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Globally, stroke affects 16 million individuals every year. 
Patients who survive a stroke are at high risk for recurrent 

stroke and other cardiovascular events.1 In the next decades, 
the prevalence of stroke is expected to increase worldwide,2 
highlighting the need for effective disease management and 
secondary prevention strategies. Sufficient amounts of phys-
ical activity (PA) can reduce the risk of first-ever stroke,3 risk 
of recurrent stroke, and other vascular events.4

International guidelines recommend at least 150 minutes 
per week of accumulated moderate-vigorous physical ac-
tivity (MVPA).5 Only 17% of people with stroke meet these 

guidelines and spend only half of the recommended time being 
physically active compared with healthy persons.6,7 Therefore, 
stimulation of a physically active lifestyle forms a key element 
for secondary prevention. Furthermore, recent studies show 
that sedentary time in stroke survivors within the community 
setting ranges between 63% and 87% during waking hours. 
Additionally, it was found that these individuals are over 1 
hour more sedentary than healthy persons.6,7 Research has also 
shown that even when older adults are sufficiently active, pro-
longed periods of sedentary behavior (SB) are independently 
associated with all-cause and cardiometabolic disease-related 

Background and Purpose—Movement behaviors, that is, both physical activity and sedentary behavior, are independently 
associated with health risks. Although both behaviors have been investigated separately in people after stroke, little 
is known about the combined movement behavior patterns, differences in these patterns between individuals, or the 
factors associated with these patterns. Therefore, the objectives of this study are (1) to identify movement behavior 
patterns in people with first-ever stroke discharged to the home setting and (2) to explore factors associated with the 
identified patterns.

Methods—Cross-sectional design using data from 190 people with first-ever stroke discharged to the home setting. 
Movement, behavior was measured over 2 weeks using an accelerometer. Ten movement behavior outcomes were 
calculated and compressed using principal component analysis. Movement behavior patterns were identified using a 
k-means clustering algorithm. Demographics, stroke, care, physical functioning, and psychological, cognitive and social 
factors were obtained. Differences between and factors associated with the patterns were investigated.

Results—On average, the accelerometer was worn for 13.7 hours per day. The average movement behavior of the participants 
showed 9.3 sedentary hours, 3.8 hours of light physical activity, and 0.6 hours of moderate-vigorous physical activity. 
Three patterns and associated factors were identified: (1) sedentary exercisers (22.6%), with a relatively low age, few 
pack-years, light drinking, and high levels of physical functioning; (2) sedentary movers (45.8%), with less severe stroke 
symptoms, low physical functioning and high levels of self-efficacy; and (3) sedentary prolongers (31.6%), with more 
severe stroke symptoms, more pack-years, and low levels of self-efficacy.

Conclusions—The majority of people with stroke are inactive and sedentary. Three different movement behavior patterns 
were identified: sedentary exercisers, sedentary movers, and sedentary prolongers. The identified movement behavior 
patterns confirm the hypothesis that an individually tailored approach might be warranted with movement behavior 
coaching by healthcare professionals.   (Stroke. 2019;50:3553-3560. DOI: 10.1161/STROKEAHA.119.027013.)
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mortality.8 Therefore, SB can also be considered an important 
risk factor for stroke survivors.

Recently, international consensus was reached on a new 
term, movement behavior which includes SB and all levels of 
PA.9 This term includes the daily behavior pattern of a person 
about body postures, movements, and daily activities in the 
person’s own environment. PA can be classified based on met-
abolic equivalents (METs) at 3 intensity levels: light PA (LPA; 
>1.5–3.0 METs), moderate PA (3.0–6.0 METs), and vigorous 
PA (>6.0 METs). Persons are defined as physically inactive 
if they do not reach sufficient amounts of MVPA.5 Notably, 
inactivity is not the same as SB. SB is defined as any waking 
activity characterized by an energy expenditure of ≤1.5 METs 
and a sitting or reclining posture.10

