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Aims To explore sex-specific time trends in atrial fibrillation (AF) incidence and to estimate the impact of changes in risk factor
levels using individual participant-level data from the population-based Tromsø Study 1994–2016.

Methods
and results

A total of 14 818 women and 13 225 men aged 25 years or older without AF were enrolled in the Tromsø Study between
1994 and 2008 and followed up for incident AF throughout 2016. Poisson regression was used for statistical analyses. During
follow-up, age-adjusted AF incidence rates in women decreased from 1.19 to 0.71 per 1000 person-years. In men, AF in-
cidence increased from 1.18 to 2.82 per 1000 person-years in 2004, and then declined to 1.94 per 1000 person-years in
2016. Changes in systolic blood pressure (SBP) and diastolic blood pressure (DBP), body mass index (BMI), physical activity,
smoking and alcohol consumption together accounted for 10.9% [95% confidence interval (CI): −2.4 to 28.6] of the AF in-
cidence decline in women and for 44.7% (95% CI: 19.2; 100.0) of the AF incidence increase in men. Reduction in SBP and
DBP had the largest contribution to the decrease in AF incidence in women. Increase in BMI had the largest contribution to
the increase in AF incidence in men.

Conclusion In the population-based Tromsø Study 1994–2016, AF incidence decreased in women and increased following a reverse
U-shape in men. Individual changes in SBP and DBP in women and individual changes in BMI in men were the most important
risk factors contributing to the AF incidence trends.
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Graphical Abstract

1994-2016

n=14 818 n=13 225

Atrial fibrilla�on incidence rates, per 1000 PYR

Blood pressure ↓ Body mass index ↑

From 1994 to 2016 atrial fibrillation incidence rates decreased in women and increased following a reverse U-shape in men. Reduction in systolic and
diastolic blood pressure in women and increase in body mass index in men had the largest contribution to the trends. These findings provide further
knowledge in the field of sex-specific risk stratification and personalised prevention of atrial fibrillation in clinical practice.

Keywords Atrial fibrillation • Blood pressure • Body mass index • Incidence • Epidemiology • Sex

Introduction
Atrial fibrillation (AF) is an abnormal heart rhythm that is associated with
a significant impairment in quality of life and may lead to thrombosis and
increased risk of stroke, myocardial infarction, heart failure, and prema-
ture death.1 AF is the most common arrhythmia seen in clinical practice.
Around one in three Europeans is expected to develop AF during their
lifetime.2 Risk of AF increases with age, and men have higher incidence
than women.3,4 However, in general, due to longevity more women
than men live with AF. Between 1994 and 2014, 55 440 women and
81 388men inNorwaywere diagnosedwith AF.3 In 2014, the cumulative
prevalence of AF in Norwegian adults was 3.4% (2.8% in women and
4.0% in men), which is among the highest reported worldwide.3,5–7

The prevalence of AF is increasing due to population aging, increasing
prevalence of hypertension, obesity and diabetes, improved survival with
the conditions predisposing AF such as coronary heart disease and heart
failure, and improved survival of AF patients.5,8 Exploring time trends in
the incidence of AF and understanding the contribution of risk factors to
the time trends is important to curtail the AF epidemic. Previous studies
exploring long-term trends in incidence of AF are scarce and results are
inconsistent. Most studies fromWestern countries have reported an in-
crease in AF incidence beginning at different time periods and starting as
early as the 1950 s.8–10 Following an increase, AF incidence rates stabi-
lised at a higher level in some studies3,9–11 while in others they decreased
to a different extent.12While some studies reported similar AF incidence
trends in women and men,12 others demonstrated sex differences.13,14

None of the studies quantified the contribution of risk factors to AF in-
cidence trends using individual participant-level data. The present study
aimed to explore sex-specific time trends in the incidence of AF from

1994 to 2016 in Norway and to estimate the impact of changes in
modifiable risk factor levels using individual participant-level data from
the population-based Tromsø Study.

Methods
Settings, study design, and participants
The municipality of Tromsø is the largest in Northern Norway with both ur-
ban (80%) and rural living areas.15 Compared with the Norwegian average,
the Tromsø population is slightly younger and has higher education but is
similar regarding employment rates and income.16 The main employment
sector is tertiary industry: trade, health service, education, public administra-
tion; a lesser proportion is employed in secondary and primary industry.15

