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Depression symptoms 6 years 
after stroke are associated 
with higher perceived impact 
of stroke, limitations in ADL 
and restricted participation
Charlotte Ytterberg1,2, Linda Cegrell3, Lena von Koch1,2 & Maria Wiklander1*

Late post-stroke depression symptoms are understudied. This study aimed to investigate depression 
symptoms 6 years after stroke, and associations with perceived impact of stroke, activities of 
daily living (ADL), and participation in social and everyday activities. Data was collected in a 
6-year follow-up in a longitudinal study of stroke. Assessments included Hospital Anxiety and 
Depression Scale (HADS) for depression symptoms, Stroke Impact Scale 3.0. for perceived impact 
of stroke,Barthel Index for ADL, Frenchay Activities Index for participation in social and everyday 
activities. The research questions were addressed by bivariate analyses (with HADS-D ≥ 4 as cut-off), 
and hierarchical multiple regressionanalyses using continuous HADS-D scores. Forty percent of the 
105 participants (57% men, age 30–91) showed depression symptoms (HADS-D ≥ 4). Depression 
symptoms were associated with higher perceived impact ofstroke, more dependence in ADL, and 
more restrictions in participation in social and everyday activities. Most of those with depression 
symptoms had low scores on HADS, indicating that even mild depression symptoms mightbe relevant 
to identify and target in treatment and rehabilitation of long-term consequences of stroke.

Abbreviations
ADL  Activities of daily living
BI  Barthel Index
CBT  Cognitive behavioural therapy
FAI  Frenchay Activities Index
HADS  Hospital Anxiety and Depression Scale
HADS-A  Hospital Anxiety and Depression Scale—Anxiety subscale
HADS-D  Hospital Anxiety and Depression Scale—Depression subscale
ICF  International Classification of Functioning, Disability and Health
IQR  Interquartile range
LAS-1  Life After Stroke Phase 1
MMSE  Mini Mental State Examination
PSD  Post-stroke depression
SD  Standard deviation
SIS  Stroke Impact Scale

Stroke is a major cause of death and disability worldwide, affecting more than 13 million persons every  year1. 
Improved acute treatment of stroke in the last decades, with increasing survival rates, calls for efficient strate-
gies for post-stroke rehabilitation. The rehabilitation often occurs in the year following the stroke, with no or 
few guidelines for longer follow-up. Yet, long-term consequences of stroke are common, which might impact 
activities of daily living (ADL), and participation in the  society2–4. Therefore, long-term consequences of stroke 
and their interrelationships are relevant to identify, to find targets for treatment and rehabilitation. This study 
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adheres to the International Classification of Functioning, Disability and Health (ICF)5, which is based on the 
biopsychosocial model of disability. In the ICF activity is defined as “the execution of a task or action by an 
individual” and participation as “involvement in a life situation”.

Depression is more common after  stroke6 than in the general  population7 and may contribute to poorer qual-
ity of life and  functioning8–10. Previous research has reported both early and late onset of post-stroke depression 
(PSD), with the highest prevalence during the first  year6,8. The aetiology of PSD is still poorly understood but 
considered to be multifactorial, with biological and psychosocial components contributing to the development 
of depression  symptoms10.

In recent years, an increased attention has been given to evaluating the efficacy of treatments of  PSD10. Fur-
thermore, different interventions to prevent PSD have been tested, including pharmacological, psychological, 
and non-invasive brain stimulation treatments, but the current evidence for efficacy of any of these treatments 
is  weak11.

The prevalence of PSD has been reported up to 15  years12, but there is still a scarcity of research including 
factors associated with PSD in a longer time perspective. As post-stroke depression has been related to worse 
 functioning10, relevant areas to investigate include perceived impact of stroke, activities of daily living (ADL) 
and participation in social and everyday activities.

Therefore, the aims of this study were to investigate depression symptoms 6 years after stroke, and associations 
with perceived impact of stroke, ADL, and participation in social and everyday activities.

