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ABSTRACT
Introduction  Stroke is the leading neurological cause of 
adult long-term disability in Europe. Even though functional 
consequences directly related to neurological impairment 
are well studied, post-stroke trajectories of functional 
health according to the International Classification of 
Functioning, Disability and Health are poorly understood. 
Particularly, no study investigated the relationship between 
post-stroke trajectories of activities of daily living (ADL) 
and self-rated health (SRH). However, such knowledge 
is of major importance to identify patients at risk of 
unfavourable courses. This prospective observational 
study aims to investigate trajectories of ADL and SRH, and 
their modifying factors in the course of the first year after 
stroke.
Methods and analysis  The study will consecutively enrol 
300 patients admitted to a tertiary care hospital with acute 
ischaemic stroke or transient ischaemic attack (TIA; Age, 
Blood Pressure, Clinical Features, Duration of symptoms, 
Diabetes score ≥3). Patient inclusion is planned from May 
2021 to September 2022. All participants will complete 
an interview assessing ADL, SRH, mental health, views 
on ageing and resilience-related concepts. Participants 
will be interviewed face-to-face 1–5 days post-stroke/
TIA in the hospital; and will be followed up after 6 weeks, 
3 months, 6 months and 12 months via telephone. The 
12-month follow-up will also include a neurological 
assessment. Primary endpoints are ADL operationalised 
by modified Rankin Scale scores and SRH. Secondary 
outcomes are further measures of ADL, functional health, 
physical activity, falls and fatigue. Views on ageing, social 
support, resilience-related concepts, affect, frailty, illness 
perceptions and loneliness will be examined as modifying 
factors. Analyses will investigate the bidirectional 
relationship between SRH and ADL using bivariate latent 
change score models.
Ethics and dissemination  The study has been approved 
by the institutional review board of the University 
Medicine Greifswald (Ref. BB 237/20). The results 
will be disseminated through scientific publications, 
conferences and media. Moreover, study results and 
potential implications will be discussed with patient 
representatives.
Trial registration number  NCT04704635.

INTRODUCTION
Despite encouraging advances in the early 
treatment of stroke,1 at least one-third of 
stroke survivors remain with impairments in 
activities of daily living (ADL2 3), and thus 
experience long-term impairment in func-
tional health4 and quality of life.5 Over 80% 
of strokes occur in people aged 65 years and 
older and outcomes are negatively associated 
with age.6 7 Stroke causes disability immedi-
ately after onset followed by a recovery period 
up to 3–6 months, after which disability levels 
tend to stabilise.8 However, studies showed 
that even with similar initial impairment, 
post-stroke recovery is diverse9: some stroke 
survivors recover quickly,10 others show an 
accelerated accumulation of disability over 
time.4 11 More detailed investigations of post-
stroke health based on the multidimensional 
concept of the International Classification of 
Functioning, Disability and Health (ICF12; see 
figure 1) may help identify causes of dispro-
portionate recovery. Previous studies only 
targeted single dimensions of the ICF concept 
by investigating trajectories of post-stroke 
disability,8 13 participation14 15 and quality of 
life.16 They identified diverse courses with 

Strengths and limitations of this study

►► Prospective study with multiple assessments al-
lowing for the investigation of post-stroke health 
trajectories.

►► Investigation of the complex interplay between ac-
tivities of daily living and self-rated health in the 
course of stroke recovery.

►► To our knowledge, this is the first study on the 
predictive value of views on ageing and resilience-
related concepts for multidimensional post-stroke 
recovery.

►► Limitations include the single-site design and a po-
tential bias due to mostly self-reported data.
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respect to speed and directionality ranging from contin-
uous deterioration to substantial improvement. However, 
none of these studies investigated self-rated health,17 
which was found to predict post-stroke disability.18 Self-
rated health can be seen as a subjective global assessment 
comprising ratings of vitality, physical and mental health, 
body pain and role functioning.19 However, the assess-
ment of self-rated health goes beyond the calculation of 
a sum score across multiple health domains. Self-rated 
health is rather a global assessment of various health 
dimensions that are weighted according to their subjec-
tive value for the individual.20 This may explain its strong 
predictive value also for mortality.21 Especially, identifying 
post-stroke self-rated health as an important predictor of 
ADL over longer periods would be of great clinical impor-
tance. Self-rated health as a single-item indicator could 
be easily used to identify patients at risk of unfavourable 
courses and could also be an economic tool to assess 
ongoing recovery processes.

