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ABSTRACT
Introduction: Patients with transient ischaemic attack
(TIA) or stroke are at risk for cognitive impairment and
dementia. Currently, there is no known effective strategy
to prevent this cognitive decline. Increasing evidence
exists that physical exercise is beneficial for cognitive
function. However, in patients with TIA or stroke who
are at risk of cognitive impairment and dementia, only a
few trials have been conducted. In this study, we aim to
investigate whether a physical exercise programme
(MoveIT) can prevent cognitive decline in patients in the
acute phase after a TIA or minor ischaemic stroke.
Methods and analysis: A single-blinded randomised
controlled trial will be conducted to investigate the effect
of an aerobic exercise programme on cognition
compared with usual care. 120 adult patients with a TIA
or minor ischaemic stroke less than 1 month ago will be
randomly allocated to an exercise programme
consisting of a 12-week aerobic exercise programme
and regular follow-up visits to a specialised
physiotherapist during the period of 1 year or to usual
care. Outcome measures will be assessed at the
baseline, and at the 1-year and 2-year follow-up. The
primary outcome is cognitive functioning measured
with the Montreal Cognitive Assessment (MoCA) test
and with additional neuropsychological tests.
Secondary outcomes include maximal exercise capacity,
self-reported physical activity and measures of
secondary prevention.
Ethics and dissemination: The study received ethical
approval from the VU University Amsterdam Ethics
committee (2011/383). The results of this study will be
published in peer-reviewed journals and presented at
international conferences. We will also disseminate the
main results to our participants in a letter.
Trial registration number: The Nederlands Trial
Register NTR3884.

INTRODUCTION
Patients with transient ischaemic attack (TIA)
or ischaemic stroke have an increased risk
of developing cognitive impairment and

dementia.1 2 Cognitive impairment not only
occurs in patients with major stroke, but also
in patients after TIA or minor stroke.3–5 In a
meta-analysis of 7511 patients, 10% developed
new dementia after the first stroke and more
than a third had dementia after a recurrent
stroke.1 In patients with stroke, the prevalence
of mild cognitive impairment varies between
20% and 90%.2 6 In addition, multiple studies
demonstrated that the occurrence of cognitive
impairment or dementia after stroke predicts
death and dependency.7–10 Currently, there is
no known effective strategy to prevent cogni-
tive decline or dementia in these patients.
Physical activity has been associated with a

decreased risk for dementia and cognitive
decline.11 12 In healthy elderly individuals,
there is evidence that a physical exercise pro-
gramme is associated with an improvement in
cognitive performance.13 Current stroke
guidelines advise at least 30 min of moderate-
intensity physical exercise 3–7 times a week for
patients with TIA or ischaemic stroke who are
capable of engaging in physical activity.14 For
patients after myocardial infarction, a physical
exercise programme is standard care and a
part of cardiac rehabilitation, and this exercise
programme is associated with a reduced
mortality.15

Strengths and limitations of this study

▪ This randomised controlled trial will provide new
evidence on the effects of physical exercise on
cognition in patients in the acute phase after
transient ischaemic attack or minor stroke.

▪ Assessments will be performed by personnel
blinded to the treatment allocation.

▪ One study site may affect the generalisability.
▪ The number of patients in our sample is not

sufficient to investigate hard outcomes (mortality,
incidence of cardiovascular events).
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In patients with vascular diseases, conflicting results
have been found with regard to the association between
physical activity and cognition. One cohort study found
that physical activity was associated with better preserva-
tion of cognitive function;16 another recent study could
not confirm this association.17 Until now, three observa-
tional studies and only one randomised controlled trial
have assessed the effect of a physical exercise programme
on cognition in patients with a TIA or stroke.18–21 This
randomised controlled trial only included patients who
had a stroke more than 6 months ago and found an
improvement in motor learning.19 No randomised
controlled trials have been performed in the acute phase
following a TIA or stroke.
Previously, we demonstrated the safety and feasibility of

an exercise programme in the acute phase after a TIA or
a minor ischaemic stroke.22 The aim of this larger study is
twofold: (1) to investigate whether a physical exercise pro-
gramme (MoveIT) can prevent cognitive decline in
patients after a TIA or minor ischaemic stroke, and (2) to
investigate the effect of this programme on cardiorespira-
tory fitness and the attainment of secondary prevention
targets.

