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Purpose: The aims of this study were to estimate the incidence of atrial fibrillation and atrial 

flutter (AF), to assess the presence of provoking factors and risk factors for stroke and systemic 

embolism, and to determine the type of AF in patients with first-diagnosed AF.

Patients and methods: This cohort study was performed in northern Sweden between January 

1, 2011 and December 31, 2012. Diagnosis registries were searched for the International Clas-

sification of Diseases-10 code for AF (I48) to identify cases of incident AF. All AF diagnoses 

were electrocardiogram-verified. Data pertaining to provoking factors, type of AF and presence 

of risk factors for stroke and systemic embolism according to the CHA
2
DS

2
-VASc score were 

obtained from medical records.

Results: The incidence of AF in the entire population was 4.0 per 1,000 person-years. The 

incidence was 27.5 per 1,000 person-years in patients aged ≥80 years. A total of 21% of all 

patients had a provoking factor in association with the first-diagnosed episode of AF. The 

CHA
2
DS

2
-VASc score was 2 or higher in 81% of the patients. Permanent AF was the most 

common type of AF (29%).

Conclusion: There was a considerable increase in the incidence of AF with age, and a provok-

ing factor was found in one-fifth. The most common type of AF was permanent AF. Four in five 

patients had a CHA
2
DS

2
-VASc score of 2 or more.

Keywords: atrial fibrillation, atrial flutter, incidence, risk factors for stroke

Introduction
Recent studies have reported that the prevalence rate of atrial fibrillation or atrial flut-

ter (AF) is 2%–3%.1–3 Only a few studies have investigated the incidence of AF, and 

the results have been inconclusive. The annual incidence of AF in subjects of all ages 

was 4.1 per 1,000 person-years in a German study and 0.9 per 1,000 person-years 

in a Scottish study.2,4 It is not uncommon for a provoking factor, such as surgery or 

infection, to be present when AF is first diagnosed. The Framingham study showed 

that 31% of the patients diagnosed with AF had a provoking factor at the time of their 

diagnosis of AF.5

AF is a progressive disease, and in clinical practice it is classified as follows: first-

diagnosed AF, paroxysmal AF, persistent AF or permanent AF.6,7 In a recent study of 

patients with newly diagnosed AF, 29.7% had unclassified AF, 27.5% had paroxysmal AF, 

17.9% had persistent AF and 24.9% had permanent AF when they were classified up to 

six weeks after the first-detected episode.8 Notably, the prevalence of cardiovascular risk 

factors and other comorbidities varies between patients with the different types of AF. 

The proportion of patients with previous stroke, coronary artery disease,  hypertension, 
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heart failure, and diabetes mellitus is higher in patients with 

permanent AF compared to those with first-detected AF, 

paroxysmal AF and persistent AF.9 One study found that the 

median CHA
2
DS

2
-VASc score was 4.0 in patients with long-

standing, persistent or permanent AF compared to that (3.0) in 

patients with first-detected AF, paroxysmal or persistent AF.10 

The incidence of a cardiovascular disease such as ischemic 

heart disease, ischemic stroke or peripheral arterial disease, 

or hypertension or diabetes mellitus, was higher in patients 

with incident AF than in the general population.11

The distribution of the types of AF, the proportion of 

provoking factors associated with AF and the risk factors 

for stroke and systemic embolism depend on the population 

studied. Patients with AF who were recruited from hospital 

populations or who were referred to a cardiologist for assess-

ment are not representative for the general AF population. In 

a previous study, we estimated the prevalence of AF in the 

total population within a well-defined geographical area in 

northern Sweden.1 The study reported here included patients 

with incident AF in this unselected “real-life” population, 

in order to estimate the incidence of AF and to characterize 

patients with first-diagnosed AF.

The aims of this study were to estimate the incidence of 

AF, to assess the presence of provoking factors and risk fac-

tors for stroke and systemic embolism, and to determine the 

type of AF in patients with first-diagnosed AF.

