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Abstract

Introduction: Cerebrovascular disease — such as stroke — is the second most common cause of
dementia (i.e., vascular dementia). Specifically, a stroke increases one’s risk for dementia by a
factor of two. Thus, stroke survivors represent a target population in need of intervention
strategies to promote cognitive function and prevent dementia. The current standard of care in
stroke rehabilitation does not adequately address the significant cognitive consequences of

stroke, especially for those who are in the chronic phase (i.e., > 12 months since an index stroke).

Two potential intervention strategies are 1) exercise training and 2) cognitive and social
enrichment activities.

Methods and analysis: The aim of this proof-of-concept randomized controlled trial is to
determine whether a 6-month targeted exercise training program or a 6-month cognitive and
social enrichment program can efficaciously and efficiently improve cognitive function in older
adults with chronic stroke compared with a 6-month stretch and tone program (i.e., control). The
primary measurement periods will be baseline, month 6 (post-intervention), and month 12 (6-
month follow-up). The primary outcome measure will be performance on the Alzheimer’s
Disease Assessment Scale-Cognitive-Plus (ADAS-Cog-Plus), a global measure of cognitive
performance using multidimensional item response theory to summarize scores from the 13-item
ADAS-Cog and other standard cognitive assessments. The primary analysis will compare
changes in ADAS-Cog-Plus performance from baseline to month 6. Proof-of-concept outcomes
relating to intervention feasibility will be analyzed descriptively. The economic evaluation will
examine the incremental costs and health outcome benefits generated by both interventions
versus the control.

Ethics and dissemination: Ethical approval has been obtained from the University of British
Columbia’s Clinical Research Ethics Board (H13-00715, July 26, 2013). Any modifications to
the protocol will require a formal amendment to the protocol and approval by the Research
Ethics Board. Outcomes of this randomized controlled trial and the statistical code to generate
those outcomes will be disseminated through publication in peer-reviewed journals as well as
conference presentations.

Registration details: ClinicalTrials.gov Protocol Registration System: NCT01916486;
registered July 23, 2013.

Keywords: Chronic stroke; cognitive function; cognitive training; exercise
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Strengths and limitations of this study

e First study to directly compare exercise training to cognitive training relative to a credible
control condition among individuals with chronic stroke.

e Randomized controlled trial comparing 6 months of exercise training or social and
cognitive enrichment to an active control of balance-and-tone training in individuals who
have experienced a stroke at least 12 months prior

e The primary outcome measure is general cognitive performance with secondary measures
of executive functioning, mood, quality of life, sleep quality, and cardiometabolic
functioning

¢ Six-month follow-up assessment will determine whether any treatment effects persist.

e The study is assessor-blinded as it is not feasible to blind participants to treatment
condition.
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Introduction

One in six older adults will suffer a stroke in their lifetime, or one stroke every two
seconds worldwide '. Of relevance to our study, cerebrovascular disease — such as stroke — is the
second most common cause of dementia (i.e., vascular dementia) >, accounting for up to 38% of
all dementia cases °. Specifically, a stroke doubles one’s risk for dementia ’. Moreover,
impairments in several domains of cognition—including memory, attention, and executive
function—are common following stroke *'°. Stroke-related cognitive deficits are associated with
other negative outcomes including institutionalization ', reduced quality of life '?, and death *°.
Thus, stroke survivors represent a target population in need of intervention strategies to promote
cognitive function and prevent dementia. However, the current standard of care in stroke
rehabilitation does not adequately address the clinically important cognitive consequences of
stroke — especially for those who are in the chronic phase (i.e., > 12 months since an index
stroke).

Current evidence from randomized controlled trials (RCTs) suggests that targeted
exercise training is an effective strategy to promote both cognitive and functional brain plasticity
in older adults '**°. A meta-analysis concluded that aerobic training has robust but selective
benefits for cognitive function; the largest benefits occur for executive function '°. Rodent
models have shown that exercise training induces upregulation of neurotrophic factors within the
central nervous system that, in turn, contribute to neural health 2122 and myelin recovery
following pathological insult > **.

However, there is insufficient quality evidence for targeted exercise training as an
effective strategy to promote cognitive function in stroke survivors ** *°. Despite the high
prevalence of cognitive deficits and the increased risk for dementia in this population, few
randomized controlled trials (RCTs) to date >’ have focused on targeted exercise training on
cognitive function. A small-scale RCT of individuals with chronic stroke (> 6 months post
ischemic stroke) showed improved processing speed following 8 weeks of aerobic exercise
training but no effects on other aspects of cognition compared to 8 weeks of stretching *. A
second small-scale RCT found that a 19-week multi-component exercise training program
(adapted from the Fitness and Mobility Exercise [FAME] program) improved general cognition
and increased cerebral blood flow compared to a strength program of equal length *°. A pre-post
designed study showed that general cognition and executive function were improved following 6
months of combined aerobic and resistance training in individuals who had experienced a stroke
at least 10 weeks prior *'; however, the lack of a control group precludes causal conclusions. In
contrast, a recent RCT did not find that 6 months of aerobic exercise significantly improved
aspects of memory and executive function relative to low-intensity balance and tone training **.
In light of the promising evidence from previous pilot studies, from studies of older adults
without chronic stroke 29, and from mechanistic animal studies ** 24, further research of exercise
training among individuals with chronic stroke in large-scale, well-designed RCTs is needed.

Nevertheless, the physical ability of stroke survivors to participate in targeted exercise
training is often limited. In fact, most stroke survivors adopt or return to sedentary lifestyles after
rehabilitation **. Post-stroke physical deficits (e.g., balance) are associated with reduced activity
participation **. Additional barriers to physical activity participation include low self-efficacy
and social support *°. Thus, other strategies to promote cognitive function need to be considered
for this population.

An alternative or supplemental behavioral approach might be to intervene with cognitive
and social enrichment activities to ameliorate cognitive impairment in the chronic stroke phase.
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The premise of this strategy is that by engaging in activities that stimulate higher-order cognition
(e.g., memory and executive function), cognitive performance is improved and future cognitive
decline is mitigated. Rodent models suggest that environment enrichment—e.g., housing in
larger cages and in larger groups with varied environmental features—has various positive
behavioural, neuro-anatomical, and molecular effects, including following stroke 3% Few
previous studies have tested this proposition among humans with chronic stroke. One 6-month
pre-post study showed that a program that combined exercise training using the FAME program
(2 days/week) with cognitive and social enrichment (1 day/week) was associated with benefits in
aspects of memory and executive functions among individuals who had sustained a stroke at
least 12 months prior 2. Another pilot RCT compared this same multi-component intervention to
a wait-list control and found benefits to aspects of executive functions, working memory, and
physical functioning *’. Whether these effects could be attributed primarily to the exercise
training or to the social and cognitive activities could not be determined by this study design.

Thus, to better understand the relative effects of exercise training and of cognitive and
social enrichment on cognitive function, we aim to conduct a 3-arm, parallel group proof-of-
concept RCT comparing the following: 1) exercise training; 2) cognitive and social enrichment
activities; and 3) an active control group consisting of stretching and toning activities. Each
intervention arm will be 6 months in length and will be followed by a 6-month follow-up period.
The results of this proof-of-concept RCT will be used to inform the design of a larger definitive
trial. Specifically, it will confirm the feasibility of the study methods and procedures.

Methods and analysis

Design Outline

We will conduct a six-month proof-of-concept RCT and follow-up our study cohort for
an additional six months (see Figure 1). There will be a dedicated research coordinator
(unblinded) and trained assessor (blinded). Standardized protocols will be developed and study
personnel will be trained by the research team. Assessments and intervention classes will occur
at a research laboratory on the Vancouver General Hospital campus, Vancouver, Canada.

Recruitment

Recruitment advertisements will be placed in local community centers, stroke support
groups, and newspapers in Greater Vancouver. Interested individuals will initially be screened by
telephone by the research coordinator using both the inclusion criteria and the modified Physical
Activity Readiness Questionnaire (PAR-Q) ¥ a screening measure of physical readiness for
exercise that requires clearance by a physician to engage in exercise. Those who appear eligible
will be invited to an information session. During the information sessions, potential participants
will be provided with details of the study and will have the opportunity to ask questions. A
consent and screening session will be arranged for those who are interested in participating at the
end of the information sessions. Those who remain eligible after the screening session will
proceed to baseline assessments after their physician provides: 1) a written recommendation
indicating their appropriateness to participate in an exercise program; and 2) a detailed
description of their stroke (i.e., when it occurred, lesion location, and lesion type as defined by
previous MRI or computed tomography scans).

Time Frame
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Recruitment began in December of 2013 and the estimated completion date for collection
of the primary outcome measure is December of 2018. To date, 72 individuals (~61% of target
sample) have been randomized.

Eligibility

Inclusion Criteria

Community-dwelling adults will be included who have had an ischemic or hemorrhagic
stroke (confirmed by previous MRI or computed tomography scan). In addition, individuals must
meet the following inclusion criteria: 1) are aged 55 years and over; 2) have a history of a single
stroke of at least one year prior to study enrolment; 3) have a Mini-Mental State Examination
(MMSE) *° score of > 20/30 at screening, including a perfect score on the 3-step command to
ensure intact comprehension and ability to follow instructions; 4) are community-dwelling; 5)
live in Greater Vancouver area; 6) able to comply with scheduled visits, treatment plan, and
other trial procedures; 7) read, write, and speak English with acceptable visual and auditory
acuity; 8) not expected to start or are stable on a fixed dose of cognitive medications (e.g.,
donepezil, galantamine, etc.) during the 12-month study period; 9) able to walk for a minimum
of six metres with rest intervals with or without assistive devices; 10) based on interview, have
an activity tolerance of 60 minutes with rest intervals; 11) not currently participating in any
regular therapy or progressive exercise; and 12) provide a personally signed and dated informed
consent document indicating that the individual (or a legally acceptable representative) has been
informed of all pertinent aspects of the trial. In addition, an assent form will be provided at
baseline and again at regular intervals.

