
 

Atrial fibrillation in aging 

Methodological aspects and the relation to 

dementia and cerebral vascular disease 

 

 

 

Lina Rydén 

 

 

 

Department of Psychiatry and Neurochemistry 

Institute of Neuroscience and Physiology 

Sahlgrenska Academy, University of Gothenburg 

 

 

 

 

 

 

Gothenburg 2022 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Atrial fibrillation in aging- Methodological aspects and the relation to 

dementia and cerebral vascular disease 

 

© Lina Rydén 2022 

lina.ryden@gu.se 

 

Cover illustration: Lina Rydén 

 

ISBN 978-91-8009-574-7 (PRINT)  

ISBN 978-91-8009-575-4 (PDF) 

 

Printed in Borås, Sweden 2022 

Printed by Stema Specialtryck AB 

  

mailto:lina.ryden@gu.se


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Så gick det lilla knyttet ut på stranden 

och fann en snäcka som var stor och vit, 

Han satte sig försiktigt ner i sanden 

och tänkte, o så skönt att jag kom hit, 

och lade vackra stenar i sin hatt 

och havet var så lugnt och det blev natt. 

-Tove Jansson, 

Vem kan trösta knyttet 

 



 

  



Atrial fibrillation in aging 

Methodological aspects and the relation to 

dementia and cerebral vascular disease 

Lina Rydén 

Department of Psychiatry and Neurochemistry 

Institute of Neuroscience and Physiology 

Sahlgrenska Academy, University of Gothenburg 

Gothenburg, Sweden 

 

ABSTRACT 

Emerging evidence suggest an increased risk of dementia in individuals with 

atrial fibrillation (AF). However, until recently, few studies have investigated 

the relation between AF and dementia taking both prevalent and incident stroke 

into account. Therefore, this thesis aims to examine if AF increase the risk of 

dementia in a sample free from a history of stroke at baseline and incident 

stroke during follow-up. Further, the mechanisms behind an association 

between AF and dementia in the absence of symptomatic stroke is not 

elucidated. Therefore, this thesis also aims to examine if AF is associated to 

silent brain infarcts (SBIs) and small vessel disease on brain MRI. Since 

epidemiological studies often are accompanied with biases, we also analyzed 

differential attrition during follow-up and agreement between self- and proxy- 

reported diagnoses.      

Data were obtained from the Gothenburg H70 Birth Cohort (H70) studies and 

the Prospective Population Study of Women (PPSW) in Gothenburg. The 

samples used in this thesis include the cohorts born 1930 (followed from age 

70 to 88) and 1944 (examined at age 70). The H70 and PPSW studies are 

comprehensive population-based studies aiming to be representative of older 

adults living in Gothenburg, Sweden.  

We found that a history of AF at age 70 increased the risk of dementia during 

follow-up in the 1930 cohort. Further, we found that AF was cross-sectionally 

associated to symptomatic stroke, SBIs, and lacunes among 70-year-olds in the 



 

1944 cohort. There were no associations between AF and global white matter 

hyperintensity (WMH) volumes or the presence of any cerebral microbleed. 

However, among participants with symptomatic stroke, AF was associated 

with larger WMH volumes. In the 1930 cohort, both AF and dementia were 

associated with attrition due to death. Further, agreement between self- and 

proxy-reported diagnoses was substantial for AF, myocardial infarction, 

angina pectoris, hypertension, and diabetes mellitus, but only fair for heart 

failure and intermittent claudication.  

Further research is needed to investigate the mechanism(s) behind the 

association between AF and dementia, the optimal treatment regimens for AF 

in relation to dementia prevention, and possibilities to include brain MRI in 

treatment guidelines to further personalize anticoagulation treatment in AF 

patients. In addition, analyzing differential attrition and diagnostic accuracy in 

epidemiologic research is necessary to evaluate and generalize results. 

 

Keywords: atrial fibrillation, dementia, stroke, silent brain infarcts, white matter 

hyperintensity, cerebral microbleed, small vessel disease, epidemiology   
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SAMMANFATTNING PÅ SVENSKA 

Förmaksflimmer (FF) innebär en ökad risk för stroke, vilket i sin tur kan orsaka 

demens. Forskning har även visat att FF innebär en ökad risk för demens hos 

personer som inte har haft någon stroke, men fram till nyligen har få studier 

undersökt sambandet mellan FF och demens där man tagit hänsyn till stroke 

under hela uppföljningstiden.  

Denna avhandling syftar till att undersöka om FF ökar demensrisken även i 

frånvaro av stroke under hela uppföljningstiden. Mekanismerna bakom ett 

samband hos personer som inte får någon stroke är inte klarlagda. Därför syftar 

denna avhandling även till att undersöka om FF är kopplat till tysta infarkter 

(infarkter som syns på hjärnavbildning men som inte gett typiska 

strokesymtom) och småkärlssjuka i hjärnan. Eftersom selektivt bortfall kan 

påverka resultat och generaliserbarhet undersökte vi även om deltagare som 

föll bort under studiens gång skilde sig från de som stannade kvar i studien. Vi 

undersökte även hur väl själv- och anhörigrapporterade diagnoser 

överensstämmer med varandra. 

Datan kommer från H70-studierna och kvinnostudien (KVUS) i Göteborg. 

Deltagarna som inkluderats i denna avhandling är 70-åringar födda 1930 som 

följts upp till 88 års ålder och 70-åringar födda 1944.  

Vi fann att FF ökade risken för demens även i frånvaro av stroke. Vi fann även 

att FF var kopplat till tysta infarkter och tecken på småkärlssjuka i hjärnan i 

form av lakuner. Det fanns däremot inget samband mellan FF och andra tecken 

på småkärlssjuka i hjärnan så som förändringar i den vita substansen. Bland 

deltagare som haft en stroke var FF däremot kopplat till skador i den vita 

substansen. Slutligen fann vi att FF var kopplat till bortfall pga död under 

uppföljningstiden och att överensstämmelsen mellan själv- och 

anhörigrapporterade diagnoser var betydande för FF, hjärtinfarkt, kärlkramp, 

hypertoni och diabetes, medan den var dålig för hjärtsvikt och claudicatio.  

Ytterligare forskning behövs för att undersöka mekanismer bakom sambandet 

mellan FF och demens, vilken som är den optimala behandlingen av FF för att 

förebygga demens och om hjärnavbildning kan inkluderas i guidelines för att 

ytterligare personifiera behandling med blodförtunnande hos patienter med FF. 

Att undersöka hur de som försvinner under studiens gång skiljer sig från de 

som är kvar och hur tillförlitligheten är för olika informationskällor är 

nödvändigt för att kunna värdera och generalisera resultat.
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1 INTRODUCTION 

1.1 ATRIAL FIBRILLATION 

Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia and 

is characterized by irregular and often fast heartbeats.1 Symptoms of AF 

include palpitations, breathlessness, tiredness, chest pain, dizziness, and 

syncope but AF may also be present without symptoms and therefore remain 

undiagnosed.1 The estimated number of individuals living with AF in the world 

were 59.7 million in year 2019, a doubling compared to 1990.2 However, after 

age-standardizing the prevalence, there were no significant differences (0.78% 

in 1990 vs 0.74% in 2019), suggesting that the increase in absolute numbers 

mainly are due to an aging population and population growth.2 Among 

European adults, the prevalence is estimated to 2% resulting in about 10 

million individuals living with AF, a number that is expected to increase to 14-

17 million in 2030.3 

AF becomes more common with higher age, and is present in around 0.14% of 

individuals <49 years, 4% of individuals 60-70 years, and 10-17% of 

individuals >80 years.3 AF is more common among men, with a male/female 

ratio of 1.2.3 The highest burden of AF, measured by age-standardized 

disability-adjusted life years (DAILYs), is seen in high-income North 

America, Australasia, Central Asia, and Europe, while the lowest DAILYs due 

to AF are seen in high-income Asia Pacific region, Andean and Central Latin 

America, the Caribbean, Africa, and the Middle East,2 see Figure 1.  

AF is associated with adverse outcomes such as heart failure, stroke, mortality, 

and impaired quality of life, and has also been associated with cognitive 

decline and dementia.1 AF causes a major burden on health systems, including 

both hospitalizations and outpatient visits. It has been estimated that AF on 

average leads to 0.25 hospitalizations and six outpatient visits per AF patient 

and year.3 With the increasing number of individuals living with AF, this 

would mean 3.5-4 million hospitalizations and 100-120 million outpatient 

visits due to AF per year in Europe in year 2030.3  
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 Map of age-standardized DALYs due to atrial fibrillation and flutter in 

2019. Global Burden of Cardiovascular Diseases and Risk Factors2 © Roth at al. 

(Licensed under CC BY 4.0) https://creativecommons.org/licenses/by/4.0/ 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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1.1.1 PATHOPHYSIOLOGY 

There are several pathophysiological mechanisms for AF, such as atrial 

structural and electrical remodeling, and changes in the autonomic nervous 

system.4 Atrial remodeling can be induced by e.g. other cardiac diseases such 

as heart failure and myocardial infarction. Thereafter, the arrhythmia itself 

contributes to the same pathophysiological abnormalities increasing the risk 

that AF persist or re-occur.4 When atrial remodeling occurs or the autonomic 

nerve activation is affected, there is a risk fort re-entry circuits or focal ectopic 

firing in the atrium, which in turn both induce and maintain AF,5 see Figure 2.  

   

 

 

 

 

 

 Sinus rhythm origin from the sinus node with regular ventricular heart 

beats and atrial fibrillation with re-entry circuit and ectopic firing resulting in 

irregular ventricular heart beats. 

 

AF diagnoses are established with electrocardiograms (ECGs) where irregular 

heartbeats (R-R intervals), lack of distinct repeating p-waves and irregular 

atrial activation is pathognomonic,1 see Figure 2.  

Atrial Fibrillation Sinus Rhythm 
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Since AF may be paroxysmal it may not be detectable with a single ECG. It is 

therefore often a need for extended monitoring when AF is suspected or when 

a potential adverse outcome from AF, such as stroke or transient ischemic 

attack (TIA), has occurred. For example, the American Heart Association 

(AHA)/ American stroke association recommend long term rhythm monitoring 

with a mobile cardiac outpatient telemetry, implanted cardiac monitor (ICM), 

or other long term rhythm monitoring after a stroke or TIA, if no clear etiology 

has been established.6  

AF may also be present without symptoms and therefore remain undiagnosed 

in individuals. There is an ongoing discussion on whether or not a more general 

screening for AF is beneficial. The European Society of Cardiology (ESC) 

recommend opportunistic screening (i.e. screening during regular health care 

visits7) for AF by pulse taking or ECG in individuals aged 65 years and older 

and to consider a systematic screening in individuals aged 75 years and older 

or those in high risk of stroke.1 However, the AHA has no recommendations 

regarding AF screening and there are expert groups that recommend against 

AF screening due to the lack of evidence.7  

1.1.2 MANAGEMENT OF AF  

The main goals of AF treatment are to reduce AF symptoms through heart 

rhythm and rate control8 and to prevent stroke through treatment with oral 

anticoagulants.9  

Electrical or medical cardioversion are used to restore sinus rhythm and 

antiarrhythmic drugs, catheter ablation, or surgical ablation can be used to 

maintain sinus rhythm.9 Antiarrhythmic drugs have been shown to double the 

number of patients who maintain sinus rhythm,8 while catheter ablation, which 

aim to isolate the pulmonary veins, has been shown to reduce AF frequency 

with 70-80%.10 It has also been found that catheter ablation and antiarrhythmic 

drugs may have a synergistic effect, where the use of antiarrhythmic drugs after 

a catheter ablation increased the proportion of patients who maintain sinus 

rhythm8. In smaller studies, catheter ablation has been shown to improve left 

ventricular function8 and quality of life,11 but more research is needed to 

establish whether rhythm control improves survival and reduce adverse 

outcomes such as stroke, acute coronary symptoms, and cognitive function in 

AF patients.8  

If sinus rhythm cannot be restored, drugs regulating the ventricular heart rate 

can be used. This may also be the preferred treatment strategy over rhythm 

control and rate control is sometimes enough to improve AF-related symptoms. 
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There is however a lack of evidence regarding the optimal heart rate in AF 

patients treated with rate control.1 In the Rate Control Efficacy in Permanent 

Atrial Fibrillation II randomized controlled trial (RCT) there were no 

differences in major cardiovascular events between those who were assigned 

to a less strict control strategy (to keep heart rate below 110) and those who 

were assigned to a strict control strategy (to keep heart rate below 80 at rest 

and 110 during moderate exercise).1, 12   

To reduce thromboembolic complications for AF, anticoagulant treatment can 

be used based on the patients aggregated risk for thromboembolic events 

versus the risk for major bleeding complications. The CHA2DS2-VASc score1 

is one commonly used instrument to assess the future risk of thromboembolic 

events, see Table 1. According to the ESC guidelines from 2020,1 individuals 

with low thrombo-embolic risk (CHA2DS2-VASc 0 in men and 0-1 in women) 

do not need anticoagulant treatment. The individual risk for bleeding 

complication can be estimated using for example the HAS-BLED-score,1 see 

Table 1. A HAS-BLED-score of ≥ 3 points highlights individuals at risk of 

bleeding complications. Warfarin, which was approved for medical use in 

1954, has been the established drug for anticoagulant treatment until recently, 

reducing ischemic stroke by 68% compared to placebo.13 In 2009-2013, four 

RCTs on four direct-acting oral anticoagulants (DOACs), i.e. apixaban, 

dabigatran, edoxaban, and rivaroxaban, showed noninferior reduction in 

thromboembolic risk compared to warfarin.14 In addition, DOACs have been 

shown to reduce bleeding risk, they are easier to administrate, and have fewer 

drug-to-drug interactions compared to warfarin13, 14 and are now generally 

recommended as first line therapy in AF patients without moderate-to-severe 

mitral stenosis or a mechanical heart valve.1, 14 

Table 1. The CHA2DS2-VASc and HAS-BLED scores 

CHA2DS2-VASc score HAS-BLED score 

 

