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ABSTRACT
Introduction There is an urgent need for remyelinating 
therapies that restore function in people with multiple 
sclerosis (pwMS). Aerobic exercise is a promising 
remyelinating strategy because it promotes remyelination 
in animal models both independently and synergistically 
with medications. Here, in this study, we present an 
innovative, randomised, single- blind, clinical trial designed 
to explore: the relationship between demyelination and 
mobility (part 1), and if 24 weeks of aerobic exercise 
promotes remyelination in pwMS (part 2).
Methods and analysis Sedentary participants (n=60; 
aged 18–64 years) with stable MS will undergo a baseline 
visit with the following outcomes to assess associations 
between demyelination and mobility (part 1): spinal cord 
demyelination (somatosensory- evoked potentials, SSEPs), 
mobility (6- Minute Timed Walk, Timed 25- Foot Walk, 
Timed Up and Go, 9- Hole Peg Test) and patient- reported 
outcomes (PROs). After baseline testing, participants with 
significantly prolonged SSEP latency will advance to the 
clinical exercise trial (part 2) and will be randomised 1:1 
to active or control conditions for 24 weeks. The active 
condition will be aerobic stationary cycling three times per 
week with graded virtual supervision. The control condition 
will be monthly virtual MS symptom education groups (six 
sessions). SSEP latency (remyelination endpoint), mobility 
outcomes and PROs will be measured at 12 and 24 weeks 
in all clinical trial participants. A subset of 11 active and 
11 control participants will undergo a brain MRI with 
quantitative T

1 myelin water fraction at baseline and 24 
weeks (exploratory remyelination endpoint).
Ethics and dissemination Ethical approval was obtained 
from the Oregon Health & Science University Institutional 
Review Board (#21045). Dissemination of findings 
will include peer- reviewed publications, conference 
presentations and media releases. The proposed study will 
inform the feasibility, study design and sample size for a 
fully powered clinical trial of aerobic exercise to promote 
remyelination in pwMS.
Trial registration number NCT04539002.

INTRODUCTION
Multiple sclerosis (MS) is the most common 
non- traumatic cause of neurological disability 

in young adults, affecting around 2.8 million 
people worldwide.1 In MS, there is intermit-
tent, focal inflammation that leads to demy-
elination and axonal injury, and ultimately 
results in disability.2 Remyelination, however, 
improves conduction velocity and also 
provides neuroprotection across the axon; 
therefore, remyelination has the potential 
to be an effective long- term strategy to both 
improve and protect against future disability 
in people with MS (pwMS).3 4

Numerous clinical trials demonstrate that 
aerobic exercise can improve physical fitness, 
fatigue, depression and walking mobility,5 6 
and may also reduce the rate of relapse and 
disease progression in MS.7–9 Yet, the mecha-
nisms underlying the effects of exercise/phys-
ical activity remains a high priority question 
for wellness research in MS.10

In preclinical models of MS, aerobic exer-
cise promotes remyelination, both alone and 
synergistically with pharmacotherapy. In a 
lysolecithin- induced demyelination study 
in mice, aerobic exercise was associated 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ Strengths of this study include an aerobic interven-
tion that is based on an individual’s maximum heart 
rate and an active control condition (the multiple 
sclerosis education control group) and blinded con-
duct of outcome measures.

 ⇒ Another strength of this study is the blinded analysis 
of structural (brain myelin water fraction) and func-
tional (somatosensory- evoked potentials) remyelin-
ation outcomes.

 ⇒ Limitations of this study include a small partici-
pant number that may not detect a small effect 
size on clinical or remyelination outcomes, limited 
geographical catchment area, and not examining 
the durability of the effects of the aerobic exercise 
intervention.
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with remyelination of 84% of the demyelinated axons 
compared with 51% of the axons that remyelinated spon-
taneously without exercise. The antihistamine clemastine 
also promoted remyelination, resulting in 87% axonal 
remyelination, but adding aerobic exercise to clemastine 
was even more effective, resulting in 98% axonal remy-
elination. Additionally, the myelin formed after exer-
cise alone or after exercise with clemastine was thicker 
than the myelin formed in the mice that did not exer-
cise, supporting that exercise promoted not only more 
complete, but also more robust remyelination.11 Aerobic 
exercise may promote remyelination through various 
mechanisms including inhibition of auto- immune T- cell 
and blood brain barrier disruption, optimisation of 
the microenvironment by increased removal of myelin 
debris, increased oligodendrocyte precursor cell prolif-
eration, increased local neurotrophic factors and activa-
tion of pathways that increase myelin thickness.11–17 To 
our knowledge, no clinical trials of aerobic exercise have 
explored remyelination as the primary outcome in pwMS.

Remyelination clinical trials also require real- world 
treatment biomarkers that are reliable, valid, reproduc-
ible, affordable and correlate to clinically meaningful 
outcomes. Somatosensory- evoked potential (SSEP) laten-
cies from the upper and lower extremities meet many of 
these requirements as they are reliable, estimate demye-
lination18 and are suitable for multicentre trials.19 SSEPs 
are also available for commercial use, so this outcome 
could be used clinically by MS providers to follow treat-
ment response to remyelinating medications. Motor- 
evoked potentials (MEPs) are also promising potential 
remyelination biomarkers, but MEPs are dependent 
on participant arousal and voluntary contraction can 
lead to intra- individual variability and confound this 
measure.20–22 While studies have correlated SSEP laten-
cies to imbalance and fall frequency in pwMS, this will 
be the first study to examine the associations between 
SSEP latencies and a panel of mobility metrics in pwMS to 
inform clinical outcomes for future remyelination clinical 
trials in pwMS.23 24

We will conduct a randomised, single- blind, parallel 
group, exploratory clinical trial of aerobic stationary 
cycling compared with an MS education control group in 
sedentary pwMS. The purpose of this study is to explore 
the relationship between demyelination, as measured by 
SSEP, and clinical measures of mobility in pwMS to explore 
potential clinical outcomes in future remyelination trials 
(part 1) and, to explore if aerobic exercise improves 
mobility and promotes remyelination as measured by 
functional (SSEPs) and structural (myelin water frac-
tion, MWF) measures (part 2). The central hypotheses of 
this study are that (1) greater spinal cord demyelination 
(indicated by longer SSEP latency) will be associated with 
increased motor disability in pwMS, and (2) the aerobic 
exercise group will demonstrate decreased SSEP latency, 
increased MWF and clinical improvement compared with 
an educational control group. This trial will inform the 
feasibility, clinical outcome measures, design and sample 

size for a fully powered clinical trial of aerobic exercise 
for remyelination in pwMS.

METHODS AND ANALYSIS
Study design
This study includes two parts. Part 1 is a baseline assess-
ment to explore the relationship between demyelination, 
as measured by SSEP, and mobility in pwMS. Part 2 is a 
randomised controlled trial of an aerobic exercise inter-
vention in those who have sensory demyelination at base-
line, based on SSEP. Sixty participants will enter part 1 
and undergo baseline testing, including SSEPs, mobility 
outcomes and patient- reported outcomes (PROs). The 
clinical outcome with the strongest correlation with SSEP 
latency in part 1 of the study will become the primary 
clinical outcome to measure remyelination in part 2 of 
the clinical trial. The first 44 participants with a quali-
fying lower extremity SSEP z- score will enter part 2 and be 
randomly allocated to an aerobic cycling intervention with 
graded supervision (MSCYCLE) or an education control 
group (MS Take Control, MSTC)1515 (figure 1). Randomi-
sation to MSCYCLE and MSTC will be performed by an 
unblinded research assistant in a 1:1 ratio using a random 
number generator in blocks of four. All participants in part 
2 will undergo repeat testing (SSEPs, mobility outcomes 
and PROs) at 12 and 24 weeks by study staff blinded to 
group assignment. A subset of clinical trial participants 
(11 active and 11 controls) will also be invited to undergo 
a brain MRI with MWF at baseline and 24 weeks. The first 
participant was enrolled in April 2021. We anticipate that 
recruitment will be complete by January 2024 and the last 
participant will exit the trial by July 2024.

