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Background: Stroke is a leading cause of death and disability worldwide. A 

physically active lifestyle may prevent stroke and decrease the consequences of a 

stroke. Physical activity is also an important component in secondary prevention 

and rehabilitation after stroke. This thesis investigates the associations between 

physical activity before and after stroke in relation to stroke incidence, stroke 

severity, stroke mortality and functional outcomes after stroke.  

 

Methods: Study I was conducted using a population-based cohort from western 

Sweden collected in 2001 to 2004. Physical activity was assessed in four domains: 

leisure, work, transport, and household activities. Stroke incidence and death or 

dependency 3 months after stroke were recorded with a follow-up of 20 years. 

Study II and III utilized data from the local stroke-register at Sahlgrenska 

University Hospital between 2014 and 2019. Pre-stroke physical activity during 

the prior year was retrospectively evaluated. In Study II, stroke severity and 

mortality were assessed in patients with ischemic stroke and intracerebral 

hemorrhage. In Study III, hematoma volume, stroke severity, 1-week functional 

outcome, and 3-month survival were assessed in patients with intracerebral 

hemorrhage. In Study IV, data from a randomized controlled trial conducted 

between 2014 and 2019 was utilized. Physical activity and functional recovery in 

patients with acute stroke were followed up for 6 months.  

 

Results: In Study I (n=3614) leisure-time and transport physical activity were 

associated with reduced stroke incidence, and a high level of leisure-time physical 

activity was associated with a better post-stroke outcome. In Study II (n=5188) 

pre-stroke physical activity was associated with milder stroke symptoms and post-

stroke survival independent of stroke type. In study III (n=686) pre-stroke physical 

activity was associated with smaller hematoma volumes in deep and lobar 

intracerebral hemorrhages, which partly mediated milder stroke symptoms, a good 

1-week functional outcome and 3-month survival. In Study IV (n=1367), two 

distinct physical activity patterns were identified in the first 6 months after stroke: 

increasing or decreasing physical activity. Increased physical activity was 

associated with better functional recovery 6 months after stroke. Males and those 

with normal cognition were more likely to be in the increasing group. 

 

Conclusions: The results of this thesis indicate that physical activity has an 

important role in both the prevention and treatment of stroke. Being physically 

active before and after a stroke can improve outcomes following stroke. 
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Stroke är en medicinsk nödsituation som inträffar när blodtillförseln till en del av 

hjärnan blockeras eller när det uppstår en blödning i hjärnan. Det leder till skador 

på hjärnvävnaden och kan orsaka akuta symtom som förlamning, svårigheter att 

tala, synstörning, medvetandeförlust och andra neurologiska problem. Att drabbas 

av stroke är en av de främsta orsakerna till död och funktionsnedsättning globalt. 

En fysiskt aktiv livsstil kan förebygga stroke och minska konsekvenserna av en 

stroke. Dessutom är fysisk aktivitet viktigt i rehabiliteringen efter stroke. Denna 

avhandling undersöker sambanden mellan fysisk aktivitet före och efter en stroke 

i relation till risken att drabbas av stroke, strokesymptomens svårighetsgrad, samt 

död och funktion efter stroke. Avhandlingen baseras på fyra delarbeten (I till IV).  

 

I studie I samlades data in från 3614 personer ur normalbefolkningen i västra 

Sverige mellan 2001 och 2004. Fysisk aktivitet mättes inom fyra områden: fysisk 

aktivitet på fritid, i arbete, transport och hushållsaktiviteter. Resultaten visar att de 

som utförde fysisk aktivitet under fritiden och i form av transport (gång eller 

cykel) hade en minskad risk för stroke. De med en hög nivå av fysisk aktivitet på 

fritiden hade även bättre utfall tre månader efter en stroke. Studie II och III 

baserades på data från Sahlgrenska universitetssjukhusets stroke-register som 

samlades in mellan 2014 och 2019. I dessa studier utvärderades fysisk aktivitet 

före stroke och resultaten visar att de som rapporterat minst fyra timmar lätt fysisk 

aktivitet per vecka eller mer hade mildare strokesymptom och lägre sannolikhet 

för död efter stroke. Resultaten från studie III visade även att de som var fysiskt 

aktiva innan en hjärnblödning hade mindre blödningsvolymer, mildare symptom, 

högre överlevnad och bättre funktionell återhämtning efter insjuknandet. Studie 

IV använde data från en randomiserad kontrollerad studie mellan 2014 och 2019. 

Där rekryterades patienter med stroke som följdes upp under 6 månader. 

Resultaten indikerar att ökad fysisk aktivitet efter en stroke är kopplad till 

förbättrad funktionell återhämtning 6 månader efter stroke. Män och de med intakt 

kognition var i högre utsträckning fysiskt aktiva efter stroke.   

 

Sammanfattningsvis pekar resultaten av denna avhandling på att fysisk aktivitet 

spelar en viktig roll både i förebyggandet och behandlingen av stroke. Att vara 

fysiskt aktiv före och efter en stroke kan minska risken för att drabbas av en stroke 

och förbättra utfallet efter en stroke. 
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ADL    Activities of daily living  

CAA  Cerebral amyloid angiopathy 

CVST  Cerebral venous sinus thrombosis 

CT Computed tomography 

ICF International Classification of Functioning, 

Disability, and Health 

INR International Normalized Ratio 

ICD International Statistical Classification of 

Diseases and Related Health Problems 

ICP Intracranial pressure 

IVH Intraventricular hemorrhage 

MET Metabolic equivalent of task 

mRS modified Rankin Scale 

MoCA Montreal Cognitive Assessment 

NIHSS National Institutes of Health stroke scale 

SGPALS Saltin-Grimby physical activity level scale 

TIA Transient ischemic attack 

TOAST Trial of Org 10172 in Acute Stroke Treatment 

WHO World Health Organization 

 

 

 

 

  



 
INTRODUCTION 

14 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
INTRODUCTION 

15 

According to the 1970s World Health Organization (WHO) definition, a stroke is 

defined as “rapidly developing clinical signs of focal (or global) disturbance of 

cerebral function, lasting more than 24 hours or leading to death, with no 

apparent cause other than that of vascular origin”.1 The indication of time 

differentiates a stroke from a transient ischemic attack (TIA) which is “a transient 

episode of neurologic dysfunction caused by focal brain, spinal cord or retinal 

ischemia without acute infarction”.2 A stroke can occur either due to a lack of 

blood flow (ischemic stroke) or bleeding (subarachnoid or intracerebral 

hemorrhage). In an updated definition of stroke from 2013, the American Heart 

Association and the American Stroke Association defined ischemic stroke as “an 

episode of neurological dysfunction caused by focal cerebral, spinal, or retinal 

infarction”, intracerebral hemorrhage as “a focal collection of blood within the 

brain parenchyma or ventricular system that is not caused by trauma”, and 

subarachnoid hemorrhage as “bleeding into the subarachnoid space (the space 

between the arachnoid membrane and the pia mater of the brain or spinal cord)”.3  

Subarachnoid hemorrhages are not included as part of the stroke samples in this 

thesis.  

 

Stroke is  the second leading cause of death and the third leading cause of death 

and disability together, with 12.2 million new stroke cases, and 6.6 million stroke 

related deaths in 2019.4 Despite substantial reductions in age-standardized 

incidence rates in high-income countries, there was a significant increase in the 

absolute number of stroke cases from 1990 to 2019 with a 70% increase in stroke 

events, 43% increase in stroke related deaths, 102% increase in stroke prevalence, 

and 143% increase in disability-adjusted life-years.5 As of now, it is estimated that 

one in four adults in the world will experience a symptomatic stroke in their 
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lifetime.6 However, the stroke burden disproportionately affects different areas of 

the world, and two out of three people with stroke live in low- to middle-income 

countries.7,8 In 2019, 86% of deaths and 89% of disability-adjusted life-years 

caused by stroke occurred in low- to middle-income countries, which can be 

attributed to higher prevalence of cerebrovascular risk factors.5 Over the past 30 

years, the total number of disability-adjusted life-years due to stroke risk factors 

in low- to middle-income countries increased from 75 to 111 million per year, but 

decreased in high-income countries from 16 to 13 million per year.9 There are no 

significant sex differences in stroke-related deaths globally, although the number 

of life-years lost were higher in men compared to women in 2019. Conversely, the 

incidence and number of prevalent strokes were higher among women in 2019.5 

Ischemic strokes account for 86% of stroke cases in Sweden,10 and 62% globally.5 

Intracerebral hemorrhages represent approximately 15% of strokes in high-

income regions, and up to 30% of stroke cases in low income regions, with the 

highest incidence in Asia. 

The increasing global burden of stroke presents a challenge to public health 

systems worldwide, and actions to reduce the burden of stroke are recognized as 

one of the most important societal tasks.11 Stroke not only causes significant 

mortality but also imposes a substantial burden of disability. The socioeconomic 

impact of stroke is profound, affecting not only individuals and their families but 

also healthcare systems and economies. With nearly a million days spent in 

hospitals per year, stroke is the diagnosis with the highest  in-hospital burden in 

Sweden.10 A study from 2014 estimated that the overall societal cost was 

approximately 18.3 billion Swedish kronor annually.12 The United Nations 

resolution in 2011, along with the WHO Global Action Plan for Non-

Communicable Diseases 2013–2030, urges governments worldwide to give 

primary prevention of stroke and other non-communicable diseases the highest 
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priority.13,14 The set objective, outlined by the United Nations resolution and the 

WHO, was for countries to reduce the burden of non-communicable diseases by 

25% until 2025. To achieve a reduction of such, large-scale risk factor awareness 

and prevention is needed.  

 

Understanding the modifiable risk factors associated with stroke is crucial for 

developing effective public health strategies. Initiatives aimed at reducing the 

prevalence of these risk factors include public education, lifestyle interventions, 

and policy changes.13,14 Limited access to medical resources, diagnostic tools, and 

rehabilitation in some regions contributes to adverse outcomes and a higher 

prevalence of disability.15 Recognizing the heterogeneity of stroke risk factors and 

outcomes across populations is also important. Interventions may need to be 

tailored to the specific needs, cultural contexts, and socioeconomic conditions of 

diverse communities.16  

 

Five years after stroke, more than two-thirds of individuals with ischemic stroke 

and three-quarters of those with intracerebral hemorrhage are deceased or 

dependent.17 Today, many survive stroke and are forced to live with the 

consequences of the event.  One in five people is living beyond 15 years after a 

stroke, but long-term survivors often experience poor functional status, cognitive 

impairments, and psychological problems.18 The transition from acute care to 

long-term recovery reflects a paradigm shift in stroke care, and multidisciplinary 

rehabilitation will play an increasingly important role. By promoting 

independence, improving functional abilities, and enhancing overall quality of 

life, rehabilitation programs have the potential to significantly reduce healthcare 

costs and improve the overall resilience of stroke survivors and their families .19 
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Stroke is a multifaceted disease with several risk factors and etiologies that carry 

significant implications for the outcome. The following section describes the most 

important risk factors and etiologies of ischemic stroke and intracerebral 

hemorrhage, as explored in this thesis. 

 

An individual’s risk of stroke can be understood in the context of non-modifiable 

and modifiable risk factors. Non-modifiable risk factors include prior 

cardiovascular events, genetic factors, age, and biological sex.20 High age is the 

most important non-modifiable risk factor for stroke, with older stroke patients 

experiencing increased mortality, morbidity, and disability. In the younger age-

groups, men carry a greater burden of ischemic stroke, but as populations age, 

stroke becomes more prevalent and disabling for women.21 However, the biggest 

part of the population stroke risk can be attributed to factors that are modifiable. 

The multicenter INTERSTROKE study found that >90% of all stroke events can 

be linked to ten modifiable lifestyle factors, including hypertension, physical 

inactivity, elevated blood lipids, poor dietary choices, high waist-to-hip ratio, 

stress, tobacco smoking, heart diseases, consumption of alcohol, and diabetes 

mellitus.22 All these factors were found independently linked to an increased risk 

of stroke, but they also interact. Hypertension stands out as the most potent risk 

factor for all types of strokes, including both ischemic stroke and intracerebral 

hemorrhage. Other stroke risk factors not included in the INTERSTROKE study 

are socioeconomic status,23 metabolic syndrome,24 and sodium consumption.25  
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The term ischemic stroke describes conditions where the blood flow of the brain 

is restricted, resulting in hypoxic tissue damage. There are three principle causes 

of ischemic stroke: embolism, thrombosis, and hypoperfusion. Ischemic strokes 

are typically categorized according to the Trial of Org 10172 in Acute Stroke 

Treatment (TOAST) classification.26 According to TOAST, the etiologies of 

ischemic strokes are cardioembolism, small vessel disease, large vessel disease, 

other determined etiologies (rare causes) or undetermined (≈20% of cases).  

Cardioembolism: Accounts for 20-30% of ischemic stroke cases.27 Embolic 

fragments can develop from different cardiac pathologies, including cardiac 

arrhythmias, ischemic heart disease, heart failure, valvular disease, or a patent 

foramen ovale.28 Cardioembolic causes of ischemic stroke are associated with 

higher risk of poor outcome due to the relatively large size of such embolus, 

leading to more extensive lesions.29 

 

Small vessel disease: Affects small penetrating arteries that stem from the 

vertebral artery, the basilar artery, the middle cerebral artery, and the circle of 

Willis, causing 15-25% of ischemic stroke cases, also called lacunar strokes.30 

Ischemic strokes caused by small vessel disease are small (2–20 mm in diameter) 

but not benign as 30% of patients are left functional dependent.31 The 

pathophysiology of small vessel disease is considered multifactorial, leading to 

segmental arteriolar disorganization in terms of enlargement, hemorrhage, and 

fibrinoid deposition referred to as lipohyalinosis.32,33 

 

Large vessel disease: Affects the carotids, vertebral arteries and the proximal 

branches of the circle of Willis, causing 10-20% of ischemic strokes.27,34 The main 

pathophysiological mechanisms behind large vessel ischemic strokes are primary 

site occlusion due to atherosclerosis plaque rupture within the brain or an 

extracranial plaque rupture causing emboli.35  
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Rare causes of ischemic stroke: A large number of pathologies may cause an 

ischemic stroke. Altogether rare causes only constitute approximately 5% of 

ischemic stroke cases. However, rare and undetermined causes of stroke are the 

most common groups of strokes in young adults. Rare causes of ischemic stroke 

include arterial dissections, genetic conditions, inflammatory conditions, 

infections, and coagulopathies.36,37   

 

Intracerebral hemorrhage refers to a bleeding occurring in the brain parenchyma, 

which can be spontaneous or traumatic.38 Non-traumatic intracerebral 

hemorrhages are typically categorized as either primary (78-88% of cases) on the 

basis of hypertensive vasculopathy or cerebral amyloid angiopathy, or secondary 

caused by any of multiple less common underlying etiologies.39 The principle 

mechanisms of brain injury following the initial rupture is fundamentally the 

same, regardless of the etiology. An immediate and irreversible injury occur from 

the mechanical pressure caused by the expansion of the hematoma, and thereafter 

the perilesional edema.40 The volume of the hematoma and surrounding edema 

will increase the intracranial pressure (ICP), which leads to reduced cerebral 

perfusion, and ischemia. As the size of the hematoma increases, so does the risk 

of significant mass effect and herniation. The acute ischemic process in 

surrounding neurons and glia also leads to depolarization of membranes, 

glutamate release, and mitochondrial dysfunction.41,42 The neuronal consequences 

range from metabolic suppression to cellular swelling and necrosis.43 Secondary 

brain injury begins up to 4 hours after ictus, as the blood-brain barrier dissolves, 

and products of the coagulation cascade induces excitotoxic damage and 

inflammation via the activation of microglia and machrohapges.44  

 

Hematoma volume is the factor most strongly associated with mortality in 

intracerebral hemorrhage.45 Approximately 70% of all patients assessed within 3 

hours of onset have some degree of hematoma expansion later on, and in 35% of 
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patients the hematoma has expanded ≥1/3 of the initial volume when 

reassessed.46,47 The majority of hematoma growth occurs within the first 3 hours 

after ictus, but the expansion can continue beyond 12 hours.48,49 Hematoma 

expansion is associated with neurologic deterioration, high ICP, and poor 

outcomes. The perihematomal edema also increases most during the first day, with 

a 75% increase within 24 hours in patients imaged within 3 hours of onset.50 The 

peak edema volume is usually reached within 5-6 days and lasts up to 2 weeks.51,52  

Intraventricular hemorrhage causing obstructive hydrocephalus,53 and non-lobar 

hemorrhages are particularly associated with poor outcomes.54  

 

Hypertensive vasculopathy: This is the most common etiology of intracerebral 

hemorrhage, accounting for more than half of all cases.55,56 Hypertensive 

hemorrhages typically origin from the bifurcation of penetrator arteries in the 

basal ganglia, thalamus, cerebellum or pons.38 Small penetrating arteries arise 

directly from substantially larger vessels, with no gradual decrease in caliber, 

which makes them particularly susceptible to hypertension.57 Pathological 

examinations, and later electron microscopic studies, have revealed 

pseudoaneurysms in patients with chronic hypertension, which are thought to be 

the pathophysiological mechanism behind hypertensive hemorrhages.58-60 Long 

lasting hypertension leads to intimal hyperplasia and hyalinosis which predispose 

focal necrosis that weakens the vessel wall.  