METHODS AND ANALYSIS
Study design and setting
MoveIT is a two parallel group, single-centre, single-
blinded, randomised controlled trial to investigate the
effects of an aerobic exercise programme on cognition
in patients in the acute phase after TIA or minor ischae-
mic stroke (figure 1). The study will be conducted in
the Sint Lucas Andreas Hospital, a district hospital in
Amsterdam with a specialised stroke unit. Participants
will be randomly assigned to a control or intervention
group. The control group will receive the usual care for
patients after TIA or minor ischaemic stroke, consisting
of two or three visits to the outpatient clinic. The inter-
vention group will participate in the MoveIT pro-
gramme, which consists of a 12-week aerobic exercise
programme and follow-up visits to a specialised physio-
therapist every 3 months during the period of 1 year.
Study procedures were approved by local university
and hospital research ethics committees. Informed
written consent will be obtained from all participants.
The study has been registered at the trial registration
(The Nederlands Trial Register—NTR3884).

Objectives
Primary objective: To investigate the effect of a physical
exercise programme (MoveIT) on cognition in patients
in the acute phase after a TIA or minor ischaemic
stroke, compared with participation in usual care.
Secondary objectives:

▸ To investigate the effect of a physical exercise pro-
gramme on cardiorespiratory fitness, measured by
maximal exercise capacity.

▸ To investigate the effect of a physical exercise pro-
gramme on the attainment of secondary prevention
targets, defined as the combination of prescribed
antithrombotic therapy (antiplatelet agents or oral
anticoagulants) and achievement of blood pressure
(<140/90 mm Hg) and low-density lipoprotein choles-
terol (LDL-c; <100 mg/dL) targets, as recommended
in international guidelines.23

Participants
Inclusion criteria
Patients are eligible if they (1) are at least 18 years old,
(2) present with a TIA or minor ischaemic stroke as
defined by the National Institutes of Health Stroke Scale
(NIHSS) score ≤3,24 (3) had the onset of signs and
symptoms less than 1 month ago, (4) are able to walk
independently and (5) are discharged from hospital
without need for further rehabilitation.

Exclusion criteria
Patients will be excluded if they have (1) dementia or a
Mini-Mental State Examination (MMSE) score <24, (2)
aphasia or the inability to speak Dutch, (3) cardiopul-
monary contraindication for physical exercise and exer-
cise testing outlined by the American College of Sports
Medicine (ACSM)25 or (4) chronic disease with an
expected survival of less than 2 years.

Figure 1 Flow chart of trial design.
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Recruitment
Consecutive patients with a TIA or a minor ischaemic
stroke admitted to the stroke unit or evaluated in the
outpatient clinic or emergency room of the Sint Lucas
Andreas Hospital will be given information about the
trial. Patients who are interested to participate will be
approached with further information and screened for
cardiac contraindication using a cardiac checklist. This
cardiac checklist has been developed by our study group
and consists of items concerning the patient’s medical
history, disease history, physical and ancillary (ECG)
investigations. Before randomisation, all potential parti-
cipants with a positive cardiac checklist will be examined
by a cardiologist to exclude possible cardiac contraindi-
cation for maximal exercise testing or a physical exercise
programme. After exclusion of cardiac contraindications
or a negative cardiac checklist, written informed consent
will be obtained. If there are indications of pulmonary
disease, patients will be referred to a pulmonologist to
optimise the pulmonary function prior to the start of
the programme.

Randomisation
Consenting participants will be allocated for treatment
using block randomisation with a block size of two. The
allocation sequence will be generated by coin tossing.
Randomisation will be conducted independently using
sealed opaque envelopes.

Intervention
Participants randomly assigned to the intervention group
will participate in the MoveIT programme. This pro-
gramme consists of a 12-week aerobic exercise pro-
gramme, combined with regular follow-up visits to a
specialised physiotherapist during the period of 1 year.
During the aerobic exercise programme, participants will
receive two 1 h exercise sessions per week supervised by
two specialised physiotherapists. These sessions consist of
aerobic exercise and strength training. The exercise
intensity will be based on the individual’s maximal heart
rate and the maximal power achieved during the
maximal exercise test. During the programme, the exer-
cise intensity will gradually be increased. Participants will
start with home-based aerobic exercise and will gradually
increase this frequency to three times a week.
Participants will keep a log of these activities and will
discuss their progress with the physiotherapists during
the exercise sessions and during the follow-up visits after
the completion of the exercise programme.
After the completion of the physical exercise pro-

gramme, follow-up consists of a total of three visits to the
physiotherapist during the period of 1 year. During
these appointments, participants will receive motiv-
ational interviewing-based counselling by physiothera-
pists in order to motivate them to maintain an active
lifestyle. Participating physiotherapists received a motiv-
ational interviewing training and have considerable
experience with this technique.