1 point  1 point  

Congestive heart failure Hypertension (>160 mmHg systolic) 

Hypertension  Renal disease 

Age 65-74  Liver disease 

Diabetes mellitus  Stroke history 

Vascular disease  Prior major bleeding or predisposition to bleeding 

Female sex  Labile INR 

  Age >65 

2 points  Medication usage predisposing to bleeding 

Age 75 or above  Alcohol use ≥8 drinks/week 

Stroke/TIA/thromboembolism 
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1.1.3 RISK FACTORS FOR AF 

High age, male sex, white ethnicity, obesity, taller stature, hypertension, 

diabetes mellitus, obstructive sleep apnea, myocardial infarction, heart failure, 

smoking, and genetic predisposition are considered well known risk factors for 

AF.15 In addition, the annual rates of increase in blood pressure, body weight, 

and fasting blood glucose has been found to increase AF risk.16 A meta-

analysis regarding the relation between alcohol consumption and AF found 

that high alcohol consumption was associated with increased risk of AF and 

that chronic moderate alcohol intake (1-2 standard drinks per day) was 

associated with a small increased risk of AF in men.17 Low alcohol 

consumption (up to 6-7 standard drinks per week) was not associated with an 

increased risk of AF.17 Regarding physical activity, moderate physical activity 

has been suggested to protect against AF, while excessive, especially high-

volume endurance exercise increase the risk of AF.15 For risk factors in AF, 

see Table 2. 

AF share several risk factors, such as high age, smoking, hypertension, 

diabetes mellitus, and high BMI, with other cardiovascular diseases 

highlighting the possibility that these risk factors cause manifest 

cardiovascular diseases that in turn cause AF or vice versa.18 Other risk factors 

for cardiovascular diseases (i.e., non-white ethnicity, shorter stature, higher 

total and LDL cholesterol, and higher diastolic blood pressure) have on the 

other hand been suggested to be associated with lower risk of developing AF.18 

 

Table 2. Risk factors and protective factors for atrial fibrillation 

 

Biological risk factors 

High age 

Male sex 

White ethnicity 

Taller stature 

Genetic predisposition 

Life-style and health related 

risk factors 

Obesity 

Hypertension 

Smoking 

High alcohol consumption 

Excessive physical activity 

Obstructive sleep apnea 

Myocardial infarction 

Heart failure 

 

Protective factors 

Moderate physical activity 
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1.1.4 COMORBIDITIES AND CONSEQUENCES OF 
AF  

Several conditions often co-occur with AF and the co-occurrence with other 

conditions is often associated with adverse prognosis and increased mortality.15 

Heart failure may both cause and be directly caused by AF.15 In addition, AF 

and heart failure may co-occur due to shared risk factors. One study based on 

the Framingham heart study showed that 37% of those who developed AF 

already had a heart failure diagnosis and 57% of those who developed heart 

failure already had an AF diagnosis.19 AF has also a bidirectional relationship 

with myocardial infarction and a study based on the Atherosclerosis Risk in 

Communities (ARIC) study showed that those with AF had a 63% increased 

risk of developing myocardial infarction.20 One trial, screening patients for AF 

with ICM after an acute myocardial infarction, found that the highest risk of 

new-onset AF was during the first two month, where 16% developed AF.21 

After one year, 32% had developed AF.21 Worth to notice is that the vast 

majority of the AF events were asymptomatic making it possible that AF 

episodes have occurred before the infarction. Other conditions that seem to 

have a bidirectional relationship with AF are chronic kidney disease and 

venous thromboembolism.15 In addition, cancer often co-occur with AF 

although this area is not as well studied.15 One possibility that new AF is more 

frequently discovered after a cancer diagnosis may be the extensive 

investigations that are conducted in newly detected cancer patients.15 

Stroke is a feared consequence of AF and AF has been associated with a 4- to 

5- fold increased risk of stroke.22 However, a systematic review found a 

substantial variation in the annual stroke rate in AF patients, ranging from 

0.5% to 9.3%.23 The stroke risk was generally higher in patients with higher 

CHA2DS2-VASc score.23 Strokes in AF patient are also associated with higher 

mortality and disability compared to strokes due to other causes.24 Ischemic 

stroke has several different etiologies and has been classified as (1) large-artery 

atherosclerosis, (2) cardio embolism, (3) small-vessel occlusion, (4) stroke of 

other determined etiology, and (5) stroke of undetermined etiology 

(cryptogenic stroke) according to the Trial of ORG 10172 in Acute Stroke 

Treatment (TOAST) classification.25 The main mechanism behind the 

association between AF and stroke is thought to be cardiac embolism from 

thrombus formation, often located in the left atrium, especially in the left atrial 

appendage.26 The formation of thrombus can be explained by the “Virchow´s 

triad”, since AF has been associated to all the criteria, i.e. hypercoagulability, 

vessel wall abnormalities (e.g., endothelial injury and structural changes), and 

abnormal blood flow.26 However, AF has also been associated to infarcts not 

typically caused by embolism such as lacunes, which is seen as a marker of 
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small vessel disease.27  There is an ongoing debate whether the arrhythmia 

itself causes stroke or if aging and vascular risk factors contribute to an 

abnormal atrial substrate that in turn causes both AF and stroke.28 In addition, 

there is a possibility that stroke may cause AF since brain injuries affect the 

autonomic nervous system and trigger a systemic inflammatory response, 

which both have a role in the pathogenesis of AF.29  

Other adverse outcomes of AF include dementia, which will be described in 

detail below. 

1.1.5 CHARACTERIZATION OF AF 

There are several international consensus documents and AF guidelines 

addressing single domains, such as symptom severity (e.g the European Heart 

Rhythm association Symptom severity score),30 the temporal pattern (e.g first 

diagnosed, paroxysmal, persistent, longstanding persistent, and permanent)30, 

and stroke risk (e.g., CHA2DS2-VASc score). A new characterization scheme, 

the 4S-AF Scheme, has been proposed to better characterize AF and includes 

four areas, i.e. stroke risk, symptoms, severity of burden, and substrate.31 In 

the 4S-AF scheme the severity of AF burden includes not only the temporal 

pattern of AF, but also the total AF burden which can be measured as for 

example total time in AF and number of episodes. Substrate considers 

comorbidities, cardiovascular risk factors, and atrial cardiomyopathy. 

1.1.6 SOCIAL DETERMINANTS AND SEX 
DIFFERENCES IN AF 

As mentioned before, AF is more common in men than in women. However, 

among individuals with AF, anticoagulants have been reported to be underused 

to a higher degree in women compared to men,32 women are more often treated 

with rate control strategies and are less often treated with ablation.33 In 

addition, women with AF also report worse health-related quality of life than 

men34 and experience a higher risk for adverse outcomes such as increased risk 

of stroke and mortality.33 Reasons for the higher age-standardized incidence 

and prevalence in men are not fully understood but factors such as taller stature 

and larger heart chambers in men may play a role.33 On the other hand, women 

with AF have more atrial fibrosis, which could play a role for the higher risk 

of adverse outcomes seen in women.33 

Part of the racial/ethnic differences seen in AF incidence and prevalence 

worldwide could be explained by different AF detection rates in different 

settings. However, detection rate and knowledge about the diagnosis cannot 

solely explain the higher incidence and prevalence seen in white individuals 
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compared to other races/ethnicities (such as Black, Hispanic, and 

American/Indian/Alaska Native individuals).35 For example, the ARIC study 

found that the risk of developing AF during the 21-year follow-up (using ECG 

screening) was 1 in 3 in white Americans and 1 in 5 in black Americans.36 The 

reason for this racial/ethnic difference in AF frequency is not fully understood 

and the fact that non-white individuals have higher prevalence of AF risk 

factors makes this a paradox.35 Explanations include excess premature death 

rates in non-white individuals35 and genetic factors.37 It has for example been 

shown that a larger proportion of European ancestry increases the risk of AF 

in black individuals.37 However, even though AF is less prevalent in black 

individuals, management and outcomes have been shown to be in favor of 

white individuals. For example, white individuals with AF are more often 

treated with adequate anticoagulant treatment and have a lower risk of stroke 

and mortality.35 

Low income, lower education level, and unemployment have all been 

associated with higher AF incidence.35 In addition, anticoagulant treatment for 

AF is under-prescribed in low-income countries and lower socio-economic 

status has been shown to decrease the likelihood of receiving DOACs 

compared to warfarin.35 In addition, adverse outcomes such as mortality, 

stroke, hospitalization for heart failure, and myocardial infarctions have been 

reported to be more common in individuals with lower income.35 Other 

important factors that need to be further examined in relation to AF are rurality 

versus urbanity and health literacy, since AF require awareness for both 

detection and management in order to prevent adverse outcomes.  
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1.2 COGNITIVE IMPAIRMENT AND DEMENTIA 

Dementia is the most severe form of cognitive impairment and consists of loss 

of cognitive abilities from the prior cognitive function which results in 

impaired function in activities of daily living (ADL). This cognitive disease 

affected approximately 47 million individuals worldwide in 2015, a number 

that is expecting to double every 20 years.38 Dementia prevalence increases 

with higher age and affect 24-33% of 85-year-olds and older in the Western 

world.39 The most common form is Alzheimer´s dementia, accounting for 

about 50-60% of all dementia cases.40 Other forms of dementia include 

vascular dementia, Lewy body dementia, and frontotemporal dementia.41 

There are also other diseases or conditions that are linked to the development 

of dementia such as Creutzfeldt-Jakob disease, Parkinson´s disease, 

Huntington´s disease, alcohol-related encephalopathy, and traumatic brain 

injury.42 In addition, there are conditions, sometimes reversible, that cause 

dementia-like symptoms, for example infections, metabolic disorders, 

nutritional deficiencies, subdural hematomas, brain tumors, and normal 

pressure hydrocephalus.42  

1.2.1 DIAGNOSTIC CRITERIA FOR DEMENTIA 

There are two main diagnostic systems for classifying dementia, i.e. the 

International Classification of Diseases (ICD) and the Diagnostic and 

Statistical Manual of Mental Disorders (DSM). The ICD system is used when 

coding diagnoses within the health system, for example hospital discharge 

diagnoses, while the DSM system, which has the ability to better capture mild 

dementia cases, is widely used in research.43  

The DSM III-R criteria,44 published in 1987, is widely used in research. For 

diagnostic criteria see Table 3. Later versions of the DSM-system include e.g. 

DSM-IV, published in 199445 and DSM-V, published in 2013.46 In research, 

Alzheimer´s dementia is often classified according to the National Institute of 

Neurological and Communicative Disorders and Stroke and the Alzheimer’s 

Disease and Related Disorders Association (NINCDS-ADRDA) criteria,47 see 

Table 3. Vascular dementia is often classified according to the National 

Institute for Neurological Disorders and Stroke and the Association 

Internationale pour la Recherche et l'Enseignement en Neurosciences (NINDS-

AIREN) criteria,48 see Table 3.  
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Table 3. Diagnostic criteria for Dementia according to the DSM-III-R, and 
diagnostic criteria for Alzheimer´s dementia and vascular dementia 

 

Dementia according to the DSM-III-R  

 

A. Impairment in short- and long-term memory 

B. Impairment in abstract thinking or judgement or other disturbances of higher cortical functions 

or personality change  

C. Evidence that the cognitive disturbance resulting from criteria (A) and (B) significantly 

interferes with work or usual social activities or relationship with others  

D. Not occurring exclusively during the course of delirium  

E. Either evidence of a specific organic factor judged to be etiologically related to the disturbance, 

or in the absence of such evidence, an etiologic organic factor can be presumed if the 

disturbance cannot be accounted for by any non-organic mental disorder 

 

Alzheimer´s dementia (NINCDS-ADRA criteria) 

 

Probable Alzheimer´s dementia    

A. An established dementia diagnosis    

B. Deficits in two or more areas of cognition    

C. Progressive worsening of memory and other cognitive functions  

D. No disturbance of consciousness   

E. Onset between ages 40 and 90, most often after age 65   

F. Absence of systemic disorders or other brain diseases that in and of themselves could account 

for the progressive deficits in memory and cognition   

 

Possible Alzheimer´s dementia 

 

May be made in the absence of other neurologic, psychiatric, or systemic disorders sufficient to cause 

dementia, and in the presence of variation in onset, in the presentation, or in the clinical course. May 

also be made in the presence of a second systemic or brain disorder sufficient to produce dementia, 

which is not considered to be the cause of the dementia.  

