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ABSTRACT  
Purpose: (1) To investigate the differences in the course of participation up to one year after stroke 
between distinct movement behavior patterns identified directly after discharge to the home setting, and 
(2) to investigate the longitudinal association between the development of movement behavior patterns 
over time and participation after stroke. 
Materials and methods: 200 individuals with a first-ever stroke were assessed directly after discharge to 
the home setting, at six months and at one year. The Participation domain of the Stroke Impact Scale 3.0 
was used to measure participation. Movement behavior was objectified using accelerometry for 14 days. 
Participants were categorized into three distinct movement behavior patterns: sedentary exercisers, sed-
entary movers and sedentary prolongers. Generalized estimating equations (GEE) were performed. 
Results: People who were classified as sedentary prolongers directly after discharge was associated with 
a worse course of participation up to one year after stroke. The development of sedentary prolongers 
over time was also associated with worse participation compared to sedentary exercisers. 
Conclusions: The course of participation after stroke differs across distinct movement behavior patterns 
after discharge to the home setting. Highly sedentary and inactive people with stroke are at risk for 
restrictions in participation over time.    

� IMPLICATIONS FOR REHABILITATION 
� The course of participation in people with a first-ever stroke up to one year after discharge to the 

home setting differed based on three distinct movement behavior patterns, i.e., sedentary exercisers, 
sedentary movers and sedentary prolongers. 

� Early identification of highly sedentary and inactive people with stroke after discharge to the home 
setting is important, as sedentary prolongers are at risk for restrictions in participation over time. 

� Supporting people with stroke to adapt and maintain a healthy movement behavior after discharge 
to the home setting could prevent potential long-term restrictions in participation. 
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Introduction 

Stroke is the second leading cause of death and the third leading 
cause of disability worldwide [1]. Stroke prevalence has increased 
over the last decades, most likely because of longer survival and 
reduced mortality of people experiencing stroke [2] due to improved 
stroke care and risk factor management [3,4]. This results in more 
people living with the long-term consequences of stroke, such as 
physical, emotional, and cognitive problems, that contribute to 
restrictions in participation and quality of life [5–7]. Participation 
defined as “the person’s involvement in a life situation” [8] is among 
the most impacted domains of health-related quality of life after 

stroke [9]. Participation is considered an important outcome of 
stroke rehabilitation as it provides clinicians with valuable person- 
centered information on the impact of stroke on daily life [10,11]. 
Improvements in participation mainly occur in the first six months 
after stroke and recovery are often incomplete, remaining lower 
compared to the general population [12,13]. Consequently, many 
people experience considerable and ongoing restrictions in participa-
tion after stroke [14], including the domains of outdoor mobility, 
work and physical exercise [15]. 

Physical activity has been shown to be one of the key compo-
nents in stroke rehabilitation, as interventions that enhance physical 
activity were associated with improvement in participation after 
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stroke [16,17]. Three small cross-sectional studies (n¼ 19–31) in 
community-living chronic stroke patients (ranging from six months 
to ten years after stroke onset) reported moderate correlations 
between the participation domain of the Stroke Impact Scale (SIS) 
and the Six-Meter Walk Test [18], steps per day using pedometry 
[19] and physical activity using accelerometry [20]. However, stroke 
patients are not only less physically active in all phases after stroke, 
but also spend more time sedentary than healthy individuals [21], 
especially in prolonged periods of time [22–24]. 

Movement behavior is defined as the composition of time 
spent sedentary and time spent in light, moderate or vigorous 
physical activity [25]. Research has shown that time spent in mod-
erate to vigorous physical activity (MVPA), light physical activity 
(LPA) and sedentary behavior all interact to impact physical func-
tioning in people after stroke [24]. These are partly independent 
behaviors, and it is suggested that research should focus on 
movement behavior patterns instead of separate aspects of move-
ment behavior [24]. Currently, physical activity is the most studied 
aspect of movement behavior, and longitudinal studies investigat-
ing the relationship between physical activity and participation 
are lacking [5]. To our knowledge, the association between partici-
pation and other types of movement behavior, such as sedentary 
behavior, has rarely been studied [26]. 

