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ABSTRACT

Introduction Exercise is vital to staying well and
preventing secondary complications in people with chronic
neurological impairments (CNI). Appropriate exercise

is often inaccessible to this population. The purpose of
the study is to investigate the effects of a seated, virtual
exercise programme on heart rate, recovery, fatigue, pain,
motivation, enjoyment and quality of life in people with
CNI.

Methods and analysis Individuals with CNI will be
screened for eligibility, and 60 participants will be
randomised 1:1 into either a live or prerecorded group.
There is no geographical limitation to where participants
reside, since participation is virtual. The study will be
coordinated by one site in White Plains, New York, USA.
The live group will exercise with an instructor via Zoom
while the prerecorded group will exercise at their chosen
time using prerecorded videos, 3x/week for 12 weeks.
Primary outcome measures: change in heart rate during
exercise/recovery. Secondary outcome measures: fatigue,
motivation, level of pain and exertion, physical well-being,
enjoyment of physical activity, motivation and quality of
life. Outcomes will be assessed at baseline, midpoint,

end of study and 1-month poststudy. Adverse events,
medication changes and physical activity will be tracked
throughout. Within-group and between-group comparisons
will be performed by using analysis of covariance and
regression.

Ethics and dissemination BRANY IRB approval:

22 September 2020, protocol #20-08-388-512. All
participants will provide written informed consent. Results
will be disseminated through presentations, publications
and ClinicalTrials.gov.

Trial registration number NCT04564495.

INTRODUCTION

Exercise is a vital component to staying well
and preventing secondary impairments. Exer-
cise is known to positively influence a range
of factors including cardiovascular health,

STRENGTHS AND LIMITATIONS OF THIS STUDY

= This study will use a comprehensive set of phys-
iological and behavioural assessments to assess
effects of exercise.

= The virtual design of the study enables people to
participate without commuting to our institute.

= For those participants with limited technological ex-
perience, difficulty using blood pressure devices and
heart rate monitors will cause missing data values.

= The virtual design of the study prohibits hands-on
evaluations.

cognition, mental health, bone health, sleep
and quality of life, among many others."™
The benefits of exercise are further amplified
in the estimated one billion people world-
wide with chronic (>6 months) neurological
impairments (CNI), as the injuries often lead
to sedentary lifestyles and thus higher rates
of obesity and cardiovascular disease.”™’
Incorporating an exercise regimen is vital to
preventing secondary complications such as
muscular weakness, fatigue, limited mobility,
pain, spasticity, bone loss and increased risk
of fractures, falls, diabetes, depression and
obesity.” ® 12 ' Exercise can be neuroprotec-
tive and neuroregenerative by increasing
neurotrophic factors, which are involved in
neuroprotection, neuroplasticity and mainte-
nance of neuronal health.” "*** Exercise can
also improve muscle strength and bone integ-
rity in people with CNL'*™*!

People with CNI often cannot access
community exercise centres, as mobility
can be more difficult, insurance payments
sparse, centres not welcoming or accessible
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and assistive exercise equipment too costly for most
facilities.” ™

Another key barrier to exercise for people with CNI is
transportation.”® Although COVID-19 introduced many
new barriers to community participation, it also had some
silver linings for people with CNI. COVID-19 resulted
in the emergence of many new Zoom or online classes
tailored to people with CNI, which removed the barrier
of transportation.

Although there has been an explosion of virtual-based
exercise opportunities since 2020, much is unknown
regarding optimal delivery models to bring exercise
to people with CNI. Two general types of virtual exer-
cise delivery models exist. In synchronous exercise,
one or more participants join a virtual space via video-
conferencing, and interact with the trainer in real time.
Synchronous exercise enables the trainer to provide feed-
back as participants exercise. In contrast, in asynchro-
nous exercise, trainers record instructional videos, which
participants complete on their own time, without being in
the same virtual space with the trainer at the same time.
Asynchronous exercise provides scheduling flexibility to
participants but does not allow for real time interaction
and feedback from the trainer. There has only been one
study directly comparing synchronous versus asynchro-
nous exercise training in people with CNI.

