabil Neural
Repair. 2009;23(6):600-8.

Jain S, Goldstein DS. Cardiovascular dysautonomia in Parkinson
disease: from pathophysiology to pathogenesis. Neurobiol Dis.
2012;46(3):572-80.

National Institute of Neurological Disorders and Stroke (NINDS)
Biospecimen Exchange for Neurological Disorders (BioSEND). Indiana
University; 2021. Copyright © https://biosend.org/. Accessed 9 Nov
2022.

Cagney DN, Sul J, Huang RY, Ligon KL, Wen PY, Alexander BM. The FDA
NIH biomarkers, EndpointS, and other tools (BEST) resource in neuro-
oncology. Neuro-Oncology. 2018;20(9):1162-72.

Bandura A. Health promotion by social cognitive means. Health Educ
Behav. 2004;31(2):143-64.

McAuley E. The role of efficacy cognitions in the prediction of exercise
behavior in middle-aged adults. J Behav Med. 1992;15(1):65-88.
McAuley E. Self-efficacy and the maintenance of exercise participation
in older adults. J Behav Med. 1993;16(1):103-13.

McAuley E, Motl RW, White SM, Wojcicki TR. Validation of the multi-
dimensional outcome expectations for exercise scale in ambulatory,
symptom-free persons with multiple sclerosis. Arch Phys Med Rehabil.
2010;91(1):100-5.

Motl RW, Snook EM, McAuley E, Scott JA, Douglass ML. Correlates of
physical activity among individuals with multiple sclerosis. Ann Behav
Med. 2006;32(2):154-61.

Rovniak LS, Anderson ES, Winett RA, Stephens RS. Social cognitive
determinants of physical activity in young adults: a prospective
structural equation analysis. Ann Behav Med. 2002;24(2):149-56.
Simuni T, Caspell-Garcia C, Seedorff N, Coffey CS, Lasch B, Mollen-
hauer B, et al. Sample size estimation for clinical trials in de novo
Parkinson’s disease (PD): results from the Parkinson's progression
markers initiative (PPMI) study [abstract]. Mov Disord. 2017;32(suppl!
2) http://www.mdsabstracts.org/abstract/sample-size-estimation-
for-clinical-trials-in-de-novo-parkinsons-disease-pd-results-from-the-
parkinsons-progression-markers-initiative-ppmi-study/. Accessed 12
Jan 2019.

Horvath K, Aschermann Z, Acs P, Deli G, Janszky J, Komoly S, et al.
Minimal clinically important difference on the motor examination
part of MDS-UPDRS. Parkinsonism Relat Disord. 2015;21(12):1421-6.
van der Kolk NM, de Vries NM, Kessels RPC, Joosten H, Zwinder-
man AH, Post B, et al. Effectiveness of home-based and remotely
supervised aerobic exercise in Parkinson'’s disease: a double-blind,
randomised controlled trial. Lancet Neurol. 2019;18(11):998-1008.
Mak MKY, Wong-Yu ISK. Six-month community-based brisk walking
and balance exercise alleviates motor symptoms and promotes func-
tions in people with Parkinson'’s disease: a randomized controlled
trial. J Parkinsons Dis. 2021;11(3):1431-41.

Parashos SA, Luo S, Biglan KM, Bodis-Wollner I, He B, Liang GS,

et al. Measuring disease progression in early Parkinson disease: the
National Institutes of Health exploratory trials in Parkinson disease
(NET-PD) experience. JAMA Neurol. 2014;71(6):710-6.

Gilbert RM, Standaert DG. Bridging the gaps: more inclusive research
needed to fully understand Parkinson’s disease. Mov Disord.
2020;35(2):231-4.

Tilley BC, Mainous AG 3rd, Amorrortu RP, McKee MD, Smith DW,

Li R, et al. Using increased trust in medical researchers to increase
minority recruitment: the RECRUIT cluster randomized clinical trial.
Contemp Clin Trials. 2021;109:106519.

Gwinn K, David KK, Swanson-Fischer C, Albin R, Hillaire-Clarke CS,
Sieber BA, et al. Parkinson'’s disease biomarkers: perspective from
the NINDS Parkinson'’s disease biomarkers program. Biomark Med.
2017;11(6):451-73.

