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Moderate pre-stroke physical
activity has a protective effect on
symptoms of depression in the
post-acute phase after stroke

Moritz Hahner'23, Christine Meisinger?, Inge Kirchberger?, Michael Ertl*>,
Markus Naumann?®, Jakob Linseisen? & Timo Schmitz3"*

Post-stroke depression (PSD) and anxiety (PSA) are common stroke-related complications that
negatively impact recovery and quality of life. Physical activity (PA) is a modifiable factor that may
influence these conditions. This study aimed to examine the association between pre-stroke PA and
symptoms of depression and anxiety in post-stroke patients at 3 and 12 months after discharge. The
analysis was based on 821 patients from the SCHANA study, recruited between 2018 and 2022 at the
University Hospital Augsburg. PA was assessed using the International Physical Activity Questionnaire
(IPAQ) and categorized into low, moderate, and high activity level groups. Depression and anxiety
were evaluated using the Patient Health Questionnaire (PHQ-9) and the Generalized Anxiety Disorder
scale (GAD-7), respectively. Multivariable linear regression models were applied. Moderate PA before
stroke was associated with fewer depressive symptoms at 3 months post-stroke compared to low PA
(B =-1.01, p=0.007), but not after 12 months. High PA showed no significant association at either time
point. Additionally, no significant association was observed for anxiety outcomes. A strong correlation
was identified between symptoms of depression and anxiety at 3 months follow-up (r=0.75, p<0.001).
Engaging in PA before stroke may contribute to better mental well-being during the subacute phase of
stroke recovery. The association between depression and anxiety highlights the potential of lifestyle
interventions to impact mental health outcomes post-stroke. Physicians should pay close attention to
both inactive and highly active patients, as poor mental health can negatively affect recovery process.

Keywords Stroke, Physical activity, Depression, Anxiety

Stroke remains a leading cause of mortality and disability worldwide, yet it is highly preventable!. In 2021, 84%
of the global stroke burden was attributed to modifiable risk factors, with a population attributable fraction
(PAF) of physical inactivity accounting for the loss of 11.3% (95% CI: 1.8 to 34.9) of stroke disability-adjusted
life years (DALYs)% Beyond the immediate physical and neurological effects, stroke often leads to post-stroke
depression (PSD) and anxiety (PSA), particularly within the first year after an acute stroke event. PSD affects
approximately one-third of stroke survivors®, while PSA is reported in at least one-fifth of cases®, with some
studies indicating even greater prevalence rates>°. Both conditions are closely linked and contribute to reduced
quality of life, greater disability, higher mortality, as well as an increased risk of recurrent stroke’-!°. Depression
and anxiety often co-occur, with anxiety being a common comorbidity in depressive disorders!!. Recognizing
this overlap, the 5th edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) introduced
the ‘anxious distress’ specifier to identify individuals with major depressive disorder (MDD) who also experience
anxiety symptoms. The bidirectional relationship between depression and anxiety complicates diagnosis and
treatment, as it remains challenging to determine whether anxiety triggers depression or vice versa!l. Depression
is associated with several underlying mechanisms, such as dysregulation of the hypothalamic-pituitary-adrenal
(HPA) axis, alterations in neurotransmitter function, and changes in proinflammatory cytokine levels'2. Less
is known about the neurobiology of anxiety, but it may share some common mechanism like dysfunction of
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the HPA axis with depression!’. Furthermore, alterations in the limbic system as well as genetic factors are
described in the context of anxiety disorders'*!%. While the benefits of increasing physical activity (PA) after
stroke for psychological recovery are well-documented!>!%, the role of pre-stroke PA remains underexplored.
Existing evidence suggests that higher levels of pre-stroke PA may reduce stroke severity!’~1° and mortality!'*,
improve recovery outcomes®*~24, and contribute to a later onset of first-ever stroke?’. However, its potential
to reduce symptoms of PSD and PSA has been explored in only two studies, which suggest a protective effect
against depressive symptoms but emphasize the need for further research to provide stronger evidence?>%.
Several potential mechanisms mitigating this protective effect have been proposed: Neurotrophic factors, for
example Brain-Derived Neurotrophic Factor (BDNF), are released due to PA and promote neuronal growth and
recovery?’. Furthermore, PA might also reduce neuroinflammation by maintaining the integrity of the blood-
brain barrier?® and stimulating cerebral angiogenesis?. This study aims to address this gap by investigating the
association between PA before stroke and symptoms of depression and anxiety after stroke. Using longitudinal
data from a prospective single-center observational cohort study conducted in Augsburg, Germany, we aimed to
analyzed whether pre-stroke PA influences mental health outcomes at 3 and 12 months after discharge.

Methods

Study design

The Stroke Cohort Augsburg (SCHANA) is a prospective, single-center observational cohort study conducted
in collaboration between the Institute of Epidemiology at the University of Augsburg and the Department of
Neurology and Clinical Neurophysiology at the University Hospital Augsburg. The study includes two phases of
recruitment: SCHANA, which took place from September 2018 to November 2019 (n=950), and SCHANA-2,
conducted between January 2020 and May 2022 (n=840), resulting in a total cohort of 1,790 patients. All
participants were aged 18 years or older with confirmed ischemic or hemorrhagic stroke who were treated at the
University Hospital Augsburg. Patients were excluded if they were unable to understand the consent form and
answer the questions due to language barriers and no relatives were available to assist with translation.

Baseline data were collected during the hospital stay using standardized interviews conducted by trained
study nurses. If a patient was unable to provide self-reported information, a proxy interview was performed
(a close relative or friend takes the interview on behalf of the patient). Clinical data, including comorbidities,
diagnostic results, laboratory parameters, treatments, and prescribed medications, were extracted from medical
records, and blood samples were obtained during the hospital stay. Follow-up assessments were carried out via
self-administered postal surveys at 3 and 12 months after discharge. To minimize loss to follow-up, participants
who did not return the questionnaires were reminded by telephone.

All data collection procedures were conducted in accordance with the Declaration of Helsinki*®. Ethical
approval was granted by the ethics committee of the Ludwig-Maximilians-Universitit Miinchen (Reference No.
18-196), and all participants or their legal representatives provided written informed consent. Further details
about the SCHANA study are available in the published study protocol®!.

Survey data

Baseline data were collected using standardized questionnaires that included information on sociodemographic
characteristics, social network, former stroke events, smoking behavior, physical activity, general health status,
and symptoms of depression and anxiety. Follow-up questionnaires, conducted at 3 and 12 months post-stroke,
reassessed symptoms of depression and anxiety.

