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Abstract 

Objective. The overall aim of this thesis was to evaluate the biopsychosocial 
consequences after stroke and test the validity of the ICF Core Sets for 
Stroke during one year post-stroke.  

Material and Methods. Studies I, II and III were based on data from a 
prospective cohort study with 120 stroke survivors who were recruited at 
admission to stroke units in western Sweden and were followed-up at six 
weeks, three months and one year after stroke event. Repeated assessments 
were done through face-to-face interviews consisting of a battery of 
questions based on the Stroke ICF Core Set (59 categories of Body 
Functions, 59 of Activities and Participation and 37 of Environmental 
Factors) and several questionnaires (EuroQol-5D (EQ-5D), Stroke Impact 
Scale (SIS), Medical Outcome Study Short Form 36 (SF-36), Self-
administered Comorbidity Questionnaire (SCQ), information on health care 
and social services utilization and spouse support). Study IV was based on 
data from the multi-center cross-sectional validation study of the Stroke ICF 
Core Set with 757 stroke survivors from China, Germany, Italy and Sweden. 

Results. Study I: A total of 28 of 59 ICF categories of Body Functions and a 
total of 41 of 59 categories of Activities and Participation were significant 
problems for stroke survivors at six weeks and three months. These 
categories showed a good discriminative ability to distinguish between 
independent (≤ 2 on modified Ranking Scale (mRS)) and dependent (> 2 on 
mRS) stroke survivors. Study II: Most stroke survivors felt satisfied with 
their stroke care and rehabilitation during three months post-stroke. 
Frequently perceived environmental facilitators could be documented with 
eleven of 37 ICF categories of Environmental Factors. Only physical 
geography, such as hills, was a common perceived barrier. Study III: 
Independent factors of health-related quality of life (HRQoL) varied over 
time. Almost all variance in HRQoL was explained by categories within 
Body Functions and within Activities and Participation during the first three 
months, while at one year only half of the variance could be explained by 
categories within either Body Functions or Environmental Factors. Problems 
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with personal and energy functions, as well as limited recreational activities, 
were recurringly associated with poorer HRQoL. Study IV: It was possible to 
integrate ICF categories of Body Functions and Structures, Activities and 
Participation into a cross-cultural measurement with good reliability 
providing summary scores of the overall functioning of stroke survivors. 
However, the five-point ICF qualifier scale was not consistently applicable.  

Conclusions. The results of the present thesis showed that the ICF, 
particularly the ICF Core Set for Stroke, was a valid and practical tool for 
documenting the multi-faceted biopsychosocial problems and consequences 
after stroke structured with one common terminology throughout the long 
chain of care and rehabilitation. The opportunity to integrate ICF categories 
of Body Functions and Structures, Activities and Participation into a 
measurement provides new possibilities for monitoring, following-up and 
comparing overall functioning after stroke.   

Original papers 

The thesis is based on the following papers, referred to in the text by their 
Roman numerals: 

 

Paper I 
Algurén B, Lundgren-Nilsson Å, Stibrant-Sunnerhagen K. Functioning of 
stroke survivors – a validation of the ICF core set for stroke in Sweden. 
Disability and Rehabilitation, 2010; 32(7): 551–559. 

 

Paper II 
Algurén B, Lundgren-Nilsson Å, Stibrant-Sunnerhagen K. Facilitators and 
barriers of stroke survivors in the early-post stroke phase. Disability and 
Rehabilitation, 2009; 31(19): 1584–1591. 

 

Paper III 
Algurén B, Fridlund B, Cieza A, Stibrant-Sunnerhagen K, Christensson L. 
Factors associated with self-reported health of stroke survivors – a one year 
prospective cohort study. (submitted) 

 

Paper IV 
Algurén B, Bostan C, Christensson L, Fridlund B, Cieza A. A 
multidisciplinary cross-cultural measurement of functioning after stroke – 
Rasch analysis of the Brief ICF Core Set for Stroke. (submitted) 

 

 

Papers I and II have been reprinted with the kind permission of the 
respective journal. 
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1 Background 

1.1 Introduction 
Health care services, systems and policies aim to maintain and improve 
citizens’ health (1). Health is not only associated with the absence of disease, 
but is also related to one’s functional status. To comprehensively understand 
the impact of a health state on a person, it is necessary to measure the 
person’s performance of tasks and actions in his/her current environment (2). 
Beyond a doubt, human functioning is complex and an issue for different 
professions and stakeholders (3). Working together and cooperation are 
cornerstones for effectively enhancing people’s health (4, 5). The ability to 
communicate and understand each other beyond the boundaries of 
professions is a prerequisite for successful teamwork (not only between 
different health professionals but also between different stakeholders and not 
least between them and the person in question) (6). With respect to the 
current globalization, this information exchange and cooperation is not only 
important on a national level but also on an international one (7). 
Furthermore, to assure the quality of health care services and to judge the 
progresses of whether or not the goals (restoring and improving functioning) 
are met, administrative data are necessary (8). The importance of 
information on functional status (that goes beyond the commonly collected 
information on disease burden, diagnostic tests, interventions and treatment 
outcomes) was clearly expressed by the National Committee on Vital and 
Health Statistics (NCVHS) in 2001: “Without functional status information, 
the researchers, policymakers, and others who are already using 
administrative data have at best a rough idea of how people, individually and 
collectively, are doing and at worst they are making erroneous assumptions 
and decisions” (9). This becomes even more evident at a time when the 
success of the treatment of fatal diseases and the growing number of chronic 
and psychosomatic diseases constitutes disability and not mortality as the 
principle outcome of health care (10).  
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In Sweden, an amount of administrative data exists, not only in the form of 
several quality and health data registers, but also in the form of clinical 
health records. The information is mainly documented in form of text but 
also in form of codes using classification systems custom-made for different 
professions and care settings (such as the International Classification of 
Diseases and Related Health Problems, ICD-10 (11)). There is no denying 
that administrative data are important, but criticism has been voiced as the 
time-consuming process involving double documentation and less treatment 
time for the people in question pose enormous problems against a 
background of an overloaded burden of health care costs. Thus, the Swedish 
government commissioned the Swedish National Board of Health and 
Welfare (NBHW) to seek a common professional language and IT- based 
documentation for the health care sector. Searching for terms and codes 
understandable to the various users and interoperable for the different 
systems and registers throughout the health care delivery systems is the topic 
of the project (12). Great efforts is being put into integrating the biomedical 
terminology SNOMED CT- (Systematized Nomenclature of Medicine and 
Clinical Terms) (12). Similarly, the World Health Organization (WHO) is 
working on the integration of the code systems SNOMED CT and ICD-10, 
which should result in the classification ICD-11 (13). However, to meet the 
requirements of a patient-centered health care system, information on 
functional status integrating information on quality of life (QoL) is essential 
(9).  

The International Classification of Functioning, Disability and Health (ICF) 
(14) was identified by the NCVHS as the only viable code set for 
consistently reporting functional status across care delivery settings and 
different populations (8, 15). Likewise, the NBHW stated that the ICF could 
be a starting point for a multidisciplinary documentation, bridging the gap of 
information exchange between different health professions, patients and their 
relatives, health care and social services and systems, and many other 
various stakeholders like politicians, local and regional authorities, 
universities and private care delivery services (16). Furthermore, national 
quality registers and health records throughout health care systems could be 
administered together and thus double documentation could be avoided (16). 
Within the NBHW’s project of a common professional health language 
another subproject is ongoing seeking towards a multiprofessional 
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terminology in which the harmonization of not only SNOMED-CT and ICD-
10 but also the ICF is central (17). Although the ICF is already in use for 
documentation in different national and international settings, clinical 
experience is scant and more empirical data would be worthwhile and 
relevant.  

1.2 Health and disability models 
To be able to assess the worth of actions to increase, sustain and improve 
health, it is necessary to know what health means. First, a theory or a model 
of health makes evaluation possible. Generalizing both theories and models 
as conceptual frameworks attempts to give a systematic view of phenomena 
by specifying relations among variables with the purpose of explaining and 
predicting them (18). They encapsulate specific knowledge and perspectives. 
Models and theories inform and can be drawn on each other. Concepts are 
the counterparts of models that present abstract ideas. Theories and models 
control traditions of scientific research, providing problem-solving 
approaches and gaining status as paradigm (19). 

1.2.1 Health 

Around the world, there exist many different perspectives on health. 
Individuals’ answers as to what health is about differ widely, e.g. not 
ill/absence of disease, health as a reserve, health as a behavior/ a healthy 
lifestyle, health as a social relationship, health as energy/ vitality, health as 
function, health as harmony, health as well-being (20-22). Seedhouse 
summarizes it as follows: “Some hold that the correct definition is that 
health is a commodity, others consider health an ideal state, others believe 
an individual is healthy so long as she is able to function normally, and yet 
others claim that health is a reserve of strength which helps us adapt to 
changing circumstances”(23). The WHO defines health as a state of 
complete physical, mental and social well-being and not merely the absence 
of disease or infirmity (24). However, critics argue that defining health as a 
state of absolute physical, mental and social well-being is overdoing it and 
that health is a part of well-being rather than identical to it (25-29). 
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Moreover, the idea of health is not uncontroversially definable since its 
nature is disputed; By supposing health as an enigmatic goal, various 
understandings can be justifiably held (23, 30). Since health is not only a 
medical issue but also a social, human and ideological one, there exist many 
different theories on its nature.  

When generalizing to Western Europe two main perspectives, influenced 
from the fields of medicine and anthropology crystallize. One, called the 
biomedical perspective, emerged from the field of medicine and has its roots 
in the Cartesian division between mind and body. Medical sciences try to 
classify the various diseases according to their accompanying impaired body 
functions and structures, investigate their etiology and try to find therapies to 
cure them. They devote themselves in a reductive way to parts of the 
organism as structures and functions (31). Boorse deepened this objective 
view on health in his biostatistical theory describing it as a statistical 
normality of function, with normality referred to species-typical levels (32). 
He defined health as simply the absence of disease that is value-free. 
Although this biomedical paradigm was widely accepted and productive for 
medicine, critics argued that it is inadequate as it accounts only for some but 
not all relevant aspects of health. Engel was one of the first to allude to this 
problem of the biomedical paradigm suggesting a new model of health that 
regards social and psychological aspects as well (33). Indeed, Engels’ “new” 
conceptualization of a more holistic view on health had existed long earlier 
than 1977. This biopsychosocial model is the other of the two main 
perspectives on health and was generated from the field of anthropology. 
Already in ancient times, the philosopher Socrates (469 – 399 BC) explained 
to Plato (428 – 348 BC) in the dialogue Phaedrus that nothing can be known 
about either the human soul or the human body without already knowing 
something of the whole, the holon of nature. Holon is Greek and means not 
only the whole or the entirety, but also intact and undamaged. According to 
dictionaries the word health derives from whole and conveys these meanings 
of holon. This biopsychosocial perspective on health is commonly used and 
is embedded in ordinary thinking while its understanding/meaning might 
differ between situations and individuals. This was expressed early on by 
Aristotle (384-322 BC) in his work Nicomachean Ethics: “Both the 
multitude and persons of refinement…. conceive ‘the good life’ or ‘doing 
well’ to be the same thing as ‘being happy’. But what constitutes happiness 
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is a matter of dispute … some say one thing and some another, indeed very 
often the same man says different things at different times: when he falls 
sick he thinks health is happiness, when he is poor, wealth” (34). Obviously, 
this view on health is value loaded. 

In recent years, this biopsychosocial model has found broad acceptance 
along with the growing responsibilities of a good health care system, 
including not only treating but also preventing disease and promoting health 
(35, 36). Person-centered care has become the new paradigm, characterized 
by the integration of patients´ experiences in the planning of caring 
processes (1, 37). Although there might not exist an ultimate, everlasting 
definition of health, the biopsychosocial perspective is the widest possible 
view on it and can thus provide a meeting point for the various professions 
in the health sector. 

1.2.2 Functioning 

To be able to judge the effectiveness of work for health and thereby assure 
the quality of health and health care delivery systems, different levels of 
health must be distinguishable. Certainly, health is not an absolute and fixed 
state. It is often visualized along a continuum where health and disease 
embody the two end points. Around the world, health states are distinguished 
in different diagnoses according to the ICD-10 (11). However, a diagnosis 
does not provide information on how the person can perform tasks and 
actions in his/her current environment or the extent to which the person can 
live a meaningful life (2, 8). This information is about the functional level. 
Two individuals with identical diagnoses might have different levels of 
functioning depending on how they can carry out activities and tasks vital to 
their life. Without a doubt, functioning is integral to health. Comparable to 
the illustration of health along a continuum, functioning can be visualized 
along a continuum with functioning as one end point and disability the other. 
In a more general view, one might argue that the terms health and 
functioning are interchangeable and thus that their continuums also are. The 
literature offers no theory or model explicit to functioning. On the one hand, 
biopsychosocial theories of health that regard a person as an individual with 
the performance of activities in his/her environment might also be regarded 
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as models of functioning. On the other hand, functioning is included in 
theories of disability as the positive concept of it. 

1.2.3 Disability 

The assessment of disability has been a long-standing concern, primarily of 
policymakers and welfare authorities identifying individuals who may 
benefit from compensation through welfare or other eligibility provisions 
(38). The main approaches of disability models can be divided into 
biomedical, functional limitations and socio-political approaches. The 
biomedical approach considers disability a problem of the individual that is 
directly caused by pathology, disease and other deviation of biomedical 
norms of structures and functions (32). Using this model, disability can be 
reliably described and quantified (32, 39). Nonetheless, this model ignores 
the social aspects of disablement and tends to see the person as a diagnosis 
rather than an individual (40, 41).  
According to the functional limitations model, disability is defined as 
limitations in performing activities and tasks on an acceptable level of social 
norm. This approach has its roots in the model developed by the sociologist 
Nagi (42) who identified four distinct but interrelated concepts: active 
pathology, impairment, functional limitation and disability (43). Pathology is 
an interruption of normal body processes that may lead to impairments. 
Impairment indicates anatomical, physiological, mental or emotional 
abnormality or loss. Functional limitation refers to manifestations on an 
activity level and is the most direct way through which impairment 
contributes to disability. According to Nagi, to assess disability one has to 
determine how a functional limitation interacts with other factors in the 
individual’s environment, such as the requirements for the usual tasks and 
reactions as well as expectations of others. An important aspect of this model 
is that all functional limitations and thus disability are caused from 
impairment, but not all impairment leads to functional limitation (as the 
medical approach argues). So far, the presented approaches have in common 
that each locates the origin of disability in the individual. In this point, the 
socio-political approach differs from them. Here, disability occurs in the 
interaction between the individual and the physical and social environment 
(44). The socio-political approach was formed by people with disabilities 
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and adopts their perspective, rather than that of an external expert (45). In 
this model, disability is no longer a problem an individual has but a 
collective concern that requires responses and amelioration from 
policymakers, legislators, professional service providers and the general 
public (44).  

In line with the different approaches, several models of disability have been 
developed attempting to facilitate and improve the understanding of the 
disability process. The three most known models are perhaps the WHO’s 
model of the International Classification of Impairments, Disability and 
Handicaps (ICIDH) from 1980 (46), which was replaced by the International 
Classification of Functioning, Disability and Health (ICF) in 2001 (14), the 
model by the Institute of Medicine (IOM) that was derived from Nagi’s 
model from 1991 (47), and the model from the National Center for Medical 
Rehabilitation Research (NCMRR) in 1993 (48). The NCMRR model was 
based on the ICIDH’s and Nagi’s models but tried to overcome their limits 
(namely, seeing disability as the problem of an individual) and emphasized 
the importance of the environment. Aware of the strong environmental 
impact on the disability process, Brandt and Pope revised the IOM’s model 
in 1997 into the New Model for the Enabling-Disabling Process (49). In this 
model, an individual can be enabled in two ways in order to prevent the 
disability experience: either by restoring the individual’s function or by 
adapting the environment, e.g. building ramps, thus maintaining the 
individual’s access to the environment. This model integrates the functional 
limitations and socio-political approaches into a model of disability that 
considers not only the individual and the environment but also their 
interaction in a dynamic process. This model might be the broadest approach 
to disability.  

The development of disability models was accompanied by the general 
development of ideas and concepts of health. Disability and health models 
do not exclude but rather complement each other. Obviously, health and 
disability are counterparts and functioning is integral to both (Figure 1).  
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component consists of several chapters/domains with a number of categories 
which are the units of the classification.  

The ICF categories are designated by the letters according to the four 
components b (Body Functions), s (Body Structures), d (Activities and 
Participation), and e (Environmental Factors), followed by a numeric code 
starting with the chapter number (one digit), followed by the second level 
(two digits) and the third and fourth levels (one digit each). Within each 
component, the categories are arranged in a stem/branch/leaf scheme. 
Consequently, a higher-level category shares the attributes of the lower-level 
categories to which it belongs, i.e., the use of a higher-level category 
automatically implies that the lower-level (less detailed) category is 
applicable. Figure 4 gives an overview of the ICF structure. 

Each component can be expressed in both positive and negative terms. Body 
Functions are the physiological (including the psychological) functions of 
body systems. Body Structures are anatomical parts of the body such as 
organs, limbs and their components. Activity is the execution of a task or 
action by an individual, while participation is involvement in a life situation. 
In negative terms, problems in Body Function or Structure such as 
considerable deviation or loss are impairments, activity limitations are 
difficulties an individual may have in executing activities, and participation 
restrictions are problems an individual may experience in involvement in life 
situations. The component Environmental Factors makes up the physical, 
social and attitudinal environment in which people live and conduct their 
lives, differentiated in facilitators and barriers.  

1.3.3 The ICF qualifier scale 

To quantify the problems of the patients in each of the different ICF 
categories and the extent to which a determined environmental factor was a 
barrier or a facilitator, the WHO has proposed the so-called generic qualifier 
scale. The qualifier scale of the components Body Functions, Body 
Structures and Activities and Participation has five response categories, each 
ranging from 0 to 4: no/mild/moderate/severe/complete impairment or 
difficulty. Each response category rates the magnitude of the problem in 
percentages, as shown in Figure 5. 
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Figure 4. The structure and coding system of the ICF.
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ICF domains of functioning. Such lists of ICF domains can serve as 
condition-specific core sets (60). Core sets were developed in a formal 
decision-making and consensus process (60). Evidence was gathered from 
preliminary studies, and based on these studies relevant ICF categories were 
identified in a formal consensus process by international experts with 
different backgrounds trained in the ICF (Figure 6).  

Figure 6. The development process of the ICF Core Sets. 

ICF Core Sets exist for the 12 most burdensome chronic conditions (61) 
(development of core sets for further health conditions is ongoing) classified 
as Brief ICF Core Sets (to be rated in all patients to describe the burden of 
disease) and Comprehensive ICF Core Sets (to guide multidisciplinary 
assessments in patients with a specific condition to describe their typical 
spectrum of problems). Furthermore, core sets for the acute hospital and 
early post-acute rehabilitation facilities were developed (62). An 
international multi-center study of these core sets is ongoing for validation. 
The core sets facilitate the comprehensive description of an individual’s 
functioning state in clinical practice and can provide an individual’s 
categorical profile across ICF categories. Such a profile might be helpful in 
the planning of care and rehabilitation and its follow-up (Figure 7). 

The ICF Core Set for Stroke is the largest of the developed ICF Core Sets, 
its large scope of categories reflecting the great variability and complexity of 
stroke.  
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condition-specific core sets (60). Core sets were developed in a formal 
decision-making and consensus process (60). Evidence was gathered from 
preliminary studies, and based on these studies relevant ICF categories were 
identified in a formal consensus process by international experts with 
different backgrounds trained in the ICF (Figure 6).  
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ICF Core Sets exist for the 12 most burdensome chronic conditions (61) 
(development of core sets for further health conditions is ongoing) classified 
as Brief ICF Core Sets (to be rated in all patients to describe the burden of 
disease) and Comprehensive ICF Core Sets (to guide multidisciplinary 
assessments in patients with a specific condition to describe their typical 
spectrum of problems). Furthermore, core sets for the acute hospital and 
early post-acute rehabilitation facilities were developed (62). An 
international multi-center study of these core sets is ongoing for validation. 
The core sets facilitate the comprehensive description of an individual’s 
functioning state in clinical practice and can provide an individual’s 
categorical profile across ICF categories. Such a profile might be helpful in 
the planning of care and rehabilitation and its follow-up (Figure 7). 

The ICF Core Set for Stroke is the largest of the developed ICF Core Sets, 
its large scope of categories reflecting the great variability and complexity of 
stroke.  
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Figure 7. An example of a categorical profile of a person’s functioning after stroke. 
 

 

Assessment  ICF qualifier
ICF categories  problems
    0 1 2 3 4
b130  Energy and drive functions 
b134  Sleep functions 
b144  Memory functions 
b420  Blood pressure functions 
b730  Muscle power functions 
b770  Gait pattern functions
d166  Reading 
d210  Undertaking a single task 
d220  Undertaking multiple tasks 
d230  Carrying out daily routine 
d240  Handling stress/psychol demands 
d410  Changing basic body position 
d430  Lifting and carrying objects 
d440  Fine hand use 
d445  Hand and arm use 
d450  Walking 
d460  Moving around in different locations 
d510  Washing oneself 
d530  Toileting 
d540  Dressing 
d550  Eating 
d620  Acquisition of goods and services 
d630  Preparing meals 
d640  Doing housework 
    Facilitator Barrier
    4+ 3+ 2+ 1+ 0 1 2 3 4
e110  Prod./subst. for personal consumption 
e120  Products for  in/outdoor mobility 
e210  Physical geography 
e310  Immediate family 
e320  Friends 
e355  Health professionals
e580  Health services, systems and policies 
   

    positive neutral negative
pf  Self‐efficacy 
pf  Awareness of problems 
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1.3.5 Reflections on the ICF and the ICF Core Sets 

The ICF is an internationally acknowledged classification system and 
terminology that allows the coding of information about functioning and 
disability, which can be described from a biopsychosocial perspective in a 
systematic and standardized way (63). The ICF as a model of disability has 
raised some criticism and there is an ongoing discussion in the literature on 
the advantageousness, disadvantageousness and precision of various models 
of disability. Commonly discussed shortcomings of the ICF concern the 
blurred process of disability (the ICF does not present 
enablement/disablement as dynamic processes) (64-66), the lack of distinct 
domains of activities and participation (64, 66-71), imprecise classification 
of environmental factors (64, 69) and the need for classified personal factors 
(65, 72-74). However, most of the critics concede that an internationally 
agreed-upon language and framework of disability like the ICF is 
worthwhile. Such an internationally common model could enhance the study 
of disability, facilitate the scientific discourse (even across nations and 
disciplines) and thus advance disability research and public policy (66, 75, 
76). The ICF is not completely developed; Future revisions are intended 
(77). Even so, continued international effort is undoubtedly required to 
refine and improve the ICF framework and to build tools and methods for 
applying it. Thus far, the ICF is the only framework that is internationally 
recognized (64, 72), and furthermore, it is the only viable code set for 
consistently reporting functioning in administrative databases (9). The 
disease- and setting-specific ICF Core Sets are one of the possible tools for 
facilitating the application of the ICF in clinical practice. However, their 
development has caused concern that they would again shift the focus to 
disease rather than to the biopsychosocial impact on the individual, 
hindering clinical reasoning and client-centered practice (78). In contrast, 
studies have shown that interprofessional patient-centered care and 
rehabilitation were enhanced and rehabilitation outcomes improved by the 
use of setting-specific lists of ICF categories (63, 79, 80). As Uestün et al. 
have acknowledged, the exhaustive and comprehensive original volume of 
the classification poses the necessity of developing practice-friendly tools to 
make the classification implementable in clinical practice or research (77). 
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1.4 Stroke 
The WHO defines stroke as a focal (or at times global) neurological 
impairment of sudden onset, lasting more than 24 hours or leading to death 
of presumed vascular origin (81). Stroke can be divided into two main 
categories: ischemic and hemorrhagic. In the first case, ischemia and 
subsequent tissue damage are commonly caused by an obstruction of the 
blood flow in a cerebral blood vessel. In the second case, distortion and 
compression of the brain tissue is usually caused by intracranial bleeding as 
a consequence of a ruptured cerebral artery. Stroke is the second most 
common cause of death worldwide and a major single cause of long-term 
disability. Annually, 15 million people worldwide suffer a stroke, of whom 
five million die and another five million are left permanently disabled, 
placing a burden on family and community (82). In Sweden during recent 
decades the number of people experiencing a stroke has been fairly constant 
at about 30.000 people annually, but mortality has declined (83). 

1.4.1 Consequences of stroke 

The consequences of stroke are usually complex and heterogeneous 
depending on etiology, localization and initial stroke severity. 

Impact on individuals’ lives 
Stroke is a sudden event that is usually followed by an abrupt onset of 
disability that might be lifelong. Having a stroke often entails a major life-
course disruption (84, 85). Individuals may experience chaos and 
discontinuity in their lives, and the event can be described as a personal 
catastrophe in the first week after stroke (86, 87). This great impact on 
individuals’ lives originates from the manifoldness of consequences and the 
chronic course, often involving a loss of independence. A study by Lai et al. 
showed that only one-fourth of stroke survivors returned to the life they had 
led before stroke (88). A report from Sweden demonstrated that more than 
half of stroke survivors need help with cleaning, cooking and shopping, and 
around one-fourth are dependent in self-care, dressing and moving around 
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outdoors two years post-stroke (89). However, individuals are not only 
confronted with physical problems but also mental and psychosocial ones, 
such as depression, communication problems and fatigue (90-92). Clarke 
summarized the experience of a stroke as follows: “Survivors may suddenly 
be left with paralysis or weakness in their arms or legs, memory problems, 
visual impairment (including cortical blindness), loss of sensation in or 
awareness of one side of the body, difficulty swallowing, and difficulty in 
understanding what is said and in finding words to communicate with others. 
Individuals may also become emotionally labile after a stroke, with sudden 
outbursts of crying or rage for no apparent reason. Personality changes may 
also occur” (93). Table 1 gives an overview of the possible variety of 
problem areas, ranging from impaired structures of the nervous system to 
different impaired body functions, limited activities and restricted 
participation.  

Table 1. The variety of possibly affected areas after stroke expressed in ICF terms. 

Body Functions Structures Activities and Participation 

Mental functions Structures of 
the nervous 
system 

Learning and applying 
knowledge 

Sensory functions and pain  General tasks and demands 

Voice and speech functions  Communication 

Functions of cardiovascular, 
haematological, immunological 
and respiratory systems 

 Mobility 

Functions of digestive, metabolic 
and endocrine systems 

 Self-care 

Genitourinary and reproductive 
functions 

 Domestic life 

Neuromusculoskeletal and 
movement-related functions 

 Interpersonal interactions 
and relationships 

  Major life areas 

  Community, social and 
civic life 
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There is no doubt that the consequences of stroke are manifold and that the 
stroke event poses a great challenge to the individual to re-establish 
acceptable life equilibrium (85, 94). Some might be able to reframe their 
experience in a positive way (95, 96), but many stroke survivors report 
reduced QoL (97-99).  

Challenges for the environment 
In order to prevent the experience of disability, an individual can be enabled 
in two ways: either by restoring his/her function or by adapting the 
environment (see Section 1.2.3). Due to the chronic course of stroke, an 
adaptive and facilitating environment is of utmost importance for the 
individual to be able to experience functioning despite long-term bodily 
disability. Table 2 gives an overview of the environmental areas that 
possibly influence stroke survivors’ independence and functioning.  

Table 2. Areas of Environmental Factors possibly influencing functioning and 
disability after stroke, expressed in ICF terms. 

Environmental Factors 
Products and technology 
Natural environment and human-made changes to environment 
Support and relationships 
Attitudes 
Services, systems and policies 

 
For example, assistive devices and technologies relieve dysfunctions for 
many individuals and in some cases can even eliminate them (100-102). 
Common assistive devices after stroke can be summarized into those for 
enabling bathing/showering and toileting, bed and chair adaptations, walking 
frames and wheelchairs (103). Actually, in Sweden, the provision of home 
modifications to people with long-term disabilities is obligated by law to 
enable people to remain in their homes and engage in everyday life (104). 
Furthermore, personal assistance and social support enable stroke survivors 
and can increase their function, participation and well-being (102, 105, 106). 
Another example of environmental facilitators is health care services and 
policies, which definitely have an impact on individuals’ health. The positive 
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effect of care in stroke units on survival and functional outcome is well 
documented (107, 108).  

1.4.2 Stroke care and rehabilitation – a multidisciplinary field 

In accordance with health and disability models (see Sections 1.2), care and 
rehabilitation aim to re-establish and maintain functioning, promote health 
(secondary prevention), and prevent and minimize disability (109). In other 
words: “Rehabilitation optimizes the stroke survivors’ participation in their 
life and surroundings” (110). Regarding stroke with its manifold and chronic 
consequences, combined efforts of different disciplines and stakeholders are 
particularly necessary to fulfill rehabilitation goals. Not at least, the 
specialized multidisciplinary team is one of the characteristics of a stroke 
unit that provides the most beneficial outcome for stroke patients worldwide 
(107, 108).  

National perspective 
In order to optimize the management of stroke throughout the chain of care 
and enhance quality assurance in all parts of Sweden, national guidelines for 
stroke have been issued by the NBHW. Consensus on current knowledge 
and the latest available research is the basis of these guidelines, which are 
presented in three separate documents: 1) a summary for decision-makers, 2) 
a main document for health and medical personnel containing clinical 
guidelines for practical application; and 3) an information document aimed 
at patients and relatives. The clinical guidelines provide prioritized 
recommendations including prevention, diagnostics, treatment and 
rehabilitation. The updated main recommendations are, besides treatment 
with intravenous thrombolysis within 4.5 hours after cerebral infarction, 
acute examination and hospital treatment for suspected transient ischemic 
attack, and the possibility of hemikraniektomi within 48 hours for patients 
with malignant media infarction, also caring for stroke patients on stroke 
units and early hospital discharge with rehabilitation at home (111). A 
typical characteristic of stroke units, among other things is a 
multidisciplinary team specialized in stroke including physicians, nurses, 
physiotherapists, occupational therapists, speech and language therapists, 
dietitians, clinical psychologists and social workers (112). With the aim of 



 
32 
 

There is no doubt that the consequences of stroke are manifold and that the 
stroke event poses a great challenge to the individual to re-establish 
acceptable life equilibrium (85, 94). Some might be able to reframe their 
experience in a positive way (95, 96), but many stroke survivors report 
reduced QoL (97-99).  

Challenges for the environment 
In order to prevent the experience of disability, an individual can be enabled 
in two ways: either by restoring his/her function or by adapting the 
environment (see Section 1.2.3). Due to the chronic course of stroke, an 
adaptive and facilitating environment is of utmost importance for the 
individual to be able to experience functioning despite long-term bodily 
disability. Table 2 gives an overview of the environmental areas that 
possibly influence stroke survivors’ independence and functioning.  

Table 2. Areas of Environmental Factors possibly influencing functioning and 
disability after stroke, expressed in ICF terms. 

Environmental Factors 
Products and technology 
Natural environment and human-made changes to environment 
Support and relationships 
Attitudes 
Services, systems and policies 

 
For example, assistive devices and technologies relieve dysfunctions for 
many individuals and in some cases can even eliminate them (100-102). 
Common assistive devices after stroke can be summarized into those for 
enabling bathing/showering and toileting, bed and chair adaptations, walking 
frames and wheelchairs (103). Actually, in Sweden, the provision of home 
modifications to people with long-term disabilities is obligated by law to 
enable people to remain in their homes and engage in everyday life (104). 
Furthermore, personal assistance and social support enable stroke survivors 
and can increase their function, participation and well-being (102, 105, 106). 
Another example of environmental facilitators is health care services and 
policies, which definitely have an impact on individuals’ health. The positive 

33 
 

effect of care in stroke units on survival and functional outcome is well 
documented (107, 108).  

1.4.2 Stroke care and rehabilitation – a multidisciplinary field 

In accordance with health and disability models (see Sections 1.2), care and 
rehabilitation aim to re-establish and maintain functioning, promote health 
(secondary prevention), and prevent and minimize disability (109). In other 
words: “Rehabilitation optimizes the stroke survivors’ participation in their 
life and surroundings” (110). Regarding stroke with its manifold and chronic 
consequences, combined efforts of different disciplines and stakeholders are 
particularly necessary to fulfill rehabilitation goals. Not at least, the 
specialized multidisciplinary team is one of the characteristics of a stroke 
unit that provides the most beneficial outcome for stroke patients worldwide 
(107, 108).  

National perspective 
In order to optimize the management of stroke throughout the chain of care 
and enhance quality assurance in all parts of Sweden, national guidelines for 
stroke have been issued by the NBHW. Consensus on current knowledge 
and the latest available research is the basis of these guidelines, which are 
presented in three separate documents: 1) a summary for decision-makers, 2) 
a main document for health and medical personnel containing clinical 
guidelines for practical application; and 3) an information document aimed 
at patients and relatives. The clinical guidelines provide prioritized 
recommendations including prevention, diagnostics, treatment and 
rehabilitation. The updated main recommendations are, besides treatment 
with intravenous thrombolysis within 4.5 hours after cerebral infarction, 
acute examination and hospital treatment for suspected transient ischemic 
attack, and the possibility of hemikraniektomi within 48 hours for patients 
with malignant media infarction, also caring for stroke patients on stroke 
units and early hospital discharge with rehabilitation at home (111). A 
typical characteristic of stroke units, among other things is a 
multidisciplinary team specialized in stroke including physicians, nurses, 
physiotherapists, occupational therapists, speech and language therapists, 
dietitians, clinical psychologists and social workers (112). With the aim of 



 
34 
 

following up and continuously improving stroke care, Sweden was one of 
the first countries in the world to establish a national quality register, the 
Swedish Stroke Register (Riks-Stroke) (113). This register includes data 
from admission, three months and one year. According to the register, 84% 
of stroke patients were admitted to stroke units in Sweden in 2008 (114). A 
study from the Riks-Stroke Collaboration showed that stroke unit care in 
Sweden was related to better long-term survival in all stroke subgroups but 
that outcome benefits increased particularly for younger patients, patients 
with intracerebral hemorrhage and patients who were unconscious (115). 
The number of admissions to the specialized stroke units has increased by 
8% during the last five years and this trend is expected to continue (114). 

International perspective 
Similar to Sweden, many other countries have developed guidelines for 
stroke care. Some examples are the National Stroke Strategy from the 
Department of Health in England (116), the National clinical guidelines for 
stroke by the Intercollegiate Stroke Working Party for the United Kingdom 
(117), the Canadian Best Practice Recommendations for Stroke Care 
released by the Canadian Stroke Network and the Heart and Stroke 
Foundation of Canada (118), the Guidelines for the Early Management of 
Adults With Ischemic Stroke from the American Heart Association/American 
Stroke Association and others (119), the European Stroke Initiative 
Recommendations for Stroke Management (120) and the Helsingborg 
Declaration 2006 on European Stroke Strategies by the European Stroke 
Council (121). While in some countries the guidelines act as 
recommendations (like in Sweden), in other countries the health services and 
systems are obliged to implement them (like in the United Kingdom) (111). 
The care on stroke units is the fundamental recommendation that all the 
guidelines have in common: “Successful stroke units are built around a 
stroke-skilled interdisciplinary team that is able to meet the needs of the 
individuals” (117) (Figure 8).  
 

Figure 8. A common characteristic o
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2 Aims of the thesis 

The overall aim of the present thesis was to evaluate the biopsychosocial 
consequences of stroke and test the validity of the ICF Core Sets for Stroke. 

 

Specific aims: 

I. To evaluate functioning after stroke during three months post-stroke 
using the Body Functions and Activities and Participation part of the 
Stroke ICF Core Set. 

II. To evaluate environmental barriers and facilitators during three 
months post-stroke using the Environmental Factors part of the 
Stroke ICF Core Set. 

III. To identify the relationship between self-reported health of stroke 
survivors and functioning and disability assessed with the Stroke 
ICF Core Set during one year.  

IV. To evaluate the possibility to develop a measurement based on ICF 
categories across Body Functions, Structures, and Activities and 
Participation from the Brief ICF Core Set for Stroke.  
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3 Methods 

While Studies I, II and III are based on data on the same study population 
from a one-year longitudinal study in Sweden, Study IV is based on data 
from an international multi-center cross-sectional study including samples 
from China, Germany, Italy and Sweden. 

3.1 Studies I–III 

3.1.1 Research design – cohort study 

Data for Studies I, II and III were collected through a cohort study with 120 
participants and three follow-ups at six weeks, three months and one year 
post-stroke. Since the international validation study of the Stroke ICF Core 
Sets was done cross-sectionally, we chose the prospective cohort design to 
test the core sets in a longitudinal approach and to identify changes of 
functioning during one year post-stroke. As we applied the extended version 
of the comprehensive Stroke Core Set, which is said to be applicable in the 
acute as well as in chronic phase, the necessity of its longitudinal validation 
became obvious. From the assumption of a power (1-) of 0.8 and a level of 
significance () of 0.05 a sample size of 85 (two-sided test) patients is 
necessary to determine medium effects (> .15), i.e. a frequency change of 
15% in each ICF category (122). With an assumed dropout rate of 30%, the 
study includes 120 patients. As the recovery process is seen mainly in the 
first three months (123-125) but already at six weeks 80% of the best ADL 
function is reached (123), both time points – six weeks and three months – 
were chosen for follow-up. The third time point chosen for follow-up was 
one year as this is a common time point in the literature for the long-term 
assessment of stroke recovery.  

While Studies I and II comprise data from the first two follow-ups to three 
months post-stroke, Study III is based on the data from all three follow-ups 
to one year post-stroke (Figure 9).  
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Figure 10. Flow chart of the study population. 

Studies I and III integrated data on 99 eligible stroke survivors. In Study I 
the analysis was based on 89 of 99 participants at six weeks as well as at 
three months. Seventy-nine of these 89 participants were assessed at both 
time points, while eight of the original 99 participants were not available at 
either six weeks or three months. In Study III, 89 of the 99 eligible 
participants could be followed up at each time point, but some could not 
assess their health (Figure 11). However, 75 participants were able to 
consistently assess their health at all three time points. 
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Figure 12. Flow chart of the study population in Study II. 

The 67 participants (51% women) in Study II had an average age of 71 
years, and the women were significantly older than the men (66 vs. 75 
years). The main cause of stroke was cerebral infarction (84%). While all the 
67 participants were discharged to their homes within three months, 49 
(73%) were already at home at six weeks. The basic characteristics of 
participants are shown in Table 3. 