This leads to the question of what can be done to 
support those who are at increased risk of unfavourable 
courses. In this context, views on ageing and resilience-
related concepts (eg, trait-resilience,22 sense of coher-
ence,23 24 self-efficacy25) could be promising starting 
points. Views on ageing refer to individuals’ conceptions 
about older people, old age and ageing in general (age 
stereotypes), as well as conceptions of their own ageing 
and old age (self-perceptions of ageing26). Resilience 
describes a positive adaptation process when being faced 
with trauma, adversity or any other significant thread to 
one’s heath or well-being.27 We use the term ‘resilience-
related concepts’ as an umbrella term to address trait-like 
variables that are associated with successful coping; those 
are trait-resilience, sense of coherence and self-efficacy.

Several studies underline the predictive value of views 
on ageing for health.26 28 A recent study shows that nega-
tive self-perceptions of ageing and higher subjective 
age predict incident cardiovascular events.29 Moreover, 
another study found cardiovascular events to negatively 
impact views on ageing.30 Similarly, studies support a 

strong predictive value of resilience-related concepts for 
health outcomes.31 32 One study reported stress resilience 
in male adolescents to be predictive of stroke,33 while 
another study demonstrated trait-resilience to decline in 
the first 6 months after ischaemic stroke.34 However, to 
our knowledge, no study yet investigated the predictive 
value of views on ageing and resilience-related concepts 
for post-stroke trajectories of self-rated health and ADL. 
Demonstrating such a predictive value or a modifying 
influence over time would provide a foundation for 
prevention and intervention. Both views on ageing35 36 
and resilience-related concepts37 38 have been shown to 
be modifiable by brief interventions. Such interventions 
aiming to strengthen positive view on ageing and resil-
ience could also be promising components of rehabilita-
tion measures after stroke. However, currently there is a 
lack of evidence base to evaluate such interventions in the 
context of stroke rehabilitation.

Aim
Following the multidimensional concept of the ICF,12 the 
study’s objective is to investigate trajectories of ADL and 
self-rated health in the first year after stroke along with 
their predictors and modifying factors including views on 
ageing and resilience-related concepts. The study aims at 
exploring the relationship between self-rated health and 
ADL, thereby answering the question if self-rated health 
(and changes in self-rated health) predict ADL (and 
changes in ADL) and vice versa. Moreover, the study aims 
to investigate whether trajectories of self-rated health and 
ADL can be predicted and modified by views on ageing 
and resilience-related concepts.

METHODS AND ANALYSIS
Design
The study is a prospective observational, hospital-based 
cohort study in patients with acute ischaemic stroke 
(AIS) or transient ischaemic attack (TIA) admitted to 
the Department of Neurology for specialised stroke care 

Figure 1  Conceptual framework of the International Classification of Functioning, Health and Disability (World Health 
Organization, 2001) including an illustrating example for stroke.
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at the University Medicine Greifswald, Germany. Three 
hundred patients will be followed for 1 year after AIS/TIA 
with a total of five assessments. Assessments will take place 
during patients’ hospital stay, after 6 weeks, 3 months, 6 
months and 12 months (see table 1 and online supple-
mental material 1). The 12-month follow-up will also 
include a neurological assessment at home. Patients will 
be reimbursed for their efforts. The trial was preregistered 
at www.​clinicaltrials.​gov (version 1, 11 January 2021). A 
Standard Protocol Items: Recommendations for Inter-
ventional Trials flow chart39 of the study is presented as 
figure 2 and the completed Strengthening the Reporting 
of Observational Studies in Epidemiology checklist40 can 
be found as online supplemental material 2.

Department of Neurology at University Medicine Greifswald
The Department of Neurology is affiliated with a 1000-
bed tertiary care university hospital. It hence provides 
all evidence-based imaging and treatment options. This 
includes multimodal imaging with either CT or MRI. 
Reperfusion treatment options include intravenous 
thrombolysis and mechanical thrombectomy. Secondary 
preventive treatment options provided are stenting and 
surgical vascular interventions of cerebral arteries, extra-
cranial and intracranial bypass surgery, external ventric-
ular drain and hemicraniectomy. Rehabilitation starts on 
day 1 with a multidisciplinary team that includes but is 
not limited to physiotherapy, occupational therapy and 
speech therapy. Patients are then, depending on their 
residual impairment following acute treatment, referred 
to specialised neurological rehabilitation hospitals in the 
surrounding area. This usually occurs within 1 week after 
diagnostics are finished. The supraregional stroke unit 
of the University Medicine Greifswald covers about 500 
000 inhabitants within a radius of up to 100 km including 
admissions through emergency helicopters.