Data on educational level, classified according to the International Standard Classification of Education
1997 (ISCED-97)%2, was collected from the participants. The living situation was recorded and was used as
an indicator of the participant’s social network in the present analysis. A variable was created to differentiate
between participants living solitary and those cohabiting. Patients with recurrent stroke were identified based
on self-reports and data extracted from medical records. Smoking status was assessed using an adaptation of the
German National Cohort®® questionnaire and categorized into non-, former and current smokers. The EQ-5D
VAS (EuroQol-5 Dimension Visual Analogue Scale) was used to assess patients’ overall health status on the date
of questionnaire completion. It is a 0-100 scale, where 0 represents the worst imaginable subjective health status
and 100 represents the best. This scale captures the patient’s perspective, providing a direct reflection of how they
perceive their health at a given point in time3.

Pre-stroke physical activity (exposure)

The level of PA seven days prior to the stroke event was assessed during the baseline survey using the short form
of the International Physical Activity Questionnaire (IPAQ). Participants reported the spent with any form of
PA, like walking or engaging in vigorous or moderate PA, for at least ten minutes without interruption®. The
time of a specific activity is then multiplied with its metabolic equivalent task (MET). The intensity of the activity
is reflected in the MET values, whereby more intensive activities have higher MET values. Based on the IPAQ
scoring protocol®®, PA levels were categorized as low, moderate, or high. A total < 600 MET minutes per week
score was classified as low, scores between > 600 and < 3000 as moderate, and scores = 3000 as high. If a person
goes for a brisk walk 5 times a week, he or she will slightly exceed the limit of 600 METs and be classified as
moderate. A three hour moderate-intensity bike ride is equivalent to approximately 3,000 METs, which would
put a person into the high activity level group.

Symptoms of depression and anxiety (outcome)

The PHQ-9 (Patient Health Questionnaire-9) is a self-report screening tool for depression, consisting of nine
items. The total score ranges from 0 to 27, with higher scores reflecting greater severity of depressive symptoms.
Score values from 0 to 4 indicate the absence of symptoms of depression. A person with values between 5 and 9
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has mild symptoms of depression. A score of > 10 represents moderate to severe symptoms of depression and is
often used to identify patients with clinical depression (PSD)*”. The GAD-7 (Generalized Anxiety Disorder-7)
is a self-report screening tool for assessing anxiety symptoms consisting of seven items. The total score ranges
from 0 to 21, with higher scores indicating greater severity of anxiety symptoms. While a score of 5-9 represents
mild symptoms of anxiety, a score values of > 10 are used to identify patients with clinically significant anxiety™.

Clinical data

Routinely collected clinical data provided insights into stroke severity, functional impairment, multimorbidity,
mental health conditions, and body mass index (BMI). Multimorbidity was evaluated using a modified version
of the Charlson Comorbidity Index (mCCI), which classified patients as multimorbid if more than one
additional condition - beyond the stroke itself - from a predefined list of relevant diseases, such as hypertension,
coronary heart disease, or diabetes mellitus, was present”. Functional impairment following the stroke was
measured using the modified Rankin Scale (mRS), which scores from 0 (no symptoms) to 6 (death) and is widely
recognized as a reliable tool for assessing disability in stroke patients*’. Stroke severity was determined with the
National Institute of Health Stroke Scale (NIHSS), which quantifies clinical symptoms post-stroke, with higher
scores reflecting greater neurological impairment*!. A mental health disorder diagnosed at any stage of life
before stroke was extracted from the medical record (depression, anxiety disorder, or panic attack).

Statistical analysis

A descriptive analysis of the total sample characteristics stratified by PA level groups was performed. Categorical
variables are presented as absolute numbers and relative frequencies, while continuous variables are summarized
as mean with standard deviation or median with interquartile range, as appropriate. Tests for differences
between variables in the three subgroups of stroke patients based on their level of PA were performed using
Pearson’s chi-squared test (categorical variables) and Kruskal-Wallis test (continuous variables), respectively.
Multivariable linear regression models were used to investigate the association between pre-stroke PA and
post-stroke symptoms of depression and anxiety at 3 and 12 months after discharge. An initial regression
analysis was conducted, adjusting for age and sex to account for their potential confounding effects, providing a
partially controlled association. A comprehensive model was subsequently developed, incorporating additional
covariables to assess the total effect of pre-stroke PA on the mental health of stroke survivors. The covariables
were selected according to the directed acyclic graph (DAG) method using the browser-based version of DAGitty
(Version 3.1). The selected covariables are age, sex, multimorbidity, mental health disorder, general health
status, prior stroke, BMI, smoking and social network. The assumptions for multivariable linear regression
analyses were tested using scatterplots to confirm linearity of associations; normal distribution of the residuals
and homoscedasticity were checked graphically as well. The variance inflation factor (VIF) was used to test for
multicollinearity. Potential leveraging outliers were identified using Cook’s distances and leverage diagnostic
plots. In a subgroup analysis, we calculated the same regression models including only more severe stroke cases
(mRS=4). Another sensitivity analysis was conducted to ensure the robustness of the results and comparability
to prior studies. Therefore, the comprehensive models were optimized using a two-sided stepwise selection and
included stroke severity (NIHSS at admission) and degree of disability (mRS at admission). In addition, the
correlation between depressive symptoms and symptoms of anxiety disorder at 3 months after the stroke was
analyzed using spearman’s rank correlation. For statistical tests an alpha level of 0.05 was defined. Statistical
analyses were conducted using RStudio Version 4.4.1.

Results

Sample characteristics

The SCHANA study included a total of 1,790 participants. Of these, 933 participants (52.1%) completed the
questionnaire at 3-month follow-up, and 861 participants (48.1%) completed the questionnaire at 12-month
follow-up. A complete case analysis was performed. In the comprehensive model, 821 participants (45.9%) were
included in the analysis at 3 months and 768 participants (42.9%) at 12 months post-stroke.

Baseline information of the excluded patient sample due to missing follow-up surveys and data was
compared with that of analyzed participants to estimate potential selection bias. Excluded participants were
older and had lower educational status. The excluded sample had a more balanced gender distribution, with
fewer proportion of men (53.0% vs. 61.1%) compared to the analyzed sample. They were also more likely to have
experienced a previous stroke and reported significantly lower levels of PA. Furthermore, excluded participants
had higher NIHSS and mRS scores, indicating a more severe stroke and greater disability. Higher PHQ-9 scores,
indicating a greater severity of depressive symptoms, and lower general health status (EQ-5D VAS score) were
also observed in the group of excluded cases. The characteristics of the entire cohort are presented in Table S1
in the supplementary material.

Table 1 provides an overview of the characteristics of the analysis sample at 3 months post-stroke. The
analyzed sample population consisted of 502 (61.2%) men and 319 women with a mean age of 68.5 (SD:12.1)
years. The majority of participants (n =801, 97.7%) experienced an ischemic stroke and 608 (74.1%) had a first-
ever stroke. Multimorbidity was present in almost 70% of all participants. A prior diagnosis of a mental health
disorder was documented in 126 (15.3%) of the participants.