 

    

Vascular dementia (NINDS-AIREN criteria) 

    

Probable vascular dementia    

A. An established dementia diagnoses.  

B. Cerebrovascular disease (focal neurological signs on examination consistent with stroke (with 

or without history of stroke) and evidence of relevant cerebrovascular disease by brain imaging) 

C. A relationship between A and B, manifest by one or more of: (1) onset of dementia within 3 

months following a recognized stroke, (2) abrupt deterioration in cognitive functions or a 

fluctuating stepwise progression of cognitive deficits 

 

Possible vascular dementia 

 

May be made when brain imaging to confirm definite cerebrovascular disease are missing, in the absence 

of clear temporal relationship between dementia and stroke, or inpatients with subtle onset and variable 

course of cognitive deficits and evidence of relevant cerebrovascular disease. 
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1.2.2 RISK FACTORS FOR DEMENTIA 

The Lancet commission has identified 12 modifiable risk factors for dementia, 

i.e. low education level, hypertension, hearing impairment, smoking, obesity, 

depression, physical inactivity, diabetes mellitus, low social contact, excessive 

alcohol consumption, traumatic brain injury, and air pollution.49 Other risk 

factors for dementia include high age, the Apolipoprotein E (APOE) ε4 allele, 

diabetes mellitus, cardiovascular disease, and sleep disturbance.50 

1.2.3 ALZHEIMER’S DEMENTIA 

Alzheimer’s dementia is the most common dementia type and typical clinical 

symptoms include impairment in episodic memory and orientation, aphasia, 

apraxia, agnosia, affected judgment, and decision-making.40 Alzheimer’s 

dementia is often slowly progressive and can be classified as late (>65 years) 

or early onset (<65 years).51 Late onset Alzheimer´s dementia is the most 

common form that constitute 90-99% of the cases and most cases of late onset 

Alzheimer´s dementia are sporadic (60%), while the rest (40%) have a positive 

family history of Alzheimer´s dementia.51 Alzheimer´s dementia is a 

neurodegenerative disease with pathological features of senile plaques, 

neurofibrillary tangles, and degeneration of neurons and synapses in the 

brain.40 Several pathogenic mechanisms have been suggested for Alzheimer´s 

dementia, e.g. amyloid beta (Aβ) aggregation and deposition, tau 

hyperphosphorylation, neurovascular dysfunction, abnormality in the proteins 

regulating the cell cycle, inflammatory processes, oxidative stress, and 

mitochondrial dysfunction affecting the neuronal energy metabolism.40 The 

foremost hypothesis for Alzheimer´s dementia is the amyloid cascade 

hypothesis,40 where an imbalance between Aβ production and clearance result 

in Aβ accumulation and the formation of oligomers affecting neuronal and 

synaptic functions in the brain. Aβ gradually deposits into plaques that activate 

brain microglia and astrocytes, resulting in an inflammatory response. In 

addition to the Aβ cascade, tau, an axonal protein, becomes 

hyperphosphorylated due to an unbalance in kinases and phosphatases.40 Tau 

hyperphosphorylation leads to impaired axonal transport which affects 

synaptic and neuronal function in the brain.40 The neurovascular hypothesis, 

on the other hand, suggests that there is an impairment in the delivery of 

nutrients to brain neurons due to dysfunctional blood vessels and that the blood 

vessel dysfunction also reduces Aβ clearance.40 In younger patients with 

Alzheimer´s dementia, dementia severity corresponds well to the plaque and 

tangle burden, whereas this is not the case among older patients with 

Alzheimer´s dementia, indicating that it may not be a homogeneous disease.52  
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1.2.4 VASCULAR DEMENTIA 

Vascular dementia is related to vascular injury in the brain and it can be due to 

both large vessel disease, i.e. large infarcts and haemorrhages, and small vessel 

disease, for example lacunes and white matter hyperintensities (WMHs).53 

There are also rare familial forms of vascular dementia, such as the cerebral 

autosomal dominant arteriopathy with subcortical infarcts and 

leukoencephalopathy (CADASIL).54 

Vascular dementia constitute 15-20% of the dementia cases in Europe and 

North America.55 However, the number of cases classified as vascular 

dementia depend on the diagnostic criteria used. 

The clinical characteristics of vascular dementia are somewhat different from 

Alzheimer´s dementia. In Alzheimer´s dementia, the neurodegeneration is 

expected to continue and hence the symptoms are expected to increase over 

time. In vascular dementia caused by stroke, the neuropsychological symptoms 

are often worst during the acute phase and may thereafter improve over time 

and then stabilize until a new event occurs. There are also differences in 

symptoms, where vascular dementia has a greater variety since the symptoms 

highly depend on the location of the lesions.54 Common symptoms include 

impairment in executive function, attention, and information processing.54 In 

addition, symptoms such as depression and apathy are common in vascular 

dementia.54    

1.2.5 MIXED ALZHEIMER’S AND VASCULAR 
DEMENTIA 

Several risk factors for vascular dementia, such as old age, hypertension, AF, 

carotid or aortic atherosclerosis, coronary artery disease, ventricular 

dysfunction, diabetes mellitus, high cholesterol, smoking, and the APOE ε4 

allele, are also known or suggested risk factors for Alzheimer´s disease.56 In 

addition, patients with Alzheimer´s dementia often have cerebrovascular 

pathology, including cerebral infarcts, microinfarcts, and WMHs.56 Whether 

cerebrovascular pathology in patients with Alzheimer´s dementia only co-exist 

due to shared risk factors or is contributing to the pathogenesis of Alzheimer´s 

dementia is not elucidated.56 However, studies have shown that 

cerebrovascular ischemic pathology upregulates the expression of the amyloid 

precursor protein (APP) leading to Aβ deposition.40 The coexistence of 

Alzheimer´s disease and vascular pathology may also cause dementia in cases 

where only one pathology would not be enough to disturb the cognitive 

function to the level that allows for a dementia diagnosis to be made.40, 56 
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1.3 AF AND THE RISK OF COGNITIVE 
IMPAIRMENT AND DEMENTIA 

Awareness about cardiac causes of cognitive impairment leading to vascular 

dementia became evident in the 1970s and was referred to as cardiogenic 

dementia.57 In the 1990s, researches suggested that cardiovascular diseases and 

risk factors could also trigger Alzheimer´s disease.57 Today, several cardiac 

diseases, such as heart failure, coronary artery disease, AF, and valvular 

disease have been suggested to contribute to cognitive impairment and 

dementia.57  

In 1997, Ott and colleagues found an association between AF and dementia in 

the absence of stroke in a cross-sectional study based on the Rotterdam study.58 

Since then, several studies have confirmed these results in longitudinal 

studies,59-68 while others have not found an association.69-72 Although many 

studies have adjusted for stroke at baseline or excluded participants with stroke 

history at baseline, until recently, only a few studies took incidence stroke into 

account.60-63, 67, 73 A meta-analysis from 2019, only including studies taking 

incident stroke into account, reported a nearly 30% increased risk of dementia 

in participants with AF.74  

There are some longitudinal studies that, in addition to all cause dementia, have 

found an association between AF and vascular dementia73 and Alzheimer´s 

dementia63, 73 irrespective of symptomatic stroke. However, a study based on 

the Swedish National Study on Aging and Care in Kungsholmen (SNAC-K), 

found no association between AF and Alzheimer´s dementia.62 

1.3.1 SOCIAL DETERMINANTS AND SEX 
DIFFERENCES REGARDING THE 
ASSOCIATION BETWEEN AF AND DEMENTIA 

Little is known about sex, racial/ethnic, and socio-economic differences in the 

relation between AF and dementia risk. Given the differences in AF prevalence 

and stroke risk between different groups, it is plausible that these factors also 

interact with AF in relation to dementia.  

Results regarding sex difference in the relation between AF and dementia have 

been mixed. A study based on SNAC-K found an association between AF and 

dementia among women only,62 while a study based on the ARIC study  found 

that the increased risk of dementia was similar between sexes.60 The ARIC 

study also reported on racial differences regarding the relation between AF and 

dementia and found no difference between black and white participants.60  
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1.3.2 MECHANISMS 

The mechanisms behind the association between AF and dementia are not 

elucidated. As described above, AF and dementia share risk factors, such as 

high age, diabetes mellitus, hypertension, coronary artery disease, and heart 

failure.75 Other possible explanations in the absence of symptomatic stroke 

include silent brain infarcts (SBIs; i.e. infarcts visible on brain imaging but 

with no corresponding neurological symptoms) altered cerebral blood flow, 

and inflammation,75 see Figure 3. 

 

 Mechanisms behind the relation between atrial fibrillation and dementia 

 

Stroke 
AF has been associated with an increased risk of stroke,76 that in turn is 

associated with dementia.77 Even though studies regarding the association 

between AF and dementia have shown an association in the absence of 

symptomatic stroke,74 few longitudinal studies have examined if the 

association can be explained by SBIs. A study based on the ARIC study found 

that incident AF in participants free from symptomatic stroke was associated 

to a greater cognitive decline.78 However, the association between AF and 

cognitive decline was only seen in participants with prevalent or incident SBIs, 

suggesting that the association between AF and cognitive decline was 

mediated by SBIs. In contrast, a cross-sectional case-control study found that 

AF was associated with lower function in learning and memory, and attention 

and executive function in a sample free from symptomatic stroke and SBIs.79 

  

Atrial fibrillation 

Stroke 

Silent cerebral infarcts 

Altered cerebral blood flow 

Inflammation 

Dementia 

Shared risk factors 
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Altered cerebral blood flow 
The brain consumes around 20% of the available oxygen in the blood and has 

high metabolic requirements which places demands on the cerebral blood 

flow.80  

It has been found that individuals who were fibrillating at the time of the 

examination had reduced total cerebral blood flow compared to those in sinus 

rhythm, irrespective of AF history, suggesting that the arrhythmia itself causes 

reduced cerebral blood flow.81 This may be due to reduced cardiac output in 

AF patients since the ventricles are not filled properly due to the absence of 

normal atrial contractions.57 In addition, rapid heart rate may also impair 

ventricle filling and it has been reported that heart rhythm regulation in AF 

patients with heart failure improve cardiac output.82 

Under normal conditions, cerebral blood flow is hold constant through 

regulatory mechanisms.83 Regulatory mechanisms may be affected by 

traumatic brain injury, stroke, and Alzheimer´s disease.84 However, AF has 

also the potential to affect regulatory mechanisms thorough autonomic 

disturbances,85 endothelial damage/dysfunction, and lower bioavailability of 

endothelial vasodilators.83, 86  

One computational study, modelling cerebral blood flow during sinus rhythm 

vs AF found that cerebral blood pressures were slightly reduced during AF.87 

However, mean flow rates were similar during sinus rhythm and AF indicating 

that when the regulatory systems are working normally, the reduced cerebral 

blood pressure will be compensated.87 The main difference between sinus 

rhythm and AF was the variability in cerebral hemodynamic parameters, where 

the variability was largest in the distal circulation. AF caused both 

hyperperfused episodes (mainly in arterioles) and hypertensive events (mainly 

in capillaries), that in turn might damage the deep white matter.87  

It has been shown that low cardiac output or hypotension that leads to cerebral 

hypoperfusion affects memory and attention, and may lead to Alzheimer´s 

dementia.57 Cerebral hypoperfusion may cause hypoxia, which can affect the 

blood-brain barrier (BBB) permeability causing impaired Aβ clearance.88 In 

addition, brain hypoperfusion can lead to local acidosis that can alter tau 

protein functioning causing hyperphosphorylation and formation of tau 

oligomers.88 
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Inflammation 
Both AF and Alzheimer´s disease have been associated with several 

inflammatory markers and inflammation has been suggested to be both a cause 

of AF and Alzheimer´s disease and a consequence from the diseases.88  

Risk factors for arrythmia, such as coronary artery disease, hypertension, 

obesity, myocardial lesions, and valvular disease can trigger inflammation that 

can cause cardiac structural and electrical remodeling leading to AF.88 

However, AF also seem to trigger an inflammatory response. It has for example 

been shown that patient who maintained sinus rhythm after cardioversion or 

ablation had a gradual decrease in CRP levels, while CRP levels in patients 

with recurrent AF did not change.89 

Brain abnormalities as a trigger for AF 
Although there are plausible explanations why AF cause dementia, the 

opposite direction of the relationship is possible. It has for example been shown 

