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ATRIAL FIBRILLATION AND LONG-TERM ECG MONITORING OF HEART RHYTHM IN THE TROMSØ STUDY 

1. EXCELLENCE 

1.1. STATE OF THE ART, KNOWLEDGE NEEDS AND PROJECT OBJECTIVES 

Atrial fibrillation (AF) is the most common cardiac arrhythmia, affecting more than 33 million people 

worldwide.1 AF increases the risk of ischemic stroke (IS), premature death, heart failure and cognitive 

impairment and provokes significant societal and health economic burden.2 The prevalence of AF increases 

with age, reaching from <1% in people aged < 40 years to between 10% and 17% in those aged > 80 years, 

with a higher prevalence in men than in women.3 Known risk factors for developing AF include male gender, 

age, previous heart disease, hypertension, smoking, alcohol consumption and obesity.4 Future projections 

suggest that the burden of AF may increase by >60% in 2050,5 due to ageing populations and increase in 

major AF risk factors such as obesity, inactivity, and underlying cardiovascular diseases (CVD).1 Up to one 

third of AF cases are undiagnosed due to the intermittent and often asymptomatic nature of AF.6,7  

 Studies have shown that 20-30% of all strokes are attributed to AF and that AF confers a 2-10 fold 

increased risk of stroke dependent on age and presence of other risk factors.7,8 AF related stroke is 

particularly debilitating and potentially lethal because the size of embolism that is caused by a left atrial 

thrombus may lead to obstruction of larger cerebral arteries.9 A recent estimation from Sweden calculated 

5000 yearly strokes due to AF in Sweden with an estimated annual cost of 7,4 billion SEK.10 AF is also 

associated with an up to a 30% increased risk of developing dementia11, independent of clinical stroke 

events.12 Cognitive impairment in AF is likely related to micro-embolic events resulting in subclinical brain 

lesions (revealed by neuroimaging techniques).12 However, prior research has reported inconsistent findings 

on the association between AF and morphological changes linked to dementia detected by brain MRI, such 

as subclinical cerebral infarction, brain atrophy and white matter hyperintensities.13,14 

 Anticoagulation treatment reduces the risk of IS by 70% in patients with AF and may potentially 

prevent premature death and cognitive impairment.7 As a large proportion of AF episodes remain 

asymptomatic15, timely diagnosis of AF remains a major challenge in clinical practice and oral anticoagulant 

therapy is often initiated only after a stroke.16 Early diagnosis and initiation of anticoagulant treatment is key 

to prevent mutilating stroke sequalae. The diagnosis of AF is made by recording the heart rhythm with an 

electrocardiogram (ECG). The ECG can be a single recording, intermittent recordings, or continuous recording 

for hours or days, and several types of devices for ECG monitoring exist. In patients with intermittent 

(paroxysmal) AF, the diagnosis is often missed by single or repeated ECG recordings, while prolonged 

continuous ECG-monitoring improves the detection rate.17 Long-term assessment of the heart rhythm is 

usually performed by a conventional Holter monitor system which requires a recording device coupled to 

electrodes on the chest.18 Although an important diagnostic improvement when implemented in the 1960ies, 

the Holter monitoring system usually features brief testing intervals (24-72 hours), is susceptible to 

Atrial fibrillation (AF) is common and increases the risk of mortality, stroke, heart failure and cognitive 

impairment. AF imposes significant burden to patients and their families, including reduced life years, 

health related quality of life, societal health and health economy. One of three AF cases are 

undiagnosed. Several methods for detection of AF exist, but most of them have major limitations and are 

associated with resource-demanding diagnostic workup in specialist health care services. This 

randomized clinical trial will evaluate whether self-screening for AF in patients with increased levels of 

NT-proBNP utilizing a novel Norwegian patch ECG sensor a) reduces AF-related morbidity and mortality 

in a well-defined cohort and b) identify factors related to individual risk. Identification of individuals at 

risk and patient-centered early diagnosis through screening can facilitate a personalized preventive 

health care approach to improve individual physical health and life quality.  



2 of 11 

disruptions and have high operational expenses. Because of the latter, there is a scarcity of these devices in 

numerous hospitals, which frequently results in lower utilization rates than recommended, and consequently 

extensive waiting lists.19 Other devices for AF-detection include thumb-ECG devices (TED) and implantable 

loop recorders (ILR). TEDs have been used in previous cohort studies and AF screening studies, but have 

limited heart rhythm monitoring time and consequently lower sensitivity to intermittent arrhythmias.20,21 

ILRs have also been used in a previous AF screening study5 and allow for continuous rhythm monitoring over 

years, but require surgical procedures. Watches with heart rate monitoring based on arterial pressure waves 

cannot be used for clinical diagnostics.7 Another alternative is patch ECG-devices, which in smaller studies 

have been shown to be well suited for AF screening.22-24  

 AF fulfils most criteria for population screening; a severe and prevalent health problem that can be 

asymptomatic and for which highly effective treatment exists.25 Systematic rhythm monitoring can enable 

earlier detection of AF and initiation of anticoagulant therapy.26,27 Yet, the cost-effectiveness of AF screening 

is not settled.28 In the recently published STROKESTOP trial, a strategy with AF screening by TED twice daily 

for 2 weeks was found to reduce the composite primary outcome (stroke, systemic embolism, bleeding 

leading to hospitalization and all-cause death) by 4% and the risk of IS by 8%.21  In the Danish LOOP study, AF 

screening with ILR resulted in a three-times increase in the number of AF patients detected and 

anticoagulation initiated and a 20% reduction in the risk of stroke or systemic arterial embolism during 

follow-up, which did not reach statistical significance (HR 0.80; 95% CI 0.61–1.05; p=0.11).29 The European 