Participants
Inclusion criteria
Participants are included in the study if they meet the 
following criteria: (1) diagnosis of MS based on the 2017 
McDonald criteria, (2) aged between 18 and 64 years (in 
response to Institutional Review Board (IRB) feedback as 
those aged 65 years and above were considered to be at 
high risk of severe COVID- 19) and (3) have access to the 
internet and a device that can access virtual visits.25 The 
first 44 participants with a height- adjusted lower extremity 
SSEP latency z- score ≥2 or inter- side difference in z- score 
≥2 for P40 will advance to part 2.

Exclusion criteria
Participants will be excluded from the study if they: (1) 
have medical or biophysical conditions that prohibit exer-
cise, (2) already engage in >30 min/week of moderate or 
vigorous aerobic exercise, (3) have a clinically confirmed 
MS relapse in the past 3 months or change in their MS 
disease modifying therapy in the last 6 months, (4) are 
pregnant or are planning to become pregnant, (5) 
received steroids for MS relapse in the last 30 days, (6) 
have a known history of severe spinal canal stenosis (which 
would impact SSEPs) and (7) use 4- aminopyridine or 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2022-061539 on 3 January 2023. D

ow
nloaded from

 

http://bmjopen.bmj.com/


3Wooliscroft L, et al. BMJ Open 2023;13:e061539. doi:10.1136/bmjopen-2022-061539

Open access

dalfampridine (medications which can temporarily alter 
SSEP) and unwilling to discontinue it for 2 days prior to 
each SSEP testing session.

Recruitment
Patients with MS will be recruited from National MS Society 
and the Oregon Health & Science University (OHSU) MS 

Figure 1 Participant flow through the study. MS, multiple sclerosis; MSTC, MS Take Control; SSEP, somatosensory- evoked 
potential; VO2max, maximal oxygen consumption
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Clinic, through OHSU MyChart recruitment invitations, 
and the OHSU MS Research Recruitment Repository with 
IRB- approved flyers. PwMS identified as trial candidates 
will be screened for meeting the inclusion and exclusion 
criteria including a Physical Activity Readiness Question-
naire (PAR- Q) to determine if the participant can safely 
commence an exercise routine.26 If the patient answers 
‘YES’ to any of the seven questions in this survey, we will 
consult with their doctor to determine if they are safe to 
engage in physical activity. If physician permission is not 
obtained, the patient will be excluded. Those interested 
in and determined safe for participation will be provided 
with the Informed Consent Form by study staff to review 
prior to signing the form at their baseline visit with study 
staff (see online supplemental material 1).

Sample size calculation
Part 1 of the study will explore the relationship of demy-
elination with mobility in pwMS. Based on prior studies 
associating transformed SSEP z- scores and the expanded 
disability status scale (rho=0.81, p<0.001) in pwMS, 
n=60 participants would have 88% power to detect a 
correlation rho=0.40 (α=0.05). All power analyses were 
computed using Power And Sample Size (PASS) software 
(V.15). For part 2 of the study (to explore if aerobic exer-
cise improves mobility and promotes remyelination), we 
assume the effect size of z- transformed evoked potential 
values between baseline and 24 weeks is 0.54 in pwMS 
based on prior studies.27 Assuming a 20% drop out rate, 
enrolling 44 participants in the clinical trial would achieve 
the necessary final sample size of 36 participants, or 18 per 
group. This will give us >80% power to detect a 50% effect 
size (α=0.05). Our sample size is similar to prior remyelin-
ation clinical trials of the pharmacotherapies clemastine 
and bexarotene in MS using visual evoked potentials, a 
similar functional myelination biomarker of the visual 
system.28 29 As this is the first clinical trial of exercise to 
use SSEP to assess for remyelination, it is unknown if the 
study intervention, different evoked potential modality or 
other factors may impact the required sample size.

To our knowledge, this study is the first clinical trial in 
MS to use quantitative T1 MWF as a biomarker of struc-
tural remyelination and therefore a well- informed power 
analysis cannot be performed. However, 11 per group is 
similar to other studies that have demonstrated changes 
in white matter integrity in pwMS after rehabilitative 
interventions.30 31 If additional funding is obtained, the 
sample size of the MRI subset may be increased.

Interventions
Aerobic exercise group (MSCYCLE)
The active intervention, MSCYCLE, is a three times per 
week, home- based, stationary aerobic cycling interven-
tion conducted over 24 weeks with virtual graded super-
vision by trained study personnel (hereto called the 
‘trainer’) who will be blinded to the study outcomes. The 
trainer will provide supervision and collect study data (eg, 

minutes in the target HR range, report injuries/adverse 
events) via a video link.

Before starting the intervention, participants will 
undergo a VO2max test to determine their HRpeak from 
which to calculate their target HR during the aerobic 
exercise intervention; the continuous exercise interven-
tion target HR will be 70–80% of HRpeak.

Participants will be provided with a recumbent cycle 
ergometer and a chest strap to monitor their HR. The 
HR monitor will be linked to a smartphone application 
which will display their HR during the session and will 
also record minutes spent in their target HR zone. Partici-
pants will also be given an Aerobic Training Guide which will 
review study exercise procedures, injury prevention and 
includes a training log.

The MSCYCLE sessions will be conducted with graded 
virtual supervision by a trainer, progressing from three 
supervised sessions per week during Weeks 1–4, two 
supervised and one unsupervised session during Weeks 
5–8, to one supervised and two unsupervised sessions per 
week during Week 9–24. The trainer will work with the 
participant to increase the heart rate range, as tolerated, 
on the following schedule: Week 1: 50–60% HRpeak; Week 
2: 55–65% HRpeak; Week 3: 60–70% HRpeak; Week 4: 65+% 
HRpeak; Weeks 5–24 70–80% HRpeak.

During the supervised sessions, the trainer and partic-
ipant will have a scheduled video visit to conduct the 
exercise intervention. The sessions will include a 5- min 
warm- up period, a 30- min continuous exercise period 
at their target HR range, followed by a 5- min cool down 
period. At the end of the exercise session, the trainer (or 
the participant if the session is unsupervised) will record 
the number of minutes during the 30- min active period 
that the participant was able to maintain their target 
HR. The exercise sessions will be modified as needed to 
accommodate injury or other changes in medical status, 
or discontinued if the participant is no longer able to 
exercise safely.

Control group (MSTC)
The control intervention, MSTC, is a monthly, virtual 
group of 60- min class with 1–9 participants led by a trained 
facilitator, conducted on a secure virtual platform. We 
have used this intervention as a control in other studies.32

For MSTC, participants will be given informational mate-
rials at the time of the randomisation and be instructed to 
read one of the following National MS Society pamphlets 
before each of the 6 monthly sessions: Driving with MS, 
Managing Cognitive Problems in MS, Taming Stress, Clear 
Thinking About Alternative Therapies, Urinary Dysfunction 
and MS and Vitamins, Minerals and Herbs in MS: An Intro-
duction. These topics were chosen as they are of interest 
to pwMS and the pamphlets provide high quality infor-
mation produced specifically for pwMS. One pamphlet 
will be reviewed by the group during each 60- min session.

Participants in both MSCYCLE and MSTC will be 
instructed to maintain their current activity levels outside 
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of the sessions during the trial, but are permitted to 
participate in physical or occupational therapy.

Outcomes
All outcomes will be conducted and interpreted by study 
staff blinded to group allocation (table 1).