The Tromsø Study is a population-based longitudinal cohort study with
seven consecutive surveys conducted in the municipality of Tromsø be-
tween 1974 and 2016.17,18 Both total birth cohorts and random samples
of women and men were invited to participate, and many attended several
surveys. In the present study, we used data from participants who attended
at least one of the surveys conducted in 1994–1995 (Tromsø4), in 2001
(Tromsø5), and in 2007–2008 (Tromsø6). All participants were followed
up for incident AF until 31 December 2016. Participation of those invited
was 72% in Tromsø4, 79% in Tromsø5, and 66% in Tromsø6. A total of
14 818 women and 13 225 men aged 25 years or older and without a preva-
lent history of AF attended at least one of the three surveys and their data
were used to explore AF incidence trends (Figure 1). To estimate survey
specific levels of risk factors and comorbidities, we excluded participants
with missing information on blood pressure (BP), antihypertensive treat-
ment and/or body mass index (BMI). To estimate the contribution of risk
factors to the time trends in AF incidence, we additionally excluded those
who did not attend the baseline Tromsø4 survey, leaving a cohort of
13 004 women and 11 557 men.
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All participants included in the present study provided written informed
consent to participate. The Tromsø Study has been performed in accordance
with the ethical standards of the 1964 Declaration of Helsinki and its later
amendments. It has been approved by the Regional Committee for Medical
and Health Research Ethics, North Norway, and by the Data Inspectorate.

Study procedures and assessment of risk
factors and comorbidities
The Tromsø Study surveys have been conducted following the same general
design and have been described in detail previously.17 Information on current
smoking (yes/no), leisure time physical activity (sedentary, moderate/active,
or highly active), alcohol drinking pattern (never, monthly or less frequently,

2–4 times a month, 2–3 times a week, 4 or more times a week), antihyper-
tensive treatment (yes/no), history of diabetes (yes/no), angina (yes/no), myo-
cardial infarction (yes/no), and stroke (yes/no) was taken from the
questionnaire. Questions on physical activity were different in Tromsø4
and for subjects 70 years of age or older in Tromsø5. We recoded answers
to these questions to correspond to the three categories used in the other
surveys and participant age groups using the following strategy. Those who
reported 3 or more hours of hard physical activity (sweating/out of breath)
in leisure time weekly during the last year were considered highly active.
Those who did not report any hard physical activity and had up to 2 hours
of light activity (not sweating or out of breath) in leisure time weekly during
the last year were considered as sedentary. The remaining participants were
considered having moderate/active level of leisure time physical activity.

30 292 attended at least one of the three 

surveys

� 15 896 women

� 14 396 men

Excluded:
1969 insufficient information for AF 

diagnosis

� 1 928 identified through the broad 

search but had inconclusive data for 

AF diagnosis

� 41 AF was not documented on

electrocardiogram

280 AF before the first survey attended 

survey or missing date for AF diagnosis
28 043 used to explore trends in AF (Figure 2)

� 14 818 women

� 13 225 men

Excluded:
119 missing data on blood pressure, use of 

antihypertensive treatment and/or BMI

27 924 used to estimate survey specific levels 

of risk factors and comorbidities (Table 1)

� 14 752 women

� 13 172 men

Excluded:
3 363 did not attend the baseline survey in 

1994-1995

24 561 used to estimate contribution of risk 

factors to incidence trends in AF (Table 2)

� 13 004 women

� 6 340 attended Tromsø4

� 1 326 attended Tromsø4 and Tromsø5

� 2 803 attended Tromsø4 and Tromsø6

� 2 535 attended three surveys

� 11 557 men

� 5 855 attended Tromsø4

� 1 154 attended Tromsø4 and Tromsø5

� 2 796 attended Tromsø4 and Tromsø6

� 1 752 attended three surveys

Figure 1 Flowchart of the participants, the Tromsø study 1994–2016.
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Heart rate, systolic BP (SBP) and diastolic BP (DBP) were measured with
the Dinamap Vital Signs Monitor 1846 (Critikon Inc., Tampa, FL, USA) in
Tromsø4 and Tromsø5 and with the Dinamap ProCare 300 (GE Medical
Systems Information Technologies, Tampa, FL, USA) in Tromsø6.19 The
proper cuff size was selected and mounted about 2 cm above the right el-
bow. After two minutes’ rest, three measurements were taken with one-
minute intervals. The mean of the last two heart rate (beats per minute,
bpm) and BP (mmHg) measurements were used in the current analyses.
Hypertension (yes/no) was defined as having SBP≥ 140 mmHg and/or
DBP≥ 90 mmHg and/or using antihypertensive medications. According
to hypertension control, all participants were categorized into four groups:
no hypertension (SBP< 140 mmHg and DBP< 90 mmHg and not using
antihypertensive medications), controlled hypertension (SBP<
140 mmHg and DBP< 90 mmHg and using antihypertensive medications),
uncontrolled hypertension (SBP≥ 140 mmHg and/or DBP≥ 90 mmHg and
using antihypertensive medications), and untreated hypertension (SBP≥
140 mmHg and/or DBP≥ 90 mmHg and not using antihypertensive
medications).