Society of Cardiology recommends screening for AF in people >75 years of age and in patients with increased 

risk of stroke, but gives no clear recommendations for method and frequency.7  

 The CHA2DS2-VASc risk score is based on age and traditional CVD risk factors and is currently used to 

predict the risk of IS among patients with AF and guide initiation of anticoagulant treatment. The score’s 

predictive accuracy is however modest, with a C-statistic of ~0.6 for prediction of thromboembolism.30,31 N-

terminal pro-B-type natriuretic peptide (NT-proBNP) has emerged as a promising biomarker to improve risk 

prediction. Previous studies have shown that NT-proBNP is elevated in patients with AF and associated with 

the risk of stroke.32 Data from several randomized trials showed that adding NT-proBNP to the CHA2DS2-VASc 

score significantly improved the prediction of stroke in patients with AF.32-34  

The STROKESTOP II study investigates the potential of NT-proBNP as a stratification tool to improve 

efficacy of AF screening in a randomized population-based study.35 High and low risk groups were defined 

according to a cutoff of NT-proBNP ≥125ng/L. New AF was detected in 2.6% of all patients and 4.4% in the 

high risk group. A recent subgroup analysis from the randomized LOOP study36 suggests that in an older 

population with additional stroke risk factors, ILR screening is associated with a significant reduction in stroke 

risk among participants with baseline NT-proBNP above median but not among those having lower levels.36 

These results support the potential of NT-proBNP to improve the benefit of  AF screening and possibly aid in 

risk stratification for preventive treatment. However, the utility of NT-proBNP for targeting AF screening and 

prevention of AF consequences needs to be addressed in well-designed randomized trials.  

The risk of IS in patients with AF is presumed to arise from emboli generated by structural and 

functional alterations within the atria, where a pro-thrombotic milieu is established, particularly in the left 

atrial appendage.37 Consequently, a new concept of atrial cardiomyopathy has evolved, defined by complex 

structural, functional and electrophysiological changes, affecting the atria with the potential to produce 

clinically relevant manifestations.38 Several transthoracic echocardiographic parameters have emerged as 

promising biomarkers of AF. These include left arterial volume and left arterial function assessed by strain 

which are associated with AF in patients at risk39,40 and in patients with IS of undetermined source.41,42 

However, knowledge of association between echocardiographic parameters and paroxysmal AF in a general 

population is limited.  
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 Previous studies report that AF is associated with poor health-related quality of life (HRQoL). 

However, the factors influencing HRQoL in patients with AF are not well understood. A literature review from 

201943 concluded that patients with AF had consistently lower HRQoL than healthy individuals and patients 

with other cardiovascular diseases. The most common factor associated with HRQoL in patients with AF was 

anxiety-specific. This may be related to both to the increased burden of disease associated with AF and to 

fear of complications from treatment.44,45 Effects of AF screening on HRQoL is scarcely mapped and highly 

relevant when considering the benefits of population based screening.   

 Several knowledge gaps still exist regarding risk stratification, effectiveness, implementation and 

outcomes of screening programs for AF. Evidence on optimal screening methods in terms of accuracy, cost-

effectiveness and feasibility is lacking. Identification of individuals to target for AF screening is essential and 

the optimal approach to risk stratification for screening purposes remain unclear. Impact of AF screening on 

clinical outcomes such as stroke prevention, mortality reduction, cognitive function and quality of life is not 

fully understood and more evidence is needed to assess the long-term effects on patient outcomes, including 

potential harms associated with overdiagnosis and overtreatment. Subclinical AF refers to episodes of atrial 

arrhythmia that are asymptomatic and may only be detected through continuous monitoring. It's unclear 

whether the detection and treatment of subclinical AF lead to improved outcomes compared to clinical AF 

or if it carries a similar risk of complications such as IS.   

 The present project is planned as a sub-study of the epidemiological population-based Tromsø Study. 

In a randomized controlled clinical trial, we plan to test the primary hypothesis that in individuals with 

elevated NT-ProBNP who are diagnosed with AF through long-term ECG monitoring, anticoagulation 

treatment according to international guidelines will reduce the incidence of stroke and cardiovascular death 

in the screening group compared to individuals who do not undergo screening (control group). The study will 

be performed within a well-defined cohort with extensive available longitudinal and cross-sectional 

information on risk factors and co-existing conditions. This setup facilitates addressing several knowledge 

gaps concerning risk stratification including associations between AF and echocardiographic parameters, 

cognitive impairment, structural changes on brain MRI, and HRQoL.  

1.2. NOVELTY AND AMBITION 

This project has the potential for providing new knowledge related to the benefit of a stepwise screening 

approach for AF according to NT-proBNP level, utilizing a novel patch monitor with continuous ECG 

monitoring and automatic artificial intelligence based (AI) ECG analysis. It can contribute to the identification  

of a population that is more likely to benefit from AF screening and address the usefulness of CHA2DS2-VASc 

and other novel biomarkers including echocardiographic parameters in the current risk factor era.  

The Tromsø Study is an internationally recognized and leading epidemiological study. Data collection 

includes questionnaires, medical interviews, blood tests and comprehensive clinical examinations with 

echocardiography, respiratory testing, cognitive testing and MRI of the brain.46,47 Many participants have 

attended previous surveys of the Tromsø Study and thus repeated measures are available for several 

individuals. This approach enables us to identify individual phenotypes with increased risk of AF and AF 

complications. Information on incident stroke, myocardial infarction, and cause-specific deaths in the 

participants are obtained through annual linkage to the national registries (the Norwegian Stroke Registry, 

the Norwegian Myocardial Infarction Registry and the Causes of Death Registry). The combination of clinical 

data including imaging data with the extensive data collection on both exposure and outcome variables and 

cross-links between the various sub-projects of the Tromsø Study provides a rich datasource for research, 

with the potential for several future PhD and postdoc-projects. 