Figure 11

 

The inclu
the men 
infarctio
disability
six week
health ra
scale of 
significa
characte
not diffe

Study II 
follow-u
12). Thi
three mo
weeks in
and thos
months –

 

1. Flow chart o

uded 99 part
 significantl

on was the m
y scored 3 o
ks, and chan
anged from 5

the EuroQo
antly more 
ristics of par

er in age, gen

is based on 
ups and were
s study samp
onths, namel
n those who
se who were 
– late home (

of the study p

ticipants (54%
y younger th

main cause of 
n the modifi
nged to 2 at
50 at admiss
ol-5D questio

frequently 
rticipants are
nder, diagnos

data on 67 s
e discharged 
ple was chos
ly all who w

o were alread
discharged 

(LH) particip

 
40 
 

opulation in S

% women) h
han the wom

f diagnosed st
ied Rankin S
t three mont
ion to 75 at 
onnaire (EQ

than men 
e shown in T
sis or global 

troke survivo
to their hom

sen in order 
were at home
dy at home –
to their hom
pants.   

Study III. 

had a mean a
men (67 vs.
troke (81%)

Scale (mRS)
ths and one 
one year on 
-5D VAS). 

(29% vs.
Table 3. Loss
disability. 

ors who had
mes within th
to have a ho

e, while the 
– early hom

mes between 

 

age of 72 yea
74 years). C
. On average
at admission
year. Self-r
the visual a

Women live
56%). The

ses to follow

participated
hree months 
omogenous g
group differ

me (EH) part
six weeks an

ars, with 
Cerebral 
e, global 
n and at 
reported 
nalogue 

ed alone 
e basic 

w-up did 

d in both 
(Figure 

group at 
rs at six 
ticipants 
nd three 

41 

Figure 12. Flow chart of the study population in Study II. 

The 67 participants (51% women) in Study II had an average age of 71 
years, and the women were significantly older than the men (66 vs. 75 
years). The main cause of stroke was cerebral infarction (84%). While all the 
67 participants were discharged to their homes within three months, 49 
(73%) were already at home at six weeks. The basic characteristics of 
participants are shown in Table 3. 
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Table 3. Basic characteristics of the study populations. 

 Studies I + III N=99  Study II N=67 

 Men (n=45) Women (n=54) Total  Men (n=33) Women (n=34) Total (N=67) 

Age, mean (± STD) 67 (11.9) 74 (14.1)* 72 (13.1)  66 (11.9) 75 (14.3)* 71 (13.6) 

Diagnosis, n (%)       
Intracer. haemorrhage 8 (17.8) 3 (5.6) 11 (11.1)  5 (15.2) 2 (5.9) 7 (10.4) 

Cerebral infarction 33 (73.3) 48 (88.9)* 81 (81.8)  26 (78.8) 30 (88.2) 56 (83.6) 
Others 4 (7.6) 3 (5.6) 7 (6.9)  2 (6.0) 2 (5.9) 4 (6.0) 

Health history, n (%)        
Heart attack 5 (11.1) 6 (11.1) 11 (11.1)  5 (15.2) 3 (8.8) 8 (11.9) 

Atrial fibrillation 10 (22.2) 11 (20.4) 21 (21.2)  7 (21.2) 9 (26.5) 16 (23.9) 
Hypertension 18 (40.0) 28 (51.9) 46 (46.5)  11 (33.3) 17 (50.0) 28 (41.8) 

Diabetes 6 (13.3) 7 (13.0) 13 (13.1)  4 (12.1) 4 (11.8) 8 (11.9) 

Lengths of stay (days)† 13 (9, 17) 13 (9, 25) 13 (9,20)  11 (9,17) 13 (8,22) 12 (9,18) 

Living alone (prior to 
stroke), n (%) 

13 (28.9) 30 (55.6)* 43 (43.4)  9 (27.3) 20 (58.8) * 29 (43.3) 

Modified Rankin Scale†      

Admission 3 (2.0, 4.0) 3 (2.0, 4.0) 3 (2.0, 4.0)  3 (2.0, 3.7) 3 (2.0, 4.0) 3 (2.0, 4.0) 
Six weeks 2 (1.0, 3.0) 2 (1.0, 3.0) 3 (1.0, 4.0)  1.5 (1.0, 3.0) 2 (1.0, 3.0) 2 (1.0, 3.0) 

Three months 2 (1.0, 3.0) 2 (1.0, 3.0) 2 (1.0, 3.5)  1 (1.0, 2.0) 2 (1.0, 3.0)* 2 (1.0, 3.0) 
One year 1.5 (1.0, 3.0) 3 (1.0, 3.0)* 2 (1.0, 3.0)  1 (1.0, 2.0) 2.5 (1.2, 3.0)* 2 (1.0, 3.0) 

†Values indicate median (25th, 75th percentiles). *p<0.05. 
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3.1.3 Assessment methods 

Assessments were made through a large battery of questions, and can be 
roughly divided into assessments of functioning and disability and of health-
related quality of life. However, as disability is an important attribute of 
quality of life or health itself, these instruments also provide information on 
functioning and disability. 

Functioning and disability  

The Comprehensive ICF Core Set for Stroke (extended version)  

Core sets were developed for several chronic conditions, among them stroke 
(see Section 1.3.4). The Comprehensive ICF Core Set for Stroke can be 
defined as a selection of ICF domains (ICF categories on the second level) 
that includes the least number of domains possible to be practical, but as 
many as required to be sufficiently comprehensive to cover the prototypical 
spectrum of problems in stroke survivors (126). Assessments made with the 
core set can serve as a categorical profile of individuals. Since the ICF Core 
Set for Stroke was developed with the long-term disabling condition in 
mind, problems present at an earlier stage of stroke might not be included. 
Hence, the core set holds for the application in the chronic phase but 
probably not in the acute one. To obtain a universal core set for stroke, the 
Comprehensive ICF Core Set for Stroke was amended with categories from 
the core set for patients with neurological conditions in the acute hospital as 
well as the early post-acute rehabilitation facilities (127, 128). This extended 
version of the core set comprises 166 ICF categories: 59 of Body Functions, 
11 of Structures (not assessed in Studies I-III), 59 of Activities and 
Participation and 37 of Environmental Factors (see Appendix). To establish 
the ratings (about the extent of problems, facilitators or barriers) in each ICF 
category, the generic ICF qualifier scale was used (see Section 1.3.3). The 
additional ICF qualifier of capacity and performance regarding the ratings of 
categories of Activities and Participation is not used within the ICF Core 
Sets. The interrater reliability of the Stroke ICF Core Set was tested and 
found to be moderate among physical therapists (129).  
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3.1.3 Assessment methods 

Assessments were made through a large battery of questions, and can be 
roughly divided into assessments of functioning and disability and of health-
related quality of life. However, as disability is an important attribute of 
quality of life or health itself, these instruments also provide information on 
functioning and disability. 

Functioning and disability  

The Comprehensive ICF Core Set for Stroke (extended version)  

Core sets were developed for several chronic conditions, among them stroke 
(see Section 1.3.4). The Comprehensive ICF Core Set for Stroke can be 
defined as a selection of ICF domains (ICF categories on the second level) 
that includes the least number of domains possible to be practical, but as 
many as required to be sufficiently comprehensive to cover the prototypical 
spectrum of problems in stroke survivors (126). Assessments made with the 
core set can serve as a categorical profile of individuals. Since the ICF Core 
Set for Stroke was developed with the long-term disabling condition in 
mind, problems present at an earlier stage of stroke might not be included. 
Hence, the core set holds for the application in the chronic phase but 
probably not in the acute one. To obtain a universal core set for stroke, the 
Comprehensive ICF Core Set for Stroke was amended with categories from 
the core set for patients with neurological conditions in the acute hospital as 
well as the early post-acute rehabilitation facilities (127, 128). This extended 
version of the core set comprises 166 ICF categories: 59 of Body Functions, 
11 of Structures (not assessed in Studies I-III), 59 of Activities and 
Participation and 37 of Environmental Factors (see Appendix). To establish 
the ratings (about the extent of problems, facilitators or barriers) in each ICF 
category, the generic ICF qualifier scale was used (see Section 1.3.3). The 
additional ICF qualifier of capacity and performance regarding the ratings of 
categories of Activities and Participation is not used within the ICF Core 
Sets. The interrater reliability of the Stroke ICF Core Set was tested and 
found to be moderate among physical therapists (129).  
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The Self-administered Comorbidity Questionnaire (SCQ) 

The Self-administered Comorbidity Questionnaire (SCQ) (Swedish version) 
is a list of 13 common problems. Additional medical problems not listed can 
also be indicated. If respondents indicate a problem, they are asked whether 
they are receiving treatment, and whether this health problem limits their 
activities. This measure represents an efficient method to assess co-morbid 
conditions in clinical and health services research without the need for 
medical records (130).  

The modified Rankin Scale (mRS) 

The modified Rankin Scale (mRS) is a commonly used scale ranging from 0 
=`no symptoms at all´ to 6=`dead´ to describe overall disability in stroke 
survivors (131). The intra-reliability is good, with k above 0.8 (132). 

Health care and social services utilization and spouse support 

By means of a standardized questionnaire, health care and social service 
utilization, medication and support from spouses were documented. The 
questionnaire comprises length of stay, other hospital visits post-stroke, 
number of contacts with physicians, nurses, occupational and 
physiotherapists or other health professionals, help from home services and 
how often it is received, help from spouses with what and how often as well 
as whether spouses have had to change their work, testing and controlling for 
technical aids and assistive advices, transportation services and medication. 

 

Health-related quality of life 

The EuroQol-5D questionnaire (EQ-5D) 

The EuroQol-5D (EQ-5D) is a generic self-administered HRQoL 
measurement considered to be a valid measure of HRQoL after stroke (133, 
134) and consists of two parts. Part 1 comprises five dimensions – mobility, 
self-care, usual activities, pain/discomfort and anxiety/depression – that are 
assessed with three degrees of severity (no problems, some problems, 
extreme problems). In Part 2 – the EQ visual analogue scale (EQ-VAS) – the 
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respondent’s self-rated health is rated from 0 to 100 on a vertical, visual 
analogue scale (VAS), anchored by worst and best imaginable health state. 
As an instrument for assessing global quality of life, the VAS has good 
validity and reliability (135). Furthermore, subjective ratings of overall 
health on a single item measure have decisively established validity in 
population studies (136). 

The Medical Outcome Study Short Form 36 (SF-36) 

The Medical Outcome Study Short Form 36 (SF-36) (Swedish version) 
derives from a large battery of questions administered in the Medical 
Outcome Study (137). The SF-36 includes eight multi-item scales containing 
two to ten items each and a single item to assess health transition. The scales 
cover the dimensions of physical health, mental health, social functioning, 
role functioning, general health, pain and vitality. This instrument provides a 
valid measure of physical and mental health after stroke (138).  

The Stroke Impact Scale (SIS) 

The Stroke Impact Scale (SIS, Swedish version 2.0) (88) is a 63-item self-
report stroke-specific measure encompassing eight domains: strength, hand 
function, activities and independent activities of daily living, mobility, 
communication, emotion, memory and thinking, and participation/role 
function. Using input from patient, caregiver and stroke experts, the SIS was 
developed in a multi-stage process guided by the conceptual framework of 
the ICIDH model to capture the full range of stroke outcomes (139). The 
stroke-specific outcome measure has been tested for validity, reliability and 
sensitivity to change (140). 

 

Table 4 shows the systematic assessment methods at the different time points 
and the data included in Studies I-III.  
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Table 4. Assessment methods used in Studies I-III. 

 T0 T1 T2 T3 

Stroke ICF Core Set     

  59 categories of Body Functions  I+III I+III III 

  59 categories of Activities and Participation  I+III I+III III 

  37 categories of Environmental Factors  II+III II+III III 

EQ-5D     

  5 dimensions X X X X 

  EQ-VAS II+III II+III II+III III 

mRS I-III I-III I-III III 

SF-36  X X X 

SIS  X X X 

SCQ  X   

Health care utilization, medication and spouse 
support  X  X 

T0=35 days after admission to stroke unit, T1=6 weeks; T2=3 months; T3=1 year. 
I=data used in Study I, II=data used in Study II, III=data used in Study III. 
 

3.1.4 Data collection procedure 

A contact person (registered nurse/physiotherapist) working at each stroke 
unit informed the research assistant about new admissions on a weekly basis. 
Eligible stroke patients were seen for recruitment within a week after 
admission at baseline. Patients were provided with a written description of 
the study and, in the case of participation, written informed consent was 
obtained. Demographic information, subtype and side of stroke (both 
determined by a stroke specialist) were recorded. Participants were followed 
up at six weeks, three months and one year post-stroke through repeated 
assessments (Table 4). Information was gathered using a battery of questions 
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based on the Stroke ICF Core Set and the applied instruments. The face-to-
face interviews took place at either the hospital, the patient’s home or a 
nursing home. Together with participants the questionnaires EQ-5D, SF-36, 
SIS, SCQ and the one on health care and social services utilization and 
spouse’ support were filled in. The change in functioning (amelioration, 
decrease or unchanged) between the different time points was documented 
according to participants’ perceptions. If available, additional information 
from caregivers, health professionals and spouses was gathered. The 
“translation” of all items/questions of the instruments EQ-5D, SIS and SF-36 
into ICF categories according to the linking rules of Cieza et al. (141, 142) 
revealed that 15% of the 59 ICF categories of Body Functions and 46% of 
the 59 categories of Activities and Participation were covered by these (see 
Appendix). More information was gathered through additional and control 
questions based on the problems not covered by the applied instruments but 
contained in the Stroke ICF Core Set. Information on health care and social 
services utilization, spouse support, medication and observation at the 
different time points included in a home visit and interview situation gave 
additional insight into the participants’ problems. Regarding environmental 
facilitators and barriers, individuals’ subjective experiences were 
documented. For this purpose, participants were interviewed with semi-
structured questions based on the 37 categories of Environmental Factors 
included in the Stroke Core Set. Each interview was completed with a final 
question about whether there were any problems, facilitators or barriers that 
had not yet been mentioned or asked about. The interview could last between 
half an hour and two hours, depending on the participant’s health state. After 
the interview, participants’ functioning and disability (i.e. body functions, 
activities and participation, facilitators and barriers) were rated and 
documented with the 155 categories of the Stroke ICF Core Set. The ratings 
were done by the first author, who is trained in ICF and stroke rehabilitation, 
and were based on all information obtained and on observations of the 
interviewees’ functioning. 

3.1.5 Data analyses  

While data in Studies I and II were analyzed descriptively, data in Study III 
were analyzed exploratively through multivariate statistical analyses. In all 
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interviewees’ functioning. 

3.1.5 Data analyses  

While data in Studies I and II were analyzed descriptively, data in Study III 
were analyzed exploratively through multivariate statistical analyses. In all 
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three studies, univariate statistics were used to describe the sample 
characteristics. When the variables were not distributed normally 
(Kolmogorov-Smirnov test (143)), medians were reported. Differences in 
subgroups were investigated using the t-test (or when variables were not 
normally distributed, the U-test) for continuous variables, and the Chi-
Square test was used for proportions. The Sign test was used to investigate 
changes between the different time points. The level of significance was set 
at 5% for all tests (two-sided). Table 5 gives an overview of the statistical 
methods used in each study. Statistical analyses were performed using SPSS 
(Versions 13.0 and 17.0). 

Table 5. Statistical analysis methods used in Studies I-IV. 

 Study I Study II Study III Study IV 

Chi test  X   

T-test  X   

Mann-Whitney U test X X   

Sign test  X   

Spearman correlation   X  

Linear multiple regression   X  

Rasch analysis    X 
 

Descriptive statistical analyses (Studies I and II) 

In order to check the significance of the categories of the Stroke ICF Core 
Set at the different time points, the frequency of problems in Body Functions 
and Activities and Participation in Study I as well as the frequency of 
Environmental Factors in Study II were examined using univariate statistics. 
For analyses, the degrees of the qualifier scale were recoded – in Study I 
they were dichotomized (problem yes/no), and in Study II they were 
categorized into four categories (facilitator, barrier, neither/nor, not 
applicable). The recoding is shown in Table 6.  
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Table 6. Recoding of the ICF qualifier scale for statistical analyses. 

 Recoded 

 Study I Study II Study III 
The qualifiers for Body Functions and  
Activities and Participation 

   

NO problem 0 0  0 
MILD problem 1 1  1 

MODERATE problem 2 1  1 
SEVERE problem 3 1  1 

COMPLETE problem 4 1  1 
Not specified 8 Missing  Missing 

Not applicable 9 0  0 
The qualifiers for Environmental Factors    

NO barrier 0  0  
MILD barrier 1  -1  

MODERATE barrier 2  -1  
SEVERE barrier 3  -1  

COMPLETE barrier 4  -1  
NO facilitator +0  0 0 

MILD facilitator +1  1 1 
MODERATE facilitator +2  1 1 

SEVERE facilitator +3  1 1 
COMPLETE facilitator +4  1 1 

Not specified 8  Missing Missing 
Not applicable 9  9 0 

 

In Study I, in order to study the discriminative ability of the Stroke Core Set, 
two subgroups at each time point were generated: Independent stroke 
survivors were defined by a score of 2 or lower on the mRS, and those 
scoring more than 2 were defined as dependent stroke survivors. This was 
accepted as meaningful dichotomizing, with a sensitivity of 85% and a 
specificity of 87% (144). To investigate differences in the number of 
problems between independent and dependent stroke survivors, the U-test 
was used.  
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In Study II, differences in the two subgroups – EH and LH participants – 
were investigated using the t-test (or when variables were not normally 
distributed, the U-test) for continuous variables, and the Chi-Square test was 
used for proportions. It was hypothesized that perceived facilitators or 
barriers might not be due to time passed after stroke but rather to live 
circumstances. The Sign test was used to investigate changes between the 
different time points.  

Multivariate statistical analyses (Study III) 

Univariate statistics were used to describe the sample characteristics. 
Independent relationships between SRH (EQ-5D VAS) and impairments 
(ICF categories of Body Functions), limitations and restrictions (ICF 
categories of Activities and Participation) and environmental facilitators or 
barriers (ICF categories of Environmental Factors) were analyzed by means 
of backward linear regression analysis at each time point. The method of 
linear regression analysis was chosen because parametric methods are more 
sensitive than nonparametric ones. Backward regression was chosen because 
the starting point was that all categories were important to SRH. The ICF 
categories entered into the regression models were identified using bivariate 
analysis (Spearman correlation). In cases of multi-collinearity (correlation 
coefficient > 0.5), the category with the stronger correlation with the EQ 
VAS score was chosen. For each ICF component, namely Body Functions, 
Activities and Participation and Environmental Factors, linear regression 
analyses were performed independently. The ICF categories were dummy-
coded 0 (no problem)/1 (problem) and 0 (no facilitator)/1 (facilitator), 
respectively. To account for the multivarious biopsychosocial factors of 
disability, a regression model of all three components together was 
calculated using the categories identified in the previous multivariate 
analyses. The process of identifying categories for the analysis is shown in 
Figure 13. For the multivariate analyses, the qualifiers were dichotomized as 
shown in Table 6. Age and number of co-morbidities were incorporated into 
each model as independent variables for SRH.  
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Figure 13. The stepwise approach to identify factors of self-reported health at three 
different time points. 

3.2 Study IV  

3.2.1 Research design – multi-center cross-sectional study 

Study IV is based on data from an international multi-center cross-sectional 
study. The study was performed in cooperation with the WHO with the aim 
of collecting ICF-based data to validate the ICF Core Sets for Stroke. The 
study sample included data from four study centers in China, 19 in Germany, 
seven in Italy and one in Sweden. Available data from other countries were 
not considered as the sample sizes were too small (< N=100) to perform 
country-specific analyses. 



 
50 
 

In Study II, differences in the two subgroups – EH and LH participants – 
were investigated using the t-test (or when variables were not normally 
distributed, the U-test) for continuous variables, and the Chi-Square test was 
used for proportions. It was hypothesized that perceived facilitators or 
barriers might not be due to time passed after stroke but rather to live 
circumstances. The Sign test was used to investigate changes between the 
different time points.  

Multivariate statistical analyses (Study III) 

Univariate statistics were used to describe the sample characteristics. 
Independent relationships between SRH (EQ-5D VAS) and impairments 
(ICF categories of Body Functions), limitations and restrictions (ICF 
categories of Activities and Participation) and environmental facilitators or 
barriers (ICF categories of Environmental Factors) were analyzed by means 
of backward linear regression analysis at each time point. The method of 
linear regression analysis was chosen because parametric methods are more 
sensitive than nonparametric ones. Backward regression was chosen because 
the starting point was that all categories were important to SRH. The ICF 
categories entered into the regression models were identified using bivariate 
analysis (Spearman correlation). In cases of multi-collinearity (correlation 
coefficient > 0.5), the category with the stronger correlation with the EQ 
VAS score was chosen. For each ICF component, namely Body Functions, 
Activities and Participation and Environmental Factors, linear regression 
analyses were performed independently. The ICF categories were dummy-
coded 0 (no problem)/1 (problem) and 0 (no facilitator)/1 (facilitator), 
respectively. To account for the multivarious biopsychosocial factors of 
disability, a regression model of all three components together was 
calculated using the categories identified in the previous multivariate 
analyses. The process of identifying categories for the analysis is shown in 
Figure 13. For the multivariate analyses, the qualifiers were dichotomized as 
shown in Table 6. Age and number of co-morbidities were incorporated into 
each model as independent variables for SRH.  

 

51 

Figure 13. The stepwise approach to identify factors of self-reported health at three 
different time points. 
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country-specific analyses. 
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3.2.2 Study participants 

Participants in Study IV were a convenience sample of 757 stroke survivors 
from China (18%), Germany (36%), Italy (17%) and Sweden (29%). They 
had an average age of 64 years and mainly a diagnosis of ischemic stroke 
(64%) with an average score of 3 on the mRS. Demographic and disease-
specific characteristics are described in Table 7, stratified by country. 

Table 7. Characteristics of study participants in Study IV. 

 Germany 
(N=272) 

Italy 
(N=130) 

Sweden 
(N=221) 

China 
(N=134) 

Sociodemographic data     
  Women, n (%) 165 (61.3) 86 (67.7) 127 (57.5) 86 (65.2) 
  Age† 62.0 (13.7) 64.6 (12.0) 66.0 (13.7) 63.3 (14.9) 
  Living alone, n (%)** 69 (25.5) 25 (19.2) 126 (57.0) 16 (11.9) 
  Current work status, n (%)     
    Paid/self-employed* 73 (26.9) 20 (15.4) 31 (14.0) 26 (19.4) 
    Unemployed due to 
disease** 

22 (8.1) 11 (8.5) 54 (24.4) 5 (3.7) 

    Retired due to stroke* 30 (11.1) 19 (14.6) 33 (14.9) 33 (24.6) 
    Keeping 
house/homemaker 

7 (2.6) 3 (2.3) 2 (0.9) 3 (2.2) 

    Retired* 154 (56.8) 94 (72.3) 122 (55.2) 92 (68.6) 

Disease characteristics     
  Stroke subtype     
    I61** 26 (9.6) 30 (23.1) 37 (16.7) 40 (29.9) 
    I63* 212 (78.2) 89 (68.5) 99 (44.8) 86 (64.2) 
  Type of patient**     
    Inpatient 217 (80.0) 109 (83.8) 50 (22.6) 122 (91.0) 
    Outpatient 22 (8.1) 4 (3.1) 137 (62.0) 6 (4.5) 
    Day clinic patient 27 (10.0) 16 (12.3) 29 (13.1) 2 (1.5) 
  Type of acute event, n (%)*     
    First stroke 96 (72.7) 216 (82.4) 115 (89.1) 177 (80.5) 
    Recurrent stroke 36 (27.3) 46 (17.6) 14 (10.9) 43 (19.5) 
  Duration of disease (years)† 0.5 (0.9) 1.1 (3.1) 1.3 (3.0) 3.6 (5.7) 
  Global disability (mRS)††  3 (2.0, 4.0) 3 (3.0, 4.0) 3 (2.0, 4.0) 4 (2.0, 4.0) 
† Values indicate mean (standard deviation). †† Values indicate median (25th, 75th 
percentiles). *p<0.05; **p<0.001. 
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3.2.3 Assessment methods 

To document functioning of stroke survivors the Comprehensive ICF Core 
Set for Stroke was used (see Sections 1.3.4 and 3.1.3). The core sets can be 
distinguished into a comprehensive and a brief one. The latter was used in 
Study IV as it was conducted exploratively with a pilot study approach.  

The Brief ICF Core Set for Stroke  

While the Comprehensive Core Set comprises a large number of ICF 
categories and was developed to guide multidisciplinary assessment, the 
Brief ICF Core Set includes a total of 18 ICF categories that represent 14% 
of the categories from the Comprehensive Core Set. These 18 categories can 
serve as a minimum data set to be reported in every clinical study and to be 
assessed at any clinical encounter. With the Comprehensive Core Set as a 
starting point, health professionals ranked each ICF category according to its 
importance (the most striking aspects of stroke-related functioning in all 
stroke survivors). The extraction process is described in Figure 14.  

Figure 14. The development of the Brief ICF Core Set, experts’ ranking and vote. 
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The Brief Core Set consists of six categories of Body Functions, two of 
Structures, seven of Activities and Participation, and three of Environmental 
Factors. For this study, the categories referring to the functioning dimension 
were considered (the three environmental factors were excluded). The level 
of problem (impairment, limitation or restriction) in each category was rated 
using the ICF qualifier scale (see Section 1.3.3).  

3.2.4 Data collection procedure 

Eligible stroke survivors were recruited by health professionals at each study 
center. They provided the individuals with written information and requested 
their participation. In cases of consent to participate, data collection was 
performed by health professionals (their professional background was 
documented) trained either at a structured one-day workshop or using a 
training video provided by the WHO ICF Collaborating Center at the 
Ludwig-Maximilian University Munich. To perform the rating in each ICF 
category, clinicians considered whatever sources of information were 
available (examination, interview, health records, etc.). 

3.2.5 Data analysis 

The characteristics of the sample were described with univariate statistics. 
Normal distributions of variables were tested using the Kolmogorov-
Smirnov test (143) and in the case of absence medians were reported.  

Rasch analysis 

In order to examine whether the 15 ICF categories can be integrated into an 
interval scale to valid measure cross-culturally functioning, the Partial Credit 
Rasch model for ordered response options was used (145, 146). Rasch 
analysis is a probabilistic mathematical approach to achieve objective 
measurement in the human sciences. Objective measurement is characterized 
by the measurement of a single construct (unidimensionality) at a time, as 
well as equally sized units across the measurement continuum (i.e. interval) 
(147, 148). Furthermore, objectivity is required, which means that the result 
of measurement is independent not only of the applied instrument and the 
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The Brief Core Set consists of six categories of Body Functions, two of 
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For the analysis with the Rasch model, the response options “8 - not 
specified” and “9 - not applicable” were considered missing values. This 
should not alter the validity of analysis, since the estimation process within 
the Rasch framework readily deals with missing values (154).  

The process of Rasch analysis involves the testing of a number of 
assumptions of the model and attributes of the scale. A transformation of 
ordinal into interval scaling can only be achieved if the observed pattern of 
response data in a set of items does not deviate from the expected values 
predicted by the model. Country-specific analyses were performed prior to 
pooling data analyses to check the fit of the country-specific data to the 
model. 

The structure of the response categories of the ICF qualifier was studied 
based on the order of their threshold estimates for each ICF category. An 
increase in the response categories should be accompanied by consecutive 
threshold values as the transition points along the item response scale. 
Reverse thresholds indicate that the response scale does not function as 
intended (155). In this case, the response options were collapsed considering 
their frequency distributions and probability curves to obtain ordered 
(increasing) thresholds (147). The distance between the item threshold 
should be a minimum of 1.4 logits and a maximum of 5.0 logits (148, 155). 

The fit of each item to the model was examined using the chi-square fit 
statistics. The residual fit statistics are expected to be within a range of ± 2.5 
(the standardized fit residual values “z” are considered) (156) and to be non-
significant (Bonferroni adjusted). The data were purified through the 
stepwise deletion of misfitting items (starting with the most misfitting item, 
e.g. largest significant fit residual).  

To check the overall fit of the items to the Rasch model, the summary 
statistics were studied. The total chi-square fit statistics of the item-trait 
interaction is expected to be non-significant (Bonferroni adjusted). 
Otherwise the required property of invariance is compromised and the 
hierarchical ordering of the items varies across the dimension. The mean fit 
value should be close to 0.0 and the standard deviation (SD) should approach 
1.0 (usually < 1.4). 
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Differential item functioning (DIF) was examined as it can also cause item 
misfit. DIF is a kind of item bias and serves as an example in the present 
case, when one subgroup (e.g. ischemic stroke) does not have the same 
probability of having a problem in a determined ICF category compared with 
another subgroup (e.g. hemorrhage stroke), with the prerequisite that both 
groups have the same level of functioning. DIF was detected through 
analysis of variance (ANOVA) of the person-item deviation residuals for 
each item. Uniform and non-uniform are two types of DIF that can be 
identified (157). While a consistent systematic difference between groups 
across the whole underlying dimension measured is referred to as uniform 
DIF, varying differences across this dimension are referred to as non-
uniform DIF. In the country-specific analysis, DIF was checked across the 
person factors stroke subtype, gender and professional background of those 
who performed the assessment. In the analysis of the pooled data, DIF was 
tested and adjusted for the country of origin. The ICF categories that show 
DIF were split into as many items/country-specific categories as countries 
that display DIF. The procedure has been described elsewhere (158, 159). 

The scale’s reliability was tested with the person separation index (rᵝ), which 
is analogous to the indices Kuder-Richardson Formula 21 or Cronbach’s 
alpha in traditional test theory (160). As an estimate of a scale’s internal 
consistency it ranges between 0 and 1, where the value of 1 indicates perfect 
reproducibility of a person’s ability. 

Targeting of the items was examined through the distribution of the persons’ 
abilities and difficulties of the ICF categories along the latent trait 
continuum. Domain targeting is indicated by comparison of the mean person 
location with the mean location of the items (by definition set to 0). The 
smaller the difference, the better the targeting. 

All analyses were conducted using RUMM2030 software, standard edition. 
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4 Ethical considerations 

The four studies presented here were conducted in conformity with the 
ethical principles of the Declaration of Helsinki (161). Studies I-III were 
approved by the Ethics Committee at the University of Gothenburg (Dnr: 
390-05). Study IV is based on data from an international multi-center cross-
sectional study, and ethical approval was obtained from  the Ethics 
Committee of the Ludwig-Maximilian University in Munich, the District 
Medical Council of Bavaria in Germany and the required local Ethics 
Committees within and outside Germany. 

Studies I, II and III were based on the same population from a cohort study. 
Prior to inclusion, each eligible study participant was provided with written 
and oral information about the study. The information sheet contained 
information in accordance with the law from the Swedish code of statutes. 
This information included the objective of the study as well as the aim, 
methods and consequences and potential harm (there were no risks), and 
stated that participation was voluntary and that participants had the right to 
withdraw at any time as well as the possibility to contact those responsible 
for the research (162). Before volunteers were included in the study, 
informed written consent was obtained. Each participant received a copy of 
the signed consent form, on which it was written that one could withdraw at 
any time.  

Besides the rights to be informed and to withdraw, the participants’ rights to 
confidentiality and anonymity were also respected (163). The data from 
Studies I, II and III were saved unidentified and coded, and the code list is 
stored in a locked cupboard. The data from Study IV were saved coded and 
anonymous at the initiating research institute of the multi-center study in 
Munich.  

Other principles addressing ethical issues in clinical medicine are those of 
beneficence, justice and respect for autonomy (164, 165). The last of these, 
respect for the individual, was striven for, with participants being able to 
independently decide whether to participate in each follow-up. Furthermore, 
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it was not required that they answer all the questions if this was not possible. 
Moreover, participants themselves, or their situation, determined where the 
follow-up meetings would take place, be it home, the research institute or the 
nursing home. Meeting with the participants at the place where they lived at 
the time was also accompanied by the principle of 
beneficence/nonmaleficence, which refers to the obligation to maximize 
benefit and minimize harm. Participants were not to be harmed or burdened 
with traveling across town if they were not capable of or comfortable doing 
so. While participants had different preconditions, e.g. different levels of 
functioning, all were able to be followed-up regardless of their functioning. 
Thus, all individuals were treated equally and the principle of justice was 
respected. 

Last but not least, for the research done in this study to be legitimated, it 
must somehow contribute beneficially (162). The primary benefit is 
theoretical, and contributes by producing more knowledge about clinical 
application in the field of ICF that might lead to quality improvements to 
stroke care and rehabilitation in the long run. However, a secondary, more 
practical benefit also seems to have surfaced. Participants appreciated the 
repeated interview meetings and felt that there was someone “looking after 
them”. 
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5 Results 

5.1 Study I - Functioning of persons with 
stroke 
A total of 28 of 59 ICF categories of Body Functions and a total of 41 of 59 
categories of Activities and Participation could be identified as significant 
present problems in Swedish stroke survivors at both time points (see 
Figures 15 and 16). These categories had a good ability to discriminate 
between independent (≤ 2 on mRS) and dependent (> 2 on mRS) stroke 
survivors. General amelioration was observed, with the number of 
independent participants increasing between recruitment and one year from 
26 to 42 at six weeks, 49 at three months and 50 at one year. Overall, at each 
time point, dependent stroke survivors had significantly more problems and 
also perceived more environmental facilitators (Table 8).  

These more frequent problems in dependent stroke survivors than in 
independent ones were found in ICF chapters on mobility, self-care, 
neuromusculoskeletal and movement-related functions, genito-urinary and 
reproductive functions and communication (Figure 16 and 17). Furthermore, 
dependent stroke survivors rated their health significantly lower than 
independent stroke survivors did at each time point, except at admission 
when average (median) health was rated at about 70 and 50, respectively, on 
the EQ-5D VAS (Table 8). However, problems undertaking multiple tasks 
and handling stress and other psychological demands were more common in 
independent than dependent stroke survivors. Although the number and 
kinds of problems did not change between the different follow-ups, most 
participants themselves perceived an amelioration of body functions and 
activities and participation during the year. Nevertheless, the number of 
participants who experienced a functional improvement decreased with 
elapsed time after stroke (Table 9). 
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Table 8. Self-reported health and number of problems and facilitators in the study population.  

 Studies I + III   Study II  

 ID D Total (N=99)  EH (n=49) LH (n=18) Total (N=67) 

EQ-5D VAS, median (25th, 75th percentiles)       
T0 70 (40.0, 85.0) 50 (40.0, 70.0) 50 (40.0, 75.0)  60 (47.5, 80.0) 45 (23.8, 67.5) 52.5 (42.5,75.0) 

T1 80 (60.0, 85.0) 60 (50.0, 70.0)** 70 (50.0, 80.0)  80 (67.5, 85) 65 (43.8, 71.3)* 70 (60.0, 80.0) 

T2 80 (60.0, 88.8)  63 (42.5, 73.8)** 70 (50.0, 80.0)  75 (60.0, 85.0) 70 (47.5, 75.0) 75 (57.7, 82.5) 

T3 80 (75.0, 95.0) 60 (50.0, 73.8)** 75 (57.5, 82.5)  78 (60.0, 91.3) 53 (43.8, 72.5)* 75 (52.5,85.0) 

Number of problems in Body Functions, mean (STD)      
T1 11 (3.8) 18 (4.7)** 13 (6.9)  13 (5.4) 17 (5.1)* 14 (5.7) 
T2 10 (3.8) 17 (4.3)** 12 (6.5)  11 (4.6) 15 (4.7)* 12 (3.7) 
T3 8 (4.2) 14 (3.5)** 10 (5.6)  9 (5.6) 13 (5.7)* 10 (5.8) 

Number of problems in Activities and Participation      
T1 6 (4.1) 16 (6.4)** 10 (7.8)  9 (7.6) 15 (6.0)* 11 (7.6) 
T2 6 (4.7) 18 (7.6)** 10 (8.3)  8 (7.0) 17 (6.7)** 11 (7.9) 
T3 4 (3.4) 16 (7.2)** 9 (7.9)  7 (6.7) 16 (9.2)** 9 (8.3) 

Number of environmental facilitators      
T1 10 (3.5) 14 (3.2)** 11 (5.0)  11 (3.7) 13 (3.3) 11 (3.7) 
T2 9 (3.0) 12 (2.9)** 9 (4.3)  10 (3.2) 11 (2.0)* 10 (7.9) 
T3 8 (2.7) 13 (3.0)** 10 (4.0)  8 (3.3) 12 (2.7)* 9 (3.4) 

*p<0.05; **p<0.001.

61
  

Ta
bl

e 
8.

 S
el

f-
re

po
rte

d 
he

al
th

 a
nd

 n
um

be
r o

f p
ro

bl
em

s a
nd

 fa
ci

lit
at

or
s i

n 
th

e 
st

ud
y 

po
pu

la
tio

n.
  

 
St

ud
ie

s I
 +

 II
I  

 
St

ud
y 

II
  

 
ID

 
D

 
To

ta
l (

N
=9

9)
 

 
EH

 (n
=4

9)
 

LH
 (n

=1
8)

 
To

ta
l (

N
=6

7)
 

EQ
-5

D
 V

A
S,

 m
ed

ia
n 

(2
5t

h,
 7

5t
h 

pe
rc

en
til

es
)  

 
 

 
 

 
T0

 
70

 (4
0.

0,
 8

5.
0)

 
50

 (4
0.

0,
 7

0.
0)

 
50

 (4
0.

0,
 7

5.
0)

 
 

60
 (4

7.
5,

 8
0.

0)
 

45
 (2

3.
8,

 6
7.

5)
 

52
.5

 (4
2.

5,
75

.0
) 

T1
 

80
 (6

0.
0,

 8
5.

0)
 

60
 (5

0.
0,

 7
0.

0)
**

 
70

 (5
0.

0,
 8

0.
0)

 
 

80
 (6

7.
5,

 8
5)

 
65

 (4
3.

8,
 7

1.
3)

* 
70

 (6
0.

0,
 8

0.
0)

 

T2
 

80
 (6

0.
0,

 8
8.

8)
  

63
 (4

2.
5,

 7
3.

8)
**

 
70

 (5
0.