Materials and methods
Setting and case finding
This cohort study was performed in northern Sweden between 

January 1, 2011 and December 31, 2012. All patients in the 

study area with a first-diagnosed episode of AF during this 

time period were identified and included in the study. The 

patient characteristics were recorded from the first-diagnosed 

episode of AF up to six months after the diagnosis of AF to 

enable a better classification of the type of AF and risk factors 

for stroke. Patients were followed until the death or migration 

from the study area, or for maximum six months. The patient 

inclusion process is shown in Figure 1.

The study was performed in two Swedish municipali-

ties, Skellefteå and Norsjö, which have a combined total of 

75,779 inhabitants. Skellefteå County Hospital is the only 

hospital in the catchment area. Patients requiring special-

ized care, such as cardiac surgery, are referred to the nearby 

University Hospital and then referred back to the Skellefteå 

County Hospital for post-procedure care and follow-up. 

We used the National Patient Register (NPR) for Skellefteå 

County Hospital and a local diagnosis register of all primary 

healthcare providers in the area to identify the possible cases 

of AF. These registers show the International Classification 

of Diseases-10 (ICD-10) diagnosis codes from all inpatient 

care and outpatient visits in Sweden.12 Patients who received 

a primary or secondary diagnosis of AF (ICD-10 code I48) 

Patients with an ICD-10 diagnosis
code of I48 between 2011 and 2012

n = 664 

Inhabitants at risk for AF
 January 1, 2011

n = 73,441 

Patients diagnosed with AF before
January 1, 2011

n = 2,338

Excluded, n = 57
 Diagnosis of AF not confirmed, n = 49
Not permanent residents in the study

area, n = 8 

Skellefteå and Norsjö
 n = 75,779 residents 

Patients with a first-diagnosed
episode of AF between

2011 and 2012
n = 607 

Figure 1 Flow chart showing the patients with atrial fibrillation or atrial flutter (AF) who were included in this study. 
Abbreviation: ICD-10, the International Classification of Diseases-10.
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from January 1, 2011 to December 31, 2012 were considered 

to be the possible cases of first-diagnosed AF. Patients with 

a diagnosis of AF or an electrocardiogram (ECG) showing 

AF before January 1, 2011 (n = 2,274) were included in a 

previous study and were excluded from this one.13 We also 

identified 64 additional patients with a diagnosis of AF before 

January 1, 2011, who were not included in the previous study. 

These additional 64 patients were excluded from the present 

study population; they had received their first diagnosis of 

AF outside the study region before January 1, 2011, mainly 

at the nearby University Hospital. All medical records and 

ECGs of possible cases of first-diagnosed AF were then 

individually validated by one of the authors. Patients with 

an unconfirmed diagnosis of AF (n = 49) and those who 

were not permanent residents in the study area (n = 8) were 

excluded from the study.

Patient characteristics
Medical data were extracted from the medical records of all 

primary healthcare centers in the area and from the medical 

records of all departments at Skellefteå County Hospital 

(excluding the departments of Gynecology, Psychiatry, 

Otorhinolaryngology and Ophtamology). Specifically, we 

collected data on the presence of a provoking factor in 

association with the diagnosis of AF. The type of AF and 

presence of risk factors for stroke and systemic embolism 

according to the CHA
2
DS

2
-VASc risk score (congestive heart 

failure, hypertension, age ≥75 years [scored as two points], 

diabetes mellitus, previous stroke/transient ischemic attack 

[TIA]/arterial embolism [scored as two points], vascular 

disease, age 65–74 years and female sex) were collected up 

to six months after the first-diagnosed episode of AF. Date 

and the main cause of death were also registered from the 

death certificate. The detailed definitions of the risk factors 

for stroke and systemic embolism and the provoking factors 

for AF (eg, myocardial infarction, acute infection, surgery) 

are listed in Table S1.

