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ABSTRACT

Background: Stroke onset requires prompt medical care; however,
symptoms may be difficult to interpret, contributing to delays in hospital
arrival. Secondary preventive medications after ischemic stroke are
important, but socioeconomic disparities may affect their dispensing.
Although stroke incidence and mortality have declined in high-income
countries, stroke remains a leading cause of death.

Overall aim: To investigate symptom presentation and decision-making
at stroke onset, socioeconomic factors in secondary preventive
medication dispensing, and short- and long-term survival following
ischemic stroke.

Methods: Content analysis was applied in paper I and Grounded theory
in paper II. In papers III and IV, register-based data were analysed using
statistical methods.

Results: Stroke symptoms were reported in diverse ways, and the
decision-making process was complicated, often driven by fear, which
could delay seeking emergency care. Dispensing of secondary
preventive medications after ischemic stroke was more strongly
associated with low family income than with low educational level.
Survival after ischemic stroke improved from 1987 to 2021, particularly
in the short-term, although early mortality remained high.

Conclusions: Interpreting stroke symptoms and decision-making at
stroke onset is complex; it is crucial to seek emergency care at the very
first sign of a stroke. Socioeconomic disparities in secondary preventive
medications persist, underscoring the need to address inequalities. Both
short- and long-term survival following ischemic stroke improved over
time; nevertheless, early mortality remained substantial.

Keywords: stroke, symptoms, interviews, content analysis, grounded
theory, prehospital delay, qualitative methodology, ischemic stroke,
secondary preventive medication, dispensing, socioeconomic factors,
survival trends, register study
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SAMMANFATTNING PA SVENSKA

Bakgrund

Stroke &r en komplex utmaning genom hela vardkedjan och kréver snabb vard,
men symtomen kan vara svara att tolka och leda till férdr6jd sjukhusankomst.
Sekundéarpreventiva lakemedel ar viktiga efter ischemisk stroke, men
uthdmtningen kan péverkas av socioekonomiska skillnader. Trots minskad
incidens och doédlighet i hoginkomstlédnder ar stroke fortfarande en av de
vanligaste dodsorsakerna.

Metod

Delarbete I och II: Totalt 36 patienter med ett forstagangsinsjuknande i stroke
intervjuades. Av dessa analyserades 27 intervjuer med Innehdllsanalys
(delarbete I) respektive 36 intervjuer med Grounded theory (delarbete II).
Delarbete I11: 149 156 patienter med ett forstagdngsinsjuknande i ischemisk
stroke mellan 2006 och 2021 inkluderades. Samband mellan socioekonomiska
faktorer och uthdmtning av sekundérpreventiva likemedel analyserades med
multivariat logistisk regression och redovisades som justerade oddskvoter.
Delarbete 1V: 463 886 patienter med ett forstagdngsinsjuknande i ischemisk
stroke fran 1987 till 2021 ingick. Overlevnad analyserades med Kaplan—
Meier-metodik och multivariata Cox-regressionsmodeller.

Resultat

Delarbete I: Resultatet visade att strokesymtom ofta beskrevs med en stor
variation av uttryck och att manga upplevde komplexa symtom som inte
uppfattades som typiska for stroke.

Delarbete I1: Beslutsprocessen till att soka akutsjukvérd for strokesymtom var
komplex och radslostyrd, vilket kunde leda till fordrojning i att soka
akutsjukvérd.

Delarbete II1: Att inte hdmta ut sekundérpreventiva ldkemedel efter ischemisk
stroke var tydligare kopplat till 1g familjeinkomst &n till 1ag utbildningsniva.
Delarbete 1V: Overlevnaden efter ischemisk stroke forbittrades fran 1987 till
2021, sarskilt pa kort sikt, men den tidiga dodligheten var fortsatt hog.

Slutsatser

Tolkning av strokesymtom och beslutet att soka akutsjukvard ar ofta komplext.
Samtidigt ar det avgdrande att soka akutsjukvard omedelbart vid forsta tecken
pa stroke. Socioekonomiska skillnader i uthdmtning av sekundirpreventiva
likemedel kvarstar, vilket understryker behovet av att motverka ojdmlikheter.
Béde kort- och langsiktig dverlevnad efter ischemisk stroke har forbattrats 6ver
tid; trots detta &r den tidiga dodligheten fortfarande betydande, vilket belyser
behovet av fortsatta framsteg inom akut strokevard och prevention.
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LIST OF PAPERS

This thesis comprises four papers, referred to in the text by Roman
numerals (I-IV) as follows:

I.  Andersson, I., Rejnd, A., Jakobsson, S., Hansson, P. O.,
Nielsen, S. J., & Bjorck, L. (2024). Symptoms at Stroke
Onset as Described by Patients: A Qualitative Study.
BMC Neurology, 24(1), 150.

II.  Andersson, J., Jakobsson, S., Rejnd, A., Hansson, P. O.,
Nielsen, S. J., & Bjorck, L. (2022). Decision-Making in
Seeking Emergency Care for Stroke Symptoms. Stroke:
Vascular and Interventional Neurology, 2(6), e000376.

III.  Andersson, J., Nielsen, S. J, Jakobsson, S., Karlsson, M.,
Jood, K., Rejnd, A., & Bjorck, L. Secondary Preventive
Medication and Socioeconomic Factors in Patients with
Ischemic Stroke — a Register-Based Study. Manuscript.

IV.  Andersson, J., Nielsen, S. J, Karlsson, M., Jood, K.,
Rejnd, A., & Bjorck, L. Survival in 463 886 Patients
with Ischemic Stroke - A Nationwide Register-Based
Study From 1987 to 2021. Manuscript.
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ABBREVIATIONS

AD
ATC

BC
CHA:DS>-VASc

DOAC
FAST

ICD
ICH
LDL-C
LISA

TIA
tPA

Anno Domini

Anatomic Therapeutic Chemical Classification
System

Before Christ

Congestive heart failure, Hypertension, Age
>75, Diabetes, Stroke/TIA/thromboembolism,
Vascular disease, Age 65-74, Sex category
(female); Score for Atrial Fibrillation Stroke
Risk

Direct Oral Anticoagulant

Face, Arm, Speech, Time; a test to quickly
identify the most common signs of stroke
International Classification of Diseases
Intracerebral Hemorrhage

Low-Density Lipoprotein Cholesterol
Longitudinal Integration Database for Health
Insurance and Labor Market Studies

Transient Ischemic Attack

Tissue Plasminogen Activator
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INTRODUCTION

HISTORICAL REMARKS

One of the earliest and most influential medical texts describing
symptoms related to stroke was written by Hippocrates (460-370 BC).
Hippocrates used the term “apoplexy,” which he described as “suddenly
seized with pain to the head, immediately the voice fails, and he becomes
incapacitated. Here, within seven days, unless the fever seizes, he dies.
If the attack is strong”.! During the Medieval and Renaissance periods,
the concept of “apoplexy” continued to be used. A more detailed
description of the condition began to emerge in the 16th and 17th
centuries as “apoplexy is a privation of sense and motion in all the
nerves”.* Although “stroke” was introduced in 1689 in English medical
literature to describe “apoplexy”, the term was not broadly adopted until
much later.?

