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Abstract

Background: Post-stroke physical inactivity is explained by several factors related to the stroke, which have been
suggested as the causes and consequences of functional declines and health problems. Therefore, it is important to
increase physical activity levels and reduce the time spent in low-energy expenditure activities after a stroke. Since
the maintenance of cardiorespiratory fitness is a significant predictor of physical activity levels post-stroke, it may be
important to investigate whether aerobic training is effective in increasing physical activity levels and reducing the
time spent in low-energy expenditure activities in this population. The efficacy of aerobic training on these variables
is not well known. The primary objective of this trial will be to investigate the effects of aerobic treadmill training
on physical activity levels and on time spent in low-energy expenditure activities in people with stroke. The
secondary aim will be to evaluate the effects of the training on cardiorespiratory fitness, endurance, depression,
mobility, quality of life, and participation.

Methods/design: A randomized controlled trial, with blinded assessments, will be performed in a community-
based setting. Altogether, 22 adults with a diagnosis of stroke (>6 months) who are sedentary or insufficiently
active will be included. Participants will be randomly assigned to either: (1) aerobic treadmill training (experimental
group, at 60–80% of their heart rate reserve) or (2) walking outside (control group, below 40% of heart rate reserve).
Both groups will attend 40-min training sessions, three times per week over 12 weeks, in groups of two to four
participants, with a trained physiotherapist. Primary outcomes are physical activity levels and time spent in low-
energy expenditure activities (Multi-sensor SenseWear Mini® and Human Activity Profile). Secondary outcomes are
cardiorespiratory fitness (peak oxygen uptake VO2peak and ventilatory threshold), endurance, depression, mobility,
quality of life, and participation. The effects of the training will be analyzed from the collected data using intention
to treat. Between-group differences will be measured by two-way repeated measures ANOVA, considering the
baseline, post-training, and 4-week follow-up.

Discussion: The results of this trial will likely provide valuable new information on the effects of aerobic treadmill
training on physical activity levels and on time spent in low-energy expenditure activities of individuals with stroke,
through changes in cardiorespiratory fitness.

Trial registration: ClinicalTrials.gov, NCT02798237. Registered on 13 June 2016.
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Background
Stroke has a high prevalence worldwide [1] and people
with stroke are more likely to require help with mobility,
self-care, and household activities [2]. Furthermore, they
are 40% more likely to have limitations in performing ac-
tivities compared to matched controls [2]. Furthermore,
people with stroke are at high risk of being affected by
other cardiovascular diseases or recurrent stroke, which
are often associated with the severity of the stroke [1].
Thus, it is important to develop and implement inter-
ventions to prevent and manage the associated
post-stroke disabilities and the complications and risk
factors associated with recurrent stroke, and to promote
functionality [3].
Physical activity has the potential to influence several

functional domains and health status in individuals with
stroke [3]. Physical activity is defined as any bodily
movements produced by the skeletal muscles that result
in energy expenditure, such as those performed during
activities of daily living at home, at work, during leisure,
or transport [4]. Exercise is a type of physical activity
with specific characteristics: it is repeatedly performed,
in a planned and structured way, to improve or maintain
physical fitness [4]. Sedentary behavior, which is part of
the physical activity continuum and has an independent
impact on health, was recently defined as any behavior
performed while awake that involves energy expenditure
≤1.5 metabolic equivalents (METs) while in a sitting, re-
clining, or lying posture [5].
People after stroke have low physical activity levels