0,
 8

0.
0)

 
 

75
 (6

0.
0,

 8
5.

0)
 

70
 (4

7.
5,

 7
5.

0)
 

75
 (5

7.
7,

 8
2.

5)
 

T3
 

80
 (7

5.
0,

 9
5.

0)
 

60
 (5

0.
0,

 7
3.

8)
**

 
75

 (5
7.

5,
 8

2.
5)

 
 

78
 (6

0.
0,

 9
1.

3)
 

53
 (4

3.
8,

 7
2.

5)
* 

75
 (5

2.
5,

85
.0

) 

N
um

be
r o

f p
ro

bl
em

s i
n 

B
od

y 
Fu

nc
tio

ns
, m

ea
n 

(S
TD

) 
 

 
 

 
 

T1
 

11
 (3

.8
) 

18
 (4

.7
)*

* 
13

 (6
.9

) 
 

13
 (5

.4
) 

17
 (5

.1
)*

 
14

 (5
.7

) 
T2

 
10

 (3
.8

) 
17

 (4
.3

)*
* 

12
 (6

.5
) 

 
11

 (4
.6

) 
15

 (4
.7

)*
 

12
 (3

.7
) 

T3
 

8 
(4

.2
) 

14
 (3

.5
)*

* 
10

 (5
.6

) 
 

9 
(5

.6
) 

13
 (5

.7
)*

 
10

 (5
.8

) 

N
um

be
r o

f p
ro

bl
em

s i
n 

A
ct

iv
iti

es
 a

nd
 P

ar
tic

ip
at

io
n 

 
 

 
 

 
T1

 
6 

(4
.1

) 
16

 (6
.4

)*
* 

10
 (7

.8
) 

 
9 

(7
.6

) 
15

 (6
.0

)*
 

11
 (7

.6
) 

T2
 

6 
(4

.7
) 

18
 (7

.6
)*

* 
10

 (8
.3

) 
 

8 
(7

.0
) 

17
 (6

.7
)*

* 
11

 (7
.9

) 
T3

 
4 

(3
.4

) 
16

 (7
.2

)*
* 

9 
(7

.9
) 

 
7 

(6
.7

) 
16

 (9
.2

)*
* 

9 
(8

.3
) 

N
um

be
r o

f e
nv

iro
nm

en
ta

l f
ac

ili
ta

to
rs

 
 

 
 

 
 

T1
 

10
 (3

.5
) 

14
 (3

.2
)*

* 
11

 (5
.0

) 
 

11
 (3

.7
) 

13
 (3

.3
) 

11
 (3

.7
) 

T2
 

9 
(3

.0
) 

12
 (2

.9
)*

* 
9 

(4
.3

) 
 

10
 (3

.2
) 

11
 (2

.0
)*

 
10

 (7
.9

) 
T3

 
8 

(2
.7

) 
13

 (3
.0

)*
* 

10
 (4

.0
) 

 
8 

(3
.3

) 
12

 (2
.7

)*
 

9 
(3

.4
) 

*p
<0

.0
5;

 *
*p

<0
.0

01
.



 
62 
 

 

 
Figure 16. Problems in Body Functions at three months, stratified in independent 
(black) and dependent (gray) stroke survivors. *p<0.05; **p<0.01. 
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Figure 17. Problems in Activities and Participation at three months, stratified in 
independent (black) and dependent (gray) stroke survivors. *p<0.05; **p<0.01. 
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Table 9. Perceived change of functioning between the different time points. 

 6 weeks 
(n=88) 

% 

3 months 
(n=88) 

% 

1 year 
(n=89) 

% 

Body functions Worse 2 7 13 
 Unchanged 8 31 30 
 Improved 79 51 47 

Activities and Participation Worse 2 6 12 
 Unchanged 5 29 29 
 Improved 82 54 50 

Functioning Worse 3 7 14 
 Unchanged 7 39 60 
 Improved 79 42 17 

 

5.2 Study II – Facilitators and barriers after 
stroke 
The 67 participants were divided into two subgroups: Those at home at six 
weeks were called early home (EH) participants and those discharged later 
were called late home (LH) participants. LH participants scored significantly 
higher on mRS at all time points than EH participants did. However, LH 
participants rated their health significantly worse than did EH participants 
only at six weeks and one year (Table 10). Of the 49 EH participants, 37% 
were classified as independent at admission, and about 70% at the other time 
points.  

At six weeks and three months, 12 ICF categories of the 37 Environmental 
Factors included in the ICF Core Set for Stroke were frequently named – 11 
as facilitators and one as a barrier. Family as well as friends, colleagues and 
neighbors were facilitators for almost all participants, as was medication. 
The only frequent barrier was the feature of land forms such as hills. While 
this barrier of physical geography was significantly more common at three 
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months than at six weeks, the individual attitudes of health professionals 
were perceived as facilitators significantly less often at three months than at 
six weeks. Differences in LH and EH participants could be seen in assistive 
devices for mobility (e120) and health professionals and their attitudes (e355 
and e450), which were reported as facilitators more frequently by LH than 
EH participants at six weeks. There were no significant differences at three 
months. The most frequent facilitators and barriers at six weeks and three 
months are shown in Figure 18, stratified in discharge groups – EH and LH 
participants. 

 
Figure 18. Perceived facilitators and one barrier of participants at six weeks and 
three months. EH=early home participants; LH=late home participants. 
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5.3 Study III – Factors of self-reported health 
Overall, global disability as well as number of problems in Body Functions 
and Activities and Participation correlated significantly with SRH at all time 
points. At one year, even the number of environmental facilitators correlated 
significantly with SRH. The Spearman correlations are shown in Table 10, 
stratified by gender and EH/LH participants.  

Table 10. Spearman correlation between self-rated health and disability severity 
(mRS), and the number of problems and facilitators. 

 Self-rated health 

 Men 
(n=45) 

Women 
(n=54) 

 EH 
(n=49) 

LH  
(n=18) 

 Total 
(N=99) 

        
6 weeks        
mRS -0.46* -0.52*  -0.42* -0.13  -0.48** 
b -0.46* -0.49*  -0.41* -0.51*  -0.47** 
d -0.46* -0.49*  -0.49* -0.31  -0.47** 
e -0.20 -0.12  -0.21 0.22  -0.16 
3 months        
mRS -0.49* -0.62**  -0.58** -0.37  -0.59** 
b -0.62** -0.62**  -0.65** -0.38  -0.63** 
d -0.63** -0.72**  -0.76** -0.63*  -0.71** 
e -0.03 -0.25  -0.06 -0.30  -0.18 
1 year        
mRS -0.64** -0.64**  -0.57** -0.29  -0.64** 
b -0.53* -0.56**  -0.49* -0.44  -0.55** 
d -0.68** -0.65**  -0.59** -0.33  -0.65** 
e -0.42* -0.08  -0.14 0.25  -0.27* 

EH=early home participants; LH=late home participants; mRS=modified Rankin 
Scale; b=Body Functions; d=Activities and Participation; e=Environmental Factors. 
*p<0.05; **p≤0.001. 
 
 
Considering, besides functioning (like global disability, number of 
impairments, number of limitations and restrictions), also personal factors 
(like gender, age, patient type and number of co-morbidities) and 
environmental factors (like number of facilitators), the independent factors 
of SRH varied during the course of one year. While at six weeks, SRH was 
significantly associated with patient type and number of impairments, at 
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three months the independent factors of SRH were number of limitations and 
restrictions and at one year global disability and number of facilitators 
influenced SRH independently (Table 11). 

Table 11. Results of multivariate backward regression analysis - independent factors 
of self-reported health (SRH) during one year. 

SRH (EQ-5D VAS) 

6 weeks 3 months 1 year 

Constant 94.3 84.8 82.6 

Gender  -3.6 -6.8 -1.6 

Age 0.2 -0.1 0.2 

Global disability (mRS) -2.0 0.2 -8.1* 

Patient type -8.4* 3.4 4.8 

Number of co-morbidities -0.9 -0.1 -0.1 

Number of problems in  
Body Functions -1.1** -0.5 -1.2 

Activities and Participation -0.2 -1.5** -0.5 
Number of Environmental 
Facilitators 0.1 1.1 1.8* 

R square 0.27 0.47 0.36 
*p≤ 0.01; **p≤ 0.001. Numbers in bold indicate the factors in the final model.  
 
 
Significant correlation between the single ICF categories with SRH were 
identified in categories of Body Functions in 10 at six weeks, 15 at three 
months and 12 at one year, in categories of Activities and Participation in 14 
at six weeks, 17 at three months and 15 at one year, in categories of 
Environmental Factors in 11 facilitators at six weeks, six at three months and 
9 at one year. No barrier was significantly correlated with SRH.  

Results of the multivariate analysis with the identified categories revealed 
that determinants of SRH vary over time. While at six weeks and three 
months variance in SRH could be explained between 80% and 93% by 
problems within Body Functions and within Activities and Participation, at 
one year it could be explained only up to 50% by either problems in Body 
Functions or by facilitators (Table 13). Accounting for Body Functions, 
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Activities and Participation and Environmental Factors together, no more 
than 49% of variance in SRH at one year could be maximally explained 
(Table 12). Limited recreation and leisure, energy and drive functions (e.g. 
fatigue), impaired gait pattern and personality functions (e.g. depression) 
were independent factors associated with lower SRH during a period of one 
year post-stroke. 

Table 12. Multivariate backward regression analyses between self-reported health 
(EQ-5D VAS) and the ICF categories across the ICF components Body Functions, 
Activities and Participation and Environmental Factors. 

ICF category 6 weeks 
(n=80) 

3 months 
(n=76) 

1 year 
(n=85) 

b126 
Temperament and personality 
functions   -16.7 ‡ 

b130 Energy and drive functions  -8.9 * -12.2 ‡ 
b134 Sleep functions (c=18%)  -9.7 *  
b235 Vestibular functions  -10.4 *  
b280 Sensation of pain  -7.5  
b770 Gait pattern functions   -10.3 † 
d210 Undertaking a single task  -9.7 *  
d445 Hand and arm use -17.8 *   
d640 Doing housework   -11.2 † 
d920 Recreation and leisure  -8.7 *  

e450 
Individual attitudes of health 
professionals -12.3   

 Explained variance (adjusted R2) 0.289 0.384 0.488 
The ICF categories presented in Tables 13 as independent factors of SRH were 
considered. *p ≤0.05; †p≤ 0.01; ‡p≤ 0.001. 
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Table 13. Multivariate backward regression analyses between self-reported health 
(EQ-5D VAS) and the ICF categories within each ICF component of Body 
Functions, Activities and Participation and Environmental Factors. 

ICF category 6 weeks 3 months 1 year 

Problems in Body Functions (Impairments)    

b126 
Temperament and personality 
functions -17.2 ‡  -18.6 ‡ 

b130 Energy and drive functions  -11.0 * -13.0 ‡ 
b134 Sleep functions   -13.3 *  
b144 Memory functions -7.8 *   
b235 Vestibular functions  -24.4 †  
b265 Touch functions -22.2 ‡   
b280 Sensation of pain  -19.9 †  
b455 Exercise tolerance functions -17.2 ‡   
b750 Motor reflex functions -20.7 ‡   
b770 Gait pattern functions -16.8 ‡  -12.6 ‡ 
 Age of patients -0.4 *   
 Explained variance (adjusted R2) 0.930 0.890 0.510 

Problems in Activities and Participation (Limitations/restrictions) 
d135 Rehearsing -54.1 †   
d155 Acquiring skills -27.3 -17.8 ‡  
d210 Undertaking a single task  -15.1 ‡  
d230 Carrying out daily routine   -20.6 * 
d325 Communicating with-receiving-

written messages 56.4 †   
d360 Using communication devices  22.8 *   
d415 Maintaining basic body position -20.2 *   
d445 Hand and arm use -9.8    
d470 Using transportation -30.8 †   
d475 Driving  -17.5 *  
d640 Doing housework   -9.1 * 
d920 Recreation and leisure -24.4 † -13.9 ‡ -8.6 * 
 Age of patients  -0.3 †  
 Number of co-morbidities -1.5 *   
 Explained variance (adjusted R2) 0.800 0.839 0.217 

Environmental Factors (facilitators)    
e120 Products and technology for 

personal in- and outdoor mobility    
-19.2 * 

e450 Attitudes of health professionals -16.7 *   
e540 Transportation services, systems    23.6 * 
e580 Health services, systems   -31.4 † 
 Explained variance (adjusted R2) 0.105 0.000 0.521 

*p ≤0.05; †p≤ 0.01; ‡p≤ 0.001. 
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5.4 Study IV – A multidisciplinary cross-
cultural measurement of functioning after 
stroke 
Overall, the assessments of stroke survivors’ functioning with the ICF Core 
Set for Stroke were mainly done by physicians. However, there were 
country-specific differences. While physicians’ assessments dominated in 
China (49%) and Germany (43%), an almost equal number of physicians and 
psychologists did the ratings in Italy (42% vs. 45%) whereas in Sweden 
functioning was mainly assessed by nurses (43%) and physical therapists 
(32%). 

The country-specific analysis revealed that a number of items ranging from 
one to four were misfitting (most in Sweden, fewest in Italy) and had to be 
deleted. Repeated misfitting items were s730 Structure of upper extremity, 
d510 Washing oneself, d530 Toileting and d540 Dressing. Furthermore, a 
number of items ranging from five to seven had to be collapsed (seven in 
China and five in Germany and Sweden) due to disordered response 
categories. While the measurement in China showed excellent reliability 
(rᵝ=0.86), the power of the measurements in Germany, Italy and Sweden was 
good (rᵝ=0.71 vs. rᵝ=0.83 vs. rᵝ=0.69). The targeting was best in China (mean 
person location=-0.75±1.46). The values of the mean person location of 
Germany, Italy and Sweden (about -1.5) indicate that the samples were 
centered over the lower level of the continuum.  

Characterized by a low rank, easy ICF categories were Activities and 
Participation like walking, dressing and washing oneself while categories of 
Body Functions like consciousness, orientation, attention and memory 
functions were generally difficult (characterized by a high rank). The rank of 
the category is related to its location. The person and item location 
distribution for each country are shown in Figure 19.  



 
70 
 

5.4 Study IV – A multidisciplinary cross-
cultural measurement of functioning after 
stroke 
Overall, the assessments of stroke survivors’ functioning with the ICF Core 
Set for Stroke were mainly done by physicians. However, there were 
country-specific differences. While physicians’ assessments dominated in 
China (49%) and Germany (43%), an almost equal number of physicians and 
psychologists did the ratings in Italy (42% vs. 45%) whereas in Sweden 
functioning was mainly assessed by nurses (43%) and physical therapists 
(32%). 

The country-specific analysis revealed that a number of items ranging from 
one to four were misfitting (most in Sweden, fewest in Italy) and had to be 
deleted. Repeated misfitting items were s730 Structure of upper extremity, 
d510 Washing oneself, d530 Toileting and d540 Dressing. Furthermore, a 
number of items ranging from five to seven had to be collapsed (seven in 
China and five in Germany and Sweden) due to disordered response 
categories. While the measurement in China showed excellent reliability 
(rᵝ=0.86), the power of the measurements in Germany, Italy and Sweden was 
good (rᵝ=0.71 vs. rᵝ=0.83 vs. rᵝ=0.69). The targeting was best in China (mean 
person location=-0.75±1.46). The values of the mean person location of 
Germany, Italy and Sweden (about -1.5) indicate that the samples were 
centered over the lower level of the continuum.  

Characterized by a low rank, easy ICF categories were Activities and 
Participation like walking, dressing and washing oneself while categories of 
Body Functions like consciousness, orientation, attention and memory 
functions were generally difficult (characterized by a high rank). The rank of 
the category is related to its location. The person and item location 
distribution for each country are shown in Figure 19.  

71
 

Fi
gu

re
 1

9.
 It

em
 m

ap
s f

or
 e

ac
h 

co
un

try
 s

ho
w

in
g 

th
e 

pe
rs

on
-it

em
 lo

ca
tio

n 
di

st
rib

ut
io

n.
 

71 

Figure 19. Item maps for each country showing the person-item location distribution. 
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Through Rasch analysis of the pooled data, a measurement with 20 
categories was achieved with an overall fit statistic of X2

df=180=184, 87, 
P=0.386, a Z-fit statistic of Zmean=-0.337 (ZSD=1.21) for items and Zmean=-
.230 (ZSD=0.95) for persons and a good reliability (rᵝ=0.72). Necessary 
adjustments were a collapsing of the response options of seven categories, 
the deletion of five categories due to misfit (among these were again d510 
Washing oneself, d530 Toileting and d540 Dressing), and the creation of 
country-specific categories for four categories due to DIF. Figure 20 presents 
the threshold map of the remaining categories in the cross-cultural 
measurement.  

Figure 20. The item threshold map of the final cross-cultural measurement of 
functioning with 20 ICF categories. 

Since the frequency of the diverse types of health professions having done 
the assessments varied and was partly low, adjustment for uniform DIF was 
not done, but exploratively checked. Uniform DIF was present in the ICF 
category s110 and the country-specific categories b140 and s730 from 
Germany, b730 from Sweden and b730 from China and Germany. 
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Raw scores were obtained by summing the ratings of the common and the 
corresponding country-specific ICF categories according to an individual’s 
level of problems in functioning, and ranged from 0 to 27. These scores were 
transformed into an interval scale ranging from 0 to 100 to facilitate 
interpretability (Table 14). 

Table 14. Raw scores and interval scaled scores from 0-100 of the cross-cultural 
measurement. 

Raw Score Score 0-100 

0 0.0 

1 8.3 

2 13.7 

3 17.2 

4 19.8 

5 21.9 

6 23.6 

7 25.2 

8 26.6 

9 27.9 

10 29.1 

11 30.3 

12 31.5 

13 32.7 

14 33.9 

15 35.1 

16 36.4 

17 37.7 

18 39.1 

19 40.7 

20 42.4 

21 44.3 

22 46.5 

23 49.3 

24 53.0 

25 58.7 

26 71.5 

27 100.0 
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6 Discussion 

6.1 Results 

6.1.1 Functioning and self-reported health after stroke 

Functioning 
The results show that stroke survivors are confronted with a series of 
problems within the first year after the stroke event. Their disabilities vary in 
the mean number of problems from eight to 18 impaired Body Functions, 
and from four to 18 limitations and restrictions in Activities and 
Participation during one year post-stroke according to the severity of stroke. 
The manifold consequences of stroke and its high impact on individuals’ 
health as the main cause of lifelong disability in adults are well known (82, 
120, 166-168). Most participants perceived functional improvement within 
the first six weeks and, regarding their body functions and their activities and 
participation, half of them felt further improvement between six weeks and 
three months as well as between three months and one year. Nevertheless, 
regarding the change in their overall functioning they perceived stagnation 
between three months and one year. This last finding was also revealed in 
the literature. The main functional improvement happened within the first 
three months (123, 124). This can be further confirmed by our results, as the 
number of participants scoring 2 or lower on the mRS increased for no 
longer than three months. The fact that participants judge their general 
functioning to be unchanged despite perceived improvements in body 
functions and in activities and participation might hint at the complexity of 
overall health and functioning, which thus cannot be an easy summation of 
these two components in the late phase after stroke. Furthermore, regaining 
an unrestricted level of functioning is a privilege of only less than one-fourth 
of stroke survivors (114, 169). This might also be confirmed by our results 
showing that the mean number of problems did not change remarkably 
between six weeks and one year but were only reduced by some few 
categories of Body Functions or Activities and Participation.  
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As a matter of course, dependent stroke survivors were constantly 
confronted with more problems during the course of one year. These were in 
the field of mobility, self-care, urination and communication. This might not 
be surprising but rather a content validation of the mRS on which the 
differentiation was based. Dependent participants were those who scored 
higher than 2 on the mRS. This means those who require some help, are 
unable to walk and to tend to their own bodily needs without assistance, or 
are bedridden, incontinent and require constant nursing care and attention 
(144). Although communication problems as identified in our studies are not 
explicitly named in the mRS as a matter of global disability, communication 
disorders obviously contribute to the disability process (170, 171).  

Environmental Factors 
According to disability models (see Section 1.2.3), the environment is 
another factor that contributes to the disability process and has a 
considerable impact on individuals’ functioning. In the present study, 
participants mainly perceived facilitators such as family, friends and health 
professionals but also health services and products for personal consumption 
(like medicine). Only some individuals named occasionally these factors as 
barriers. However, one common hinder was physical geography, referring to 
the hilly and woody region in and around Gothenburg that hampers moving 
around outside. The overall positive results of the study indicate a high 
quality of health and social services in cases of stroke care and rehabilitation 
in western Sweden. Findings from the Swedish Stroke Register were 
confirmative: A majority (about 90%) were satisfied with the acute in-
hospital stroke car and rehabilitation (172, 173). The care on stroke units and 
the strive to meet the recommendations of the national guidelines for stroke 
might be the reasons for this (107, 112, 121). In the course of the enablement 
process, whereby adaption of the environment prevents, reduces or 
decelerates the disability process (174, 175), one might expect that the more 
environmental facilitators, the better the functioning would be. However, 
although LH participants were constantly more disabled than EH 
participants, LH participants consistently named more facilitators at each 
time point during one year post-stroke than EH participants did. Obviously, 
stroke survivors’ needs are answered with the required support, services and 
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adaptations. Comparison with studies in other countries revealed partly 
accordance and partly differences in the identified facilitators and barriers 
after stroke (176-178). Furthermore, de Wit et al. drew conclusions from 
their comparison of four countries that the services received depend on the 
country-specific health service systems rather than on available staff (179). 
However, our study participants perceived stroke care and rehabilitation as 
well functioning. Since the participants scored one-fifth higher in HRQoL 
than other stroke populations have (165-168), one might speculate as to the 
relationship between the remarkably positively perceived environment and 
the high HRQoL. Results from a recent study based on data from the 
Swedish Stroke Register identified at least the relationship between poor 
self-perceived general health and dissatisfaction with acute care and 
rehabilitation as well as health care and social services (172). 

Health-related quality of life 
Along with the paradigm shift toward patient-centered care, patient-reported 
self-assessments of HRQoL (=self-reported health) were accepted as 
important outcomes not only for the evaluation and comparison of treatment 
but also for the assessment and management of patients (1, 180, 181). 
Factors of SRH can thus provide information about relevant interventions. 
As the results of Study III showed, the environmental facilitators influenced 
visibly SRH at one year, but only slightly at six weeks and three months. At 
the last two time points, SRH was mainly explained by problems in Body 
Functions and Activities and Participation. Although age, gender and co-
morbidities are established determinants of quality of life after stroke (97), a 
few results in the literature and from our study indicate that this might not be 
the case when adjusting for the various consequences (182). Furthermore, 
independent factors of SRH varied during the period of one year. While 
worse SRH was associated with more impairment at six weeks, it was related 
to more limitations and restrictions at three months, and to severe global 
disability and fewer facilitators at one year. One reason for this variation 
over time might be the phenomenon of response shift, which refers to a 
change in the meaning of one’s self-evaluation through a change in internal 
standards (i.e. recalibration) or values (i.e. reprioritization), or through a 
redefinition of the target construct (i.e. reconceptualization) (183-186). It 
describes the paradoxical findings of similar HRQoL of individuals with 
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chronic disability or life-threatening disease and of those who are healthy 
(183, 187-189). However, the findings from Ahmed et al. propose that 
improvement in HRQoL during six months post-stroke is due to the real 
recovery process rather than a result of response shift (190). Nonetheless, 
one should be aware of this possible bias, although response shift is perhaps 
less relevant if one assumes that individuals’ perceptions matter more than 
reality in patient-centered health care (37).  

It was not only the global overall SRH itself that varied during one year 
post-stroke but also the specific single factors of SRH. Single ICF categories 
along all three ICF components (Body Functions, Activities and 
Participation, Environmental Factors) were considered together in order to 
account for the independent factors of SRH from a biopsychosocial 
perspective, preceding the identification as those isolated within each ICF 
component. Comparison of these results with the literature is somewhat 
limited. On the one hand, factors of HRQoL are often studied by regarding, 
besides demographic characteristics and medical history, different domains 
of functioning with instruments using overall scores missing to provide 
information about the single functioning factors (98, 182, 191-195). On the 
other hand, studies that account for functioning and environmental factors 
concurrently are rare (196, 197). Thus, links between our results and the 
literature could only be made in a broader sense. 

Considering factors within Body Functions, at six weeks almost all variance 
in SRH was explained by six ICF categories and age, while at three months 
nearly the same amount of variance was explained by four other categories. 
However, at one year, half of the variance in SRH could be explained by 
three categories, which were functions regarding temperament and 
personality (e.g. mood, depression) and gait pattern (both likewise at six 
weeks) and energy and drive functions (likewise at three months). Other 
studies have also confirmed that problems with walking, depression and 
anxiety as well as fatigue were related to poorer HRQoL after stroke (99, 
182, 198, 199). The remarkable amount of variance in SRH explained by the 
identified body functions during the first three months post-stroke, about 90 
percent was not found in other studies. They have also not found the 
variance to be as greatly explained by factors within Activities and 
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Participation, which was around four-fifths during three months post-stroke. 
Repeated problems that were independently associated with lower SRH were 
limitations and restrictions regarding acquiring skills (at six weeks and three 
months) and recreation/leisure (at all three time points). The latter, implying 
the importance of returning to meaningful activities and social participation 
in the community for HRQoL, has also been established in other studies (96, 
189, 200-202). The extent to which this reintegration is possible might be 
partly dependent on an individual’s environment. Within Environmental 
Factors, one ICF category (individual attitudes of health professionals) as 
facilitator was associated with SRH at six weeks but explained only a small 
part of the variance in SRH, while at three months no category whatsoever 
was identified. But at one year, half of the variance in SRH was explained by 
facilitators regarding products and technology for personal indoor and 
outdoor mobility, transportation and health services, systems and policies. 
Good health care service and assistive devices like walking frames, ramps, 
etc., are undoubtedly crucial in enabling individuals with disability and 
enhancing their functioning and HRQoL (103, 107, 203) and, as our results 
indicate, influence SRH even more strongly than Activities and Participation 
at one year. 

However, functioning and disability arise in a complex biopsychosocial 
process and the different components cannot be regarded as isolated but 
rather as in interaction. Thus, we considered categories of all three 
components with age of stroke survivors and number of co-morbidities. At 
six weeks, only hand and arm use and individual attitudes of health 
professional influenced SRH. At three months, these factors were problems 
with energy and drive, sleep, vestibular functions, pain, undertaking single 
tasks and recreation/leisure. However, at one year, there were still problems 
with energy and drive but also with temperament and personality, gait 
pattern and doing housework that affected SRH. As mentioned above, there 
is evidence in the literature for these identified determinants of HRQoL (99, 
182, 198, 199). The importance of hand and arm use as well as balance for 
quality of life has also been shown by other studies (204-206). Surprisingly, 
from a biopsychosocial perspective, when considering the factors along the 
various components together, the maximal variance in SRH that could be 
explained was only 50%, whereas almost all variation was explained by 
isolated factors within Body Functions or Activities and Participation during 
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the first three months. Observably, determinants of SRH are complex and 
changeable over time. For example, Darlington et al. also found that 
functional limitations determined HRQoL during the first five months post-
stroke, while these were later displaced by coping strategies (207). The 
psychosocial and personality factors (e.g. optimism, self-efficacy, perceived 
control, self-esteem, etc.) apparently became more important in the chronic 
phase after stroke (96, 208).  

6.1.2 Validation of the ICF Core Sets for Stroke 

Content validity 
The extended version of the comprehensive Stroke ICF Core Set includes a 
set of 166 ICF categories of which 59 are Body Functions, 11 Structures, 59 
Activities and Participation and 37 Environmental Factors. They are all 
second-level ICF categories, characterized by one letter and a three-digit 
numeric code (see Section 1.3.2). An individual’s functioning profile can be 
created based on this core set (see Section 1.3.4). Accordingly, this profile 
can be used as reference for follow-up and facilitate a structured and 
coordinated management of patients through the longitudinal chain of care 
and rehabilitation (63, 209, 210). The Stroke ICF Core Set has been content-
validated from the perspective of international physicians and occupational 
therapists in a delphi process (211, 212). Both studies confirmed that most of 
the common problems of stroke patients are represented in the ICF Core Set. 
However, the reported problems were listed in more detail and often linked 
to third-level ICF categories (which share attributes with the lower second-
level categories included in the core set). Furthermore, physicians identified 
four relevant considered issues while occupational therapists identified 14 
that were not included in the core set. A closer look revealed that some of 
the categories partly overlap with others already included in the core set. 
Indeed, it poses a difficulty that some ICF categories are not confined but are 
instead partly overlapping. As the Stroke ICF Core Set now consists of 166 
categories and its clinical practicability is already challenged by this high 
number, the inclusion of more categories requires a careful weighted 
consideration against other categories as well as a consideration of how 
ordinary the problems are in a typical stroke population. Common problems 
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in our study population were identified in 28 ICF categories of Body 
Functions and 41 of Activities and Participation. The categories were clearly 
able to discriminate between independent and dependent stroke survivors. 
The participants usually reported eleven categories of Environmental Factors 
as facilitating and one as hindering. Comparing these results with those of 
the validation studies named above, most of these categories except for nine 
(two Body Functions, four Activities and Participation, three Environmental 
Factors) were confirmed by the perspectives of either physicians or 
occupational therapists, or both (see Appendix). These exceptional 
categories might be the problems treated by other health professionals 
besides physicians and occupational therapists. They were thus not caught, 
as both physicians and occupational therapists were asked to name the 
problems and resources of patients treated by members of their respective 
professions. For example, b530 Weight maintenance functions might be 
treated by nurses rather than physicians or occupational therapists. Likewise, 
d310 Communicating with receiving spoken messages and d330 Speaking 
obviously concern the professional field of speech therapists. On the one 
hand, further validation studies from the perspectives of all health 
professionals involved in stroke care and rehabilitation as well as patients 
themselves might be desirable in order to validate the core set in a 
comprehensive way. On the other hand, linking of patients’ data from the 
whole chain of care and rehabilitation to ICF codes might give insight into 
the frequency of the problems and the importance of including categories in 
the core set. Moreover, reflections on the possibility to merge the 
overlapping categories might help to reduce the high number of ICF 
categories in the core set and increase its feasibility for multidisciplinary 
assessment.  

At this point, it should be mentioned that the two validation studies 
mentioned above identified 35 relevant personal factors and 26 other 
responses that could not be linked to ICF codes. The latter were mainly 
aspects of the medical treatment management and go beyond the scope of 
the ICF, but might be within the scope of medical classifications like ICD-10 
and SNOMED-CT. Personal factors are included in the ICF framework but 
are still not classified and are thus not codable. As personal factors are 
obviously relevant in the disability process (65, 72-74), research for their 
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classification development is already ongoing at the Swiss Paraplegic 
Research Institute (213). 

ICF qualifier scale 
Regarding the ratings of the problems with the five-point ICF qualifier scale 
(see Section 1.3.3), a study of the interrater reliability of the Stroke Core Set 
by Starrost et al. showed moderate agreement between physical therapists 
(129). Other studies of the ICF qualifier found similar results, with moderate 
but also low agreement (214-216). Analysis of Study IV with the Rasch 
method revealed that the ratings of about half the categories within the Brief 
ICF Core Set for Stroke failed to behave as ordinary. For example, a rating 
of 3 did not indicate a greater problem than a rating of 1 or 2 as would be 
expected according to the ICF qualifier scale. The response options were 
disordered. Parallel studies by Cieza et al. found similar proportions of 
categories with disordered response options (217, 218). For some categories, 
the scale operated correctly when reducing the five-point scale to three 
points (no, mild to severe and complete problem), while others it was 
necessary to dichotomize the scale (problem: yes/no). Reasons for what 
influences the quality and reliability of ratings can only be hypothesized. 
One reason might be the expertise of the raters in the field being assessed. 
But the results from Starrost et al. indicate that reliability is independent of 
the raters’ core competence (129). Another reason might be the way the 
information for the ratings was collected. For example, high agreement of 
raters were seen when the information was collected through structured 
interviews with open-ended questions (219, 220). Furthermore, reliability 
depended on which category was assessed (220). This was also confirmed by 
the results of Study IV: b140 Attention and b730 Muscle power functions as 
well as s110 Structure of brain could be rated well with the original five-
point scale, while ratings of other categories had to be adjusted. Another 
reason for the quality of ratings might be the level of knowledge about the 
ICF and its coding system. The results from Soberg et al. indicate that 
familiarity with the classification system increases the level of agreement in 
coding (221). Without a doubt, the reliability of Study IV might have been 
affected by the raters’ different levels of ICF knowledge. Although all raters 
had received a form of ICF training (either attending a structured one-day 
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workshop or watching a training video), some might be more or less familiar 
with it than others. Moreover, the core set was provided in English, which is 
not the native language in any of the studied countries, which thus might 
have impeded the understanding of ICF codes. In summary, further studies 
are necessary to examine how to increase the reliability of ICF coding and 
rating. 

Measuring functioning across different ICF categories 
The ICF framework consists of two parts: functioning and contextual factors 
(see Section 1.3.2). According to the conceptual model on which the ICF is 
based, functioning is an umbrella term for Body Functions, Structures and 
Activities and Participation. However, to our knowledge, there is no 
functional instrument in the field of stroke that integrates structures besides 
body functions, activities and participation. Two recent studies showed the 
possibility to measure functioning across the different ICF categories 
regarding not only Body Functions, and Activities and Participation but also 
Structures in people with ankylosing spondylitis or osteoarthritis (217, 218). 
In fact, the results of Study IV suggest that this is also possible in people 
with stroke. In this way, summary scores of individuals’ functioning can be 
calculated. Thus, comparison between individuals and even across different 
countries and the monitoring of stroke survivors’ functioning are possible. 
Additionally, measurements that provide sum scores are preferably used in 
cost-effectiveness and intervention studies (222). Because the Brief ICF 
Core Set with only 15 categories of functioning was the starting point of the 
analysis, the final measurement resulted in no more than ten categories, 
partly divided into country-specific categories. Beyond this, d510 Washing 
oneself, d530 Toileting and d540 Dressing had to be deleted for the cross-
cultural measurement despite the fact that they are commonly addressed 
issues in stroke rehabilitation and are considered important issues of 
individuals’ functioning (223, 224). Apparently, the usefulness of the 
measurement in Study IV can be questioned. But one should keep in mind 
that the aim was not to develop a final measurement of functioning after 
stroke, but rather, as a first step, to test this possibility across some various 
ICF categories. A vantage point for the development of a final measurement 
might be the Comprehensive Core Set with its 129 instead of 15 categories 
of functioning from the Brief Core Set. Furthermore, the fact that the three 
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classification development is already ongoing at the Swiss Paraplegic 
Research Institute (213). 
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categories of personal activities of daily living had to be deleted absolutely 
does not mean that they are unimportant from a clinical point of view or a 
patient perspective. However, if one wants to measure functioning, these 
categories do not fulfill the psychometric requirements and thus do not need 
to be considered in order to calculate reliable scores. Evidently, a 
comprehensive description of stroke survivors’ functioning cannot be 
replaced by a clinical measure (63, 225).  

Cross-cultural assessments with the same instruments are often biased by the 
existing cultural variability between the countries (159). In our study as well, 
there was a need to create country-specific categories that were included in 
the final measurement in four of the ten ICF categories. One reason for the 
cross-cultural variability might be the fact that the assessments were made 
by different health professionals. While in China and Germany physicians 
performed most of the assessments, they were mainly made by nurses in 
Sweden and by psychologists in Italy (and also often by physicians). 
Another reason might be the countries’ distinguishing characteristics of 
study samples. The time between stroke event and assessment varied from 
six months in China to about one year in Germany and Italy, and to three and 
a half years in Sweden. On the one hand, a more homogenous study sample 
might be desirable. On the other hand, the measurement should be valid for 
all persons with stroke in the different countries and thus the inclusion of 
diverse stroke survivors is justifiable. However, in order to exclude the 
possibility that country-specific functioning of categories is caused by the 
different characteristics of the study samples, it might be useful to have 
homogenous study samples across the different countries but with a broad 
variation within each country.  
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6.2 Methodological considerations 

6.2.1 Study design 

As we hypothesized that problems and facilitators as well as barriers change 
with time after stroke, we chose a prospective cohort study design (Studies I, 
II and III are based on these data). The basic components of cohort studies 
are the identification of a cohort (= a group of individuals of interest), its 
follow-up for a certain time period and the outcome assessment (226). In 
order to track stroke survivors through the typical chain of care from acute 
care at the hospital to long-term care and rehabilitation and reintegration into 
the community, we recruited participants upon hospital admission. The time 
points for follow-up at six weeks and three months seemed adequate for 
detecting change in stroke survivors’ functioning, as the majority of recovery 
is seen within the first three months (123-125) but 80% of the best ADL 
function is already reached by six weeks (123). Furthermore, as we also 
hypothesized that problems and perceived facilitators are dependent on the 
individuals’ environment, e.g. hospital, nursing home, or home, six weeks 
and three months seemed favorable time points. While at three months the 
majority of stroke survivors in Sweden are at home (with or without support) 
(227), at six weeks some are still in the hospital on rehabilitation units or at 
short-term nursing homes. In order to evaluate functioning in the chronic 
phase after stroke, one year was chosen for the third time point for follow-
up, as this is a commonly studied time point in the stroke literature. 
Additionally, the choice to follow up at three months and one year allows 
comparison with results from the Swedish Stroke Register, which has the 
same follow-up time points. 