Methods
Participants. Participants from the longitudinal study “Life After Stroke Phase 1” (LAS-1), who took part 
in a 6-year follow-up, were eligible for inclusion. The LAS-1 was a prospective observational study on the reha-
bilitation process after stroke, described in detail  elsewhere13. From an original sample of 349 patients diagnosed 
with stroke, consecutively recruited years 2006–2007 at stroke units at Karolinska University Hospital in Stock-
holm, Sweden, 183 persons who were still alive were approached by mail for participation. Informed signed 
consent was obtained from all participants. Ethical permission for the original study and the 6-year follow-up 
was granted by the Regional Ethics Committee in Stockholm (2011/1573-32, 2012/428-32), and procedures were 
conducted in accordance with the Declaration of Helsinki.

In the current study, all participants from the LAS-1 study who consented to participate in the 6-year follow-
up and who had completed the Hospital Anxiety and Depression Scale (HADS)14 were included.

Procedure. Data was collected with structured face-to-face interviews by experienced occupational thera-
pists and physiotherapists. The interviews were in most cases conducted in the participant’s home. If needed, a 
next-of-kin was present during the interviews.

Data collection. Sociodemographic data was collected at baseline, within 5 days after stroke, and at the 
6-year follow-up. The Barthel Index (BI) has shown good agreement with other stroke severity  measures15 and 
was used to classify stroke severity at baseline. A score < 15 was classified as severe, 15–49 moderate, and ≥ 50 as 
mild  stroke16. Cognitive function was assessed with the Mini-Mental State Examination (MMSE)17. One item 
from the Scandinavian Stroke Scale was used to assess presence and severity of aphasia at  onset18. At 6 years the 
following data were collected.

Hospital Anxiety and Depression Scale. Depression symptoms were collected by the Hospital Anxiety and 
Depression Scale (HADS), which is a 14-item self-rating scale to screen for anxiety and depression among per-
sons with physical ill-health14. The items cover non-physical symptoms of anxiety and depression, with seven 
items covering anxiety (HADS-A) and seven items covering depression (HADS-D). The respondent is asked to 
rate agreement with the statements for a period of 1 week, on a four-point scale ranging from 0 = no symptom 
to 3 = maximum symptom. The maximum score on HADS-D is 21 and a commonly used cut-off for depression 
is >  819. However, it has been suggested that a lower score is more accurate to detect depression among persons 
with  stroke20 and a cut-off of 4 was therefore used in this study.

Stroke Impact Scale. Perceived impact of stroke was assessed with the Stroke Impact Scale (SIS) version 3.021, 
a 59-item scale assessing eight domains: strength, hand function, ADL, mobility, communication, emotion, 
memory and thinking, and participation. Responses on each domain are transformed into a 0–100 score, where 
0 indicates maximal and 100 no perceived impact of the stroke. The scale also contains a single item reflecting 
perceived recovery from the stroke, which is rated on a visual analogue scale with a range of 0–100, where 0 
reflects no, and 100 maximal, recovery.

Barthel Index. The Barthel  Index15 was used to assess ADL. The instrument consists of ten questions about 
activities regarding personal care and mobility. The total sum score is 0–100 where higher scores indicate more 
independence. Any score below 100 indicates some level of dependence.