Classification of AF
AF is, in this study, defined as atrial fibrillation or atrial flut-

ter as they often coexist.14 The types of AF were classified 

as follows: 1) Single episode of AF: This was defined as one 

non-recurrent, ECG-documented, episode of AF that self-

terminated within seven days of onset. There was no patient 

history indicating further episodes of AF, and all subsequent 

ECG screenings showed sinus rhythm. 2) Paroxysmal AF: 

This was defined as recurrent, ECG-documented, episodes of 

AF or a single ECG- documented episode of AF plus a patient 

history, indicating further episodes of AF. All episodes of AF 

were self-terminating within seven days of onset. 3) Persistent 

AF: This was defined as AF for which cardioversion was per-

formed or planned, or AF lasting more than seven days that 

did not fulfill the criteria for permanent AF. 4) Permanent AF: 

This was defined as AF at the last ECG plus acceptance of 

the presence of the arrhythmia by the supervising physician.

statistical analysis
Means with standard deviations, numbers and proportions 

were calculated for baseline data. The incidence was cal-

culated as the number of patients with first-diagnosed AF 

divided by the total population at risk for first-diagnosed AF 

(which equaled the total population in the study area, except 

for people who were already diagnosed with AF at the start 

of the study). Univariate and multivariate Cox proportional 

hazards regression analyses were used to investigate associa-

tions, which were presented as hazard ratios (HRs) and 95% 

confidence intervals (CIs), between the presence of provoking 

factors for AF and mortality, adjusted for age and sex. SPSS 

version 22.0 was used for statistical calculations.

Ethics
This study was approved by the Regional Ethics Review 

Board of Umeå University. No patient consent to review their 

medical records was required by the Regional Ethics Review 

Board at Umeå University.

Results
incidence of aF
We identified 607 patients with a first-diagnosed episode 

of AF in 2011 and 2012. The mean age of these patients 

was 73.5 years, and 42.3% were women (see Table 1). The 

Table 1 Baseline table showing characteristics of 607 patients 
with first-diagnosed atrial fibrillation or atrial flutter (AF)

Age at diagnosis, years (mean) 73.5±12.2
Female sex 257 (42.3)
Congestive heart failure 110 (18.1)
hypertension 380 (62.6)
Diabetes mellitus 101 (16.6)
Previous stroke, TIA or arterial embolism 113 (18.6)
Vascular diseasea 126 (20.8)
Cha2DS2-VASc, mean 3.3±1.9
Cha2DS2-VASc 0 points 42 (6.9)
Cha2DS2-VASc 1 point 75 (12.4)
Cha2DS2-VASc ≥2 points 490 (80.7)

Notes: aPrevious myocardial infarction, objectively verified peripheral arterial 
disease, complex aortic plaque or previous surgery for an arterial aneurysm. 
Cha2DS2-VASc score for AF stroke risk: congestive heart failure, hypertension, 
age ≥75 years (scored as 2 points), diabetes mellitus, previous stroke/TIA/arterial 
embolism (scored as 2 points), vascular disease, age 65–74 years and female sex. 
Data are reported as n (%) or as mean ± standard deviation.
Abbreviation: TIA, transient ischemic attack.
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 incidence of AF in the total population was 4.0 cases per 

1,000 person-years. The incidence increased with age and 

peaked in the age group 85–99 years for both men (44.5 per 

1,000 person-years) and women (28.3 per 1,000 person-years; 

see Figure 2 and Table S2).

The reason for ECG monitoring leading to the first 

diagnosis of AF was suspected arrhythmia in 199 patients 

(32.8%), whereof 127 patients had palpitations, 17 patients 

had syncope and 55 patients were asymptomatic but had 

irregular pulse at clinical examination. In 213 patients 

(35.1%), ECG recordings were collected due to suspected 

ischemic heart disease (eg, symptoms of chest pain or dys-

pnea). AF was found due to screening in the context of stroke 

or TIA investigation in 35 patients (5.8%). In 56 patients 

(9.2%), AF was diagnosed by continuous ECG monitoring 

for other reasons. Finally, AF was found on routine examina-

tion (eg. preoperative check or a health examination in 104 

patients (17.1%).

