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Objectives: To study sedentary behaviour and phy-
sical activity at 3 months as predictors for symptoms
of depression and anxiety at 1-year post-stroke.
Design: A prospective cohort study.

Patients: Patients with first-ever ischaemic stroke.
Methods: Mood was assessed 3- and 12-months
post-stroke using the Hospital Anxiety and Depres-
sion Scale. Sedentary behaviour and physical acti-
vity were measured using accelerometry 3 months
post-stroke.

Results: A total of 292 participants (116 (39.7%)
females; mean age 71.7 (standard deviation 11.3)
years) were included. At 12 months, 16.7%
experienced depression and 19.5% anxiety, respecti-
vely. Adjusting for age and sex, regression analysis
showed that comorbidity burden (B 0.26; 95% con-
fidence interval (95% CI) 0.02, 0.51; p=0.038),
stroke severity (B 0.22; 95% CI 0.10, 0.35;
p=0.001), functional disability (B 0.89, 95% CI
0.49, 1.30; p=0.000), and global cognition (-0.15;
95% CI -0.25, -0.05; p=0.004) predicted depres-
sion. Multi-adjusted analysis showed sedentary
behaviour and physical activity did not significantly
predict depression or anxiety (p>0.05).
Conclusion: Sedentary behaviour and physical acti-
vity did not significantly predict mood after stroke.
Comorbidity burden, stroke severity, functional
disability, and global cognition were identified as
possible predictors of depression. More research
is needed to determine the impact of physical acti-
vity on depression and anxiety symptoms.
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Depression and anxiety are common sequelae
after stroke and have a major impact on daily
functioning and individual well-being (1, 2). Preva-

(LAY ABSTRACT )

Depression and anxiety are common after stroke. In
the general population, physical activity is associated
with improved mental health. This study found that
stroke survivors spend most of their day sedentary.
Physical activity was not associated with mood, but
the findings of this study suggest possible relations-
hips between stroke severity, functional disability, cog-
nition, physical health issues, and depression. Further
research is needed to investigate the relationship bet-
\_ween physical activity and mood after a stroke. Y,

lence rates for depression and anxiety during the first
year following stroke have been estimated as 33%
(95% CI 26-39%) and 29.3% (95% CI 25-33.5%),
respectively (1, 3). Engaging in physical activity (PA)
is a potential modifiable risk factor for preventing and
treating depression and anxiety (4, 5). In addition to
playing an important role in preventing strokes and
vascular events (6), PA is positively associated with
quality of life (7). In healthy subjects and different
patient populations, several studies have established
that PA is effective in improving depression and anxiety
(8). Available evidence also suggests that PA plays a
protective role in preventing the onset of depression
and anxiety and that even small amounts of PA can
decrease the incidence of depressive episodes (9, 10).
Past studies have also demonstrated an association
between sedentary behaviour (SB) and increased
risk of depression, even after adjustment for PA (11).
However, these findings are not easily transferable
to stroke survivors, who often have high levels of
comorbidity and have residual functional disabilities
and cognitive deficits following stroke. Reports from
stroke populations imply the effects of exercise on
reducing symptoms of depression and anxiety (12,
13). Nevertheless, past studies on the effects of SB
and PA on mood in stroke survivors are limited by
their small sample sizes and are additionally scarce
and inconclusive (14). Also, past evidence on the as-
sociation between PA and mood in stroke survivors
has predominantly relied on PA performed in clinical
settings and self-report questionnaires.
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Several factors impacting mood following stroke
have been suggested. Past studies have suggested that
cognition and mood are linked (15, 16). Physical disa-
bility, stroke severity, and comorbidity burden are also
probable factors associated with emotional outcomes
(17-19). Clarifying how these factors affect emotional
outcomes can help to identify individuals at high risk
of developing post-stroke depression and anxiety. This
can optimize patient follow-up to prevent and reduce
symptoms. Considering that the behavioural pattern
after stroke appears to be established within the first 3
months and indicates a long-term activity pattern (20),
we hypothesize that there is a link between activity
levels at 3 months and mood after 12 months.

In this study, the primary objective was to study
SB and PA levels at 3 months as predictors for symp-
toms of depression and anxiety 1 year after a stroke.
A secondary objective was to assess the prevalence
and changes in symptoms of depression and anxiety
at 3 and 12 months, while also identifying additional
potential predictors linked to depression or anxiety.
These factors include physical disability, stroke seve-
rity, comorbidity burden, and cognition.