Our project group collaborates with major projects within the national AFIB network investigating 

different aspects related to AF screening and risk stratification. Outcomes in the proposed study are 

harmonized with these projects, enabling data merging to address central knowledge gaps in larger datasets. 
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The project focuses on addressing challenges on the path towards a user-centered and sustainable 

healthcare service through collaboration and use of new technology. The project will provide new knowledge 

on the utility of novel diagnostic tools for continuous ECG monitoring analyzed with AI based algorithms with 

high sensitivity and specificity and whether this tool can simplify AF screening, and may thus impact future 

planning of AF screening.  Through the project we will identify biomarkers that would allow stratification of 

individuals with respect to screening, medical treatment, enable individual precision-based medicine, and 

ultimately reduce stroke events, with great benefit to patients and the health care system. 

 

1.3. RESEARCH QUESTIONS AND HYPOTHESES, THEORETICAL APPROACH AND METHODOLOGY  

The specific research questions which will be addressed in the present PhD project are:  

Question 1: What is the age and sex specific prevalence of paroxysmal AF (considering duration, frequency, 

heart rate and symptoms) and its association with repeated measured cardiovascular risk factors among 

Tromsø Study participants with elevated levels of NT-Pro-BNP? 

Question 2: Can the presence and burden of AF (duration, frequency, heart rate) in the general population 

with elevated level of NT-ProBNP be predicted by comprehensive echocardiographic evaluation? 

Question 3: Is atrial fibrillation associated with cognitive test performance in subjects with elevated NT-

proBNP and is this association modified by specific MRI findings?  

Question 4: Does detection of AF by continuous ECG monitoring influence health related quality of life?  

 

The project is planned as a randomized controlled screening trial within the 8th survey of the Tromsø Study 

(T8), which will be ongoing from March 2025 through 2026. All participants will be invited to complete a 

questionnaire covering lifestyle, HRQoL, risk factors, as well as simple clinical examinations such as height, 

weight, ECG, blood pressure, and blood tests. Subsets of up to 10 000 participants will be invited to a second 

visit to undergo more comprehensive examinations, including extended blood tests with NT-proBNP 

measurements, cognitive tests, MRI of the brain, and echocardiography of the heart. In the planned trial we 

aim to include 4000 individuals with NT-proBNP above median without previous known AF or ongoing 

anticoagulant treatment. Participants will be randomized 1:1 to continuous ECG monitoring using the 

Norwegian produced ECG247 sensor. ECG247 is an efficient, user-friendly and cost-effective continuous ECG 

monitor approved for both self-testing and use in health care settings.48 The sensor is connected to the 

The significance and originality of the proposal:  

We propose to perform a randomized controlled screening trial within the Tromsø 8 population-based 

cohort study, applying monitoring of heart rhythm with leading sensor technology (ECG247) in 

participants with elevated levels of NT-proBNP. We will add important data to ongoing screening trials 

by including comprehensive clinical assessments of included subjects. The overall aim of the project is to 

assess the primary hypothesis that continuous ECG-monitoring in individuals with elevated NT-pro-BNP 

and subsequent anticoagulant treatment according to current international guidelines leads to reduced 

incidence of the composite outcome ischemic stroke and cardiovascular death.  

The work performed by the PhD student for which we seek funding by this application will create new 

knowledge related to:  

1) the age and sex specific prevalence of various burdens of AF (duration, frequency, heart rate and 

symptoms) and association with repeated measured risk factors in the Tromsø Study 

2) the association between AF and echocardiographic parameters 

3) the association between AF, findings on brain MRI and results of cognitive tests 

4) participants perception of health-related quality of life before and after AF detection by 

continuous ECG monitoring 
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individual participants’ 

smartphone (Bluetooth 

technology) and has a flash 

storage if the smartphone is 

not available. Single lead 

ECG data is sent to a cloud-

based server intermittently. The 

system stores information of ECG quality and is evaluated by trained algorithms which classify arrhythmias 

based on current criteria. The stored data is easily available for the research group, and interpretation, 

validation, and reclassification if needed. The system fulfills all regulations for a screening tool, as well as 

handling of sensitive data. 

Immediate feedback based 

on an AI based algorithm for 

analysis will be provided via 

an app on the participant 

smartphone if heart rhythm 

disturbances are detected. 

ECG247 has been shown to have 

at least as good diagnostic accuracy for AF and improved user-friendliness compared to conventional Holter 

technology, enables long-term monitoring and can improve the detection of AF.48 In most cases, the 

interpretation is simple and can be performed by other professionals than cardiologists.49  

The study design enables cross-sectional and longitudinal assessments of associations between AF 

and repeated measured traditional risk factors, echocardiographic measures, findings on MRI of the brain, 

and results of cognitive tests. Long term follow-up enables comparison of the group undergoing ECG247 

monitoring to those who have not undergone ECG247 monitoring regarding clinical outcomes (after 6 years).  

Study population: A total of 4000 individuals from the general population with NT-proBNP> median fulfilling 

the inclusion criteria will be included after informed consent for study participation. 

 

Inclusion criteria: 

• Age ≥40 years 

• NT-proBNP> median level 

• Informed consent for participation 

 

 

Exclusion criteria: 

• History of AF (self-reported) 

• Use of anticoagulation therapy 

• Pacemaker/CRT device 

• No available smart phone 

Study procedure: Individuals with NT-proBNP > median will be identified when attending the second visit of 

the Tromsø Study. Eligible participants will be included and automatically randomized (1:1) to ECG247 

monitoring or no ECG monitoring. Participants not responding will receive two reminders. Invitation will 

continue until 4000 study participants have been included.  

