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ABSTRACT  

 

Background: Atrial fibrillation (AF), the most prevalent cardiac arrhythmia, characterized by 

disruption of the electrical activity in atria, leading to the cardiac rhythmic disorder. Alcohol 

consumption has dose-dependent relationship with cardiovascular diseases and considered as a 

contributing factor for incidence of AF. Epidemiological studies have consistently shown a 

dose-dependent relationship either linear or J-shaped between alcohol consumption and the risk 

of AF incidence. Sex differences in the relationship between alcohol consumption and AF have 

been documented in various studies. This study primarily aims to investigate the sex-specific 

associations between alcohol consumption and the incidence of AF. 

 

Aim: The objective of this study is to explore the relationship between alcohol consumption 

and incidence of AF among men and women in the 7th survey of the Tromsø study. 

 

Material and Methods:  This population-based longitudinal cohort study using data from 

Tromsø7 (2015-2016). All inhabitants aged 40 years and older in the Tromsø municipality (n = 

32,591) were invited to participate. A total of 21,083 participants aged between 40 and 99 

attended the survey, resulting in a participation rate of 64.7%. Complete case analyses were 

performed, and the final cohort consisted of 17243 participants among these 8,280 were men 

and 8,963 were women. Physical examination was conducted within municipality and alcohol 

variables and potential confounders were assessed by using a comprehensive questionnaire 

(Q1). Statistical analyses were performed using IBM SPSS. Descriptive statistics were used to 

present continuous variable as means (SD) and categorical variables as proportions. To examine 

the association between alcohol consumption (including drinking patterns and alcohol) and 

incidence of AF, Cox proportional hazards regression analysis was utilized to calculate hazard 

ratios (HRs) with 95% CIs. All analyses were conducted with a focus on sex differences. 

 

Results: The sex-stratified Cox regression analysis revealed a positive association between 

alcohol consumption and the incidence of AF. In men, the HRs for moderate and heavy alcohol 

consumption were 1.28 (95%CI: 1.01-1.64) and 1.84 (95%CI: 1.29-2.61), respectively, based 

on alcohol frequency. Similar associations were observed for consuming 3-4 drinks per 
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occasion in adjusted models, with HRs 1.31 (95%CI: 1.02-1.66) and 1.30 (95%CI: 1.02-1.67). 

There were no associations found in women. 

 

Conclusion: The findings indicate a positive relationship between alcohol consumption and an 

increased AF risk in men; however, no such association was identified in women. To 

comprehend the underlying mechanisms of sex differences, more research studies are 

recommended.
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CHAPTER 1 

INTRODUCTION 

 

1.1 Atrial Fibrillation  

Cardiovascular diseases are the leading cause of death worldwide [1]. Atrial fibrillation (AF) is 

the most prevalent type of cardiac arrhythmia (irregular heartbeat) and has become a significant 

medical concern, affecting around 20 million people globally [1].  AF is characterized by a 

disruption in the electrical activity of the upper chambers (atria) of the heart, leading to a 

rhythmic disorder that can be identified through an electrocardiogram (ECG) [2]. AF can 

manifest in several forms:  

• Paroxysmal AF: Episodes that start suddenly and stop spontaneously within 7 days or 

with medical intervention. 

• Persistent AF: Episodes that last longer than 7 days and require intervention to 

terminate.  

• Permanent AF: When both patient and clinician decide to stop attempts at rhythm 

control  [3]. 

Common symptoms include dizziness, fast heartbeat, fatigue, chest pain, and shortness of 

breath, these symptoms often exacerbated in individuals with pre-existing heart conditions [4, 

5]. The management of AF is complicated and requires a holistic and multidisciplinary 

approach, focusing on controlling risk factors that may increase the likelihood of developing 

AF [3, 4]. However, some patients may be asymptomatic, making diagnosis challenging. The 

importance of AF prevention and management cannot be overstated due to its serious 

complications. AF significantly increases the risk of stroke (up to 5 times), heart failure, and 

premature death. It is also associated with reduced quality of life, increased hospitalizations, 

and substantial health-care costs [6].   
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1.1.1 Epidemiology of AF 

The incidence and prevalence of AF has been increased by three times over the past 50 years, 

due to an aging population and the presence of cardiovascular conditions among older 

individuals [7, 8]. The Global Burden of Disease (GBD) estimates that the AF prevalence is 

currently around 47 million and still increasing worldwide [9]. In 2010, the AF prevalence was 

around 06 million in the USA and 9 million in Europe and there is an estimation that it will be 

increased to 16 million (in USA) and 17 million (in Europe) by 2050 [9]. Prevalence varies 

significantly by age, ranging from 2% in the general adult population and reaching 

approximately 12% in people aged 80 years or older [7]. In Norway, the AF prevalence  among 

adults (aged ≥18 years) stands at 3.4% [10] which is among the highest in the world, with 2.8% 

in women and 4.0% in men [10]. The age-standardized incident rates of AF in Norway (1990-

2017) have shown an increase of 22.3%, in contrast to trends in most Western European 

countries, where rates have decreased [11]. The AF incidence rates based on entire Norwegian 

population (2004-2014) indicate the more stable incidence trends, particularly among women 

[10]. In addition, findings from the Tromsø Study (1994-2016), indicate a decrease AF 

incidence among women and an increase among men, following a reversed U-shaped pattern 

[12].  

 

1.1.2 Risk Factors of AF 

Various risk factors contribute to the development of AF, which can be categorized into non-

modifiable and modifiable risk factors. Non-modifiable risk factors include age and sex, while 

modifiable risk factors encompass obesity, hypertension, alcohol consumption, diabetes, 

congestive heart failure, sleep apnea, smoking, physical activity [3, 7], and psychological 

factors [13]. 

 

1.1.2.1 Non-modifiable risk factors 

• Age: A significant risk factor of developing AF, increasing substantially in older 

populations [14]. Elderly individuals (over 65 years) often present AF alongside serious 

conditions such as chronic heart failure, coronary artery disease, dementia (loss of 

memory), and stroke as compared to young individuals [15].  
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• Sex: Men have 30% to 70% higher rate of AF incidence compared to women, although 

the lifetime risk is similar for both sexes [13]. 

•  Genetic predisposition: Both monogenic and polygenic factors have been identified as 

contributing to the risk of AF [15].  

 

1.1.2.2 Modifiable risk factors  

Given the multifaceted nature of AF and its associated risk factors, a comprehensive approach 

to prevention and management is crucial. This includes lifestyle modifications such as weight 

loss, blood pressure management, daily exercise with a balanced diet, all of which may reduce 

the risk to develop AF and improve overall cardiovascular health. 

• Hypertension: This condition elevated the AF risk by 1.7 to 2.5 times [13].  

• Obesity: A significant contributor to AF risk due various pathophysiological mechanism 

linking obesity and AF [13].  

• Diabetes mellitus: This condition increases the AF risk by 1.28 times [13].  

• Sleep disorders: Obstructive sleep apnoea, also associated with prevalence of AF 

ranging from 21% to 74% [13].  

• Alcohol consumption: There is a dose-response association between alcohol 

consumption and risk of AF [16].  

• Smoking: A strong dose-response association exists between smoking and risk of AF, 

particularly among current smoker [13].  

• Physical activity: Leisure time (physical activity) exhibits  J-shaped relationship with 

AF risk [17].  

• Psychological factors: Mental health disorders and stress also contribute to the risk of 

developing AF [13]. 

Therefore, research studies demonstrated that the proper identification of AF and its risk factors  

along with implementing appropriate preventive measures and lifestyle modifications can lead 

to a significant decline in the incidence of AF. These interventions not only enhance the quality 

of life but also alleviate the burden on healthcare systems [2]. 
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1.2 Alcohol Consumption  

Alcohol consumption is significant contributor to the GBD , health loss and mortality [18]. The 

GBD study defines this burden as the impact of health problems on a population, measured by 

financial costs, mortality, morbidity, or other indicators. The impact of alcohol on health is 

multifaceted and dose dependent [5] . According to Manthey et al, the global consumption of 

alcohol (pure ethanol) has been steadily increasing since 1990, from 5.9 L per person to 7.6 L 

per person in 2030 [19, 20]. The World Health Organization (WHO) reports on the average 

amount of pure alcohol consumed worldwide in 2016 was 6.4 L per person aged 15 and over 

[21].  