Recently, three distinct movement behavior patterns were identi-
fied based on accelerometry data in people with a first-ever stroke 
after discharge to the home setting [24]. The so-called ‘sedentary 
exercisers’ were the most active group as they spent sufficient time 
in MVPA (1.3 h/day). Although they also spent the majority of their 
waking hours sedentary (61%), the periods of uninterrupted seden-
tary time were relatively short. The ‘sedentary movers’ showed simi-
lar sedentary behavior compared to the sedentary exercisers but 
spent less time in MVPA (0.4 h/day). The ‘sedentary prolongers’ 
spent similar time in MVPA compared to the sedentary movers, but 
also spent more time sedentary (78%) and the periods of uninter-
rupted sedentary time were longer [24]. These movement behavior 
patterns turned out to be predictive of the course of physical func-
tioning up to two years after stroke, as sedentary prolongers 
showed worse physical functioning over time compared to the sed-
entary movers and sedentary exercisers [25]. Furthermore, more 
individuals develop a more unfavorable movement behavior pattern 
over time [27]. Namely, after an initial improvement in the first six 
months after discharge to the home setting, movement behavior 
often deteriorated and the proportion of sedentary prolongers (the 
most unfavorable movement behavior pattern) increased [27]. 

Whether these distinct movement behavior patterns are also 
predictive of the course of participation after stroke is currently 
unknown. Gaining a better understanding of the relationship 
between movement behavior and participation may yield possibil-
ities for the development of tailored interventions targeting 
movement behavioral change. Therefore, this study aims (1) to 
explore the differences in the course of participation up to one 
year after stroke between distinct movement behavior patterns 
identified directly after discharge to the home setting, and (2) to 
investigate the longitudinal association between the development 
of movement behavior patterns over time and participation 
after stroke. 

Materials and methods 

Participants and study design 

This prospective cohort study is part of the RISE study [24]. 
Participants were recruited from four stroke units in the 
Netherlands. Participants were deemed eligible to participate 

when: presenting with a clinically confirmed first-ever stroke, 
expected to return home (with or without inpatient rehabilitation 
before returning home), activities of daily living independent 
(Barthel index >18) before stroke [28], >18 years old, able to 
maintain a conversation (score >4 on the Utrecht Communication 
assessment) [29], and at least able to walk with supervision (score 
�3 in the Functional Ambulation Categories) when they returned 
home [30]. People with subarachnoid hemorrhage were excluded. 
Written informed consent was obtained at the stroke unit. The 
study was approved by the Medical Ethics Research Committee of 
the University Medical Center Utrecht (study number 14/76). 

Demographic, stroke, and care characteristics were obtained 
from medical health records. Within three weeks after discharge 
from inpatient care, six months after discharge from inpatient 
care and one year after discharge from inpatient care, participants 
were visited at home by trained researchers to obtain measure-
ments. Before the participant was visited at home, a postal ques-
tionnaire was sent to get information on emotional symptoms. 
During the visits at home, data on physical functioning and a self- 
report participation questionnaire were obtained. After each visit, 
participants wore an accelerometer to objectify movement behav-
ior for 14 days. 

Dependent variable 

Participation was measured using the Participation domain of the 
Stroke Impact Scale 3.0 (SIS Participation) [31,32]. The SIS is a self- 
administered questionnaire that estimates how stroke affects 
health and quality of life. It comprises 59 questions divided into 
eight domains, including strength, hand function, mobility, activ-
ities of daily living (ADL), emotion, communication, memory and 
thinking, and participation. The SIS Participation has eight ques-
tions that ask the participant to range his or her limitations in the 
past four weeks in (1) work, volunteer or other activities; (2) social 
activities; (3) quiet recreation; (4) active recreation; (5) role as a 
family member or friend; (6) participation in spiritual or religious 
activities; (7) ability to control life as he or she wished; and (8) 
ability to help others. Each question is rated on a five-point scale 
to indicate how often the participant has experienced restrictions 
in certain activities. The possible scores range from 1 to 5, where 
1 is always, and 5 is never. The SIS 3.0 is valid and sensitive to 
changes in stroke-related recovery [31,32], and evaluation of the 
use of separate domain scores have also shown excellent valid-
ity [33]. 

For a particular participant, if �50% of the questions had miss-
ing responses, the SIS Participation was assigned as missing. 
Otherwise, scores for the SIS Participation were computed using 
the following equation: SIS Participation ¼ (mean-1/5-1) � 100, 
where the mean is the mean of the non-missing item scores 
within the domain. Using this algorithm, the SIS Participation has 
a range from 0 to 100 [32]. 