METHODS

Study design

MIDNOR STROKE is a prospective longitudinal
multicentre cohort study including patients in Central
Norway with first-ever ischaemic stroke. Patients
were recruited from stroke units at the following
8 hospitals: St Olav, Molde, Levanger, Namsos,
Volda, Kristiansund, Alesund and Orkdal, between
1 June 2015, and 1 November 2017. Together, those
participating hospitals serve a catchment area of
approximately 700,000 inhabitants and are the care
providers for the acute treatment of all stroke patients
in Central Norway. Participants had to meet the follo-
wing inclusion criteria: cerebral infarction according
to International Classification of Diseases 10t revi-
sion (ICD-10) clinical modification diagnosis code
163, > 18 years of age, first-ever stroke, residency in
Central Norway, and recruitment within 7 days of
symptom onset. In the current sub-study, patients who
attended 3-month follow-up at the outpatient clinic
and were willing to wear the activPAL activity moni-
tor (The activPAL3™, Model 20.2, PAL Technologies
Ltd, Glasgow, UK) for 7 days were included. Patients
were excluded if they had severe disabilities before
stroke, defined as a Modified Rankin Scale (mRS)
score of 5. Participation in the study was voluntary
and by written informed consent. Patients who were
not able to provide consent were recruited if infor-
med consent was obtained from the next of kin. All
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participants received standard care and treatment in
accordance with the national guidelines for treatment
and rehabilitation of stroke (21).

Data collection

Demographic information, along with details re-
garding functional status, stroke severity, comorbid
conditions, medications, PA, and global cognition,
were collected during the index hospital stay and
at 3-month follow-up assessment. Symptoms of
depression and anxiety at 3- and 12 months were as-
sessed using the self-administered questionnaire the
Hospital Anxiety and Depression Scale (HADS) (22).
Subjects with high scores on HADS anxiety or depres-
sion were asked if they received adequate care and
referred to a physician if needed. The HADS has been
validated in stroke populations and is one of the most
common tools for screening depression and anxiety
(23). It contains 2 subscales, 1 for anxiety and 1 for
depression. The following cut-offs for scores to deter-
mine non-case level, mild, moderate, and severe symp-
toms of anxiety or depression were used: 0-7, 8-10,
11-14, and 15-21 for both subscales, respectively.
Functional status was assessed using the mRS at base-
line and 3 months (24). Functional independence and
dependency were defined by mRS scores of 0-2 and
3-5, respectively. PA prior to stroke was assessed using
a self-report questionnaire, the HUNT I PA questionn-
aire (25). Participants were asked about their activity
levels in the 6 months prior to their stroke. The Charlson
Comorbidity Index (CCI) (26) measured at baseline
was used to determine the degree of comorbidity
burden (26), while stroke severity on day 1 following
hospital admission was assessed using the National
Institutes of Health Stroke Scale (NIHSS) (27). Global
cognition at 3 months was assessed using the Montreal
Cognitive Assessment (MoCA) (28). Antidepressant
medications were classified as drugs with Anatomical
Therapeutic Chemical Classification system (ATC)
code NO6A, while anxiolytic drugs encompassed all
medications with ATC code NO5B.

SB and PA were measured using a thigh-worn
activPAL activity monitor for up to 7 consecutive
days at 3 months. The activPAL device obtains infor-
mation about body position and transitions between
the postures (sitting/lying or upright), walking, and
walking speed in which energy expenditure measured
in metabolic equivalents (METs) is inferred indirectly.
Valid whole-day recordings were determined using
the software PALanalysis (version v8.11.8.75; PAL
Technologies Ltd, Glasgow, UK) validation algorithm
(CREA algorithm v1.3), where wear time protocol was
set to 24-h protocol, and by visual inspection of the
daily summaries for each participant.
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ActivPAL events files were used for data analysis.
A default setting of 10 s for a minimum sitting or
upright period was used. Data were processed using a
custom MATLAB script (MATLAB version R2021b,
Natick, MA, US), where daytime behaviour, defined
as all activity occurring from 08.00 h to 23.30 h, was
extracted. Data processing included filtering out brief
standing events of <3 s during a walking bout and
steps <3 s in an upright position. Active behaviour
was categorized using the following cut-offs for METs:
light PA (LPA) 1.5-3 METs, moderate PA (MPA) 3—6
METs, and vigorous PA (VPA) >6 METs. SB was
defined as time spent sitting or lying. Only data from
participants with at least 2 valid recording days were
included in the analysis. We chose a minimum of 2
days of recording based on previous stroke studies and
participant recording days. Although previous stroke
monitoring protocols showed significant variation in
activity duration (1-8 consecutive days) (20), a study
by Fini et al. concluded that 2 days of measurement
is sufficient for reliable measurement after stroke for
many simple variables (29).

