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Objective: To determine the incidence of physical
inactivity and factors prior to stroke and in acute
stroke that are associated with physical inactivity 1
year after stroke

Design: Prospective longitudinal cohort

Patients: A total of 190 consecutively included indi-
viduals with acute stroke

Methods: A follow-up questionnaire, relating to
physical activity level using the Saltin-Grimby
Physical Activity Scale, was sent to participants in
the Fall Study of Gothenburg 1 year after stroke.
Predictors of physical inactivity at baseline were
identified using univariable and multivariable logis-
tic regression analyses.

Results: Physical inactivity 1 year after stroke was
reported by 70 (37%) of the 190 patients who
answered the questionnaire and was associated with
physical inactivity before the stroke, odds ratio (OR)
4.07 (95% confidence interval (95% CI) 1.69-9.80,
p=0.002); stroke severity (assessed by National In-
stitutes of Health Stroke Scale (NIHSS), score 1-4),
OR 2.65 (95% CI) 1.04-6.80, p=0.042) and fear of
falling in acute stroke, OR 2.37 (95% CI 1.01-5.60,
p=0.048).

Conclusion: Almost 4 in 10 participants reported
physical inactivity 1 year after stroke. Physical in-
activity before the stroke, stroke severity and fear
of falling in acute stroke are the 3 main factors that
predict physical inactivity 1 year after stroke.
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hysical activity has been defined by the World
Health Organization (WHO) as ”any bodily mo-
vement produced by skeletal muscles that requires
energy expenditure” (1). In November 2020, the WHO
published updated guidelines for physical activity
with the key message that we should become more

(LAY ABSTRACT )
After a stroke, there is a risk of becoming physically in-
active, which could affect one’s health. In order to create
a rehabilitation plan with individualized preventive ac-
tions and interventions against physical inactivity, it is
important, early after stroke onset, to identify patients
who are at risk of becoming physically inactive. Previous
studies of the early prediction of physical inactivity are
few in number, with small sample sizes. This research
on 190 individuals describes which factors prior to and
in acute stroke (which is the first week after stroke) are
associated with physical inactivity 1 year after stroke.
The results showed that physical inactivity before stroke,
stroke severity, and a fear of falling in acute stroke are

\associated with physical inactivity 1 year after stroke. )

physically active, regardless of age and function.
According to these new guidelines, at least 150-300
min of accumulated physical activity of moderate to
vigorous intensity every week are recommended for
adults. As physical activity affects our bodies and
minds, with a beneficial outcome for all ages and va-
riabilities, these guidelines are important (2). However,
25% of adults worldwide have been reported not to be
physically active enough (3). As aresult, after a stroke,
compliance with the guidelines for physical activity
can be even more difficult and the risk of becoming
physically inactive can be greater compared with those
who have not had a stroke (4—10). A review of 26
studies showed that balance (postural control), degree
of physical fitness and walking ability are associated
with a higher physical activity level after stroke (4).
The sample sizes in the review were generally small,
with an age range of 65—75 years. In some studies,
the inclusion of the participants was not reported or
occurred long after stroke onset (4). In a more recent
meta-analysis, physical inactivity was associated with
higher age, male sex, low physical function, depres-
sion, fatigue, low self-efficacy and poor quality of life
(11). However, in only 7 of the 21 studies included,
the main aim was to study physical activity level (11).
In a small study based on 77 individuals, functional
dependence, older age and previous low physical
activity level were found to be early determinants of
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physical inactivity 1 year after stroke (12). The primary
driver of this study was to target the knowledge gap
related to small sample sizes and few studies based
on early prediction, to confirm previous analyses, to
increase the confidence in estimates, and to reduce
the uncertainty. To enable the early identification of
individuals at risk of becoming physically inactive
post-stroke and to create individualized rehabilitation
plans with preventive actions and interventions against
physical inactivity, finding the determinants of physical
inactivity is of great clinical interest.