and spend more time in low-energy expenditure activ-
ities, compared with matched individuals without stroke
[6]. After a stroke, individuals spend on average 80% of
their time in low-energy expenditure activities [7]. Only
15% engage in light and 5% in moderate-to-vigorous in-
tensity physical activity [7]. Post-stroke physical inactiv-
ity is explained by several factors, which are directly and
indirectly related to the stroke and have been suggested
as the causes and consequences of functional declines
and health problems [1, 3, 6, 7]. After a stroke, low phys-
ical activity levels are the main consequences of the con-
comitant presence of cardiovascular diseases and
disabilities, such as reduced cardiorespiratory fitness
(median of 14 mL kg-1 min-1, ranging from 8 to
23 mL kg-1 min-1) [8–10], depression [3], mobility limi-
tations [11], as well as low perception of quality of life
[12] and restricted social participation [2]. Besides con-
tributing to physically inactive and sedentary lifestyles,
these disabilities can also be aggravated by physically in-
activity [3], creating a vicious cycle that dramatically im-
pedes post-stroke individuals in adopting healthy
lifestyles. There is evidence that both physical inactivity
and time spent in low-energy expenditure activities are
risk factors for developing diabetes mellitus and

cardiovascular diseases (including stroke), and for overall
mortality [13, 14]. For every 25–30 min increase in
sedentary time per day, there is a 1% increase in risk of
cardiovascular disease for elderly individuals [13]. There-
fore, it is important to increase physical activity levels
and reduce the time spent in low-energy expenditure
activities after stroke.
Investigating the influence of exercise on physical ac-

tivity levels and the importance of reducing the time
spent in low-energy expenditure activities in people with
stroke has been suggested in a scientific statement from
the American Stroke Association as a future research
direction [3]. Any exercise would probably increase
physical activity level and reduce sedentary duration on
the same day that it is performed. However, it is not
known which intervention could effectively improve
physical activity. In addition, it is also unknown whether
these changes occur in individuals with different baseline
levels of physical activity and time involved in
low-energy expenditure activities, nor if they are main-
tained after the cessation of the intervention. Since the
efficacy of aerobic training in improving cardiorespira-
tory fitness in people with stroke has been shown [8–10]
and that cardiorespiratory fitness is a significant pre-
dictor of physical activity after stroke [15], it may be im-
portant to investigate whether aerobic training is
effective in increasing physical activity levels and redu-
cing the time spent in low-energy expenditure activities
in this population. However, the efficacy of aerobic train-
ing on these variables is not well known [3, 9].
Only four randomized controlled trials have investigated

the effects of aerobic training on physical activity levels in
people with stroke [16–20]. In three trials, no between-
group differences were found [17, 18, 20]. In the other
trial, the physical activity levels of the experimental group
(aerobic training plus lower-limb resistance training and
home exercises) improved compared to the control group
(no intervention) [19]. Therefore, it is not known whether
aerobic training alone is an effective intervention. In
addition, in all four trials [17–20], physical activity was
not the primary outcome and, in three of these trials,
physical activity was assessed using self-reported question-
naires [17–19]. Secondary outcomes are not confirmatory,
but exploratory; thus, it is not possible to give much cre-
dence to them [21]. Although questionnaires are inexpen-
sive and easy to use [22], their accuracy is questionable,
since they can be influenced by recall bias, social desirabil-
ity bias, and the inability of the participants to estimate
the frequency, duration, and intensity of their physical ac-
tivity [3, 22]. One of the four trials assessed the effects of
aerobic training on physical activity levels of people with
stroke by the number of steps taken over 48 h measured
by an accelerometer [20]. However, there is some doubt
about whether the number of steps alone is an adequate
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measure of physical activity levels, since it does not pro-
vide any information regarding important parameters of
physical activity, such as intensity or duration [15, 23].
Furthermore, the number of steps does not provide infor-
mation on upper limb or cycling activities [4]. According
to a systematic review, although there is no gold-standard
portable monitor that can assess physical activity, a
multi-sensor device, such as the one that will be used in
the present study, has the potential to improve accuracy,
since the data are estimated by multiple sensors [22]. In
addition, a multi-sensor device can provide information
on frequency, duration, and the intensity of physical activ-
ity, including low-intensity and non-ambulatory activity
[22–26]. To our knowledge, only one randomized con-
trolled trial has investigated the efficacy of an intervention
that was not aerobic training in decreasing the time spent
in low-energy expenditure activities in individuals with
stroke [24]. The experimental group received four coun-
seling sessions with a message of “sit less and move more,”
whereas the control group received the same number of
counseling sessions but on calcium intake for bone health
[24]. However, no statistically significant between-group
differences were found [24]. Therefore, measuring physical
activity levels and the time spent in low-energy expend-
iture activities as primary outcomes using adequate mea-
sures, as planned for the present study, is recognizably
important in trials with people with stroke [3].
Thus, the primary aim of this trial is to investigate the

