
Contents lists available at ScienceDirect

Preventive Medicine Reports

journal homepage: www.elsevier.com/locate/pmedr

Protocol and pilot study of a short message service-guided training after
acute stroke/transient ischemic attack to increase walking capacity and
physical activity☆,☆☆

Birgit Vahlberga,⁎, Ulf Holmbäcka, Staffan Erikssonb,c,d, Tommy Cederholma

a Department of Public Health and Caring Sciences, Clinical Nutrition and Metabolism, Uppsala University, Uppsala, Sweden.
b Centre for Clinical Research Sörmland, Uppsala University, Eskilstuna, Sweden
c Department of Neuroscience, Physiotherapy, Uppsala University, Uppsala, Sweden
d Department of Community Medicine and Rehabilitation, Physiotherapy, Umeå University, Umeå, Sweden

A R T I C L E I N F O

Keywords:
Acute stroke
Transient ischemic attack
Physical activity
Walking capacity
Mobility
Body composition

A B S T R A C T

Physical activity in community-living individuals after a stroke is usually scarce. This protocol describes a study
that will evaluate a method to increase physical activity by performing a 3-month outdoor walking and muscle
strengthening program and will examine the 3-month and 1-year effects of this program on individuals with
acute stroke (AS) or transient ischemic attack (TIA). In a prospective randomized controlled trial in Uppsala,
Sweden, 80 individuals with AS or TIA who maintained cognitive and motor function will be randomized into
groups for continuous training for three months or for regular standard care. The training will be supervised by
daily cellphone-delivered messages (short message services; SMS), and the intensity, duration and workload will
be gradually increased. The primary outcome is a change in walking capacity according to the 6-Minute Walk
Test and chair-rising at three months. Secondary outcomes include mobility, gait speed, handgrip strength, body
composition (fat mass and muscle mass), biochemical risk-markers, health-related quality of life, and cardio-
vascular events. Adherence to the training program will be documented with a self-reported diary and step
counts over two weeks. The major study started in November 2016, and results are expected in 2019. In a pilot
study of 15 subjects post-stroke (mean-age 65 years), we observed improved walking capacity (increasing from
23 to 255m) and chair-rising (decreasing 2.42 s) from baseline to three months. SMS-guided outdoor training
will be tested as a potential therapeutic strategy to increase physical activity and thereby improve walking
capacity and physical function following a stroke.

1. Introduction

Acute stroke (AS) and transient ischemic attack (TIA) are diagnosed
in approximately 26,500 and 8000–12,000 persons/year, respectively,
in Sweden according to the Swedish Stroke Register (RIKSstroke, 2017).
In the United States, approximately one person every 40 s experiences a
stroke, and the prevalence is projected to increase by 25% until 2030
(Mozaffarian et al., 2016). Worldwide, older adults, black people and
people with lower levels of education have a higher stroke prevalence
(Mozaffarian et al., 2016). Approximately 75% of stroke victims are
70 years or older at stroke onset (RIKSstroke, 2017). However, in
Sweden, the incidence of stroke is increasing in people aged
35–44 years despite a decrease in the overall incidence of stroke
(RIKSstroke, 2017). Approximately two-thirds of the strokes occurring

in Sweden are considered to be mild (RIKSstroke, 2017). An example of
improved secondary prevention consists of smoking cessation and
medical treatment with oral anti-coagulants, anti-hypertensive treat-
ment and cholesterol-lowering treatment (Billinger et al., 2014).
However, secondary prevention programs aiming at increased physical
activity are scarce. Worldwide, physical inactivity is known to be the
fourth leading risk factor for mortality, and>80% of adolescents
worldwide are insufficiently physically active (WHO, 2016). Inactivity
(i.e., no sessions of light/moderate or vigorous physical activity of
10min or more) gradually increases with age from 24.8% (ages
18–44 years) to 51% (≥75 years of age) (Mozaffarian et al., 2016).
Thus, hospital- and community-based studies consistently show even
lower levels of physical activity among stroke survivors (Mozaffarian
et al., 2016; Billinger et al., 2014); for example, one observational study
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indicated that people spent close to 11 h sitting per day following a
stroke (English et al., 2016). Community-living individuals who suffer
from a stroke have a 23% lower level of physical activity compared to
individuals of the same age who have not suffered a stroke, as measured
by the Physical Activity Scale for the elderly (Danielsson et al., 2014).
In people suffering from a stroke, physical activity lowers the risk of
stroke, coronary heart disease and premature mortality by improving
risk-factors related to metabolic syndrome, i.e., hypertension, diabetes,
hyperlipidemia and accumulation of body fat (Mozaffarian et al., 2016;
Esenwa and Gutierrez, 2015). Outdoor walking with gradually in-
creased intensity and strength training might be one way to achieve
increased physical activity (Billinger et al., 2014).

