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Aims Since atrial fibrillation (AF) is associated with increased risks of cardiovascular and cerebrovascular complications, esti-
mations on the number of individuals with AF are relevant to healthcare planning. We aimed to project the number of
individuals with AF in the Netherlands and in the European Union from 2000 to 2060.

Methods
and results

Age- and sex-specific AF prevalence estimates were obtained from the prospective community-based Rotterdam Study.
Population projections for the Netherlands and the European Union were obtained from the European Union’s statistics
office. In the age stratum of 55–59 years, the prevalence of AF was 1.3% in men (95% CI: 0.4–3.6%) and 1.7% in women
(95% CI: 0.7–4.0%). Theprevalence ofAF increased to24.2% in men (95%CI: 18.5–30.7%), and16.1% inwomen (95%CI:
13.1–19.4%), for those .85 years of age. This age- and sex-specific prevalence remained stable during the years of
follow-up. Furthermore, we estimate that in the European Union, 8.8 million adults over 55 years had AF in 2010
(95% CI: 6.5–12.3 million). We project that this number will double by 2060 to 17.9 million (95% CI: 13.6–23.7
million) if the age- and sex-specific prevalence remains stable.

Conclusion We estimate that from 2010 to 2060, the number of adults 55 years and over with AF in the European Union will more
than double. As AF is associated with significant morbidities and mortality, this increasing number of individuals with AF
may have major public health implications.
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Introduction
European populations are undergoing a substantial demographic shift
in age. The European statistics’ office ‘Eurostat’ estimates that in the
European Union, 29.5% of the total population was at least 55 years
of age in 2010, and this percentage is expected to rise to 41.0% by
2060.1 The increased proportion of older adults has several public
health consequences, including an increase in the number of older
individuals surviving with chronic disease and disability, with a conse-
quent increase in health service utilization.2,3

Little is known about the potential rise in the number of individuals
with atrial fibrillation (AF) in European populations.4,5 Atrial fibrilla-
tion is the most common sustained arrhythmia in the general popu-
lation and it has been associated with an increased risk of stroke,6

dementia,7 and heart failure.8 Moreover, AF is associated with an
increased risk of cardiac and total mortality,9,10 as well as substantial
costs from diagnostics, interventions, treatments, and inpatient
care.11 Considering the risks of diseases, mortality, and costs asso-
ciated with AF, it is essential to have valid estimates and projections
of the future population prevalence of AF.
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The objective of our study was to calculate projections on the
number of individuals with AF in the European Union from 2000 to
2060 using information collected in the community-based prospect-
ive cohort study: the Rotterdam Study.

Methods

Study cohorts
The current investigation was performed within the Rotterdam Study, a
community-based prospective cohort study.12 Our study was designed
to examine the onset of, and risk factors for disease in older adults.
We used data from two independent cohorts—within the Rotterdam
Study—Rotterdam Study 1 (RS1) and Rotterdam Study 2 (RS2).12

RS1startedwith abaseline visit between1990and1993.All inhabitants
age 55 years and over in the Ommoord district of Rotterdam, The Neth-
erlands, were invited to participate (n ¼ 10 275). Of those who were
invited 7983 (78%) were enrolled. Between 2000 and 2001, the RS2
started with a baseline visit. All inhabitants of the Ommoord district
who had become at least 55 years of age after the start of the Rotterdam
Studyorwhohad moved into the studydistrictofOmmoord in themean-
time were invited. Of those who were invited (4472 inhabitants) 3011
(67.3%) participated. At baseline, participants were interviewed at
home and were examined at the research centre. The examination
included a 10 s, 12-lead resting electrocardiogram (ECG). Information
on the presence of disease was available by collaboration with the
general practitioners in the study area.13

The medical ethics committee of Erasmus Medical Center, Rotterdam,
approved the study, and all participants gave written informed consent to
participate in the study and to obtain medical information from treating
physicians separately.