Independent variables 

Movement behavior 
Movement behavior was measured by an accelerometer (Activ8, a 
three-axial accelerometer) worn on the thigh for two consecutive 
weeks during waking hours. The Activ8 is validated in commu-
nity-living ambulatory people with stroke [34]. Ten different 
movement behaviors were calculated from data supplied by the 
accelerometer, including mean time spent sedentary, the mean 
time spent in uninterrupted periods of sitting and lying down 
(bouts), measured in periods of �5 min per day, �30 min a day or 
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�60 min per day. Also, time spent in LPA and time spent in MVPA 
were measured. 

In total, three distinct movement behavior patterns were iden-
tified: sedentary exercisers, sedentary movers and sedentary pro-
longers [24]. Sedentary exercisers were characterized by 
interrupted sedentary and active movement patterns, sedentary 
movers were characterized by interrupted sedentary and inactive 
movement patterns, and sedentary prolongers were characterized 
by a prolonged and highly sedentary and inactive movement pat-
tern. The sedentary exercisers group was sedentary for 9.0 h per 
day and had a mean MVPA time of 1.4 h a day, while the seden-
tary prolongers were sedentary for on average 10.7 h per day and 
spent a mean time of 0.4 h per day on MVPA (Table 1) [25]. 

Demographic characteristics 
Demographic characteristics included age, sex, educational level, 
comorbidities and living situation. Educational level was asked 
using the Dutch classification system and dichotomized into low 
(score 1–5, up to completed secondary education) and high (score 
6–7, completed secondary professional education, university or 
higher) [35]. Comorbidity was assessed using the Cumulative 
Illness Rating Scale (Range 0–52, a higher score indicates more 
comorbidities) [36]. The living situation was divided into living 
with a partner and living without a partner. 

Stroke characteristics 
Stroke characteristics obtained from medical records included 
type, location, severity of stroke symptoms, and discharge destin-
ation. The severity of symptoms was measured within four days 
after stroke with the National Institutes of Health Stroke Scale 
(NIHSS, range 0–42) and was divided into (1) no stroke symptoms 
(0 points), (2) minor stroke symptoms (1–4 points); and (3) moder-
ate to severe stroke symptoms (�5 points) [37]. Discharge 

destination after hospitalization was categorized into home or 
inpatient rehabilitation. 

Physical functioning 
Physical functioning at discharge from inpatient care was measured 
with the physical domain of the Stroke Impact Scale 3.0 (SIS 
Physical) and the Five Meter Walk Test (5MWT). The SIS Physical con-
sists of ten questions regarding ADL, eight regarding mobility, and 
five regarding hand function [32]. Scores range from 0 to 100, and 
lower scores indicate lower levels of physical functioning. Walking 
speed was measured with the 5MWT [38]. Participants were asked to 
perform this test three times. The mean test time was calculated. A 
higher score on the 5MWT reflects a lower walking speed. 

Psychological and cognitive factors 
Cognitive functioning after stroke was assessed with the Montreal 
Cognitive Assessment (MoCA). Scores range from 0 to 30 (<26 
indicates impaired cognitive function), and higher scores indicate 
better cognitive functioning [39]. The Hospital Anxiety and 
Depression Scale (HADS) was used to assess the presence of 
symptoms of anxiety or depression. The HADS consists of 14 
items, divided into seven items about anxiety (HADS-A) and seven 
items about depression (HADS-D). Both the HADS-A and HADS-D 
scores range from 0 to 21; scores �8 indicate the presence of 
symptoms of anxiety and depression respectively [40]. Self-efficacy 
was evaluated with the Self-Efficacy for Symptom Management 
Scale (SEsx) which consists of 13 items. Scores range from 13 to 
130, and scores < 115 indicate low/moderate self-efficacy [41]. 

Statistical analysis 

All analyses were conducted with IBM SPSS statistics version 26 
(IBM Corp., Armonk, NY). To describe the patients’ characteristics 

Table 1. Baseline characteristics.  