In a recent study, 40 adults with spinal cord injury
were randomised to either synchronous or asynchronous
tele-exercise. While there was no significant difference
in average daily workload between the interventions,
the synchronous tele-exercise found significantly higher
values for adherence and successful data recording of
the exercise, resulting in greater weekly training loads.”
Virtual exercise platforms are part of society even as the

pandemic wanes. Thus, it is important to determine
optimal delivery models for specific groups of participants.

This study will examine the cardiovascular benefits, as
well as differences in compliance, motivation and feel-
ings of socialisation and exertion between synchronous
and asynchronous classes. The classes will be held for 12
weeks, 3 times/week using seated exercise via Zoom. The
instructor will remain the same and alternate between
boxing, high intensity interval training (HIIT) and power
posture classes. We will examine the potential benefits
of an accessible form of exercise for a population that is
in urgent need. Additionally, by comparing synchronous
and asynchronous classes, we will compare user compli-
ance, motivation, enjoyment and socialisation.

We hypothesise that individuals in the synchronous
class will have better attendance, more robust exertion
as measured by heart rate (HR) and better enjoyment
than people in the asynchronous class, due to the social
component of the synchronous classes. We hypothesise
that participants in both groups will show improvement
in HR recovery, physical wellness, quality of life, enjoy-
ment and motivation/engagement, and that changes
will be greater in the synchronous class due to consistent
supervision and contact.

Methods and analysis

Study design

This study is a parallel randomised controlled trial to
investigate the effects of a 12-week, 3 times/week, seated
tele-exercise programme for adults with CNI (figure 1).
All 36 exercise sessions will be completed online via Zoom
with the physical exercise instructor (live, synchronous
group) or offline using recorded videos (prerecorded,
asynchronous group). Participants will be in their own
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Figure 1

Study flow diagram. BP, blood pressure; HR, heart rate.
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homes as they complete the exercise classes. Participants
can continue their medications, physical, occupational,
speech therapies and existing exercise routines (two
times/week or fewer).

Eligibility criteria and participants
The eligibility criteria will be kept broad to accommodate
all neurological impairments.
Inclusion criteria:
1. Participants diagnosed with chronic (>6 months)
neurological impairments.
Ages 18-75 years.
Able to sit for at least 1 hour.
Stable HR and blood pressure (BP)
Medical clearance to participate in moderate inten-
sity exercises.
Can don and doff a wrist HR monitor with or without
assistance.
7. Can maintain daily exercise and physical activity
during the study.
8. No other neurological,
impairments.
9. Able to access the internet and use the cloud-based
Zoom conference platform.
10. Ability to speak and understand English.
11. Currently exercising 2 days or less per week.
12. Presence of caregiver or supervisor during exercise,
for safety.
Exclusion criteria:
1. Unstable or uncontrolled medical conditions.
2. Medical issues preventing safe participation.
3. Unable to follow simple two-step commands.

Gt 01

Sk

medical or cognitive

Number of participants

We plan to conduct multiple cohorts of participants,
each with different participant populations, for example,
multiple sclerosis, cerebral palsy, stroke, spinal cord
injury.

For each cohort, with 27 participants in the synchro-
nous and asynchronous groups, we will have 80% power
to detect a change in maximum HR during exercise from
about 80 bpm to 100 bpm (or greater), from the first
session to the last session of the intervention. This calcu-
lation assumes a conservative SD of the pre/post differ-
ences in HR of 35 bpm. We plan for a 30% drop-out rate,
which is an estimate based on our feasibility pilot study
(Current status of the study), which means that we will
recruit 35 participants per group to achieve 80% power.

