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Effect of an exercise intervention on global 
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Abstract 

Background: Patients with a transient ischemic attack (TIA) or ischemic stroke are at increased risk of developing 
cognitive impairment in the subacute phase. At present, the effects of exercise on cognitive functioning following a 
TIA or stroke are not fully known. The purpose of this trial was to investigate the effect of exercise on global cognition.

Methods: The MoveIT trial is a single‑centre, observer‑blinded, randomized controlled trial involving a 1‑year exercise 
intervention consisting of a 12‑week group exercise program, combined with three counselling visits to the physi‑
otherapists over a 9‑month period. The control group received standard care. The primary outcome was global 
cognitive functioning, assessed at one year, using the Montreal Cognitive Assessment (MoCA). Secondary outcomes 
included cardiorespiratory fitness, the cardiovascular profile, and attainment of secondary prevention targets, anxiety, 
depression and fatigue at one and two years.

Results: The experimental group consisted of 60 patients, while the control group consisted of 59 patients. The 
mean age was 64.3 years and 41% were female. No between‑group differences were found on global cognitive func‑
tioning (MD, 0.7 out of 30, 95% CI, − 0.2 to 1.6) or on secondary outcome measures at 12 months. The only significant 
between‑group difference was found for fatigue, in favour of the experimental group at 12 months (MD, 0.6 out of 63, 
95% CI, 0.1 to 1.1).

Conclusions: No benefit of this exercise intervention was found regarding global cognition. Future studies need to 
focus on optimizing rehabilitation strategies for this vulnerable group of patients.

Trial registration: http:// www. trial regis ter. nl. Unique identifier: NL3721.

Date first registration: 06‑03‑2013.
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Introduction
Patients with a transient ischemic attack (TIA) or 
ischemic stroke are at increased risk of developing cog-
nitive impairment [1, 2]. A systematic review has shown 
that post-TIA cognitive impairment occurs frequently, 
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with a prevalence of mild cognitive impairment in 
29–68% and severe cognitive impairment in 8–22% of 
patients [3]. Up to 76% of patients with stroke had mild 
cognitive impairment at 3 months after an acute stroke, 
although up to 50% of these patients showed cogni-
tive improvement, and 30% show delayed deterioration 
between 3 and 15 months post stroke [1, 4].

Given the lack of successful pharmaceutical treat-
ments for cognitive decline, alternative treatment strat-
egies to prevent cognitive decline must be investigated. 
Physical activity and exercise (both aerobic and strength 
training) are widely accessible, low-cost treatments, 
which has been associated with improved cognitive 
functioning in populations at increased risk for cog-
nitive decline, including neurologically healthy older 
adults and those with dementia [5–7]. We define physi-
cal activity as “any bodily movement produced by skel-
etal muscles that results in energy expenditure,” whereas 
exercise is “a subset of physical activity that is planned, 
structured, and repetitive and has as a final or an inter-
mediate objective the improvement or maintenance of 
physical fitness.” [8] Physical activity and exercise are 
recommended to stroke survivors to reduce disability, 
and have beneficial effects on cardiorespiratory health, 
functional capacity, activities of daily living and quality 
of life [9]. Unfortunately, the impact of physical activity 
and exercise on cognitive functioning in patients with 
TIA or stroke is still unclear, and investigation has been 
urgently recommended [9, 10].

Two recent meta-analyses showed inconclusive 
results, but both suggested a potential benefit of an exer-
cise intervention on attention and processing speed in 
patients with stroke [11, 12]. A recent report using an 
exercise intervention noted improvements in overall cog-
nition and in the subdomains of attention, concentration, 
visuospatial and executive functioning [13]. Another 
observational study in patients with varying degrees of 
cerebral small vessel disease found a reduction in the risk 
of cognitive impairment and dementia in patients who 
were more physically active [14].

Previously, we demonstrated in a pilot trial the safety 
and feasibility of an exercise intervention in the subacute 
phase after a TIA or minor ischemic stroke [15]. Since 
prevention of cognitive decline after stroke is recognized 
as an important goal, and evidence-based strategies are 
still lacking, the aim of the present trial was to investigate 
the effect of a 1-year exercise intervention on cognition 
in patients after a TIA or minor ischemic stroke.

Methods
Study design
The MoveIT trial was a single-centre, observer-blinded, 
randomized controlled trial. Patients were randomized 

in permuted blocks, using sealed opaque envelopes to 
conceal treatment allocation. The envelopes were pre-
pared and secured by an independent physician. The 
outcome measures were recorded on standardized forms 
by trained observers blinded to the treatment alloca-
tion. The control group received usual care for patients 
after TIA or minor ischemic stroke, consisting of two or 
three visits to the outpatient clinic. The follow-up period 
was 2 years after the initial TIA or stroke, and the last 
patient was assessed in October 2016. All methods in the 
MoveIT trial were carried out in accordance to the Dec-
laration of Helsinki. Study procedures were approved by 
local university and hospital research ethics committees, 
location VU Medical Centre, NL38008.029.11. Written 
informed consent was obtained from all patients. The 
study protocol was published in December 2014 in BMJ 
Open [16]. The trial has been registered in the Nether-
lands Trial Register with the registration number NL3721 
and was first registered at 06-03-2013. Our reporting 
follows the CONSORT statement for reporting parallel-
group randomized trials (http:// www. conso rt- state ment. 
org/ conso rt- state ment/ flowd iagram).

Subjects
Patients were invited to take part in the study by clini-
cians at the stroke unit, emergency department and out-
patient clinic of our secondary care teaching hospital. 
They were screened for eligibility and consented between 
April 2012 and June 2014. Patients were eligible if they 
1) were at least 18 years old, 2) presented with a TIA or 
minor ischemic stroke as defined by a National Institutes 
of Health Stroke Scale (NIHSS) score ≤ 3, 3) had had the 
onset of signs and symptoms less than 1 month ago, 4) 
were able to walk independently, 5) had been discharged 
from hospital without need for further rehabilitation, 
[17] 6) had a Mini-Mental State Examination (MMSE) 
score ≥ 24, 7) had no aphasia and were able to speak 
Dutch, 8) had no cardiopulmonary contraindications for 
physical exercise and exercise testing as outlined by the 
American College of Sports Medicine, [18] and 9) had 
no chronic disease with an expected survival of less than 
2 years.