Control group
Participants in both groups will continue to receive usual
stroke care. Usual care consists of a total of 2–3 follow-up
visits to the outpatient clinic for 3 months after the TIA
or stroke. During these appointments, the motivational
interviewing-based counselling will be focused on the
attainment of secondary prevention and the improve-
ment of lifestyle factors and physical activity.

Data collection and outcomes measures
Outcome measures will be assessed at the baseline, and
at the 1-year and 2-year follow-up by personnel blinded
to the treatment allocation. Data will be recorded on
standardised forms and entered into a secured Access
database with Structured Query Language (SQL) that
contains quality control checks (eg, range checks, notifi-
cation of missing data).

Cognitive functioning
The primary end point is global cognitive functioning
measured using the Montreal Cognitive Assessment
(MoCA) test,26 which has been validated to measure
cognitive decline in patients after stroke.27

In addition, a standardised neuropsychological exam-
ination will be performed which consists of attention,
verbal and visual memory, and executive functioning
tests. Verbal memory will be assessed using the Dutch
version of the California Verbal Learning Test (VGLT).28

Non-verbal memory will be assessed with the recall of
the Rey-Osterrieth Complex Figure Test.29 Executive
functioning will be assessed using the Key Search and
Rule Shift Cards from the Behavioural Assessment of the
Dysexecutive Syndrome (BADS),30 letter fluency and cat-
egorical fluency,31 difference in time between part A
and B of Trail Making Test,32 the interference score of
the Stroop Color Word Test33 and the Stop Signal Task
of the CANTAB.34 Attention will be assessed with the
digit span forwards and backwards of the Wechsler Adult
Intelligence Scale (WAIS).35 In addition, participants
will fill out a validated questionnaire measuring cogni-
tive symptoms (Cognitive Failures Questionnaire).36

Baseline composite z-scores for the cognitive domains:
attention, memory and executive functioning will be cal-
culated by averaging the z-scores (raw individual test
score at baseline minus the mean test score divided by
the SD). Follow-up composite z-scores will be calculated
for the cognitive domains: attention, memory and execu-
tive functioning by averaging the z-scores (raw individual
test score at follow-up minus mean baseline test score
divided by the SD of the baseline test score). These com-
posite z-scores will be used in the further analysis.

Measures of physical function
Maximal exercise capacity (VO2max) or maximal oxygen
consumption (mL/kg/min) is used as the measure of
cardiorespiratory fitness. A symptom-limited ramp exer-
cise test will be performed on a Jaeger cycle ergometer.
During these tests, continuous ECG monitoring will be
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performed and the blood pressure will be measured
every minute. Oxygen consumption (VO2) will be con-
tinuously measured using a metabolic measurement
system, which is performed by a breath-by-breath gas
analysis (Oxycon Pro, Jaeger). The testing protocol will
be adjusted to the capabilities of the patient.25 Exercise
will be terminated if participants are fatigued or earlier
if they fulfil the ACSM’s guidelines for ‘Indications for
terminating Exercise Testing’.25 A cardiologist and pul-
monologist will review all results of the exercise tests. In
case of ECG-abnormalities, a cardiologist will examine
the participant to exclude cardiac disease. The maximal
value obtained will be considered as the VO2max.
The amount of self-reported physical activity will be

measured using the Physical Activity Scale for the
Elderly (PASE) questionnaire.37 38 This questionnaire
has also been validated for the elderly patients in the
Dutch population.38

Measures of secondary prevention
Secondary prevention will be measured as the number
of participants who achieve the composite end point of
optimal medical therapy, defined as the combination of
prescribed antithrombotic therapy (antiplatelet agents
or oral anticoagulants) and achievement of both blood
pressure (<140/90 mm Hg) and LDL-c (<100 mg/dL)
targets. These cut-off points are based on current guide-
lines.23 Other end points are the individual components
of the composite end point of optimal medical therapy,
number of participants not smoking (self-reported),
alcohol consumption (self-reported), body mass index
and waist circumference.