efficacy of aerobic treadmill training in improving phys-
ical activity levels and reducing the time spent in

low-energy expenditure activities of people with stroke.
The secondary aim is to evaluate the effects of the train-
ing on cardiorespiratory fitness, endurance, depression,
mobility, quality of life, and participation.

Methods/design
A superiority parallel-group randomized controlled trial,
with concealed allocation and blinded assessments, will be
carried out. A trained researcher, blinded to the group al-
location, will collect the written consent and the outcome
measures at baseline, post-intervention (after the 12-week
intervention), and at the 16-week follow-up, i.e., 4 weeks
after the cessation of the intervention (Fig. 1). The exam-
iner will be blinded to group allocation, and the partici-
pants and the treating physiotherapist will be asked not to
share any information about the intervention with the
examiner. Moreover, evaluations will be carried out in
different places. Participants will be randomly assigned to
either (1) aerobic treadmill training (experimental group)
or (2) walking outside (control group) (Fig. 2).
This randomized controlled trial was prospectively regis-

tered at https://clinicaltrials.gov/ct2/show/NCT02798237
(NCT02798237) and received approval (51454115.6.0000
.5149) from the institutional ethical review board. The
study commenced in August 2017 and the estimated com-
pletion date is December 2018.

Setting
This study will be carried out in a community-based set-
ting in Belo Horizonte, Brazil.

Fig. 1 Schedule of enrolment, interventions, and assessments
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Participants
Individuals will be recruited from the general commu-
nity, by contacting health centers and research groups.
They will be included if they are ≥20 years of age, have a
diagnosis of stroke (>6 months), are inactive or insuffi-
ciently active [27], and have written medical permission
to allow them to participate in the study. The classifica-
tion of the Centers for Disease Control and Prevention
will be used to determine if an individual is inactive or
insufficiently active [27]. Participants will be asked about
the exercises they performed most often over the last
4 weeks, including their frequency and duration [28]. In-
dividuals who report not having practiced any exercise
over the last month will be classified as inactive [27].
Those who report that they have performed physical ex-
ercise over the last month for at least five times per
week for more than 30 min at a moderate intensity or for
at least three times per week for at least 20 min at a vig-
orous intensity will be classified as having moderate or
vigorous exercise levels, respectively [27]. The intensity
of the exercises reported by the participants will be de-
termined based upon the estimated MET [27]. Exercises
performed at vigorous intensity are those with an
assigned MET that is greater than 60% of the maximum

cardiorespiratory capacity of the individual [27]. To de-
termine 60% of the maximum cardiorespiratory capacity,
we use 0.6 × (60 – 0.55 × age) / 3.5 for men and 0.6 ×
(48 – 0.37 × age) / 3.5 for women [27]. Individuals clas-
sified as having moderate or vigorous exercise levels will
be excluded from the study. Individuals who report
doing physical exercise over the last month that is not
classified as vigorous or moderate intensity will be classified
as insufficiently active [27]. Exclusion criteria are: (1) cogni-
tive impairments, as determined by the education-adjusted
cut-off scores for the Mini-Mental Status Examination de-
pending on the education level of each participant
(illiterate: 13 points; elementary and middle school: 18
points; and high-school: 26 points) [28]; (2) an inability to
respond to simple verbal commands [29]; (3) an inability to
walk independently for at least 10 min, with or without a
walking device; and (4) have pain or other disorders pre-
cluding their participation.