Through systematic dissections of animals, the Greek physician Galen
(129-200 AD) formulated comprehensive theories of the nervous
system that laid the foundation for medical knowledge that influenced
theories until the Renaissance.* The European Renaissance advanced
stroke localization and vascular supply through human dissection.’ This
process continued into the late eighteenth century with pathology and
autopsy, furthered understanding of the disease.? Key discoveries, such
as Broca and Wernicke's identification of language-related brain areas,
led to the emergence of the term cerebrovascular disease.®

In the 20th century, significant advancements were made in
understanding symptoms and the pathophysiology of stroke.
Acetylsalicylic acid was introduced as early as 1899, and in the 1960s,
it was proven to prevent thrombosis by inhibiting platelet aggregation,
which was shown to reduce the risk of cardiovascular diseases. In
clinical settings statins have been used since 1987 to reduce high
cholesterol levels.”®° Enhanced imaging technologies in the 1970s and
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1980s greatly improved the ability to visualize brain cell death and blood
flow, leading to more accurate stroke diagnoses. The introduction of
tissue plasminogen activator (tPA) in the 1990s for ischemic stroke and
the development of arterial endovascular thrombectomy in the 21st
century, have been pivotal milestones in modern stroke
management.'%!!

Stroke 1s defined as a sudden neurological event resulting from
disrupted perfusion to the brain, leading to a rapid onset of focal or
global cerebral dysfunction with symptoms persisting for at least 24
hours. It is an umbrella term for cerebrovascular diseases, with ischemic
stroke accounting for approximately 85% of cases, while intracerebral
hemorrhage and subarachnoid hemorrhage contribute to around 10%
and 5%, respectively, even though the distribution varies globally.!?

TRENDS IN STROKE INCIDENCE AND
MORTALITY

The global stroke burden is expected to increase in coming decades due
to an aging and growing population, where low- and middle-income
countries will bear the heaviest burden. Between 1990 and 2019, the
total number of strokes and stroke-related deaths rose significantly, even
though age-standardized rates declined notably, especially among
individuals over 70 years. Among people under 70 years old, the
incidence and prevalence rates increased by 15% and 22%,
respectively.'?

Projections for Europe show that, despite declining age-standardized
stroke incidence rates, the positive trend is offset by an ageing
population. As survival rates continue to improve, the number of
individuals living with stroke as a long-term condition is expected to
o 1415

rise. ™

Since 2000, both the number of stroke cases and deaths have been
reduced by half in Sweden even when accounting for population growth
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and age changes. In 2024, approximately 25 000 stroke cases were
reported, with nearly 80% being first occurrences and about 15% deaths
within 90 days. The average age of patients with stroke is about 75 years,
with a slightly higher average age for women. Although more men than
women are affected by stroke, women are more numerous in older ages.
Less than 4% of stroke that occurred in Sweden 2024 affected a person
under the age of 50,'®!” although studies show an increase in younger
age groups, who also face a significantly higher long-term mortality risk

compered to stroke-free controls.'®!

PATHOPHYSIOLOGY

Stroke has a multifactorial aetiology, and the most widely used
classification system for ischemic stroke categorizes its causes into
cardioembolism, large-artery atherosclerosis, small-vessel occlusion,
stroke of unusual cause, and stroke of undetermined aetiology.>

An embolism, accounting for approximately 25% of ischemic strokes,
often originates from cardiac conditions like atrial fibrillation. Impaired
or irregular cardiac pumping promotes clot formation in the left atrium
or ventricle. When detached, the embolus travels to brain arteries,
potentially causing blockage, oxygen deprivation, and neuronal death.?!

A thrombotic stroke, often caused by atherosclerosis, begins with
endothelial injury, leading to lipid buildup and plaque formation. Over
time, inflammation and calcium deposits stiffen arteries, restricting
blood flow. If the plaque ruptures, platelet activation triggers clot
formation, causing acute blockage.??

Intracerebral hemorrhagic stroke occurs when a brain vessel ruptures,
causing a hematoma that blocks oxygen, kills neurons, and raises
intracranial pressure. Vessel size, vascular integrity, hemostasis, and
blood pressure influence the extent of injury. Ventricular bleeding can
cause hydrocephalus, worsening pressure. Though less common than

14
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ischemic stroke, it significantly contributes to higher stroke mortality
and morbidity.*

Subarachnoid hemorrhage occurs when blood enters the subarachnoid
space, most commonly because of the rupture of an intracranial
aneurysm. The aneurysmal form accounts for approximately 80—85% of
all spontaneous cases.?* Subarachnoid hemorrhage is associated with
high mortality, despite significant advances in diagnosis and treatment
over the past decades.?

RISK FACTORS OF STROKE

Managing stroke risk factors is essential for prevention and involves
both medical management of cardiovascular risks like hypertension and
diabetes and lifestyle changes, such as increasing aerobic activity and
adopting a healthier diet. Risk factors are commonly grouped as non-
modifiable versus modifiable.?

NON-MODIFIABLE RISK FACTORS

Older age remains a significant non-modifiable risk factors for stroke,
doubling each decade after the age of 55.2° Although male sex presents
a higher risk for stroke, women have a higher lifetime incidence due to
their longer life expectancy.?’” Genetic factors contribute to non-
modifiable stroke risk, as certain inherited mutations or genetic
variations can increase susceptibility to conditions such as hypertension,
dyslipidemia, and coagulation disorders.?3

MODIFIABLE RISK FACTORS

Among the modifiable risk factors are hypertension, cardiac conditions
such as atrial fibrillation, hyperlipidemia, diabetes mellitus, elevated
waist-to-hip ratio, an unhealthy diet, psychosocial stress, depression,
tobacco smoking, physical inactivity and alcohol consumption. In the
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INTERSTROKE study, these factors collectively accounted for
approximately 90% of the population-attributable risk of acute stroke.*’
Also reduced kidney function, a diet low in fruit intake, and exposure to
air pollution are important modifiable risk factors that contribute
significantly to the global burden of stroke.*

Hypertension is regarded as the most significant modifiable risk factor
for stroke.?>*° From 1990 to 2019, the number of people living with
hypertension doubled globally, even though the overall proportion
affected remained about the same. Sustained blood pressure levels >
140/90 mm Hg at rest are necessary to reduce cardiovascular risks®!' and
for adults at high risk of cardiovascular diseases, guidelines recommend
a lower blood pressure target 130/80 mm Hg.>

Atrial fibrillation is a significant risk factor for stroke, increasing the
risk by two- to five-fold depending on the individual's age. It is
associated with more severe outcomes and higher death rates compared
with non—atrial fibrillation-related strokes. Stroke can be the first
manifestation of previously unrecognized atrial fibrillation,

underscoring the need for systematic heart rhythm evaluation.?-*

Hyperlipidemia is associated with a higher risk of ischemic stroke, but
the relationship is complex. The risk appears to vary by stroke subtype,
with a more pronounced association between cholesterol levels and
large-artery atherosclerotic ischemic stroke compared to other ischemic
stroke subtypes.*> While total cholesterol is associated with an increased
stroke risk, high-density lipoprotein appears to have a protective effect
by reducing stroke incidence.*® Serum cholesterol levels may have a
different impact on the different subtypes of stroke; hence guidelines
encourage continuous risk assessment and treatment in specific risk
groups.’’

Diabetes is an independent risk factor for stroke, doubling the risk in
affected individuals. Stroke prognosis is poorer in diabetic patients

16



Jenny Andersson

compared to non-diabetics, with higher rates of severe disability and
prolonged recovery and accounting for approximately 20% of diabetes-
related deaths.’® Diabetes contributes to the development of stroke risk
factors like atherosclerosis and often coexists with other risks, such as
hypertension and obesity. Guidelines recommend a target for long-term
blood sugar control (glycated hemoglobin, HbA1c) of <53 mmol/mol to
reduce the risk of cardiovascular disease.’’

