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Abstract

Background

Physical activity has been established as being highly beneficial for health after stroke.
There are considerable global efforts to find rehabilitation programs that encourage
increased physical activity for persons with stroke. However, many persons with stroke or
acquired brain injury do not reach recommended levels of physical activity and increased
knowledge about why is needed. We aimed to explore views and experiences of physical
activity and walking among persons with stroke or acquired brain injury.

Method

A qualitative study was conducted, among persons with stroke (n = 8) or acquired brain
injury (n = 2) from a rehabilitation unit at Sahlgrenska University Hospital in Sweden. Semi-
structured in-depth interviews were held about perceptions and experiences of walking and
physical activity in general. Data were analyzed using qualitative content analysis, with cate-
gories that were determined inductively.

Results

Physical activity in general and walking ability more specifically were considered very impor-
tant by the participants. However, physical activity was, regardless of exercising habits pre-
injury, associated with different kinds of negative feelings and experiences. Commonly
reported internal barriers in the current study were; fatigue, fear of falling or getting hurt in
traffic, lack of motivation and depression. Reported external barriers were mostly related to
walking, for example; bad weather, uneven ground, lack of company or noisy or too busy
surroundings.
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Conclusion

Persons with stroke or acquired brain injury found it difficult to engage in and sustain an eligi-
ble level of physical activity. Understanding individual concerns about motivators and barri-
ers surrounding physical activity may facilitate the work of forming tailor-made rehabilitation
for these groups, so that the levels of physical activity and walking can increase.

Introduction

Each year, 16 million people will have a stroke worldwide, and of them around 5 million are
left with disabilities [1]. Disability following stroke is very common and stroke is the leading
cause of long term incapacity among the elderly [2]. Persons with stroke are at high risk for
recurrent cardiovascular events, with an estimated third of people who have had a stroke hav-
ing another stroke within 5 years [3].

Physical activity (PA) is defined as any bodily movement produced by skeletal muscles that
requires energy expenditure and includes general daily activities [4]. Exercise is a sub category
of PA that is planned, regular and aimed at improvement of body functions. In casual language
the expressions “physical activity” and “exercise” are used more or less interchangeably and
therefore, the term PA will be used solely in the following article.

It is well known that persons with stroke are less active compared to healthy peers, with
around half the daily step count and fitness levels well below the average for their age [5, 6].
Low aerobic capacity has been shown after acquired brain injury (ABI) as well [7]. It has also
been established that regular PA of at least moderate intensity reduces the risk of stroke [6, 8].
However, achieving sufficient PA levels for persons with stroke or ABI has proven difficult [9].
Understanding why persons with stroke or ABI are less active than their healthy peers is vital if
they are to be supported to meet the recommended levels of PA [5, 8]. Already at an early
stage, it is crucial that we understand the barriers and motivators to PA after stroke or ABI [10,
11]. If rehabilitation starts early post-stroke, physical functioning improves faster and the
chances for maintenance of PA levels are higher [12].

Common consequences of stroke include; deficits in strength, balance, communication,
cognition, mobility, and walking [13, 14]. Among these stroke related impairments, the most
significant issue cited by persons living with stroke is improving walking ability [15, 16], and
accordingly gait recovery is reported as the most common goal for rehabilitation [17].

Qualitative research focuses on individuals’ experiences and is presented as thoughts, feel-
ings, attitudes and perceptions. Thus, its main aim is to develop new knowledge based on par-
ticipants’ own experiences, rather than a predefined hypothesis [18]. Through qualitative
research participants experiences can be collected [18] and interventions that are developed
can thereby be evidence based [19].

Considerable global efforts have been made to find evidence-based rehabilitation programs
to improve stroke recovery [20]. Despite these efforts, the best way to implement and sustain
PA for persons with stroke or ABI remains unclear [8, 21]. To obtain answers for these ques-
tions we need to investigate perceptions held by persons with stroke about PA and walking,
which is a relatively new, developing and highly important research field [22]. There are exist-
ing qualitative studies that aim to understand views about PA, as well as barriers and facilita-
tors after stroke [10, 20, 23-25], but knowledge about experiences of walking post-stroke is
scarce [26, 27]. The aim of the current study was to explore views and experiences about PA
and walking among persons with stroke or acquired brain injury.
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Methods
Participants

To be included in the study participants had to; (1) be >18 years of age, (2) have a diagnosis of
stroke or acquired brain injury with similar impairments (3) be at the neuro rehabilitation
unit at the hospital, (4) have impaired walking ability due to e.g. balance, coordination or
endurance problems, based on clinical assessment or observation by the participant’s physical
therapist (5) have experience of walking training, and the ability to walk for at least 10

minutes with or without a walking aid. Exclusion criteria were: communicative or cognitive
impairment restricting an interview, severe visual or hearing loss, heart disease, dizziness or
pain of a severity level restricting walking exercise on a treadmill.

Participants were purposely recruited by the second author (A.D, physical therapist) in
order to mirror the actual rehabilitation population in terms of distribution according to age,
sex and severity of disability. The second author approached participants face-to-face at the
rehabilitation centre, and none of the persons asked refused to participate. For descriptive pur-
poses sex, age, diagnosis, time since onset and use of walking aids were registered. In addition,
the comfortable walking speed was measured using a 30 meter walking test [28] and the Fugl-
Meyer Assessment of motor function in the lower extremity [29]. Three women and seven
men, with a median age of 51 (38-64), enrolled in intensive team rehabilitation between 2 and
10 months after onset of stroke (n = 8) or acquired brain injury (ABI) with similar symptoms
(n = 2) who met the criteria were included in the study. As a part of the rehabilitation program
participants were encouraged to ambulate outside the hospital, with or without assistance.