A lack of MVPA and high amounts of SB are independent 
risk factors for all-cause mortality, cardiovascular diseases, and 
functional decline.3,4,8 Although the independent health risks of 
these single behaviors are highlighted in research, these behav-
iors are not self-contained but cluster in patterns (eg, high 
MVPA/high LPA/low SB or low MVPA/low LPA/high SB).11 
It could be suggested that a movement behavior pattern with 
sufficient MVPA, high amounts of LPA, and low amounts of 
SB leads to optimal health.11 The distribution of single move-
ment behaviors within the total pattern are important because 
the health benefits of 1 single behavior could be counteracted 
by the risks of another. For example, if someone engages in at 
least 150 minutes per week of moderate physical activity but is 
sedentary for the rest of the time, the health risks are still high.8 
Additionally, the accumulation of SB is important since long 
prolonged sedentary bouts are damaging health and interrupt-
ing SB with LPA has shown cardiovascular health benefits.12

Currently, specific movement behavior patterns in people 
with stroke and the associated long-term health impact are un-
known. Therefore, research on the identification of commonly 
distinct movement behavior patterns in people with stroke is 
needed. Insight into movement behavior patterns in people 
with stroke will ultimately enable more targeted interventions 
in people with unhealthy movement behavior patterns (eg, 
low MVPA, low LPA, and high amounts of SB). Additionally, 
insight into the characteristics of people with specific move-
ment behavior patterns enables identification of the right 
persons for interventions after discharge from facility-based 
care. Therefore, the objectives of the present study were (1) to 
identify movement behavior patterns in people with first-ever 
stroke discharged from hospital or inpatient rehabilitation to 
the home setting and (2) to explore characteristics associated 
with the identified patterns.

Methods
The data that support the findings of this study are available from the 
corresponding author on reasonable request.

Participants and Study Design
This cross-sectional study is part of the RISE-study. Participants were 
recruited from 4 participating stroke units in the Netherlands between 
February 2015 and April 2017 and were included when they had 
returned home. Patients 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 before stroke (Barthel 
Index>18),13 >18 years old, able to maintain a conversation (score 
>4 on the Utrecht Communication Assessment14), and at least able 
to walk with supervision when they returned home (score ≥3 in the 
Functional Ambulation Categories15). Participants were excluded 
if their life expectancy was <2 years. All participants gave written 
informed consent. The study was approved by the Medical Ethics 
Research Committee of the University Medical Centre Utrecht 
(study number 14/76). Demographic, stroke, and care character-
istics were obtained from medical health records. Within 3 weeks 
after discharge from inpatient care, participants were visited at home 
by trained researchers. Before the participant was visited at home, 
a postal questionnaire was sent to obtain psychological characteris-
tics. Data on cognition, activities, and participation outcomes were 
obtained, and participants received an accelerometer during the visit 
to objectify movement behavior. The participants were given instruc-
tions to wear the accelerometer in the front pocket of their trousers 
on the unaffected leg throughout the whole day during waking time. 
Accelerometers were worn for 2 consecutive weeks, after which par-
ticipants sent the devices back by mail.