The aim of this study was to determine the incidence
of physical inactivity and factors prior to stroke and
in acute stroke that are associated with the occurrence
of physical inactivity 1 year after stroke. Based on
previous research on the early prediction of physical
inactivity 6 months after stroke, established in parts
of the current population, we hypothesized that a low
physical activity level prior to the stroke, stroke sever-
ity, the number of drugs and impaired postural control
in acute stroke are associated with physical inactivity
1 year post-stroke (13).

METHODS

This study forms part of the Fall Study of Gothenburg (Falls-
GOT), with a prospective longitudinal cohort design, which
was conducted between October 2014 and June 2016 (14). The
main study in FallsGOT aimed to identify variables associated
with falls after stroke, and consecutively included 504 patients
(14). The inclusion criteria were: 18 years or older, a stroke
diagnosis (any of the International Classification of Diseases
(ICD) codes 160, 161 and 163), and admission to a stroke unit
at Sahlgrenska University Hospital (SU)/Ostra in Gothenburg,
Sweden. Patients with both first and recurrent strokes were
included. The exclusion criteria were those who were unwill-
ing to be part of the project, and patients in a palliative stage.
Patients who were being considered for thrombectomy and/or
thrombolysis were not admitted to the stroke unit at SU Ostra,
and were therefore not included in the study.

Ethics approval was obtained from the Swedish Ethical
Review Authority in Gothenburg on 25 February 2014 (ref.
004-14) and 9 April 2015 (ref. T301-15, Ad 004-14). Prior to
participation in the study, written and oral informed consent
was obtained from all participants. FallsGOT was registered at
ClinicalTrials.gov (identifier: NCT02264470).

The current study is based on the 190 individuals from Falls-
GOT who received and answered a postal questionnaire on
self-reported physical activity level 1 year after stroke using the
Saltin-Grimby Physical Activity Scale (SGPALS) (15, 16). The
participants were instructed to select 1 of 4 response options in
the SGPALS: 1=physically inactive, 2 =light physical activity
(e.g. walking for at least 3 h a week), 3=moderate physical
activity for at least 3 h a week, and 4=hard physical activity.
The dependent variable, physical inactivity, was defined as
SGPALS score 1 and physical activity as SGPALS score 2—4.
If the participant did not reply, 1 additional request for study
participation was sent by post.

The independent variables (all registered at the stroke unit
12 months earlier) were: age; sex; stroke severity; self-rated
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physical activity level prior to the stroke; fear of falling; postural
control (17); use of a walking aid; number of drugs taken and
diabetes mellitus.

To assess fear of falling, the participants were asked the
following question: ”Are you afraid of falling? (yes/no)”.
Postural control was assessed by a physiotherapist using a
12-item ordinal clinical outcome measurement, the modified
version of the Postural Assessment Scale for Stroke Patients
(SwePASS) (18-23). In the SwePASS, each item is scored from
0 to 3. A higher score indicates better postural control. The
physiotherapist also assessed postural control using tandem
standing, 1 item on the Berg Balance Scale (BBS) (17).
Tandem standing is scored from 0 to 4. A higher score indicates
better postural control. The National Institutes of Health Scale
(NIHSS) was used to assess the severity of the stroke and was
performed by a trained nurse (24). The NIHSS scores range
from 0 to 42, where 0 indicates no stroke symptoms and 42
indicates a severe stroke.

The independent variables were collected within the first 4
days after admission to the stroke unit, with the exception of the
number of drugs, which was registered specifically on day 4 or
on the day of a fall, if a fall occurred before that. Data relating
to the dependent and independent variables were retrieved from
the patients’ medical records.

Data analysis

Any association between the dependent variable, physical
inactivity at 1 year after stroke, and the independent variables
was analysed using univariable and multivariable logistic reg-
ression using the Statistical Package for the Social Sciences
(SPSS) version 25 (IBM Corp., Armonk, NY, USA). Variables
that were significant in the univariable analyses were selected
to be included in the final multivariable analysis. In the uni-
variable analysis a value <0.10 was considered significant,
and these values were therefore included in the multivariable
analysis. Multicollinearity was assessed in a regression model,
to exclude any correlation between the independent variables
and the strength of that correlation.