AF was first diagnosed at primary healthcare in 156 

patients (25.7%) and at hospital inpatient and outpatient 

clinics (including emergency department and intensive care 

units) in 451 patients (74.3%). When the first episode of AF 

was diagnosed, 82 patients (13.5%) were primarily hospital-

ized due to AF.

The presence of provoking factors
A provoking factor was present in 125 patients (20.6%). 

These include cardiac surgery (46 patients), acute infection 

(24 patients), non-cardiac surgery (21 patients), myocardial 

infarction (16 patients), anemia (6 patients), thyrotoxicosis 

or overdosage of levothyroxine (4 patients), dehydration 

(2 patients), acute abdominal pain (2 patients), high tumor 

burden (2 patients), aortic aneurysm (1 patient) and status 

epilepticus (1 patient). Provoking factors were most common 

in patients with a single episode of AF and least common 

in those with permanent AF. Patients with a provoking fac-

tor present at the first diagnosis of AF had a mean age of 

72.5±11.7 years, and those with no provoking factor had a 

mean age of 73.8±12.3 years. Patients who had a cardiac sur-

gery as a provoking factor associated with their first diagnosis 

of AF were younger and more often men than those with no 

provoking factor (Table 2).

Risk factors for stroke or systemic 
embolism
The most common risk factors for stroke or systemic embo-

lism were age (≥65 years, 474 patients, 78.1%) and hyperten-

sion (380 patients, 62.6%). The mean CHA
2
DS

2
-VASc score 

was 3.3, and 80.7% had a score of 2 or more. The risk factors 

for stroke are shown in Table 1. Among the 490 patients with 

a CHA
2
DS

2
-VASc score of 2 or more, 66.3% were treated 

with oral anticoagulants, and among the 75 patients with a 

CHA
2
DS

2
-VASc score of 1, 62.7% were treated with oral anti-

coagulants. Among the 42 patients with a CHA
2
DS

2
-VASc 

score of 0, 16 (38.1%) were treated with oral anticoagulants 

(of whom 13 were scheduled for cardioversion).
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Figure 2 The incidence of first-diagnosed atrial fibrillation or atrial flutter (AF) according to age group and sex.
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Types of aF
The types of AF up to six months after the first-diagnosed 

episode of AF are shown in Table 3. Permanent AF was found 

in 197 (32.5%), persistent AF in 138 (22.7%), paroxysmal 

AF in 123 (20.3%) and a single episode of AF in 147 patients 

(24.2%). Patients with persistent AF were younger, more 

often men and had a lower mean CHA
2
DS

2
-VASc score 

compared to those with other types of AF.

Mortality
A total of 27 patients died within 30 days after diagnosis, and 

41 died during the following five months. The cause of death 

within six months of the diagnosis of AF was cardiovascular 

disease in 38 patients (55.9%), of whom 6 patients died of 

stroke. In addition, 14 patients (20.6%) died of malignancy 

and 16 patients (23.5%) from other causes. Cox proportional 

hazards regression with adjustment for age and sex was 

used to investigate the association between the presence of 

provoking factors for AF at diagnosis and the mortality risk. 

Compared to patients without a provoking factor, those with a 

provoking factor had an increased risk of death within 30 days 

(HR, 2.53; 95% CI, 1.15–5.55) and within six months (HR, 

1.77; 95% CI, 1.04–3.01).

Discussion
This study showed that the incidence of AF was 4.0 per 1,000 

person-years in an unselected Swedish population. There was 

a steep increase in the incidence of AF in the older age groups 

to 27.5 per 1,000 person-years in persons aged ≥80 years. 