Statistical analysis

The mean time (in h) spent in SB, LPA, MPA, and VPA
was computed by summation and divided by the total
wear time (in days) per individual. Descriptive statis-
tics are reported as mean and standard deviation (SD)
for continuous variables, while numbers and percenta-
ges are reported for categorical variables. Confounders
for PA and predictors of emotional outcome were
selected a priori and based on literature and clinical
judgement. A directed acyclic graph representing the
assumed causal paths was also used (Fig. S1). Linear
regression models were used with HADS depression or
HADS anxiety scores as dependent variables, and PA
variables, 1 at a time, as main covariates. The analy-
ses were age- and sex-adjusted first and then adjusted
simultaneously for the following covariates: MoCA,
mRS, CCI, NIHSS at day 1, and use of antidepressive
or anxiolytic drugs. For participants missing at most 2
items in the HADS depression or HADS anxiety scales,
missing item scores were imputed with the mean sco-
res on the scale for that participant. For the remaining
variables, missing values were handled using available
case analysis; that is, each analysis included cases with
available data on the included variables.

Normality of residuals was assessed by visual
inspection of Q-Q plots. Linearity was assessed by
visual inspection of scatterplots for the most relevant
variables. Estimates with 95% confidence intervals
(95% CI) were reported where relevant. Two-sided
p-values<0.05 were considered statistically signifi-
cant. However, due to multiple hypotheses, p-values
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between 1% and 5% should be interpreted with caution.
The analyses were conducted using Rstudio: Integrated
Development for R (version 3.6.3) and packages Stats
(version 3.6.3) and jtools (version 2.2.1), Boston, MA
URL: http://www.rstudio.com/.

RESULTS

The MIDNOR STROKE study included 794 parti-
cipants. The current sub-study included 292 stroke
survivors with activPAL assessments. A flow chart of
participants is shown in Fig. 1.

Baseline characteristics of the included participants
and participants not included due to lost-to-follow-up
and missing activity data are summarized in Table I. On
average, participants included in the current analyses
were younger, had less comorbidity burden (details of
the included conditions are specified in Table SVII),
had milder strokes, were more functionally indepen-
dent at 3 months, and included a smaller percentage
of females. In terms of pre-stroke activity, included
participants reported higher levels of exercise in terms
of frequency, intensity, and duration.

Of the 292 participants, 262 (89.7%) had 6—7 com-
plete days of activity monitoring data, 23 (7.9%) had 5
days of data, and the remaining 7 (2.4%) had 2—4 days
of consecutive data. Descriptive data on time spent in
sedentary, light, and moderate PA at 3 months follow-
up are shown in Table II. None of the participants
engaged in vigorous PA.

Overall, 43 participants had missing scores for either
HADS D or A assessment at 12 months. Details are
provided in Table SI. Among these, 9 participants exhi-
bited missing data on <2 items for either the HADS
D or HADS A score at 12 months. For the HADS D
score, mean scores were imputed for 4 participants,

Did not meet inclusion criteria, n=19
No stroke diagnosis (n=12)

Modified rankin score >4 (n=1)

Not a resident in Central Norway (n=1)
Prior stroke (n=3)

Hemorraghic stroke (n=2)

Patients screened for inclusion,
n=813

Included in MIDNOR STROKE,
n=794

Lost to follow-up, n=156
Died (n=29)

Withdrew from study (n=17)
Declined follow-up (n=26)
Participant not available (n=45)
Other reasons (n=39)

Three months assessment at
outpatient clinic, n=638

Excluded from study, n=346
Missing Activpal assessment (n=342)
Died after 3 months follow-up (n=4)

