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Abstract
Background Atrial fibrillation (AF) is the most common
sustained atrial arrhythmia and it is independently associ-
ated with an increased morbidity and mortality. As a result
of the high prevalence of AF, the economic and clinical
impact of the disease is substantial. This study describes the
economic and clinical impact of AF in the Netherlands.
Methods Epidemiological data on AF in the Netherlands
were projected on population estimates of the Netherlands
in 2009 and combined with data on the cost of AF and its
interventions.
Results Overall prevalence of AF in the Netherlands is
5.5% in the population over 55 years, corresponding to
about 250,000 AF patients. The prevalence increases with
age, and the mean age of AF patients is 69.3 years.
Incidence of AF in the Netherlands varies with age, from
1188 new cases in the age group of 55 to 59 up to 7074
new cases in the age group 75 to 79. Total new cases
amounts to 45,085 patients per year in the Netherlands.
Total costs of AF in the Netherlands are € 583 million, of
which the majority (70%) were accounted for by hospital-

isations and in-hospital procedures. Pharmacotherapeutic
management of AF totalled € 17 million in the Netherlands
in 2009.
Discussion AF is a serious disease with a high clinical and
economic burden, especially due to hospitalisations as a
result of cardiovascular events. The number of patients with
AF in the Netherlands is considerable and will increase
with the ageing population in the future.
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Introduction

Atrial fibrillation (AF) is the most common sustained atrial
arrhythmia and it is independently associated with an
increased morbidity and mortality [1–3]. In particular, it is
a major cause of stroke, a highly lethal and disabling event
frequently associated with prolonged hospitalisation [1–4].
AF is one of the typical diseases in the elderly, and the
prevalence of AF is increasing with age [4]. However, it is
suggested that the prevalence of AF is also increasing
independent of the ageing of the general population [5]. As
a consequence, around 1–2% of the general population
suffers from AF [4].

Given the frequent comorbidities in AF, the economic
burden for society is considerable and expected to grow in the
near future [5, 6]. Several cost estimates have been published
on the economic burden of AF, all reporting hospitalisation
costs as the main cost driver [7–11]. Ringborg et al.
described the cost of AF in five European countries,
including the Netherlands, in the period 2003–2004. Mean
annual costs per patient were reported to be €2328 for the
Netherlands. Costs for interventional procedures and inpa-
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tient care were major cost drivers, while treatment costs and
consultations accounted for a relatively small share of the
total annual costs [11]. The aim of the current paper is to
describe the clinical and economic burden of AF in the
Netherlands.

Clinical spectrum and concomitant disease

AF can be subdivided into four different clinical types,
based on the severity of the disease: first-detected AF,
paroxysmal AF, persistent AF, and permanent AF.
Patients who had their first episode of AF have first-
detected AF. When a patient has had two or more
episodes, AF is considered recurrent. If the patient
converts back to sinus rhythm within 7 days it is called
paroxysmal AF, while recurrent AF lasting longer than
7 days is called persistent AF, and the use of cardio-
version therapy does not alter this designation. If
conversion back to sinus rhythm failed or was not
attempted, AF is defined as permanent [12]. About 60%
to 90% of patients with AF experience symptoms [13, 14].
Most common symptoms include palpitations, shortness of
breath, fatigue, chest pain, dizziness and syncope.

AF is associated with an up to two times increased
risk for all-cause mortality, even in the absence of other
cardiovascular mortality such as myocardial infarction,
congestive heart failure, valvular heart disease, and
stroke or transient ischaemic attack [1]. The risk for
mortality appears to be higher in women than in men [1,
13]. Moreover, AF patients have a significantly increased
risk of stroke which increases with age and in the presence
of heart failure, hypertension, diabetes and especially a
prior stroke or transient ischaemic attack [12, 15]. Stroke
is the most debilitating complication of AF. Not only does
AF increase the risk for stroke fivefold, [16, 17] it is also
associated with more severe strokes and with a poorer
prognosis compared with strokes not associated with AF.
Following a stroke, AF patients had a significantly higher
30-day and 1-year mortality and a higher risk for stroke
recurrence than non-AF patients suffering from a stroke
[18–21].