Cardiopulmonary examination
Cardiopulmonary examination was conducted to 
ensure the exercise intervention was safe in this group 
of patients. Before randomization, all potential partici-
pants were screened for cardiac contraindications using 
a checklist that included history of cardiac disease, symp-
toms of current cardiac and pulmonary disease and the 
results of an electrocardiogram (ECG). Potential partici-
pants with a positive checklist were examined by a car-
diologist and/or pulmonologist; the randomization was 

http://www.consort-statement.org/consort-statement/flowdiagram
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done after their approval. At baseline, all maximum exer-
cise capacity tests (see below) were checked by the cardi-
ologist and pulmonologist, and in case of abnormalities, 
additional examinations were done. Patients in the exper-
imental group whose tests showed abnormalities started 
the exercise intervention after completing the additional 
examination, upon approval by the cardiologist and/or 
pulmonologist.

Outcomes
The primary outcome measure was global cognitive func-
tioning, assessed with the Montreal Cognitive Assess-
ment (MoCA) [19] at 1 year post stroke, while the MoCA 
score at 2 years was a secondary outcome measure. In 
addition, a standardised neuropsychological examina-
tion was conducted at baseline, 1 and 2 year post stroke, 
which consisted of attention, verbal and visual memory, 
and executive functioning tests. Cardiorespiratory fitness 
was measured as maximal exercise capacity or maximal 
oxygen consumption (V̇O2max), measured by perform-
ing a ramp exercise test on a cycle ergometer (Jaeger) 
under continuous blood pressure measurement, ECG, 
and breath-by-breath gas analysis (Oxycon Pro). The 
amount of self-reported physical activity was measured 
using the Physical Activity Scale for the Elderly (PASE) 
questionnaire [20, 21]. In accordance with international 
literature concerning the attainment of primary goals in 
secondary stroke prevention, we used a composite score 
for optimal therapy, defined as the combination of pre-
scribed antithrombotic therapy (antiplatelet agents or 
oral anticoagulants) and meeting targets for both blood 
pressure (< 140/90 mmHg) and low density lipoprotein 
(LDL) cholesterol (< 100 mg/dl) [22]. Self-reported smok-
ing, alcohol consumption, Body Mass Index (BMI) and 
waist circumference were also assessed. Mental health 
was assessed using the Hospital Anxiety and Depression 
Scale (HADS) [23]. The severity of fatigue was measured 
using the Fatigue Severity Scale (FSS), a 9-item scale of 
which the average score was used [24]. All secondary out-
comes wre measured at baseline and at 12 and 24 months. 

Intervention
All patients in this trial received standard post-stroke 
care according to the Dutch multidisciplinary guide-
line, [25] consisting of a total of two visits to the out-
patient clinic during the first 3 months after the TIA or 
minor stroke. The patients in the experimental group 
started the exercise intervention with an intake session 
in which their current exercise behaviour and motiva-
tion were assessed and exercise goals were established. 
The exercise intervention started with a 12-week exer-
cise program which was performed in groups of 10 
patients. The patients received two one-hour sessions of 

exercise training per week, supervised by two special-
ized physiotherapists. The exercise program consisted 
of both aerobic and strength training. The aerobic exer-
cise was performed using a cycle ergometer, treadmill, 
or rowing machine. The Karvonen formula was used to 
calculate the target heart rate (THR), as follows: rest-
ing heart rate + (% desired intensity x [maximum heart 
rate derived from the maximum exercise test – resting 
heart rate]). Aerobic exercise started at 40%, and was 
then gradually increased to 80% THR [18]. During each 
aerobic exercise training session, heart rate was meas-
ured twice to ensure that the patients exercised at the 
target level. We also used a rating of perceived exer-
tion of 11 to 16 (“light” to “hard”) on the Borg 6–20 
Scale [26]. The strength training part of the program, 
performed on weight machines, started with 3 sets of 
10–12 repetitions at 30% of the repetition maximum, 
and patients gradually progressed to 60–70%. Patients 
were instructed and guided to perform home-based 
exercise sessions three times a week, with the aim of 
achieving independence in exercising and to develop 
and maintain an active lifestyle that meets recom-
mended physical activity and exercise guidelines. In 
order to gain insight in the amount and frequency of 
physical training, patients used an exercise diary, which 
recorded how much they exercised and what the facili-
tators and barriers were for an active lifestyle. In this 
diary the patients kept track of how much they exer-
cised per day and what were motivators and barriers to 
exercise. After the completion of the 12-weeks group 
exercise program, follow-up consisted of three visits 
to the physiotherapist over a 9-month period. During 
these follow-up visits, the patients received counselling 
by the physiotherapists, based on motivational inter-
viewing. Patients were motivated to maintain an active 
lifestyle and to continue exercising, the exercise diary 
was used as an evaluation method for the patient. The 
description of our intervention followed an interna-
tionally developed template on exercise reporting [27].

Power calculation and sample size
Global cognition, assessed with the MoCA test, was 
selected as the outcome variable to calculate sample size 
[19, 28]. Using estimates obtained from the literature 
[29, 30] and our previously performed pilot study, [15] a 
sample size of 52 patients in each group was needed to 
reach a power of 80% in detecting a difference in mean 
MoCA score of 1.5 points, assuming a standard deviation 
of 2.7 and 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 potential dropouts.
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Statistics
Baseline demographic and clinical characteristics of the 
patients in the experimental and control groups were 
compared using independent two-sample t-tests (for 
continuous data) and χ2 analysis (for nominal data). 
Visual inspection of the distribution was used to assess 
normality. Primary analyses were unadjusted, follow-
ing the intention-to-treat principle. The between-group 
differences in change scores from baseline to 12 months 
and from baseline to 24 months were investigated using 
independent t-tests for continuous outcomes. Mann-
Whitney non-parametric statistics were used in those 
cases where assumptions of normality were violated. 
Mixed-effects regression models were used with a ran-
dom intercept for longitudinal repeated measures. Each 

hypothesis was tested with a two-tailed analysis with 
0.05 as the level of significance. All analyses were carried 
out in SPSS, version 22.