Atrial fibrillation assessment
Prevalent and incident AF were ascertained using three methods.14 At
baseline and during follow-up examinations 10 s, 12-lead ECGs were
recorded, stored digitally, and analysed by the Modular ECG Analysis
System (MEANS).15,16 To verify the diagnosis of AF, all ECGs with a
diagnosis of AF, atrial flutter, or any other rhythm disorder based on
the algorithms of the MEANS software were recoded independently
by two research physicians who were blinded to the MEANS diagnosis.
The judgment of a cardiologist was sought and taken as decisive in those
cases in which disagreement persisted between the coding physicians.
Additionally, medical information was obtained from general practi-
tioners,which included theirownresults aswell as results fromphysicians
practicing in hospitals and outpatient clinics. Atrial fibrillation was consid-
ered present after diagnosis by a medical specialist or by a general
practitioner if it was ascertained by an ECG. Finally, information was
obtained from a national registry of all hospital discharge diagnoses.
Atrial fibrillation occurring during a serious disease resulting in death,
during myocardial infarction, or during cardiac operative procedures in
which the individual recovered during the hospital admission was not
included. We did not distinguish between AF and atrial flutter when we
identified cases because both conditions are very similar with respect
to risk factors and consequences.17,18

Information on vital status was obtained on a regular basis from the
central registry of the Municipality of Rotterdam, from collaborating
general practitioners, and by obtaining information during follow-up
examinations. For those participants whose information on vital status
remained missing, the Central Registry of Genealogy of the Netherlands

was consulted. This national institute receives population registry
records of all deceased inhabitants in the Netherlands.13

European estimates
Population projections were obtained from the statistics office of the
European Union, Eurostat.1 We used 1st January population projections
from 2000 to 2060 by sex and 5-year age group, using a 5-year time inter-
val. We used projections for the Netherlands, and the combination of the
27 European Union member states. The methodology of the Eurostat
population projections is based on the assumption that socio-economic
differences will fade out in the very long run. Values of the demographic
indicators: fertility rate, life expectancy at birth, and net international
migration, are thus set to converge across the countries in the very
long run.1

General baseline measurements
Weight and height were obtained at last preceding research centre visit.
Data on medications were obtained during the home interview by
copying the labels of all medications used and further from a pharmacy
database including drug use information from automated medical
records. A history of myocardial infarction was defined as self-reported
myocardial infarction with hospital admission, the presence of a myocar-
dial infarction on the ECG, or myocardial infarction as judged from
the general practitioners records and coded independently by two
research physicians.19 Prevalent heart failure was assessed using a Euro-
pean Society of Cardiology validated score.20,21 Prevalent diabetes mel-
litus was defined as the use of hypoglycaemic medication or a pre- or
post-load serum glucose level of .11.0 mmol/L.

Statistical analyses
Prevalence of AF was calculated as the proportion of thosewho had AF in
the study population at the index date. For the main analysis, we used
information from participants who were alive at 1 January 2002 and for
whom information on AF was available. We chose 1 January 2002 as
the index date in this analysis as this was the first date that all participants
from RS1 and RS2 had a baseline ECG available and thereby the most
recent date with accurate AF assessment in all age categories over age
55 years. We calculated prevalence by sex and 5-year age groups.
Wilson’s score method for a binomial proportion was used to calculate
95% CIs. The estimates of AF prevalence were then used to extrapolate
to the population projections from Eurostat to estimate the total number
of cases in the Netherlands and in the European Union. These extrapola-
tions were done per sex and 5-year age group, and then combined to
estimate the total number of adults over 55 years of age with AF. In the
main analyses, we assumed the prevalence to remain stable from 2000
to 2060. We used the estimated age- and sex-specific CI limits (95%
CI) to estimate prevalence projections; these 95% CIs do not account
for the inadequacy in the population projections or for any temporal
changes.

Several studies suggested that the prevalence of AF is rising over
time.4,22–24 To evaluate the change in prevalence of AF during the follow-
up time of the Rotterdam Study, we calculated prevalence figures after
the completion of each research centre visit (1 January of 1994, 1996,
2002, and 2006). We used generalized estimating equation methods to
test for trends in prevalence of AF.22,23 This method adjusts for repeated
measurements in the same individual. The year of the examination was
used to test for trends in prevalence. Age, sex, and calendar year were
entered as variables in this model. Data were analysed using the SPSS
PASW statistical software, version 20.0 (IBM corporation, Armonk,
NY, USA).
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Results

Prevalence of atrial fibrillation
in the reference population
General characteristics of the reference population are described in
Table 1. The study sample consisted of 533 individuals with prevalent
AF, 242 men and 291 women, at 1 January 2002 (Table 1). Those with
AF were older [mean age 78.9 years (SD:8.0)] than those without AF
[mean age 72.4 years (SD:8.8)]. Moreover, those with AF were more
likely to be men, were taller, weigh more, and were more likely to use
blood pressure loweringmedication, to have heart failure, a history of
myocardial infarction, or to have diabetes (Table 1).