For continuous variables, the means and standard deviations
(SD) (medians and interquartile ranges (IQRs)) were given,
while numbers and percentages were given for categorical
data. For ordinal data, medians and IQRs were used. To test
the goodness of fit of the multivariable logistic model, the
Hosmer—Lemeshow test, Cox and Snell and Nagelkerke pseudo
R? were used (25). The odds ratios (ORs) with 95% confidence
intervals (95% Cls) and the area under the receiver operating
characteristic (ROC) curve were used. The significance level
was set at a p-value <0.05.

RESULTS

The enrolment process is shown in Fig. 1. A total of
190 participants (90 females; 47%) were included. The
baseline characteristics of these participants are shown
in Table I. Before stroke onset, 50% of participants
reported being physically inactive. After 1 year, the
corresponding proportion was 37%. The respondents
were older (p=0.007) and had ischaemic heart disease
(»=0.036) to a greater extent compared with non-
respondents. Smoking was more common among the
non-respondents (p=0.022).
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Main population of
The Fall Study of Gothenburg, —» Died in hospital, before discharge, =14
n=504

Died after discharge and before the follow-
up at one year after stroke onset, n=54

Matched the inclusion criteria and
were sent a questionnaire,
n=436

» Did not reply to the questionnaire, n=246

A\

Replied to the questionnaire and were
included in the analyses,
n=190

Fig. 1. Enrolment process.

The results of the univariable and multivariable
logistic regression analyses are shown in Table I1. The
variables that were statistically significant in the uni-
variable analysis were: age; stroke severity (NIHSS);
physical activity level before the stroke; postural
control (SwePASS total score and tandem standing);
fear of falling; number of drugs; use of walking aid
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and diabetes mellitus. In the multivariable analysis, the
statistically significant variables that were associated
with being physically inactive 1 year after stroke were:
physical inactivity before the stroke, OR 4.07 (95% CI
1.69-9.80, p=0.002); stroke severity (NIHSS 1-4), OR
2.65 (95% CI 1.04-6.80, p=0.042); and fear of falling
in acute stroke, OR 2.37 (95% CI 1.01-5.60, p=0.048).

DISCUSSION

In this sample of 190 individuals, we aimed to deter-
mine the incidence of physical inactivity 1 year after
stroke, using a single question. Factors prior to the
stroke and in the acute setting that were associated with
the occurrence of physical inactivity 1 year after stroke
onset were also identified. Almost 4 in 10 participants
reported being physically inactive 1 year after stroke,
and our hypothesis that a low level of physical activity
prior to the stroke and stroke severity in acute stroke
were associated with physical inactivity 1 year after
stroke was confirmed. However, our hypothesis that
the number of drugs and impaired postural control in
acute stroke were associated with physical inactivity
1 year post-stroke was rejected. Instead, physical in-

Table I. Demographic characteristics at baseline, in the acute phase of stroke, for all participants, those that reported being physically
inactive or physically active at 1 year after stroke onset and for non-respondents

All participants Physically inactive

Physically active

Non-respondents

Characteristics (N=190) (N=71) (N=119) (N=246)
Age, median (IQR) [min-max] 77 (69-84) [41-104] 79 (72-87) [53-104] 75 (66-83) [41-98] 75 (65-83) [39-95]
Female sex, n (%) 90 (47.4) 34 (47.9) 56 (47.1) 125 (50.8)

NIHSS, median (IQR) [min-max]

1 (0-3) [0-21] n=170 3 (1-4) [0-21] n=63

Previous physical activity (SGPALS), n (%)

1 (0-3) [0-14] n=107

1 (0-3) [1-19] n=232
n=244

Physically inactive 95 (50) 56 (78.9) 39 (32.8) 138 (56.6)
Light-moderate PA 84 (44.2) 14 (19.7) 70 (58.8) 97 (39.8)
Regular-hard PA 11 (5.8) 1(1.4) 10 (8.4) 9 (3.7)

SwePASS total score, median (IQR) [min-max]

Fear of falling, n (%)

30 (26-33) [0-36] n=189
80 (44) n=182

26 (20-30) [0-36]
43 (65.2) n=66

30 (30-35) [0-36] n=118
37 (31.9) n=116

29 (24-32) [0-36] n=242
123 (53.2) =231

Tandem standing, n (%) n=240

Loses balance 80 (42.1) 43 (60.6) 37 (31.1) 107 (44.6)