The results of the study were shared with all partici-
pants with a written summary containing the main out-
comes of the study. Patients were not involved in the 
development, design, recruitment or conduct of the 
MoveIT study. The burden of the intervention was not 
assessed by patients themselves.

Results
An estimated number of 1690 patients with TIA or stroke 
(500 TIA and 1190 stroke patients, based on the prospec-
tive stroke register) were screened from April 2012 to 
June 2014 (Fig. 1).

Fig. 1 Consort flow chart for patient recruitment
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Of the total of 119 patients enrolled in the study, 60 
were allocated to the treatment group and 59 to the con-
trol group. The main reason for not participating was the 
intensive nature of the intervention and the measures. In 
the experimental group, 49 patients (81.7%) completed 

the 2-year assessment, compared with 51 patients (86.4%) 
in the control group. There was no significant difference 
between the experimental and control groups as regards 
the attrition rate (P = 0.47). Baseline characteristics of the 
study population are shown in Table 1, which shows that 

Table 1 Baseline data

Values are given as means with standard deviation (SD) with range or as number (percentage), unless otherwise stated.
a Based on medical history, use of antihypertensive treatment, or blood pressure > 140/90 mmHg
b Having received thrombolysis treatment for the ischemic event at presentation

Experimental group (n = 60) Control group (n = 59)

Demographic characteristics

 Male (%) 34 (57) 36 (61)

 Age (y) ± SD, range 64.7 ± 8.9, 44–86 63.9 ± 10.6, 44–85

Stroke type

 TIA (%) 34 (57) 27 (56)

 Ischemic stroke (%) 26 (43) 32 (54)

Stroke localization

 Left (%) 30 (50) 31 (53)

 Right (%) 18 (30) 16 (27)

 Vertebrobasilar (%) 12 (20) 11 (19)

Vascular risk factors

 Waist circumference in cm ± SD 96.7 ± 11.2 96.4 ± 10.9

 Systolic blood pressure (mmHg) ± SD 124.5 ± 15.0 123.2 ± 15.2

 Diastolic blood pressure (mmHg) ± SD 74.9 ± 9.6 74.3 ± 9.6

  Hypertensiona (%) 48 (80) 44 (73)

 Anti‑hypertensive treatment (%) 41 (68) 42 (71)

 LDL‑cholesterol (mmol/l) ± SD 2.3 ± 0.7 2.3 ± 0.7

 Hypercholesterolemia (%) 47 (78) 37 (62)

 NIHSS, median (IQR) 0 (1) 0 (1)

 Active smoking (%) 7 (12) 14 (24)

 History of smoking (%) 26 (43) 34 (58)

 Alcohol overuse (%) 4 (7) 6 (10)

 History of stroke (%) 15 (25) 13 (27)

 Atrial fibrillation (%) 0 (0) 2 (3)

 History of myocardial infarction or other cardiac ischemia (%) 9 (15) 11 (19)

 History of other cardiac illness (%) 49 (82) 50 (85)

 History of other cardiovascular disease (%) 42 (70) 40 (68)

 Peripheral Artery Disease (%) 1 (2) 2 (3)

 Family history of stroke (%) 25 (42) 25 (42)

 Diabetes (%) 5 (8) 9 (15)

Other outcomes

 MoCA (0–30) ± SD 24.9 ± 3.2 25.5 ± 2.9

  VO2max (ml/kg/min) ± SD 23 ± 6.5 22 ± 6.4

 PASE (0–361) ± SD 133.8 ± 64.7 117.5 ± 68.9

 HADS (0–42) ± SD 8.3 ± 5.7 10.3 ± 6.6

 FSS 1‑7 ± SD 3.7 ± 1.5 4.0 ± 1.6

 History of COPD or asthma (%) 3 (5) 3 (5)

 OSAS (%) 2 (3) 3 (5)

  Thrombolysisb (%) 4 (7) 6 (10)

 Time from TIA/stroke to randomization, in days (median) 30 21
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there were no significant differences at baseline between 
the experimental and control groups.

The median intervals between the TIA or minor 
stroke and the moment of randomization to the experi-
mental or control group were 30 and 21 days, respec-
tively. The median time from the randomization to the 
start of the intervention was 63 days, due to additional 
examination(s) after the baseline maximal exercise capac-
ity test by the cardiologist/pulmonologist. Among the 60 
patients in the experimental group, 22 received further 
examinations, after which they were allowed to start the 
intervention. No serious adverse events occurred.

Primary outcome
No between-group differences were found on global cog-
nitive functioning (MD, − 0.7 out of 30, 95% CI, − 1.6 to 
0.2) as measured with the MoCA at 12 months (Table 2). 
The results of the standardised neuropsychological 
examination on the cognitive domains attention, verbal 
and visual memory and executive functioning will be 
published separately.

Secondary outcomes
There were no significant differences between the experi-
mental and control groups in global cognitive functioning 
as measured with the MoCA at 24 months (Table 2). At 
baseline, patients in the experimental group had a mean 
maximal exercise capacity of 23.0 ml/kg/min, compared 
to 22.0 ml/kg/min in the control group, which is in the 
5th percentile of age- and sex-related normative values 
[18]. The level of fitness was very poor (below the 20th 
percentile of age- and sex-related normative values) for 
86% of the female patients and 61% of the male patients 
[18]. There were no significant differences between 
the experimental and control groups in cardiorespira-
tory fitness at 12 and 24 months (Table 2). We found no 
between-group difference in the level of self-reported 
physical activity as measured by the PASE.