Recruitment

Participants will be recruited via the Sabrina Cohen
Foundation, which has a network of people with CNI,
and by the Burke Neurological Institute (BNI), who has
a database of potential participants from prior studies
or programmes. We will also post our recruitment flier
on our website, social media and will mail it to neuro-
logical patient advocacy groups. We will send the study
flier to all above mentioned entities, without prioritising

any database or group over another. If we cannot recruit
appropriate numbers using these methods, we will pursue
paid advertising in our community.

Randomisation

A person not affiliated with the study will generate a
series of permuted randomised blocks in a computerised
spreadsheet with a defined block size of 4. Participants
will be allocated to either the live (synchronous) or prere-
corded (asynchronous) group, with a 1:1 ratio between
groups. Due to the nature of the intervention, it is not
possible to conceal allocation from the participants or the
study team. However, the two groups will never interact
with one another.

Blinding and rigour of data

Due to the nature of the study, blinding of participants
and study team members to group allocation will not
be possible. All participants will complete the outcome
surveys directly online, without input or assistance from
the study team. HR data will be collected through a HR
monitor that collects quantitative data without input or
filtering by the study team.

Intervention

The exercise intervention will be delivered by a trained
professional who specialises in adaptive exercise for indi-
viduals with CNI. The instructor will structure each class
to ensure standardisation in terms of class structure,
including warm-up, cool-down, cues for recording HR
during class, use of additional equipment and adherence
to the general study protocol. The instructor has exten-
sive experience in offering adaptations to exercises in a
virtual setting. He offers alternative ways to perform the
exercises, such that everyone in class will be able to fully
participate safely.

All participants, regardless of allocation to live or
prerecorded groups, will participate in 45min of aerobic
exercise intervention, three times a week, for a period
of 12 weeks. The overall exercise session will be up to
1 hour long to include measuring vitals, answering ques-
tions before/after sessions and rest breaks (if any). Two
additional weeks will be provided for making up missed
sessions, if applicable. Each intervention will be preceded
by a warm up and followed by a cool-down period. All
participants will be asked to document any adverse
events and changes in medications before each session.
The order of classes will be rotated. Individual aerobic
interventions for the first cohort are described below and
summarised in table 1.

High intensity interval training

In HIIT sessions, participants will do repetitive bouts of
high intensity exercises, with intermittent periods of rest
or active recovery. Examples of high intensity movements
used in these sessions include fast punching movements,
repeatedly rapidly lifting one’s arms overhead (with or
without weights, as tolerated by each participant) and
abdominal crunches. The duration of each bout of high
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Table 1 Summary of exercise sessions

Minutes into

session HIT Boxing Power posture

5 Warm up Warm up Warm up

10 Intervals of  Intervals of  Stretching

15 30s high 30s high Fast paced

20 intensity intensity EVETTE
movements, boxing targeting trunk,

25 1-2min movements, posture
lower 1-2min ;

30 intensity lower Stretching

35 intensity

40 Cool down Cooldown Cool down

45 End End End

HIIT, high intensity interval training.

intensity is about 10-30s. Since this study will include
participants with variable neurological impairments, the
upper limit of exercise intensity in HIIT will be dependent
on instructor’s judgement, participant feedback, rate of
perceived exertion (RPE) and any exercise HR restric-
tions given by their doctor in the medical screening.

Boxing

In boxing sessions, participants will do a circuit of indi-
vidual and combinations of various arm strikes and
punches. Boxing is a moderate to high intensity aerobic
activity by nature. During the session, participants will do
bouts of high intensity movements, similar to HIIT, along
with periods of lower intensity arm movements such as
practising defensive blocks of punches from an imaginary
boxing opponent. The exercise intensity for boxing, as
in HIIT, will be subjective for participants based on level
of perceived exertion as well as exercise HR restrictions,
if any.

Power posture

Power posture is a HIIT-style strength and endurance
class in which participants will move in ways that train
trunk stability and control of sitting with correct posture.
In these sessions, there will be a warm up period of
5-10min, focused on slow, gentle repetitions to prepare
the trapezius and other supporting scapular muscles for
movement. This workout will target postural form, with
fast paced targeted movements for 10-15min. After the
fast-paced movements, a cool-down period will focus on
gentle deep neck flexor/extensor chin tuck exercises,
range of motion and stretching.