Intervention: The AF screening device will be sent by post from the study centre to all participants in the 

intervention group at inclusion, free-of-charge. User guides (paper, digital and video) will be prepared 

(Norwegian and English), and an “help-desk” located at the Tromsø Study will be available for phone/video 

assistance. The monitoring of included participants will be handled by trained research nurses. All 

participants will be requested to fill in a digital questionnaire after having completed the test focusing on 

usability and adverse events. All ECG recordings will be reviewed by a group of trained and experienced study 

nurses and physicians. Cardiologists will supervise and verify pathologic ECG findings. The following variables 

will be registered: Heart rhythm (sinus rhythm, AF, atrial flutter, supraventricular tachycardias (SVT), 

Figure 1: Illustration of ECG247 practical setup, modified from www.ecg247.com 

    Figure 1: Illustration of ECG247 technical setup, modified from www.ecg247.com 

http://www.ecg247.com/
http://www.ecg247.com/
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ventricular arrhythmias, SA/AV-block, and other arrhythmias), timing, duration, heart rate of arrhythmias, 

symptoms and duration of the heart rhythm recording. All study participants will receive information about 

the test results. A new assessment of HRQoL and medication is planned 6 months post intervention. Initiation 

and adherence to anticoagulation therapy will be assessed both by questionnaires and by linkage to the 

Norwegian Prescription Register. Incidence of stroke, cardiovascular and all-cause mortality will be obtained 

from the Tromsø Study through linkage to national registries. 

Safety: In the event of clinically relevant arrhythmias, participants will be contacted as soon as possible. 

Feedback to the participants will be provided by specially trained physicians and nurses. Participants 

diagnosed with cardiac arrythmia or other cardiac abnormal findings will receive advice on follow-up with 

their general practitioner or be referred to a cardiologist depending of type of arrythmia. Anticoagulation 

therapy and other treatments will be recommended if indicated according to current guidelines. The study 

centre will assist participants who need help to book an appointment for further assessments in cases where 

this is necessary. An information video about AF will be made in collaboration with the National Association 

for Heart and Lung Diseases (LHL) to provide general information about AF and potential benefits and risks 

related to anticoagulant treatment.  

Definition of outcomes and other variables of interest: Definition of AF outcome for research question 1 

and 2: Paroxysmal AF will be defined as the presence of AF episodes ≥30 seconds. In addition, we will register 

total time in AF (AF burden), beats per minute and concomitant symptoms. Similarly, other tachycardias as 

atrial flutter (≥30 seconds), supraventricular and ventricular tachycardias (cut-offs ≥15 seconds and 5 

complexes) will also be registered. Initial evaluation will be performed by specially trained research nurses. 

All positive findings and a similar number of negative tests will be evaluated by a blinded end-point 

committee of three experts. In case of disagreement the majority will define classification of the outcome. 

Cognitive test performance outcome for research question 3: Scores on the 12-word immediate recall test, 

the digit symbol coding test and the Mini-Mental State Examination (MMS-E). AF outcomes will be as for 

question 1 and 2. “Health related quality of life (HRQoL)” outcome for research question 4: A single summary 

index value (utility score) using a predefined scoring algorithm of the HRQoL EuroQol-5 Dimension (EQ5D) 

and health anxiety using the Whiteley Index. EQ5D is a standardized instrument developed by the EuroQol 

group to measure HRQoL and consists of two parts a descriptive system comprising five dimensions (mobility, 

self-care, usual activities, pain/discomfort and anxiety/depression) and visual analog scale measured ranging 

from 0 to 100 where patients rate their perceived health status, with 0 being "worst imaginable health state" 

and 100 being "best imaginable health state." Whiteley Index consists of 14 items, and participants respond 

on a scale from "not at all" to "very much" or similar gradations. 

Relevant echocardiographic variables are atrial size (LAVI, Left Atrial volume Index) and atrial strain (LA 

reservoir strain). Relevant MRI measures are global and segmental atrophia, volume of white matter lesions, 

size, presence and number of clinical and subclinical infarcts and micro hemorrhages.  

Statistics and analyses: The associations between the primary outcome defined as AF presence(yes/no) and 

AF burden (number of hours with AF) and prespecified risk factors (traditional CVD risk factors and novel 

echocardiographic measures) will be examined using multiple regression analyses taking repeated measures 

within individuals into account by the use of generalized linear mixed effect models and linear mixed effect 

models, respectively. Linear and logistic (binary or ordinal) regression models with adjustment for relevant 

confounders will be chosen as appropriate when examining the cross-sectional associations between 

cognitive test performance and HRQoL outcomes and AF depending on the type of outcome variable 

(continuous, dichotomous or ordinal). Incidences will be reported as the number of events per 100 years at 

risk. Censoring for the composite outcome will be done at an event, death of other cause or end of follow-

up. Hazard ratios (HRs) will be obtained by Cox regression with adjustment for relevant cofactors. Suitable 

statistical software will be used for analyses and an experienced statistician will be consulted. 
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Power estimates: Power estimates are customized to test the primary hypothesis that continuous ECG-

monitoring in individuals with elevated NT-proBNP and subsequent anticoagulant treatment according to 

current international guidelines leads to reduced incidence of the composite outcome IS and cardiovascular 

death.  According to a previous study performed at Sørlandet50 with ECG247 the number needed to screen 

was 45 to detect one unrecognized case of AF in subjects at risk for stroke. When restricting screening to the 

population with NT-proBNP level > median the number needed to screen may be reduced to 3136 and even 

2335 in an older population. The 6-year risk of the composite outcome is expected to be 4% in the control 

group. Risk in the group screened where no AF is found varies from 2 to 3%. In the group screened where AF 

is found the risk is 10% (30% risk of IS during a 6-year period, reduced by 70% with oral anticoagulant 

therapy). If the 6-year risk among screened participants without AF is 2,2%, and we include 2000 participants 

in each group, there is 80% power to detect a significant difference (α=0.05) between control and 

intervention groups with estimated risk of 4.0% vs. 2.4% for the composite outcome, respectively. Based on 

the results of the Loop and StrokeStop study and the younger population in the Tromsø study, we expect to 

reduce risk of the composite outcome from 4% in the control group to 2.4% in the screening group. Compared 

to previous epidemiological studies, the planned epidemiological projects for the PhD student will have 

sufficient statistical power to explore meaningful associations.  