Study IV was based on data from a cross-sectional multi-center study 
conducted to validate the Stroke ICF Core Set. This design provided data 
appropriate to the explorative aim of Study IV. However, for future research 
and a final development of a measurement, data from a longitudinal study 
might be necessary in order to examine the instruments’ responsiveness 
(228).  
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6.2.2 Study samples 

The study population for the cohort study was a convenience sample of 
stroke survivors admitted to stroke units in western Sweden. In Sweden, 
most stroke patients are admitted to and treated on stroke units (about 80% 
in 2006) (173). By including patients from stroke units, we expected to 
collect a representative sample of the typical stroke population and thus 
increase the external validity of the results. Furthermore, we were interested 
in the recovery course of functioning after stroke. To avoid blurring, we 
chose to include first-ever stroke survivors in order to achieve a homogenous 
group. Although the risk of a recurrent stroke is about 30% within the first 
five years and about 5-13% within the first year (229, 230), only two 
participants in our sample had suffered a recurrent stroke during the first 
year. An explanation for this might be good secondary prevention, but this is 
only speculative. In the following part, we compare the cohort sample with 
those from Riks-Stroke for the year 2006 (173). As 90% of all stroke 
patients in Sweden were covered by this quality register for this year, it is 
assumed to be representative of the stroke population in Sweden. The cohort 
sample consisted of 45% men and 54% women with an average age of 72 
years, whereas nationwide, the same proportion of men and women had 
suffered a stroke. The reason for the divergence in our study might be that 
men are more likely than women to suffer a recurrent stroke (230, 231), and 
we only included patients with first-ever stroke. While men were 
significantly younger than women in the cohort sample as well as in Sweden, 
study participants were an average of four years younger than the Swedish 
stroke population (173). Since elderly stroke patients were more often 
admitted to common geriatric units than to stroke units (173), it might be 
reasonable that the sample from the stroke units was younger. However, 
about 80% of the strokes in Sweden occur in patients older than 65 years, as 
was the case in the cohort sample (232). Additionally, the average length of 
hospital stay in the cohort sample was the same (about 13 days) as 
nationwide. The distribution of stroke subtypes (82% ischemic and 11% 
hemorrhagic) was also about the same as in Sweden as well as in the rest of 
Europe (232, 233). Furthermore, losses to follow-up did not differ in age, 
gender, diagnosis or global disability of participants. Moreover, participants 
did not differ from other Swedish stroke survivors in self-rated health. About 
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75% of the general stroke population in Sweden perceived their health as 
very or rather good (173). Additionally, the overall excellent satisfaction 
with stroke care and rehabilitation was seen not only in the cohort sample 
but also nationwide. In summary, despite some differences, the cohort 
sample seems fairly similar to the general stroke population in Sweden. 
However, it might be not representative of younger stroke survivors. 

The sample in Study IV was more heterogeneous, with younger stroke 
survivors and some country-specific differences. Stroke survivors were in 
dissimilar phases of their disease. While participants from China had 
suffered the stroke about six months ago, the stroke event of participants 
from Germany and Italy had been about one year ago and that of those from 
Sweden even longer back, about three and a half years. Furthermore, China 
had the most disabled stroke survivors (4 versus 3 on the mRS) with the 
most recurrent strokes (about 30% vs. 10-20%), most of whom were 
inpatients (90%). Likewise in Germany and Italy, most participants were 
inpatients, while in Sweden most were outpatients. Ischemic stroke was most 
common in Germany and less common in Sweden (78% vs. 45%) while in 
China up to 30% had suffered a hemorrhage stroke. Briefly, this sample 
seems randomly composed and the country-specific differences might have 
somehow affected the cross-cultural results of Study IV.  

6.2.3 Data collection 

Procedure 
The data collection procedure in Studies I-III was performed by the same 
person at each time point to avoid bias through multiple rater effects (234). 
The person was trained in ICF and stroke rehabilitation in order to increase 
validity and reliability. However, no pilot testing of the intrareliability was 
done. Since it is known from the literature that the reliability of the five-
point ICF rating scale varies from moderate to good, for the analysis these 
ratings were dichotomized into problem: yes/no and 
facilitator/barrier/neither-nor, respectively, to increase reliability at the 
expense of losing information about the extent of consequences. 
Furthermore, information received during the data collection process was 
sometimes not enough or ambiguous, especially in cases of participants with 
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communication difficulties. In such cases, the qualifier alternative “8-not 
specified” was chosen. Thus, it is possible that especially problems 
regarding communication were underestimated. Except from this possible 
underestimation, good validity of the data collection for Studies I-III might 
have been achieved through the mentioned procedures. 

In Study IV, the data collection was performed by multiple raters, which 
might have compromised the study’s validity and reliability (234). In order 
to standardize the data collection, all involved health professionals had 
received ICF training. However, no information was available on either the 
rater’s knowledge of the ICF or their expertise in stroke care and 
rehabilitation that otherwise could have been controlled for in the analysis. 
The ratings might further be biased by specific professional knowledge. 
Valid cross-cultural comparison might be hampered by the fact that the 
distribution of type of health professional differed from country to country. 
While most of the data were assessed by physicians in China and Germany, 
in Italy almost an equal number were rated by psychologist and physicians 
while in Sweden most of the ratings were done by nurses. Another bias 
might have occurred because the Stroke ICF Core Sets were provided in 
English, which is not the native language of any of the countries. The 
consistent understanding of the different ICF categories was thus decreased 
as it was somewhat dependent on the level of English knowledge. In 
summary, the validity of the data collection in Study IV is reduced. When 
interpreting the results one should keep these aspects in mind, and further 
studies should take them into consideration.  

Assessments 
ICF Core Sets for Stroke 

The Stroke ICF Core Set is neither an instrument nor a questionnaire but 
rather an evaluation sheet. It represents a selection of ICF categories relevant 
for people with stroke, and was developed to guide multidisciplinary 
assessments (126). In this way, the assessments can be summarized and 
illustrated by a categorical profile across ICF categories (Figure 7). 
Regarding the part of Activities and Participation in the core sets, capacity 
and performance are not explicitly distinguished with a qualifier. However, 
in the case of the cohort study, all ratings address performance and describe 
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what the participant did in his/her current environment. This can be 
understood as the “lived experience” of participants, and reflects their own 
satisfaction with their activity level. For example, an older woman can walk 
without any difficulty within her home and to the supermarket, and also has 
no problem visiting friends. Her lived experience is no problems with 
walking. However, a younger person who might have better objective 
walking capacity than the older woman has problems walking in the forest 
and on busy roads as well as with time pressure. The younger person thus 
experiences problems with walking. One should keep in mind this 
subjectivity of the Activities and Participation component. On the one hand, 
objective comparisons are difficult (a change in problems could be due to 
adapted environment or one’s own expectations); On the other hand, 
individuals’ experiences are important indicators in the scope of patient-
centered health care: It is not objective participation but patients’ self-
perceived participation that leads to better well-being (235).  

Regarding the Environmental Factors part, the Stroke Core Set consists of 37 
ICF categories. Like all other categories included in the core set, they 
provide information on the second level (see Section 1.3.2). But, in cases of 
Environmental Factors, the classification on the second level is less specified 
and more summational. The coding and rating of these factors are done from 
the perspective of each participant – how he/she perceives his/her 
environment. Since the categories are less detailed, it can be necessary for 
the ratings to summarize the different issues. For example, the category e110 
Products or substances for personal consumption includes food and drugs. If 
one participant reports feeling much better with a new medication and 
perceives it as facilitating, but cannot eat the hospital food, which hinders his 
recovery, e110 was rated as only mild facilitator. Another example, the 
category e310 Immediate family, includes partners, parents and children. If a 
person perceives her husband and two children as a great support and 
facilitating, but her parents as hindering, e310 was rated as a moderate 
facilitator (since the rating is a summary of the family members). However, 
detailed information about the environment was lost in these “coding rules”, 
and especially barriers might have been underestimated. This could have 
contributed to the overall positive perception of Environmental Factors in 
the cohort sample. 
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Modified Rankin Scale  

Besides the Barthel Index (BI), the mRS is the most commonly used scale to 
assess global disability after stroke (236, 237). The validity and reliability of 
the mRS have been confirmed by multiple types of evidence (237). 
Particularly, as the repeated assessments were made by the same person, the 
intra-reliability of the mRS was of interest: It is good, with k above 0.8 
(132). Additionally, the mRS was identified to be more sensitive to change 
as compared to the BI (238, 239). Moreover, Eriksson et al. found that it was 
possible to transform self-reported functional outcome into mRS grades with 
high precision (240). As commonly done in the literature and deemed to be 
appropriate, the dichotomizing of mRS scores with ≤ 2 as favorable outcome 
or independent was also done in Study I (131, 144, 238). However, the 
findings from Uyttenboogaart et al. showed that a considerable number of 
patients with mRS grades 1 and 2 also needed help and were thus not 
independent (236). On the one hand, this fact might have lowered the 
discriminative ability of the ICF Core Set that was tested in Study I. On the 
other hand, the results revealed already a good ability to discriminate 
between the two subgroups of independent and dependent stroke survivors, 
which might even be intensified if the cut-off point were changed to a lower 
mRS score. 

 

Health-related quality of life 

The assessment of HRQoL is done with multi-item and single-item 
instruments, both of which have strengths and weaknesses (37, 241). 
Generally, HRQoL is considered a complex concept with several dimensions 
including physical, emotional, social, etc. Most instruments ask about 
detailed aspects of HRQoL and ultimately a summary score for overall 
HRQoL can be calculated. The choice to measure HRQoL in the cohort 
study with EQ-5D VAS, which is a single-item question, had several 
reasons. HRQoL is inherently an attribute of persons’ perception and 
represents individuals’ feelings about their health (242). The rating of a 
single global question about overall health allows the individuals themselves 
to combine the various dimensions of HRQoL individually. The findings 
from the literature support the validity, reliability and responsiveness of the 
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VAS as an instrument for measuring global quality of life (135). While 
responding to multi-item questionnaires has been found to be difficult (243, 
244), single-item questions are easy to administer and less burdensome to 
patients (135, 181). However, Price et al. found that even the VAS could not 
be adequately used by stroke survivors. In their study, stroke survivors were 
asked to fill in the VAS on their own. But in the cohort study, patients were 
shown a demonstration of the thermometer, received verbal explanations and 
were asked to either verbally or mechanically indicate their health, which 
was noted by the interviewer. In this way, incorrect completion of the form 
was excluded and its correct understanding increased. Nevertheless, there 
were a number of participants for whom it was impossible to assess their 
health on the thermometer, the numbers on which ranged from 4 to 13 (9 at 
six weeks, 13 at three months and 4 at one year). It was not the VAS but the 
appraisal of health status itself that was difficult. As Jylhä et al. wrote, SRH 
provides a unique, valuable indicator of human health status that originates 
from a process of receiving information from an individual’s body and mind, 
and a selection, reviewing and summarizing of this information (245). The 
number of missing answers in the present cohort study indicates that for 
some individuals at certain time points it might not be possible to cope with 
this process and provide a single indicator of their health status. In the future, 
a more comprehensive approach to assessing HRQoL might be the 
integration of quantitative and qualitative methods (93, 245-247).  

6.2.4 Statistical analysis 

Recoding 
In Studies I-III the five-point ICF qualifier scale was dichotomized into 
problem: yes/no regarding the ratings of Body Functions and Activities and 
Participation and those of Environmental Factors into barriers, facilitators 
and neither/nor. This was done in order to increase reliability of the data 
since the psychometric properties of the qualifier have not yet been 
sufficiently evaluated and because the purposes of the three studies 
concerned what the problems of stroke survivors are. Besides the recoding of 
the ICF qualifier, “8-not specified” was recoded into missing. The risk of 
those real missings is an underestimation of participants’ problems. The 
rating alternative was used more often to assess participants with 
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communication and severe cognitive problems. Thus, the generalizability of 
the results for this subgroup of stroke survivors might be limited (see also 
Section 6.2.3). In Study II, regarding Environmental Factors, “9-not 
applicable” was kept unchanged and was reported as it was thought to reflect 
important information on the environmental differences in the chain of care 
and rehabilitation after stroke. However, for Study III in which the influence 
of facilitators and barriers on SRH was studied, 9 was recoded into 
neither/nor. When something is not applicable, it can be neither facilitating 
nor hindering. Parallel to this, in Studies I and III, regarding the ratings of 
Body Functions and Activities and Participation, 9 was recoded into no 
problem. For example, for a participant who was an inpatient on a 
rehabilitation unit, the performance of shopping was not applicable. 
However, coding this into no problem might not have been appropriate. If 
the individual had tried it he/she might have experienced difficulty, but no 
information about this was available. In the future, it seems to be more 
adequate to recode “9-not applicable” into missing value.  

Multivariate regression analysis 
The purpose of Study III was to identify independent factors, i.e. those 
adjusted for other factors that were possibly associated with SRH. Since 
multivariate regression analysis is used to describe and explain relations 
between variables, it seemed an adequate method (248). Principally, it is 
applied if both dependent and independent variables are numerical (interval 
and ratio scaled) (248). Its field of application can be expanded, however, by 
dummy coding the independent nominal scaled data. In Study III, dummy 
coding was applied (problem: yes/no, facilitator: yes/no). The relatively high 
number of assumptions that must be fulfilled in order to use linear regression 
analysis might constrict the application of the method. Violations of 
assumptions have some consequences on results, the most common being 
bias and less precision of the estimates (248). As regression analysis is 
insensitive in cases of such smaller violations, it is nonetheless a flexible and 
often-used method (248). Furthermore, the focus of Study III was not on 
estimates but on the factors themselves, in order to generate a hypothesis on 
the multi-factorial complexity of HRQoL and its changes in the course of 
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recovery after stroke. To summarize, for the explorative purpose of Study 
III, the method of linear regression analysis was deemed to be appropriate. 

Rasch model 
In Study IV, analysis based on the Rasch model was used to test 
psychometric properties of Brief ICF Core Set considering the functioning 
part. The Rasch model was chosen because it is currently the only model that 
provides the necessary objectivity, i.e. the result of measurement is 
independent not only of the applied instrument and the person doing the 
measuring, but also of the persons measured (148). However, the application 
of this unidimensional model can be questioned since health is a 
multidimensional construct (23, 56). Nonetheless, there are three facts 
substantiate the choice of a unidimensional model: First, the ICF is based on 
a conceptual model in which functioning is an umbrella term for Body 
Functions and Structures as well as Activities and Participation (50);. 
Second, depending on the level of precision, no construct is unidimensional 
or any construct is (156); Third, recent findings of two studies indicated that 
it was possible to measure functioning unidimensionally with ICF categories 
across different ICF components (217, 218). Alongside this, there is 
evidence that the ICF components themselves are unidimensional and 
distinct (215, 249). So, without a doubt, other structure-testing methods are 
justifiable for gaining more insight into and understanding of functioning 
and disability and their dimensions.  
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7 Comprehensive 
understanding 

Nurses as well as other health professionals have their process plans by 
which they deliver care to patients. Common cornerstones of these circular 
processes are the assessment of a patient’s functional status, goal 
assignment, intervention and evaluation. The paradigm shift toward patient-
centered care reveals the importance now more than ever of the 
comprehensive assessment of functional status from a biopsychosocial 
perspective. Multi- and interdisciplinary teamwork is necessary to be able to 
manage the various factors of health and disability. This becomes 
particularly obvious in the case of stroke, with its multi-faceted problems 
and consequences that are often life-long. Furthermore, to assure the quality 
of health care services and to evaluate goal achievement, administrative data 
are necessary. However, the time-consuming process of documentation 
could be reduced by one common documentation that is filled in by the 
various disciplines within the team in a structured way to avoid double 
documentation and enhance team communication. The ICF as the only 
internationally accepted classification of health and disability provides a 
multidisciplinary terminology for comprehensively describing information 
on functioning in a codable format that is compatible with those of 
administrative databases. In cases of stroke, the ICF Core Set for Stroke was 
applicable to document the many problems and consequences after stroke in 
a structured way – not only acute but also in the long-run – throughout the 
whole chain of care, enhancing information on stroke survivors’ functioning, 
which is important for high-quality clinical management. Furthermore, it 
was possible to integrate various ICF categories into a measurement of 
functioning after stroke. In this way, no extra use of instruments but only the 
transformation of ICF-based information from clinical assessments in health 
records is necessary to provide summary scores for the monitoring and 
follow-up of stroke survivors’ functioning. The ICF allows for comparison 
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on not only a national but also an international level, which can enrich cross-
cultural health services research.  
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8 Conclusions 

 The ICF Core Set for Stroke was a valid tool for documenting stroke 
survivors’ problems and consequences from a biopsychosocial and 
patient-centered perspective in a structured way during a period of one 
year in Sweden (Study I). 

 The Stroke ICF Core Set had good discriminative ability regarding 
functioning of stroke survivors (Study I). 

 Representing the problems of the most common subgroup of stroke 
survivors in Sweden, the number of ICF categories of the Stroke Core Set 
might be reducible from 59 to 28 categories of Body Functions, from 59 
to 41 categories of Activities and Participation, and from 37 to 12 
categories of Environmental Factors (Studies I, III). 

 Despite improvement in functioning, the total number of problems of 
stroke survivors hardly changed during the course of one year (Study I). 

 Stroke survivors in Sweden were principally satisfied with their care and 
rehabilitation during a period of one year, especially in the first six weeks 
when they were inpatients on specialized stroke and rehabilitation units. 
Only the hilly and natural landscape in Sweden constituted a hinder to 
many stroke survivors (Study II).  

 The broad definition of the ICF categories of Environmental Factors 
demands an overall assessment of several detailed factors (Study II).  

 Factors of overall HRQoL after stroke varied over time but problems 
regarding personality and energy functions as well as limited leisure and 
recreation activities were recurringly associated with lower HRQoL 
(Study III). 

 Taking into account the biopsychosocial complexity of health and 
considering the components of Body Functions, Activities and 
Participation and Environmental Factors together, HRQoL could however 
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be explained less precisely than only considering factors within each 
component (Study III).  

 While Body Functions and Activities and Participation were utmost 
essential for HRQoL in the first three months post-stroke, Environmental 
Factors had gained more influence at one year. However, factors of 
HRQoL at one year were more indistinct than in the first three months 
(Study III). 

 It was possible to integrate different ICF categories across Body 
Functions and Structures and Activities and Participation into a cross-
cultural measurement with good reliability providing sum scores of 
overall functioning after stroke (Study IV). 

 The five-point ICF qualifier scale was not consistently psychometrically 
applicable (Study IV). 

 The measurement of functioning can provide sum scores that facilitate 
the monitoring, comparison and follow-up of stroke survivors’ health 
even across countries, but it cannot be replaced by a comprehensive 
description of stroke survivors’ functioning, which is important for 
clinical management (Study IV). 
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9 Implications 

9.1 Clinical implications 
 The ICF Core Set for Stroke can be used to guide the multidisciplinary 

assessment and follow-up of stroke survivors’ functioning through the 
chain of acute care from the stroke unit to long-term care and 
rehabilitation in the community (Studies I, II). 

 Sum scores of the overall functioning of stroke survivors can be 
calculated from assessments with different ICF categories by a 
multidisciplinary team and used for comparison (even cross-cultural) and 
evaluation of goal achievement (Study IV). 

 Besides problems with mobility and self-care, clinical interventions 
should also address problems with communication to reduce dependency 
after stroke (Study I). 

 Stroke survivors should be prepared for hidden problems like handling 
stress and other psychological demands as well as undertaking multiple 
tasks (Study I). 

 Intervention regarding stroke survivors’ personality and energy drive 
functions as well as a return to their recreational activities should be 
addressed in initial rehabilitation programs to improve their overall 
HRQoL. Furthermore, a well-adapted environment is important 
advancing stroke survivors’ quality of life (Study III). 
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9.2 Research implications 
The results of the present thesis have increased the empirical evidence of the 
applicability of the ICF, more specifically the ICF Core Set for Stroke. 
Simultaneously, other issues have been raised and need to be further studied 
and elucidated: 

 Validation of the core set with younger stroke survivors that are still of 
working age. These individuals are confronted with returning to work, 
and might have other life expectations than the present elderly study 
sample. 

 The effect on team communication, documentation, clinical management 
and patients’ outcome when integrating the ICF Core Set for Stroke into 
patient records. 

 Content comparison between the data from the Swedish Stroke Quality 
Register and the Stroke ICF Core Set to harmonize patient records with 
this quality register on the one hand but also to harmonize stroke quality 
registers on an international level and thus enhance population and health 
services research. 

 The effect of ICF education and application manuals on the reliability of 
assessments with the ICF qualifier scale. 

 The development of a final measurement of functioning after stroke 
based on ICF categories. 

 The need for the development of a more detailed classification of the 
Environmental Factors within ICF. 

 The complexity and further factors of HRQoL and their change with 
elapsed time after stroke. 
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10 Summary in Swedish/ 
svensk sammanfattning 

Dagens hälso- och sjukvård har som huvudsyfte att främja, bibehålla och 
återställa befolkningens hälsa. Hälsa definieras som ett tillstånd av fysiskt, 
psykiskt och socialt välbefinnande, och inte endast frånvaro av sjukdom eller 
skada. Mer specifik, att betrakta enbart sjukdom och skada är inte tillräckligt 
utan det behövs ett biopsykosocialt perspektiv där det tas hänsyn till 
personen själv som en social varelse, hur personen lever i sin omgivning 
med en viss sjukdom eller skada, och personens egen upplevelse av denna. 
Hänsyn till detta tankesätt tas i personcentrerat vård som är det nya 
paradigmet i dagens hälso- och sjukvård. För att kunna tillgodose komplexa 
biopsykosociala behov efterfrågas ofta kunskap och insatser från olika 
professioner i ett tvärprofessionellt teamarbete. En bra kommunikation i 
teamet men också i vårdkedjan stödjer effektiva arbetsflöden och bidrar till 
en ökad patientsäkerhet. Detta kan gynnas av en tvärprofessionell tillgänglig 
och entydig journaldokumentation. Samtidigt kan denna information som 
hanteras elektroniskt användas för verksamhetsuppföljning och 
kvalitetssäkring. Detta är anledningen till den nationella IT-strategin för vård 
och omsorg som i samarbetet försöker ta fram nationellt överenskomna 
begrepp och termer för en enhetlig och tvärprofessionell 
journaldokumentation. Det råder konsensus om att WHO’s International 
Classification of Functioning, Disability and Health (ICF) är en bra 
utgångspunkt för att uppnå en tvärprofessionell vård- och 
omsorgsdokumentation som språkligt och innehållsmässigt kan vara en 
brygga mellan socialtjänst och hälso- och sjukvård samt många andra aktörer 
(landsting, kommuner, privata vårdgivare, myndigheter, universitet, 
patientföreningar, patienter och anhöriga). ICF erbjuder en sammanhållen 
syn på hälsa utifrån ett biopsykosocialt perspektiv som stödjer ett 
patientcentrerat arbetssätt. Klassifikationen har identifierats som det enda 
kodsystemet som kan användas för att beskriva kontinuerliga 
funktionstillstånd och samtidigt är kompatibel med administrativa databaser. 
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De drygt 1400 kategorierna gör den praktiska användningen i kliniken dock 
svårhanterlig och ICF som en klassifikation i en verksamhetsuppföljning är 
fortfarande ett relativt nytt verktyg och behöver granskas.  

Tvärprofessionellt teamarbete är väletablerat inom strokesjukvården. De 
mångfaldiga ofta livslånga konsekvenserna kräver en omfattande vård och 
rehabilitering som sträcker sig från akutsjukhus till eventuella livslånga 
insatser från primärvården och kommunen. En användning av ICF med dess 
nämnda fördelar borde således förbättra och effektivisera strokesjukvården i 
hela vårdkedjan. För stroke utvecklades i internationellt samarbete, ett så 
kallat core set som är ett urval av 166 ICF kategorier (59 kategorier av 
Kroppsfunktioner, 11 Strukturer, 59 Aktivitet och Delaktighet, 37 
Omgivningsfaktorer) i syfte att främja den kliniska användningen av ICF och 
därmed kunna guida den multiprofessionella bedömningen av en persons 
funktionstillstånd efter stroke och hans/hennes behandlingsplan.  

Syfte 

Avhandlingen i sin helhet syftade till att fastställa de mångfaldiga 
biopsykosociala konsekvenserna under ett års tid efter stroke med hjälp av 
ICF och att testa validiteten av det nyetablerade Stroke ICF Core Set med 
avsikt att mäta funktionstillstånd efter stroke. 

Material och metod 

I studie I, II och III ingår data från en ettårs prospektiv kohortstudie med 120 
personer med stroke som vårdades på strokeenheter i Västsverige och som 
följdes upp efter sex veckor, tre månader och efter ett år. Datainsamlingen 
genomfördes med intervjuer som bestod av ett batteri av frågor grundat på 
Stroke ICF Core Set, EuroQol-5D (EQ-5D), Stroke Impact Scale (SIS), 
Medical Outcome Study Short Form 36 (SF-36), Self-administered 
Comorbidity Questionnaire (SCQ), och information om insatser från hälso- 
och sjukvård, socialtjänst och familj. I studie I analyserades de 59 ICF 
kategorierna gällande Kroppsfunktioner och de 59 kategorier gällande 
Aktivitet och Delaktighet deskriptivt vid sex veckor och tre månader efter 
stroke. Därutöver prövades core sets förmåga att skilja mellan personer som 
var antingen beroende eller oberoende av hjälp efter stroke. Hur deltagarna 
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uppfattade omgivningsfaktorernas betydelse analyserades deskriptivt utifrån 
de 37 ICF kategorierna från Omgivningsfaktorer i studie II vid sex veckor 
och tre månader liksom skillnaderna mellan deltagarna som var hemma 
redan vid sex veckor och deltagarna som kom hem senare men inom tre 
månader. I studie III identifierades faktorerna av generell hälso-relaterad 
livskvalitet (EQ-5D visuell analogskala) med hänsyn till den 
biopsykosociala mångfaldigheten av hälsan och huruvida faktorerna 
ändrades under ett år efter stroke. Till detta användes korrelation- och 
regressionsanalys och de 155 ICF kategorier gällande Kroppsfunktioner, 
Aktivitet och Delaktighet samt Omgivningsfaktorer. Den pyskometriska 
analysen i studie IV baserades på datamaterial från WHO:s internationella 
multicentertvärsnittsstudie för validering av Stroke ICF Core Sets där 757 
personer med stroke från Kina, Tyskland, Italien och Sverige ingår. 
Möjligheten att integrera 15 ICF kategorier från Brief ICF Core Set for 
Stroke (6 kroppsfunktioner, 2 strukturer, 7 aktiviteter och delaktighet) med 
dess 5-stegs bedömningsskala (från 0 till 4, inget, lätt, måttligt, stort och 
totalt problem) undersöktes både nationsspecifikt men också tvärkulturellt 
med Raschanalys. 

Resultat 

Studie I. Signifikanta problem kunde dokumenteras med 28 ICF kategorier 
från komponenten Kroppsfunktion och med 41 ICF kategorier från 
komponenten Aktivitet och Delaktighet. Det fanns inga skillnader mellan 6 
veckor och 3 månader. Kategorierna hade en god förmåga att skilja mellan 
personer som var antingen oberoende eller beroende av hjälp efter stroke. 
Personer som var beroende av hjälp hade kontinuerlig mera problem inom 
området som gällde framförallt förflyttning, personlig vård och urinering 
men även kommunikation.  

Studie II. Deltagarna uppfattade elva omgivningsfaktorer som underlättande 
vid sex veckor och vid tre månader (framförallt familj, vänner och hälso- och 
sjukvårdspersonal men också hjälpmedel, medicin och hälso- och 
sjukvårdsservice) och endast en faktor (fysisk geografi, dvs. backe, 
grusvägar, etc.) som hindrande. Vid tre månader uppfattades de sistnämnda 
faktorerna vanligare som hindrande än vid sex veckor. Vården på 
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strokeenheten upplevdes något bättre jämfört med den senare tillkomna 
servicen från primär- och kommunvård. 

Studie III. Medan kroppsfunktioner och aktiviteter och delaktighet kunde 
förklara nästan all varians av självupplevd hälsa under de första tre 
månaderna (R2=0.80 - 0.93), så kunde bara hälften av variationen förklaras 
antingen med kroppsfunktioner eller med omgivningsfaktorer (R2=0.51). 
Problem med fritidsaktiviteter, personlighet, mental uttröttbarhet och 
gångförmåga var återkommande problem som var relaterat till sämre 
självupplevd hälsa under året efter insjuknandet. 

Studie IV. Efter justeringar som innebar en minskning av bedömningsskalan 
till mellan två till tre svarsalternativ för vissa kategorier och en borttagning 
av några kategorier som inte passade in i Raschmodellen visade de 
resterande ICF kategorierna en bra täckning av personernas 
funktionstillstånd efter stroke och en god reliabilitet för att mäta 
funktionstillstånd. I den tvärkulturella analysen fanns det fyra kategorier som 
inte hade samma betydelse i de olika länderna. Därför utformades 
nationsspecifika kategorier. Det slutliga tvärkulturella instrumentet omfattar 
20 ICF kategorier. Därmed blir det möjligt att integrera olika ICF kategorier 
till ett instrument och summera bedömningsvärden av de olika kategorierna 
till ett helhetsvärde för funktionstillstånd som underlättar uppföljning av och 
jämförelse mellan personer med stroke men även jämförelse mellan olika 
nationer. 

Slutsats 

Studierna visar att ICF, och särskilt det specifika Stroke ICF Core Set, är ett 
valid och praktiskt verktyg för att strukturerat kunna dokumentera de 
mångfaldiga problemen och konsekvenserna efter stroke enhetlig genom 
hela förloppet av vårdkedjan. Strokesjukvården i Sverige upplevs som 
välfungerande men en god förbättringspotential finns framförallt i senare 
skede när primär- och kommunvård ta över ansvaret för personernas vård 
och rehabilitering. För dokumentation av funktionstillstånd av den typiska 
äldre patienten med stroke kan de 166 ICF kategorierna reduceras till 92. 
Faktorer som påverkar hälso-relaterad livskvalitet varierar under tiden efter 
insjuknandet där kroppsfunktioner och aktiviteter och delaktighet är starkt 
relaterade under de första tre månaderna. Vid ett år efter insjuknandet har 
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omgivningens betydelse ökat för hälso-relaterad livskvalitet. Tidig hänsyn 
inte bara till gångförmåga men också till problem med personlighet och 
temperament, mental uttröttbarhet och återgång till fritidsaktiviteter borde 
kunna förbättra personernas livskvalitet efter stroke. Att konstruera ett 
tvärkulturellt instrument i syfte att mäta funktionstillstånd efter stroke genom 
integrering av ICF kategorier som omfattar kroppsfunktioner, strukturer, och 
aktiviteter och delaktighet är möjligt. Därmed öppnas nya potentialer för att 
kunna följa upp och jämföra funktionstillstånd efter stroke inte enbart på 
individ- och nationell nivå men även på populations- och internationell nivå. 
Den 5-stegs bedömningsskala (ICF qualifier) är dock inte psykometrisk 
användbart och fortsatt forskning behövs. 
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Appendix 

The extended version of the Comprehensive ICF Core Set for Stroke: 
Content comparison with the applied instruments, and overview of the 
identified categories within this thesis and from the validation processes of 
the perspective from physicians (MD) and occupational therapists (OT). 
 

Content 
comparison of 

applied 
instruments 

ICF categories of the comprehensive Stroke ICF 
Core Set (extended version) 

Brief 
ICF 
Core 
Set 

Results of the 
thesis, Study: 

Validation 
from 

perspectives 
of 

SIS 
SF-
36 

EQ-
5D  I+II III IV MD OT 

BODY FUNCTIONS 

Chapter 1 Mental functions 
b110 Consciousness functions x x x 
b114 Orientation functions x x x x 
b117 Intellectual functions x x 

1   b126 Temperament and personality functions  x x  x x 

4 b130 Energy and drive functions x x x x 
b134 Sleep functions x x x 

1 b140 Attention functions x x x x x 
4 b144 Memory functions x x x x x 

b147 Psychomotor functions x x 
7 13 1 b152 Emotional functions x x 

b156 Perceptual functions x x 
1 b160 Thought functions x x 

b164 Higher-level cognitive functions x x x 
5 b167 Mental functions of language x x x 

b172 Calculation functions x x 

b176 
 

Mental function of sequencing complex 
movements x x 

b180 Experience of self and time functions x x 
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SIS 
SF-
36 

EQ-
5D  I+II III IV MD OT 

Chapter 2 Sensory functions and pain 
b210 Seeing functions x x x 

b215 Functions of structures adjoining the 
eye x 

b230 Hearing functions x 
b235 Vestibular functions x x x x 

b240 
 

Sensations associated with the eye and 
adjoining structures x x 

b260 Proprioceptive functions x x x 
b265 Touch functions x x x 

b270 
 

Sensory functions related to 
temperature and other stimuli x x 

3 1 b280 Sensation of pain x x x x 

Chapter 3 Voice and speech functions 
b310 Voice functions 
b320 Articulation functions x 
b330 Fluency and rhythm of speech functions 
b340 Alternative vocalization functions 

Chapter 4 Functions of the cardiovascular, haematological, immunological and respiratory 
systems
b410 Heart functions x x 
b415 Blood vessel functions x 
b420 Blood pressure functions x x 
b430 Haematological system functions x 
b435 Immunological system functions x 
b440 Respiration functions x 
b450 Additional respiratory functions 
b455 Exercise tolerance functions x x x x 

Chapter 5 Functions of the digestive, metabolic and endocrine systems
b510 Ingestion functions x x 
b515 Digestive functions x 
b525 Defecation functions x x 
b530 Weight maintenance functions x 

b535 
 

Sensations associated with the digestive 
system x 

b540 General metabolic functions x 

b545 
 

Water, mineral and electrolyte balance 
functions x 

b550 Thermoregulatory functions x 
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The extended version of the Comprehensive ICF Core Set for Stroke: 
Content comparison with the applied instruments, and overview of the 
identified categories within this thesis and from the validation processes of 
the perspective from physicians (MD) and occupational therapists (OT). 
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b172 Calculation functions x x 

b176 
 

Mental function of sequencing complex 
movements x x 

b180 Experience of self and time functions x x 
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SIS 
SF-
36 

EQ-
5D  I+II III IV MD OT 

Chapter 2 Sensory functions and pain 
b210 Seeing functions x x x 

b215 Functions of structures adjoining the 
eye x 

b230 Hearing functions x 
b235 Vestibular functions x x x x 

b240 
 

Sensations associated with the eye and 
adjoining structures x x 

b260 Proprioceptive functions x x x 
b265 Touch functions x x x 

b270 
 

Sensory functions related to 
temperature and other stimuli x x 

3 1 b280 Sensation of pain x x x x 

Chapter 3 Voice and speech functions 
b310 Voice functions 
b320 Articulation functions x 
b330 Fluency and rhythm of speech functions 
b340 Alternative vocalization functions 

Chapter 4 Functions of the cardiovascular, haematological, immunological and respiratory 
systems
b410 Heart functions x x 
b415 Blood vessel functions x 
b420 Blood pressure functions x x 
b430 Haematological system functions x 
b435 Immunological system functions x 
b440 Respiration functions x 
b450 Additional respiratory functions 
b455 Exercise tolerance functions x x x x 

Chapter 5 Functions of the digestive, metabolic and endocrine systems
b510 Ingestion functions x x 
b515 Digestive functions x 
b525 Defecation functions x x 
b530 Weight maintenance functions x 

b535 
 

Sensations associated with the digestive 
system x 

b540 General metabolic functions x 

b545 
 

Water, mineral and electrolyte balance 
functions x 

b550 Thermoregulatory functions x 
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SIS 
SF-
36 

EQ-
5D  I+II III IV MD OT 

Chapter 6 Genitourinary and reproductive functions 
b620 Urination functions x x 

b630 Sensations associated with urinary 
functions x 

b640 Sexual functions x 

Chapter 7 Neuromusculoskeletal and movement-related functions
b710 Mobility of joint functions x x 
b715 Stability of joint functions x x 

4 b730 Muscle power functions x x x x x 
b735 Muscle tone functions x x 
b740 Muscle endurance functions x x x 
b750 Motor reflex functions x x x 

b755 Involuntary movement reaction 
functions x x x 

b760 Control of voluntary movement 
functions x x x 

b770 Gait pattern functions x x x 

Chapter 8 Functions of skin and related structures 
b810 Protective functions of the skin x 

BODY STRUCTURES 

Chapter 1Structures of the nervous system 
s110 Structure of brain x n.a. x x x 
s120 Spinal cord and related structures n.a. 
s130 Structure of meninges n.a. 

Chapter 4 Structure of the cardiovascular, immunological and respiratory systems 
s410 Structure of cardiovascular system n.a. x 
s430 Structure of respiratory system n.a. 

Chapter 5 Structures related to the digestive, metabolic and endocrine systems 
s530 Structure of stomach n.a. 

Chapter 7 Structures related to movement 
s710 Structure of head and neck region n.a. x 
s720 Structure of shoulder region n.a. x 
s730 Structure of upper extremity x n.a. x x x 
s750 Structure of lower extremity n.a. x x 

Chapter 8 Skin and related structures 
s810 Structure of areas of skin n.a. x 
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SIS 
SF-
36 

EQ-
5D  I+II III IV MD OT 

ACTIVITIES AND PARTICIPATION 

1 1 Chapter 1 Learning and applying knowledge 
d110 Watching x 
d115 Listening x 
d120 Other purposeful sensing 
d130 Copying x x 
d135 Rehearsing x x 
d155 Acquiring skills x x 
d160 Focusing attention x x 
d166 Reading x x 
d170 Writing x x 
d172 Calculating x 

1 d175 Solving problems x x 
d177 Making decisions x x 

Chapter 2 General tasks and demands 
d210 Undertaking a single task x x x 
d220 Undertaking multiple tasks x x 
d230 Carrying out daily routine x x x 

d240 
 

Handling stress and other psychological 
demands x 

Chapter 3 Communication 

d310 
 

Communicating with – receiving – 
spoken messages x x x 

d315 
 

Communicating with – receiving – 
nonverbal messages x x 

d325 
 

Communicating with – receiving – 
written messages x x x 

d330 Speaking x x x 
d335 Producing nonverbal messages x x 
d345 Writing messages x x 

1 d350 Conversation x x 

2 
d360 
 

Using communication devices and 
techniques x x x 

1 Chapter 4 Mobility 
2 3 d410 Changing basic body position x x 
4 d415 Maintaining a basic body position x x x 
1 d420 Transferring oneself x x 
1 2 d430 Lifting and carrying objects x x 
3 d440 Fine hand use x x 
1 d445 Hand and arm use x x x 
4 3 d450 Walking x x x x 
2 2 d455 Moving around x 
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SIS 
SF-
36 

EQ-
5D  I+II III IV MD OT 
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s130 Structure of meninges n.a. 

Chapter 4 Structure of the cardiovascular, immunological and respiratory systems 
s410 Structure of cardiovascular system n.a. x 
s430 Structure of respiratory system n.a. 

Chapter 5 Structures related to the digestive, metabolic and endocrine systems 
s530 Structure of stomach n.a. 