Total group (n¼ 200) Sedentary exercisers (n¼ 44) Sedentary movers (n¼ 90) Sedentary prolongers (n¼ 66)  

Demographic characteristics  
Age, years 67.8 ± 11.2 62.6 ± 11.2 69.2 ± 11.6a 69.3 ± 10.8c  

Sex, male 64.0 79.5 56.7a 63.6  
High education level 29.8 43.2 23.3 28.8  
Comorbidities (CIRS) 3.2 ± 2.8 2.1 ± 2.5 3.5 ± 2.8a 3.4 ± 2.8c  

Living together with partner 76.3 72.7 72.2 83.3 
Stroke characteristics  

Ischemic stroke 91.5 93.2 90.0 92.4  
Side of stroke, left 53.5 56.8 48.8 57.6  
Stroke severity (NIHSS) 4.0 ± 4.0 3.8 ± 3.9 3.6 ± 3.5 4.7 ± 4.7  
No symptoms (NIHSS 0) 13.0 13.6 14.4 10.6  
Minor symptoms (NIHSS 1–4) 55.5 54.5 57.8 53.0  
Moderate/severe symptoms (NIHSS� 5) 31.5 31.8 27.7 36.4  
Discharge destination, home 73.5 79.5 75.6 66.7 

Physical functioning & movement behavior  
SIS Physical 83.9 ± 17.3 94.3 ± 6.8 82.9 ± 16.8a 78.4 ± 19.9c  

Walking speed (5MWT in seconds) 6.0 ± 3.7 4.5 ± 0.7 6.1 ± 3.3a 7.2 ± 4.8c  

Sedentary time (hours) 9.3 ± 1.8 9.0 ± 1.6 8.4 ± 1.5 10.6 ± 1.4b,c  

LPA (hours) 3.8 ± 1.5 3.8 ± 1.2 4.6 ± 1.5a 2.8 ± 0.8b,c  

MVPA (hours) 0.6 ± 0.5 1.3 ± 0.4 0.4 ± 0.3a 0.4 ± 0.3c 

Psychological and cognitive factors  
Impaired cognition (MoCA� 25) 59.0 61.4 58.9 57.6  
Symptoms of depression (HADS-D� 8) 26.5 22.7 30.0 24.2  
Symptoms of anxiety (HADS-A� 8) 27.0 34.1 28.9 19.7  
Self-efficacy (SEsx) 92.9 ± 22.0 98.3 ± 20.6 92.9 ± 23.1 89.4 ± 21.0c  

Values are percentages or mean ± SD. 
Abbreviations: 5MWT, Five Minute Walk Test; CIRS, Cumulative Illness Rating Scale; HADS-A, Hospital Anxiety and Depression Scale-Anxiety subscale; HADS-D, 
Hospital Anxiety and Depression Scale-Depression subscale; LPA, light physical activity; MoCA, Montreal Cognitive Assessment; MVPA, moderate-vigorous physical 
activity; NIHSS, National Institutes of Health Stroke Scale; SEsx, Self-Efficacy for Symptom Management Scale. 
astatistically significant differences (p< 0.05) between sedentary exercisers and sedentary movers. 
bstatistically significant differences (p< 0.05) between sedentary movers and sedentary prolongers. 
cstatistically significant differences (p< 0.05) between sedentary exercisers and sedentary prolongers.
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and independent variables, descriptive statistics were used. 
Missing data were considered missing at random because data 
were more often missing for female participants. For that reason, 
multiple imputations using Multivariate Imputation by Chained 
Equation was used [42]. Multiple imputations was performed by 
fitting models to predict missing outcomes based on all other 
observed variables. Five imputed data sets were created and com-
bined with a pooled set using Rubin’s rules [43]. 

Generalized estimating equations (GEE) were performed to 
explore the relationship between movement behavior patterns 
and participation over time. An exchangeable correlation structure 
was used to correct for within-subject correlations [44]. SIS 
Participation (measured at discharge, at six months and at one 
year) was entered as a dependent variable and time as a categor-
ical within-subject variable. 

By adding age, sex, stroke severity (NIHSS), discharge destination, 
cognitive functioning (MoCA), anxiety symptoms (HADS-A), depres-
sive symptoms (HADS-D) and self-efficacy (SEsx) to the model, poten-
tial confounding variables were identified. A variable was considered 
to be a confounder if the coefficient of the movement behavior pat-
terns changed more than 10% after adding the variable to the 
model. If not, the variable was left out of the analyses. Results are 
expressed as regression coefficients (b) with 95% confidence intervals 
(CI). A positive score implies an improvement in SIS Participation 
scores compared to the reference category with b units, containing 

both within-subject as between-subject effects. P-values of < 0.05 
were considered statistically significant. To answer both research 
questions, two GEE models were performed. 