Design and procedure

This study follows the consolidated criteria for reporting qualitative research (COREQ) check-
list. Semi-structured individual interviews with open-ended questions were conducted by the
first author (K.T.)*, to explore views of physical exercise and walking after stroke [30, 31]. All
interviews took place in a quiet and private room at the rehabilitation center.

The interviewer, being in the profession of social sciences and without preconceptions
related to the field of physical therapy, was able to approach the interviews with an open mind.
That the interviewer was not a part of the rehabilitation team also allowed participants to
speak freely without alliance to healthcare providers.

Interviews lasted from 19 to 61 min (mean 36 min), and was audio-recorded. An interview
guide (S1 File), based on research questions posed in the study, was used to guide the inter-
views. The questions were then followed by different probing questions that altered depending
on the answers given. Participants were also free to express perceptions and thoughts and as
result the contents diverged from the interview guide. Clarifications were used at all times
when the interviewer was uncertain about the meaning of what was being discussed. For exam-
ple; “did I understand you correctly, you walked a lot more before you had the stroke?”.

Each interview began with asking the participants to fill in a questionnaire; the Physical
Activity Scale for the Elderly (PASE) [32, 33] reporting their physical activities performed dur-
ing the last week. Then, they were asked to describe the event of their injury, allowing research-
ers to obtain the context from which that personal experience and perceptions derived.

Research ethics

Written informed consent was obtained from all participants prior enrollment. The study was
approved by the Regional Ethical Review Board in Gothenburg, registration number 060-12.

PLOS ONE | DOI:10.1371/journal.pone.0173463 March 8,2017 3/14



:Zii"l‘:,S;|ONE

Physical activity and walking after stroke

All interviews have been conducted according to the principles expressed in the Declaration of
Helsinki.

Analysis

The semi structured interviews were analyzed using conventional qualitative content analysis
as proposed by Graneheim and Lundman [34]. The qualitative content analysis is a suitable
method when the aim is to describe a phenomenon where research literature is limited [35].

At the end of each interview the recorded contents were transcribed verbatim. Interviews
were read several times by the two authors to obtain full insight and understanding of the phe-
nomena under study [34]. The abstraction began with searching the text for meaning units,
which consisted of sentences related to the same meaning. The process of reducing data was
then followed by reducing meaning units into shorter codes. The codes were compared
according to similarities and differences and categories were formed. The categories were then
analyzed to search for latent, underlying meanings, and themes and subthemes emerged [34,
35]. Hence, all themes derived from the data.

All stages of the analysis were performed through collaboration between the two authors
and a process of reflection and discussion was held until consensus was reached at each stage
[34]. As the two researchers represented different professions; a social scientist and a physical
therapist, different aspects could be brought up.

Results

Participants’ characteristics are shown in Table 1. The findings are presented through themes
and sub-themes presented and illustrated with quotes from participants.

Views and feelings about PA

Before stroke or ABI. When discussing PA in general, all participants expressed a positive
attitude; PA was associated with good health and well-being.

Table 1. Participants characteristics and physical activity scores.

Sex

male
male
male

female
male
male
male
female
male
female

Age (yr)

53
45
38

41
64
51
50
53
62
42

Diagnosis Time since onset Motor function Comfortable walking speed | Walking PASE score** (%)** *
(months) FMA-LE* (m/s) aid

stroke 6 34 1.28 none 79 (39)
encephalitis 2 34 1.11 none 28 (19)
cerebral 5 34 1.56 none 114 (-)
trauma

stroke 7 34 1.36 none 62 (44)
stroke 3 34 1.36 none 70 (43)
stroke 6 21 1.07 stick 57 (28)
stroke 4 20 0.58 stick -
stroke 2 34 1.25 none 51 (30)
stroke 8 32 1.29 none 27 (16)
stroke 10 18 0.68 stick 34 (19)

* FMA-LE, Fugl-Meyer Assessment 0—34 (a higher score indicates better function)

** PASE, Physical activity scale for the elderly

*** Percentage of PASE age and sex matched reference values, in cohorts 40-79 years [33]

doi:10.1371/journal.pone.0173463.t1001
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It’s important to move your body to keep it going, your muscles and heart and fitness. . .
simply to be healthy.
(Participant 10)

However, personal experiences of PA before stroke or ABI differed greatly between partici-
pants. Three persons stressed that PA had been an important part of their lives, which they
now greatly missed. They had been engaged in activities like running, floorball, tennis and
strength training. Others reported to be more or less novices in terms of physical exercise.
Some had exercised over a period in life, and then quit because of physical impairments, lack
of interest or time. All but one participant defined walking short distances, to the shop or bus
station, as equivalent to exercise.

I've always exercised a lot. . . I played tennis at an elite level previously. I guess physical
activity gives you mental strength.
(Participant 4)

I'm completely unexperienced with exercising, because I've never done it. . .and now 'm
getting to start exercising here in the gym.
(Participant 3)

After stroke or ABI. PA was described as necessary, in order to rehabilitate and avoid a
recurrent cardiovascular event. At the same time participants viewed PA as something
demanding and not enjoyable—engaging in PA was more or less described as a necessary evil.

No, I'm not particularly motivated to exercise, but it’s gotten better since I started here (at
the rehabilitation center). Because now I have to get out and about and go somewhere and
move around and it feels good to be made to get out and about, and to do something like
that (exercise).