However, this figure masks substantial regional variations; Europe has the highest per capita 

consumption while the Eastern Mediterranean region has the lowest [21]. In Norway, alcohol 

consumption use has increased significantly among older populations, over the past three 

decades, indicating that the age and sex disparity in alcohol use in Norway is narrowing [22]. 

In Norway, alcohol consumption per capita, measured in L pure alcohol (aged 15 and over), 

increased from about 5 L in the 1960s to approximately 7 L in recent years, although this 

remains lower than the European average [23].  

Measuring alcohol consumption presents challenges due to variations in drink sizes, alcohol 

content, and self-reporting biases. Standardized methods have been developed to quantify 

consumption, including the use of standard alcohol units (SAUs). One SAU includes 12 grams 

(g) of pure ethanol, which is about the same as 120 millilitres (ml) of wine, 330 ml of beer, or 

40ml of spirits in many countries [16, 19]. Men and women should consume less than 100g of 

alcohol per week, in accordance with guidelines on cardiovascular disease prevention in clinical 

practice by the European Society of Cardiology (ESC) [24].  According to US Dietary 

guidelines for Centers for Disease Control and Prevention (CDC),  the daily recommended 

alcohol consumption for men should be 2 drinks and for women 1 drink or less [19, 25].  

 

1.3 Alcohol Consumption and AF 

Generally, it is accepted that regular consumption of alcohol (acute and chronic) has dose-

dependent relationship with cardiovascular diseases (14) and considered as a contributing factor 

for incidence of AF [26]. A dose-dependent relationship (either J-shaped or linear) between 

alcohol consumption and AF incidence risk has been repeatedly demonstrated by 

epidemiological studies [26]. Acorrding to comprehensive research, the incidence of AF risk 

increased by 6-8% for each drink consumed per day, and even moderate levels of alcohol 
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consumption with different drinking patterns have association in the development of AF with 

high risk [19, 27]. A high risk of AF was associated to a regular consumption of 1.2 drinks per 

day [16].  

Notably, a meta-analysis from UK Biobank found that any amount of alcohol (1 drink per week) 

was strongly related to a higher  risk of AF  [28]. Specifically, heavy and moderate alcohol 

consumption increases AF incidence by 30% and 12% respectively, although low alcohol 

consumption  did not [29]. Various alcoholic beverages-based analyses demonstrated that their 

effects on AF risk do not significantly differ among spirits, wine, and beer [16, 26]. 

 

1.4 Existing knowledge on Alcohol Consumption and AF 

Extensive research has explored the complex correlation between alcohol consumption and AF, 

highlighting substantial variations depend on different drinking patterns [18]. Based on current 

research and knowledge, the chronic consumption of alcohol has detrimental effects on 

cardiovascular conditions and associated with a higher risk of AF [1]. Excessive alcohol intake 

is associated with several cardiovascular diseases, including hypertension, which further 

increase the likelihood of AF incidence [30]. Interestingly,  moderate consumption may have 

some beneficial effects on cardiovascular health in certain populations [16].  

 

1.4.1 Drinking Patterns  

Current knowledge  indicates that drinking patterns such as moderate, heavy and binge drinking 

can have significant impact on risk of AF incidence [30]. Drinking patterns, particularly binge 

drinking, are associated with increased AF risk [25]. The concept of "holiday heart syndrome," 

describes the phenomenon where AF is induced by acute excessive alcohol consumption, was 

first described by Ettinger et al. in 1978 and has been supported by subsequent research [25].  

In the historical context, evident by finding that approximately 60% of individuals have AF 

frequently consume high quantities of alcohol during weekends (binge drinkers) [31] and this 

pattern has been associated with the phenomenon known as "holiday heart syndrome [32]. 

Further investigation through Norwegian health examination surveys, demonstrated that 

moderate (1-2 drinks daily) and high alcohol consumption (2 or more drinks daily) are 

associated to an 18.0% and 25.0% increased AF risk, respectively, when compared to low intake 

of <1drink per week. Conversely, consumption of <1 drink per day had no significant 

association with an increased AF risk [33].  It is also found that heavy alcohol intake (>35 
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drinks per week in men and 14 drinks per week in women) can lead to 2.3 times higher risk of 

AF when compared to non-drinker [26]. A meta-analysis indicates that consuming ≥12g alcohol 

daily significantly increased the incidence of AF risk [34] and supporting a linear dose-response 

relationship across various drinking patterns even at small doses [16]. Furthermore, for 

individuals who consumed 1-6 drinks per week, there is no notable increase in AF risk 

compared to  current drinkers who took less than 1 drink weekly [31]. Likewise, the Norwegian 

HUNT Study also reported that both men and women had high risk of AF with heavy alcohol 

consumption but there was little to no association were found  (<1 drink in women and <2 

drinks in men per day) [35]. A dose-response association of alcohol intake and AF indicated 

that the prolonged use of alcohol and AF risk may not significantly vary by sex  [31].  

 

1.4.2 Types of Alcohol 

The type of alcoholic beverage consumed has also been a focus; some studies suggest that beer 

may have a more harmful association with AF risk compared to wine or spirits, while others 

had not described a notable differences between beverage types [19]. Some studies proposed 

that beer can have a more detrimental impact on AF risk in comparison to wine or spirit, 

although evidence remains mixed across research.[19]. Another dose-dependent study by 

Biddinger K.J. demonstrated that 1 drink of alcohol per week, can increase the risk of AF 

significantly [28], consistent with findings that regular alcohol consumption even at smallest 

doses can increase the risk of AF in case of beer and spirits [16]. Research exploring the effects 

of different types of alcohol (wine, spirits and beer) explored J-shaped relationship in those who 

consumed wine but not beer and spirits [18].  In addition, dose of alcohol consumption <7 

drinks weekly, associated with less risk of AF in wine and spirit but beer had harmful impact 

at any amount [36]. 

 

1.4.3 Sex Differences  

Sex differences in the alcohol-AF relationship have been observed in several studies and  

generally, women consume less alcohol as compared to men [19]. For men, moderate alcohol 

consumption considerably raise the probability of AF risk, but not for women [29, 37], while 

both men and women have association with the high AF risk on heavy consumption of alcohol 

[19, 29]. Any amount of alcohol consumed can increase the risk of AF incidence, but for 

women, consuming >1.4 drinks  per day may up the risk of AF [27]. Various research studies 

have not demonstrated that women across any level of alcohol consumed, has association with 
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high AF risk [19].  Even , most of previous research include only a limited number of women 

who had excessive/heavy alcohol consumption [19]. A meta-analysis study examined a linear 

relationship between  alcohol use and risk of AF incidence among men who are more 

susceptible to develop the AF at low doses of alcohol as compared to women, showed J-shaped 

relationship on heavy alcohol consumption [19]. There were no significant sex-differences in 

alcohol-related risks of AF but types of alcohol such as beer has harmful association with AF 

risk, while wine (8 drinks per week) and spirits (3 drinks per week) had no detrimental effects 

[36], reported by a prospective study conducted on sexes.  

However, sex related difference in relationship of alcohol and AF may be due to psychological 

and social behaviours because women who consumed alcohol had more controlled drinking 

habits as compared to men. In addition, sex related alcohol metabolism and interactions of 

hormones may be responsible for such differences [29]. A study by Johansson et al. highlighted 

sex-specific differences, revealing that women have not shown a notable association between 

alcohol consumption and risk of AF. In contrast, men only exhibited a significant increase in 

AF risk when consume ≥ 4.83 standard drinks per week [38].   

 

1.4.4 Pathophysiological Mechanism  

Pathophysiological mechanisms underlying the association between alcohol use and AF are 

complex and multifactorial [26], but alcohol may exhibit proarrhythmic effects [19]. The 

potential pathophysiological mechanisms are triggered by acute alcohol consumption such as:  

• Cellular effects: Oxidative stress and inflammation.  

• Autonomic effects: Reduced heart rate variability and vagal trigger. 

