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Abstract 

Introduction and aims: Cognitive impairment and dependency in activities 
of daily living (ADL) are common consequences of stroke. Due to a decrease 
in the length of hospital stay, assessment of these conditions has become 
necessary for the planning of discharge and rehabilitation. This thesis aimed 
to investigate the barriers to cognitive screening in acute stroke units, to 
understand whether cognitive impairment very early after stroke can explain 
ADL dependency at 36–48 h and three months after stroke, and to understand 
whether self-reported outcomes from a stroke register could be transformed 
into valid and reliable stroke scales. 

Methods: Four quantitative studies were conducted of which three were 
cross-sectional and one was a longitudinal study. Patients admitted to acute 
stroke units at Sahlgrenska University Hospital between 2011 and 2018 were 
included in the study. Two stroke registries and one research database were 
used during the analysis. Cognition and ADL were evaluated while the 
patients were in an acute stroke unit. Three-month follow-up data were 
gathered via self-reported questionnaires, telephone interviews, and/or 
physician visits. Agreement, correlation, classification, and regression 
analyses were also conducted for the chosen data. 

Results: The sample size varied between 305 and 1,145 patients. A small 
majority of the included patients were men (54–59%). The median age of the 
patients ranged from 70 to 74 years. Most patients had mild stroke severity. 
Variables encompassing impaired body functions, activity limitations, 
worsened health conditions, and environmental factors explained barriers to 
cognitive screening in acute stroke units. Furthermore, cognitive impairment 
within 36–48 h after admission to the stroke units could explain ADL 
dependency two days and three months later. Self-reported questions about 
ADL three months after stroke could be transformed into a valid clinical scale 
to assess global disability after stroke. 

Conclusions: The barriers to cognitive screening can be both, patient-and 
organization-related. Cognitive function screened very early after stroke can 
be used to expand ADL dependency. Self-reported questions can be 
transformed into valid and reliable stroke scales using various techniques. 
However, it is important to note that, as the study results are based on SU 
cohorts, external validation is needed to strengthen the conclusions. 

Keywords: Acute stroke, Activities of Daily Living, Cognition, Function, 
Dependency, Functional cognition, Global disability, Prediction, Screening, 
Assessment, Stroke unit, Registries, Ischemic stroke, Intracerebral 
hemorrhage, Occupational therapy, Rehabilitation. 
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Sammanfattning på svenska 

Introduktion och syfte: Kognitiv funktion är avgörande för att fungera i 
samhället och klara av krav som ställs på människan i sin vardag. Personer 
som drabbas av stroke har en ökad risk för att få kognitiv nedsättning. 
Därför rekommenderar internationella strokeorganisationer en screening 
av kognition med valida och tillförlitliga instrument innan utskrivning från 
strokeenhet. 

I avhandlingen undersöks faktorer som inverkar på genomförandet av 
kognitiv screening på strokeneheter; värdet av en mycket tidigt kognitiv 
screening för förklaring av beroende i vardagliga aktiviteter (ADL) 36 – 
48 timmar och upp till tre månader efter stroke; samt möjlighet att 
transformera självrapporterad ADL förmåga från ett strokeregister till en 
valid och tillförlitlig stroke skala.  

Metod: Avhandlingen byggs på fyra kvantitativa studier. Patienter 
som vårdades på akuta strokeenheter på Sahlgrenska universitetssjukhuset 
mellan 2011 och 2018 inkluderades. Två stroke-register och en 
forskningsdatabas användes. Statistiska analyser som genomfördes 
inkluderade metoder som överensstämmelse-, korrelations-, 
klassificerings- och regressionsanalyser. 

Resultat: Antal patienter som inkluderades i studierna varierade 
mellan 305 – 1 145. En majoritet av de inkluderade patienterna var män 
(54% – 59%), medianåldern varierade mellan 70 – 74 år. Majoriteten av 
patienterna hade mild stroke. Variabler som fanns inom kroppsfunktion, 
aktivitetsbegränsning, försämrat hälsotillstånd och miljöfaktorer var 
karakteristika av patienter som inte fick genomgå kognitiv screening med 
ett valit och tillförlitligt instrument. Kognitiv funktion screenad inom 36 
– 48 timmar efter stroke kunde förklara ADL beroende såväl två dagar 
som tre månader efter stroke. Självrapporterade ADL förmåga kunde 
transformeras till en valid och tillförlitlig klinisk skala för bedömning 
funktionell beroende i vardagen tre månader efter stroke. 

Slutsatser: Barriärerna för kognitiv screening kan vara både patient- 
och organisationsrelaterade. En tidig kognitiv bedömning var relaterat till 
ADL beroende såväl kort som lång tid efter stroke. Självrapporterade 
frågor från ett strokeregister kunde transformeras till en valid och 
tillförlitlig stroke skala. Det är dock viktigt att notera att alla studier 
baseras på kohorter från ett sjukhus, därför krävs det en extern validering 
av resultaten för att stärka slutsatserna.  

 
 

 

 

ააბბსსტტრრააქქტტიი 

შშეესსაავვაალლიი: ინსულტი, მდგომარეობა, რომლის დროსაც თავის 
ტვინში სისხლის მოძრაობა ირღვევა, ფართოდ გავრცელებული 
ნევროლოგიური დაავადებაა. ინსულტის მრავალი სიმპტომი 
არსებობს და კოგნიტური ფუქციების დარღვევა (მაგალითად 
ყურადღება, მეხსიერება, მეტყველების უნარი, აღმასრულებელი 
ფუნქცია) ინსულტის ერთ-ერთი ხშირი შედეგია. საერთაშორისო 
რეკომენდაციების მიხედვით, ინსულტის დიაგნოზიანი ყველა 
პაციენტი საავადმყოფოდან გაწერამდე უნდა გადიოდეს 
კოგნიტური ფუნქციების შეფასებას. თუმცა, ინფორმაცია ადრეული 
კოგნიტიური შეფასების პროგნოზულ უნარიანობასთან 
დაკავშირებით ძალიან მწირია.  
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მიერ თვითშეფასებული ყოფითი აქტივობების განხორციელების 
უნარების ტრანსფორმაცია ვალიდურ და სანდო ინსტრუმენტად.  

მმეეთთოოდდიი: დისერტაციაში შესულია ოთხი რაოდენობრივი კვლევა 
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დარეგისტრირებული იყო სამ თვისობრივად განსხვავებულ 
ინსულტის მონაცემთა ბაზებში. კოგნიტური ფუნქციის შეფასება 
მოხდა ინსულტიდან 36 – 48 საათის განმავლობაში. ყოფითი 
აქტივობების შეფასება მოხდა ინსულტიდან 36–48 საათის და 3 თვის 
შემდეგ. მონაცემთა ანალიზი განხორციელდა სხვადასხვა სახის 
სტატისტიკური მეთოდებით. 

შშეედდეეგგიი: კვლევებში მონაწილეობა მიიღო 305 – 1145 პაციენტმა, 
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Introduction 

Stroke 

Stroke is “a sudden neurological deficit attributed to acute focal injury of 
the central nervous system caused by vascular damage”1. Symptoms 
should persist for ≥ 24 h or until death 1, 2. The diagnosis of stroke and the 
types of stroke are defined by combining the results of clinical and radio-
logic examinations1. Stroke can be hemorrhagic (intracerebral or subarach-
noid hemorrhage), ischemic, or not specified. In this thesis, patients were 
included if they had an intracerebral hemorrhagic stroke (ICH), ischemic 
stroke (IS), or a not specified stroke (NSS). These conditions are defined 
as follows: 

o ICH is “a rapidly developing 
clinical sign of neurological 
dysfunction caused by a focal 
collection of blood within the 
brain parenchyma or ventricu-
lar system.” However, the dam-
age is not caused by trauma 1. 

o IS is an episode of neurological 
dysfunction caused by a focal 
cerebral infarction1. 

o NSS is “an episode of acute 
neurological dysfunction that is 
presumed to be caused by is-
chemia or hemorrhage.” The 
symptoms should persist for 
 ≥ 24 h or until death, but with-
out satisfactory evidence to be 
categorized as ischemic or 
hemorrhagic stroke 1. 

Stroke recovery is a long process that has several phases, and Bernhardt et 
al. 3 proposed a framework in which critical time points after stroke were 
linked with biological recovery. Major functional and behavioral improve-
ments seem to occur during the first week to months after stroke. However, 
patients continue to recover even after three days (Figure 1). 

Figure 1. Represents the critical 
timepoints after stroke and related 

biological recovery (Inspired by 
Bernhardt et al. 3). 
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Defining stroke severity is an important area for clinicians. Such defini-
tions help when comparing stroke recovery and research results 4. Stroke 
severity is often defined according to the National Institutes of Health 
Stroke Scale (NIHSS) score 5. The NIHSS was developed in 1989 and is 
considered the primary stroke scale for use in acute stroke therapy trials 5. 
The total NIHSS score ranges from 0 to 42 p, with a higher score indicating 
a more severe stroke. Mild/minor stroke can be defined as having a NIHSS 
score of ≤ 3 or ≤ 5 p 6-8. 

NIHSS score and stroke type are determinants of stroke treatment. Not 
having an ISH (confirmed by the radiological findings at hospital admis-
sion), time since onset of stroke-related symptoms, and severity are the 
three main attributes for providing reperfusion therapy (if there are no con-
traindications). Patients would benefit from intravenous thrombolysis and 
endovascular thrombectomy, 4.5 h and 6 h after the onset of stroke symp-
toms, respectively 2. Regarding ICH, the therapeutic approaches are de-
creasing the blood pressure, neurosurgery, etc. 9. 

There are different causes of stroke. The major causes of IS are atheroscle-
rosis, cardioembolism, small vessel diseases, and other conditions such as 
dissection and vasculitis 2. The most common causes of ICH are cerebral 
amyloid angiopathy, high blood pressure, and vascular malformations 2. 
The risk factors for both types of stroke are similar. They include: 1. his-
tory of hypertension/high blood pressure (more strongly associated with 
ICH), 2. irregular physical activity, 3. alcohol consumption, 4. unhealthy 
diet, 5. high waist-to-hip ratio, 6. psychological distress, 7. current smok-
ers, 8. cardiac causes, 9. high cholesterol levels, and 10. diabetes 10. Risk 
factors from seven to ten are more commonly associated with IS 10. 

It is estimated that one in four people will suffer a stroke during their life-
time 11. Globally, the incidence of stroke is decreasing, while the preva-
lence of stroke is increasing, indicating that many people survive a stroke 
and live with residual difficulties 11. Effective interventions and advances 
in stroke prevention have led to higher survival rates in patients. In 2016, 
the proportions of IS and ICH were 84.4% and 15.6%, respectively 11. In 
2019, stroke was the leading cause of disability worldwide among neuro-
logical conditions 12. Of 255,000,000 people that suffered some kind of 
neurological disorders, 34% had a stroke 12. In Europe, the incidence and 
prevalence of stroke were 1,12 million and 9,53 million, respectively, in 
2017. Moreover, by 2047, 2.4% of the population is estimated to have had 
a stroke13. This will be a 28% increase from 2017. The burden of stroke is 
expected to rise in line with the growing aging population, improved med-
ical care, and a higher survival rate 13. In Sweden, approximately 22,000-
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25,000 people suffere a stroke every year. Of these, 86% are IS, 13% are 
ISH, and 1% are NSS 14. The median age of people who suffered a stroke 
was 75.5 years, and there was a slightly higher proportion of male patients 
(52%) in 2011-2015 14. 

Effective stroke treatments and awareness of stroke symptoms in the pop-
ulation have led to reduced trends in stroke severity. However, despite 
good neurological recovery, patients can experience cognitive difficulties 
15, 16, hindering them from returning to their life as it was before the occur-
rence of their stroke 17. In the following chapters, topics on cognition and 
activities of daily living (ADL), as well as how these two areas are related 
to each other, are covered. However, I would like to start by defining the 
two central concepts of this thesis: cognition and ADL. 

Theoretical framework 

Cognition 
This chapter provides a short overview of cognitive functions (grouped 
according to the cognitive domains of the screening instrument used in the 
thesis), executive functions, and three major theories about the organiza-
tion of cognitive functions in the human brain. Cognition can be defined 
as a mental process that enables the acquisition, storage, retrieval, and use 
of information and involves flexibility in problem solving that can be trans-
ferred to new contexts 18. Cognitive functions can be categorized in various 
ways. The categorization presented below follows the structure of the 
screening instrument for cognition used in this thesis. 

Attention refers to processes that allow a person to become receptive to 
stimuli and begin processing the information 19. One of the key character-
istics of attention is its limited span, which varies between people as well 
as within each person based on temporal conditions. Another key charac-
teristic of attention involves top-down and bottom-up processes, which 
predispose attention to a person’s current goals (e.g., when reading this 
text) and salient stimuli (e.g., somebody knocks on a door while you are 
reading this text and you shift your attention toward the door/sound), re-
spectively 19. 

Memory is a person’s capacity to encode, store, and retrieve information 
19. There are different classifications of memory function. Memory is often 
divided into declarative (explicit) and non-declarative (implicit) memory 
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25,000 people suffere a stroke every year. Of these, 86% are IS, 13% are 
ISH, and 1% are NSS 14. The median age of people who suffered a stroke 
was 75.5 years, and there was a slightly higher proportion of male patients 
(52%) in 2011-2015 14. 

Effective stroke treatments and awareness of stroke symptoms in the pop-
ulation have led to reduced trends in stroke severity. However, despite 
good neurological recovery, patients can experience cognitive difficulties 
15, 16, hindering them from returning to their life as it was before the occur-
rence of their stroke 17. In the following chapters, topics on cognition and 
activities of daily living (ADL), as well as how these two areas are related 
to each other, are covered. However, I would like to start by defining the 
two central concepts of this thesis: cognition and ADL. 

Theoretical framework 

Cognition 
This chapter provides a short overview of cognitive functions (grouped 
according to the cognitive domains of the screening instrument used in the 
thesis), executive functions, and three major theories about the organiza-
tion of cognitive functions in the human brain. Cognition can be defined 
as a mental process that enables the acquisition, storage, retrieval, and use 
of information and involves flexibility in problem solving that can be trans-
ferred to new contexts 18. Cognitive functions can be categorized in various 
ways. The categorization presented below follows the structure of the 
screening instrument for cognition used in this thesis. 