Dependent Variables
Movement behavior was objectively measured with the Activ8, a 3-axial 
accelerometer (30 mm×32 mm×10 mm and 20 g). The Activ8 is worn 
on the thigh and can detect SB (lying and sitting), standing, walking, 
cycling, and running and yields MET values.16 The Activ8 has been vali-
dated to distinguish between different postures in community ambula-
tory people with stroke.17 Ten different movement behavior modes were 
calculated; mean time spent sedentary (h/d), LPA (h/d), and MVPA 
(h/d), mean time spent in sedentary bouts (uninterrupted periods of sit-
ting and lying down) ≥5 minutes per day, ≥30 minutes per day, and 
≥60 minutes per day, mean time MVPA in bouts ≥10 minutes, weighted 
median sedentary bout length, maximum sedentary bout length, and 
fragmentation index.18 Weighted median sedentary bout length is the 
length of the sedentary bout corresponding to 50% of the total sedentary 
time.18 Bouts are ordered from shortest to the longest. For example, if 
an individual has spent 8 hours being sedentary, the weighted median 
sedentary bout length represents the length of the bout that contains the 
4 hours’ time point. A bout length of 20 minutes would indicate that 
individuals engage in SB for 50% of the time in bouts ≥20 minutes. 
The lower the weighted median sedentary bout is, the more interrupted 
the SB. The fragmentation index is the ratio of the number of sedentary 
bouts ≥5 minutes divided by total sedentary time.18 A higher fragmenta-
tion index indicates more interrupted SB. Participants filled out diaries 
with a start and stop time. Nonwear time was removed from the data 
files by comparing start and stop time from the diaries with the device’s 
internal clock. Valid data were considered to hold at least 7 days of at 
least 10 hours of movement behavior per day.19

Independent Variables
Demographic characteristics included age, sex, educational level, 
living situation, body mass index, smoking (pack-years), alcohol 
consumption (light [0–1 drink/day], moderate [1–2 drink/day], and 
heavy [>2 drinks/day] drinking20), PA before stroke, and comorbidi-
ties. Height and weight to calculate body mass index were objectively 
measured, and other measures were self-reported. 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, univer-
sity or higher).21 Prestroke physical activity was assessed with the 
Physical Activity Assessment scale (range, 0–8; <4 indicating in-
sufficient amounts of MVPA). The Physical Activity Assessment 
scale contains 1 question regarding moderate PA and 1 question re-
garding the amount of vigorous PA during the week.22 Comorbidity 
was assessed by the Cumulative Illness Rating Scale (range, 0–52, 
a higher score indicates more comorbidities).23 Item 11 was not in-
cluded because stroke is included in this item.

Stroke characteristics obtained from medical records in-
cluded type, location, severity of stroke symptoms, and discharge 
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destination. The severity of stroke symptoms was measured with 
the National Institutes of Health Stroke Scale (range, 0–42) and was 
divided into: (1) no stroke symptoms (0 points); (2) minor stroke 
symptoms (1–4 points); and (3) moderate to severe stroke symp-
toms (≥5 points).24

Balance was tested with the Berg Balance Scale (range, 0–56, 
higher scores indicate better functioning).25 Walking speed was meas-
ured with the 5-meter walking test, calculated in meter per second 
(<0.93 m/s indicating limited community walker).26 Activity lim-
itations were assessed using the Late-Life Function and Disability 
Instrument Computerized Adaptive Test (scores range from 0 to 
100, and higher scores indicate better functioning).27 The Late-Life 
Function and Disability Instrument Computerized Adaptive Test con-
tains 137 questions, which are selected based on the answer to the 
preceding question. The stopping rule was set for 10 questions.

Cognitive functioning was assessed with the Montreal Cognitive 
Assessment (range, 0–30; <26 indicating impaired cognitive func-
tion).28 The Checklist for individual strength—fatigue assesses the 
amount of fatigue using 8 items. Each item is rated on a 7-point 
Likert-scale (range, 8–56, >40 represents severely fatigued).29 
Anxiety and depression were assessed with the Hospital Anxiety and 
Depression Scale (range, 0–21, ≥8 presence of depression or anxiety 
symptoms).30 The Hospital Anxiety and Depression Scale consists 
of 14 items, 7 about anxiety and 7 about depression. Each question 
has a 4-point rating scale (0–3). Self-efficacy was evaluated with the 
Self-Efficacy for Symptom Management Scale which consists of 13 
items (range, 13–130, <115 indicates low/moderate self-efficacy).31 
Passive coping was assessed with the subscale of the Utrecht Coping 
List-Passive reaction pattern (range, 0–28, <16 indicates high passive 
coping),32 consisting of 7 questions with a 4-point Likert scale. All 
measurement tools used were valid and reliable.