 

Cerebral amyloid angiopathy: Intracerebral hemorrhages and in particular 

microbleeds caused by cerebral amyloid angiopathy (CAA) predominantly occur 

in the cerebral lobes and cerebellum.61 The development of CCA is characterized 

by the deposition of amyloid beta (Aβ) in walls of small to medium blood vessels 

of the cerebral cortex and leptomeninges. The pathophysiological mechanism 

causing CCA is not well-established, however the same Aβ protein is strongly 

associated with Alzheimer's dementia and found in elderly persons. The mean age 

of individuals with intracerebral hemorrhages caused by CCA is higher compared 

to hypertensive hemorrhages. The risk of intracerebral hemorrhage recurrence is  
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also substantially higher for patients with CAA-related disease (up to 10% higher 

per year).62 

 

Rare etiologies of intracerebral hemorrhage: These causes include vascular 

malformations, cerebral venous thrombosis, cerebral vasculitis, hemorrhagic 

infarction, reversible cerebral vasoconstriction syndrome, cerebral venous sinus 

thrombosis (CVST), tumors, infections, moyamoya disease, cerebral 

hyperperfusion syndrome, bleeding disorders, and sickle cell disease .63  

 

International as well as Swedish guidelines recommend a standardized approach 

of acute stroke care.64 Initial assessments involve neurological examination, vital 

sign monitoring, and assessments of the patient's medical history. Pre-hospital and 

in-ambulance assessment are important to assess the extent of neurological 

symptoms to inform the receiving hospital and to adjust the level of care. The 

following segments focus on key aspects of stroke care after arrival at the hospital 

and highlight the areas of stroke assessments studied in this thesis.  

 

For optimal treatment of acute stroke, it is essential that the stroke symptoms are 

correctly perceived. The National Institutes of Health stroke scale (NIHSS) is a 

clinical instrument for evaluation of stroke symptoms.65 Upon arrival to hospital 

in Sweden, all patients are examined using NIHSS, in favor of a general 

neurological status exam, to facilitate an effective chain of care. The acute NIHSS 

also serves as a baseline comparison to evaluate the result of thrombolysis and 

thrombectomy.  

 

The NIHSS was developed for the National Institute of Neurological Disorders 

and Stroke recombinant tissue-type plasminogen activator for Acute Stroke 
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Trial.66 It has since been a standard measure in clinical evaluations as well as the 

most widely used measure of baseline severity in stroke research.65  The NIHSS 

has 11 items and a score ranging from 0 to 42. The tested domains include level 

of consciousness, gaze, visual fields, facial palsy, motor function in arms and legs, 

ataxia, sensory function, language, dysarthria, and inattention (neglect). The 

NIHSS is extensively validated,67 and the total score is associated with ischemic 

infarct volumes,68 and hematoma volumes in intracerebral hemorrhages.69  

 

As the NIHSS was developed for large scale research purposes, the design favors 

reproducibility, rather than complete accuracy.65 It is shown that NIHSS focuses 

on symptoms from the anterior circulation and cortical dysfunction. 

Consequently, cerebellar and brainstem strokes are systematically given lower 

NIHSS scores.70 The NIHSS also gives disproportionate weighting to symptoms 

from the dominant hemisphere (primarily the left) as some items require intact 

language, which would be affected following lesions in the left  temporal lobe 

(Wernicke area) and frontal lobe (Broca area).71 Some milder stroke symptoms 

may also generate a score of zero on NIHSS such as truncal ataxia, nystagmus, 

persisting limb weakness, or memory impairment.72 However, one of 17 patients 

was dead or dependent 3 months after a stroke with a score of zero on the 

NIHSS.73† 

 

As part of the emergency chain of stroke care, a computed tomography (CT) scan 

of the brain should be performed immediately upon arrival at the hospital for all 

patients exhibiting symptoms of stroke.64 The acute non-contrast CT scan serves 

the primary purpose of confirming or ruling out intracerebral hemorrhage .  

 

CT scans utilize rotating X-ray to create detailed cross-sectional images of the 

brain from different angles. A computer processes this information to produce 

high-resolution, three-dimensional views. Most commonly axial, coronal and 
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sagittal views. The non-contrast CT scan can detect hyperdense areas indicative 

of acute hemorrhage. In ischemic strokes, CT scans can sometimes identify early 

signs of infarction. CT angiography supplements the non-contrast CT by 

providing detailed visualization of the intracranial vasculature. Additionally, 

perfusion imaging through CT scans can delineate areas of compromised blood 

flow, assisting in the determination of salvageable tissue, known as penumbra.74 

The identification of ischemic areas guide decisions regarding the administration 

of thrombolytic therapy and eligibility for mechanical thrombectomy taking into 

consideration the NIHSS score and the patients’ medical history.  

 

In accordance with Swedish guidelines, several routine investigations are 

recommended with high priority in addition to brain imaging within the first 24 

hours.64 These assessments include monitoring blood pressure to identify 

hypertension and malignant hypertension. Conducting an electrocardiogram and 

a minimum of 48 hours of continuous heart monitoring to detect arrhythmias that 

may cause ischemic stroke. Carotid ultrasound to assess carotid arteries for 

stenosis, while an ultrasound of the heart is performed to identify potential cardiac 

factors leading to ischemic stroke. Blood lipids are evaluated to detect abnormal 

levels of low-density lipoprotein, high-density lipoprotein and triglycerides. 

Blood glucose and Hemoglobin A1c levels are evaluated to detect diabetes. 

International Normalized Ratio (INR) and activated partial thromboplastin time 

are analyzed to test for hypercoagulation and hypocoagulation.  
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Interventions to stabilize the patient and treat acute symptoms have a broad 

application in stroke treatment. Acutely administered medical treatments serve to 

achieve blood pressure control, reversal of anticoagulants, glucose management, 

and treatment of fever. The following section outlines specific stroke treatments. 

 

Reperfusion therapy: Advances in revascularizing stroke treatments have 

improved the prognosis of stroke vastly in recent years. It is well-established that 

acute thrombolysis given within 4.5 hours from symptom onset is beneficial for 

many patients with ischemic stroke, regardless of vascular occlusion.75 

Endovascular treatment with thrombectomy within 6 hours from symptom onset 

is strongly supported by scientific evidence for occlusions of the major arteries in 

the brain's anterior circulation and should preferably be performed using stent 

retrievers at specialized neurointerventional centers.76 New evidence supports 

thrombectomy for the same type of vascular occlusions in a later time window (6-

24 hours) if it can be radiologically verified that the patient has larger areas of 

penumbra.77 Thrombectomy may also be considered for severe vascular 

occlusions in the posterior circulation, specifically the basilar artery.  

 

Neurosurgical interventions: The role of neurosurgery in the management of 

stroke has no universal application. For ischemic stroke, hemicraniectomy is used 

to treat patients with severe swelling to relieve ICP.78 For supratentorial and 

intraventricular intracerebral hemorrhages, minimally invasive evacuation 

approaches have shown a reduction in mortality, but the associations with 

functional outcomes remain non-significant.79 For patients with cerebellar 

hemorrhage, prompt neurosurgical evacuation is indicated for hematoma volumes 

>15 mL, neurological deterioration, brainstem compression, and hydrocephalus.80  
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A stroke unit is defined as “a unit in a hospital that solely or predominantly cares 

for people who have had a stroke”.64 A stroke unit should have a multidisciplinary 

team including doctors, nurses, occupational therapists, physiotherapists, and 

speech and language therapists with special training and expertise in stroke care. 

Ensuring the team's proficiency involves implementing recurrent training 

programs. Statistics from the Swedish National Stroke Register (Riksstroke) 

indicate that the majority of stroke patients (92%) receive care in stroke units, with 

a median hospital stay of 7 days.10 Stroke unit care has been linked to favorable 

outcomes after stroke, transcending factors such as age, gender, stroke type, 

severity, and follow-up duration.81,82 Stroke unit care is associated with enhanced 

survival rates, increased independence, and a higher likelihood of residing at home 

after one year.82 Compared to other wards, the absolute risk difference for every 

100 patients receiving stroke unit care translates to an additional two survivors, 

six more individuals living at home, and six more living independently, without 

extending the hospital stay. Secondary prevention is initiated at the stroke unit and 

includes rehabilitation as well as management of risk factors such as smoking, 

alcohol consumption, and physical inactivity. In addition, medical treatments 

including antihypertensives, statins, antiplatelets, and anticoagulants are used.64 

 

Rehabilitation is defined by the WHO as “a set of measures that assist individuals, 

who experience or are likely to experience disability, to achieve and maintain 

optimal functioning in interaction with their environments”,83 and recognized as a 

crucial aspect of comprehensive stroke unit care.19 Stroke rehabilitation describes 

a process of care, distinct from recovery which refers to the restoration of body 

structure, functions, and activities to their pre-stroke condition.84 Administered by 

a multidisciplinary team, stroke rehabilitation employs coordinated interventions 

from various professions. The team's goal is to reduce the patient’s symptoms, 

improve functional independence, and enhance social participation, utilizing a 
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holistic biopsychosocial approach outlined by the International Classification of 

Functioning, Disability, and Health (ICF) model.85 

 

Established by expert consensus and based on pre-clinical and stroke trial data, 

stroke recovery has been divided into distinct phases: hyperacute (0 to 24 hours), 

acute (1 to 7 days), early subacute (7 days to 3 months), late subacute (3 to 6 

months), and chronic (>6 months).84 Current understanding of brain repair 

processes highlights the critical window for stroke recovery within the first weeks 

to months post-stroke. This temporal perspective is crucial, as it establishes a 

window of opportunity where rehabilitation interventions are most effective. 

Team-based assessments form the backbone of effective acute stroke care and 

rehabilitation. Individual rehabilitation plans including occupational, 

physiotherapeutic, speech and language, and psychological therapies are set up. 

Occupational therapy after a stroke sets out to target meaningful activity, as well 

as enhancing independence in daily life and functioning through task adaptation, 

aids, and modifying environments. Physiotherapy is important for stroke recovery 

by activating and strengthening muscles through targeted functional exercises.86 

Motor rehabilitation places emphasis on high-intensity, repetitive, task-specific 

exercises with feedback on performance. Strong evidence supports the efficacy of 

task-oriented rehabilitation, emphasizing context-specific tasks.87 Counseling on 

physical activity as a secondary preventive intervention is another important task 

of the physiotherapist.  
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Physical activity is the main independent concept explored in this thesis. It is well 

known that most types of physical activities, with adequate variations and time for 

recovery afterwards, are of benefit to health.  

 

By definition, “physical activity is any bodily movement produced by skeletal 

muscles that results in energy expenditure”.88  Exercise is a subtype of physical 

activity defined as “a specific type of physical activity that is planned, structured 

and repeatedly done to improve or maintain physical fitness”. 88  Inactivity is less 

well-defined and is commonly considered “an insufficient physical activity level 

to meet present physical activity recommendations”.89 

 

Physical activity can be described using intensity (e.g., rate of energy 

expenditure), frequency, duration, and type. Other aspects of physical activity are 

the environment and purpose. The physical environment with differences in 

temperature and altitude as well as the emotional circumstances may alter the 

physiological response to physical activity. Domains of physical activity usually 

include leisure-time, work-time, household and transportation. Exercise is 

typically categorized based on dynamics and resistance. The dynamic component 

is defined by the intensity relative to an individual's maximal oxygen uptake 

(VO2). Resistance is determined by the intensity of muscle contractions relative 

to an individual's maximal voluntary contraction.  

 

In the 2020 guidelines on physical activity by the WHO, it is recommended that 

every adult perform 150 to 300 minutes of moderate intensity, or 75 to 150 

minutes of vigorous intensity aerobic physical activity per week  to promote 

health.89 It is also recommended that all adults perform muscle-strengthening 

activities that involve all major muscle groups at moderate or greater intensity on 

2 or more days per week. Adults aged 65 or older should perform multicomponent 
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physical activity with focus on strength and balance for 3 or more days per week 

to enhance functional capacity and reduce the risk of falls.  

 

The acute hemodynamic reaction to physical activity and exercise involves 

changes in cardiac output, blood pressure, and organ perfusion. However, 

dynamic and resistance training generate different responses in cardiac and 

vascular remodeling. High resistance exercise (e.g. weight lifting) imposes a 

substantial pressure load on the cardiovascular system, unlike highly dynamic 

exercise (e.g. running, cross-country skiing) which entails a significant volume 

load.90 The impact on major health outcomes in regards to the type of physical 

activity performed is not fully understood, although both dynamic and resistance 

exercise have been associated with lowered resting blood pressure.91 Isometric 

resistance training appears to result in the most significant reductions in blood 

pressure.92 However, all individuals engaging in physical activities, even below 

the recommended levels, appear to derive significant benefits with lower all-cause 

mortality in comparison to those who are sedentary.93  

 

Epidemiology of physical activity: There is a high global prevalence of 

inactivity, and the associated disease and economic burden is considerable.94 The 

WHO estimates that approximately 500 million people will develop 

noncommunicable diseases due to inactivity between 2020 and 2030, resulting in 

a cost of US $27 billion per year.95 In Sweden, self-reported physical activity 

behavior is monitored using the national public health survey.96 The percentage of 

the population being physically active for at least 150 minutes per week has 

slightly increased in recent years. At the same time, the percentage of people 

reporting sedentary behavior for at least 10 hours per day has also risen. The 

economic impact of physical inactivity in Sweden remains substantial , but the 

estimated cost has decreased from 7.6 to 4.2 billion Swedish kronor between 2002 

and 2016.97 

 



 
INTRODUCTION 

30 

In 2022, approximately 40% of the Swedish population reported physical activity 

for at least five hours per week to the point of breathlessness and sweating.96 In 

the oldest age group (≥65 years), the proportion meeting the WHO 

recommendations was slightly lower. Sex differences in self-reported physical 

activity in Sweden are small. Walking is the most common form of exercise in 

Sweden, followed by running, strength training, cycling, hiking, and yoga .96 

 

The physiological and biomechanical principles underlying physical activity are 

complex and several difficulties arise when attempting to perform comprehensive 

assessments. Several techniques are available to assess physical activity, each with 

different feasibility and validity (Figure 1), as described in the following sections.   