Attention refers to processes that allow a person to become receptive to 
stimuli and begin processing the information 19. One of the key character-
istics of attention is its limited span, which varies between people as well 
as within each person based on temporal conditions. Another key charac-
teristic of attention involves top-down and bottom-up processes, which 
predispose attention to a person’s current goals (e.g., when reading this 
text) and salient stimuli (e.g., somebody knocks on a door while you are 
reading this text and you shift your attention toward the door/sound), re-
spectively 19. 

Memory is a person’s capacity to encode, store, and retrieve information 
19. There are different classifications of memory function. Memory is often 
divided into declarative (explicit) and non-declarative (implicit) memory 
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19-21. Declarative memory can be grouped into semantic memory (memory 
about facts) and episodic memory (autobiographic) 19. Declarative memory 
includes short-term and working memory. Such memory forms are often 
used as synonyms. However, short-term memory implies simple tempo-
rary storage of information, while working memory involves a combina-
tion of information storage and information manipulation22. Non-
declarative memory can be classified into item-specific implicit memory 
and procedural memory (e.g. muscular memory on how to do things) 19. 
Procedural, or “how to” memory is often preserved in patients with amne-
sia 19. 

Verbal communication, the ability to produce and understand language, is 
of profound importance for humans. Language allows humans to catego-
rize objects and concepts 20. Kolb 20 describes four principal skills that un-
derlie human language: categorization - assigning tags to information that 
makes it easier to perceive and retrieve when needed; labeling categories - 
organize information within a category; sequencing behavior - refers to the 
sequencing of vocal movements as well as motor actions, and mimicry in 
the language development process 20. 

Visuospatial function encompasses numerous processes related to com-
plex interactions between visual and spatial information processing 20. 
These abilities include object recognition and processing, coding of the 
three-dimensional space, spatial frames of references (spatial position of 
oneself related to others and spatial position of other subjects/objects with 
each other), motion perception, spatial navigation, etc.20. 

Executive functions are an umbrella term for capacities that enable people 
to engage and perform intentional activities 19. The three principal compo-
nents of executive function are inhibition (self-control), working memory, 
and cognitive flexibility 23. Inhibition involves the ability to control atten-
tion, behavior, thoughts, emotions and perform what is appropriate to do 
instead of following impulses 23. Working memory involves holding infor-
mation in the mind and mentally working on it. Cognitive flexibility refers 
to the ability to change perspectives spatially or interpersonally. Cognitive 
flexibility builds on inhibitory control and working memory 23. 

The understanding of the organization of cognitive functions in brain struc-
tures has undergone several paradigm shifts, from localization theories to 
brain network theories 24-28. In localization theories, the brain is considered 
an aggregate of mental organs with unique functions 29. Throughout his-
tory, it was assumed that the peripheral surface of a person’s head could 
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provide information about one’s personality and be used to diagnose men-
tal abilities and disabilities 29. Localization theories have been further de-
veloped through post-mortem examination of the brains of people with 
some pre-morbid neurological impairments, especially speech impair-
ments that result in the cortical localization of language centers. Therefore, 
these theories have eventually been extended to more complex ideas of 
cortical organization 29. Some researchers have suggested an evolutionary 
hierarchy of the nervous system and cellular architecture of the cerebral 
cortex. The idea that higher cerebral functions are diffusely located and 
spread in the brain hemispheres and that they correlated with brain volume 
has emerged accordingly 29. 

Localization theories 
have gradually shifted 
toward more complex 
theories of cortical 
functioning and or-
ganization. Luria25 
distinguished three 
principal functional 
units of the brain that 
are important for any 
mental activity: the 
unit for regulating 
waking and mental 
state, the unit for ob-
taining, processing, and storing information from the outside world, and 
the unit for programming, regulating, and verifying mental activity 25. Each 
unit utilizes a hierarchical structure with three cortical zones built on each 
other (Figure 2). The primary area receives or transmits impulses to the 
periphery. The incoming information is processed in the secondary area. 
The tertiary area is responsible for complex forms of mental activities that 
require the combined involvement of many cortical areas 25. According to 
Luria, 25 information processing is serial, that is, one step at a time. More-
over, information processing is one-way hierarchical, and the tertiary cor-
tex is an endpoint 20, 25. Fellman and van Essen presented a more recent 
theory 24. The authors suggested that the hierarchical process involved four 
major layers (Figure 2). The connections can be ascending (terminates in 
layer IV), descending (do not interact with layer IV), or columnar (termi-
nates in all cortical layers) (Figure 2) 20, 24. This model illustrates how brain 
areas act together in a complex and dynamic way of cortical connectivity 
and that cognitive processes are created through large cortical networks 20. 

Figure 2. Hierarchical models of the cortex (inspired 
by Kolb 20). 
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The most recent view of the functional organization of cognition in the 
human brain has been described within the framework of the network the-
ory. Several studies have indicated that the human brain consists of large 
regions connected through networks 26, 28. A network represents anatomical 
nodes and functional connections between the cortical regions (edges) 26. 
Figure 3 provides a visual presentation of the seven network parcellation 
of healthy human brains presented by Yeo et al. 28 (subcortical structures 
were not included in the analyses). The functions of these seven networks 
cover the sensory perception of visual information, visuospatial attention 
(top-down and bottom-up), executive control, memory, language func-
tions, and emotions 28. 

 

Figure 3. An estimate of the seven cortical networks based upon fMRI data of 
1,000 people. Each color represents a network. (Images reproduced from Yeo 

BT, Krienen FM, Sepulcre J, Sabuncu MR, Lashkari D, Hollinshead M, et al. The 
organization of the human cerebral cortex estimated by intrinsic functional con-
nectivity. J Neurophysiol. 2011; 106:1125-1165. Permission granted from the 

journal). 

It was previously believed that anatomical damage to the brain area affects 
only the corresponding cognitive function. However, based on the network 
theory, it can be concluded that the consequences of the damage are far 
beyond the specific brain area and can involve multiple areas of cognition 
and executive functioning. In addition, there is the concept of functional 
cognition 30. Functional cognition is an integrated function of cognitive and 
executive processes that guides activity performance in changing environ-
ments 30. Functional cognition creates a fit between people’s cognitive ca-
pacities and the cognitive complexity of an activity that one wants to 
perform. 

 
 

 

Introduction 
7 

Activity performance 
This chapter provides an overview of occupation, activity, performance, 
and activity complexity. The understanding of these constructs differs be-
tween fields, and the definitions given in this chapter are within the occu-
pational therapy discipline. 

Occupational performance 
is the central construct in 
occupational therapy and it 
comprises several compo-
nents 31. Therefore, a taxo-
nomic code for 
occupational performance 
has been suggested. The 
taxonomic code has a hier-
archical nature, and each 
level has various perfor-
mance complexities 
(Figure 4) 31. Occupational 
performance is based on 
voluntary movements and 
mental processes, includ-
ing muscle and joint movements and cognitive functions. A group of vol-
untary movements and mental processes are called actions. Actions have a 
recognizable and purposeful pattern, such as holding a spoon, putting cof-
fee in a filter, standing, and remembering. When a set of actions has an 
endpoint and specific outcome, it is regarded as a task, for example, brew-
ing coffee, brushing one’s hair, and putting on trousers. Activity is re-
garded as a set of tasks with a specific endpoint and a result that is greater 
than each task (e.g., preparing breakfast, clothing, or having a shower). 
Occupation is an activity or set of activities performed with regularity and 
consistency that have a structure, meaning, and value for an individual, for 
example, managing and preparing meals 31. 

The contextual difference between occupation and activity is not profound 
in the Swedish language 32. In 2018, the Swedish Occupational Therapy 
Association published a brochure with translations and definitions of ma-
jor occupational therapy concepts. Occupation was translated as “Männis-
kans görande,” and activity was translated as “aktivitet” 32. In this thesis, 
the term activity refers to both activity and occupation. Activities that peo-

Figure 4. A taxonomic code of occupational per-
formance showing the hierarchical nature of the 
components (inspired by Townsend & Polatajko, 

201331). 
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ple perform during their lifetime can be understood as ADL. Activity per-
formance occurs in the edge of an interaction between a person, activity, 
and the environment 31. 

Activity performance is complex and dynamic. To understand this, we 
need to reflect on some major areas, namely who performs it, what is per-
formed, when, where, how, and why an activity is performed (Figure 5) 31, 

33. 

o Who - activity becomes 
visible through performance, 
and all people perform activi-
ties during their lifetime 31. 
People shape their capacities, 
performance patterns, self-
perception, and understand-
ing of the world through ac-
tivity performance 33. 
Changes in activity perfor-
mance can be caused by vari-
ous factors, diseases, and 
illnesses 13, 15. 
o What - People perform an 
enormous number of activi-
ties and tasks during their 
lifetime. Different systems 
have been developed to clas-
sify the activities. However, 
owing to their complex na-

ture, none of the classification systems is comprehensive. However, we 
can say that the performance of a particular activity can require various 
degrees of cognitive, affective, and physical abilities 31. This thesis ex-
amined the performance of personal ADL (P-ADL) and ADL in more 
general terms. 

o When - people perform activities from day to day and over a lifetime. 
Activities and temporal factors create habits and patterns in perfor-
mance that have both external and internal characteristics. Internal 
characteristics include preferences, personality, attitude, basic needs, 
biological rhythms, age, gender, and values. External characteristics in-
clude the temporal environment, socio-economic environment, cultural 
expectations, and resources 31. 

Figure 5. The complex nature of activity 
performance. Activity performance has a 

dynamic nature, it changes over one’s life-
time based on the dynamic interaction be-
tween different components (inspired by 

Townsend & Polatajko, 201331).  
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o Where - activities are performed in a physical, social, cultural, and in-
stitutional environment 31. One’s environment, either naturally occur-
ring or constructed, prominently influences activity performance and 
can act both as an enabler and hindrance. 

o How - Activity performance occurs at the micro, meso, and macro lev-
els 31. At the micro-level, activity competence is developed, and the 
performance of a task or activity is mastered. This process is repeated 
continuously for each new activity or task. At the meso-level, an activ-
ity repertoire is developed. The activity repertoire has multiple patterns 
and changes during its lifespan. At the macro level, activities are devel-
oped via activity exposure and activity prospects 31. For various rea-
sons, people can experience loss of activity. Activity loss occurs when 
people can no longer perform their usual routines and activities they 
could perform previously. Activity loss can be triggered by environ-
mental factors, life situations, and permanent or temporary loss of body 
functions 31. 

o Why - People perform activities for many reasons, but the importance 
of activity on health and well-being is obvious 31, 33. The meaning, val-
ues, and motivation that each person prescribes to a certain activity is 
essential for the outcome of activity performance 31. Moreover, the per-
formance of meaningful activities is central to human well-being 31. 

The complexity of an activity can be viewed from both the objective and 
subjective perspectives 34. Objective complexity is an inherent property of 
an activity. This is independent of the person who performs the task/activ-
ity. The dimensions of the objective complexity of the activity are the size 
and variation of the activity components, several distinguishable or diver-
gent activity components, interdependency between the activity compo-
nents, unstable characteristics of the activity components, novelty or 
routine performance of the activity components, temporal demand on the 
activity, and action complexity (i.e., cognitive and physical requirements 
that are needed for performance) 34. Subjective dimensions of activity com-
plexity (psychological and perceived complexity) are related to the joint 
properties of the activity characteristics and the person who performs it. It 
is a subjective state of mind concerning some kind of activity 34. Wæhrens 
and Fisher 35 tried to transform people’s subjective complexity into 47 ac-
tivities/tasks to objective complexity. The results showed that "calling for 
attention" was the easiest item, and "driving a car" was the hardest item 35. 
It can hence be assumed that the hardest item also required a higher level 
of cognitive and executive functioning. 
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In summary, activity performance is a complex phenomenon that emerges 
from the multilevel interactions between personal factors, activity charac-
teristics, and environmental factors. The interaction process is dynamic 
and continues throughout the lifespan of an individual 31. 

Cognition and ADL after stroke 
Impaired cognition and difficulties in activity performance are common 
consequences of stroke. Cognitive impairment is thought to be a product 
of anatomical damage corresponding to a certain brain area, which also 
results in behavioral changes. However, recent studies have shown that 
these consequences are unrelated to specific anatomically restricted areas 
but are routed to widespread networks linked by several interconnected 
regions 36, 37. Moreover, there are individual differences between patients 
regarding the consequences of stroke. These differences could be at-
tributed to many factors, such as time after stroke, stroke severity at base-
line, lesion side, location of anatomical damage, biological factors, 
premorbid condition, and personality. 

Cognitive functions early after stroke have recently received increased at-
tention in clinical practice and research. This may be due to the fact that 
advances in stroke treatment have resulted in many patients having a less 
severe stroke and motor impairment. Therefore, cognitive impairment has 
become more obvious 38, especially in relation to activity performance and 
life after stroke 39. According to the "Canadian best practice recommenda-
tion,” a patient with stroke should be considered at risk of developing post-
stroke cognitive impairment (PSCI) 40. PSCI is defined as “a new cognitive 
deficit that develops in the first three months following stroke and persists 
for a minimum of six months,” additionally, “PSCI should not be related 
to other conditions or diseases” 41. PSCI is a consequence of a decline from 
a previous performance level in one or more cognitive domains 42. 

Three major conditions related to PSCI are delirium, mild cognitive disor-
der, and major cognitive disorder 42. A major criterion for distinguishing 
mild cognitive impairment from major cognitive impairment is independ-
ence in ADL. Patients with mild cognitive impairments require more effort 
to perform ADL than people with normal cognition, but they can still use 
compensatory strategies to maintain their independence 42. In contrast, 
people with major cognitive impairments experience significant cognitive 
decline in one or more cognitive domains, and this decline affects ADL 
independence 42. 
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PSCI can persist even after successful neurological recovery 15. Three 
months after stroke, 80% and 50% of the patients had difficulties in at least 
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The prevalence of dependency after stroke varies between 15% and 39% 
based on the assessment instrument, assessment time, and activities that 
were assessed in the studies 54-65. Many studies have reported dependency 
as an indicator of acute stroke care or some kind of rehabilitation. Varia-
bles associated with post-stroke dependency were stroke type (mixed re-
sults), living alone, female sex, comorbidities, increased age, 
complications such as aspiration pneumonia or infections, pre-stroke de-
pendency, premorbid cognitive impairment, early depressed mood, severe 
motor impairments, and PSCI 66-69. Moreover, even in patients with suc-
cessful revascularization treatment, older age and severe stroke could lead 
to dependency 70. 