Patients with 3 month follow-up
and Activpal assessment,
N=292

Fig. 1. Flow chart of study participants.
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Table I. Baseline data of included participants and participants
not included in the analyses

Participants  Participants
in analyses, not included

Baseline data n=292 n=502
Age, years, mean (SD) 71.7 (11.3) 74.0 (11.7)
Female sex, n (%) 116 (39.7) 231 (46.0)
Education years, mean (SD) 11.2 (3.37) 10.6 (3.38)
Missing, n (%) 10 (3.4) 72 (14.3)
Modified Rankin Scale pre-stroke, n (%)
Independent (0-2) 248 (84.9) 415 (82.7)
Dependent (3-4) 43 (14.7) 84 (16.7)
Missing n (%) 1(0.3) 3(0.6)
Charlson Comorbidity Index, mean (SD) 1.39 (1.61) 1.54 (1.74)
HUNT Physical activity questionnaire pre-stroke, n (%)
How frequently do you exercise?
Never 36 (12.3) 110 (21.9)
Less than once a week 35(12.0) 73 (14.5)
Once a week 34 (11.6) 56 (11.2)
2-3 times a week 121 (41.4) 125 (24.9)
Almost every day 64 (21.9) 122 (24.3)
Missing 2 (0.7) 16 (3.2)

I .
If you do such exercise as frequently once or more times a week: How hard
do you push yourself? n (%)

I take it easy without breaking into a sweat 124 (56.6) 187 (61.7)

or losing my breath

I push myself so hard that I lose my breath 82 (37.4) 101 (33.3)

and break into a sweat

I push myself into near exhaustion 4 (1.8) 4 (1.3)

Missing, n (%) 9 (4.1) 11 (3.6)
How long does each session last?

Less than 15 min 3(1.4) 7 (2.3)

16-30 min 32 (14.6) 73 (24.0)

30minto1h 96 (43.8) 145 (47.9)

More than 1 h 77 (35.2) 67 (22.1)

Missing, n (%) 11 (5.0) 11 (3.6)
NIHSS day 1, mean (SD) 2.65 (3.14) 4.15 (5.71)

Missing, n (%) 5(1.7) 48 (9.6)
Modified Rankin Scale at 3 months, n (%)

Independent (0-2) 253 (86.6) 242 (48.2)

Dependent (3-4) 37 (12.7) 103 (20.5)

Missing, n (%) 2(0.7) 157 (31.3)
MoCA at 3 months 23.2 (4.74) 23.7 (4.3)

Missing, n (%) 33 (11.3) 281 (56.0)

SD: standard deviation; MoCA: Montreal Cognitive Assessment.

while for the HADS A scores, imputation was perfor-
med for 6 participants. HADS D scores were obtained
from 273 and 257 participants at 3 and 12 months,
respectively. After 3 and 12 months, 15.8% and 16.7%
of the participants reported mild to severe symptoms
of depression (Fig. 2). The mean (SD) score for HADS
depression was 3.6 (3.4) at 3 months and 3.8 (3.4) at 12
months, respectively. These data revealed that 18.6%
(n=28/43) of the individuals mild to severe symptoms
of depression at 3 months were using antidepressant

Table II. Wear time and physical activity (PA) levels at 3 months,
mean (SD) (n=292)

Wear time and PA Mean (SD)
Wear time, days 5.89 (0.50)
Steps per day 2,660.00 (1,670.00)
Cadence, steps/min 36.00 (5.19)
Time sedentary per day, h 11.00 (1.92)
Time up per day, h 4.50 (1.92)
Light intensity PA per day (METs 1.5-3) (h) 3.82 (1.67)
Moderate intensity PA per day (METs 3-6) (h) 0.68 (0.46)

SD: standard deviation: PA: physical activity; MET: metabolic equivalent.

p. 4 of 8

mNone (0-7) mMild (8-10) mModerate (11-14) = Severe (15-21)

DEPRESSION AT 3 MONTHS 230 29 134
DEPRESSION AT 12 MONTHS 214 34 9
n% 20% 40% AN% |0% 100%

Fig. 2. Hospital Anxiety and Depression scale (HADS) depression score
levels at 3 and 12 months. Numbers of participants are listed for each
category.

drugs. Results showed that the majority (91.1%,
n=185/203) of participants with non-case levels of
depression at 3 months maintained the same level
after 12 months, while 8.9% (n=18/203) developed
mild to moderate symptoms of depression. Among
individuals with symptoms of depression (>7 HADS
D points) at 3 months, 42.1% (n=16/38) maintained
the same level of symptom severity, 50.0% (n=19/38)
showed improvements in symptom severity, and 7.9%
(n=3/38) transitioned to greater severity.