Of the 821 participants, 311 (37.9%) had a low level of PA, 284 (34.6%) had a moderate PA level, and 226
(27.5%) had a high PA level. Participants with high PA level were younger compared to participants with low
and moderate PA. There was a significant difference in PHQ-9 scores between low and moderate PA groups
at 3 months post-stroke (6.5 vs. 5.1), see Fig. 1. The low PA group had a higher proportion of multimorbid
participants and reported a poorer general health status compared to moderate and high PA groups.
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PA
low® moderate® | high®

total (n=311, (n=284, (n=226,
Variable (n=821) 37.9%) 34.6%) 27.5%) p-valued
Sociodemographic characteristics
Sex 0.992
Male 502 (61.2) 191 (61.4) 173 (60.9) 138 (61.1)
Female 319 (38.8) |120(38.6) |111(39.1) |88 (38.9)
Age® 68.5(12.1) |69.7(12.1) |69.2(11.6) |66.0(12.3) |0.001
Education (ISCED-97) <0.001
ISCED 1-2 64 (7.8) 35 (11.3) 12 (4.2) 17 (7.5)
ISCED 3-4 587 (71.5) 229 (73.6) 196 (69.0) 162 (71.7)
ISCED 5-6 170 (20.7) 47 (15.1) 76 (26.8) 47 (20.8)
Health-related characteristics
Type of stroke 0.165
Ischemic stroke 801 (97.7) 303 (97.4) 281 (98.9) 217 (96.0)
Hemorrhagic stroke 19 (2.3) 8(2.6) 3(1.1) 8(3.5)
Symptoms of depression (PHQ-9)
Mean (SD) 5.7 (4.9) 6.5 (5.5) 5.1 (4.4) 5.4 (4.6) 0.014
Median (IQR) 5.0 (2.0:8.0) | 5.0 (2.0;9.5) | 4.0 (2.0:7.0) | 5.0 (2.0;7.8)
Symptoms of anxiety disorder (GAD-7)
Mean (SD) 3.9 (4.1) 4.2 (4.5) 3.5(3.7) 4.2 (4.1) 0.177
Median (IQR) 3.0 (1.0:6.0) | 3.0 (1.0;6.0) | 3.0 (1.0;5.0) | 3.0 (1.0;6.0)
Prior stroke 213(259) |89(286) |74(26.1) |50(22.1) |0.238
Multimorbidity 569 (69.3) 231 (74.3) 192 (67.6) 146 (64.6) 0.042
Mental health disorder 126 (15.3) 51 (16.4) 43 (15.1) 32(14.2) 0.771
General health status (EQ-5D VAS)® 63.4 (20.6) |60.7(21.0) |65.7(19.3) |64.4(21.3) |0.009
BMI® 27.6 (5.5) 28.2(6.1) 27.4(5.3) 27.1 (5.0) 0.224
Smoking 0.699
Non-smoker 331 (40.3) 124 (39.9) 121 (42.6) 86 (38.1)
Former smoker 389 (47.4) 145 (46.6) 129 (45.4) 115 (50.9)
Current smoker 101 (12.3) 42 (13.5) 34 (12.0) 25 (11.1)
Social network 0.958
Solitary 210 (25.6) 80 (25.7) 71 (25.0) 59 (26.1)
Cohabiting 611 (74.4) 231 (74.3) 213 (75.0) 167 (73.9)
NIHSS at admission’ 1.0 (0.0;3.0) | 2.0 (0.0:4.0) | 1.0 (0.0;3.0) | 2.0 (0.0;3.0) | 0.070
mRS at admission’ 2.0 (1.0;3.0) | 2.0 (1.0;3.0) |2.0(1.0;3.0) | 2.0 (1.0;3.0) | 0.335

Table 1. Baseline characteristics of the total sample and stratified by physical activity level group. * IPAQ
Total Met-minutes/week < 600. ® IPAQ Total Met-minutes/week > 600 to < 3000. ¢ IPAQ Total Met-minutes/
week >3000. 4 Chi-squared test categorical variables; Kruskal-Wallis test for continuous variables. ¢ Mean
(SD). f Median (Q1; Q3). BMI = Body-Mass-Index; EQ-5D VAS = EuroQol 5D Questionnaire Visual Analog
Scale; GAD = Generalized Anxiety Disorder; MET = Metabolic Equivalent Task; mRS = Modified Rankin Scale;
NIHSS = National Institute of Health Stroke Scale; PA = International Physical Activity Questionnaire (IPAQ);
PHQ = Patient Health Questionnaire.

At 3 months post-stroke, the proportion of participants with PSD (PHQ-92>10) was highest in the low PA
group at 25.1% (n=78), compared to 16.2% (n=46) in the moderate PA group and 15.5% (n=35) in the high
PA group. The proportion of participants with anxiety disorder (GAD-7>10) was 11.6% (n=36) in the low
PA group, 7.0% (n=20) in the moderate PA group, and 10.6% (n=24) in the high PA group (see Fig. 2). The
distribution at the 12-month follow-up was very similar with overall slightly less symptoms of depression and
anxiety, see Fig. 2.

Association between pre-stroke PA and depressive symptoms 3- and 12-months post-stroke

The results of the multivariable linear regression analysis for depressive symptoms at 3- and 12- months post-
stroke are shown in Table 2. At 3 months post-stroke, participants with moderate PA had significantly lower
PHQ-9 scores compared to those with low PA (reference) in both the partially adjusted model (f = —1.68,
p<0.001) and the comprehensive model (p = —1.01, p=0.007). For participants with high PA, the association
was significant in the partially adjusted model (p = —1.26, p=0.002) but was not significant in the comprehensive
model. At 12 months post-stroke, a significant association with lower PHQ-9 scores was observed for participants
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Fig. 1. Development of PHQ-9 score by PA level group during the observation period.

with moderate PA in the partially adjusted model (B = —1.02, p=0.010). However, this association was no longer
significant in the comprehensive model. For participants with high PA, no significant associations were found
one year after discharge, neither in the partially adjusted model nor in the full model. The subgroup analysis
including only more severe cases confirmed the main results (similar  coefficients, but reduced power due
to a lower number of included cases), see supplementary table S3. Moreover, the alternative comprehensive
regression model, based on a two-sided stepwise selection and additionally including mRS and NIHSS at
admission, confirmed the previously shown associations (see Table S2, supplementary material). However, for
high PA at 3 months, a significant association with fewer depressive symptoms was observed.

Association between pre-stroke PA and symptoms of anxiety 3 and 12 months post-stroke
The results of the multivariable linear regression analysis for symptoms of anxiety disorder at 3 and 12
months post-stroke are presented in Table 3. At 3 months post-stroke, participants with moderate PA showed
a significant negative association in the partially adjusted model (f = —0.86, p=0.007), while no significant
association was observed for high PA compared to low PA group (reference). In the comprehensive model,
neither moderate PA nor high PA were significantly associated. At 12-months post-stroke, the associations were
not significant in either model for both moderate and high PA level groups. Like for symptoms of depression, the
subgroup analysis solely based on more severe stroke cases supported the associations found in the main model,
see supplementary table S3. The sensitivity analysis (comprehensive models including the covariables mRS and
NIHSS at admission) further confirmed the observed associations (see Table S2, supplementary material).