In addition, AF frequently coexists with heart failure and
a reciprocal relation exists between both diseases [22].
Wang et al. reported that in 1470 subjects in the Framing-
ham study developing AF and/or congestive heart failure,
26% developed both conditions. In 38% of these subjects,
the diagnosis of AF was first established and for 41% the
diagnosis of heart failure was first, while for 21% both
diagnoses were established on the same day [23]. The
relative risk of developing AF from having heart failure, 6.1
to 17.5, is significant compared with that for hypertension
and becomes larger with increasing severity of heart failure

[2]. Moreover, Wang reported a worsening of the prognosis
and increased mortality with either combination of AF and
heart failure as compared with having only one of these
conditions [23]. In the Euro Heart Survey, prevalence of
heart failure was 26% in patients with first-detected AF,
23% in patients with paroxysmal AF, 35% in patients with
persistent AF and 49% in patients with permanent AF, and
in the overall group heart failure was a major risk factor
for mortality and morbidity during 1 year follow-up [6,
24]. In return, AF may worsen the prognosis of heart
failure, [22] indicating a strong interaction between the
two diseases.

Moreover, hypertension has been demonstrated to be an
important risk factor for the development of AF [25].
Within the Euro Heart Survey, mean prevalence of
hypertension in AF patients was 64%, which did not differ
significantly between AF subtypes [6]. The relative risk of
developing AF for hypertensive patients is reported to be
1.4 to 2.1 compared with normotensive patients [26]. Given
the high prevalence of hypertension in the Netherlands, its
contribution to the burden of AF is considerable. For
example, in the Rotterdam study, 21.4% of the general
population over 55 years of age suffered from hypertension
[27]. Hypertension has become the most dominant risk
factor for AF worldwide [25, 26].

The impact of AF on quality of life (QoL) is
considerable [28]. Especially patients with more frequent
symptoms and those experiencing cardiovascular comor-
bidity, such as stroke and heart failure, have a poorer
quality of life with regard to physical and mental health
[29]. However, this may not apply to the elderly
population of AF patients, as older patients generally have
a lower QoL and in addition may experience less
symptoms caused by AF [30]. QoL is reported to depend
on comorbidity and women consistently report a lower
QoL than men [31]. In patients who can maintain sinus
rhythm, quality of life is better compared with those
remaining in AF. Of note, the latter is independent of the
treatment strategy chosen. Indeed, a study by Reynolds
suggests that treatment, either rate control or antiarrhyth-
mic, may improve quality of life scores in AF patients up
to normal population scores [31].

Epidemiology

Prevalence estimates of AF in the Netherlands have been
reported by Heeringa et al. [27]. General prevalence in the
Netherlands was 5.5% in the population over 55 years of
age in 1990 [27]. Mean age of that population was
69.3 years and the prevalence was higher for men (6.0%)
than for women (5.1%). AF prevalence increases with older
age. Heeringa et al. report an age-stratified prevalence
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ranging from 0.7% for ages 55 to 59 to 17.8% for 85 years
and older, as is graphically depicted in Fig. 1 [27].
Literature reports several estimates of the prevalence of
AF in other countries. Go et al. report an overall prevalence
of 0.95% in the adult (age ≥20 years) population that
received care within a large health maintenance organisa-
tion in Northern California [17]. The diagnosis was
established based on the reported diagnosis in automated
clinical databases. The mean age of their patient population
was 71.2 years. The disease was more prevalent in men
(6.0%) than in women (5.1%). In that study, prevalence
increases from 0.1% in the population younger than
55 years, to 9.0% in persons aged 80 years and older
[17]. In addition, Furberg et al. reported a prevalence of
4.8% for women and 6.2% for men in a randomly selected
population aged ≥65 years from the US [32]. As the
selection of AF patients by Heeringa et al. was based on
both their population study and general practitioner files, a
higher, probably more reliable, prevalence estimate was
found for the Netherlands [27].

If projected on the Netherlands population in 2009, the
prevalence figures by Heeringa et al. add up to 250,470 AF
patients, 55 years of age and older, accounting for 1.5% of
the total Netherlands population in 2009. Figure 2 shows
the projected number of patients with AF in the Netherlands
in 2009, distributed by age class and gender, based on the

prevalence estimates by Heeringa et al. [27]. As these
figures are already 20 years old and the age- and gender-
adjusted prevalence of AF is reported to be increasing [5],
the actual prevalence of AF in the Netherlands in 2009 may
be higher.

The incidence of AF in the Netherlands was reported to
be 9.9/1000 person-years in the population over 55 years of
age, increasing from 1.1/1000 person-years at ages 55–60
to 18.2/1000 patient-years at ages 85 years of age and
higher [27]. Across all age groups, the incidence was higher
in men than in women [27]. Projected on the Netherlands
population, these incidence figures account for 45,085 new
cases of AF in 2009, ranging from 1188 in the age group of
55 to 59, to 7074 new cases in the age group of 75 to
79 years.