Virtual nature of the study

Each aspect of this study will be performed virtually. Screen-
ings will be performed on the telephone, with a standard
list of criteria asked of each person. If deemed eligible,
the potential participant will be sent a Zoom link to go
through the informed consent on a one-to-one basis. The
informed consent will be uploaded to REDCap, a secure
web application for building and managing online surveys

3

and databases. REDCap is 21 CFR part 11-ready and HIPAA
compliant and is specifically geared to support online and
offline data capture for research studies and operations.

To obtain informed consent directly from participants,
a study team member will arrange a Zoom call with each
participant. The informed consent will be signed virtually
by sharing a virtual remote with the participant during
the call. If anyone has difficulty, they can be sent the
informed consent from REDCap via email and return it
to REDCap just as easily. Each participant will be sent a
copy of their signed consent form via the same REDCap
email system (see online supplemental material for a
sample consent form).

Each participant will be mailed a home exercise Kkit,
which will contain a Polar optical HR monitor (OHI),
BP monitor, yellow and green resistance TheraBands and
wrist weights.

After the home kits have been received by the partic-
ipants and before the intervention begins, we will hold
a series or training videoconferencing calls to acquaint
participants with the study procedures and the use of all
devices.

Polar OH1 HR monitor: We will train participants in
donning/doffing the HR monitor, using the Polar app,
using their Polar accounts, syncing the Polar devices with
their smartphones and starting/ending their HR tracking
during exercise sessions.

BP monitor: We will send each participant a commer-
cially available automatic BP monitor. We will train each
person to use it, and we have embedded an instructional
video into the REDCap data entry form on which partici-
pants will input their BP.

Checking compliance: After each session, a study team
member will review each participant’s data entry forms
and synching of their HR data with the Polar app. For the
synchronous group, this will occur before the participant
leaves the session. For the asynchronous group, this will
occur within 1 day of when the participant completes the
session.

All questionnaires and questions to be answered
before and after each class will be sent from and stored
on REDCap. All HR data will be transmitted to the Polar
website, which can be accessed only by the participant
or the researchers. Then, the data will be analysed in
MATLAB using custom scripts written by the study team.

Study safety

We will monitor side effects before and after each session
by having participants complete surveys on REDCap. If
pain or BP are higher than usual, we will ask the partici-
pant if they wish to continue. If BP rises near limitations
prescribed by a participant’s doctor, we will discontinue
the participant. If any injury occurs during or outside of
study sessions that may increase the risk of further injury,
we will discontinue the participant.

Patient and public involvement
Persons with disabilities were involved in the design of
this study, and will be involved in the conduct, reporting

4
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and dissemination plans of this research. Our pilot study
participants provided constructive feedback on the study,
in surveys and in a zoom discussion group after they
completed the study. Our class instructor owns and oper-
ated an adaptive gym for people with disabilities, and
received feedback from his clients when designing the
exercise classes. We will continue to involve these people
as we complete the study, through regular meetings and
surveys.

Strategies to improve adherence

In this study, adherence is defined as the number of
sessions a participant completed. The study team will take
attendance at each synchronous session and will monitor
session completions for the asynchronous group. Comple-
tion for the asynchronous group will be monitored via
REDCap. Each time a person completes a data entry form
before and after the session, it will be automatically saved
and time stamped in REDCap.

If a participant misses a class, we will reach out and
inquire about their ability to attend future sessions. We
have a priori set a minimum number of 30 of 36 classes
that a participant must attend to be included in the main
analyses of the study. We will offer 2weeks of makeup
sessions at the end of the 12weeks. If a participant drops
out before completing 30 sessions, we will encourage
them to complete the poststudy outcome measures and
the satisfaction survey. We will use the number of sessions
completed as a covariate in the analyses.