Data handling and storage: EUTRO is a research administrative tool that will be used for data collection and 

storage in Tromsø 8. EUTRO provides a complete overview of a study's total research material, including 

responses to questionnaires, biological material, health data, and project information. EUTRO is integrated 

within TSD (services for sensitive data located at University of Oslo) which assures and facilitates anonymized 

data handling and storage according to present regulations and research needs. All data security is taken care 

of according to the requirements from the Norwegian Data Protection Authority, and privacy is well 

maintained in the system. The system ensures compliance with the Health Research Act and GDPR 

requirements for security, handling, and administration of sensitive research data and biological material. 

Ethics: Separate applications for approval will be sent both for the Tromsø study as a whole and for the 

present study. Participants must give an informed signed consent before data collection. The study will be 

conducted in accordance with the Declaration of Helsinki. We will provide relevant feedback to all 

participants with specific recommendations including how to follow-up positive results. Participants 

diagnosed with cardiac arrythmia or other cardiac abnormal findings will receive advice on follow-up. The 

participant will either be referred to follow-up with their general practitioner or the study team will refer 

him/her to a cardiologist if indicated. Advise on starting anticoagulant treatment will comply with current 

guidelines. Appsens AS developed, manufactures and distributes the ECG247 smart heart sensor. 

Disclosures related to Jortveit being both employer and shareholder in Appsens, as well as inventor will be 

handled accordingly. No Appsens-affiliated personnel will be involved in data analyses.  

Risks and mitigation: • Patients from the Tromsø 8 study may not be willing to participate. Mitigation: A high 

percentage of patients invited to follow-up studies in previous Tromsø studies attended. Randomization will 

continue until the planned number of included participants is met • Patients do not have access to 

smartphones needed for communication between the sensor and the ECG247 platform. Mitigation: We will 

provide some smartphones for loan to participants in need in the T8 study. • Too optimistic power 

calculations if the prevalence of AF is lower than expected and the risk of the composite outcome in the 

included population is lower than expected. Mitigation: The completion of the PhD thesis is not reliant on 

collection of the composite outcome at after 6 years follow-up.  

Gender perspective: Both women and men will be invited to participate in the study. Analyses will be 

performed sex-adjusted and/or stratified by sex. The research group consists of both female and male 

researchers. In line with the project owner’s gender policy, women will be encouraged to apply for PhD 

fellowship and preferred if qualifications are otherwise equal. 
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2. IMPACT 

2.1. POTENTIAL IMPACT OF THE PROPOSED RESEARCH 
The study will provide new knowledge about risk factors, clinical findings and co-existing comorbidities in 

individuals that are associated with both increased risk of AF and clinical events. Hence, the study can 

contribute to identifying new targets and better tools for a more effective, precise and personalized 

prevention of stroke in patients with AF and provide knowledge about risk groups where long-term ECG 

monitoring would be beneficial. The project will provide novel insights into the impact of screening on HRQoL 

in participants who have AF confirmed through screening. In addition, the study will provide data on the 

prevalence of paroxysmal AF and AF burden detected by new sensor technology both being highly relevant 

outcomes and risk factors for future Tromsø-Study projects. 

In the long term, we will generate new knowledge on whether AF screening utilizing patients 

centered novel sensor technology in participants with elevated level of NT-proBNP is beneficial for patients’ 

outcomes. The study may impact future European guidelines for the prevention and treatment of AF. 

The proposal adds clinical experience and skills related in the use of sensor technology for home-

based monitoring of cardiac patients and patient-administered heart rhythm examinations without the need 

for hospital visits. Hence, more patients may gain benefit from this cost-effective and sustainable non-

invasive approach for AF detection. Reducing the need for healthcare resources, transportation, hospital 

stays away from home and work has the potential of moving health care towards more precise diagnostics 

and equal care in a sustainable manner, and also be beneficial for health-related costs and the environment. 

Using new sensor technology, some participants will through the trial be diagnosed with AF, that they 

were previously unaware of. This enables initiation of effective preventive treatment that reduces the risk of 

stroke. Successful self-screening makes AF screening possible at a population level, and consequently has a 

potential to prevent mortality and severe AF-related morbidity.  

Enhanced disease characterization can lead to more precise and personalized clinical decisions. 

Streamlining heart rhythm monitoring could reduce the need for time-intensive, repetitive manual tasks and 

patient transportation to hospitals, thereby enhancing both the efficiency and sustainability of healthcare. 

This is particularly relevant to the United Nations' Sustainable Development Goal 3 (Good Health and Well-

being; specifically target 3.4, which aims to reduce premature mortality from non-communicable diseases by 

one third by 2030 through prevention and treatment, and to promote mental health and well-being), Goal 5 

(Gender Equality), Goal 10 (Reduced Inequalities), Goal 11 (sustainable cities and human settlements). 

2.2 MEASURES OF COMMUNICATION AND EXPLOITATION 
Our goals for communication, dissemination, and engagement are to keep each stakeholder up to date and 

engaged for the recruitment, continuation, and implementation of the study outputs. Communication and 

dissemination activities will be conducted by all members of the study group. We anticipate that the findings 

will capture significant interest from both the media and patient organization. Study results are relevant to 

patients, health care providers and policy makers. Participants will be informed via letters and websites. In 

collaboration with the patient’s organization LHL we plan to make an information video about AF including 

general information and information about potential benefits and risks related to anticoagulant treatment. 