Needs help 3(1.6) 2(2.8) 1(0.8) 6 (2.5)

Independent standing 15 s 25 (13.2) 8 (11.3) 17 (14.3) 35 (14.6)

Independent standing 30 s 53 (27.9) 10 (14.1) 43 (36.1) 59 (24.6)

Independent tandem standing 30 s 29 (15.3) 8 (11.3) 21 (17.6) 33 (13.8)
Number of drugs, median (IQR) [min-max] 6 (4-8) [0-21] 7 (5-9) [1-21] 6 (4-7) [0-14] 6 (4-8) [0-17]
Use of walking aid, n (%) 72 (37.9) 34 (47.9) 38 (31.9) 113 (45.9)
Diabetes mellitus, n (%) 45 (23.7) 26 (36.6) 19 (16) 52 (21.1)
Atrial fibrillation, n (%) 41 (21.6) 18 (25.4) 23 (19.3) 68 (27.6)
Congestive heart failure, n (%) 17 (8.9) 8 (11.3) 9 (7.6) 25 (10.2)
Ischaemic heart disease, n (%) 48 (25.3) 18 (25.4) 30 (25.2) 42 (17.1)
Current smoker, n (%) 32 (17.1) n=187 18 (25.7) n=70 14 (12) n=117 61 (27.7) n=220
Previous stroke, n (%) 61 (32.1) 26 (36.6) 35(29.4) 60 (24.4)
Ischaemic stroke, n (%) 176 (92.6) 66 (93) 110 (92.4) 233 (94.7)
OCSP classification, n (%) n=245

Total anterior circulation infarction 4 (2.1) 2(2.8) 2(1.7) 5(2)

Partial anterior circulation infarction 51 (26.8) 21 (29.6) 30 (25.2) 88 (35.9)

Lacunar infarction 75 (39.5) 29 (40.8) 46 (38.7) 77 (31.4)

Posterior circulation infarction 60 (31.6) 19 (26.8) 41 (34.5) 75 (30.6)
Length of stay, days, mean (SD), median (IQR) 10.7 (9.7) 7 (4-14) 15.1 (11.8) 13 (5-22) 8.1 (7.1) 6 (4-9) 12.3 (11.2) 8 (5-14.3)
Fall at the stroke unit, n (%) 23 (12.1) 15 (21.1) 8 (6.7) 28 (11.4)

NIHSS: The National Institutes of Health Stroke Scale; PA: physical activity; SPGALS: Saltin-Grimby Physical Activity Level Scale; SwePASS: Swedish modified
version of the Postural Assessment Scale for Stroke Patients; MoCA: Montreal Cognitive Assessment; OCSP: Oxfordshire Community Stroke Project; SD; standard
deviation; IQR: interquartile range.
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Table II. Univariable and multivariable logistic regression analysis for prediction of physical inactivity 1 year after stroke