 

Gold standard measures: The doubly labeled water method is considered the 

gold standard for assessing total energy expenditure, which involves 

administration of water molecules labeled with isotopes to measure the 

elimination rates in body water. As physical activity increases the metabolic rate, 

the rate at which the isotopes are eliminated correlates with intensity and duration 

of physical activity. This method is however time-intensive and expensive.98 

Direct calorimetry measure physical activity by assessment of the heat produced 

by the body, and indirect calorimetry is performed by measuring the consumption 

of oxygen and production of carbon dioxide during rest and activity.99 

 

Direct observation: Physical activity can be monitored and recorded by an 

observer. Preferably, a standardized protocol is used, which gives measurements 

of high validity and provides contextual information such as situation, 

localization, and clothing.100 The method is time-consuming and not able to 

objectively measure energy expenditure. There is also a risk of participant 

reactivity (i.e. the awareness of being observed leads to a change in behavior).  
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Figure 1. Feasibility and validity in physical activity assessments. 
 

The figure is created by the author based on the work by Dr. Thomas W. Rowland, 
Developmental Exercise Physiology, 1996.101 

 

Accelerometers: Wearable sensors able to measure acceleration (counts) and 

detect movement in several planes (vertical, anteroposterior, and mediolateral). 

The counts can be translated into energy expenditure or stationary patterns of 

physical activity.100 Advantages include large amounts of data with minute-by-

minute monitoring and capturing the intensity of the activity. Disadvantages 

include high cost for large studies, and individual programming where the count 

cut-point applied influences the measurement of intensities.  

 

Pedometers: Step counters recording each time the hip accelerates vertically 

above a chosen threshold. Pedometers correlate with uniaxial accelerometers and 

produces measurements for walking or running.100 Pedometers are also cheaper 

compared to accelerometers. Disadvantages include inability to record upper body 

movements, neither the intensity, frequency, nor duration of physical activity .  
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Self-reported physical activity: Self-reported assessment using questionnaires is 

the most common way to study physical activity. Self-reported questionnaires 

offer advantages such as cost-effectiveness and ease of administration. They also 

facilitate categorization of activity levels, ranking individuals or groups, and 

demonstrating intraindividual changes over time.100 Studies validating self-

reported questionnaires have inconsistent results and the assessments are prone to 

recall bias.102,103 Disadvantages also include overreporting due to social 

desirability of physical activity.104 

 

A long-term commitment to physical activity is considered to reduce premature 

mortality, cardiovascular diseases, type 2 diabetes, many forms of cancer, obesity, 

dementia, osteoporosis and mental health problems among all adults (Figure 2).105 

Furthermore, there is strong evidence for a dose-response relationship between 

physical activity and the risk of death.106  It has been estimated that almost one in 

ten deaths is contributed by physical inactivity.107 

 

Physical activity and the risk of stroke: Individuals performing leisure-time 

physical activity in accordance with WHO guidelines have a 29% decreased stroke 

risk according to a meta-analysis performed in 2024.108 A prior meta-analysis in 

2004 found a 43% reduction in stroke risk in individuals with high work-time 

physical activity, and a 36% reduction in those with moderate levels of work-time 

physical activity, compared to inactive individuals.109 High and moderate levels 

of leisure-time physical activity were associated with a 25% and 15% reduction 

in stroke risk in comparison to inactivity, respectively. Leisure-time physical 

activity has consistently been associated with a lower risk of stroke.110-112 
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Figure 2. Health benefits from physical activity.   
 

Illustration by the author based on references cited in this chapter.  

 

Conversely, work-time physical activity has shown varied associations with 

cardiovascular disease and stroke, ranging from a decreased risk,109 to no or 

elevated stroke risk.111,113 Physical activity in transportation has been associated 

with a decreased risk of stroke in a few studies. In 2022, a large study identified a 

significant reduction in stroke prevalence among individuals who engaged in 

activities such as walking, bicycling, or house and yard work, using data collected 

through the cross-sectional National Health and Nutrition Examination Survey in 

the US population.114  Daily walking or cycling has also been associated with a 

lowered risk of stroke.111  

 

Aside from self-reported data, accelerometer assessments of physical activity have 

also been associated with reduced stroke incidence.115,116 Using device-based 

measures, individuals who engaged in regular moderate- to vigorous-intensity 

physical activity exhibited a 43% lower stroke risk.115  
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Being physically active has a positive influence on the majority other modifiable 

stroke risk factors.117 Regular physical activity contributes to the management of 

high blood pressure, the most prominent risk factor for stroke.118-120 It helps 

improve blood vessel function, and enhances overall cardiovascular health. 

Engaging in consistent physical activity positively impacts lipid profiles, in 

particular by promoting higher levels of  high-density lipoprotein cholesterol and 

reducing triglycerides.121 Physical activity is also associated with weight 

management and reduced obesity.122 Physical activity prevents type 2 diabetes.123 

Additionally, physical activity is important for maintaining optimal blood sugar 

levels, which is particularly important in preventing strokes associated with 

diabetes. Daily physical activity enhances both physical and mental well-being, 

and reduce psychosocial stress.124 Physical activity upregulates nitric oxide 

synthase activity with improved endothelial function, promotes elevations in 

plasma tissue plasminogen activator, reduces fibrinogen and platelet activity, and 

contributes to a decrease in systemic inflammation.125  

 

Engaging in heavy exercise, primarily high intensity endurance exercise has, 

however, been associated with an increased risk of atrial fibrillation, a known 

stroke risk factor, making it less beneficial from a stroke prevention standpoint.90 

However, a study in Sweden using data from cross-country skiers found that the 

increased incidence of atrial fibrillation in the athletes with the highest physical 

activity level did not increase their risk of stroke.126 A heightened risk of stroke 

during or immediately after exercise and heavy lifting has also been suggested. 

Nevertheless, this risk is notably more pronounced in sedentary individuals (6.8-

fold risk increase) than in those who engaged in regular physical activity (2-fold 

risk increase).127  
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Physical activity and stroke outcomes: Pre-stroke engagement in physical 

activity has been associated with improved outcomes following stroke.128† The 

mechanisms of this relationship partly diverge from the pathways through which 

physical activity influences stroke incidence. While a long-term commitment to 

physical activity is needed to decrease various stroke risk factors, there is 

indication that the more immediate effects of physical activity also may 

precondition the brain for acute ischemic events during a stroke, with 

neuroprotective benefits. Physical activity and exercise before stroke are believed 

to impact several processes important for brain ischemic tolerance (Figure 3).129 

In summary, inflammation is decreased by reducing levels of tumor necrosis 

factor alpha, interleukins, and nuclear factor kappa-beta.130,131 Additionally, it 

seems that pre-stroke physical activity promotes angiogenesis, enhancing vascular 

endothelial growth factors, their receptors, and angiopoietin.132,133 Furthermore, 

pre-stroke physical activity is associated with improved endothelial function and 

cerebral blood flow attributed to elevated levels of nitric oxide.134 Preconditioning 

physical activity may also contribute to the stability of the brain -blood barrier, 

facilitated by the activation of matrix metalloproteases and integrins.135,136 

Moreover, engaging in exercise prior to a stroke seems to play a role in constrained 

neuronal death and post-stroke neurogenesis. This is achieved through the 

inhibition of glutamate and caspase activity, coupled with increased levels of 

hypoxia-inducible factor 1 alpha, heat shock proteins, and brain-derived 

neurotrophic factor.129,137,138 One study has also reported a relationship between 

treadmill exercise in mice and smaller hematoma volumes in intracerebral 

hemorrhages.139 

 

In a study investigating sex differences, physically inactive individuals of both 

sexes had higher odds of experiencing a moderate to severe ischemic stroke.140† 

Pre-stroke physical activity has been associated with less severe ischemic strokes 

in several other studies,141-146 albeit some studies found no association after 

adjusting for confounders.147,148 Pre-stroke physical activity has also been 
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associated with improved functional status after stroke,141,143,145-149 and 

independence in activities of daily living (ADL).141,147,148,150 In addition, higher 

pre-stroke physical activity was associated with independent gait and good 

balance,148,151 as well as overall physical activity after stroke.148,152-157 Pre-stroke 

physical activity was furthermore associated with decreased post-stroke mortality 

in the majority of prior studies.146,158-161 

 

 

 

Figure 3. Brain ischemic tolerance induced by pre-stroke physical activity.  
 

Illustration by the author based on references cited in this chapter. Abbreviations: TNFα, 

tumor necrosis factor alpha; NF-κβ, nuclear factor kappa-beta; tPA, tissue plasminogen 
activator; eNOS, endothelial nitric oxide synthase; NO, nitric oxide; MMP9, matrix 

metalloprotease-9; VEGF, vascular endothelial growth factor; HIF-1α, hypoxia-inducible 
factor 1 alpha; HSP, heat shock protein; BDNF, brain-derived neurotrophic factor.  
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Physical activity is recognized as an important component of secondary 

prevention after stroke, leading to improvements in hypertension, cardiac 

function, and insulin response in stroke survivors and a reduction in recurrent 

cardiovascular events.125,162  Physical activity has also been suggested to improve 

structural and functional brain plasticity and thereby the neurological recovery.163 

Enhanced neurological function arises from heightened activity in brain 

vasomotor regulation and angiogenesis, increased expression of neurotrophic 

factors, and regulation of brain inflammatory processes.86 In addition, physical 

activity after stroke improve physical function including mobility and balance.164 

The benefits of physical activity after stroke are summarized in Figure 4.  

 

Traditionally, stroke patients were confined to bed for extended periods, resulting 

in severe complications due to immobilization. The concept of early mobilization 

for stroke patients emerged in the 1990s, leading to a shift in standard care towards 

mobilizing patients within the first days after stroke onset.165 Promotion of 

physical activity during this phase is recommended to prevent the adverse effects 

associated with prolonged bed rest, restoring voluntary movement, and regain 

ADL independence. However, current knowledge suggests that mobilization in 

the hyperacute phase of stroke recovery  (within 24 hours of stroke onset) may be 

linked to increased mortality and poor functional outcomes.166 Today, there is no 

consensus regarding the optimal timing of mobilization and which patients it is 

safe to mobilize early, although several guidelines state it should be performed 

within 48 hours.167 

 

Physical activity, as part of rehabilitation training, often commences during the 

acute phase of stroke recovery. Accumulating evidence also show that physical 

activity is continuously important during the subacute and chronic phases of stroke 

recovery, leading to improved functioning, cardiovascular fitness, and a decreased 

risk of cardiovascular events.168,169 One study found that patients who were 
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randomized to resistance training after stroke continued to exhibit significantly 

higher muscle strength compared to the control group after four years.170 Engaging 

in aerobic training during the chronic stage of stroke recovery has been shown to 

improve blood pressure, decrease energy expenditure, and enhance ventilatory 

function.171 

 

 

Figure 4. Health benefits from physical activity after stroke.  
 

Illustration by the author based on references cited in this chapter.  

 

Sedentary behavior is common after stroke and physical activity levels among 

stroke survivors are markedly lower compared to age- and sex-matched healthy 

individuals, with about half the number of daily steps.172 Consequently, many 

survivors of stroke are more inactive than their condition requires them to be, and 

recommendations in guidelines are seldom met.173 In an observational study, most 

patients at the stroke unit of Sahlgrenska University Hospital (aged 27 to 93 years) 
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were largely inactive, spending approximately half of their day confined to their 

beds and predominantly alone in their rooms.174† Several other studies have 

reported similar results.175,176 Prior longitudinal studies have also shown a 

decreasing trend in physical activity levels in a majority of stroke patients after 

the initial rehabilitation.177,178 

 

The reasons for inactivity after stroke are complex and multifactorial. Several 

barriers may impede physical activity after stroke and include personal factors, 

activity limitations, and environmental factors. Insufficient physical activity 1 

year after stroke has been linked with higher age, sedentary behavior before 

stroke, and being dependent at hospital discharge.153 A systematic review 

conducted 2018 also found that age, sex, functional ability, depression, fatigue, 

self-efficacy, and quality of life predicted physical activity after stroke.179 

Mobilization may be limited by various impairments, including motor limitations 

and balance issues. Motor impairments are particularly prevalent post-stroke and 

reduce the patient's physical activity, although notable improvements are typically 

observed during the early subacute phase of stroke recovery.180 Impaired postural 

balance is another limiting factor to regain gait and independence,181 and 

associated with an increased risk of falls.182 Furthermore, early cognitive 

impairment may be associated with lower levels of post-stroke physical 

activity.183† Spasticity, visual disturbances, fatigue, medical complications, pain, 

and psychological factors such as fear or anxiety may also be barriers of physical 

rehabilitation after stroke. 
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The rationale for this thesis builds on the need for a deeper understanding of 

physical activity before and after stroke. While numerous studies have explored 

the relationship between physical activity and stroke risk, a significant knowledge 

gap persists in the assessment of domain-specific physical activity. Conflicting 

results have indicated that physical activity performed during leisure-time may be 

more strongly associated with improved health outcomes, whereas work-time 

physical activity – often linked to demanding manual labor, stress, lower 

socioeconomic status, and challenging work environments – might have adverse 

effects on health.184 Notably, household and transport-related physical activities 

remain less explored, warranting further investigations. 

 

In 2021, we conducted a scoping review to systematically examine the existing 

evidence on the relationship between pre-stroke physical activity and outcomes 

after stroke.128† The review comprised 35 studies investigating 60 stroke 

outcomes. All identified studies utilized self-reported methods to assess pre-stroke 

physical activity, with the majority collecting data retrospectively (30 out of 35 

studies).  The lack of prospective and objectively measured data is a limitation to 

current knowledge due to the potential of recall bias. Further information based 

on prospectively collected data would provide a more robust understanding of the 

association between pre-stroke physical activity and outcomes after stroke. The 

review also concluded a lack of sufficient information regarding how pre-stroke 

physical activity impacts outcomes following intracerebral hemorrhages. While 

existing knowledge supports the idea that pre-stroke physical activity may induce 

ischemic tolerance, it remains uninvestigated if there is an association between 

pre-stroke physical activity and the outcome of intracerebral hemorrhage. Recent 

preclinical data suggest a potential relationship between pre-stroke physical 

activity and smaller hematoma volumes which could be a potential mechanism for 

stroke protection. However, this has never before been investigated in humans.   
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Regarding physical activity behavior during the subacute phase after stroke, there 

are only a few limited-sample longitudinal studies conducted previously, lacking 

information on within-person variations. Although several predictors of physical 

activity have been identified, little is known about which factors influence long-

term physical activity behavior after stroke. Such factors would be of interest for 

targeted interventions to improve post-stroke functional outcomes. 
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This thesis aims to investigate associations between physical activity before and 

after stroke in relation to stroke incidence, stroke severity, stroke mortality and 

functioning after stroke. The objectives of Study I to IV are further specified 

below:  

 

I. To investigate the associations of domain-specific physical activity with 

stroke incidence, and with post-stroke death or ADL dependency using a 

prospective population-based cohort. 