Data Analysis
Data were analyzed with SPSS version 25.0. Principal component 
analysis (PCA) was used to compress the information on movement 
behavior variables to a lower subspace, resulting in components 
accounting for the desired variance in 60% of the data.33 Movement 
behavior variables were standardized using z-scores and contributed 
to one or more components. The compressed components were used 
to identify the patterns using the k-means clustering algorithm.33 
K-means clustering defines that each individual can only be allocated 

into one pattern only by identifying cluster centers using repeated 
iteration. In this study, a maximum of ten iterations was used.33 The 
number of patterns was determined based on the interpretability of 
the patterns and a scree plot.33

Descriptive variables were presented. Differences between the 
patterns were evaluated using ANOVA, the Kruskal-Wallis test (non-
normally distributed variables), or the χ2 test (categorical and nominal 
data). Post hoc analyses were performed for multiple comparisons. 
Differences between 2 patterns were evaluated with the independent 
t test, a Mann-Whitney U test for non-normally distributed variables 
or a χ2 test in cases of categorical and nominal data. Statistical signif-
icance was set at P<0.05.

To determine factors associated with a single movement beha-
vior pattern, logistic regression analyses were performed. Odds ratios 
were calculated to identify candidate factors using univariate analy-
ses. The related variables were tested for multicollinearity (Pearson 
r<0.70) and effect modification (variance inflation factor >4).34 
Significantly associated variables (P<0.1) were entered in multiple 
backward logistic regression analysis.

Results
In total, 200 participants were included (Figure). The move-
ment behavior data of 10 participants were missing. Therefore, 
190 participants were included in the analysis. The partici-
pants’ characteristics are presented in Table 1. The mean age 
at onset of stroke was 68.1 years, 64.7% were male, 91.5% 
had an infarction, 54.2% had minor stroke symptoms, and 
73.7% of the participants were discharged directly to the 
home setting.

The accelerometer was worn 90.4% of all days. The mean 
wear time was 13.7 hours per day. The mean sedentary time 
per day was 9.3 hours (67.8%), LPA, 3.8 hours (27.7%), and 
MVPA 0.6 hours (4.6%). The weighted median sedentary bout 
length was 22.1 minutes and MVPA accumulated in bouts >10 
minutes was 13.8 minutes per day.

Through the use of using PCA, 3 components were identified 
accounting for 88% of the variance. The first component (58% 
of the variance) included mean sedentary time, mean sedentary 

Figure. Flow diagram of participants.
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time in bouts ≥5 minutes, mean time LPA, mean sedentary time 
in bouts ≥30 minutes, and mean sedentary time in bouts ≥60 
minutes. The second component (18% of the variance) included 
mean time MVPA and mean time MVPA in bouts ≥10 min-
utes, and the third component (11% of the variance) included 
weighted median sedentary bout length, maximum sedentary 
bout, and fragmentation index. Scatterplots are presented in 
Figure IA through IC in the online-only Data Supplement.

Three movement behavior patterns were identified. The 
characteristics of these patterns are presented in Table 1, and 
movement behavior differences between individual patterns 
in Table 2. The results of the univariate analyses per pat-
tern are presented in the online-only Data Supplement. The 
results of the multiple logistic regression analyses per pat-
tern are shown in Table 3.

Pattern 1 (n=43; 22.6%), sedentary exercisers, was 
characterized by interrupted sedentary and active patterns. 
Participants assigned to pattern 1 were less sedentary (9.0 
hours±1.6), had interrupted sedentary time, and reached suffi-
cient amounts of MVPA (0.7 hours per day in bouts ≥10 min-
utes). Factors associated were younger age, fewer pack-years, 
light drinking, and fewer activity limitations.