Univariable analysis®

Multivariable analysis®

Physically inactive at 1 year

Physically inactive at

Area under ROC 1 year

Variables *  Value Odds ratio (95% CI) p-value curve (95% CI) Odds ratio (95% CI) p-value
Age 0 1.05 (1.02-1.08) 0.002 0.63 (0.54-0.71)
Sex 0 Female (Ref.) 1
Male 0.97 (0.54-1.74) 0.912 0.50 (0.41-0.58)
NIHSS score 20 0 (Ref.) 1 1
1-4 2.40 (1.15-5.02) 0.02 0.63 (0.55-0.72) 2.65 (1.04-6.80) 0.042
>4 4.27 (1.59-11.50) 0.004 2.13 (0.59-7.71) 0.248
Physical activity prior to 0 Active (SGPALS 2-4) (Ref.) 1 1
stroke Inactive (SGPALS 1) 7.68 (3.86-15.20) <0.001 0.27 (0.2-0.34) 4.07 (1.69-9.80) 0.002
SwePASS score 1 31-36 (Ref.) 1
25-30 2.96 (1.41-6.20) 0.004
0-24 10.11 (4.20-24.35) <0.001 0.72 (0.64-0.80)
Fear of falling 8 No (Ref.) 1 1
Yes 3.99 (2.11-7.57) <0.001 0.67 (0.58-0.75) 2.37 (1.01-5.60) 0.048
Tandem standing 0 Good ability (Ref.) 1
Moderate ability 4.21 (2.14-8.30) <0.001
Bad ability 1.67 (0.62-4.50) 0.308 0.33 (0.25-0.41)
Number of drugs 0 0- <5 (Ref.) 1
5-<8 2.43 (1.07-5.51) 0.034
8-21 5.34 (2.34-12.17) <0.001 0.67 (0.59-0.75)
Use of walking aid 0 No (Ref.) 1
Yes 1.96 (1.07-3.59) 0.029 0.58 (0.50-0.66)
Diabetes mellitus 0 No (Ref.) 1
Yes 3.04 (1.53-6.05) 0.002 0.60 (0.52-0.69)

aAll tests are performed with univariable logistic regression.
PMultivariable logistic regression model

*n-missing; 95% CI: 95% confidence interval; NIHSS: National Institutes of Health Stroke Scale; SGPALS: Saltin-Grimby Physical Activity Scale; SwePASS:
Swedish modified version of the Postural Assessment Scale for Stroke Patients.The odds ratio (OR) is the ratio for the odds of an increase in the predictor of 1 unit.
The OR and the area under the receiver operating characteristic (ROC) curves with 95% confidence interval (95% CI) are based on original values and not on

stratified groups.

The final model was based on 165 cases and had an area under the ROC curve of 0.85 (0.79-0.91). The value for the Cox & Snell R? was 0.32 and for the

Nagelkerke R20.43. The Hosmer-Lemeshow test showed a significance of 0.57.

activity was also associated with a fear of falling in
acute stroke.

The knowledge acquired from this study is of clini-
cal importance at the stroke unit to enable the early
identification of patients at risk of becoming physically
inactive, to improve the planning of individualized
rehabilitation, and to prevent a further stroke. In ad-
dition, it is also important for professionals in purely
preventive healthcare. The area under the ROC curve
for the final model in the multivariable analysis indi-
cates that the model is excellent as a diagnostic test
(25). The Cox & Snell R? and Nagelkerke R? values
for the final logistic regression model indicate that
the final model constitutes a significant explanation
of physical inactivity.

Compared with adults worldwide, where, according
to the WHO, 25% report not being physically active
enough (3), the proportion of physically inactive adults
in the current study population was twice as high prior
to stroke. Nevertheless, it is worth noting that the pro-
portion of physically inactive participants decreased
from 50% prior to stroke to 37% 1 year after stroke.
Despite having a stroke, the fact that 24 individuals
reported an increased level of physical activity is
positive, although an even higher figure would have
been desirable. The fact that the physical activity level
increased from prior to the stroke to 1 year after the
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stroke is in line with previous research (26). The stroke
event might have led to a lifestyle change towards a
healthier life, such as more training and/or through new
support from a physiotherapist, possibly with physical
activity on prescription as a supplement. None of these
interventions was registered in this current study and,
thus, we are unable to relate or comment on their
impact. For future research, however, it would be of
value and interesting to address this issue.

In this study, participants were included regardless
of stroke severity or using a wheelchair. This might
lead to arisk of bias. It is highly reasonable that greater
stroke severity results in more neurological symptoms;
for example, paresis, which could lead to more diffi-
culty mobilizing, with a subsequent risk of becoming
physically inactive. On the other hand, individuals who
are more immobile than others are likely to have the
same ambition to be more active. However, the ORs for
being physically inactive 1 year after stroke increased
more than 2.6 times for the NIHSS group 1-4 points,
compared with the reference group, an NIHSS score
of 0 points. The finding that physical inactivity before
stroke is associated with stroke severity NIHSS score
1-4, is in line with previous research (27). However,
with greater stroke severity (an NIHSS score of 5 or
more), there was no statistically significant association
with physical inactivity 1 year after stroke.
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The fact that a low level of physical activity before
stroke is associated with physical inactivity 1 year
after stroke is in line with previous findings (12, 28)
and with a recently published paper in which physical
activity levels were said to be influenced by pre-stroke
identity related to physical activity by stroke survivors
(29). As physical inactivity prior to a stroke constitutes
a risk factor for physical inactivity after a stroke, in
parallel with other benefits of physical activity (30),
great attention should be paid to physical activity as
an intervention with high potential.