No significant difference in the composite score for 
attainment of optimal secondary prevention targets was 
found between the study groups. At 12 months, 73% of 
the patients in the experimental group and 78% in the 
control group had attained the endpoint of optimal medi-
cal therapy, while at 24 months, 60% of the patients in 
both the experimental and control groups had attained 
this endpoint. Adherence to antithrombotic medication 
was 100% in both groups at both 12 and 24 months. We 
found no between-group differences in systolic blood 
pressure, diastolic blood pressure, total cholesterol, LDL-
cholesterol, weight, waist circumference, or active smok-
ing after 12 and 24 months. The mixed-effects regression 
model did not found another outcome than the primary 
analysis (Table 3).

There were no significant between-group differences 
in the total HADS, HADS Anxiety and HADS Depres-
sion scores after 12 and 24 months. The experimental 
and control groups both had a mean HADS anxiety score 
at baseline of 4.4 ± 3.2 respectively 5.6 ± 3.7 and mean 
HADS depression score at baseline of 3.9 ± 3.1 respec-
tively 4.7 ± 3.6. A score of > 8 indicating a possible anxi-
ety disorder or depression applies per subscale [23]. The 
only significant between-group difference was found for 
fatigue, in favour of the experimental group at 12 months 
(Mean Difference (MD), − 0.6 out of 63, 95% CI, 0.1 to 
1.1). This mean difference had become non-significant at 
24 months (MD, 0.5 out of 63, 95% CI, 0.0 to 1.0).

Recurrent vascular disease
We found no significant between-group differences in 
the number of deaths, recurrent TIAs or strokes at 12 
and 24 months post stroke. At 24 months, new vascu-
lar events had occurred in 7 patients in the experimen-
tal group and 15 in the control group (p = 0.10). Two 
patients in the experimental group and 6 in the control 
group had a recurrent TIA or ischemic stroke (p = 0.27).

Intervention participation
Of the 60 patients in the experimental group, 43 com-
pleted the exercise intervention. One patient withdrew 
from the trial before the intervention started, 8 patients 
completed the group exercise program of 12 weeks but 
did not attend the 3 counselling visits thereafter and 8 
patients neither completed the group exercise program 
nor the counselling. Reasons for not completing the 
exercise intervention were: severe osteoarthritis (n = 2), 
financial problems (n = 1), lack of time (n = 2), no reason 
(n = 12).

Discussion
The MoveIT trial found no additional benefit of a 1-year 
exercise intervention compared to usual care, regard-
ing our primary outcome of global cognitive function-
ing at 1 year, as measured with the MoCA. In addition, 
we found no significant between-group differences in 
secondary outcomes like cardiorespiratory fitness, the 
attainment of secondary prevention targets and self-
reported measures of anxiety and depression. The only 
significant between-group difference was found for 
fatigue, which was less in the experimental group than in 
the control group at 12 months. The neutral outcome of 
our trial suggests that an exercise intervention compris-
ing of a 12-week group exercise program and a 9-months 
follow-up, both under the guidance of specialized physi-
otherapists, has no favourable effect on global cognitive 
functioning.
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An explanation for the lack of effect on global cognition 
functioning might be that patients were relatively young, 
the proportion of patients with TIA was relatively high 
(50%), and their cognition was relatively good, with base-
line MoCA scores approaching normal values. The cogni-
tive decline in our included patients may have been too 
small to produce a measurable effect. Furthermore, we 
may have missed the limited time window of enhanced 
neuroplasticity characterized by an upregulation of 
growth-promoting factors such as BDNF [31]. This win-
dow, which is present within the first days or weeks after 
a stroke, may have been missed as we started our inter-
vention later due to the thorough prior cardiopulmonary 
examinations.

There were no significant between-group differences in 
cardiorespiratory fitness at 12 and 24 months, indicating 
there was no training effect. In recent studies both mod-
erate and high intensity training increased V̇O2max, but 
the V̇O2max was measured immediately after the train-
ing period lasting 6 months and 3 months, respectively 
[32–34]. Long-term effects were not measured in these 
three studies. Since we were interested in long-lasting 
effects of an exercise intervention on cognition, we chose 
to measure the long-term effects and did not perform 
measurements of cognitive functioning or physical fit-
ness immediately after participants had completed the 
exercise group training. Because during each exercise 
training, heart rate was measured twice to ensure that the 
patients exercised at the target level, we think the inten-
sity of the training was sufficient to allow improvement of 
physical fitness.

This may mean that a possible intervention effect on 
cognition and cardiorespiratory fitness in our trial may 

have disappeared. The explanation for the lack of effect 
may possibly be found in the fact that the intervention 
did not succeed in maintaining an active lifestyle after 
the 12 week training program. Future trials should con-
sider an earlier start of the intervention, with a less com-
prehensive cardiopulmonary examination, and a higher 
dosage in terms of frequency and duration of the exercise 
intervention, to establish whether an exercise interven-
tion can indeed improve cognitive functioning.

It must be emphasized that the baseline cardiorespira-
tory fitness in both the experimental and control group 
was very poor, which confirms the results of our previ-
ously conducted pilot study [15]. We do not know pre-
cisely why the cardiorespiratory fitness of our patients 
was so poor. In the pilot study we have hypothesized that 
the poor fitness was due to premorbid cardiovascular and 
pulmonary disease and vascular risk factors, but not to 
stroke-related factors like weakness or limb coordination 
problems [35]. We did not exclude patients with possi-
ble anxiety and depression disorders, which are likely to 
impact on the ability to increase their physical activity 
level in the long term [36]. Although, in our trial the mean 
HADS anxiety and HADS depression in both groups 
were not above the already described cut off points of 8, 
20% had a HADS score ≥ 8 on the HADS anxiety and 17% 
of the patients had a score ≥ 8 on the HADS depression. 
The percentage in our study for anxiety was slightly lower 
than in another study, which reported a slightly higher 
prevalence of anxiety in 24% of minor stroke patients, 
[37] another study found a much lower incidence of 6% 
[38]. For depression the percentage of 17% in our study is 
higher than other studies have reported, namely 12% for 
patients with TIA [39, 40] and 6% for patients with minor 
stroke [37]. Because anxiety and depression affects the 
improvement of physical activity and has an incidence of 
20 and 17% respectively in patients with TIA and minor 
stroke, we recommend that future research should focus 
on the occurrence and treatment of depression and anxi-
ety during an exercise intervention. Possibly, anxiety and 
depression must be treated first, or simultaneously with 
the exercise intervention, to make sure the interven-
tion has an effect on exercising and physical activity in 
patients with depression and anxiety.