Several studies have investigated the association between dependency af-
ter stroke and PSCI 49, 54-64, 71, 72. These studies are summarized in Table 1 
with detailed information on sample size, stroke type, prevalence of PSCI 
and dependency, time points for assessments, and brief results of the stud-
ies. In short, in previous studies, cognition was screened with the MoCA 
five days to 3.8 years after stroke, and dependency after stroke was evalu-
ated with various assessment instruments one month to five years after 
stroke 54-64. The results indicated a positive association between PSCI and 
dependency after stroke. 

Cognition and activity performance after stroke are the two main areas 
covered in this thesis. As previously mentioned, various types of activities 
have different complexities and they require functional cognition. Early 
after stroke, the performance of P-ADL may be intact, especially in pa-
tients with mild stroke severity. The performance of these kinds of activi-
ties is mastered during one’s lifetime, and even different environments 
(such as being in the hospital) would not cause substantial performance 
change. However, when it comes to instrumental ADL, such as cooking, 
paying the bills, cleaning, organizing online meetings, and management of 
finances, performance can be changed even after a mild stroke. 
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Stroke care and discharge pathways 
Stroke care and rehabilitation processes can be described within the Inter-
national Classification of Functioning, Disability, and Health (ICF) frame-
work 73, 74. The ICF, which describes an interaction pattern between health 
condition, body function and structure, activities, participation, and envi-
ronmental and personal factors, can be used as a clinical framework for 
stroke care and rehabilitation 74. Treating all patients with stroke in spe-
cialized stroke units is crucial for survival and for decreasing the conse-
quences of stroke 75. In Sweden, stroke care is tax-financed and guided by 
the national recommendations for stroke care. Most patients are admitted 
to comprehensive stroke units with a multidisciplinary team, including 
medical and rehabilitation staff. Rehabilitation, medical examinations, and 
treatments are two parallel processes in ASUs. The rehabilitation process 
starts when the patient’s medical condition becomes stable. 

Since patients stay in hospitals for a short time, it is important to start dis-
charge planning early after stroke. Discharge planning is guided by indi-
vidual rehabilitation needs (Figure 7). Recommendations for further 
rehabilitation needs are based on the results of assessments performed in 
stroke units and, of course, patients’ motivation and desire for rehabilita-
tion. 

Figure 7. Brief overview of the path from stroke onset to planning of rehabilitation. 
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Assessment tools for cognition and activity  
performance 

In this chapter, I elaborate on three major instruments within the scope of 
this thesis: MoCA, BI, and mRS. 

MoCA is a screening instrument for global cognition 76. The MoCA was 
developed to screen older people who were admitted to memory clinics. 
These individuals exhibited symptoms of mild cognitive impairment, how-
ever they would normally perform well on screening tests for dementia. 
The MoCA was initially developed according to the clinical experience 
and intuition of the principal investigator (Nasreddine ZS, MD). The initial 
version screened ten cognitive domains, but after interactive modifica-
tions, the instrument was shortened 76. The final version of MoCA was 
published in 2005. It was shorter and contained 12 tasks, of which five 
were paper and pen tasks. In 2020, an attempt was made to study the asso-
ciation between MoCA and brain structures in healthy people 77. The re-
sults showed a positive association between low cognitive performance 
and deficits in several structural areas of the brain (volumes of the 
paracingular cortex, gyrification of the parahippocampal area, and white 
matter changes) 77. The MoCA is a recommended screening tool for cog-
nition 38, 40, but it is important to be aware that patients can have cognitive 
deficits as assessed with comprehensive cognitive instruments despite nor-
mal performance on MoCA 40. 

The BI was developed in 19551965 for patients with neuromuscular and 
musculoskeletal diseases 78. BI provides a simple score on the patients’ 
ability to care for themselves. The instrument was used to assess improve-
ment and evaluate patients before admission to rehabilitation hospitals and 
after discharge 78. The tasks included in the BI target performance of P-
ADL and transfer. These types of tasks usually have low objective com-
plexity 35. They can be less demanding on functional cognition and overall 
cognitive functioning, but more demanding on motor functions. Therefore, 
patients with motor impairment will most likely score low on BI, and pa-
tients with subtle cognitive deficits but good motor functions will probably 
obtain high BI scores. 

The Rankin scale was developed by John Rankin in 1957 and is a simple 
but reliable prognostic scale after a cerebrovascular incident. The original 
scale contained five levels ranging from no significant disability to severe 
disability 79-81. In 1988, the scale was modified by adding a category “no 
symptoms at all” and was renamed the modified Rankin scale. The mRS 
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comprises six grades, from no symptoms at all to severe disability. Func-
tional dependency was defined using various cutoffs. The levels of mRS 
correspond to different complexities of activity performance 82. The mRS 
categories zero to two correspond to the performance of more complex 
everyday activities that require good functional cognition (including shop-
ping, preparing meals, and managing one’s own economy). However, cat-
egories three to five correspond to the transfer and performance of basic 
ADL, which can be more related to physical functioning 83. An mRS ver-
sion used particularly in Swedish stroke register-based studies is a trans-
formation algorithm developed in 20062007 by Eriksson et al. using 
Riksstroke data (mRS-RS) 84. Although the mRS-RS showed good agree-
ment with the original mRS scale, it could not distinguish mRS grades 0, 
1, and 2 84.  

Knowledge gap 

Patients who have had a stroke are at a risk of developing PSCI. Cognitive 
screening, compared with comprehensive neuropsychological assess-
ments, requires a shorter time. Therefore, the International Stroke Society 
recommends cognitive screenings before patients are discharged from the 
hospital. The MoCA is one of the most commonly used screening tools for 
cognition. However, not all patients undergo screening. Nevertheless, we 
do not know the barriers to cognitive screening in a clinical setting. Cog-
nitive impairment and ADL dependency are common residuals after 
stroke, even in patients with mild stroke. However, there is limited 
knowledge about the feasibility of early cognitive screening to explain de-
pendency during the acute and early subacute phases of stroke. Acquisition 
of this knowledge is important since most of the recovery occurs during 
the first three months after stroke. Also, since patients spend less time in 
hospital after the stroke, discharge planning and early prognosis of the out-
comes have become important. 

This thesis aimed to provide a new transformation algorithm for self-re-
ported ADL questions from the Swedish National Stroke Registry, 
Riksstroke, to distinguish mRS grades zero, one, and two. This transfor-
mation algorithm is suitable as a substitute measure for mRS, which is one 
of the major instruments in stroke research. 
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Aims 

The overall aim of this thesis was to identify the barriers to cognitive 
screening in ASUs and explore whether cognitive function screened within 
the first two days after admission to stroke units can explain activity de-
pendency at different time points after stroke. 

The specific aims were: 

o To identify the barriers to cognitive screening early after stroke and 
establish a better understanding of decision-making regarding cog-
nitive screening in ASUs. 
 

o To investigate the feasibility of the MoCA to explain activity de-
pendency 3648 h after stroke and functional dependency three 
months after stroke. 

 
o To identify an optimal MoCA score for explaining functional de-

pendency three months after stroke. 
 

o To create a transformation algorithm for the modified Rankin scale 
Riksstroke (mRS-RS) based on self-reported outcomes from 
Riksstroke and to distinguish mRS-RS grades 0, 1, and 2 from each 
other. 
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Methods 

Design and study sample 

Four quantitative studies were included in the thesis. An overview of the 
sample size, study design, and inclusion and exclusion criteria are pre-
sented in Table 2.  

Table 2. An overview of the studies included in the thesis. 

 Study I 
n = 1,120 

Study II 
n = 550 

Study III 
n = 305 

Study IV 
n = 1,145 

Design 
 

Retrospective, ex-
plorative study 

Cross-sectional, 
explorative study 

Longitudinal co-
hort study 

Cross-sectional, 
explorative, regis-
ter-based study 

Inclusion 
sight 

All sites SU/Sahlgrenska SU/Sahlgrenska All sites 

Inclusion 
period 

20142018 20112016 20112016 20152018 

Follow-up 
time 

  Three months  

Inclusion 
criteria 

- Age ≥ 18 years 
- First ever stroke 
- Stroke diagnosis 
according to ICD 
- Data on cogni-
tive screening 

(yes/no) 

- Age ≥ 18 years 
- Stroke diagnosis 

according to 
WHO* 

- Complete data 
on MoCA# and BI¶ 
3648 h after ad-

mission 

- Age ≥ 18 years 
- Stroke diagno-
sis according to 

WHO 
- MoCA adminis-

tered within 
3648 h 

- Age ≥ 18 years 
- First ever stroke 
- Stroke diagno-
sis according to 

ICD 
- Registered data 

on mRS** in 
Väststroke 

Exclusion 
criteria 

- Incomplete data 
on the explana-
tory variables 

- Other neurologi-
cal diagnoses 

- Dependent in 
ADL^ prior to 

stroke 

- Missing values 
on seven ADL 
questions from 

Riksstroke 
Abbreviations, SU - Sahlgrenska University Hospital; * WHO - World Health Organization. 
#MoCA - Montreal Cognitive Assessment, ¶BI - Barthel Index, ^ADL - Activities of Daily living; 
**mRS - modified Rankin Scale; ICD, International Classification of Disease.   

Three studies (I, II, and IV) were cross-sectional, while one study (III) was 
longitudinal one. Patients admitted to the ASUs at Sahlgrenska University 
Hospital (SU) were included in the studies. The SU provides emergency 
and basic care for the Gothenburg region, which has approximately 
700 000 inhabitants and specialized care for West Sweden, which has ap-
proximately 1.7 million inhabitants. The SU has three sites with ASUs: 
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SU/Sahlgrenska, SU/Mölndal, and SU/Östra. Each site provides multidis-
ciplinary stroke care according to the National Board of Health and Wel-
fare guidelines for stroke care and rehabilitation 85. Furthermore, 
SU/Sahlgrenska provides thrombolysis treatment and is responsible for 
thrombectomy and neurosurgery. 

Data sources and procedure 

Two registries, one research database, and medical charts were used as data 
sources in the studies. A schematic overview of the data sources used is 
shown in Figure 8. 

 

 

Figure 8. Schematic overview of the data sources used. 

The Riksstroke is a national quality register for stroke in Sweden 86. Estab-
lished in 1994, the Riksstroke is regarded as the world's most comprehen-
sive national quality register for stroke. The primary aim of Riksstroke is 
to monitor the quality of stroke care in Sweden and to motivate improve-
ments in provided care 86. From Riksstroke, local and regional information 
can be obtained, and feedback can be provided on the quality of stroke 
care. At the national level, information can be obtained about the stroke 
guidelines as recommended by the National Board of Health and Welfare. 
Initially, the focus of Riksstroke was limited to acute in-hospital stroke 
care. However, this was later extended to cover the quality of health care 
provided in community services, patients’ self-perceived function, and dis-
ability in later stages of stroke such as at three and 12 months after stroke 
86, as well as next of kin-related information. Since 1994, the number of 
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SU/Sahlgrenska, SU/Mölndal, and SU/Östra. Each site provides multidis-
ciplinary stroke care according to the National Board of Health and Wel-
fare guidelines for stroke care and rehabilitation 85. Furthermore, 
SU/Sahlgrenska provides thrombolysis treatment and is responsible for 
thrombectomy and neurosurgery. 

Data sources and procedure 

Two registries, one research database, and medical charts were used as data 
sources in the studies. A schematic overview of the data sources used is 
shown in Figure 8. 

 

 

Figure 8. Schematic overview of the data sources used. 
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ability in later stages of stroke such as at three and 12 months after stroke 
86, as well as next of kin-related information. Since 1994, the number of 



 

20 

 

hospitals that register their data has increased to 72, with an estimated pa-
tient representativeness of 94% (Riksstroke data from 2019). 

Riksstroke comprises data on acute stroke and collects data regularly at 
three and 12 months after stroke. Data from an acute and three-month fol-
low-up form were used in this thesis. The variables in the acute form cov-
ered information on in-hospital stroke care. The data were gathered and 
registered by healthcare professionals working at ASUs (Studies I, III, and 
IV). The three-month follow-up information was gathered using postal 
questionnaires (Studies III and IV). The questionnaire was filled in either 
by patients (with the help of their family members if needed) or a 
healthcare provider. 

The Väststroke is a local quality register for stroke and transient ischemic 
attack (TIA) in the Västra Götaland region. Väststroke data were retrieved 
within the framework of Physical Activity Pre-Stroke in the GOThenburg 
project (PAPSIGOT) 87. The Väststroke aims to provide detailed infor-
mation about processes and outcome measures for the entire multidiscipli-
nary stroke care chain: early pre-hospital care, care at stroke units, and 
resumed stroke care after discharge from the hospital. The Väststroke has 
been in full use at SU since 2014. 

The information for the Väststroke acute form was gathered and registered 
by healthcare professionals working at ASUs (Studies I and IV). Activity 
and functional status prior to stroke and after stroke were assessed and reg-
istered by occupational therapists, physiotherapists, and speech therapists. 
Medical staff and research nurses recorded information on the medical ex-
aminations. The three-month follow-up data were gathered via telephone 
or physician visits (Study IV). 

The research database contained information on patients admitted to 
stroke units at SU/Sahlgrenska. It was created as the consequence of the 
screening process for a randomized controlled trial (RCT) the Gothenburg 
Very Early Supported Discharge study (GOTVED)88. The GOTVED was 
an RCT in which patients were randomized for very early supported dis-
charge. Prior to randomization, the patients were approached by occupa-
tional therapists for initial screening within 36  48 h after admission to 
the stroke unit. Cognitive functions and ADL were screened when possi-
ble, and the data were registered in the research database. The research 
nurse registered the data on patients’ neurological status on day two (stud-
ies II-III). The research database was complemented with information 
from patient charts. Data were collected regarding neurological status at 
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admission to the hospital, lesion side, and classification of the IS type 
(Study III). 

Data merging 

Riksstroke and Väststroke registries, as well as Riksstroke and the research 
database, were merged by a statistician at Riksstroke. The patients’ unique 
personal identification numbers were used for this purpose. The data files 
used for the analyses did not contain a personal identification number. 

Variables 
Different variables were analyzed. Some of them were collected using 
standardized, valid, and reliable assessment instruments for stroke. Other 
variables were based on the clinical assessments performed by healthcare 
professionals working in ASUs. Some variables were reported by patients, 
their family members, and healthcare providers. A summarized overview 
of the variables used in the studies grouped according to the critical time 
points of stroke recovery is presented in Figure 93. A brief overview of the 
functions of the variables is presented in Figure 10.  
 