Results of the age- and sex-adjusted analyses for
depression are shown in Table III. Predictors found
to be positively and significantly (p <0.05) associated
with symptoms of depression were high mRS and
NIHSS scores, increased comorbidity burden, and time
spent in SB. Higher scores on MoCA and time spent in
light or moderate PA significantly (»<0.01) predicted
lower HADS-D scores at 12 months. Results from
the multivariable analyses focusing on SB, PA, and
symptoms of depression at 12 months, adjusted for all
other variables, are shown in Table IV. Time spent in
sedentary, light, or moderate PA was not significantly
associated with depression (p>0.05).

A total of 265 and 257 HADS anxiety scores were
obtained at 3 and 12 months, respectively. Details are
shown in Table SII. The number of participants with
non-case level, mild, moderate, and severe symptoms
of anxiety at 3 and 12 months are shown in Fig. 3.
The mean (SD) score for HADS anxiety at 3 months

Table III. Linear regression with Hospital Anxiety and Depression
scale (HADS) D score at 1 year as dependent variable, each covariate
was adjusted for age and sex 1 at a time (n=257)

Reg. p-
Covariate coeff. (95% CI) value
Charlson Comorbidity Index (score) 0.26 (0.02, 0.51) 0.038
NIHSS Day 12 0.22 (0.10, 0.35) 0.001
MRs at 3 months® 0.89 (0.49, 1.30) 0.000
MoCA at 3 months -0.15 (-0.25, -0.05) 0.004
Antidepressants at 3 months 1.43 (0.02, 2.85) 0.047
Sedentary behaviour/day, h 0.32 (0.11, 0.54) 0.003
Light intensity PA/day (MET<3), h -0.34 (-0.58, -0.09) 0.007

Moderate intensity PA/day (MET 3-6), h -1.25 (-2.16, -0.33) 0.008

an=252, °n=255.

Reg. coeff.: regression coefficient; NIHSS: National Institutes of Health Stroke
Scale; mRS: Modified Rankin Scale; MoCA: Montreal Cognitive Assessment; MET:
metabolic equivalent; 95% CI: 95% confidence interval; PA: physical activity.
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Table IV. Linear regression with Hospital Anxiety and Depression scale (HADS) D score at 1 year as dependent variable and physical
activity variables, 1 at a time, as covariates, adjusted for all the other listed variables, n=223

Sedentary behaviour

Light intensity PA Moderate intensity PA

Regression Regression Regression

coefficient 95% CI p-value coefficient 95% CI p-value coefficient 95% CI p-value
(Intercept) 0.00 (-5.19, 5.20) 0.999  1.65 (-3.23, 6.53) 0.505  1.29 (-3.62, 6.19) 0.605
Sedentary behaviour/day, h 0.11 (-0.11, 0.34) 0.333
Light intensity PA/day (MET <3), h -0.13 (-0.38, 0.13) 0.322
Moderate intensity PA/day (MET 3-6), h -0.18 (-1.17, 0.81) 0.719
Age (years) 0.02 (-0.02, 0.06) 0.335  0.02 (-0.02,0.07) 0.316  0.02 (-0.02, 0.06) 0.360
Female 1.09 (0.28, 1.89) 0.008 1.11 (0.30, 1.92) 0.007 1.04 (0.22,1.86) 0.013
Charlson comorbidity index 0.20 (-0.05, 0.45) 0.120 0.20 (-0.05, 0.45) 0.112 0.22 (-0.03, 0.47) 0.086
NIHSS Day 1 0.17 (0.01, 0.32) 0.034 0.17 (0.01, 0.32) 0.034 0.18 (0.03, 0.33) 0.020
MRs at 3 months 0.58 (0.13,1.03) 0.012  0.59 (0.14,1.04) 0.011  0.61 (0.15, 1.06)  0.009
MOCA at 3 months -0.05 (-0.16, 0.05) 0.319 -0.05 (-0.16, 0.05) 0.307 -0.05 (-0.16, 0.05) 0.333
Antidepressive drugs at 3 months 1.85 (0.45, 3.25) 0.010 1.85 (-0.38, 0.16) 0.322 1.87 (0.47, 3.28) 0.009