Frenchay Activities Index. Participation in social and everyday activities were assessed with the Frenchay Activ-
ities Index (FAI)22. The scale consists of 15 items covering domestic chores, outdoor activities, and leisure/work. 
Each item is rated from 0 to 3, depending on the frequency of the activity during the past 3 or 6 months. A higher 
score indicates more frequent participation in social and everyday activities. A total score of < 15 is considered 
as the person being inactive/restricted23.
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Statistical analysis. For descriptive data, mean, standard deviation (SD), median, interquartile range 
(IQR), minimum, and maximum values were calculated. A cut-off of HADS-D ≥ 4 was used for depression 
symptoms in bivariate analyses. Group differences between participants with depression symptoms versus no 
depression symptoms were computed with  Chi2-test for categorical variables and Mann Whitney U for ordinal 
scale data. Significance level was set to p < 0.05. Eleven hierarchical multiple regression models were performed 
to investigate the contribution of depression on the dependent variables perceived impact of stroke (each domain 
of SIS), ADL (BI) and participation in social and everyday activities (FAI), controlling for age, sex, and stroke 
severity. In the first step, age, sex, and stroke severity were entered simultaneously as independent variables. In 
the second step, the independent variable depression, as measured by scores on the HADS-D, was added to the 
model. The models were evaluated by R2, F, F change, and significance level. The Statistical Package for the Social 
Science software (SPSS version 27, Armonk, NY: IBM Corp) was used.

Results
From the original cohort of 349 individuals in the LAS-1 study, 183 were still alive and eligible for the 6-year 
follow-up. Of these, 44 individuals declined participation, 18 were not possible to trace, 16 individuals had 
incomplete data and 105 participated in the current study. The inclusion process is presented in Fig. 1 and demo-
graphics of the 105 participants are presented in Table 1. Compared with all 183 individuals that were eligible 
for the 6-year follow-up, study participants were younger (median age 69 versus 74, p = 0.008). There were no 
differences between groups with regard to stroke severity (n = 90/10/5 for mild/moderate/severe stroke versus 
n = 140/25/18, p = 0.055) or sex distribution (57% men versus 54%, p = 0.618).

The participants were 45 women and 60 men, aged 30–91 (median = 69) at the time of the follow-up. Most 
of the participants had had a mild stroke (mild n = 90, moderate n = 10, severe n = 5). Among the participants, 
HADS-D scores varied between 0 and 12 (mean 3.25, SD 3.15, median 2, IQR 1–5). Forty percent had symptoms 
of depression (HADS ≥ 4) at the 6-year follow-up. The ratings are presented in Table 2.

In bivariate analyses, there were no differences regarding age, sex, or presence of aphasia between participants 
with or without depression symptoms (Table 1). However, participants with depression symptoms had greater 
cognitive impairment, as reflected by lower scores on the MMSE. Participants with depression symptoms also 
perceived higher impact of stroke on all domains of the SIS, except for the Memory and Thinking, and reported 
greater difficulties in ADL and social and everyday participation, as reflected by lower scores on BI and FAI 
(Table 1).

The hierarchical multiple regression models are presented in Table 3 (Supplementary Table S1 online for 
a more detailed description). Model 1, i.e., age, sex, and stroke severity, was significantly associated with all 
dependent variables, except the SIS domain ADL. Model 1 explained 4–35% of the variance of the dependent 
variables. When depression was added (Model 2), the explained variance increased significantly in all models, 
with ΔR2 ranging from 8 to 54% in increased explained variance of the dependent variables. All models were 
statistically significant in the second step. Hence depression symptoms were associated with higher perceived 
impact of stroke in all the domains of SIS, as well as more dependence in ADL as per BI and restrictions in 
participation measured by FAI.

Discussion
This study showed that depression symptoms (HADS-D ≥ 4) were present in 40% of the participants in this 6-year 
follow-up after stroke. Most participants had suffered from a mild stroke, and most had only mild symptoms of 
depression. Still, depression symptoms were consistently associated with worse outcomes in perceived impact 

Par�cipants at baseline 
n=349 

Included in six-year 
follow-up 

n=121

Par�cipated
n=105

Deceased n=166
Declined n=44

Unable to trace n=18

Incomplete data n=16

Figure 1.  Flow diagram of inclusion of participants.
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of stroke, as well as more restrictions in ADL, and social and everyday participation. The study adds to the cur-
rent literature on long-term follow-up6,12 showing that depression symptoms are common also in the chronic 
phase after stroke.