 

II. To investigate the associations between pre-stroke physical activity, 

stroke severity, and all-cause mortality in patients with intracerebral 

hemorrhage compared with patients with ischemic stroke. 

 

III. To investigate associations of pre-stroke physical activity with admission 

hematoma volume in deep, lobar and infratentorial intracerebral 

hemorrhage and to explore associations of pre-stroke physical activity 

with stroke severity on admission, 1-week functional status and 3-month 

survival in relation to hematoma volumes. 

 

IV. To investigate the changes in physical activity during the first 6 months 

after stroke and to explore the association between physical activity 

trajectories and functional recovery at 6 months after stroke. 
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This thesis builds on three different longitudinal study designs: A population-

based cohort from south-western Sweden (Study I), two register-based cohorts 

from the local stroke register at Sahlgrenska University Hospital in Gothenburg 

Sweden (Study II and III), and a nationwide randomized controlled trial in Sweden 

(Study IV). Additional data was also collected from several national registers. The 

study design and data collection for each study are presented in Table 1. In Study 

I, participants were followed for stroke events from their inclusion in the cohort 

spanning April 17, 2001, to August 31, 2004, until December 31, 2022. However, 

follow-up of post-stroke death or dependency continued until March 31, 2023. In 

Study II and III patients were identified at the time of their admission to hospital 

for stroke spanning November 1, 2014, to June 30, 2019. In Study II the follow 

up continued until death or censoring on October 19, 2021. In Study III the follow-

up was limited to 3 months after the stroke. In Study IV, participants were included 

from October 20, 2014, to June 28, 2019, with repeated follow-ups via face-to-

face or telephone interviews conducted at 1 week, 1 month, and 3 months post-

stroke and after 6 months via clinical examination performed by a physiotherapist.  

 

Table 1. Study designs and data collection.  
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Included and excluded numbers for each study are illustrated in Figure 5. For 

Study I to III data was merged and pseudonymized by a statistician at the National 

Board of Health and Welfare. The merging was performed using personal 

identification numbers that are given to each citizen in Sweden. Pseudonymization 

is a de-identification process where personal identification numbers are 

substituted with artificial identifiers (index numbers), and the code key is securely 

retained in the registry, separate from the data and researcher. 

 

Figure 5. Flowchart of the inclusion process in Study I to IV. 

Abbreviation: ICH, intracerebral hemorrhage.    

 

Study I utilized data from the population-based INTERGENE cohort. The study 

was initiated in 2001 and baseline data was collected between 2001 and 2004.185 

The total cohort comprised 3614 (42%) of 8626 invited, randomly selected adults 

residing in the urban-rural area of south-western Sweden. The primary objective 

was to evaluate the interplay between lifestyle, environmental exposures, and 

genetic factors on non-communicable diseases. Approximately half of the 

participants resided in Gothenburg, Sweden's second-largest city with about 
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500,000 residents at the time of inclusion. Two-thirds underwent examinations at 

the Sahlgrenska University Hospital, and the other one third in a mobile research 

bus. The examinations consisted of questionnaires, clinical testing, and blood 

sample analyses. Written informed consent was given on the day of clinical 

testing. Women, older individuals, those with a university education, higher 

income, Scandinavian origin, and those who were married demonstrated a higher 

likelihood of participating in the cohort. A subsample of the cohort underwent re-

examination from 2014 to 2016, with a median follow-up after 13 years (range 9.8 

to 14.7 years). Participants residing in or near Gothenburg, who had their initial 

examination at the Sahlgrenska University Hospital, received invitations for re-

examination. A total of 2108 participants who were still alive and had an address 

in Gothenburg were invited, and 1276 (61%) participated. The same study 

procedures as during the initial examination 2001 to 2004 were applied.    

 

The study samples for Study II and III were collected from the local quality of 

stroke care register at Sahlgrenska University Hospital (Väststroke). The 

Väststroke was created in 2013 as a compliment to the national quality register of 

stroke care in Sweden (Riksstroke). Routinely collected data is transferred from 

medical charts to Väststroke by specially trained nurses. The three stroke units at 

the Sahlgrenska University Hospital included in Väststroke have a catchment area 

of 750 000 inhabitants for all acute stroke care, and 2 million for neurosurgery. In 

this thesis, data from the Väststroke register was collected between November 

2014 and June 2019. Based on the sample of stroke patients identified in 

Väststroke, medical records were screened to improve variables with high 

proportions of missing observations and to include additional information. In 

Study II, review of medical records included pre-stroke physical activity 

assessments, NIHSS, smoking status, and comorbid conditions diagnosed upon 

hospital admission. In Study III, hypertension, medical treatments, laboratory 

variables, admission blood pressure, details on neurosurgery and the reversal of 
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anticoagulants, as well as information from acute brain imaging and etiologies of 

intracerebral hemorrhages were collected from medical records.  

 

In Study II, all adult patients diagnosed with intracerebral hemorrhage in the 

Väststroke register were enrolled, alongside all patients treated for ischemic stroke 

with complete data during the same timeframe. Cases lacking data from 

Riksstroke or Väststroke, had no Swedish personal identification number, or those 

with uncertain stroke type after review of medical records were excluded. The 

sample size calculation for Study II indicated that >628 patients diagnosed with 

intracerebral hemorrhage would offer adequate statistical power for analysis, with 

an alpha level set at 0.01 and a power of 0.8. In Study III secondary or rare 

etiologies of intracerebral hemorrhages were also excluded. Among excluded 

patients were those with multiple hemorrhages, primary intraventricular 

hemorrhage, vascular malformations, CVST, vasculitis, hemorrhagic infarction, 

tumors, infections, Moyamoya disease, bleeding disorders, cerebral 

hyperperfusion syndrome, and reversible cerebral vasoconstriction syndrome. 

 

The hematoma volumes of intracerebral hemorrhages included in Study III were 

determined using the ABC/2 method, which estimates the volume of an ellipsoid 

in milliliters. This method involves multiplying the greatest hematoma diameter 

(A) by the perpendicular diameter (B) and then multiplying the result by the 

number of slices and the slice thickness (C). To the extent of what was possible, 

intraventricular blood was excluded from this volumetric assessment. Hematoma 

locations were categorized as deep (arising from the thalamus, basal ganglia, 

internal capsule, or periventricular white matter), lobar, or infratentorial (arising 

from the cerebellum or brainstem). Midline shift was defined as a perpendicular 

distance exceeding 3 mm between the septum pellucidum and a line connecting 

the anterior and posterior attachments of the falx cerebri. Two reviewers (the 

author of this thesis and Dr. Dongni Buvarp) independently evaluated all 



 
 

METHODS 

49 

radiological variables, demonstrating excellent interrater reliability for volumetric 

evaluations (Cohen’s kappa = 0.97, n=20). Any challenges encountered in 

interpreting brain imaging variables were documented and discussed within the 

research team until a consensus was reached.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Typical locations of intracerebral hemorrhages, visualized in a coronal 

view of the brain.  

 

Typical hematoma locations are shown in Figure 6.38 Lobar hemorrhages usually 

stem from penetrating cortical branches of the cerebral arteries (1). Deep 

hemorrhages arise from lenticulostriate branches of the middle cerebral artery (2) 

and ascending thalamogeniculate branches of the posterior cerebral artery (3). 

Brainstem hemorrhages originate from branches of the basilar artery (4). 

Cerebellar hemorrhages are typically sourced from penetrating branches of the 

cerebellar arteries (5).  
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Study IV utilized data from the Efficacy oF Fluoxetine – a randomisEd Controlled 

Trial in Stroke (EFFECTS), which was a randomized, double-blind, placebo-

controlled trial. The main aim of the trial was to assess if administration of oral 

fluoxetine during 6 months after acute stroke would improve functional outcomes. 

A total of 1500 participants were included, 750 randomized to fluoxetine 20 mg 

once daily, and 750 to placebo. The study was conducted across 35 stroke and 

rehabilitation units in Sweden between 2014 and 2019. Participants were recruited 

between 2 and 15 days after the incident stroke. All participants provided written 

informed consent. The results of the EFFECTS trial showed no significant 

improvement in functional outcomes after 6 months in the fluoxetine treated 

group. A predetermined secondary aim of the study protocol was to assess changes 

in physical activity behavior during the subacute phase of stroke recovery. 
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Data from national registers was incorporated in Study I to III. Data registration 

in government registers administered by the National Board of Health and Welfare 

and Statistics Sweden is compulsory for all citizens. Meanwhile, data registration 

in quality care registers such as Riksstroke and Väststroke operates on an opt-out 

basis, where the included patient can actively withdraw from the register. Table 2 

provides an overview of the national registers utilized in each study. 

 

Riksstroke: The Swedish stroke register Riksstroke was initiated in 1994 and is 

a national quality registry for stroke care in Sweden. Since 1998, all hospitals 

treating patients with acute stroke have been included in Riksstroke.10 The 

variables in Riksstroke are included based on the recommendations and quality 

indicators in the national stroke guidelines. Riksstroke collects data from patients 

during acute care, and from follow-ups at 3 months and 1 year after the onset of 

stroke. The coverage rate for Riksstroke is 90% for first-time stroke events. As in 

Väststroke, research nurses employed at the stroke units transfer data from 

medical records to Riksstroke. For the collection of patient-reported outcomes 3 

months post-stroke, nurses distribute questionnaires to patients, with follow-up 

reminders for those who did not respond. Data from Riksstroke was collected for 

Study I to III. In Study I, data from the 3-month follow-up was used to evaluate 

dependency in ADL. For Study II and III, data from the acute care module was 

used for covariate adjustment and as baseline characteristics.  

 

The National Patient Register: The National Patient Register is held by the 

National Board of Health and Welfare in Sweden and collects information on 

diagnoses from all hospitals and outpatient specialist clinics in Sweden, started 

1964. Registration is compulsory and the register has complete coverage since 

1987. Diagnoses are registered according to the International Statistical 

Classification of Diseases and Related Health Problems (ICD) coding system. The 

overall reliability of the register is good and reflects the data present in regional 
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patient administrative systems.186 Data from the National Patient Register was 

collected for Study I to III. In Study I, stroke events were monitored using data 

from the National Patient Register. In Study II and III comorbid conditions before 

stroke were collected from the National Patient Register.  

 

The Cause of Death Register: The register is held by the National Board of 

Health and Welfare in Sweden and includes the dates and causes of death for all 

deceased Swedish citizens.187 Since 1991, the register has complete coverage. The 

information is gathered from cause of death certificates filled in by the licensed 

physician who confirmed the death. For deceased individuals without a cause of 

death certificate, the National Board of Health and Welfare sends reminders. If 

the certificate does not arrive despite reminders, the death is registered without 

information about the cause of death (ICD-10: R99.9). Missing information 

regarding causes of death has been 1-2% in recent years. Data on all-cause and 

stroke mortality from the Cause of Death Register was collected for Study I to III. 

 

Statistics Sweden: This is the government agency responsible to produce official 

statistics for Sweden. Established in 1858, Statistics Sweden covers 

demographics, economic indicators, social trends, and environmental factors.188 

Information on educational level, yearly disposable family income and country of 

birth was gathered from the longitudinal integrated database for health insurance 

and labor market studies held by Statistics Sweden for Study II to III. 
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Table 2.  Data included from national registers.  
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Physical activity measures served as the principal independent variables across all 

four studies included in this thesis. The assessments varied for all included studies, 

with detailed descriptions provided for each study in the subsequent sections.  

 

Study I: Information on physical activity was prospectively collected at baseline 

and during the re-examinations. Self-reported physical activity was examined 

across four domains: leisure-time, work-time, transportation, and household. 

Participants were asked to report their average activity levels over the past year. 

Each domain was evaluated using a set of questions included in the overall study 

questionnaire, shown in Table 3. Leisure-time physical activity was assessed using 

the Saltin-Grimby physical activity level scale (SGPALS) with four ordinal 

levels.189,190 The SGPALS was first published in 1968 and is one of the most 

frequently used physical activity questionnaires in Scandinavia. The SGPALS has 

shown acceptable validity and reproducibility.189 A summary of the concurrent 

validity and reproducibility of the SGPALS is presented in Table 4. The 

assessments of work-time, transport and household physical activity questions 

were conducted using a validated self-administered questionnaire on physical 

activity developed in 1998.191,192 This questionnaire was later used in the Swedish 

National Public Health Survey. The questions regarding work-time physical 

activity aimed to evaluate the exertion associated with various types of work or 

occupational activities during a typical 8-hour workday. Transportation physical 

activity was assessed based on the time participants spent engaging in active 

transportation per day. Household physical activity was evaluated in terms of the 

time spent on typical household physical activities per day. To ensure uniformity 

despite variations in the number of levels across domains, they were all sub-

classified into low, intermediate, or high physical activity based on the distribution 

of the study sample.  
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Table 3.  Classification of physical activity domains.   
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The total number of steps per day and per minute were obtained from a subgroup 

of participants during the re-examinations conducted from 2014 to 2016. Out of 

the 1276 participants who underwent re-examination, 736 were asked to wear 

sealed pedometers (Yamax CW 700, YAMAX Health & Sports, Inc., San 

Antonio, USA). They were given instructions to wear the pedometer on the hip all 

hours of their time spent awake over a span of 6 days, taking note of any removal 

during dressing and undressing, as well as during showering/bathing. 

Additionally, information regarding time and distance for cycling was recorded 

and assessed as 160 steps per minute. Only those who recorded a minimum of 

1000 steps each day over at least four consecutive days were included. Ultimately, 

data from 496 participants was available for analysis. The Yamax pedometer has 

shown commendable accuracy in counting steps when placed on the hip.193 

 

Study II and III: Information regarding pre-stroke physical activity was 

retrospectively gathered upon hospital admission and incorporated into the 

Väststroke register. The assessments were conducted using the SGPALS by 

physiotherapists working at the designated stroke units. Rather than relying on a 

questionnaire, the SGPALS was evaluated based on the patient's description, 

typically through targeted inquiries about their pre-stroke physical activity as part 

of standard clinical routine. Reinholdsson et al. described the common questions 

used by the physiotherapists, such as: “How much did you move or exercise during 

leisure time before stroke? Try to estimate an average”.144 This was followed by 

additional queries regarding the intensity, duration, and type of activities engaged 

in. In cases where the information was insufficient or if patients experienced 

cognitive impairment or unconsciousness, details regarding pre-stroke physical 

activity were occasionally obtained from a next of kin. 

 

For cases where SGPALS were missing in the Väststroke register, evaluations 

were made based on information in medical records if possible. In Study II, the 

SGPALS levels were grouped into three categories: inactive (SGPALS level 1), 
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light physical activity (SGPALS level 2), and moderate or higher physical activity 

(SGPALS level 3 to 4). In Study III, the SGPALS was divided into two categories: 

inactive (SGPALS level 1), and physically active (SGPALS level 2 to 4).  

 

Study IV: Information on physical activity was collected through face-to-face or 

telephone interviews using the SGPALS at 1 week, 1 month, and 3 months. At the 

6-month mark, the SGPALS was assessed through a physiotherapist follow-up. 

Throughout the follow-up, participants responded to standardized questions 

regarding their physical activity levels and how their activities had changed since 

the previous visit. If physical activities not covered by the SGPALS were 

mentioned, the intensity was evaluated using the respective metabolic equivalent 

of task (MET) values from the 2011 Compendium of Physical Activities.194 The 

intensity corresponding to SGPALS level 3 was set to a MET value of 3-6, and 

for SGPALS level 4, it was set to a MET value >6. In cases where multiple 

activities were reported during the same period, the least intensive activity 

determined the intensity level and subsequently the SGPALS level. 
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Table 4. The concurrent validity and reproducibility of the Saltin-Grimby 

physical activity level scale.  