• Electrophysiological effects: Multiple disorders and dysfunction of ion channels in the 

myocardium [19, 26].  

The atrial remodeling (changes in structure and functions of atria such as alcoholic 

cardiomyopathy) and interactions with several risk factors (hypertension, diabetes, smoking 

and obesity) are associated with chronic alcohol consumption, leading to AF incidence [16].  

Although, the impact of alcohol on the atria is dose-dependent; for instance, individuals who 

consumed 8-21 drinks per week exhibit notable alterations in both the electrophysiology and 

structure of the heart, which may induce risk of AF [29, 39].  Another dose-related meta-

analysis demonstrated that the alcohol intake and AF risk association has been shown to be 

positive and non-linear [29].  
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Therefore, a modest rise in risk at lowest levels of alcohol consumption result in a little increase 

in the AF risk, but when intake exceeds approximately 40 grams per day (g/day), the increase 

becomes more noticeable [29] and alcohol consumption at this level marks a threshold beyond 

which the detrimental effects of alcohol may become more pronounced, potentially leading to 

significant harm to the electrophysiological system of the heart [29]. 

Current understanding of the relationship between alcohol intake and AF, highlights a 

significant gap in knowledge regarding the dose-response relationship. Some studies have 

suggested that low and moderate alcohol consumption may have a protective effect on cardiac 

health [30], and others demonstrated a direct association between low and moderate alcohol 

consumption and the incidence of AF [34, 40, 41]. The existing literature presents conflicting 

evidence impact of low and moderate alcohol consumption on risk of AF, required further 

investigation to overcome these discrepancies. Research studies have focused on the 

pathophysiological mechanisms, including electrophysiological and structural alterations in the 

heart, related to alcohol consumption and AF [19] However, the relationship between these 

documented structural changes, and specific dose of alcohol are not defined and specified in 

men and women [31].  

However, the significant insights of various studies demonstrated the variations in specific dose, 

duration, types of alcohol and frequency, are due to individual differences in alcohol 

consumption (susceptibility to alcohol effects on AF incidence).  Furthermore, it is also evident 

from research that the exact amount of alcohol consumption is underestimated (not established 

as its quantity were self-reported by the participants) especially in women which is the major 

limitation in many studies [1].  

This study investigates the association between alcohol consumption and the incidence of AF 

in the Norwegian population with an emphasis on sex differences, addresses important 

knowledge gaps in the existing literature. To explore sex-specific difference, future research 

should focus on how alcohol consumption influences incidence of AF in men and women, along 

with the dose-response relationship assocaited with various levels of alcohol consumption such 

as light, moderate, and heavy and the risk of AF, can provide insights into the possible sex-

specific differences [10, 42]. Finally, by emphasizing the necessity, it could support and educate 

clinical guidelines and public health recommendations regarding alcohol consumption to 

mitigate AF risk. 
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1.5 Research Question  

What is the sex-specific association between alcohol consumption and the incidence of AF in 

the Norwegian population?  

 

1.6 Research Objectives 

The main purpose of this study is to investigate relationship between alcohol consumption and 

incidence of AF among men and women separately in Norwegian population cohort. The 

specific objectives are:  

• To examine the AF incidence across different levels of alcohol consumption among men 

and women. 

• To assess the association between various drinking patterns of alcohol (e.g., alcohol 

frequency and alcohol drinks) and incidence of AF, stratified by sex. 

• To evaluate the impact of potential confounders on the association between alcohol 

consumption and AF incidence, including body mass index (BMI), presence of 

hypertension, smoking status, physical activity, and educational level. 

 

1.7 Hypothesis 

There exists an association between alcohol consumption and incidence of AF in both men and 

women in the Norwegian population, with the strength of this association differing between 

sexes. The lower alcohol consumption is associated to a lower risk of AF, and conversely, the 

higher alcohol consumption is associated with an increased risk of AF for both men and women.
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CHAPTER 2 

MATERIAL AND METHODS 

 

2.1 Study Design 

The present cohort study utilized the data from 7th survey of the Tromsø Study (Tromsø7). 

Participants were followed-up for the incident AF. All the participants were identified, who 

have emigrated or died (during follow-up) from the Tromsø municipality, were registered to 

the National Population Register [43].  

 

2.2 Study Population  

Tromsø, the largest city in Northern Norway having 77,000 inhabitants approximately [44].  

The Tromsø Study is population-based longitudinal cohort study that have been conducted in 

the Tromsø municipality Norway. The main objective of this study was to identify the 

underlying causes of elevated mortality due to cardiovascular diseases and to identify strategies 

for the prevention of stroke and heart attack. The study comprised of seven surveys conducted 

between 1974 to 2016. It includes subjects who have attended at least one of the seven surveys 

[45].  In present study, from Tromsø7 (2015-2016) has been used [45].  In Tromsø7, 16052 

men and 16539 women aged 40-99 years, were invited (Appendix-1) to participate. In total, 

10, 009 men and 11, 074 women accepted the invitation (average attendance 64.7%) [45, 46]. 

A total of 21,069 participated, in the study and completed baseline examination and 

questionnaire.  

 

2.3 Inclusion/ Exclusion Criteria 

The inclusion and exclusion criteria were used to ensure the integrity of the study and its 

emphasis on incident AF cases. 

 

2.3.1 Inclusion criteria   

• Participants in the study should be 40 years of age or older and residents of Tromsø 

municipality. 

• Provided informed consent to participate in the study.  

• Completed the baseline questionnaire and health examination.  
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2.3.2 Exclusion criteria  

• Individuals with suspected AF but without a confirmatory ECG record. 

• Participants with a prior diagnosis of AF at the start of the Tromsø7.  

• Participants who emigrated before the start of Tromsø7.  

• Individuals who did not provide consent for medical research.  

• A total of 14 individuals were excluded from the dataset for this reason. 

 

Participants with missing information on alcohol variables (drinks per occasion and  frequency) 

and potential confounders such as BMI, systolic blood pressure (BP), diastolic BP, 

antihypertensive drugs, education level, smoking status, physical activity were excluded from 

this study [16].  For the variables sex and age, there were no missing values. Complete case 

analyses were performed. Only complete cases were included in the analysis, and missing 

variables were excluded. The inclusion/exclusion criteria of study population presented in 

flowchart (Figure 1). 

 



12 

 

Figure 1: Inclusion/Exclusion Criteria for Study Population 
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2.4 Ethical Considerations 

The Regional Committee of Medical and Health Ethics North has approved the Tromsø7 

(reference 2014/940). Each participant gave written informed consent at attendance time. The 

Norwegian Data Protection Authority has approved the data which was collected securely, and 

evaluated [45]. The dataset in this study was anonymized that did not require separate approval 

from Regional Ethics Committee (REK). 

 

2.5 Data Collection  

 

2.5.1 Baseline Examination 

The data collection for the Tromsø7 involved a comprehensive health examination and a 

detailed questionnaire (Q1) (Appendix-2). The health examination was conducted by trained 

personnel at the study site. The baseline examination included the following components 

discussed below.  

 

2.5.1.1 Anthropometric measurements  

Participants with light clothing and no shoes, and their height was measured using a wall-

mounted stadiometer to the nearest 0.1 centimetre (cm) and the weight was recorded with 

electronic scales to the nearest 0.1 kg. BMI was calculated by the weight in kg divided by height 

in meters squared (kg/m2). 

 

2.5.1.2 BP measurements  

Three BP readings were taken using an automated device (Dina map ProCare 300) at one-

minute intervals. Analysis was done using the mean of the second and third readings.  

 

2.6 Variables Used in Analyses  

An invitation which includes a comprehensive questionnaire was distributed to all participants 

via mail prior to their baseline examination. All questionnaires full version (in English and 

Norwegian) of Q1 were available at webpage of the Tromsø study 

(https://uit.no/research/tromsostudy).  Participants were asked to complete the questionnaire at 

home and bring it to their examination appointment. Q1 covers social demographic aspects, 
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disease conditions, lifestyle, and medication use [45]. The multiple variables used in the 

analyses were obtained from Q1 in Tromsø7.  