Correlation between depression and anxiety at 3 months post-stroke

Figure S1 (supplementary material) shows the linear relationship between PHQ-9 and GAD-7 scores at the
3-month follow-up, with a strong and highly significant correlation between symptoms of depression and
anxiety (r=0.75, p<0.001). Among patients with PSD (n =159, 19.4%), 42.1% had PSA, while among those with
PSA (n=80, 9.7%), 83.8% had PSD after 3 months following an acute stroke event (see Table S4, supplementary
material).

Discussion

Moderate PA before stroke is associated with reduced depressive symptoms within the first three months
following the acute stroke event. High pre-stroke PA showed also a protective effect at 3 months post-stroke
but only in sensitivity analysis. Pre-stroke PA was not significantly associated with depressive symptoms after
12 months. While no direct link was found between pre-stroke PA and symptoms of anxiety at either follow-up
time point, their high correlation with depression suggests that addressing depression through PA before stroke
might indirectly influence also anxiety. Notably, participants with lower PA levels before stroke were more likely
to report multimorbidity and poorer general health status, potentially exacerbating depressive symptoms.

Current literature on physical activity and mental health in stroke patients

To this date, there are not many studies that have investigated the association of pre-stroke physical activity
and mental health outcomes after stroke. Bovim et al. (2019) and Vestergaard et al. (2023) both highlight the
protective effect of pre-stroke PA regarding depressive symptoms during the subacute phase after stroke*.
Bovim et al. analyzed a smaller sample of 205 patients, while Vestergaard et al. investigated a cohort of 554
participants. Additionally, the follow-up periods differed for both studies: Bovim et al. focused on depressive
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Fig. 2. Proportion of severity of depressive symptoms (PHQ-9) and anxiety disorder (GAD-7) between

PA level groups at 3-months and 12-month post-stroke. Observations were distributed as follows: low PA
(n=311), moderate PA (n=284), and high PA (n=226). Cut-offs for PHQ-9 and GAD-7 score are minimal
(0-4), mild (5-9), moderate (10-14), moderately severe (15-19)* and severe (=20 or >15). *The category
“moderately severe” does not exist in the GAD-7 score classification and is therefore not included in this figure.
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3 months post-stroke 12 months post-stroke

Variable Adjusted R? | Beta | 95% CI p-value | Adjusted R? | Beta | 95% CI p-value
Model 1 0.021 0.009
PA moderate —1.68 | —2.42;-0.94 | <0.001*** —-1.02 | -1.80;-0.24 | 0.010*
PA high -1.26 | —2.05;-0.47 | 0.002** -0.31 | -1.15;0.53 | 0.471
Model 2 0.164 0.163
PA moderate —-1.01 | -1.74;-0.28 | 0.007** -0.49 | -1.25;0.26 | 0.201
PA high -0.71 | -1.50;0.08 | 0.077 0.18 | —0.64;1.00 | 0.660
Observations | Model 1 931 861

Model 2 821 768

Table 2. Multivariable linear regression model analyzing the association between pre-stroke physical activity
and symptoms of depression (PHQ-9) 3 and 12 months post-stroke. Model 1 adjusted by age and sex. Model
2 adjusted by age, sex, multimorbidity, mental health disorder, general health status, prior stroke, BMI, smoking
and social network. CI= Confidence interval; PA = International Physical Activity Questionnaire; PHQ = Patient
Health Questionnaire *p <0.05 | **p<0.01 | ***p <0.001

3 months post-stroke 12 months post-stroke

Variable Adjusted R? | Beta | 95% CI p-value | Adjusted R> | Beta | 95%CI | p-value
Model 3 0.023 0.013
PA moderate -0.86 | -1.49;-0.24 | 0.007** -0.59 | —1.22;0.04 | 0.065
PA high —-0.31 | -0.98;0.35 | 0.357 -0.41 | -1.09;0.27 | 0.235
Model 4 0.136 0.133
PA moderate -0.46 | -1.08;0.17 | 0.151 —-0.25 | -0.88;0.37 | 0.427
PA high 0.10 | -0.57;0.77 | 0.770 —-0.02 | -0.70;0.66 | 0.953
Observations | Model 3 931 861

Model 4 821 768

Table 3. Multivariable linear regression model analyzing the association between pre-stroke physical activity
and symptoms of anxiety (GAD-7) 3 and 12 months post-stroke. Model 3 adjusted by age and sex. Model 4
adjusted by age, sex, multimorbidity, mental health disorder, general health status, prior stroke, BMI, smoking
and social network. CI= Confidence interval; GAD = Generalized Anxiety Disorder; PA = International Physical
Activity Questionnaire Note: *p <0.05 | **p<0.01 | ***p<0.001

symptoms 3 months post-stroke, whereas Vestergaard et al. evaluated symptoms at 1 and 6 months. Moreover,
different measurement tools were utilized for assessing pre-stroke PA (HUNT2 vs. PASE) and post-stroke
depressive symptoms (HADS vs. MDI). While the studies differ in their design and methodology, providing
complementary insights into the role of pre-stroke PA on symptoms of PSD, they consistently demonstrate the
association between higher pre-stroke PA and reduced depressive symptoms in the subacute phase of stroke
recovery. These findings align with the results of the SCHANA study for the moderate PA group. However,
our study shows that a high PA level is not significantly associated with a reduction in depressive symptoms
compared to the low PA group, indicating a non-linear relationship between physical activity before stroke and
mental health in the recovery phase after stroke. A dose-dependent non-linear relationship between physical
activity and various health domains is also reported in prior literature?®. For example intensive exercise might
have adverse effects on (cardiovascular) health in professional sports athletes**. However, it’s application in
stroke patients remains unclear. The results of the Copenhagen City Heart Study indicated that moderate sports
activities is associated with the lowest cardiovascular and overall mortality in healthy adults*®. The results of our
study support the idea that more physical activity might not always be beneficial. However, the evidence is clear
that very low amounts of physical activity is detrimental to almost all domains of human health and should be
avoided in any case’®.

Prior comparative studies may not represent the total effect of pre-stroke PA due to the adjustment for stroke
severity and degree of disability after stroke. In a sensitivity analysis we also adjusted the regression models for
those variables, which confirmed this assumption. In our view, however, these variables must be considered
mediating factors rather than actual confounders, so they were not included in the main models.