Fear of falling in acute stroke was associated with
physical inactivity 1 year after stroke. This is in line
with a recent publication (31), in which fear of falling
was considered to be a barrier to aerobic exercise in
individuals with chronic stroke in a developing country
(31). Previous studies have shown a difference between
women and men with regard to fear of falling, and how
fear of falling associates with the risk of falling (14, 32,
33). Women seem to report fear of falling more often
than men (14, 32, 33), while falling after stroke is more
common among men compared with women (32, 33).

In the present study, postural control (SwePASS) was
not associated with low physical activity in the multi-
variable analysis. Thus, the current study contrasts with
the results of FallsGOT at 6 months post-stroke, which
showed that impaired postural control in the acute
phase was the strongest determinant of low physical
inactivity after stroke (13). It can be speculated that
these diverging results might be explained by the fact
that postural control continues to improve during the
first year after stroke (34), while this might not be the
case for fear of falling. The result also contrasts with
previous research, based on 55 women with a mean
age of 74 years, which showed that balance was as-
sociated with self-reported physical activity level in a
multivariable analysis at 1-3 years after stroke (35).
In a previous meta-analysis, male sex was associated
with physical inactivity after stroke (11). No such as-
sociation was found in the current study. The reason
is unclear and cannot be explained by skew, as the
proportion of men and women is almost the same. Nor
were any associations found between age and physical
inactivity after stroke, which is also in contrast to
previous research showing the association between
high age and physical inactivity after stroke (12, 28).

Some limitations should be taken into consideration
in the interpretation of the current results. For more
than half of the potential participants we have no infor-
mation on self-reported physical activity level 1 year
after stroke, since they did not reply to the SGPALS.
Thus, there is a risk that the proportion of participants
being physically inactive after stroke could be biased
by the low response rate at the follow-up. As already
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mentioned, there are statistically significant differences
between the respondents and the non-respondents in
terms of age and in the proportions with ischaemic
heart disease and current smokers.

The fact that patients who needed treatment with
thrombolysis or thrombectomy were not included in
the study constitutes a risk of selection bias. A further
limitation is that the SGPALS has not been validated
specifically for stroke patients. However, the SGPALS
has been validated previously on many elderly patients,
where it shows good psychometric characteristics (36—
38). The SGPALS, which is a self-report questionnaire,
involves only 1 question (36), is inexpensive to use,
and saves time for information on physical activity
level compared with direct observations or the use of
devices such as accelerometers. By using self-reported
data instead of a direct measurement to estimate the
physical activity level, there is a risk of recall and
misclassification bias. Previous research has shown
that studies using a self-reported activity level may
overestimate the activity level compared with direct
measurements (39). If this were the case in the cur-
rent study, the proportion of physical inactivity would
be even higher and it would be even more important
to highlight the problem of physical inactivity after
stroke. In addition, variables other than those examin-
ed, such as support, social activities and self-efficacy,
could be of interest, and might be associated with phys-
ical inactivity after stroke. The strengths of the current
study are the consecutive inclusion, the prospective
design, the recommended and well-defined follow-up
point (40) and the fairly large population size.

In conclusion, 37% of participants in this study
reported being physically inactive 1 year after stroke,
compared with 50% prior to stroke. Physical inactivity
1 year after a stroke was associated with physical inac-
tivity before the stroke, stroke severity (NIHSS score
1-4) and fear of falling in acute stroke. Although this
study has a larger sample size than previous studies
of the early prediction of physical inactivity, a further
study with an even larger sample size and with direct
measurements of physical activity level would be of
interest. It would also be of interest in future studies
to change the focus to identifying factors that predict
a good level of physical activity after stroke.
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