Outcome measures
All outcome measures are summarised in table 2.

Demographics

We will collect the following demographics by having each
participant complete a demographics data entry form
on REDCap: age, gender, neurological diagnosis, time
of diagnosis and comorbid health issues (eg, diabetes,
high BP). We will also document whether a person needs
assistance with walking or transfers. In addition, we will
require each participant to receive written medical clear-
ance by their doctor to participate in the study, and if any
exercise restrictions need to be followed.

Primary outcome measure: peak HR during exercise
Continuous HR tracking is the primary outcome measure
for the study. All participants will receive the OH1 Polar
HR monitor as part of their exercise kit for the study
(figure 2). The Polar OHI (Polar Electro, Bethpage, New
York, USA) is an optical HR sensor on an armband that
records HR activity. It has six LED sensors that record at
1s intervals.”® HR activity is recorded via Bluetooth to a
phone compatible with the Polar Flow or Polar Beat app.
It has validity in moderate to vigorous intensity exercises
and high endurance sports activities.”**

Immediately before each exercise session, participants
will turn on their OH1 monitor. Then, the participant
will open the Polar Beat app on their smart phone and
hit ‘start” when the exercise session begins. The Polar
OHI1 continuously records HR at 10 Hz when the device
is powered on and the Polar Beat app recording has been
started. Participants will record HR through the entire
exercise session and for 10min after completion of the
session to capture HR during exercise as well as HR

Table 2 Outcome measures

Primary outcome measure

Measure Modality assessed

Peak heart rate Cardiovascular function

Secondary outcome measures
Measure Modality assessed

Demographics -

Attendance Adherence

Baseline heart rate Cardiovascular function

Heart rate at end of session Cardiovascular function

Heart rate recovery Cardiovascular function

Blood pressure Cardiovascular function

Rate of perceived exertion Cardiopulmonary fitness

Perceived Wellness Survey Wellness

Physical Activity Enjoyment Scale Enjoyment of exercise

Short Form-36

Numerical Pain Rating Scale Pain

Motivation to exercise

Participant satisfaction

Reason for Exercise Inventory
Participant Feedback Survey

BP, blood pressure.

Physical and mental health

Method of Ascertainment
Polar OH1/Polar Beat app

Time points

Each session
Method of ascertainment Time points
REDCap survey Before first session
REDCap time stamps Each session
Polar OH1/Polar Beat app  Each session
Polar OH1/Polar Beat app  Each session
Polar OH1/Polar Beat app

Automatic BP device

Each session
Before and after each session

REDCap survey Before and after each session
REDCap survey Baseline, weeks 6, 12, 16
REDCap survey Baseline, weeks 6, 12, 16
REDCap survey Baseline, weeks 6, 12, 16
REDCap survey Baseline, weeks 6, 12, 16
REDCap survey Baseline, weeks 6, 12, 16
REDCap survey End of study or at dropout
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Figure 2 Polar OH1 heart rate monitor. (A) Picture of the
monitor and charger. (B) Proper placement of the monitor,
with the device on the forearm. (C) The polar beat APP on a
smart phone streams data in real time from the OH1 monitor
via Bluetooth. (D) After a session, data are Retrievable from
the polar coach website, where it is exported to a CSV file
and processed in Matlab. CSV, comma-separated values.

recovery for 10 min after the end of exercise sessions. The
live group will be supervised by the research team for each
session. The prerecorded groups will have the research
team available for assistance and troubleshooting. Data
are stored on the Polar Coach website, where study staff
can export sessions as CSV files that are then processed in
MATLAB (MathWorks). In MATLAB, peak HR (primary
measure) will be calculated.

Secondary outcome measures

Measures acquired at each exercise session

We will calculate secondary measures of HR in MATLAB
using the same Polar comma-separated values (CSV) files
mentioned above: baseline HR, HR at end of session, and
HR at 30s intervals for 10 min after the end of the session
will be analysed, to measure HR recovery.