Exclusion Criteria

Individuals will be excluded who are: 1) diagnosed with dementia of any type; 2)
diagnosed with another type of neurodegenerative or neurological condition (e.g., Parkinson’s
disease) that affects cognitive function and mobility; 2) at high risk for cardiac complications
during exercise or unable to self-regulate activity or to understand recommended activity level
(i.e., Class C of the American Heart Risk Stratification Criteria); 3) have clinically important
peripheral neuropathy or severe musculoskeletal or joint disease that impairs mobility, as
determined by his/her family physician; 4) taking medications that may negatively affect
cognitive function, such as anticholinergics, including agents with pronounced anticholinergic
properties (e.g., amitriptyline), major tranquilizers (i.e., typical and atypical antipsychotics), and
anticonvulsants (e.g., gabapentin, valproic acid, etc.); or 5) aphasia as judged by an inability to
communicate by phone.

Measurement

There will be three primary measurement sessions: baseline, 6 months, and 12 months.
Baseline measurements will be obtained prior to randomization. Additional secondary measures
will be assessed monthly by unblinded assessors throughout the 12-month study. Data will be
entered and scored using standard scoring procedures for each measure. Paper files will be held
in secure filing cabinets and digital data will be stored on encrypted hard drives in laboratory
areas with limited, key card access. All participant materials will be identified by identification
number to maintain participant confidentiality.
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Screening and Consent Session

For the screening and consent session, the study coordinator will re-administer the
Physical Activity Readiness Questionnaire (PAR-Q) ® a screening measure of physical
readiness for exercise. Global cognitive function will be assessed using the MMSE *° and the
MoCA *. Eligible participants will be provided a form to be completed by their family physician
to confirm the inclusion/exclusion criteria.

Descriptors and Relevant Covariates

At baseline, general health, demographics, socioeconomic status, and education will be
ascertained by a questionnaire. We will also document each participant’s American Stroke
Classification *', medication history, and type (e.g., ischemic, haemorrhage), location (e.g.,
middle cerebral artery), and structure (e.g., posterior parietal cortex) of stroke from medical
records/family physician. At each of the three primary measurement sessions, we will measure
age in years, standing height in centimetres, and mass in kilograms. We will assess ADL using
the self-report Functional Independence Measure **. Participants will complete the Functional
Comorbidity Index to estimate the degree of comorbidity associated with physical functioning **.

Primary Outcome Measure

Our primary measure of cognitive function will be the Alzheimer’s Disease Assessment
Scale-Cognitive-Plus (ADAS-Cog-Plus). The ADAS-Cog-Plus score is computed using a custom
script 4 using the package ‘mirt’ in the statistical package R (www.r-project.org). The ADAS-
Cog-Plus uses a multidimensional item response theory model to generate a global cognitive
functioning score and standard error of measurement for that score from the items of the ADAS-
Cog and other standard cognitive assessments. For the current study, we used the 13-item
ADAS-Cog **, Trail Making Test Parts A and B *°, Digit Span Forward and Backward *’, and
Animal and Vegetable Fluency *’ as the input variables into the scoring algorithm. The scoring
algorithm references data from the Alzheimer’s Disease Neuroimaging Initiative sample, which
was composed of approximately 50% MCI cases, 25% cognitively normal individuals, and 25%
dementia cases. Lower scores represent better cognitive performance; specifically, ADAS-Cog-
Plus scores of approximately -1.0 indicate healthy cognitive functioning, of 0.0 indicate MCI,
and of 1.0 indicate dementia **.

Secondary Outcome Measures

1) Executive Function

A computerized version of the Stroop task ** will assess the response inhibition and
selective attention components of executive function. The task will be completed usingthe
program E-prime using a Windows-based computer and Cedrus RB-540 response pad. Color
(e.g, RED, BLUE) and non-color (e.g., DISK, SCREEN) words will appear individually on the
screen with 2000 ms duration and will be printed in one of three colors (blue, green or yellow).
Participants are instructed to press the response pad button that is the same color as the font color
of the word as quickly and accurately as possible. Following 18 practice trials, the task consists
of 42 neutral trials (e.g., the word DISK printed in green font), 42 congruent trials (e.g., the word
GREEN printed in green font), and 42 incongruent trials (e.g., the word GREEN printed in blue
font) presented in random order. The outcome is the median response time for incongruent trials
minus the median response time for congruent trials, using only trials with correct responses.
Higher scores are indicative a stronger Stroop effect, and thus, poorer executive function.
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2) Instrumental activities of daily living (IADLs)

IADLs will be assessed using the self-report Lawton and Brody *’ IADLs Scale. This
scale subjectively assesses ability to telephone, shopping, food preparation, housekeeping,
laundry, mode of transportation, responsibility for own medication, and ability to handle
finances.

3) General Balance and Mobility

We will use the Short Physical Performance Battery *° to assess general mobility and
balance. For the Short Physical Performance Battery, participants are assessed on performances
of standing balance, walking, and sit-to-stand. Each component is rated out of four points, for a
maximum of 12 points; a score < 9/12 predicts subsequent disability *°. We will also measure
knee extension (quadriceps) strength using the method employed by the physiological profile
assessment ~ and grip strength (in kg) using a digital Jamar isometric hand dynamometer.

4) Mood

Depression is a prevalent clinical entity in stroke survivors — it has been reported to be as
high as 38% >* — and is negatively associated with cognitive function **. We will use the CES-D
>4 to assess for depression, which asks participants to respond by indicating the frequency of 20
items. High scores indicate greater depressive symptoms.

5) Quality of Life

We will use the EQ-5D-3L > to assess health-related quality of life. The reliability and
validity of the EQ-5D-3L in the stroke population have been established *°. Participants indicate
the number of problems within the following 5 domains: mobility, self-care, usual activities, pain
and anxiety/depression. A health state utility value is calculated from the scores on each of the 5
domains. Lower scores indicate poorer health state. Scores lower than zero indicate a health state
considered worse than death.

6) Health Care Resource Utilization: Participants will complete monthly health care
resource use-diaries over the 6-month study period and use this information to respond to a
health care resource utilization questionnaire administered at 3 and 6 months.

7) Objective Sleep Quality

We will use the MotionWatch 8© actigraphy system (MWS; camntech) a light weight,
water-resistant, tri-axial wrist-worn accelerometer. The MW provides reliable, previously
validated estimates of daytime activity and sleep quality including sleep duration (i.e., total time
asleep), efficiency (i.e., actual sleep time expressed as a percentage of time in bed), and
fragmentation (i.e., a measure of sleep disruption during the sleep window) >’ °*. Participants will
be fitted with the MWS and provided detailed information on its features (i.e., the light sensor,
event marker button, and status indicator). Participants will be instructed to press the event
marker button each night when they started trying to sleep; and again each morning when they
finished trying to sleep. Participants also will be given consensus sleep diary and asked to
complete it upon awakening each morning. We will record sleep quality with the MW8 and sleep
diary over 14 days.

87) Blood biomarkers

For those who decide to participate and consent to an Optional Blood Draw for
Biomarkers Subject Information and Consent Form, a blood draw will be conducted at
Vancouver General Hospital looking at changes in lipid profile and insulin sensitivity.

Monthly Measurement of Secondary Qutcome Measures
1) Current Physical Activity Level
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Current level of physical activity will be determined by the valid and reliable Community
Health Activities Model Program for Seniors (CHAMPS) questionnaire *°. This 41-item
questionnaire assesses participation in various activities, including physical activities of different
intensities, for the previous 4 weeks. A metabolic equivalent (MET) is assigned to each activity.
Participants will be asked to only report physical activity participation outside the research study.

2) Leisure Activity Level

Participation in leisure activity (e.g., hobbies, volunteering, etc.) will be determined by
the Nottingham Leisure Questionnaire ®. The validity and reliability of this questionnaire in the
stroke population have been established 60, Participants will be asked to only report leisure
activity participation outside the research study.

Proof-of Concept OQutcome Measures
Feasibility outcomes for delivering the intervention (i.e., adherence) will be measured
throughout the 6-month intervention period. Class attendance will be recorded by the instructors.

Treatment Allocation and Concealment

After patients have signed informed consent to agree to be involved in the trial, they will
be stratified into 2 groups by stroke status (1 versus > 2 prior stroke events) and then randomly
allocated with an allocation ratio of 2:2:3 (EX:Cog-Plus:CON, respectively) using permuted
blocks (size intentionally withheld) within each stratum. For random number generation, each
stratum will have its own seed using Minitab, a statistical package to generate uniform random
integers, to create the allocation order within each block. The statistician (Dr. Goldsmith) will
hold the randomization book and will give out the allocations of individual patients one-at-a-time
to the 3 groups, and so these allocations will be concealed from patients, all study personnel and
the investigators, except Dr. Goldsmith, until the interventions are implemented. The specific
blocks will be revealed for use in the statistical analyses once the database has been cleaned and
is ready for the statistical analyses. This process will allow the blocking restriction to be
considered in the data analyses along with the integrity of the randomization.