The depressive symptoms were negatively associated with perceived impact of stroke, ADL, and participation 
in social and everyday activities. Therefore, the clinical implications of depression symptoms after stroke seems 
important to evaluate. An aspect to take into account is the similarities between depression and apathy. A recent 
study argued that post-stroke apathy is often mistaken for depression in PSD  studies24. However, in this study 
most depression items, that were prominent among the participants with depression symptoms, were clearly 
mood items (HADS-D item 2, 4, and 6, see Table 2) and not symptoms that could as well be expressions of e.g., 
lack of energy or post-stroke apathy. Furthermore, participants with depression symptoms had lower scores on 

Table 1.  Characteristics of participants 6 years after stroke, and comparisons between participants with and 
without depression symptoms. a n = 103; bn = 101.

Variable

All participants (n = 105) Persons with HADS < 4 (n = 63) Persons with HADS ≥ 4 (n = 42)

pn n Median Min–Max n Median Min–Max

Age, median (min–max) 69 (30–91) 63 69 30–91 42 72 35–91 0.070

Women/men 45/60 27/36 18/24 1.000

Severity of stroke (at stroke 
onset) Mild; Moderate; Severe 90/10/5 60/3/0 1 1–2 30/7/5 1 1–3 0.002

Employment (yes/no) 26/79

Accommodation/Housing 
Own; Other 101/4

Civil status Married/Civil 
partnership; Single 55/50

Walking ability Walker with/
without help/device; Wheel-
chair user

103/2

Aphasia (stroke onset) Limited 
vocabulary; More than yes/
no; Yes/no

4/2/2 4/0/0 0/2/2 0.069

Mini Mental State Examination 92 57 29 22–30 35 28 13–30 0.031

Hospital Anxiety and Depres-
sion Scale—Depression 63 1 0–3 42 6 4–12 –

Stroke Impact Scale—Strengtha 62 88 25–100 41 63 13–100 < 0.001

Stroke Impact Scale—Hand 
 functiona 62 96 43–100 41 79 25–100 < 0.001

Stroke Impact Scale—ADL/
IADLa 62 89 58–100 41 67 6–97 < 0.001

Stroke Impact Scale—Mobilitya 62 96 39–100 41 89 25–100 0.027

Stroke Impact Scale—Com-
municationa 62 98 40–100 41 78 8–100 < 0.001

Stroke Impact Scale—Emotiona 62 97 33–100 41 81 11–100 < 0.001

Stroke Impact Scale—Memorya 62 90 0–100 41 85 0–100 0.074

Stroke Impact Scale—Partici-
pationa 62 92 31–100 41 75 16–100 < 0.001

Stroke Impact Scale—Stroke 
 recoverya 63 85 20–100 40 60 0–100 < 0.001

Barthel Index 63 100 75–100 42 95 0–100 < 0.001

Frenchay Activities  Indexb 61 35 8–45 40 21 0–45 < 0.001

Table 2.  Ratings on Hospital Anxiety and Depression Scale-Depression items.

Items:

Persons with HADS-D < 4 
(n = 63)

Persons with HADS-D ≥ 4 
(n = 42)

Mean (SD) Median (IQR) Mean (SD) Median (IQR)

2. Enjoy things 0.2 (0.5) 0 (0–0) 1.0 (0.9) 1 (0–1)

4. Laugh /Funny side 0.1 (0.3) 0 (0–0) 1.0 (0.8) 1 (0–1)

6. Cheerful 0.1 (0.2) 0 (0–0) 0.8 (0.8) 1 (0–1)

8. Slowed down 0.3 (0.4) 0 (0–1) 0.6 (0.8) 0 (0–1)

10. Appearance 0.4 (0.6) 0 (0–1) 1.0 (0.9) 1 (0–2)

12. Look forward with enjoyment 0.1 (0.4) 0 (0–0) 0.5(0.8) 0 (0–1)

14. Book/Radio/TV 0.1 (0.3) 0 (0–0) 0.4 (0.6) 0 (0–1)
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the MMSE and the relationship between cognitive function and depression symptoms after stroke could be a 
relevant focus for future research.