Parkinson Study Group S-PDI, Schwarzschild MA, Ascherio A, Beal
MF, Cudkowicz ME, Curhan GC, et al. Inosine to increase serum and
cerebrospinal fluid urate in Parkinson disease: a randomized clinical
trial. JAMA Neurol. 2014;71(2):141-50.


https://biosend.org/
http://www.mdsabstracts.org/abstract/sample-size-estimation-for-clinical-trials-in-de-novo-parkinsons-disease-pd-results-from-the-parkinsons-progression-markers-initiative-ppmi-study/
http://www.mdsabstracts.org/abstract/sample-size-estimation-for-clinical-trials-in-de-novo-parkinsons-disease-pd-results-from-the-parkinsons-progression-markers-initiative-ppmi-study/
http://www.mdsabstracts.org/abstract/sample-size-estimation-for-clinical-trials-in-de-novo-parkinsons-disease-pd-results-from-the-parkinsons-progression-markers-initiative-ppmi-study/

Patterson et al. Trials

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91

92.

93.

94.

95.

(2022) 23:855

Parkinson Study Group S-PDI, Schwarzschild MA, Ascherio A, Casaceli
C, Curhan GC, Fitzgerald R, et al. Effect of Urate-elevating Inosine on
early Parkinson disease progression: the SURE-PD3 randomized clini-
cal trial. JAMA. 2021;326(10):926-39.

Wittes J, Schabenberger O, Zucker D, Brittain E, Proschan M.

Internal pilot studies I: type | error rate of the naive t-test. Stat Med.
1999;18(24):3481-91.

Stebbins GT, Goetz CG, Burn DJ, Jankovic J, Khoo TK, Tilley BC. How
to identify tremor dominant and postural instability/gait difficulty
groups with the movement disorder society unified Parkinson’s
disease rating scale: comparison with the unified Parkinson’s disease
rating scale. Mov Disord. 2013;28(5):668-70.

Aleksovski D, Miljkovic D, Bravi D, Antonini A. Disease progression in

Parkinson subtypes: the PPMI dataset. Neurol Sci. 2018;39(11):1971-6.

The NINDS NET-PD Investigators. A randomized clinical trial of
coenzyme Q10 and GPI-1485 in early Parkinson disease. Neurology.
2007,68(1):20-8.

The NINDS NET-PD Investigators. A randomized, double-blind, futility
clinical trial of creatine and minocycline in early Parkinson disease.
Neurology. 2006;66(5):664-71.

Lewis SJ, Foltynie T, Blackwell AD, Robbins TW, Owen AM, Barker

RA. Heterogeneity of Parkinson’s disease in the early clinical stages
using a data driven approach. J Neurol Neurosurg Psychiatry.
2005,76(3):343-8.

Hedeker D, Gibbons RD. Application of random-effects pattern-mixture
models for missing data in longitudinal studies. Psychol Methods.
1997;2(1):64-78.

Biglan KM, Oakes D, Lang AE, Hauser RA, Hodgeman K, Greco B, et al. A
novel design of a phase lll trial of isradipine in early Parkinson disease
(STEADY-PD ). Ann Clin Transl Neurol. 2017;4(6):360-8.

Lang AE, Espay AJ. Disease modification in Parkinson'’s disease: cur-
rent approaches, challenges, and future considerations. Mov Disord.
2018;33(5):660-77.

Parkinson Study Group S-PDIIII. Isradipine versus placebo in early Par-
kinson disease: a randomized trial. Ann Intern Med. 2020;172(9):591-8.
Conrado DJ, Nicholas T, Tsai K, Macha S, Sinha V, Stone J, et al. Dopa-
mine transporter neuroimaging as an enrichment biomarker in early
Parkinson’s disease clinical trials: a disease progression modeling
analysis. Clin Transl Sci. 2018;11(1):63-70.

Liu R, Umbach DM, Troster Al, Huang X, Chen H. Non-motor symptoms
and striatal dopamine transporter binding in early Parkinson’s disease.
Parkinsonism Relat Disord. 2020;72:23-30.

Shulman LM, Katzel LI, Ivey FM, Sorkin JD, Favors K, Anderson KE, et al.
Randomized clinical trial of 3 types of physical exercise for patients with
Parkinson disease. JAMA Neurol. 2013;70(2):183-90.

Tollar J, Nagy F, Hortobagyi T. Vastly different exercise programs similarly
improve Parkinsonian symptoms: a randomized clinical trial. Gerontol-
0gy. 2019,65(2):120-7.

Lin CH, Li CH, Yang KC, Lin FJ, Wu CC, Chieh JJ, et al. Blood NfL: a
biomarker for disease severity and progression in Parkinson disease.
Neurology. 2019,93(11):e1104-e11.