Primary outcomes
SSEP
SSEP will be performed at baseline, and at 12 and 24 weeks 
to assess remyelination (Cadwell Elite, Kennewick, Wash-
ington, USA). SSEP will be recorded after median nerve 
and posterior nerve electrical stimulation starting with a 

square pulse of 0.2 ms duration at a rate of 3.11 Hz at 2 
mA above motor threshold. The averages of two or more 
subsequent runs (at least 2×500 pulses) will be inspected 
for reproducibility and the mean will be used for analysis. 
For the upper extremities, active surface electrodes will 
be placed at C3’/C4’ contralateral to stimulation (refer-
ence: Fz) to obtain N20. For the lower extremities, active 
surface electrodes will be placed at Cz (reference: Fz) 
to obtain P40. Recordings will follow the recommenda-
tions of the American Clinical Neurophysiology Society.33 
Prolonged latencies of N20 or P40 reflect demyelination 
within the upper and lower extremity sensory pathways, 

Table 1 Study activities

Study visit #

#1 #2 Intervention #3 Intervention #4 #5

Baseline Week 12 Week 24

Consent X MSCYCLE
Stationary 
aerobic 
cycling ×3/
week with 
graded 
supervision

MS: Take 
Control 
(MSTC)
Monthly MS- 
education 
control group

MSCYCLE
Stationary 
aerobic 
cycling ×3/
week with 
graded 
supervision

MS: Take 
Control 
(MSTC)
Monthly 
MS- 
education 
control 
group

Medical and MS history X X X X X

Patient- derived disease steps X

Inclusion/exclusion and review 
adverse events

X X X

Biometric data X X

7- Site Skinfold Testing X X

VO2max X X

Strength testing X X X

Somatosensory- evoked potential X X X

6- Minute Timed Walk* X X X

Timed Up and Go* X X X

Timed 25 Foot Walk X X X

9- Hole Peg Test X X X

Postural sway* X X X

Retrospective 30- day fall frequency X X X

Symbol Digit Modalities Test X X X

International Physical Activity 
Questionnaire- Short Form

X X X

Modified Fatigue Impact Scale X X X

Pain Effects Scale X X X

Neuro- QOL Lower Extremity 
Function

X X X

Neuro- QOL Upper Extremity 
Function

X X X

Neuro- QOL Depression X X X

Neuro- QOL Sleep Disturbance X X X

PROMIS Self- Efficacy questionnaire X X X

Blood draw X X X X

MRI for Myelin Water Fraction 
(MWF)†

X X

Exit survey X

*Performed with body- worn sensors.
†Performed on a subset of trial participants (n=22).
MS, multiple sclerosis; QOL, quality of life.
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respectively.20 SSEP latency z- scores for each limb will 
be calculated using previously established normative 
values.34

Mobility and disability outcomes
Mobility tests will be conducted at baseline, 12 and 
24 weeks. Exercise endurance will be evaluated with the 
6- Minute Timed Walk (6MTW).35 Participants will be 
asked to walk for 6 min and the total distance will be 
recorded. Walking mobility will be measured with the 
Timed Up and Go (TUG).36 Participants will be asked 
to stand up from a chair, walk 7 metres, turn, return to 
the chair, turn and sit down. The average of two timed 
tests will be recorded. Walking speed will be measured 
by the Timed 25- Foot Walk (T25FW).37 To estimate fall 
frequency, participants will be asked how many falls they 
have sustained in the prior 30 days. Upper extremity 
mobility will be measured with the 9 Hole Peg Test 
(9HPT).37 During this test the time for participants to 
place nine pegs into a platform with holes and then take 
them out again will be measured. MS disability will be 
measured with the MS Functional Composite (MSFC), a 
three- part, standardised, quantitative, assessment instru-
ment in MS clinical trials measuring cognition, leg func-
tion and arm/hand function and will be calculated using 
the T25FW, 9HPT and Symbol Digit Modalities Test 
(SDMT, described in Cognitive Function below).37 38

Participants will perform the 6MTW and TUG wearing 
wireless, synchronised inertial sensors on both wrists and 
ankles as well as on the torso at lumbar vertebra level 
5 and chest (superior sternum level).39 These inertial 
sensors record three- dimensional linear acceleration 
and angular velocities. Participants will also be asked to 
stand quietly with their hands on hips and their eyes open 
and closed for 30 s each with the sensors on to measure 
postural sway. These body worn sensors provide robust 
and quantitative measurements of multiple gait param-
eters that are reliable in pwMS39 and are more sensitive 
than the T25FW for gait dysfunction in early MS.40 These 
metrics also correlate strongly with fall frequency41 and 
were successfully employed in our group’s previous clin-
ical trial of lipoic acid.42

Of the aforementioned mobility outcomes (ie, 6MTW, 
TUG, T25FW, MSFC), the one with the strongest correla-
tion with SSEP latency in part 1 of the study will become 
the primary clinical outcome to measure remyelination 
in part 2 of this clinical trial.

Secondary outcomes
Aerobic fitness and biometrics
Aerobic fitness will be measured by VO2max at baseline 
and after the 24- week active or control intervention using 
an electrocardiogram- monitored, maximal, graded exer-
cise test on a cycle ergometer (Ergoline Via Sprint 150P) 
and an open- circuit spirometry system (Medgraphics 
Ultima CardiO2). The initial work rate will be 25 W, 
increasing by 25 W every 3 min until volitional fatigue 
and will be followed by a cool- down period, consistent 

with American College of Sports Medicine guidelines 
for VO2max testing for pwMS.43 HR and Rated Perceived 
Exertion (RPE) will be obtained every 3 min. VO2max HR 
will be determined when two of four criteria are met: (1) 
VO2 plateaus with increasing work rate; (2) respiratory 
exchange ratio ≥1.10; (3) peak HR is within 10 beats/
min of age- predicted maximum (ie, ~1 SD); or (4) peak 
RPE>7 (0–10 scale).44 VO2max will be used to both to 
determine the target HR for MSCYCLE participants and 
to assess the change in aerobic fitness from before to after 
the interventions.

Body composition will be measured by 7- site skinfold 
testing using a validated algorithm (Harpenden Skinfold 
Caliper, FG1056; BodyTracker Software) at baseline and 
24 weeks. Strength will be measured at baseline, 12 and 
24 weeks; strength of the quadriceps and hamstrings will 
be measured by a hand- held dynamometer (microFET, 
Hogan Health, Ogden, Utah, USA). Hand grip 
strength will also be measured (Jamar Hydraulic Hand 
Dynamometer).

Cognitive function
Cognitive function will be measured at baseline, 12 and 
24 weeks using the SDMT, a valid and reliable measure of 
processing speed and attention in pwMS.45 During this 
test, participants are given 90 s to match symbols with 
numbers and the examiner records the total number 
correct.

PROs
We will measure several PROs at baseline, 12 and 24 weeks 
to determine if relevant MS symptoms are modified by the 
interventions. To measure fatigue, we will use the Modi-
fied Fatigue Impact Scale,46 a multidimensional question-
naire of fatigue developed for pwMS. To assess pain, we 
will use the Pain Effects Scale,47 a validated assessment of 
the ways in which pain impacts pwMS. To measure phys-
ical activity levels, we will use the International Physical 
Activity Questionnaire Short Form, a validated measure-
ment of physical activity and intensity in adults.48 To 
measure health- related quality of life (QOL), we will use 
computerised adaptive test versions of Neuro- QOL ques-
tionnaires of Upper Extremity Function, Lower Extremity 
Function, Depression, Sleep Disturbance and the Patient- 
Reported Outcomes Measurement (PROMIS) Self- 
Efficacy questionnaire. The PROMIS and Neuro- QOL 
tools were developed by the National Institutes of Health 
to assess QOL within and across various general and 
neurologic conditions.49

Brain imaging
A subset of 22 participants (11 active and 11 control 
group) will undergo an optional MRI at baseline and 
24 weeks as an exploratory outcome measure of structural 
remyelination of the brain. Whole brain MPRAGE images 
will be acquired on a 7T MAGNETOM system (Siemens, 
Erlangen, Germany) using a 24- channel array RF coil 
(Nova Medical, Wilmington, Massachusetts, USA) for 
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co- registration and planning purposes (TI/TE/TR/α/
data matrix/res=1.05 s/3.1 ms/2.2 s/7°/320×320×240/
0.7 mm isotropic). A highly sampled inversion recovery 
(IR) technique—progressively unsaturated relaxation 
during perturbed recovery from inversion sequence with 
32 inversion time points will be implemented to acquire 
5 mm thick slices (TI/TE/TR/α/data matrix/res=0.017 
8.0 s/7 ms/14.0 s/5°/128×128; (2 mm in- plane)). We will 
segment white matter structures (the corpus callosum 
and bilateral internal capsules) and MS lesions superior 
to the tentorium cerebelli. A multiexponential fitting 
procedure will be used on a voxel- wise basis to decompose 
IR recovery curves into short and long T components. 
The short T1 component will be assigned to myelin asso-
ciated water, and its amplitude will be used to calculate 
MWF. Tissue water content will be quantified and used 
to correct MWF. No contrast agent will be administered.