Abdominal obesity is associated with hypertension, dyslipidemia, and
insulin resistance, significantly increasing the risk of cardiovascular
disease. According to the HUNT study,* individuals with metabolic
dysfunction had a 30% higher risk of ischemic stroke compared to
metabolically healthy individuals with a normal body mass index. But
obese individuals without metabolic syndrome did not have a
significantly increased stroke risk.** However, lifestyle interventions to
reach or maintain a low body weight and prevent the development of
diabetes mellitus are cornerstones in the prevention of cardiovascular

disease.’’

Lifestyle modifications are emphasized as important components of
stroke prevention such as moderate alcohol consumption, healthy diet,
physical activity and smoking cessation. It has been shown that current
cigarette smokers have an increased risk of stroke compared with
nonsmokers and the risk increases by 12% for each increment of 5
cigarettes per day.*’

Insufficient physical activity and an inadequate diet significantly elevate
the risk of stroke by contributing to the development of hypertension,
hyperlipidaemia, obesity, and diabetes. A diet rich in essential nutrients,
particularly one abundant in fruits, vegetables, and whole grains while
limiting sodium and glucose intake promote vascular health. Physical
activity lowers blood pressure, improve glucose metabolism, regulate
cholesterol levels, and facilitate weight management.?%*!
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STROKE PREDICTORS

Transient ischemic attack (TIA) is often regarded as a warning sign of
impending stroke. Up to one quarter of ischemic strokes may be
preceded by a TIA, which is frequently unrecognized or undiagnosed.
Because TIA symptoms are often brief, individuals may refrain from
seeking care when symptoms are resolved quickly. Therefore, suspected
TIA warrants immediate medical assessment, as urgently as manifest
stroke, to enable prompt evaluation and preventive measures.*’ Even if
the stroke risk for TIA patients remains high, it has decreased over time,
likely due to improved urgent medical secondary prevention, which
follows the same principles as stroke prevention.*> However, control of
risk factors such as hypertension, LDL-C (Low-Density Lipoprotein
Cholesterol) and smoking five years after TIA has been shown to be
insufficient. Despite initial improvements during the first year, progress
stagnated thereafter, and the use of secondary preventive treatments
decreased, posting an increased risk of stroke or cardiovascular

events.*>*#

STROKE SYMPTOMS AND SEEKING CARE

Stroke has a complex symptom profile that varies depending on the size
and location, commonly manifesting as sudden facial paralysis,
unilateral limb paresis, speech difficulties, weakness, numbness, or
dizziness.*** Additional symptoms like headache, nausea, vomiting,
and altered consciousness may occur, particularly in cases involving
increased intracranial pressure. This pressure elevation, which can result
in papilledema and reduced consciousness, is seen in both large
infarctions and hemorrhages.***’ Even if men and women present with
similar symptoms overall, some studies suggest that women may be
more likely to report non-typical stroke symptoms such as generalized
weakness, fatigue, disorientation, or other cognitive disturbances, which
may complicate symptom recognition and interpretation.*®*’ Stroke
symptoms are not always dramatically apparent and may present with
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more subtle neurological changes such as slight facial asymmetry, minor
unilateral arm or leg weakness and discrete speech disturbance.*®

Due to the many variations in stroke symptoms, recognizing them as
stroke may be difficult for the public, mistaking them for less serious
issues. This is problematic as important treatment may be withheld. It is
known that delays in stroke treatment are mostly due to prehospital
delays, i.e. the time from onset of symptoms to arrival at hospital.>*>!
Symptoms such as weaknesses, confusion, decreased consciousness,
speech and language difficulties, as well as dizziness, coordination
issues, and vertigo have shown to prompt emergency contact. In
contrast, numbness, despite being a recognized stroke symptom, is less

likely to result in an emergency call.>

Efforts to increase stroke knowledge and reduce delay to hospital arrival
have been conducted through public campaigns.®>>* A systematic
review found that stroke education via mass media improves symptom
recognition by 20% and increases emergency calls by 19%, potentially
reducing delays. However, despite public awareness campaigns,
knowledge of stroke symptoms among the public is limited and pre-
hospital delay still poses an obstacle to receiving timely treatment.>>>
Several studies have identified barriers to emergency calls in stroke
cases as lack of stroke symptom knowledge, uncertainty about severity,
reluctance to bother emergency services, fear of hospitalization, and past
negative healthcare experiences. Facilitators that support healthcare
contact include the recognition of stroke symptoms, severe symptoms,
encouragement from others, positive past experiences with emergency
services, and awareness of stroke treatment's time-critical nature.”’

The decision to seek care during the acute onset of a life-threatening
illness is influenced not only by knowledge of symptoms but also, to a
great extent, by subjective interpretation, emotional reactions, prior
experiences, and contextual factors.> In acute stroke, it is common for
individuals to enter a phase of hesitation, uncertainty, or “puzzling”
when symptoms first appear, hoping that the issue is minor,
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underestimating the severity, or waiting to see whether the symptoms
will subside. This period of uncertainty can subsequently delay seeking

medical care.5%6!

DIAGNOSIS, ACUTE TREATMENT AND CARE

Rapid stroke interventions have been shown to improve both survival
and long-term outcome. Standardized scales, such as the National
Institutes of Health Stroke Scale and the Glasgow Coma Scale are
utilized to rapidly identify stroke-specific symptoms, assess severity,
and help guide treatment decisions. Brain scanning is crucial for
determining the appropriate treatment. A computed tomography scan
helps differentiate between ischemic and hemorrhagic stroke, while
magnetic resonance imaging can be used for further evaluation and
detailed characterization of injury.'!:6%63

Thrombolytic therapy in ischemic stroke commonly involves tPA,
which converts plasminogen to plasmin, breaking down fibrin in blood
clots. Endovascular thrombectomy, for example using stent retrievers,
is effective for removing blood clots in large brain artery confirmed by
imaging. Rapid treatment can save the penumbra, surrounding the
infarct, where brain cells still can survive. If blood flow isn’t restored in
time, the penumbra may die, causing permanent neurological damage.
Saving the penumbra is a key goal in stroke treatment, making timely
intervention essential for a positive outcome.546%:6¢

The acute management of intracerebral hemorrhage (ICH) is based on
three main principles: optimizing coagulation, reducing blood pressure,
and alleviating symptoms. In the majority of ICH patients, an acute
elevation of systolic blood pressure is observed, which is strongly
associated with an increased risk of hematoma expansion.®” According
to an annual report from Swedish Riksstroke, approximately 24 percent
of patients with intracerebral hemorrhage develop the condition while
receiving anticoagulant therapy, including warfarin or direct oral
anticoagulants (DOAC).!® Reversal of the anticoagulant effects is
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promptly needed, and the more rapidly hemostasis is achieved, the
higher the likelihood of mitigating further expansion of the
hemorrhage.?

Stroke care should be provided in specialized stroke units at hospitals
with multidisciplinary teams offering expert monitoring, timely
interventions, management of risk factors and intensive rehabilitation,
which are crucial for optimizing treatment, minimizing long-term
disabilities and improve survival.®® Following a stroke diagnosis,
patients should undergo a diagnostic evaluation within 48 hours to
identify the underlying mechanism, guiding treatment strategies to
reduce the risk of recurrence. This often includes screening for cardiac
arrhythmias, non-invasive angiography, and identification of modifiable
risk factors.®

MEDICAL STROKE PREVENTION

Managing modifiable risk factors is crucial for preventing
cardiovascular events, with a strong emphasis on the appropriate
treatment of hypertension, atrial fibrillation, and hyperlipidaemia.