Marques TM, van Rumund A, Oeckl P, Kuiperij HB, Esselink RAJ, Bloem
BR, et al. Serum NFL discriminates Parkinson disease from atypical
parkinsonisms. Neurology. 2019,92(13):e1479-e86.

Quadalti C, Calandra-Buonaura G, Baiardi S, Mastrangelo A, Rossi M,
Zenesini C, et al. Neurofilament light chain and alpha-synuclein RT-
QuIC as differential diagnostic biomarkers in parkinsonisms and related
syndromes. NPJ Parkinsons Dis. 2021;7(1):93.

Aamodt WW, Waligorska T, Shen J, Tropea TF, Siderowf A, Weintraub D,
et al. Neurofilament light chain as a biomarker for cognitive decline in
Parkinson disease. Mov Disord. 2021;36(12):2945-50.

Pilotto A, Imarisio A, Conforti F, Scalvini A, Masciocchi S, Nocivelli S,

et al. Plasma NfL, clinical subtypes and motor progression in Parkinson'’s
disease. Parkinsonism Relat Disord. 2021;87:41-7.

Ye R, Locascio JJ, Goodheart AE, Quan M, Zhang B, Gomperts SN. Serum
NFL levels predict progression of motor impairment and reduction in
putamen dopamine transporter binding ratios in de novo Parkinson'’s
disease: an 8-year longitudinal study. Parkinsonism Relat Disord.
2021,85:11-6.

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

109.

110.

M.

113.

114.

115.

Page 26 of 26

Diaz K, Kohut ML, Russell DW, Stegemoller EL. Peripheral inflammatory
cytokines and motor symptoms in persons with Parkinson’s disease.
Brain Behav Immun Health. 2022,21:100442.

Kurosu H, Yamamoto M, Clark JD, Pastor JV, Nandi A, Gurnani P, et al.
Suppression of aging in mice by the hormone Klotho. Science.
2005;309(5742):1829-33.

Dubal DB, Zhu L, Sanchez PE, Worden K, Broestl L, Johnson E, et al. Life
extension factor klotho prevents mortality and enhances cognition in
hAPP transgenic mice. J Neurosci. 2015;35(6):2358-71.

Dubal DB, Yokoyama JS, Zhu L, Broestl L, Worden K, Wang D,

et al. Life extension factor klotho enhances cognition. Cell Rep.
2014;7(4):1065-76.

Zimmermann M, Kohler L, Kovarova M, Lerche S, Schulte C, Wurster

|, et al. The longevity gene Klotho and its cerebrospinal fluid

protein profiles as a modifier for Parkinson s disease. Eur J Neurol.
2021;28(5):1557-65.

Amaro-Gahete FJ, De-la OA, Jurado-Fasoli L, Espuch-Oliver A, de Haro T,
Gutierrez A, et al. Exercise training increases the S-Klotho plasma levels
in sedentary middle-aged adults: a randomised controlled trial. The
FIT-AGEING study. J Sports Sci. 2019;37(19):2175-83.

Iturriaga T, Yvert T, Sanchez-Lorente IM, Diez-Vega |, Fernandez-Elias VE,
Sanchez-Barroso L, et al. Acute impacts of different types of exercise on
circulating alpha-Klotho protein levels. Front Physiol. 2021;12:716473.
Horowitz AM, Fan X, Bieri G, Smith LK, Sanchez-Diaz Cl, Schroer AB, et al.
Blood factors transfer beneficial effects of exercise on neurogenesis and
cognition to the aged brain. Science. 2020;369(6500):167-73.

De Miguel Z, Khoury N, Betley MJ, Lehallier B, Willoughby D, Olsson N,
et al. Exercise plasma boosts memory and dampens brain inflammation
via clusterin. Nature. 2021;600(7889):494-9.

Townsend LK, MacPherson REK, Wright DC. New horizon: exer-

cise and a focus on tissue-brain crosstalk. J Clin Endocrinol Metab.
2021;106(8):2147-63.

Contrepois K, Wu S, Moneghetti KJ, Hornburg D, Ahadi S, Tsai MS, et al.
Molecular choreography of acute exercise. Cell. 2020;181(5):1112-30 e16.
Kim R, Park S, Yoo D, Jun JS, Jeon B. Association of Physical Activity and
APOE genotype with longitudinal cognitive change in early Parkinson
disease. Neurology. 2021,96(19):e2429-e37.