Blood sample biobanking
We will obtain 30 cc blood samples at four time points: 
the initial visit, the VO2max visit before starting the 
clinical trial, and 12 and 24 weeks. We are not aware of 
any accepted remyelination biomarkers in the blood, at 
present. Serum and platelet- free plasma samples will be 
stored for analysis of any future remyelination biomarkers.

Other outcomes
Patient- Determined Disease Steps (PDDS) will be assessed 
at baseline to describe the sample. The PDDS is a PRO 
of disability in MS and has nine ordinal levels ranging 
between 0 (normal) and 8 (bedridden).50 Medical and 
MS history will be obtained at each study visit and the 
PAR- Q will be performed at baseline and 12 weeks to eval-
uate for any interval relapses and assure that the partici-
pant is still safe to engage in aerobic exercise.26

Data management and analysis plan
The original hard copies of study data will be stored in 
a locked office and de- identified data will be saved on 
a secure electronic database. De- identified data will be 
added to an institutional repository after study comple-
tion. Data analysis will be overseen by a biostatistician. To 
determine the relationship between SSEP and measures 
of clinical disability and mobility, we will perform partial 
correlations between SSEP P40 and 6MTW, T25FW, 
MSFC, TUG, postural sway and other body- worn sensor 
measurements, fall frequency and lower extremity 
Neuro- QOL at baseline. We will also perform partial 
correlations to examine associations between SSEP 
N20 and upper extremity dexterity (9HPT) and upper 
extremity Neuro- QOL. In performing partial correla-
tions, we will control for muscle strength, relevant demo-
graphic variables and disease factors, as needed. As an 
exploratory outcome, we will also perform partial correla-
tions to examine associations between body structures 
(VO2max, quadricep and hamstring muscle strength, 
hand grip) and the mobility measures listed above. These 

analyses will include all participants who provide baseline 
data.

To determine the safety and feasibility of the cycling 
intervention, we will track retention and adherence. 
Adherence will be measured as the number of sessions 
completed, with successful completion defined as partic-
ipation in ≥80% of MSCYCLE or MSTC sessions. For 
MSCYCLE participants, we will perform a subanalysis to 
examine correlations between average time spent in the 
target HR zone and improvement in SSEP outcomes and 
improvement in aerobic fitness as measured by VO2max.

To determine whether the cycling intervention is 
associated with clinical and objective evidence of remy-
elination, we will perform mixed effect linear regres-
sion analyses to model change in clinical measures and 
SSEP N20 and P40 from baseline to 12 and 24 weeks in 
active (n=22) and control (n=22) participants. Regres-
sion models will include random effects for participants 
and for limbs within participants. We will also perform a 
subanalysis looking at only the worst leg. Determination 
of the primary clinical outcome for part 2 of the study will 
be made after analysis of baseline data (see Mobility and 
Disability Outcomes, above), and will be determined before 
model building begins. Associations between change in 
SSEP latency and changes in walking- related outcomes 
will be analysed by linear regression or analyses of correla-
tion (eg, Pearson’s correlation) on the change scores. To 
model change in MWF from baseline to 24 weeks, we will 
perform mixed effects linear regression analyses in active 
(n=11) and control (n=11) participants of the corpus 
callosum, bilateral internal capsules and MS lesions. For 
all analyses involving multiple testing, an appropriate 
method of controlling the family- wise error or false detec-
tion rate will be chosen prior to beginning the analyses.

Data monitoring
Safety monitoring will involve yearly review of adverse 
events, dropouts, issues or breaches of confidentiality. 
Participants will be encouraged to report any potential 
problems at any time to the research coordinator or other 
study staff. We will inquire about adverse events during 
the assessment visits and MSCYCLE sessions. Adverse 
events will be judged by the monitor as related, possibly 
related or unrelated to the study procedures and catego-
rised as mild, moderate or severe. Severe adverse events, 
unanticipated problems and protocol deviations that 
are greater than minor will be reported to the OHSU 
IRB. The OHSU IRB determined that a data monitoring 
committee was not needed because the study is low risk.

Patient and public involvement
Patients were not involved in the development of the 
experimental design. Participants in the trial will be 
invited to provide feedback about their satisfaction with 
the study and this feedback will be considered in the 
development of future studies. Results of the trial will be 
summarised using lay language in an OHSU MS Center 
newsletter which will be sent to the study participants.
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ETHICS AND DISSEMINATION
The proposed study will take place at OHSU in Portland, 
Oregon, USA, has been approved by the OHSU IRB 
(reference: 21045), and has been registered on  Clinical-
Trials. gov. All participants will provide informed consent 
prior to study commencement. The results of the study 
will be presented at scientific conferences and published 
in peer- reviewed journals, regardless of the findings.
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CLINICAL RESEARCH CONSENT AND AUTHORIZATION 
SUMMARY OF KEY INFORMATION ABOUT THIS STUDY 

 

TITLE: Aerobic exercise to improve mobility in multiple sclerosis: optimizing design and 

execution for a full-scale multimodal remyelination clinical trial. 

 

PRINCIPAL INVESTIGATOR: Lindsey Wooliscroft, MD, MS  

 

You are being asked to join a research study. This consent form contains important 

information to help you decide if you want to join the study or not.  

 

PURPOSE: 

The purpose of this study is to learn more about multiple sclerosis (MS) and to explore if 

aerobic exercise can improve mobility and repair spinal cord damage in people with MS. 

 

This study has two phases. We want to learn: 

 

In phase 1: 

1) How MS symptoms are related to spinal cord damage.  

 

In phase 2, we will perform a clinical trial comparing a home-based aerobic exercise 

intervention to a group receiving MS education to determine: 

1) If it is safe and practical for people with MS to participate in an aerobic exercise 

intervention when compared to an MS education group. 

2) If aerobic exercise improves walking and repairs damage to the spinal cord in people with 

MS. 

 

DURATION: 

The duration and number of study visits for this trial will be different if you are in phase 1 only, 

or if you are in phase 1 and 2. 

 

In phase 1 of the study you will undergo 1 study visit which will last up to 4 hours. At that visit 

we will perform a test of spinal cord damage (called a somatosensory evoked potential 

(SSEP)) to see if you qualify for the second stage of the trial. If you do not qualify for the 

second phase, you will exit the study. 
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If you qualify for phase 2 of the trial, you will have 6 additional study visits over 6 months at 

OHSU. Each visit will last between 1-4 hours. Study visit activities can be conducted across 

separate timepoints within a week, if needed.  

 

In this second phase you will also have a 50% chance (similar to a coin flip) of being assigned 

to the aerobic exercise intervention or MS education control group. Participants in the MS 

education group meet for 1 hour every month for 6 months (for a total of 6 meetings). 

Participants in the home-based aerobic exercise intervention will exercise for about 40 

minutes, 3 times a week for 6 months with “graded supervision.” This means that participants 

will have virtually supervised exercise sessions with trained staff 3 times weekly for the first 

month, 2 times weekly for the second month, and weekly for months 3-6 (for a total of 32 

sessions). You may or may not have exercise sessions with other participants in the exercise 

trial. If the exercise sessions are not supervised, then you will perform the prescribed exercise 

on your own for a total of 3 exercise sessions per week. You will be provided with a stationary 

bicycle to be used at your home during the trial to complete these exercise sessions. The 

total duration of the study will be, at most, 38 weeks.   