In a meta-analysis of 147 randomized controlled trials on
antihypertensive medications for the prevention of cardiovascular
disease, it was demonstrated that blood pressure-lowering treatment
reduced the risk of coronary heart disease by 25% and the risk of stroke
by 36%. This emphasizes the importance of blood pressure control in
both primary and secondary cardiovascular prevention.”

Stroke prevention has become a central focus in the management of
atrial fibrillation, with DOACs preferred over warfarin. The CHA2DS»-
VASc score (score for atrial fibrillation stroke risk) is used to guide
decisions regarding anticoagulation therapy, ensuring that the benefits
outweigh the potential risks, such as bleeding or inadequate dosing,
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which could lead to a breakthrough stroke.”! Hence, anticoagulation has
been shown to reduce the relative risk of recurrent stroke by 66%."*

There is strong clinical evidence that antiplatelet agents reduce the risk
of non-cardioembolic stroke by inhibiting the formation of blood clots.”
A comprehensive meta-analysis of randomized studies on
antithrombotic treatment in high-risk patients showed that the treatment
reduced the risk of major vascular events and specifically decreased the
risk of non-fatal stroke by one-fourth.”

By lowering cholesterol levels with lipid drugs, the risk of plaque
formation in the blood vessels is reduced. However, the benefit of
lowering blood lipids to reduce the risk of stroke is complex. When
stroke is categorized into ischemic and hemorrhagic subtypes, distinct
associations with serum lipid levels emerge. Elevated total cholesterol
and LDL-C are linked to a higher risk of ischemic stroke, whereas lower
levels are associated with an increased risk of intracerebral
hemorrhage.”” However, a comprehensive meta-analysis investigated
the efficacy and safety of more intensive LDL-C reduction and
demonstrated that statin therapy effectively lowers the risk of ischemic
stroke. Higher-dose statin therapy, compared to lower doses, resulted in
a 31% relative risk reduction per 1 mmol/L decrease in LDL-C.
Compared to no statin therapy, the findings indicated a 21% risk
reduction per | mmol/L decrease in LDL-C. When all 26 studies were
pooled, a nonsignificant 12% increase in the risk of hemorrhagic stroke
was observed per 1 mmol/L reduction in LDL-C.”

SECONDARY PREVENTIVE MEDICATION

Stroke survivors remain at a significantly elevated risk of recurrent
events and mortality, with nearly one-third of all strokes occurring in
individuals with a previous stroke, even as overall outcomes have
improved over time.””’® Despite advancements in treatment for risk
factors, the risk of recurrence remains particularly high within the first
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year following a stroke. Recurrent strokes are strongly associated with
an increased likelihood of long-term disability and death, underscoring
the critical need for effective medical secondary prevention
strategies.”®”
anticoagulation for patients with atrial fibrillation, and urgent
revascularization for those with critical carotid stenosis have been
shown to improve both short- and long-term outcomes. Secondary
prevention measures with statin therapy and blood pressure control

reduce the risk of recurrent stroke’””%" by up to 25%, depending on their
81,82

Immediate initiation of antiplatelet therapy, oral

timely implementation and adherence over time.

However, long-term use in preventive medical treatment remains a
significant challenge where several barriers have been identified,
including cognitive impairment, complex medication regimens, high
treatment costs, lack of social support, inadequate communication with
healthcare providers, and a history of severe stroke.®® Lower
socioeconomic status is associated with a higher risk of stroke® and low
income and low educational attainment are each independently related
to increased mortality after stroke.®> The use of secondary preventive
medications has been shown to associate with better long-term
survival,®> and higher educational level has been associated with better
adherence to preventive drug therapy after stroke.®® In addition, patients
with higher education and higher income have a lower likelihood of
recurrent stroke.®’

Given the high burden of recurrent stroke and the critical role of use in
secondary preventive medication, it is essential to identify and address
barriers to long-term use. Enhancing patient education, simplifying
medication regimens, improving healthcare communication, and
addressing socioeconomic disparities are key strategies to optimize use
and improve stroke outcomes.®®
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AIM

Symptoms at stroke onset and the decision-making process regarding
whether and when to seek emergency care remains insufficiently
explored. In Sweden, recent data are scarce on how socioeconomic
factors are associated with the dispensing of secondary preventive
medications after ischemic stroke. Population-based data on short- and
long-term survival after ischemic stroke across extended time periods
are limited, underscoring the importance of examining trends in stroke
survival. Taken together, this thesis aims to investigate symptoms at
stroke onset and decision-making in seeking emergency care, the
association between socioeconomic factors and the dispensing of
secondary preventive medication, and short- and long-term survival
following ischemic stroke.

Paper I: To investigate how patients describe their symptoms at the
onset of a first-time stroke.

Paper II: To explore decision-making processes after the onset of
stroke symptoms in patients experiencing a first-time stroke.

Paper III: To examine the association between socioeconomic factors
and dispensing of secondary preventive medication in a nationwide
cohort.

Paper IV: To investigate trends in short- and long-term survival
following ischemic stroke.
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PATIENTS AND METHODS

This thesis was based on both qualitative and quantitative data.
Qualitative data was collected through interviews, providing in-depth

understanding of patients' experiences, symptoms descriptions and

decisions in relation to stroke symptoms. Quantitative data were

obtained from nationwide mandatory registers, enabling analyses of
population-level patterns and trends in stroke. Table 1 details the
specific approaches used in this thesis.

Table 1. Overview of the papers

Aim

To investigate how patients
describe their symptoms at the
onset of a first-time stroke.

To explore decision-making
processes after the onset of
stroke symptoms in patients
experiencing a first-time stroke.

To examine the association
between socioeconomic factors
and dispensing of secondary
preventive medication in a
nationwide cohort.

To investigate trends in short-
and long-term survival
following ischemic stroke.

Data Collection and Participants

Recorded interviews of 16 men and 11
women aged >18 years (median age; 70.4)
hospitalized with a first stroke between
October 2018 and April 2020, from three
stroke units in Western Sweden were
analysed.

Interviews of 17 women and 19 men aged
>18 years (median age; 71.7) hospitalized
with a first stroke during October 2018 to
April 2020, from three stroke units in
Western Sweden were analysed.

A register-based study including patients
(n=149 156) 18-84 years (median age; 72)
between 2006 and 2021 with a first
recorded diagnosis of ischemic stroke from
the National Inpatient Register, Prescribed
Drug Register and LISA-register.

A register-based study including patients
(n=463 886) 18-84 years (median age; 74)
from 1987 to 2021 with a first recorded
diagnosis of ischemic stroke from the
National Inpatient Register and Cause of
Death Register.
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Content analysis
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logistic regression

Kaplan-Meier

Cox regression
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Published

Published

Manuscript
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QUALITATIVE PAPERS | AND 1

STUDY POPULATION AND DATA COLLECTION

In paper I and II, patients aged 18 and older hospitalized with a first
stroke between October 2018 and April 2020 were considered for
inclusion. Participants were identified from medical records using
International Classification of Diseases codes 161, 163 and 164 for
ischemic and hemorrhagic stroke. Exclusion criteria included prior
stroke diagnosis, TIA, traumatic head injuries, subdural hematoma,
subarachnoid hemorrhage, inability to make independent decisions, and
difficulties in understanding or expressing the Swedish language.

After identifying eligible patients from the medical records, the patients’
primary nurse evaluated whether each patient could be approached and
subsequently contacted them to provide information about the study and
inquire about their willingness to participate. If the patient responded
affirmatively, the first author of the studies visited the patient, and the
date and time for the interview were agreed upon together.