Weight and height were measured with light clothing and no shoes. BMI
(kg/m2) was calculated as weight (kg) divided by the square of height (m).
Obesity was defined as having BMI≥ 30 kg/m2. Non-fasting serum levels
of total cholesterol (mmoL/L), high density high-density lipoprotein
(HDL) cholesterol (mmoL/L), and triglycerides (mmoL/L) were measured
at the Department of Clinical Chemistry, the University Hospital of
North Norway.

Identification of incident atrial fibrillation and
follow-up
To identify incident cases of AF, all participants of Tromsø4, Tromsø5, and
Tromsø6 were linked to the diagnosis registry at the University Hospital of
North Norway and to the Norwegian Cause of Death Registry. The
University Hospital of North Norway is the only hospital in the area, and
the diagnosis registry includes diagnoses from the out- and inpatient clinic.
Potential cases of AF were selected for validation through a broad search
using the International Classification of Diseases, 9th Revision codes
410–414, 427, 428, 430–438, and 798–799, the International
Classification of Diseases, 10th Revision codes I20–I25, I46–I48, I50, I60–
I69, R96, R98, and R99.19 In addition, wemanually searched medical hospital
records for notes on AF for participants with cerebrovascular or cardiovas-
cular events.4 Using medical hospital records and following a detailed proto-
col, an independent endpoint committee validated all the identified events.
AF was considered confirmed when documented by an electrocardiogram.
Participants in whomAF was suspected, but where no electrocardiographic
documentation for AF could be found, were excluded from the analyses
(Figure 1). Transient AF within 28 days after acute myocardial infarction
or in relation to cardiac surgery, as well as AF occurring during the last 7
days of life, was not classified as AF cases. To identify those who died or
emigrated from the municipality of Tromsø, all participants were linked
to the National Population Register.

Statistical analyses
All statistical analyses were sex-specific and conducted using SAS 9.4 (SAS
Institute, Cary, NC, USA). Survey-specific means (standard deviations) and
numbers (proportions) were estimated to describe the study sample.
Means (except age means) and percentages were adjusted for age using lin-
ear mixed models or generalized estimating equations, respectively, and es-
timated for the age of 54 years. In incidence analyses, the data file was
structured in long format with one record for each follow-up year for
each person, and age was updated every year that the participants were un-
der follow-up. Individual follow-up was calculated as the time (years) be-
tween study entry and the date of incident AF, date of emigration, death,
or end of follow-up, whichever came first. Annual incidence rates were es-
timated for the overall mean age in the subsample (54 years) as the number
of AF events per 1000 person-years using Poisson regression with fractional
polynomials of the follow-up period as the main predictor and age as a cov-
ariate. We chose the best-fitting fractional polynomials out of a maximum
of two terms using the Akaike information criterion.

The proportion of change in AF incidence rates from 1994 to 2016 at-
tributed to the individual change in risk factors was estimated for each
risk factor and for all risk factors together in those who attended the

baseline Tromsø4 survey. For this purpose, we have used time dependent
models and have censored those who did not attend the follow-up exam-
inations. We first estimated AF incidence rates in 1994 and 2016 using the
same Poisson regression model adjusted for age, and then with additional
adjustment for the individual risk factors. End of follow-up was defined
2001 for those who did not attend the 2001 survey and as 2007 for those
who did not attend the 2007–2008 survey. Change in AF incidence was cal-
culated using the following equation:

ID = IR2016 − IR1994

where ID is incidence difference and IR is incidence rate per 1000 person-
years. Explained change due to the change in individual risk factors was es-
timated using the following equation:

IDage-adjusted-IDage-and risk factor-adjusted
IDage-adjusted

where ID is incidence difference. Bootstrapped samples with replacement
(n= 1000) were drawn to estimate 95% confidence intervals (CIs) for
the explained change. In a sensitivity analysis, the proportion of change in
AF incidence rates from 1994 to 2016 attributed to the change in individual
risk factors was additionally estimated in women and men without a history
of myocardial infarction.

Results

Time trends in atrial fibrillation risk
factors
In both women and men, age-adjusted means of SBP and DBP de-
creased over the study period, and most of the decline occurred be-
tween 1994–1995 and 2001. The proportion of hypertension
decreased from 1994–1995 to 2001 and then increased in 2007–
2008. The proportion of women and men with controlled and uncon-
trolled hypertension increased, and proportion of women and men
with untreated hypertension decreased during the study period. The
proportion of men with uncontrolled and, more notably, untreated
hypertension across the surveys was substantially higher than the cor-
responding proportions in women. In both sexes, controlled DBP was
more common than controlled SBP. BMI increased over the study per-
iod, particularly in men.