(Participant 1)

I went to the gym even though it was hard, it wasn’t “great, how nice I get to go and exer-
cise”, but I felt a sense of obligation to go.
(Participant 9)

Participants reported that they didn 't engage in PA apart from their program at the rehabil-
itation center. Most of them walked rather short distances; between 100 meters to 2-3 kilome-
ters per week were reported.

I go supermarket shopping and then I go and have a lie down, because I feel that tired-
ness. . .
(Participant 5)

Well, it isn’t so terrible, I sit inside (at home) for the most part. But I walk to the tram stop
nearby and it takes three minutes to go one way. Like there and back. And sometimes I go
to the shops nearby here and they’re also really close.

(Participant 3)

Several participants expressed a vision of how they wanted to exercise in the future. These
visions were combined with frustration over rehabilitation progress that was considered too slow.
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Because I've exercised before. So I know how good it is and how much better it can be. But
now it sure is hard work, but I can see how it can be, how it will be better. That’s the impor-
tant thing.

(Participant 2)

Perceptions of walking after stroke or ABI

Participants felt that they couldn 't walk in the same way as before. Their walking speed had
slowed down, it was hard to walk straight, and they couldn 't walk for very long or had to stop
frequently to catch their breath. Several were afraid of falling and some experienced problems
with coordination and muscle weakness. These problems could lead to a leg or an arm some-
times being “left behind” when walking.

I move my feet a little differently every other step, but 'm used to that. And sometimes if
I’'m walking beside someone I can walk into them all of a sudden. . .And sometimes my feet
do this (shows a crooked foot), and I've done that recently.

(Participant 6)

Environmental factors disturbed walking

Participants discussed that too much input from their surroundings could be very disturbing
and make walking even more difficult. Input that was considered disturbing could be auditory,
visual or potentially harmful (traffic). Walking accompanied with too much input led to exces-
sive problems with balance and fatigue, which also made these circumstances stressful and
sometimes scary. Participants reported that they had to concentrate harder to walk straight
and at a steady pace.

So, you are even more unsure of your balance in this kind of weather, when you’ve got this
going on. . .because it’s almost twice as hard when I have a balance problem too. I have
never actually fallen over. But you think about it a lot, yeah?

(Participant 5)

Bad weather was also described as an inconvenient factor that enhanced the risk of falling
or losing balance. Several participants avoided walking if there was a risk of slipping, when it
was raining or if snow lay on the ground.

I actually have a big problem with it (external input), for example if I'm out and walking

with someone who is talking a lot, I get really tired. . .I have to concentrate on walking, I

can’t have a lot of other things happening around me, I'm very sensitive to it.
(Participant 10)

Some participants mentioned that ground that was flat and even to walk on was important
for them. Difficult terrain, for example walking in nature or climbing stairs was mentioned as
especially troublesome.

It’s hard work. . .a thing like walking up-stairs for example, sometimes make me breath-
less. . .. but I barely dare (to walk outside) in this kind of weather because if I fall then I can’t
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catch myself, I would definitely be beaten to a pulp.
(Participant 6)

Perceived impairments from the stroke or ABI affected PA engagement

Participants explained how and why they didn 't feel motivated or hadn 't enough energy to
walk or engage in PA. A main issue that was brought up was fatigue and related problems such
as lethargy, depression and a lack of initiative. Several participants reported feeling exhausted
at times, they couldn 't manage to go out and they sometimes had to force themselves to get
up from the couch. Problems with coordination and walking were, in some cases, related to

impaired vision or diplopia.

I still go and lie down occasionally because of the tiredness. Such incredible tiredness. . . If I
am tired then maybe 'm more likely to fall over if you know what I mean. ..
(Participant 8)

It’s hard to describe but a lot of it is mental. . . you're always aware that you’ll never be fully
well, that you are not the same (as before the stroke).
(Participant 5)

Social and professional support facilitated engagement in PA and
walking

Experiencing progress, for example; increased endurance, reduced body weight and stronger
muscles, were considered high motivators for exercise. Social support and its meaning were
discussed in different aspects. Having someone who accompanies you or who pushes you to be
physically active, or having an appointment at the rehabilitation center were important for
most participants. Meeting others in the same situation gave them hope, motivation and more
realistic expectations. The rehabilitation team at the hospital was highly praised and partici-
pants were conscious of and expressed a fear of what would happen when they had to end
their rehabilitation program. Several expressed that they might not exercise at all when this
social and professional support had been ended.

Being in company. If you decide that you are going out with someone, you go for a longer
time. . . It's important that someone comes to get me out, and say that we are going out for
walk now!

(Participant 4)

Participants stressed a need to feel secure during the actual exercise. They wanted advice
about how to exercise in a safe way. A few also wanted someone to go with them because they
were afraid of falling. Participants wanted to perform an exercise that they personally enjoyed
and they wanted to feel well after having exercised.

You get a lot of advice about what to do and how you can exercise at home, and realize that
it isn’t dangerous, that you have to put some effort in.
(Participant 9)
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PA and learnt strategies improved walking

Participants described how PA had improved their walking. Their ability to walk outside and
climbing stairs was said to have improved through enhanced muscle strength and better bal-
ance. Several participants stated that they could now walk steadily for a longer period of time
and at a higher speed thanks to an enhanced physical fitness.

It was easier to get to the tram a couple of days ago because I'd exercised for half an hour on
the treadmill. So I could tell that I was getting results.
(Participant 3)

That’s what I'm doing now. Concentrating on a spot and just breathing. So it can seem as
though it’s entirely quiet on the bus. And even when I'm walking, it’s easier. . .I can screen
it out a little. . .when I do different activities, they say to me to sit down for ten minutes and
just breathe, you just sitting and relax.