Abbreviations: SGPALS, Saltin-Grimby physical activity level scale; VO2max, volume 

of oxygen maximum; SD, standard deviation; AUC, area under the curve.                         

* The information was collected through communication with the authors by Grimby et 

al. who published the data.   
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The outcome measures included in this thesis are presented in Table 5, according 

to the phases of stroke recovery in which they were measured.   

 

Stroke Incidence: In Study I, stroke events and stroke-related deaths were 

monitored from the date of inclusion in the INTERGENE cohort for each 

participant until either death from another cause or the end of follow-up on 

December 31, 2022, whichever came first. Stroke events were defined using ICD-

10 codes I61 (intracerebral hemorrhage), I63 (ischemic stroke), and I64 (stroke 

not specified as hemorrhage or infarction) obtained from the Swedish National 

Patient Register and the Cause of Death Register. 

 

Stroke Severity: In Study II and III, stroke severity was included as an outcome 

measured using the NIHSS. The NIHSS was previously described in the 

Introduction (pages 22 to 23). In Study II, NIHSS scores were classified as mild 

stroke (0 to 4 points), moderate stroke (5 to 14 points), and severe stroke (>14 

points). In Study III, stroke severity was dichotomized into mild stroke (0  to 4 

points) and moderate to severe stroke (>4 points). NIHSS scores were collected 

from the Väststroke register and medical records. After review of medical records, 

the total NIHSS scores could not be determined for 108 patients (2%). For these 

cases, the admission stroke severity was classified as mild, moderate, or severe 

based on available information without any exact score. Patients who were 

unconscious on arrival, with missing NIHSS scores were always classified as 

having a severe stroke.  

 

In Study IV, the NIHSS scores were assessed at randomization and classified as 

very mild (0 to 3 points), mild (4 to 5 points), and moderate to severe stroke (>5 

points). 
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Post-stroke Mortality: In Study II, all-cause mortality was examined at 1 month 

(short-term) and 2 years (long-term) after stroke. Study III assessed all-cause 

mortality at 3 months post-stroke. Mortality rates were obtained from the Swedish 

Cause of Death Register. 

 

Death and Dependency in Activities of Daily Living: In Study I, death and ADL 

dependency were evaluated as a composite outcome at 3 months. Mortality rates 

were collected from the Swedish Cause of Death Register, while ADL dependency 

was assessed using data from the Riksstroke postal questionnaire sent to all 

registered stroke patients in Sweden. ADL dependency was defined by questions 

regarding: (1) decreased indoor mobility, (2) needing toileting assistance, (3) 

needing help with dressing, and (4) reliance on a caregiver for all ADLs. Patients 

answering yes in least one of these areas were considered being ADL dependent. 

 

Brain Imaging Outcomes: In Study III, hematoma volume, midline shift and 

intraventricular hemorrhage (IVH) were assessed from the brain imaging 

performed on admission. The intraparenchymal hematoma volume was analyzed 

as the total log-transformed volume due to a highly right-skewed distribution, 

similar to the procedure in prior research.202 Significance in midline shift was 

determined as a distance greater than 3 mm, a commonly accepted criterion for 

clinical relevance.203 IVH was defined as the presence of visible blood within the 

ventricular system.  

 

The modified Rankin Scale: In Study III and IV the modified Rankin Scale 

(mRS) was used to determine functional outcomes. The mRS is a standardized 

and widely accepted measure for assessing global disability in stroke patients.204 

The mRS quantifies the level of dependence in daily activities among stroke 

survivors using 7 ordinal levels, ranging from no symptoms at all (0 points) to 

death (6 points). In Study III, the mRS was assessed from medical records to 

determine functional status 1 week after stroke, and a score of 0 to 3 was 

considered a good functional outcome.  The mRS was assessed at the day of 
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discharge for patients that were discharged within the first week. In Study IV, the 

mRS was evaluated at 6 months after stroke via the physiotherapist visit, and a 

score of 0 to 2 was considered a good functional outcome.  

 

Post-stroke Physical Activity Trajectories: In Study IV, changes in levels of 

physical activity after stroke were repeatedly evaluated using the SGPALS. 

Trajectory modeling was used to identify participants with similar physical 

activity patterns during the first 6 months after stroke.  

 

Table 5.  Included outcome measures divided by the phases of stroke recovery.   
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The Charlson comorbidity index: In Study II, the Charlson comorbidity index 

was computed.205  The weighted score is based on 19 specific comorbid conditions 

and validated for hospitalized patients to predict 1-year mortality. Using the 

Charlson comorbidity index patients were stratified into no significant comorbid 

conditions (0 points), mild comorbidity (1 to 2 points), and severe comorbidity 

(>2 points). 

 

The Montreal Cognitive Assessment: In Study IV, early cognitive function was 

assessed using the Montreal Cognitive Assessment (MoCA).206 The scale has a 

maximum score of 30 points, and cognitive impairment was considered for 

participants with a score  ≤ -1 standard deviation (SD) from a age-, sex-, and 

education-adjusted normative mean derived from the Swedish population.207  

 

Statistical methods used in this thesis are described in the following sections and 

outlined in Table 6. Data analyses were performed using SPSS Statistics (IBM 

Corp., Version 27.0, Armonk, NY, USA), R software (R Core Team, Version 

4.3.2 for Windows; R Foundation for Statistical Computing, Vienna, Austria), and 

SAS 9.4 (SAS Institute Inc., Cary, NC, USA). 

 

Correlations: Spearman's rank correlation was used to assess the monotonic 

correlation between continuous variables, using the ranks of the data instead of 

actual values. The Phi coefficient was used as a measure of correlation between 

categorical variables. Coefficients of correlation were interpreted as either strong 

(≥ ± 0.70), moderate (± 0.40 to ± 0.69), or weak (< ± 0.39).208 

 

Group comparisons: Univariable associations were examined depending on the 

nature of the variables. For nominal variables, the Fisher exact test and chi-square 

were used to determine associations between independent categorical groups. 

Continuous but non-normally distributed variables were examined with the 
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nonparametric Mann-Whitney U test. The Cochran Q test was employed to 

evaluate changes across multiple related groups over time. For ordinal variables, 

the Jonckheere-Terpstra test was employed to assess trends or differences across 

ordered categories.  

 

Stroke incidence: The total person-time at risk was calculated as the sum of the 

time each person was under observation, from baseline to the first stroke event, 

death, or end of follow-up. The stroke incidence rate was calculated as the number 

of stroke events divided by the total person-time at risk. Separate incidence rates 

were reported for each physical activity category (low, intermediate, and high) 

within each of the domains (leisure, work, transport, and household) .  

 

Kaplan-Meier curves: Kaplan-Meier curves were utilized to visualize time-to-

event data, illustrating cumulative stroke incidence and post-stroke mortality, 

stratified by physical activity levels and Charlson comorbidity index. Kaplan-

Meier curves are a graphical representation of the estimated probability of event-

free survival at different points in time. 

 

Cox proportional hazard models: Cox proportional hazard regression was used 

to assess the hazard ratios of stroke incidence and post-stroke mortality. Cox 

regression models the hazard function, which represents the instantaneous rate of 

events (such as stroke or post-stroke deaths) given survival up to that point. The 

model assumes that the hazard ratio (the ratio of hazards between different levels 

of a predictor variable) is constant over time. The proportional hazard assumption 

was tested for final models using Schoenfeld residuals as a measure of 

independence between covariates and time. Mixed effects Cox regression models 

were also used, allowing for a change in physical activity estimates by splitting 

the survival time at the same time point.  
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Logistic regression models: In all studies, logistic regression models were 

employed to assess odds ratios for associations between physical activity and 

various stroke outcomes, including death and ADL dependency, stroke severity 

(NIHSS), midline shift, IVH, 1-week and 6-month functional outcomes (mRS), 

and 3-month survival. Additionally, ordinal logistic regression was used to 

evaluate the relationship between pre-stroke physical activity and stroke severity, 

categorized into three levels based on the NIHSS. Logistic models assume either 

binary outcomes or multiple ordered categories, estimating model coefficients 

through maximum likelihood estimation. These coefficients are optimized to 

maximize the likelihood of observing the actual outcome values given the 

predictor variables. In the case of ordinal logistic regression, the model assumes a 

proportional odds assumption, implying that the odds ratios for each predictor 

variable remain constant across the levels of the outcome variable .  

 

Ordinary least-squares regression models: Ordinary least-squares linear 

regression models were employed to predict long-transformed hematoma volume. 

These models assume a linear relationship between the predictor variables and 

outcome in terms of hematoma volume. The best linear function is achieved by 

fitting a line to the data so that the sum of the squared residuals ( the difference 

between the actual values of the outcome variable and those predicted by the 

regression model) is minimized.  

 

Mediation analyses: The relationship between physical activity and stroke 

outcomes, including stroke severity (NIHSS), 1-week functional outcome (mRS), 

and 3-month survival, was investigated using a mediation analysis approach with 

hematoma volume as a potential mediator. Mediation analyses explore the indirect 

effect of an independent variable (in this case, physical activity) on an outcome 

variable (stroke outcomes) through a proposed mediator (hematoma volume), 

while accounting for the direct effect of the independent variable on the outcome. 

Effect sizes were determined using non-parametric bootstrapping without making 

specific assumptions about the underlying population distribution. By repeating 
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the resampling process multiple times (1000 bootstrap samples), non-parametric 

bootstrapping provides reliable estimates of the effect sizes and their variability.209  

 

Propensity score weights: Propensity scores were calculated from a generalized 

boosted logistic regression model to address imbalances between physically active 

and inactive patients.210 Due to the limited sample size in hematoma location-

specific subgroup analyses, all relevant covariates could not be entered in the 

models. Therefore, adjustment using propensity score weights was applied to 

prevent overfitting. These propensity scores represent the probability of being 

physically active given the observed covariates. Generalized boosted models use 

a machine learning algorithm that iteratively fits a series of weak learners (e.g., 

decision trees) to the data, with each subsequent learner focusing on the residuals 

(i.e., errors) of the previous learners. This iterative process aims to optimize the 

model's predictive performance while minimizing overfitting.  

 

Missing data imputation: Multiple Imputation by Chained Equations was 

utilized to handle missing observations in regression analyses, employing 

predictive mean matching and the classification and regression trees method.211 

The method imputes missing values iteratively based on relationships between 

variables. In predictive mean matching missing values are imputed by selecting 

observed values from the dataset that are similar to the predicted values based on 

the available information. In contrast, the classification and regression trees 

method recursively partition the data into subsets based on predictor variables, 

creating a decision tree structure that can be used to predict missing values. For 

both methods, multiple datasets are created and merged to account for the 

uncertainty introduced by imputation.  

 

R²-values: Adjusted coefficients of determination (R²) were calculated serving as 

a metric of relative covariate importance.212 The R² values range from 0 to 1, with 

higher values indicating a greater proportion of variance explained by the 

covariate.  
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P-values: P-values were calculated from various models to signify the likelihood 

of obtaining the observed results under the assumption that the null hypothesis is 

true. The levels of significance were interpreted as P <0.05 or P <0.001.   

 

E-values: The E-value serves as a tool for evaluating unmeasured confounding. 

It signifies the minimum strength that an unmeasured confounder would need to 

have with both the outcome and exposure to completely remove the observed 

association.213  

 

Trajectory group modeling: Trajectories of physical activity after stroke were 

identified using group-based trajectory modeling without predefined 

subgroups.214 The number of trajectory groups and polynomial degrees were 

determined using the Bayesian information criterion.215 A range of 2 to 6 

trajectory groups was evaluated until the best model was identified. Evaluation of 

model adequacy included assessing the mean posterior probabilities of each 

trajectory group, as well as the estimated probability and odds of correct 

classification, ensuring accurate assignment of participants to their respective 

trajectory groups. 
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Table 6.  Statistical methods presented in Study I to IV.  
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Approval for all studies included in this thesis has been obtained from the regional 

or national Ethics Review Authority, as stated below:  

           Study I: Ethics approval number 626-13 

           Study II: Ethics approval number 346-16 and 2021-03324       

           Study III: Ethics approval number 346-16 and 2021-03324       

           Study IV:  Ethics approval number 1265-31           

 

In Study I, every participant received oral and written information about the study 

and future objectives and signed an informed consent to participate. For the study 

included in this thesis, an amendment was filed with the specific research question  

(Ethics approval number 2019-06475), before application of data.  

 

In Study II and III data was utilized from the local stroke register Väststroke. 

Every patient registered in Väststroke should receive information about the 

registry and has the option to object to registration or withdraw from the registry 

at any time. This information is provided via posters and informational brochures 

at the stroke units of Sahlgrenska University hospital. No informed consent was 

sought, in accordance with Swedish regulations. The Swedish Data Protection 

Authority permits the processing of data originating from quality registers as an 

exception to the standard requirement of patient consent. This exception is 

justified by the acknowledgment of public interest to improve the quality of 

healthcare and treatment. Additionally, in accordance with Swedish law (Patient 

Data Act 2008:355, chapter 7), obtaining informed consent is not obligatory for 

gathering data from medical charts for clinical purposes and quality control.  

 

In Study IV, all participants provided a written informed consent. The original 

randomized controlled trial was a clinical drug trial and authorized by the Swedish 

Medical Products Agency (European approval number: 2011-006130-16). 
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Selected baseline characteristics are presented for Study I to IV in Table 7. 

Whereas Study I represent a random sample from the general population, Study II 

to IV included only selected individuals treated for stroke.   

 

Table 7.  Baseline characteristics in Study I to IV.  

 

Abbreviations: SD, standard deviation; TIA, transient ischemic attack.  a There were 31 

with missing data on education in Study I, 133 in Study II, 13 in Study III, and 197 in Study 
IV. b There were 87 with missing data on living arrangements in Study II, 30 in Study III, 
and 1 in Study IV. c There were 32 with missing data on smoking in Study I. d There were 
12 with missing data on each comorbid condition in Study I. e There were 45 with missing 

data on medications in Study II. f  There were 831 with missing data on lipid-lowering drugs 
in Study I. g There were 743 with missing data on antihypertensive drugs in Study I.  
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The mean age was similar across stroke samples (Study II to IV), while lower at 

baseline in the general population sample. The number of females were fewer in 

the stroke samples compared to that in the population-based cohort. The level of 

education was also higher in the population-based cohort in comparison to Study 

II and III, although participants in Study IV exhibited the highest proportion with 

education >12 years. Furthermore, the prevalence of comorbid conditions and 

usage of medications were higher in the stroke samples.  

 

Acute stroke characteristics of each study are presented in Table 8. Stroke severity 

was greatest in Study III, which only included patients with intracerebral 

hemorrhage. The median NIHSS score was 3 in all mixed stroke samples, and 8 

in that of Study III. The proportions of stroke subtypes were also evenly 

distributed between study samples I, II, and IV. Treatments with thrombolysis, 

thrombectomy and neurosurgical interventions were registered in a minority of 

patients, ranging from 1% to 11%. 

 

Table 8.  Acute stroke characteristics from Study I to IV.  

Abbreviations: NIHSS, National Institutes of Health stroke scale; IQR, interquartile range.