95% CI: 95% confidence interval; PA: physical activity; MET: metabolic equivalent; NIHSS: National Institutes of Health Stroke Scale; mRS: Modified Rankin

Scale; MoCA: Montreal Cognitive Assessment.

was 4.0 (3.6) and 4.0 at 12 months (3.9). At 3 and 12
months, 45 (17.0%) and 50 (19.5%) participants repor-
ted mild to severe symptoms of anxiety, respectively.

Among participants with HADS anxiety scores
available at both 3 and 12 months, data revealed that
89.7% (n=175/195) of those initially displaying non-
case levels of anxiety at 3 months remained at the
same level after 12 months. While 10.2% (n=20/195)
developed mild to severe symptoms of anxiety. Among
individuals who reported mild to severe symptoms of
anxiety (>7 symptoms) at 3 months (n=38), 50.0%
(n=19/38) reported the same level of symptom
severity at 12 months follow-up. In addition, 47.4%
(n=18/38) showed symptom improvement, while
2.6% (n=1/38) developed worsening anxiety at 12
months (see details in Table SII). At 3- and 12-months,
22.4% (n=62/277) and 24.4% (n=63/258) of partici-
pants, respectively, reported mild to severe symptoms
of depression or anxiety (see details in Tables SIII and
SIV). Comorbid symptoms of mild to severe depres-
sion and anxiety were present in 10.0% (n=26/261)
and 11.7% (n=30/256) of the study population at 3
and 12 months, respectively (see details in Tables SV
and SVI).

Results from the age- and sex-adjusted variables for
symptoms of anxiety are shown in Table V. None of
the selected predictors were significantly associated
with anxiety at 12 months (p>0.05). In our multiva-
riable regression models for anxiety at 12 months,

mNone (0-7) =Mild (8-10) m=Moderate (11-14) Severe (15-21)
ANXIETY AT 3 MONTHS 220 30 134
ANXIETY AT 12 MONTHS 207 32 147
0% 20% 40% 60% 80% 100%

Fig. 3. Hospital Anxiety and Depression scale (HADS) anxiety score levels
at 3and 12 months. Numbers of participants are listed for each category.

time spent in sedentary, light, or moderate PA didnot
significantly predict symptoms of anxiety (Table VI)
(»>0.05).

DISCUSSION

This study demonstrated that approximately 1 in 4
stroke survivors experienced depression or anxiety
1-year post-stroke. Symptom burden appears to persist
from 3 months and extend into the chronic stages of
stroke. To the best of our knowledge, this is the first
study to examine the relationship between objectively
measured PA at 3 months in stroke survivors and
symptoms of depression and anxiety 12 months post-
stroke. The current multivariable analysis showed no
statistically significant relationship between SB, PA,
and symptoms of depression or anxiety post-stroke.
In the current age- and sex-adjusted analyses, stroke
severity, physical function, comorbidity burden, and
cognitive function were predictive of symptoms of de-
pression at 12 months. None of the selected predictors
showed significant associations with symptoms of
anxiety at 12 months.

Studies reporting prevalence rates post-stroke vary
greatly (3, 30). The prevalence rates of depression and

Table V. Linear regression with Hospital Anxiety and Depression
scale (HADS) Ascore at 1 year as dependent variable, each covariate
was adjusted for age and sex 1 at a time (n=257)

Reg. p-
Covariate coeff. (95% CI) value
Charlson Comorbidity Index (score) 0.25 (-0.04, 0.54) 0.090
NIHSS Day 12 0.07 (-0.08, 0.21)  0.365
MRs at 3 months® 0.43 (-0.05,0.90) 0.081
MoCA at 3 months -0.08 (-0.20, 0.03) 0.164
Antidepressants at 3 months 0.77 (-2.07,3.62) 0.591
Sedentary behaviour/day, h 0.10 (-0.14, 0.35) 0.412
Light intensity PA/day (MET<3), h -0.09 (-0.37,0.20) 0.543
Moderate intensity PA/day (MET 3-6), h -0.68 (-1.75,0.39) 0.215

an=252, °n=255.