Chapter 7 Structures related to movement 
s710 Structure of head and neck region n.a. x 
s720 Structure of shoulder region n.a. x 
s730 Structure of upper extremity x n.a. x x x 
s750 Structure of lower extremity n.a. x x 

Chapter 8 Skin and related structures 
s810 Structure of areas of skin n.a. x 
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ACTIVITIES AND PARTICIPATION 

1 1 Chapter 1 Learning and applying knowledge 
d110 Watching x 
d115 Listening x 
d120 Other purposeful sensing 
d130 Copying x x 
d135 Rehearsing x x 
d155 Acquiring skills x x 
d160 Focusing attention x x 
d166 Reading x x 
d170 Writing x x 
d172 Calculating x 

1 d175 Solving problems x x 
d177 Making decisions x x 

Chapter 2 General tasks and demands 
d210 Undertaking a single task x x x 
d220 Undertaking multiple tasks x x 
d230 Carrying out daily routine x x x 

d240 
 

Handling stress and other psychological 
demands x 

Chapter 3 Communication 

d310 
 

Communicating with – receiving – 
spoken messages x x x 

d315 
 

Communicating with – receiving – 
nonverbal messages x x 

d325 
 

Communicating with – receiving – 
written messages x x x 

d330 Speaking x x x 
d335 Producing nonverbal messages x x 
d345 Writing messages x x 

1 d350 Conversation x x 

2 
d360 
 

Using communication devices and 
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1 Chapter 4 Mobility 
2 3 d410 Changing basic body position x x 
4 d415 Maintaining a basic body position x x x 
1 d420 Transferring oneself x x 
1 2 d430 Lifting and carrying objects x x 
3 d440 Fine hand use x x 
1 d445 Hand and arm use x x x 
4 3 d450 Walking x x x x 
2 2 d455 Moving around x 
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d460 Moving around in different locations x x 
d465 Moving around using equipment x x 
d470 Using transportation x x x 
d475 Driving x 

1 Chapter 5 Self-care 
1 1 d510 Washing oneself x x x 
1 d520 Caring for body parts x x 
3 d530 Toileting x x x 
2 1 d540 Dressing x x x 
1 d550 Eating x x x x 

d560 Drinking x 
d570 Looking after one’s health x x x 

Chapter 6 Domestic life 
1 d620 Acquisition of goods and services x x 

d630 Preparing meals x x 
3 1 d640 Doing housework x x x 

Chapter 7 Interpersonal interactions and relationships
d710 Basic interpersonal interactions x 

1 d750 Informal social relationships 
1 d760 Family relationships 

d770 Intimate relationships 

Chapter 8 Major life areas 

d845 Acquiring, keeping and terminating a 
job 

d850 Remunerative employment x 
d855 Non-remunerative employment 

2 d860 Basic economic transactions 
d870 Economic self-sufficiency 

1 4 Chapter 9 Community, social and civic life 
d910 Community life x 

4 d920 Recreation and leisure x x x 
2 d930 Religion and spirituality 

d940 Human rights 
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ENVIRONMENTAL FACTORS 

Chapter 1 Products and technology 

e110 
 

Products or substances for personal 
consumption x x 

e115 
 

Products and technology for personal 
use in daily living x 

e120 
 

Products and technology for personal 
indoor and outdoor mobility and 
transportation x x x 

e125 
 

Products and technology for 
communication x x 

e135 
 

Products and technology for 
employment x 

e150 
 

Design, construction and building 
products and technology of buildings 
for public use x 

e155 
 

Design, construction and building 
products and technology of buildings 
for private use x 

e165 Assets 

Chapter 2 Natural environment and human-made changes to environment 
e210 Physical geography x 
e240 Light 
e250 Sound 

Chapter 3 Support and relationships 
e310 Immediate family x x 
e315 Extended family x 
e320 Friends x x 

e325 Acquaintances, peers, colleagues, 
neighbours and community members x 

e340 Personal care providers and personal 
assistants x 

e355 Health professionals x x x 
e360 Health-related professionals x 

Chapter 4 Attitudes 
   e410 Individual attitudes of immediate family 

members 
     x 

   e415 Individual attitudes of extended family 
members 

      

    e420 Individual attitudes of friends       
   e425 Individual attitudes of acquaintances, 

peers colleagues, neighbours and 
community members 

      

   e440 Individual attitudes of personal care 
providers and personal assistants 
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   e450 Individual attitudes of health 
professionals 

 x x  x x 

   e455 Individual attitudes of health-related 
professionals 

      

   e460 Societal attitudes       
   e465 Social norms, practices and ideologies       

           

   Chapter 5 Services, systems and policies       

   e515 Architecture and construction services, 
systems and policies 

      

   e525 Housing services, systems and policies       

   e535 Communication services, systems and 
policies 

      

   e540 Transportation services, systems and 
policies 

 x x    

   e550 Legal services, systems and policies       

   e555 Associations and organizational 
services, systems and policies 

      

   e570 Social security services, systems and 
policies 

 x     

   e575 General social support services, systems 
and policies 

      

   e580 Health services, systems and policies  x x  x x 

   e590 Labour and employment services, 
systems and policies 
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Abstract
Purpose. To validate the body functions and activities and participation part of the extended International Classification of
Functioning, Disability, and Health (ICF) core set for stroke with a Swedish population in the first 3 months post-stroke.
Method. At 6 weeks and at 3 months post-stroke, stroke survivors were evaluated by 59 ICF categories of body functions,
59 categories of activities and participation from the stroke ICF core set (extended version).
Results. The study sample included 99 stroke survivors (54% women) with an average age of 72 years. Statistical significant
problems were identified in 28 ICF categories of body functions and in 41 ICF categories of activities and participation at
both time points, at 6 weeks and at 3 months. About 17 ICF categories were reported as problems in independent (i.e.
modified Rankin Scale (mRS) �2) and about 34 categories in dependent (i.e. mRS4 2) stroke survivors.
Conclusions. The results suggest a possible reduction of the stroke ICF core set from 59 to 28 categories of body functions
and from 59 to 41 categories of activities and participation. Hence, feasibility of the core set for multiprofessional assessment
increases and the core set might find more integration in clinical practice. The number of problems in mobility and self-care
mainly distinguished between independent and dependent stroke survivors.

Keywords: Stroke, functioning, ICF, activities and participation, body functions

Introduction

Stroke is a leading cause of physical disability

worldwide [1,2]. There is strong evidence for the

effectiveness of comprehensive, multidisciplinary

rehabilitation interventions in reducing stroke-

related disability [3,4]. The efficiency of interprofes-

sional care depends – to some extent – on successful

communication of health information across disci-

plinary boundaries [5]. Incorporating a framework of

health and disability, such as the International

Classification of Functioning, Disability, and Health

(ICF) [6], could optimize multidisciplinary rehabili-

tation efforts [7]. The ICF has been acknowledged as

one possible way to facilitate not only interprofes-

sional communication but also communication

between health professionals and patients [8–12].

Furthermore, it has been identified as a possible

common framework for consistently reporting func-

tional status (based on a bio-psycho-social perspec-

tive) [13–15]. The ICF is, however, difficult to use in

a clinical context, as it contains 41400 categories.

To improve clinical practicability, ICF core sets

have been developed which represent a selection of

ICF categories describing the prototypical spectrum

of problems in the functioning of patients with

specific health conditions [16]. On the basis of

evidence gathered from preliminary studies, the core

sets were developed in a formal decision-making and

consensus-based process for the most burdensome

health conditions, including stroke [17,18]. The core

set for stroke (extended version) includes 59

categories of body functions, 11 categories of body

structures, 59 categories of activities and participa-

tion and 37 categories of environmental factors, as

used in other study [19]. Before this core set can be
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Introduction

Stroke is a leading cause of physical disability

worldwide [1,2]. There is strong evidence for the

effectiveness of comprehensive, multidisciplinary

rehabilitation interventions in reducing stroke-

related disability [3,4]. The efficiency of interprofes-

sional care depends – to some extent – on successful

communication of health information across disci-

plinary boundaries [5]. Incorporating a framework of

health and disability, such as the International
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(ICF) [6], could optimize multidisciplinary rehabili-

tation efforts [7]. The ICF has been acknowledged as
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Furthermore, it has been identified as a possible
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tional status (based on a bio-psycho-social perspec-
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To improve clinical practicability, ICF core sets
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of problems in the functioning of patients with

specific health conditions [16]. On the basis of
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sets were developed in a formal decision-making and
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health conditions, including stroke [17,18]. The core
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used as a practical tool to guide clinical assessment,

there is a need to investigate the degree to which it

covers the significant problems of stroke survivors.

Hence, the core set for stroke was tested in a cross-

sectional international multicenter validation study

[20]. Given the changing spectrum of problems with

increasing time after stroke, however, the core set

might also be validated in longitudinal studies. As

the recovery process is seen mainly in the first 3

months [21–25], the present study was conducted to

investigate differences between the relevance of the

core set at two different time points during this

period. In addition, the ability to identify indepen-

dent and dependent stroke survivors was examined.

As the primary outcomes of multiprofessional

rehabilitation interventions are usually body func-

tions and activities and participation [21,26,27], this

study focuses on these two parts of the core set, and

the environmental factors are described elsewhere

[28].

The two specific aims were: (1) to investigate

the frequencies of impairments and limitations of

stroke survivors at 6 weeks and 3 months post-stroke

reported in the ICF categories included in the core

set for stroke (extended version); and (2) to examine

the discriminative ability of the identified significant

frequent ICF categories in distinguishing between

independent and dependent stroke survivors.

Methods

Participants

This study included 99 stroke survivors from four

stroke units at Sahlgrenska University Hospital,

Göteborg. Patients were consecutively recruited

from February to July 2006 with the inclusion

criteria of a diagnosis of first-ever stroke (ICD-10

codes I60–I67), an age of at least 18 and an ability to

give written informed consent (or consent given by

next to kin). Stroke was clinically determined by

specialists at the stroke units according to the World

Health Organization (WHO) criteria [29] and con-

firmed by computed tomography (CT).

Variables and instruments

The impairments and limitations of stroke survivors

were collected by means of the 59 ICF categories of

the component body functions and the 59 categories of

the component activities and participation from the

Comprehensive ICF core set for stroke (extended

version). In the extended version, the comprehensive

ICF core set for stroke was amended with categories

from the core set for patients with neurological

conditions in the acute hospital and in early post-

acute rehabilitation facilities [17,30]. Thus, the core

set can be said to be applicable not only in the

chronic but also in the early post-stroke phases. All

chapters of the body functions (included categories

range from b110 to b810) and all chapters of

activities and participation (categories range from

d110 to d940) are represented by the 118 ICF

categories. The qualifier scale proposed by the WHO

was used to evaluate the extent of a person’s

difficulties in each ICF category [6]. The proposed

scale has five response categories ranging from 0 to 4

(no/mild/moderate/severe/complete problem). In ad-

dition, there are the response options ‘8 – not

specified’ and ‘9 – not applicable’. The latter is used

when a category is not applicable to a particular

patient or situation. For example, if someone is

retired, the category ‘d850 remunerative employ-

ment’ is not applicable. The response option ‘8 – not

specified’ is used when available information is not

sufficient to quantify the severity of the problem and/

or is ambiguous (e.g. in interviews with participants

with cognitive problems). If the problem is associated

with other health conditions than stroke, the option

C (for co-morbidity) is selected.

The modified Rankin Scale (mRS) was used to

assess global disability. The mRS is a commonly

used scale (from ‘0¼no symptoms at all’ to

‘6¼dead’) to describe disability in stroke survivors

[31]. The intra-reliability of mRS is good, with a k
above 0.80 [32].

Data collection procedures

A contact person (nurse/physiotherapist) working at

each stroke unit informed the research assistant

about new admissions on a weekly basis. Eligible

stroke patients were seen for recruitment within the

first week after admission at baseline. Patients were

provided with a written description of the study and

in the case of participation written informed consent

was obtained. Demographic information, subtype,

and side of stroke (both determined by a stroke

specialist) were recorded. Participants were followed

up at 6 weeks and at 3 months post-stroke either at

home or in hospital. Information about participants’

health status was gathered from semi-structured

questions based on the ICF categories of body

functions as well as the categories of activities and

participation from the extended stroke core set. After

the interview was completed (the duration varied

between 30 min and 2 h depending on the partici-

pant’s functioning), the ICF core set was filled in on

the basis of the interviewer’s observation and the

patient’s story (in one case supported by the

complementing information from the next-of-kin).

552 B. Algurén et al. Global stroke severity (mRS) was recorded at

recruitment, at 6 weeks and at 3 months post-stroke

by the interviewer. The interviews were conducted

by the same research assistant, trained within the

scope of the international WHO Collaboration

Project to validate ICF Core Sets [20]. The study

was approved by the Ethics Committee of Göteborg

University.

Data analysis

As the aim of this study was to investigate the

frequencies and not the extent of impairments and

limitations, the degrees of the qualifier scale were

dichotomized as follows: the qualifier 0 (no problem)

was maintained, the qualifiers 1 to 4 were recoded to

1 (problem), the response option ‘8 – not specified’

was treated as missing, whereas the response option

‘9 – not applicable’ was recoded to 0 (no problem).

Two subgroups at each time point were generated:

independent stroke survivors were defined by scoring

2 or under on the mRS, and those scoring 42 were

defined as dependent stroke survivors. This was

accepted as meaningful dichotomizing with a sensi-

tivity of 85% and a specificity of 87% [33].

Univariate statistics were used to describe the sample

characteristics and examine the frequencies of

impairments and limitations. When the variables

were not normally distributed (Kolmogorov-Smir-

nov test [34]), medians were reported. To investigate

differences in the number of problems between

independent and dependent stroke survivors, the

U-test was used. All tests were carried out as two-

sided at local a levels of 5%. Statistical analyses were

performed with SPSS (Version 13.0).

Results

Study participants

The 99 participants (54% women) had a mean age of

72 years. Cerebral infarction was the main cause of

diagnosed stroke (81%). At recruitment, 26 partici-

pants were classified as independent (i.e. mRS� 2)

and 73 as dependent (i.e. mRS4 2), at 6 weeks; 16

more participants were independent and at 3 months

post-stroke a total of 49 participants were indepen-

dent and 40 were dependent. About 17 ICF

categories were reported as problems in independent

and about 34 categories in dependent stroke

survivors. The baseline characteristics and diagnoses

are shown in Table I, stratified by independent/

dependent stroke survivors; global disability and the

number of problems of the study sample are shown

in Table II.

Problems in body functions

Overall, problems at 6 weeks as well as at 3 months

were identified as significant (that happened if at

least 10% of participants had problems in a specific

ICF category) in 28 of the 59 ICF categories of body

functions. There is no obvious difference in frequen-

cies of impairments between the two time points.

b130 energy and drive functions, b144 memory

functions, b455 exercise tolerance functions, b730

muscle power, b740 muscle endurance functions,

and b770 gait pattern functions were the commonest

problems and were reported in more than two-thirds

of stroke survivors. The impairments reported with

the ICF categories of body functions and their

Table I. Baseline characteristics of study participants.

Grade of disability

Total (n¼99)ID (n¼26) D (n¼73)

Age, mean (+ STD) 66 (+14.2) 78 (+9.5) 72 (+13.1)

Gender, n (%)

Female 15 (58) 39 (53) 54 (54)

Male 11 (42) 34 (47) 45 (46)

Diagnose ICD 10, n (%)

I61 2 (8) 9 (12) 11 (11)

I63 19 (73) 62 (85) 81 (81)

I64 1 (4) 1 (1) 2 (2)

Others (I670; I676) 4 (15) – 4 (4)

Localization, n (%)

Left 11 (42) 17 (23) 28 (28)

Right 7 (27) 22 (30) 29 (29)

Bilateral 1 (4) 3 (4) 4 (4)

Central 3 (12) 9 (12) 12 (12)

Unspecified 4 (15) 22 (30) 26 (26)

ID, independent (e.g. mRS� 2); D, dependent (e.g. mRS4 2).

Table II. Global disability and number of problems of participants.

6 weeks 3 months

Median

(25–75 percentiles)

Median

(25–75 percentiles)

mRS

Total 3 (1–4) 2 (1–3.5)

ID 1 (1–2) 1 (0–1.3)

D 3 (2–4) 3 (2–4)

Problems in body functions

Total 13 (9–18) 13 (8–17)

ID 11 (8–13) 17 (15–21)

D 10 (8–13) 16.5 (13.25–22)

Problems in activities and participation

Total 9 (8–17) 9 (3–16)

ID 6 (3–9) 6 (2.5–10)

D 16 (11–19) 18 (11.25–22.5)

ID, independent (e.g. mRS�2); D, dependent (e.g. mRS42); at

6 weeks classified independent n¼ 42 and dependent n¼ 47, at 3

months classified independent n¼ 49 and dependent n¼ 40;

n¼ 89.
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used as a practical tool to guide clinical assessment,

there is a need to investigate the degree to which it

covers the significant problems of stroke survivors.

Hence, the core set for stroke was tested in a cross-

sectional international multicenter validation study

[20]. Given the changing spectrum of problems with

increasing time after stroke, however, the core set

might also be validated in longitudinal studies. As

the recovery process is seen mainly in the first 3

months [21–25], the present study was conducted to

investigate differences between the relevance of the

core set at two different time points during this

period. In addition, the ability to identify indepen-

dent and dependent stroke survivors was examined.

As the primary outcomes of multiprofessional

rehabilitation interventions are usually body func-

tions and activities and participation [21,26,27], this

study focuses on these two parts of the core set, and

the environmental factors are described elsewhere

[28].

The two specific aims were: (1) to investigate

the frequencies of impairments and limitations of

stroke survivors at 6 weeks and 3 months post-stroke

reported in the ICF categories included in the core

set for stroke (extended version); and (2) to examine

the discriminative ability of the identified significant

frequent ICF categories in distinguishing between

independent and dependent stroke survivors.

Methods

Participants

This study included 99 stroke survivors from four

stroke units at Sahlgrenska University Hospital,

Göteborg. Patients were consecutively recruited

from February to July 2006 with the inclusion

criteria of a diagnosis of first-ever stroke (ICD-10

codes I60–I67), an age of at least 18 and an ability to

give written informed consent (or consent given by

next to kin). Stroke was clinically determined by

specialists at the stroke units according to the World

Health Organization (WHO) criteria [29] and con-

firmed by computed tomography (CT).

Variables and instruments

The impairments and limitations of stroke survivors

were collected by means of the 59 ICF categories of

the component body functions and the 59 categories of

the component activities and participation from the

Comprehensive ICF core set for stroke (extended

version). In the extended version, the comprehensive

ICF core set for stroke was amended with categories

from the core set for patients with neurological

conditions in the acute hospital and in early post-

acute rehabilitation facilities [17,30]. Thus, the core

set can be said to be applicable not only in the

chronic but also in the early post-stroke phases. All

chapters of the body functions (included categories

range from b110 to b810) and all chapters of

activities and participation (categories range from

d110 to d940) are represented by the 118 ICF

categories. The qualifier scale proposed by the WHO

was used to evaluate the extent of a person’s

difficulties in each ICF category [6]. The proposed

scale has five response categories ranging from 0 to 4

(no/mild/moderate/severe/complete problem). In ad-

dition, there are the response options ‘8 – not

specified’ and ‘9 – not applicable’. The latter is used

when a category is not applicable to a particular

patient or situation. For example, if someone is

retired, the category ‘d850 remunerative employ-

ment’ is not applicable. The response option ‘8 – not

specified’ is used when available information is not

sufficient to quantify the severity of the problem and/

or is ambiguous (e.g. in interviews with participants

with cognitive problems). If the problem is associated

with other health conditions than stroke, the option

C (for co-morbidity) is selected.

The modified Rankin Scale (mRS) was used to

assess global disability. The mRS is a commonly

used scale (from ‘0¼no symptoms at all’ to

‘6¼dead’) to describe disability in stroke survivors

[31]. The intra-reliability of mRS is good, with a k
above 0.80 [32].

Data collection procedures

A contact person (nurse/physiotherapist) working at

each stroke unit informed the research assistant

about new admissions on a weekly basis. Eligible

stroke patients were seen for recruitment within the

first week after admission at baseline. Patients were

provided with a written description of the study and

in the case of participation written informed consent

was obtained. Demographic information, subtype,

and side of stroke (both determined by a stroke

specialist) were recorded. Participants were followed

up at 6 weeks and at 3 months post-stroke either at

home or in hospital. Information about participants’

health status was gathered from semi-structured

questions based on the ICF categories of body

functions as well as the categories of activities and

participation from the extended stroke core set. After

the interview was completed (the duration varied

between 30 min and 2 h depending on the partici-

pant’s functioning), the ICF core set was filled in on

the basis of the interviewer’s observation and the

patient’s story (in one case supported by the

complementing information from the next-of-kin).
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by the interviewer. The interviews were conducted

by the same research assistant, trained within the

scope of the international WHO Collaboration

Project to validate ICF Core Sets [20]. The study

was approved by the Ethics Committee of Göteborg

University.

Data analysis

As the aim of this study was to investigate the

frequencies and not the extent of impairments and

limitations, the degrees of the qualifier scale were

dichotomized as follows: the qualifier 0 (no problem)

was maintained, the qualifiers 1 to 4 were recoded to

1 (problem), the response option ‘8 – not specified’

was treated as missing, whereas the response option

‘9 – not applicable’ was recoded to 0 (no problem).

Two subgroups at each time point were generated:

independent stroke survivors were defined by scoring

2 or under on the mRS, and those scoring 42 were

defined as dependent stroke survivors. This was

accepted as meaningful dichotomizing with a sensi-

tivity of 85% and a specificity of 87% [33].

Univariate statistics were used to describe the sample

characteristics and examine the frequencies of

impairments and limitations. When the variables

were not normally distributed (Kolmogorov-Smir-

nov test [34]), medians were reported. To investigate

differences in the number of problems between

independent and dependent stroke survivors, the

U-test was used. All tests were carried out as two-

sided at local a levels of 5%. Statistical analyses were

performed with SPSS (Version 13.0).

Results

Study participants

The 99 participants (54% women) had a mean age of

72 years. Cerebral infarction was the main cause of

diagnosed stroke (81%). At recruitment, 26 partici-

pants were classified as independent (i.e. mRS� 2)

and 73 as dependent (i.e. mRS4 2), at 6 weeks; 16

more participants were independent and at 3 months

post-stroke a total of 49 participants were indepen-

dent and 40 were dependent. About 17 ICF

categories were reported as problems in independent

and about 34 categories in dependent stroke

survivors. The baseline characteristics and diagnoses

are shown in Table I, stratified by independent/

dependent stroke survivors; global disability and the

number of problems of the study sample are shown

in Table II.

Problems in body functions

Overall, problems at 6 weeks as well as at 3 months

were identified as significant (that happened if at

least 10% of participants had problems in a specific

ICF category) in 28 of the 59 ICF categories of body

functions. There is no obvious difference in frequen-

cies of impairments between the two time points.

b130 energy and drive functions, b144 memory

functions, b455 exercise tolerance functions, b730

muscle power, b740 muscle endurance functions,

and b770 gait pattern functions were the commonest

problems and were reported in more than two-thirds

of stroke survivors. The impairments reported with

the ICF categories of body functions and their

Table I. Baseline characteristics of study participants.

Grade of disability

Total (n¼99)ID (n¼26) D (n¼73)

Age, mean (+ STD) 66 (+14.2) 78 (+9.5) 72 (+13.1)

Gender, n (%)

Female 15 (58) 39 (53) 54 (54)

Male 11 (42) 34 (47) 45 (46)

Diagnose ICD 10, n (%)

I61 2 (8) 9 (12) 11 (11)

I63 19 (73) 62 (85) 81 (81)

I64 1 (4) 1 (1) 2 (2)

Others (I670; I676) 4 (15) – 4 (4)

Localization, n (%)

Left 11 (42) 17 (23) 28 (28)

Right 7 (27) 22 (30) 29 (29)

Bilateral 1 (4) 3 (4) 4 (4)

Central 3 (12) 9 (12) 12 (12)

Unspecified 4 (15) 22 (30) 26 (26)

ID, independent (e.g. mRS� 2); D, dependent (e.g. mRS4 2).

Table II. Global disability and number of problems of participants.

6 weeks 3 months

Median

(25–75 percentiles)

Median

(25–75 percentiles)

mRS

Total 3 (1–4) 2 (1–3.5)

ID 1 (1–2) 1 (0–1.3)

D 3 (2–4) 3 (2–4)

Problems in body functions

Total 13 (9–18) 13 (8–17)

ID 11 (8–13) 17 (15–21)

D 10 (8–13) 16.5 (13.25–22)

Problems in activities and participation

Total 9 (8–17) 9 (3–16)

ID 6 (3–9) 6 (2.5–10)

D 16 (11–19) 18 (11.25–22.5)

ID, independent (e.g. mRS�2); D, dependent (e.g. mRS42); at

6 weeks classified independent n¼ 42 and dependent n¼ 47, at 3

months classified independent n¼ 49 and dependent n¼ 40;

n¼ 89.
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frequency at 6 weeks and at 3 months are presented

in Table III.

Problems in activities and participation

A total of 41 of the 59 ICF categories of activities and

participation was significantly reported (i.e. at least

10% of participants) as problems at 6 weeks as well

as at 3 months. d630 preparing meals, d640 doing

housework and d920 recreation and leisure were

reported significantly more often at 3 months than at

6 weeks. The main problems according to frequen-

cies and number of single problems were reported in

the chapter d4 mobility. At least 50% of stroke

survivors presented problems in d220 undertaking

multiple tasks, d440 fine hand use, d450 walking,

and d460 moving around in different locations at 6

weeks. At 3 months, these were still the main

problems, plus d640 doing housework. The con-

sequences reported for the ICF codes of activities

and participation at the two different time points are

shown in Table IV.

Independent and dependent stroke survivors

At 6 weeks, 42% of participants were independent

and 47% dependent. At this time point, the

independent differed significantly from the depen-

dent stroke survivors in the numbers of problems in

all chapters except in chapters b4 functions of the

cardiovascular, hematological, immunological, and

respiratory systems, d2 general tasks and demands,

and d6 domestic life. The latter two were not

significantly distinctive at 3 months. At this time

Table III. Problems in ICF terms of body functions 6 weeks and 3 months post-stroke.

ICF code ICF category title

6 weeks (n¼ 89) 3 months (n¼ 89)

% (CI 95) % (CI 95)

Chapter 1. Mental functions

b126 Temperament and personality functions 17 (8–27) 22 (12–31)

b130 Energy and drive functions 72 (62–81) 65 (55–75)

b134 Sleep functions (c¼18%) 36 (26–46) 34 (24–44)

b140 Attention functions 11 (5–18) 11 (5–18)

b144 Memory functions 66 (56–76) 61 (50–71)

b160 Thought functions 12 (5–18) 7 (2–13)

b164 High-level cognitive functions 22 (11–32) 20 (9–31)

b172 Calculation functions 17 (3–31) 7 (78 to 21)

b176 Mental functions of sequencing

complex movements

11 (4–18) 6 (1–12)

Chapter 2. Sensory functions and pain

b210 Seeing functions (c¼79%) 95 (90–99) 96 (91–100)

b235 Vestibular functions 34 (24–44) 30 (20–39)

b240 Sensations associated with hearing

and vestibular function (c¼9%)

19 (11–28) 19 (11–28)

b260 Proprioceptive functions 29 (20–39) 30 (21–40)

b265 Touch functions 11 (5–18) 10 (4–16)

b280 Sensation of pain 23 (14–31) 35 (25–45)

Chapter 4. Functions of the cardiovascular, hematological, immunological and respiratory systems

b410 Heart functions (c¼ 41%) 43 (33–54) 42 (31–52)

b420 Blood pressure functions (c¼ 55%) 81 (73–89) 76 (67–85)

b455 Exercise tolerance functions 94 (89–99) 94 (89–99)

Chapter 5. Functions of the digestive, metabolic and endocrine systems

b525 Defecation functions 17 (9–25) 17 (9–25)

b530 Weight maintenance functions 26 (17–35) 19 (11–27)

b540 General metabolic functions (c¼15%) 26 (17–35) 32 (22–42)

Chapter 6. Genitourinary and reproductive functions

b620 Urination functions (c¼5%) 20 (12–29) 16 (8–23)

Chapter 7. Neuromusculoskeletal and movement-related functions

b730 Muscle power functions 71 (61–80) 61 (50–71)

b740 Muscle endurance functions 77 (68–86) 79 (70–87)

b750 Motor reflex functions 14 (6–21) 10 (4–16)

b755 Involuntary movement reaction functions 52 (41–62) 54 (43–65)

b760 Control of voluntary movement functions 48 (38–59) 44 (33–54)

b770 Gait pattern functions 73 (64–82) 75 (66–84)

c¼ co-morbidity.
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point, 49% of participants were independent and

40% dependent. Overall, at both time points, d4

mobility (mean difference (Mdiff)¼ 4.8), d5 self-care

(Mdiff¼ 2.9), and b7 neuromusculoskeletal and

movement-related functions (Mdiff¼ 2.6) followed

by b6 genitourinary and reproductive functions

(Mdiff¼ 0.3) and d3 communication (Mdiff¼ 1.6)

were significant with p5 0.000. Table V shows

the comparison of numbers of problems between

independent and dependent stroke survivors at 6

weeks and 3 months.

Discussion

This study showed that 28 of 59 ICF categories of

body functions and 41 of 59 ICF categories of acti-

vities and participation were significantly identified as

Table IV. Problems in ICF terms of activities and participation 6 weeks and 3 months post-stroke.

ICF code ICF category title

6 weeks (n¼89) 3 months (n¼89)

% (CI 95) % (CI 95)

Chapter 1. Learning and applying knowledge

d130 Copying 11 (2–19) 8 (71 to 17)

d135 Rehearsing 22 (11–34) 11 (0–21)

d155 Acquiring skills 27 (17–37) 25 (16–35)

d160 Focusing attention 31 (21–41) 30 (20–40)

d166 Reading 40 (30–51) 34 (24–44)

d170 Writing 27 (18–37) 30 (20–39)

d172 Calculating 12 (4–20) 4 (71 to 9)

d175 Solving problems 13 (6–21) 9 (2–15)

d177 Making decisions 17 (9–25) 14 (6–21)

Chapter 2. General tasks and demands

d210 Undertaking a single task 27 (17–36) 32 (22–41)

d220 Undertaking multiple tasks 58 (48–69) 59 (48–69)

d230 Carrying out daily routine 24 (14–33) 27 (18–36)

d240 Handling stress and other psychological demands 23 (14–32) 21 (12–29)

Chapter 3. Communication

d310 Communicating with – receiving – spoken messages 14 (6–21) 3 (0–7)

d315 Communicating with – receiving – nonverbal messages 17 (7–27) 6 (72 to 14)

d325 Communicating with – receiving – written messages 24 (15–33) 9 (3–15)

d330 Speaking 15 (7–22) 12 (5–19)

d335 Producing nonverbal messages 18 (8–29) 9 (71 to 18)

d345 Writing messages 29 (17–41) 23 (10–36)

d350 Conversation 16 (8–23) 12 (5–19)

d360 Using communication devices and techniques 18 (10–26) 18 (10–26)

Chapter 4. Mobility

d410 Changing basic body position 36 (26–46) 37 (27–47)

d415 Maintaining a basic body position 23 (14–31) 36 (26–46)

d420 Transferring oneself 37 (27–47) 39 (29–50)

d430 Lifting and carrying objects 44 (33–54) 38 (28–48)

d440 Fine hand use 53 (42–63) 46 (36–57)

d445 Hand and arm use 37 (27–47) 38 (28–48)

d450 Walking 78 (71–88) 78 (69–86)

d460 Moving around in different locations 71 (61–80) 67 (57–77)

d465 Moving around using equipment 42 (31–52) 38 (28–48)

d470 Using transportation 11 (5–18) 10 (4–16)

Chapter 5. Self-care

d510 Washing oneself 33 (23–43) 32 (22–41)

d520 Caring for body parts 39 (29–50) 33 (23–43)

d530 Toileting 25 (16–34) 25 (16–34)

d540 Dressing 35 (25–45) 33 (23–43)

d550 Eating 21 (13–30) 24 (15–33)

d570 Looking after one’s health 9 (3–15) 10 (4–16)

Chapter 6. Domestic life

d620 Acquisition of goods and services 26 (17–35) 36 (26–46)

d630 Preparing meals 25 (16–34) 30 (21–40)

d640 Doing housework 29 (20–39) 50 (39–61)

Chapter 9 Community, social and civic life

d920 Recreation and leisure 19 (11–28) 39 (29–50)
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frequency at 6 weeks and at 3 months are presented

in Table III.

Problems in activities and participation

A total of 41 of the 59 ICF categories of activities and

participation was significantly reported (i.e. at least

10% of participants) as problems at 6 weeks as well

as at 3 months. d630 preparing meals, d640 doing

housework and d920 recreation and leisure were

reported significantly more often at 3 months than at

6 weeks. The main problems according to frequen-

cies and number of single problems were reported in

the chapter d4 mobility. At least 50% of stroke

survivors presented problems in d220 undertaking

multiple tasks, d440 fine hand use, d450 walking,

and d460 moving around in different locations at 6

weeks. At 3 months, these were still the main

problems, plus d640 doing housework. The con-

sequences reported for the ICF codes of activities

and participation at the two different time points are

shown in Table IV.

Independent and dependent stroke survivors

At 6 weeks, 42% of participants were independent

and 47% dependent. At this time point, the

independent differed significantly from the depen-

dent stroke survivors in the numbers of problems in

all chapters except in chapters b4 functions of the

cardiovascular, hematological, immunological, and

respiratory systems, d2 general tasks and demands,

and d6 domestic life. The latter two were not

significantly distinctive at 3 months. At this time

Table III. Problems in ICF terms of body functions 6 weeks and 3 months post-stroke.

ICF code ICF category title

6 weeks (n¼ 89) 3 months (n¼ 89)

% (CI 95) % (CI 95)

Chapter 1. Mental functions

b126 Temperament and personality functions 17 (8–27) 22 (12–31)

b130 Energy and drive functions 72 (62–81) 65 (55–75)

b134 Sleep functions (c¼18%) 36 (26–46) 34 (24–44)

b140 Attention functions 11 (5–18) 11 (5–18)

b144 Memory functions 66 (56–76) 61 (50–71)

b160 Thought functions 12 (5–18) 7 (2–13)

b164 High-level cognitive functions 22 (11–32) 20 (9–31)

b172 Calculation functions 17 (3–31) 7 (78 to 21)

b176 Mental functions of sequencing

complex movements

11 (4–18) 6 (1–12)

Chapter 2. Sensory functions and pain

b210 Seeing functions (c¼79%) 95 (90–99) 96 (91–100)

b235 Vestibular functions 34 (24–44) 30 (20–39)

b240 Sensations associated with hearing

and vestibular function (c¼9%)

19 (11–28) 19 (11–28)

b260 Proprioceptive functions 29 (20–39) 30 (21–40)

b265 Touch functions 11 (5–18) 10 (4–16)

b280 Sensation of pain 23 (14–31) 35 (25–45)

Chapter 4. Functions of the cardiovascular, hematological, immunological and respiratory systems

b410 Heart functions (c¼ 41%) 43 (33–54) 42 (31–52)

b420 Blood pressure functions (c¼ 55%) 81 (73–89) 76 (67–85)

b455 Exercise tolerance functions 94 (89–99) 94 (89–99)

Chapter 5. Functions of the digestive, metabolic and endocrine systems

b525 Defecation functions 17 (9–25) 17 (9–25)

b530 Weight maintenance functions 26 (17–35) 19 (11–27)

b540 General metabolic functions (c¼15%) 26 (17–35) 32 (22–42)

Chapter 6. Genitourinary and reproductive functions

b620 Urination functions (c¼5%) 20 (12–29) 16 (8–23)

Chapter 7. Neuromusculoskeletal and movement-related functions

b730 Muscle power functions 71 (61–80) 61 (50–71)

b740 Muscle endurance functions 77 (68–86) 79 (70–87)

b750 Motor reflex functions 14 (6–21) 10 (4–16)

b755 Involuntary movement reaction functions 52 (41–62) 54 (43–65)

b760 Control of voluntary movement functions 48 (38–59) 44 (33–54)

b770 Gait pattern functions 73 (64–82) 75 (66–84)

c¼ co-morbidity.
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point, 49% of participants were independent and

40% dependent. Overall, at both time points, d4

mobility (mean difference (Mdiff)¼ 4.8), d5 self-care

(Mdiff¼ 2.9), and b7 neuromusculoskeletal and

movement-related functions (Mdiff¼ 2.6) followed

by b6 genitourinary and reproductive functions

(Mdiff¼ 0.3) and d3 communication (Mdiff¼ 1.6)

were significant with p5 0.000. Table V shows

the comparison of numbers of problems between

independent and dependent stroke survivors at 6

weeks and 3 months.

Discussion

This study showed that 28 of 59 ICF categories of

body functions and 41 of 59 ICF categories of acti-

vities and participation were significantly identified as

Table IV. Problems in ICF terms of activities and participation 6 weeks and 3 months post-stroke.