 

2.6.1 Alcohol Variables  

In this study, the main exposure variable is the alcohol consumption g/day were assessed as 

drinking patterns (alcohol frequency and drinks per occasion) and types of alcohol (beer, wine, 

and spirits).  The alcohol consumption was categorized as: 

• Non-drinkers: 0 g/day 

• Light drinkers:  <12 g/day 

• Moderate drinkers: 12 to <24 g/day 

• Heavy drinkers: ≥24 g/day  

The variable alcohol frequency assesses how often participants consume alcohol, ranging from,  

• Never drinkers (who never drink alcohol). 

• Light drinkers (monthly/less frequently and up to 2-4 times a month). 

• Moderate drinkers (2-3 times a week). 

• Heavy drinkers (4 or more times a week). 

The variable number of drinks (1 glass of beer, wine or spirit) quantify the drinks consumed 

per occasion, ranging from 1-2 drinks, 3-4 drinks and 5 or more drinks (≥5 drinks) (combination 

of 5-6, 7-9, and 10 or more drinks). Participants were asked to describe about quantity of alcohol 

consumed as wine (120 ml), beer (330ml) and/ or spirits (40ml), all contain 12g of pure ethanol. 

These types of alcohol such as beer, wine and spirits were further categorized into never drinker, 

light, moderate and heavy consumption of alcohol by types.  

 

2.6.2 Covariates and Potential Confounders  

Sex was used as a binary variable (male/female) and age was measured in 10 years groups. All 

analyses were performed separately for sexes. Several following variables were considered as 

potential confounders.   
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2.6.2.1 BMI 

BMI was categorized as in dataset. 

• Underweight to normal weight: 0-25kg/m²  

• Normal to overweight: 25-30 kg/m²  

• Obese: 30-Inf kg/m²  

 

2.6.2.2 Physical Activity 

Leisure time physical activity was measured by asking that “Describe your exercise and 

physical exertion in leisure time over the last year” and were categorized as:  

• Sedentary: Reading, watching TV/screen or other sedentary activity.  

• Light: Walking, cycling, or other forms of exercise at least 4 hours a week. 

• Moderate: Participation in recreational sports, heavy gardening, snow shoveling etc. 

at least 4 hours a week.  

• Vigorous: Participation in hard training or sports competitions, regularly several 

times a week. 

 

2.6.2.3 Smoking Status 

Participants asked about “Do you/did you smoke daily?”.  In the analyses “yes, now” was 

considered current smokers and “yes, previously” as former smoker and “never” was treated as 

not current smokers. 

• Never: Not current smoker 

• Former smoker: “yes, previously” 

• Current smoker: “yes, now” 

 

2.6.2.4 Education Level 

Education level of participants was measured by asking that “What are the highest levels of 

education you have completed?” with four categories,  

• Primary/partly secondary education (Up to 10 years of schooling). 

• Upper secondary education: (a minimum of 3 years). 

• Tertiary education, short: College/university less than 4 years. 
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• Tertiary education, long: College/university 4 years or more.  

 

2.6.2.5 Hypertension 

Hypertension, defined as systolic BP ≥140 mmHg, or diastolic BP ≥90 mmHg, or use of 

antihypertensive medications [16, 47]. 

 

2.7 Follow-up and Detection of AF incident 

Participants in this study followed-up from the date of their physical examination until either 

the date of their first reported case of AF, censored date due to emigration or death, or end of 

follow-up period on December 31, 2021, whichever occurred first. Individuals who had 

emigrated or died during follow-up period were identified using Population Register of 

Norway. 

The identification on potential incident cases of AF was linked to the diagnosis registry 

(including diagnosis from all in-patients, and out-patient clinics) of the University Hospital of 

North Norway (UNN) (only hospital in this area) and to the Norwegian Cause of Death 

Registry. Further, all identified cases were selected for validation by using the International 

Classification of Diseases (ICD), 9th Revision (ICD–9) codes 427.0 to 427.99 and ICD, 10th 

Revisions (ICD-10) 147-I48 codes which are considered indicative (diagnostic codes) for AF 

incidence. In addition, medical hospital records were searched manually or electronic text in 

papers (used until 2001) for information on AF (for participants with cerebrovascular/ 

cardiovascular events). By following a detailed protocol and using medical hospital records, all 

the identified cases were validated by independent endpoint committee [12, 16, 47-49]. All the 

AF cases were considered confirmed when documented through an ECG. In addition, all the 

cases after 2016, and all the cases in those individuals who have not attended previous surveys 

were not validated. We just collected information on those from UNN diagnosis register, and 

they are not validated. 

 

2.8 Statistical Analyses  

IBM SPSS Statistics version 27.0 (IBM Corp., Armonk, NY, USA) was used for all statistical 

analyses. Microsoft Word was used to produce the data (tables), flow chart created in the 

webpage (www.drawio.com). Results with a significance level < 0.05 were considered 

http://www.drawio.com/
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significant for all analyses, and the statistical tests were two-sided. 95% confidence intervals 

(CIs) were provided for estimates. All statistical analyses were sex specific.  

 

2.8.1 Descriptive Analysis 

 Characteristics (baseline) of the study population described by using descriptive statistics in 

which continuous variables as means with standard deviations (SD) and categorical variables 

as absolute frequencies and proportions (%) were prevented.  The distribution of alcohol 

consumption patterns, alcohol types and the incidence of AF were visualized using tables.  

 

2.8.2 Survival Analysis 

The primary analysis employed Cox proportional hazards regression to compute hazard ratios 

(HRs) and 95% CIs to examine the association between alcohol consumption (drinking patterns 

and types of alcohol) and AF incidence which is sex- stratified. The survival time (time-to-

event) was defined as the time from baseline examination to the date of AF diagnosis, death, 

emigrated or end of follow-up, whichever came first. The basic form of the Cox proportional 

hazards model is:  

 

ℎ(𝑡) =  ℎ𝑜(𝑡) ×  𝑒𝑥𝑝(𝛽1𝑋1 + 𝛽2𝑋2 +  … +  𝛽ₚ𝑋ₚ) (1)

where: 

• ℎ(𝑡) is the hazard function at time 𝑡 

• ℎ₀(𝑡) is the baseline hazard function 

• 𝑋₁, 𝑋₂, . . . , 𝑋ₚ are the predictor variables 

• 𝛽₁, 𝛽₂, . . . , 𝛽ₚ are the coefficients estimated from the data  

Sex-specific HRs with 95% CIs for AF were estimated by multivariable Cox proportional 

hazard regression models.  

• Model 1: Crude(unadjusted) model with alcohol variables (alcohol frequency, drinks 

per occasion and types of alcohol) as the sole predictor. 

• Model 2: Adjusted for age.  

• Model 3: Further adjusted for age, BMI, hypertension, smoking status, educational 

level, and physical activity. 
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In unadjusted model, the alcohol frequency, drinks per occasion and types of alcohol were 

examined as sole predictor for the risk of incidence of AF. In adjusted models, first adjusted 

alcohol frequency, types and alcoholic drinks per occasion with age and second adjusted with 

age and all potential confounders such as BMI, systolic BP, diastolic BP, hypertension, used of 

antihypertensive drugs, smoking, education level and physical activity. In addition, sensitivity 

analysis was done adjusted with age, potential confounders, alcohol types and total 

consumption of alcohol g/day. HR above 1, describes increased risk and below 1 describes 

decreased risk/protective effect. Participants who never consumed alcohols were excluded for 

further analysis for alcoholic drinks per occasion and types of alcohols. Light drinkers were 

used as the reference group with alcohol frequency, and drinks per occasion. never drinkers 

were used as the reference group for types of alcohol.  The interaction analysis was done to 

examine whether sex modifies the association between alcohol variables and risk of AF, by 

including an interaction term (cross-product term) in the models [47]. The proportional hazards 

assumptions in the Cox models were evaluated in graphical assessment. 
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CHAPTER 3 

RESULTS 

 

3.1 Characteristics of the Study Population 

The final cohort comprised of 17,243 participants, including 8,280 men and 8,963 women, 

reflecting a sex distribution of approximately 48% men and 52% women.  During the follow-

up period of 5.6 years, 493 individuals (2.9%) were diagnosed with AF (Table1). Among these 

cases, 324 (3.9%) were men and 169 (1.9%) were women, indicating that men had a higher risk 

of developing AF. The age distribution results indicated that the largest proportions, 

approximately 33.9% were within 40-49 years age group, followed by 30.7% in the 50-59 years 

group (Table 2).  In contrast, older aged groups accounted for 24.2% in the 60-69 years category 

and 11.2 % in those aged 70 years and above.  Regarding BMI, 23.3% of men and 41% of 

women had a BMI in the normal range (0-25), while 25.1% men and 21.7% women were as 

obese. 