Reg. coeff.: regression coefficient; 95% CI: 95% confidence interval; NIHSS:
National Institutes of Health Stroke Scale; mRS: Modified Rankin Scale; MoCA:
Montreal Cognitive Assessment; MET: metabolicequivalent; PA: physical activity.
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Table VI. Linear regression with Hospital Anxiety and Depression scale (HADS) A score at 1 year as dependent variable and physical
activity variables, 1 at a time, as covariates, adjusted for all the other listed variables, n=223

Sedentary behaviour

Light intensity PA Moderate intensity PA

Regression Regression Regression
coefficient 95% CI p-value coefficient 95% CI p-value coefficient 95% CI p-value
(Intercept) 5.76 (-0.61, 12.12) 0.076  5.11 (-0.83, 11.05) 0.091 5.069 (-0.89, 11.03) 0.095
Sedentary behaviour/day, h -0.05 (-0.32, 0.23) 0.742
Light intensity PA/day (MET<3), h 0.04 (-0.26, 0.35) 0.776
Moderate intensity PA/day (MET 3-6), h 0.20 (-1.00, 1.39) 0.747
Age (years) -0.03 (-0.09, 0.20) 0.210  -0.03 (-0.09, 0.02) 0.206 -0.03 (-0.09, 0.02) 0.234
Female 2.77 (1.78, 3.75) 0.000 2.76 (1.77, 3.75) 0.000 2.80 (1.80, 3.81) 0.000
Charlson Comorbidity Index 0.24 (-0.06, 0.55) 0.117 0.24 (-0.06, 0.54) 0.119 0.24 (-0.06, 0.54) 0.117
NIHSS Day 1 0.02 (-0.17, 0.20) 0.837 0.02 (-0.17, 0.20) 0.844 0.02 (-0.17, 0.20) 0.864
mRS at 3 months 0.35 (-0.20, 0.91) 0.209 0.35 (-0.20, 0.90) 0.213 0.35 (-0.20, 0.91) 0.210
MOCA at 3 months -0.04 (-0.17,0.08) 0.492 -0.04 (-0.20, 0.90) 0.497 -0.05 (-0.17,0.08) 0.477
Anxiolytic drugs at 3 months 0.35 (-2.44, 3.13) 0.807 0.36 (-0.20, 0.90) 0.801 0.33 (-2.46, 3.12) 0.816

95% CI: 95% confidence interval; PA: physical activity; MET: metabolic equivalent; NIHSS: National Institutes of Health Stroke Scale; mRS: Modified Rankin

Scale; MoCA: Montreal Cognitive Assessment.

anxiety at 3 and 12 months post-stroke in the current
study are lower than the estimated pooled prevalence
rates for depression and anxiety reported by Hackett
and Pickles (3) and Knapp et al. (30). Nonetheless, the
current data align with the prevalence rates for depres-
sion and anxiety reported among individuals with heart
diseases, stroke, and diabetes mellitus in the HUNT4
study population (31). The lower prevalence rates in
the current study population can be explained by the
fact that our sub-study consisted largely of individu-
als with milder strokes, lower degrees of functional
disability, and a higher proportion of males. These
factors have been shown to predict lower levels of
post-stroke depression and anxiety (17, 18). Further-
more, past estimates vary largely due to differences
in time of assessment, study setting, heterogeneity of
study population, and different caseness thresholds for
rating scales, as well as assessment methods (2, 3, 30).
Prior investigations into mood trajectories post-stroke
have demonstrated that individuals with depression
or anxiety are at high risk of either remaining stable
over time or developing more severe symptoms (2, 32,
33). The current findings provide additional support to
the existing evidence of depression and anxiety per-
sistently extending into the chronic phases of stroke,
even after mild ischaemic stroke. Considering that the
majority of individuals with non-case levels of anxiety
or depression maintained their status over the course
of 12 months, the current study findings could suggest
the presence of resilient stroke survivors who maintain
a stable positive mood.