One in five patients had a provoking factor associated with 

the first episode of AF. Among patients with first-diagnosed 

AF, one in four had no documented recurrence of AF dur-

ing six months of follow-up. Four-fifths of the patients had 

a CHA
2
DS

2
-VASc score of 2 or more.

The incidence and age distribution of AF in our study 

were similar to those reported in German and Dutch stud-

ies.2,15 It is reasonable to assume that the incidence found in 

our study and the two above-mentioned studies, which used 

different methodologies and had different settings, can be 

used to estimate the number of new cases of AF among aging 

populations in other European countries.

We found that the ECG leading to the diagnosis of AF 

was registered due to suspected arrhythmia in barely one-

third of the patients. A large proportion of patients were first 

diagnosed with AF when investigated for other heart diseases, 

predominantly ischemic heart disease. The proportion of truly 

asymptomatic patients with AF is difficult to estimate as 

symptoms of AF are diverse and include unspecific symptoms 

such as dizziness. Moreover, first-diagnosed AF sometimes 

occurs in severely ill patients, such as those with myocardial 

infarction or sepsis. In such cases, symptoms of the con-

comitant condition usually dominate the patient presentation. 

Furthermore, many conditions, for example, ischemic heart 

disease, where ECG registration is a part of the diagnostic 

Table 2 Characteristics of 607 patients with and without a provoking factor associated with first-diagnosed atrial fibrillation or atrial 
flutter (AF)

Cardiac 
surgery
n = 46

Non-cardiac 
surgery
n = 21

Acute 
infection
n = 24

Myocardial 
infarction
n = 16

Othera

n = 18
No provoking 
factor
n = 482

age, years, mean ± 
standard deviation

68.0±10.7 73.6±10.8 73.3±14.2 78.3±8.5 76.3±10.6 73.8±12.3

Female sex, n (%) 12 (26.1) 8 (38.1) 10 (41.7) 6 (37.5) 11 (61.1) 210 (43.6)
Deceased, n (%) 2 (4.3) 0 (0) 8 (33.3) 4 (25.0) 5 (27.8) 49 (10.2)

Notes: aOther types of provoking factors included anemia (six patients), thyrotoxicosis or overdosage of levothyroxine (four patients), dehydration (two patients), acute 
abdominal pain (two patients), high tumor burden (two patients), aortic aneurysm (one patient) and status epilepticus (one patient). Data are reported as n (%) or mean ± 
standard deviation.

Table 3 Type of atrial fibrillation and atrial flutter (AF) in 607 patients with first-diagnosed AF

Types of AF

Single episode of AF, n = 147 Paroxysmal AF, n = 123 Persistent AF, n = 138 Permanent AF, n = 197
age, years, mean ± 
standard deviation

74.3±13.0 74.4±9.5 67.1±12.9 78.4±10.1

Female sex, n (%) 64 (43.5) 65 (52.8) 46 (33.3) 81 (41.1)
Provoking factor, n (%)a 45 (30.6) 23 (18.7) 37 (26.8) 22 (11.2)
Cha2DS2-VASc, mean 
± standard deviation 

3.2±1.9 3.4±1.7 2.6±1.8 3.7±1.8

Deceased, n (%) 16 (10.9) 10 (8.1) 2 (1.4) 39 (19.8)

Notes: Two patients had unclassified AF and are not shown in this table. aProvoking factor in association with the first-diagnosed episode of AF. CHA2DS2-VASc score for AF 
stroke risk: congestive heart failure, hypertension, age ≥75 years (scored as 2 points), diabetes mellitus, previous stroke/TIA/arterial embolism (scored as 2 points), vascular 
disease, age 65–74 years and female sex. Data are reported as n (%) or as mean ± standard deviation.
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workup, have a substantial symptom overlap with AF, and it 

is challenging to distinguish between symptoms caused by 

AF and by the other concomitant condition.