 There were 156 with missing data on NIHSS in Study I, and 108 in Study II. b There were 

66 with missing data on thrombolysis in Study I. There were 124 with missing data on 
thrombectomy in Study I. 
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Characteristics specific to intracerebral hemorrhages are presented in Table 9. The 

patients with lobar hemorrhages were the oldest. Notably, NIHSS scores were 

lower among cerebellar hemorrhages compared to patients with hematomas in 

other locations. The mean blood pressure on hospital arrival was highest among 

deep intracerebral hemorrhages. Post-stroke seizures occurring the first 24 hours 

were more prevalent among patients with lobar and brainstem hemorrhages 

compared to the other locations.  

 

Table 9.  Characteristics of intracerebral hemorrhages.  

Abbreviations: SD, standard deviation; IQR, interquartile range; CCI, Charlson 

comorbidity index; NIHSS, National Institutes of Health stroke scale.  There were 88 with 

missing data on NIHSS in Study III.  
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The lost to follow-up in Study I has been investigated in prior research.185 Female 

sex, high age, high income, university education, being married and Scandinavian 

origin were factors associated with participation. Among included participants 

(n=3614), the number of missing observations were generally low (<2%), except 

for genetic variables with 11% missing for the Apolipoprotein E and C1 genes.  

 

In Study II, review of medical records ensured almost complete inclusion of 

patients with intracerebral hemorrhage (763 of 770) treated at the Sahlgrenska 

University Hospital between November 2014 and June 2019. However, for 

ischemic stroke patients, only those with complete data on variables matching 

those of patients with intracerebral hemorrhage were included. Comparisons 

between included and non-included patients with ischemic stroke are presented in 

Table 10.  

 

Table 10.  Included and non-included patients with ischemic stroke in Study II. 

Abbreviations: CCI, Charlson comorbidity index; NIHSS, National Institutes of Health 

stroke scale; IQR, interquartile range; SGPALS, Saltin-Grimby physical activity level 
scale. a Valid percent, excluding missing observations.  
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The distribution of age, sex, proportion born in Sweden, comorbid conditions, and 

physical activity levels were similar between included and non-included patients 

with ischemic stroke. Nevertheless, non-included patients had lower education 

and experienced more severe strokes. Among patients included in Study II 

(n=5188), missing data was present for physical activity (7%), education (3%), 

income (1%), medications (1%), living situation (2%), and pre-stroke dependency 

(3%).   

 

In Study III, patients with rare and secondary causes of intracerebral hemorrhages 

were excluded (n=77), in addition to those with unavailable data (n=7). The 

variables and distribution of missing data were similar to that in Study II. Of 

included patients (n=686), missing data was present for physical activity (7%), 

education (2%), income (0.4%), pre-stroke dependency (8%), living situation 

(4%), sodium blood values (4%), potassium blood values (5%), systolic blood 

pressure (5%), diastolic blood pressure (6%), and for 1 patient regarding INR.  

 

In Study IV, analyses were conducted on 1367 of the 1500 participants recruited 

to the EFECTS study. Among the participants not included, 11 withdrew, 31 died, 

and 91 were lost to follow-up for other reasons. Among included participants 

(n=1367), missing data was present for physical activity assessed at 1 week (12%), 

1 month (6%), 3 months (2%), and 6 months (4%), as well as employment status 

(2%), education (12%), MoCA (12%), mRS (1%), and for 1 patient regarding 

living arrangements.  
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All studies in this thesis included leisure-time physical activity assessments using 

the SGPALS. Physical activity levels according to SGPALS at baseline are 

presented in Table 11. Leisure-time physical activity was rated higher in the 

younger population-based cohort compared to the stroke samples. Very few 

reported SGPALS level 3 or 4 in Study II to IV. In Study I, levels 1 and 4 were 

the least common. Due to the differences in distribution, SGPALS levels were 

categories differently between studies. The levels of SGPALS were studied as 

level 1 (low) vs. level 2 (intermediate) vs. level 3 to 4 (high) in Study I, and level 

1 (sedentary) vs. 2 to 4 (physically active) in Study II and III.  

 

Table 11.  Baseline assessments of leisure-time physical activity.  

Abbreviations: IQR, interquartile range; SGPALS, Saltin-Grimby physical activity level 

scale.  

 

In Study I, participants also reported work-time, transport, and household physical 

activity. There were 1078 (30%) participants who reported being mostly sedentary 

at work or unemployed, 981 (27%) reported passively sitting about half of the 

time, 271 (8%) reported being mostly standing, 827 (23%) reported mostly 

walking, lifting, and minor carrying, 318 (9%) reported major carrying, and 111 

(3%) reported heavy manual labor.  
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In transport physical activity, 341 (9%) reported that they almost never bike or 

walk, 853 (24%) reported <20 minutes per day, 1499 (41%) reported 20 to 40 

minutes per day, 535 (15%) reported 40 to 60 minutes per day, and 344 (10%) 

reported 60 to 90 minutes per day. In household physical activity, 1113 (31%) 

reported no daily household physical activities, 1636 (45%) reported household 

work for 1 to 2 hours per day, 667 (18%) for 3 to 4 hours per day, 118 (3%) for 5 

to 6 hours per day, 31 (1%) for 7 to 8 hours per day, and 18 (0.4%) for >8 hours 

per day. There were 32 participants who reported the lowest physical activity 

category in all domains, and 1 who reported the highest value across categories.  

 

During the re-examinations in Study I, a subgroup of participants (n=496) 

underwent objective assessments of their physical activity levels using a sealed 

pedometer. The comparison between self-reported domain-specific physical 

activity levels recorded at this time-point and the actual number of steps is 

depicted in Figure 7. Positive correlations, albeit weak, were observed between 

the mean number of steps and self-reported leisure-time physical activity (r = 0.24; 

P<0.001), as well as transport physical activity (r =0.17; P<0.001). 

 

During the median observation period of 13 years (ranging from 9.8 to 14.7 years) 

between the two follow-ups in Study I, physical activity levels of participants 

changed the least in leisure-time (541 out of 1379 reported a change [39.2%]), and 

the most in work-time (721 out of 1377 reported a change [52.4%]). 
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Figure 7. Mean number of steps recorded over 4 to 6 consecutive days across 

the levels of leisure-time, work-time, household and transport physical activity.  
 

Abbreviation: SGPALS, Saltin-Grimby physical activity level scale. For household 

physical activity, levels 4 through 6 were merged due to low numbers in level 6 (n=2), 

and level 5 (n=5). 
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In Study IV, repeated assessments of physical activity using the SGPALS were 

recorded of the course of 6 months after stroke, visualized in Figure 8. The 

majority of participants were inactive (SGPALS level 1), and very few performed 

moderate or vigorous physical activity (SGPALS level 3 or 4) during the study.  

 

In adjusted analyses (i.e. adjusted for age, sex, stroke type, living arrangements, 

employment status, education, NIHSS score, aphasia, cognition, ability to lift 

arms, ability to walk unaided, total number of drugs, antihypertensive drugs, lipid-

lowering drugs, antiplatelet drugs, anticoagulant drugs, diabetes, mellitus, and 

heart disease), male participants exhibited an odds ratio of 1.57 (99% confidence 

interval [CI] 1.14-2.15, P<0.001) for being increasers in physical activity.  

Figure 8. Temporal flows of physical activity levels over 6 months divided by 
the increaser and decreaser trajectory groups. 

 

Abbreviation: SGPALS, Saltin-Grimby physical activity level scale. This figure was 

originally made by Dr. Dongni Buvarp (not published) and adopted by the author of this 

thesis.  
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Conversely, individuals with cognitive impairment or uncertain cognitive status 

demonstrated reduced odds of being classified as increasers (odds ratio 0.65, 99% 

CI 0.46-0.90, P=0.001, and odds ratio 0.59, 99% CI 0.37-0.95, P=0.004, 

respectively). No other variables were significant predictors of group membership 

in adjusted analyses. Stroke severity did not differ significantly between the 

increaser and decreaser groups. 

 

During the study period of Study I, spanning a cumulative person-time at risk of 

65,734 years (equivalent to 24,009,481 days), 269 stroke events were recorded. 

This yields an overall stroke incidence rate of 0.41 per 100 person-years. Crude 

incidence rates of stroke per 100 person-years as well as age- and sex-adjusted 

hazard ratios for participants with low, intermediate, and high domain-specific 

physical activity are shown in Table 12.  

 

Table 12. Stroke incidence rates according to domain-specific physical activity.  

Abbreviations: HR, hazard ratio; CI, confidence interval. Crude incidence rates were 

calculated per 100-person years. The HRs were adjusted for age and sex.   
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The age-adjusted cumulative stroke incidence is visualized for each physical 

activity domain in Figure 9. Although the crude stroke incidence was increased in 

the groups with high work-time, transport and household physical activity (Table 

12), the associations changed after age standardization (Figure 9). Implicitly, it 

was observed that participants with high levels of work-time, transport, and 

household physical activity tended to be older. In the age- and sex-adjusted cox 

regression, leisure-time and transport-related physical activity were associated 

with a decreased risk of stroke (Table 12).  

 

 

 

 

 

 

 

Figure 9. Age-standardized cumulative stroke incidence divided by domain-

specific physical activity levels. 
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The low physical activity group had the highest incidence of stroke in all four 

domains after age adjustment. After full covariate adjustment (i.e. age, sex, 

smoking, alcohol intake, consumption of red meat, vegetables, and sweets, 

education, economy, marital status, social network, and living area, obesity, 

diabetes mellitus, hyperlipidemia, hypertension, and atrial fibrillation, family 

history of stroke, Apolipoprotein E ε4, and insertions or deletions in 

Apolipoprotein C1) the observed associations remained largely unchanged. 

Specifically, in the fully adjusted analyses, intermediate (hazard ratio 0.61, 95% 

CI 0.42-0.88) and high (hazard ratio 0.59, 95% CI 0.38-0.93) levels of leisure-

time physical activity, along with intermediate (HR 0.73, 95% CI 0.54-0.98) levels 

of transport physical activity were associated with a decreased risk of stroke.  

 

Adjusted associations between pre-stroke physical activity (SGPALS level 1 vs. 

2 to 4) and less severe stroke symptoms (NIHSS 0 to 4 vs. 5 to 14, and 5 to 14 vs. 

>14) are presented for patients with intracerebral hemorrhage and ischemic stroke 

in Table 13.   

 

Table 13. Associations between physical activity and less severe strokes.  

Abbreviations: HR, hazard ratio; CI, confidence interval; SGPALS, Saltin-Grimby physical 

activity level scale; NIHSS, National Institutes of Health stroke scale. Ordinal regression 
models were adjusted for sex, age, education, income, living situation, dependency, 
hyperlipidemia, prior cerebrovascular disease, atrial fibrillation, diabetes, coronary heart 

disease, heart failure, cancer, smoking, and medication use (lipid-lowering, antiplatelet, 

anticoagulant, and antihypertensive). The NIHSS scores were categorized as 0 to 4 

(reference category), 5 to 14 and >14.  
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Being physically active was associated with a hazard ratio of 3.57 (95% CI 2.35-

5.47, P<0.001) for milder intracerebral hemorrhage and 1.92 (95% CI 1.59-2.33, 

P<0.001) for milder ischemic stroke. The results indicate that pre-stroke physical 

activity is associated with milder strokes regardless of stroke type. However, a 

combined model was conducted including an interaction term between stroke type 

and physical activity which was significant (Pinteraction =0.008), suggesting that 

physical activity may be more strongly associated with reduced stroke severity in 

patients with intracerebral hemorrhage.  

 

For intracerebral hemorrhages, hematoma volume on admission was presumed to 

be an important mediator to the relationship between physical activity and stroke 

outcomes. The total and direct effect were tested using a bootstrapped mediation 

analysis in patients with primary intracerebral hemorrhage (n=686). The presumed 

causal paths are shown in Figure 10. Hematoma volume explained 57% of the 

association between pre-stroke physical activity and stroke severity. However, as 

the total and direct effects were both significant, mediation by hematoma volume 

only partly explained the observed association between pre-stroke physical 

activity and stroke severity. 

 

 

 

 

 

 

Figure 10. Mediation analysis.   
 

Abbreviations: ADE, average direct effect; ACME, average causal mediation effect; 

ATE, average total effect; NIHSS, National Institutes of Health stroke scale. 
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The mean hematoma volume was 23.1 mL (SD 35.2) in deep, 44.6 mL (SD 51.6) 

in lobar, 10.4 mL (SD 10.5) in cerebellar, and 6.4 mL (SD 7.5) in brainstem 

intracerebral hemorrhages. The location-specific distribution of hematoma 

volumes stratified by physical activity levels (SGPALS level 1 or 2 to 4) are 

presented in Figure 11. The mean hematoma volumes were smaller among pre-

stroke physically active patients for all locations.  

 

Pre-stroke physical activity was associated with overall smaller hematoma 

volumes (β -0.313, standard error [SE] 0.06, P<0.001) after full covariate 

adjustment (i.e., hematoma location, time to scan, age, sex, country of birth, 

education, income, living arrangements, pre-stroke dependency, smoking habits, 

potassium and sodium blood levels, INR, blood pressure, heart failure, diabetes, 

alcohol use disorder, hypertension, atrial fibrillation, ischemic heart disease, 

hyperlipidemia, dementia, prior stroke or TIA, cancer history, and medication 

usage including lipid-lowering, antiplatelet, anticoagulant, and antihypertensive 

drugs). 

 

In propensity score-weighted hematoma location-specific regression analyses, 

pre-stroke physical activity was associated with reduced hematoma volumes in 

both deep (β -0.36, SE 0.09, P<0.001) and lobar locations (β -0.23, SE 0.09, 

P=0.016). However, the association was less clear and not statistically significant 

for infratentorial hemorrhages (β -0.29, SE 0.19, P=0.114). 
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Figure 11. Distribution of hematoma volumes divided by their location and 
stratified by pre-stroke physical activity.  

 

Abbreviation: SGPALS, Saltin-Grimby physical activity level scale. Hematoma volumes 

are represented using smoothened kernel distribution density curves. Dotted lines 

represent mean values.  
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Following the first-time stroke events that occurred in 269 participants in Study I, 

there were 147 deaths recorded during a total follow-up time of 1381 years 

(equivalent to 504,398 days). Consequently, the mortality rate after stroke was 

10.6 deaths per 100 person-years. Correspondingly, among the 5188 patients with 

stroke in Study II, there were 2029 deaths recorded during a total follow-up time 

of 15,989 years (equivalent to 5,840,065 days), with a mortality rate of 12.70 

deaths per 100 person-years. In total, 370 individuals (49%) with intracerebral 

hemorrhage died, with 218 (59%) of deaths attributed to cerebrovascular disease. 

Additionally, among those with ischemic stroke, 1659 (38%) died, with 804 (49%) 

because of cerebrovascular disease. 

 

In Study II, mortality rates were stratified by weighted Charlson comorbidity 

index scores, seen in Table 14. Patients with severe comorbidities (Charlson 

comorbidity index ≥3), who were physically active prior to intracerebral 

hemorrhage exhibited higher survival in comparison to their inactive counterparts 

without any comorbid conditions accounted for by the Charlson comorbidity 

index. A similar trend was observed in patients with ischemic strokes.  

 

Table 14.  Mortality stratified by physical activity and comorbid conditions.  

Abbreviations: SGPALS, Saltin-Grimby physical activity level scale; CCI, Charlson 

comorbidity index. Crude incidence rates were calculated per 100-person years. Data was 

missing in 370 patients for SGPALS.  
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Inactive patients with severe comorbidity had a post-stroke mortality rate 

approximately 10 times higher than that of active patients with no comorbid 

conditions.  