Interventions

All exercise-based classes will be led by instructors who have formal expertise in
delivering group exercise programs to older adults. All classes will be 60 minutes in duration.
All classes will have a maximum participant to instructor ratio of 4:1. Class attendance will be
recorded by the instructors. To minimize contamination, only one class will occur at any given
time in the same facility. In addition, there will be a minimum of 30 minutes between classes at
any given facility. All intervention groups will include twice-weekly classes of 60 minutes each
over 26 weeks. Fidelity across instructors and across time will be ensured by providing
instructors with detailed protocols including pictures; regular observation and intervention
classes by study PI and coordinator and auditing with standard checklist to ensure intervention
content is delivered accurately and consistently; and videotaping classes from each intervention
arm across time.

EX Group

The EX program is a multi-component intervention based in part on the FAME program
%1 We have developed specific guidelines and increments for each exercise in this program to
provide safe and objective progression of the participants. Participants will be familiarized with
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the 16 point Borg Rating of Perceived Exertion (RPE) and the scale will be visible in the room.
We have previously used the RPE in individuals with chronic stroke and found it representative
of myocardial exertion 62 Each class will have a 10-minute warm-up, three core components—
strength training (20 minutes); aerobic/agility training (20 minutes); and balance training (5
minutes)—and will end with a 5-minute cool down. Strength training will consist of calf raises,
squats, bicep curls, tricep extensions, and an alternating fifth activity of either sliding back
lunges or standing leg abduction. Exercises will be progressed by adding weight (e.g.,
dumbbells, completing single calf raise versus double calf raise) or altering movement tempo
(e.g., fast concentric motion followed by slow eccentric motion, adding hold at bottom of squat).
Aerobic/agility exercises will include heal and toe tapping, low and high knee marches, stepper
exercise, agility ladders, and figure 8 walking. Initially, participants will be asked to complete
the exercise at an intensity corresponding to a RPE of 12. Exercise intensity will be progressed at
a rate of approximately 1 RPE/month, with a final target RPE of 16 during month 6. Balance
exercises will have participants complete various movements (e.g., hit balloons, throw ball
against wall, walk forward and backward, close eyes, rotate trunk, move arms) while standing
and with feet in either side-by-side, semi-tandem, or fully-tandem positions. Heart rate monitors
(Polar RS400) will be worn throughout class, with measurement occurring before class, at least
twice during class, and at the end of class. The BORG RPE will be administered at least twice
during class and at the end of class. Exercise difficulty (e.g., added weight, stepper height) will
be recorded during each class, and the Timed-Up-and-Go task and Short Physical Performance
Battery will be completed monthly to provide objective performance tracking.

Cog-Plus Group

We have designed this program based on the feedback received from our pilot study *’
and based on current evidence *. In addition, we aimed to design a program that could feasibly
be implemented in the community with minimal resources. Because impairment in multiple
cognitive domains is common following stroke *'°, the cognitive exercises included in the
program targeted various aspects of cognition, including learning and memory, processing speed,
attention, working memory, and executive functions. Each class will begin with the participants
being asked to memorize a 7-item word list. Next, each participant will complete approximately
15 minutes of the brain training program Lumosity using an individually-issued Apple iPad.
Lumosity consists of various short games (typically 1 to 5 minutes) that target various aspects of
cognition (e.g., working memory, divided attention, processing speed). Each class, participants
will be encouraged to complete at least 5 distinct games. For the remaining class time
(approximately 30 minutes), the participants will complete a variety of social games and mental
activities in pairs or as entire class. Some of these activities will utilize apps on the Apple iPads
(e.g., Heads-Up, Teledoodle), and others are based on improvisation and mental activities from
the PERK program ®. At the end of class, participants will recall as many of the words from the
word list; they will use the Notes program on the iPad to record the recalled words.
Approximately every month, the class instructor will meet individually with the participants to
show performance progress on the Lumosity training program and to discuss outstanding
concerns and areas of improvement (e.g., short-term memory, speed of responding). Every
month, the 7-item word list will be replaced with a 15-item word list, and participants will be
requested to recall those words immediately, as well as at the end of the class.

CON Group
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The CON program will follow the protocol used in Dr. Liu-Ambrose’s previous RCT ©.
The CON protocol will consist of stretches, deep breathing and relaxation techniques, general
posture education, general core control exercises, grip strength and dexterity exercises, and light
isometric toning exercises. Some exercises from the EX program will also be included but in a
simplified format without progression (e.g., double calf raises, heal and toe tapping, balance
exercises). Once a month, the class will consist of educational lecture and will include topics
such as sleep hygiene, goal setting, and nutrition. This group will serve to control for
confounding variables such as physical training received by traveling to the community centre
for twice-weekly classes and changes in lifestyle secondary to study participation. The Timed-
Up-and-Go task® will be completed on a monthly basis to allow for objective physical
performance tracking.

Data and Adverse Events Monitoring

A Data and Safety Monitoring Committee will be established by co-investigators who
will be independent from the day-to-day conduct of the study and from the study funders. Drs.
Hsiung, Davis, Middleton, and Goldsmith will review all adverse events reported in the study on
a monthly basis. They will stop the study if the adverse events data demonstrate any hazards that
are the result of the intervention. They will also ensure data sharing and fidelity. Data provided
to project team members will exclude identifying participant information.

Strategies to Promote Adherence

We will implement strategies to promote adherence during the 6-month intervention as
recommended by the literature 6711 These will include: 1) monthly phone calls by the unblinded
research coordinators to encourage adherence to classes; multiple contacts have been shown to
be more effective than single exposures ¢’; 2) discussing participant barriers and developing
coping plans and action plans ®; 3) setting implementation intentions and concrete plans *; and
4) encourage participants to continually self-monitor their progress with monthly calendars
provided by the study. This strategy has been identified as the most successful
behavioural/cognitive approach when compared to all other current adherence techniques .

Sample Size Calculation

We have designed our trial to allow the evaluation of statistical significance of the
treatment effect between groups on the ADAS-Cog-Plus. A number of pharmaceutical RCTs in
vascular dementia "> — a population highly relevant to our proposed study — have shown
positive cognitive effects as measured by the ADAS-Cog, and it has been suggested that the
ADAS-Cog-Plus shows greater sensitivity to underlying changes in cognition **. A previous
RCT of physical activity in older adults at risk for Alzheimer’s disease with ADAS-Cog as the
primary outcome measure demonstrated a standardized effect size of 0.60 '”. We used interim
results from our PROMOTE study ’® — an exercise RCT in adults with mild sub-cortical
ischaemic vascular cognitive impairment — for our sample size estimation. Based on data
collected from 15 participants who have completed the RCT, we found the mean change in the
ADAS-Cog score was 2.7 (SD=2.3) and 0.87 (SD=3.4) for the exercise training group and the
control group, respectively. The minimally clinically relevant change (MCRC) on the ADAS-
Cog varies between 3 and 5 points, with a change of > 4 being recommended by the Food and
Drug Administration '’. Recently, Schrag and colleagues "® established the MCRC empirically
using data collected from the Alzheimer’s disease Neuroimaging Initiative. They found that a 3-
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point change on the ADAS-Cog is an appropriate MCRC. Assuming a mean change of 3 points
on the ADAS-Cog for both the EX and Cog-Plus groups and a mean change of 1 point for the
CON group at 6 months, a common standard deviation of 2.85, and an alpha of 0.05, 39
participants per group (i.e., total sample of 117) will provide a power greater than 0.80 .

Statistical Analyses

Primary Outcome

This analysis will follow the intention-to-treat principal, such that all randomized
participants will be included to estimate treatment effects, irrespective of deviations from
treatment protocol (e.g., loss to follow-up, non-compliance). This will be done using linear
mixed models using maximum likelihood estimation. The model will include random intercepts
and slopes, and fixed effects of time (baseline, month 6, month 12), treatment assignment (CON,
EX, Cog-Plus), and their interaction. Baseline MMSE score will also be included as a fixed
effect covariate. Time will be specified as a categorical variable, thus allowing us to examine
treatment differences at the primary endpoint (month 6) and then, as a secondary objective,
whether those differences persist at the 6-month follow-up (month 12). Two planned simple
contrasts will be performed using the Dunnett test *. These contrasts will be employed to assess
differences between: 1) the EX group and the CON group; and 2) the Cog-Plus group and the
CON group. The overall alpha will be set at 0.05. A secondary complete-case analysis will be
conducted using this linear mixed model, in which participants with valid data at all time points
will be included. As an exploratory strategy, multiple imputation will be used to judge the impact
of missingness on the conclusions drawn from this study *'.

Secondary & Tertiary Qutcomes

Analyses will be descriptive; no alpha has been allocated. Point and interval estimates for
the effect of the intervention on each of the secondary outcomes at six and 12 months will be
determined separately using linear mixed models. Multiple linear regression analyses will also be
performed to explore the association between change in cognitive function, after accounting for
experimental group, baseline age, baseline global cognition, and: 1) superior treatment
adherence; 2) change in physical activity levels outside the research protocol; and 3) change in
general balance and mobility. Randomization integrity will be determined by examining bias in
the blocking sequence used to produce allocation sequence.