A total of 43 potential patients were invited to participate, of whom one
declined, and six were excluded due to cognitive impairment. In total,
36 patients were included and underwent one (1) semi-structured
interview in person by the first author. All interviews were conducted
before hospital discharge, within four weeks of symptom onset. A wide
age range, from 34 to 95 years, enhanced the study’s ability to capture a
broad spectrum of experiences. Participants were encouraged to
describe their symptoms and decisions in their own words, prompted by
an open-ended question: “Can you please tell me what happened when
you experienced the stroke symptoms?”.
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Patients invited
to participate
n=43

——I n=7 excluded

Participating patients
n=9 hand written interviews
n=27 tape recorded interviews

n=36 n=27
Interviews analysed Interviews analysed
using Grounded Theory using Content analysis

Figure 1. Flowchart describing included patients for paper I and II.

DATA ANALYSIS
Paper |

In total, 27 audio-recorded and verbatim transcribed interviews were
included. The transcribed interviews were analysed using conventional
Content analysis.® Content analysis is a method for analysing
qualitative data by identifying and categorizing patterns or themes
within the text, reflecting explicit or implied communication.”

Conventional Content analysis was chosen as this approach allows for
the systematic identification and categorization of manifest content
without predefined frameworks. Coding can be based on the visible and
surface-level aspects of the text® making manifest analysis suitable for
capturing how patients describe their stroke symptoms without
analysing the underlying meaning. The analysis process begun by
breaking down the text into meaningful units for condensation, without
losing content. The next step was to code the condensed units and sort
codes with the same meaning, regardless of wording, to be grouped into
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categories. Throughout this process, there was constant tension between
retaining the richness and nuance of participants’ descriptions and
creating categories that are sufficiently coherent and distinct to support
meaningful interpretation. The categories were subsequently organized
into overarching themes reflecting similarities in symptoms. The themes
needed to represent higher-level commonalities without becoming so
abstract that they obscured how symptoms were described. In this study,
the themes were therefore constructed to reflect shared features in
patients’ symptom descriptions, while remaining closely linked to the
manifest content of the interviews.

Paper Il

Overall, 36 patients were included; 30 interviews were audio-recorded
and transcribed verbatim, and six were documented through detailed
notes taken and transcribed during the interview. Analysis was
conducted with a classic Grounded theory methodology®! which allows
for the use of multiple forms of empirical material. Grounded theory is
a research method developed within sociology with the goal of
explaining what happens in the studied area. The central question is,
"What is the main concern for the study group and how do they solve
it?" ! making the method suitable for investigating the determinants that
underpins the decision to seek emergency healthcare for stroke
Ssymptoms.

Data collection and analysis occurred simultaneously to identify
recurring patterns as expressed by the study participants. Data were first
open coded line-by-line, assigning initial codes to capture what was
happening in the material. Using the constant comparative method,
incidents were continuously compared to identify patterns and variation.
Codes were then conceptualized and grouped into categories through
substantive coding, with ongoing refinement against the data.
Throughout the process, analytic memos were written to develop ideas
and category properties. Theoretical coding was used to specify
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relationships between categories and integrate them into an explanatory
model, resulting in a core category. Analysis continued until theoretical
saturation was reached, when no new relevant properties or relationships
emerged. The outcome aimed to provide an explanation of the core
problem through the central variable, which is the key concept that
accounts for most of the phenomena with as few sub-variables as
possible.

QUANTITATIVE PAPERS Ill AND IV
REGISTERS

For paper III and IV data from mandatory nationwide registers were
used for cohort inclusion and outcome assessment.

The National Inpatient Register was used to identify persons with a first-
time ischemic stroke. The register includes complete records of all
principal and contributory diagnoses for all hospitalizations since 1987
and onward according to the International Classification of Diseases,
10th revision (ICD-10). The overall positive predictive value (PPV) of
the diagnoses in the National Inpatient Register has been estimated at
85-95% and is even higher for stroke.”” The National Cause of Death
Register contains annually updated data on all deaths since 1961,
including detailed information on the wunderlying causes and
contributing factors based on International Classification of Diseases
(ICD) codes.”

For paper III, the National Prescribed Drug Register and the LISA
Register (Longitudinal Integration Database for Health Insurance and
Labor Market Studies by Swedish acronym) were also used. The
National Prescribed Drug Register contains information on prescriptions
dispensed from Swedish pharmacies since July 2005 and includes data
on the type of medication, dosage, and the patient receiving the
prescription. Drugs in the register are categorized according to the

29



Jenny Andersson

Anatomic Therapeutic Chemical (ATC) classification. The register is an
important resource for improving medication use, supporting research,
and ensuring more effective and safe healthcare.®* In Sweden’s
subsidized healthcare system, secondary preventive medications are
included in the national reimbursement scheme, where patients initially
pay full price up to a defined threshold after which incremental
discounts apply. The LISA Register is a Swedish database that compiles
annual information on the labour market, education, income, and social
insurance. It provides updated data on all citizens aged 16 and older,
with records dating back to 1990. The register is used to study various
aspects of the labour market, such as education, family income,
employment, unemployment, and sick leave *> and research on social
and economic factors that affect health and welfare.”®

STUDY POPULATION AND DATA COLLECTION

Paper Il

In the National Inpatient Register, 149 156 patients aged 18—84 years
who were treated in hospital for a first ischemic stroke from 1% of
January 2006 to 31 of December 2021, were included, see Figure 2.
Individuals with a history of stroke, TIA, traumatic head injury, subdural
hematoma, or subarachnoid hemorrhage were excluded. Ischemic stroke
was defined according to ICD-10 (1997-); 163—-164 and comorbidities
according to ICD-10 and ICD-9 (1987-1996). In total, 115 152 patients
were excluded due to a missing or duplicated personal identification
number, immigration within seven years prior to the index stroke, or
emigration before the index event. Patients were linked to the National
Prescribed Drug Register to determine dispensed prescribed
medications for secondary stroke prevention within six months after
hospital discharge. Medications were categorized according to the ATC
classification system and included angiotensin-converting enzyme
inhibitors/ angiotensin II receptor blockers, other antihypertensive
therapies, antiplatelet agents, oral anticoagulants, B-blockers and lipid-
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lowering therapy. Socioeconomic data on length of education and
family income were retrieved from the LISA-Register database to assess
socioeconomic factors on dispensing.

Inpatient Prescribed Drug
Register Register

Includedin
cohort: 149 156

2006-2021

Cause of Prescribed Drug
Death Register Register

LISA Register

Figure 2. Registers used in paper III for inclusion and assessment of dispensing.

Paper IV

The study consists of 463 886 patients aged 18-84 years who were
hospitalized with a first ischemic stroke, registered in the National
Inpatient Register from January 1, 1987, to December 31, 2021, see
Figure 3. Exclusion criteria included a prior diagnosis of stroke, TIA,
traumatic head injury, subdural hematoma, or subarachnoid
hemorrhage. In total, 168 112 patients were excluded based on missing
or reused personal identification numbers, immigrated within 7 years
before the index stroke or emigrated before the index event and aged
<18 or >84 years. Comorbidities were defined according to ICD-10 and
ICD-9 codes. Diagnoses of ischemic strokes were defined by using ICD-
9 (1987-1996): 434 and ICD-10 (1997-): 163-164. To ascertain that
stroke events represented first occurrences, a uniform 7-year
retrospective assessment was performed using data from 1980, which
enabled recognition of previous strokes recorded under ICD-8 codes 434
and 436. Included patients were linked to the National Cause of Death
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Register to investigate time trends in survival among ischemic stroke
patients.