that that patients with Alzheimer´s dementia have higher Aβ40 and Aβ42 

levels in the myocardium compared to age-matched controls, which affect the 

cell function in the heart.90 In addition, as mentioned before, there is a 

possibility that stroke may cause AF since brain injuries may affect the 

autonomic nervous system and trigger a systemic inflammatory response.29 For 

example, infarcts in the insular cortex that is involved in the regulation of 

cardiac rhythm have been associated with several cardiac arrhythmias, 

including AF.91 

1.3.3 AF AND MARKERS OF SMALL VESSEL 
DISEASE  

Markers of small vessel disease (see Figure 4) on brain magnetic resonance 

imaging (MRI) include recent small subcortical infarcts, lacunes, WMHs, and 

cerebral microbleeds (CMBs), but also atrophy, perivascular spaces, 

intracerebral hemorrhages, and superficial cortical siderosis.27 Markers of 

small vessel disease that are analyzed in this thesis are described below. The 

definitions are according to the STandards for ReportIng Vascular changes on 

nEuroimaging (STRIVE) published in 2013.27  

Recent small subcortical infarcts 
Recent small subcortical infarcts are often called lacunar infarcts and are 

defined as an infarction that occurred within the previous few weeks in the 

territory of a perforating arteriole.27 In the acute phase it can be up to 20 mm 

on axial sections.27 Recent small cortical infarcts often turn into lacunes or 
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WMHs on brain MRI, but MRI images may also be normal or nearly normal 

in the chronic phase.27  

Lacunes of presumed vascular origin 
Lacunes are round or ovoid fluid-filled cavities (3-15 mm) located in the 

subcortex.27 They are often the chronic presentation after a small subcortical 

infarct but may also be due to small deep haemorrhages.27 Lacunes are 

common in older adults and have been associated with increased risk of stroke, 

gait impairment, and dementia.27 One study, based on the Rotterdam study, 

found that most (>90%) SBIs were lacunes.92, 93 However, not all lacunes are 

silent and in the Rotterdam study more than half of all symptomatic infarcts 

were lacunes.93 High age and hypertension are the most widely accepted risk 

factors for SBIs.92 However, in a meta-analysis from 2014, AF was associated 

with a 2-fold increase in the odds of SBIs.94 In contrast, a recent longitudinal 

study from SNAC-K, found no association between AF and annual changes in 

number of lacunes.95 

White matter hyperintensities 
Many different terms have been used and are still used for WMHs such as 

leukoaraiosis, white matter lesions, and white matter changes.27 The term 

WMHs refers to the hyperperintensities seen on T2-weighted images (e.g., 

fluid-attenuated inversion recovery (FLAIR) images). The lesions can be of 

variable size and should be without cavitation.27 The pathogenesis for WMHs 

is not fully understood, but plausible mechanisms include brain hypoperfusion, 

neuroinflammation, and thromboembolism.96 WMHs have been found to 

increase the risk of both stroke, dementia, and mortality,96 as well as 

depression, gait disturbance, and urinary symptoms.97 Results on the 

association between AF and WMHs have been disparate. One study found that 

AF was associated to WMHs in the deep and subcortical but not in the 

periventricular white matter,98 while another study found that AF was 

associated with WMHs in the periventricular white matter but not in the 

subcortex99. Studies from the Mayo clinic study of aging,100 the ARIC study,101, 

102 and the Framingham offspring study103 did not found an independent 

association between AF and global WMH volumes.  
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Cerebral microbleeds 
CMBs are small (often 2-5 mm, but sometimes up to 10 mm) lesions that can 

be seen on T2*-weighted Gradient-Recalled Echo (GRE) or Susceptibility-

Weighted (SWI) MR sequences.27 They consist of focal hemosiderin deposit 

from minor bleedings.104 CMBs have been associated with an increased risk of 

ischemic stroke and intracranial hemorrhage.105, 106 CMBs located in the deep 

subcortical or infratentorial areas have been associated to hypertension and 

vascular risk factors whereas lobar CMBs have been associated to cerebral 

amyloid angiopathy (CAA).107 Few studies have reported on the association 

between AF and CMBs.108 One cross-sectional case-control study from Japan 

found that CMBs were more often present in AF patients compared to controls 

(patients without AF who underwent brain MRI for investigation of any 

neurologic disorder except symptomatic stroke).109 However, these were 

unadjusted analyses and the groups differed regarding sex, cardio vascular risk 

factors, and anticoagulant treatment.109 In a meta-analysis from 2019, 

anticoagulant treatment was associated to prevalent and incident CMBs.110 

When studying the distribution of CMBs, anticoagulants were associated with 

strictly lobar CMBs only and not with deep/infratentorial.110 

1.4 ATRIAL FLUTTER  

Atrial flutter (AFL) is also a cardiac arrhythmia originating from the cardiac 

atria. AF and AFL are often combined into one entity in epidemiologic 

studies.111 Reasons for combining the two arrhythmias include that AFL is far 

less common than AF, these arrhythmias can be misclassified by physicians,111 

hospital discharge diagnoses have diagnostic codes including both diagnoses 

making it impossible to separate AF from AFL,112 and that AF often develops 

in AFL patients.111 The Framingham Heart study found that individuals with 

AFL had a 5-fold increased risk of developing AF compared to controls. In 

addition, AF and AFL share several risk factors and both have increased risk 

of myocardial infarction, heart failure, and stroke.111 However, differences in 

outcomes between AF and AFL have been found. For example, one recent 

register-based study from Taiwan found that patients with AF had an increased 

risk of ischemic stroke compared those with AFL. In addition, among patients 

without stroke, patients with AF had higher risk of developing dementia.113 
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1.5 EPIDEMIOLOGICAL STUDIES 

Epidemiological studies are used to form policy decisions and to contribute to 

evidence-based medicine. Epidemiological studies have been defined in many 

different ways. One example is the definition by Miquel Porta who defined 

epidemiological studies in “a dictionary of epidemiology”114 as: 

“The study of the occurrence and distribution of health-related states 

or events in specified populations, including the study of the 

determinants influencing such states, and the application of this 

knowledge to control health problems.” 

Hippocrates is described as the first epidemiologist. He started to use a rational 

perspective of diseases rather than a supernatural and noted that different 

diseases were present in different areas, for example that malaria and yellow 

fever often were found in areas that were permanently saturated with water.115 

There are several other known scientists using epidemiological methods before 

the 20th century, like James Lind (1716-1794) who identified scurvy symptoms 

and found that lemon and oranges were associated to recovery and John Snow 

(1813-1858) who studied cholera outbreaks and compared death rates for 

individuals with different water suppliers.115 However, in the second half of 

the 20th century, more systematic principals regarding epidemiological 

methods, such as how to design and evaluate epidemiological studies, took 

form.116 

1.5.1 STUDY DESIGN 

Different study design is suitable for different research questions. Descriptive 

studies describe frequencies and patterns of diseases or health factors. This can 

be used for statistical purposes and to generate hypotheses. However, to test a 

hypothesis, analytical epidemiology with the inclusion of a comparison group 

is essential. Analytical studies can be both experimental, where individuals or 

communities are exposed in a controlled manner and followed over time, and 

observational, where researchers observe individuals or communities without 

interfering.117, 118 Common study designs for observational studies are case-

control, cohort, and cross-sectional studies,117 see Table 4.  
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Table 4. Common study designs in epidemiological research 

 

1.5.2 VALIDITY AND PRECISION 

To be able to interpret and generalize results from epidemiological studies, the 

whole research process needs to be considered, from study design and 

execution to how to carry out analyses. It has been described that “the objective 

of an epidemiologic study is to obtain a valid and precise estimate of the 

frequency of a disease or of the effect of an exposure on the occurrence of a 

disease in the source population of the study”.116 Validity refers to whether a 

measurement represent the true value, while precision refers to whether a 

measure can be reproduced under the same conditions116, se Figure 5.  

 

 

 

 

 

 

 

 

 

 

 
 The “Bull´s eye”, validity and precision  

Precise but not valid Not precise and not valid Valid and precise 

Case-control studies  

Case-control studies are retrospective where the cases and a suitable control-group are 

identified first. Thereafter, information about exposures or risk factors are measured. 

Case-control studies are for example good when examining rare outcomes. 

 

Cohort studies 

In cohort studies, individuals in a defined population who are at risk of the outcome are 

first identified as exposed or unexposed and thereafter followed until the outcome 

occur, the participant drop out, or the study ends. Since the exposure is identified 

before the outcome it is possible to draw conclusions regarding causality. 

 

Cross-sectional studies 

In a cross-sectional study, information on both the exposure and the outcome is 

measured at the same time.  
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1.5.3 BIASES 

Errors that occur in research can either be systematic or random, where 

systematic errors have the highest risk to affect study validity and are often 

referred to as biases. Two forms of biases are information bias and selection 

bias.116  

Information bias are errors in the measurement.116 For categorical variables, 

these biases are often called misclassification.116 For binary variables, such as 

the presence or absence of a disease, the magnitude of the misclassification can 

be expressed as sensitivity, specificity, positive predictive value (PPV), and 

negative predictive value (NPV),116 see Table 5. Misclassification is 

differential if for example individuals with the exposure of interest have gone 

through a more extensive examination and therefore have a higher detection 

rate of the outcome than the unexposed.116 One other type of differential 

misclassification is called recall bias,116 i.e. that the individuals that have the 

outcome of interest more often remember or report being exposed than those 

without the outcome. Nondifferential misclassification means that there is no 

difference in misclassification between different groups, i.e. that the sensitivity 

and specificity of an exposure is equal in individuals with and without the 

outcome.116 For binary outcomes this often result in an underestimation of an 

effect.116 However, there are special circumstances where the effect may be 

enhanced or even reversed.116 Worth to mention is that misclassification is also 

important when it comes to confounders, since misclassification of 

confounders limit the possibility to fully adjust for the confounding factor.116 

Table 5.  Definition of sensitivity, specificity, positive predictive value, and 
negative predictive value 

Sensitivity  

The probability that individuals are classified as having a disease in the study when the 

disease is present 

 

Specificity 

The probability that individuals are classified as not having a disease in the study when 

no disease is present 

 

Positive Predictive Value 

The probability that individuals truly have a disease if classified as having a disease in 

the study 

 

Negative Predictive Value 

The probability that individuals truly do not have a disease if classified as not having a 

disease in the study 
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Selection bias occurs when there are differences among those who participate 

and those who do not participate in the study.116 This could be due to self-

selection116 if for example participants volunteer to participate and to stay in a 

study or not. Self-selection can also occur before study start. One example is 

the healthy-worker effect,116 where individuals in good physical health are able 

to work in physical demanding jobs, whereas those with poor physical health 

choose other jobs or are not able to work at all. This will bias studies 

investigating for example the relation between different jobs and mortality. 

1.5.4 GENERALIZABILITY 

In addition to reach valid study results, it is important to be able to generalize 

results to other populations. This is often referred to as external validity.116 One 

key question is whether different populations or societies possess different 

characteristics that affect the frequencies of disorders or associations between 

an exposure and an outcome or if there are biological similarities that make the 

results possible to generalize despite differences between populations.116 
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2 AIM 

Studies have shown that AF is associated to incident dementia and cognitive 

decline in the absence of symptomatic stroke. However, longitudinal 

population-based studies taking symptomatic stroke into account during 

follow-up have been scarce. In addition, the mechanisms behind the 

association between AF and dementia are not elucidated.  

This thesis aims to investigate if AF increases the risk of incident dementia 

after excluding participants with a history of symptomatic stroke at baseline 

and incident stroke during follow-up (paper III in this thesis). Further, it aims 

to investigate if AF is associated to SBIs and small vessel disease on brain MRI 

(paper IV).  

Epidemiological studies are often affected by selection bias. Therefore, in 

paper I, we aimed to describe the longitudinal sample of the 1930-cohort of the 

Gothenburg H70 Birth Cohort (H70) Studies (used in paper III) and to examine 

if different types of attrition were associated with certain participant 

characteristics. This is important in order to both evaluate and to be able to 

generalize the results. 

In addition, epidemiological studies are highly dependent on the information 

sources. Many studies depend solely on medical registers, while other include 

self- or proxy-reports in combination with physical examinations and 

biomarkers. For the study on AF and incident dementia (paper III) we had 

access to proxy-reports, the national patient register (NPR), and ECGs to 

diagnose AF, but not self-reports. Therefore, in paper II, we aimed to 

investigate the agreement between different sources of information (self-

report, proxy-report, and the NPR) for AF, and other cardiovascular diagnoses 

and diabetes mellitus.  