The HADS-D scores in the current study were similar to those reported in a representative sample of the 
Swedish population in the age group 65–8025, indicating that depression symptoms are equally common in the 
general population. However, whether the negative associations between depressive symptoms, and ADL and 
participation in social and everyday activities are present also in the general population is not known and should 
be explored.

The finding of the negative impact of mild depression symptoms on several outcome measures raises the 
question of how such symptoms might be prevented or treated. In a previous intervention review, evidence 
for antidepressant or psychological interventions in preventing depression after stroke was  weak11. However, a 
systematic review of cognitive behavioural therapy (CBT) for PSD showed positive effects of CBT, but the results 
should be interpreted with caution due to the quality of the included  studies26. Another systematic review and 
meta-analysis found evidence that exercise reduced depressive symptoms in neurologic  disorders27. Moreover, 
behavioural activation for PSD has been tested in a few studies with promising results, but more research is 
needed and recommended especially for milder forms of  depression28. Thus, for mild depression symptoms after 
stroke, interventions to test in future studies might include exercise or behavioural interventions, which have 
few side effects and are easily applied at low cost.

There were several methodological strengths of the study. The follow-up time of 6 years exceeded most previ-
ous studies of PSD. All stroke patients from Karolinska University Hospital’s stroke units were eligible for inclu-
sion in the original study and of these, all who were alive and reachable were invited to the 6-year follow-up. Data 
collection was performed with face-to-face interviews and no exclusion criteria were used, which enabled a broad 
participation. Valid and reliable outcome measures were used and included patient-reported outcomes. There 
were also several limitations of the study. First, the sample size was quite small and might not be representative 
for all persons 6 year after stroke. However, the percentage of deceased participants at the 6-year follow-up was 
similar to a large Swedish register-based  study29, which indicates that the original sample was approximately 
representative for the general stroke population in Sweden 6 years after stroke. Those who chose to participate 
in the 6-year follow-up were younger than the whole group of eligible individuals alive after 6 years, which limits 
the representativity of the sample. Second, causal relationships cannot be established i.e., other life events than 
stroke may have contributed to the depression symptoms identified in this study. Furthermore, it is not possible 
to establish a causal relationship between the investigated variables, e.g., restrictions in participation might lead 
to depression and vice versa. However, as depression symptoms were associated with worse functioning, they 
are important to target.

Conclusion
The study adds to the literature by providing a long-term follow-up of depression symptoms after stroke and indi-
cating a negative impact of even mild depression symptoms on everyday activities. Hence, long-term follow-up of 
persons with stroke, with sensitive screening to identify depression symptoms to initiate treatment is warranted.

Data availability
Since data can indirectly be traced back to the study participants, according to the Swedish and EU personal 
data sharing legislation, access can only be granted upon request. Request for access to the data can be put to our 
Research Data Office (rdo@ki.se) at Karolinska Institutet and will be handled according to the relevant legislation.

Table 3.  The contribution of depression symptoms on perceived impact of stroke (each domain of Stroke 
Impact Scale; SIS), ADL (Barthel Index) and participation in social and everyday activities (Frenchay Activities 
Index) (n = 103). a n = 105. bn = 101.

Dependent variable

Model 1
Independent variables: 
age, sex, stroke severity

Model 2
Independent variables: 
age, sex, stroke severity, 
and depression

R2 F p R2 ΔF p

SIS—Strength 0.157 6.160 0.001 0.307 21.153 < 0.001

SIS—Hand function 0.104 3.846 0.012 0.285 24.733 < 0.001

SIS—ADL 0.040 1.364 0.258 0.575 123.438 < 0.001

SIS—Mobility 0.104 3.812 0.012 0.186 9.952 0.002

SIS—Communication 0.262 11.728 < 0.001 0.393 21.195 < 0.001

SIS—Emotion 0.160 6.303 0.001 0.241 10.396 0.002

SIS—Memory and Thinking 0.088 3.196 0.027 0.190 12.319 0.001

SIS—Participation 0.191 7.809 < 0.001 0.357 25.326 < 0.001

SIS—Recovery 0.084 3.041 0.032 0.320 33.870 < 0.001

Barthel  Indexa 0.141 5.510 0.002 0.243 13.499 < 0.001

Frenchay Activities  Indexb 0.351 17.487 < 0.001 0.474 22.503 < 0.001



6

Vol:.(1234567890)