In the present study, the prevalence of provoking factors 

associated with the first-diagnosed episode of AF was 21% 

versus 31% in the Framingham study.5 In contrast to our 

study, the Framingham study excluded patients who died 

within 30 days of their first-diagnosed episode of AF and 

included data from an extended time period (between 1949 

and 2012). Our study was performed between 2011 and 2012, 

and it thus reflects current healthcare practices in northern 

Sweden. Provoking factors, except for alcohol consump-

tion, were defined in a similar way in both studies. Both the 

studies identified provoking factors in medical records; thus, 

the identification depends on the quality of the original data. 

Acute alcohol consumption was not registered in our study, 

which partly explains our lower rate of provoking factors. 

Altogether, this may have contributed to differences in the 

prevalence of provoking factors in the two studies.

The GARFIELD study is a recent study of patients with 

newly diagnosed AF.8 This prospective cohort study included 

patients with AF that was diagnosed within the past six weeks 

who had at least one risk factor for stroke. About 80% of the 

patients were enrolled by a cardiologist or internal medicine 

specialist. The age distribution was notably different between 

our study and that study. In the GARFIELD study, the mean 

age was 69.8 years, 31.3% were aged <65 years and 37.7% 

were aged ≥75 years. In our study, the mean age was 73.5 

years, 21.9% were aged <65 years and 48.4% were aged ≥75 

years. We speculate that elderly patients with newly detected 

AF were less often referred to a specialist clinic and were 

therefore not included in the GARFIELD study. The mean 

CHA
2
DS

2
-VASc score was similar in the two studies: 3.2 in 

the prospective GARFIELD cohort compared to 3.3 in our 

cohort. This may seem unexpected, since our population was 

older and would consequently be expected to have a higher 

mean CHA
2
DS

2
-VASc score. However, the higher age of 

our study population was balanced by the higher proportion 

of patients in our study who had a CHA
2
DS

2
-VASc score 

of 0 or 1 (19.3% in our study compared to 16.5% in the 

GARFIELD study).

Permanent AF and persistent AF were more common in 

our study compared to the GARFIELD study. This may be 

explained by our use of a longer time period for the clas-

sification of AF (up to six months from the first diagnosis 

of AF compared to six weeks); this gave us more extensive 

data from the patient records and more data from the clini-

cians’ assessments of the patients for classifying the type of 

AF. In both studies, a patient who presents with AF for the 

first time is classified as a patient with “first-diagnosed AF”, 

irrespective of the duration of the arrhythmia.8 During the 

follow-up time, patients were classified into other types of AF 

as more information about the patient’s arrhythmia could be 

obtained and as AF is a progressive disease. Both studies used 

the classifications for paroxysmal, persistent and permanent 

AF. In our study, we further classified “first-diagnosed AF” 

as a “single episode of AF” if the first-diagnosed episode of 

AF was self-terminating and non-recurrent AF, that is, no 

additional documented episodes or clinical symptoms of AF 

for up to six months after the original diagnosis. A longer 

observational period is needed to better understand the extent 

to which patients will either progress to other types of AF 

or remain non-recurrent. When we compare the proportions 

of the types of AF between our study and the GARFIELD 

study, it is reasonable to compare the 24.2% of patients with a 

“single episode of AF” in our study with the 29.7% of patients 

with “new or unclassified AF” in the GARFIELD study.

In a previous cross-sectional study of patients with 

prevalent AF in northern Sweden, 50% had permanent AF 

compared to 29% of incident cases in the present study.13 

This is explained by the longer observational time in the 

study of prevalent cases and the progressive nature of the 

disease. In our study, 24% of patients had a single episode 

of AF. According to our definition, paroxysmal AF is recur-

rent while a single episode of AF is non-recurrent. The 

group with a single episode of AF had a higher prevalence 

of provoking factors and similar CHA
2
DS

2
-VASc scores 

compared to patients with paroxysmal AF. It is unclear 

whether patients with a single episode of AF, especially AF 

with a provoking factor, should be considered for rhythm 

control and anticoagulant treatment, as the long-term risk 

of recurrence is unknown. Unfortunately, current guidelines 

do not give any specific recommendations for this clinical 

situation.