The proportion of smokers decreased from 1994–1995 to 2007–
2008 in both women and men, but in men it decreased to a greater ex-
tent than in women (Table 1). The level of physical activity increased from
sedentary to moderate/active and highly active in women, but in men the
shift in proportions was predominantly from sedentary to highly active.
Alcohol drinking pattern in the cohort shifted over the study period to-
wards drinking more often, particularly in women. The prevalence of dia-
betes increased from 1.5% in 1994–1995 to 3.1% in women and to 3.7%
in men in 2007–2008. The proportions of men with a history of myocar-
dial infarction or stroke at the end of the study period were higher than
the corresponding proportions in women: 3.6 vs. 1% and 1.9 vs. 1.2%, re-
spectively. Serum total cholesterol levels declined markedly from
Tromsø4 to Tromsø6 in both women and men.

Atrial fibrillation incidence and relation to
risk factors
From 1994 to 2016, 969 women developed AF over 249 662 person-
years, while the corresponding number of AF cases in men was 1164
over 217 084 person-years. Over the study period, age-adjusted AF in-
cidence rates in women decreased gradually from 1.19 per 1000
person-years in 1994 to 0.71 per 1000 person-years in 2016
(Figure 2). In men, AF incidence rates increased from 1.18 per 1000
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person-years to 2.82 per 1000 person-years in 2004, and then declined
to 1.94 per 1000 person-years in 2016.

While some AF risk factors such as SBP, DBP, smoking, and physical in-
activity decreased over the study period, others, such as alcohol
consumption, BMI, and obesity increased especially in men (Table 1).
Table2 shows theproportionof change inAF incidence ratesover the study
period attributable to changes in individual risk factors in women andmen.
Favourable changes in SBP andDBP had the largest contribution to the

decrease in AF incidence rates over the study period in women, ex-
plaining 8.2% (95% CI: 3.2–19.1) and 19.3% (95% CI: 8.3–38.7) of
the decline, respectively. Individual changes in BMI also contributed
to the decline in AF incidence in women, but to a smaller extent,
whereas changes in smoking, physical activity and alcohol drinking pat-
tern had no impact. Changes in SBP, DBP, BMI, smoking, physical ac-
tivity, and alcohol drinking pattern together accounted for 10.9%
(95% CI: −2.4 to 28.6) of the decline in AF incidence in women.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Table 1 Sex specific age-adjusted levels of risk factors in 1994–1995, 2001 and 2007–2008: the Tromsø study

Women (n=14752) Men (n=13172)

Tromsø Study surveysa 1994–1995
(n=13 004)

2001
(n= 4230)

2007–2008
(n= 6565)

1994–1995
(n=11 557)

2001
(n=3219)

2007–2008
(n= 5706)

Age, mean (SD), years 45.8 (14.7) 58.8 (14.2) 57.1 (12.8) 45.2 (13.6) 59.4 (14.2) 57.1 (12.2)

Blood pressure, mean (SD), mmHg

Systolic 138.4 (21.4) 132.4 (23.4) 131.1 (24.8) 141.0 (16.6) 136.9 (20.1) 136.6 (20.3)

Diastolic 78.4 (12.3) 77.1 (12.7) 73.8 (10.1) 81.9 (11.5) 80.0 (11.9) 80.0 (10.2)

Hypertension, n (%) 3669 (39.4) 2071 (33.1) 2974 (35.9) 4527 (50.8) 1735 (45.2) 2669 (48.2)

Hypertension control, n (%)

Controlled hypertension 137 (1.2) 212 (3.8) 486 (6.1) 138 (1.5) 191 (4.0) 445 (6.1)

Controlled systolic blood pressure 142 (1.3) 230 (4.1) 501 (6.3) 149 (1.6) 202 (4.4) 469 (6.5)

Controlled diastolic blood pressure 361 (2.8) 542 (6.6) 1273 (12.7) 288 (2.9) 434 (7.1) 922 (10.8)

Uncontrolled hypertension 547 (3.7) 584 (5.5) 954 (7.4) 448 (4.4) 450 (6.7) 791 (8.5)

Uncontrolled systolic blood pressure 542 (3.6) 566 (5.3) 939 (7.2) 437 (4.3) 439 (6.4) 767 (8.1)

Uncontrolled diastolic blood pressure 323 (2.4) 254 (2.7) 167 (1.3) 298 (3.1) 207 (3.6) 314 (3.7)

Untreated hypertension 2985 (29.0) 1275 (20.2) 1534 (16.7) 3941 (39.9) 1094 (29.4) 1733 (27.6)

Untreated elevated systolic blood pressure 2823 (27.3) 1221 (18.6) 1501 (15.8) 3672 (37.5) 1027 (27.2) 1633 (25.9)

Untreated elevated diastolic blood pressure 1334 (12.1) 502 (8.3) 353 (4.0) 1756 (18.2) 507 (12.8) 783 (11.9)

Resting heart rate, mean (SD), bpm 75.1 (11.8) 72.7 (12.1) 66.5 (10.2) 71.1 (12.0) 69.1 (12.5) 64.6 (10.9)

BMI, mean (SD), kg/m2 25.3 (4.2) 26.1 (4.6) 26.1 (4.7) 25.8 (3.3) 26.6 (3.6) 27.0 (3.8)