Patient population: inclusion and exclusion criteria
Patients with AIS/TIA are consecutively enrolled during 
their acute treatment (see table  2 for details). In line 
with exclusion criteria defined for participation in the 
INSPiRE-TMS Study,41 patients with an Age, Blood Pres-
sure, Clinical Features, Duration of symptoms, Diabetes 
score <3 are excluded to reduce the chance of inclusion 
of patients with stroke mimics. The number of patients 
with TIA is limited to 20% to represent common inci-
dence of AIS.42

Primary outcome
Primary outcomes are ADL operationalised by modified 
Rankin Scale (mRS) scores43 and self-rated health (see 
online supplemental material 1—part A for details on all 
measures).

Secondary outcomes
Secondary outcomes are further measures of ADL (ie, 
Barthel index,44 Stroke Impact Scale 1645), physical 
activity, falls, quality of life, participation, fatigue and 
mental health.

Modifying factors
Furthermore, the study investigates factors previously 
suggested to predict and modify trajectories of ADL and 
self-rated health. These include views on ageing, social 
support, resilience-related concepts (ie, trait-resilience,22 
sense of coherence23 24 and self-efficacy25), affect, frailty, 
illness perceptions and loneliness.

Further medical treatment
Beginning in the hospital, patients receive various reha-
bilitation measures tailored to individual impairments. 
All rehabilitation measures and medical treatments 
undertaken during the study period will be surveyed and 
recorded based on medical reports. Therefore, duration 
and intensity of rehabilitation measures and medical 
treatments can be taken into account for analyses.

Sample size estimates
Since no power analysis tool is available for bivariate 
latent change score modelling, sample size has been esti-
mated based on data simulations using R (lcsm package). 
A sample size of 300 including 20% missing data for ADL 
and self-rated health was found to be sufficient. More-
over, sample size estimation followed recommendations 
for latent class mixture models.46

Statistical analyses
Descriptive statistics will be used to describe sample 
characteristics (ie, age, gender, educational and profes-
sional background). Statistical analyses on primary and 
secondary outcomes will use bivariate latent change score 
modelling47 to investigate the reciprocal relationship 
between self-rated health and ADL (see online supple-
mental material A—part B for a schematic illustration). 
The primary model will use self-rated health and ADL (as 
assessed by the mRS) as manifest variables measured at 
all assessment points. Further models will be calculated 
for self-rated health and physical functioning (ie, Barthel 
index,44 Impact of Stroke Scale45). Using model compar-
isons, we will analyse if self-rated health and changes in 
self-rated health predict changes in ADL, and vice versa. 
Moreover, we will examine relevant changes in ADL and 
self-rated health. For both scales, we perceive a one-point 
shift as clinically meaningful due to rather coarse granu-
larity.48 Multiple imputations will be used for missing data 
completion. The results of the analyses will be presented 
with and without multiple imputations. Additionally, latent 
class mixed models49 will be used to identify subgroup 
trajectories for primary and secondary outcomes. We will 
investigate whether views on ageing and resilience-related 
concepts at baseline predict different trajectories of self-
rated health and ADL and if they play an important role 
as time-dependent covariate.

Data collection and monitoring
Outcomes will be collected at all assessment points by 
trained study team members (ie, doctoral students of 
medicine and trained study assistants). These trained 
team members will receive a 2-week assessment training 

https://dx.doi.org/10.1136/bmjopen-2021-049944
https://dx.doi.org/10.1136/bmjopen-2021-049944
www.clinicaltrials.gov
https://dx.doi.org/10.1136/bmjopen-2021-049944
https://dx.doi.org/10.1136/bmjopen-2021-049944
https://dx.doi.org/10.1136/bmjopen-2021-049944
https://dx.doi.org/10.1136/bmjopen-2021-049944
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Table 1  Schedule of assessments and measures

1–5 days post-stroke 6 weeks 3 months 6 months 12 months

In-hospital
(T0)

☏
(T1)

☏
(T2)

☏
(T3)

☏/home
(T4.1/T4.2)

Sample characteristics

Demographical variables •

Living situation • • • • •

Vascular risk factors

 � Alcohol consumption (AUDIT-C) • • • • •

 � Tobacco consumption (HSI) • • • • •

Health history •

Incident illnesses • • • •

Stroke/TIA severity

 � ABCD2 score •*

 � National Institutes of Health Stroke Scale 
(NIHSS)