Results are communicated to researchers and healthcare professionals through scientific publications, 

conferences, regional and national meetings. Information is shared with the public via social media, podcasts, 

and news reports. Decision-makers and politicians will be informed through information meetings. The LHL 

will use own information channels (including lhl.no) to disseminate the study's results. 
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3. IMPLEMENTATION 

3.1. RESEARCER AND PROJECT GROUP 
This study is based on a broad multidisciplinary collaboration and a synergistic integration between 

researchers and clinicians is facilitated by the closely located, large multi-disciplinary research environments 

at the University Hospital of North Norway (UNN) and The Arctic university of North Norway (UiT). The main 

responsibility for planning and implementation of the study lies at the Department of Neurology, UNN and 

Institute of Clinical medicine, UiT, with significant contributions from the Institute of Community Medicine, 

UiT and the Department of cardiology, UNN. Eltoft, senior consultant at the Department of Neurology, UNN, 

associate professor at the department of Clinical Medicine, UiT, will chair the planned project and serve as 

the main supervisor.  She has completed an epidemiological PhD based on data from the Tromsø Study and 

was as trial officer part of the management of a large randomized controlled multicenter clinical trial. She is 

the local principal investigator (PI) for several clinical stroke trials ongoing at UNN and ongoing supervisor for 

several master and PhD students. 

The project group possesses long experience in research project management and has a firm 

background in clinical research and epidemiology. The project organization ensures a solid foundation for 

research collaboration and knowledge transfer between the specialist healthcare, primary healthcare and 

health care planners. The project will be an important meeting place and can provide experience and contacts 

in planning future research projects. The projects approach facilitates a strong, long lasting and 

interdisciplinary regional and national research environment anchoring:  

Ellisiv B. Mathiesen (Head of Brain and Circulation Research Group, UiT), Maja-Lisa Løchen (Head of 

Department, Department of Clinical Medicine, UiT), both with extensive experience from the Tromsø Study 

and AF research. Ekaterina Sharashova (assoc. professor, Dept. of Community Medicine, UiT and principal 

investigator of the project "Atrial fibrillation in the Tromsø Study 1986-2017: incidence trends, contribution 

of risk factors and prognostic outcomes"), Hilde Espnes (MD, PhD candidate), Assami Rössner (cardiologist 

responsible for echocardiography examination in T8) and Iina Marja Javo (consultant cardiologist, UNN), Erin 

Hald (hematologist, UNN involved in AF research). The last three mentioned participants also hold positions 

as assoc. professors, Dept. of Clinical Medicine, UiT. Jannike Ringstad is user representative from LHL.  

A broad national collaboration is assured by including leading capacities within the field in the project 

group, namely Halvor Øygarden and Jarle Jortveit (Sørlandet Sykehus) involved in the AF-study and 

NORSCREEN, Jon Magne Letnes and Håvard Dalen (HUNT/NTNU) chairing AF-studies in HUNT, Håkon Ihle 

Hansen (Vestre Viken), Guri Hagberg (OUS) involved in AF-studies in ACE 1950. In addition, Renate Schnabel 

(University Heart Centre Hamburg) is an international collaborator with expertise on AF and biomarkers.  

3.2 PROJECT ORGANISATION AND MANAGEMENT 
The role of the PhD candidate: The PhD candidate will be recruited and employed in a 50% position from 

April 2025. Prior to start all relevant approvals (REC and PVO) will be obtained by the project leader. The PhD 

candidate will work in close collaboration with the Tromsø Study group, utilizing available infrastructure 

provided by the Tromsø Study.  Tromsø 8 starts in march 2025 with the first visit. 10,000 participants will 

subsequently be invited to visit 2 starting in April 2025, where NT-proBNP is measured. Based on NT-ProBNP 

results, participants will be selected and long-term recordings with ECG247 are conducted. The infrastructure 

at T8 will be essential for conducting blood tests and ECG247 sensor logistics. The management of the 

ECG247 sensor monitoring is performed by specially trained nurses, but the PhD candidate will be involved 

in this work to have first line details of the workflow. Postal deliveries of sensors for self-administration will 

be performed together with the research nurses. General feedback to the Tromsø participants will be 

standardized and provided electronically. The PhD candidate will under supervision develop an information 

video in collaboration with LHL. The PhD candidate will organize the data bases and perform data analyses, 
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drafting and revision of manuscripts according to timeline presented the electronic application form and 

Gantt chart below. The candidate will be affiliated with the research group Brain and Circulation at UiT and 

have a shared office space with other PhD students. The candidate will join the national AFIB network 

(afib.no) and the Norwegian PhD school of heart research (NorHeart (norheart.no)). The four manuscripts of 

the PhD project will address research questions 1-4 and will be published in international peer-reviewed 

journals. Furthermore, the PhD student will participate in the PhD program for medicine and health sciences 

at UiT, which includes completing at least 30 credits of required coursework. 

User involvement: LHL provides knowledge from the patients’ perspective for the studies’ design, planning 

and performance. LHL has been involved in planning of the specified study. Their contribution to the 

assessment of health-related life quality of life has been valuable and impacted on the project’s objectives. 

They will be included in ongoing discussion related recruitment enhancement, information to the participants 

as well as experience with the use of ECG247 sensors for monitoring. LHL will also be actively involved in 

discussion and dissemination of the results. The research staff will participate in meetings arranged by LHL 

to present relevant findings. These face-to-face meetings will provide valuable feedback to optimize research 

and clinical implementation towards what is most important for patients with AF and stroke. 