 

PROCEDURES:  

If you decide to take part in this study, you may participate in a monthly MS education group 

or an aerobic exercise intervention for up to 28 weeks with study visits for up to 38 weeks. 

You will be asked to have a number of tests and procedures. This will include a neurologic 

and physical exam, vital signs, strength testing, testing of MS damage in the spine (SSEP), 

walking and arm coordination testing, cognitive testing, blood draws, and questionnaires 

about MS symptoms. You will have the option to take lorazepam prior to the SSEP to help 

reduce anxiety.  If you advance to phase 2 of the trial, you can choose to undergo two 

optional MRIs before and after you finish the exercise or education group intervention. This 

MRI uses advanced techniques to measure myelin in the brain. 

 

RISKS:  
With exercise there is at least a theoretical risk of heart trouble, ranging from irregular heart 
rhythms to heart attack. There is also a theoretical risk of death during the exercise. There is 
risk of fainting during exercise. The risk of significant complication is small. During exercise, 
muscle and joint soreness, with a possibility of muscle strain may occur.  
 
SSEP tests are safe and are approved for clinical use. There is a risk of discomfort during the 
procedure but SSEP tests do not cause damage to your body. You can stop the test at any 
time. 
 
If you choose to take lorazepam, common side effects are drowsiness and sedation. 
 
We will draw blood from your arm.  You may feel some pain when your blood is drawn.  There 
is a small chance the needle will cause bleeding, a bruise, an infection, or fainting. If you are 
in phase 2 of the study, you may choose to undergo two brain MRIs. The MRI magnet can 
cause metal in the body to move, heat, and cause injury. The MRI space is small, so those 
with claustrophobia are at risk of discomfort during the study. 
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BENEFITS:  

You may or may not personally benefit from being in this study. However, by serving as a 

study participant, you may help us learn how to benefit MS patients in the future. If you qualify 

and are assigned to the exercise intervention you may experience improvement in your 

physical fitness. If you qualify for and are randomized to the MS education group you may 

learn more about MS and symptom management. 

 

ALTERNATIVES:  

You may choose not to participate in this study or participate in another study if one is 

available. 

 

This is a voluntary research study.  You do not have to join the study.  Even if you decide to 

join now, you can change your mind later.  Please ask the Investigator if you have any 

questions about the study or about this consent form. 

 

END OF CONSENT SUMMARY 
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Clinical Research Consent and Authorization Form 

 
TITLE: Aerobic exercise to improve mobility in multiple sclerosis: optimizing design and 
execution for a full-scale multimodal remyelination clinical trial. 
 
 

PRINCIPAL INVESTIGATOR: Lindsey Wooliscroft, MD, MS  
 
WHO IS PAYING FOR THE STUDY?:   The National Institutes of Health (NIH) National Center 
for Medical Rehabilitation Research, the Myelin Repair Foundation, the Medical Research 
Foundation, and the OHSU Foundation. 
 
WHY IS THIS STUDY BEING DONE?: 
You have been invited to be in this research study because you have multiple sclerosis (MS). 

The purpose of this study is to prepare for a future clinical trial using aerobic exercise with 

medication to help repair the damage from MS. There is evidence from MS animal models that 

aerobic exercise can repair MS damage and may augment the effects of neural repair 

medications. We do not know if aerobic exercise will help with neural repair in MS. This study 

will prepare for future trials that combine exercise with a neural repair medication, but this trial 

does not involve a neural repair medication. 

 
You will make between 1 and 7 visits to OHSU and will take about 1 day to 38 weeks to 

complete, depending on your group. If you join the study, you will undergo a study visit to 

determine if you qualify for the second phase of the study. If you do not qualify for the second 

phase, you will exit the trial. If you qualify for the second phase, you will undergo 6 additional 

study visits over 6 months. Participants in the second phase will have a 50% chance of 

receiving the aerobic exercise intervention or an MS education group. Participants in the MS 

education group meet virtually for 1 hour every month for 6 months (for a total of 6 meetings). 

Participants in the aerobic exercise intervention will exercise for about 40 minutes, 3 times a 

week for 6 months with “graded supervision.” This means that participants will have home-

based, virtually supervised exercise sessions with trained staff 3 times weekly for the first 

month, 2 times weekly for the second month, and weekly for months 3-6 (for a total of 32 virtual 

sessions). If the exercise sessions are not supervised, then the participant will perform the 

prescribed exercise on their own for a total of 3 exercise sessions per week. The total duration 

of the study will be, at most, 38 weeks.   

 
We are asking you to provide a blood sample at study visits #1, #2, #4 and #5 for a blood bank, 
also called a repository. These samples will be stored indefinitely and may be used and 
disclosed in the future for research. We are also asking for you to provide data from this for the 
repository. This information may be used and disclosed in the future for research. 
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WHAT EXAMS, TESTS AND PROCEDURES ARE INVOLVED IN THIS STUDY?   
 
Phase 1 of the trial: 
 
Visit 1: 
This visit will take place at OHSU, in the Clinical and Translational Research Center on the 10th 
floor of the Hatfield Building. At this visit, study staff will review the details of study participation 
and will give you an opportunity to ask questions and receive answers before signing the 
consent form. Medical records may be reviewed to confirm your diagnosis and determine if it is 
safe for you to participate in the study. After signing the informed consents, a member of the 
study team will take your medical and MS history, ask you questions regarding your current 
exercise activity level, and complete the inclusion/exclusion criteria. 
 
You will then undergo strength testing (legs and hand grip), measurements of hand dexterity (a 
9-Hole Peg Test where you will move 9 pegs on a board) and a memory task (SDMT) where 
you will see numbers and symbols and will match a number for each random symbol as rapidly 
as possible. You will perform the following mobility tests: walking speed (Timed 25-Foot Walk, 
where you will walk 25 feet); a 6 Minute Timed Walk (6MTW), during which you will be asked to 
walk at a comfortable pace for 6 minutes; and the Timed Up and Go (TUG), during which you 
stand up from a chair, walk 7 meters, turn, return to the chair, turn and sit down. Some of these 
tests may be performed with sensors on your torso, arms and legs.  You will also stand quietly 
for 30 seconds and the sensors will measure your amount of sway. You will undergo a test of 
the structure of the spinal cord (SSEP) that measures electrical signals traveling through the 
spinal cord using electrode stickers on the skin. You will have the option of taking lorazepam 
orally prior to your SSEP to reduce anxiety and therefore muscle artifact that effects the 
procedure.  Lorazepam is a drug approved by the FDA used to treat anxiety.    If you choose to 
take lorazepam, the SSEP will be conducted after mobility testing so there will be no increased 
risk of falls or harm during the mobility testing.  Taking lorazepam is entirely optional.  You will 
be asked to complete a questionnaire that will ask about your level of fatigue (Modified Fatigue 
Impact Scale, MFIS). You will complete a short survey of your physical activity level 
(International Physical Activity Questionnaire-Short Form, IPAQ-SF) and will be asked how 
many falls you have had in the last 30 days. You will complete 6 other questionnaires regarding 
pain, arm and leg function, depression, self-efficacy and sleep problems. It will take about 25-35 
minutes to fill out all of the questionnaires.  
 
There will also be a blood draw (of 30 mLs or 6 teaspoons of blood) that will be used for future 
markers of MS disease, damage and repair. In the future, your blood and information may be 
given to researchers for other research studies. The samples and/or information will be labeled 
as described in the WHO WILL SEE MY PERSONAL INFORMATION? section.  
 
Visit 1 will take 3-4 hours and you will receive a snack during the visit. Study visit activities can 
be conducted across separate timepoints within a week, if needed. 
 
If you are among the first 44 participants found to have spinal cord damage on SSEP testing, 
you will advance to phase 2 of the trial comparing an aerobic exercise intervention with an MS 
education group. A computer will randomly assign you to the aerobic exercise intervention or an 
MS education program. This is a randomized study. Neither you nor the investigator can choose 
whether you are in the aerobic exercise group or the MS education group. You have a 50% 
chance (similar to a coin toss) of being in either group in this study. The investigators analyzing 
the data will not know your group assignment.  
 