Inpatient Register

463 886 patients
included between
1987 and 2021

h 4

Cause of Death Register

Figure 3. Registers used in paper IV for inclusion and assessment of outcome.

STATISTICAL ANALYSIS

For papers IIl and IV, statistical analyses were performed by statisticians
with extensive experience in registry-based studies, using SAS software
version 9.4 (SAS Institute Inc., Cary, NC). Graphical illustrations were
produced in R Version 4.3.3.

Paper Il

Socioeconomic differences in the dispensing of secondary preventive
medications were examined using the chi-square test for categorical
variables. Age differences were assessed with one-way ANOVA for
mean values and the Kruskal-Wallis test for median values. Median
survival was compared using Kaplan—Meier curves and the log-rank
test, and linear trends across ordered categories were evaluated with the
Cochran—Armitage test. Dispensing was defined as a binary outcome,
with >80% of follow-up days covered within each medical subgroup.
An 80% threshold is widely applied to differentiate patients maintaining
recommended levels of medication dispensing from those with
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suboptimal dispensing.”’ Analyses were performed separately for six
medication classes: angiotensin-converting enzyme inhibitors/
angiotensin Il receptor blockers, other antihypertensive therapy,
antiplatelet agents, oral anticoagulants, B-blockers, lipid-lowering
therapy. Adjusted odds ratios”® were estimated using multivariable
logistic regression, controlling for age, sex, baseline comorbidities,
socioeconomic indicators, and dispensing of other secondary preventive
medications. To examine the associations between the dispensing of
secondary preventive medication and socioeconomic factors, education
(<10 years; compulsory school, 10-12 years; upper secondary school,
>12 years; university education) and family income (divided into
quintiles, with Q1 representing the lowest level) were used. The
reference categories were family income quintile 5 (QS5) and >12 years
of education. Patients were followed until death, emigration, or end of
follow-up.

Paper IV

Patients identified at their first hospitalization for ischemic stroke were
grouped into three calendar periods: 1987-1998, 1999-2010, and 2011
2021. Categorical variables are presented as n (%) and compared across
cohorts using the ¥* test. Age is reported as mean standard deviation
(SD) and median (25th—75th percentiles); differences were tested with
ANOVA (means) and a one-way median test (medians). Survival was
estimated using Kaplan—-Meier methods with a minimum follow-up of 1
year for all participants. Survival was evaluated at 7 days, 28 days, 1
year, 5 years, and 10 years, and compared using the log-rank test. To
enable comparisons across periods despite shorter potential follow-up in
the most recent cohort, mortality rates (per 1000 person-years) with 95%
CIs were calculated. Mortality rate ratios were estimated for the two
later periods using 1999-2010 as the reference. Differences in survival
between periods were further examined using Cox proportional hazards
regression.”” Multivariable Cox models assessed the association of study
period (reference: 1987-1998) with mortality, adjusting for sex, age,
index year for stroke, calendar year and baseline comorbidity,
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comparing 1999-2010 and 2011-2021 with the reference period.
Patients were followed until death, emigration, or end of follow-up.

ETHICAL CONSIDERATIONS

All papers in this doctoral dissertation were conducted in accordance
with the Declaration of Helsinki!® and ethical approval was available
by the Regional Ethics Review Board, Gothenburg. Paper I and II:
reference number 487-18 and paper III and IV: reference number 262-
17.

In papers I and II, participants were informed about the purpose and
methods of the studies and provided informed consent prior to
participation. It was emphasized that their participation was voluntary,
and they could withdraw at any time without any negative
consequences. In case of emotional distress, support was offered
through healthcare personnel or a counsellor, although this was never
utilized. The interviewer and all authors had no role in the patients’ care
or treatment. Personal identity numbers were removed and replaced with
code numbers to ensure confidentiality. Once anonymised, the data were
stored on a secure computer with restricted access. Documents were
stored in a locked safe, and the data will be retained for up to 10 years.

In paper III and 1V, all personal identifiers were removed and replaced
with a sequential number. The code key was destroyed after three
months of receiving data from Statistic Sweden. The data collection for
the register studies followed the rules for register-based and clinical
research which waived any requirement for individual patient consent.
All data was stored on a secure server that belongs to the University of
Gothenburg. Only a limited number of the research group had access to
the material. Data will be retained in accordance with applicable
regulations. All results were presented at an aggregated level to ensure
patient anonymity.
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RESULTS

Paper |

We found that patients described a wide range of stroke symptoms at
onset, which are presented in two themes: Altered Reality and
Discomfort and Changed Body Functions. Never experienced variety of
distressful or not understandable symptoms appeared to be the “Red
Thread”, perceived as novel and alarming. Themes were further
reflected in five categories that capture how patients described their
symptoms, see Figure 4. Symptoms were described as sudden and
persistent, regardless of their initial subtlety or intensity. These included
an undefined sensation of illness, overwhelming fatigue, dizziness,
headaches, visual or auditory distortions, and an altered sense of reality.
Many patients reported changes in self-perception, feeling detached,
disoriented, or unaware of their symptoms. Additionally, they
experienced a loss of bodily functions, including limb weakness,
impaired coordination, speech difficulties, visual disturbances, and
sensory deficits. Sudden loss of control, leading to falls and an inability
to move independently, was common. Balance issues and unsteady
movements necessitated external support. Symptoms could arise
quickly and inconsistently, either appearing all at once or unfolding in
an irregular, unpredictable manner reinforcing the unpredictable nature
of stroke symptom onset.

A Red Thread of Unexplained and
Distressing Symptoms

Altered Reality

g & Changed Body Functions
= Discomfort
Sensation of illness Loss of bodily function
Experience of discomfort Loss of bodily control

Changed perception of reality

Categories
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Figure 4. The “Red Thread” is reflected in the themes and categories that present the
patients’ symptom descriptions.

Paper Il

The main categories that emerged in paper II were linked to various
sources of fear of stroke symptoms that influenced the decision-making
process, centered around the core category of "Acting on Fear", see
Figure 5. Across all categories, fear played a pivotal role in shaping
patients’ responses, often delayed the decision to seek care — even
when patients suspected that something was wrong. Some patients
immediately sought emergency care, driven by fear due to their
knowledge of the urgency of timely treatment. Their understanding of
stroke severity prompted quick action, either by calling for help
themselves or directing others to do so, facilitating rapid medical
intervention. In contrast, other participants hesitated to seek help,
fearing confirmation of their suspicion of a stroke. Despite recognizing
symptoms consistent with a stroke, they delayed acting, hoping their
concerns would prove false. These patients often tested their symptoms
or adjusted their routines in an attempt to cope, prolonging the decision
to seek care. Another group of participants experienced confusion and
fear of what was going on, not initially recognizing symptoms as a
stroke. They sought explanations from friends, family, or healthcare
professionals, but their uncertainty about the cause of the symptoms
resulted in delays in recognizing the need for emergency care. The
sudden and distressing nature of stroke symptoms contributed to a
variety of responses, including immediate action, hesitation, or
confusion before ultimately seeking care.
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Decision-making for stroke symptoms

Figure 5. Decision-making process for stroke symptoms onset. With permission from
Stroke Vasc Interv Neurol.

Paper Il

Paper III revealed clear socioeconomic differences in the dispensing of
secondary preventive medications after ischemic stroke. Lower family
income levels were consistently associated with a reduced likelihood of
dispensing. The disparities were particularly pronounced for
angiotensin-converting enzyme inhibitors/angiotensin Il receptor
blockers, other antihypertensive therapy, antiplatelet agents, and lipid-
lowering therapy, see Figure 6. Similar patterns were observed in the
multivariable-adjusted analyses, where patients in the lowest income
group had substantially lower odds of dispensing across all medication
classes, with reductions reaching more than 50% for lipid-lowering
therapy.