References 
1. Jiao M, et al. Estimates of the global, regional, and national burden of atrial fibrillation in older adults from 1990 to 2019. Front. 

Public Health. 2023;11. doi: 10.3389/fpubh.2023.1137230 
2. Mukherjee K, Kamal KM. Impact of atrial fibrillation on inpatient cost for ischemic stroke in the USA. Int. J. Stroke. 2019;14:159-

166. doi: 10.1177/1747493018765491 
3. Zoni-Berisso M, et al. Epidemiology of atrial fibrillation: European perspective. Clin Epidemiol. 2014;6:213-220. doi: 

10.2147/clep.S47385 
4. Trohman RG, et al. Atrial fibrillation: primary prevention, secondary prevention, and prevention of thromboembolic 

complications: part 1. Front Cardiovasc Med. 2023;10:1060030. doi: 10.3389/fcvm.2023.1060030 
5. Lippi G, et al. Global epidemiology of atrial fibrillation: An increasing epidemic and public health challenge. Int. J. Stroke. 

2021;16:217-221. doi: 10.1177/1747493019897870 
6. Davis RC, et al. Prevalence of atrial fibrillation in the general population and in high-risk groups: the ECHOES study. Europace. 

2012;14:1553-1559. doi: 10.1093/europace/eus087 
7. Hindricks G, et al. 2020 ESC Guidelines for the diagnosis and management of atrial fibrillation. Eur. Heart J. 2020;42:373-498. doi: 

10.1093/eurheartj/ehaa612 
8. Friberg L, et al. High prevalence of atrial fibrillation among patients with ischemic stroke. Stroke. 2014;45:2599-2605. doi: 

10.1161/STROKEAHA.114.006070 
9. Stone PH, Sauer WH. Harnessing the Deluge of Rhythm-Monitoring Data for the Prevention of Stroke. N. Engl. J.Med. 

2023;389:1232-1234. doi: 10.1056/NEJMe2309444 
10. Svenska Hjärtlungregistret. Flimmerrapporten 2021 Att leve med förmaksflimmer. 2021. 
11. Kalantarian S, et al. Cognitive impairment associated with atrial fibrillation: a meta-analysis. Ann Intern Med. 2013;158:338-346. 

doi: 10.7326/0003-4819-158-5-201303050-00007 
12. Saglietto A, et al. Stroke-independent contribution of atrial fibrillation to dementia: a meta-analysis. Open Heart. 2019;6:e000984. 

doi: 10.1136/openhrt-2018-000984 
13. Kedžo J, et al. Neurologic Biomarkers, Neuroimaging, and Cognitive Function in Persistent Atrial Fibrillation: A Cross-Sectional 

Study. Int J Mol Sci. 2023;24. doi: 10.3390/ijms24032902 
14. Berman JP, et al. Atrial Fibrillation and Brain Magnetic Resonance Imaging Abnormalities. Stroke. 2019;50:783-788. doi: 

10.1161/strokeaha.118.024143 
15. Savelieva I, Camm AJ. Clinical relevance of silent atrial fibrillation: prevalence, prognosis, quality of life, and management. J Interv 

Card Electrophysiol. 2000;4:369-382. doi: 10.1023/a:1009823001707 
16. Grond M, et al. Improved detection of silent atrial fibrillation using 72-hour Holter ECG in patients with ischemic stroke: a 

prospective multicenter cohort study. Stroke. 2013;44:3357-3364. doi: 10.1161/strokeaha.113.001884 



11 of 11 

17. Fredriksson T, et al. Intermittent vs continuous electrocardiogram event recording for detection of atrial fibrillation-Compliance 
and ease of use in an ambulatory elderly population. Clin. Cardiol. 2020;43:355-362. doi: 10.1002/clc.23323 

18. Holter NJ. New method for heart studies. Science. 1961;134:1214-1220. doi: 10.1126/science.134.3486.1214 
19. Jortveit J, et al. Long-term ECG recording: findings and implications. Tidsskr Nor Laegeforen. 2020;140. doi: 

10.4045/tidsskr.19.0434 
20. Berge T, et al. Systematic screening for atrial fibrillation in a 65-year-old population with risk factors for stroke: data from the 

Akershus Cardiac Examination 1950 study. Europace. 2017. doi: 10.1093/europace/eux293 
21. Svennberg E, et al. Clinical outcomes in systematic screening for atrial fibrillation (STROKESTOP): a multicentre, parallel group, 

unmasked, randomised controlled trial. Lancet. 2021. doi: 10.1016/S0140-6736(21)01637-8 
22. Steinhubl SR, et al. Effect of a Home-Based Wearable Continuous ECG Monitoring Patch on Detection of Undiagnosed Atrial 

Fibrillation: The mSToPS Randomized Clinical Trial. JAMA. 2018;320:146-155. doi: 10.1001/jama.2018.8102 
23. Gladstone DJ, et al. Screening for Atrial Fibrillation in the Older Population: A Randomized Clinical Trial. JAMA Cardiol. 2021;6:558-

567. doi: 10.1001/jamacardio.2021.0038 
24. Svennberg E, et al. How to use digital devices to detect and manage arrhythmias: an EHRA practical guide. Europace. 2022. doi: 

10.1093/europace/euac038 
25. Freedman B, et al. Stroke prevention in atrial fibrillation. Lancet. 2016;388:806-817. doi: 10.1016/S0140-6736(16)31257-0 
26. Schnabel RB, et al. Early diagnosis and better rhythm management to improve outcomes in patients with atrial fibrillation. 