A total of 4,703 individuals (27.4%) in the cohort diagnosed with hypertension. Among these 

2,689 (32.5%) were men and 2,014 (22.5%) were women. A significant proportion of 

participants,78.3%, were never used antihypertensive drugs, while approximately 19.2% were 

the current user of drugs. Regarding smoking status, 42.3% of men and 40.4% of women 

identified as never smokers. Current smokers comprised 13.5% of men and 14.7% of women, 

while former smokers accounted for 44.2% of men and 44.9% of women. 

The education levels among participants varied considerably. A total of 3,465 participants 

(20.1%) completed primary or secondary education, while 4,859 (28.2%) attained upper 

secondary education. The largest group, comprising 8,919 participants (51.7%), had completed 

college or university education (both tertiary short and long). Among men, 4,048 (49.9%) and 

among women, 4,871 (54.3%) had the highest education level in college or university. In terms 

of physical activity, women demonstrated a breakdown of 12.6% engaged in sedentary, 65.6% 

in light activities, 19.3% in moderate activities, and 2.5% in vigorous training. While men 

indicated 14.7% sedentary activity, 50.0% light activity, 31.2% moderate activity, and 4.1% 

vigorous training (Table 2). 
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Table 1: Number of AF Cases in Men and Women 

 

Number of af cases 

 

AF 

 

 

Total Men Women 

 

N 

17243 

 

 N 

8280 

% 

48.0 

N 

8963 

% 

52.0 

No 

 

16750 97.1 7956 

 

96.1 8794 

 

98.1 

AF 

Confirmed 

 

493 2.9 324 3.9 169 1.9 

 

 

Table 2: Descriptive Baseline Characteristics of the Men and Women 

Variables 
Total Men Women 

N % N % N % 

Sex 

 

17243  8280 48.0 8963 52.0 

Age (Years) 

 

 

• 40-49 

• 50-59 

• 60-69 

• ≥70 

5844 

5286 

4176 

1937 

33.9 

30.7 

24.2 

11.2 

2796 

2461 

2023 

1000 

33.8 

29.7 

24.4 

12.1 

3048 

2825 

2153 

937 

34.0 

31.5 

24.0 

10.5 

Body Mass Index (kg/m²) 

(%) 

 

• 0-25 

• 25-30 

• 30-Inf 

5603 

7614 

4026 

32.5 

44.2 

23.3 

1932 

4266 

2082 

23.3 

51.5 

25.1 

3671 

3348 

1944 

41.0 

37.4 

21.7 

 

Hypertension (%) 

 

 

• No 

• Yes  

12540 

4703 

72.7 

27.3 

5591 

2689 

67.5 

32.5 

6949 

2014 

77.5 

22.5 
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Antihypertensive Drugs 

(%) 

 

• Never Used 

• Currently 

• Previously, not now 

 

13502 

3312 

429 

 

78.3 

19.2 

2.5 

 

6308 

1777 

195 

 

23.3 

51.5 

25.1 

7194 

1535 

234 

 

80.3 

17.1 

2.6 

 

Blood Pressure Mean (SD)  

• Systolic BP 

 

• Diastolic BP 

128.46 

(18.99) 

75.51 

(10.02) 

 132.16 

(17.61) 

78.53 

(9.66) 

 125.04 

(19.58) 

72.72 

(9.52) 

 

Smoking Status (%) 

 

 

• Never 

• Current  

• Former  

7127 

2437 

7679 

 

 

41.3 

14.1 

44.5 

3505 

1119 

3656 

42.3 

13.5 

44.2 

3622 

1318 

4023 

40.4 

14.7 

44.9 

Education Level (%) 

 

 

• Primary/secondary  

• Upper secondary  

• Tertiary, short  

• Tertiary, long  

 

3465 

4859 

3449 

5470 

 

20.1 

28.2 

20.0 

31.7 

1669 

2563 

1796 

2252 

20.2 

31.0 

21.7 

27.2 

 

1796 

2296 

1653 

3218 

 

20.0 

25.6 

18.4 

35.9 

 

Physical Activity (%) 

 

 

• Sedentary 

• Light 

• Moderate   

• Vigorous  

2347 

10018 

4311 

567 

13.6 

58.1 

25.0 

3.3 

1214 

4143 

2582 

341 

14.7 

50.0 

31.2 

4.1 

1133 

5875 

1729 

226 

12.6 

65.6 

19.3 

2.5 

 

Note: Mean (SD) for continuous variables and proportions (%) for categorical variables. 
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A comprehensive analysis on alcohol consumption among study participants, categorized by 

alcohol frequency, drinks per occasion and types of alcohol presented in Table 3.  The data 

revealed that proportion of individuals, approximately 16 men (0.2%) and 47 women (0.5%) 

were never drinking alcohol.  Among those who consumed alcohol, light drinking was the most 

prevalent pattern, with 63.7% of men and 69.9% of women categorized as light drinkers. 

Moderate drinking followed, with 28.6% of men and 24.2% of women identified as moderate 

drinkers.  While only 7.4% men and 5.3 % women were heavy alcohol drinkers.  When the 

drinks per occasion were examined, the majority reported consuming 1-2 drinks per occasion 

with 53.2% of men and 71.8% of women in this category Furthermore, 32.5% men and 24.2% 

women had 3-4 drinks per occasion, while 13.3% men and 4.1% of women indicated consuming 

≥5 drinks per occasion.  

The types of alcohol were categorized into never, light, moderate, and heavy consumption for 

beer, wine, and spirits. Among all participants, 13.3% of men and 48.3% of women who never 

consumed beer. Light beer consumption was noted in 2.5% of men and 7.2% of women, while 

moderate to heavy beer consumption was observed in men 6.0% and 78.2%, as well as 9.7% 

and 34.9% for women, respectively. Notably, 571% of men and 63.0% of women were 

measured with heavy alcohol consumption.  In terms of spirits, light consumption was recorded 

at 49.4% for men and 20.7% for women 

 

Table 3: Alcohol Consumption Categorized by Drinking Patterns and Types of Alcohol in 

Men and Women. 

Alcohol variables 

 

Variables 

Total Men WOMEN 

N 

17243 

% N 

8280 

% 

48.0 

N 

8963 

% 

52.0 

Alcohol frequency 

• Never  

• Light 

• Moderate 

• Heavy  

63 

11547 

4543 

1090 

0.4 

67.0 

26.3 

6.3 

16 

5278 

2372 

614 

0.2 

63.7 

28.6 

7.4 

47 

6269 

2171 

476 

0.5 

69.9 

24.2 

5.3 

Drinks per occasion  

• 1-2 drinks 

• 3-4 drinks 

• ≥5 drinks 

10837 

4854 

1552 

 

62.8 

28.2 

9.0 

4405 

2689 

1186 

53.2 

32.5 

14.3 

6432 

2165 

366 

71.8 

24.2 

4.1 
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Alcohol Types 

1. Beer  

• Never 

• Light 

• Moderate 

• Heavy 

5427 

852 

1365 

9599 

31.5 

4.9 

7.9 

55.7 

1009 

211 

495 

6475 

13.3 

2.5 

6.0 

78.2 

4328 

641 

870 

3124 

48.3 

7.2 

9.7 

34.9 

2. Wine   

• Never 

• Light 

• Moderate 

• Heavy  

2896 

1886 

2085 

10376 

16.8 

10.9 

12.1 

60.2 

1618 

933 

1004 

4725 

19.5 

11.3 

12.1 

57.1 

1278 

953 

1081 

5651 

14.3 

10.6 

12.1 

63.0 

3. Spirits   

• Never 

• Light 

• Moderate 

to heavy  

10537 

5949 

757 

61.1 

34.5 

4.4 

3523 

4091 

666 

42.5 

49.4 

8.0 

7014 

1858 

91 

78.3 

20.7 

1.0 

Note: Alcohol frequency, drinks per occasion and types of alcohol, presented as proportions 

(%). 