At each session, participants will complete an online
assessment to RPE, BP, HR and adverse events before and
after the exercise session. Additionally, as described above,
attendance will be taken at each session as a measure
of adherence. After the session is over, participants will
complete a lab-developed survey to rate their experience
on a 10-point scale from 1 (not a good experience) to 10
(very good experience) on questions related to motiva-
tion, energy, satisfaction and performance. In addition,
participants will provide information on changes related
to health, falls or other adverse events.

Measures acquired at specified times during the intervention

A comprehensive set of secondary outcome measures
will be completed by participants at baseline, mid-study
(6weeks), end of study (12weeks) and follow-up after
Imonth. All questionnaires will be self-administered

3

or administered by a trained researcher virtually using
REDCap.

Perceived Wellness Survey (PWS): Participants will
quantify their perceived health status by completing the
PWS. The PWS is a 36-item instrument used to measure
an individual’s perceived health status in physical, psycho-
logical, emotional, intellectual, spiritual and social well-
ness constructs. Items under each construct are scored
on a scale of 1 (very strongly disagree) to 6 (very strongly
agree). Higher scores indicate better perceived wellness.
The PWS has good reliability and validity in healthy and
neurological populations.*' ™

Physical Activity Enjoyment Scale (PACES): The PACES
is a self-assessment measure of enjoyment with their
current physical activity. It is an 18-item scale with scoring
from 1 (I enjoy it) to 7 (I hate it). Scores on the bipolar
rating scale are summed with higher scores indicative of
more enjoyment. It is reliable and valid in neurological
popu121tions.44_47

Short Form-36 Health Survey (SF-36): The SF-36
measures physical health and mental health. There are
eight scales-Physical Functioning, Physical Role Limita-
tions, Bodily Pain, General Health, Vitality, Social Func-
tioning, Emotional Role Limitations, and Mental Health.
Itis easy to use with good validity and reliability in neuro-
logical populations.**™!

Numerical Pain Rating (NPR) scale: The NPR is a
standardised instrument for pain assessment in clinical
and research practice. It is an 11-point scale from 0 (no
pain) to 10 (the most intense pain) at rest and during
movement. It is simple to use with high sensitivity to
changes in chronic pain in adult populations.” % Tt is
reliable and valid for pain assessments of neurological
populations.”

Borg’s RPE: The Borg RPE is a widely used standardised
measure to evaluate perceived intensity of exertion, effort
and fatigue during physical exercise. The scale ranges
from 6 (no exertion at all) to 20 (absolute maximum).
Higher ratings on the scale indicate greater overall body
exertion. Itis a reliable and valid measure in neurological
populations.” 2

Reason for exercise inventory (REI): The REIis a 24-item
scale to assess the reason that motivates a person to exer-
cise. The modified version has four subscales: Weight/
appearance management, fitness/health management,
stress/emotion management, and socialisation. A 7-point
scale ranges from 1 (not at all important) to 7 (extremely
important). Higher scores represent greater motivation
to exercise.”

Participant feedback: On study completion, or when
withdrawn/dropped out from the study, participants
will complete a study feedback form. The feedback will
be based on study acceptance, ease of using HR and BP
devices and exercise equipment, and support from the
research team. Participants who do not complete the
study will also provide their final timepoint measure at
the end of their final exercise session.