Educational level showed similar but generally less pronounced
associations on dispensing. Patients with shorter education had
particularly lower dispensing rates of angiotensin-converting enzyme
inhibitors/angiotensin II receptor blockers, other antihypertensive
medications, and lipid-lowering therapy. Differences were smaller for
antiplatelet agents and B-blockers, and no differences were observed for
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oral anticoagulants, compared with patients with higher education, see
Figure 7. After multivariable-adjusted analyses, patients with the lowest
educational level did not have lower dispensing rates of other
antihypertensive therapy, antiplatelet agents and B-blockers compared
to the highest educational level.

Dispensed secondary preventive medication by
family income level
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80%

60%
40%
20%
0%
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mACE/ARB EOHT m®APL

Dispensed secondary preventive medication by
family income level
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“Angiotensin-converting enzyme inhibitors/Angiotensin II receptor blockers, ®Other antihypertensive
therapy, “Antiplatelet agents, “Oral anticoagulants, °B-blockers, ‘Lipid lowering therapy
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Figure 6. Secondary preventive medication dispensing by family income level.

Dispensed secondary preventive medication by
educational level
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*Angiotensin-converting enzyme inhibitors/Angiotensin II receptor blockers, "Other antihypertensive
therapy, “Antiplatelet agents, “Oral anticoagulants, °B-blockers, ‘Lipid lowering therapy

Figure 7. Secondary preventive medication dispensing by educational level.

Paper IV

The result in paper IV demonstrates a robust and continuous
improvement in survival after ischemic stroke from 1987 to 2021,
particularly in the short-term but also extending up to 10-years post-
event. These trends remained significant even after adjusting for
demographic factors and baseline health status.

In multivariable-adjusted Cox models (adjusted for age, sex, stroke
index, calendar year, and baseline comorbidities), improved survival
was evident compared with the reference period 1987-1998, in both
1999-2010 and 2011-2021. At 7 days, the adjusted estimates
corresponded to a 43% lower mortality hazard in 1999-2010 and a 62%
lower mortality hazard in 2011-2021 compared with the reference
period. Similar improvements were observed at later follow-up time
points: 28 days (48% and 64% lower mortality hazard, respectively), 1
year (49% and 65%), 5 years (48% and 65%), and 10 years (45% and
64%), see Figure 8.

39



Jenny Andersson

Reductions in mortality hazard compared to 1987-1998

7-days mortality
1999-2010
2011-2021
28-days mortality
1999-2010
2011-2021

1-year mortality
1999-2010
2011-2021
S-years mortality
1999-2010
2011-2021
10-years mortality
1999-2010
2011-2021

Figure 8. Reductions in mortality with 1987-1998 as the reference period. Percentages
in 1999-2010 and 2011-2021 represent the relative reduction in the mortality hazard
compared with the reference period.
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DISCUSSION

Paper | and Il

Our findings highlight significant challenges in both stroke symptom
recognition and timely emergency response. In paper I, patients reported
a wide range of stroke symptoms, including both typical and atypical
presentations. While many described motor impairments and a sudden
inability to control bodily functions, others reported symptoms of a more
subtle nature, with bodily functions largely retained. Subtle symptoms
such as visual disturbances, nausea, and mental changes were often
perceived as non-severe. This aligns with previous research showing
that subtle or ambiguous symptom presentations are more challenging
to interpret, particularly when symptoms lack pronounced motor
dysfunctions.’”!°! It is well established that stroke symptoms perceived
as mild, unusual, or confusing are more difficult for individuals to
recognize as signs of a potentially severe condition requiring urgent
medical attention.’®!%? This underscores a critical gap in symptom
interpretation, whereby the severity of a stroke is not always apparent to
those experiencing or witnessing the event.’?> However, even when
symptoms appear subtle, their sudden onset should prompt immediate
consideration of stroke and the need for rapid diagnostic assessment.*

In addition, it has been demonstrated that prehospital healthcare-trained
personnel also struggle to identify stroke symptoms.'® A systematic
review examined how well emergency dispatch operators recognize
stroke and found that stroke recognition varied widely across studies.
The ability to correctly identify a stroke ranged from 17.9% to 83.0%.
The proportion of accurate stroke diagnoses among suspected cases
ranged from 24.0% to 87.7%. In a study from Copenhagen, the
emergency dispatch centre identified only 64% of stroke cases. Factors
that negatively impacted recognition included female patients, calls
made more than three hours after symptom onset, older age, and,
unexpectedly, more severe strokes.!? The study by Puolakka et al.!%
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revealed that only 72% of confirmed stroke cases received high-priority
stroke codes from emergency medical dispatchers, with missed cases
often associated with calls from relatives, confusion, falls at symptom
onset, and higher age. Analysis of incorrectly low-prioritized calls
uncovered deficiencies in screening for FAST acronym (Face, Arm,
Speech, Time) symptoms as speech disturbance and inadequate
assessment of fall-related incidents. To improve identification, the
authors recommend focus on speech disorders as key symptoms,
systematic application of the FAST test for calls involving falls or
confusion, and increased attention to elderly patients and calls from
relatives.!® An expanded version of the FAST acronym has also been
proposed to BE-FAST, in which B refers to balance disturbances and E
to eye/visual symptoms. This expansion may reduce the proportion of
missed strokes, particularly those involving the posterior circulation.!%
Paper II shows a disconnection between knowledge and action, where
recognition of symptoms does not consistently translate into timely
emergency care—seeking behavior. This aligns with previous research
demonstrating that although many individuals are able to identify stroke
symptoms, they still fail to seek immediate medical attention, regardless
of the perceived severity.>? Help-seeking during an acute stroke has been
shown to be a complex process influenced by far more than symptom
awareness alone.'’” Delays are often driven by fear of the potential
consequences of a stroke, denial that something serious is happening,
previous negative hospital experiences, the involvement of others in
decision-making, and limited understanding of stroke presentations.
Moreover, accurate symptom recognition, correct interpretation of the
situation, and familiarity with the logistics of stroke care are more
strongly associated with shorter onset-to-alarm than general knowledge

about stroke.%-1%

A sudden onset of illness may trigger strong psychological reactions, as
the individual is abruptly forced to confront a new and potentially life-
threatening situation. Shock, fear, and a sense of loss of control are
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common initial responses when a disease occurs unexpectedly. Patients
frequently oscillate between worry, confusion, and attempts to mobilize
coping strategies while simultaneously trying to adapt to a rapidly
changing bodily and existential reality. In this way, the acute onset of
illness becomes not only a medical event but also a psychological
crisis.!®!% Consequently, the stress response reflects a complex
interplay of factors that can substantially shape the decision-making
process.!!! Decision-making is the process of selecting alternative
courses of action, each associated with different consequences. It
depends on efficient information processing, whereby individuals
integrate prior experiences, current goals, and contextual cues to
anticipate and evaluate possible future outcomes. Together, these
elements guide the behavioural response that is ultimately selected.!!?
This shows that it is important to address psychosocial factors that may
influence contact with emergency care to optimize time-sensitive stroke
treatment.!!3

Paper Illl and IV

There were socioeconomic differences in the dispensing of secondary
preventive medications after ischemic stroke, alongside with a gradual
improvement in survival over time. The analysis in paper III
demonstrated that lower family income and educational levels were
linked to poor medication dispensing. This aligns with previous research
showing that patients with cardiovascular disease and lower socio-
economic status are less likely to wuse secondary preventive
medications.!'* Even relatively small patient costs can reduce the
likelihood of dispensing prescribed medications, while fixed
copayments benefit particularly low-income individuals.!'>!1®
However, despite Sweden’s national subsidized system for prescription
medicines,'!” this study showed that family income had a strong
influence on the dispensing of secondary preventive medications after
stroke.