(Participant 1)

Participants discussed the importance of learnt strategies about how to cope better in every-
day life that they had received through consultation with a psychologist. Several stressed that
they had received individualized cognitive training that seemed tailor-made for their specific
problems. Strategies mentioned were; how to breathe when stressed or tired, how to avoid
exhaustion, blocking out disturbing input (as mentioned above) and how to interpret different
signals from their bodies.

I listen more to my body now, and 'm not used to that. Now I immediately think, ‘listen to
your body’, and stop straight away.
(Participant 2)

Discussion

This study explored perceptions of walking and PA in people with stroke or ABI with similar
symptoms, as well as experiences of PA before and after stroke or ABI. A majority of partici-
pants were rather physically inactive, as shown by their PASE-scores [33] (see Table 1). This is
confirmed by existing literature, which showed that PA participation among persons with
stroke is normally lower compared with a general population [36, 37], and that persons with
stroke spend more time sitting and less time in activity than age-matched peers [9]. Most of
the participants did not distinguish between general physical activity and planned exercise,
these terms were used interchangeably. The lack of clear definitions and the use of mixed con-
cepts for exercise and PA is a confirmed dilemma in previous qualitative research that aim to
investigate these matters [10].

An interesting and somewhat concerning finding of this study was that while all partici-
pants considered PA to be very important to obtain good health, walking or PA was simulta-
neously associated with different negative feelings and experiences for them. Regardless of
participants’ exercising habits pre-stroke, PA was defined as difficult and joyless after stroke. It
is worth noting that participants who reported that PA had been an important part of their
lives pre-stroke did not enjoy PA of any kind and had to use motivational strategies—or even
be more or less forced by others to engage in PA after stroke. These results are also alarming
because participants in our study were a lot younger, with a mean age of 50 years, compared to
that of a general stroke population in Sweden, mean 75 years [38], and might be expected to be
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more motivated to engage in PA in order to regain functioning in everyday life and get back to
work [39].

Previous studies have reported similar results, since physical and cognitive impairments
after stroke are well known to disturb exercise performance and to make exercise more diffi-
cult [10, 20, 23, 25, 40]. That persons with stroke are aware of the relationship between PA and
good physical health have also been confirmed previously [10, 20], even though some studies
[25, 40, 41] reported the opposite. For example one study from Chicago (USA) showed that
40% of participants didn 't believe that exercise would improve their condition [25].

Participants described the ability to walk as highly important in their everyday lives. Walk-
ing straight, at a steady pace, without fear of falling were desirable skills. It has been confirmed
that improving walking ability is the most reported rehabilitation goal for persons with stroke
[15, 16]. In a study from Ireland, persons with stroke were asked which component of their
physiotherapy program they liked the most; walking was the most frequent response, followed
by lower-extremity exercises [42]. Participants mentioned hardships in relation to walking, for
example; difficulties with walking straight, low endurance when walking and a perception of
walking too slowly.

There was also a concern about not walking “like everyone else”, which might have been a
tear of being looked upon as someone with a disability. This finding was in accordance with a
study from the USA, where participants wanted to walk with greater ease and better coordina-
tion so that they wouldn "t look like someone with a disability [17].

Participants communicated numerous motivators of and barriers to PA and walking. While
the results of our study also included perceptions of walking, mentioned motivators and barri-
ers were similar to previous research that investigated perceptions of PA more generally [20,
22,23, 25]. Commonly reported internal barriers from the current study, in line with previous
research [20, 23, 25, 40] were; fatigue, fear of falling or getting hurt in traffic, lack of motivation
and depression. According to a study from Oregon, USA [43], persons with a recent brain
injury reported; insufficient endurance (29%), feeling self-conscious in a fitness center (25%)
and not enough time to engage in PA (21%) as the main personal barriers.

Loneliness and boredom were additional internal barriers reported in previous research
[10, 20]. The lack of these factors in the current study might simply be because our participants
had had their stroke or injury more recently, and were still patients being cared for at the
rehab clinic, and that feelings of boredom and loneliness might take longer to experience [44].
In discussion about how to handle mentioned barriers, participants brought forth that they
needed a lot of social support from family, friends, or healthcare professionals. Having some-
one to walk with or an appointment was important. The importance of such social support
and motivation was the most reported internal motivator, which is also in line with previous
research [26, 45, 46].

In addition, participants feared that they wouldn 't be able to keep up with physical exercise
when their rehabilitation program ended. This awareness was confirmed by a study from Balti-
more [26], where persons with stroke admitted that they wouldn 't come to the rehabilitation
program to exercise without external support. Another study reported that participants in
their study were typically disappointed because professional services ended too quickly [45].

Apart from being instructed on how to perform exercise adapted to one’s functional level,
several participants valued learnt strategies to overcome cognitive impairments and fatigue
highly, e.g., how to breath, or block out disturbing input and when to rest in order to avoid
exhaustion in everyday life. The experienced value of learnt strategies to handle fatigue has not
been acknowledged in research before. Our results showed not only that these strategies were
described as crucial tools for handling everyday tasks, but also that they were very important
to keep energy levels up throughout the day. From our understandings, strategies that aim to
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facilitate daily life would probably be important to most persons who suffer from post-stroke
fatigue.

Reported external barriers were mostly related to walking, for example bad weather, uneven
ground, lack of company or a noisy or too busy surroundings. These factors have, as far as we
know, not been reported previously. As the current study was carried out in a geographical
area (Sweden) where weather conditions can be harsh and difficult for outdoor activities for
anyone, persons with disabilities may be even more dependent on weather conditions that are
good enough. This result highlights the need of access to indoor exercise facilities for persons
with disabilities who live in geographical areas with recurrent harsh weather conditions.