 

Figure 9. Overview of the variables used in the studies. The timeline is defined 
according to the critical timepoints post-stroke recovery 3. #Self-reported data. 

Standardized assessment instruments 

All standardized assessment instruments used in the studies were valid and 
reliable for use in patients with stroke. 
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Cognitive function was screened using the MoCA. The MoCA is a valid 
and reliable instrument for screening cognition after stroke, 89, 90 and can 
be used as a first cognitive screening instrument during the acute and sub-
acute phases of stroke 44, 45. The score range on the MoCA is 030 p, and 
one point can be added for ≤ 12 years of education 76. A commonly used 
threshold for impaired cognition is ≤ 25 p 91. The MoCA tasks screen the 
following cognitive domains: short-term memory, visuospatial abilities, 
multiple aspects of executive function, attention, concentration, working 
memory, language, and orientation 76. The MoCA has good to excellent 
sensitivity in discriminating healthy people from those with mild cognitive 
impairment and people with mild cognitive impairment from those with 
Alzheimer's disease 76, 92, 93. There is normative data for the Swedish pop-
ulation aged 6585 years 94. 

 

 

Figure 10. Overview of the variables included in the studies (BI, Barthel Index; 
MoCA, the Montreal Cognitive Assessment; NIHSS, National Institutes of Health 
Stroke Scale; Cog-4, Cognitive subdomain of NIHSS; mRS, the modified Rankin 

Scale; ADL, Activities of Daily Living). 

Basic ADL performance was assessed using BI 78. The BI comprises ten 
ADL tasks: personal hygiene, bathing, feeding, toilet visits, stair climbing, 
dressing, bowel control, bladder control, ambulation, and chair/bed trans-
fers. Each task is scored on 05 p, 010 p, or 015 p scales. The score 
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ranges from 0100 p. The commonly used threshold for P-ADL depend-
ency is ≤ 90 p (Study II) 95. The BI is a robust instrument for use in stroke 
patients during the acute and early subacute phases of stroke 65, 96. 

The level of functional disability was assessed using the mRS, which is an 
ordinal scale with the following grades: no symptoms at all (0), no signif-
icant disability despite symptoms (1), slight disability (2), moderate disa-
bility (3), moderately severe disability (4), and severe disability (5). In 
addition, category six refers to death. A cut-off score of ≥3 p (range 35) 
indicates functional dependency 95, 97. The simplified mRS interview guide 
was used to collect the three-month follow-up data, and patients were con-
tacted via telephone or assessed by a physician during a follow-up visit 83, 

98. Moreover, in Study III, the mRS was calculated according to the trans-
formation algorithm developed by Eriksson et al. on Riksstroke’s ADL 
questions from the three-month follow-up form 84. 

Stroke-related neurological severity at hospital admission was assessed us-
ing the NIHSS 99-101. Fifteen items of the NIHSS cover the following neu-
rological symptoms and conditions: 1a. Level of consciousness (LOC), 1b. 
LOC questions/orientation and 1c. LOC commands, 2. Best gaze, 3. Visual 
fields, 4. Facial palsy, 5a. Motor arm left, 5b. Motor arm right left, 6a. 
Motor leg left, 6b. Right left motor leg, 7. Limb ataxia left, 8. Sensory 
function, 9. Aphasia/language, 10. Dysarthria, and 11. Extinction and in-
attention 99-101. The scores on each NIHSS item add to a total score between 
042 p, where zero indicates no neurological symptoms. In Studies I and 
IV, mild/minor stroke was defined as having an NIHSS score of ≤ 3 p or ≤ 
5 p, respectively 6-8. 

A surrogate measure for cognitive function at hospital admission was esti-
mated using NIHSS items. Cog-4 is a subscale of the NIHSS for establish-
ing cognitive function after stroke 102. Cog-4 comprises four items from 
the NIHSS: LOC questions/orientation, LOC commands, aphasia/lan-
guage, extinction, and inattention. The score ranges from 09 p, where 
zero indicates normal cognition 102. 
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Clinical data 

Clinical variables were retrieved from registries. These variables represent 
the results of clinical observations and tests performed by healthcare pro-
fessionals working in ASUs. Whether patients had received cognitive 
screenings during their hospital stay was also recorded. The MoCA was 
used for the cognitive screening. The question had a binary outcome, that 
is, “yes,” if the patient had received MoCA and “no,” if the patient had not 
received MoCA. The question was an outcome variable in Study I. Fur-
thermore, the data on the observation of activity performance with cogni-
tion were registered but not used because of the high probability of 
assessment and reporting bias. 

Communication ability was also registered. The verbal output was graded 
on a five-point scale according to the ability to convey a message inde-
pendently in spontaneous speech, with an additional step for when grading 
was not possible, for example, in patients with impaired alertness. The lev-
els of verbal output were as follows: normal (0), can be understood (1), 
needs questions and help for communication (2), can partly communicate, 
but the output is unclear (3), cannot collaborate enough for the conclusion 
(4), and cannot communicate in any way (5). 

Stroke-related arm/hand problems and ADL capacity prior to the stroke, 
within 48 h after admission to ASUs, and at discharge were assessed and 
registered by occupational therapists. Physiotherapists assessed and regis-
tered data on independence in transfer, indoor walking of 10 m, and risk 
of falls prior to the stroke, within 48 h after admission to ASUs and at 
discharge. Postural balance in sitting and standing position after stroke was 
assessed and registered in the Riksstroke. 

Data on comorbidities (previous TIA, previous stroke, diabetes), stroke di-
agnosis (codes: I61, intracerebral hemorrhage; I63, cerebral infarction; and 
I64, stroke, not specified as hemorrhage or infarction), reperfusion treat-
ment (thrombolytic, thrombectomy, or both), and discharge destination 
from hospital were gathered and registered by hospital staff. 

The type of IS was identified from the patients' medical charts and classi-
fied according to the Oxfordshire Community Stroke Project Classification 
(OCSP)103. The patients were allocated to one of four the groups according 
to their symptoms: lacunar infarcts (LACI), total anterior circulation in-
farcts (TACI), partial anterior circulation infarcts (PACI), and posterior 
circulation infarcts (POCI). 
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Self-reported data 

Patients, next of kin, or nursing staff, reported the data on function, activ-
ity, mobility, accommodation, and living conditions before stroke and 
three months after stroke. Data were gathered from the acute form of the 
Riksstroke. Moreover, Rikssteoke’s three-month follow-up form was used 
to collect self-reported data on function and activity levels. Both are stand-
ardized forms with validated questions for patients with stroke. 
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Data analyses 

Brief description 

An overview of the methods used in these studies is presented in Table 3. 
Data analyses were performed using the Statistical Package for the Social 
Sciences (SPSS; versions 22, 25, 26, and 27. IBM, SPSS, Inc., Chicago, 
IL, USA) and R software (R Core Team, versions 3.6.2 and 4.0.2). The 
statistical tests were two-tailed and conducted at a 5% significance level. 
Bonferroni correction was used to control for type I errors (Study II). 

Table 3. The overview of the methods used in the studies. 

Statistics Study I Study II Study III Study IV 
Descriptive statistics         
Cross-tables         
Group comparisons         
χ2 test          
Mann-Whitney U test         
Spearman’s rank-order correla-
tion test 

      

Binary logistic regression        
Area under the curve (AUC)        
Nagelkerke's r2       
Hosmer-Lemeshow test      
Sensitivity, specificity        
Positive/negative predictive value      
Youden’s J index      
Subgroup analyses      
Agreement analyses      
Fleiss-Cohen type of quadratic 
weights 

     

LASSO      
Decision trees       
Validation#         
Accuracy       
LASSO, Least Absolute Shrinkage and Selection Operator. # Validation analy-
sis in Studies II and III were performed only for the thesis.  
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Data analyses 
Non-parametric statistical methods were used to analyze categorical and 
continuous variables with non-Gaussian distributions. Chi-squared (χ2) 
and Mann-Whitney U tests were used (studies I–IV) for group compari-
sons. To understand the variance between two variables, the effect size for 
the Mann-Whitney U test was calculated according to the equation: 
𝑟𝑟� =  ��

�
, 𝑟𝑟� < 0.2 was regarded as a small effect size of 104 (Study II). 

The overall agreement between mRS-RS and mRS was calculated using 
weighted kappa, and the Fleiss-Cohen type of quadratic weights (Kw) was 
applied accordingly. The overall agreement was studied to understand the 
reliability of the mRS-RS algorithm. The Fleiss-Cohen type was chosen 
since variables were the ordinal type. Quadratic weights were calculated 
since misclassification could occur in more than one step. The strength of 
agreement was interpreted as slight (Kw ≤ 0.20), fair (Kw = 0.21 to 0.40), 
moderate (Kw = 0.41 to 0.60), substantial (Kw = 0.61 to 0.80), and almost 
perfect (Kw ≥ 0.81)105. 

The strength of the correlation between variables was calculated using 
Spearman’s rank-order correlation (rs) test (Studies II-III). The correlation 
coefficients were interpreted as small (rs < ± 0.29), medium (rs = ± 0.30 to 
± 0.49), and large (rs ≥ ± 0.50) 106. Furthermore, the results of rs were con-
sidered during the model building process for binary logistic regressions 
to address multicollinearity, where variables with rs ≥ ± 0.70 were penal-
ized and not pooled in the same binary logistic regression model (Studies 
II  III). Usually, variables with multicollinearity should not be included 
in the same regression model, as it is difficult to identify the individual 
effects of each variable. 

To determine the optimal cut-off value of the MoCA for explaining func-
tional dependency three months after stroke (mRS ≥ 3 p), receiver operat-
ing characteristic curves (ROC) were explored (Study III). Furthermore, 
the MoCA was dichotomized into several cut-off values. Each cut-off was 
analyzed against dichotomized mRS scores using cross-tables. The sensi-
tivity, specificity, positive predictive value (PPV), negative predictive 
value (NPV), and Youden index (Yi) were calculated. 
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Regression and classification analyses 
Binary logistic regression analyses were performed to explain barriers to 
cognitive screening (Study I), P-ADL dependency 3648 h (BI ≤ 90 p 
[Study II]), and functional disability three months (mRS ≥ 3 p [Study III]) 
after stroke. In Studies II and III, the primary explanatory variable was 
cognitive function (as screened using MoCA 3648 h after admission to 
the stroke units). Other explanatory variables were chosen based on previ-
ous studies and clinical experience. The model-building process differed 
among the studies. 

o Study I. Univariable binary logistic regression analyses were performed 
based on the explanatory variables selected by the least absolute shrink-
age and selection operator (LASSO) and decision tree analyses (de-
scribed below). The dependent variable was cognitive screening 
performed in the ASUs. 

o Study II. The variable selection process was performed in three steps: 
associations between explanatory variables and dependent variables 
were tested, and variables without significant association were ex-
cluded (step 1). The remaining variables after step 1 were tested using 
univariable binary logistic regression, where variables with a p-value 
of  0.10 were excluded from further analyses (step 2). Multivariable 
binary logistic regression analyses were performed, and variables with 
a p-value of  0.05 were excluded from the final models (step 3). In 
total, six models were built based on clinical reasoning, and each model 
included one to six independent variables. 

o Study III. A purposeful variable selection method was applied. Figure 
11 shows a schematic flow of the variable selection and model building 
process. In total, eight models were constructed as part of the data anal-
yses. Some were adjusted for age, living arrangement before stroke, and 
ADL at 3648 h post-stroke. For this thesis, additional analyses were 
performed where cognitive impairment (MoCA ≤ 25 p) was examined 
for dependency 3648 h and three months after stroke. Cognitive func-
tion was analyzed as an independent variable and was adjusted for mo-
tor impairment in the upper limb, lower limb, and any kind of 
communication impairment (aphasia or dysarthria according to admis-
sion NIHSS). Furthermore, full models were examined, including cog-
nitive function, neurological severity at hospital admission, and age 
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(dichotomized ≥ 80 years, as 80 years is the median and mean age for 
diagnosis of dementia in Sweden). 

The results of the binary logistic regression analyses were evaluated using 
odds ratios (ORs), 95% confidence intervals (CIs), and p-values for each 
explanatory variable. The models were evaluated using the following met-
rics: area under the curve analyses (AUC, a value of ≤ 0.5 indicates poor 
fit 107), Hosmer-Lemeshow's goodness of fit test (H-L, a p-value ≤ 0.05, 
indicating poor fit), and Nagelkerke’s pseudo R2 (a value near one is de-
sired). 
 

 

Two classifications and one regression algorithm were applied in Studies 
I and IV: decision trees and the LASSO regression, respectively. To study 

Figure 11.  Schematic overview of the variable selection and model building pro-
cess in Study III. 



 

28 

 

 

Regression and classification analyses 
Binary logistic regression analyses were performed to explain barriers to 
cognitive screening (Study I), P-ADL dependency 3648 h (BI ≤ 90 p 
[Study II]), and functional disability three months (mRS ≥ 3 p [Study III]) 
after stroke. In Studies II and III, the primary explanatory variable was 
cognitive function (as screened using MoCA 3648 h after admission to 
the stroke units). Other explanatory variables were chosen based on previ-
ous studies and clinical experience. The model-building process differed 
among the studies. 

o Study I. Univariable binary logistic regression analyses were performed 
based on the explanatory variables selected by the least absolute shrink-
age and selection operator (LASSO) and decision tree analyses (de-
scribed below). The dependent variable was cognitive screening 
performed in the ASUs. 

o Study II. The variable selection process was performed in three steps: 
associations between explanatory variables and dependent variables 
were tested, and variables without significant association were ex-
cluded (step 1). The remaining variables after step 1 were tested using 
univariable binary logistic regression, where variables with a p-value 
of  0.10 were excluded from further analyses (step 2). Multivariable 
binary logistic regression analyses were performed, and variables with 
a p-value of  0.05 were excluded from the final models (step 3). In 
total, six models were built based on clinical reasoning, and each model 
included one to six independent variables. 

o Study III. A purposeful variable selection method was applied. Figure 
11 shows a schematic flow of the variable selection and model building 
process. In total, eight models were constructed as part of the data anal-
yses. Some were adjusted for age, living arrangement before stroke, and 
ADL at 3648 h post-stroke. For this thesis, additional analyses were 
performed where cognitive impairment (MoCA ≤ 25 p) was examined 
for dependency 3648 h and three months after stroke. Cognitive func-
tion was analyzed as an independent variable and was adjusted for mo-
tor impairment in the upper limb, lower limb, and any kind of 
communication impairment (aphasia or dysarthria according to admis-
sion NIHSS). Furthermore, full models were examined, including cog-
nitive function, neurological severity at hospital admission, and age 

 
 

 

Data analyses 
29 

(dichotomized ≥ 80 years, as 80 years is the median and mean age for 
diagnosis of dementia in Sweden). 