43



Jenny Andersson

In line with our study, higher educational attainment has been associated
with better long-term medication persistence, potentially because more
educated patients may feel more confident asking questions and
discussing treatment with healthcare providers. Understanding the
purpose of the medication and being aware of potential side effects are
also linked to improved persistence. In addition, practical support such
as pillboxes and clear instructions from healthcare professionals can
further enhance adherence.'!® Bushnell et al. highlights the importance
of structured transitional care as a complement to pharmacological
secondary prevention after stroke. Their findings suggest that targeted
transition may facilitate more reliable follow-up and engagement with
post-discharge care. Importantly, the study underscores that medication
adherence represents only one component of effective secondary
prevention; broader system- and patient-level barriers such as limited
access to providers, logistical challenges, and gaps in knowledge also
influence outcomes.'!” However, knowledge alone may be insufficient
for actions; individuals may understand what the “right” behaviour is
yet refrain from performing it due to competing norms, emotional
reactions, fear, uncertainty, or a belief that actions will not make a
difference. Together, behaviour is shaped by a complex interplay of
cognitive, social, and contextual factors, explaining why knowing the
correct action does not necessarily lead to performing it.!** This
highlights that promoting adherence relies on effective patient
education, clear communication, and the development of trust. A strong
patient—provider relationship and understandable explanations for the
purpose of secondary preventive medications is important!2!-122123
the risk of stroke recurrence or death within the first year.'?*

given

Both short- and long-term survival after ischemic stroke increased
consistently over time, shown in paper IV. This is in line with other
studies showing improvements in stroke survival in the recent
decades.!”!?> The observed improvements in survival rates may be
attributed to a combination of factors, including advances in acute
medical care, specialized treatment in stroke units, and effective
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secondary prevention strategies.'”® Enhanced emergency response
systems, early diagnosis, and tailored rehabilitation programs also
contribute to better outcomes, helping patients recover more effectively
and reducing the risk of recurrent events.':!?”:128 Furthermore, studies
have demonstrated that improvements in prehospital time intervals,
from symptom onset to hospital arrival, positively influence both
survival rates and functional outcomes. Faster recognition and timely
arrival to specialized care appear to be critical factors in enhancing
recovery, reducing long-term disability and improving survival.'?%13

Together, the findings of this thesis underscore that improvements in
stroke outcomes depend not only on advances in medical treatment but
also on timely symptom recognition, effective decision-making at stroke
onset, and equitable access to secondary preventive medications.
Addressing these interconnected factors is essential for reducing stroke
morbidity and mortality.

METHODOLOGICAL ISSUES

Paper I and II may have been affected by selection bias, as the ward
nurse determined which patients could be approached. Interviews were
conducted during hospitalization within four weeks of symptom onset,
potentially affecting recall and increasing post hoc rationalisation.
Moreover, inclusion was limited to patients who could be interviewed
before discharge, likely underrepresenting patients who do not seek care
or have the most severe strokes. Stroke subtypes were not available in
these studies. Information on stroke aetiology and lesion location might
help explain the symptoms description and decision-making patterns
described.

For Papers III and IV, there are limitations related to using register data.
Although the National Inpatient Register and the Cause of Death
Register generally show good validity for stroke, some cases may still
be missed. This is particularly true for milder stroke or stroke resulting
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in very early death and should be considered when interpreting register-
based estimates.'*! Stroke and comorbidities were identified using ICD
codes, introducing potential misclassification and temporal variation in
coding, and prior strokes may have been overlooked, leading to
misclassification of recurrent events as first-time stroke. The Prescribed
Drug Register measures dispensing rather than actual intake,’ which
may bias estimates of secondary prevention, particularly with early
death or short follow-up. In addition, patients who dispense secondary
preventive medications may differ systematically from those who do
not, which may contribute to residual confounding and a potential
overestimation of associations between dispensing and socioeconomic
factors.

Important clinical variables such as smoking status, body mass index,
blood pressure levels or cholesterol levels were unavailable, limiting
comprehensive risk adjustment and complicating interpretation. For the
survival analyses, long-term outcomes in the most recent cohort may be
influenced by shorter potential follow-up and censoring, although
mortality rates per person-year partly address this issue. Generalizability
may further be limited by the exclusion of the oldest patients (>85
years). In Sweden, health care is publicly funded; findings may therefore
be most generalizable to countries with similar welfare structures.
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CONCLUSIONS

By using both qualitative and quantitative approaches, this thesis
provides a comprehensive understanding of stroke from multiple
perspectives. Stroke onset was often characterized by a complex and
heterogeneous symptom presentation, described in numerous ways, and
the decision-making process to seek emergency care was shown to be
multifaceted and emotionally charged. Fear of the symptoms was a
universal experience and played a central role in shaping patient
responses. In addition to patient behavior at stroke onset, we identified
persistent socioeconomic inequalities in use of secondary preventive
medication following ischemic stroke, with low family income showing
the strongest association with reduced dispensing. Finally, survival after
ischemic stroke in Sweden improved substantially from 1987 to 2021.
Although early mortality remained consistently high, the largest
improvements occurred in short-term survival and were maintained
throughout long-term follow-up. Overall, symptom heterogeneity and
complex decision-making underscore the need for stroke messaging that
both reflects atypical presentations and reinforces immediate emergency
contact, irrespective of symptom severity. Since socioeconomic factors
remain a significant barrier to optimal secondary preventive medication,
even within a healthcare system with universal coverage, there is a need
for targeted interventions to reduce inequities in long-term stroke care.
Together, these findings emphasize that sustaining improvements in
both short- and long-term survival after stroke requires action across the
entire care pathway, with continued need for rapid recognition and
treatment initiation.
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FUTURE PERSPECTIVES

By emphasizing early recognition and attention to mild, ambiguous and
new symptoms onset, public stroke campaigns can empower individuals
to act promptly. Future interventions could focus on addressing
psychological barriers, offering reassurance about the benefits of early
treatment. Healthcare providers might consider offering guidelines for
family members to high-risk patients to help identify stroke signs, as
they often play a crucial role in prompting emergency care.
Additionally, there is a risk that adequate measures will be delayed if
healthcare providers do not perceive patients’ symptom descriptions as
symptoms of stroke. Educating healthcare providers to be able to
interpret complex descriptions of symptoms as stroke is therefore
important. Future research should investigate whether the presentation
of stroke symptoms at onset has changed over time, as this information
is important for creating effective stroke information and for educating
healthcare professionals. Beyond the acute phase, optimising use of
medical secondary prevention remains essential. Efforts should address
social and economic barriers to ensure that benefits are achieved across
all socioeconomic groups, while also ensuring that patients are well
informed and actively involved in treatment decision-making.
Enhancing both short- and long-term survival after stroke will require
sustained efforts across the entire care pathway, from improved
symptom recognition and rapid activation of emergency medical
services to timely in-hospital assessment and treatment. Future research
that integrates clinical, behavioral, and socioeconomic factors could
help explain remaining survival disparities, identify modifiable barriers
to effective prevention, and guide more personalised, long-term stroke
management strategies.
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