The first limitation is the delayed start of the inter-
vention at a median of 3 months after the TIA or minor 
stroke, for safety reasons. Second, we did not measure 
the short-term effects of the 12-week exercise program, 
which leaves it unclear if the lack of effect on cardiores-
piratory fitness was due to the intensity of the interven-
tion or to the moment of measuring. Third, the drop-out 
rate of patients shortly after inclusion was relatively high, 
which may have led to an underpowered study. The esti-
mated MoCA score of 1.5 used in the power calculation 

Table 3 Between‑group linear mixed model results: the 
experimental group compared with control group

*Corrected for age and sex

Linear mixed model

Variable Between-group 
difference in change

P value

MoCA −0.02 0.67

V̇O2max(ml/kg/min) 1.81* 0.05*

PASE 21.1 0.08

Systolic blood pressure (mmHg) 1.6 0.53

Diastolic blood pressure (mmHg) 1.2 0.47

Total cholesterol (mmol/l) 0.01 0.97

LDL‑cholesterol (mmol/l) −0.1 0.64

HADS total −1.7 0.11

 HADS anxiety −0.9 0.11

 HADS depression −0.8 0.20

FSS −0.6 0.01
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matches the recently reported minimal clinically impor-
tant difference of between 1.2 and 2.2 found in a stroke 
population [41]. Unfortunately, our power analyses may 
not have taken enough account of the high dropout rate. 
Apparently, this intervention and the assessments repre-
sented a burden for patients, a notion which is important 
for future research on this topic.

Conclusions
The current study found no benefit of physical fitness 
training on global cognitive functioning in the subacute 
phase after a TIA or minor stroke. We found that base-
line cardiorespiratory fitness in our patients with TIA 
or minor stroke was very poor, a finding which may 
have implications for future studies in which we hope to 
define optimal rehabilitation strategies for this vulner-
able group. Given the profound impact of post-stroke 
fatigue on the quality of life, [42, 43] and the positive 
effect of our intervention on fatigue, further studies are 
needed to elucidate the mechanisms of this effect.

Abbreviations
TIA: Transient ischemic attack; NIHSS: National Institute of Health Stroke Scale; 
MMSE: Mini‑Mental State Examination; ECG: Electrocardiogram; V̇O2max: Maxi‑
mal oxygen consumption; MoCA: Montreal Cognitive Assessment; PASE: Physi‑
cal Activity Scale for the Elderly; LDL: Low density lipoprotein; BMI: Body mass 
index; HADS: Hospital Anxiety and Depression Scale; FSS: Fatigue Severity 
Scale; THR: Target exercise heart rate; IQR: Interquartile Range; COPD: Chronic 
Obstructive Pulmonary Disease; OSAS: Obstructive Sleep Apnoea Syndrome.

Acknowledgements
We thank all the participants of the study, and our colleagues at the Depart‑
ment of Neurology, Cardiology and Respiratory Medicine at OLVG hospital.

Authors’ contributions
ID, MB, WB, HW, SS an RB contributed to the study concept and design. MB, 
EM, BB, SS and RB were responsible for acquisition of data. ID, MB, SS and RB 
were responsible for data processing and interpretation of the data. ID and 
RH performed all statistical analyses and drafted the manuscript. ID, GK, EW, 
WB, HW, SS and RB contributed to the critical revision of the manuscript for 
important intellectual content. RB obtained funding and is the guarantor. All 
authors contributed to drafts and approved the final manuscript.

Funding
This work was supported by ZonMW (project number 60–82600–98‑8338), 
Roomsch Catholijk Oude Armen Kantoor (project number 2010.101) and the 
‘Innovatiefonds’ of the Sint Lucas Andreas Hospital 2010 (Motives MoveIT 
2010).

Availability of data and materials
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The experiment protocol for involving humans was in accordance to the 
Declaration of Helsinki. Study procedures were approved by local univer‑
sity and hospital research ethics committees, location VU Medical Centre, 
NL38008.029.11. Written informed consent was obtained from all patients.

Consent for publication
Not applicable.

Competing interests
None declared.

Author details
1 Department of Neurology, OLVG, Amsterdam, The Netherlands. 2 Depart‑
ment of Physical Therapy, OLVG, Amsterdam, The Netherlands. 3 Department 
of Neurology, Gelderse Vallei Hospital, Ede, The Netherlands. 4 Department 
of Cardiology, OLVG, Amsterdam, The Netherlands. 5 Department of Respira‑
tory Medicine, OLVG, Amsterdam, The Netherlands. 6 Department of Reha‑
bilitation Medicine, Amsterdam UMC, location Vrije Universiteit Amsterdam, 
De Boelelaan 1118, Amsterdam, The Netherlands. 7 Amsterdam Movement 
Sciences, Rehabilitation and Development, Amsterdam, The Netherlands. 
8 Amsterdam Neurosciences, Neurovascular Disorders, Amsterdam, The Neth‑
erlands. 9 Department of Physical Therapy and Human Movement Sciences, 
Northwestern University, Chicago, IL, USA. 10 Department of Neurorehabilita‑
tion, Amsterdam Rehabilitation Research Centre Reade, Amsterdam, The 
Netherlands. 11 Board of directors, Rivierenland Hospital, Tiel, The Netherlands. 
12 Department of Neurology, Amsterdam UMC, location AMC, Amsterdam, The 
Netherlands. 

Received: 26 October 2021   Accepted: 14 July 2022

References
 1. Gottesman RF, Hillis AE. Predictors and assessment of cognitive dysfunc‑

tion resulting from ischaemic stroke. Lancet Neurol. 2010;9(9):895–905. 
https:// doi. org/ 10. 1016/ S1474‑ 4422(10) 70164‑2.