Scientific Reports |         (2022) 12:7816  | https://doi.org/10.1038/s41598-022-11097-9

www.nature.com/scientificreports/

Received: 2 November 2021; Accepted: 15 April 2022

References
 1. Johnson, C. O. et al. Global, regional, and national burden of stroke, 1990–2016: A systematic analysis for the Global Burden of 

Disease Study 2016. Lancet Neurol. 18, 439–458. https:// doi. org/ 10. 1016/ s1474- 4422(19) 30034-1 (2019).
 2. Norlander, A., Jonsson, A. C., Stahl, A., Lindgren, A. & Iwarsson, S. Activity among long-term stroke survivors. A study based on 

an ICF-oriented analysis of two established ADL and social activity instruments. Disabil. Rehabil. 38, 2028–2037. https:// doi. org/ 
10. 3109/ 09638 288. 2015. 11114 37 (2016).

 3. Palstam, A., Sjödin, A. & Sunnerhagen, K. S. Participation and autonomy five years after stroke: A longitudinal observational study. 
PLoS One 14, e0219513. https:// doi. org/ 10. 1371/ journ al. pone. 02195 13 (2019).

 4. Singam, A., Ytterberg, C., Tham, K. & von Koch, L. Participation in complex and social everyday activities six years after stroke: 
Predictors for return to pre-stroke level. PLoS One 10, e0144344. https:// doi. org/ 10. 1371/ journ al. pone. 01443 44 (2015).

 5. World Health Organization. International classification of functioning, disability and health : ICF. World Health Organization. 
https:// apps. who. int/ iris/ handle/ 10665/ 42407 (2001).

 6. 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, 1017–1025. https:// doi. org/ 10. 1111/ ijs. 12357 (2014).

 7. Hasin, D. S. et al. Epidemiology of adult DSM-5 major depressive disorder and its specifiers in the United States. JAMA Psychiat. 
75, 336–346. https:// doi. org/ 10. 1001/ jamap sychi atry. 2017. 4602 (2018).

 8. Ayerbe, L., Ayis, S., Wolfe, C. D. & Rudd, A. G. Natural history, predictors and outcomes of depression after stroke: Systematic 
review and meta-analysis. Br. J. Psychiatry 202, 14–21. https:// doi. org/ 10. 1192/ bjp. bp. 111. 107664 (2013).

 9. 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, 1026–1036. https:// doi. org/ 10. 1111/ ijs. 12356 (2014).

 10. Towfighi, A. et al. Poststroke depression: A scientific statement for healthcare professionals from the American Heart Association/
American Stroke Association. Stroke 48, e30–e43. https:// doi. org/ 10. 1161/ STR. 00000 00000 000113 (2017).

 11. Allida, S., Cox, K. L., Hsieh, C. F., House, A. & Hackett, M. L. Pharmacological, psychological and non-invasive brain stimulation 
interventions for preventing depression after stroke. Cochrane Database Syst. Rev. 5, CD003689. https:// doi. org/ 10. 1002/ 14651 
858. CD003 689. pub4 (2020).

 12. Ayerbe, L., Ayis, S., Crichton, S., Wolfe, C. D. & Rudd, A. G. The natural history of depression up to 15 years after stroke: The South 
London Stroke Register. Stroke 44, 1105–1110. https:// doi. org/ 10. 1161/ strok eaha. 111. 679340 (2013).