Pattern 2 (n=87; 45.8%) sedentary movers were char-
acterized by interrupted sedentary and inactive patterns. 
Participants assigned to pattern 2 showed similar results re-
garding total sedentary time and interrupted sedentary time 
but did not reach sufficient amounts of MVPA during the day 
(<0.5 hours per day in MVPA bouts ≥10 minutes). Factors as-
sociated were less severe symptoms of stroke, higher activity 
limitations, and higher levels of self-efficacy.

Pattern 3 (n=60; 31.6%), sedentary prolongers, was char-
acterized by a prolonged and highly sedentary and inactive 
pattern. Participants assigned to pattern 3 were sedentary 10.7 
hours±1.4 per day, had long prolonged sitting bouts and insuf-
ficient amounts of MVPA during the day. Factors associated 
with sedentary prolongers were more pack-years, lower levels 
of self-efficacy, and more severe stroke symptoms.

Discussion
This study is the first to investigate movement behavior pat-
terns during waking hours, instead of single aspects of move-
ment behavior. Our results indicated that the distribution of SB, 
as well as the accumulation of SB (interrupted or prolonged 
SB), LPA, and MVPA differed during waking hours within the 
sample, resulting in sedentary exercisers, sedentary movers, 
and sedentary prolongers. Although sedentary exercisers were 
physically active, they were still sedentary for almost 10 hours 
per day. This finding confirms the indication that MVPA and 
SB are 2 independent behaviors. Therefore, research should 
focus on movement behavior patterns instead of the separate 
aspects of movement behavior (eg, MVPA or SB only).

The comparison of SB between studies is difficult be-
cause in most studies, sleeping time was included in seden-
tary time.35 However, the recently introduced definition of SB 
excludes sleeping time.9 Only one study investigated SB ex-
cluding sleeping time in people with stroke36; this study found 
eight percent more SB during waking hours than our results. 
However, only participants who received inpatient rehabilita-
tion were included. Those participants had more severe stroke 

symptoms and had comparable characteristics and movement 
behavior outcomes to the sedentary prolongers in our sample. 
When comparing our results to a general older population 
in the Netherlands, participants in all 3 movement behavior 
patterns in our study were more sedentary than age-matched 
peers, especially sedentary prolongers who showed far more 
sedentary time.37 Additionally, sedentary movers and seden-
tary prolongers demonstrated lower levels of MVPA. In line 
with other literature, people with stroke in the Netherlands 
seem to be more sedentary and, in general, more inactive than 
healthy peers.6,37

More research is needed regarding the accumulation 
of SB. Prolonged SB is an independent factor for increased 
health risks, but clear cut-off values are lacking.38 In general, 
it seems that the participants in this cohort, except for the sed-
entary prolongers, were interrupting their SB. As a result of 
the absence of MVPA, the high amount of SB and the accu-
mulation of their SB, sedentary prolongers are at high risk for 
negative health consequences.

Important associating factors were found. The level of 
self-efficacy clearly discriminates between sedentary mov-
ers and sedentary prolongers. Therefore, lower self-efficacy 
might be an important target for future interventions to re-
duce prolonged SB. A lower age was associated with the 
sedentary exercisers. Older age has been associated with low 
MVPA levels in people with stroke.39 Earlier research in an 
elderly population showed that age was a predictor for low 
MVPA levels but not for the amount of LPA.40 Therefore, al-
though sedentary prolongers are older, higher levels of LPA 
seem to be feasible. Additionally, sedentary prolongers had 
significantly more severe stroke symptoms. It seems evident 
that people with stroke who suffer from physical impairments 
have more difficulties in being physically active. However, 
more research is needed to explore the cause of a movement 
behavior pattern in people with stroke. Since the strongest 
associating factor with sedentary prolongers was low amounts 
of self-efficacy, further exploration of personal and psycho-
logical factors is needed.