 

3.2 Cox Regression Analysis for Study Population 

3.2.1 Association between Alcohol Frequency and AF 

In comparison with light drinker, men who never consumed alcohol had a HR of 3.90 (95% CI: 

0.97-15.74), suggesting that they face nearly four times the risk of developing AF, although this 

finding was not statistically significant (Table 4).  Men consuming moderate alcohol, HR 1.28 

(95%CI :1.01-1.64) and heavy alcohol consumption with a HR of 1.84 (95%CI:1.29-2.91), was 

associated with higher risk of AF, respectively and these association were statistically 

significant. In the adjusted models, no associations were found for never, moderate, and heavy 

alcohol consumption. 

In crude analyses, women who never consumed alcohol had a HR of 5.05 (95%CI: 1.86-13.71) 

indicating that that they have five times the risk of AF compared to light drinker women. 

Women with a moderate alcohol consumption had no association but women with heavy 

drinking have a higher risk of AF with HR 1.78 (95%CI:1.04-3.06) indicated significant 

association. However, in adjusted models, no associations were found for alcohol frequency 

among women (Table 4). 



24 

Table 4: HRs and 95% CIs for the association between Alcohol Frequency and AF in Men and Women. 

Variables 

Men Women 

Crude1 

HR  

(95%CI) 

Adjusted2 

(Age) 

HR (95%CI) 

Adjusted3 

(Age + Confounders) 

HR (95%CI) 

Crude1 

HR 

(95%CI) 

Adjusted2 

(Age) 

HR (95%CI) 

Adjusted3 

(Age+ 

Confounders) 

HR (95%CI) 

 

Alcohol 

Frequency 

 

Light Reference 

Never 

3.90 

(0.97-15.74) 

2.76 

(0.68-11.14) 

2.72 

(0.66-11.14) 

5.05 

(1.86-13.71) 

 

2.38 

(0.87-6.49) 

 

2.33 

(0.84-6.39) 

 

Moderate 
1.28 

(1.01-1.64) 

1.24 

(0.97-1.58) 

1.26 

(0.98-1.63) 

0.98 

(0.67-1.41) 

0.99 

(0.68-1.43) 

1.01 

(0.69-1.47) 

 

Heavy 

1.84 

(1.29-2.61) 

1.41 

(0.99-2.01) 

1.35 

(0.94-1.95) 

1.78 

(1.04-3.06) 

1.24 

(0.72-2.12) 

1.27 

(0.72-2.24) 

1Crude model, 2Adjusted for age, 3Adjusted for age and potential confounders. Association of alcohol consumption (g/day) and AF by alcohol 

frequency. Results from sex-stratified Cox regression models presented with HRs and 95% CIs. 
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3.2.2 Association between Drinks per Occasion and AF 

In men, a consumption of 3-4 drinks per occasion with a HR of 1.01 (95% CI: 0.80-1.29), 

showed no association compared to reference group (Table 5). However, after adjusting for age, 

the HR increased to 1.31 (95%CI: 1.02-1.66), suggesting statistically significant high risk of 

developing AF associated with consuming 3-4 drinks per occasion in men. Further adjusted for 

age and potential confounders, the HR of 1.30 (95%CI: 1.02-1.67), reinforces the association 

in men consuming 3-4 drinks per occasion, have a significantly high risk of developing AF 

independently. Men who consume ≥5 drinks of alcohol, HR is 0.68 (95%CI: 0.47-0.99) was 

associated with less risk of AF which is statistically significant. There was no association with 

increased risk with age and further adjusted with age and potential confounders in men 

consuming ≥5 drinks per occasion.  

Women consuming 3-4 drinks and >5 drinks per occasion with HR of 0.41 (95%CI: 0.25-0.12) 

and HR 0.12 (95%CI: 0.17-0.87) respectively, suggested lower risk of developing AF, a 

statistically significant reduction indicated moderate and heavy alcohol consumption may be 

protective against AF in women. Women consumed 3-4 drinks and ≥5 drinks per occasion, in 

age-adjusted and age with potential confounder adjusted models, no significant associations are 

present (Table 5).
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Table 5: HRs and 95% CIs for the association between Drinks per Occasion and the risk of AF in Men and Women 

 

 

Variables 

Men Women 

 

Crude1 

HR  

(95%CI) 

Adjusted2 

(Age) 

HR (95%CI) 

Adjusted3 

(Age + Confounder) 

HR (95%CI) 

Crude1 

HR  

(95%CI) 

Adjusted2 

(Age) 

HR (95%CI) 

Adjusted3 

(Age + Confounders) 

HR (95%CI) 

 

 Drinks per 

Occasion  

 

1-2 drinks 

 

 

Reference 

 

 

3-4 drinks 

 

1.01 

(0.80-1.29) 

1.31 

(1.02-1.66) 

 

1.30 

(1.02-1.67) 

0.41 

(0.25-0.65) 

0.73 

(0.45-1.18) 

0.76 

(0.46-1.23) 

 

≥5 drinks 

0.68 

(0.47-0.99) 

1.28 

(0.87-1.88) 

1.27 

(0.85-1.89) 

 

0.12 

(0.17-0.87) 

0.44 

(0.06-3.22) 

 

0.41 

(0.05-3.03) 

 

1Crude model, 2Adjusted for age, 3Adjusted for age and potential confounders. Association of alcohol consumption and AF by drinks per occasion.  

Results from sex-stratified Cox regression models presented with HRs and 95% CIs. 
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3.2.3 Association between Types of Alcohol and AF 

The light, moderate, and heavy beer consumption showed no association with risk of AF in 

crude and adjusted models for both men and women (Table 6). When comparing wine 

consumption, men who consumed light and heavy wine did not exhibit any association with AF 

risk. However, moderate wine consumption, associated with an increased AF risk, with a HR 

1.56 (95%CI: 1.04-2.33), indicating a significant association. When adjusted for age, the 

association remained significant, with a HR 1.66 (95%CI: 1.11-2.48). In additions, when further 

adjusted for age and potential confounders, moderate wine consumption indicated a HR 1.63 

(95% CI: 1.08-2.44), reinforcing the significant association between consumption of wine and 

risk of AF. For women, who consumed light, moderate and heavy wine, no association found 

with risk of AF.  For men, light spirit consumption was associated to a statistically significant 

high risk of AF with HR of 1.40 (95%CI: 1.10-1.78). However, moderate to heavy spirit 

consumption did not demonstrate any association with AF risk in either crude or adjusted 

models. Moreover, women showed no association between spirit consumption (light and 

moderate to heavy) and AF risk in both crude and adjusted models (Table 6). 
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Table 6: HR and 95% CIs for the association between Alcohol types and the risk of AF in Men and Women. 