In line with prior studies, the current data show that
stroke survivors are predominantly sedentary and
engage in little moderate to vigorous PA (34, 35). The
current findings are similar to those of the study of
Wondergem et al. (36), who reported SB and PA levels
from free-living stroke survivors in the first 2 months
post-stroke. Compared with the few other studies that
have objectively assessed levels of SB and PA (35, 37)

among stroke survivors, the current study population
appears to be more physically active, on average,
in terms of less time spent sedentary and more time
spent in moderate PA. After adjustments for probable
factors affecting PA post-stroke, this study found no
significant relationship between SB, PA, and mood.
Considering that a quarter of the current study partici-
pants reported no or infrequent exercise, the observed
lack of effect might stem from low baseline PA levels.
Despite substantial evidence supporting the inverse
relationship between PA and depression (4), the influ-
ence of PA on mood over time and the ideal duration
for engaging in PA remains unclear. It is unknown
whether the current study population achieved the
optimal daily mean amount of PA and intensity neces-
sary to impact mood. One recent cross-sectional study
has reported an association between World Health
Organization (WHO)-recommended PA levels and a
lower risk of depression in stroke survivors (38). The
evidence is, however, limited by the nature of the self-
reported PA data and lacks adjustments for important
factors such as stroke severity and time since stroke.
Even less work has been done on the relationship
between PA and anxiety post-stroke. A few studies
have investigated the relationship; however, data are
inconclusive (12, 39), and summarized data from a
Cochrane review show that data have been inconsis-
tent due to major bias and confounding issues (14).
Furthermore, reports on the relationship between PA
levels and mood post-stroke in community-dwelling
survivors appear to be lacking.

This study identified cognitive impairment, comorbi-
dity burden, stroke severity and physical disability as
possible predictors of depression at 12 months. These
findings are supported by several studies (17, 40-42).
While several lines of evidence support that individu-
als with depression and anxiety spend more time in
SB (43-45), the direction of the association remains
unclear. Considering that we have not taken the prior
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history of mood (pre-stroke) into account, our findings
are limited in terms of interpreting the PA levels at
3 months in relation to symptoms of depression and
anxiety occurring post-stroke.

Unlike research concerning post-stroke depression,
studies investigating predictors of anxiety have not
been as comprehensive, and findings vary due to the
wide range of assessments of post-stroke anxiety, time
elapsed after stroke, and the heterogeneity of study
samples (18). While a systematic review and meta-
analysis have identified stroke severity and cognitive
impairment as the main predictors of post-stroke
anxiety (18), the current study failed to demonstrate
any relationship between stroke severity, cognitive
impairment, and post-stroke anxiety symptoms. Prior
findings have, however, been based on a few studies
only, and authors of the systematic review conclude
that past studies lack methodological and statistical
rigour.

This study has several strengths and limitations. To
the best of our knowledge, this is the first study to
explore the relationship between PA and post-stroke
mood using accelerometers. A major strength is that
this allowed for sustained monitoring of activity levels
among stroke survivors in their free-living environme-
nts. A limitation is that we only assessed accumulated
time spent in PA and SB, this may explain why the
current results did not confirm previous research sho-
wing that breaking up SB or engaging in prolong PA
were associated with mood (38). We also lacked data
on vigorous PA and changes in activity patterns from
3 to 12 months. Moreover, we have not considered
probable factors such as self-efficacy and social sup-
port, which could influence PA and subsequently affect
mood. A major limitation is the substantial number
of participants missing activPAL assessment. Our
data suggests that participants with no activPal recor-
ding had more severe strokes and displayed a higher
degree of disability. This implies that the current study
sample possibly represents a comparatively healthier
stroke population, engaged in higher activity levels
on average. In addition, while the HADS self-report
questionnaire is commonly used and validated in stroke
populations, it is important to recognize that self-report
assessments often overestimate the prevalence rates
of subject with symptoms of depression or anxiety
compared to interview-based methods. Moreover, the
limited impact of PA on mood in our study may be due
to the small sample size of participants with depression,
anxiety or milder symptoms.

In conclusion, the current study showed that depres-
sion and anxiety are prevalent post-stroke. Symptom
burden appears to persist from 3 to 12 months. After
adjusting for age and sex, stroke severity, comorbidity
burden functional disability, and cognition predicted
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symptoms of depression at 12 months. No statistically
significant relationship between PA and post-stroke
mood was observed. Considering that stroke survivors
are highly sedentary, there may be a large treatment
potential in increasing PA levels. Further studies are
needed to determine the impact of PA on symptoms
of depression or anxiety.
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