6
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Statistical methods

Descriptive statistics (including mean, SD, median, IQR,
frequencyand percent) will be calculated for demographic
and clinical characteristics of the study participants. Anal-
ysis of covariance (ANCOVA) will be used to evaluate
the independent effect of synchronous versus asynchro-
nous group status on change in peak HR (first session
vs final session), after controlling for baseline HR and
any other factors that may remain imbalanced between
groups after randomisation. Adjusted mean differences
in peak HR (first session vs final session) between the
synchronous and asynchronous groups and 95% ClIs for
these differences will be estimated from the multivariable
ANCOVA model. Similar analyses as described above will
be performed for other continuous outcomes (primary
and secondary), including Borg’s RPE scale, mood, moti-
vation and pain scales, PWS, SF-36v2 score and PACES
score. Categorical variables (eg, safety questions, adverse
events, medication changes) will be compared between
the synchronous and asynchronous groups (at baseline,
6weeks and 12weeks) by the y” test or Fisher’s exact test,
as appropriate. Generalised estimating equations model-
ling will also be explored to evaluate between-group
differences over repeated assessments, and to account for
potential missing data in some of the outcome variables
at one or more of the evaluation time points. All estimates
from the multivariable models will serve as preliminary
data (ie, hypothesis-generating) for future studies. All p
values will be two sided with statistical significance eval-
uated at the 0.05 alpha level. Ninety-five per cent Cls for
all parameters of interest will be calculated to assess the
precision of the obtained estimates. All analyses will be
performed in R and SPSS v.26 by a person blinded to
treatment allocation.

Data management

Participant identifying information will be kept confi-
dential by providing a unique identification number
(ID number) for the course of the study. To maintain
privacy, only authorised research investigators involved
in the study will have access to participant information.
Password protected laptops, online documents and access
to cloud-based servers will prevent leaks in data privacy.
All records including informed consent, screening tools,
medical records and participant surveys will be completed,
and documented on REDCap, a Health Insurance Porta-
bility and Accountability Act (HIPAA)-compliant online
research database.

Privacy on Zoom platform: Our institutional Zoom
account (through Weill Cornell Medicine) is compliant
with HIPAA guidelines. Participant profile names will
be updated to display their ID. After each session, the
recorded video will be uploaded to the password protected
WCM cloud-based server. Respective group participants
will be given the live Zoom links (synchronous) or pass-
words to access the asynchronous Zoom sessions.

Polar OH1 HR monitor (Optical HR sensor): Partici-
pants’ profiles using allotted ID’s will be created in the

Polar Beat App and the Flow for Coach cloud-based online
platform. All information uploaded to the platform will
be accessible by the investigators using a secured login ID
and password.

Adverse events, change in medications and protocol
deviation will be documented and updated before and
after each class on REDCap. The study team will perform
weekly self-audits to ensure data quality and completeness.

Procedure for handling missing data

This study is an intention-to-treat trial. If data are missing,
we will use a mixed linear regression model that accounts
for uneven numbers of data points across participants.

Data monitoring and stopping rules

Since this is a low-risk study, our IRB determined that a
data monitoring committee is not necessary. We will audit
our data weekly and assess safety data at each session. If
we find an increase in pain by 25% or a decrease in quality
of life measures by 25% across participants in a cohort, we
will pause the trial and evaluate how to improve the safety
of the study.

Current status of the study

We have performed a feasibility cohort, with people with
a range of abilities and diagnoses. The first participant
was consented on 22 January 2021, for an intervention
that began on 24 March 2021 and ended on 28 June 2021.
In this feasibility study, we determined that participants
could readily complete the online assessments, exercise
sessions and could effectively use Zoom, the Polar OH1
sensor and Polar Beat app, and the BP measurement
device. Our next step will be to enrol separate cohorts of
people with specific neurological diagnoses, such as cere-
bral palsy, stroke and multiple sclerosis. This will begin
in 2023.

Resource sharing plan

We plan to use the concept, methods and analysis as a
framework to develop evidence-based protocols for
future cohorts and studies. We have made a commitment
to publish all relevant scientific information in a timely
manner. Unpublished information may be available to
interested individuals or organisations by request to the
principal investigator.

Ethics and dissemination

The study was approved by the BRANY Institutional
Review Board on 22 September 2020, protocol #20-
08-388-512. All study participants will provide written
informed consent before participation. All protocol devi-
ations, adverse events and protocol modifications will
be reported to the IRB immediately. The results of the
study will be disseminated to the academic community via
publications and presentations. The deidentified study
data will be shared on our laboratory website. The trial
is registered at Clinicaltrials.gov, number NCT04564495.
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