Other studies of perceptions of PA have also identified; change in work or life status, lack of
economical means to attend rehabilitation programs, too few places available to exercise or
poor opportunities of transportation [10, 20, 25, 43]. None of these external factors were men-
tioned in our study. Participants in the current study were assessed at a relatively early stage
(2-10 months post injury), still on sick-leave and attending tax-funded rehabilitation with
access to subsidized transportation. It is possible that these circumstances together meant that
they hadn 't yet resumed their daily life in order to encounter barriers associated with a later
stage post-injury [47]. Another explanation could be that all participants were referred to an
ongoing rehabilitation program that they liked, and therefore didn 't feel a need for, or had
energy to, carry out additional physical exercise at time of the interview.

Strengths and limitations

We aimed for a range in participants’ age, sex and functional status. The study group was con-
sidered representative for the rehabilitation clinic regarding sex distribution. A variation in
disability status was reflected by a dispersion of the participants’ walking speeds, which were
low in comparison with a reference population [28, 48].

Since the participants had a lower mean age than a general stroke population, and a quite
good communicative ability, it is possible that the results are less representative for the whole
stroke population. Another limitation is that the study did not include a measure of cognitive
function. That both persons with stroke and ABI were included makes interpretation for a spe-
cific patient group difficult, however this mix of diagnoses was considered as fairly representa-
tive for the population at the rehabilitation unit.

The content of the result was rich in relation to the research questions and very little new
information emerged after about ten interviews. Therefore, we decided that the current num-
ber of participants were sufficient for this study.

The qualitative design allowed an open mind regarding the research questions; hence the
result was not limited by the content of a questionnaire. The method also enabled issues to be
examined in detail and in depth. For example, as part of the aim was to examine perceptions
about PA, the interview process allowed us to investigate what participants meant when they
spoke about PA. Most participants defined PA as equivalent to walking, and by knowing that,
we made sure to use the same definition.

However, even though the result of the current study replicated much from previous
research investigating the same area, participants in the present study had a lower mean age
and were still undergoing rehabilitation. Therefore, our results might not be valid for persons
post-stroke or ABI of an older age or in later stages of rehabilitation. The findings are impor-
tant because younger participants can be assumed to live with disabilities for a longer time. As
a secondary prevention PA is important in all ages. However, vocational activities and family
life requires a quite high endurance. We therefore assume that interventions promoting PA
would be of outmost importance in rehabilitation for people of working age.
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Conclusions

In the rehabilitation phase, younger persons post-stroke or ABI, communicated a need for
both internal and external motivators in combination with a limitation of barriers in order to
engage in PA or walking. Therefore, when forming rehabilitation interventions, professionals
in the field of stroke and ABI rehabilitation should take the perceptions and concerns held by
persons with these conditions into account. With increased knowledge about barriers and
motivators to PA it should be possible to enhance motivators and to decrease barriers, so that
this group won’t fear or avoid PA.

This study showed clearly that persons with stroke or ABI needed rehabilitation that
included learning strategies to cope with fatigue and an overload of input in everyday life.
Meeting these concerns seems crucial in order to motivate this group to engage in PA.
Another challenge for physical therapists and other healthcare professionals might be to
mediate personal motivation and commitment during the rehabilitation process. Involve-
ment of families can also be important to meet the need for additional external motivation.
Future research should be focused on how to form rehabilitation interventions that are based
on concerns about PA held by these groups, and in the next stage evaluate the effectiveness
of this approach.

Supporting information

S1 File. Interview guide—Physical activity. Interview guide—Physical activity.
(PDF)

Acknowledgments

The authors wish to thank for the knowledge and insights provided by all the study partici-
pants. Many thanks also to the colleagues at the neuro rehabilitation unit for finding partici-
pants eligible for inclusion.

Author Contributions
Conceptualization: AD KT KSS.
Data curation: AD KT.

Formal analysis: KT AD.
Funding acquisition: AD KSS.
Investigation: KT AD.
Methodology: KT AD.

Project administration: AD KT KSS.
Resources: AD.

Software: AD KT.

Supervision: AD KT KSS.
Validation: KT AD.
Visualization: KT AD.

Writing - original draft: KT AD.

PLOS ONE | DOI:10.1371/journal.pone.0173463 March 8,2017 11/14


http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0173463.s001

@° PLOS | ONE

Physical activity and walking after stroke

Writing - review & editing: KT AD KSS.

References

1.

10.

1.

12

13.

14.

15.

16.

17.

18.

19.

Billinger SA, Arena R, Bernhardt J, Eng JJ, Franklin BA, Johnson CM, et al. Physical activity and exer-
cise recommendations for stroke survivors: a statement for healthcare professionals from the American
Heart Association/American Stroke Association. Stroke; a journal of cerebral circulation. 2014; 45
(8):2532-53.

Duncan PW, Zorowitz R, Bates B, Choi JY, Glasberg JJ, Graham GD, et al. Management of Adult
Stroke Rehabilitation Care: a clinical practice guideline. Stroke; a journal of cerebral circulation. 2005;
36(9):e100—43.

Hankey GJ. Long-term outcome after ischaemic stroke/transient ischaemic attack. Cerebrovascular
diseases (Basel, Switzerland). 2003; 16 Suppl 1:14-9.

World Health Organization. Physical Activity 2016 [cited 2016 9/12]. http://www.who.int/topics/
physical_activity/en/.