The results of the binary logistic regression analyses were evaluated using 
odds ratios (ORs), 95% confidence intervals (CIs), and p-values for each 
explanatory variable. The models were evaluated using the following met-
rics: area under the curve analyses (AUC, a value of ≤ 0.5 indicates poor 
fit 107), Hosmer-Lemeshow's goodness of fit test (H-L, a p-value ≤ 0.05, 
indicating poor fit), and Nagelkerke’s pseudo R2 (a value near one is de-
sired). 
 

 

Two classifications and one regression algorithm were applied in Studies 
I and IV: decision trees and the LASSO regression, respectively. To study 

Figure 11.  Schematic overview of the variable selection and model building pro-
cess in Study III. 



 

30 

 

the hierarchical nature of the variables that were important for understand-
ing why patients did not undergo cognitive screening at ASUs and for clas-
sification of self-reported ADL questions into mRS, two decision tree 
algorithms were used: recursive partitioning and regression trees (Rpart, 
[Study I]) and conditional inference trees (Ctree, [Study IV]), respectively 
108-110. A graphical presentation of the different parts of the decision tree is 
shown in Figure 12.  

There were mixed variables 
in Study I (ordinal and 
nominal). Therefore, a rpart 
algorithm was used. Sev-
eral stopping and splitting 
rules were introduced when 
decision trees were grown 
in rpart 110. These rules 
were tree depth and the 
minimum number of obser-
vations to consider poten-
tial splits. The pruning 
parameters of the decision 
tree were chosen after ten-
fold cross-validation. 

In Study IV, all explanatory 
variables that we wanted to 

classify against mRS grades were categorical. Therefore, the Ctree algo-
rithm was used. The Ctree algorithm is based on the statistical significance 
test of cross-tables, namely the χ2 test (a significant association between 
categorical response variables and covariates is analyzed using the χ2 test). 
Consequently, the covariate with the highest association was selected for 
splitting. Since the Ctree algorithm has a notion of statistical significance, 
and tree growth is based on the statistical stopping rules. Therefore, the 
mechanical reduction of tree size (pruning) was not required 108, 111. 

Variables that could hinder cognitive screening in ASUs were identified 
using the LASSO regression 91, 92. The major reason for using LASSO was 
its regularization nature, which can simultaneously estimate and select the 
variables. LASSO can also manage multicollinearity between a large set 
of variables 112. In LASSO, lambda is a positive regularization parameter. 
LASSO shrinks the coefficients toward zero, while lambda increases 112. 

Figure 12. Graphical presentation of the struc-
ture of a decision tree. 
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Adaptive LASSO with adaptive weights based on ordinary least squares 
(OLS) regression coefficients were used in Study I to avoid standardization 
of the explanatory variables 113, 114. The model building process was as fol-
lows: at the initial stage, all covariates were entered into the analysis with-
out standardization and penalty parameters. This LASSO model gave the 
OLS regression estimates, which could then be used as penalties. OLS re-
gression coefficients without intercepts were obtained. Finally, a ten-fold 
cross-validated adaptive LASSO model was built by introducing a penalty 
parameter. One was divided into the absolute value of the OLS regression 
coefficients. The model presented in this study was within one standard 
error (1 SE) of the lambda value. LASSO can also be applied for algo-
rithm-driven variable selection, which can be used in traditional regression 
analyses. 

Validation of the classification and regression models 
Validation of the regression and classification models is important for 
studying the stability and reliability of the results. The data (D) in Studies 
I and IV were randomly divided into two datasets: DTrain (80% of the data) 
and DTest (20% of the data). This was done to assess the performance of the 
models, where the classification accuracy of the DTest set was desired to be 
similar to or higher than the classification accuracy of DTrain. DTrain was 
used to develop the classification models (Studies I and IV), including ten-
fold cross-validation (Figure 13). These models were then evaluated using 
DTest. 

In a recent study we per-
formed internal validation 
of binary logistic regres-
sion models with boot-
strapping 115, 116. The same 
method was applied in this 
thesis for the internal vali-
dation of the models ex-
plaining dependency 
36−48 h and three months 
after stroke, NBootstrap samples 
= 1,000. Bootstrapping is a 
robust technique for vali-
dating the models as well 
as variable importance. 

Figure 13. Graphical presentation of the cross-
validation process. Training data (80%) were di-
vided into ten parts (folds) of which 90% were 

used in the analyses. 
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Figure 14 shows a simplified schema for bootstrap resampling. Bootstrap 
samples were derived by resampling and replacing observations from the 
original dataset. That is, one observation can be selected several times, but 
the number of observations in each bootstrap sample is the same as in the 
original dataset, as shown in Figure 14. To make the results relevant for 
binary logistic regression analyses, bootstrapped β coefficients and 95%CI 
for β coefficients were exponentiated. Thus, the OR and 95%CI for OR 
were reported in this thesis. 

Manual Mapping 
Manual mapping was performed to link self-reported ADL outcomes from 
Riksstroke’s three-month follow-up form with the original mRS grades 
(Study IV). Three authors (TA, MR, and KSS) performed the mapping 
(Study IV, Supplementary Table S1). The results of the manual mapping 
were transcribed in SPSS syntax using “OR” and “AND” commands. In 
cases where one answer category corresponded to several mRS grades, 
SPSS syntax was adjusted, and the results were re-calculated. The trans-
formation algorithm for the mRS-RS was presented in Study IV (Table 2). 
For this thesis, additional subgroup analyses were performed based on age 
and stroke severity at admission. The manual mapping algorithm was eval-
uated in the group of patients with mild vs. moderate/severe stroke and 
patients aged ≤ 79 years vs. ≥ 80 years at the onset of stroke. 

Missing data 
Cases with missing data on outcome variables and explanatory variables 
were removed from Studies I and IV. This was done for logical and prac-
tical reasons. Firstly, in Study I, the proportion of missing values was too 

Figure 14. Figure shows 
the simplified concept of 
Bootstrapping (B). Boot-
strap resampling (Bj) is 
done by randomly choos-
ing and replacing the ob-
servations (o) from the 
original data set. The num-
ber of observations in the 
Bootstrap samples is al-
ways the same as in the 
original dataset. 
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high, and data imputation was not relevant. Secondly, Study IV was a val-
idation study, and the replacement of missing values was regarded as irrel-
evant. Thirdly, due to the cross-validation methods used in Studies I and 
IV, we wanted models that could be compared with each other. This would 
be difficult if each model had a different number of participants. Moreover, 
many patients did not undergo a cognitive screening with MoCA (Studies 
II and III). This was not regarded as random, as we know that patients with 
previous cognitive impairments, more severe stroke, language deficits, and 
impaired sensorimotor function in the dominant hand were less likely to 
be screened using the MoCA test. Thus, it was concluded that with a high 
probability the missing data were not missing at random. Therefore, impu-
tation was not suitable in this case. 
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Ethical considerations 

The studies were approved by the regional ethical review board in Gothen-
burg (Studies I-IV) and the Swedish Ethical Review Authority (Study IV). 
Study I 346-16, amendment 807-18; Study II, 042-11 amendment 392-17; 
study III 042-11, amendment 966-17; Study IV 346-16, amendment 2019-
01251/346-16. All data analyses were performed at group level. 

The patients’ cognitive function and ADL performance were screened very 
early after stroke. Oral consent was obtained from the participants. How-
ever, there are some ethical questions, namely was the timing appropriate 
for assessments? To what extent could patients understand the given infor-
mation? Could the participants remember that they had a legal right to de-
cline participation at any time? Stroke is a sudden and unexpected event. 
Not surprisingly, most patients can be in a state of shock. Thus, their deci-
sion-making capacity can be affected117. On the other hand, early assess-
ments of cognition and activity performance are common clinical 
practices. The results obtained from early screenings are often used as a 
basis for further planning without having an evidence-based knowledge of 
the feasibility of such information in further planning. Therefore, the clin-
ical benefits outweigh the ethical risks. 
 
Quality registries for stroke care, Riksstroke, and Väststroke were used in 
the studies. At SU, there is information provided to patients that research 
is performed in university hospital. However, it is unclear in what extend 
the patients were aware that their health-related data could be used in on-
going research and quality registries. According to Swedish law, written 
consent does not need to be sought when the data are gathered for quality 
registers. Firstly, individual people could not be identified because the data 
were very large in terms of the number of participants and variables. Sec-
ondly, the datasets did not contain personal identification numbers or per-
sonal data that revealed any of the patients’ ethnicities, religions, or 
political opinions. However, databases contained information about health 
status, which could be regarded as sensitive data. Taken altogether, I think 
this thesis meets the legal requirements about the data protection. 

Regarding the follow-up data and potential risk of distress, some patients 
could experience sequelae after stroke in the form of emotional, cognitive, 
and motor impairments. It was also possible that they did not receive 
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needed rehabilitation after discharge from the hospital. Furthermore, it is 
often in the home environment when people, and their next of kin, realize 
the true consequences of stroke in their everyday lives. Consequently, alt-
hough the follow-up questions were relatively neutral, the questionnaire 
could cause psycho-emotional distress 117 and there is a risk that partici-
pants and their next of kin would not know what to do in the case of psy-
cho-emotional reactions to these questions.  

This thesis cannot identify medical, financial, or legal risks that could harm 
the participants’ integrity and well-being 117. 
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Results 

Characteristics of the patients 

Detailed information on patient inclusion is presented in each study. An 
overview of the included patients and the major reasons for exclusion are 
presented in Figure 15. The number of patients included in the study 
ranged from 305 to 1,145. The proportion of patients excluded for various 
reasons was between 45% and 80% in Studies III and II, respectively. The 
major reason for exclusion was missing values for the outcome variables 
or primary/secondary explanatory variables. The drop-out analyses per-
formed in each study showed that compared to the included patients, the 
excluded patients were significantly older (Studies I, II, IV) and had a 
higher NIHSS score (Studies I, III, IV). 

 

Figure 15. Flowchart with a brief description of the included patients and the ma-
jor reasons for exclusion. Abbreviations: BI, Barthel Index; MoCA, the Montreal 

Cognitive Assessment. 
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The characteristics of the patients included in each study are presented in  
Table 4. In short, a slight majority of the included patients were male 
(54%59%), and the median age varied between 70 and 74 years. The ma-
jority of patients had mild stroke severity, defined as an NIHSS score of ≤ 
3 p. 

Table 4. Baseline demographics and clinical characteristics of the patients. 

Characteristics Study I 
n = 1,120 

Study II 
n = 550 

Study III 
n = 305 

Study IV 
n = 1,145 

Sex, n (%)     
Female 493 (44) 232 (42) 126 (41) 523 (46) 
Male 627 (56) 318 (58) 179 (59) 622 (54) 

Age, years     
Mean ±SD 72 ± 14 69 ± 15 69 ± 15 72 ± 14 
Median (IQR) 74 (19) 71 (19) 70 (20) 74 (19) 

ADL prior, n (%)  m-1  m-25 
Independent 1,051 (94) 534 (97) 305 (100) 1,025 (92) 
Dependent 69 (6) 15 (3) - 95 (8) 

Stroke severity   m-19 m-7 m-238 
NIHSS, median 
(IQR) 

1 (4) 1 (3) 2 (3) 1 (5) 

NIHSS, min-
max 

0-28 0-22 0-19 0-26 

Mild stroke 
(NIHSS ≤ 3 p) 

802 (72) 416 (78) 228 (75) 621 (68) 

Cognition  m-19 m-7 0-238 
Cog-4, median 
(IQR) 

0 (1) 0 (1) 0 (1) 0 (1) 

Stroke type,  
n (%) 

 m-1   

Ischemic 1,089 (97) 507 (92) 276 (90) 1,016 (89) 
Hemorrhage 31 (3) 42 (8) 29 (10) 127 (11) 
Unspecific - -  64 (0.2) 

Reperfusion 
treatment, n (%) 

 
159 (14) 

 
No data 

 
69 (23) 

m-92 
183 (17) 

Length of hospi-
tal stay, days 

    

Mean ±SD 13 ± 14 8 ± 6 8 ± 6 12 ± 11 
Median (IQR) 8 (12) 6 (6) 6 (7) 7 (12) 

*The total sum may vary due to missing data. Abbreviations: SD, Standard Deviation; IQR, In-
terquartile Range; ADL, Activities of Daily Living, NIHSS, National Institutes of Health Stroke 
Scale; Cog-4, A subset of four items of the NIHSS for estimating cognitive function, m, Missing 
Cases. 
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Barriers to cognitive screening at ASUs 
Of the 1,120 patients, 488 (44%) did not undergo cognitive screening with 
the MoCA during their stay at the ASUs (Study I). LASSO regression se-
lected eight variables encompassing impaired body functions, limitations 
in task performance, worsened health condition, recurrent stroke, and en-
vironmental factors (Study I; Figure 2). In addition, one more variable, 
namely, the length of hospital stay, was identified by decision tree analysis. 
Patients who stayed < 2.5 days at ASUs had a lower probability of cogni-
tive screening with the MoCA.  

Univariable binary logistic regression was performed on the variables se-
lected by LASSO and decision tree analyses. The results showed that the 
OR of not having a cognitive screening performed at ASUs varied between 
1.02 and 5.36 (Study I, Figure 5). Furthermore, some variables that in pre-
vious studies were identified as barriers to not having cognitive screening 
performed but not selected by LASSO and decision tree algorithms were 
analyzed using cross-tables and the χ2 test. The results showed that a high 
proportion of patients without cognitive screening that were not discharged 
to their own home, had moderate to severe stroke at admission (NIHSS ≥ 
4 p), needed help before stroke, lived alone before the stroke, were ADL 
dependent before the stroke, and were ≥ 80 years at the onset of stroke 
(Figure 16). 