Participant withdrawal
Participants may withdraw from the trial for any reason
at any time. The investigator can withdraw participants
from the study for safety purposes. Missing a maximum
of six consecutive sessions will be allowed.

Fig. 2 Flow diagram of the study
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Randomization procedures
The randomization sequence will be computer generated
prior to the commencement of the study by a trained re-
search assistant, who will be not involved in the study,
and maintained in randomized blocks in sequentially
numbered sealed opaque envelopes. Eligible participants
will be randomly allocated to either the experimental or
control group, after the baseline measurements. The
training therapist will be responsible for revealing the
contents of the sealed opaque envelopes, and therefore,
for revealing the allocation.

Intervention and control
All participants will attend three 40-min sessions per
week over 12 weeks [3, 9, 30], in groups of two to four.
A trained physiotherapist who has experience with aer-
obic training will supervise both groups. The exercise in-
tensity will be determined, based upon the results of the
cardiopulmonary exercise test [3, 9].
Before and after training, the participants will remain at

rest for 10–15 min, during which time their heart rate
(heart rate monitor), blood pressure (aneroid sphygmoman-
ometer and stethoscope), and peripheral oxygen saturation
(oximeter) will be measured. Heart rate will be continu-
ously monitored. Participants will be asked to report any
discomfort and not to undertake any other exercise pro-
gram during their participation in the present study.

Experimental group
The participants in the experimental group will perform 5
minutes of warm-up and cool-down treadmill walking,
followed by 30 min of aerobic treadmill training at 60–80%
of their heart rate reserve [3, 9]. However, for those with
poor exercise tolerance, short exercise bouts (for a minimum
of 10 min, until they have completed 30 min) may be given
initially, with interspersed rest periods [3, 9]. As their exercise
tolerance improves, longer periods of continuous exercise
with shorter rest periods will be implemented [3, 9]. The pro-
gression of the intensity of the treadmill training will be indi-
vidualized, depending upon the individual’s ability, rate of
perceived exertion, heart rate, and blood pressure responses
[9]. If they are exercising on the treadmill below their cardiac
training range, they will be requested to increase their speed
until they are in their cardiac training zone.

Control group
The participants in the control group will walk outside
at a comfortable pace at <40% of their heart rate reserve.
If they are exercising above 40% of their heart rate re-
serve, they will be requested to slow down, until their
training zone reaches ≤40%. If the efficacy of the inter-
vention is proved, the experimental intervention will be
offered to the participants of the control group at the
end of the study.

Procedures
A trained researcher, who will be blinded to the group
allocation, will collect the sociodemographic data and all
outcomes.

Primary outcome measures
The primary outcomes will include both physical activity
level and time spent in low-energy expenditure activities,
as they are part of the physical activity continuum. Both
will be measured by an objective device, the multi-sensor
SenseWear Mini®. In addition, physical activity level will
be also assessed by a subjective method, the Human
Activity Profile (HAP), since objective and subjective
methods are complementary, and the questionnaire has
the advantage of higher clinical applicability [23, 29].
The multi-sensor SenseWear Mini® (BodyMedia, Pitts-

burgh, PA, USA; software version 8.1) provides objective
measurements of physical activity levels and time spent
in low-energy expenditure activities [23]. It is a portable,
non-invasive, and lightweight activity monitor [23]. The
validity of this multi-sensor has already been established
for the measurement of physical activity, compared with
indirect calorimetry and double-labeled water [26, 31,
32]. The data acquired by the multiple sensors (heat flux,
skin temperature, galvanic skin response, and triaxial ac-
celerometer) are integrated with clinical characteristics
(age, height, body mass, sex, and smoking habits) into
an algorithm that estimates physical activity levels and
time spent in low-energy expenditure activities [23]. This
monitor can measure the intensity, frequency, and dur-
ation of physical activity and is able to detect improve-
ments in physical activity levels in longitudinal studies
with people with stroke [23]. Average daily energy ex-
penditure, expressed in kilocalories, will be used to esti-
mate physical activity levels. The average time spent
each day being sedentary, expressed as a percentage of
total waking time, will be used to estimate the time spent
in low-energy expenditure activities (≤1.5 METs). The par-
ticipants will use this device, attached to the back of a
non-paretic arm [23], for 7 days during each assessment
period to reduce the possibility of bias related to differ-
ences in physical activity levels and time spent in
low-energy expenditure activities for each day during the
period [22]. There will be three assessment periods: base-
line, post-intervention (after the 12-week intervention),
and the 16-week follow-up.
The HAP, which provides subjective measures of phys-