In the guidelines for individuals with stroke, training should include
low- to moderate-intensity aerobic activity and muscle-strengthening
exercises (in bouts of 10min or more); a reduction in sedentarism; and
secondary risk management (Billinger et al., 2014). Studies evaluating
walking capacity or aerobic training after stroke are usually performed
in the subacute or chronic stage using a cycle ergometer or walking on a
treadmill (Saunders et al., 2013). Outdoor walking and home-based
strength training are cost-effective and easy to perform in most sur-
roundings. Currently, more research is needed to establish the effect of
outdoor walking interventions on physical function and health, in both
the acute and more chronic stages after a stroke (Saunders et al., 2016).

The general trend is that hospital stays become shorter. Thus, it is
important to find cost-effective and user-friendly methods for training
after an acute stroke. The use of cellphones is a common way to com-
municate today and might improve the motivation to exercise.
Cellphone-based rehabilitation, such as delivering an SMS for sec-
ondary prevention of cardiovascular diseases, seems to be effective
(Gandhi et al., 2017; Varnfield et al., 2014). To date, no studies have
been conducted to determine whether an outdoor community walking
and muscle strength training program delivered via SMS following AS/
TIA can improve physical functioning and metabolic profiles (Billinger
et al., 2014; English et al., 2016; English et al., 2014).

1.1. Purpose and aims

The Strokewalk study was designed to evaluate if a method con-
sisting of daily cellphone-delivered messages with training instructions
for three months is better than the current standard of treatment to
improve physical activity, physical functioning and biomarkers related
to cardiovascular disease in people discharged from the hospital with
AS or TIA for up to one year.

The primary outcome and hypothesis is that SMS-delivered training
instructions will increase walking capacity compared with the current
standard of treatment. Secondary outcomes and hypotheses are that the
program will increase physical functioning (i.e., mobility, gait speed
and hand-grip strength), improve body composition (lower fat mass and
increased muscle mass), improve biochemical cardio-metabolic risk
markers, decrease further cardiovascular incidents and improve the
health-related quality of life (HRQoL)/self-perceived health.

2. Materials and methods

2.1. Study participants

Eligible participants are adults with verified AS or TIA, aged
18 years or older, scheduled to be discharged to an independent living
situation and with a sufficient walking capacity, which is the ability to
perform the 6-minute walking test (6MWT) (Am. J. Respir. Crit. Care
Med., 2002). Cognitive function, measured with the Montreal Cognitive
Assessment scale (MoCA), must be ≥23 points (Nasreddine et al.,
2005). Motor function, according to the Modified Rankin Scale (MRS),
has to show a slight disability or less with a score of ≤2 (Banks and
Marotta, 2007). Individuals with a MRS score of 3 with moderate dis-
ability are excluded since they requires some help and are more likely

in need of hospital-based rehabilitation. The participants need to have
access to a cellphone.

Exclusion criteria are subarachnoid hemorrhage, medical problems
such as uncontrolled hypertension, untreated arrhythmias, significant
valvular or coronary disease, unstable cardiovascular status, dementia,
severe aphasia or cognitive impairment with difficulty understanding
instructions.

2.2. Study design

This is a prospective, randomized, controlled two-armed trial, con-
ducted in the stroke-unit at the Uppsala University Hospital, Sweden.
Ethical approval for the present study, which complies with the
Helsinki Declaration, was obtained from the Regional Ethical Review
Board of Uppsala University Hospital; Dnr: 2015/550.

Ethical approval for the pilot study, which complies with the
Helsinki Declaration, was obtained from the Regional Ethical Review
Board of Uppsala University Hospital; Dnr: 2015/358. Data for the pilot
study were collected from October 2015 to May 2016.

2.3. Informed consent

Written and verbal information about the study are provided si-
multaneously during the hospital stay, and all participants have to give
their signed informed consent before screening for eligibility and en-
rollment. A flow-chart of the study design is shown in Fig. 1.