•*

Cognitive screening (mTICS) • •

Primary outcomes

Physical functioning (mRS) •* • • • •*

Self-rated health (SF-12) • • • • •

Secondary outcomes

Physical functioning

 � Barthel Index •* • • • •*

 � Stroke Impact Scale 16 (SIS-16) • • • • •

Physical activity (EHIS-PAQ) • • • • •

Fear of falling • • • • •

Quality of life (EQ-5D-5L) • • • • •

Participation (IMET) • • • • •

Fatigue (FSS) • • • • •

Mental health

 � Depression (PHQ-8) • • • • •

 � Sleep (PSQI) • • • • •

 � Post-traumatic stress (PTSS-14) • • • •

Modulators

Frailty (SHARE-FI) •* •*

Loneliness (De Jong Gierveld Loneliness 
Scale)

• • • • •

Positive and negative affect (I-PANAS-SF)

Illness perception (B-IPQ) • • • • •

Views on ageing

 � Subjective age (DEAS, GEDA/EHIS) • • • • •

 � Self-perception of ageing (AgeCog) • • • • •

Social support (GEDA/EHIS) • • • • •

Resilience and resilience-related concepts

 � Trait resilience (RS-13) • •

 � Sense of coherence (BASOC) • • • • •

 � Self-efficacy (GSE) • •

Scale on healthy lifestyle (SOK) • • • • •

Continued
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(ie, interview training, neurological scoring, etc) and 
hold an international certificate for the assessment of the 
mRS and the National Institutes of Health Stroke Scale 
(NIHSS). Moreover, a random sample of 10 assessments 
per study team member will be checked by a clinician 
(ie, neurologist) for rating quality. Data collection will 
be conducted using the study management system of 
the Department of Preventive Research and Social Medi-
cine. The system was developed for data collection and 
management of large-scale survey projects,50 and offers 
tools for bedside or home assessments (see table  1, T0 
and T4.2) and telephone surveys (see table 1, T1–T4.1). 
Data will be checked on workdays for protocol conformity 
and data quality by author DB (see online supplemental 
material 1—part B for details on data management).

Funding information
The study receives no external funding.

Patient and public involvement
The current study aims at investigating differences 
in multidimensional post-stroke recovery processes 
according to the ICF.12 Self-rated heath is an under-
researched yet important outcome of stroke that substan-
tially impacts patients’ quality of life,51 which will be the 
focus of this study. Moreover, we are aware that partic-
ipating in our study can be very exhausting and debili-
tating for patients, especially in the first days after stroke. 
Therefore, we will pilot our in-hospital assessment with 
five patients and adapt the length and design to patients’ 
needs. If the feedback—during piloting or final study—
necessitates changes, we will consider these for design and 
procedure of the study. Assessments regularly include two 
breaks and will follow a priority list to ensure that data 
on primary outcomes are complete even when the inter-
view needs to be terminated because it is too strenuous 
for patients. We also plan to discuss the study results with 
patient representatives.

Ethics and dissemination
The study has been approved by the institutional review 
board of the University Medicine Greifswald (Ref. BB 
237/20). All participants will provide written informed 
consent in accordance with the Declaration of Helsinki52 
in its latest revision. In case patients have a legal caregiver, 
the caregiver will be asked to consent to patients’ study 
participation.

We will use a multimodal approach for dissemination 
and knowledge transfer. We aim to publish our study 
results in international peer-reviewed journals with 
open-access formats to enhance their dissemination. 
Additionally, study results will be presented at interna-
tional scientific conferences in the field of Public Health 
and Neurology. Moreover, we plan to disseminate and 
communicate our study results using national and—if 
accessible—international media. Study results and impli-
cations will also be discussed with patient representatives 
aiming at developing tailored interventions for different 
groups of stroke survivors to promote their quality of life.

TRIAL STATUS
Due to the COVID-19 pandemic, patient inclusion has 
been postponed to May 2021 and will approximately end 
in September 2022. The last patient is expected to be out 
in September 2023. However, changes to the schedule 
may be necessary due to the COVID-19 pandemic.

STRENGTHS AND LIMITATIONS
The current study will provide important insights into 
trajectories of post-stroke multidimensional health 
according to the ICF.12 To date, studies demonstrated 
diverse trajectories of disability,8 participation14 and 
quality of life16 after stroke, but to our knowledge, the 
current study will be the first to simultaneously analyse 
individual trajectories of self-rated health and ADL and 

1–5 days post-stroke 6 weeks 3 months 6 months 12 months

In-hospital
(T0)

☏
(T1)

☏
(T2)

☏
(T3)

☏/home
(T4.1/T4.2)