If you do not qualify for phase 2, you will exit the trial. You will receive compensation for Visit 1 
whether or not you advance to phase 2 of the trial. 
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For patients advancing to phase 2 of the trial… 
 
Visit 2 (COVID-19 test) 
This visit will take place at OHSU, in the Clinical and Translational Research Center on the 10th 
floor of the Hatfield Building. At this visit, study staff will perform a COVID-19 test by collecting a 
sample of mucus from your nose or throat with a swab.  COVID-19 testing must be done within 
three days of visit three because the Human Performance Lab requires a negative COVID-19 
test before exercise testing. 
 
There will also be a blood draw (of 30 mLs or 6 teaspoons of blood) that will be used for future 
markers of MS disease, damage and repair. In the future, your blood and information may be 
given to researchers for other research studies. The samples and/or information will be labeled 
as described in the WHO WILL SEE MY PERSONAL INFORMATION? Section. Visit 2 should 
take less than an hour. 
 
Visit 3 (Exercise testing and optional brain MRI) 
This visit will take place at OHSU in the Human Performance Lab on the 11th floor of Hatfield. 
The exercise stress test (VO2Max) will be performed under the supervision of an exercise 
physiologist. The stress testing will be done on a treadmill or stationary bicycle to measure 
blood pressure, heart rate, and oxygen consumption. Body composition assessments will also 
be performed using a skin-fold test with calipers to estimate your body fat. At this visit you will 
be told if you were randomized to the exercise group or the MS education program. If you are 
randomized to the exercise group, then you will receive education about heart rate monitoring 
and an overview of the exercise visits.  There is also an optional brain MRI to be conducted at 
the Advanced Imaging Research Center at this visit to measure myelin in the brain at Visit 2 or 
3. Visit 3 will take 4 hours for the VO2Max and MRI. 
 
Interventions: Aerobic exercise or MS education program 
If you are assigned to the aerobic exercise program, you will exercise on a stationary bicycle for 
about 40 minutes, 3 times a week for about 6 months. The sessions will be performed at home 
on a stationary bicycle provided by the study for 6 months. All supervised exercise sessions are 
overseen by trained research staff. You will undergo 3 supervised sessions a week for weeks 1-
4; 2 supervised sessions and 1 unsupervised session for weeks 5-8; and 1 supervised session 
and 2 unsupervised sessions for weeks 9-24. You will log all training sessions in the log 
provided. This means that you will have 36 virtually supervised visits at home in addition to the 5 
study visits outlined here.  
 
If you are assigned to the MS education program, you will participate in virtual group meetings 
for 1 hour about every month for about 6 months with a facilitator and other trial participants. 
You will be asked to review a different 20-32 page pamphlet provided by the National MS 
Society reviewing information regarding a topic relevant to MS prior to each session. During the 
session, you will discuss the information included in that month’s pamphlet. This means that you 
will have 6 group meetings in addition to the 5 study visits outlined here. 
 
Visits 4 & 5 (Follow-up Study Visits at about Week 12 & 24): 
This visit will take place at OHSU, in the Clinical and Translational Research Center on the 10th 
floor of the Hatfield Building. The research staff will review your medical and MS history, review 
the inclusion/exclusion criteria and adverse events. You will undergo strength testing (legs and 
hand grip), measurements of hand dexterity (a 9-Hole Peg Test where you will move 9 pegs on 
a board) and a memory task (SDMT) where you will see numbers and symbols and will match a 
number for each random symbol as rapidly as possible. You will perform the following mobility 
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tests: walking speed (Timed 25-Foot Walk, where you will walk 25 feet); a 6 Minute Timed Walk 
(6MTW), during which you will be asked to walk at a comfortable pace for 6 minutes; and the 
Timed Up and Go (TUG), during which you stand up from a chair, walk 7 meters, turn, return to 
the chair, turn and sit down. Some of these tests may be performed with sensors on your torso, 
arms and legs. You will also stand quietly for 30 seconds and the sensors will measure your 
amount of sway. You will undergo a test of spinal cord damage (SSEP) that measures electrical 
signals traveling through the spinal cord using electrode stickers on the skin. You will have the 
option of taking lorazepam prior to your SSEP to reduce anxiety and therefore muscle artifact 
that effects the procedure. If you choose to take lorazepam, the SSEP will be conducted after 
mobility testing so there will be no increased risk of falls or harm during the mobility testing. You 
will be asked to complete a questionnaire that will ask about your level of fatigue (Modified 
Fatigue Impact Scale, MFIS). You will complete a short survey of your physical activity level 
(International Physical Activity Questionnaire-Short Form, IPAQ-SF) and will be asked how 
many falls you have had in the last 30 days. You will complete 6 other questionnaires regarding 
pain, arm and leg function, depression, self-efficacy and sleep problems. At visit 5 you will also 
complete an exit survey.  It will take about 25-35 minutes to fill out all of the questionnaires.  
 
There will also be a blood draw (of 30 mLs or 6 teaspoons of blood) that will be used for future 
markers of MS disease, damage and repair. In the future, your blood and information may be 
given to researchers for other research studies. The samples and/or information will be labeled 
as described in the WHO WILL SEE MY PERSONAL INFORMATION? section.  
 
Visits 4 and 5 will take 3-4 hours and you will receive a snack during each visit.  
 
Visit 6 (COVID-19 test) 
This visit will take place at OHSU, in the Clinical and Translational Research Center on the 10th 
floor of the Hatfield Building. At this visit, study staff will perform a COVID-19 test by collecting a 
sample of mucus from your nose or throat with a swab.  COVID-19 testing must be done within 
three days of visit three because the Human Performance Lab requires a negative COVID-19 
test before exercise testing. This visit should only take around 30 minutes. 
 
Visit 7 (Follow-up Exercise Testing at Week 24): 
The exercise stress test (VO2Max) will be performed under the supervision of an exercise 
physiologist. The stress testing will be done on a treadmill or stationary bicycle to measure 
blood pressure, heart rate, and oxygen consumption. You will also have a skin-fold test with 
calipers to estimate your body fat. There is also an optional brain MRI to be conducted at the 
Advanced Imaging Research Center at this visit or Visit 6 to measure myelin in the brain. Visit 7 
will take 3 hours. 
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* The MS education group meets about monthly for 1 hour for 6 months. The aerobic exercise 
exercises for 40 minutes 3 times weekly with graded supervision. 

 Visit 1  Visit 2  Visit 3 Inter-
vention  

 

Visit 4 
 

Inter-
vention 

Visit 5 
 

Visit 6 
 

Visit 7 
 

Informed Consent 
signing  

X         

Inclusion/ 
exclusion 

X    X  X   

Medical and MS 
history 

X  X  X  X  X 

MS Disability 
Questionnaire 
(PDDS) 

X         

Exercise readiness 
questionnaire 
(PAR-Q) 

X    X     

Vitals/Body 
Composition 

  X            X       

Strength Testing  X    X  X   
Spinal cord 
damage test 
(SSEP) 

X    X  X   

Timed 25 Foot 
Walk (T25FW) 

X    X  X   

Walk test (6MTW) X    X  X   
Walk test (TUG) X    X  X   
9 Hole Peg Test 
(9HPT) 

X    X  X   

Postural Sway X    X  X   
Report of fall 
frequency 

X    X  X   

Cognitive Test 
(SDMT) 

X    X  X   

Fatigue 
questionnaire 
(MFIS) 

X    X  X   

Physical activity 
questionnaire 
(IPAQ-SF) 

X    X  X   

Questionnaires  X    X  X   
Exit Survey       X   
Blood draw (6 
teaspoons) 

X X   X  X   

COVID-19 Test  X      X  
Exercise stress 
test (VO2max) 

  X      X 

Aerobic exercise 
or Education 
program 

   X  X    

MRI (optional)**   X      X 
Lorazepam 
(optional) 

X    X  X   

Total time per visit 3-4 
hours 

0.5-
2.5 

hour 

2.5-4 
hours 

See 
Below

* 

3-4  
hours 

See 
Below

* 

3-4 
hours 

0.5-2 
hours 

1.5-3 
hours 
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** The MRI can be performed at Visit #2 or #3 and Visit #6 or #7. 
 