 13. Tistad, M., Ytterberg, C., Tham, K. & von Koch, L. Poor concurrence between disabilities as described by patients and established 
assessment tools three months after stroke: A mixed methods approach. J. Neurol. Sci. 313, 160–166. https:// doi. org/ 10. 1016/j. jns. 
2011. 08. 038 (2012).

 14. Zigmond, A. S. & Snaith, R. P. The hospital anxiety and depression scale. Acta Psychiatr. Scand. 67, 361–370 (1983).
 15. Mahoney, F. I. & Barthel, D. W. Functional evaluation: The Barthel Index. Md. State Med. J. 14, 61–65 (1965).
 16. Govan, L., Langhorne, P. & Weir, C. Categorizing stroke prognosis using different stroke scales. Stroke 40
 17. Folstein, M. F., Folstein, S. E. & McHugh, P. R. “Mini-mental state”. A practical method for grading the cognitive state of patients 

for the clinician. J. Psychiatr. Res. 12, 189–198 (1975).
 18. Scandinavian Stroke Study Group. Multicenter trial of hemodilution in ischemic stroke—Background and study protocol. Scand. 

Stroke Study Group 16, 885–890. https:// doi. org/ 10. 1161/ 01. STR. 16.5. 885 (1985).
 19. Bjelland, I., Dahl, A. A., Haug, T. T. & Neckelmann, D. The validity of the Hospital Anxiety and Depression Scale. An updated 

literature review. J. Psychosom. Res. 52, 69–77. https:// doi. org/ 10. 1016/ s0022- 3999(01) 00296-3 (2002).
 20. Sagen, U. et al. Screening for anxiety and depression after stroke: Comparison of the hospital anxiety and depression scale and the 

Montgomery and Asberg depression rating scale. J. Psychosom. Res. 67, 325–332. https:// doi. org/ 10. 1016/j. jpsyc hores. 2009. 03. 007 
(2009).

 21. Duncan, P. W., Bode, R. K., Lai, S. M., Perera, S., Glycine Antagonist Network. Rasch analysis of a new stroke-specific outcome 
scale: The Stroke Impact Scale. Arch. Phys. Med. Rehabil. 84, 950–963. https:// doi. org/ 10. 1016/ s0003- 9993(03) 00035-2 (2003).

 22. Wade, D. T., Legh-Smith, J. & Langton Hewer, R. Social activities after stroke: Measurement and natural history using the Frenchay 
Activities Index. Int. Rehabil. Med. 7, 176–181. https:// doi. org/ 10. 3109/ 03790 79850 91659 91 (1985).

 23. Wolfe, C. D. et al. Estimates of outcomes up to ten years after stroke: Analysis from the prospective South London Stroke Register. 
PLoS Med. 8, e1001033. https:// doi. org/ 10. 1371/ journ al. pmed. 10010 33 (2011).

 24. Tay, J., Morris, R. G. & Markus, H. S. Apathy after stroke: Diagnosis, mechanisms, consequences, and treatment. Int. J. Stroke 
https:// doi. org/ 10. 1177/ 17474 93021 990906 (2021).

 25. Djukanovic, I., Carlsson, J. & Årestedt, K. Is the Hospital Anxiety and Depression Scale (HADS) a valid measure in a general 
population 65–80 years old? A psychometric evaluation study. Health Qual. Life Outcomes 15, 193. https:// doi. org/ 10. 1186/ s12955- 
017- 0759-9 (2017).

 26. Wang, S. B. et al. Cognitive behavioral therapy for post-stroke depression: A meta-analysis. J. Affect. Disord. 235, 589–596. https:// 
doi. org/ 10. 1016/j. jad. 2018. 04. 011 (2018).

 27. Adamson, B. C., Ensari, I. & Motl, R. W. Effect of exercise on depressive symptoms in adults with neurologic disorders: A systematic 
review and meta-analysis. Arch. Phys. Med. Rehabil. 96, 1329–1338. https:// doi. org/ 10. 1016/j. apmr. 2015. 01. 005 (2015).