In the first model, the course of participation over time for 
each movement behavior pattern at baseline was explored. 
Therefore, movement behavior patterns at baseline (measured dir-
ectly after discharge to the home setting) were entered as an 
independent factor. As a non-linear recovery pattern of participa-
tion over time was expected [5], time was added to the model as 
a categorical variable, modelling each time interval separately. 
Interaction terms between time and movement behavior patterns 
at discharge were added to the model to explore the course of 
participation over time for each movement behavior pattern 
at discharge. 

In the second model, the longitudinal association between the 
development of movement behavior patterns over time and par-
ticipation was explored. Therefore, the development of movement 
behavior patterns over time (measured at discharge, six months 
and one year) was entered as an independent factor, and differ-
ences between the movement behavior patterns were calculated. 

Results 

In total, 262 people from the stroke unit agreed to participate in 
the study. A total of 200 people were included in the study at 

Figure 1. RISE study flowchart [24].  
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discharge from inpatient care, of whom 184 (92%) participated 
after six months and 175 (88%) after one year (flowchart and rea-
sons for refusal are presented in Figure 1) [25]. 

The participants’ characteristics at baseline are presented in 
Table 1 [25]. The mean age at stroke onset was 67.8 years, 64.0% 
were male and 91.5% had an ischemic stroke. The majority of the 
participants experienced no or minor stroke symptoms (68.5%) 
and were discharged home after hospitalization (73.5%). A total of 
44 people (22%) were classified as sedentary exercisers, 90 people 
(45%) were classified as sedentary movers, and 66 people (33%) 
were classified as sedentary prolongers directly after discharge to 
the home setting (Figure 2). Sedentary exercisers were younger, 
had fewer comorbidities, had better physical functioning and had 
higher walking speed compared to the sedentary movers and 
sedentary prolongers. Sedentary exercisers had higher levels of 
self-efficacy compared to sedentary prolongers. The composition 
of the movement behavior patterns remained relatively stable 
over time (Figure 2). 

The course of participation over time across the movement 
behavior patterns 

All movement behavior patterns showed significant improvement 
in the first six months after discharge to the home setting (Table 
2), adjusted for the confounding effects of age, sex, stroke sever-
ity (NIHSS), and anxiety symptoms (HADS-A) and discharge destin-
ation. Between six months and one year, a non-significant decline 
in participation was observed in all movement behavior groups, 
most distinctive in the sedentary prolongers (Figure 3). Overall, 
only the sedentary movers showed significant improvement over 
time in the first year after discharge to the home setting. 

Sedentary exercisers had better participation outcomes com-
pared to the sedentary movers and sedentary prolongers at dis-
charge (p¼ 0.006 and p¼ 0.003, respectively) and at six months 
(p¼ 0.036 and p¼ 0.003, respectively), but at one year, the differ-
ences between sedentary exercisers and sedentary movers were 

no longer statistically significant. Sedentary prolongers had the 
most unfavorable course of participation up to one year after 
stroke (Figure 3), as they had the worst participation scores at all 
time points. 

The longitudinal association between movement behavior 
patterns and participation 

Sedentary prolongers were associated with worse participation 
compared to sedentary exercisers, adjusted for the confounding 
effects of age, sex, stroke severity (NIHSS), anxiety symptoms 
(HADS-A) and discharge destination (Table 3). No association was 
found between sedentary exercisers and sedentary movers, and 
between sedentary exercisers and sedentary movers. 

Discussion 

In this prospective cohort study, we showed that the course of 
participation over time differed based on distinct movement 
behavior patterns identified directly after discharge to the home 
setting. Sedentary prolongers, being inactive and highly seden-
tary, experienced the most restrictions in participation over time. 
Furthermore, a longitudinal association between the participation 
and the development of movement behavior patterns over time 
was observed after stroke, showing worse participation in seden-
tary prolongers compared to sedentary exercisers. Our results 
show that supporting people with stroke to adapt and maintain a 
healthy movement behavior after discharge to the home setting 
could prevent potential long-term restrictions in participation. As 
participation is considered the cornerstone of successful rehabili-
tation after stroke [11], these new insights into the longitudinal 
association between movement behavior and participation pro-
vide potential targets and strategies for rehabilitation interven-
tions to improve long-term outcomes in people with stroke. 

Figure 2. Distribution movement behavior pattern groups at baseline, 6 months and 1 year (n¼ 200).  

Table 2. Changes in SIS Participation during the first year after discharge across different movement behavior patterns identified directly after 
discharge to the home setting. 