 

Figure 16. Proportional distribution of the patients by category that did/did not un-
dergo cognition screening at acute stroke units. #Conditions before stroke. Plan-

ning for discharge takes place during the hospital stay. 
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Impact of very early cognitive function on  
dependency 

At baseline, the median MoCA score was 25 p (1 p lower than the threshold 
for normal cognition). Among the patients who were dependent at 3648 
h and three months after stroke, the median scores of the MoCA were 22 
and 21 points, respectively, compared with the independent patients with 
a median score of 26 and 25 points, respectively. Despite the statistically 
significant differences between independent and dependent patients, the 
effect size was low, explaining 11% and 13% of the covariance between 
variables, at 3648 h and three months after stroke, respectively. The total 
MoCA score and MoCA cognitive domain scores were positively associ-
ated with dependence at 3648 h and three months after stroke, as esti-
mated by the BI (total score) and mRS (≥ 3 p). All correlation coefficients 
were statistically significant; However, the strength of the correlation was 
small to medium (Figure 17). 
 

 

Figure 17. The strength of correlation between the Montreal Cognitive Assess-
ment (MoCA) and cognitive domains of the MoCA with the total scores of the 

Barthel Index (BI) and dichotomized modified Rankin Scale (mRS). 
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 Internal validation of previously developed models 
Cognitive function screened with MoCA could significantly explain de-
pendency at 36–48 h and three months after stroke (Study II, Table 3, and 
Study III, Table 3). Patients with good cognitive function had lower odds 
of being dependent on a univariable model and the multivariable models. 
Internal validation of the regression models was performed using simple 
bootstrap analyses (resampling, n = 1,000) in this thesis. The bootstrapped 
results showed slightly shifted values for OR and 95%CI compared with 
the results reported in Studies II and III. Moreover, motor impairment in 
the left upper extremity was an insignificant explanatory variable for P-
ADL dependency at 36–48 h after stroke in the bootstrapped model (Table 
5. Bootstrapped models confirmed the results of studies II and III (Table 
5). 

Table 5. Results of univariable and multivariable regression analyses for explain-
ing P-ADL dependency 3648 h after stroke and functional dependency three 

months after stroke. 

P-ADL dependency 3648 h after admission to stroke unit, BI ≤ 90 p, n = 227 
Models Variables OR (95% CI) P-value R2 AUC (95% CI) 
1a MoCA, total score 0.86 (0.82 - 0.89) < 0.001 0.13 0.69 (0.65 - 0.74) 
2 Visuospatial and 

executive func-
tions* 

0.71 (0.60 - 0.82) < 0.001 0.17 0.71 (0.67 - 0.75) 

 Attention* 0.86 (0.71 - 1.04) 0.09   
 Language* 1.14 (0.86 - 1.48) 0.33   
 Abstraction* 0.94 (0.70 - 1.26) 0.71   
 Delayed reproduc-

tion* 
0.80 (0.71 - 0.91) < 0.001   

 Orientation * 0.96 (0.73 - 1.23) 0.77   
3 MoCA, total score 0.87 (0.83 - 0.90) < 0.001 0.18 0.72 (0.67 - 0.76) 
 NIHSS, total score 1.17 (1.09 - 1.28) < 0.001   
4 MoCA, total score 0.89 (0.85 - 0.95) < 0.001 0.22 0.74 (0.69 - 0.78) 
 NIHSS, total score 1.17 (1.09 - 1.30) < 0.001   
 Age 1.03 (1.01 - 1.04) < 0.001   
5 MoCA, total score 0.85 (0.81 - 0.89) < 0.001 0.19 0.72 (0.68 - 0.77) 
 Motor UE/left 1.54 (0.93 - 2.82) 0.05   
 Motor LE/right 1.80 (1.25 - 4.09)   0.004   
 Motor LE/left 1.31 (0.73 - 2.58) 0.33   
6 MoCA, total score 0.87 (0.83 - 0.90) < 0.001 0.15 0.70 (0.65 - 0.74) 
 ADL dependency 

before stroke 
 5.99 (1.39 - < 
100.00) 

0.02   
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Table 5. Cont. 
Functional dependency three months after stroke, mRS ≥ 3 p, n = 89 

Models Variables OR (95% CI) P-value R2 AUC (95% CI) 
1a MoCA 3-21 p. ref  < 0.001 0.19 0.72 (0.66 - 0.78) 
 MoCA, 22-26 p 0.35 (0.20 - 0.65) < 0.001   
 MoCA, 27-30 p 0.08 (0.03 - 0.16) < 0.001   
2b MoCA 3-21 p. ref  0.01 0.41 0.84 (0.78 - 0.89) 
 MoCA, 22-26 p 0.60 (0.32 - 1.10) 0.14   
 MoCA, 27-30 p 0.22 (0.06 - 0.59)   0.002   
3b Short-term 

memory* 
0.94 (0.68 - 1.17) 0.54 0.37 0.82 (0.76 - 0.87) 

4b Visuospatial func-
tions* 

0.74 (0.55 - 0.97) 0.02 0.39 0.83 (0.77 - 0.88) 

5b Executive func-
tions* 

0.64 (0.47 - 0.84)   0.001 0.41 0.82 (0.77 - 0.88) 

6b Attention and 
working memory* 

0.79 (0.62 - 0.98) 0.04 0.39 0.82 (0.77 - 0.88) 

7b Language* 0.72 (0.53 - 0.93) 0.01 0.39 0.83 (0.78 - 0.88) 
8b Orientation* 1.01 (0.68 - 1.43) 0.95 0.37 0.82 (0.77 - 0.87) 
aUnivariable model. b Multivariable models including age at stroke onset, living arrangement 
prior to stroke, ADL assessed with the BI 3648 h after stroke. MoCA, Montreal Cognitive As-
sessment; BI, Barthel Index, mRS, Modified Rankin Scale; UE, Upper Extremity; LE, Lower Ex-
tremity; ADL, Activities of Daily Living; NIHSS, the National Institutes of Health Stroke Scale. 
*Cognitive domains of the MoCA. #Odds Ratios (OR) and 95% Confidence Intervals (CI) are ex-
ponentials from the bootstrapped β coefficients and 95%CI. R2, Nagelkerke R2. AUC, Area Un-
der the Curve.  
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Additional analyses for studying the effect of cognition on depend-
ency 

In this thesis, simplified binary logistic regression models were also eval-
uated to understand whether cognitive impairment (MoCA ≤ 25 p) could 
explain ADL dependency at 3648 h and three months after stroke. Pa-
tients with impaired cognition (MoCA ≤ 25 p) had two to four-fold in-
creased odds for dependency as an independent variable or when adjusted 
for motor impairment in the upper limb, motor impairment of the lower 
limb, or communication impairment caused by aphasia and/or dysarthria 
(Table 6). 

Table 6. Binary logistic regression analyses showing the value of cognitive im-
pairment screened with the Montreal Cognitive Assessment (MoCA) 3648 h af-
ter admission to the stroke units in explaining dependency 3648 h (A, BI ≤ 90 p) 

and three months after stroke (B, modified Rankin Scale ≥ 3 p). 

A. P-ADL dependency 3648 h after admission to stroke unit, BI ≤ 90 p, n=227 
Models OR (95% CI) P-

value 
R2 AUC (95% CI) 

Impaired Cognition a 2.91 (1.99 - 4.57) <0.001 0.08 0.62 (0.58 - 0.67) 
Impaired Cognition b 2.87 (1.95 - 4.26) <0.001 0.11 0.65 (0.61 - 0.70) 
Impaired Cognition c 2.83 (1.93 - 4.22) <0.001 0.12 0.66 (0.61 - 0.71) 
Impaired Cognition d 2.77 (1.79 - 4.18) <0.001 0.08 0.63 (0.58 - 0.68) 
 

B. Functional dependency three months after stroke, mRS ≥ 3 p, n=89 
Models OR (95% CI) P-

value 
R2 AUC (95% CI) 

Impaired Cognition a 4.10 (4.16 - 9.30) <0.001 0.11 0.65 (0.58 - 0.71) 
Impaired Cognition b 3.93 (2.13 - 7.84) <0.001 0.11 0.65 (0.58 - 0.72) 
Impaired Cognition c 4.01 (2.14 - 9.30) <0.001 0.13 0.68 (0.61 - 0.74) 
Impaired Cognition d 3.90 (2.08 - 8.14) <0.001 0.11 0.65 (0.58 - 0.71) 
Impaired Cognition, MoCA ≤ 25 p. #Odds ratios (OR) and 95% Confidence Intervals (CI) are 
exponentials from the bootstrapped β coefficients and 95%CI; R2, Nagelkerke R2; AUC, Area 
Under the Curve; a Univariable model including only MoCA as an independent variable. b Ad-
justed for motor impairment in the upper limb. c Adjusted for motor impairment in the lower 
limb, d Adjusted for communication impairments caused by aphasia and/or dysarthria. 
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In multivariable binary logistic regression models, cognitive impairment 
(dichotomized MoCA [≤ 25 p for impaired cognition]), more severe stroke 
(NIHSS [≥ 4, moderate/severe stroke]), old age (≥ 80 years), and ADL 
dependency (BI [BI ≤ 90 p] for the second multivariable model) were an-
alyzed accordingly. The variance (Nagelkerke R2) of the models was 16% 
and 34% for explaining dependency at 3648 h and three months after 
stroke, respectively. The AUC (95% CI) values were 0.70 (0.650.74) and 
0.81 (CI 0.760.86) per respective model. Stroke severity at admission was 
an insignificant explanatory variable for dependency three months after 
stroke (Figure 18). 

 

Figure 18. Explanatory variables for dependency 3648 h and three months after 
stroke. #Odds Ratios (OR) and 95% Confidence Intervals (CI) are exponentials 
from the bootstrapped β coefficients and 95% CI; ADL, Activities of Daily Living; 

BI, Barthel Index; mRS, modified Rankin Scale. 
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Cut-off value of the MoCA related to functional depend-
ency three months after stroke 

One of the aims of Study III was to identify the optimal cut-off value for 
the MoCA to explain dependency three months after stroke. The results 
showed that the cut-off values for impaired cognition at 20, 23, and 26 p 
had the best specificity, balanced sensitivity and specificity, and best sen-
sitivity, respectively, for determining the functional dependence three 
months after stroke (mRS ≥ 3 p; Study III, Tables 3 and 4). Hence, a thresh-
old of 23 p for impaired cognition was chosen to explain dependency (Fig-
ure 19). 
 

 

Figure 19. Cutoffs of the Montreal Cognitive Assessment (MoCA) for explaining 
functional dependency (modified Rankin Scale ≥ 3 p) three months after stroke. 
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Transformation algorithm of mRS 
Riksstroke’s self-reported ADL outcomes were transformed into the mRS, 
and a new transformation algorithm, mRS-RS, was also suggested. The 
results of Study IV indicate that mRS grades zero, one, and two could not 
be distinguished from each other using either manual mapping or the deci-
sion tree algorithm (Study IV, Table 2, Supplementary Table S2). Further-
more, the manual mapping algorithm showed almost perfect agreement 
between the mRS-RS (algorithm was created for n = 981 patients) and the 
original mRS scale, Kw 0.81. 

In this thesis, subgroup analyses were performed using a manual mapping 
algorithm in patients stratified by age (≥ 80 years) and stroke severity 
NIHSS score (≥ 4 p). These two variables were selected for subgroup anal-
yses since higher age and more severe stroke were related to dependency 
after stroke. Subgroup analyses showed substantial agreement between the 
mRS-RS and mRS; Kw varied between 0.69  0.80, and CA varied between 
66%  86 %, Table 7.  

Table 7. Cross-tables showing the results of the modified Rankin Scale 
Riksstroke (mRS-RS) stratified with patients’ age (panel A) and stroke severity 

(panel B).  

  mRS-RS 
 

  A 
 

Patients aged ≤ 79 years at onset, 
 n = 693 

Patients aged ≥ 80 years at onset, 
n = 288 

Grades 0-2 3 4 5 0-2 3 4 5 

 m
RS

 0-2 526 50 3 2 110 40 5 3 
3 24 38 4 2 8 38 11 3 
4 2 5 6 10 0 8 13 17 
5 0 0 5 16 0 0 4 28 

  Kw=0.79, p < 0.001,  
95% CI 0.73  0.85. CA=85% 

Kw=0.79, p < 0.001, 
95% CI 0.73  0.84. CA=66% 

   
  B Mild stroke, 

NIHSS ≤ 3 p, n = 554 
Moderate/severe stroke, 

NIHSS ≥ 4, n = 236 
Grades 0-2 3 4 5 0-2 3 4 5 

 m
RS

 0-2 431 43 4 2 115 22 1 3 
3 18 32 5 0 12 26 7 2 
4 1 1 7 5 0 4 10 17 
5 0 0 0 5 0 0 3 14 

  Kw=0.69, p <0.001,  
95% CI 0.58  0.79. CA=86% 

Kw=0.80, p < 0.001,  
95% CI 0.73  0.86. CA=70% 

 Abbreviations: mRS, modified Rankin scale; Kw, Fleiss-Cohen type of quadratic weights; 
CI, confidence interval; CA, Classification accuracy. 
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Discussion 

Discussion of results 
Living in a modern society, we are expected to be fast in processing infor-
mation, have good flexibility, be able to adapt to constantly changing en-
vironments, navigate the flow of constant information, and have good 
learning ability. Cognitive function plays an important role in meeting 
these demands. As stroke is a condition that can affect cognition at various 
levels, timely identification of impairment and targeted rehabilitation are 
crucial for patients. 

This thesis investigated the barriers to cognitive screening in ASUs, ex-
plored the value of early cognitive screening for explaining dependency at 
3648 h and at three months after stroke, and developed a new mRS-RS 
transformational algorithm based on self-reported outcomes. The focus 
was on the outcomes during the acute and early subacute phases of stroke, 
the most intensive time in stroke recovery. A clinical database and two 
stroke registries that contained data on stroke care and stroke outcomes 
during the first three months after stroke were used. Patients’ self-reported 
information was combined with information from standardized assessment 
instruments and clinical observations. Assessment instruments were com-
monly used tools in clinical and stroke-related research. The clinical ob-
servations were ordinary work tasks of the healthcare staff. Taken together, 
the results of this study may be clinically relevant. 