The all-cause mortality was 11% during the first six 

months of our study. In a community-based study by 

 Miyasaka et al, which was conducted between 1980 and 

2000, the mortality rate was 16.5% within the first four 

months.16 In our study, the most common causes of death 

were cardiovascular disease (54%) and malignancy (24%), 

which is comparable to the rates of 46% and 18%, respec-

tively, in the study by Miyasaka et al.16 The early mortality 

rate was high in both our study and Miyasaka et al’s study, 

which suggested that AF represents a preterminal event in 

these cases.16 Consequently, severe illness may be the cause 

of AF as well as the cause of mortality.
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Our aim was to characterize a “real-life” population 

of patients with first-diagnosed AF. We therefore included 

all patients with a first-diagnosed episode of manually 

verified AF within the total population of a well-defined 

geographical area, regardless of patient age or type of 

AF. Furthermore, all previously identified 2,338 cases of 

prevalent AF were not at risk of developing AF and were 

thus excluded. This minimized the likelihood of including 

prevalent cases of AF in the incidence calculation, which 

is an inherent risk of all registry-based studies, and which 

can lead to an overestimation of the incidence. We previ-

ously showed that the diagnoses of AF registered in the 

NPR and in the diagnosis registers of primary healthcare 

providers are valid (96.5% valid diagnoses), and that the 

registers are complete (incorporating 93.2% of all patients 

with AF).1 We also searched registries from both primary 

and secondary healthcare to include all patients with AF. 

One-fourth of the patients with AF included in our study 

were first diagnosed in primary healthcare and may there-

fore not have been identified if the search for AF cases only 

had been performed in hospital registries. In a previous 

Swedish study, 12% of all diagnoses of AF were found 

only in primary healthcare registries.17 Consequently, we 

think that our study population is representative of a real-

life population of patients with AF, and that our results are 

valid for other populations with a similar age structure. 

However, the majority of our participants were Caucasians, 

and there seems to be differences in AF disease burden in 

different ethnic groups. Therefore, it is uncertain whether 

our results can be generalized to populations with a broader 

representation of other ethnic groups.18

The major limitation of our study is the retrospective 

collection of patient data. The accuracy of our incidence 

rate and our evaluation of the type of AF depended on the 

patient having contacted a healthcare provider if they had 

symptoms of AF, as no study-specific patient interviews or 

ECG screenings were performed. Asymptomatic episodes 

of AF may have been missed, which would result in a lower 

incidence of AF and in overestimation of the proportion of 

single episode of AF. Information on risk factors for stroke 

and systemic embolism and presence of provoking factors 

for AF was also limited to what was documented in medi-

cal records. For example, it is known that alcohol use may 

provoke AF, but as we believe that data from medical records 

are an incomplete and often incorrect source of information 

on alcohol use, we chose not to register this factor. However, 

studies that are based solely on diagnostic codes from reg-

istries may underestimate the true prevalence of risk factors 

and provoking factors compared to our study, which was 

based on data from medical records.