Time interval after stroke 

Sedentary exercisers Sedentary movers Sedentary prolongers 

b (95% CI) SE b (95% CI) SE b (95% CI) SE  

Discharge–6 months   5.54 (1.20–9.89)� 2.22   8.65 (5.09–12.21)� 1.82   6.81 (2.96–10.66)� 1.96 
6 months–1 year   � 1.36 (� 4.87–2.16)   1.80   � 0.42 (� 2.78–1.95)   1.21   � 2.53 (� 5.40–0.34)   1.47 
Discharge–1 year   4.19 (� 0.87–9.24)   2.58   8.23 (4.38–12.07)� 1.96   4.28 (� 0.24–8.80)   2.31  

Abbreviations: b, regression coefficient for the effect of time; CI, confidence interval; SE, standard error; SIS Participation, Stroke impact scale 3.0 
Participation domain. 
Outcomes are adjusted for the confounding effects of stroke severity (NIHSS), age, sex, symptoms of anxiety (HADS-A) and discharge destination 
after hospitalization. 
Note: a positive regression coefficient (b) implies an improvement in SIS Participation in the cited time interval with b units. 
�p< 0.05.
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The course of participation over time across the movement 
behavior patterns 

Our results showed that participation improved in the first six 
months after stroke and stabilized from six months onwards, 
which is in accordance with previous literature on the course of 
participation over time [5]. Similar recovery patterns of participa-
tion were observed across the different movement behavior pat-
terns, but baseline and long-term levels of participation differed. 
At discharge to the home setting, both sedentary prolongers and 
sedentary movers were already experiencing worse participation 
outcomes compared to sedentary exercisers. However, the seden-
tary movers were able to catch up with the sedentary exercisers 
one year after discharge, whereas the sedentary prolongers were 
never able to close this gap and still experienced considerably 
worse participation one year after discharge compared to the sed-
entary exercisers. A comparison between the recovery patterns of 
physical functioning (using the SIS Physical) across movement 
behavior patterns yielded somewhat similar results: after an initial 
improvement in physical functioning in the first six months, 

sedentary prolongers were at risk for decline in physical function-
ing from six months onwards [25]. 

Although no minimal clinically important difference has been 
defined for SIS Participation in current literature, the difference 
between sedentary exercisers and sedentary prolongers at one year 
(10 points) seems clinically meaningful [45]. Among all SIS domains, 
SIS Participation has been identified as the SIS domain showing the 
most clinically meaningful changes between three months and one 
year after stroke in a similar Swedish stroke cohort, as many people 
experienced either improvement or deterioration in participation 
within this time period [46]. More improvement in SIS Participation 
over time was observed in our study, resulting in slightly higher SIS 
Participation scores one year after stroke in our study compared to 
the Swedish cohort (78.8 versus 70.3) [46]. 

The longitudinal association between movement behavior 
patterns and participation 

To the best of our knowledge, this is the first study exploring the 
longitudinal association between the development of movement 

Figure 3. The modelled course of participation during the first year after discharge to the home setting in people with a first-ever stroke per movement behavior pat-
tern at baseline. Abbreviations: SIS Participation: Stroke Impact Scale 3.0 Participation domain. Outcomes are adjusted for the confounding effects of stroke severity 
(NIHSS), age, sex, symptoms of anxiety (HADS-A) and discharge destination after hospitalization. Note: higher SIS Participation scores indicate better participation out-
comes. The error bars represent the standard error (SE). �p< 0.05, comparing mean SIS Participation scores between consecutive time points.  

Table 3. The longitudinal association between the course of SIS Participation and the development of movement behavior 
patterns over time. 

Movement behavior patterns 

Course of SIS Participation over time 

b (95% CI) SE  

Sedentary exercisera vs. sedentary moverb   2.65 (� 0.69–6.00)   1.71 
Sedentary exercisera vs. sedentary prolongerb   4.30 (0.39–8.20)� 1.99 
Sedentary movera vs. sedentary prolongerb   1.64 (� 1.72–5.01)   1.72  