Economic Evaluation — A Cost-utility analysis

Our economic evaluation will examine the incremental costs and effects generated by
using a 1) 6-month targeted exercise training program or a 2) 6-month cognitive and social
enrichment program among older adults with chronic stroke compared with a 6-month stretch
and tone program (i.e., control; comparator). The outcome of our cost effectiveness analysis is
the incremental cost-utility ratio (ICUR). By definition, an ICUR is the difference between the
mean costs of providing the competing intervention divided by the incremental difference in
QALYs, where ICUR=A Cost/A QALY *™. QALYs are calculated based on the quality of life
of a patient (measured using health state utility values estimated from the EQ-5D-3L) in a given
health state and the time spent in that health state. For any missing data, we will use a
combination of imputation and bootstrapping to quantify uncertainty due to missing values ***.
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Proof-of-Concept Outcomes

Feasibility outcomes — such as recruitment rate, withdrawal rate, adherence, and number
of adverse events — will be treated as binary, with “success” indicating the protocol is sufficiently
robust to move forward with the large RCT with only small or no adaptation required, and
“revise” indicating a need for more substantive change before proceeding .

Ethics and dissemination

Ethical approval has been obtained from the University of British Columbia’s Clinical
Research Ethics Board (H13-00715, July 26, 2013). Any modifications to the protocol will
require a formal amendment to the protocol and approval by the Research Ethics Board.
Outcomes of this randomized controlled trial and the statistical code to generate those outcomes
will be disseminated through publication in peer-reviewed journals as well as conference
presentations.
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Figure Legend

Figure 1. Overview of the flow of participants through from recruitment to study completion.
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B SPIRITV

STANDARD PrROTOCOL ITEMS: RECOMMENDATIONS FOR INTERVENTIONAL TRIALS

SPIRIT 2013 Checklist: Recommended items to address in a clinical trial protocol and

related documents*

Section/item Item Description

No

Administrative information

Title 1

Trial registration  2a

2b
Protocol version 3
Funding 4
Roles and 5a
responsibilities

5b

5c

5d

Introduction

Background and 6a
rationale

6b
Objectives 7
Trial design 8

Descriptive title identifying the study design, population, interventions,
and, if applicable, trial acronym Page 1

Trial identifier and registry name. If not yet registered, name of
intended registry Page 2

All items from the World Health Organization Trial Registration Data

Set Addressed by other items in checklist

Date and version identifier not applicable

Sources and types of financial, material, and other support Page 19
Names, affiliations, and roles of protocol contributors Pages 1 and 19
Name and contact information for the trial sponsor Page 19

Role of study sponsor and funders, if any, in study design; collection,
management, analysis, and interpretation of data; writing of the report;
and the decision to submit the report for publication, including whether
they will have ultimate authority over any of these activities Page 19

Composition, roles, and responsibilities of the coordinating centre,
steering committee, endpoint adjudication committee, data Page 11
management team, and other individuals or groups overseeing the
trial, if applicable (see ltem 21a for data monitoring committee)

Description of research question and justification for undertaking the
trial, including summary of relevant studies (published and Pages 4-5
unpublished) examining benefits and harms for each intervention

Explanation for choice of comparators Page 5
Specific objectives or hypotheses Page 5

Description of trial design including type of trial (eg, parallel group,
crossover, factorial, single group), allocation ratio, and framework (eg,
superiority, equivalence, noninferiority, exploratory) Pages 5 and 9
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Methods: Participants, interventions, and outcomes

Study setting 9

Eligibility criteria 10

Interventions 11a
11b
11c
11d

Outcomes 12

Participant 13

timeline

Sample size 14

Recruitment 15

Description of study settings (eg, community clinic, academic hospital)
and list of countries where data will be collected. Reference to where
list of study sites can be obtained

Inclusion and exclusion criteria for participants. If applicable, eligibility
criteria for study centres and individuals who will perform the
interventions (eg, surgeons, psychotherapists)

Interventions for each group with sufficient detail to allow replication,
including how and when they will be administered

Criteria for discontinuing or modifying allocated interventions for a
given trial participant (eg, drug dose change in response to harms,
participant request, or improving/worsening disease)

Strategies to improve adherence to intervention protocols, and any
procedures for monitoring adherence (eg, drug tablet return,
laboratory tests)

Relevant concomitant care and interventions that are permitted or
prohibited during the trial

Primary, secondary, and other outcomes, including the specific
measurement variable (eg, systolic blood pressure), analysis metric
(eg, change from baseline, final value, time to event), method of
aggregation (eg, median, proportion), and time point for each
outcome. Explanation of the clinical relevance of chosen efficacy and
harm outcomes is strongly recommended

Time schedule of enrolment, interventions (including any run-ins and
washouts), assessments, and visits for participants. A schematic
diagram is highly recommended (see Figure)

Estimated number of participants needed to achieve study objectives
and how it was determined, including clinical and statistical
assumptions supporting any sample size calculations

Strategies for achieving adequate participant enrolment to reach
target sample size

Methods: Assignment of interventions (for controlled trials)

Allocation:

Sequence 16a
generation

Method of generating the allocation sequence (eg, computer-
generated random numbers), and list of any factors for stratification.
To reduce predictability of a random sequence, details of any planned
restriction (eg, blocking) should be provided in a separate document
that is unavailable to those who enrol participants or assign
interventions
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Allocation 16b
concealment
mechanism

Implementation 16¢

Blinding 17a
(masking)

17b
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Mechanism of implementing the allocation sequence (eg, central
telephone; sequentially numbered, opaque, sealed envelopes),
describing any steps to conceal the sequence until interventions are
assigned Page 9

Who will generate the allocation sequence, who will enrol participants,
and who will assign participants to interventions Page 9

Who will be blinded after assignment to interventions (eg, trial
participants, care providers, outcome assessors, data analysts), and
how Page 5

If blinded, circumstances under which unblinding is permissible, and
procedure for revealing a participant’s allocated intervention during
the trial Not applicable, participants are not blinded

Methods: Data collection, management, and analysis

Data collection 18a
methods

18b
Data 19
management
Statistical 20a
methods

20b

20c

Methods: Monitoring

Data monitoring  21a

Plans for assessment and collection of outcome, baseline, and other
trial data, including any related processes to promote data quality (eg,
duplicate measurements, training of assessors) and a description of
study instruments (eg, questionnaires, laboratory tests) along with
their reliability and validity, if known. Reference to where data
collection forms can be found, if not in the protocol Pages 5-9

Plans to promote participant retention and complete follow-up,
including list of any outcome data to be collected for participants who
discontinue or deviate from intervention protocols Page 11

Plans for data entry, coding, security, and storage, including any
related processes to promote data quality (eg, double data entry;
range checks for data values). Reference to where details of data
management procedures can be found, if not in the protocol Page 6

Statistical methods for analysing primary and secondary outcomes.
Reference to where other details of the statistical analysis plan can be
found, if not in the protocol Pages 12-13

Methods for any additional analyses (eg, subgroup and adjusted
analyses) Page 12

Definition of analysis population relating to protocol non-adherence
(eg, as randomised analysis), and any statistical methods to handle
missing data (eg, multiple imputation) Page 12

Composition of data monitoring committee (DMC); summary of its role
and reporting structure; statement of whether it is independent from
the sponsor and competing interests; and reference to where further
details about its charter can be found, if not in the protocol.
Alternatively, an explanation of why a DMC is not needed  Page 11
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1
2 21b  Description of any interim analyses and stopping guidelines, including
3 who will have access to these interim results and make the final g
g decision to terminate the trial  Not applicable - no interim analyses planned &
©
)
? Harms 22 Plans for collecting, assessing, reporting, and managing solicited and z
8 spontaneously reported adverse events and other unintended effects g
9 of trial interventions or trial conduct Page 11 g
10 z
11 Auditing 23 Frequency and procedures for auditing trial conduct, if any, and o
12 whether the process will be independent from investigators and the 7]
13 o
sponsor (
14 p Page 9 =
15 3
16 Ethics and dissemination %
1; Research ethics 24 Plans for seeking research ethics committee/institutional review board (‘;
19 approval (REC/IRB) approval Page 13 N
20 o
21 Protocol 25 Plans for communicating important protocol modifications (eg, S
22 amendments changes to eligibility criteria, outcomes, analyses) to relevant parties 5
23 (eg, investigators, REC/IRBs, trial participants, trial registries, journals, S
24 regulators) Pages 2, 13 -
25 ’ g
;? Consent or assent 26a  Who will obtain informed consent or assent from potential trial 2
28 participants or authorised surrogates, and how (see Item 32) Pages 5,6, and 7§
29 &
30 26b  Additional consent provisions for collection and use of participant data 'OUO
31 and biological specimens in ancillary studies, if applicable Not applicable %
32 <3
33 Confidentiality 27 How personal information about potential and enrolled participants will §
34 be collected, shared, and maintained in order to protect confidentiality %
;2 before, during, and after the trial Page 6 i
;73 Declaration of 28 Financial and other competing interests for principal investigators for %
39 interests the overall trial and each study site Page 19 =
©
j? Access to data 29 Statement of who will have access to the final trial dataset, and g
42 disclosure of contractual agreements that limit such access for (—f
43 investigators Page 11 S
44 o
45 Ancillary and 30 Provisions, if any, for ancillary and post-trial care, and for i
j? post-trial care compensation to those who suffer harm from trial participationPage 11 2
[3Y
o
48 Dissemination 31a Plans for investigators and sponsor to communicate trial results to N
gg policy participants, healthcare professionals, the public, and other relevant g
51 groups (eg, via publication, reporting in results databases, or other o
gg data sharing arrangements), including any publication restrictions Pages 2, 13%
54 31b  Authorship eligibility guidelines and any intended use of professional ‘g
55 writers  Page 19 S
56 g
57 31c  Plans, if any, for granting public access to the full protocol, participant- %’
gg level dataset, and statistical code  Pages 2, 13 §
60 ‘E:—’,

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

oNOYTULT D WN =

Appendices

Informed consent 32
materials

Biological 33
specimens

BMJ Open Page 26 of 26

Model consent form and other related documentation given to
participants and authorised surrogates Attached

Plans for collection, laboratory evaluation, and storage of biological
specimens for genetic or molecular analysis in the current trial and for
future use in ancillary studies, if applicable Not applicable

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013
Explanation & Elaboration for important clarification on the items. Amendments to the
protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT
Group under the Creative Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported”

license.