 

 

 

Alcohol Types 

Men  Women  

Crude1 

HR 

(95%CI) 

 

Adjusted2 

(Age) 

HR 

(95%CI) 

Adjusted3 

(Age + 

Confounders) 

HR (95%CI) 

Total alcohol 

Adjusted4 

(Age + 

Confounders) 

HR (95%CI) 

Crude1 

HR 

(95%CI) 

Adjusted2 

(Age) 

HR 

(95%CI) 

Adjusted3 

(Age + 

Confounders) 

HR (95%CI) 

Total alcohol 

Adjusted4 

(Age + 

Confounders) 

HR (95%CI) 

 

 

Beer   

 

Never 

 

  

Reference 

 

 

 

Light 

1.00 

(0.50-1.97) 

0.83 

(0.42-1.65) 

0.82 

(0.41-1.61) 

0.79 

(0.39-1.59) 

0.74 

(0.39-1.37) 

0.71 

(0.38-1.33) 

 

0.73 

(0.39-1.37) 

 

        0.73 

(0.38-1.37) 

 

 

 

Moderate 

 

0.99 

(0.61-1.60) 

1.06 

(0.65-1.72) 

1.08 

(0.66-1.76) 

0.99 

(0.59-1.66) 

0.75 

(0.43-1.29) 

0.83 

(0.48-1.43) 

0.79 

(0.46-1.38) 

 

0.79 

(0.45-1.39) 

 

 

Heavy  

0.74 

(0.54-1.00) 

1.02 

(0.75-1.39) 

1.06 

(0.78-1.44) 

0.94 

(0.66-1.35) 

0.57 

(0.39-0.82) 

 

0.84 

(0.58-1.22) 

0.86 

(0.59-1.25) 

0.86 

(0.58-1.27) 

 

 

 

Wine  

 

Never 

 

  

Reference 

 

 

 

Light 

1.18 

(0.76-1.84) 

1.31 

(0.84-2.04) 

 

1.33 

(0.85-2.08) 

1.43 

(0.88-2.31) 

0.77 

(0.43-1.38) 

0.89 

(0.49-1.60) 

0.89 

(0.49-1.60) 

0.78 

(0.42-1.47) 

 

Moderate 

1.56 

(1.04-2.33) 

1.66 

(1.11-2.48) 

1.63 

(1.08-2.44) 

1.72 

(1.10-2.69) 

0.77 

(0.44-1.35) 

0.93 

(0.53-1.64) 

1.02 

(0.58-1.79) 

 

0.91 

(0.49-1.67) 
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Heavy 

 

1.36 

(0.99-1.87) 

 

1.33 

(0.96-1.82) 

1.35 

(0.97-1.88) 

1.42 

(0.97-2.08) 

0.68 

(0.45-1.03) 

0.76 

(0.50-1.15) 

0.78 

(0.51-1.20) 

0.70 

(0.43-1.14) 

 

 

Spirit  

 

Never 

  

Reference 

 

 

 

Light 

1.40 

(1.10-1.78) 

 

1.21 

(0.95-1.54) 

1.24 

(0.97-1.57) 

1.23 

(0.95-1.59) 

1.18 

(0.82-1.69) 

0.98 

(0.68-1.40) 

0.96 

(0.67-1.39) 

1.02 

(0.70-1.49) 

Moderate 

to heavy 

1.48 

(0.99-2.21) 

1.22 

(0.82-1.82) 

1.19 

(0.79-1.78) 

1.19 

(0.78-1.80) 

1.92 

(0.61-6.05) 

1.63 

(0.51-5.13) 

1.80 

(0.57-5.71) 

 

1.96 

(0.61-6.28) 

 

1Crude model, 2Adjusted for age, 3Adjusted for age and potential confounders, 4Adjusted with age, potential confounders with total alcohol 

consumption (g/day). Association of alcohol consumption and AF by types of alcohol. Results from sex-stratified Cox regression models presented 

with HRs and 95% CIs. 
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In addition, total alcohol consumption (g/day) was analyzed with alcohol types, adjusted with 

age and potential confounders. The findings from Cox regression analysis indicated similar 

HRs of wine, beer and spirit (Table 6). Interaction analysis indicated the following p-values 

between sex and alcohol variables: such as alcohol frequency (p<0.646), drinks per occasion 

(p<0.001), and types of alcohols such as beer (p<0.696), wine (p<0.06) and spirits (p<0.65) in 

relation to AF. The p-value to show interaction between sex and total alcohol consumption was 

p>0.02. 
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CHAPTER 4 

DISCUSSION 

 

4.1 Scientific Discussion  

The present study indicates a statistically significant association between alcohol consumption 

and incidence of AF across drinking patterns (alcohol frequency and drinks per occasion) and 

types of alcohol, particularly among men as compared to women. Notably, the study findings 

indicated that men exhibited an increased risk of AF in association with moderate and heavy 

alcohol consumption, while women did not exhibit a similar risk and might even experience a 

protective effect from alcohol. Specifically, consumption of light spirit was significantly 

associated to an increased risk of AF among men.  

This finding aligns with previous meta-analysis, suggesting that even light consumption of 

alcohol may increase the AF risk [41]. Interestingly, the study also found that moderate wine 

consumption was associated with an increased AF risk, further adjustment for age and potential 

confounders, the alcohol consumption shows stronger association risk of AF incidence, which 

increases independently.  

The study findings indicated that the quantity of alcohol consumed, drinking patterns, and 

alcohol type  have been related to the higher risk of AF incidence [16], and our findings shoe 

consistency with several previous studies such as Johansson et al. highlighted that alcohol 

consumption was associated with higher risk of AF in men when compared to women [38] and 

the results of another study by Gallagher et al. reported that moderate alcohol consumption 

increased the risk of AF significantly in men but not in women [37].   

Another meta-analysis conducted by Zhang et al. reported that  moderate as well as heavy 

alcohol consumption was significantly associated to AF risk in men, while in women this 

association was primarily observed with heavy alcohol consumption [29], also support our 

results, indicating that women who consumed heavy alcohol showed 78% increased risk of AF. 

However, our study results contradict the findings of Csengeri et al., who reported that low 

doses of all types of alcohol were associated to an increased risk of AF [16].   
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Different studies have presented varying outcomes (inconsistencies) regarding the impact of 

specific types of alcohol on AF risk: Yang et al. suggested that the alcohol types did not 

significantly affect AF risk [50], while a prospective study noted that beer and spirit had 

detrimental effect on AF risk, but wine consumption appeared to have no harmful effects [36].  

Another prospective study by Larsson et al, found that beer, wine, and spirit were associated 

with higher risk of AF at different consumption levels (7-14 and >14 units of alcohol/week) 

[19, 40].  

Despite the evidence that women typically consume less alcohol than men [19],  some studies 

reported that no significant sex-differences were present in association between alcohol 

consumption and risk of AF. This is contrary to our findings, which demonstrated a strong 

association between alcohol consumption and increased AF risk specifically among men. 

However,  men were more predisposed to alcohol related high risk of AF [51], evident from a 

meta-analysis that men were more susceptible to develop alcohol related AF as compared to 

women [50]. Many studies have not demonstrated an increased risk of AF in women at any 

level of alcohol consumption, often due to a limited number of women participants consuming 

heavy alcohol [19].  

In our study, a smaller number of women reported heavy drinking, which may have influenced 

the results. Additionally, one sex-specific prospective study that included nearly equal numbers 

of men and women did not find significant sex differences in the relationship between alcohol 

consumption and risk of AF. This opposes our findings, which showed a robust association in 

men but not in women [36]. A population-based cohort study described that both moderate 

alcohol consumption and heavy alcohol consumption showed association with AF in both sexes 

but highlighted that heavy drinking (specifically 35 drinks per week), associated with a stronger 

AF risk only in men [52], does not align with our data regarding women. 

 

4.2 Biological and Pathophysiological Mechanisms  

For the incidence and development of AF, several pathogenic mechanisms in alcohol 

consumers have been identified [34]. In the genesis of AF, various pathophysiological factors 

have been considered such as hemodynamic (increase in intra atrial pressure), 

electrophysiological (shortened refractory period, ionic channels and genetics), structural (atrial 

fibrosis and inflammation), autonomic (modulatory changes) and atrial tachycardias (triggering 

factors). Although, alterations in pathophysiological mechanism lead towards fibrillation and 
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changes in atrial structure with an interruption in electrical activity (disorganized) [14]. Alcohol 

consumption (acute or chronic) have direct effect on the heart by causing multiple disorders in 

the electrophysiology, alter functions of ion channel, resulted into disrupted electrical 

conduction with increased arrhythmias susceptibility [19].  In addition, structural remodelling 

of left atria lead to hypertension, is another potential pathophysiological mechanism for onset 

of alcohol related AF, resulted into direct toxic effect of alcohol consumption on heart and 

considered independent risk factor for AF [33, 34]. 