Recurrent vascular events
All recurrent vascular events during the follow-up period
of 2 years will be recorded. The trial is not sufficiently
powered to determine the effect of the MoveIT pro-
gramme in reducing recurrent TIA, stroke or cardiac
events. Thus, it will be exploratory in this regard.

Other
Mental health and fatigue will be assessed using the
Hospital Anxiety and Depression Scale (HADS)39 and
the Fatigue Severity Scale.40

Covariates
Imaging
At baseline, in all participants a non-contrast head CT
scan will be performed as part of their routine stroke
workup. In addition, in all participants without contrain-
dications, a brain MRI will be performed after informed
consent. The MR investigations will be performed on
a 1.5-Tesla scanner. The protocol consists of sagittal
T1-weighted (repetition time (TR)/echo time (TE):
1940/3.08 ms), sagittal fluid-attenuated inversion recov-
ery (TR/TE 6000/358 ms), transversal T2-weighted (TR/
TE 5000/96 ms), transversal T2-weighted gradient echo
(TR/TE 800/26 ms) and diffusion-weighted imaging

(TR/TE 4100/102 ms). Imaging will be used to evaluate
markers of small vessel disease, brain atrophy and carotid
calcifications.

Apolipoprotein E
APOE genotype, a genetic risk factor for Alzheimer
disease, will be performed after DNA isolation from 10
ml EDTA blood by using the LightCycler APOE muta-
tion detection method (Roche Diagnostics GmbH) and
coded as APOE ε4 or no ε4.

Other
Pre-existent cognitive impairment will be assessed using
the Informant Questionnaire for Cognitive Decline in
Elderly (IQCODE).41 Premorbid intellectual functioning
will be assessed using the Dutch version of the National
Adult Reading Test (DART).42

Power calculation and sample size
Global cognition, assessed with the MoCA test, was
selected as the outcome variable to calculate sample
size.26 27 Using estimates obtained from the literature43 44

and our previously performed pilot study,22 a sample
size of 52 patients in each group is needed to reach a
power of 80% to detect a difference in means in the
MoCA score of 1.5 point, assuming a SD of 2.7 using a
two-sample t test with a 0.05 two-sided significance level.
We increased the sample size to 60 patients in each
group to anticipate for potential dropouts.

Analysis
Baseline demographic and clinical characteristics of par-
ticipants in the intervention and control groups will be
compared using two-sample t tests (continuous data) and
χ2 analysis (nominal data). Non-parametric methods will
be used when assumptions of normality are violated.
Primary analyses will be unadjusted, following the

intention-to-treat principle. For the primary end point,
the change in MoCA between the baseline and the
2-year follow-up will be calculated. Depending on the
normality distribution, the change scores will be com-
pared using either Wilcoxon rank-sum tests or two-
sample t tests with significance level of 0.05.
In the secondary analyses, we will assess the effect on

our secondary outcome measures. We will calculate the
change between the baseline and the 2 years continuous
data, and this change score will be analysed using either
Wilcoxon rank-sum tests or two-sample t tests. We will
perform logistic regression for the outcome measures
with a dichotomous outcome, such as attainment of
measures for secondary prevention using the data at the
2-year follow-up as the dependent variable and correct-
ing for baseline using the baseline data as covariate.
A repeated-measures mixed design will be used to esti-

mate the treatment effects (2 groups at 3 time points),
using the variables measured at the baseline, and at the
1-year and 2-year follow-up that conform to the
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assumptions of normality. Level of significance will be
<0.05. Data will be analysed using SPSS (V.20.0).

Ethics and dissemination
All minor and major amendments to the protocol will be
approved by the Ethics committee. A signed and dated
informed consent form will be required from all partici-
pants. The risks and benefits of participation will be
explained and all potential participants are free to
decline to participate in the trial. All patient-level data
accessed in this study will be stripped of personal identi-
fiers. To guarantee the confidentiality of the participants,
only the authors will have access to the data during the
study.
We will disseminate the results of our study via presen-

tations at international conferences and publications in
peer-reviewed journals.
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