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdod Aq pajaslold 1sanb Aq £20g ‘0T IMdy uo /wod’[wg uadolwg//:dny woij papeojumoq '8T0Z YdIelN LT U0 06+ T20-8T02-Uadolwag/9eTT 0T s paysiignd isily :uado NG


http://www.creativecommons.org/licenses/by-nc-nd/3.0/
http://bmjopen.bmj.com/

BMJ Open

BM) Open

Vitality: A proof-of-concept randomized controlled trial of
exercise training or complex mental and social activities to
promote cognition in adults with chronic stroke

Journal:

BMJ Open

Manuscript ID

bmjopen-2018-021490.R1

Article Type:

Protocol

Date Submitted by the Author:

01-Feb-2018

Complete List of Authors:

Best, John; University of British Columbia, Physical Therapy; Vancouver
Coastal Health Research Institute, Centre for Hip Health and Mobility
Eng, Janice; University of British Columbia, Department of Physical
Therapy

Davis, Jennifer; University of British Columbia, Faculty of Management;
Vancouver Coastal Health Research Institute, Centre for Hip Health and
Mobility

Hsiung, Robin; University of British Columbia, Division of Neurology
Hall, Peter; University of Waterloo,

Middleton, Laura; University of Waterloo, Kinesiology; Sunnybrook
Research Institute, Heart and Stroke Foundation Centre for Stroke
Recovery

Graf, Peter; University of British Columbia, Department of Psychology
Goldsmith, Charles; Simon Fraser University, Faculty of Health Sciences;
University of British Columbia, Department of Occupational Science and
Occupational Therapy

Liu-Ambrose, Teresa; University of British Columbia, Department of
Physical Therapy,; Vancouver Coastal Health Research Institute, Centre for
Hip Health and Mobility

<b>Primary Subject
Heading</b>:

Rehabilitation medicine

Secondary Subject Heading:

Neurology, Geriatric medicine

Keywords:

chronic stroke, cognitive function, cognitive training, exercise

ONE"

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

“ybuAdoo Aq parosioid 1sanb Aq 20z ‘0T |dy uo ywod fwg uadolwa//:dny woiy papeojumod "8T0Z YdJeN LT U0 0677T20-8T0Z-uadolwag/oeTT 0T Se paysiignd 1say :uado NG


http://bmjopen.bmj.com/

Page 1 of 26

oNOYTULT D WN =

BMJ Open

Study protocol for Vitality: A proof-of-concept randomized controlled trial of exercise training
or complex mental and social activities to promote cognition in adults with chronic stroke

John R. Best, PhD 1’2’3, Janice J. Eng, PT/OT, PhD 1, Jennifer C. Davis, PhD 3’4, Robin Hsiung,
MD, MHSc 2’5’6, Peter A. Hall, PhD 7, Laura E. Middleton 8, Peter Graf, PhD 9, Charles H.
Goldsmith, PhD 10’“, Teresa Liu-Ambrose, PT, PhD *1,2,3

' Department of Physical Therapy, University of British Columbia, Vancouver, Canada

? Djavad Mowafaghian Centre for Brain Health, University of British Columbia, Vancouver,
Canada

3 Centre for Hip Health and Mobility, Vancouver Coastal Health Research Institute, Vancouver,
Canada

* Faculty of Management, University of British Columbia, Kelowna, Canada

> Division of Neurology, University of British Columbia, Vancouver, Canada

® University of British Columbia Hospital Clinic for Alzheimer Disease and Related Disorders,
Vancouver, Canada

Centre for Clinical Epidemiology and Evaluation, Vancouver Coastal Health Research Institute,
Vancouver, Canada

7 School of Public Health and Health Systems, University of Waterloo, Waterloo, Ontario,
Canada

® Department of Kinesiology, University of Waterloo, Waterloo, Ontario, Canada

? Department of Psychology, University of British Columbia, Vancouver, Canada

!9 Faculty of Health Sciences, Simon Frasier University, Burnaby, Canada

" Department of Occupational Science and Occupational Therapy, University of British
Columbia, Vancouver, Canada

*Corresponding Author:

Teresa Liu-Ambrose, PT, PhD

University of British Columbia

Djavad Mowafaghian Centre for Brain Health
2215 Wesbrook Mall

Vancouver, BC V6T 173

Tel: 1-604-875-4111 ext. 69059

Fax: 1-604-875-4762

Email: teresa.ambrose@ubc.ca

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

yBuAdod Aq pajoalold 1sanb Aq £20g ‘0T |Mdy uo /wod’[wg uadolwg//:dny woij papeojumoq 8T0Z YdIelN LT U0 06+ T20-8T02-Uadolwag/9eTT 0T s paysiignd isily :uado CING


http://bmjopen.bmj.com/

oNOYTULT D WN =

BMJ Open

Abstract

Introduction: Cerebrovascular disease — such as stroke — is the second most common cause of
dementia (i.e., vascular dementia). Specifically, a stroke increases one’s risk for dementia by a
factor of two. Thus, stroke survivors represent a target population in need of intervention
strategies to promote cognitive function and prevent dementia. The current standard of care in
stroke rehabilitation does not adequately address the significant cognitive consequences of

stroke, especially for those who are in the chronic phase (i.e., > 12 months since an index stroke).

Two potential intervention strategies are 1) exercise training and 2) cognitive and social
enrichment activities.

Methods and analysis: The aim of this proof-of-concept randomized controlled trial is to
determine whether a 6-month targeted exercise training program or a 6-month cognitive and
social enrichment program can efficaciously and efficiently improve cognitive function in older
adults with chronic stroke compared with a 6-month stretch and tone program (i.e., control). The
primary measurement periods will be baseline, month 6 (post-intervention), and month 12 (6-
month follow-up). The primary outcome measure will be performance on the Alzheimer’s
Disease Assessment Scale-Cognitive-Plus (ADAS-Cog-Plus), a global measure of cognitive
performance using multidimensional item response theory to summarize scores from the 13-item
ADAS-Cog and other standard cognitive assessments. The primary analysis will compare
changes in ADAS-Cog-Plus performance from baseline to month 6. Proof-of-concept outcomes
relating to intervention feasibility will be analyzed descriptively. The economic evaluation will
examine the incremental costs and health outcome benefits generated by both interventions
versus the control.

Ethics and dissemination: Ethical approval has been obtained from the University of British
Columbia’s Clinical Research Ethics Board (H13-00715, July 26, 2013). Any modifications to
the protocol will require a formal amendment to the protocol and approval by the Research
Ethics Board. Outcomes of this randomized controlled trial and the statistical code to generate
those outcomes will be disseminated through publication in peer-reviewed journals as well as
conference presentations.

Registration details: ClinicalTrials.gov Protocol Registration System: NCT01916486;
registered July 23, 2013.

Keywords: Chronic stroke; cognitive function; cognitive training; exercise
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Strengths and limitations of this study

e First study to directly compare exercise training to cognitive training relative to a credible
control condition among individuals with chronic stroke.

e Randomized controlled trial comparing 6 months of exercise training or social and
cognitive enrichment to an active control of balance-and-tone training in individuals who
have experienced a stroke at least 12 months prior

e The primary outcome measure is general cognitive performance with secondary measures
of executive functioning, mood, quality of life, sleep quality, and cardiometabolic
functioning

¢ Six-month follow-up assessment will determine whether any treatment effects persist.

e The study is assessor-blinded as it is not feasible to blind participants to treatment
condition.
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Introduction

One in six older adults will suffer a stroke in their lifetime, or one stroke every two
seconds worldwide '. Of relevance to our study, cerebrovascular disease — such as stroke — is the
second most common cause of dementia (i.e., vascular dementia) >, accounting for up to 38% of
all dementia cases °. Specifically, a stroke doubles one’s risk for dementia ’. Moreover,
impairments in several domains of cognition—including memory, attention, and executive
function—are common following stroke *'°. Stroke-related cognitive deficits are associated with
other negative outcomes including institutionalization ', reduced quality of life '?, and death *°.
Thus, stroke survivors represent a target population in need of intervention strategies to promote
cognitive function and prevent dementia. However, the current standard of care in stroke
rehabilitation does not adequately address the clinically important cognitive consequences of
stroke — especially for those who are in the chronic phase (i.e., > 12 months since an index
stroke).

Current evidence from randomized controlled trials (RCTs) suggests that targeted
exercise training is an effective strategy to promote both cognitive and functional brain plasticity
in older adults '**°. A meta-analysis concluded that aerobic training has robust but selective
benefits for cognitive function; the largest benefits occur for executive function '°. Rodent
models have shown that exercise training induces upregulation of neurotrophic factors within the
central nervous system that, in turn, contribute to neural health 2122 and myelin recovery
following pathological insult > **.