 28. Uphoff, E. et al. Behavioural activation therapy for depression in adults with non-communicable diseases. Cochrane Database Syst. 
Rev. 8, CD013461. https:// doi. org/ 10. 1002/ 14651 858. CD013 461. pub2 (2020).

 29. Sennfält, S., Norrving, B., Petersson, J. & Ullberg, T. Long-term survival and function after stroke. Stroke https:// doi. org/ 10. 1161/ 
strok eaha. 118. 022913 (2018).

Author contributions
L.K. and C.Y. designed the study and were responsible for data collection. M.W., L.C. and C.Y. conducted the data 
analyses. All authors contributed to writing the manuscript. All authors read and approved the final manuscript.

Funding
Open access funding provided by Karolinska Institute. This work was supported by the regional agreement on 
medical training and clinical research between Stockholm County Council and the Karolinska Institutet (ALF) 
[grant number 2006-0700]; the Swedish Research Council [grant numbers 2007-3087 and 2013-2806]; and the 
Swedish Stroke Association.

Competing interests 
The authors declare no competing interests.

https://doi.org/10.1016/s1474-4422(19)30034-1
https://doi.org/10.3109/09638288.2015.1111437
https://doi.org/10.3109/09638288.2015.1111437
https://doi.org/10.1371/journal.pone.0219513
https://doi.org/10.1371/journal.pone.0144344
https://apps.who.int/iris/handle/10665/42407
https://doi.org/10.1111/ijs.12357
https://doi.org/10.1001/jamapsychiatry.2017.4602
https://doi.org/10.1192/bjp.bp.111.107664
https://doi.org/10.1111/ijs.12356
https://doi.org/10.1161/STR.0000000000000113
https://doi.org/10.1002/14651858.CD003689.pub4
https://doi.org/10.1002/14651858.CD003689.pub4
https://doi.org/10.1161/strokeaha.111.679340
https://doi.org/10.1016/j.jns.2011.08.038
https://doi.org/10.1016/j.jns.2011.08.038
https://doi.org/10.1161/01.STR.16.5.885
https://doi.org/10.1016/s0022-3999(01)00296-3
https://doi.org/10.1016/j.jpsychores.2009.03.007
https://doi.org/10.1016/s0003-9993(03)00035-2
https://doi.org/10.3109/03790798509165991
https://doi.org/10.1371/journal.pmed.1001033
https://doi.org/10.1177/1747493021990906
https://doi.org/10.1186/s12955-017-0759-9
https://doi.org/10.1186/s12955-017-0759-9
https://doi.org/10.1016/j.jad.2018.04.011
https://doi.org/10.1016/j.jad.2018.04.011
https://doi.org/10.1016/j.apmr.2015.01.005
https://doi.org/10.1002/14651858.CD013461.pub2
https://doi.org/10.1161/strokeaha.118.022913
https://doi.org/10.1161/strokeaha.118.022913


7

Vol.:(0123456789)

Scientific Reports |         (2022) 12:7816  | https://doi.org/10.1038/s41598-022-11097-9

www.nature.com/scientificreports/

Additional information
Supplementary Information The online version contains supplementary material available at https:// doi. org/ 
10. 1038/ s41598- 022- 11097-9.

Correspondence and requests for materials should be addressed to M.W.

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:// creat iveco mmons. org/ licen ses/ by/4. 0/.

© The Author(s) 2022

https://doi.org/10.1038/s41598-022-11097-9
https://doi.org/10.1038/s41598-022-11097-9
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Depression symptoms 6 years after stroke are associated with higher perceived impact of stroke, limitations in ADL and restricted participation
	Methods
	Participants. 
	Procedure. 
	Data collection. 
	Hospital Anxiety and Depression Scale. 
	Stroke Impact Scale. 
	Barthel Index. 
	Frenchay Activities Index. 

	Statistical analysis. 

	Results
	Discussion
	Conclusion
	References