2.4. Data collection – study protocol

Patients are screened for sufficient walking capacity, cognition and
motor function before entering the study. All patients will be examined
at baseline, after three months with intervention and one year after
stroke/TIA. Cognition, motor function, nutritional status, stress and
physical activity are measured as baseline characteristics. Changes in
walking capacity, physical functioning (mobility, gait speed and hand-
grip strength), body composition and blood levels of cardio-metabolic
risk markers will be analyzed after three months of intervention. The
assessments, except for those of body composition, will be performed by
one of the authors (BV) before randomization, at the start of the in-
tervention and at the end of the intervention at 3months. BV will be
blinded to the group allocations throughout the study. At one year,
between group differences in register-based data on all-cause mortality,
cardio-vascular incidences and health-related quality of life will be
collected from the Swedish stroke register (RIKSstroke, 2017). A flow-
chart of measurements at baseline, three months and one year is pro-
vided in Fig. 1.

Walking capacity and lower extremity performance are the primary
outcomes of the present study. The 6MWT (Am. J. Respir. Crit. Care
Med., 2002) used in this study evaluates walking capacity. The maximal
distance at a maximal pace over a 30m course during 6min is recorded
(Am. J. Respir. Crit. Care Med., 2002). Heart rate is measured by an
oximeter (Collinor®), and the perceived rate of exertion is rated on the
Borg's rating of perceived exertion (RPE) scale® (Borg, 1982), ranging
from 6 (nothing at all) to 20 (maximal).

The sit-to-stand test, one item of the SPPB, evaluates functional
lower extremity strength, with the individual rising up from a seated
position as quickly as possible 5 times (Guralnik et al., 1994; Mong
et al., 2010).

The Montreal Cognitive Assessment scale (MoCA) (Nasreddine
et al., 2005) (0–30 points) will be used to assess cognition. A sum score
of< 26 is often used as cut-off point for no cognitive problems
(Nasreddine et al., 2005).

The Modified Rankin Scale (MRS) (Banks and Marotta, 2007) will
be used to assess motor function. It is a measure of global disability. It is
scored from 0 (no symptoms at all) to 6 (dead) with 3 indicating
moderate disability: requiring some help but able to walk without
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assistance.
Since nutritional status can affect obesity, Type-II diabetes and LDL-

cholesterol, nutrition will be assessed by the Mini Nutrition
Assessment® tool (Guigoz, 2006) and by cardiometabolic risk markers.
The test includes two screening sections, part 1 (14 points) and part 2
(16 points), with a total score of 30. Less than 17 points indicates
malnutrition, 17–23.5 points indicates that the participant is at-risk for
malnutrition, and 24–30 points indicates a normal nutritional status
(Guigoz, 2006).

As a risk-factor for cardiovascular disease, stress will be assessed
with a four-level self-reported scale with 20 claims with agreements
from not at all (0 points) to fully agree (3 points), from the Swedish

heart and lung foundation (The Heart and Lung Foundation, n.d.).
The 4-level Saltin Grimby Physical Activity Level Scale (SGPALS)

(Rödjer et al., 2012) will be used to assess the self-reported level of
physical activity (PA) before the stroke as the baseline measurements.
The SGPALS assesses physical activity in four levels: physical inactivity,
some light physical activity, regular moderate physical activity and
training and hard physical training for competition sports (Rödjer et al.,
2012). Compliance with the training/level of physical activity in the
intervention group will be assessed with a self-reported training diary
during three months and by using a movement sensor (the pedometer
Yamax LS2000, Yamax Corporation, Japan) (Dohrn et al., 2016) for a 7-
day period during waking hours at the beginning and end of the

Fig. 1. Flow chart for patient inclusion and follow-up in the randomized controlled trial.
Data were collected in Uppsala, Sweden.
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intervention.
The Short Physical Performance Battery test (SPPB) (Guralnik et al.,

1994) will be used to assess lower-extremity performance and mobility.
The test includes measures of balance, gait speed and chair rising and is
scored from 0 to 4 for a maximum score of 12 points. A higher score
reflects better mobility.

The 10-meter walking test (10mWT) at self-selected pace will be
used to measure gait speed. The time taken to walk 10m is measured
with a stop watch while the observer stands behind the participant. The
test has acceptable psychometric properties in individuals who have
suffered a stroke (Tyson and Connell, 2009).

Hand grip strength will be assessed using the Jamar hand dynam-
ometer (Bellace et al., 2000). Subjects will be placed in a sitting posi-
tion, and the better of two attempts will be recorded. Scores are re-
corded in kilograms.