. 
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3 PARTICIPANTS AND METHODS 

3.1 PARTICIPANTS  

Data were derived from the H70-studies and the Prospective study of women 

(PPSW) in Gothenburg, Sweden. The H70-studies are multidisciplinary 

longitudinal studies of residents aged 70 years and older in Gothenburg. The 

first 70-year-olds were examined in 1971 and since then, five additional 

cohorts with baseline at age 70 years have been examined. The present study 

includes two of the H70 cohorts, those born 1930 and 1944. Paper I, II, and III 

are using samples from the 1930-cohort and paper IV is based on the 1944-

cohort. All samples are systematically selected based on birth date in order to 

yield representative samples of older adults in Gothenburg. Exclusion criteria 

were death or emigration before study start, inability to speak Swedish, and 

contact failure. The sampled individuals were first contacted by mail, including 

information about the studies and a consent form. Thereafter, the invited 

individuals were contacted by telephone and asked about participation. 

Examinations were conducted at an outpatient clinic or in the participants 

home if the participant did not have the possibility to come to the outpatient 

clinic.  

In 2000, the H70 studies were merged with the PPSW. Women in the PPSW 

study were first examined in 1968-69 and followed up in 1974-75, 1980-81, 

and 1992-94, before the study was merged with the H70-study.  

Participants in both the H70 and the PPSW studies were residents in 

Gothenburg at the time of inclusion. At follow-up, all previous participants 

were invited even though they had moved out of Gothenburg. Paper II and III 

include all individuals examined the specific year and therefore, also 

individuals who lived outside of Gothenburg at the time of the examination 

were included.  

 

3.1.1 THE 1930-COHORT 

The longitudinal sample of the 1930-cohort is described in detail in paper I. 

The 1930-cohort was first examined at age 70 in year 2000-02, and followed 

up at age 75 (in year 2005-07), age 79 (in year 2009-11), age 85 (in 2015-16), 

and age 88 (in year 2018-19).  
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In paper I, the samples with baseline in 2000-02 and 2005-07 were used, see 

figure 6. In 2000-02 a total of 524 individuals participated (response rate 70%). 

In 2005-07 the sample was extended in order to yield a larger sample. 

Therefore, in 2005-07, a total of 767 individuals participated (response rate 

64%).  

 

Baseline 2000-02, age 70 Baseline 2005-07, age 75 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Flow chart paper I, baseline in 2000-02 and 2005-07 

 

 

  

Sampled individuals 

N = 775 

Excluded: 

12 language difficulties 

5 died before examination 

4 no contact 

1 emigrated before examination 

Eligible sample 

N = 753 

Refused: 464 

Participants 

N = 524 

RR = 70% 

Sampled individuals 

N = 1250 

Excluded: 

24 language difficulties 

11 died before examination 

17 no contact 

2 emigrated before examination 

Eligible sample 

N = 1196 

Refused: 429 

Participants 

N = 767 

RR = 64% 
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In paper II, individuals who participated in 2009-11 in the H70-study or the 

PPSW study were included, see Figure 7. In total, 662 individuals 

participated (response rate 62%). Of these, 475 (72%) had data from both 

self- and proxy-reports. Individuals with dementia (n = 42) and those whose 

self-reports included additional information from medical records, relatives 

or other sources (n = 14) were excluded, leaving 419 participants. 

 

Participants living in Gothenburg  Participants who had moved from 

Gothenburg before 2009-11 examination 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 Flow chart paper II, examination in 2009-11 

Sampled individuals 

N = 1056 

Excluded: 

39 language difficulties 

33 died before examination 

33 no contact 

1 technical reasons 

Eligible sample 

N = 950 

Participants 

N = 580 

Refused: 370 

Sampled individuals 
N = 119 

Participants 

N = 82 

Eligible sample 

N = 113 

Refused: 31 

Participants 

N = 662 

RR = 62% 

Participants 

N = 475 

No proxy-informant interview: 25 

Dementia: 42 

Additional information on self-report: 14 

Study sample 

N = 419 

Excluded: 

1 language difficulties 

3 died before examination 

1 no contact 

1 technical reasons 
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In paper III, individuals who participated in 2000-02 in the H70-study or the 

PPSW study were included, see Figure 8. A total number of 604 individuals 

participated (response rate 71%) and 579 individuals took part in the 

psychiatric examination. All individuals with dementia at baseline (n = 16), 

or missing information on AF (n = 2) were excluded, leaving 561 individuals 

for analyses. Of the 561 individuals examined at age 70, 433 individuals 

participated at the follow-up examination at age 75 (response rate amongst 

survivors: 80%) and 364 individuals participated at the follow-up 

examination at age 79 (response rate amongst survivors: 77%). 

3.1.2 THE 1944-COHORT 

The 1944-cohort was first examined at age 70 in 2014-16 and the first follow-

up examination at age 75 was started in 2020 and is still ongoing. An extensive 

description of the sample and examination is found in Rydberg Sterner and 

Ahlner et al.119 

In paper IV, individuals participating in 2014-16 in the H70-study were 

included, see Figure 9. A total number of 1203 individuals participated 

(response rate 72%) and 791 individuals took part in the brain MRI 

examination. All individuals with multiple sclerosis, normal pressure 

hydrocephalus, Parkinson disease, or valvular disease (n = 15) were excluded, 

leaving 776 individuals for analyses of stroke/infarcts and CMBs. A total of 

13 individuals had invalid automated WMH segmentation, leaving 763 

individuals for analyses of WMH volumes. 
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Follow-up 

H70-study PPSW-study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Flow chart paper III, baseline in 2000-02 and follow-ups in 2005-07 and 

2009-11 

Sampled individuals 
N = 775 

Excluded: 
12 language difficulties 
5 died before examination 
4 no contact 
1 emigrated before examination 

Eligible sample 
N = 753 

Participants 
N = 524 

Refused: 229 

Sampled individuals 
105 

Participants 
80 

Eligible sample 
99 

Excluded: 
4 died before examination 
1 no contact 
1 emigrated before examination 

Refused: 19 

Participants 
N = 604 

RR = 71% 

Participants 
579 

No psychiatric interview: 25 

Dementia: 16 
Missing information on AF: 2 

Study sample 
561 

Participants at follow-up at age 75  
N = 433; RR among survivors 80% 

Died before follow-up: 23 
Emigrated before follow-up: 1 
No contact: 1 
Excluded due to technical reasons: 13 
Refused: 88 
No psychiatric examination: 2 

Participants at follow-up at age 79  
N = 364; RR among survivors 77% 

Died before follow-up: 91 
Emigrated before follow-up: 1 
No contact: 2 
Excluded due to technical reasons: 1 
Refused: 102 
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LST, lesion segmentation tool; MRI, magnetic resonance imaging; MS, multiple sclerosis; 

NPH, normal pressure hydrocephalus; WMH, with matter hyperintensity 

 
 Flow chart paper IV, examined in 2014-16 

Sampled individuals 

N = 1839 

Excluded: 

53 language difficulties 

29 died before examination 

58 no contact 

32 not living in Gothenburg 

Eligible sample 

N = 1667 

Refused: 464 

Participants 

N = 1203 

RR = 72% 

Participants MRI 

N = 791 

 

Refused MRI or had contraindications:  412 

Excluded due to MS, 

NPH, Parkinson, or 

valvular disease:  15 

Study sample 

N = 776 

 

Invalid LST segmentation:  13 

WMH sample 

N = 763 
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3.2 DATA COLLECTION 

The examinations included semi-structured interviews about somatic and 

psychiatric disorders and symptoms, medications, social factors, life-style 

factors, and ADL. Psychometric tests and physical examinations (e.g., 

anthropometry, blood pressure, ECG, lung function, and blood sampling) were 

performed. Examinations of physical fitness was performed and included for 

example gait speed, grip strength, and chair stand. Thereafter, the participants 

were invited to additional examinations such as computed tomography (CT) 

and MRI of the brain, lumbar puncture, and body composition. All participants 

were asked to provide contact information to a proxy informant who were 

asked to participate in an interview by telephone. 

Hospital discharge diagnoses were obtained from the inpatient part of the NPR 

coded according to the ICD system. All Swedish citizens have access to the 

health care system and are therefore included in the register if in need of 

inpatient care. The NPR received national coverage in 1978. Death dates were 

obtained from the Swedish Tax Agency. 

3.3 DEFINITION OF AF AND DEMENTIA 

In paper I and III, AF diagnoses were based on proxy-informant interviews, 

the NPR (ICD8-SE 427.92; ICD9-SE 427D; ICD10-SE I48), and ECGs coded 

according to the Minnesota Code (MC 8-3). In paper IV, AF was diagnosed 

based on self-reports, the NPR (ICD10-SE I48), and ECGs (MC 8-3).  

In all included papers, dementia diagnoses were based on the DSM-III-R 

criteria44 using information from psychometric tests and proxy-informant 

interviews. However, in the DSM-III-R criteria it is mandatory with 

impairment in both short- and long-term memory, while the H70-studies 

include cognitive impairment in short- or long-term memory. In paper III, 

Alzheimer´s dementia was based on the NINCDS-ADRDA criteria47 and 

vascular dementia was diagnosed similar to the NINDS–AIREN criteria for 

possible vascular dementia, except that a temporal relation between the 

neurological symptoms and dementia within 1 year was mandatory in the H70-

studies.48  
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3.4 DATA ANALYSES 

Paper I. Logistic regression was used to examine associations between 

characteristics at baseline and attrition at follow-up.  

Paper II. McNemar´s test was used to examine differences in prevalence 

between different information sources. Overall agreement, positive agreement, 

negative agreement, and Cohen´s Kappa were calculated to examine 

agreement between different information sources. Kappa values were 

interpreted as slight between 0 and 0.20, fair between 0.21 and 0.40, moderate 

between 0.41 and 0.60, substantial between 0.61 and 0.80, and almost perfect 

between 0.81 and 1.0.120 Sensitivity, specificity, positive (PPV) and negative 

(NPV) predictive values were used to study validity between different 

information sources.  

Paper III. Fisher´s exact test was used to examine differences in proportions 

and independent sample T-test was used to examine differences in mean 

values. Cox regression analyses were used to examine if a history of AF at 

baseline increased the risk of incident dementia during follow-up. Participants 

were censored at the time of death, emigration, dementia onset, or at the end 

of the study in 2012. Additional cox regression analyses were performed after 

excluding individuals with history of stroke at baseline or incident stroke 

during follow-up. Interactions for AF and sex, and AF and the presence of the 

APOE ε4 allele were examined in relation to incident dementia. 

Paper IV. Fisher´s exact test or Pearson´s Chi-square test was used to examine 

differences in proportions and independent sample T-test was used to examine 

differences in mean values for sample characteristics. Logistic regression was 

used to examine the association between AF and stroke/infarcts/CMBs. 

Individuals with symptomatic stroke were excluded in analyses of SBIs. Linear 

regression was used to examine the association between AF and WMH 

volume. WMH volumes were logaritmized due to non-normal distribution of 

the residuals. Sensitivity analyses were performed after excluding individuals 

with dementia (and TIA in analyses including SBIs). Interactions for AF and 

sex were examined in relation to stroke/infarcts and WMH volume. 

Interactions for AF and stroke/infarcts were examined in relation to WMH 

volumes. 
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3.5 ETHICAL CONSIDERATIONS 

All studies have been approved by the Regional Ethical Review Board in 

Gothenburg. Informed consent was obtained from all participants or their 

relatives in cases when it was not possible to obtain informed consent from the 

participant, i.e. for participants with dementia or other cognitive difficulties. 

Participants were informed that they could redraw their consent at any time 

and get all individual data deleted. 

This thesis utilizes data from interviews, blood samples, physical 

examinations, ECG, CT and MRI brain imaging, and the NPR. CT brain 

imaging exposes the participant to radiation. However, the radiation from one 

CT scan was calculated to corresponded to one-year background radiation and 

was not assessed to pose a risk in this age group. For brain MRI imaging, the 

same safety protocol was used as in the regular health system.  

The interviews and examinations included in the H70-studies and the PPSW 

were time consuming and could be tiering. The general examination took about 

one day. After that, the participants were asked to take part in additional 

examinations such as imaging. For the general examination, home visits and 

examinations divided into several days were offered to facilitate for 

participants who had difficulties coming to the outpatient clinic or did not 

manage the examination in one day. The examinations were in some cases also 

adapted to the individual, for example in individuals with dementia.  

In cases were lab tests or examinations (e.g., blood pressure, ECG, and brain 

imaging) were pathological, the participants were informed and referred to the 

regular health system, often the primary health center. If the participant 

approved, the results were also sent to the ordinary health care provider.     
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4 RESULTS 

4.1 PAPER I 

Rydén L*, Wetterberg H*, Ahlner F, Falk Erhag H, Gudmundsson P, Guo X, 

Joas E, Johansson L, Kern S, Mellqvist Fässberg M, Najar J, Ribbe M, Sacuiu 

S, Samuelsson J, Sigström R, Skoog J, Rydberg Sterner T, Waern M, 

Zettergren A, Skoog I. Attrition in the Gothenburg H70 Birth Cohort Studies -

an 18-year follow-up of the 1930-cohort. (Submitted manuscript). *LR and 

HW are joint first authors 

Paper I describes the longitudinal sample of the 5th cohort of 70-year-olds in 

the H70-studies. The response rates at baseline were 70% (in 2000-02 at age 

70) and 64% (in 2005-07 at age 75). The response rates among survivors were 

between 70 and 80 % at all follow-ups except at age 88 where the response rate 

among survivors were just below 60 %.   