ICF code ICF category title

6 weeks (n¼89) 3 months (n¼89)

% (CI 95) % (CI 95)

Chapter 1. Learning and applying knowledge

d130 Copying 11 (2–19) 8 (71 to 17)

d135 Rehearsing 22 (11–34) 11 (0–21)

d155 Acquiring skills 27 (17–37) 25 (16–35)

d160 Focusing attention 31 (21–41) 30 (20–40)

d166 Reading 40 (30–51) 34 (24–44)

d170 Writing 27 (18–37) 30 (20–39)

d172 Calculating 12 (4–20) 4 (71 to 9)

d175 Solving problems 13 (6–21) 9 (2–15)

d177 Making decisions 17 (9–25) 14 (6–21)

Chapter 2. General tasks and demands

d210 Undertaking a single task 27 (17–36) 32 (22–41)

d220 Undertaking multiple tasks 58 (48–69) 59 (48–69)

d230 Carrying out daily routine 24 (14–33) 27 (18–36)

d240 Handling stress and other psychological demands 23 (14–32) 21 (12–29)

Chapter 3. Communication

d310 Communicating with – receiving – spoken messages 14 (6–21) 3 (0–7)

d315 Communicating with – receiving – nonverbal messages 17 (7–27) 6 (72 to 14)

d325 Communicating with – receiving – written messages 24 (15–33) 9 (3–15)

d330 Speaking 15 (7–22) 12 (5–19)

d335 Producing nonverbal messages 18 (8–29) 9 (71 to 18)

d345 Writing messages 29 (17–41) 23 (10–36)

d350 Conversation 16 (8–23) 12 (5–19)

d360 Using communication devices and techniques 18 (10–26) 18 (10–26)

Chapter 4. Mobility

d410 Changing basic body position 36 (26–46) 37 (27–47)

d415 Maintaining a basic body position 23 (14–31) 36 (26–46)

d420 Transferring oneself 37 (27–47) 39 (29–50)

d430 Lifting and carrying objects 44 (33–54) 38 (28–48)

d440 Fine hand use 53 (42–63) 46 (36–57)

d445 Hand and arm use 37 (27–47) 38 (28–48)

d450 Walking 78 (71–88) 78 (69–86)

d460 Moving around in different locations 71 (61–80) 67 (57–77)

d465 Moving around using equipment 42 (31–52) 38 (28–48)

d470 Using transportation 11 (5–18) 10 (4–16)

Chapter 5. Self-care

d510 Washing oneself 33 (23–43) 32 (22–41)

d520 Caring for body parts 39 (29–50) 33 (23–43)

d530 Toileting 25 (16–34) 25 (16–34)

d540 Dressing 35 (25–45) 33 (23–43)

d550 Eating 21 (13–30) 24 (15–33)

d570 Looking after one’s health 9 (3–15) 10 (4–16)

Chapter 6. Domestic life

d620 Acquisition of goods and services 26 (17–35) 36 (26–46)

d630 Preparing meals 25 (16–34) 30 (21–40)

d640 Doing housework 29 (20–39) 50 (39–61)

Chapter 9 Community, social and civic life

d920 Recreation and leisure 19 (11–28) 39 (29–50)
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problems in a Swedish stroke population at 6 weeks

and 3 months after stroke event. It was possible to

distinguish between independent and dependent

stroke survivors by the number of problems docu-

mented by these ICF categories. Chapters d4 mobi-

lity, d5 self-care, and b7 neuromusculoskeletal and

movement-related functions followed by b6 genitour-

inary and reproductive functions and d3 communica-

tion showed the overall best discriminative ability.

In this study, the comprehensive core set for stroke

(extended version) was validated by empirical data.

Before discussion of the results and any general-

ization, the characteristics of the study sample should

be closely considered. The study participants are

Swedish residents and the results cannot be directly

generalized to other cultures and populations. The

study sample represents an average stroke unit

population with an average age of 72 years. As the

data collection was based on an interview process

which implies that stroke survivors were able to

understand and answer questions in a coherent way,

the present identified problems probably reflect the

spectrum of problems for persons without severely

impaired cognitive functions.

Problems in body functions

Although the core set was developed to define the

typical spectrum of problems in functioning of stroke

Table V. Comparison of number of problems between independent and dependent stroke survivors.

ICF chapters

6 weeks 3 months

Mean SD Mean difference p Mean SD Mdiff p

Body functions

Mental functions

ID 2.0 1.39 70.7 0.014 1.7 1.38 70.9 0.002

D 2.7 1.54 2.6 1.46

Sensory functions and pain

ID 1.8 1.13 70.6 0.010 1.9 1.08 70.6 0.005

D 2.4 1.09 2.5 1.09

Functions of the cardiovascular, hematological, immunological, and respiratory systems

ID 1.9 0.78 70.3 0.068 1.9 0.82 70.5 0.008

D 2.2 0.70 2.4 0.62

Functions of the digestive, metabolic, and endocrine systems

ID 0.4 0.67 70.4 0.046 0.4 0.71 70.6 0.002

D 0.8 0.93 1.0 1.04

Genitourinary and reproductive functions

ID 0.0 0.15 70.3 0.000 0.0 0.14 70.3 0.000

D 0.4 0.49 0.3 0.47

Neuromusculoskeletal and movement-related functions

ID 2.0 1.75 72.5 0.000 2.0 1.72 72.6 0.000

D 4.5 1.3 4.7 1.03

Activities and participation

Learning and applying knowledge

ID 1.2 1.34 71.1 0.003 1.1 1.59 70.7 0.007

D 2.3 1.74 1.9 1.57

General tasks and demands

ID 1.4 1.04 0.2 0.289 1.2 1.15 70.3 0.233

D 1.2 1.00 1.5 1.01

Communication

ID 0.2 0.54 72.1 0.000 0.2 0.86 71.1 0.000

D 2.3 2.40 1.3 1.79

Mobility

ID 1.9 1.89 74.5 0.000 2.0 1.85 75.1 0.000

D 6.5 2.54 7.1 2.35

Self-care

ID 0.1 0.57 72.8 0.000 0.2 0.67 73.0 0.000

D 2.9 2.03 3.2 2.08

Domestic life

ID 0.7 1.13 70.1 0.788 0.9 1.05 70.5 0.061

D 0.9 1.25 1.4 1.22

Community, social, and civic life

ID 0.3 0.48 0.3 0.001 0.4 0.49 70.01 0.907

D 0.1 0.25 0.4 0.50

ID, independent stroke survivor (i.e. mRS�2); D, dependent stroke survivor (i.e. mRS42).
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survivors, only 28 of 59 ICF categories of body

functions were empirically identified as substantial at

6 weeks and 3 months. Overall, the most frequently

reported impairments were seen in chapter b7

neuromusculoskeletal and movement-related func-

tions. These findings were supported by the litera-

ture, which describes those impairments as common

outcome variables of clinical stroke trials [26,35,36].

In particular, there were five impairments with which

more than two-thirds of stroke survivors were

confronted. The first, b455 exercise tolerance func-

tions, was the impairment which was reported in

nearly all stroke survivors. As both this study and

others have shown that problems with exercise

tolerance functions are extremely common in stroke

survivors [37,38], more attention might be paid to

assessment of and intervention in aerobic exercise

capacity. The following three categories, b740

muscle endurance functions, b770 gait pattern

functions and b730 muscle power, were impaired

in about three-quarters of participants. They are

well-known problems often assessed in clinical stroke

research [39]. Just as common as the neuromuscu-

loskeletal impairments was the fifth, b130 energy and

drive functions (which in ICF language mean mental

functions in physiological and psychological mechan-

isms). This problem, often referred to in the

literature as fatigue, has similar prevalence in other

studies and has been identified as an important

outcome for functioning of stroke survivors [40,41].

Moreover, the high number of single problems in

chapter b1 mental functions indicates the complexity

of global brain function and cognitive problems.

Hence, rehabilitation interventions might focus more

on this field with respect to its intricacy.

In terms of the 31 discarded categories, most of

them are impairments associated with acute pro-

blems in the first week of admission or with severe

stroke, for example b110 consciousness functions,

b114 orientation functions, and b510 Ingestion

functions. In addition, there are certain impairments

which may be more frequent in very old persons, like

b117 intellectual functions (including dementia),

b230 hearing functions, b435 immunological system

functions, and b440 respiration functions. As the

mean age of the stroke survivors of this study was

close to the average age of those who suffer a stroke

(about 75 years [42–45]), and as stroke survivors

primarily suffer mild to moderate stroke [46,47], as

in the present study, it can be assumed that the 28

identified categories cover the spectrum of problems

of the main group of stroke survivors.

In order to distinguish between independent and

dependent stroke survivors, problems of the chapters

b6 genitourinary and reproductive functions (i.e.

b620 Urination functions) and b7 neuromusculos-

keletal and movement-related functions could be

assessed, as they were the most distinctive. Results in

the literature support these findings [23,36,48].

Problems in activities and participation

Forty-one of the 59 ICF categories of activities and

participation were identified as substantial reported

problems of stroke survivors by the empirical data at

6 weeks and 3 months. The main problem,

recognized through the high frequency and high

number of single problems, was seen in chapter d7

mobility, which is in accordance with the literature

[26,49–51]. Although limitations in chapter b8 self-

care were also quite common in six different

categories, problems in chapter d1 learning and

applying knowledge and chapter d3 communication

were less frequently stated but were seen in many

single categories. Hence, problems in self-care were

concrete whereas problems in learning and apply-

ing knowledge and communication appeared to be

more diffuse and complex. In particular, the most

frequently reported limitations comprised d450

walking, d460 moving around in different loca-

tions, d440 fine hand use, and d220 undertaking

multiple tasks. Although rehabilitation interventions

already focus on the first three problems [26,51–

54], the last one is less often seen as a study

outcome. There are studies, however, which

differentiate between recovery and compensation,

which means in this case stroke patients should

avoid attempting multiple tasks and learn to do

things step by step [55,56].

As regard the 18 discarded categories, they can be

divided into two groups. Categories in the first group

might not be as common as supposed, e.g. problems in

d110 watching, d115 listening, and d120 other

purposeful sensing. In the categories of chapter d7

interpersonal interactions and relationships, no fre-

quent problems were reported. Rather, family and

relationships were facilitators for stroke survivors [28].

Categories of the second group are mainly associated

with younger stroke survivors, e.g. d845 acquiring,

keeping and terminating a job and d850 remunerative

employment. As in general the average age of stroke

survivors is close to the age of the study sample, the 41

categories identified might comprise the spectrum of

limitation of most of the stroke survivors.

Independent and dependent stroke survivors

could be distinguished best by reported problems

in chapters d3 communication, d4 mobility, and d5

self-care. There were no differences between limita-

tions of independent and dependent stroke survivors

in chapters d2 general tasks and demands and d6

domestic life.

Owing to the process of data collection (inter-

view), our study has some points of weakness. First,
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problems in a Swedish stroke population at 6 weeks

and 3 months after stroke event. It was possible to

distinguish between independent and dependent

stroke survivors by the number of problems docu-

mented by these ICF categories. Chapters d4 mobi-

lity, d5 self-care, and b7 neuromusculoskeletal and

movement-related functions followed by b6 genitour-

inary and reproductive functions and d3 communica-

tion showed the overall best discriminative ability.

In this study, the comprehensive core set for stroke

(extended version) was validated by empirical data.

Before discussion of the results and any general-

ization, the characteristics of the study sample should

be closely considered. The study participants are

Swedish residents and the results cannot be directly

generalized to other cultures and populations. The

study sample represents an average stroke unit

population with an average age of 72 years. As the

data collection was based on an interview process

which implies that stroke survivors were able to

understand and answer questions in a coherent way,

the present identified problems probably reflect the

spectrum of problems for persons without severely

impaired cognitive functions.

Problems in body functions

Although the core set was developed to define the

typical spectrum of problems in functioning of stroke

Table V. Comparison of number of problems between independent and dependent stroke survivors.

ICF chapters

6 weeks 3 months

Mean SD Mean difference p Mean SD Mdiff p

Body functions

Mental functions

ID 2.0 1.39 70.7 0.014 1.7 1.38 70.9 0.002

D 2.7 1.54 2.6 1.46

Sensory functions and pain

ID 1.8 1.13 70.6 0.010 1.9 1.08 70.6 0.005

D 2.4 1.09 2.5 1.09

Functions of the cardiovascular, hematological, immunological, and respiratory systems

ID 1.9 0.78 70.3 0.068 1.9 0.82 70.5 0.008

D 2.2 0.70 2.4 0.62

Functions of the digestive, metabolic, and endocrine systems

ID 0.4 0.67 70.4 0.046 0.4 0.71 70.6 0.002

D 0.8 0.93 1.0 1.04

Genitourinary and reproductive functions

ID 0.0 0.15 70.3 0.000 0.0 0.14 70.3 0.000

D 0.4 0.49 0.3 0.47

Neuromusculoskeletal and movement-related functions

ID 2.0 1.75 72.5 0.000 2.0 1.72 72.6 0.000

D 4.5 1.3 4.7 1.03

Activities and participation

Learning and applying knowledge

ID 1.2 1.34 71.1 0.003 1.1 1.59 70.7 0.007

D 2.3 1.74 1.9 1.57

General tasks and demands

ID 1.4 1.04 0.2 0.289 1.2 1.15 70.3 0.233

D 1.2 1.00 1.5 1.01

Communication

ID 0.2 0.54 72.1 0.000 0.2 0.86 71.1 0.000

D 2.3 2.40 1.3 1.79

Mobility

ID 1.9 1.89 74.5 0.000 2.0 1.85 75.1 0.000

D 6.5 2.54 7.1 2.35

Self-care

ID 0.1 0.57 72.8 0.000 0.2 0.67 73.0 0.000

D 2.9 2.03 3.2 2.08

Domestic life

ID 0.7 1.13 70.1 0.788 0.9 1.05 70.5 0.061

D 0.9 1.25 1.4 1.22

Community, social, and civic life

ID 0.3 0.48 0.3 0.001 0.4 0.49 70.01 0.907

D 0.1 0.25 0.4 0.50

ID, independent stroke survivor (i.e. mRS�2); D, dependent stroke survivor (i.e. mRS42).
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survivors, only 28 of 59 ICF categories of body

functions were empirically identified as substantial at

6 weeks and 3 months. Overall, the most frequently

reported impairments were seen in chapter b7

neuromusculoskeletal and movement-related func-

tions. These findings were supported by the litera-

ture, which describes those impairments as common

outcome variables of clinical stroke trials [26,35,36].

In particular, there were five impairments with which

more than two-thirds of stroke survivors were

confronted. The first, b455 exercise tolerance func-

tions, was the impairment which was reported in

nearly all stroke survivors. As both this study and

others have shown that problems with exercise

tolerance functions are extremely common in stroke

survivors [37,38], more attention might be paid to

assessment of and intervention in aerobic exercise

capacity. The following three categories, b740

muscle endurance functions, b770 gait pattern

functions and b730 muscle power, were impaired

in about three-quarters of participants. They are

well-known problems often assessed in clinical stroke

research [39]. Just as common as the neuromuscu-

loskeletal impairments was the fifth, b130 energy and

drive functions (which in ICF language mean mental

functions in physiological and psychological mechan-

isms). This problem, often referred to in the

literature as fatigue, has similar prevalence in other

studies and has been identified as an important

outcome for functioning of stroke survivors [40,41].

Moreover, the high number of single problems in

chapter b1 mental functions indicates the complexity

of global brain function and cognitive problems.

Hence, rehabilitation interventions might focus more

on this field with respect to its intricacy.

In terms of the 31 discarded categories, most of

them are impairments associated with acute pro-

blems in the first week of admission or with severe

stroke, for example b110 consciousness functions,

b114 orientation functions, and b510 Ingestion

functions. In addition, there are certain impairments

which may be more frequent in very old persons, like

b117 intellectual functions (including dementia),

b230 hearing functions, b435 immunological system

functions, and b440 respiration functions. As the

mean age of the stroke survivors of this study was

close to the average age of those who suffer a stroke

(about 75 years [42–45]), and as stroke survivors

primarily suffer mild to moderate stroke [46,47], as

in the present study, it can be assumed that the 28

identified categories cover the spectrum of problems

of the main group of stroke survivors.

In order to distinguish between independent and

dependent stroke survivors, problems of the chapters

b6 genitourinary and reproductive functions (i.e.

b620 Urination functions) and b7 neuromusculos-

keletal and movement-related functions could be

assessed, as they were the most distinctive. Results in

the literature support these findings [23,36,48].

Problems in activities and participation

Forty-one of the 59 ICF categories of activities and

participation were identified as substantial reported

problems of stroke survivors by the empirical data at

6 weeks and 3 months. The main problem,

recognized through the high frequency and high

number of single problems, was seen in chapter d7

mobility, which is in accordance with the literature

[26,49–51]. Although limitations in chapter b8 self-

care were also quite common in six different

categories, problems in chapter d1 learning and

applying knowledge and chapter d3 communication

were less frequently stated but were seen in many

single categories. Hence, problems in self-care were

concrete whereas problems in learning and apply-

ing knowledge and communication appeared to be

more diffuse and complex. In particular, the most

frequently reported limitations comprised d450

walking, d460 moving around in different loca-

tions, d440 fine hand use, and d220 undertaking

multiple tasks. Although rehabilitation interventions

already focus on the first three problems [26,51–

54], the last one is less often seen as a study

outcome. There are studies, however, which

differentiate between recovery and compensation,

which means in this case stroke patients should

avoid attempting multiple tasks and learn to do

things step by step [55,56].

As regard the 18 discarded categories, they can be

divided into two groups. Categories in the first group

might not be as common as supposed, e.g. problems in

d110 watching, d115 listening, and d120 other

purposeful sensing. In the categories of chapter d7

interpersonal interactions and relationships, no fre-

quent problems were reported. Rather, family and

relationships were facilitators for stroke survivors [28].

Categories of the second group are mainly associated

with younger stroke survivors, e.g. d845 acquiring,

keeping and terminating a job and d850 remunerative

employment. As in general the average age of stroke

survivors is close to the age of the study sample, the 41

categories identified might comprise the spectrum of

limitation of most of the stroke survivors.

Independent and dependent stroke survivors

could be distinguished best by reported problems

in chapters d3 communication, d4 mobility, and d5

self-care. There were no differences between limita-

tions of independent and dependent stroke survivors

in chapters d2 general tasks and demands and d6

domestic life.

Owing to the process of data collection (inter-

view), our study has some points of weakness. First,
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the received information could be biased: on one

hand, by the interviewer’s specific professional

knowledge, as their role and educational background

may lead them to adopt different points of view when

asking questions. On the other hand, by the

interviewer’s personal judgment regarding the choice

of qualifier. Therefore, for further research, more

than one person doing the coding would be prefer-

able. Another bias could arise from the subjective

component of the ICF classification within activities

and participation. More precisely, the objective equal

deficits of two people can be reported differently. For

example, a person accustomed to walking quickly is

going to report moderate limitations if they are not

able to walk as quickly as they were able to do prior

to the stroke. Another, less active, person is going to

report only mild limitations, although he/she cannot

walk as fast as the first person. In order to overcome

some of these problems the following steps were

taken. First, all interviews were conducted by one

person. Second, control questions were asked to

evaluate the extent of a problem. Third, during the

interview observations of the way participants acted

were made. Fourth, for the data analysis, the

qualifiers were dichotomized (no problem, problem).

These factors can be hypothesized to have reduced

the impact of the potential bias and thus increased

the reliability of the findings. Moreover, our findings

demonstrated no abnormality compared with find-

ings in the literature.

Conclusion

The 28 ICF categories of body functions and the 41

ICF categories of activities and participation which

we identified may represent a meaningful reduction

of the extended version of the comprehensive core

set for stroke to cover the spectrum of problems of

most stroke survivors in Sweden. The practical

feasibility of the core set is therefore increased and

could become a helpful tool in clinical multiprofes-

sional assessment. Consideration of problems in

urinary incontinence, neuromusculoskeletal func-

tions, communication, mobility, and self-care pro-

vides the most precise discrimination between

independent and dependent stroke survivors.

Although functional recovery mainly takes place

during the first 3 months after stroke, the number

of sustainable problems remains constant between 6

weeks and 3 months, i.e. the extent of the problems

changes but the problems themselves seldom dis-

appear. In future, a validation of the core set for

young stroke survivors and diagnosis of severe stroke

may be appropriate, as some of the discarded

categories are apparently associated with these

groups.
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the received information could be biased: on one

hand, by the interviewer’s specific professional

knowledge, as their role and educational background

may lead them to adopt different points of view when

asking questions. On the other hand, by the

interviewer’s personal judgment regarding the choice

of qualifier. Therefore, for further research, more

than one person doing the coding would be prefer-

able. Another bias could arise from the subjective

component of the ICF classification within activities

and participation. More precisely, the objective equal

deficits of two people can be reported differently. For

example, a person accustomed to walking quickly is

going to report moderate limitations if they are not

able to walk as quickly as they were able to do prior

to the stroke. Another, less active, person is going to

report only mild limitations, although he/she cannot

walk as fast as the first person. In order to overcome

some of these problems the following steps were

taken. First, all interviews were conducted by one

person. Second, control questions were asked to

evaluate the extent of a problem. Third, during the

interview observations of the way participants acted

were made. Fourth, for the data analysis, the

qualifiers were dichotomized (no problem, problem).

These factors can be hypothesized to have reduced

the impact of the potential bias and thus increased

the reliability of the findings. Moreover, our findings

demonstrated no abnormality compared with find-

ings in the literature.

Conclusion

The 28 ICF categories of body functions and the 41

ICF categories of activities and participation which

we identified may represent a meaningful reduction

of the extended version of the comprehensive core

set for stroke to cover the spectrum of problems of

most stroke survivors in Sweden. The practical

feasibility of the core set is therefore increased and

could become a helpful tool in clinical multiprofes-

sional assessment. Consideration of problems in

urinary incontinence, neuromusculoskeletal func-

tions, communication, mobility, and self-care pro-

vides the most precise discrimination between

independent and dependent stroke survivors.

Although functional recovery mainly takes place

during the first 3 months after stroke, the number

of sustainable problems remains constant between 6

weeks and 3 months, i.e. the extent of the problems

changes but the problems themselves seldom dis-

appear. In future, a validation of the core set for

young stroke survivors and diagnosis of severe stroke

may be appropriate, as some of the discarded

categories are apparently associated with these

groups.
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Abstract
Purpose. To identify facilitators and barriers among persons with first-ever stroke discharged to the home in the first 3
months post-stroke by means of ICF categories.
Method. Stroke survivors were interviewed using semi-structured questions based on the ICF categories of Environmental
factors of the Comprehensive ICF Core Set for Stroke (extended version) at 6 weeks and at 3 months post-stroke.
Results. The study sample exists of 67 stroke survivors with an average age of 71 years (51% women). Eleven environmental
factors from the ICF chapters ‘support and relationship’, ‘products and technology’ and ‘services, systems and policies’ were
experienced to be facilitators and only ‘physical geography’ was experienced as a barrier by 50% or more of the participants
in the study.
Conclusions. It was possible to document facilitators and barriers among stroke survivors in a structured way using ICF
categories. The high number of experienced facilitators gives an idea of how well stroke care functions in Sweden. There is a
great need for further studies examining environmental factors in the post-stroke phase.
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Introduction

The sudden onset of disability following a stroke

constitutes a major disruption to the continuity of a

person’s life experience [1]. Traditionally, most inter-

ventions focus on functional recovery and often do

not consider the need for a return to life in the com-

munity and the ability to participate in life in a

fulfilling way [2]. Because disability is viewed today in

terms of the interaction between the individual and

the environment [3–5], knowledge of environmental

factors as facilitators or barriers is necessary to

decelerate the disability creation process and accel-

erate the rehabilitation of patients. However, there is

still little emphasis on the environment as a domain

of intervention [6]. Studies with environmental

objectives usually examine the impact of particular

environmental factors. For example, it has been

shown that the use of assistive devices has a strong

impact on stroke survivors’ daily activities [7,8].

Another example is the widely accepted but less

studied impact of social support, which facilitates

stroke outcome [9,10]. The best documented envi-

ronmental factor in the context of stroke is possibly

stroke unit care as a type of health care service [11].

There are a few measures for evaluating several as-

pects of the environment and not only single envi-

ronmental factors. The Quality of the Environment

(MQE) [6], the Craig Hospital Inventory of Envir-

onmental Factors (CHIEF) [12] and the Facilitators

and Barriers Survey (FABS) [13] were developed to

assess facilitators and barriers in people with a

disability, particularly stroke. The measures com-

prise up to six environmental domains comparable
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Introduction

The sudden onset of disability following a stroke

constitutes a major disruption to the continuity of a

person’s life experience [1]. Traditionally, most inter-

ventions focus on functional recovery and often do

not consider the need for a return to life in the com-

munity and the ability to participate in life in a

fulfilling way [2]. Because disability is viewed today in

terms of the interaction between the individual and

the environment [3–5], knowledge of environmental

factors as facilitators or barriers is necessary to

decelerate the disability creation process and accel-

erate the rehabilitation of patients. However, there is

still little emphasis on the environment as a domain

of intervention [6]. Studies with environmental

objectives usually examine the impact of particular

environmental factors. For example, it has been

shown that the use of assistive devices has a strong

impact on stroke survivors’ daily activities [7,8].

Another example is the widely accepted but less

studied impact of social support, which facilitates

stroke outcome [9,10]. The best documented envi-

ronmental factor in the context of stroke is possibly

stroke unit care as a type of health care service [11].

There are a few measures for evaluating several as-

pects of the environment and not only single envi-

ronmental factors. The Quality of the Environment

(MQE) [6], the Craig Hospital Inventory of Envir-

onmental Factors (CHIEF) [12] and the Facilitators

and Barriers Survey (FABS) [13] were developed to

assess facilitators and barriers in people with a

disability, particularly stroke. The measures com-

prise up to six environmental domains comparable
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Study II

with the five chapters of environmental factors in the

International Classification of Functioning, Disabil-

ity and Health (ICF) [4]: (1) products and technol-

ogy; (2) natural environment and human made

changes to environment; (3) support and relation-

ships; (4) attitudes and (5) services, systems and

policies. These five chapters are also represented in

the extended version of the Comprehensive ICF

Core Set for Stroke, which includes 37 environmen-

tal factors. The Comprehensive ICF Core Set for

Stroke was developed to guide multidisciplinary

assessments in patients with chronic stroke [14].

The extended version was amended with categories

from the Core Set for patients with neurological

conditions in acute hospital and early post-acute

rehabilitation facilities [15,16]. As the natural pattern

of recovery after stroke shows the greatest changes in

the first 3 months [17,18], knowledge about possible

facilitators and barriers in this early period might

contribute to making the recovery process more effec-

tive and preventing the disability creation process.

However, neither the three measures named above

nor any others have been used to investigate facilitators

and barriers in the early phase after acute stroke. As the

ICF Core Set for Stroke was complemented with

categories for the hospital period and early rehabilita-

tion, it might be a good tool for examining the environ-

mental influence of stroke survivors in this early phase.

The aim of this study was to identify facilitators

and barriers among stroke survivors in the first 3

months after stroke by means of the environmental

part of the Comprehensive ICF Core Set for Stroke

(extended version). The specific aims were: (1) to

document perceived facilitators and barriers among

stroke survivors at 6 weeks and 3 months after stroke

onset with ICF categories; and (2) to describe

differences in environmental factors between persons

who were discharged to the home at 6 weeks and

persons who were discharged later than 6 weeks but

within 3 months after stroke onset.

Methods

Participants

The study sample consisted of 67 patients from four

stroke units at Sahlgrenska University Hospital,

Göteborg. Patients were recruited from February to

July 2006 with the inclusion criteria of a diagnosis of

first-ever stroke (ICD-10 codes I60–I67), age of at

least 18 years and ability to give informed consent.

Patients with severe speech problems or cognitive

impairment were excluded. Stroke was clinically

determined by specialists at the stroke units accord-

ing to theWorld Health Organization (WHO) criteria

[19] and confirmed by computed tomography (CT).

Variables

The appraisal of facilitators and barriers was carried

out with the environmental part of the extended

version of the Comprehensive ICF Core Set for

Stroke. The Comprehensive ICF Core Set is a list of

ICF categories that are assumed to be of importance

in most of stroke survivors [14]. It was amended with

categories from the Core Set for patients with

neurological conditions in the acute hospital and in

early post-acute rehabilitation facilities [15,16] in the

scope of the international WHO Collaboration

Project to validate ICF Core Sets [20]. This

extended version of the Core Set comprises 166

ICF categories of which 37 are environmental

categories. Eight categories belong to the chapter

‘products and technology’, three categories to

‘natural environment and human-made changes to

environment’, seven categories to ‘support and

relationships’, nine categories to ‘attitudes’ and 10

categories to ‘services, systems and policies’. The

qualifier scale proposed by the WHO [5] was used to

evaluate the extent of facilitators or barriers in the

person’s environment. The proposed scale has nine

response categories ranging from 74 to þ4: a mild/

moderate/severe/complete barrier (71 to 74), a

mild/moderate/substantial/complete facilitator (1 to

4), or no influence (0) on the patient’s life. A further

two response options are available: ‘8 – not specified’

and ‘9 – not applicable’. The latter are used when a

category is not applicable in a determinate patient or

situation. For example, if an individual has no

friends, the category ‘e320 friends’ is not applicable.

Response option ‘8 – not specified’ is used when

available information does not suffice to quantify the

severity of the problem and/or is ambiguous (e.g. in

interviews with participants with slight communica-

tion problems).

The modified Rankin Scale (mRS) was used to

assess disability/stroke severity. The mRS is a

commonly used scale (ranging from ‘0¼no symp-

toms at all’ to ‘6¼dead’) to describe disability in

stroke survivors [21]. The intra-reliability of mRS is

good, with a kappa above 0.80 [22].

Overall health-related quality of life (HRQoL) was

measured using the visual analogue scale (VAS) from

the Euroqol-5D (EQ-5D), ranging from ‘0¼worst

imaginable health state’ to ‘100¼ best imaginable

health state’ [23,24].

Data collection procedures

A contact person (nurse/physiotherapist) working at

each stroke unit informed the research assistant

about new admissions on a weekly basis. Eligible

stroke patients were seen for recruitment within the

Facilitators and barriers in the post-stroke phase 1585
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International Classification of Functioning, Disabil-

ity and Health (ICF) [4]: (1) products and technol-

ogy; (2) natural environment and human made

changes to environment; (3) support and relation-

ships; (4) attitudes and (5) services, systems and

policies. These five chapters are also represented in

the extended version of the Comprehensive ICF

Core Set for Stroke, which includes 37 environmen-

tal factors. The Comprehensive ICF Core Set for

Stroke was developed to guide multidisciplinary

assessments in patients with chronic stroke [14].

The extended version was amended with categories

from the Core Set for patients with neurological

conditions in acute hospital and early post-acute

rehabilitation facilities [15,16]. As the natural pattern

of recovery after stroke shows the greatest changes in

the first 3 months [17,18], knowledge about possible

facilitators and barriers in this early period might

contribute to making the recovery process more effec-

tive and preventing the disability creation process.

However, neither the three measures named above

nor any others have been used to investigate facilitators

and barriers in the early phase after acute stroke. As the

ICF Core Set for Stroke was complemented with

categories for the hospital period and early rehabilita-

tion, it might be a good tool for examining the environ-

mental influence of stroke survivors in this early phase.

The aim of this study was to identify facilitators

and barriers among stroke survivors in the first 3

months after stroke by means of the environmental

part of the Comprehensive ICF Core Set for Stroke

(extended version). The specific aims were: (1) to

document perceived facilitators and barriers among

stroke survivors at 6 weeks and 3 months after stroke

onset with ICF categories; and (2) to describe

differences in environmental factors between persons

who were discharged to the home at 6 weeks and

persons who were discharged later than 6 weeks but

within 3 months after stroke onset.

Methods

Participants

The study sample consisted of 67 patients from four

stroke units at Sahlgrenska University Hospital,

Göteborg. Patients were recruited from February to

July 2006 with the inclusion criteria of a diagnosis of

first-ever stroke (ICD-10 codes I60–I67), age of at

least 18 years and ability to give informed consent.

Patients with severe speech problems or cognitive

impairment were excluded. Stroke was clinically

determined by specialists at the stroke units accord-

ing to theWorld Health Organization (WHO) criteria

[19] and confirmed by computed tomography (CT).

Variables

The appraisal of facilitators and barriers was carried

out with the environmental part of the extended

version of the Comprehensive ICF Core Set for

Stroke. The Comprehensive ICF Core Set is a list of

ICF categories that are assumed to be of importance

in most of stroke survivors [14]. It was amended with

categories from the Core Set for patients with

neurological conditions in the acute hospital and in

early post-acute rehabilitation facilities [15,16] in the

scope of the international WHO Collaboration

Project to validate ICF Core Sets [20]. This

extended version of the Core Set comprises 166

ICF categories of which 37 are environmental

categories. Eight categories belong to the chapter

‘products and technology’, three categories to

‘natural environment and human-made changes to

environment’, seven categories to ‘support and

relationships’, nine categories to ‘attitudes’ and 10

categories to ‘services, systems and policies’. The

qualifier scale proposed by the WHO [5] was used to

evaluate the extent of facilitators or barriers in the

person’s environment. The proposed scale has nine

response categories ranging from 74 to þ4: a mild/

moderate/severe/complete barrier (71 to 74), a

mild/moderate/substantial/complete facilitator (1 to

4), or no influence (0) on the patient’s life. A further

two response options are available: ‘8 – not specified’

and ‘9 – not applicable’. The latter are used when a

category is not applicable in a determinate patient or

situation. For example, if an individual has no

friends, the category ‘e320 friends’ is not applicable.

Response option ‘8 – not specified’ is used when

available information does not suffice to quantify the

severity of the problem and/or is ambiguous (e.g. in

interviews with participants with slight communica-

tion problems).

The modified Rankin Scale (mRS) was used to

assess disability/stroke severity. The mRS is a

commonly used scale (ranging from ‘0¼no symp-

toms at all’ to ‘6¼dead’) to describe disability in

stroke survivors [21]. The intra-reliability of mRS is

good, with a kappa above 0.80 [22].

Overall health-related quality of life (HRQoL) was

measured using the visual analogue scale (VAS) from

the Euroqol-5D (EQ-5D), ranging from ‘0¼worst

imaginable health state’ to ‘100¼ best imaginable

health state’ [23,24].

Data collection procedures

A contact person (nurse/physiotherapist) working at

each stroke unit informed the research assistant

about new admissions on a weekly basis. Eligible

stroke patients were seen for recruitment within the
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first week after admission (T0). Patients were

provided with a written description of the study,

and in the case of participation, written informed

consent was obtained. Demographic information,

overall HRQoL and stroke severity (mRS), as well as

subtype and side of stroke (both determined by a

stroke specialist), were recorded. Participants were

followed up at 6 weeks (T1) and 3 months (T2) post-

stroke, either at home or in the hospital. They were

interviewed using semi-structured questions based

on the environmental part of the extended version of

the Comprehensive ICF Core Set for Stroke. All

interviews were conducted by the same research

assistant who is trained in the scope of the interna-

tional WHO Collaboration Project to validate ICF

Core Sets [20]. Semi-structured questions were for

example as follows: What do you think about the

general social support services? How do your family

and friends handle the new situation; are you getting

help? How do you experience the rehabilitation

services? How do you experience your housing

situation; have any adaptations been made? Are you

able to go outside and meet other people? The last

question was: Is there anything that helps or hinders

you that you have not yet mentioned? If anything was

mentioned as a facilitator or a barrier, the partici-

pants were asked the magnitude (mild/moderate/

substantial/complete) to which it was a facilitator

or a hinder. In addition to the semi-structured

questions, participants were asked to grade their

health status on the VAS of the EQ-5D at each

interview.

The study was approved by the ethics committee

of Göteborg University.

Data analysis

As the aim of this study was to identify the presence

or absence of facilitators and barriers (not the

extent), the degrees of the qualifier scale were

reduced to categorical data as follows: qualifiers 1

to 4 were recoded to 1 (facilitator), qualifiers 71 to

74 were recoded to 71 (barrier), the response

option ‘8 – not specified’ was handled as a missing,

and qualifiers 0 (neither/nor) and 9 (not applicable)

were maintained. Univariate statistics were used to

describe the sample characteristics and examine the

frequency of facilitators and barriers. When the vari-

ables were not normally distributed (Kolmogorov-

Smirnov test [25]), medians are reported. To

investigate differences in subgroups, the t-test (or

in the case they were not normally distributed, the

U-test) was used for continuous variables and the

Chi-square test was used for proportions. The Sign

test was used to investigate changes between the T1

and T2. All tests were carried out two-sided at local

alpha levels of 5%. Statistical analyses were made

with SPSS (Version 13.0).

Results

Description of the participants

All of the 67 participants (51% women) were

discharged to the home within 3 months of stroke

onset. Forty-nine (73%) of the 67 participants were

already at home 6 weeks after stroke onset and are

called early home (EH) participants (51% women).

The 18 (27%) participants who were discharged later

are called late home (LH) participants (50% women).

The participants had an average age of 71 years;

women were significantly older than men. The main

cause of stroke was cerebral infarction (84%). At

admission, the participants had an average mRS

score of 3 (range 1–5); at 6 weeks and 3 months, the

participants scored an average of 2. LH participants

scored significantly higher than EH participants at all

time points. At 3 months, women scored signifi-

cantly higher than men. The overall HRQoL of the

participants had mainly increased between admission

and 6 weeks after stroke onset, from 58 to 69 (range

0–100). LH participants had a significantly lower

HRQoL than EH participants at 6 weeks, and

women had a significantly lower HRQoL than men

at 3 months. The baseline characteristics and diag-

noses in the study sample are shown in Table I,

stratified by sex and discharge group (EH and LH

participants).

Environmental factors

The stated facilitators and barriers of half or more of

the participants were able to be documented with 11

ICF categories as facilitators and one category as a

barrier. Family, as well as friends, colleagues and

neighbours, were facilitators for almost all partici-

pants, as were medications (included in e110 –

products and substances for personal consumption).

The feature of land forms such as hills (including in

e210 – physical geography) was the one barrier that

was a hinder in half of the participants. Otherwise,

only individual people perceived medicine (e110),

assistive devices such as walking frame or wheelchair

(e120), extended family (e315), health professionals

(e355) and health services, systems and policies

(e580) as barriers. The barrier of physical geography

was significantly more common at 3 months than at

6 weeks, whereas the individual attitudes of health

professionals were perceived significantly less often

as being facilitators at 3 months than they were at

6 weeks.
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Study II

At 6 weeks, it was significantly more common for

LH participants to indicate assistive devices for

mobility (e120), and health professionals and their

attitudes (e355 and e450) as facilitators than EH

participants. There were no significant differences at

3 months. The most frequent facilitators and barriers

at 6 weeks and at 3 months are shown in Table II,

stratified by discharge groups – EH and LH

participants.

Discussion

In this study, we identified frequent facilitators and

barriers indicated by stroke survivors at 6 weeks and

3 months after stroke onset and documented them

with ICF categories. Overall, half or more of the

participants perceived 11 ICF categories as facil-

itators (mainly family and friends, but also social

security and health services). The hilly physical

geography was the only category that was perceived

by about half of the participants as a barrier.

Otherwise, only individual people perceived the

frequent facilitators as barriers. Physical geography

was more commonly mentioned as a barrier, whereas

the attitudes of health professionals were stated less

commonly as a facilitator at 3 months than at 6

weeks. One specific aim of this study was to

investigate environmental differences as stated by

the EH and LH participants. It could be seen that

statements concerning facilitators and barriers were

influenced by the different situations of the EH and

LH participants. At 6 weeks, the LH participants

were still in hospital and named more often than EH

participants (who were already discharged to the

home), health professionals and services as facil-

itators. Likewise, the LH participants (who were

more disabled than the EH participants) stated more

often assistive devices as facilitators.