Many factors can affect the performance of cognitive screening in ASUs. 
The strength of Study I was that the large number of variables were ana-
lyzed therein. The results can have ecological validity because the ana-
lyzed data represents the ordinary clinical practice of health care staff at 
ASUs. This may be one of the major reasons for the divergence between 
study I results, where 44% of the patients lacked cognitive screening with 
valid and reliable instrument, and the other studies, where approximately 
17% of the patients did not undergo cognitive screening 45, 118. Compared 
with the other studies 45, 118, patients in Study I had less severe stroke. First, 
it is possible that they were regarded as having only a mild impairment and 
screening of cognition with MoCA was not regarded as relevant. There-
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fore, these patients would have had their cognition assessed during the per-
formance of activities. Second, it is also possible that these patients did not 
receive any further cognitive assessment or screening at the ASUs. 

The barriers to cognitive screening at ASUs were affected verbal output 
skills, difficulties in understanding of commands, and aphasia at admis-
sion. These results are not surprising, as one of the drawbacks of MoCA’s 
applicability is its high demand on communication skills 119. Furthermore, 
patients were less likely to undergo cognitive screenings if they had stroke-
related problems with walking and mobility. It is possible that these pa-
tients had more severe stroke and motor impairments and were more de-
pendent on the performance of P-ADL. In such situations, cognitive 
screening with the MoCA would not be regarded as relevant, and patients 
would undergo cognitive assessments during activity performance. More-
over, the results showed the impact of the environment on the outcome. 
There can be many explanations for the result, such as patient flow, short-
age of personal, and priorities made by healthcare professionals. 

Activity performance is complex. However, among the many possible ar-
eas that could affect performance, few were covered in this thesis. In Stud-
ies II and III, cognitive function was the major variable for explaining 
dependency on activity performance. The results showed that cognitive 
function screened 3648 h after stroke could explain dependency both for 
a short and long time after stroke. The results were partly in line with those 
of previous studies 55, 57, reporting that cognitive impairment correlated 
with dependence three to six months after stroke 55, 57. However, no previ-
ous study has investigated the correlation between very early cognitive 
function and ADL performance. Motor impairment in the upper and lower 
limbs was also found to be a significant explanatory variable for ADL de-
pendence. These results are also in line with those of previous studies 66, 

120. Both BI and mRS grades ≥ 3 p are more responsive to motor functions, 
and there can be a discrepancies on connection between different tasks of 
BI, mRS grades, cognition, and items of the NIHSS 120. Moreover, ADL 
three months after stroke was mainly self-reported, and 29% of the patients 
were found to be dependent. The actual proportion of patients with ADL 
dependency as assessed with an independent assessor using a standardized 
assessment instrument could thus differ from that reported in Study III. 
This discrimination could be due to patients’ awareness of stroke-related 
symptoms and the consequences of stroke. In addition, as described in the 
theoretical framework, many other factors would probably affect the ac-
tivity performance. Unfortunately, these important areas were not covered 
in this thesis 31. 



 

46 

 

Discussion 

Discussion of results 
Living in a modern society, we are expected to be fast in processing infor-
mation, have good flexibility, be able to adapt to constantly changing en-
vironments, navigate the flow of constant information, and have good 
learning ability. Cognitive function plays an important role in meeting 
these demands. As stroke is a condition that can affect cognition at various 
levels, timely identification of impairment and targeted rehabilitation are 
crucial for patients. 

This thesis investigated the barriers to cognitive screening in ASUs, ex-
plored the value of early cognitive screening for explaining dependency at 
3648 h and at three months after stroke, and developed a new mRS-RS 
transformational algorithm based on self-reported outcomes. The focus 
was on the outcomes during the acute and early subacute phases of stroke, 
the most intensive time in stroke recovery. A clinical database and two 
stroke registries that contained data on stroke care and stroke outcomes 
during the first three months after stroke were used. Patients’ self-reported 
information was combined with information from standardized assessment 
instruments and clinical observations. Assessment instruments were com-
monly used tools in clinical and stroke-related research. The clinical ob-
servations were ordinary work tasks of the healthcare staff. Taken together, 
the results of this study may be clinically relevant. 

Many factors can affect the performance of cognitive screening in ASUs. 
The strength of Study I was that the large number of variables were ana-
lyzed therein. The results can have ecological validity because the ana-
lyzed data represents the ordinary clinical practice of health care staff at 
ASUs. This may be one of the major reasons for the divergence between 
study I results, where 44% of the patients lacked cognitive screening with 
valid and reliable instrument, and the other studies, where approximately 
17% of the patients did not undergo cognitive screening 45, 118. Compared 
with the other studies 45, 118, patients in Study I had less severe stroke. First, 
it is possible that they were regarded as having only a mild impairment and 
screening of cognition with MoCA was not regarded as relevant. There-

 
 

 

Discussion 
47 

fore, these patients would have had their cognition assessed during the per-
formance of activities. Second, it is also possible that these patients did not 
receive any further cognitive assessment or screening at the ASUs. 

The barriers to cognitive screening at ASUs were affected verbal output 
skills, difficulties in understanding of commands, and aphasia at admis-
sion. These results are not surprising, as one of the drawbacks of MoCA’s 
applicability is its high demand on communication skills 119. Furthermore, 
patients were less likely to undergo cognitive screenings if they had stroke-
related problems with walking and mobility. It is possible that these pa-
tients had more severe stroke and motor impairments and were more de-
pendent on the performance of P-ADL. In such situations, cognitive 
screening with the MoCA would not be regarded as relevant, and patients 
would undergo cognitive assessments during activity performance. More-
over, the results showed the impact of the environment on the outcome. 
There can be many explanations for the result, such as patient flow, short-
age of personal, and priorities made by healthcare professionals. 

Activity performance is complex. However, among the many possible ar-
eas that could affect performance, few were covered in this thesis. In Stud-
ies II and III, cognitive function was the major variable for explaining 
dependency on activity performance. The results showed that cognitive 
function screened 3648 h after stroke could explain dependency both for 
a short and long time after stroke. The results were partly in line with those 
of previous studies 55, 57, reporting that cognitive impairment correlated 
with dependence three to six months after stroke 55, 57. However, no previ-
ous study has investigated the correlation between very early cognitive 
function and ADL performance. Motor impairment in the upper and lower 
limbs was also found to be a significant explanatory variable for ADL de-
pendence. These results are also in line with those of previous studies 66, 

120. Both BI and mRS grades ≥ 3 p are more responsive to motor functions, 
and there can be a discrepancies on connection between different tasks of 
BI, mRS grades, cognition, and items of the NIHSS 120. Moreover, ADL 
three months after stroke was mainly self-reported, and 29% of the patients 
were found to be dependent. The actual proportion of patients with ADL 
dependency as assessed with an independent assessor using a standardized 
assessment instrument could thus differ from that reported in Study III. 
This discrimination could be due to patients’ awareness of stroke-related 
symptoms and the consequences of stroke. In addition, as described in the 
theoretical framework, many other factors would probably affect the ac-
tivity performance. Unfortunately, these important areas were not covered 
in this thesis 31. 



 

48 

 

Patients had a high median age in Studies II and III. In general, older age 
is associated with gradual cognitive aging. Most older adults are at risk for 
accelerated cognitive decline that can affect the performance of more com-
plex everyday tasks 30. In this group of patients, stroke can trigger an ac-
celeration of cognitive decline, regardless of stroke localization and 
severity. Cognitive impairments may worsen on account of sparse premor-
bid cognitive resources. This would affect the results of cognitive screen-
ings and cause deterioration of functional outcomes after stroke 94, 121. 
Therefore, age should be considered when interpreting the results of cog-
nitive screening to explain ADL dependency after stroke 120. Moreover, 
high age and severe stroke are associated with dependency three months 
after stroke 66. This association was not found in Study III. However, this 
could be explained by the small proportion of patients with severe stroke. 
In addition, ADL performance can be affected by environmental factors 
and assessment situations. Temporal factors and expectations from pa-
tients and occupational therapists could affect performance capacity 31. 

Impairment in visuospatial/executive functions and delayed reproduction 
could explain P-ADL dependency 3648 h after stroke (Study II). Moreo-
ver, visuospatial functions, executive function, and language skills were 
significant cognitive domains of the MoCA for explaining dependency 
three months after stroke (Study III). A decline in executive and memory 
functions can be related to age 122. Moreover, as mentioned in the intro-
duction, executive function comprises inhibition, working memory, and 
cognitive flexibility 23. There is also a connection between visuospatial 
functioning and executive functions, which might influence visuospatial 
working memory and verbal working memory 123. The results of Studies II 
and III were consistent with previous studies showing the importance of 
these cognitive domains in explaining ADL dependency 57, 58, 120, 124, 125. 
However, the MoCA’s cognitive domains have limited sensitivity in de-
termining domain-specific cognitive difficulties 126. Thus, the use of the 
total MoCA score rather than the scores of the separate cognitive domains 
is recommended. 
 
The MoCA threshold of ≤ 23 p for impaired cognition was chosen to de-
termine functional dependency three months after stroke. Cognitive per-
formance very early after stroke can be affected by many factors such as 
tiredness, delirium, stroke-related crises, and medications. Therefore, a 
cut-off value with higher sensitivity was not chosen. There is no concord-
ance regarding the cut-off score of the MoCA for predicting functional de-
pendence. MoCA scores of <20 points 58, <21 points 127, and <26 points 57 
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for impaired cognition were previously associated with functional depend-
ence. Several factors could explain these different results, such as stroke 
severity, age, and education 94. 

Study IV aimed to distinguish the mRS-Riksstroke grades 0, 1, and 2 from 
each other, as it was not possible to do it in the original study by Erikson 
et al., 84 and create a new transformation algorithm. The first aim was not 
achieved. This may be due to the lack of specificity in the formulation of 
Riksstroke's ADL questions and the number of answer categories. Linking 
answer categories with mRS grades 0, 1, and 2 was challenging when per-
forming manual mapping and the decision tree algorithm. Therefore, mRS 
grades of 0, 1, and 2 were merged in this case. However, misclassification 
could not be avoided. Moreover, the decision tree algorithm could not clas-
sify patients with an mRS grade of 4. Consequently, we suggest using the 
mRS-RS algorithm based on manual mapping that includes grades 0  2, 
3, 4, and 5. The mRS-RS algorithm was further tested in this thesis based 
on patient age and stroke severity. In all subgroup analyses, substantial 
agreement was achieved (Kw = 0.61  0.80) 105. However, the classifica-
tion accuracy varied from 66% to 86%. Classification accuracy of older 
patients and patients with moderate-severe stroke was lower compared to 
the classification accuracy of young patients and patients with mild stroke. 
It is possible that the low classification accuracy was due to disagreement 
between patients’ self-reported outcomes (patients with severe stroke may 
have more impaired awareness on stroke-related consequences) and actual 
mRS score 128.  

Method discussion, strengths, and limitations 
The datasets (stroke registries) used in the studies can be regarded as the 
strengths of the thesis for two major reasons. Most of the patients with 
stroke diagnosis treated at ASUs were registered in the registries, and in-
formation in the datasets was the product of clinical practice. Conse-
quently, the results have ecological validity and can be useful in real-world 
clinical practice 129. However, some limitations must be addressed in more 
detail. 

This thesis included four retrospective, quantitative studies. The aims of 
the three studies (I - III) were strongly influenced by clinical practice, but 
it cannot be denied that the analyses were shaped based on the available 
data from the registries and research database 130. Therefore, important in-
formation on premorbid cognitive function, conditions that could influence 
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cognitive performance, education level, data on stroke localization and 
volume were not included in the analysis since such information was not 
available in the above-mentioned data sources. Prospective studies com-
bined with qualitative studies may provide a broader perspective in the fu-
ture. 

The research database included patients who were approached by occupa-
tional therapists for screening of cognitive functions and performance of 
P-ADL 3648 h after admission to an ASU 88. To our knowledge, no pre-
vious study has evaluated cognition early in relation to activity perfor-
mance. However, the screening was performed as a first step before 
randomizing patients in GOTVED, and the patients were approached ac-
cording to the inclusion and exclusion criteria for GOTVED 88. Patients 
who were diagnosed with dementia and lived in a community service did 
not undergo cognitive screening with MoCA. Therefore, these patients 
would most likely have not been included in the studies mentioned above, 
which may have introduced selection bias. In contrast, the Riksstroke and 
Västsrtroke registries have a lower selection bias, as they aim to include 
all patients. However, selection bias could not be avoided as some patients 
in the registries did not have three-month follow-up data, and these patients 
were most likely to have had a more severe stroke. 

The sample size in the studies was large and included patients with IS and 
ICH. The majority of the patients had mild stroke severity. These results 
are consistent with the Swedish population data 131. However, the median 
age of the included patients was slightly lower than that of the Swedish 
stroke population. Patients with subarachnoid hemorrhage were not in-
cluded, as they were usually not admitted to the ASUs. Consequently, the 
study can be generalized to patients with a median age of 70-74 years and 
mild to moderate stroke severity. 

Data were gathered partly by healthcare staff and partly through self-re-
ports from patients (or their caregivers). Standardized assessment instru-
ments and clinical observations were used. Regarding the administration 
of the MoCA, during the study period, it was not necessary to have formal 
training as suggested by the copyright holders. However, occupational 
therapists working at ASUs had regular workshops and peer reviews on 
the assessment of cognition and activity performance. There were also lo-
cal guidelines for the interpretation and registration of the data. However, 
occupational therapists’ assessments were not formally calibrated with 
each other. This could introduce bias to the assessments and interpretation 
of the results, which could, in turn, affect the reliability of the results. 
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Moreover, in Study IV, interrater reliability was not assessed when col-
lecting the data with mRS. Therefore, there might be assessment bias con-
cerning the mRS data from the registry because many healthcare 
professionals collected the data. 

Patients reported information on pre-stroke activity and functional levels 
on admission to ASUs. Self-reported questionnaires were sent by post to 
gather the three-month follow-up data via Riksstroke. The questionnaire 
was standardized, validated, and created for use in patients with stroke 132. 
Moreover, this is a flexible and cost-effective way to collect information 
from many patients over a large geographical area. Although the questions 
in Riksstroke have been validated, there are some disadvantages. It is pos-
sible that patients had problems with understanding and interpreting the 
questions, did not remember past events, had impaired awareness of their 
function and had a need for assistance after stroke, or were not consistent 
in their answers. All of these information biases could limit the validity of 
the results 133. 