English C, Healy GN, Coates A, Lewis L, Olds T, Bernhardt J. Sitting and Activity Time in People With
Stroke. Phys Ther. 2016; 96(2):193-201. doi: 10.2522/pt}.20140522 PMID: 26112254

Ivey FM, Hafer-Macko CE, Macko RF. Exercise training for cardiometabolic adaptation after stroke.
Journal of cardiopulmonary rehabilitation and prevention. 2008; 28(1):2—11. doi: 10.1097/01.HCR.
0000311501.57022.a8 PMID: 18277823

Mossberg KA, Ayala D, Baker T, Heard J, Masel B. Aerobic capacity after traumatic brain injury: com-
parison with a nondisabled cohort. Archives of physical medicine and rehabilitation. 2007; 88(3):315—
20. doi: 10.1016/j.apmr.2006.12.006 PMID: 17321823

Bonner NS, O’Halloran PD, Bernhardt J, Cumming TB. Developing the Stroke Exercise Preference
Inventory (SEPI). PLoS One. 2016; 11(10):e0164120. doi: 10.1371/journal.pone.0164120 PMID:
27711242

English C, Healy GN, Coates A, Lewis LK, Olds T, Bernhardt J. Sitting time and physical activity after
stroke: physical ability is only part of the story. Top Stroke Rehabil. 2016; 23(1):36—42. doi: 10.1179/
1945511915Y.0000000009 PMID: 26257146

Nicholson S, Sniehotta FF, van Wijck F, Greig CA, Johnston M, McMurdo ME, et al. A systematic review
of perceived barriers and motivators to physical activity after stroke. International journal of stroke: offi-
cial journal of the International Stroke Society. 2013; 8(5):357—64.

Rimmer JH, Chen MD, McCubbin JA, Drum C, Peterson J. Exercise intervention research on persons
with disabilities: what we know and where we need to go. American journal of physical medicine & reha-
bilitation / Association of Academic Physiatrists. 2010; 89(3):249-63.

Mead GE, Greig CA, Cunningham I, Lewis SJ, Dinan S, Saunders DH, et al. Stroke: a randomized trial
of exercise or relaxation. Journal of the American Geriatrics Society. 2007; 55(6):892-9. doi: 10.1111/].
1532-5415.2007.01185.x PMID: 17537090

Jaracz K, Grabowska-Fudala B, Gorna K, Kozubski W. Consequences of stroke in the light of objective
and subjective indices: a review of recent literature. Neurologia i neurochirurgia polska. 2014; 48
(4):280-6. doi: 10.1016/j.pjnns.2014.07.004 PMID: 25168328

Nadeau SE, Dobkin B, Wu SS, Pei Q, Duncan PW. The Effects of Stroke Type, Locus, and Extent on
Long-Term Outcome of Gait Rehabilitation: The LEAPS Experience. Neurorehabilitation and neural
repair. 2016; 30(7):615-25. doi: 10.1177/1545968315613851 PMID: 26498434

Harris JE, Eng JJ. Goal Priorities Identified through Client-Centred Measurement in Individuals with
Chronic Stroke. Physiotherapy Canada Physiotherapie Canada. 2004; 56(3):171-6. PMID: 23372280

Bohannon RW, Andrews AW, Smith MB. REHABILITATION GOALS OF PATIENTS WITH HEMIPLE-
GIA. International Journal of Rehabilitation Research. 1988; 11(2):181-3.

Combs SA, Van Puymbroeck M, Altenburger PA, Miller KK, Dierks TA, Schmid AA. Is walking faster or
walking farther more important to persons with chronic stroke? Disability and rehabilitation. 2013; 35
(10):860—7. doi: 10.3109/09638288.2012.717575 PMID: 23035811

Ohman A. Qualitative methodology for rehabilitation research. Journal of rehabilitation medicine: official
journal of the UEMS European Board of Physical and Rehabilitation Medicine. 2005; 37(5):273-80.

Kucukdeveci AA, Tennant A, Grimby G, Franchignoni F. Strategies for assessment and outcome mea-
surement in physical and rehabilitation medicine: an educational review. Journal of rehabilitation medi-
cine: official journal of the UEMS European Board of Physical and Rehabilitation Medicine. 2011; 43
(8):661-72.

PLOS ONE | DOI:10.1371/journal.pone.0173463 March 8,2017 12/14


http://www.who.int/topics/physical_activity/en/
http://www.who.int/topics/physical_activity/en/
http://dx.doi.org/10.2522/ptj.20140522
http://www.ncbi.nlm.nih.gov/pubmed/26112254
http://dx.doi.org/10.1097/01.HCR.0000311501.57022.a8
http://dx.doi.org/10.1097/01.HCR.0000311501.57022.a8
http://www.ncbi.nlm.nih.gov/pubmed/18277823
http://dx.doi.org/10.1016/j.apmr.2006.12.006
http://www.ncbi.nlm.nih.gov/pubmed/17321823
http://dx.doi.org/10.1371/journal.pone.0164120
http://www.ncbi.nlm.nih.gov/pubmed/27711242
http://dx.doi.org/10.1179/1945511915Y.0000000009
http://dx.doi.org/10.1179/1945511915Y.0000000009
http://www.ncbi.nlm.nih.gov/pubmed/26257146
http://dx.doi.org/10.1111/j.1532-5415.2007.01185.x
http://dx.doi.org/10.1111/j.1532-5415.2007.01185.x
http://www.ncbi.nlm.nih.gov/pubmed/17537090
http://dx.doi.org/10.1016/j.pjnns.2014.07.004
http://www.ncbi.nlm.nih.gov/pubmed/25168328
http://dx.doi.org/10.1177/1545968315613851
http://www.ncbi.nlm.nih.gov/pubmed/26498434
http://www.ncbi.nlm.nih.gov/pubmed/23372280
http://dx.doi.org/10.3109/09638288.2012.717575
http://www.ncbi.nlm.nih.gov/pubmed/23035811

@° PLOS | ONE

Physical activity and walking after stroke

20.