Body composition, i.e., the fat-free mass index (FFMI, kg/m2), fat-
mass index (FMI, kg/m2) and relative fat mass as a percent of body
weight (FM %) will be estimated using a bioelectric impedance analysis
(Tanita BC-558; Tanita Corporation, Tokyo, Japan), performed while
lying down. Body weight and height will be measured to calculate the
body mass index (BMI, kg/m2).

Non-fasting blood samples will be obtained, and biochemical ana-
lysis will be performed according to the methods of the Department of
Clinical Chemistry at the Uppsala University Hospital. The following
cardio-metabolic risk markers in serum or plasma will be analyzed:
total cholesterol, HDL and LDL cholesterol. The following markers of
inflammation, nutrition and glucose in serum or plasma will be ana-
lyzed: C-reactive protein (CRP), interleukin-6 (IL-6), albumin, insulin-
like growth factor-1 (IGF-1) and HbA1c.

Data on the self-reported health/HRQoL, further non-fatal cardio-
vascular incidents (AS/TIA/coronary infarction) and all-cause mortality
from the national Swedish stroke register will be analyzed at one year.

2.5. Randomization procedure

Allocation of participants to the intervention and control groups is
performed after baseline measurements, informed consent and mea-
surements are collected. Participants will be individually randomized to
one of two parallel groups: intervention (outdoor walking and leg
strength training) or a control group (standard practice) (Fig. 1). Ran-
domization is based on a computerized random distribution that is
stratified by sex and pre-arranged and performed with concealed closed
envelopes. An independent research assistant will carry out the ran-
domization procedure and inform the participants of their group af-
filiation.

2.6. Intervention: outdoor walking and strength training – study protocol

The training intervention lasts for three months. Participants receive
a cost-free text message of short sentences with daily training instruc-
tions via SMS. The SMS texts are delivered through an internet service
(www.intime.nu) every morning from a pre-designed training program.
The intervention consists of outdoor walks and one functional strength
exercise, performed during the three months of the study. One day per
week consists of active resting, i.e., being active but not necessarily
walking. The exercises will be gradually increased in intensity and
frequency. During the first two weeks, every day begins with a 10-min
walk. The intensity of the walk is estimated using the Borg exertion
scale (Borg, 1982). Participants are asked to walk at a moderate in-
tensity (Borg scale: 12–13) at the beginning of the training period and
increase gradually to a strenuous intensity by the end of the training
period (Borg scale: 15), and the transition is adapted to the individual's
level of physical capacity (Borg, 1982). During the last four weeks, the
outdoor walking training is performed in intervals or as a 30-minute
outdoor walk. The interval training includes a warm-up (5min) and
quick walks for 4min alternated with calmer walks for 3min. This is

repeated 3 times with a subsequent cooling off period of approximately
5min. In addition to walking training, a functional leg strength exercise
is added simultaneously. Study participants are asked to repeatedly rise
from a sitting position, with an increasing number of repetitions. An
example of an SMS text from week 1 is as follows: “Today, you shall
walk for 15 minutes, Borg scale 12: (easy). Stand up from sitting 10
times, without support”.

2.6.1. Control group
Patients in the control group (CG) will be given the current standard

of treatment, including a short conversation about their level of phy-
sical activity but with no specific advice. They have no restrictions with
regards to physical activity or taking part in any rehabilitation service.

2.7. Data collection – pilot study

The pilot study was performed similar to the study protocol, but
without measuring body composition or cardio-metabolic risk markers
in blood. Outdoor walking and strength training were only recorded by
a training diary. Moreover, the pilot study did not measure register-
based all-cause mortality, cardio-vascular incidences and self-reported
health/HRQoL at one year.

2.8. Planned statistical considerations

The null hypothesis of the present study is that all participants'
means are equal for the primary outcome. It is estimated that 80 in-
dividuals will be required for 80% power with alpha= 0.05 to detect a
34-meter difference in the 6MWT with a standard deviation of± 43m,
given an anticipated drop-out rate of 20% (Flansbjer et al., 2005). The
power analysis performed prior to the study was based on variations
previously reported on the effects of a progressive resistance exercise
program in post-stroke individuals, as well as an earlier reported dif-
ference in the change in the 6MWT (Flansbjer et al., 2005; Eng et al.,
2004; Vahlberg et al., 2017) An intention-to-treat analysis will be ap-
plied to our statistical analyses. Per-protocol analyses will also be
performed. Mean differences between the groups will be assessed using
Student's t-test for continuous and normally distributed data. Non-
parametric methods (Mann-Whitney U test) will be used to analyze non-
normally distributed data. Survival at one year will be evaluated using
Cox regression analyses. Participants will be compared before and after
exercise in terms of the described endpoints and at one year by using
the national stroke register. The level of significance is set at p < 0.05.
All analyses will be done using SPSS version 25 (IBM, Armonk, NY,
USA).