Conclusion
In this Swedish population, the incidence of AF was 4.0 per 

1,000 person-years, and one in five patients had a provoking 

factor at diagnosis of AF. Permanent AF was the most com-

mon type of AF. Four in five patients had a CHA
2
DS

2
-VASc 

score of 2 or more.
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Table S1 Detailed definitions of risk factors for stroke and systemic embolism and provoking factors for AF

Condition Definition

Risk factors for stroke and systemic embolism:
Congestive heart failure ICD-10 diagnosis of congestive heart failure or LVEF ≤40% or at least moderately 

decreased left ventricular systolic function
hypertension ICD-10 diagnosis of hypertension or receiving antihypertensive treatment
Diabetes mellitus ICD-10 diagnosis of diabetes mellitus or a diagnosis of diabetes mellitus in the medical 

record
Previous stroke ICD-10 diagnosis of stroke or a diagnosis of stroke in the medical record
Previous TIA ICD-10 diagnosis of TIA or diagnosis of TIA in the medical record plus sudden onset of 

neurological symptoms and/or signs that lasted less than 24 hours
Previous arterial embolism ICD-10 diagnosis of arterial embolism or a diagnosis of arterial embolism in the medical 

record
Vascular disease Previous myocardial infarction, objectively verified peripheral arterial disease (verified 

by appropriate imaging or treated with revascularization or amputation), complex aortic 
plaque or previous surgery for an arterial aneurysm

Provoking factors for the first episode of AF:
Cardiac surgery All types of cardiac surgery performed within 30 days preceding the first-diagnosed 

episode of AF (valvular repair or replacement surgery, coronary artery bypass grafting, 
percutaneous coronary intervention included)

Non-cardiac surgery All types of non-cardiac surgery performed within 30 days before the first-diagnosed 
episode of aF

Acute infection A diagnosis of an acute infection in the medical record at the same time as the first-
diagnosed episode of aF

Myocardial infarction A diagnosis of a myocardial infarction in the medical record at the same time as the first-
diagnosed episode of aF

anemia Anemia noted in the medical record at the same time as the first-diagnosed episode of AF
Thyrotoxicosis or overdosage of levothyroxine Thyrotoxicosis or overdosage of levothyroxine noted in the medical record as a 

provoking factor for the first episode of AF at the same time as the first-diagnosed 
episode of aF

Dehydration Dehydration noted in the medical record as a provoking factor for the first episode of AF 
at the same time as the first-diagnosed episode of AF

Acute abdominal pain Acute abdominal pain noted in the medical record as a provoking factor for the first 
episode of AF at the same time as the first-diagnosed episode of AF

High tumor burden High tumor burden noted in the medical record as a provoking factor for the first episode 
of AF at the same time as the first-diagnosed episode of AF

Aortic aneurysm Aortic aneurysm noted in the medical record as a provoking factor for the first episode of 
AF at the same time as the first-diagnosed episode of AF

Status epilepticus Status epilepticus noted in the medical record as a provoking factor for the first episode 
of AF at the same time as the first-diagnosed episode of AF

Abbreviations:  AF, atrial fibrillation or atrial flutter; ICD-10, the International Classification of Diseases-10; LVEF, left-ventricular ejection fraction; TIA; transient ischemic 
attack.
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Table S2 Incidence of first-diagnosed atrial fibrillation and atrial flutter presented as number of incident cases per two years and 
incidence per 1,000 person-years, by age and sex

Age, years Men Women

Total population Incident cases  Incidence Total population  Incident cases Incidence

0–19 8,655 0 0 8,186 0 0
20–29 4,539 1 0.11 3,927 1 0.13
30–39 4,340 6 0.69 4,011 1 0.12
40–44 2,439 6 1.23 2,313 2 0.43
45–49 2,522 7 1.39 2,451 3 0.61
50–54 2,436 10 2.05 2,482 5 1.01
55–59 2,618 31 5.92 2,592 6 1.16
60–64 2,596 41 7.90 2,497 13 2.60
65–69 2,365 57 12.05 2,406 27 5.61
70–74 1,659 60 18.08 1,877 36 9.59
75–79 1,189 42 17.66 1,598 46 14.39
80–84 802 39 24.31 1,265 54 21.34
85–89 453 31 34.22 738 43 29.13
90–94 91 18 98.90 311 17 27.33
95–99 18 1 27.78 61 3 24.59
100+ 0 0 0 4 0 0
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