The prevalence of AF in men was 8.6% and in women 7.1%
(Table 2). In the age stratum of 55–59 years, the prevalence of AF
was 1.3% in men, and 1.7% in women. The prevalence of AF was
higher with advancing age; for those .85 years of age, 24.2% of
men and 16.1% of women had AF.

During the follow-up of the Rotterdam Study, the age-adjusted risk
of AF did not significantly change between 1994 and 2006
(age-adjusted per year of follow-up OR: 1.004, 95% CI: 0.995–
1.014) and was similar in men and women [age adjusted OR:1.004
(95% CI: 0.989–1.018) in men, age-adjusted OR: 1.004 (95% CI:
0.992–1.017), in women].

Estimates of atrial fibrillation
in The Netherlands
Using the prevalence estimates from the study population, we esti-
mate that �259 600 (95% CI: 189 300–367 600) adults have AF in
the Netherlands in 2010, reflecting 1.6% of the total Dutch popula-
tion (Table 3 and Figure 1). Approximately half of them were men
(n ¼ 128 100). If the prevalence estimates of AF remain stable, the

number of individuals with AF will more than double to a peak of
about 553 700 (95% CI: 420 900–736 500) in the year 2050 and
then decreases slightly to 547 700 (95% CI: 416 000–729 100) in
the year 2060. In 2060, the number of adults over 55 with AF
would reflect 3.2% of the Dutch population. This increase is similar
in men and women. Especially, the number of adults over age 75
with AF will increase from 156 500 in 2010 to 418 100 in 2060,
whereas in adults younger than 75 years of age this number would
only increase from 103 100 in 2010 to 129 600 in 2060. If we
assume no net international migration in the population projections
fromEurostat, the total numberof AF patients in the Netherlands will
similarly rise to a peak of 560 500 in 2050 and to 549 600 in 2060.

Estimates of atrial fibrillation
in the European Union
We estimate that there were approximately 8.8 million adults with
AF in the European Union (95% CI: 6.5–12.3 million) in 2010
(Table 3 and Figure 2). If the prevalence estimates of AF remain
stable, this number will more than double and could reach 17.9
million by the year 2060 (95% CI: 13.6–23.7 million). In 2010, the
number of adults age 55 and over with AF would reflect 1.8% of
the total population, and this number could rise to 3.5% by 2060.
Especially, the number of adults over age 75 with AF will increase
from 5.6 million in 2010 to 13.8 million in 2060. If we assume no
net international migration in the population projections, the total

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

Table 1 Characteristics of Study Cohort, at index date
(n 5 6934)

Characteristic No atrial
fibrillation
(n 5 6,401)

Atrial
fibrillation
(533)

P-value*

Age (years) 72.4 (8.8) 78.9 (8.0) ,0.01

Sex (women) 3,818 (59.6) 291 (54.6) ,0.01

Height (cm) 167.0 (8.6) 168.0 (8.2) ,0.01

Weight (kg) 75.4 (12.0) 76.3 (11.0) ,0.01

Use of blood
pressure lowering
medication

2281 (35.6) 326 (61.2) ,0.01

History of
myocardial
infarction

565 (8.8) 91 (17.1) ,0.01

Prevalent heart
failure

266 (4.2) 153 (28.7) ,0.01

Prevalent diabetes
mellitus

888 (13.9) 110 (20.6) ,0.01

Denotes mean+ SD for continuous variables, and n (%) for categorical variables.
*From logistic or linear regression, age- and sex-adjusted.
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Table 2 Age- and sex-specific atrial fibrillation
prevalence

Age N n % (95% CI)