Post-traumatic growth (PTGI-10) • • • •

*Clinical rating.
ABCD2 score, Age, Blood Pressure, Clinical Features, Duration of symptoms, Diabetes; AUDIT-C, Alcohol Use Disorders Identification 
Test-Concise; BASOC, Brief Assessment of Sense of Coherence; B-IPQ, Brief-Illness Perception Questionnaire; DEAS, Deutscher 
Alterssurvey (German Ageing Survey); EHIS, European Health Interview Survey; EHIS-PAQ, European Health Interview Survey Physical 
Activity Questionnaire; EQ-5D-5L, European Quality of Life 5 Dimensions 5 Level Version; FSS, Fatigue Severity Scale; GEDA, Gesundheit 
in Deutschland (German Health Update); GSE, Generalized Self-Efficacy Scale; HSI, Heaviness of Smoking Index; IMET, Index zur Messung 
von Einschränkungen der Teilhabe (Index for the Assessment of Health-Dependent Participation Restrictions); I-PANAS-SF, International 
Positive and Negative Affect Schedule Short Form; mRS, modified Rankin Scale; mTICS, modified Telephone Interview for Cognitive Status; 
NIHSS, National Institutes of Health Stroke Scale; PHQ-8, Patient Health Questionnaire; PSQI, Pittsburgh Sleep Quality Index; PTGI-10, Post-
traumatic Growth Inventory 10; PTSS-14, Post-traumatic Stress Scale 14; RS-13, Resilience Scale 13; SF-12, Short-Form Health Survey; 
SHARE-FI, Frailty Instrument of the Survey of Health, Ageing and Retirement in Europe; SIS-16, Stroke Impact Scale 16; SOK, Selektion, 
Optimierung, Kompensation–Fragebogen zum gesunden Lebensstil (Selection, Optimization, Compensation Questionnaire on Healthy 
Lifestyle); TIA, transient ischaemic attack.

Table 1  Continued
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their relationship, as well as possible predictors and modi-
fying factors, in the first year after stroke.

Therefore, the current study will enhance knowledge 
on dynamics and directions of multidimensional post-
stroke recovery processes. If self-rated health proves 
to predict trajectories of ADL, it may help to identify 
those at risk of unfavourable trajectories of post-stroke 
multidimensional health and could be useful as an eval-
uation of ongoing recovery processes. Identifying views 
on ageing and resilience-related concepts as significant 
predictors and/or time-dependent modifying variables 
of trajectories of post-stroke multidimensional health 
may contribute to the development of tailored secondary 

prevention measures that could be included in stroke 
rehabilitation programmes. If our study provides results 
that can serve as starting points for improving preven-
tion and rehabilitation, future studies should replicate 
our findings in more diverse patient groups including 
younger patients and those with cerebral haemorrhage. 
Developing more tailored secondary prevention and 
rehabilitation measures will be beneficial both in terms of 
individual quality of life and on a socioeconomic level to 
reduce the burden of stroke.3

However, it is also important to address the limita-
tions of the current study. First, the study uses a single-
site observational design, so the generalisability of the 

Figure 2  SPIRIT flow chart.
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findings is limited. Future studies will need to replicate 
the results using multisite designs and larger samples. 
Second, the study will mostly rely on self-reported data 
which is both a strength and a limitation of our study. 
At the one hand, objective data, which will be included 
in the form of clinical ratings in the in-hospital and 
home assessments and grip strength measurements (see 
table  1), are less prone to biases. On the other hand, 
the study’s focus on self-report data and especially self-
reported health is considered a strength since subjective 
perceptions of health and illness were found to be predic-
tive of health outcomes in different populations,53 54 but 
are highly under-researched in the context of post-stroke 
multidimensional health. Moreover, the study uses vali-
dated German translations of well-established measures. 
However, the validation studies did not always include 
the evaluation of specific psychometric criteria (eg, test–
retest reliability) for the German version. In these cases, 
we rely on findings from international studies. Further-
more, our study will use different assessment methods 
(face-to-face interview at T0 and telephone interviews at 
T1–T4.1). This change of assessment method is not ideal, 
although telephone assessments were found to be valid 
for mRS assessment.55 In case of self-rated health, tele-
phone interviews were found to result in better ratings 
of current health status compared with assessments via 
mail.56 It is plausible that the change of assessment from 
face-to-face to telephone interviews may have an impact 
on patients’ ratings in our study, which will be considered 
when interpreting our study results. However, differences 
between face-to-face and telephone interviews might be 
smaller since both assessments represent a personal inter-
view, and potential biases are limited since assessment 
methods do not differ between patients.

CONCLUSION
To our knowledge, the current study will be the first to 
examine the relationship between different dimensions 
of health in the year after stroke, that is, self-rated health 
and ADL. Moreover, it will provide evidence whether 
views on ageing and resilience-related concepts predict 

and/or modify diverse health trajectories. Therefore, 
it will improve the identification of risk groups and the 
development of secondary prevention measures.
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