21,

22,

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Luker J, Lynch E, Bernhardsson S, Bennett L, Bernhardt J. Stroke Survivors’ Experiences of Physical
Rehabilitation: A Systematic Review of Qualitative Studies. Archives of physical medicine and rehabili-
tation. 2015; 96(9):1698-708.e10. doi: 10.1016/j.apmr.2015.03.017 PMID: 25847387

Mossberg KA, Amonette WE, Masel BE. Endurance training and cardiorespiratory conditioning after
traumatic brain injury. The Journal of head trauma rehabilitation. 2010; 25(3):173-83. doi: 10.1097/
HTR.0b013e3181dc98ff PMID: 20473091

Nicholson SL, Donaghy M, Johnston M, Sniehotta FF, van Wijck F, Johnston D, et al. A qualitative the-
ory guided analysis of stroke survivors’ perceived barriers and facilitators to physical activity. Disability
and rehabilitation. 2014; 36(22):1857-68. doi: 10.3109/09638288.2013.874506 PMID: 24377329

Damush TM, Plue L, Bakas T, Schmid A, Williams LS. Barriers and facilitators to exercise among stroke
survivors. Rehabilitation nursing: the official journal of the Association of Rehabilitation Nurses. 2007;
32(6):253-60, 62.

Maclean N, Pound P, Wolfe C, Rudd A. Qualitative analysis of stroke patients’ motivation for rehabilita-
tion. BMJ (Clinical research ed). 2000; 321(7268):1051—4.

Rimmer JH, Wang E, Smith D. Barriers associated with exercise and community access for individuals
with stroke. Journal of rehabilitation research and development. 2008; 45(2):315-22. PMID: 18566948

Resnick B, Michael K, Shaughnessy M, Kopunek S, Nahm ES, Macko RF. Motivators for treadmill exer-
cise after stroke. Top Stroke Rehabil. 2008; 15(5):494-502. doi: 10.1310/tsr1505-494 PMID: 19008208

Salbach NM, Veinot P, Rappolt S, Bayley M, Burnett D, Judd M, et al. Physical therapists’ experiences
updating the clinical management of walking rehabilitation after stroke: A qualitative study. Physical
Therapy. 2009; 89(6):556—68. doi: 10.2522/pt|.20080249 PMID: 19372171

Witte US, Carlsson JY. Self-selected walking speed in patients with hemiparesis after stroke. Scand J
Rehabil Med. 1997; 29(3):161-5. PMID: 9271150

Fugl-Meyer AR, Jaasko L, Leyman |, Olsson S, Steglind S. The post-stroke hemiplegic patient. 1. a
method for evaluation of physical performance. Scand J Rehabil Med. 1975; 7(1):13-31. PMID:
1135616

Peters K, Halcomb E. Interviews in qualitative research. Nurse researcher. 2015; 22(4):6-7. doi: 10.
7748/nr.22.4.6.s2 PMID: 25783145

Britten N. Qualitative interviews in medical research. BMJ (Clinical research ed). 1995; 311(6999):251—
3.

Washburn RA, Smith KW, Jette AM, Janney CA. The Physical Activity Scale for the Elderly (PASE):
development and evaluation. Journal of clinical epidemiology. 1993; 46(2):153-62. PMID: 8437031

Danielsson A, Meirelles C, Willen C, Sunnerhagen KS. Physical Activity in Community-Dwelling Stroke
Survivors and a Healthy Population Is Not Explained by Motor Function Only. Pm&R. 2014; 6(2):139—
45,

Graneheim UH, Lundman B. Qualitative content analysis in nursing research: concepts, procedures
and measures to achieve trustworthiness. Nurse education today. 2004; 24(2):105—12. doi: 10.1016/j.
nedt.2003.10.001 PMID: 14769454

Hsieh HF, Shannon SE. Three approaches to qualitative content analysis. Qual Health Res. 2005; 15
(9):1277-88. doi: 10.1177/1049732305276687 PMID: 16204405

Evenson KR, Butler EN, Rosamond WD. Prevalence of physical activity and sedentary behavior among
adults with cardiovascular disease in the United States. Journal of cardiopulmonary rehabilitation and
prevention. 2014; 34(6):406—19. doi: 10.1097/HCR.0000000000000064 PMID: 25068393

Vanroy C, Vissers D, Vanlandewijck Y, Feys H, Truijen S, Michielsen M, et al. Physical activity in
chronic home-living and sub-acute hospitalized stroke patients using objective and self-reported mea-
sures. Top Stroke Rehabil. 2016; 23(2):98—105. doi: 10.1080/10749357.2015.1116227 PMID:
26751778

Riks-Stroke. Riks-stroke yearly rapport 2014. -3months follow-up after stroke 2015 [www.riksstroke.
org/wp-content/uploads/2015/12//Riksstroke_3manadersuppfoljn.

Maclean N, Pound P. A critical review of the concept of patient motivation in the literature on physical
rehabilitation. Social Science & Medicine. 2000; 50(4):495-506.