 
WILL I RECEIVE RESULTS FROM THE TESTING IN THIS STUDY? 
During this research study, you will not be able to see the research data collected about you. 
However, if you are curious about your results, these results may be shared upon your request. 
The optional MRI scan is being done to answer research questions, not to examine your brain 
for medical reasons. This MRI scan is not a substitute for a clinical scan (the type a doctor 
would order). The research scan may not show problems that may be picked up by a clinical 
MRI scan. If we find an abnormality that requires urgent follow-up, we will contact you and your 
doctor (with your permission) to help answer questions and get the right follow-up care for 
you.  It is possible that you could be unnecessarily worried if a problem were suspected, but not 
actually found. 
 
WHAT RISKS CAN I EXPECT FROM TAKING PART IN THIS STUDY?  
Exercise stress test (VO2Max) and aerobic exercise: There is a theoretical risk of death during 
the exercise. There is also at least a theoretical risk of heart trouble, ranging from irregular heart 
rhythms to heart attack, because of exercise. The risk of significant complication is small. During 
exercise, muscle and joint soreness, with a possibility of muscle strain may occur. There is also 
a small risk of fainting during exercise. 
 
Because you exercise during the VO2Max test, these same risks apply to this test. There are 
some additional risks with VO2Max testing, such as rashes and general skin irritation from the 
electrocardiographic electrodes, skin preparation and nose clips.  
 
Before you take your exercise test (VO2Max), you will need to receive a COVID-19 test during a 
separate visit within three days prior to your exercise test.  During this test, a sterile swab will be 
placed in your nasal passage, or in your throat which may be uncomfortable. 
 
MS education group: Discussing MS disease and its relation to you and/or MS symptoms may 
seem very personal or embarrassing. This may upset you.  You can choose to not to participate 
in the sessions. If the sessions make you very upset, we will help you to find a counselor.   
 
Test for MS spinal cord damage (SSEP): SSEP tests are safe and are approved for clinical use. 
There is a risk of discomfort during the procedure but SSEP tests do not cause damage to your 
body. You can stop the test at any time. 
 
Walking tests (6MWT, T25FW, TUG): The risks of these procedures include falls and injury 
while walking and turning. However, trained research staff will be present during all tests to help 
subjects should they feel unsteady or require assistance. 
 
Blood draw: We will draw blood from your arm.  You may feel some pain when your blood is 
drawn.  There is a small chance the needle will cause bleeding, a bruise, an infection, or 
fainting. 
 
Risks of Lorazepam (optional): 
Common side effects of lorazepam are drowsiness and sedation. 
 
Risks of MRI (optional part of the study): The magnetic resonance imaging (MRI) machine is a 
powerful magnet.  There are no known risks from the magnet itself. However, if you have metal 
in your body, the magnet may cause the metal to move.  If you know of any metal in your body, 
tell the investigator because you may not be able to have an MRI. Review any dental treatments 
you have had with the investigator, since these may involve metal.  The most common 
discomfort of an MRI is the length of time you must lie still or flat while the scan is being 
performed. Some people with claustrophobia (fear of closed spaces) may find the MRI machine 
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too confining.  Finally, the MRI scanner makes loud beeping or thumping noises, so you may be 
offered protective earplugs to wear during the scan.   
 
For pregnancy/risk to fetus (for women): If you are nursing an infant or you are pregnant now, 
you must not be in the study. Performing maximal exercise testing during pregnancy may pose 
unwanted risks to a fetus. If you are sexually active and could become pregnant, you and your 
male partner(s) must use birth control that works well or you must not have sex. The 
investigator will talk to you about the types of birth control that are acceptable. You will have to 
do this the whole time you are in this study. If you become pregnant during the research study, 
please tell the investigator and your doctor immediately.  
 
All data is kept securely, but does contain identifiers such as full name, email addresses, phone 
number, and dates of study visits. Such identified information will be used in this study and 
shared with research staff and with staff at OHSU. A breach in confidentiality and a resulting 
loss of privacy could result in monetary loss due to identity theft and could carry other risks. 
However, the research team will make every effort to protect your private information and guard 
against any loss of privacy.  
 
You may have other unexpected side effects. You should discuss any discomfort or side effect 
with the research staff or study doctors. 
 
WHAT ARE MY CHOICES IF I DECIDE NOT TO TAKE PART IN THIS STUDY?  
You may choose not to be in this study. You may choose to engage in aerobic exercise under 
the supervision of your medical provider or attend an MS support group instead of participating 
in this study. You do not need to participate in this research study to exercise or learn about MS. 
The risks and benefits of these alternative options should be discussed with your medical 
provider. 
 
WHO WILL SEE MY PERSONAL INFORMATION? 
We will take steps to keep your personal information confidential, but we cannot guarantee total 
privacy. Research staff approved to work on this study at OHSU will have access to the 
personal information we collect. All paper research records will be stored at OHSU in a locked 
cabinet in a locked office. Any data stored electronically will be kept at OHSU network drive that 
is only accessible to study staff. All study staff will have completed all relevant OHSU trainings 
on privacy, confidentiality, and best research practices. 
 
A note will be placed in your OHSU medical record, indicating that you are participating in this 
research study. Study visits will be logged in your OHSU medical record as well. Any OHSU 
provider who is permitted to access your record may be able to see these notes. 
 
The results of your participation in this study may be used for publication or for scientific 
purposes, but the results will not include any information that could identify you. Your identity 
will not be disclosed unless you give specific, separate consent or if required by law. We will 
create and collect health information about you as described in the WHY IS THIS STUDY 
BEING DONE? and the WHAT EXAMS, TESTS AND PROCEDURES ARE INVOLVED IN THIS 
STUDY? sections of this form. Health information is private and is protected under federal law 
and Oregon law. By agreeing to be in this study, you are giving permission (also called 
authorization) for us to use and disclose your health information as described in this form. 
 
The investigators, study staff, and others at OHSU will use the information we collect and create 
about you in order to conduct and oversee this research study and store in a repository and 
conduct future research. We may release this information to others outside of OHSU who are 
involved in conducting or overseeing research, including: 
 

 The funder of this study, National Institutes of Health, and the funder’s representatives 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-061539:e061539. 13 2023;BMJ Open, et al. Wooliscroft L



 

 

 The Office for Human Research Protections, a federal agency that oversees research 
involving humans 
 

Those listed above may also be permitted to review and copy your records, including your 
medical records. 
 
We will not release information about you to others not listed above, unless required or 
permitted by law. We will not use your name or your identity for publication or publicity 
purposes, unless we have your special permission. 
 
Mandatory reporting of suspected child or elder abuse. Under Oregon law, suspected child 
or elder abuse must be reported to appropriate authorities. 
 
When we send information outside of OHSU, it may no longer be protected under federal or 
Oregon law. In this case, your information could be used and re-released without your 
permission. 
 
Information and blood samples from this study may be shared with other investigators for future 
research studies. All identifying information about you will be removed from the data before they 
are released to any other investigators. If you consent to inclusion in the recruitment repository, 
your identifying information (name, contact information, and demographics) may be released to 
other investigators. 
 
WILL ANY OF MY INFORMATION OR SAMPLES FROM THIS STUDY BE USED FOR ANY 

COMMERCIAL PROFIT?  
Information about you or obtained from you in this research may be used for commercial 
purposes, such as making a discovery that could, in the future, be patented or licensed to a 
company, which could result in a possible financial benefit to that company, OHSU, and its 
researchers. There are no plans to pay you if this happens.  You will not have any property 
rights or ownership or financial interest in or arising from products or data that may result from 
your participation in this study.  Further, you will have no responsibility or liability for any use 
that may be made of your samples or information. 
 