Abbreviations: b, regression coefficient for the effect of time; CI, confidence interval; SE, standard error; SIS Participation, 
Stroke impact scale 3.0 Participation domain. 
Outcomes are adjusted for the confounding effects of stroke severity (NIHSS), age, sex, symptoms of anxiety (HADS-A) and 
discharge destination after hospitalization. 
Note: a positive regression coefficient (b) implies an improvement in SIS Participation on average over time in the cited 
category (a) compared to the reference category (b) with b units (including both within-persons as between-per-
sons effects). 
�p< 0.05.
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behavior patterns over time and participation after stroke. Similar 
to our study, a Canadian study exploring the longitudinal effect 
of a home-based sedentary behavior change intervention in 34 
people with stroke after discharge from inpatient rehabilitation, 
found improvement in SIS Participation in the first 16 weeks after 
discharge to the home setting [47]. Also, a Chinese prospective 
cohort study in first-ever ischemic stroke patients reported the 
longitudinal relation between quality of life (measured with the 
12-item Short-Form Health Survey) and exercise frequency and 
exercise time up to two years after stroke onset [48]. They con-
cluded that irregular exercisers had an unfavorable course of qual-
ity of life over time compared to regular exercisers after stroke. 
Although exercise frequency and exercise time were only meas-
ured using self-report questionnaires and no other types of move-
ment behavior (such as sedentary behavior or LPA) were taken 
into account, these results are in line with the unfavorable course 
of participation in sedentary prolongers as stated in our study. 

Furthermore, our results revealed worse participation in seden-
tary prolongers versus sedentary exercisers over time. A recent 
study found that people’s movement behavior patterns often 
deteriorated over time (as for example 9.0% of the sedentary pro-
longers at one year were actually classified as sedentary exercisers 
at baseline) [27]. Therefore, early identification of sedentary pro-
longers and prolonged follow-up to prevent a relapsing sedentary 
and inactive lifestyle is essential. On the other hand, no differen-
ces in the course of participation between the development of 
other movement behavior patterns over time were found in our 
study. Premorbid movement behavior patterns, the growing con-
tribution of other factors associated with long-term participation 
and movement behavior over time, such as personal and environ-
mental factors, and the stabilization of participation outcome after 
six months, maybe possible explanations [49,50]. 

Future research 

As this study identified movement behavior as an important 
determinant of participation after stroke, we also recommend 
future studies consider movement behavior as a whole (combin-
ing LPA, MVPA and sedentary behavior), instead of focusing on 
just one aspect of movement behavior. Currently, exercise inter-
ventions in stroke rehabilitation are mainly focused on raising 
MVPA levels, while attention to other essential components of 
movement behavior such as sedentary behavior and LPA is often 
lacking [51]. Preliminary results of interventions incorporating sed-
entary behavior and LPA already yielded promising results in 
older adults and people with stroke [47,52]. Interventions includ-
ing tailored counseling toward behavioral change were found to 
be effective to pursue sustainable long-term change in movement 
behavior [53]. Therefore, these interventions may also have the 
potential to promote the course of participation after a stroke. 

Strengths & limitations 

The longitudinal design, the large sample size and the stratifica-
tion based on the individual’s movement behavior patterns are 
among the main strengths of this study. Furthermore, extensive 
measurements on the individual’s movement behavior took place 
using accelerometry for 14 days, enabling accurate insights into 
the habitual movement behavior of the participants over time. 
Last but not least, our results were highly robust due to the statis-
tical technique used for the longitudinal data analysis (GEE), 
which took into account that the repeated observations within 

one subject are not independent and allowed adjustment for con-
founding effects in the analyses. 

Although participants were directly recruited from the stroke 
units to enable an accurate representation of the general stroke 
population, the study population largely consisted of relatively 
mild stroke patients with mostly ischemic strokes. This could 
negatively affect the generalizability of the results to more 
severely affected stroke patients and those with hemorrhagic 
strokes. Furthermore, causality between movement behavior and 
participation could not be proven with our study design, as an 
association does not imply causation. Therefore, whether or not 
participation could be modified by improving movement behavior 
is not entirely certain. 

Conclusions 

In conclusion, this study shows that the course of participation in 
people with a first-ever stroke up to one year after discharge to 
the home setting differed based on three distinct movement 
behavior patterns, i.e., sedentary exercisers, sedentary movers and 
sedentary prolongers. Early identification of highly sedentary and 
inactive people with stroke after discharge to the home setting is 
important, as sedentary prolongers are associated with an 
unfavorable course of participation compared to sedentary exer-
cisers over time. To unravel the potential of movement behavior 
as a modifiable factor to improve participation after stroke, more 
research about the effectiveness of tailored interventions target-
ing movement behavioral change on long-term participation 
is needed. 
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