 2. Pendlebury ST, Rothwell PM. Prevalence, incidence, and factors associ‑
ated with pre‑stroke and post‑stroke dementia: a systematic review and 
meta‑analysis. Lancet Neurol. 2009;8(11):1006–18. https:// doi. org/ 10. 
1016/ S1474‑ 4422(09) 70236‑4.

 3. van Rooij FG, Kessels RP, Richard E, De Leeuw FE, van Dijk EJ. Cognitive 
impairment in transient ischemic attack patients: a systematic review. 
Cerebrovasc Dis. 2016;42(1–2):1–9. https:// doi. org/ 10. 1159/ 00044 4282.

 4. Ballard C, Rowan E, Stephens S, Kalaria R, Kenny RA. Prospective follow‑up 
study between 3 and 15 months after stroke: improvements and decline 
in cognitive function among dementia‑free stroke survivors >75 years 
of age. Stroke. 2003;34(10):2440–4. https:// doi. org/ 10. 1161/ 01. STR. 00000 
89923. 29724. CE.

 5. Weuve J, Kang JH, Manson JE, Breteler MM, Ware JH, Grodstein F. Physical 
activity, including walking, and cognitive function in older women. JAMA. 
2004;292(12):1454–61. https:// doi. org/ 10. 1001/ jama. 292. 12. 1454.

 6. Groot C, Hooghiemstra AM, Raijmakers PG, van Berckel BN, Scheltens P, 
Scherder EJ, et al. The effect of physical activity on cognitive function 
in patients with dementia: a meta‑analysis of randomized control trials. 
Ageing Res Rev. 2016;25:13–23. https:// doi. org/ 10. 1016/j. arr. 2015. 11. 005.

 7. Buchman AS, Boyle PA, Yu L, Shah RC, Wilson RS, Bennett DA. Total daily 
physical activity and the risk of AD and cognitive decline in older adults. 
Neurology. 2012;78(17):1323–9. https:// doi. org/ 10. 1212/ WNL. 0b013 
e3182 535d35.

 8. Caspersen CJ, Powell KE, Christenson GM. Physical activity, exercise, and 
physical fitness: definitions and distinctions for health‑related research. 
Public Health Rep. 1985;100(2):126–31.

 9. Billinger SA, Arena R, Bernhardt J, Eng JJ, Franklin BA, Johnson CM, et al. 
Physical activity and exercise recommendations for stroke survivors: a 
statement for healthcare professionals from the American Heart Associa‑
tion/American Stroke Association. Stroke. 2014;45(8):2532–53. https:// doi. 
org/ 10. 1161/ STR. 00000 00000 000022.

 10. Saunders DH, Sanderson M, Hayes S, Kilrane M, Greig CA, Brazzelli M, et al. 
Physical fitness training for stroke patients. Cochrane Database Syst Rev. 
2016;3:CD003316. https:// doi. org/ 10. 1002/ 14651 858. CD003 316. pub6.

 11. Oberlin LE, Waiwood AM, Cumming TB, Marsland AL, Bernhardt J, 
Erickson KI. Effects of physical activity on Poststroke cognitive function: a 
Meta‑analysis of randomized controlled trials. Stroke. 2017;48(11):3093–
100. https:// doi. org/ 10. 1161/ STROK EAHA. 117. 017319.

https://doi.org/10.1016/S1474-4422(10)70164-2
https://doi.org/10.1016/S1474-4422(09)70236-4
https://doi.org/10.1016/S1474-4422(09)70236-4
https://doi.org/10.1159/000444282
https://doi.org/10.1161/01.STR.0000089923.29724.CE
https://doi.org/10.1161/01.STR.0000089923.29724.CE
https://doi.org/10.1001/jama.292.12.1454
https://doi.org/10.1016/j.arr.2015.11.005
https://doi.org/10.1212/WNL.0b013e3182535d35
https://doi.org/10.1212/WNL.0b013e3182535d35
https://doi.org/10.1161/STR.0000000000000022
https://doi.org/10.1161/STR.0000000000000022
https://doi.org/10.1002/14651858.CD003316.pub6
https://doi.org/10.1161/STROKEAHA.117.017319


Page 10 of 10Deijle et al. BMC Neurology          (2022) 22:289 

 12. Zheng G, Zhou W, Xia R, Tao J, Chen L. Aerobic exercises for cognition 
rehabilitation following stroke: a systematic review. J Stroke Cerebrovasc 
Dis. 2016;25(11):2780–9. https:// doi. org/ 10. 1016/j. jstro kecer ebrov asdis. 
2016. 07. 035.

 13. Marzolini S, Oh P, McIlroy W, Brooks D. The effects of an aerobic and resist‑
ance exercise training program on cognition following stroke. Neuroreha‑
bil Neural Repair. 2013;27(5):392–402. https:// doi. org/ 10. 1177/ 15459 
68312 465192.

 14. Verdelho A, Madureira S, Ferro JM, Baezner H, Blahak C, Poggesi A, et al. 
Physical activity prevents progression for cognitive impairment and 
vascular dementia: results from the LADIS (Leukoaraiosis and disability) 
study. Stroke. 2012;43(12):3331–5. https:// doi. org/ 10. 1161/ STROK EAHA. 
112. 661793.

 15. Boss HM, Van Schaik SM, Deijle IA, de Melker EC, van den Berg BT, 
Scherder EJ, et al. Safety and feasibility of post‑stroke care and exercise 
after minor ischemic stroke or transient ischemic attack: MotiveS & 
MoveIT. NeuroRehabilitation. 2014;34(3):401–7. https:// doi. org/ 10. 3233/ 
NRE‑ 141049.

 16. Boss HM, Van Schaik SM, Deijle IA, de Melker EC, van den Berg BT, 
Scherder EJ, et al. A randomised controlled trial of aerobic exercise after 
transient ischaemic attack or minor stroke to prevent cognitive decline: 
the MoveIT study protocol. BMJ Open. 2014;4(12):e007065. https:// doi. 
org/ 10. 1136/ bmjop en‑ 2014‑ 007065.