Previous studies showed that the acceptance of post-stroke disability is an important factor in reducing
depressive symptoms?’. Somehow surprisingly, we only found significantly less symptoms of depressive
symptoms 3 months after stroke for the moderate PA group, not for the high PA group, however. It could be
assumed that highly active patients find it more difficult to adapt to physical and cognitive limitations after
stroke, as this represents a drastic shift compared to their previous lifestyle. PA before stroke can be regarded as
a potential reflection of an individual’s broader lifestyle. Patients with a high pre-stroke PA level may develop
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less effective coping strategies to deal with the negative effects of stroke. In contrast, patients with moderate PA
might adapt better to the stroke-related limitations.

Depression and anxiety are known to frequently co-occur, as demonstrated in recent studies®*. Our findings
add to the existing evidence by showing a clear correlation between higher PHQ-9 and elevated GAD-7 scores.
However, pre-stroke PA was primarily associated with a reduction in depressive symptoms and showed no
significant effect on anxiety. This aligns with the results observed by Bovim et al. (2019). Nevertheless, given the
high correlation between depression and anxiety, it may be plausible that PA exerts an indirect effect on anxiety by
mitigating depressive symptoms. However, the causal relationship between depression and anxiety are supposed
to be bidirectional, which means that anxiety might also precede depressive symptoms®. This potential pathway
warrants further investigation to better understand the interconnected psychological outcomes influenced by
PA.

Potential mechanisms of pre-stroke PA impacting post-stroke depression

As prior studies have demonstrated, PA before stroke is associated with protective effects against symptoms
of PSD. Regular PA enhances the release of neurotrophic factors, such as Brain-Derived Neurotrophic Factor,
which promotes neuronal growth and recovery, supporting functional regeneration?’. PA also reduces
systemic inflammatory markers like C-reactive protein (CRP) and interleukins, and thereby lowering
neuroinflammation?”-?. Furthermore, it maintains the integrity of the blood-brain barrier, reducing the risk of
secondary neuroinflammatory damage post-stroke?®. PA improves vascular health by lowering blood pressure,
optimizing lipid metabolism, and enhancing insulin sensitivity, thereby potentially reducing the risk of severe
strokes?”*", It also stimulates cerebral angiogenesis, improving oxygen supply and functional recovery in the
brain?*>0. These mechanisms may collectively contribute to lower stroke severity and reduced functional
impairments, leading to fewer psychological complications in the subacute phase after stroke!’. However, in
the long-term recovery process factors other than pre-stroke physical activity might become more and more
influential, which is represented by the circumstance that we found no more significant associations for the
12-month follow-up anymore. Furthermore, as our data indicates, symptoms of depression and anxiety are
slightly lower 12 months after stroke compared to the 3-month time point, which makes it more difficult to
find significant associations. This is further impeded by a reduced sample size at the 12-month follow-up and
consequently less statistical power, but it appears plausible that the effects of pre-stroke physical activity diminish
over time and factors like physical activity after stroke are becoming increasingly important in the long run. In
the present study, we were not able to analyze the associations between post-stroke physical activity and mental
health in the long-term phase of recovery as no information on physical activity after stroke was available.

Clinical implications and future research

The findings of this study have important implications for clinical practice, particularly for neurologists and
primary care physicians. Identifying and addressing depressive symptoms after a stroke should be a priority
considering the negative impacts on quality of life and development of an increased risk profile’-!°. Considering
pre-stroke physical activity might be helpful in post-stroke care planning by identifying patients with an
increased risk of developing post-stroke mental health issues. A particular attention should be given to those
patients who were either physically inactive or highly active prior to stroke. Patients with pre-existing physical
limitations are at a heightened risk of developing PSD, highlighting the need for early screening and proactive
management of depressive symptoms in this group. Equally, patients who were previously fit and physically
active should not be overlooked. The abrupt change in lifestyle and potential loss of autonomy could lead
to a lower acceptance of stroke-related impairments. However, also those patients with moderate PA before
stroke should be monitored as they might develop PSD later than three months after stroke. Routine mental
health assessments during follow-up visits can help detect early signs of PSD in these individuals. While an
active lifestyle before stroke might offer protective effects against depressive symptoms through neurovascular
mechanisms, these benefits may be mitigated by a lack of acceptance of stroke-related disability. However, we
cannot draw conclusion about causality of the associations described and consequently we would be careful
to derive concrete recommendations for patients based on results of this study. Especially the non-linear
relationship between physical activity and mental health after stroke indicated by our results makes it difficult to
give general recommendations. Moreover, there might be a relevant uncertainty or overestimation of the actual
amount of physical activity based on self-reported information given by the patients®!, which makes it not easier
to give general advise to patients based on results from the present study. With these limitations in mind, we still
consider PA to be valuable for screening and identifying patients with increased risk of depression or anxiety
after stroke. Future research should investigate how pre-stroke PA levels influence the acceptance of stroke-
related disability and the interplay between depression and anxiety in stroke survivors.

Our findings underline the need for psychological care for seriously ill patients (e.g., stroke patients), which
aligns with the objectives of the ongoing digiBRAVE project in Augsburg, Germany>2. This Bavarian State
Ministry-funded initiative aims to utilize modern digital tools to predict, prevent, and improve the treatment
of depressive episodes in patients with severe somatic diseases, including stroke. By employing a stepped-care
model, digiBRAVE offers tailored digital interventions that adapt to the severity and individual preferences of
patients, trying to promote a comprehensive and innovative approach to mental health care.

Strengths and limitations

Our study is characterized by several strengths. The large sample size provides sufficient statistical power, and the
longitudinal design allows valuable insights into changes over time. Reliable data was collected by standardized
personal interviews and elaborating medical records. Moreover, validated instruments were used to measure
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mental health outcomes®®>%. Adjustment for potential confounders approximates a causal effect, and sensitivity
analyses reinforced the robustness of our findings.

However, there are also some limitations to mention. First, as an observational study, it cannot establish
causality between pre-stroke PA and mental health outcomes after stroke. However, the prospective design and
adjustment for potential confounders strengthen the observed associations. Second, there might be a potential
selection bias, as the sample consists mainly of patients with minor strokes and mild disabilities, which may limit
generalizability to more severe cases. However, the subgroup analyses indicated that the reported associations
are also valid for more severe cases (mRS > 4).Third, even though the IPAQ is a validated tool widely used in
similar studies®®, a limitation with IPAQ is recall bias, which is confirmed by studies like Lee et al., who found
that self-assessed PA often overestimates objective measures.”!. This might especially affect the found associations
for the high physical activity group. Also, information on physical activity was only available at baseline. Stroke-
related impairments can affect a patient’s ability to engage in physical activity after the event, so examining
the association between post-stroke physical activity and mental health outcomes might help to clarify the
associations and to get a more comprehensive understanding of the underlying interconnection. Additionally,
conducting the study partly during the COVID-19 pandemic may limit generalizability due to pandemic-related
behavioral changes. Lastly, we did not assess antidepressant use, which could influence depression outcomes.
However, Vestergaard et al. (2023) found that antidepressant use did not significantly affect the association
between pre-stroke PA and depression.