ical activity levels [29], will be administered by interviews
[29]. It asks about 94 activities, which are hierarchically
graded according to their metabolic equivalent [29]. These
activities include personal care, transportation, home
maintenance, social and leisure activities, and exercise
[29]. The HAP Adjusted Activity Score is calculated by
subtracting the number of activities that the participant
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has stopped doing from the number of the last item on
the list that they still doing [29]. The Adjusted Activity
Score is a better estimate of average energy expenditure
spent by an individual [29]. The HAP is commonly used
in studies with people with stroke and has been shown to
be suitable for assessing physical activity levels in this
population [29].

Secondary outcome measures
Secondary outcomes will be cardiorespiratory fitness (car-
diopulmonary exercise test); endurance (six-minute walk
test or 6MWT and shuttle-walk test or SWT); depression
(Patient Health Questionnaires PHQ-2 and PHQ-9); mo-
bility (comfortable and maximum gait speeds); quality of
life (Stroke-Specific Quality of Life Scale or SSQOL); and
participation (Stroke Impact Scale or SIS). All measures
are suitable for evaluating post-stroke individuals [33–40].
Cardiorespiratory fitness (peak oxygen uptake VO2peak

and ventilatory threshold) will be measured using a car-
diopulmonary exercise test with a gas analyzer (CPX Ul-
tima Medical Graphics®, USA) and an electrocardiogram.
This is an objective, non-invasive, and widely used test,
and it is considered to be the gold standard for evaluat-
ing cardiorespiratory fitness [35]. The cardiopulmonary
exercise test is feasible and safe for people with stroke
[3, 41]. The test will use an electronic treadmill, with a
progressive ramp protocol [42]. It will follow the recom-
mendations of the American College of Sports Medicine
[35]. All tests will be monitored by a cardiologist, who
has advanced life support training.
Endurance will be measured using the 6MWT and the

SWT [38, 39]. Although the cardiopulmonary exercise
test is the gold standard for measuring aerobic capacity,
its use in clinical practice is limited, due to the need for
specialized equipment and trained personnel [35, 38].
Clinical alternatives are sub-maximal exercise tests, such
as the 6MWT and the SWT. These tests are simple and
inexpensive, and do not require advanced training [38,
39]. For the 6MWT, the maximum distance covered will
be measured [39]. The SWT is an incremental test that
consists of 12 levels whose speed is set by an audible sig-
nal. It is held in a 10-m track [39].
Depression will be assessed by the PHQ-9 and PHQ-2

[36]. The PHQ-9 is used to assess the frequency of nine
depressive symptoms over the previous 2 weeks [36, 43].
The PHQ-2 includes only two of the nine questions [36,
43]. As recommended, the PHQ-9 will be applied, by
interview, only for those participants who have a positive
outcome on the PHQ-2 [36, 43].
Mobility will be evaluated by both comfortable and

maximum gait speeds during a 10-m walk test [38]. The
instructions will be standardized and only one trial will
be employed [44, 45].

Quality of life will be measured using the SSQOL [34],
which consists of 49 items distributed into 12 domains
(energy, family roles, language, mobility, mood, person-
ality, self-care, social roles, thinking, upper extremity
function, vision, and work/productivity) [34]. The
SSQOL is applied by interviews and does not take long
to administer [34].
Participation will be measured by the social participa-

tion section of the SIS 3.0 [37]. The items on participa-
tion are evaluated in terms of frequency of self-reported
participation restriction over the previous month [37].