Obesity, n (%) 1403 (12.5) 809 (17.0) 1306 (18.0) 1062 (9.5) 549 (16.7) 1164 (19.6)

Smoking, n (%) 4806 (33.2) 1185 (30.6) 1390 (23.4) 4351 (35.8) 916 (31.1) 1091 (21.4)

Physical activity, n (%)b

Sedentary 4952 (43.9) 900 (23.2) 1186 (18.9) 3276 (31.3) 711 (23.8) 1118 (20.7)

Moderate/active 7092 (51.2) 2392 (66.1) 3975 (66.9) 6429 (56.7) 1683 (56.4) 2789 (51.5)

Highly active 839 (4.7) 350 (10.0) 815 (13.8) 1771 (12.1) 531 (19.3) 1455 (27.7)

Alcohol drinking pattern, n (%)

Never 1978 (18.6) 617 (11.5) 905 (10.5) 939 (9.9) 264 (7.0) 419 (6.9)

Monthly or less frequently 4825 (37.7) 1085 (30.3) 1998 (30.8) 2799 (26.7) 615 (19.8) 1456 (25.3)

2–4 times a month 4681 (29.2) 1167 (35.0) 2281 (36.5) 5065 (38.5) 1027 (40.2) 2381 (43.1)

2–3 times a week 1329 (9.1) 574 (16.9) 993 (15.1) 2349 (19.2) 668 (25.0) 1074 (18.8)

4 or more times a week 145 (1.2) 111 (2.9) 289 (4.0) 374 (3.8) 192 (6.3) 327 (5.2)

Diabetes, n (%) 172 (1.5) 139 (2.1) 271 (3.1) 146 (1.5) 115 (2.2) 285 (3.7)

Angina, n (%) 351 (1.9) 236 (1.6) 231 (1.2) 429 (3.8) 305 (3.2) 321 (2.7)

Myocardial infarction, n (%) 133 (0.7) 131 (0.8) 169 (1.0) 354 (3.2) 292 (3.5) 401 (3.6)

Stroke, n (%) 122 (0.9) 114 (1.4) 131 (1.2) 140 (1.3) 126 (1.7) 183 (1.9)

Blood lipids, mean (SD), mmoL/L

Total cholesterol 6.35 (1.37) 6.02 (1.23) 5.54 (1.11) 6.18 (1.21) 5.89 (1.11) 5.42 (1.06)

HDL cholesterol 1.66 (0.40) 1.54 (0.39) 1.63 (0.43) 1.38 (0.35) 1.31 (0.36) 1.33 (0.38)

Triglycerides 1.42 (0.84) 1.38 (0.79) 1.36 (0.91) 1.73 (1.18) 1.70 (1.06) 1.70 (1.02)

Means (except agemeans) and percentages are age-adjusted (using linear mixedmodels or generalized estimating equations, respectively) and estimated for the age of 54 years. Due to this
reason percentages do not add up to 100%. Due to missing, the number of observations may be marginally different for each variable (within 1.0%).
BMI, body mass index; b.p.m., beats per minute; SD standard deviation.
aAll differences between the surveys were significant (P< 0.05) except for myocardial infarction in men.
bPhysical activity values in 1994–1995 and among those 70 years or older in 2001 were asked about differently but as far as possible converted into groups similar to the other surveys.
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Excluding women with a history of myocardial infarction, the esti-
mated decrease in AF incidence was like that estimated for all women
in the study (Table 2). However, the contribution of risk factors to the
decrease in AF incidence rates became more pronounced when wo-
men with a prior history of myocardial infarction were excluded:
changes in all the risk factors together accounted for 13.5% (95% CI:
−0.5 to 33.7) of the decline.

In contrast to women, AF incidence rates in men increased over the
study period, and the increase in BMI had the single largest contribution,
accounting for 42.9% (95% CI: 24.7–100.0) of the increase. A decline in
DBP had a favourable, but minor effect on AF incidence trends in men.
Individual changes in smoking and alcohol drinking pattern contributed
to the AF incidence trends in men explaining 10.5% (95% CI: 0.7–37.0)
and 8.8% (95% CI: 3.7–62.5) of the increase, respectively. The combin-
ation of changes in SBP, DBP, BMI, smoking, physical activity, and alcohol
drinking pattern together accounted for 44.7% (95% CI: 19.2–100.0) of
the increase in AF incidence in men.

The estimated increase in AF incidence rates in men without a his-
tory of myocardial infarction was less pronounced compared to the in-
cidence increase estimated for all men in the study: 0.66 (57.5%) vs. 0.73
(64.4%) per 1000 person-years, respectively. The contribution of BMI
and alcohol drinking pattern to the increase in AF incidence became
more pronounced within the cohort without a prior history of myocar-
dial infarction compared to the overall cohort of men. Changes in all the
risk factors together accounted for 53.7% (95% CI: 19.3–100.0) of the
increase (Table 2).