Idowu OA, Adeniyi AF, Ogwumike OO, Fawole HO, Akinrolie O. Perceived barriers to physical activity
among Nigerian stroke survivors. The Pan African medical journal. 2015; 21:274. doi: 10.11604/pam].
2015.21.274.6669 PMID: 26587124

Veluswamy SK, Maiya AG, Nair S, Guddattu V, Nair NS, Vidyasagar S. Awareness of chronic disease
related health benefits of physical activity among residents of a rural South Indian region: a cross-sec-
tional study. The international journal of behavioral nutrition and physical activity. 2014; 11(1):27. doi:
10.1186/1479-5868-11-27 PMID: 24575767

PLOS ONE | DOI:10.1371/journal.pone.0173463 March 8,2017 13/14


http://dx.doi.org/10.1016/j.apmr.2015.03.017
http://www.ncbi.nlm.nih.gov/pubmed/25847387
http://dx.doi.org/10.1097/HTR.0b013e3181dc98ff
http://dx.doi.org/10.1097/HTR.0b013e3181dc98ff
http://www.ncbi.nlm.nih.gov/pubmed/20473091
http://dx.doi.org/10.3109/09638288.2013.874506
http://www.ncbi.nlm.nih.gov/pubmed/24377329
http://www.ncbi.nlm.nih.gov/pubmed/18566948
http://dx.doi.org/10.1310/tsr1505-494
http://www.ncbi.nlm.nih.gov/pubmed/19008208
http://dx.doi.org/10.2522/ptj.20080249
http://www.ncbi.nlm.nih.gov/pubmed/19372171
http://www.ncbi.nlm.nih.gov/pubmed/9271150
http://www.ncbi.nlm.nih.gov/pubmed/1135616
http://dx.doi.org/10.7748/nr.22.4.6.s2
http://dx.doi.org/10.7748/nr.22.4.6.s2
http://www.ncbi.nlm.nih.gov/pubmed/25783145
http://www.ncbi.nlm.nih.gov/pubmed/8437031
http://dx.doi.org/10.1016/j.nedt.2003.10.001
http://dx.doi.org/10.1016/j.nedt.2003.10.001
http://www.ncbi.nlm.nih.gov/pubmed/14769454
http://dx.doi.org/10.1177/1049732305276687
http://www.ncbi.nlm.nih.gov/pubmed/16204405
http://dx.doi.org/10.1097/HCR.0000000000000064
http://www.ncbi.nlm.nih.gov/pubmed/25068393
http://dx.doi.org/10.1080/10749357.2015.1116227
http://www.ncbi.nlm.nih.gov/pubmed/26751778
http://www.riksstroke.org/wp-content/uploads/2015/12//Riksstroke_3m&aring;nadersuppf&ouml;ljn
http://www.riksstroke.org/wp-content/uploads/2015/12//Riksstroke_3m&aring;nadersuppf&ouml;ljn
http://dx.doi.org/10.11604/pamj.2015.21.274.6669
http://dx.doi.org/10.11604/pamj.2015.21.274.6669
http://www.ncbi.nlm.nih.gov/pubmed/26587124
http://dx.doi.org/10.1186/1479-5868-11-27
http://www.ncbi.nlm.nih.gov/pubmed/24575767

@° PLOS | ONE

Physical activity and walking after stroke

42,

43.

44.

45.

46.

47.

48.

Galvin R, Cusack J, Stokes E. Physiotherapy after stroke in Ireland: a qualitative insight into the
patients’ and physiotherapists’ experience. International Journal of Rehabilitation Research. 2009; 32
(3):238—44. doi: 10.1097/MRR.0b013e32832b083c PMID: 19381097

Driver S, Ede A, Dodd Z, Stevens L, Warren AM. What barriers to physical activity do individuals with a
recent brain injury face? Disabil Health J. 2012; 5(2):117-25. doi: 10.1016/j.dhjo.2011.11.002 PMID:
22429546

Kirkevold M, Martinsen R, Bronken BA, Kvigne K. Promoting psychosocial wellbeing following stroke
using narratives and guided self-determination: a feasibility study. BMC psychology. 2014; 2(1):4. doi:
10.1186/2050-7283-2-4 PMID: 25566379

Robison J, Wiles R, Ellis-Hill C, McPherson K, Hyndman D, Ashburn A. Resuming previously valued
activities post-stroke: who or what helps? Disability and rehabilitation. 2009; 31(19):1555-66. doi: 10.
1080/09638280802639327 PMID: 19479573

Patterson S, Ross-Edwards B. Long-term stroke survivors’ needs and perceptions of an exercise main-
tenance model of care. International Journal of Therapy and Rehabilitation. 2009; 16(12):659-67.

Gallagher P. Becoming normal: a grounded theory study on the emotional process of stroke recovery.
Canadian journal of neuroscience nursing. 2011; 33(3):24-32. PMID: 22338210

Sunnerhagen KS, Hedberg M, Henning GB, Cider A, Svantesson U. Muscle performance in an urban
population sample of 40- to 79-year-old men and women. Scand J Rehabil Med. 2000; 32(4):159-67.
PMID: 11201622

PLOS ONE | DOI:10.1371/journal.pone.0173463 March 8,2017 14/14


http://dx.doi.org/10.1097/MRR.0b013e32832b083c
http://www.ncbi.nlm.nih.gov/pubmed/19381097
http://dx.doi.org/10.1016/j.dhjo.2011.11.002
http://www.ncbi.nlm.nih.gov/pubmed/22429546
http://dx.doi.org/10.1186/2050-7283-2-4
http://www.ncbi.nlm.nih.gov/pubmed/25566379
http://dx.doi.org/10.1080/09638280802639327
http://dx.doi.org/10.1080/09638280802639327
http://www.ncbi.nlm.nih.gov/pubmed/19479573
http://www.ncbi.nlm.nih.gov/pubmed/22338210
http://www.ncbi.nlm.nih.gov/pubmed/11201622