 17. Brott T, Adams HP Jr, Olinger CP, Marler JR, Barsan WG, Biller J, et al. Meas‑
urements of acute cerebral infarction: a clinical examination scale. Stroke. 
1989;20(7):864–70. https:// doi. org/ 10. 1161/ 01. str. 20.7. 864.

 18. American College of Sports Medicine. ACSM’s guidelines for exercise test‑
ing and prescription, ed 8. Baltimore: Wolters Kluwer; 2010.

 19. Nasreddine ZS, Phillips NA, Bedirian V, Charbonneau S, Whitehead V, 
Collin I, et al. The Montreal cognitive assessment, MoCA: a brief screening 
tool for mild cognitive impairment. J Am Geriatr Soc. 2005;53(4):695–9. 
https:// doi. org/ 10. 1111/j. 1532‑ 5415. 2005. 53221.x.

 20. Washburn RA, Smith KW, Jette AM, Janney CA. The physical activity scale 
for the elderly (PASE): development and evaluation. J Clin Epidemiol. 
1993;46(2):153–62. https:// doi. org/ 10. 1016/ 0895‑ 4356(93) 90053‑4.

 21. Schuit AJ, Schouten EG, Westerterp KR, Saris WH. Validity of the physical 
activity scale for the elderly (PASE): according to energy expenditure 
assessed by the doubly labeled water method. J Clin Epidemiol. 
1997;50(5):541–6. https:// doi. org/ 10. 1016/ s0895‑ 4356(97) 00010‑3.

 22. Saposnik G, Goodman SG, Leiter LA, Yan RT, Fitchett DH, Bayer NH, et al. 
Applying the evidence: do patients with stroke, coronary artery disease, 
or both achieve similar treatment goals? Stroke. 2009;40(4):1417–24. 
https:// doi. org/ 10. 1161/ STROK EAHA. 108. 533018.

 23. Zigmond AS, Snaith RP. The hospital anxiety and depression scale. Acta 
Psychiatr Scand. 1983;67(6):361–70. https:// doi. org/ 10. 1111/j. 1600‑ 0447. 
1983. tb097 16.x.

 24. Krupp LB, LaRocca NG, Muir‑Nash J, Steinberg AD. The fatigue severity 
scale. Application to patients with multiple sclerosis and systemic lupus 
erythematosus. Arch Neurol. 1989;46(10):1121–3. https:// doi. org/ 10. 1001/ 
archn eur. 1989. 00520 46011 5022.

 25. NVN. Richtlijn ’Diagnostiek, behandeling en zorg voor patienten met een 
beroerte. 2008. https:// www. nvvcnl/ media/ richt lijn/ 13/ Richt lijn% 20Ber 
oerte% 20def‑ 2009p df25. Accessed Jan 2012.

 26. Borg GA. Psychophysical bases of perceived exertion. Med Sci Sports 
Exerc. 1982;14(5):377–81.

 27. Slade SC, Dionne CE, Underwood M, Buchbinder R. Consensus on exer‑
cise reporting template (CERT): explanation and elaboration statement. 
Br J Sports Med. 2016;50(23):1428–37. https:// doi. org/ 10. 1136/ bjspo 
rts‑ 2016‑ 096651.

 28. Pendlebury ST, Cuthbertson FC, Welch SJ, Mehta Z, Rothwell PM. 
Underestimation of cognitive impairment by Mini‑mental state 
examination versus the Montreal cognitive assessment in patients with 
transient ischemic attack and stroke: a population‑based study. Stroke. 
2010;41(6):1290–3. https:// doi. org/ 10. 1161/ STROK EAHA. 110. 579888.

 29. Sachdev PS, Brodaty H, Valenzuela MJ, Lorentz LM, Koschera A. Progression 
of cognitive impairment in stroke patients. Neurology. 2004;63(9):1618–23. 
https:// doi. org/ 10. 1212/ 01. wnl. 00001 42964. 83484. de.

 30. Popovic IM, Seric V, Demarin V. Mild cognitive impairment in symp‑
tomatic and asymptomatic cerebrovascular disease. J Neurol Sci. 
2007;257(1–2):185–93. https:// doi. org/ 10. 1016/j. jns. 2007. 01. 029.

 31. Ploughman M, Windle V, MacLellan CL, White N, Dore JJ, Corbett D. Brain‑
derived neurotrophic factor contributes to recovery of skilled reaching 
after focal ischemia in rats. Stroke. 2009;40(4):1490–5. https:// doi. org/ 10. 
1161/ STROK EAHA. 108. 531806.

 32. Kamm CP, Schmid JP, Muri RM, Mattle HP, Eser P, Saner H. Interdisciplinary 
cardiovascular and neurologic outpatient rehabilitation in patients surviv‑
ing transient ischemic attack or stroke with minor or no residual deficits. 
Arch Phys Med Rehabil. 2014;95(4):656–62. https:// doi. org/ 10. 1016/j. 
apmr. 2013. 10. 013.

 33. Choi HE, Kim C, Sohn Y. Cardiac rehabilitation exercise training for high‑
risk cardiac patients. Ann Rehabil Med. 2017;41(4):650–8. https:// doi. org/ 
10. 5535/ arm. 2017. 41.4. 650.

 34. Marzolini S, Danells C, Oh PI, Jagroop D, Brooks D. Feasibility and effects 
of cardiac rehabilitation for individuals after transient ischemic attack. J 
Stroke Cerebrovasc Dis. 2016;25(10):2453–63. https:// doi. org/ 10. 1016/j. 
jstro kecer ebrov asdis. 2016. 06. 018.

 35. Boss HM, Deijle IA, Van Schaik SM, de Melker EC, van den Berg BTJ, Wein‑
stein HC, et al. Cardiorespiratory fitness after transient ischemic attack 
and minor ischemic stroke: baseline data of the MoveIT study. J Stroke 
Cerebrovasc Dis. 2017;26(5):1114–20. https:// doi. org/ 10. 1016/j. jstro kecer 
ebrov asdis. 2016. 12. 029.