2.8.1. Statistical analyses – pilot study
Descriptive analyses were performed based on the type and dis-

tribution of variables. To check for normality, the Shapiro-Wilk W test
was used. To analyze the within-group changes over time, a paired-
samples two-tailed t-test was performed for continuous normally dis-
tributed data. Otherwise, the Wilcoxon sign rank test was used. Cohen's
d was used as a measure of the within-group effect size for continuous
variables and Wilcoxon sign rank test for ordinal data. The level of
significance was set at p < 0.05. All analyses were performed using
SPSS version 25 (IBM, Armonk, NY, USA).

3. Results

3.1. Study performance – pilot study

For the non-randomized pilot study with pre- and post-assessments,
a total of 25 patients were screened. Eight women and seven men
(mean age range: 26–82 years) with verified AS were accepted to par-
ticipate. The individuals' characteristics are shown in Table 1. The 10
non-participants (3 women) (age 70.7 years) who did not sign up for the
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study declined for the following reasons: one of the screened in-
dividuals became ill and was no longer eligible for inclusion, and one
did not want to participate since he was already very active. Six in-
dividuals did not want to participate, mostly because of a lack of time.
Two included individuals did not complete the intervention because
they were not able to perform the exercises due to chronic illness, i.e.,
kidney disease and rheumatoid arthritis. Two participating individuals
were not able to perform the handgrip measurement due to weakness in
both hands or paresis in one hand. Participants in all ages included in
the study seemed to be suitable for the intervention.

The participants completed the three-month outdoor walking pro-
gram together with a muscle strength exercise (chair-rising) as de-
scribed above. Instructions were delivered daily via SMS texts to their
cellphones. The 15 individuals had at least 68% attendance, which was
considered an acceptable adherence rate, to the outdoor walking and
strength training program. All participants who were able to fulfill the
training program improved their 6MWT from baseline to three months
with a range of 23–255m (Table 2). Within-group analyses at 12 weeks
revealed that the following values were significantly improved
(p < 0.05) from baseline: the 6MWT (34%), 10mWT (34%), SPPB
(25%) and unsupported chair-rise (25%). The study protocol was

slightly modified after the pilot study, as the participants were in-
structed to walk five more minutes in the beginning of the program. The
participants were also asked to perform five more repetitions of the
chair-stand test compared to the program in the pilot study. It became
clear that most participants preferred SMS texts over video-links. No
adverse events were reported.

4. Discussion

The Strokewalk study is the first study to evaluate an SMS-delivered
outdoor walking and leg muscle strengthening program using cell-
phones to help individuals increase their physical activity level after AS
or TIA. Information from the study will provide knowledge on whether
mobile phones can be used to give short training instructions to im-
prove a participant's level of physical activity and thereby improve
physical function and reduce cardiovascular risk. An advantage of SMS-
delivered training in addition to being cost-effective for both society
and the individual, is the opportunity/possibility to perform the
training close to one's own home and away from health-care facilities.
Mobile health (mhealth) is increasing in popularity among health-care
providers for the secondary prevention of cardiovascular diseases, and
it has been shown to lead to adherence to medical therapy as well as the
ability to reach blood pressure targets and exercise goals (Gandhi et al.,
2017).

A predesigned single group pilot study with pre- and post-assess-
ments in individuals with AS showed that both walking capacity and
mobility, including the chair-rise and gait speed results, improved from
baseline to three months after the intervention. The 6MWT improved
by 34%, and the smallest real difference (SRD%), representing the
smallest change that indicates a real (clinical) improvement for one
individual was shown to be 13% for the 6MWT (Flansbjer et al., 2005;
The EuroQol Group, 1990). The training program was in line with ex-
isting recommendations for exercising after stroke by training both
lower leg muscle strength and aerobic capacity (Billinger et al., 2014).
The overload principle was achieved to produce training effects by
providing regular, individual increases in the frequency, intensity and
duration of the outdoor walking and chair-rise exercises. However,
suffering from a stroke might change the individual's life perspective,
and by being part of a research study, certain risk factors may have
been highlighted, especially the importance of physical activity. Age
might influence compliance to SMS-delivered training as the ability to
use cellphones might decrease with age. Furthermore, many older
people have cellphones that are easier to use and less “smart.” Co-
morbidity and balance disorders are more common in the oldest pa-
tients, which makes them less suitable for this intervention that requires
unsupervised training.