Data monitoring committee
The study will not have a data monitoring committee,
since aerobic training rarely has adverse effects [9].
However, participants will be monitored during the exer-
cise sessions, to identify any kind of signals or symp-
toms, such as pain, dizziness, and loss of balance, that
would require interruption of the exercise session or
their exclusion from the study. In addition, participants
will be asked to report any discomfort, which will be
registered and reported.

Sample size calculation
The sample size was based on the only previous ran-
domized controlled trial that we found that measured
changes in physical activity levels of people with stroke
associated with aerobic exercise training [16]. The effect
size was derived from the study of Teixeira-Salmela et
al. [19], who assessed changes in physical activity levels
with HAP Adjusted Activity Scores that were associated
with aerobic plus lower-limb strengthening training and
home exercises, for people with chronic stroke. In that
study, the experimental group (n = 6) showed an average
increase in Adjusted Activity Score of 20 ± 6.1 after the
intervention, whereas the control group (n = 7) had an
average reduction of 1.86 ± 0.19 points. To be able to de-
tect a between-group difference of 20 points on the HAP
Adjusted Activity Score, considering a significance level of
5% and a desired power of 80%, nine participants per
group are required (a total of 18 participants) [46]. As-
suming an expected dropout rate of 20%, a target of 22
participants was set (11 participants per group).

Statistical analyses
Each participant will be assigned a unique ID. Two inde-
pendent examiners, who will be blinded to the group allo-
cation, will enter the data into a computer and verify any
missing or apparently wrong values. The original paper
forms will be kept in a secure place. The electronic files
will be available only to the research team.
An independent examiner, who will be blinded to

group allocation, will perform the statistical analysis,
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using the software SPSS (SPSS Inc., Chicago, IL, USA).
Descriptive statistics will be calculated for all outcomes.
The effects of the interventions will be analyzed from

the collected data using intention to treat. Data from the
last available assessment will be used for missed sessions.
Between-group differences will be evaluated using
two-way repeated measures ANOVA, considering the
baseline, post-training, and follow-up measurements. If
there are baseline differences between the groups, ana-
lysis of covariance will be used to eliminate the influence
of extraneous factors, such as baseline cardiorespiratory
fitness, physical activity levels, and time spent in
low-energy expenditure activities. The level of signifi-
cance will be set at 5% and adjusted for multiple com-
parisons. Data distribution and equality of variance will
also be analyzed, to ensure the parametric analysis has
been applied correctly.

Discussion
Although the efficacy of aerobic training in improving
VO2peak in individuals with stroke is well known, it is un-
known if this training improves physical activity levels and
reduces the time spent in low-energy expenditure activ-
ities. In fact, it is still unclear which interventions can im-
prove physical activity levels and reduce time spent
post-stroke in low-energy expenditure activities. There-
fore, the results of this randomized controlled trial will
likely provide valuable new information regarding the ef-
fects of aerobic treadmill training on physical activity
levels and time spent in low-energy expenditure activities
for individuals with stroke. Since low levels of physical ac-
tivity are associated with risk of cardiovascular disease, the
investigated intervention may help to improve functional-
ity and health status and reduce the burden of care on the
families of people with stroke. Whether exercise improves
function and quality of life and prevents secondary dis-
eases, such as stroke, is a high priority research objective,
which may be answered by this study [47].
Considering that previous randomized controlled trials

have rarely investigated the effects of aerobic training on
physical activity levels and that none have investigated
these effects on the time spent in low-energy expend-
iture activities or have used a multi-sensor monitor to
measure these outcomes, this study may increase the
use of evidence-based practice in that domain, and,
hence, may improve the care of people with stroke.
This trial design does have some limitations. It will include

a convenience sample, which may limit generalizability. Fur-
thermore, both the participants and the physiotherapist,
who will provide the interventions, will not be blinded
(Additional file 1).
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