However, there is insufficient quality evidence for targeted exercise training as an
effective strategy to promote cognitive function in stroke survivors ** *°. Despite the high
prevalence of cognitive deficits and the increased risk for dementia in this population, few
randomized controlled trials (RCTs) to date >’ have focused on targeted exercise training on
cognitive function. A small-scale RCT of individuals with chronic stroke (> 6 months post
ischemic stroke) showed improved processing speed following 8 weeks of aerobic exercise
training but no effects on other aspects of cognition compared to 8 weeks of stretching *. A
second small-scale RCT found that a 19-week multi-component exercise training program
(adapted from the Fitness and Mobility Exercise [FAME] program) improved general cognition
and increased cerebral blood flow compared to a strength program of equal length *°. A pre-post
designed study showed that general cognition and executive function were improved following 6
months of combined aerobic and resistance training in individuals who had experienced a stroke
at least 10 weeks prior *'; however, the lack of a control group precludes causal conclusions. In
contrast, a recent RCT did not find that 6 months of aerobic exercise significantly improved
aspects of memory and executive function relative to low-intensity balance and tone training **.
In light of the promising evidence from previous pilot studies, from studies of older adults
without chronic stroke 29, and from mechanistic animal studies ** 24, further research of exercise
training among individuals with chronic stroke in large-scale, well-designed RCTs is needed.

Nevertheless, the physical ability of stroke survivors to participate in targeted exercise
training is often limited. In fact, most stroke survivors adopt or return to sedentary lifestyles after
rehabilitation **. Post-stroke physical deficits (e.g., balance) are associated with reduced activity
participation **. Additional barriers to physical activity participation include low self-efficacy
and social support *°. Thus, other strategies to promote cognitive function need to be considered
for this population.

An alternative or supplemental behavioral approach might be to intervene with cognitive
and social enrichment activities to ameliorate cognitive impairment in the chronic stroke phase.
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The premise of this strategy is that by engaging in activities that stimulate higher-order cognition
(e.g., memory and executive function), cognitive performance is improved and future cognitive
decline is mitigated. Rodent models suggest that environment enrichment—e.g., housing in
larger cages and in larger groups with varied environmental features—has various positive
behavioural, neuro-anatomical, and molecular effects, including following stroke 3% Few
previous studies have tested this proposition among humans with chronic stroke. One 6-month
pre-post study showed that a program that combined exercise training using the FAME program
(2 days/week) with cognitive and social enrichment (1 day/week) was associated with benefits in
aspects of memory and executive functions among individuals who had sustained a stroke at
least 12 months prior 2. Another pilot RCT compared this same multi-component intervention to
a wait-list control and found benefits to aspects of executive functions, working memory, and
physical functioning *’. Whether these effects could be attributed primarily to the exercise
training or to the social and cognitive activities could not be determined by this study design.

Thus, to better understand the relative effects of exercise training and of cognitive and
social enrichment on cognitive function, we aim to conduct a 3-arm, parallel group proof-of-
concept RCT comparing the following: 1) exercise training; 2) cognitive and social enrichment
activities; and 3) an active control group consisting of stretching and toning activities. Each
intervention arm will be 6 months in length and will be followed by a 6-month follow-up period.
The results of this proof-of-concept RCT will be used to inform the design of a larger definitive
trial. Specifically, it will confirm the feasibility of the study methods and procedures.

Methods and analysis

Design Outline

We will conduct a six-month proof-of-concept RCT and follow-up our study cohort for
an additional six months (see Figure 1). There will be a dedicated research coordinator
(unblinded) and trained assessor (blinded). Standardized protocols will be developed and study
personnel will be trained by the research team. Assessments and intervention classes will occur
at a research laboratory on the Vancouver General Hospital campus, Vancouver, Canada.

Recruitment

Recruitment advertisements will be placed in local community centers, stroke support
groups, and newspapers in Greater Vancouver. Interested individuals will initially be screened by
telephone by the research coordinator using both the inclusion criteria and the modified Physical
Activity Readiness Questionnaire (PAR-Q) ¥ a screening measure of physical readiness for
exercise that requires clearance by a physician to engage in exercise. Those who appear eligible
will be invited to an information session. During the information sessions, potential participants
will be provided with details of the study and will have the opportunity to ask questions. A
consent and screening session will be arranged for those who are interested in participating at the
end of the information sessions. Those who remain eligible after the screening session will
proceed to baseline assessments after their physician provides: 1) a written recommendation
indicating their appropriateness to participate in an exercise program; and 2) a detailed
description of their stroke (i.e., when it occurred, lesion location, and lesion type as defined by
previous MRI or computed tomography scans).

Time Frame
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Recruitment began in December of 2013 and the estimated completion date for collection
of the primary outcome measure is December of 2018. To date, 72 individuals (~61% of target
sample) have been randomized.

Eligibility

Inclusion Criteria

Community-dwelling adults will be included who have had an ischemic or hemorrhagic
stroke (confirmed by previous MRI or computed tomography scan). In addition, individuals must
meet the following inclusion criteria: 1) are aged 55 years and over; 2) have a history of a single
stroke of at least one year prior to study enrolment; 3) have a Mini-Mental State Examination
(MMSE) *° score of > 20/30 at screening, including a perfect score on the 3-step command to
ensure intact comprehension and ability to follow instructions; 4) are community-dwelling; 5)
live in Greater Vancouver area; 6) able to comply with scheduled visits, treatment plan, and
other trial procedures; 7) read, write, and speak English with acceptable visual and auditory
acuity; 8) not expected to start or are stable on a fixed dose of cognitive medications (e.g.,
donepezil, galantamine, etc.) during the 12-month study period; 9) able to walk for a minimum
of six metres with rest intervals with or without assistive devices; 10) based on interview, have
an activity tolerance of 60 minutes with rest intervals; 11) not currently participating in any
regular therapy or progressive exercise; and 12) provide a personally signed and dated informed
consent document indicating that the individual (or a legally acceptable representative) has been
informed of all pertinent aspects of the trial. In addition, an assent form will be provided at
baseline and again at regular intervals.

Exclusion Criteria

Individuals will be excluded who are: 1) diagnosed with dementia of any type; 2)
diagnosed with another type of neurodegenerative or neurological condition (e.g., Parkinson’s
disease) that affects cognitive function and mobility; 2) at high risk for cardiac complications
during exercise or unable to self-regulate activity or to understand recommended activity level
(i.e., Class C of the American Heart Risk Stratification Criteria); 3) have clinically important
peripheral neuropathy or severe musculoskeletal or joint disease that impairs mobility, as
determined by his/her family physician; 4) taking medications that may negatively affect
cognitive function, such as anticholinergics, including agents with pronounced anticholinergic
properties (e.g., amitriptyline), major tranquilizers (i.e., typical and atypical antipsychotics), and
anticonvulsants (e.g., gabapentin, valproic acid, etc.); or 5) aphasia as judged by an inability to
communicate by phone.

Measurement

There will be three primary measurement sessions: baseline, 6 months, and 12 months.
Baseline measurements will be obtained prior to randomization. Additional secondary measures
will be assessed monthly by unblinded assessors throughout the 12-month study. Data will be
entered and scored using standard scoring procedures for each measure. Paper files will be held
in secure filing cabinets and digital data will be stored on encrypted hard drives in laboratory
areas with limited, key card access. All participant materials will be identified by identification
number to maintain participant confidentiality.
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Screening and Consent Session

For the screening and consent session, the study coordinator will re-administer the
Physical Activity Readiness Questionnaire (PAR-Q) ® a screening measure of physical
readiness for exercise. Global cognitive function will be assessed using the MMSE *° and the
MoCA *. Eligible participants will be provided a form to be completed by their family physician
to confirm the inclusion/exclusion criteria.

Descriptors and Relevant Covariates

At baseline, general health, demographics, socioeconomic status, and education will be
ascertained by a questionnaire. We will also document each participant’s American Stroke
Classification *', medication history, and type (e.g., ischemic, haemorrhage), location (e.g.,
middle cerebral artery), and structure (e.g., posterior parietal cortex) of stroke from medical
records/family physician. At each of the three primary measurement sessions, we will measure
age in years, standing height in centimetres, and mass in kilograms. We will assess ADL using
the self-report Functional Independence Measure **. Participants will complete the Functional
Comorbidity Index to estimate the degree of comorbidity associated with physical functioning **.

Primary Outcome Measure

Our primary measure of cognitive function will be the Alzheimer’s Disease Assessment
Scale-Cognitive-Plus (ADAS-Cog-Plus). The ADAS-Cog-Plus score is computed using a custom
script 4 using the package ‘mirt’ in the statistical package R (www.r-project.org). The ADAS-
Cog-Plus uses a multidimensional item response theory model to generate a global cognitive
functioning score and standard error of measurement for that score from the items of the ADAS-
Cog and other standard cognitive assessments. For the current study, we used the 13-item
ADAS-Cog **, Trail Making Test Parts A and B *°, Digit Span Forward and Backward *’, and
Animal and Vegetable Fluency *’ as the input variables into the scoring algorithm. The scoring
algorithm references data from the Alzheimer’s Disease Neuroimaging Initiative sample, which
was composed of approximately 50% MCI cases, 25% cognitively normal individuals, and 25%
dementia cases. Lower scores represent better cognitive performance; specifically, ADAS-Cog-
Plus scores of approximately -1.0 indicate healthy cognitive functioning, of 0.0 indicate MCI,
and of 1.0 indicate dementia **.