When analysing characteristics associated with different types of attrition, we 

found that the main characteristics associated with refusal were lower 

education and cognitive level, and higher blood-pressure. Several socio-

demographic and health related factors were associated to attrition due to 

death, such as male sex, lower education level, cardiovascular diseases (e.g., 

atrial fibrillation and heart failure), stroke, dementia, and lower cognitive level. 

Thus, over time, the sample became more and more selected due to both refusal 

and attrition due to death. 
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4.2 PAPER II 

Rydén, L., Sigström, R., Nilsson, J., et al. (2019). Agreement between self-

reports, proxy-reports and the National Patient Register regarding diagnoses of 

cardiovascular disorders and diabetes mellitus in a population-based sample of 

80-year-olds. Age and Ageing, 48(4), 513-518. doi:10.1093/ageing/afz033.121 

In this cross-sectional study, we found a substantial agreement between self- 

and proxy-reported diagnoses of myocardial infarction, angina pectoris, AF, 

hypertension, and diabetes mellitus, see Table 6. The agreement between self- 

and proxy-reported diagnoses of intermittent claudication and heart failure 

were on the other hand fair. In addition, specificity was high for proxy-reports 

compared to self-reports regarding all diagnoses, while sensitivity varied 

considerably among the different diagnoses, see Table 6. 

 

 

Table 6. Sensitivity, Specificity, and Kappa-values for proxy- and self-
reported diagnoses, using self-reports as gold standard 

 

A large proportion of the hospital discharge diagnoses in the NPR were 

captured by both self- and proxy-reports. I.e., sensitivity was above 70% for 

both self- and proxy-reports compared with the NPR, except for self-reported 

heart failure where sensitivity was 67% and proxy-reported angina pectoris and 

AF where sensitivity was 64% and 69% respectively.  

In addition, prevalence figures varied between different information sources 

with significantly lower prevalence figures according to the NPR compared to 

self-reports for all diagnoses except angina pectoris and myocardial infarction. 

When comparing self- and proxy-reported diagnoses, prevalence figures 

differed for hypertension only, with higher prevalence figures according to 

self-reports. 

 Sensitivity Specificity Kappa 

Myocardial infarction 73 (56–86) 98 (97–99) 0.75 (0.63–0.87) 

Angina pectoris 69 (55–81) 98 (96–99) 0.73 (0.62–0.83) 

Intermittent claudication 35 (14–62) 98 (96–99) 0.38 (0.15–0.60) 

Heart failure 45 (27–64) 95 (92–97) 0.40 (0.23–0.56) 

Atrial fibrillation 63 (50–75) 95 (92–97) 0.61 (0.50–0.72) 

Hypertension 73 (67–79) 94 (88–97) 0.62 (0.54–0.69) 

Diabetes mellitus 78 (64–89) 98 (96–99) 0.79 (0.69–0.88) 
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4.3 PAPER III 

Rydén, L., Zettergren, A., Seidu, N. M, et al. (2019). Atrial fibrillation 

increases the risk of dementia amongst older adults even in the absence of 

stroke. Journal of Internal Medicine, 286(1), 101-110. 

doi:10.1111/joim.12902.122 

In this longitudinal study, we found that AF increased the risk of developing 

dementia (HR 2.8; 95% CI 1.3–5.7; P = 0.004), see Table 7. The increased risk 

remained after exclusion of participants with a history of symptomatic stroke 

at baseline and incident stroke during follow-up. After stratifying by sex, the 

increased risk of dementia was only seen among men (p=0.047 for the 

interaction between AF and sex in relation to dementia in the total sample and 

p=0.091 in the subsample free from symptomatic stroke). In addition, after 

stratifying by the APOE ε4 allele, an increased risk was only seen among non-

carriers of the APOE ε4 allele (p=0.128 for the interaction between AF and 

APOE ε4 status in relation to dementia in the total sample and p=0.354 in the 

subsample free from symptomatic stroke). 

We also found that AF increased the risk of developing Alzheimer´s dementia 

(HR 2.7; 95% CI 1.1–6.6; P = 0.032). The increased risk remained after 

exclusion of individuals with symptomatic stroke. There were too few 

individuals who developed vascular dementia during follow-up to analyze 

vascular dementia separately. 

 

Table 7. Atrial fibrillation (AF) and the risk of incident dementia in the total 
group, among men, and among non-carriers of the APOE ε4 allele 

 HR (95% CI)  

adjusted* 

P-value 

Total sample 

AF 2.8 (1.3–5.7) 0.004 

AF (men) 4.6 (1.9–11.2) <0.001 

AF (APOE ε4 non-carriers) 4.2 (1.8–9.7) <0.001 

Stroke-free sample 

AF 2.9 (1.2–6.8) 0.013 

AF (men) 6.7 (2.3–19.7) <0.001 

AF (APOE ε4 non-carriers) 4.2 (1.4–12.0) 0.007 

 

*Sex, education, smoking, BMI, myocardial infarction, heart failure, 

hypertension, diabetes mellitus, APOE ε4 status, and ACE rs1799752 status at 

baseline were considered as possible covariates 
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4.4 PAPER IV 

Rydén L, Sacuiu S, Wetterberg H, Najar J, Guo X, Kern S, Zettergren A, 

Shams S, Pereira JB, Wahlund LO, Westman E, Skoog I. Atrial fibrillation, 

stroke and silent cerebrovascular disease: A population-based MRI study. 

Neurology 2021;97(16):e1608-e1619.123 

In this cross-sectional study, AF was associated with symptomatic stroke, large 

infarcts, lacunes, and SBIs, see Table 8. AF was not associated with global 

WMH volume in the total sample. However, among those with symptomatic 

stroke, individuals with AF had larger WMH volumes than those without AF, 

see Figure 10. AF was not associated with WMH volume among those without 

symptomatic stroke. In addition, AF was not associated with CMBs except in 

the frontal lobe. 

 

Table 8. Atrial fibrillation (AF) and the association with symptomatic stroke 
and cerebral infarcts 

 OR (95% CI) 

Adjusted** 

P-value 

Symptomatic stroke 4.5 (2.1-9.5) <0.001 

Large infarcts 5.0 (1.5-15.9) 0.007 

Lacunes 2.7 (1.2-5.6) 0.008 

Silent brain infarcts* 3.5 (1.6-7.4) 0.001 
 

* Individuals with a history of symptomatic stroke (N=44) were excluded 

** Sex, education, smoking, alcohol risk consumption, heart disease, 

hypertension, diabetes mellitus, hypercholesterolemia, APOE ε4, and BMI 

where considered as potential covariates.  
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AF, atrial fibrillation; SBI, silent brain infarct; TIV, total intracranial volume; WMH, white 

matter hyperintensity  

Sex, education, smoking, alcohol risk consumption, heart disease, hypertension, diabetes 

mellitus, hypercholesterolemia, APOE, and body mass index were included as potential 

covariates. Values of p < 0.008 is considered statistically significant after Bonferroni correction. 

Atrial fibrillation, stroke and silent cerebrovascular disease: A population-based MRI study.123  

© Rydén at al. (Licensed under CC BY 4.0) https://creativecommons.org/licenses/by/4.0/ 

 Estimated WMH Volume as a Fraction of TIV By AF and Stroke Status 

https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
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5 DISCUSSION 

5.1 THE RELATION BETWEEN AF AND 
DEMENTIA, SILENT BRAIN INFARCTS, AND 
SMALL VESSEL DISEASE 

 This thesis suggests that AF increases the risk of incident dementia 

irrespective of symptomatic stroke, which is supported by studies from other 

longitudinal population-based cohorts from the Northern and Western Europe 

and the USA (i.e., the Rotterdam study,61 the Whitehall II study,67 SNAC-K,62 

Adult Changes in Thought (ACT) study,63 and the Atherosclerosis Risk in 

Communities Neurocognitive Study (ARIC-NCS)60). In addition, we found an 

interaction between AF and sex in relation to incident dementia. After 

stratifying by sex, the association between AF and dementia were only seen 

among men. That there was no association between AF and dementia among 

women needs to be interpreted with caution since there were few women with 

AF. In contrast to our study, the SNAC-K study  found an association between 

AF and dementia among women but not among men62 and the ARIC-NCS 

study found that the increased risk of dementia were similar between sexes.60  

The mechanism(s) behind the association between AF and dementia in the 

absence of symptomatic stroke is not elucidated, but explanations include 

SBIs, altered cerebral blood flow, and inflammation.75 To increase the 

knowledge of how AF affects the brain we analyzed if AF was associated with 

SBIs and markers of small vessel disease on brain MRI. We found that AF was 

associated to SBIs and lacunes, but not to global WMH volume and the 

presence of CMBs, except in the frontal lobe.  

The association between AF and SBIs is supported by other studies. For 

example, a meta-analysis found that AF was associated with a 2-fold increase 

in the odds of SBIs.94 In contrast to our result, a longitudinal study from SNAC-

K, found no association between AF and annual changes in number of 

lacunes.95 An association between AF and SBIs opens for the possibility that 

SBIs mediate the association between AF and dementia in the absence of 

symptomatic stroke. Traditionally, the mechanism behind cerebral infarcts in 

AF patients is thought to be cardiac embolism.26 However, since we also found 

an association between AF and lacunes, which is viewed as a marker of small 

vessel disease27, it is possible that other pathophysiologic mechanisms than 

cardiac embolism play a role. Alternatively, lacunes might, at least in some 

cases, be caused by cardiac embolism. That lacunes may be caused by cardiac 
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embolism have been suggested before since they have been associated with 

different cardiac procedures and diseases.92, 124 Further support of the 

possibility that SBIs act as a mediator in the relationship between AF and 

dementia is a study reporting that cognitive decline only was present in AF 

patients with SBIs and not in those without SBIs.78 However, it has also been 

reported that AF patients had lower cognitive function in a sample free from 

both symptomatic stroke and SBIs,79 making it possible that other mechanisms 

than symptomatic stroke and SBIs also play a role.  

We did not find an association between AF and global WMH volume, which 

is in consistence with previous cross-sectional population-based studies from 

Europe and the USA (i.e., the Age, Gene/ Environment Susceptibility-

Reykjavik (AGES-Reykjavik) study, Mayo clinic study of aging, and the 

ARIC study).100-102, 125 In paper III we found that AF at age 70 was associated 

with incident dementia during follow-up, but since paper IV (investigating the 

association between AF brain MRI lesions) included 70-year-olds only it is 

possible that WMHs will develop at higher ages, still being a potential 

mediator in the relationship between AF and dementia. The other cross-

sectional studies from Europe and the USA mentioned above did however not 

find an association between AF and global WMHs, even though they included 

older participants and had a mean age between 73 and 78 years.100-102, 125 In 

contrast to our results and the above-mentioned cross-sectional studies, one 

recent longitudinal and population-based study from Sweden (SNAC-K), with 

a mean age of 70 years at baseline and a 6-year follow up, found that AF was 

associated with an increase in global WMH volumes.95 Worth to mention is 

that this study excluded participants with cerebral infarcts at both baseline and 

at follow-up.95 Even though most studies have not found an association 

between AF and global WMHs, it is possible that AF is associated to regional 

WMHs. For example, one cross-sectional study found an association between 

AF and periventricular WMHs but not between AF and deep WMHs.99 In 

contrast, another cross-sectional study found an association between AF and 

deep WMHs but not with periventricular WMHs.98  

One interesting study on different WMH patterns in patients with embolic 

stroke found an association between AF and a pattern of anterior subcortical 

WMH patches but not with multiple subcortical spots.126 Therefore, the authors 

conclude that this “challenges the view that chronic embolism accounts for 

AF-related WMH because preferential embolism into the anterior subcortical 

white matter is unlikely”.98, 99, 126 Other plausible mechanisms for WMHs in 

the absence of embolism include hypoperfusion, neuroinflammation, and 

thrombosis.96  
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Even though we did not find an association between AF and WMH volume in 

the total sample, we found an association between AF and WMH volume in 

participants with a history of symptomatic stroke. Although this does not 

explain the association between AF and dementia in the absence of 

symptomatic stroke, it might shed light on the reported association between 

AF and lower cognitive level in patients with a history of stroke.127 One 

explanation might be that a brain affected by a stroke might be more vulnerable 

to alterations in cerebral blood flow caused by AF, leading to WMHs and 

cognitive difficulties. However, stroke is also associated with WMHs128 and 

one explanation behind the association between AF and WMHs in patients 

with symptomatic stroke might be that embolic strokes caused by AF are more 

severe than other stroke ethiologies.24  

That we did not find an association between AF and the presence of lobar or 

deep/infratentorial CMBs need to be interpreted cautiously due to few 

individuals with CMBs in the sample. However, we found an association 

between AF and the presence of CMBs in the frontal lobe, opening for the 

possibility that there might be a relation between AF and a regional distribution 

of CMBs. A lobar distribution of CMBs have been associated to CAA.107 

However, it has been suggested that CAA mainly has a posterior distribution 

of lobar CMBs and not typically a frontal distribution.129, 130 Population-based 

studies examining the relation between AF and CMBs are scarce108 but there 

are a number of studies that have investigated the relation between 

anticoagulant treatment and CMBs. One meta-analysis from 2019, including 

47 studies, found an increased risk of CMBs in patients treated with 

anticoagulants compared to those without anticoagulants.110 CMBs have been 

associated with an increased risk of ischemic stroke and intracranial 

hemorrhages, at least in samples with ischemic stroke and TIA106 and 

neurodegeneration.105 There are also studies reporting an association between 

CMBs and cognitive decline independent of other markers of small vessel 

disease such as WMHs and lacunes.105 
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5.2 PREVENTING DEMENTIA IN INDIVIDUALS 
WITH AF 