Ebanks B, Ingram TL, Katyal G, Ingram JR, Moisoi N, Chakrabarti L. The
dysregulated Pink1(-) drosophila mitochondrial proteome is partially
corrected with exercise. Aging (Albany NY). 2021;13(11):14709-28.
Lasagna L. Problems in publication of clinical trial methodology. Clin
Pharmacol Ther. 1979;25(5 Pt 2):751-3.

Feinstein AR. Principles of medical statistics. New York: Chapman and
Hall/CRC; 2001.

Fogel DB. Factors associated with clinical trials that fail and opportuni-
ties for improving the likelihood of success: a review. Contemp Clin
Trials Commun. 2018;11:156-64.

Schneider MG, Swearingen CJ, Shulman LM, Ye J, Baumgarten M, Tilley
BC. Minority enrollment in Parkinson’s disease clinical trials. Parkinson-
ism Relat Disord. 2009;15(4):258-62.

Lau YH, Podlewska A, Ocloo J, Gupta A, Gonde C, Bloem BR, Chaudhuri
KR. Does Ethnicity Influence Recruitment into Clinical Trials of Parkin-
son’s Disease? J Parkinsons Dis. 2022;12(3):975-81. https://doi.org/10.
3233/JPD-213113.

Di Luca DG, Sambursky JA, Margolesky J, Cordeiro JG, Diaz A, Shpiner
DS, et al. Minority enrollment in Parkinson’s disease clinical trials:
meta-analysis and systematic review of studies evaluating treatment of
neuropsychiatric symptomes. J Parkinsons Dis. 2020;10(4):1709-16.
Sacheli MA, Neva JL, Lakhani B, Murray DK, Vafai N, Shahinfard E, et al.
Exercise increases caudate dopamine release and ventral striatal activa-
tion in Parkinson’s disease. Mov Disord. 2019;34(12):1891-900.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://doi.org/10.3233/JPD-213113
https://doi.org/10.3233/JPD-213113

	Study in Parkinson’s disease of exercise phase 3 (SPARX3): study protocol for a randomized controlled trial
	Abstract 
	Background: 
	Methods: 
	Discussion: 
	Trial registration: 

	Administrative information
	Introduction
	Background and rationale {6a}

	Objectives {7}
	Trial design {8}
	Methods: participants, interventions, and outcomes
	Study setting {9}
	Eligibility criteria {10}
	Who will take informed consent? {26a}
	Additional consent provisions for collection and use of participant data and biological specimens {26b}

	Interventions
	Explanation for the choice of comparators {6b}
	Intervention description {11a}
	Criteria for discontinuing or modifying allocated interventions {11b}
	Strategies to improve adherence to interventions {11c}
	Relevant concomitant care permitted or prohibited during the trial {11d}
	Provisions for post-trial care {30}
	Outcomes {12}
	Primary outcome
	Secondary outcomes
	Tertiary outcomes
	Additional measures

	Participant timeline {13}
	Sample size {14}
	Recruitment {15}

	Assignment of interventions: allocation
	Sequence generation {16a}
	Concealment mechanism {16b}
	Implementation {16c}

	Assignment of interventions: blinding
	Who will be blinded {17a}
	Procedure for unblinding if needed {17b}

	Data collection and management
	Plans for assessment and collection of outcomes {18a}
	Plans to promote participant retention and complete follow-up {18b}
	Data management {19}
	Confidentiality {27}
	Plans for collection and storage of biological specimens for genetic, biochemical, or molecular analysis in the future {33}

	Statistical methods
	Statistical methods for primary and secondary outcomes {20a}
	Interim analyses {21b}
	Methods for additional analyses (e.g., subgroup analyses) {20b}
	Methods in analysis to handle protocol non-adherence and any statistical methods to handle missing data {20c}
	Plans to give access to the full protocol, participant-level data, and statistical code {31c}

	Oversight and monitoring
	Composition of the coordinating center and trial steering committee {5d}
	Composition of the data monitoring committee, its role and reporting structure {21a}
	Adverse event reporting and harms {22}
	Frequency and plans for auditing trial conduct {23}
	Plans for communicating important protocol amendments to relevant parties (e.g., trial participants, ethical committees) {25}

	Dissemination plans {31a}
	Discussion
	Selection of outcome measures
	Participant recruitment
	Assuring fidelity of exercise dose prescription
	Role of central IRB
	Covid-19

	Conclusion
	Trial status
	Acknowledgements
	References