Secondary Outcome Measures

1) Executive Function

A computerized version of the Stroop task ** will assess the response inhibition and
selective attention components of executive function. The task will be completed usingthe
program E-prime using a Windows-based computer and Cedrus RB-540 response pad. Color
(e.g, RED, BLUE) and non-color (e.g., DISK, SCREEN) words will appear individually on the
screen with 2000 ms duration and will be printed in one of three colors (blue, green or yellow).
Participants are instructed to press the response pad button that is the same color as the font color
of the word as quickly and accurately as possible. Following 18 practice trials, the task consists
of 42 neutral trials (e.g., the word DISK printed in green font), 42 congruent trials (e.g., the word
GREEN printed in green font), and 42 incongruent trials (e.g., the word GREEN printed in blue
font) presented in random order. The outcome is the median response time for incongruent trials
minus the median response time for congruent trials, using only trials with correct responses.
Higher scores are indicative a stronger Stroop effect, and thus, poorer executive function.
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2) Instrumental activities of daily living (IADLs)

IADLs will be assessed using the self-report Lawton and Brody *’ IADLs Scale. This
scale subjectively assesses ability to telephone, shopping, food preparation, housekeeping,
laundry, mode of transportation, responsibility for own medication, and ability to handle
finances.

3) General Balance and Mobility

We will use the Short Physical Performance Battery *° to assess general mobility and
balance. For the Short Physical Performance Battery, participants are assessed on performances
of standing balance, walking, and sit-to-stand. Each component is rated out of four points, for a
maximum of 12 points; a score < 9/12 predicts subsequent disability *°. We will also measure
knee extension (quadriceps) strength using the method employed by the physiological profile
assessment ~ and grip strength (in kg) using a digital Jamar isometric hand dynamometer.

4) Mood

Depression is a prevalent clinical entity in stroke survivors — it has been reported to be as
high as 38% >* — and is negatively associated with cognitive function **. We will use the CES-D
>4 to assess for depression, which asks participants to respond by indicating the frequency of 20
items. High scores indicate greater depressive symptoms.

5) Quality of Life

We will use the EQ-5D-3L > to assess health-related quality of life. The reliability and
validity of the EQ-5D-3L in the stroke population have been established *°. Participants indicate
the number of problems within the following 5 domains: mobility, self-care, usual activities, pain
and anxiety/depression. A health state utility value is calculated from the scores on each of the 5
domains. Lower scores indicate poorer health state. Scores lower than zero indicate a health state
considered worse than death.

6) Health Care Resource Utilization: Participants will complete monthly health care
resource use-diaries over the 6-month study period and use this information to respond to a
health care resource utilization questionnaire administered at 3 and 6 months.

7) Objective Sleep Quality

We will use the MotionWatch 8© actigraphy system (MWS; camntech) a light weight,
water-resistant, tri-axial wrist-worn accelerometer. The MW provides reliable, previously
validated estimates of daytime activity and sleep quality including sleep duration (i.e., total time
asleep), efficiency (i.e., actual sleep time expressed as a percentage of time in bed), and
fragmentation (i.e., a measure of sleep disruption during the sleep window) >’ °*. Participants will
be fitted with the MWS and provided detailed information on its features (i.e., the light sensor,
event marker button, and status indicator). Participants will be instructed to press the event
marker button each night when they started trying to sleep; and again each morning when they
finished trying to sleep. Participants also will be given consensus sleep diary and asked to
complete it upon awakening each morning. We will record sleep quality with the MW8 and sleep
diary over 14 days.

87) Blood biomarkers

For those who decide to participate and consent to an Optional Blood Draw for
Biomarkers Subject Information and Consent Form, a blood draw will be conducted at
Vancouver General Hospital looking at changes in lipid profile and insulin sensitivity.

Monthly Measurement of Secondary Qutcome Measures
1) Current Physical Activity Level
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Current level of physical activity will be determined by the valid and reliable Community
Health Activities Model Program for Seniors (CHAMPS) questionnaire *°. This 41-item
questionnaire assesses participation in various activities, including physical activities of different
intensities, for the previous 4 weeks. A metabolic equivalent (MET) is assigned to each activity.
Participants will be asked to only report physical activity participation outside the research study.

2) Leisure Activity Level

Participation in leisure activity (e.g., hobbies, volunteering, etc.) will be determined by
the Nottingham Leisure Questionnaire ®. The validity and reliability of this questionnaire in the
stroke population have been established 60, Participants will be asked to only report leisure
activity participation outside the research study.

Proof-of Concept OQutcome Measures
Feasibility outcomes for delivering the intervention (i.e., adherence) will be measured
throughout the 6-month intervention period. Class attendance will be recorded by the instructors.

Treatment Allocation and Concealment

After patients have signed informed consent to agree to be involved in the trial, they will
be stratified into 2 groups by stroke status (1 versus > 2 prior stroke events) and then randomly
allocated with an allocation ratio of 2:2:3 (EX:Cog-Plus:CON, respectively) using permuted
blocks (size intentionally withheld) within each stratum. For random number generation, each
stratum will have its own seed using Minitab, a statistical package to generate uniform random
integers, to create the allocation order within each block. The statistician (Dr. Goldsmith) will
hold the randomization book and will give out the allocations of individual patients one-at-a-time
to the 3 groups, and so these allocations will be concealed from patients, all study personnel and
the investigators, except Dr. Goldsmith, until the interventions are implemented. The specific
blocks will be revealed for use in the statistical analyses once the database has been cleaned and
is ready for the statistical analyses. This process will allow the blocking restriction to be
considered in the data analyses along with the integrity of the randomization.

Interventions

All exercise-based classes will be led by instructors who have formal expertise in
delivering group exercise programs to older adults. All classes will be 60 minutes in duration.
All classes will have a maximum participant to instructor ratio of 4:1. Class attendance will be
recorded by the instructors. To minimize contamination, only one class will occur at any given
time in the same facility. In addition, there will be a minimum of 30 minutes between classes at
any given facility. All intervention groups will include twice-weekly classes of 60 minutes each
over 26 weeks. Fidelity across instructors and across time will be ensured by providing
instructors with detailed protocols including pictures; regular observation and intervention
classes by study PI and coordinator and auditing with standard checklist to ensure intervention
content is delivered accurately and consistently; and videotaping classes from each intervention
arm across time.

EX Group

The EX program is a multi-component intervention based in part on the FAME program
%1 We have developed specific guidelines and increments for each exercise in this program to
provide safe and objective progression of the participants. Participants will be familiarized with
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the 16 point Borg Rating of Perceived Exertion (RPE) and the scale will be visible in the room.
We have previously used the RPE in individuals with chronic stroke and found it representative
of myocardial exertion 62 Each class will have a 10-minute warm-up, three core components—
strength training (20 minutes); aerobic/agility training (20 minutes); and balance training (5
minutes)—and will end with a 5-minute cool down. Strength training will consist of calf raises,
squats, bicep curls, tricep extensions, and an alternating fifth activity of either sliding back
lunges or standing leg abduction. Exercises will be progressed by adding weight (e.g.,
dumbbells, completing single calf raise versus double calf raise) or altering movement tempo
(e.g., fast concentric motion followed by slow eccentric motion, adding hold at bottom of squat).
Aerobic/agility exercises will include heal and toe tapping, low and high knee marches, stepper
exercise, agility ladders, and figure 8 walking. Initially, participants will be asked to complete
the exercise at an intensity corresponding to a RPE of 12. Exercise intensity will be progressed at
a rate of approximately 1 RPE/month, with a final target RPE of 16 during month 6. Balance
exercises will have participants complete various movements (e.g., hit balloons, throw ball
against wall, walk forward and backward, close eyes, rotate trunk, move arms) while standing
and with feet in either side-by-side, semi-tandem, or fully-tandem positions. Heart rate monitors
(Polar RS400) will be worn throughout class, with measurement occurring before class, at least
twice during class, and at the end of class. The BORG RPE will be administered at least twice
during class and at the end of class. Exercise difficulty (e.g., added weight, stepper height) will
be recorded during each class, and the Timed-Up-and-Go task and Short Physical Performance
Battery will be completed monthly to provide objective performance tracking.

Cog-Plus Group

We have designed this program based on the feedback received from our pilot study *’
and based on current evidence *. In addition, we aimed to design a program that could feasibly
be implemented in the community with minimal resources. Because impairment in multiple
cognitive domains is common following stroke *'°, the cognitive exercises included in the
program targeted various aspects of cognition, including learning and memory, processing speed,
attention, working memory, and executive functions. Each class will begin with the participants
being asked to memorize a 7-item word list. Next, each participant will complete approximately
15 minutes of the brain training program Lumosity using an individually-issued Apple iPad.
Lumosity consists of various short games (typically 1 to 5 minutes) that target various aspects of
cognition (e.g., working memory, divided attention, processing speed). Each class, participants
will be encouraged to complete at least 5 distinct games. For the remaining class time
(approximately 30 minutes), the participants will complete a variety of social games and mental
activities in pairs or as entire class. Some of these activities will utilize apps on the Apple iPads
(e.g., Heads-Up, Teledoodle), and others are based on improvisation and mental activities from
the PERK program ®. At the end of class, participants will recall as many of the words from the
word list; they will use the Notes program on the iPad to record the recalled words.
Approximately every month, the class instructor will meet individually with the participants to
show performance progress on the Lumosity training program and to discuss outstanding
concerns and areas of improvement (e.g., short-term memory, speed of responding). Every
month, the 7-item word list will be replaced with a 15-item word list, and participants will be
requested to recall those words immediately, as well as at the end of the class.