WHAT ARE THE COSTS OF TAKING PART IN THIS STUDY?   
There will be no cost to you or your insurance company to participate in this study. 
 
You will be paid $25 at the end of Visit #1. You will also receive $25 at the end of Visits #4 and 
#5 if you advance to phase 2 of the study. If you choose to undergo the optional brain MRIs at 
Visits #2 or #3 and #6 or #7, you will receive $50 after each MRI. You will not be reimbursed for 
VO2 max sessions, attendance at MS education group classes, or attendance at exercise 
sessions. If you drop out of the study before completing all visits you will be paid for the visits 
that you attended. If you complete the three assessment visits, you will have received $75. If 
you undergo the two optional brain MRIs, then you will have received an additional $100. If you 
advance to phase 2 of the study, are randomized to the MS education group, and complete at 
least 4 out of 6 sessions, you will also receive a 3 month membership to march wellness in the 
Medical Exercise Program (a $198 value).  
 
You may receive payment via a debit card.  There may be fees (for example, if the card is 
inactive for more than six months), which will be deducted from the balance on your card.  
Details on how to use the card and any fees are included in the separate card member 
agreement and FAQ sheet. 
 
WHAT HAPPENS IF I AM INJURED BECAUSE I TOOK PART IN THIS STUDY? 
If you believe you have been injured or harmed as a result of participating in this research and 
require treatment, contact Lindsey Wooliscroft. 
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If you are injured or harmed during the aerobic exercise sessions you will be treated. OHSU and 
the NIH do not offer any financial compensation or payment for the cost of treatment if you are 
injured or harmed as a result of participating in this research.  Therefore, any medical treatment 
you need may be billed to you or your insurance.  However, you are not prevented from seeking 
to collect compensation for injury related to negligence on the part of those involved in the 
research. Oregon law (Oregon Tort Claims Act (ORS 30.260 through 30.300)) may limit the 
dollar amount that you may recover from OHSU, VAPORHCS, or its caregivers and researchers 
for a claim relating to care or research at OHSU, and the time you have to bring a claim. 
 
If you have questions on this subject, please call the OHSU Research Integrity Office. 
 

This federally funded study also does not have the ability to provide compensation for research-
related injury.  If you are injured or become ill from taking part in this study, it is important to tell 
your study doctor.  Emergency treatment may be available but you or your insurance company 
will be charged for this treatment. 
 
WHERE CAN I GET MORE INFORMATION? 
If you have any questions, concerns, or complaints regarding this study now or in the future, 
contact Lindsey Wooliscroft. 
 

This research has been approved and is overseen by an Institutional Review Board (“IRB”), a 
committee that protects the rights and welfare of research participants. You may talk to the IRB 
at irb@ohsu.edu if: 

• Your questions, concerns, or complaints are not being answered by the research 
team. 

• You want to talk to someone besides the research team. 
• You have questions about your rights as a research participant. 
• You want to get more information or provide input about this research. 

 
You may also submit a report to the OHSU Integrity Hotline online at 
https://secure.ethicspoint.com/domain/media/en/gui/18915/index.html or by calling toll-free (877) 
733-8313 (anonymous and available 24 hours a day, 7 days a week).   
 
WHAT ARE MY RESPONSIBILITIES IN THIS STUDY? 
If you are in the aerobic exercise group, we will ask you to exercise on a stationary bicycle for 
about 40 minutes, 3 times a week for 6 months with graded virtual supervision supervised by a 
trainer. You will be asked to participate in 3 supervised sessions a week for weeks 1-4; 2 
supervised sessions and 1 unsupervised session for weeks 5-8; and 1 supervised session and 
2 unsupervised sessions for weeks 9-24. The rest of the sessions would be unsupervised. You 
will be asked to log all training sessions in the log provided. This means that you will have 36 
home based supervised visits. 
 
If you are assigned to the MS education program, we will ask you to attend virtual group 
meetings for 1 hour about every month for about 6 months with a facilitator and other trial 
participants. You will be asked to review a different pamphlet provided by the National MS 
Society reviewing information regarding an MS topic prior to each session. During the session, 
you will discuss the information included in that month’s pamphlet. This means that you will 
have 6 group meetings. 
 
DO I HAVE TO TAKE PART IN THIS STUDY? 
Your participation in this study is voluntary.  You do not have to join this or any research study.  
You do not have to allow the use and disclosure of your health information in the study, but if 
you do not, you cannot be in the study.  
 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-061539:e061539. 13 2023;BMJ Open, et al. Wooliscroft L

https://secure.ethicspoint.com/domain/media/en/gui/18915/index.html


 

 

Your health care provider may be one of the investigators of this research study and, as an 
investigator, is interested in both your clinical welfare and in the conduct of this study.  Before 
entering this study or at any time during the research, you may ask for a second opinion about 
your care from another doctor who is in no way involved in this project.  You do not have to be 
in any research study offered by your physician.   
 
The participation of OHSU students or employees in OHSU research is completely voluntary 
and you are free to choose not to serve as a research participant in this protocol for any reason.  
If you do elect to participate in this study, you may withdraw from the study at any time without 
affecting your relationship with OHSU, the investigator, the investigator’s department, or your 
grade in any course.   
 
IF I DECIDE TO TAKE PART IN THIS STUDY, CAN I STOP LATER? 
If you do join the study and later change your mind, you have the right to quit at any time.  This 
includes the right to withdraw your authorization to use and disclose your health information. If 
you choose not to join any or all parts of this study, or if you withdraw early from any or all parts 
of the study, there will be no penalty or loss of benefits to which you are otherwise entitled, 
including being able to receive health care services or insurance coverage for services. Talk to 
the investigator if you want to withdraw from the study or change parts of your study 
participation.  

 
If you no longer want your health information to be used and disclosed as described in this form, 
you must send a written request or email stating that you are revoking your authorization to: 
 
Lindsey Wooliscroft 
 
Your request will be effective as of the date we receive it.  However, health information collected 
before your request is received may continue to be used and disclosed to the extent that we 
have already acted based on your authorization.   
 

If you send a letter to the Principal Investigator to withdraw consent, the use and disclosure of 
your protected health information will stop as of the date she receives your request. However, 
the Principal Investigator is allowed to use information collected before the date of the letter or 
email before your letter arrives. 
 

You may be removed from the study if the National Institutes of Health stops the study, you 
become pregnant, you are unable to complete the aerobic exercise intervention or MS 
education group sessions, your disease gets worse, or you do not follow study instructions. 
 
We will give you any new information during the course of this research study that might change 
the way you feel about being in the study. 
 
A description of this clinical trial will be available on http://www.ClinicalTrials.gov, as 
required by U.S. law. This web site will not include information that can identify you. At 
most, the web site will include a summary of the results. You can search this web site at any 
time. 
 
 
 
 
 
 
 
 
 

BMJ Publishing Group Limited (BMJ) disclaims all liability and responsibility arising from any reliance
Supplemental material placed on this supplemental material which has been supplied by the author(s) BMJ Open

 doi: 10.1136/bmjopen-2022-061539:e061539. 13 2023;BMJ Open, et al. Wooliscroft L



 

 

SIGNATURES: 
 

PARTICIPANT OPTIONS 

 

The optional portions of this study are described in detail throughout this consent form and 
listed here as a summary. Please read the options and place your initials next to your choice. 
You can still participate in the main part of the study even if you choose not to participate in 
the optional parts. 
 

_____ I give my consent to undergo two brain MRIs at Visits #2 or #3 and #6 or #7. 
 
_____ I do not give my consent to undergo two brain MRIs at Visits #3 and #7. 

 

 
Your signature below indicates that you have read this entire form and that you agree to be in 
this study.   
 
We will give you a copy of this signed form. 
 
 
 
Participant Printed Name  Participant Signature  Date 

Person Obtaining Consent Printed Name  Person Obtaining Consent Signature  Date 
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