Conclusion

Moderate PA before stroke is associated with lower levels of depressive symptoms 3 months after stroke but not
12 month post-stroke. Notably, higher levels of PA before stroke are not associated with greater reductions in
depressive symptoms. The high correlation between PSD and PSA suggests that addressing depression through
PA before stroke may indirectly influence anxiety outcomes. Regarding mental well-being, physicians should
pay particular attention to stroke patients who were either physically inactive or highly active prior to stroke.

Data availability
The raw data supporting the conclusions of this article will be made available by the authors upon reasonable
request.

Received: 18 August 2025; Accepted: 29 April 2026
Published online: 26 May 2026

References

1. World Health Organization. Global Health Estimates: Life expectancy and leading causes of death and disability. (2024). https://w
ww.who.int/data/gho/data/themes/mortality-and-global-health-estimates. Accessed 23 Dec 2024.

2. Feigin, V. L. et al. World Stroke Organization (WSO): Global Stroke Fact Sheet 2025. Int. J. Stroke https://doi.org/10.1177/1747493
0241308142 (2024).

3. Hackett, M. L. & Pickles, K. Part I: Frequency of depression after stroke: An updated systematic review and meta-analysis of
observational studies. Int. J. Stroke 9, 1017-25. https://doi.org/10.1111/ijs.12357 (2014).

4. Knapp, P. et al. Frequency of anxiety after stroke: An updated systematic review and meta-analysis of observational studies. Int. J.
Stroke 15, 244-55. https://doi.org/10.1177/1747493019896958 (2020).

5. Ignacio, K. H. D. et al. Prevalence of depression and anxiety symptoms after stroke in young adults: A systematic review and meta-
analysis. J. Stroke Cerebrovasc. Dis. 33, 107732. https://doi.org/10.1016/j.jstrokecerebrovasdis.2024.107732 (2024).

6. Ruthmann, F. et al. Prevalence of poststroke anxiety and its associations with global cognitive impairment: An individual
participant data analysis. J. Affect Disord. 369, 1136-44. https://doi.org/10.1016/j.jad.2024.10.099 (2025).

7. Sibbritt, P. D. et al. An examination of modifiable risk factors in stroke survivors, with a view to recurrent stroke prevention. J.
Stroke Cerebrovasc. Dis. 31, 106547 https://doi.org/10.1016/j.jstrokecerebrovasdis.2022.106547 (2022).

8. Cai, W, Mueller, C,, Li, Y-J., Shen, W-D. & Stewart, R. Post stroke depression and risk of stroke recurrence and mortality: A
systematic review and meta-analysis. Ageing Res. Rev. 50, 102-109. https://doi.org/10.1016/j.arr.2019.01.013 (2019).

9. Fischer, S. et al. Association of post-stroke-depression and health-related quality of life three months after the stroke event. Results
from the Stroke Cohort Augsburg (SCHANA) study. Psychol Health Med 28, 1148-59. https://doi.org/10.1080/13548506.2022.205
3175 (2023).

10. Kutlubaev, M. A. & Hackett, M. L. Part II: Predictors of depression after stroke and impact of depression on stroke outcome: An
updated systematic review of observational studies. Int. J. Stroke 9, 1026-36. https://doi.org/10.1111/ijs.12356 (2014).

11. Hopwood, M. Anxiety symptoms in patients with major depressive disorder: Commentary on prevalence and clinical implications.
Neurol. Ther. 12, 5-12. https://doi.org/10.1007/s40120-023-00469-6 (2023).

12. Cui, L. et al. Major depressive disorder: Hypothesis, mechanism, prevention and treatment. Signal Transduct. Target. Ther. 9, 30.
https://doi.org/10.1038/s41392-024-01738-y (2024).

13. Craske, M. G. et al. Anxiety disorders. Nat. Rev. Dis. Primers 3, 17024. https://doi.org/10.1038/nrdp.2017.24 (2017).

14. Koskinen, M.-K. & Hovatta, I. Genetic insights into the neurobiology of anxiety. Trends Neurosci. 46, 318-31. https://doi.org/10.1
016/j.tins.2023.01.007 (2023).

15. Li, C. et al. Treatment effect of exercise training on post-stroke depression in middle-aged and older adults: A meta-analysis. Int. J.
Geriatr. Psychiatry https://doi.org/10.1002/gps.5798 (2022).

16. Eng,]J.]. & Reime, B. Exercise for depressive symptoms in stroke patients: A systematic review and meta-analysis. Clin. Rehabil. 28,
731-739. https://doi.org/10.1177/0269215514523631 (2014).

17. Hung, S. H. et al. Pre-stroke physical activity and admission stroke severity: A systematic review. Int. J. Stroke 16, 1009-18. https:/
/doi.org/10.1177/1747493021995271 (2021).

18. Salmantabar, P, Abzhandadze, T., Viktorisson, A., Reinholdsson, M. & Sunnerhagen, K. S. Pre-stroke physical inactivity and stroke
severity in male and female patients. Front. Neurol. 13, 831773 https://doi.org/10.3389/fneur.2022.831773 (2022).

19. Viktorisson, A. et al. Associations of prestroke physical activity with stroke severity and mortality after intracerebral hemorrhage
compared with ischemic stroke. Neurology 99, e2137-e2148. https://doi.org/10.1212/WNL.0000000000201097 (2022).

20. Wen, C.-P. et al. Pre-stroke physical activity is associated with fewer post-stroke complications, lower mortality and a better long-
term outcome. Eur. J. Neurol. 24, 1525-31. https://doi.org/10.1111/ene.13463 (2017).

Scientific Reports |

(2026) 16:16290 | https://doi.org/10.1038/s41598-026-51679-5 nature portfolio


https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates
https://www.who.int/data/gho/data/themes/mortality-and-global-health-estimates
https://doi.org/10.1177/17474930241308142
https://doi.org/10.1177/17474930241308142
https://doi.org/10.1111/ijs.12357
https://doi.org/10.1177/1747493019896958
https://doi.org/10.1016/j.jstrokecerebrovasdis.2024.107732
https://doi.org/10.1016/j.jad.2024.10.099
https://doi.org/10.1016/j.jstrokecerebrovasdis.2022.106547
https://doi.org/10.1016/j.arr.2019.01.013
https://doi.org/10.1080/13548506.2022.2053175
https://doi.org/10.1080/13548506.2022.2053175
https://doi.org/10.1111/ijs.12356
https://doi.org/10.1007/s40120-023-00469-6
https://doi.org/10.1038/s41392-024-01738-y
https://doi.org/10.1038/nrdp.2017.24
https://doi.org/10.1016/j.tins.2023.01.007
https://doi.org/10.1016/j.tins.2023.01.007
https://doi.org/10.1002/gps.5798
https://doi.org/10.1177/0269215514523631
https://doi.org/10.1177/1747493021995271
https://doi.org/10.1177/1747493021995271
https://doi.org/10.3389/fneur.2022.831773
https://doi.org/10.1212/WNL.0000000000201097
https://doi.org/10.1111/ene.13463

www.nature.com/scientificreports/

21.
22.