To identify movement behavior patterns, 10 outcomes 
were used based on the recommendations of Byrom et al.18 
Not all 10 outcomes seem to be relevant when monitoring in 
daily practice. SB, LPA, and MVPA should be measured to 
objectify the distribution during waking hours.9 Mean time 
MVPA in bouts ≥10 minutes should be included because 
people are classified as active when they spend 150 minutes 
per week in MVPA in bouts ≥10 minutes, according to the 
World Health Organization.5 To distinguish between pro-
longed and interrupted SB, the weighted median sedentary 
bout length seems to be the most meaningful outcome and is 
sensitive to change over time.35

Both the associated factors and movement behavior pat-
terns give direction for future interventions and clinical prac-
tice. Identifying movement behavior patterns will make it 
possible to offer individuals physical activity options that are 
tailored to their needs and preferences to maximize health 
benefits for individuals. Healthcare professionals should focus 
on how to interrupt and decrease SB for sedentary exercisers 
and sedentary movers to reach an optimal level of movement 
behavior. In addition to reducing SB, the health benefits of 
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Table 1. Participant Characteristics and Characteristics per Movement Behavior Pattern Expressed as Mean±SD, Median (IQR), or n (%)

Characteristics Total Group (n=190)
Sedentary Exercisers 

(n=43)
Sedentary Movers 

(n=87)
Sedentary Prolongers 

(n=60)
P Value Between 

Groups

Demographic characteristics

    Age, y 68.1±11.0 63.4±10.0 69.1±11.7 70.0±9.7 <0.05*,‡

    Sex, male 123 (64.7) 35 (81.4) 49 (56.3) 39 (65.0) <0.05*

    High education level 58 (30.5) 19 (44.2) 21 (24.1) 18 (30.0) 0.10

    BMI 26.1±3.8 25.3±3.6 26.5±4.0 26.3±3.7 0.24

    Pack-years 7.5 (0–30.0) 3.2 (0–18.8) 6.0 (0–27.0) 18.4 (0–34.5) <0.05†,‡

    Drinking alcohol 107 (56.3) 34 (79.1) 43 (49.4) 30 (50.0) <0.001*,‡

    Sufficient PA prestroke 129 (67.9) 34 (79.1) 61 (70.1) 26 (43.3) <0.001†,‡

    Comorbidities (CIRS) 3 (1–5) 2 (0–4) 3 (2–5) 3 (0–5) <0.05‡

    Living together 145 (76.3) 31 (72.1) 64 (74.2) 50 (83.3) 0.34

Stroke characteristics

    Infarction 174 (91.6) 40 (93.0) 79 (90.8) 55 (91.7) 0.83

    Side of stroke, left 100 (52.6) 25 (55.8) 42 (48.3) 34 (56.7) 0.97

    Stroke severity (NIHSS) 0.59

    No symptoms (0) 26 (13.0)  6 (14.0)  13 (14.9) 7 (11.7)  

    Minor stroke symptoms (1–4) 110 (55.0) 23 (53.5) 51 (58.6) 32 (53.3)  

    Moderate-to-severe stroke symptoms (≥5) 64 (32.0) 14 (32.6) 23 (26.4) 21 (35.0)  

Care characteristics

    Discharge destination 0.70

    Home 140 (73.7) 34 (79.1) 66 (75.9) 40 (66.7)  

    Rehabilitation 23 (12.1) 4 (9.3) 10 (11.5) 9 (15.0)  

    Geriatric rehabilitation 27 (14.2) 5 (11.6) 11 (12.6) 11 (18.3)  

Physical functioning

    Activity limitations (LLFDI) 56.5±11.4 64.4±8.8 54.6±11.5 53.6±10.6 <0.001*,‡

    Balance (BBS) 51.9±6.5 55.1±2.2 51.3±6.4 50.5±7.9 0.001*,‡

    Limited community walker (<0.93 m/s) 79 (41.6) 5 (11.6) 48 (55.2) 30 (50.0) <0.001*,‡

Psychological and cognitive factors

    Cognitive function (MOCA) 0.52

    Impaired cognition 114 (60) 27 (62.8) 51 (58.6) 36 (60.0)  