 

In adjusted analyses (refer to Table 13 for full list of covariates), pre-stroke 

physical activity demonstrated a significant association with reduced 30 -day 

mortality rates after both intracerebral hemorrhage (hazard ratio 0.30, 99% CI 

0.17-0.54, P<0.001) and ischemic stroke (hazard ratio 0.22, 99% CI 0.13-0.37, 

P<0.001), reflecting a 70% and 78% reduction, respectively. This association 

persisted over the subsequent 2 years (counted from day 30), as pre-stroke 

physical activity was associated with a 60% lower mortality rate after intracerebral 

hemorrhage (hazard ratio 0.40, 99% CI 0.21-0.77, P<0.001) and a 51% reduction 

following ischemic stroke (hazard ratio 0.49, 99% CI 0.38-0.62, P<0.001). After 

additional adjustment for stroke severity on admission (a presumed mediator), pre-

stroke physical activity was associated with a 52% lower mortality rate between 

30 days and 2 years after intracerebral hemorrhage and a 48% after ischemic 

stroke.  

 

In unadjusted analyses, a dose-response relationship was observed between pre-

stroke physical activity levels and overall post-stroke mortality among patients 

with ischemic stroke, but not for intracerebral hemorrhage. Compared to inactive 

patients, individuals with moderate or high levels of physical activity before 

experiencing ischemic stroke demonstrated a significantly lower risk of mortality 

(hazard ratio 0.11, 99% CI 0.06-0.19, P<0.001), whereas those reporting light 

physical activity exhibited a less pronounced reduction (hazard ratio 0.33, 99% CI 

0.28-0.39, P<0.001). 
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The analyses in Study III were restricted to patients with primary intracerebral 

hemorrhage, excluding rare and secondary causes. The excluded causes included 

vascular abnormalities (n=20), brain tumors (n=9), CVST (n=5), vasculitis (n=7), 

primary IVH (n=11), multifocal hemorrhages (n=19), hemorrhagic infarcts (n=3), 

and traumatic hemorrhages (n=3). In this group (n=686), pre-stroke physical 

activity was associated with higher 3-month survival (odds ratio 3.48, 95% CI 

2.06-5.91, P< 0.001). 

 

The cumulative 1 month, 6 months and 1 year mortality for the overall sample 

(n=763), also including secondary causes, as well as deep, lobar, cerebellar and 

brainstem intracerebral hemorrhages are presented in Table 15. The mortality rate 

was highest in brainstem intracerebral hemorrhages followed by the diverse group 

with rare and secondary causes. Looking specifically at the group with primary 

IVH, mortality rates were notably elevated, reaching 0.64, 0.82, and 0.82 at 1 

month, 6 months, and 1 year, respectively. 

 

Table 15. Mortality rates after intracerebral hemorrhage.  

The mortality estimates were calculated as the proportion of patients who died out of the 

total number in each group using the Kaplan-Meier estimator. 

 

The cumulative 30-day mortality for patients with deep, lobal, cerebellar and 

brainstem intracerebral hemorrhages is visualized in Figure 12.  
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Figure 12. Cumulative 30-day mortality after intracerebral hemorrhage stratified 

by hematoma location.  

 

 

In Study I, post-stroke death and ADL dependency (n=120) was included as a 

composite outcome at 3 months. There were 45 (30%) participants who had died 

at 3 months and 75 (70%) were ADL dependent. Among participants alive 3 

months after stroke (n=224), those who were ADL dependent had a mean age of 

76 (SD 10) compared to 72 (SD 9) among those ADL independent. Being the only 

significantly associated category, high leisure-time physical activity demonstrated 

an age- and sex-adjusted odds ratio of 0.34 (95% CI 0.16-0.71, P<0.001) for death 

or dependency 3 months after stroke. 
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In Study III, the mRS was assessed from medical records at 1 week after the 

intracerebral hemorrhage, or at discharge if it occurred within the initial week. 

Among 686 patients, 213 (31%) achieved good functional outcomes (mRS 0 to 

3), while 473 (69%) experienced unfavorable outcomes (mRS 4 to 6). Among 

physically active patients (SGPALS levels 2 to 4), 127 (54%) had good outcomes 

compared to only 75 (19%) of inactive patients (SGPALS level 1). In adjusted 

analyses, pre-stroke physical activity was associated with an odds ratio of 2.12 

(95% CI 1.37-3.30, P<0.001) for a mRS score of 0 to 3.  

 

A mediation analysis was performed with hematoma volume investigated as a 

mediator to the relationship between pre-stroke physical activity and post-stroke 

mRS (Figure 13). Hematoma volume at admission accounted for 58% of the 

association between pre-stroke physical activity and the 1-week functional 

outcome in patients with intracerebral hemorrhage.    

 

 

 

Figure 13. Mediation analysis.   
 

Abbreviations: ADE, average direct effect; ACME, average causal mediation effect; 

ATE, average total effect; mRS; modified Rankin Scale.  
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There were 1359 participants with complete mRS data at the 6-month assessment 

in Study IV. Of them, 890 (65%) demonstrated a good outcome (mRS 0 to 2), 

while 469 (35%) had an unfavorable outcome (mRS 3 to 6). Within the good 

outcome group, 544 (61%) were categorized as increasers, whereas 346 (39%) 

were classified as decreasers in physical activity. In the adjusted logistic 

regression analysis, a higher probability of a good outcome was found for the 

increaser group compared to the decreaser group (odds ratio 2.54, 99% CI 1.72-

3.75, P< 0.001). 

 

When comparing the individual mRS categories, there was a significant 

proportional difference between the increaser and decreaser groups in all 

categories of the mRS, except for the score of 6 (Figure 14).  

Figure 14. Distribution of participants with the modified Rankin Scale divided 

by group-membership.  
 

* Indicates significance P <0.01. This figure was originally made by Dr. Dongni Buvarp 

(not published) and adopted by the author of this thesis.  
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This thesis examines associations between physical activity and stroke. The 

studies investigate stroke incidence and stroke outcomes including stroke severity, 

post-stroke mortality and functional outcomes after stroke. The thesis focuses on 

timepoints from the acute to chronic phase of stroke recovery. Information on 

physical activity was collected prospectively (i.e. before stroke), on hospital 

admission for stroke, and up to 6 months after stroke. The studied cohorts were 

collected from the general population in western Sweden, the stroke units at 

Sahlgrenska University Hospital, and a nationwide a randomized controlled trial. 

The primary methodology was observational and longitudinal.  

  

Key findings indicate that engaging in intermediate to high levels of leisure-time 

physical activity, as well as an intermediate level of transport physical activity (20 

to 40 minutes per day), is associated with a reduced risk of stroke. Furthermore, 

individuals reporting light pre-stroke physical activity for a minimum of four 

hours per week upon admission tend to experience milder stroke severity, and 

improved short- and long-term survival rates. Moreover, it was observed that pre-

stroke physically active individuals with intracerebral hemorrhage had smaller 

hematoma volumes on admission, partially mediating the relationship between 

pre-stroke physical activity and other favorable post-stroke outcomes. Lastly, 

increased or sustained physical activity during the subacute phase of stroke is 

associated with a good functional outcome 6 months after stroke. 

 

These findings highlight the importance of promoting physical activity as a 

potential modifiable factor in stroke prevention and rehabilitation strategies .  
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Prior to this thesis, a consensus of the relationship between a long-term 

commitment to physical activity and a decreased risk of stroke was well-

established. Regular physical activity has been found to decrease the risk of stroke 

by 25 to 30%.108,216  In this thesis, leisure-time and transport physical activity were 

associated with stroke incidence, whereas work-time and household physical 

activity were not. Leisure-time physical activity has previously been associated 

with a decreased risk of stroke, 110-112 and so has transport physical activity.111,114 

Leisure-time and transport activities typically involve moderate to vigorous 

exercises for longer durations, chosen based on personal interest, promoting long-

term adherence and stress relief.217 However, in many urban areas, heightened 

active transport may coincide with increased exposure to air pollution, potentially 

offsetting the associated health benefits.218 

 

Work-time physical activity may involve occupational stress and environments 

with poor air quality, potentially reducing the cardiovascular benefits.219  In this 

thesis, work-time physical activity showed a non-significant association with 

stroke incidence. In comparison, there are conflicting findings from prior studies. 

Some studies suggest an increased stroke risk, cardiovascular morbidity and 

mortality among individuals with high work-time physical activity,113,219,220 while 

others report a decreased risk of stroke.109,114  Household physical activity also 

exhibited a non-significant relationship with stroke. Participants with high 

household physical activity tended to be older, and there was a negative 

correlation between daily steps and household activity, suggesting reduced overall 

movement in these individuals. In a larger study sample, age stratification would 

have been useful. Household physical activities, for the most part, may not be as 

strenuous as those in other domains, and participants with lower household 

physical activity often reported higher engagement in other activities. 
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Pre-stroke physical activity has been proposed to offer neuroprotective benefits in 

the event of a stroke. A synthesis of studies investigating the relationship between 

physical activity and neuroprotection suggests that pre-stroke physical activity 

leads to decreased inflammation, enhanced angiogenesis, preservation of blood-

brain barrier integrity, elevated cerebral blood flow, and reduced neuronal 

apoptosis, as well as promoting neurogenesis.129 However, these mechanisms are 

mainly studied in models of ischemic stroke. The scoping review conducted prior 

to this thesis revealed that pre-stroke physical activity has been associated with 

several improved outcomes after ischemic stroke in humans as well.128† The 

findings in this thesis strengthen the notation that individuals performing at least 

light physical activity before ischemic stroke experience milder acute stroke 

symptoms, and a reduced hazard of post-stroke mortality. Furthermore, a dose-

response relationship was observed, indicating that higher levels of pre -stroke 

physical activity were associated with reduced mortality following ischemic 

strokes. Another systematic review found that pre-stroke physical activity was 

associated with reduced admission stroke severity in the majority of prior 

studies.221 Higher levels of physical activity prior to a stroke have also been 

associated with to reduced all-cause and cardiovascular mortality as well as in-

hospital mortality.146,158-160 The findings from this thesis indicate that this 

association persists after adjustment for indicators of acute stroke severity (i.e. 

NIHSS scores and hematoma volumes).  

 

Few studies on pre-stroke physical activity had included patients with 

intracerebral hemorrhages prior to this thesis. One animal-study suggested that 

treadmill-training in mice before intracerebral hemorrhage would lead to smaller 

hematoma volumes and improved outcomes.139  The results of this thesis showed 

an association between physical activity and smaller intracerebral hemorrhage 

volumes, as well as independent associations with milder acute stroke severity, 1-

week functional outcome and post-stroke mortality. Specifically, the associations 

with smaller hematoma volumes were significant for deep and lobar hematomas.  
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The association between physical activity and stroke severity appeared stronger 

for intracerebral hemorrhages than in patients with ischemic stroke. Increased 

ischemic tolerance may be an important component regardless of stroke type. 

However, physical activity also exerts beneficial effects on vascular health, that 

may come from improvements in endothelial function, blood pressure regulation, 

and lipid profiles.222-224 These effects may have differential impacts on 

hemorrhagic and ischemic strokes. While enhanced vascular health and collaterals 

may improve the outcomes of ischemic events by promoting cerebral perfusion 

and reducing atherosclerotic burden, it could also potentially decrease the 

progression of hematom expansion due to changes in vascular structure, fragility, 

and enhanced cerebral autoregulation. The benefits of physical activity may 

extend to both deep hemorrhages, typically attributable to hypertensive 

vasculopathy, and lobar hemorrhages often caused by CAA, despite differences 

in the underlying pathophysiological mechanisms. The presence or extent of 

hematoma expansion was not analyzed in this thesis, which could be included in 

future research. 

 

Pre-stroke physical activity that is self-reported by patients after stroke, as well as 

data on a patient's physical activity level gathered from caregivers or documented 

in medical charts according to SGPALS, could be a clinically usable prognostic 

marker for stroke outcomes. Notably, patients reporting only light physical 

activity prior to stroke demonstrated markedly better outcomes compared to those 

who were inactive. This level of physical activity is well below the dose 

recommended by the WHO.89 In the stroke samples of Study II and III consisting 

of mostly older individuals, light physical activity may counteract the adverse 

effects associated with complete inactivity, including muscle atrophy, 

osteoporosis, inflammation, cardiovascular decline, metabolic dysfunction, and 

decreased respiratory function.225,226  
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The ideal timing and dosage of physical activity following a stroke remain 

uncertain. This thesis delineated two distinct patterns of physical activity during 

the subacute phase of stroke recovery (7 days to 6 months): those with generally 

increasing physical activity and those with decreasing activity levels. Significant 

factors associated with group membership included sex and cognitive status. 

Females and participants with cognitive deficits or unknown cognitive status were 

at a heightened risk of experiencing a decline in physical activity. The subgroup 

with unknown cognitive status comprised patients deemed unfit for cognitive 

screening due to their medical condition, had aphasia, visual impairments, or arm 

impairments. Consequently, this group may have a generally poorer condition 

compared to the other participants which may explain their decrease in physical 

activity as well.  Cognitive impairments assessed in the acute phase have 

previously been associated with low physical activity 6 months after stroke,183† 

and males have been shown to be more active compared to females in prior 

studies.227-229 

 

The group with decreasing physical activity exhibited a peak decrease rate 

between 1 and 3 months, plateauing thereafter. This observed trend aligns with 

previous research findings,230,178 indicating that the factors facilitating, 

encouraging, or motivating engagement in physical activity may be impeded 

following hospital discharge. Another study found that mobility after stroke 

increased between 1 week and 3 months, to decrease thereafter.231  In contrast, it 

has been previously shown that early adoption of physical activity behaviors may 

help sustain functional gains achieved during rehabilitation over time.232 

Therefore, promotion of physical activity after the first month following stroke is 

an important notation. Based on the results of this thesis, clinicians should direct 

additional attention toward encouraging physical activity among females and 

patients with cognitive deficits. 
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Multicomponent rehabilitation and regular physical activity are fundamental 

components of stroke treatment, with recommendations from professional bodies 

such as the American Heart Association/American Stroke Association closely 

aligning with the WHO guidelines on physical activity for older adults.89,171 

Physical activity counseling for stroke survivors should be tailored to individual 

needs, with an emphasis on incorporating aerobic exercises of up to moderate-

intensity, muscle-strengthening activities, and strategies for reducing sedentary 

time. Recent guidelines on motor rehabilitation post-stroke from the European 

Stroke Organization advocate for repetitive, intense, task- and context-specific 

physical rehabilitation structured to provide the most time with physiotherapists 

and occupational therapists as possible.167 This includes progressive strength and 

functional balance training for individuals with diminished strength or balance, as 

well as walking and arm training. The analyses in Study IV lacks detailed 

information concerning specific rehabilitation interventions such as 

physiotherapy, occupational activities, and self-directed training within both the 

increasing and decreasing physical activity groups. The reported physical activity 

levels were aggregated, preventing separate analysis of rehabilitation components. 

This gap necessitates future research to explore these aspects. 

 

Although a similar study design was applied across all studies incorporated in this 

thesis, data sources and data collection methods varied. In the following sections, 

strengths and limitations of the methodology are discussed.   