In the previous pilot study, the mean age was 65 years, which is
lower than the mean age of stroke onset in Sweden (about 75 years)
(RIKSstroke, 2017). Approximately 13% of all strokes in Sweden in
2015 were caused by intracerebral bleeding (ICB), which is in contrast
with the current study in which all analyzed patients had suffered from

Table 1
Clinical characteristics of individual suffering from acute stroke. Data ob-
tained from the pilot study in Uppsala, Sweden 2015–2016.

Characteristics Total (n=15)

Age (years), mean (SD) 65.0 (13.5)
Age (years), n (%)

< 50 1 (6.67)
50–69 7 (46.67)
> 70 7 (46.67)

Gender, female, n (%) 8 (53.3)
Living status, married, n (%) 13 (86.7)
Education, short, n (%) 9 (60.0)
BMI (kg/m2), mean (SD) 27.0 (3,7)
BMI, kg/m2, n (%)

< 22 (moderate underweight) 1 (6,7)
22–22,9 (normal/overweight) 11 (73.3)
> 30 (obese) 3 (20.0)

Stress, yes 7 (46.7)
Smoking, no 15 (100)
MRS, (0–6) 1 (1)
MoCAa (0–30 points), median (IQR) 26 (3)
SGPALS, (1–3), n (%)
1 3 (20.0)
2 11 (73.3)
3 1 (6,7)

Type of stroke, n (%)
Cerebral infarction 15 (100)
Intra-cerebral hemorrhage 0

Abbreviations: BMI, body mass index; MoCA, Montreal Cognitive
Assessment; MRS, Modified Rankin Scale; SGPALS, Saltin Grimby Physical
Activity Level Scale.

a n=12

Table 2
Within-group differences of physical function at the intervention start and after three months (pilot study). Data were collected in Uppsala, Sweden 2015–2016.

Baselinea 3 monthsa Mean/median change (95% CI) % mean/median change Effect size pb

Subjects, n Male (n=7), female (n=8)
6MWT (meter), mean (SD) 437.5 (151.2) 541.7 (115.2) 104.20 (63 to 145) 0.34 1.43 <0.001
SPPB (0–12 points), Md (IQR) 9.3 (5) 10.9 (2) 1.0 (0.9 to 2.5) 0.25 0.57 0.002
Chair-rise (s), mean (SD) 13.1 (5.6) 10.7 (3.3) −2.42 (−6.5 to 1.6) −0.25 0.33 0.22
10mWT (m/s), mean (SD) 1.06 (0.34) 1.34 (0.25) 0.28 (0.14 to 0.42) 0.34 1.10 0.001
Jamar hö (kg), mean (SD) 31.0 (12.3) 31.7 (12.6) 0.73 (−1.09 to 2.6) 0.01 0.22 0.40
Jamar vä (kg), mean (SD) 26.4 (13.2) 28.4 (13.7) 1.93 (−0.37 to 4.2) 0.08 0.46 0.09

Abbreviations: SPPB, Short Physical Performance Battery; 6MWT, 6Minute Walk Test; 10mWT, 10meter walking test. p < 0.05.
a Assessed by performance-based measures.
b Differences within the group using paired samples t-test and Wilcoxon's signed rank test.
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a cerebral infarction, thus affecting generalizability. The findings from
the pilot study need to be further corroborated by the randomized
controlled trial.

There are some limitations of the planned and ongoing study. It is a
single-center study with subjects from one area. Additionally, it is a
relatively small study, and the participants have suffered from mild AS
or TIA, which might limit generalization to the entire stroke population.
The data, compliance and adherence to the outdoor walking program
will be self-reported or measured as step counts.

5. Conclusions

In conclusion, the results from the ongoing RCT study will provide
insights into how modern technology and cellphones can be used in the
rehabilitation of individuals with AS or TIA. The results from the study
will provide further information on the impact of early rehabilitation
with regular outdoor walking and strength training after AS or TIA on
physical function, body composition and cardiovascular risk markers.

5.1. Implications for rehabilitation

SMS-guided outdoor training might be a potential therapeutic
strategy to improve physical activity level, walking capacity and phy-
sical function after stroke.
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