    Fatigue score (n=189; CIS-f) 0.06†,‡

    Severely fatigued 71 (37.9) 11 (25.5) 31 (35.6) 29 (48.3)  

    Symptoms of depression 37 (18.5) 3 (7.0) 19 (21.8) 12 (20.0) 0.10*

    Symptoms of anxiety 34 (17.0) 10 (23.3) 16 (18.6) 8 (13.3) 0.44

    Self-efficacy (n=189; SESx) <0.05†,‡

       High self-efficacy 28 (14.7) 7 (16.3) 18 (19.5) 3 (5.6)  

       Low/moderate self-efficacy 161 (85.2) 36 (83.7) 74 (80.4) 47 (94.4)  

    Passive coping (n=189; UCL-P) 10.9±4.1 10.5±3.8 9.9±2.7 10.8±4.0 0.25

    Moderate passive coping  6 (13.9) 6 (6.9) 7 (11.7) 0.39

5MWT indicates 5-Meter Walk Test; BBS, Berg Balance Scale; BMI, body mass index; CIRS, Cumulative Illness Rating Scale; CIS-f, Checklist Individual Strength-fatigue 
subscale; HADS, Hospital Anxiety and Depression Scale; IQR, interquartile range; LLFDI, Late-Life Function and Disability Instrument Computerized Adaptive Test; m/s, 
meters per second; MI, motricity index; MOCA, Montreal Cognitive Assessment; NIHSS, National Institutes of Health Stroke Scale; PA, physical activity; PT, physiotherapy; 
SESx, Self-Efficacy for Symptom Management Scale; SIS, Stroke Impact Scale; SSL, Social Support List; and UCL-P, Utrecht Coping List-Passive reaction pattern.

*Statistically significant differences between patterns 1 and 2.
†Statistically significant differences between patterns 2 and 3.
‡Statistically significant differences between patterns 1 and 3.
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MVPA should not be overlooked. Sedentary movers should 
be encouraged to reach sufficient amounts of MVPA, and 
sedentary exercisers should maintain their MVPA levels. For 
sedentary prolongers, a focus on interrupting and decreasing 
SB seems to be a more achievable goal. Changing sedentary 
daily routines with at least LPA, for example, walking in their 
own environment or making their own coffee, could lead to a 
reduction in SB. Personalized movement behavior profiling is 
essential to tailor future coaching interventions. Since behav-
ioral change is needed, interventions should be theory driven 
and include at least important behavior change techniques 
such as self-monitoring of behavior, personalized feedback 
within the context of the individual, and action planning.41

A strength of our study was the use of a thigh worn ac-
celerometer that allowed detailed analyses and identification 
of movement behavior patterns. Participants wore the device 
for 14 days. This method accurately reflected the habitual 

movement behavior of people with first-ever stroke. In general, 
our sample had slow to normal waking speeds. A previous 
study found that the Activ8 is a valid measurement tool for a 
free-living population comparable to our sample.17 Therefore, 
the results derived from the Activ8 are reliable and accurate. 
We investigated movement behavior as time spent sedentary, 
in LPA and in MVPA. These movement behavior outcomes are 
based on METs, and these measures were determined in healthy 
people. Therefore, it could be that LPA levels were overesti-
mated and MVPA levels were underestimated.42 However, in 
one study, no significant differences in energy expenditures 
were found between people with stroke and healthy controls 
when using self-selected speeds.43 These findings indicate that 
classification during the day was probably correct as most 
people walk at a self-selected speed. Additionally, participants 
in our study mainly had mild stroke symptoms supporting the 
hypothesis that the estimated levels of PA are probably correct. 