Validity and reliability of the major assessment  
instruments 

Four major assessment instruments were used in the thesis: MoCA, 
NIHSS, BI, and mRS that were developed and/or modified in 2005 and 
1980 (Naloxon study)/1995 (r-tPA study), 1965, and 1957/1988 (category 
zero was added to indicate no symptoms). The temporal history of the in-
strument development, together with the time-specific patient characteris-
tics, arouses thoughts on sensitivity to identify stroke-related 
consequences in patient groups, especially regarding NIHSS, BI, and 
mRS. The consequences of stroke, which were more severe previously, 
have changed due to more effective stroke treatments being available, lead-
ing to most patients having mild to moderate residual symptoms. At the 
same time, major assessment instruments used in stroke research and clin-
ics have not changed. Consequently, there is a risk of identifying and over-
looking stroke-related consequences 16. Therefore, there is an urgent need 
for standardized assessment instruments that can be used in ASUs to over-
come these barriers 134. 

Cognitive function after stroke is often impaired 40, but identifying PSCI 
without standardized assessments can be challenging. Cognitive screening 
is a routine task at ASUs, and screenings are performed in various ways, 
such as using standardized screening instruments, observation of activity 
performance (non-standardized), or simple screening questions. The 
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MoCA is a standardized screening tool commonly used for screening of 
global cognition. The MoCA is a valid and reliable screening instrument 
for detecting PSCI 90. It is a time-effective screening tool that can be easily 
administered at ASUs, and normative data are available for the Swedish 
population aged ≥ 65 years 94. However, this study has some limitations. 
The usability of the MoCA can be limited owing to a lack of consensus on 
the cut-off scores for cognitive impairment. In addition, the cognitive do-
mains of the MoCA can be aggregated in various ways. Therefore, the re-
sults can be interpreted in different ways. In addition, the MoCA does not 
assess information processing skills. Moreover, administration depends on 
the patients’ verbal communication skills, the ability to use a pen and pa-
per, and the severity of cognitive impairment 44, 89. Cognitive performance 
during acute stroke could be affected by delirium and emotional condition 
135, 136. Furthermore, these conditions could also explain why many patients 
did not undergo cognitive screening with MoCA. 

In a recent study, 78% of the patients reported to be cognitively intact by 
the MoCA had some kind of PSCI on a comprehensive neuropsychological 
assessment within three months after stroke onset 137. Thus, there could be 
drawbacks to using MoCA as a screening tool. However, it is important to 
distinguish between the aims of short cognitive screening and comprehen-
sive cognitive assessments at ASUs. Short screenings allow clinicians to 
quickly identify global PSCI, which is a strong indicator for planning com-
prehensive cognitive assessments and rehabilitation 138. However, if the 
patient performs well on the MoCA, this does not mean that patients should 
not be followed up after discharge. Cognitive function is crucial for inde-
pendent living, and overlooking patients with PSCI may have profound 
consequences on their lives if the problem is not approached adequately 
and in a timely manner. 

The BI and a telephone version of the mRS were used to assess activity 
performance at 3648 h after stroke and level of functional disability at 
three months after stroke. Both are easily administered instruments com-
monly used in stroke clinics and research 139. BI has good reliability and 
can be scored using an observation of activity performance or interview 
139. However, this study has some limitations. There are several versions 
of BI 139, and there is no common cut-off for a favorable outcome 66, 139, 
and the timing and method of assessment may affect the sensitivity and 
validity of the results, respectively 65, 139. Moreover, patients with intact 
physical ability would likely score satisfactorily on BI 139. In general, the 
tasks included in the BI have low complexity, performance can be autom-
atized and routinized, and thus, less dependent on environmental factors as 
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well as a reserve in functional cognition. Consequently, BI can be less use-
ful for the assessment of minor difficulties in patients with mild stroke and 
is more useful in patients with severe disabilities/stroke 140. 

In contrast to BI, mRS can be more effective for the assessment of func-
tional outcomes after stroke 140. The mRS can be administered via tele-
phone or estimated from self-reported ADL questions (mRS - RS) 84 98. 
The mRS provides more comprehensive information on activity perfor-
mance since it covers the performance of more complex activities. For ex-
ample, for having mRS grades 0, 1, or 2, the patients were asked the 
following questions: “Can you do everything that you were doing before 
your stroke, even if slower or not as much?” or “Are you completely back 
to the way you were right before your stroke?”. However, there is a rough 
gap between mRS grades 2 and 3; from mRS grade 3, the focus lies on 
mobility and walking ability 98. Another limitation of mRS is that there is 
no common cut-off value for a favorable outcome, interobserver and over-
all reliability can vary, and mRS-RS cannot distinguish between mRS 
grades 0, 1, and 2 84, 141. 

Management of missing data 
The proportion of missing data was high in Study I. The variables with the 
highest frequency of missing values were NIHSS (total score) and individ-
ual items of NIHSS. These variables could not be excluded from the anal-
yses because of their clinical significance. A solution could have been data 
imputation 142. The robustness of the results could then be tested by com-
paring the results of the original and imputed datasets. However, data im-
putation was considered irrelevant, considering the clinical approach and 
aim of the current study. 

Dealing with missing data was also an issue in Study IV. Complete data on 
all variables of interest (Riksstroke’s seven ADL questions and mRS) were 
included as inclusion criteria. This study could perhaps impute missing 
values and develop an mRS-RS algorithm on a dataset with complete cases 
and a dataset with imputed values. The results of the algorithms were com-
pared with each other in terms of classification accuracy, Kw, and agree-
ment between individual mRS grades. This subject should be further 
investigated in future studies. As register data are characterized by a high 
proportion of missing data, we could avoid a high level of missing data by 
using an mRS-RS algorithm developed on imputed data. 
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well as a reserve in functional cognition. Consequently, BI can be less use-
ful for the assessment of minor difficulties in patients with mild stroke and 
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In the research database (Studies II and III), there was a very high propor-
tion of patients with missing data on primary explanatory variable cogni-
tive screening performed with the MoCA 3648 h after stroke. Not having 
data on cognitive screenings performed during the acute and subacute 
phases of stroke is seldom random44-47. Therefore, data imputation was not 
considered in these studies. 

Classification and regression models 
In Studies II and III, many ordinal variables with aggregated scores were 
entered as continuous in the models, as according to other studies, MoCA 
and NIHSS scores are often treated as continuous variables 55, 57, 71, 138. The 
data were used more efficiently, and interpretation of the results was sim-
plified 143, but perhaps it would be more relevant to dichotomize the ordinal 
variables. Furthermore, in Study II, the goodness of fit of the regression 
models was not evaluated using the H-L test. Although H-L test results 
were reported in Study III, it is a poor measure for evaluating the goodness 
of fit 144. The H-L test is sensitive to the sample size, and small misclassi-
fications in the models may cause rejection of H0 (note that in the H-L test, 
we want to accept H0) 144. A binary logistic regression is, in fact, a classi-
fication method, and AUC values are more relevant measures. There are 
many models in Studies II and III. Therefore, AUCs could be compared 
with each other to determine the best model for explaining P-ADL depend-
ency 3648 h after stroke and functional dependency three months after 
stroke 145. Moreover, the AUC values of the multivariable models were 
somewhat higher than those of the univariable models, which could be ex-
plained by including several variables in the models. 

Decision tree analysis was used for classification purposes in studies I and 
IV. Although it is a powerful method for classification purposes, it has 
several shortcomings. First, decision trees are prone to a high classification 
accuracy in terms of the cost of overfitting. This problem was addressed 
by introducing a stopping criterion and cross-validation 146, 147. Second, the 
performance of the decision tree is also sensitive to the distribution of ob-
servations between classes. Therefore, the validation of the results on a 
completely new dataset is recommended 147. Furthermore, LASSO regres-
sion was used in study I. Although LASSO is a robust method for variable 
selection 114, a recent study based on clinical and simulated data showed 
that LASSO could be sensitive to strong collinearity between variables 148. 
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Validation of the classification and regression models 
Regression and classification models were used in all four studies. There-
fore, the bias and variance balance must be considered (Figure 20). In gen-
eral, we want models with balanced variance and bias, but this balance can 
be affected by the number of observations, type of data, and analyses. Mod-
els with high variance tend to provide good classification accuracy at the 
cost of overfitting. In contrast, models with low variance have high bias 
and under-fitted models, for example, poor classification performance. 

In studies I and IV, splitting data into DTrain and DTest (also called holdout 
validation) and cross-validation were performed. When only holdout vali-
dation was performed, the classification accuracy of DTest was expected to 
be higher or at least as high as the classification accuracy of DTrain. This is 
an indicator of the model’s stability. The tuning parameters of the classifi-
cation models were chosen based on the cross-validation 149. Subsequently, 
parameters were used to fit the models. These steps could result models 
with balanced bias and variance. In Study I, a complex model with eight 
variables was obtained using the LASSO. Perhaps other types of variable 
selection and validation would give a more parsimonious model 150. 

 

Figure 20. Graphical presentation of three theoretical models (A, B, C) showing 
how the model can look with high bias (A), high variance (C), or with a balance 
between bias and variance (B). Blue lines represent regression lines, and blue 

dots represent observations. 

The performance stability of the selected variables was not tested in studies 
II and III. In this thesis, additional bootstrap analyses were run to check the 
stability of the OR and 95%CI of the models presented in Studies II and 
III. After comparing the variables’ 95%CI from bootstrapped binary lo-
gistic regression analyses with results from Studies II and III, small 
changes were detected at the decimal level. This indicates that the variables 
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were stable. However, external validation of the results is necessary to 
strengthen the results and conclusions of these studies. 

Cut-off values of the MoCA 
In Study III, ≤ 23 p on the MoCA was suggested as the threshold for func-
tional dependency three months after stroke. This threshold was chosen 
based on balanced sensitivity and specificity, that is, a balance between the 
ability of the MoCA to correctly identify patients with functional depend-
ency and patients with functional independence, respectively 151. Perhaps, 
cut-off values could be chosen after cross-validations by considering pa-
tient education and age. 

Sensitivity and specificity trade-offs are complex issues when the cut-off 
value has to be chosen on a cognitive screening instrument administered 
during the acute phase of stroke. There is a risk that the results of cognitive 
screening only partially reflect genuine PSCI. By selecting the MoCA cut-
off value based on high specificity, the proportion of patients with im-
paired cognition would be overestimated 151. However, due to decreased 
hospital stays and increased need for follow-up after discharge from ASUs, 
choosing a cut-off value with high sensitivity may be relevant, even if the 
false-positive rate increases 151. It is also known that patients with good 
neurological recovery have cognitive impairments that can affect their life 
after stroke, and a high false-positive rate may be more acceptable for de-
creasing the risk of unmet rehabilitation needs due to impaired cognition 
and limited activity performance. We could also choose the MoCA cut-off 
value based on its high specificity. However, this decision could theoreti-
cally lead to more patients with false-negative results 151. In my opinion, 
this would lead to an increased risk of overlooking patients with PSCI. 

 
 

 

Conclusions 
57 

Conclusions 

The results of this thesis may be generalized to patients with mild to mod-
erate stroke severity. However, the results need to be externally validated 
on other samples to make more robust conclusions. Nevertheless, it can be 
concluded that: 
 
o The barriers to cognitive screening at ASUs are multidimensional and 

include impaired body functions, limitations in task performance, re-
current stroke, and environmental factors. In addition, patients with a 
very short hospital stay are less likely to undergo cognitive screening 
with the MoCA. 
 

o Cognitive function screening with the MoCA 3648 h after stroke 
was a significant explanatory variable for dependency two days and 
three months after stroke. The cognitive function screened with the 
MoCA remained significant in the univariable, multivariable, and 
bootstrapped models and also when it was entered in the analyses as 
a continuous variable, in quartiles, or as a dichotomized variable. 

 
o A cut-off value for the MoCA of 23 p for impaired cognition vs. 24 p 

for normal cognition had 67% accuracy for correctly classifying func-
tionally dependent patients from independent patients three months 
after stroke. 

 
o Self-reported ADL outcomes from a stroke registry can be trans-

formed into a modified Rankin Scale. This can enable the data from 
the stroke registry to be used more efficiently and improve our ability 
to compare the results with global stroke research. 
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Clinical implications 

o Several barriers to cognitive screening using valid and reliable in-
struments have been identified. This indicates the need for clear 
guidelines for cognitive screening in ASUs. 

o Despite the study sample including predominantly patients with 
mild to moderate stroke severity, many patients had cognitive im-
pairment as screened with the MoCA. However, the MoCA was 
not feasible in all patients. Therefore, there is a need for several 
valid and reliable instruments to be used in ASUs to screen cogni-
tion. 

o The availability of several valid and reliable instruments for cog-
nitive screening very early after stroke probably increases the pro-
portion of patients who receive recommended cognitive screening. 
However, it is also important to educate personnel about the im-
portance of using such instruments. 

o Impaired cognition is independently related to ADL dependency 
and corrects for stroke-related and sociodemographic variables. 
This indicates that the results of cognitive screening together with 
other characteristics can be used as an indicator for identifying the 
rehabilitation needs of patients with mild to moderate stroke. 

o Self-reported ADL outcomes from Riksstroke’s three-month fol-
low-up form can be used to distinguish between patients with good 
and poor functional outcomes. These results can be an indicator of 
the quality of stroke care and rehabilitation. 
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Future perspectives 

o The results of all studies and methodology used in Study IV requires ex-
ternal validation with both national and international samples. 

o The consequences of having or not having a cognitive screening per-
formed at ASUs have to be studied. 

o Qualitative studies must be conducted to understand clinicians' reasoning 
for cognitive screening, including: how decisions are made and what fac-
tors are considered by them accordingly. 

o The relevant time point for cognitive screening after the onset of stroke 
but before discharge from the stroke unit must be identified. 

o It is important to identify, validate, and implement other relevant cogni-
tive screening instruments for global cognition and performance-based 
tests that are feasible for acute and early subacute stroke. 

o To investigate the agreement between the BI tasks and modified Rankin 
scale grades in relation to cognitive reserve and PSCI. 

o Identify the cut-off value for the MoCA to explain ADL dependency at a 
later stage of stroke. The cutoffs must be adjusted for age, pre-morbid 
dependency, and education level. 

o Investigate the minimal detectable change and clinically important dif-
ference of the MoCA scores. 

o To identify important variables from Riksstroke that can be correlated 
with mRS and perform data mining to identify the most critical variables. 

o To develop an mRS-RS on raw data from selected variables and imputed 
data. This would mean that data could be used more widely in studies 
where mRS is an important outcome. 

o Riksstroke has a one-year follow-up with self-reported ADL questions. 
Therefore, it is of interest to register holders and researchers to develop 
an mRS transformational algorithm on the one-year follow-up data. 
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