Men

55–59 238 3 1.3 (0.4–3.6)

60–64 429 8 1.9 (0.9–3.6)

65–69 567 31 5.5 (4.0–7.8)

70–74 617 45 7.3 (5.7–9.6)

75–80 472 59 12.5 (9.8–15.8)

80–84 316 51 16.1 (12.4–20.4)

.85 186 45 24.2 (18.5–30.7)

Total 2825 242 8.6 (7.6–9.7)

Women

55–59 286 5 1.7 (0.7–4.0)

60–64 523 7 1.3 (0.6–2.7)

65–69 738 20 2.7 (1.8–4.2)

70–74 778 40 5.1 (3.8–6.9)

75–80 712 68 9.6 (7.6–11.9)

80–84 556 68 12.2 (9.7–15.1)

.85 516 83 16.1 (13.1–19.4)

Total 4109 291 7.1 (6.3–7.9)

All

Total 6934 533 7.7 (7.0–8.3)

AF, atrial fibrillation; CI, confidence interval; N, total number of participants;
n, number of participants with AF.
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numberofAFpatients in theEuropeanUnionwill similarly rise to16.9
million in 2060.

Discussion
Due to the expected ageing of the European population, the number
of individuals with AF is likely to increase. We project that from 2010
to 2060, the number of adults age 55 and over with AF will more than
double in the Netherlands and in the European Union. Most of the
projected increase will occur in the next few decades. Especially,
the number of adults older than 75 years with AF will increase sub-
stantively. As AF is associated with significant morbidities and

mortality, this increasing number of individuals with AF may have
major public health implications.

Several studies estimated the AF prevalence in European popula-
tions.4,5,24– 30 Our AF prevalence estimates are broadly similar to
estimates from Iceland, Germany, the UK, and Italy,4,25–27 and our
prevalence estimates are higher compared with those from other
studies in the UK, Greece, and Sweden.24,28– 30 Several reasons for
these differences can be raised. First, differences in AF assessment
may play a role. As AF often escapes clinical attention, prevalence
estimates are easily underestimated.31 Furthermore, racial or cultural
differences may partly explain the differences as it has been suggested
that whites have a higher risk of AF than non-whites.32 –34 Finally, as it
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Table 3 Projected number of adults with atrial fibrillation in The Netherlands and the European Union between 2000 and
2060

Year The Netherlands
(in thousands)

Age >75 Total %a European Union (in millions) Age >75 Total %a

Men Women Age <75 Men Women Age <75

2000 98.2 112.9 83.9 127.3 211.1 1.3 3.4 3.9 2.9 4.3 7.2 1.5

2005 110.2 121.1 92.7 138.6 231.3 1.4 3.7 4.2 3.1 4.9 7.9 1.6

2010 128.1 131.5 103.1 156.5 259.6 1.6 4.2 4.6 3.2 5.6 8.8 1.8

2015 151.2 145.0 119.8 176.3 296.1 1.7 4.8 5.0 3.4 6.3 9.8 1.9

2020 175.9 162.2 135.6 202.5 338.0 2.0 5.3 5.4 3.8 6.9 10.7 2.1

2025 203.9 183.5 139.0 248.4 387.5 2.2 5.9 5.8 4.0 7.7 11.7 2.3

2030 231.3 205.7 145.5 291.5 436.9 2.5 6.6 6.3 4.2 8.6 12.9 2.5

2035 255.8 226.9 147.1 335.7 482.8 2.7 7.2 6.9 4.4 9.7 14.1 2.7

2040 272.9 244.3 140.8 376.3 517.1 2.9 7.9 7.4 4.4 10.9 15.3 2.9

2045 284.1 256.5 129.4 411.3 540.7 3.1 8.4 7.9 4.3 12.0 16.3 3.1

2050 291.0 262.7 122.3 431.4 553.7 3.2 8.9 8.2 4.2 12.9 17.1 3.3

2055 291.7 261.9 125.4 428.1 553.6 3.2 9.2 8.4 4.2 13.4 17.6 3.4

2060 289.7 258.0 129.6 418.1 547.7 3.2 9.4 8.5 4.1 13.8 17.9 3.5

aPercentage of total population.