Discussion
This study reports sex-specific time trends in AF incidence rates be-
tween 1994 and 2016. Our study is the first to report sex-specific im-
pact of individual risk factors on the time trends in AF incidence. In
women, AF incidence decreased gradually during follow-up, while AF
incidence rates in men increased following a reversed U-shape over
the same period. We found substantial sex differences in the impact
of individual risk factors on the AF incidence trends. Changes in

modifiable cardiovascular risk factors like BP, BMI, smoking, physical ac-
tivity, and alcohol drinking pattern accounted for 11% of the incidence
trend in women and 45% in men. Favourable changes in SBP and DBP
had the largest contribution to the decrease in AF incidence rates seen
in women, while unfavourable change in BMI was the most important
contributor to the increase in AF incidence seen in men.

Time trends in atrial fibrillation
The Global Burden of Disease Study has reported a 22.3% (95% uncer-
tainty interval 8.6–40.3) increase in age-standardized AF incidence rates
in Norway from 1990 to 2017 whereas the rates in most of Western
European countries and globally decreased.20 Another study based on
Global Burden of Disease data from 1990–2017 has demonstrated
heterogenous time trends in age-standardized AF incidence rates for
20 countries across Europe.12 Austria, Denmark, and Sweden have all
reported peaks in incidence in the middle of the study period, which
is in line with our findings in men. A recent registry study based on
the entire Norwegian population from 2004 to 2014 demonstrated
more stable time trends in AF incidence, especially in women.3

However, analysis of AF incidence was limited to in-patient admissions
only, and definition of AF cases was not verified by electrocardiogram
or additional medical records. Our study expands the current knowl-
edge from Global Burden of Disease studies12,20 and adds to a previous
Norwegian registry study.3

Contribution of blood pressure to the
atrial fibrillation time trends
Sex differences in the association between BP and the risk of AF incidence
have been demonstrated previously. We recently reported that long-
term elevated SBP was associated with a two-fold increased risk of inci-
dent AF in women compared to normotensive women in the Tromsø
Study. The risk of incident AF in men with an elevated SBP was less pro-
nounced, a 10–50% higher risk compared with normotensive men.19

Furthermore, elevated SBP was associated with an increased risk for
both paroxysmal and permanent AF in women but only with risk for

● Women (n=14 818)
▲ Men (n=13 225)

Figure 2 Sex specific age-adjusted incidence trends in atrial fibrillation, the Tromsø study 1994–2016. Incidence rates are estimated for the overall
mean age of the sample (54 years). PYR, person-years.
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paroxysmal AF in men.21 Thus, it could be expected that reduction in BP
would have a particularly favourable impact on AF incidence in women, as
demonstrated in the present study. In the Women’s Health Study, SBP
was a better predictor of AF thanDBP,22 while the present analysis found
reduction in DBP to have the largest contribution to the decline in AF in-
cidence in women. Our findings may reflect that BP control was achieved
to a higher degree forDBP than SBP. However, it should be noted that BP
was self-reported in the Women’s Health Study compared to the stan-
dardised measurements performed in the Tromsø Study. Although parti-
cipants in the Women’s Health Study were health professionals, we
cannot exclude that these methodological differences may have influ-
enced the diverse findings.

In the Global Burden of Disease Study 1990–2017, elevated SBP was
found to be the leading risk factor for age-standardized AF mortality
rates, and in line with our findings, the percentage contribution was
higher in women than in men.20 In the Framingham Heart Study cohort,
hypertension predicted AF comparably in both sexes.23,24 Of note,
hypertension was defined as SBP≥ 160 mmHg or DBP≥ 95 mmHg
or use of antihypertensive medication in the Framingham Heart
Study, reflecting older definitions of hypertension. The higher cut-off
values as well as including antihypertensive medication as a part of
the composite variable may potentially explain the lack of sex differ-
ences. Odds ratios in the Framingham Heart Study were also adjusted

for intermediate factors such as electrocardiographic left ventricular
hypertrophy and valvular heart disease that could have attenuated
the association between hypertension and AF risk. Moreover, age of
the Framingham Heart Study cohort was restricted to subjects 55–
94 years.