 

The methodological approach in Study I involved a prospective, observational 

design with data from a population-based cohort established by the INTERGENE 

research program in 2001. Using a randomly selected population-based sample 

enhances the internal validity of the study by providing a representative snapshot 

of that population’s characteristics and health outcomes. However, the baseline 

participation rate of 42% introduces potential participation bias, limiting the 
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generalizability of the findings. The external validity is further constrained by the 

distinct characteristics of participants in comparison to non-participants, including 

higher levels of education and income, a greater representation of women, older 

age groups, those of Scandinavian origin, and partnered individuals.185 The 

generalizability is also limited by the specific geographic area (western Sweden), 

with most participants residing in one city (Gothenburg). Variations in 

demographics, education, lifestyle factors, and environmental influences across 

different regions may impact the applicability of study findings to populations in 

other geographic areas. Another limitation stems from the reliance on data 

collected at one, and for some participants, two time-points over the extended 20-

year follow-up period. Without data on long-term physical activity behavior or 

information on time-varying factors, the study may be prone to measurement bias 

and does not capture the dynamic nature of physical activity patterns and their 

potential impact on stroke risk over time.  

 

The patients in Study II and III were identified in the local quality-of-care stroke 

register at Sahlgrenska University Hospital, Väststroke. Data was complemented 

by review of medical records and merged with several national registers to include 

baseline characteristics. The methodological strengths include the availability of 

data from virtually all stroke patients treated within one region. The tax financed 

health care in Sweden ensures that the vast majority of individuals with stroke 

symptoms will seek and receive care at hospitals. There are no private hospitals 

treating acute stroke patients in Sweden. Also, the data collection process 

benefited from the routine clinical workflow, with both patients and clinicians 

unaware of the research hypotheses, thus minimizing potential biases. By 

leveraging national registers, extensive information could be collected regarding 

acute stroke characteristics from Riksstroke, socioeconomic data from Statistics 

Sweden, and comorbid conditions from the National Patient Register, all 

characterized by high or near-complete coverage. However, limitations arise from 

missingness within the registered variables primarily from the quality-of-care 

registers, inherent to the nature of routinely collected health care data. 
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Additionally, some desired variables pertinent to the research question were not 

available from the registers. Missing observations within registered variables in 

Study II and III may introduce information bias, potentially impacting the 

accuracy of the results. The reliance on data from a single hospital register may 

also introduce selection bias, as it may not fully represent the diversity of stroke 

cases across different healthcare settings or regions. 

 

In Study IV, data was collected through a randomized controlled trial. The quality 

of the data is increased by the prospective design, with repeated measurements 

throughout the study. Using observational data collected within the context of a 

randomized controlled trial decreases the number of missing observations. 

Nonetheless, the requirements of a randomized controlled trial pose limitations 

for observational analyses. The inclusion and exclusion criteria of the EFFECTS 

study may introduce a selection bias and constrain the generalizability of findings. 

For instance, participants were mandated to have at least one persistent stroke 

deficit as per NIHSS classification, without ongoing depression, and deemed 

likely to be available for follow-up. Another limitation is the predominance of 

patients with mild strokes. Patients with mild strokes are more likely to be able to 

consent to participating, as compared to those with more severe stroke symptoms. 

As a result, the generalizability of study findings may be limited to mild-to-

moderate stroke. As the participants were examined and asked about their physical 

activity levels repeatedly (i.e. 4 times within 6 months), the design may not reflect 

real-world clinical practice, potentially affecting the study's applicability to 

everyday patient care. 

 

Missing observations were present in all included studies and handled differently 

in each study. A review of medical records was used to include variables and at 

the same time decrease the amount of missing data in Study II and III. Such review 

may introduce different types of biases to the data. Deviations from standardized 

protocols, heightened vigilance but limited experience during initial reviews 

versus decreased vigilance but greater expertise towards the end, or discrepancies 
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in the accessibility of specific patient data, could potentially skew the information. 

Assessment of the NIHSS from medical records has, however, previously been 

found to be a reliable technique.233,234 Furthermore, there is a risk of attribution 

bias, as certain patient demographics may be subject to preconceived notions. 

However, another study using Väststroke which only included patients with non-

missing data found a similar association between pre-stroke physical activity and 

stroke severity.144  

 

The statistical method of data imputation by changed equations was applied in 

Study I to III. While data imputation can be a valuable technique for handling 

missing data, it also carries its own set of assumptions and limitations. The 

accuracy of imputed values depends on the validity of the imputation algorithms 

and the underlying assumptions about the missing data mechanism.235 Although 

observations were presumed to be missing at random, underlying systematic 

biases may still be present.  

 

The assessment of physical activity included in this thesis primarily relies on self-

reported data. Self-reported physical activity is associated with various important 

health outcomes,236 and demonstrates reliability over time in evaluating moderate, 

vigorous, and total physical activity levels.237 However, self-reported physical 

activity is prone to recall bias and is frequently overestimated due to social 

desirability bias.238-240 Specifically, recall bias may be a problem in stroke samples 

due to the brain injury, commonly leading to cognitive deficits (Study II to IV). 

However, self-reported scales have been shown to be reproducible and reliable 

when assessing physical activity in stroke patients.241,242 

 

Objective assessments such as accelerometers offer greater accuracy but are 

usually not feasible in large cohorts. Furthermore, it requires a very large study 

sample or a long follow-up time to collect a sufficient amount of objectively 
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assessed pre-stroke physical activity data. To generate data on the same number 

of stroke cases as available in the Väststroke sample, a cohort approximately 25 

times larger than that of INTERGENE with a 20-year follow-up would have been 

required. In contrast, self-reported assessments are practical for large study 

samples and can be used to retrospectively collect physical activity assessments.243  

 

The prospective designs in Study I and IV enhance the reliability of physical 

activity data. However, incorporating more extensive assessments like the 

International Physical Activity Questionnaire or the Physical Activity Scale for 

the Elderly would have yielded more detailed information of physical 

activity.244,245 Although the SGPALS is user-friendly and validated for detecting 

cardiovascular risk,189 it lacks alignment with cut-offs used in international 

recommendations (such as the WHO physical activity recommendations) and 

provides limited information on specific activities.89 In Studies II and III, pre-

stroke physical activity data were gathered by physiotherapists working at the 

stroke units, who supplemented information with input from caregivers or 

relatives when needed. Similarly, in Study IV, physiotherapists or trained staff 

were responsible for physical activity data collection. These measures mitigate the 

risk of recall bias, a concern that is more prominent when patients are solely 

responsible for completing the assessment, as in Study I. The questions used to 

capture work-time, transport, and household domains of physical activity in Study 

I have been validated against 1 week activity records  and accelerometer derived 

measurements with good concurrent validity.192 Evaluated separately they do not 

capture the total volume of physical activity, which may explain their lack of 

correlation with objective data in this thesis.  

 

Another methodological constraint arises from using an ordinal scale like the 

SGPALS to examine mean changes in physical activity over time. This 

methodology was necessary for employing the group-based trajectory modeling 

technique, as utilized in Study IV. However, interpreting mean changes over 

ordinal levels lead to results which may lack clinical relevance. The mean 
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SGPALS values increased from slightly above 1.4 to 1.7 for increasers and 

decreased from 1.2 to 1.0 for decreasers. Still, there was a significant association 

between increasing physical activity and a good functional outcome, affirming the 

predictive validity of this methodology.189  

 

The quality and limitations of included outcome measures and covariates are 

discussed in the following sections.  

 

Stroke events and mortality rates were collected from the Swedish National 

Patient Register and the Swedish Cause of Death Register. Data from compulsory 

national registers in Sweden is generally of high quality.186,187 The quality of data 

gathered from quality-of-care registers can vary, as they rely on the accuracy and 

consistency of documentation by healthcare professionals.246 The National Patient 

Register includes information from all hospitals and outpatient specialist care, 

ensuring comprehensive coverage for stroke diagnoses, as all patients with stroke 

in Sweden are treated at hospitals. However, less acute conditions such as type 2 

diabetes, hypertension, and chronic obstructive lung disease typically receive 

treatment within primary healthcare, and might not be fully reflected in the 

National Patient Register, potentially leading to omissions.186 In Study I, only 

stroke events were collected from the National Patient Register, as comorbid 

conditions were examined through clinical examinations at baseline. For Study II 

and III, medical records review complemented the data collection. Diagnoses from 

the primary healthcare are often included in medical charts as part of the patient's 

medical background, and conditions diagnosed in the primary healthcare are 

frequently asked about when the patient is treated at a hospital. In Study IV 

comorbid conditions were collected specifically as part of the trial protocol.247  

 

Stroke severity was evaluated using the NIHSS, a widely used tool in stroke 

research with high predictive ability of stroke outcomes.248 Lower NIHSS scores 
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correlate with more favorable prognoses after stroke events. As the NIHSS was 

designed for high reproducibility,65 it may not comprehensively capture all stroke 

symptoms, prioritizing symptoms related to language and gross motor 

function.249,250 Consequently, there is a risk that the NIHSS might overlook 

deficits related to brainstem and cerebellar strokes, as well as cognitive 

impairments. This inherent bias is supported by research indicating that the 

NIHSS might underestimate the extent of posterior circulation and right 

hemisphere strokes.251,252 Taking this into account, it is still unlikely that such 

limitations would influence the explored association between physical activity and 

stroke severity.  

 

The assessments of hematoma volumes were performed using the ABC/2 method. 

While the ABC/2 method offers simplicity and accessibility, it has several 

limitations. One significant drawback is the assumption that all hematomas have 

an ellipsoidal shape, whereas hematomas in real-life scenarios often exhibit 

irregular shapes.253 Moreover, the manual measurement required by the ABC/2 

method introduces the potential for interrater variability and measurement errors. 

Prior research has, however, shown a high level of agreement between 

reviewers.254 In this thesis, excellent interrater reliability was observed between 

the two authors who conducted the volumetric assessments. Given the focus on 

exploring the difference in hematoma volumes, the ABC/2 method was deemed 

sufficient for the analyses. In studies where precise volume measurements are 

critical, complementary imaging techniques or computerized algorithms may 

offer enhanced accuracy. Another consideration arises from the grouping of 

cerebellar and brainstem hematomas into one infratentorial group. The anatomical 

conditions and consequences of an intracerebral hemorrhage in the cerebellum and 

brainstem differ greatly.255 Additionally, the 30-day mortality rate was found to 

be the highest among brainstem hematomas compared to other locations, while it 

was lowest in the cerebellar group.  The decision to merge these groups, driven by 

the limited sample size, may potentially skew the reported findings. 
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The functional outcome after stroke was assessed using the mRS at different time-

points and using different cut-offs in this thesis. A good functional outcome 1 

week after stroke was considered for mRS scores ≤3 (moderate disability) in Study 

III, and at 6 months for mRS scores ≤2 (slight disability) in Study IV. Extensive 

research substantiates the construct validity of the mRS, which has been 

associated with stroke type, lesion size, perfusion characteristics, and neurological 

impairment.256 Additionally, there is well-established convergent validity between 

the mRS and other disability assessment scales.256 The mRS assessments in Study 

III were based on information from medical records and a cut-off at 3 was used as 

it was deemed likely for reviewers to accurately differentiate between the mRS 

levels 3 and 4. A score of 3 signifies the ability to walk unaided, whereas a score 

of 4 indicates inability to ambulate independently or attend to personal needs 

without assistance. Still, the interobserver variability of mRS scoring has been 

found to be relatively high in prior studies,257,258 and as this was not evaluated 

within the current thesis, it should be considered when interpreting the results.   

 

In Study I, death and ADL dependency 3 months after stroke was included as a 

composite outcome. Dependency in ADL was assessed using data from the 

Riksstroke postal questionnaire, which included inquiries regarding indoor 

mobility, toileting assistance, dressing assistance, and reliance on a caregiver. 

While these specific questions may not encompass the entirety of ADL 

dependency, a similar methodology has been used in prior studies within the 

field.73,259 Another limitation is that pre-stroke dependency or comorbid 

conditions present at the time of the stroke were not accounted for in Study I. 

Instead, adjustments were made for baseline characteristics, which may introduce 

a confounding bias to the observed associations. 
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It is the responsibility of the researcher to ensure protection of individuals 

participating in research (with consent or unknowingly) while advancing scientific 

knowledge.260 The ethical aspects of data collection, informed consent, and patient 

confidentiality are complex, especially in the context of utilizing registries and 

government-issued personal identification numbers. The following sections aim 

to explore the ethical dimensions of the practices outlined in the thesis .  

 

In Study I, informed consent was gathered from all individuals who responded to 

the invitation to participate. As part of the overall cohort aim, participants agreed 

to have their data linked to future health endpoints. Some participants may, 

however, not have realized to which extent their information could be linked to 

other data sources. In Study II and III, data was drawn from the local quality-of-

care stroke register Väststroke without explicit consent from individual patients. 

While this approach may seem to infringe upon traditional notions of autonomy 

and informed decision-making, it is grounded in Swedish law that permit data 

processing for quality registers without patient consent (Patient Data Act 

2008:355, chapter 7). This raises questions about the extent to which public 

interest and the advancement of medical knowledge justify bypassing individual 

consent requirements. 

 

Patient awareness regarding data collection for quality registers on stroke units is 

not always guaranteed. While posters and informational brochures disseminated 

at Sahlgrenska University Hospital's stroke units serve as information provision, 

the extent to which patients comprehend the implications of data collection 

remains uncertain. Lack of awareness could lead to a potential breach of trust 

between patients and healthcare institutions, undermining the ethical principle of 

transparency and respect for autonomy. 
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Furthermore, the use of personal identification numbers in Sweden facilitates the 

integration of healthcare data across various registers, enabling comprehensive 

analyses. While this offers significant research opportunities, it also raises 

concerns regarding individual privacy and data security. The integration of data 

from multiple registers results in substantial information for each individual. The 

way different datasets can be linked requires data protection measures. In this 

thesis, all merged datasets were pseudonymized by register holders in accordance 

with the ethics permissions to mitigate the risk of integrity breaches. Data were 

stored only on the university servers, and all analyses were performed on 

university computers. 

 

The results presented in this thesis show the importance of engaging in leisure-

time and transport physical activity to reduce risk of stroke. This underscores how 

the context in which physical activities are performed may be a modifiable factor 

in stroke prevention strategies. Societal efforts aimed at reducing the burden of 

stroke may benefit from a more targeted approach towards promoting increased 

physical activity in transport and leisure-time domains. Future prospective studies 

should include domain-specific physical activities, comparable to the 

recommendations of the WHO, ideally with repeated measurements over time, 

and assessments of total physical activity.  

 

The observed associations between pre-stroke physical activity and improved 

stroke outcomes in both ischemic stroke and intracerebral hemorrhage highlight 

the neuroprotective benefits of promoting regular physical activity. To ask stroke 

patients about their pre-existing physical activity level may give some important 

prognostic information and could be of potential use in risk stratifications for post-

stroke interventions. The novel association between pre-stroke physical activity 

and smaller hematoma volumes in humans highlights the need for further research 

to elucidate the underlying mechanisms linking physical activity to stroke 



 
DISCUSSION 

108 

outcomes. Future studies exploring the impact of physical activity on hematoma 

expansion, and the biological factors related to ischemic tolerance could provide 

insights into the mechanistic pathways involved and may ultimately lead to the 

identification of new treatment targets.   

 

Additionally, the identification of distinct patterns of physical activity during the 

subacute phase of stroke recovery shows the importance of individualized 

(person-centered) rehabilitation strategies. The observed decline in physical 

activity among certain subgroups, particularly females and those with cognitive 

deficits, highlights the need for targeted interventions to promote sustained 

physical activity during the recovery period. Interventional studies evaluating the 

effectiveness of physical activity interventions in stroke prevention and 

rehabilitation are warranted. Randomized controlled trials examining the impact 

of structured exercise programs, lifestyle interventions, and behavioral 

interventions on stroke risk factors, functional outcomes, and  mortality could 

provide valuable evidence for guiding clinical practice. 
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