Even though current treatment guidelines for AF focus on stroke prevention 

through anticoagulant treatment and on reducing AF symptoms through 

rhythm and rate control, these treatment regimens have the potential to reduce 

the risk of cognitive decline and dementia. Anticoagulants has the potential to 

decrease dementia risk in AF patients by preventing both symptomatic stroke 

and SBIs.13 Rhythm control may also decrease the risk of stroke since it 

reduces AF burden.131 In addition, both rate and rhythm control have the 

potential to prevent dementia since irregular and a fast heart rhythm may lead 

to left ventricular dysfunction,132 which may lead to brain hypoperfusion.133 

5.2.1 ANTICOAGULATION 

There are studies supporting a positive effect of anticoagulant treatment in AF 

patient in relation to dementia. For example, one meta-analysis, including nine 

prospective studies62, 134-141, reported that anticoagulant treatment was 

associated with a reduction in dementia incidence in AF patients.142 The 

favorable effect of anticoagulant treatment on cognition in these studies might 

be due to reduction of symptomatic stroke. However, one study excluding 

patients with a history of stroke/TIA and censoring patients at the time of a 

subsequent stroke/TIA found that AF patients treated with anticoagulants had 

no increased risk of dementia compared to those without AF, while AF patients 

who were not on anticoagulants had an increased dementia risk compared to 

patients without AF.136 This suggests that anticoagulants may reduce dementia 

risk in patients with AF, not only by preventing symptomatic stroke, but also 

by preventing SBIs. It is also possible that anticoagulants reduce the risk of 

dementia through other mechanisms than preventing symptomatic and silent 

cardiac embolism or that prescriptions of anticoagulants are associated with 

other protective factors for dementia that has not been adjusted for. 

One possible bias in studying anticoagulant treatment in relation to dementia 

prevention is that prescription of anticoagulants might be more common 

among patients with higher cognitive ability, i.e. confounding by indication. 

To reduce this potential error, one meta-analysis included studies utilizing an 

observational window (varying from 6 month to 4 years) where patient who 

developed dementia within that time frame were excluded, decreasing the risk 

that cognitive level affected the choice of initiating anticoagulant treatment.142 

When only including studies with an observational window, there were no 

difference in dementia risk between patients with and without 

anticoagulants.142 
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Whether treatment with warfarin or DOAC is favorable for dementia 

prevention in AF patients is not elucidated. One meta-analysis, including six 

RCTs143-148 and two observational studies,137, 149 found a tendency towards a 

lower risk of cognitive impairment in patients on DOAC compared with 

warfarin or acetylsalicylic acid.150 In addition, a recent study found a 16% 

reduction of dementia cases in patient treated with DOAC compared to 

warfarin.151 Adequate stroke prevention in AF patients treated with warfarin 

depend on the time spent in the therapeutic range (TTR) and it has been 

reported that AF patients on warfarin with high TTR (>70%) had a 27% 

decreased dementia risk compared to patients with low TTR (<50%).151  

5.2.2 RHYTHM AND RATE CONTROL 

Both the irregular heart rhythm and non-optimal heart rate have the potential 

to affect cognitive abilities. It has for example been suggested that low or high 

ventricular heart rate (>90 or <50 beats per minute) increase the risk of 

dementia in patients with longstanding AF (>1 year) and cognitive 

impairment.152 In addition, cardioversion has been found to increase brain 

perfusion in AF patients153 and catheter ablation has been reported to be 

beneficial for AF patients in relation to cognition.154-156 Even though there is 

an increased risk of symptomatic stroke and SBIs during and short after cardiac 

ablation procedures157 it has been shown that stroke rates 1 and 3 years after 

the procedure are lower in ablated AF patients compared to patients who have 

not underwent ablation,156 suggesting a favorable effect of lowering AF 

burden.  
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Figure 11. a) Illustration of when death occur before a conceivably dementia case 
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5.3 METHODOLOGICAL CHALLENGES IN 
EPIDEMIOLOGICAL STUDIES 

Common biases in epidemiologic studies include selection and information 

bias. Therefore, in paper I, we investigated attrition in the 1930 cohort and in 

paper II, we investigated agreement of cardiovascular diagnoses and diabetes 

mellitus between different information sources.  

5.3.1 ATTRITION 

In paper I, we found that attrition due to refusal was mainly associated with 

lower education and cognitive level, and higher blood pressure, while attrition 

due to death was associated to several sociodemographic and health related 

factors. Differential attrition has the potential to affect both representativeness 

and bias results. In the 1930 cohort, where we found that AF at baseline (at age 

70) increased the risk of dementia during follow-up, we also found that both 

AF and dementia were associated with attrition due to death. Thus, in paper 

III, both the exposure (AF) and the outcome (dementia) were associated to 

attrition due to death, which risk to affect the results. One study, investigating 

the association between smoking and cognitive decline, which both are 

associated with mortality, used inverse-probability-of-attrition weights to 

account for the differential attrition.158 They found that the differential attrition 

lead to an underestimation of the effect of smoking on cognitive decline. 

However, this approach has been criticized since it measures the probability of 

cognitive decline under the condition that there had been no mortality during 

the study period.159 Chaix et al.159 express this in a commentary to the article: 

“In replacing dead participants by cloning the living, IPW [inverse-probability-

weights] generates a sample in which participants are not allowed to die.” 

Figure 11a shows a theoretical example where participants with AF die before 

they develop the outcome.158 It is also possible that individuals who get 

dementia die before they are followed up and will therefore be classified as 

non-demented at the time they are censored, see Figure 11b. Neither AF nor 

dementia were associated with refusal at follow-up at age 75 and 79, which 

were the follow-ups included in paper III. 

5.3.2 AGREEMENT BETWEEN DIFFERENT 
INFORMATION SOURCES 

All sources of information include a risk of misclassification. Self-reported 

information is a common information source in epidemiological studies, but 

when asking about disease history or events in the past there is a risk of recall 

bias. For studies including individuals with cognitive difficulties, the risk of 



Atrial fibrillation in aging 

50 

misclassifications is especially high. To be able to include participants with 

cognitive difficulties, additional information from proxy informants, such as 

relatives or close friends, can be used. Another common source of information 

is registers, which has the advantage of including many participants at a low 

cost. In addition, registers can be used to capture individuals lost to follow-up. 

However, medical registers only include those who have sought medical care 

and registers based on hospital discharge diagnoses, such as the inpatient part 

of the NPR, only include individuals who have been hospitalized, missing 

individuals with milder diseases and diseases not requiring inpatient care.  

To evaluate information sources utilized in this thesis, we compared self-

reports, proxy-reports, and register-based diagnoses in paper II. We found that 

prevalence figures differed between the information sources, with lower 

prevalence figures according to the NPR compared to self-reports for AF, heart 

failure, hypertension, intermittent claudication, and diabetes mellitus. This is 

important to consider when using register data only. Prevalence figures for 

myocardial infarction and angina pectoris did not differ between the NPR and 

self-reports. These results were expected since patients with myocardial 

infarction and angina pectoris are more likely to need inpatient care than 

patients with for example hypertension and intermittent claudication.  

Prevalence figures for proxy-reports did not differ from self-reports except for 

hypertension. Agreement between self- and proxy-reports varied with the 

studied diagnosis, with the highest agreement for myocardial infarction, angina 

pectoris, and diabetes mellitus and the lowest agreement for heart failure and 

intermittent claudication. For heart failure and intermittent claudication, less 

than half of the self-reported diagnoses were also reported by the proxy 

informant and less than half of the proxy-reported diagnoses were confirmed 

by self-reports. This shows that proxy-reports are poor predictors for self-

reports regarding these diagnoses.  

In paper III, the AF diagnosis was based on proxy-reports, the NPR, and ECGs. 

Since there were no questions about AF in the participant interviews in the 

H70-studies in 2000-02, we compared proxy-reported diagnoses with self-

reports in 2009-11 when both information sources were present. The 

agreement for proxy- and self-reported AF diagnoses was substantial. 

However, 37% of all self-reported AF diagnoses was not reported by the 

proxy-informant and 29% of all proxy-reported AF was not confirmed by self-

reports. By also including the NPR and ECGs we increased the detection rate 

of AF, even though some cases were probably still missed due to the lack of 

self-reported information. On the other hand, by including several sources, the 

risk of false positive cases also increased since we classified cases as present 
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if any of the included sources report a diagnosis. These misclassification errors 

may lead to an underestimation of the effect. 

Misclassification of covariables may also bias the results. For example, heart 

failure often co-exists with AF and has also been associated to cognitive 

impairment.160 In paper III, the diagnosis of heart failure was based on the NPR 

only, since we had no self- or proxy-reported heart failure, and therefore milder 

cases or cases that did not need inpatient care were missed. This is illustrated 

by the findings in paper II where the prevalence of heart failure was 7.9% when 

self-reported compared to 3.0% according to the NPR. This limits the 

possibility to appropriately adjust for heart failure. On the other hand, by only 

including diagnoses from the NPR we adjusted for the most severe cases, 

which can be a desirable approach. For the other diseases used as covariates, 

for example myocardial infarction and diabetes mellitus, we had multiple 

information sources, including self-reports and register data, getting a higher 

detection rate. The agreement between different information sources was also 

higher for these diseases than for heart failure, suggesting that these diagnoses 

are more accurate.  
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5.4 ADDITIONAL METHODOLOGICAL 
DISCUSSION 

Beside the methodological challenges raised in paper I and II, there are other 

methodological aspects to discuss. Two of the included papers (paper I and III) 

were prospective cohort studies, which increases the possibility to draw 

conclusions regarding causality. Cohort studies also decrease the risk of 

differential recall bias compared to case-control studies since information 

about the exposure is collected before the outcome occur. Paper IV was a cross-

sectional study, which limits the possibility to draw conclusions regarding 

causality and a longitudinal design would have improved the study. Paper III 

was also a cross-sectional study, but in this case, the cross-sectional design was 

the most appropriate since paper III analyzes prevalence and agreement 

between information sources. 

All participants in this thesis were aged 70 or older. Therefore, differential 

survival before study start affects the samples. Individuals surviving to this age 

might have specific characteristics, why generalizability to other age groups is 

limited. In addition, refusal at baseline also play a role. In paper III and IV, 

response rate was above 70% and even though these response rates are fairly 

high, how responders differ from non-responders and the target population 

might be even more important. For example, in the 2014-16 study, there was 

no difference in the proportion of women between the participants and target 

population (70-year-olds living in Gothenburg). However, participants had 

higher education level than the target population.161 Differential participation 

can bias the results in association studies if the association between the 

exposure and outcome differ among those who participate and those who do 

not participate in the study.  

In paper IV, not all participants in the general examination took part in the 

additional brain MRI examination. Participants in the brain MRI examination 

had higher education level and higher MMSE scores than non-participants.123 

Thus, it is possible that non-participants had more brain pathologies than 

participants, since cognitive impairment and dementia have been associated 

with several brain pathologies, such as infarcts and small vessel disease.162, 163 

Regarding AF diagnoses, 11.4% had AF among non-participants in the brain 

MRI examination compared to 8.7% among participants. This difference was 

however not significant.123 If non-participation has a relation to both the 

exposure (AF) and the outcome (brain MRI pathologies) the results risk to be 

biased. 
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Another problem with misclassification, beside the before mentioned problems 

with detection rate and false positive cases, is when diseases remain 

undiagnosed. AF may be present in individuals without symptoms and 

therefore remain undiagnosed. AF can also remain undetected when screened 

for since AF often has a paroxysmal pattern. Repeated ECGs will yield a higher 

detection rate than a single one and continuous screening for the same period 

will increase the detection rate further.7 As an example, in the Crystal AF trial, 

AF was detected in 8.9% of all patients with ICM after six months compared 

to 1.4% in the control group who only underwent ECG monitoring at follow-

up visits.164 In the H70- and PPSW-studies, a single ECG was included, making 

it possible to detect undiagnosed AF. However, if repeated or continues 

screening had been used, detection rate had most likely increased.   