Contribution of body mass index to the
atrial fibrillation time trends
BMI increase in women had almost no effect on the AF incidence trend,
potentially reflecting that BMI did not increase as much in women as in
men in the present study. Increase in BMI and obesity in men was more
pronounced between 1994–1995 and 2001 than between 2001 and
2007–2008, coinciding with the doubled AF incidence rate during this
period in men. Additionally, it has previously been shown that higher
BMI potentially has a greater influence on AF development in men
than in women.25–27 When using normal weight as a reference, both
overweight and obesity had larger adjusted hazard ratios for AF in
men than in women in a Danish study.28 Also, a European study showed
sex differences in the association of BMI with incident AF.2 Enlarged left
atrial size is more likely in obese individuals,25 and larger left atrial diam-
eter was strongly associated with AF onset in the subset of participants
in the Tromsø Study who underwent echocardiography.29

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Change in incidence of atrial fibrillation from 1994 to 2016 accounted for by risk factors in women andmen: the
Tromsø study

Models Women Men

Estimated change in AF
incidence from 1994 to
2016, per 1000 PYR (%)a

Explained change
by risk factors,
% (95% CI)b

Estimated change in AF
incidence from 1994 to
2016, per 1000 PYR (%)a

Explained change
by risk factors,
% (95% CI)b

General population n= 13 004 n= 11 557

Model 1, age adjusted −0.49 (50.4) Ref. 0.73 (64.4) Ref.

Model 1 + SBP −0.45 (46.4) 8.2 (3.2; 19.1) 0.76 (69.3) −5.2 (−26.0; 2.5)
Model 1 +DBP −0.39 (43.0) 19.3 (8.3; 38.7) 0.77 (74.5) −6.2 (−37.6; −0.2)
Model 1 + smoking −0.50 (51.7) −3.1 (−9.4; 1.8) 0.65 (55.4) 10.5 (0.7; 37.0)

Model 1 + physical activity −0.48 (49.3) 1.4 (−4.1; 10.3) 0.80 (71.2) −9.7 (−39.0; 8.3)
Model 1 + alcohol drinking pattern −0.49 (50.5) −0.6 (−6.8; 6.9) 0.66 (59.2) 8.8 (3.7; 62.5)

Model 1 + BMI −0.47 (50.7) 3.1 (0.1; 7.2) 0.41 (36.9) 42.9 (24.7; 100.0)

Model 1 + SBP, DBP, smoking,

physical activity, alcohol drinking

pattern, BMI

−0.43 (47.5) 10.9 (−2.4; 28.6) 0.40 (37.1) 44.7 (19.2; 100.0)

Population without history of

myocardial infarction

n= 12 871 n= 11 203

Model 1, age adjusted −0.47 (49.7) Ref. 0.66 (57.5) Ref.

Model 1 + SBP −0.42 (44.9) 10.3 (4.0; 24.1) 0.70 (63.2) −7.2 (−45.6; 4.1)
Model 1 +DBP −0.35 (40.2) 24.6 (11.7; 49.0) 0.71 (58.4) −8.2 (−72.2; 0.3)
Model 1 + smoking −0.49 (51.2) −3.8 (−11.3; 1.3) 0.57 (48.0) 13.1 (−0.4; 84.1)
Model 1 + physical activity −0.47 (49.1) 0.4 (−5.6; 9.5) 0.72 (63.4) −9.3 (−55.6; 14.8)
Model 1 + alcohol drinking pattern −0.47 (50.0) 1.1 (−8.2; 6.4) 0.61 (53.0) 7.3 (0.2; 100.0)

Model 1 + BMI −0.45 (49.9) 3.6 (0.4; 8.2) 0.32 (27.5) 51.8 (25.3; 100.0)

Model 1 + SBP, DBP, smoking,

physical activity, alcohol drinking

pattern, BMI

−0.40 (46.1) 13.5 (−0.5; 33.7) 0.30 (27.5) 53.7 (19.3; 100.0)

AF, atrial fibrillation; BMI, body mass index; CI, confidence interval; DBP, diastolic blood pressure; PYR, person-years; SBP, systolic blood pressure.
aID= IR2016-IR1994; (IR2016-IR1994)/IR1994; IR= incidence rate per 1000 PYR.
b(ID0−ID1)/ID0 × 100%; ID= incidence difference.
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Contribution of alcohol consumption to
the atrial fibrillation time trends
In a recent European community-based pooled cohort (n= 107 845)
alcohol consumption was associated with incident AF: drinking 3–5
days a week increased the risk of AF compared with never drinkers
with HR= 1.25.30 Sex-specific results were not presented. Our study
adds to previous publications by demonstrating that an unfavourable
change in alcohol drinking pattern over time had no effect on the
time trend in AF incidence rates in womenwhereas in men it accounted
for 9% of the AF incidence increase. These results are in line with the
Global Burden of Disease Study 1990–2017, where the percentage
contribution of alcohol use to the AF mortality was higher in men
than in women.20 In contrast, alcohol consumption was not associated
with AF risk in the FraminghamHeart Study in either sex.23,24 However,
it was measured in ounces of ethanol a week and included into the
models as a continuous variable that could have attenuated the associ-
ation between alcohol consumption and AF risk as it has been shown to
be nonlinear.30