23.

24.
25.

26.

27.
28.
29.
30.
31.
32.
33.
34.
35.

36.

37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.

52.
. Liu, E et al. Validity of evaluation scales for post-stroke depression: A systematic review and meta-analysis. BMC Neurol. 24, 286.

Mediano, M. E. E et al. Prestroke physical activity and adverse health outcomes after stroke in the Atherosclerosis Risk in
Communities Study. Stroke 52, 2086-95. https://doi.org/10.1161/STROKEAHA.120.032695 (2021).

Morovatdar, N. et al. Regular physical activity postpones age of occurrence of first-ever stroke and improves long-term outcomes.
Neurol. Sci. 42, 3203-10. https://doi.org/10.1007/s10072-020-04903-7 (2021).

Reinholdsson, M., Abzhandadze, T., Palstam, A. & Sunnerhagen, K. S. A register-based study on associations between pre-stroke
physical activity and cognition early after stroke (part of PAPSIGOT). Sci. Rep. 12, 5779. https://doi.org/10.1038/s41598-022-0952
0-2 (2022).

van Allen, Z., Orsholits, D. & Boisgontier, M. P. Pre-stroke physical activity matters for functional limitations: A longitudinal case-
control study of 12,860 participants. medRxiv https://doi.org/10.1101/2023.09.14.23295576 (2024).

Bovim, M. et al. Relationship between pre-stroke physical activity and symptoms of post-stroke anxiety and depression: An
observational study. J. Rehabil. Med. 51, 755-60. https://doi.org/10.2340/16501977-2610 (2019).

Vestergaard, S. B. et al. Impact of prestroke physical activity and citalopram treatment on poststroke depressive symptoms: A
secondary analysis of data from the TALOS randomised controlled trial in Denmark. BMJ Open 13, €070822. https://doi.org/10.1
136/bmjopen-2022-070822 (2023).

Di Raimondo, D., Rizzo, G., Musiari, G., Tuttolomondo, A. & Pinto, A. Role of regular physical activity in neuroprotection against
acute ischemia. Int. J. Mol. Sci. https://doi.org/10.3390/ijms21239086 (2020).

Matkiewicz, M. A. et al. Blood-brain barrier permeability and physical exercise. J. Neuroinflammation 16, 15. https://doi.org/10.11
86/512974-019-1403-x (2019).

Xing, Y. & Bai, Y. A review of exercise-induced neuroplasticity in ischemic stroke: Pathology and mechanisms. Mol. Neurobiol. 57,
4218-4231. https://doi.org/10.1007/s12035-020-02021-1 (2020).

General Assembly of the World Medical Association. WMA Declaration of Helsinki - Ethical Principles for Medical Research
Involving Human Subjects. (2024). https://www.wma.net/policies-post/wma-declaration-of-helsinki/

Ertl, M. et al. Long-term outcomes in patients with stroke after in-hospital treatment-Study protocol of the prospective stroke
cohort Augsburg (SCHANA Study). Medicina (Kaunas) https://doi.org/10.3390/medicina56060280 (2020).

UNESCO Institute for Statistics. International standard classification of education ISCED 1997 / UNESCO, United Nations
Educational, Scientific and Cultural Organization, Institute for Statistics (UNESCO-UIS, 2006).

German National Cohort (GNC) Consortium. The German National Cohort: Aims, study design and organization. Eur. J.
Epidemiol. 29, 371-82. https://doi.org/10.1007/s10654-014-9890-7 (2014).

EuroQol Research Foundation. EQ-5D-5L User Guide: Basic information on how to use the EQ-5D-5L instrument. (2019). https:
//euroqol.org/publications/user-guides. Accessed 10 Dec 2024.

Craig, C. L. et al. International physical activity questionnaire: 12-country reliability and validity. Med. Sci. Sports Exerc. 35, 1381~
95. https://doi.org/10.1249/01.MSS.0000078924.61453.FB (2003).

IPAQ Research Committee. Guidelines for Data Processing and Analysis of the International Physical Activity Questionnaire
(IPAQ): Short and Long Forms. (2005). https://drive.google.com/file/d/1gehdq1-04eSWfbxscwtzXalMUID8Mfta/view. Accessed
10 Dec 2024.

Kroenke, K., Spitzer, R. L. & Williams, J. B. The PHQ-9: Validity of a brief depression severity measure. J. Gen. Intern. Med. 16,
606-13. https://doi.org/10.1046/j.1525-1497.2001.016009606.x (2001).

Spitzer, R. L., Kroenke, K., Williams, J. B. & Lowe, B. A brief measure for assessing generalized anxiety disorder: The GAD-7. Arch.
Intern. Med. https://doi.org/10.1001/archinte.166.10.1092 (2006).

Johnston, M. C., Crilly, M., Black, C., Prescott, G. J. & Mercer, S. W. Defining and measuring multimorbidity: A systematic review
of systematic reviews. Eur. J. Public Health 29, 182-9. https://doi.org/10.1093/eurpub/cky098 (2019).

Banks, J. L. & Marotta, C. A. Outcomes validity and reliability of the modified Rankin scale: Implications for stroke clinical trials:
A literature review and synthesis. Stroke 38, 1091-6. https://doi.org/10.1161/01.STR.0000258355.23810.c6 (2007).

Kasner, S. E. Clinical interpretation and use of stroke scales. Lancet Neurol. 5, 603-12. https://doi.org/10.1016/S1474-4422(06)704
95-1 (2006).

Bernhardt, J. et al. Agreed definitions and a shared vision for new standards in stroke recovery research: The Stroke Recovery and
Rehabilitation Roundtable Taskforce. Neurorehabil. Neural Repair 31, 793-9. https://doi.org/10.1177/1545968317732668 (2017).
Warburton, D. E. R. & Bredin, S. S. D. Health benefits of physical activity: A systematic review of current systematic reviews. Curr.
Opin. Cardiol. 32, 541-56. https://doi.org/10.1097/HCO.0000000000000437 (2017).

Merghani, A., Malhotra, A. & Sharma, S. The U-shaped relationship between exercise and cardiac morbidity. Trends Cardiovasc.
Med. 26, 232-40. https://doi.org/10.1016/j.tcm.2015.06.005 (2016).

Schnohr, P. et al. U-shaped association between duration of sports activities and mortality: Copenhagen City Heart Study. Mayo
Clin. Proc. 96, 3012-20. https://doi.org/10.1016/j.mayocp.2021.05.028 (2021).