Table 3. Associated Factors per Movement Behavior Pattern Using Multiple Logistic Regression

Sedentary Exercisers Sedentary Movers Sedentary Prolongers

OR* 95% CI P Value OR* 95% CI P Value OR* 95% CI P Value

Lower age 1.049 1.007–1.094 0.023       

Less severe stroke symptoms    1.093 1.007–1.186 0.034 0.915 0.848–0.988 0.024

Fewer pack-years 1.028 1.003–1.055 0.030    0.980 0.965–0.995 0.010

Light drinking 3.994 1.609–9.918 0.003       

Lower physical functioning 0.942 0.899–0.987 0.013 1.041 1.010–1.073 0.009    

Higher level of self-efficacy    3.232 1.313–7.941 0.011 0.288 0.090–0.919 0.035

OR indicates odds ratio.
*Odds ratio >1 indicates higher odds for that particular movement pattern than both other movement behavior patterns.

Table 2. Participant Movement Behavior Outcomes and Movement Behavior Outcomes per Pattern

Movement Behavior Outcome Mean 
(SD) Total Group (n=190)

Sedentary Exercisers 
(n=43)

Sedentary Movers 
(n=87)

Sedentary Prolongers 
(n=60)

P Value Between 
Patterns

Sedentary behavior (h/d) 9.3 (1.8) 9.0 (1.6) 8.4 (1.5) 10.7 (1.4) <0.01†,‡

Percentage sedentary behavior 67.6 (11.1) 63.6 (8.7) 62.6 (9.9) 77.6 (5.5) <0.01†,‡

LPA (h/d) 3.8 (1.5) 3.8 (1.2) 4.6 (1.5) 2.7 (0.8) <0.01†,‡

Percentage LPA 27.7 (10.8) 26.7 (8.2) 34.2 (10.2) 19.7 (5.2) <0.01*,†,‡

MVPA (h/d) 0.6 (0.5) 1.4 (0.4) 0.4 (0.3) 0.4 (0.3) <0.01*,‡

Percentage MVPA 4.6 (3.5) 9.7 (2.6) 3.2 (2.1) 2.8 (1.9) <0.01*,‡

Sedentary bouts ≥5 min (h/d) 6.4 (1.7) 5.9 (1.1) 5.6 (1.3) 8.1 (1.1) <0.01†,‡

Sedentary bouts ≥30 min (h/d) 4.0 (1.7) 3.2 (1.0) 3.2 (1.0) 5.9 (1.1) <0.01†,‡

Sedentary bouts ≥60 min (h/d) 2.0 (1.4) 1.3 (0.8) 1.4 (0.8) 3.5 (1.2) <0.01†,‡

MVPA bouts ≥10 min (h/d) 0.2 (0.3) 0.7 (0.3) 0.1 (0.1) 0.1 (0.1) <0.01*,‡

Weighted median sedentary bout 
length (min)

22.1 (13.6) 15.41 (7.6) 15.6 (7.4) 36.3 (13.2) <0.01†,‡

Maximum sedentary bout (min) 134.3 (47.8) 121.1 (38.6) 114.9 (30.8) 171.9 (52.4) <0.01†,‡

Fragmentation index 1.9 (0.3) 2.1 (0.2) 2.1 (0.2) 1.6 (0.2) <0.01†,‡

Wear time 13.7 (1.4) 14.1 (1.5) 13.4 (1.3) 13.7 (1.6) 0.03*

LPA indicates light physical activity; and MVPA, moderate-vigorous physical activity.
*Statistically significant differences between patterns 1 and 2.
†Statistically significant differences between patterns 2 and 3.
‡Statistically significant differences between patterns 1 and 3.
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Nevertheless, more research is needed regarding energy ex-
penditure and the intensity of MVPA in people with stroke.42

Conclusions
The majority of people with stroke are inactive and sedentary. 
Three different movement behavior patterns in people with 
stroke were identified: sedentary exercisers, sedentary movers 
and sedentary prolongers. The identified movement behavior 
patterns confirm the hypothesis that an individually tailored 
approach might be warranted with movement behavior coach-
ing by health care professionals, based on objectively monitor-
ing the individuals’ movement patterns and associated factors.
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