 36. Arwert HJ, Meesters JJL, Boiten J, Balk F, Wolterbeek R, Vliet Vlieland TPM. 
Poststroke depression: a long‑term problem for stroke survivors. Am J 
Phys Med Rehabil. 2018;97(8):565–71. https:// doi. org/ 10. 1097/ PHM. 00000 
00000 000918.

 37. Bruggimann L, Annoni JM, Staub F, von Steinbuchel N, Van der Linden M, 
Bogousslavsky J. Chronic posttraumatic stress symptoms after nonsevere 
stroke. Neurology. 2006;66(4):513–6. https:// doi. org/ 10. 1212/ 01. wnl. 
00001 94210. 98757. 49.

 38. Sackley CM, Mant J, McManus RJ, Humphreys G, Sharp L, Mares K, 
et al. Functional and emotional outcomes after transient ischemic 
attack: a 12‑month prospective controlled cohort study. Int J Stroke. 
2019;14(5):522–9. https:// doi. org/ 10. 1177/ 17474 93018 823158.

 39. van Rooij FG, Plaizier NO, Vermeer SE, Goraj BM, Koudstaal PJ, Richard E, 
et al. Subjective cognitive impairment, depressive symptoms, and fatigue 
after a TIA or transient neurological attack: a prospective study. Behav 
Neurol. 2017;2017:5181024. https:// doi. org/ 10. 1155/ 2017/ 51810 24.

 40. Snaphaan L, van der Werf S, Kanselaar K, de Leeuw FE. Post‑stroke 
depressive symptoms are associated with post‑stroke characteristics. 
Cerebrovasc Dis. 2009;28(6):551–7. https:// doi. org/ 10. 1159/ 00024 7598.

 41. Wu CY, Hung SJ, Lin KC, Chen KH, Chen P, Tsay PK. Responsiveness, 
minimal clinically important difference, and validity of the MoCA in stroke 
rehabilitation. Occup Ther Int. 2019;2019:2517658. https:// doi. org/ 10. 
1155/ 2019/ 25176 58.

 42. Tang WK, Lu JY, Chen YK, Mok VC, Ungvari GS, Wong KS. Is fatigue associ‑
ated with short‑term health‑related quality of life in stroke? Arch Phys Med 
Rehabil. 2010;91(10):1511–5. https:// doi. org/ 10. 1016/j. apmr. 2010. 06. 026.

 43. van de Port IG, Kwakkel G, Schepers VP, Heinemans CT, Lindeman E. Is 
fatigue an independent factor associated with activities of daily living, 
instrumental activities of daily living and health‑related quality of life in 
chronic stroke? Cerebrovasc Dis. 2007;23(1):40–5. https:// doi. org/ 10. 1159/ 
00009 5757.

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

https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.07.035
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.07.035
https://doi.org/10.1177/1545968312465192
https://doi.org/10.1177/1545968312465192
https://doi.org/10.1161/STROKEAHA.112.661793
https://doi.org/10.1161/STROKEAHA.112.661793
https://doi.org/10.3233/NRE-141049
https://doi.org/10.3233/NRE-141049
https://doi.org/10.1136/bmjopen-2014-007065
https://doi.org/10.1136/bmjopen-2014-007065
https://doi.org/10.1161/01.str.20.7.864
https://doi.org/10.1111/j.1532-5415.2005.53221.x
https://doi.org/10.1016/0895-4356(93)90053-4
https://doi.org/10.1016/s0895-4356(97)00010-3
https://doi.org/10.1161/STROKEAHA.108.533018
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://doi.org/10.1111/j.1600-0447.1983.tb09716.x
https://doi.org/10.1001/archneur.1989.00520460115022
https://doi.org/10.1001/archneur.1989.00520460115022
https://www.nvvcnl/media/richtlijn/13/Richtlijn%20Beroerte%20def-2009pdf25
https://www.nvvcnl/media/richtlijn/13/Richtlijn%20Beroerte%20def-2009pdf25
https://doi.org/10.1136/bjsports-2016-096651
https://doi.org/10.1136/bjsports-2016-096651
https://doi.org/10.1161/STROKEAHA.110.579888
https://doi.org/10.1212/01.wnl.0000142964.83484.de
https://doi.org/10.1016/j.jns.2007.01.029
https://doi.org/10.1161/STROKEAHA.108.531806
https://doi.org/10.1161/STROKEAHA.108.531806
https://doi.org/10.1016/j.apmr.2013.10.013
https://doi.org/10.1016/j.apmr.2013.10.013
https://doi.org/10.5535/arm.2017.41.4.650
https://doi.org/10.5535/arm.2017.41.4.650
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.06.018
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.06.018
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.12.029
https://doi.org/10.1016/j.jstrokecerebrovasdis.2016.12.029
https://doi.org/10.1097/PHM.0000000000000918
https://doi.org/10.1097/PHM.0000000000000918
https://doi.org/10.1212/01.wnl.0000194210.98757.49
https://doi.org/10.1212/01.wnl.0000194210.98757.49
https://doi.org/10.1177/1747493018823158
https://doi.org/10.1155/2017/5181024
https://doi.org/10.1159/000247598
https://doi.org/10.1155/2019/2517658
https://doi.org/10.1155/2019/2517658
https://doi.org/10.1016/j.apmr.2010.06.026
https://doi.org/10.1159/000095757
https://doi.org/10.1159/000095757

	Effect of an exercise intervention on global cognition after transient ischemic attack or minor stroke: the MoveIT randomized controlled trial
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Introduction
	Methods
	Study design
	Subjects
	Cardiopulmonary examination
	Outcomes
	Intervention
	Power calculation and sample size
	Statistics

	Results
	Primary outcome
	Secondary outcomes
	Recurrent vascular disease
	Intervention participation

	Discussion
	Conclusions
	Acknowledgements
	References