 

4.3 Methodological Discussion  

Tromsø Study is a comprehensive, longitudinal cohort research study based on population, 

conducted in the Tromsø municipality of Norway [43], comprising seven surveys conducted 

from 1974 to 2016 [45]. Its primary aim is to address the high mortality rates associated with 

cardiovascular diseases in Norway and followed a defined population over time to assess 

various health outcomes [43].The participants must have attended at least one of the seven 

surveys [45]. Tromsø7 facilitated the investigation of the AF incidence and its association with 

alcohol consumption within a defined population. The data utilized in this study is linked to 

several registries, including the National Causes of Death Registry, the discharge diagnosis 

registry at UNN, and the Population Register of Norway. This design allowed to follow the 

participants until either date of their first recorded AF diagnosis, or the end of follow-up period 

(31-12-2021) [47, 49]. 

 

4.3.1 Internal validity  

Internal validity defined as the extent to which the results of a study are reliable and valid to 

the population under investigation. It can be affected by the two main factors, bias and 

confounding. Bias is the systematic error that can occur at any stage of the study and may distort 

the true association in any direction. Bias has been categorized as selection bias and information 

bias. While it is impossible to eliminate bias completely from a study, it can be minimized 

through careful planning and analysis to enhance internal validity [53]. 

 

4.3.1.1 Selection Bias 

A systematic error that occurs in a study when participants are not representative of the general 

population, from which the samples are drawn, known as selection bias  [53, 54]. This type of 
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bias can be reduced by maintaining a high attendance rate. In the Tromsø7 the attendance rate 

was 64.7%, indicating that the participants were representative (of the general population), 

which enhances the internal validity of the study.. However, the 35.3% of participants who did 

not attend Tromsø7 may introduce non-response bias (a form of selection bias) since they could 

be systematically different from those who did attend. Attendees may differ from non-attendees 

in terms of lifestyle, health, and demographic characteristics [55]. Therefore, individuals who 

consume heavy alcohol may have higher risk of illness and could be less likely to participate, 

which is an important consideration [56]. Moreover, participants with missing data on alcohol 

consumption and other covariates have been excluded from the analysis. 

 

4.3.1.2 Information Bias  

An information bias may occur during data collection, representing inadequate information 

about the study participants. One of the most significant forms of information bias is 

misclassification, which occurs when there is biased detection of exposure or outcome 

assessments. Misclassification can be categorized as either differential, where the 

misclassification of participants differs between study groups, or non-differential, where the 

misclassification of participants is consistent across all groups [53]In this study, 

misclassification of AF presents a potential bias. Although AF cases were identified through 

linkage to the UNN, there are still individuals who may be unaware that they have AF. 

Furthermore, both differential (where one group may have has more difficulty recalling their 

history than another) and non-differential (where all participants fail to remember the event) 

[53] misclassification issues may arise. Data on alcohol consumption and other variables were 

gathered through self-reported questionnaires, such as Q1 [45] with any self-assessment tool, 

which can introduce recall bias and measurement errors. Utilizing an online questionnaire could 

enhance data quality by minimizing administrative burdens and the likelihood of 

misclassification [45].  Self-reported lifestyles, in various studies used as covariates were 

susceptible to measurement error that can lead to information bias. Participants often overreport 

the positive qualities such as physical activity in leisure time, while understate the negative 

behaviours (such as smoking and alcohol consumption) [57]. Although, the information 

regarding BMI, hypertension or use of antihypertensive drugs was collected through physical 

examinations and self-reported measures, this still contributed to the misclassification of 

participants in the study.   
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Nevertheless, validation studies indicate that variables are self-reported were considered 

accurate [55]. Furthermore, the self-reported education levels in the Tromsø7 are validated and 

confirmed about the data which is suitable for research purposes [58, 59]. 

 

4.3.1.3 Confounding  

Confounding defined as the influence of an exposure of interest linked to the effect of another 

variable, which can obscure the true relationship between the exposure and the outcome [53, 

54]. For instance, the presence of a confounder may lead to an observed association that differs 

from the actual association between the exposure and the outcome. Confounding can be 

controlled/accounted through various statistical approaches such as stratification and 

multivariable regression analysis. In this study all statistical analyses were sex-stratified and 

potential confounders including age, smoking status, systolic and diastolic BP, hypertension, 

education level, physical activity, BP drugs and BMI, were controlled appropriately. However, 

confounding caused by some unknown factors, such as measurement errors, uncontrolled 

variables, and interaction defects, remain unaddressed. 

 

4.3.2 External validity 

External validity defined to which extent the findings of a study can be applied to different 

populations [53]. Tromsø7 included participants from municipality of Tromsø, and mainly are 

of Norwegian origin (85%) [45]. Participants were enrolled based on the official population 

registry, with invitations sent to the general population. The overall attendance rate was 64.7%. 

Majority of the study participants belonged to white, European ancestry, also few immigrants 

from other countries. Therefore, the population represented in the Tromsø Study can be 

considered comparable to other Caucasian populations regarding the AF incidence with 

associated risk factors. In addition, the presence of only one hospital in the area facilitated 

endpoint identification, enhancing the reliability of the data. The study design, high attendance 

rate for Tromsø7, and the reliability of endpoints contribute to its high external validity and 

generalizability. 

 

4.4 Strengths and Limitations 

The large sample size study from Tromsø7 with high attendance rate of 64.7%, representative 

of both Tromsø and general population of Norway due to similar demographic 
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characteristics[55],  thereby enhancing the reliability and the validity of the findings, is the key 

strength of this study. Another strength of Tromsø7 is comprehensive data collection with broad 

range of information obtained through the questionnaires and physical examination, reduces the 

chance of confounders being missed, ensures the collection of valid and reliable data. All cases 

of AF were confirmed and further validated by an independent endpoint committee according 

to guidelines. 

Nonetheless, the study has several limitations. The alcohol consumption was self-reported by 

the participants, which may cause over/under-estimation of the risk factors for AF due to 

potential inaccuracies in reporting of alcohol consumption. The complete case analyses were 

performed to include participants with non-missing data on the variables considered in this 

study, which resulted to a substantial reduction in the sample size and lower precision of the 

findings. Moreover, it can introduce bias if the missing data are not missing completely at 

random [60]. Another limitation is the reduced power to detect differences in women due to 

wide CIs, even though point estimates were consistent for both men and women.  Furthermore, 

there remains a risk of misclassification of AF, as some patients have silent AF that goes 

undiagnosed or undetected. Consequently, the actual incidence of AF may be greater than what 

is represented here. To avoid potential misclassification bias, participants with suspected AF 

information (data) were excluded from the study. 

 

4.5 Future Implications 

The current study has potential to make a valuable contribution by supporting previous research 

studies that demonstrates an association between alcohol consumption and incidence of AF. 

These findings may be significant and could prompt further investigations into relationship of 

alcohol consumption with health-related behaviours, as well as to ascertain the existence of sex 

disparities identified in this study. It also suggests that risks of AF associated with alcohol 

consumption, influenced by overall health of individuals, making it crucial to implement future 

public health interventions aimed at the most vulnerable individuals. Alcohol consumption and 

AF were found to be more strongly associated, particularly among men, which emphasizes the 

potential need for sex-specific risk assessments for AF.  

A better understanding to acquire a comprehensive insight regarding the impact of alcohol 

related with risk of AF, health conditions and overall well-being, may effectively 

contribute to achieving the Sustainable Development Goals both in Norway and globally. Due 

to variations in drinking patterns and types of alcohol consumed, and the age at which 
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individuals begin drinking across various cultures, communities, and countries, findings related 

to alcohol consumption may not always be generalized. Therefore, research conducted on 

specific population like Tromsø7, can be crucial for understanding the cultural differences to 

develop and implement interventions to address the needs of specific population groups. 

 

CONCLUSION 

In conclusion, this study provides valuable insights into relationship between alcohol 

consumption and incidence of AF. We found a positive association between alcohol 

consumption and an increased risk of AF in men; however, no such association was observed 

in women. Although, our findings demonstrate that alcohol consumption across drinking 

patterns (alcohol frequency and drinks per occasion) and different alcohol types (wine, and 

spirit) are strongly associated with increased risk of AF and support existing literature. To 

comprehend the underlying mechanisms of sex differences, and to explore potential 

interventions to mitigate alcohol related risk of AF more research studies are recommended. 
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