Regarding dementia diagnoses, we utilized standard criteria, i.e. DSM-III-R44 

for any dementia, NINCDS-ADRDA47 for Alzheimer´s dementia, and criteria 

similar to NINDS-AIREN48 for vascular dementia. Dementia prevalence 

highly depend on the criteria used. For example, a previous paper from the H70 

studies found that dementia prevalence was 9.6% according to DSM-IV, 6.3% 

according to DSM-III-R, and 3.1% according to ICD-10.165 The agreement 

between these diagnostic systems, measured with Kappa values, varied from 

0.47 to 0.76.165 The main reasons for low agreement was that DSM-III-R 

require both impaired short- and long-term memory and the differential 

inclusion of behavior or personality changes.165 Paper III in this thesis diagnose 

dementia according to the DSM-III-R criteria based on the examinations. 

However, these diagnoses did not require impairment in both short- and long-

term memory, making the diagnoses less strict and more similar to the DSM-

IV criteria. We also utilized diagnoses from the NPR, which is based on the 

ICD-10 criteria. As mentioned above, the diagnostic criteria used will yield 

different prevalence and incidence figures, but results in association studies 

may also be affected. Therefore, when comparing results from different 

studies, the diagnostic criteria used is important to consider.  

The Alzheimer´s dementia diagnosis was based on the NINCDS-ADRDA 

criteria.47 However, we did not include biological markers (i.e., cerebrospinal 

fluid, EEG, or brain imaging), which can be used to support a probable 

Alzheimer´s dementia diagnosis. The inclusion of biological markers or 

histopathology (which is included in the definite Alzheimer´s dementia 

criteria)47 have the potential to increase diagnosis accuracy. Likewise, for 

vascular dementia diagnosed according to the NINDS-AIREN criteria,48 a 

probable vascular dementia diagnosis require evidence on brain imaging. We 

did not include brain imaging since only a subsample participated the in brain 

imaging examinations. In addition, we included a temporal relationship 
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between stroke and dementia of one year in our diagnostic criteria, while the 

probable NINDS-AIREN criteria uses a time frame of 3 months.48 A possible 

dementia diagnosis according to the NINDS-AIREN criteria can however be 

made in the absence of neuroimaging and a clear temporal relationship.48 

Evidence of cerebrovascular disease on brain imaging and a temporal relation 

within 3 month would have made the criteria for vascular dementia stricter. 

5.5 STRENGTHS 

Among the strengths of this thesis is the inclusion of papers regarding both 

consequences of AF and methodologic aspects of epidemiologic studies. 

Further, this thesis utilize data from prospective population-based studies 

aiming to be representative of same aged individuals in Gothenburg, Sweden. 

The examinations and interviews were performed by health professionals and 

included comprehensive assessment of both somatic and psychiatric health, 

and the inclusion of biomarkers. 

Paper I is a description of the H70 1930-cohort (the sample that is utilized in 

paper II and III). Describing the study sample is essential in order to evaluate 

the quality of the studies and to be able to generalize study results to other 

populations. In addition, attrition analyses were performed, identifying 

characteristics that were associated with different types of attrition. Analyzing 

different types of attrition separately is important since non-death attrition and 

attrition due to death may affect study results and representativeness 

differently.  

Paper II investigate agreement between information sources. All sources of 

information have a risk of information bias, i.e. measurement errors affecting 

study results. Studying agreement between different information sources can 

shed light on the magnitude of the information biases.  

In paper III, we investigated if AF at baseline increased the risk of developing 

dementia during follow-up. Among the strength of this study is the possibility 

to exclude individuals with a history of symptomatic stroke at baseline and 

incident stroke during follow-up. Further, to diagnose individuals with 

dementia, we used information from both the examinations and register data. 

Most diagnoses were based on the examinations, where multiple sources were 

assessed, i.e. psychometric tests and proxy informant interviews. However, by 

also including register data we could capture diagnoses for participants lost to 

follow-up and extend the follow-up time.  
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In paper IV, we utilized a large population-based sample of brain MRI to study 

the association between AF and SBIs and markers of small vessel disease. 

Among the strengths of paper IV are the inclusion of different markers of small 

vessel disease and that we investigated the co-occurrence of AF and 

stroke/infarcts in relation to WMHs. The measurement of WMH volumes were 

calculated using an automatic segmentation tool and a quality control was 

performed for all images. In addition, an experienced radiologist blinded to 

clinical data assessed all MRI images for infarcts, intracerebral hemorrhages, 

lacunes, and CMBs.   

5.6 LIMITATIONS 

There are also several limitations that needs to be considered. Even though the 

H70-studies are large population-based studies, sample size limits the power 

of the studies, especially for subgroup analyses. For example, in paper III and 

IV, the prevalence of AF was higher among men, leaving few women with AF. 

This may in part explain that some findings were only present among men. In 

addition, in paper IV, there was a limited number of participants with CMBs 

and with both AF and stroke/infarcts. Therefore, these results need to be 

interpreted with caution.  

Since AF may be paroxysmal and go without symptoms, there is a risk for 

underdiagnosis of AF. Even though we screened all participants with an ECG, 

screening repeatedly or during a longer time period have been shown to 

increase the number of identified AF cases further.7 In addition, since ICD-

codes often contain both AF and AFL, we might have included some patients 

with AFL only. However, since AFL is far less common and AF often co-exist 

in AFL patients111, we do not believe that this is a major problem. No known 

AFL diagnoses are included. 

Paper III was a longitudinal study, where differential attrition during follow-

up may affect study results. Attrition due to death is especially important in 

studies among older adults were death rates are high. As mentioned before, we 

used register data from the NPR to capture individuals who developed 

dementia that were lost to follow-up. However, all individuals who develop 

dementia will not be captured in the in-patient part of the NPR since not 

everyone living with dementia will end up in hospital. It is also possible that 

dementia diagnoses will not be registered in individuals that are hospitalized 

for other reasons. In addition, AF diagnoses and the possible confounders 

included in paper III were reported at baseline, making it possible that 

individuals develop diseases during follow-up, which has not been accounted 

for. 
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Paper IV is a cross-sectional study, which limits the possibilities to draw 

conclusions regarding causality. Further, even though everyone participating 

in the general examination was invited to an additional brain MRI examination, 

only 67% of all individuals participated. Those who did not participate in the 

MRI examination had more often lower education level, lower MMSE scores 

and more often dementia.123  

Paper III and IV investigated AF history up to age 70, limiting generalizability 

to other age groups. Further, only individuals who were able to speak Swedish 

were included in the in the H70- and PPSW- studies, making the samples 

homogeneous which may affect generalizability.          

Finally, we have not investigated the potential beneficial effect of AF treatment 

on the increased dementia risk in AF patients, which would have been valuable. 

Reasons for not including treatment were that participants with both present 

and past AF were included and we had no information on treatment history. 

Further, some participants were diagnosed with AF for the first time during the 

examination and thereafter referred to the regular health system for further 

care. These individuals might have been prescribed treatment for AF after the 

baseline examination. In addition, we had not the possibility to differentiate 

between paroxysmal and persistent/permanent AF or to investigate AF burden, 

which would have strengthened the studies.  
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6 CONCLUSION 

We found that AF increases the risk of dementia also in the absence of 

symptomatic stroke, which is supported by an increasing body of evidence. In 

addition, we found that AF was associated with SBIs, which is a possible 

mediator in the relation between AF and dementia. One possible 

pathophysiologic mechanism behind the association between AF and SBIs is 

cardiac embolism. However, we also found a relation between AF and lacunes, 

which is a marker of small vessel disease, opening for the possibility that there 

are additional mechanisms behind the association between AF and infarcts 

than embolism, including altered cerebral blood flow, inflammation, and 

shared risk factors. Alternatively, lacunes might in some cases be caused by 

cardiac embolism. We did not find an association between AF and other 

markers of small vessel disease, i.e. CMBs (except in the frontal lobe) and 

global WMH volume. However, the number of AF participants with CMBs 

were low, why this needs to be investigated further. In addition, it is possible 

that AF is associated with regional WMHs, which has been suggested by other 

studies. Finally, among participants with symptomatic stroke, those with AF 

had larger WMH volumes than those without AF. In addition, both SBIs and 

lacunes were associated to larger WMH volumes, but AF did not affect these 

associations. This suggests that a brain hit by a stroke, large enough to cause 

symptoms, is more vulnerable to the hemodynamic consequences of AF. 

Alternatively, strokes caused by AF might be more severe, leading to larger 

WMH volumes.  

When evaluating potential biases in the included studies, we found that both 

AF and dementia were associated with attrition due to death. When both the 

exposure and the outcome are associated with increased mortality, there is a 

risk of biased results. In addition, we found that agreement between self- and 

proxy-reported AF was substantial. However, the overlap between the different 

information sources was not perfect, indicating a risk of misclassification. In 

addition, when combining different information sources (proxy- or self-

reports, register data, and ECGs) as we did, more diagnoses will be captured, 

while the risk of false positive cases increase. These potential 

misclassifications of AF diagnoses most likely increased the risk of 

underestimating the effect.  
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7 FUTURE PERSPECTIVES 

An increasing body of evidence suggests an increased risk of dementia in AF 

patients. However, to further examine potential mechanisms behind the 

association between AF and dementia, longitudinal studies including SBIs, 

lacunes, WMHs, CMBs, and atrophy as potential meditators are needed. 

Studies exploring the mediating effect of cardiac output, brain hypoperfusion, 

and inflammatory markers can further increase the knowledge regarding 

potential mechanisms behind the association between AF and dementia.  

There are several comorbidities that have a bidirectional relationship to AF. 

Therefore, interactions between diseases are needed to be assessed. Especially 

AF in combination with heart failure and brain lesions have the potential to 

severely affect the brain. For example, a brain affected by large infarcts or 

small vessel disease might have impaired regulatory mechanisms and therefore 

not be able to compensate for reduced cardiac output or variable blood flow 

leading to both hypoperfusion and hypertensive events.  

Further research is also needed in order to optimize and personalize treatment 

in AF patients to prevent cognitive decline and dementia. The success or failure 

of different treatment regimens can also provide information regarding the 

mechanisms behind the association between AF and dementia. Future studies 

on the effect of anticoagulants in samples free from (1) symptomatic stroke 

(both at baseline and during follow-up) and (2) symptomatic stroke and SBIs 

are warranted. In addition, studies investigating the effect of DOAC compared 

to optimized treatment with warfarin (i.e. high TTR) in relation to dementia 

risk are scarce. In addition, more research is needed regarding the beneficial 

effect of rate versus rhythm control in AF patients in relation to cognitive 

decline and dementia. 

So far, anticoagulant treatment and rhythm control, especially cardiac ablation, 

show promising potential to reduce dementia risk in AF patients. However, 

observational studies on treatment effect risk to be confounded by indication, 

i.e. that individuals with the highest cognitive ability or other patient 

characteristics form the treatment decision of anticoagulants and ablation. 

RCTs have the potential to overcome this problem and there are some ongoing 

and upcoming RCTs in AF patients investigating different treatment regimens 

in relation to cognition and dementia. For example, the Cognitive Decline and 

Dementia in Atrial Fibrillation Patients (CAF) trial (ClinicalTrials.gov 

Identifier: NCT03061006) aim to study if treatment with DOAC differ from 

treatment with warfarin in relation to incident dementia and cognitive decline, 
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but also in relation to cerebral macro- and micro infarcts.166 The blinded 

randomized trial of anticoagulation to prevent ischemic stroke and 

neurocognitive impairment (BRAIN) AF trial (ClinicalTrials.gov 

NCT02387229) aim to study if treatment with DOAC differ from standard 

treatment in relation to cognitive decline in AF patients with low stroke 

risk. One ongoing RCT regarding the effect of rate versus rhythm control 

include the “Comparison of Brain Perfusion in Rhythm Control and Rate 

Control of Persistent Atrial Fibrillation: Prospective Randomized Trial” 

(ClinicalTrials.gov Identifier: NCT02633774) where patients with persistent 

AF will be randomized to rate or rhythm control to investigate changes in 

cognitive function and brain perfusion.  

Finally, brain imaging has the potential to further personalize treatment in AF 

patients. Current treatment guidelines for anticoagulants in AF patients are 

based on for example the CHA2DS2-VASc and HASBLED scores, where brain 

imaging is not included. For example, SBIs have been shown to increase future 

risk of ischemic stroke and cognitive decline, WMHs have been associated to 

increased risk of ischemic stroke, intracranial hemorrhages and cognitive 

decline, and CMBs have been associated with increased risk of ischemic stroke 

and intracranial hemorrhages.167 However, the current evidence for including 

brain imaging to further personalize treatment in AF patients is not sufficient 

why more research is needed. 

 

https://www-sciencedirect-com.ezproxy.ub.gu.se/topics/nursing-and-health-professions/rivaroxaban
https://clinicaltrials.gov/show/NCT02633774
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