Miller, K. R. et al. The health benefits of exercise and physical activity. Curr. Nutr. Rep. 5, 204-12. https://doi.org/10.1007/s13668-0
16-0175-5 (2016).

Lim, M. J. R, Tan, J., Neo, A. Y. Y,, Ng, B. C. J. & Asano, M. Acceptance of disability in stroke: A systematic review. Ann. Phys.
Rehabil. Med. 67, 101790. https://doi.org/10.1016/j.rehab.2023.101790 (2024).

Stein, L. A. et al. Association between anxiety, depression, and Post-traumatic Stress Disorder and outcomes after ischemic stroke.
Front. Neurol. 9, 890. https://doi.org/10.3389/fneur.2018.00890 (2018).

Winer, E. S. et al. Mapping the relationship between anxiety, anhedonia, and depression. J. Affect. Disord. 221, 289-96. https://doi
.0rg/10.1016/j.jad.2017.06.006 (2017).

Pin-Barre, C. & Laurin, J. Physical exercise as a diagnostic, rehabilitation, and preventive tool: Influence on neuroplasticity and
motor recovery after stroke. Neural Plast. 2015, 608581. https://doi.org/10.1155/2015/608581 (2015).

Lee, P. H., Macfarlane, D. J., Lam, T. H. & Stewart, S. M. Validity of the International Physical Activity Questionnaire Short Form
(IPAQ-SF): A systematic review. Int. J. Behav. Nutr. Phys. Act. 8, 115. https://doi.org/10.1186/1479-5868-8-115 (2011).
digiBRAVE. digiBRAVE Bayern: Uber digiBRAVE. (2025). https://digibrave-bayern.de/ueber-digibrave/. Accessed 23 Jan 2025.

https://doi.org/10.1186/s12883-024-03744-7 (2024).

Acknowledgements

We are grateful to all members of the Department of Neurology and Clinical Neurophysiology at the University
Hospital Augsburg and the Chair of Epidemiology, University of Augsburg, for their support. Moreover, we
express our appreciation to all study participants.

Author contributions

Conceptualization: JL, IK, MN, ME, CM. Methodology: MH, TS, JL, CM. Formal analysis and investigation;
MH, TS. Writing (Original draft): MH. Writing (reviewing and editing): TS, JL, CM, MN, ME, IK. Funding
acquisition: ME. Resources: JL, MN.

Scientific Reports |

(2026) 16:16290 | https://doi.org/10.1038/s41598-026-51679-5 nature portfolio


https://doi.org/10.1161/STROKEAHA.120.032695
https://doi.org/10.1007/s10072-020-04903-7
https://doi.org/10.1038/s41598-022-09520-2
https://doi.org/10.1038/s41598-022-09520-2
https://doi.org/10.1101/2023.09.14.23295576
https://doi.org/10.2340/16501977-2610
https://doi.org/10.1136/bmjopen-2022-070822
https://doi.org/10.1136/bmjopen-2022-070822
https://doi.org/10.3390/ijms21239086
https://doi.org/10.1186/s12974-019-1403-x
https://doi.org/10.1186/s12974-019-1403-x
https://doi.org/10.1007/s12035-020-02021-1
https://www.wma.net/policies-post/wma-declaration-of-helsinki/
https://doi.org/10.3390/medicina56060280
https://doi.org/10.1007/s10654-014-9890-7
https://euroqol.org/publications/user-guides
https://euroqol.org/publications/user-guides
https://doi.org/10.1249/01.MSS.0000078924.61453.FB
https://drive.google.com/file/d/1gehdq1-04eSWfbxscwtzXa1MUlD8Mffa/view
https://doi.org/10.1046/j.1525-1497.2001.016009606.x
https://doi.org/10.1001/archinte.166.10.1092
https://doi.org/10.1093/eurpub/cky098
https://doi.org/10.1161/01.STR.0000258355.23810.c6
https://doi.org/10.1016/S1474-4422(06)70495-1
https://doi.org/10.1016/S1474-4422(06)70495-1
https://doi.org/10.1177/1545968317732668
https://doi.org/10.1097/HCO.0000000000000437
https://doi.org/10.1016/j.tcm.2015.06.005
https://doi.org/10.1016/j.mayocp.2021.05.028
https://doi.org/10.1007/s13668-016-0175-5
https://doi.org/10.1007/s13668-016-0175-5
https://doi.org/10.1016/j.rehab.2023.101790
https://doi.org/10.3389/fneur.2018.00890
https://doi.org/10.1016/j.jad.2017.06.006
https://doi.org/10.1016/j.jad.2017.06.006
https://doi.org/10.1155/2015/608581
https://doi.org/10.1186/1479-5868-8-115
https://digibrave-bayern.de/ueber-digibrave/
https://doi.org/10.1186/s12883-024-03744-7

www.nature.com/scientificreports/

Funding
Open Access funding enabled and organized by Projekt DEAL. The Stroke Cohort Augsburg (SCHANA) was
funded by the Faculty of Medicine, University of Augsburg, Germany.

Declarations

Competing interests
The authors declare no competing interests.

Ethics approval
Ethical approval was granted by the ethics committee of the Ludwig-Maximilians-Universitit Miinchen
(Reference No. 18-196).

Consent
All study participants or their legal representatives have given written informed consent.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-026-51679-5.

Correspondence and requests for materials should be addressed to T.S.
Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2026

Scientific Reports |

(2026) 16:16290 | https://doi.org/10.1038/s41598-026-51679-5 nature portfolio


https://doi.org/10.1038/s41598-026-51679-5
https://doi.org/10.1038/s41598-026-51679-5
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Moderate pre-stroke physical activity has a protective effect on symptoms of depression in the post-acute phase after stroke
	Moritz Hahner, Christine Meisinger, Inge Kirchberger, Michael Ertl, Markus Naumann, Jakob Linseisen, Timo Schmitz
	Nutzungsbedingungen / Terms of use:
	CC BY 4.0  

	﻿Moderate pre-stroke physical activity has a protective effect on symptoms of depression in the post-acute phase after stroke
	﻿Methods
	﻿Study design
	﻿Survey data
	﻿Pre-stroke physical activity (exposure)
	﻿Symptoms of depression and anxiety (outcome)
	﻿Clinical data
	﻿Statistical analysis

	﻿Results
	﻿Sample characteristics
	﻿Association between pre-stroke PA and depressive symptoms 3- and 12-months post-stroke
	﻿Association between pre-stroke PA and symptoms of anxiety 3 and 12 months post-stroke
	﻿Correlation between depression and anxiety at 3 months post-stroke

	﻿Discussion
	﻿Current literature on physical activity and mental health in stroke patients
	﻿Potential mechanisms of pre-stroke PA impacting post-stroke depression
	﻿Clinical implications and future research
	﻿Strengths and limitations

	﻿Conclusion
	﻿References