Contribution of coronary heart disease to
the atrial fibrillation time trends
Coronary heart disease is an important predisposing condition for de-
veloping AF, especially in men.23 Excluding men with myocardial infarc-
tion from the analyses resulted in a higher proportion of the increase in
AF incidence explained by the risk factors. This demonstrates the sig-
nificant contribution of myocardial infarction as a risk factor for the in-
creasing AF incidence rates in men. Moreover, AF incidence rates in
men started to decline after 2004, and the decline was steeper com-
pared to that in women. This could also be explained by a higher preva-
lence of clinical and subclinical coronary heart disease in men. The
incidence of clinical coronary heart disease events is declining in both
women and in men, but because coronary heart disease is more preva-
lent in men, the decline in AF incidence may have started later in men.
These findings are in line with the FraminghamHeart Study where myo-
cardial infarction was associated with the development of AF in men but
not in women.23,24

Implications
Our findings demonstrate that personalized medical care might be af-
fected by sex-specific nuances. Even though both women and men
share the same AF risk factors, the impact of prioritizing specific targets
for intervention will potentially result in better outcomes. Recent pub-
lications have reported that controlled hypertension was less prevalent
in women than in men.31,32 Our findings regarding the BP contribution
to AF incidence trends imply that improved control of DBP and espe-
cially SBP in clinical practice would contribute to decreased AF risk, par-
ticularly in women. The adverse contribution of BMI to the change in AF
incidence in men and to a lesser extent in women, underscores the
need for public-health initiatives promoting a healthy weight as well
as continuous clinical follow-up in primary health care. Given our re-
sults on an adverse effect of alcohol drinking pattern on AF incidence
trends, strategies on reduction of alcohol consumption may potentially
prevent a substantial number of AF cases in men. As both hypertension,
obesity and alcohol consumption represent unhealthy lifestyle in coun-
tries with high socio-demographic index,20 targeted preventive strat-
egies must be taken into consideration, particularly in these countries.

Strengths and limitations
Strengths of this study are the population-based design, the large sam-
ple of repeated individual data, standardized diagnostic criteria and sur-
vey methods, rigorous validation of cases, and high attendance.
Verification of cardiovascular outcomes through expert review of

medical records is considered the gold standard of data collection.33,34

However, in the present study case identification was retrospective
based on existing medical records, which is a limitation. We have not
identified AF cases who were treated in primary health care only and
never referred to the hospital either for inpatient treatment or in the
outpatient setting. In Sweden, 22% of patients with AF were seen
only in primary care practices.7 Unfortunately, we do not have corre-
sponding information on AF patients in Norway. It is therefore likely
that we missed some participants with AF, including patients with silent
AF and/or paroxysmal AF that failed to be detected on an electrocar-
diogram. Furthermore, patients with transient AF as well as patients
with AF documented only in the terminal phase of life were not classi-
fied as having AF in this study. This might result in underestimation of
risk factors contribution to the AF incidence trends. Although the evi-
dence in clinical use of classifying AF by underlying drivers is lacking,35

risk factors for these patients may differ from the general population.
The associations between time trends in AF incidence and risk fac-

tors were based on participants with updated risk factors, which could
have introduced response and/or survival bias. Diabetes, angina, myo-
cardial infarction, stroke, smoking, physical activity, and alcohol drinking
pattern were self-reported which could also have led to over- or under-
estimation of the prevalence of risk factors. Data on some of the poten-
tial AF risk factors and predisposing conditions such as obstructive sleep
apnoea, heart failure or valvular disease were not available for the
Tromsø Study surveys used in this analysis. CIs for the explained change
by risk factors in men were wide, which is due to limited power.
Although participation rates were relatively high, non-attendees could
differ from those who attended the study, affecting external validity.
Non-attendees have been shown to be slightly younger, more likely
to be men and/or single compared to attendees.17 To increase the par-
ticipation rate, subjects under the age of 25 years were not invited to
the Tromsø4 survey. Finally, sex-specific time trends in AF incidence
rates described in this study cannot be extrapolated to other cohorts.
However, the novel findings on sex differences in the impact of individ-
ual changes in risk factors levels on AF are of major importance, and
probably also valid for other populations.

Conclusion
In this rigorous population-based longitudinal study, AF incidence rates
decreased from 1994 to 2016 in women and increased following a re-
versed U-shape in men. Changes in risk factors associated with a change
in AF incidence differed between women and men. The demonstrated
decline in BP was the single largest contributing factor responsible for
the decline in AF incidence in women, whereas a substantial increase
in BMI was the largest factor contributing to the increase in incident
AF in men. By addressing sex-specific differences in the contribution
of modifiable risk factors to change in AF incidence, we provide further
knowledge in the field of sex-specific risk stratification and personalised
prevention of AF in clinical practice. Our results also demonstrate that
there is a large proportion of change in AF incidence that is not ex-
plained by changes in established modifiable risk factors. This suggests
that further research on less traditional risk factors is required.
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