Figure 1 Projected number of adults with atrial fibrillation in the Netherlands between 2000 and 2060.
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was suggested that the prevalence of AF has increased, older studies
may present lower prevalence estimates.4,22–24

Several studies have projected future numbers of adults with AF in
the USA, all of them projecting a doubling of the number of AF
patients by the year 2050.32,35,36 Go et al.32 estimated that the preva-
lence of adults with AF in the USAwill rise from2.66 million in2010 to
5.61 million in 2050. Miyasaka et al.35 estimated the USA prevalence
of AF to be 6.1 million in 2010 and projected an increase to 12.1
million in 2050. Finally, Naccarelli et al.36 estimated the number of
adults in the USA with AF to rise from 3.03 million in 2005 to 7.56
million in 2050. Again, differences between these studies may be
explained by differences in study setting, racial variation, and differ-
ences in AF assessment. Of note, projections for European popula-
tions are limited to Stefansdottir et al.4 who estimated that the
number of Icelandic inhabitants with AF will more than double,
rising from 4495 (2.0% of total population) in 2008 to 11 088 in
2050 (3.5% of total population), and to Wilke et al.5 who estimated
the number of Germans with AF will increase from 1.8 million in
2009 to 2.1 million in 2020.

Strengths and limitations
The strength of our study is that our projections are based on
prevalence estimates from a population-based cohort study, the
Rotterdam Study, with extensive follow-up with the examination at
3–4 yearly intervals, and a continuous registration of disease and
mortality. First, we used screening ECGs at each follow-up examin-
ation. Second, we used all information available in the general practi-
tioners’ files of all participants. In the Dutch health care system,
patients have one general practitioner, who serves a gatekeeper
function, including a registration and filing of medical information
fromtheirownworkas well as the results from other physicians prac-
ticing in hospitals and outpatient clinics. When individuals switch to
another general practitioner, all medical information is transferred
to the new practice. Finally, we used a nation-wide registry of all
hospital discharge diagnoses.

However, our study has some limitations. Our projections are
based on some assumptions. Most importantly, our projections are
based on a Dutch population of mainly north-western European
descent. This reference population may not be representative of
the entire Dutch population and even less of the European Union.
As whites have a higher risk of AF than non-whites,32–34 our projec-
tions for the European Union might be overestimated because of
ethnic variation within the European Union. Also other risk factors
for AF such as, height, weight, and cardiovascular disease may vary
between European countries, and thereby may lead to differences
in AF prevalence. The numbers of individuals should therefore be
cautiously interpreted and only be regarded as estimations.
Second, in the main analyses, we assumed that the AF prevalence
remains stable whereas several studies suggested that the prevalence
is risingover time.4,22– 24 This rise in prevalencemight beexplainedby
more clinician monitoring and awareness of AF, improved survival of
AF patients, or from increased prevalence of clinical conditions that
are associated with a higher risk of AF.37 Indeed, it may not be realistic
to assume that this increase will continue for future decades. It is pos-
sible that increased attention to cardiovascular risk factors and sub-
sequent treatment may reduce the risk of AF.37 Also some studies
suggested that the incidence of cardiovascular diseases such as myo-
cardial infarction and heart failure has decreased in recent years,
which could result in a decrease in the prevalence of AF.38,39 The
rise in age-adjusted prevalence during the years of follow-up in the
Rotterdam Study did not reach statistical significance. Therefore,
we assumed in our main results that the prevalence of AF is stable
over time—if at all, this might have led to some underestimation in
these results.

Conclusions
In the EuropeanUnion, the numberof adults with AF will substantially
increase in the coming decades and may even double in the period
from 2010 to 2060. As AF is associated with significant morbidities
and mortality, this increasing population burden of AF will have
major public health implications. Our results underscore the

Figure 2 Projected number of adults with atrial fibrillation in the European Union between 2000 and 2060.

B.P. Krijthe et al.2750
D

ow
nloaded from

 https://academ
ic.oup.com

/eurheartj/article/34/35/2746/424475 by guest on 10 April 2024



importance of preventative strategies aiming to reduce the risk of AF
within comprehensive programs aimed to improve the health of the
ageing population.
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