Europace. 2023;25:6-27. doi: 10.1093/europace/euac062 
27. Freedman B, et al. Screening for Atrial Fibrillation. Circulation. 2017;135:1851-1867. doi: 10.1161/circulationaha.116.026693 
28. Force UPST. Screening for Atrial Fibrillationt. JAMA. 2022;327:360-367. doi: 10.1001/jama.2021.23732 
29. Svendsen JH, et al. Implantable loop recorder detection of atrial fibrillation to prevent stroke (The LOOP Study): a randomised 

controlled trial. Lancet. 2021. doi: 10.1016/S0140-6736(21)01698-6 
30. Lip GY, et al. Refining clinical risk stratification for predicting stroke and thromboembolism in atrial fibrillation using a novel risk 

factor-based approach: the euro heart survey on atrial fibrillation. Chest. 2010;137:263-272. doi: 10.1378/chest.09-1584 
31. Friberg L, et al. Evaluation of risk stratification schemes for ischaemic stroke and bleeding in 182 678 patients with atrial 

fibrillation: the Swedish Atrial Fibrillation cohort study. Eur Heart J. 2012;33:1500-1510. doi: 10.1093/eurheartj/ehr488 
32. Hijazi Z, et al. Cardiac biomarkers are associated with an increased risk of stroke and death in patients with atrial fibrillation. 

Circulation. 2012;125:1605-1616. doi: 10.1161/circulationaha.111.038729 
33. Hijazi Z, et al. N-terminal pro-B-type natriuretic peptide for risk assessment in patients with atrial fibrillation. J Am Coll Cardiol. 

2013;61:2274-2284. doi: 10.1016/j.jacc.2012.11.082 
34. Ruff CT, et al. Cardiovascular Biomarker Score and Clinical Outcomes in Patients With Atrial Fibrillation: A Subanalysis of the 

ENGAGE AF-TIMI 48 Randomized Clinical Trial. JAMA Cardiol. 2016;1:999-1006. doi: 10.1001/jamacardio.2016.3311 
35. Kemp-Gudmundsdottir K, et al. Stepwise mass screening for atrial fibrillation using N-terminal B-type natriuretic peptide: the 

STROKESTOP II study. EP Europace. 2019;22:24-32. doi: 10.1093/europace/euz255 
36. Xing LY, et al. Effects of Atrial Fibrillation Screening According to N-Terminal Pro-B-Type Natriuretic Peptide: A Secondary Analysis 

of the Randomized LOOP Study. Circulation. 2023;147:1788-1797. doi: doi:10.1161/CIRCULATIONAHA.123.064361 
37. Aarnink E, et al. Mechanisms and Prediction of Ischemic Stroke in Atrial Fibrillation Patients. J Clin Med. 2023;12. doi: 

10.3390/jcm12206491 
38. Goette A, et al. EHRA/HRS/APHRS/SOLAECE expert consensus on atrial cardiomyopathies: Definition, characterization, and clinical 

implication. Heart Rhythm. 2017;14:e3-e40. doi: 10.1016/j.hrthm.2016.05.028 
39. Fatema K, et al. Minimum vs. maximum left atrial volume for prediction of first atrial fibrillation or flutter in an elderly cohort: a 

prospective study. Eur J Echocardiogr. 2009;10:282-286. doi: 10.1093/ejechocard/jen235 
40. Arnautu DA, et al. Increased Left Atrial Stiffness is Significantly Associated with Paroxysmal Atrial Fibrillation in Diabetic Patients. 

Diabetes Metab Syndr Obes. 2023;16:2077-2087. doi: 10.2147/dmso.S417675 
41. Pathan F, et al. Use of Atrial Strain to Predict Atrial Fibrillation After Cerebral Ischemia. JACC Cardiovasc Imaging. 2018;11:1557-

1565. doi: 10.1016/j.jcmg.2017.07.027 
42. Kawakami H, Ramkumar S, Pathan F, Wright L, Marwick TH. Use of echocardiography to stratify the risk of atrial fibrillation: 

comparison of left atrial and ventricular strain. Eur Heart J Cardiovasc Imaging. 2020;21:399-407. doi: 10.1093/ehjci/jez240 
43. Son YJ, et al. Health-Related Quality of Life and Associated Factors in Patients with Atrial Fibrillation: An Integrative Literature 

Review. Int J Environ Res Public Health. 2019;16. doi: 10.3390/ijerph16173042 
44. Ali AN, Abdelhafiz A. Clinical and Economic Implications of AF Related Stroke. J Atr Fibrillation. 2016;8:1279. doi: 

10.4022/jafib.1279 
45. January CT, et al. 2019 AHA/ACC/HRS Focused Update of the 2014 AHA/ACC/HRS Guideline for the Management of Patients With 

Atrial Fibrillation. Circulation. 2019;140:e125-e151. doi: 10.1161/cir.0000000000000665 
46. Jacobsen BK, et al. Cohort profile: the Tromso Study. Int. J. Epidemiol. 2012;41:961-967. doi: 10.1093/ije/dyr049 
47. Hopstock LA, et al. The seventh survey of the Tromsø Study (Tromsø7) 2015–2016: study design, data collection, attendance, and 

prevalence of risk factors and disease in a multipurpose population-based health survey. Scand. J. Public Health. 2022;50:919-
929. doi: 10.1177/14034948221092294 

48. Sandberg EL, et al. Diagnostic Accuracy and Usability of the ECG247 Smart Heart Sensor Compared to Conventional Holter 
Technology. J Healthc Eng. 2021;2021:5230947. doi: 10.1155/2021/5230947 

49. Jortveit J, et al. High Diagnostic Accuracy of Long-Term Electrocardiogram Interpretation by General Practitioners. Int. J. Telemed. 
Appl. 2024;2024:6624344. doi: 10.1155/2024/6624344 

50. Sandberg EL, et al. Fully digital self-screening for atrial fibrillation with patch electrocardiogram. EP Europace. 2023;25. doi: 
10.1093/europace/euad075 

Chat.uit.no was used for translations and improvement of english language. 