CON Group
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The CON program will follow the protocol used in Dr. Liu-Ambrose’s previous RCT ©.
The CON protocol will consist of stretches, deep breathing and relaxation techniques, general
posture education, general core control exercises, grip strength and dexterity exercises, and light
isometric toning exercises. Some exercises from the EX program will also be included but in a
simplified format without progression (e.g., double calf raises, heal and toe tapping, balance
exercises). Once a month, the class will consist of educational lecture and will include topics
such as sleep hygiene, goal setting, and nutrition. This group will serve to control for
confounding variables such as physical training received by traveling to the community centre
for twice-weekly classes and changes in lifestyle secondary to study participation. The Timed-
Up-and-Go task® will be completed on a monthly basis to allow for objective physical
performance tracking.

Data and Adverse Events Monitoring

A Data and Safety Monitoring Committee will be established by co-investigators who
will be independent from the day-to-day conduct of the study and from the study funders. Drs.
Hsiung, Davis, Middleton, and Goldsmith will review all adverse events reported in the study on
a monthly basis. They will stop the study if the adverse events data demonstrate any hazards that
are the result of the intervention. They will also ensure data sharing and fidelity. Data provided
to project team members will exclude identifying participant information.

Strategies to Promote Adherence

We will implement strategies to promote adherence during the 6-month intervention as
recommended by the literature 6711 These will include: 1) monthly phone calls by the unblinded
research coordinators to encourage adherence to classes; multiple contacts have been shown to
be more effective than single exposures ¢’; 2) discussing participant barriers and developing
coping plans and action plans ®; 3) setting implementation intentions and concrete plans *; and
4) encourage participants to continually self-monitor their progress with monthly calendars
provided by the study. This strategy has been identified as the most successful
behavioural/cognitive approach when compared to all other current adherence techniques .

Sample Size Calculation

We have designed our trial to allow the evaluation of statistical significance of the
treatment effect between groups on the ADAS-Cog-Plus. A number of pharmaceutical RCTs in
vascular dementia "> — a population highly relevant to our proposed study — have shown
positive cognitive effects as measured by the ADAS-Cog, and it has been suggested that the
ADAS-Cog-Plus shows greater sensitivity to underlying changes in cognition **. A previous
RCT of physical activity in older adults at risk for Alzheimer’s disease with ADAS-Cog as the
primary outcome measure demonstrated a standardized effect size of 0.60 '”. We used interim
results from our PROMOTE study ’® — an exercise RCT in adults with mild sub-cortical
ischaemic vascular cognitive impairment — for our sample size estimation. Based on data
collected from 15 participants who have completed the RCT, we found the mean change in the
ADAS-Cog score was 2.7 (SD=2.3) and 0.87 (SD=3.4) for the exercise training group and the
control group, respectively. The minimally clinically relevant change (MCRC) on the ADAS-
Cog varies between 3 and 5 points, with a change of > 4 being recommended by the Food and
Drug Administration '’. Recently, Schrag and colleagues "® established the MCRC empirically
using data collected from the Alzheimer’s disease Neuroimaging Initiative. They found that a 3-
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point change on the ADAS-Cog is an appropriate MCRC. Assuming a mean change of 3 points
on the ADAS-Cog for both the EX and Cog-Plus groups and a mean change of 1 point for the
CON group at 6 months, a common standard deviation of 2.85, and an alpha of 0.05, 39
participants per group (i.e., total sample of 117) will provide a power greater than 0.80 .

Statistical Analyses

Primary Outcome

This analysis will follow the intention-to-treat principal, such that all randomized
participants will be included to estimate treatment effects, irrespective of deviations from
treatment protocol (e.g., loss to follow-up, non-compliance). This will be done using linear
mixed models using maximum likelihood estimation. The model will include random intercepts
and slopes, and fixed effects of time (baseline, month 6, month 12), treatment assignment (CON,
EX, Cog-Plus), and their interaction. Baseline MMSE score will also be included as a fixed
effect covariate. Time will be specified as a categorical variable, thus allowing us to examine
treatment differences at the primary endpoint (month 6) and then, as a secondary objective,
whether those differences persist at the 6-month follow-up (month 12). Two planned simple
contrasts will be performed using the Dunnett test *. These contrasts will be employed to assess
differences between: 1) the EX group and the CON group; and 2) the Cog-Plus group and the
CON group. The overall alpha will be set at 0.05. A secondary complete-case analysis will be
conducted using this linear mixed model, in which participants with valid data at all time points
will be included. As an exploratory strategy, multiple imputation will be used to judge the impact
of missingness on the conclusions drawn from this study *'.

Secondary & Tertiary Qutcomes

Analyses will be descriptive; no alpha has been allocated. Point and interval estimates for
the effect of the intervention on each of the secondary outcomes at six and 12 months will be
determined separately using linear mixed models. Multiple linear regression analyses will also be
performed to explore the association between change in cognitive function, after accounting for
experimental group, baseline age, baseline global cognition, and: 1) superior treatment
adherence; 2) change in physical activity levels outside the research protocol; and 3) change in
general balance and mobility. Randomization integrity will be determined by examining bias in
the blocking sequence used to produce allocation sequence.

Economic Evaluation — A Cost-utility analysis

Our economic evaluation will examine the incremental costs and effects generated by
using a 1) 6-month targeted exercise training program or a 2) 6-month cognitive and social
enrichment program among older adults with chronic stroke compared with a 6-month stretch
and tone program (i.e., control; comparator). The outcome of our cost effectiveness analysis is
the incremental cost-utility ratio (ICUR). By definition, an ICUR is the difference between the
mean costs of providing the competing intervention divided by the incremental difference in
QALYs, where ICUR=A Cost/A QALY *™. QALYs are calculated based on the quality of life
of a patient (measured using health state utility values estimated from the EQ-5D-3L) in a given
health state and the time spent in that health state. For any missing data, we will use a
combination of imputation and bootstrapping to quantify uncertainty due to missing values ***.
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Proof-of-Concept Outcomes

Feasibility outcomes — such as recruitment rate, withdrawal rate, adherence, and number
of adverse events — will be treated as binary, with “success” indicating the protocol is sufficiently
robust to move forward with the large RCT with only small or no adaptation required, and
“revise” indicating a need for more substantive change before proceeding .

Ethics and dissemination

Ethical approval has been obtained from the University of British Columbia’s Clinical
Research Ethics Board (H13-00715, July 26, 2013). Any modifications to the protocol will
require a formal amendment to the protocol and approval by the Research Ethics Board.
Outcomes of this randomized controlled trial and the statistical code to generate those outcomes
will be disseminated through publication in peer-reviewed journals as well as conference
presentations.
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Figure Legend

Figure 1. Overview of the flow of participants through from recruitment to study completion.
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related documents*
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trial, including summary of relevant studies (published and Pages 4-5
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Methods: Participants, interventions, and outcomes

Study setting 9

Eligibility criteria 10

Interventions 11a
11b
11c
11d

Outcomes 12

Participant 13

timeline

Sample size 14

Recruitment 15
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telephone; sequentially numbered, opaque, sealed envelopes),
describing any steps to conceal the sequence until interventions are
assigned Page 9

Who will generate the allocation sequence, who will enrol participants,
and who will assign participants to interventions Page 9
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participants, care providers, outcome assessors, data analysts), and
how Page 5
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Methods: Data collection, management, and analysis
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methods
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Data 19
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Data monitoring  21a
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collection forms can be found, if not in the protocol Pages 5-9
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2 21b  Description of any interim analyses and stopping guidelines, including
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;2 before, during, and after the trial Page 6 i
;73 Declaration of 28 Financial and other competing interests for principal investigators for %
39 interests the overall trial and each study site Page 19 =
©
j? Access to data 29 Statement of who will have access to the final trial dataset, and g
42 disclosure of contractual agreements that limit such access for (—f
43 investigators Page 11 S
44 o
45 Ancillary and 30 Provisions, if any, for ancillary and post-trial care, and for i
j? post-trial care compensation to those who suffer harm from trial participationPage 11 2
[3Y
o
48 Dissemination 31a Plans for investigators and sponsor to communicate trial results to N
gg policy participants, healthcare professionals, the public, and other relevant g
51 groups (eg, via publication, reporting in results databases, or other o
gg data sharing arrangements), including any publication restrictions Pages 2, 13%
54 31b  Authorship eligibility guidelines and any intended use of professional ‘g
55 writers  Page 19 S
56 g
57 31c  Plans, if any, for granting public access to the full protocol, participant- %’
gg level dataset, and statistical code  Pages 2, 13 §
60 ‘E:—’,
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Informed consent 32
materials

Biological 33
specimens

BMJ Open Page 26 of 26

Model consent form and other related documentation given to
participants and authorised surrogates Attached

Plans for collection, laboratory evaluation, and storage of biological
specimens for genetic or molecular analysis in the current trial and for
future use in ancillary studies, if applicable Not applicable

*It is strongly recommended that this checklist be read in conjunction with the SPIRIT 2013
Explanation & Elaboration for important clarification on the items. Amendments to the
protocol should be tracked and dated. The SPIRIT checklist is copyrighted by the SPIRIT
Group under the Creative Commons “Attribution-NonCommercial-NoDerivs 3.0 Unported”

license.
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