By using ICF categories, it was possible to

document the 11 facilitators and the one barrier in

a structured way. The extent to which a category was

a facilitator or a hinder was not examined.

The participants in our study spoke mainly of

facilitators. They perceived the provided medicine

and, if necessary, walking devices, wheelchairs or

other assistive products for personal use in daily

living primarily as being facilitators. Furthermore,

they described family, friends and health profes-

sionals, and health professionals’ attitudes to be

supportive. They also stated that, in their situation as

stroke patients, health and social services had

functioned well up to the time at which they were

interviewed. These overall positive statements may

be surprising but might be explained by our having

included only patients from stroke units. Organised

inpatient (stroke unit) care in Sweden emphasises the

European Stroke Strategies, which have a minimum

of seven criteria, among them a dedicated team with

a stroke physician, trained nurses, physiotherapists

Table I. Baseline characteristics of the study participants.

Sex Discharge group

Total (N¼67)Men (n¼33) Women (n¼ 34) EH (n¼49) LH (n¼ 18)

Age, mean (min–max) 67 (35–85) 75.7 (26–94)* 71.8 (26–94) 70.4 (45–88) 71.4 (26–94)

Diagnose ICD 10

I61 15.2 5.9 10.2 11.1 10.4

I63 78.8 88.2 81.6 88.9 83.6

I64 6.1 – 4.1 – 3.0

Others (I67) – 5.9 4.1 – 3.0

Localisation

Left 36.4 38.2 34.7 44.4 37.3

Right 27.3 17.6 26.5 11.1 22.4

Ambilateral 3 5.9 6.1 – 4.5

Central 12.1 8.8 6.1 22.2 10.4

Unspecified 21.2 29.4 26.5 22.2 25.4

Overall HRQoL, mean (min–max)

T0 64 (20–100) 53 (20–100) 60 (20–100) 56 (20–85) 58 (15–100)

T1 73 (30–95) 71 (40–95) 74 (40–95) 60 (30–85)* 69 (30–95)

T2 77 (40–100) 68 (30–95)* 73 (40–100) 69 (30–85) 71 (30–100)

Rankin Scale, median (min–max)

T0 3 (1–5) 3 (1–5) 3 (1–4) 4 (3–5){{ 3 (1–5)

T1 2 (0–4) 2 (1–4) 2 (0–4) 3 (2–4){{ 2 (0–4)

T2 1 (0–4) 2 (0–4){ 2 (0–4) 3 (2–4){ 2 (0–4)

EH, early home participants; LH, late home participants.

*p50.05, **p50.001 (t-test); {p5 0.05, {{p5 0.001 (U-test).
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At 6 weeks, it was significantly more common for

LH participants to indicate assistive devices for

mobility (e120), and health professionals and their

attitudes (e355 and e450) as facilitators than EH

participants. There were no significant differences at

3 months. The most frequent facilitators and barriers

at 6 weeks and at 3 months are shown in Table II,

stratified by discharge groups – EH and LH

participants.

Discussion

In this study, we identified frequent facilitators and

barriers indicated by stroke survivors at 6 weeks and

3 months after stroke onset and documented them

with ICF categories. Overall, half or more of the

participants perceived 11 ICF categories as facil-

itators (mainly family and friends, but also social

security and health services). The hilly physical

geography was the only category that was perceived

by about half of the participants as a barrier.

Otherwise, only individual people perceived the

frequent facilitators as barriers. Physical geography

was more commonly mentioned as a barrier, whereas

the attitudes of health professionals were stated less

commonly as a facilitator at 3 months than at 6

weeks. One specific aim of this study was to

investigate environmental differences as stated by

the EH and LH participants. It could be seen that

statements concerning facilitators and barriers were

influenced by the different situations of the EH and

LH participants. At 6 weeks, the LH participants

were still in hospital and named more often than EH

participants (who were already discharged to the

home), health professionals and services as facil-

itators. Likewise, the LH participants (who were

more disabled than the EH participants) stated more

often assistive devices as facilitators.

By using ICF categories, it was possible to

document the 11 facilitators and the one barrier in

a structured way. The extent to which a category was

a facilitator or a hinder was not examined.

The participants in our study spoke mainly of

facilitators. They perceived the provided medicine

and, if necessary, walking devices, wheelchairs or

other assistive products for personal use in daily

living primarily as being facilitators. Furthermore,

they described family, friends and health profes-

sionals, and health professionals’ attitudes to be

supportive. They also stated that, in their situation as

stroke patients, health and social services had

functioned well up to the time at which they were

interviewed. These overall positive statements may

be surprising but might be explained by our having

included only patients from stroke units. Organised

inpatient (stroke unit) care in Sweden emphasises the

European Stroke Strategies, which have a minimum

of seven criteria, among them a dedicated team with

a stroke physician, trained nurses, physiotherapists

Table I. Baseline characteristics of the study participants.

Sex Discharge group

Total (N¼67)Men (n¼33) Women (n¼ 34) EH (n¼49) LH (n¼ 18)

Age, mean (min–max) 67 (35–85) 75.7 (26–94)* 71.8 (26–94) 70.4 (45–88) 71.4 (26–94)

Diagnose ICD 10

I61 15.2 5.9 10.2 11.1 10.4

I63 78.8 88.2 81.6 88.9 83.6

I64 6.1 – 4.1 – 3.0

Others (I67) – 5.9 4.1 – 3.0

Localisation

Left 36.4 38.2 34.7 44.4 37.3

Right 27.3 17.6 26.5 11.1 22.4

Ambilateral 3 5.9 6.1 – 4.5

Central 12.1 8.8 6.1 22.2 10.4

Unspecified 21.2 29.4 26.5 22.2 25.4

Overall HRQoL, mean (min–max)

T0 64 (20–100) 53 (20–100) 60 (20–100) 56 (20–85) 58 (15–100)

T1 73 (30–95) 71 (40–95) 74 (40–95) 60 (30–85)* 69 (30–95)

T2 77 (40–100) 68 (30–95)* 73 (40–100) 69 (30–85) 71 (30–100)

Rankin Scale, median (min–max)

T0 3 (1–5) 3 (1–5) 3 (1–4) 4 (3–5){{ 3 (1–5)

T1 2 (0–4) 2 (1–4) 2 (0–4) 3 (2–4){{ 2 (0–4)

T2 1 (0–4) 2 (0–4){ 2 (0–4) 3 (2–4){ 2 (0–4)

EH, early home participants; LH, late home participants.

*p50.05, **p50.001 (t-test); {p5 0.05, {{p5 0.001 (U-test).
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and speech and occupational therapists, early mobi-

lisation, weekly multidisciplinary team meetings with

the patient and continuing education for staff,

patients, families and carers [26]. There is sufficient

evidence for the benefit of stroke units as compared

with care at a general ward [11]. Furthermore, the

Swedish National Institute of Health and Welfare

continuously updates its guidelines for national

stroke care to ensure quality [27]. These efforts

seem to be successful. However, at 3 months, fewer

participants stated that health professionals and the

system as being facilitators, and individual people

even perceived health professionals and the health

care system as being a barrier. An explanation here

Table II. Frequent facilitators and barriers in ICF terms at 6 weeks and 3 months after stroke onset.

ICF code ICF category title

At 6 weeks At 3 months

EH (n¼49) LH (n¼ 18) Total (n¼67) EH LH Total

Chapter 1 Products and technology

e110 Products or substances

for personal

consumption

Facilitator 44 (89.8) 17 (94.4) 61 (91) 44 (91.7) 17 (94.4) 61 (92.4)

Neither/nor 5 (10.2) – 5 (7.5) 3 (6.3) 1 (5.6) 4 (6.1)

Barrier – 1 (5.6) 1 (1.5) 1 (2.1) – 1 (1.5)

e120 Products and technology

for personal indoor and

outdoor mobility and

transportation

Facilitator 21 (42.9) 13 (72.2)* 34 (50.7) 25 (52.1) 14 (77.8) 39 (59.1)

Neither/nor 1 (2) 2 (11.1) 3 (4.5) – – –

Barrier – – – 1 (2.1) – 1 (1.5)

Not applicable 27 (55.1) 3 (16.7) 30 (44.8) 22 (45.8) 4 (22.2) 26 (39.4)

e125 Products and technology

for communication

Facilitator 31 (70.5) 9 (52.9)* 40 (65.6) 12 (63.2) 6 (50) 18 (58.1)

Neither/nor 12 (27.3) 4 (23.5) 16 (26.2) 6 (31.6) 4 (33.3) 10 (32.2)

Not applicable 1 (2.3) 4 (23.5) 5 (8.2) 1 (5.3) 2 (16.7) 3 (9.7)

Chapter 2 Natural environment and human-made changes to environment

e210 Physical geography Neither/nor 27 (55.1) 5 (27.8) 32 (47.8) 25 (51) 6 (33.3) 31 (46.3)

Barrier 21 (42.9) 5 (27.8)** 26 (38.8) 24 (49) 11 (61.1) 35 (52.2){

Not applicable 1 (2) 8 (44.4) 9 (13.4) – 1 (5.6) 1 (1.5)

Chapter 3 Support and relationships

e310 Immediate family Facilitator 47 (95.9) 17 (94.4) 64 (95.5) 48 (98) 18 (100) 66 (98.5)

Neither/nor 2 (4.1) 1 (5.6) 3 (4.5) – – –

Not applicable – – – 1 (2) – 1 (1.5)

e315 Extended family Facilitator 45 (91.8) 17 (94.4) 62 (92.5) 46 (93.9) 15 (83.3) 61 (91)

Neither/nor 1 (2) – 1 (1.5) – 1 (5.6) 1 (1.5)

Barrier – 1 (5.6) 1 (1.5) – 1 (5.6) 1 (1.5)

Not applicable 3 (6.1) – 3 (4.5) 3 (6.1) 1 (5.6) 4 (6)

e320 Friends Facilitator 42 (85.7) 14 (93.3) 56 (87.5) 41 (83.7) 14 (77.8) 55 (82.1)

Neither/nor 3 (6.1) – 3 (4.7) – 1 (5.6) 1 (1.5)

Not applicable 4 (8.2) 1 (6.7) 5 (7.8) 8 (16.3) 3 (16.7) 11 (16.4)

e325 Acquaintances, peers,

colleagues, neighbours

and community

members

Facilitator 42 (85.7) 14 (93.3) 56 (87.5) 42 (85.7) 14 (77.8) 56 (83.6)

Neither/nor 3 (6.1) – 3 (4.7) – 1 (5.6) 1 (1.5)

Not applicable 4 (8.2) 1 (6.7) 5 (7.8) 7 (14.3) 3 (16.7) 10 (14.9)

e355 Health professionals Facilitator 29 (60.4) 18 (100)* 47 (71.2) 22 (44.9) 14 (77.8) 36 (53.7)

Neither/nor 1 (2.1) – 1 (1.5) 1 (2) – 1 (1.5)

Barrier – – – 2 (4.1) – 2 (3)

Not applicable 18 (37.5) – 18 (27.3) 24 (49) 4 (22.2) 28 (41.8)

Chapter 4 Attitudes

e450 Individual attitudes of

health professionals

Facilitator 18 (50) 16 (100)** 34 (65.4) 9 (26.5) 2 (50) 11 (28.9){

Neither/nor – – – 1 (2.9) – 1 (2.6)

Not applicable 18 (50) – 18 (34.6) 24 (70.6) 2 (50) 26 (68.4)

Chapter 5 Services, systems and policies

e540 Transportation services,

systems and policies

Facilitator 21 (50) 8 (53.3)* 29 (50.9) 24 (63.2) 14 (93.3) 38 (71.7)

Neither/nor 15 (35.7) – 15 (26.3) 6 (15.8) – 6 (11.3)

Not applicable 6 (14.3) 7 (46.7) 13 (22.8) 8 (21.1) 1 (6.7) 9 (17)

e570 Social security services,

systems and policies

Facilitator 48 (98) 18 (100) 66 (98.5) 46 (95.8) 17 (94.4) 63 (95.5)

Neither/nor 1 (2) – 1 (1.5) 2 (4.2) 1 (5.6) 3 (4.5)

e580 Health services, systems

and policies

Facilitator 35 (76.1) 18 (100) 53 (82.8) 35 (76.1) 16 (94.1) 51 (81)

Neither/nor 8 (17.4) – 8 (12.5) 10 (21.7) 1 (5.9) 11 (17.5)

Barrier 3 (6.5) – 3 (4.7) 1 (2.2) – 1 (1.5)

All values given indicate n (%).

EH, early home participants; LH, late home participants.

*p50.05, **p50.001 (w2-test); {p5 0.05 (Sign-test).
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Study II

might be that, at 3 months, all participants had been

discharged from a specialised stroke ward, and the

community care service was responsible for their

subsequent care. This might indicate that there is

less well functioning care for stroke survivors in the

community, perhaps as a result of less specialisation

and a deficit in information transfer.

Eleven facilitators were identified but only one

main barrier. At 6 weeks and at 3 months, about

half of the participants described their physical

geography as a barrier that hindered them from

going out. Indeed, the region in which the partici-

pants lived (Göteborg region) is hilly and woody,

where walkers are often confronted with uphill and

wooded slopes.

In considering our results, it is important to keep

the subjective characteristic of environment in mind.

The same environmental factors may have different

effects in people with different types and severity of

impairments. Whether environmental factors are

facilitators or barriers and the extent to which they

are so depend on what people do in the context of the

environment in which they live.

As this study is the first to categorise facilitators

and barriers in the early post-stroke phase our

results can only be compared with facilitators and

barriers in a later phase. There are three studies in

the field of stroke that have identified environmental

facilitators and barriers. The most recent study

considered chronic stroke survivors in the United

States (Washington) [13]. Gray et al. [13] identified

facilitators and barriers with FABS. Their findings

are in accordance with our results. Assistive devices

(both for mobility and at home), relationships and

attitudes, and services and systems were perceived

as facilitators. The second study investigated elderly

Koreans (average age 71 years) with and without

stroke [28]. Here, Han et al. [28] identified

facilitators and barriers by applying CHIEF. They

found stroke to be a significant predictor for barriers

in services/assistance and policies, whereas our

results indicate the opposite. Those who had

suffered a more severe stroke (LH participants)

more often mentioned health services and policies,

and health professionals and transportation services

as facilitators. This difference might be a result of

the different health and welfare systems in the two

countries. The third study identified facilitators and

barriers in Canadian stroke survivors 6 months post-

stroke [6]. In this case, Rochette et al. [6] applied

the MQE. Their findings showed that the six

domains that are comparable with the five ICF

chapters we investigated were perceived as both

hindering and facilitating. Surprisingly, products

and technology were only one-fourth more facilitat-

ing than hindering, whereas products and technol-

ogy in our study were mainly seen as facilitators with

some individual exceptions. This difference may

depend on the different way the questions were

posed. The MQE asks in the domain of ‘aids,

devices and technology’ not only about their impact

but also about the services related to technology

access or maintenance. When our study participants

named products and technology as facilitating, they

focused on medicine, technical aids for mobility and

assistive devices for daily living and not on services.

It should be mentioned, however, that one-third of

the study participants had problems moving around

using equipment, as was shown in a corresponding

study of the same stroke survivors on impairments

and limitations (manuscript). Thus, the use of

assistive devices for mobility was sometimes proble-

matic but still generally facilitating. The overall

positive statements about services, systems and

policies as facilitators in our study were not

confirmed by the findings of Rochette et al. [6].

Canadian stroke survivors perceived job and income

security, and governmental and public services

equally facilitating and hindering and equal oppor-

tunity and political orientation even more as hinders

than facilitators. These differences obviously reflect

the different policies and welfare systems in the two

countries.

Comparing our results with findings in the

literature is somewhat problematic, as the studies

named above applied different scales (frequency and

magnitude) to identify facilitators and barriers and

the results were presented with scores. It can thus

not be seen how many participants perceived the

different environmental factors as facilitating or

hindering, as can be seen in our study. On the other

hand, our study gives no information about the

extent to which a factor is a facilitator or barrier. The

fact, that overwhelmingly facilitators and only one

single barrier were identified by our study partici-

pants may seem amazing. A bias caused to social

desirability can be questioned. This bias may be

excluded for following reasons. First, the interviewer

was not a provider of the participants’ care. Second,

most of the interviews were conducted at home in a

‘neutral place’. Third, a common statement was:

‘. . . . . . despite the fact, that nowadays the health care

system is commonly known to function poorly, I can

absolutely not agree in my case. . . .’ Last but not

least, our study sample seems to be an exceedingly

positive group that does well, because their HRQoL

was almost one-fifth higher than the HRQoL

measured in other stroke study populations

[29–32]. It is not simply that the participants had a

relatively high HRQoL, it seems also that there might

be another explanatory variable for their HRQoL

than functional status, as both LH and EH partici-

pants had about the same HRQoL at 3 months,

despite the LH participants were more severely
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might be that, at 3 months, all participants had been

discharged from a specialised stroke ward, and the

community care service was responsible for their

subsequent care. This might indicate that there is

less well functioning care for stroke survivors in the

community, perhaps as a result of less specialisation

and a deficit in information transfer.

Eleven facilitators were identified but only one

main barrier. At 6 weeks and at 3 months, about

half of the participants described their physical

geography as a barrier that hindered them from

going out. Indeed, the region in which the partici-

pants lived (Göteborg region) is hilly and woody,

where walkers are often confronted with uphill and

wooded slopes.

In considering our results, it is important to keep

the subjective characteristic of environment in mind.

The same environmental factors may have different

effects in people with different types and severity of

impairments. Whether environmental factors are

facilitators or barriers and the extent to which they

are so depend on what people do in the context of the

environment in which they live.

As this study is the first to categorise facilitators

and barriers in the early post-stroke phase our

results can only be compared with facilitators and

barriers in a later phase. There are three studies in

the field of stroke that have identified environmental

facilitators and barriers. The most recent study

considered chronic stroke survivors in the United

States (Washington) [13]. Gray et al. [13] identified

facilitators and barriers with FABS. Their findings

are in accordance with our results. Assistive devices

(both for mobility and at home), relationships and

attitudes, and services and systems were perceived

as facilitators. The second study investigated elderly

Koreans (average age 71 years) with and without

stroke [28]. Here, Han et al. [28] identified

facilitators and barriers by applying CHIEF. They

found stroke to be a significant predictor for barriers

in services/assistance and policies, whereas our

results indicate the opposite. Those who had

suffered a more severe stroke (LH participants)

more often mentioned health services and policies,

and health professionals and transportation services

as facilitators. This difference might be a result of

the different health and welfare systems in the two

countries. The third study identified facilitators and

barriers in Canadian stroke survivors 6 months post-

stroke [6]. In this case, Rochette et al. [6] applied

the MQE. Their findings showed that the six

domains that are comparable with the five ICF

chapters we investigated were perceived as both

hindering and facilitating. Surprisingly, products

and technology were only one-fourth more facilitat-

ing than hindering, whereas products and technol-

ogy in our study were mainly seen as facilitators with

some individual exceptions. This difference may

depend on the different way the questions were

posed. The MQE asks in the domain of ‘aids,

devices and technology’ not only about their impact

but also about the services related to technology

access or maintenance. When our study participants

named products and technology as facilitating, they

focused on medicine, technical aids for mobility and

assistive devices for daily living and not on services.

It should be mentioned, however, that one-third of

the study participants had problems moving around

using equipment, as was shown in a corresponding

study of the same stroke survivors on impairments

and limitations (manuscript). Thus, the use of

assistive devices for mobility was sometimes proble-

matic but still generally facilitating. The overall

positive statements about services, systems and

policies as facilitators in our study were not

confirmed by the findings of Rochette et al. [6].

Canadian stroke survivors perceived job and income

security, and governmental and public services

equally facilitating and hindering and equal oppor-

tunity and political orientation even more as hinders

than facilitators. These differences obviously reflect

the different policies and welfare systems in the two

countries.

Comparing our results with findings in the

literature is somewhat problematic, as the studies

named above applied different scales (frequency and

magnitude) to identify facilitators and barriers and

the results were presented with scores. It can thus

not be seen how many participants perceived the

different environmental factors as facilitating or

hindering, as can be seen in our study. On the other

hand, our study gives no information about the

extent to which a factor is a facilitator or barrier. The

fact, that overwhelmingly facilitators and only one

single barrier were identified by our study partici-

pants may seem amazing. A bias caused to social

desirability can be questioned. This bias may be

excluded for following reasons. First, the interviewer

was not a provider of the participants’ care. Second,

most of the interviews were conducted at home in a

‘neutral place’. Third, a common statement was:

‘. . . . . . despite the fact, that nowadays the health care

system is commonly known to function poorly, I can

absolutely not agree in my case. . . .’ Last but not

least, our study sample seems to be an exceedingly

positive group that does well, because their HRQoL

was almost one-fifth higher than the HRQoL

measured in other stroke study populations

[29–32]. It is not simply that the participants had a

relatively high HRQoL, it seems also that there might

be another explanatory variable for their HRQoL

than functional status, as both LH and EH partici-

pants had about the same HRQoL at 3 months,

despite the LH participants were more severely
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disabled. Other studies done in the early post-stroke

phase have shown similar results. Madden et al.

found only a poor association between HRQoL and

functional status in the early post-stroke phase [33],

and Rönning et al. showed that HRQoL was

independent of disability 6 months post-stroke

[34]. Considering the findings in the literature and

our results, we hypothesise that HRQoL in the early

post-stroke phase is not only related to functional

status but also to environmental facilitators. Further

research is needed.

Conclusion

Twelve ICF categories (within the 37 environ-

mental categories of the Stroke ICF Core Set) were

frequently named by the stroke survivors. Physical

geography was the only environmental factor that

was perceived as a great barrier. The environment

of stroke survivors in Sweden is seen mainly as a

facilitator in terms of the ICF chapters of social

and health services, systems and policies, products

and technology and support, relationships and

attitudes. Participants showed a slight tendency to

perceive facilitators as being less effective later in

the rehabilitation chain. There may be a potential

for optimising stroke care in this area. Further-

more, our results indicate that their might be an

association between environmental facilitators and

HRQoL in this early post-stroke phase. As our

study is the first to consider environmental factors

in the early post-stroke phase, there is a great need

to carry out further studies to consolidate and

compare findings. Further, comparisons of per-

ceived facilitators and barriers in other countries

and cultures may be able to provide information

that can help to improve the quality of social and

health services.
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 2 

Abstract 

Background: In line with patient-centered health care, it is necessary to understand patients’ 

perceptions of health. How stroke survivors perceive their health at different time points after 

stroke and which factors are associated with this feelings provide important information 

about relevant rehabilitation targets. This study aimed to exploratively identify the factors of 

functioning and disability associated with self-rated global health (SRH).  

Methods: Included in the study were 99 patients with diagnosed first-ever stroke who had 

been admitted to four stroke units in western Sweden. At admission and at six weeks, three 

months and one year post-stroke, SRH was assessed using the EQ-5D visual analogue scale. 

Consequences in Body Functions, Activities and Participation and Environmental Factors 

were documented using 155 categories of the International Classification of Functioning, 

Disability and Health (ICF, WHO 2001) Core Set for Stroke. Multivariate regression at each 

time point was used to identify the factors associated with SRH, adjusting for the various 

criteria of functioning. 

Results: For a period of one year, problems with recreation and leisure, personality functions, 

energy and drive functions, and gait pattern functions were repeatedly associated with worse 

SRH. While Body Functions and Activities and Participation explained more than three-

fourths of the variances of SRH at six weeks and three months (R2=0.80 - 0.93), the variation 

at one year was best explained by either Body Functions or Environmental Factors 

(R2=0.51).  

Conclusions: The results indicate the importance of Body Functions and Activities and 

Participation (mainly personality functions and recreation and leisure) on SRH within three 

months post-stroke, but increased impact of environmental factors on SRH at one year.  

Key words: self-reported health, functioning and disability, ICF, stroke recovery

 3 

Background 

Stroke is worldwide a major cause of long-term disability, and the consequences for the 

individual can be manifold (1-3). An important outcome of rehabilitation, in particular in 

rehabilitation of health conditions with chronic course such as stroke, is self-reported global 

health (SRH) (4). In line with patient-centered health care, it is necessary to understand 

patients’ perceptions of health and their individual concepts of disability(4, 5). How stroke 

survivors perceive their health at different time points after stroke and which factors are 

associated with this feelings provide important information about relevant rehabilitation 

targets. With this knowledge, stroke recovery can be increased by delivering patient-centered 

care and service, adapted to the different stages of the lifelong rehabilitation course. Since 

SRH is often handled as health-related quality of life (HRQoL) assessment in the literature, it 

will be also addressed as those in this study (4). Recent years have seen a growing number of 

articles on HRQoL in stroke literature (6). All these studies consider only a fraction of the 

different aspects of health or report their results in total scores. In addition to total scores of 

functioning and disability however, information is important about the single factors 

associated with HRQoL which makes possible to identify relevant intervention targets (7). A 

comprehensive model that can be useful to identify those specific aspects of functioning and 

disability is the International Classification of Functioning, Disability and Health (ICF) from 

the World Health Organization which takes into account all aspects of health (8). The ICF, 

more specifically the ICF Core Set for Stroke, contains the different factors of health and 

disability potentially relevant for persons with stroke from a biopsychosocial perspective (9-

12).  
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Background 

Stroke is worldwide a major cause of long-term disability, and the consequences for the 

individual can be manifold (1-3). An important outcome of rehabilitation, in particular in 

rehabilitation of health conditions with chronic course such as stroke, is self-reported global 

health (SRH) (4). In line with patient-centered health care, it is necessary to understand 

patients’ perceptions of health and their individual concepts of disability(4, 5). How stroke 

survivors perceive their health at different time points after stroke and which factors are 

associated with this feelings provide important information about relevant rehabilitation 

targets. With this knowledge, stroke recovery can be increased by delivering patient-centered 

care and service, adapted to the different stages of the lifelong rehabilitation course. Since 

SRH is often handled as health-related quality of life (HRQoL) assessment in the literature, it 

will be also addressed as those in this study (4). Recent years have seen a growing number of 

articles on HRQoL in stroke literature (6). All these studies consider only a fraction of the 

different aspects of health or report their results in total scores. In addition to total scores of 

functioning and disability however, information is important about the single factors 

associated with HRQoL which makes possible to identify relevant intervention targets (7). A 

comprehensive model that can be useful to identify those specific aspects of functioning and 

disability is the International Classification of Functioning, Disability and Health (ICF) from 

the World Health Organization which takes into account all aspects of health (8). The ICF, 

more specifically the ICF Core Set for Stroke, contains the different factors of health and 

disability potentially relevant for persons with stroke from a biopsychosocial perspective (9-

12).  
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Aims 

The objective of this study was to exploratively identify the factors of functioning and 

disability relevant to persons after stroke and to study whether those factors are different at 

six weeks, three months and one year post-stroke. The specific aims were 1) to identify 

relevant Body Functions, Activities and Participation as well as Environmental Factors that 

positively or negatively influence SRH at the different time points and 2) to identify factors 

of SRH that are adjusted for the various aspects of functioning and disability at each time 

point.  

 

 
Materials and Methods 

Participants 

The study was designed as a cohort study with 120 participants. The inclusion criteria were a 

diagnosed first-ever stroke, age of at least 18 years and written informed consent. Patients 

with a diagnosis of first-ever stroke (International Classification of Diseases ICD-10 codes 

I60–I67) (13) were consecutively recruited within the first week after admission to a stroke 

unit in western Sweden from February to July 2006. Stroke was clinically determined by 

specialists according to the World Health Organization (WHO) criteria (14), and was 

confirmed using computed tomography (CT). Demographic and clinical-specific information 

(among others the grade of global disability with the modified Rankin Scale (mRS) (15)), 

were recorded at recruitment. Participants were followed up at six weeks, three months and 

one year post-stroke with repeated assessments.  

The study was conducted in conformity with the ethical principles of the Declaration of 

Helsinki (16) and approved by the Ethics Committee of the University of Gothenburg (Dnr: 

 5 

390-05). At recruitment, patients were provided with a written description of the study and in 

the case of participation written informed consent was obtained. 

 

Instruments 

Dependent variables 

Self-reported health was assessed using the visual analogue scale (VAS) from the EurQol-5D 

(EQ-5D) questionnaire. The EQ-5D questionnaire is a generic self-administered HRQoL 

instrument that is considered a valid measure of HRQoL after stroke (17, 18), and consists of 

two parts. Information from the second part was used in the present study. In this part, 

respondents recorded their perception of overall health on a scale from 0 (worst imaginable 

health state) to 100 (best imaginable health state). As an instrument for assessing self-rated 

global health, the VAS has good validity and reliability (19, 20). 

 

Independent variables 

The extended version of the ICF Core Set for Stroke (9-11) was used to document the 

biopsychosocial aspects of disability after stroke. The Core Set and its development are 

described elsewhere (21). Fifty-nine categories of Body Functions, 59 of Activities and 

Participation and 37 of Environmental Factors were applied in this study. To evaluate the 

extent of a person’s problems in each ICF category, the qualifier scale proposed by the WHO 

was used (8). This scale has five response categories for Body Functions and Activities and 

Participation ranging from 0 to 4: no (0)/mild (1)/moderate (2)/severe (3)/complete (4) 

problems. For Environmental Factors the qualifier scale has nine response categories: 0 (no 

barrier or facilitator), 1 to 4 (mild/moderate/severe/complete barrier) and +1 to +4 

(mild/moderate/severe/complete facilitator). In addition, there are the response options 8 (not 

specified) and 9 (not applicable). Response option 9 was used when a category was not 
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applicable in a determinate patient or situation, and option 8 was used when the information 

available was not sufficient to quantify the severity of the problem and/or was deemed 

unreliable. Information was gathered by means of a standardized interview consisted of a 

battery of questions based on the 155 categories from the Stroke ICF Core Set named above, 

the Stroke Impact Scale (SIS) (22) and the Medical Outcome Study 36-Item Short Form (SF-

36) (23). Medication was documented from the prescription or the medicine. If available, 

additional information from caregivers and health professionals was gathered. The 

examination could last between half an hour and two hours, depending on a participant’s 

health state. The SIS and SF-36 was filled in together with the participants accordingly to 

their answers. The ratings of the 59 ICF categories of Body Functions, the 59 categories of 

Activities and Participation, and the 37 categories of Environmental Factors were based on 

information obtained by this standardized interview as well as on observation of the 

interviewee’s functioning and were done by the first author, who was trained in ICF and 

stroke rehabilitation. The ratings of the categories of Activities and Participation was about 

performance and described what an individual did in his or her current environment, the 

ratings of the Environmental Factors corresponded to the participants´ perception of them. 

 

Statistical analysis 

Univariate statistics were used to describe the sample characteristics. When the variables 

were not distributed normally (Kolmogorov-Smirnov test (24)), medians were reported. 

Independent relationships between SRH (EQ-5D VAS) and impairments (ICF categories of 

Body Functions), limitations and restrictions (ICF categories of Activities and Participation) 

and environmental factors (ICF categories of Environmental Factors) were analyzed by 

means of backward linear regression analysis at each time point. The ICF categories entered 

in the regression models were identified by means of bivariate analysis (Spearman 

 7 

correlation). In cases of multi-collinearity (correlation coefficient > 0.5), the category with 

the stronger correlation with the EQ VAS score was chosen. For each ICF component, 

namely Body Functions, Activities and Participation and Environmental Factors, linear 

regression analyses were performed independently. To account for the multivarious 

biopsychosocial factors of disability, a regression model of all three components together was 

calculated using the categories identified in the previous multivariate analyses. For the 

multivariate analyses, the degrees of the qualifier scale of the ICF categories were 

dichotomized into a yes/no problem as follows: the qualifier 0 (no problem) was maintained, 

the qualifiers 1 to 4 were recoded to 1 (problem), the response option 8 (not specified) was 

treated as missing, and the response option 9 (not applicable) was recoded to 0 (no problem). 

Age and number of co-morbidities were incorporated into each model as independent 

variables for SRH. The level of significance was set at 5% for all tests (two-sided). Statistical 

analyses were performed using SPSS (Version 17.0). 
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Results 

Participants 

A total of 120 patients with stroke were recruited and assessed at admission. After a diagnosis 

check, 14 participants were deemed ineligible to participate since their preliminary diagnosis 

of a first-ever stroke had been revised. Of the included 106 patients 3 died, 2 moved, and 2 

declined participation. The remaining 99 participants were followed up, and 80 of them were 

assessed for SRH at 6 weeks, 76 at 3 months (1 had died), and 85 at 1 year (2 had died). 

Reasons for losses to follow-up were either that they were not contactable, had died, or had 

no opinion about their SRH. There were no significant differences in diagnosis, gender and 

age between those who were assessed and those who were lost to follow-up. Ischemic stroke 

was the main diagnosis (82%). At recruitment, the mean age of participants (55% women) 

was 72 years, stroke severity was an average of 3 on the mRS, and SRH scored an average of 

50 on the EQ VAS. At one year, global disability was less severe and the median score on the 

mRS was 2. Health was self-reported as better and the median score on the VAS was 75 at 

one year. Baseline characteristics, global disability and SRH of the study sample are shown in 

Table 1. 

[Insert Table 1 about here] 

 

Bivariate analyses 

Of 59 ICF categories of Body Functions there were 10 at six weeks, 15 at three months and 

12 at one year that were significantly (P<0.05) related to SRH. Coefficients (Spearman) 

ranged from 0.22 (b160 Thought functions) to 0.58 (b455 Exercise tolerance functions). Of 

the 59 categories of Activities and Participation there were 14 at six weeks, 17 at three 

months and 15 at one year with a significant relationship to SRH. Coefficients ranged from 

 9 

0.23 (d170 Writing) to 0.63 (d920 Recreation and leisure). Of the 39 ICF categories of 

Environmental Factors there were 11 facilitators at six weeks, 6 at three months and 9 at one 

year that were significantly associated with SRH. Coefficients ranged from 0.23 (e355 Health 

professionals) to 0.44 (e575 Social security services, systems and policies). No barrier was 

significantly correlated with SRH. 

 

Multivariate analyses within each ICF component 

Results of the linear regression models are shown in Table 2. Problems in Body Functions 

and Activities and Participation were constantly associated with worse SRH, except for 

problems in d315 (Communicating with-receiving-written messages) and d360 (Using 

communication devices and techniques) that were related to better SRH. Almost all variance 

in SRH was explained by Body Functions as well as Activities and Participation at six weeks 

and three months (93% and 89%, and 80% and 84%, respectively). While at one year 

Activities and Participation could explain only one-fourth (22%), Body Functions still 

explained half of the variance (51%). Environmental facilitators explained half of the 

variance at one year, but nothing and little (10%) at three months and six weeks, respectively. 

[Insert Table 2 about here] 

 

Multivariate analyses of all ICF components 

The results of the final regression model that considered ICF categories of Body Functions, 

Activities and Participation and Environmental Factors together are displayed in Table 3. At 

all time points, problems in Body Functions and Activities and Participation were associated 

with lower SRH, likewise e450 (Individual attitudes of health professionals) at six weeks 

although this was perceived as facilitator. The ICF categories b126 (Temperament and 
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personality functions), b120 (Energy and drive functions), b770 (Gait pattern functions) and 

d640 (Doing housework) could explain half of the variance in SRH (49%) at one year. At six 

weeks and three months, less variance was explained (29% and 38%).  

[Insert Table 3 about here] 

 

Discussion 

In this study, the association between SRH and the biopsychosocial factors of functioning and 

disability during a period of one year post-stroke was examined. Factors of SRH after stroke 

varied over time. While in the first three months Body Functions and Activities and 

Participation were the constitutive parameters and could explain almost all variance in SRH, 

at one year only half of the variance could be explained, and then by either Body Functions or 

Environmental Factors. Accounting for the complexity of functioning and considering the 

various biopsychosocial factors all together, only a minor part of the variance was explained 

in the first three months but about half was explained at one year. Limited recreation and 

leisure, energy and drive functions (e.g. fatigue), impaired gait patterns and personality 

functions were independent factors repeatedly associated with lower SRH during a period of 

one year post-stroke. 

 

Considering the categories within Body Functions and Activities and Participation 

themselves explained excellent deviation in SRH under the first three months post-stroke. For 

example, impaired energy and drive functions (e.g. fatigue), sleep problems, impaired 

vestibular functions (e.g. balance problems) and pain were very important for SRH at three 

months and explained almost all variance. Regarding Activities and Participation, limited 

learning capacity, problems in undertaking a single task, problems with driving and limited 

 11 

and restricted recreational activities were central factors in SRH at three months and 

explained four-fifths of the variation. However, at one year SRH was no longer influenced as 

powerfully by Activities and Participation, and much less by Body Functions, but 

environmental facilitators attached meaningfulness to SRH. Determinants of SRH might be 

more obscure later in the chronic phase, but obviously personality characteristics are crucial. 

Darlington et al. found similar results – during the first five months post-stroke, HRQoL was 

mainly determined by general functioning, but later it was coping that was a powerful 

determinant (25). 

 

Products and technology for personal indoor and outdoor mobility (e.g. wheelchair, walking 

frame), facilitating transportation services and facilitating health services and systems were 

important for SRH. Their positive effect has been shown in other studies but has not been 

directly associated with SRH (26, 27). Surprisingly, facilitators were not consistently related 

to better but instead to worse SRH, except for transportation services. One explanation for 

this might be that quality of life is strongly related to global disability, and the patients who 

were more disabled easily had more contact points with those factors and thus reported them 

as facilitators.  

 

An analogical phenomenon was seen within Activities and Participation. All problems were 

related to worse SRH except for those in communication involving receiving written 

messages and problems with telephone use, which were associated with better SRH. It is 

generally accepted that social contact and support are essential to quality of life (28, 29). It 

was only the patients who experienced problems in using the telephone and reading the 
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newspaper who had this important social contact, and this fact might explain the positive 

relationship.   

 

Taking into account that health originates in the complexity of the various biopsychosocial 

factors and their interaction, it could be expected that considering categories of Body 

Functions, Activities and Participation, Environmental Factors and Personal Factors (e.g. 

age and number of co-morbidities) all together can explain most variation in SRH. However, 

this was not true. It was only at one year that the various factors together could explain as 

much variance as Body Functions or Environmental Factors. Then, the outstanding factors 

associated with SRH were again, besides gait pattern functions and housework activities, 

personality and energy functions, after the various factors of health had been adjusted for. 

This high impact of mental and personality functions has already been shown in earlier 

studies on HRQoL after stroke (30-32).  

 

Limitations 

There are some limitations in this study. One is the relatively small sample size, which leads 

to a lack of statistical power. However, this study was explorative, testing a less common 

approach to looking at factors of self perceived global health. Furthermore, information 

received during the data collection process was sometimes not enough or ambiguous and 

assessed with the qualifier alternative “8”- not specified that was recoded as missing and 

thereby excluded from statistical analysis. This had to be done especially in the case of 

participants with communication difficulties and might have contributed to a selection bias. 

In addition, since the reliability of the five point ICF rating scale varies from moderate to 

good, those ratings were dichotomized for the analysis into problem yes/no respective 
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facilitator/barrier/neither-nor, to increase reliability by expense of loosing information about 

the extent of consequence. 

 

Conclusion 

Regarding clinical implications, the results of this study suggest that rehabilitation programs 

should address primarily Body Functions and Activities and Participation within the first 

three months, while at one year adjusted Environmental Factors can contribute considerably 

to improving SRH. Specifically, an initial focus on patients’ personality and energy drive 

functions, as well as on their recreational activities and walking capacities, might have a great 

impact on their self perceived global health during their first year post-stroke. 
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facilitator/barrier/neither-nor, to increase reliability by expense of loosing information about 

the extent of consequence. 

 

Conclusion 

Regarding clinical implications, the results of this study suggest that rehabilitation programs 

should address primarily Body Functions and Activities and Participation within the first 

three months, while at one year adjusted Environmental Factors can contribute considerably 

to improving SRH. Specifically, an initial focus on patients’ personality and energy drive 

functions, as well as on their recreational activities and walking capacities, might have a great 

impact on their self perceived global health during their first year post-stroke. 
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Table 1. Study Characteristics and Self-Reported Global Health of Stroke Survivors. 

 Values 

Age, N=99 (mean, SD) 72.23 (13.14) 

Gender, N=99; n (%)  
Female  54 (54.5) 

Male 45 (45.5) 

Stroke subtype, N=99, n (%)  
Intracerebral haemorrhage 11 (11.3) 

Cerebral infarction 81 (81.8) 
Others 7 (6.9) 

Global disability, 
mRS*, median (25, 75 percentiles) 

 

                    Admission, N=99 3 (2.0, 4.0) 
Six weeks, N=88 3 (1.0, 4.0) 

Three months, N=83 2 (1.0, 3.5) 
One year, N=93 2 (1.0, 3.0) 

  

Health history, N=99, n (%)  
Heart attack 11 (110.1) 

Atrial fibrillation 21 (21.2) 
Hypertension 46 (46.5) 

Diabetes 13 (13.1) 

Living alone, N=99, n (%) 43 (43.4) 

  

Self-reported global health, 
EQ-5D VAS †, median (25, 75 percentiles) 

 

                    Admission, N=93 50 (40.0, 75.0) 
Six weeks, N=80 70 (50.0, 80.0) 

                     Three months, N=76 70 (50.0, 80.0) 
                     One year, N=85 75 (57.5, 82.5) 

  
 

 

*Modified Rankin Scale (mRS), † EuroQol-5D visual analogue scale (EQ-5D VAS). 
 

Table 2. Multivariate Backward Regression Analyses Between Self-Reported Global Health (EQ-5D VAS) and 
the ICF categories within the ICF components Body Functions, Activities and Participation and Environmental 
Factors. 

ICF category  6 weeks 
(n=80) 

 3 months 
(n=76) 

 1 year 
(n=85) 

Problems in Body Functions (Impairments)      
b126 Temperament and personality functions -17.2 ‡    -18.6 ‡ 
b130 Energy and drive functions   -11.0 *  -13.0 ‡ 
b134 Sleep functions    -13.3 *   
b144 Memory functions -7.8 *     
b235 Vestibular functions   -24.4 †   
b265 Touch functions -22.2 ‡     
b280 Sensation of pain   -19.9 †   
b455 Exercise tolerance functions -17.2 ‡     
b750 Motor reflex functions -20.7 ‡     
b770 Gait pattern functions -16.8 ‡    -12.6 ‡ 
 Age of patients -0.4 *     
 Explained variance (adjusted R2) 0.930  0.890  0.510 

Problems in Activities and Participation (Limitations/restrictions)      

d135 Rehearsing -54.1 †     
d155 Acquiring skills -27.3  -17.8 ‡   
d210 Undertaking a single task   -15.1 ‡   
d230 Carrying out daily routine     -20.6 * 
d325 Communicating with-receiving-written messages 56.4 †     
d360 Using communication devices and techniques 22.8 *     
d415 Maintaining a basic body position -20.2 *     
d445 Hand and arm use -9.8       
d470 Using transportation -30.8 †     
d475 Driving   -17.5 *   
d640 Doing housework     -9.1 * 
d920 Recreation and leisure -24.4 †  -13.9 ‡  -8.6 * 
 Age of patients   -0.3 †   
 Number of co-morbidities -1.5 *     
 Explained variance (adjusted R2) 0.800  0.839  0.217 

Environmental Factors (facilitators)      

e120 Products and technology for personal indoor and 
outdoor mobility and transportation     

-19.2 * 

e450 Individual attitudes of health professionals -16.7 *     
e540 Transportation services, systems and policies     23.6 * 
e580 Health services, systems and policies     -31.4 † 
 Explained variance (adjusted R2) 0.105  0.000  0.521 

The ICF categories were dummy coded 0 (no problem), 1 (problem) and 0 (no facilitator), 1 (facilitator), 
respectively. 
*P ≤0.05, †P≤ 0.01, ‡P≤ 0.001. 
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Table 3. Multivariate Backward Regression Analyses Between Self-Reported Global Health (EQ-5D VAS) and 
the ICF categories over the ICF components Body Functions, Activities and Participation and Environmental 
Factors. 

ICF category  6 weeks 
(n=80) 

 3 months 
(n=76) 

 1 year 
(n=85) 

b126 Temperament and personality functions     -16.7 ‡ 
b130 Energy and drive functions   -8.9 *  -12.2 ‡ 
b134 Sleep functions (c=18%)   -9.7 *   
b235 Vestibular functions   -10.4 *   
b280 Sensation of pain   -7.5   
b770 Gait pattern functions     -10.3 † 

d210 Undertaking a single task   -9.7 *   
d445 Hand and arm use -17.8 *     
d640 Doing housework     -11.2 † 
d920 Recreation and leisure   -8.7 *   

e450 Individual attitudes of health professionals -12.3     

 Explained variance (adjusted R2) 0.289  0.384  0.488 

The ICF categories were dummy coded 0 (no problem), 1 (problem) and 0 (no facilitator), 1 (facilitator), 
respectively. 
The ICF categories identified in Table 2 as independent factors of SRH were considered. 
*P≤0.05, †P≤ 0.01, ‡P≤ 0.001. 
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Abstract 

Purpose: This psychometric study was conducted with the aim of investigating the possibility 

to construct a multiprofessional cross-cultural measure of functioning after stroke across 

categories of the International Classification of Functioning, Disability and Health (ICF). 

Method: Data on 757 stroke survivors from China, Germany, Italy and Sweden, including 

ratings of 15 categories from the Brief ICF Core Set for Stroke, were analyzed using the 

Rasch model. Unidimensionality, reliability, fit of the ICF categories to the model, the 

ordering of the response options of the ICF qualifier, and presence of differential item 

functioning were studied. 

Results: Of the 15 ICF categories, response options for seven categories were collapsed and 

five categories were deleted due to misfit, and four ICF categories showed differential item 

functioning for country and were accordingly split into country-specific categories. The 

proposed final clinical measure consists of 20 ICF categories (six categories were country-

common) with an overall fit statistic of X2
df=180=184, 87, p=0.386 and a person separation 

index of rᵝ=0.72, which indicates good reliability. Based on an individual’s functioning after 

stroke, the ratings across the different ICF categories can be summed on an interval scale 

ranging from 0 to 100.  

Conclusion: A construction of a cross-cultural clinical measure after stroke based on ICF 

categories across body functions, structures, and activities and participation was possible. 

With this kind of clinical measure, stroke survivors’ functional levels can be compared even 

across countries. While the results are promising, further studies are necessary to develop 

definitive measures based on ICF categories.  

 

Key words: Stroke, ICF, disability, outcome measures, Rasch analysis 
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Background 

Disability is central in stroke care and rehabilitation, as stroke is a main cause of long-term 

disability (1-3). Instruments that measure the different aspects of functioning and disability 

are essential in evaluating intervention strategies and detecting changes in disability. 

Generally, the use of measurements allows for the calculation of summary scores. Summary 

scores of disability facilitate the monitoring of the disease and the rehabilitation management, 

aid in following the overall level of disability along the continuum of care and over the life 

span, and make easily possible the comparison between individuals and between countries. In 

neurological rehabilitation, over 100 different assessments for evaluating and documenting 

patients’ functional status exist (4). Depending on the perspective of health professionals and 

the level to be assessed (e.g. pathology, motor and sensory impairments, personal physical 

disability), different instruments are chosen (4). However, to our knowledge, there is a lack of 

a stroke-specific instrument that covers not only activities and participation, or body 

functions, or structures, but measures all the aspects together and might be able to act as a 

multidisciplinary instrument. A comprehensive tool, such as the Core Sets for Stroke based on 

the International Classification of Functioning, Disability and Health (ICF) (5), provides an 

ideal basis to assure that the various aspects of functioning and disability are addressed (6, 7). 

Based on the ICF Core Sets for Stroke, clinicians can comprehensively describe and 

categorize their patients’ functioning and disability in a systematic and standardized way, 

including not only body functions and structures but also activities and participation (8). The 

description of functioning and disability with the Core Sets involves the rating of ICF 

categories with the ICF qualifier, a rating scale ranging from 0 to 4, with five response 

options (5). However, unless the qualifier scale for each included ICF category is in the same 

interval-scaled dimension, calculation of a summary score across a number of ICF categories 

cannot be performed. Results of two recent studies show that it is possible to create a 
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summary score across ICF categories of Body Functions, Structures, and Activities and 

Participation (9, 10). Furthermore, it was possible to make these measures comparable across 

different cultures. However, in the case of stroke, the question of whether it is possible to 

develop such a clinical measure of functioning across a number of ICF categories relevant for 

stroke survivors is still unanswered.  

The objective of this study was to investigate whether it is possible, in principle, to construct 

clinical measures of functioning across ICF categories of the Brief ICF Core Set for Stroke. 

 

 
Materials and Methods 

Study design and participants 

This psychometric study is based on data on stroke survivors that were collected in an 

ongoing international multicenter study with a cross-sectional design. The study was 

performed in cooperation with World Health Organization (WHO) with the aim of collecting 

ICF-based data to validate the ICF Core Sets for Stroke. The convenience sample of stroke 

survivors included data from four study centers in China, 19 in Germany, seven in Italy and 

one in Sweden. Available data from other countries were not considered in the present study 

as the sample sizes were too small (< 100) to perform country-specific analyses. The study 

was approved by the Ethics Committee of the Ludwig Maximilian University in Munich as 

well as by the responsible Ethics Committees in each involved center and country. Inclusion 

criteria for participants were a diagnosed stroke according to the WHO criteria (11), age of at 

least 18 years and written informed consent. 

 

Assessments 

5 
 

Sociodemographic data including gender, year of birth and current work status as well as 

disease characteristics including stroke subtype, global disability, patient type and time passed 

after stroke event were collected.  

The Comprehensive ICF Core Set for Stroke was used to document the functioning of stroke 

survivors. The ICF Core Sets for Stroke were developed in a formal consensus process, which 

is described elsewhere (6, 7). Two ICF Core Sets for Stroke can be distinguished: a 

comprehensive and a brief one. While the Comprehensive Core Set comprises 166 ICF 

categories (extended version) and was developed to guide multidisciplinary assessment, the 

Brief ICF Core Set includes a total of 18 ICF categories that represent 14% of the categories 

from the Comprehensive Core Set and should account for the most striking aspects of stroke-

related functioning according to experts (including body functions, structures, activities and 

participation, and environmental factors). For this study, the 15 categories of the Brief ICF 

Core Set that refer to the dimension of functioning as defined by the ICF (body functions, 

structures, and activities and participation) were considered. The 15 categories were 

composed of six categories of Body Functions, two of Structures and seven of Activities and 

Participation. The level of problem (impairment, limitation or restriction) in each category 

was rated with the ICF qualifier scale. This scale has five response categories ranging from 0 

to 4: no-mild-moderate-severe-complete problem. In addition, response options of “8-not 

specified” and “9-not applicable” are provided. 

 

Data collection procedures 

At each study center health professionals recruited eligible stroke survivors, provided them 

with written information and requested their participation. Data collection was performed by 

the health professionals (their professional background was documented) who had been 

trained at either a structured one-day workshop or using a training video provided by the ICF 
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Research Branch of the Collaborating Centre for the WHO Family of International 

Classifications in German. 

 

Statistical analysis 

Univariate statistics were used to describe the sample characteristics. When the variables were 

not normally distributed (Kolmogorov-Smirnov test (12)), medians were reported.  

In order to examine whether a number of ICF categories can be integrated into an interval 

scale to valid measure cross-culturally functioning, the Partial Credit Rasch model for ordered 

response options was used (13, 14). The model implies that one and the same single 

dimension (called the latent trait) underlies a number of items. In the present study, this 

dimension is expected to be functioning. The units of this dimension as defined by the model 

are logits (the natural log odds of success vs. failure), which make up an equidistant scale. 

Along this dimension, both the item’s difficulty and the parameters of person’s ability are 

placed. 

For the Rasch analysis, the response options “8-not specified” and “9-not applicable” were 

deleted and regarded as missing values. This should not decrease the validity of the analysis, 

as the estimation process within the Rasch framework deals with missing values (15).  

The process of Rasch analysis involves the testing of a number of assumptions of the model 

and attributes of the scale. A transformation of ordinal into interval scaling can only be 

achieved if the observed pattern of response does not deviate from that expected by the 

model. 

7 
 

Before conclusions can be drawn from pooled data across different countries, the data from 

the specific countries have to fit the model. Thus, country-specific analyses were performed 

prior to the pooling of data analyses (16). 

The following aspects were studied for each country first: the appropriate ordering of 

categories of the ICF qualifier, the fit of items and persons to the model, the fit of the measure 

to the model and reliability, the presence of differential item functioning (DIF), and the 

targeting of the scale. 

To identify the structure of categories of the ICF qualifier, the threshold estimates for each 

ICF category were studied. An increase in ICF qualifier should reflect consecutive threshold 

values, which are the transition points between adjacent response options. If this is not the 

case and thresholds are disordered, the response options are collapsed with respect to 

frequency distributions and their probability curves to obtain ordered (increasing) thresholds 

(17, 18). 

To check whether an item fit the model, chi-square fit statistics  – generally expected to be 

nonsignificant – were studied (Bonferroni adjusted). If the hierarchical ordering of the items 

varies across the dimension, the required property of invariance is compromised. This is 

indicated by a significant chi-square (p<0.05). For the individual item, the residual fit 

statistics are expected to be within a range of ± 2.5 (the standardized fit residual values “z” 

are considered) (19). For summary statistics, the mean fit residual value should be close to 0.0 

and the standard deviation (SD) should approach 1.0 (usually < 1.4). Individual misfitting 

items were deleted.  

Item misfit can also be caused by item bias, such as DIF. In the present case, DIF exists when 

one subgroup (e.g. ischemic stroke) does not have the same probability of having a problem in 

a determined ICF category compared with another subgroup (e.g. hemorrhage stroke), with 
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the prerequisite that both groups have the same level of functioning. Differential item 

functioning was detected through  analysis of variance (ANOVA) of the person-item 

deviation residuals for each item. Two types of DIF can be identified: uniform and 

nonuniform (20). When a consistent systematic difference between groups is shown across the 

whole underlying dimension measured, it is referred to as uniform DIF. If the difference 

varies across the dimension, it is referred to as nonuniform DIF. In the analysis of the pooled 

data, DIF was tested for the country of origin. The ICF categories that show DIF were split 

into as many items/country-specific categories as countries that displayed DIF. This 

procedure has been explained in detail elsewhere (21, 22). Data were further tested for DIF 

for stroke subtype and gender. Due to the different distribution of health professionals who 

performed the ratings within each country, no DIF analysis was done for the person factor.  

To test the reliability of the scale, the person separation index was calculated, which is 

analogous to the traditional test theory indices Kuder-Richardson Formula 21 or Cronbach’s 

alpha, only using the logit value (linear person estimate) as opposed to the raw score in the 

same formula. This is an estimate of a scale’s internal consistency and ranges between 0 and 

1, where the value of 1 indicates perfect reproducibility of person placements. A minimum 

value of 0.7 is required for group use and 0.85 for individual use (23). 

Targeting of the items was studied by examining the distribution of the means of persons’ 

locations and items difficulties of the ICF categories along the latent trait continuum. 

Comparison of the mean location score obtained for persons with that of the value for items 

(by definition set to 0) provides an indication of how well targeted the items are for people in 

the sample. For a well targeted measure (not too easy, not too hard), the mean location for 

persons would also be around the value of 0.  

All analyses were conducted using RUMM2030 software. 

9 
 

 

Results 

Participants 

Data on a total of 756 participants (61% women) with a mean age of 64 years were analyzed. 

Most participants had suffered an ischemic stroke (64%), were an inpatient and retired (66% 

and 61%) and scored 3 on the mRS. Overall, most assessments were performed by physicians 

but this varies across the different countries. Sociodemographic, disease-specific and 

assessment characteristics stratified by countries are shown in Table 1. 

Insert Table 1 about here. 

Rasch analysis 

The country-specific data fit the Rasch model after accounting for the disordered thresholds 

and the misfitting items. Four categories had to be deleted due to misfit in Sweden, three in 

Germany, two in China and one in Italy. Generally, ICF categories of Activities and 

Participation like walking, dressing and washing oneself were easy categories (characterized 

by a low rank), while those of Body Functions like consciousness, orientation, attention and 

memory functions were difficult categories (characterized by a high rank). In the context of 

this article, easy ICF categories are those that are a problem for most of the stroke survivors 

and hence allow the differentiation of persons with no problems to minor problems. Difficult 

ICF categories are those that differentiate persons with moderate to severe problems. Table 2 

presents the overall fit statistics, reliability, and the model with the fitted and removed 

categories due to misfit and the collapse strategy in cases of disordered thresholds for each 

country. For example, collapse strategy 01122 indicates that the original five response options 

were collapsed to three with 0=no impairment/restriction, 1=mild to moderate 

impairment/restriction, and 2=severe to complete impairment/restriction. 
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Insert Table 2 about here 

 

Figure 1 presents the targeting of the persons in the measures for each country. While China 

showed the best targeting with a mean person location close to 0 (-0.75), the samples in 

Germany, Italy and Sweden were more centered over the lower level of continuum (mean 

person location: -1.53, -1.40 and -1.50). 

Insert Figure 1 about here 

Uniform DIF within each country was noted for stroke subtype (ischemic vs. infarct) in China 

in the ICF category d540. No DIF was found for gender. 

 

In the analysis of the pooled data from all four countries, response options for six ICF 

categories showed disordered thresholds and were collapsed. Four categories (d510, d530, 

d540, b144) were removed from the analysis because they showed a misfit to the model, a fit 

residual above ± 5.0 and a person-item residual correlation above +0.4. Furthermore, the 

category b110 was deleted since almost all responses (83%) were equal to the response option 

0 (no problem). Fourteen country-specific ICF categories were created to adjust for the 

uniform DIF of the four of eleven remaining ICF categories. The final clinical measure 

consists of 20 ICF categories (six were country-common) with an overall fit statistic of 

X2
df=180=184, 87, P=0.386, a Z-fit statistic of Zmean=-0.337 (ZSD=1.21) for items and Zmean=-

.230 (ZSD=0.95) for persons, and a person separation index of rᵝ=0.72, which is adequate for 

group-level comparisons. Table 3 presents the ICF categories included in the final measure 

with the applied collapse strategy of the ICF qualifier response options, the created country-

specific categories and their item difficulty and rank. 

Insert Table 3 about here 
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The targeting of the final clinical measure for the persons in the cross-cultural sample is 

shown in Figure 2. The breadth of response option thresholds well covers the level of patient 

functioning along the continuum. The value of the mean person location (-1.45±1.04) 

indicates that the sample is centered over the lower level of the continuum.  

Insert Figure 2 about here 

 

The raw scores, which can be obtained by an individual after stroke according to his/her level 

of problems in functioning, ranged from 0 to 27. These scores are obtained by summing the 

ratings of the common and the corresponding country-specific ICF categories. To facilitate 

interpretability, the raw scores were transformed into an interval scale ranging from 0 to 100. 

For example, a person who scored 7 would obtain a score of 25 on the scale from 0 to 100. 

Another person scoring 23 on the raw scores and about 49 on the 0-to-100 scale can be said to 

have twice as many problems in functioning as the first person. In this way, comparisons 

among persons not only within the same country but also across the four countries are 

possible. Table 4 shows the raw and the transformed scores with the corresponding country-

specific logits. 

Insert Table 4 about here 

 

Discussion 

In the field of stroke, this study is the first to investigate the possibility to construct a cross-

cultural clinical measure of functioning with ICF categories. This measure comprises not only 

one part of functioning, like Activities and participation, but also Body functions and 

Structures. A potential measure was obtained by applying Rasch analysis to the integrated 

information from ratings of the 15 categories of the Brief ICF Core Set for Stroke from the 
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group-level comparisons. Table 3 presents the ICF categories included in the final measure 

with the applied collapse strategy of the ICF qualifier response options, the created country-
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Insert Table 3 about here 

11 
 

The targeting of the final clinical measure for the persons in the cross-cultural sample is 

shown in Figure 2. The breadth of response option thresholds well covers the level of patient 

functioning along the continuum. The value of the mean person location (-1.45±1.04) 

indicates that the sample is centered over the lower level of the continuum.  

Insert Figure 2 about here 

 

The raw scores, which can be obtained by an individual after stroke according to his/her level 

of problems in functioning, ranged from 0 to 27. These scores are obtained by summing the 

ratings of the common and the corresponding country-specific ICF categories. To facilitate 

interpretability, the raw scores were transformed into an interval scale ranging from 0 to 100. 

For example, a person who scored 7 would obtain a score of 25 on the scale from 0 to 100. 

Another person scoring 23 on the raw scores and about 49 on the 0-to-100 scale can be said to 

have twice as many problems in functioning as the first person. In this way, comparisons 

among persons not only within the same country but also across the four countries are 

possible. Table 4 shows the raw and the transformed scores with the corresponding country-

specific logits. 

Insert Table 4 about here 

 

Discussion 

In the field of stroke, this study is the first to investigate the possibility to construct a cross-

cultural clinical measure of functioning with ICF categories. This measure comprises not only 

one part of functioning, like Activities and participation, but also Body functions and 

Structures. A potential measure was obtained by applying Rasch analysis to the integrated 

information from ratings of the 15 categories of the Brief ICF Core Set for Stroke from the 



Study IV

12 
 

four countries China, Germany, Italy and Sweden. To facilitate the comparison of stroke 

survivors’ overall level of functioning, scores can be calculated. 

 

To assure the psychometric properties of the Brief ICF Core Set for Stroke, the data were 

adjusted to fit to the Rasch model. One of these necessary adjustments was the collapsing of 

response options due to their disordered thresholds. The response options of about half of the 

15 categories in the cross-cultural data and of about one-third of the 15 categories of the 

country-specific data had to be collapsed. Results of similar studies show a comparable 

percentage of ICF categories with disordered response options (9, 10). The reliability of the 

ICF qualifier is a discussed topic in the literature. Low to moderate agreement has often been 

the result of investigations of reliability and applicability of the ICF qualifier (24-27). 

Obviously, reliability is dependent on the area of which problem/ICF category is assessed. On 

the one hand, the results suggest a revision of the response options. On the other hand, 

interrater reliability might be increased by the way the information for the ratings is collected 

(28, 29). Furthermore, the level of knowledge about the ICF and its coding system might also 

influence reliability (30). The fact that the core sets were provided in English and not in the 

country-specific languages could likewise have contributed to misinterpretations and 

decreased reliability. Last but not least, assessments using the Stroke ICF Core Sets are 

usually performed by one health professional with a specific field of expertise, while the 

range of ICF categories across all components might request the expertise of various health 

professionals to reflect adequate ratings. 

 

Another adjustment performed to fit the data of the Brief ICF Core Set for Stroke to the Rasch 

model was the removal of the misfitting ICF categories. For example, in both the Italian and 

Chinese data, s730 Structure of upper extremity was removed. It missed fitting the model 

13 
 

because it cannot differentiate among stroke survivors with different levels of functioning. 

The case was the same for the category b144 Memory functions in the Swedish and cross-

cultural data. In a recent study by Viscogliosi et al. it was noted that stroke survivors can 

improve functionally despite cognitive deficits in aspects like memory (31). These findings 

support the fact that problems in memory functions are not essential for differentiating 

different levels of functioning. However, this does not mean that memory functions are not 

relevant in describing the functioning of persons after stroke and that they should not be 

considered in clinical practice. 

Other categories that implied misfit in the German- and Sweden-specific as well as the cross-

cultural data were the categories d510 Washing oneself, d530 Toileting and d540 Dressing, as 

their contents overlapped. This means, having adjusted for the dimension functioning, another 

dimension was still measured by those categories. All three categories belong to the same ICF 

chapter called Self-care (5). In the literature, functional assessments are often divided into 

instrumental activities of daily living (I-ADL) and personal activities of daily living (P-ADL) 

(32). While the first addresses household tasks like cooking and cleaning, the latter addresses 

activities concerning personal hygiene like washing, toileting and dressing. Thus, it might not 

be surprising that those identified categories measure a second dimension in addition to 

functioning. However, one should bear in mind that a misfitting category might be valid from 

patient’s perspective and a clinical point of view. Without doubt, washing oneself, toileting 

and dressing are essential and relevant in describing the functioning of stroke survivors and 

are common outcome measures after stroke (33). Thus, a clinical measure cannot replace a 

comprehensive description of stroke survivors’ functioning that is important for successful 

care and rehabilitation management (8, 34). However, a score of the level of functioning can 

facilitate a comparison of the overall functioning among stroke survivors not only within but 
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also across countries. To calculate these scores, only the ICF categories fitting the Rasch 

model need to be considered.  

 

In the cross-cultural analysis, further adjustment of the data was made. To adjust for the 

variance between countries, country-specific categories were created. For the clinical measure 

to be used in practice, this splitting strategy has the consequence that country-specific ICF 

categories like b140 Attention functions - Germany would only contain data on German stroke 

survivors, b140 Attention functions - China would only contain data on Chinese stroke 

survivors, etc. Logically, stroke survivors from one country would have missing data in the 

other country-specific categories; more precisely, stroke survivors from Germany would have 

missing data in the country-specific categories from China, Italy and Sweden. To facilitate 

interpretability of the scores of overall functioning, an interval scale ranging from 0 to 100 

was provided. A person scoring 50 on this interval scale has twice the level of disability as a 

person with a score of 25, for instance.  

The internal consistency of the ICF categories fitting the Rasch model to measure functioning 

varied in each approach (country-specific and cross-cultural). While the categories from 

China measure the dimension functioning very precisely and with excellent reliability, the 

other developed measures determine functioning less precisely but still with good reliability.  

 

One might bear in mind that this study was explorative. Its purpose was to investigate whether 

it is possible in principle to construct cross-cultural measures of functioning integrating ICF 

categories of Body Functions, Structures, and Activities and Participation. The results do not 

present a definitive measurement of functioning and disability after stroke. For the 

construction of such a cross-cultural instrument, further issues have to be addressed. One of 

15 
 

these issues could be the cross-cultural variability that was revealed as a common bias of 

assessments in different countries with the same instruments (22). Factors that cause such 

variability often accompany factors that reduce reliability, which was discussed above. The 

distribution of the professional background of those performing the assessments might have 

an impact on the reliability and cross-cultural variability. A possibility to reduce not only 

cross-cultural differences but also response bias within countries might be afforded through 

increased knowledge about the ICF and through a kind of standardization, with coding and 

interview guidelines as well as application manuals. The impact of these manuals on the 

variability of assessments could be evaluated in the future. 

 

Conclusion 

The results of the study indicate that a construction of country-specific and cross-cultural 

clinical measures after stroke based on ICF categories across body functions, structures, and 

activities and participation is possible in principle. As these clinical measures allow the 

calculation of scores on stroke survivors’ overall level of functioning, a comparison between 

stroke survivors’ functional levels within and across countries is feasible. While the results 

are promising, further studies are necessary to develop definitive clinical measures based on 

ICF categories.  
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Table 1. Sociodemographic and clinical characteristics of participants (N=756), and type of 
health profession of the assessing person. 
 China 

(N=134) 
Germany 
(N=272) 

Italy 
(N=130) 

Sweden 
(N=221) 

Sociodemographic data     
  Women, n (%) 86 (65.2) 165 (61.3) 86 (67.7) 127 (57.5) 
  Age, mean (SD) 63.3 (14.9) 62.0 (13.7) 64.6 (12.0) 66.0 (13.7) 
  Living alone, n (%)** 16 (11.9) 69 (25.5) 25 (19.2) 126 (57.0) 
  Current work status, n (%)     
    Paid/self-employed* 26 (19.4) 73 (26.9) 20 (15.4) 31 (14.0) 
    Unemployed due to disease** 5 (3.7) 22 (8.1) 11 (8.5) 54 (24.4) 
    Pensioned due to stroke* 33 (24.6) 30 (11.1) 19 (14.6) 33 (14.9) 
    Keeping house/homemaker 3 (2.2) 7 (2.6) 3 (2.3) 2 (0.9) 
    Retired* 92 (68.6) 154 (56.8) 94 (72.3) 122 (55.2) 

Disease characteristics, n (%)     
  Stroke subtype     
    I61** 40 (29.9) 26 (9.6) 30 (23.1) 37 (16.7) 
    I63* 86 (64.2) 212 (78.2) 89 (68.5) 99 (44.8) 
  Type of acute event, n (%)*     
    First stroke 96 (72.7) 216 (82.4) 115 (89.1) 177 (80.5) 
    Recurrent stroke 36 (27.3) 46 (17.6) 14 (10.9) 43 (19.5) 
  Type of patient, n (%)**     
    Inpatient 122 (91.0) 217 (80.0) 109 (83.8) 50 (22.6) 
    Outpatient 6 (4.5) 22 (8.1) 4 (3.1) 137 (62.0) 
    Day clinic patient 2 (1.5) 27 (10.0) 16 (12.3) 29 (13.1) 
  Duration of disease (years), mean (SD) 0.5 (0.9) 1.1 (3.1) 1.3 (3.0) 3.6 (5.7) 
  Global disability (mRS), median  4 (2.0, 4.0) 3 (2.0, 4.0) 3 (3.0, 4.0) 3 (2.0, 4.0) 

Type of health profession, n (%)     
  Physician** 66 (49.3) 117 (43.2) 54 (41.5) 6 (2.7) 
  Nurse** - - - 95 (43.0) 
  Occupational Therapist** 14 (10.4) 10 (3.7) - 33 (14.9) 
  Physical Therapist** 10 (7.5) 87 (32.1) 15 (11.5) 71 (32.1) 
  Team - 8 (2.9) - - 
  Speech Therapist - 3 (1.1) 1 (0.8) - 
  Psychologist** - 50 (18.5) 59 (45.4) - 
SD=standard deviation, mRS=modified Rankin Scale,*p<0.05, ** p<0.001. 
 

Table 2. Level of difficulty, rank order, and applied collapse strategy of ICF categories fitting 
the Rasch model together with the overall fit statistics.  
 
   China Germany Italy Sweden 

Overall fit statistics      
 X2(df) 115.24 (108) 122.20 

(116) 
102.50 
(126) 

100.90 (99) 

  P 0.329 0.299 0.938 0.428 

  rᵝ 0.86 0.71 0.83 0.69 

 Item fit residual mean±SD -0.09±0.87 -0.36±1.08 -0.08±1.14 -0.32±0.69 

 Person fit residual mean±SD -0.20±0.89 -0.34±0.92 -0.30±1.05 -0.24±0.96 

ICF categories      

b110 Consciousness functions ID 
R 

CS 

1.14 
12 

01111 

0.85 
10 

01111 

1.77 
13 

01111 

2.08 
11 

b114 Orientation functions ID 
R 

CS 

0.78 
10 

01111 

2.07 
12 

2.26 
14 

-0.63 
4 

01111 

b140 Attention functions ID 
R 

CS 

2.86 
13 

1.37 
11 

1.74 
12 

1.62 
10 

b144 Memory functions ID 
R 

CS 

1.08 
11 

0.08 
8 

1.65 
11 

X 

b167 Mental functions of 
language 

ID 
R 

CS 

0.02 
7 

01111 

-0.68 
5 

01111 

-0.34 
7 

01111 

-0.62 
5 

01111 

b730 Muscle power functions ID  
R 

CS 

-0.35 
5 

-0.97 
3 

-2.03 
1 

-0.38 
6 

s110 Structure of brain ID 
R 

CS 

-0.30 
6 

-0.21 
7 

0.63 
10 

-0.71 
2 

s730 Structure of upper extremity ID 
R 

CS 

X -0.83 
4 

01111 

X -0.11 
7 

01122 

d310 Communication with 
receiving spoken messages 

ID  
R 

CS 

0.19 
8 

01111 

0.59 
9 

0.50 
9 

01111 

0.75 
9 

d330 Speaking ID 
R 

CS 

0.60 
9 

-1.04 
2 

01111 

-1.03 
6 

01111 

-0.67 
3 

01111 

d450 Walking ID 
R 

CS 

-2.41 
1 

01111 

-1.68 
1 

01122 

-1.51 
3 

-1.64 
1 

01122 

d510 Washing oneself ID 
R 

CS 

-0.67 
4 

X -1.07 
4 

X 
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d530 Toileting ID 
R 

CS 

X X -1.04 
5 

01122 

X 

d540 Dressing ID 
R 

CS 

-2.15 
2 

01111 

X -1.76 
2 

01122 

X 

d550 Eating ID 
R 

CS 

-0.78 
3 

01111 

-0.27 
6 

0.23 
8 

0.31 
8 

X2=Chi square; df=degrees of freedom; P=probability associated with X2; rᵝ=Person Separation Index; 
SD=standard deviation; ID=item difficulty (an estimate of an item’s underlying difficulty calculated from the 
total number of persons in the sample); R= rank order according to ID; CS=collapse strategy. 

23 
 

 
Table 3. ICF categories with their difficulty and rank included in the final cross-cultural 
clinical measure, the applied collapse strategy and the created country-specific categories. 
ICF category ID R CS 
b114 Orientation functions -0.29 10 01111 
b140-C Attention functions 2.09 20  
b140-G Attention functions 1.25 17  
b140-I Attention functions 1.73 19  
b140-S Attention functions 1.46 18  
b167 Mental functions of language -0.59 7 01111 
b730-
C&G Muscle power functions -0.93 3  
b730-I Muscle power functions -1.73 1  
b730-S Muscle power functions -0.48 8  
d310-
C&G 

Communication with receiv. spoken 
messages -0.39 9 01111 

d310-I 
Communication with receiv. spoken 
messages 0.64 15 01111 

d310-S 
Communication with receiv. spoken 
messages -0.66 5 01111 

d330 Speaking 0.00 13 01122 
d450 Walking -1.19 2 01122 
d550 Eating -0.17 12 01122 
s110 Structure of brain -0.69 4  
s730-C Structure of upper extremity 0.70 16 01122 
s730-G Structure of upper extremity 0.07 14 01122 
s730-I Structure of upper extremity -0.61 6 01122 
s730-S Structure of upper extremity -0.21 11 01122 

ID=item difficulty (an estimate of an item’s underlying difficulty calculated from the total number of persons in 
the sample); R= rank order according to ID; CS=collapse strategy; country-specific ICF categories were coded 
with C=China, G=Germany, I=Italy and S=Sweden. 
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Table 4. The range of raw scores possible to be obtained by a stroke survivor transformed 
into interval scores ranging 0-100 and the corresponding country-specific logit values. 
 
  Logits 
Raw Score Score 0-100 China Germany Italy Sweden  

0 0.0 -5.17 -5.19 -6.58 -5.20 
1 8.3 -3.96 -4.03 -4.90 -4.04 
2 13.7 -3.18 -3.28 -3.80 -3.28 
3 17.2 -2.67 -2.79 -3.08 -2.77 
4 19.8 -2.30 -2.43 -2.60 -2.39 
5 21.9 -2.00 -2.14 -2.24 -2.10 
6 23.6 -1.75 -1.89 -1.96 -1.84 
7 25.2 -1.53 -1.68 -1.71 -1.62 
8 26.6 -1.33 -1.48 -1.50 -1.42 
9 27.9 -1.14 -1.30 -1.30 -1.23 

10 29.1 -0.96 -1.12 -1.11 -1.05 
11 30.3 -0.79 -0.96 -0.94 -0.88 
12 31.5 -0.61 -0.79 -0.76 -0.71 
13 32.7 -0.44 -0.62 -0.59 -0.54 
14 33.9 -0.26 -0.46 -0.42 -0.36 
15 35.1 -0.09 -0.29 -0.24 -0.18 
16 36.4 0.10 -0.11 -0.06 -0.01 
17 37.7 0.29 0.08 0.13 0.22 
18 39.1 0.50 0.28 0.34 0.44 
19 40.7 0.71 0.49 0.56 0.68 
20 42.4 0.95 0.73 0.80 0.96 
21 44.3 1.22 1.00 1.08 1.27 
22 46.5 1.53 1.31 1.40 1.64 
23 49.3 1.90 1.69 1.79 2.08 
24 53.0 2.40 2.21 2.32 2.62 
25 58.7 3.16 3.01 3.11 3.35 
26 71.5 4.83 4.80 4.83 4.47 
27 100.0 8.55 8.78 8.61 6.18 

The formula Y=m+(s x location) was used to transform raw scores into scores ranging from 0 to 100. s=(desired 
range)/(current range) and m=(lowest desired value)-(current lowest value x s) (35). 
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Figure 1. Person-item threshold distribution between the measure and the study sample in 
each country. 
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Figure 1. Person-item threshold distribution between the measure and the study sample in 
each country. 
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Figure 2. Person-item threshold distribution between the final clinical measure with 20 ICF 
categories and the persons of the cross-cultural sample. 
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