Rate and rhythm management of AF

Treatment guidelines for the management of AF are
available from the Netherlands Association of General
Practitioners (NHG) for first-line management, and from
the European Society of Cardiology for second-line
management [12, 33]. Diagnosis is usually based on both
clinical examination and the patient’s history, and con-
firmed by ECG recording [12]. Newly diagnosed AF

55-59 60-64 65-69 70-74 75-79 80-84 85 and older

Total 0.7 1.7 4.0 6.0 9.0 13.5 17.8

Men 0.8 2.6 5.2 6.9 13.0 15.2 17.9

Women 0.6 1.0 2.9 5.4 6.5 12.7 17.5
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Fig. 1 Prevalence of AF in the Netherlands, by age group and gender [27]
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patients start with rate-control therapy in combination with
appropriate antithrombotic treatment, usually acetylsali-
cylic acid or oral anticoagulants. Beta-blockers are most
commonly used for rate control, while second choices are
calcium channel blockers or digoxin in the event of heart
failure. When AF persists, rate-control therapy may be

continued in combination with antithrombotic treatment.
However, sinus rhythm may also be restored by cardio-
version [12, 33].

In patients with paroxysmal AF, the initial choice is
rate control in combination with antithrombotic treat-
ment. When troublesome symptoms persist, antiarrhyth-
mic therapy can be initiated. Although achieving sinus
rhythm was associated with a considerable reduction in
the risk of death in comparison with not achieving sinus
rhythm [34], several trials have implied that currently
available antiarrhythmics have no beneficial effect with
regard to the risk for stroke or mortality [35, 36]. Thus,
beneficial effects of antiarrhythmic drugs with regard to
mortality may be offset by their adverse effects, as is
suggested by Corley et al. [34]. AF ablation techniques
may offer an alternative and potential curative strategy for
patients with paroxysmal, persistent or permanent AF [37].
However, ablation is not suitable for every AF patient and
it remains uncertain whether ablation will become avail-
able for the majority of AF patients [38]. Therefore, there
is still a need for an effective method to maintain sinus
rhythm with less severe side effects [34]. Of note, the
current AF guideline strongly suggests that when deciding
on treatment strategy, safety rather than efficacy should
guide the choice of rate- or rhythm-control drugs and
ablation therapy [12].

55-59 60-64 65-69 70-74 75-79 80-84 85-89 90-94 95 and older

Total 7,558 17,644 29,790 35,876 43,308 45,404 34,309 11,812 3,051 

Men 4,347 13,543 19,099 19,377 26,823 18,890 10,362 2,686 509 

Women 3,217 5,170 10,946 17,124 17,867 26,930 23,600 8,988 2,502 
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Fig. 2 Number of AF patients in the Netherlands in 2009, by age group and gender [27]

Table 1 Total economic burden of AF in the Netherlands by age
group

Age group
(years)

Prevalence
(%) [27]

Number of patients
in the Netherlands
in 2009

Total
costs

55–59 0.7 7558 € 17,593,862

60–64 1.7 17,644 € 41,075,258

65–69 4.0 29,790 € 69,351,027

70–74 6.0 35,876 € 83,520,120

75–79 9.0 43,308 € 100,821,443

80–84 13.5 45,404 € 105,701,478

85–89 17.8 34,309 € 79,870,444

90–94 17.8 11,812 € 27,499,351

95 and older 17.8 3051 € 7,102,956

55 and
older

5.5 250,470 € 583,093,264

Based on a population of 16,430,473 for the Netherlands in 2009
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Costs and economic burden of disease

Based on the mean annual costs of€2328 per patient for AF,
as calculated by Ringborg et al., the total cost of AF in the
Netherlands is estimated to be€ 583,093,264, of which 3.7%
for drug therapy (including vitamin K antagonists, other
antithrombotic treatment, and antiarrhythmic rate-control
treatment) [11, 27]. The total costs accounted for 1.3% of
the healthcare budget of the Netherlands in 2008 [39]. It is
likely that the new types of anticoagulant therapy may
provide an increase in the costs of medicinal treatment of AF,
but this cannot be concluded from our study. Table 1 displays
the estimated total costs of AF in the Netherlands distributed
by age group [6, 11]. Due to the increasing prevalence with
age, costs also increase with age. However, the mean costs
provided by Ringborg et al. are mean costs over all age
groups [11]. As the risk for cardiovascular events increases
with age, costs related to these events will also increase with
age. It can thus be expected that the true costs per age group
are even more skewed to the patient groups with higher ages.

An estimation of the costs for pharmacological treatment
of AF can be derived from a projection of the use of
antiarrhythmics and rate-control therapy as reported in the
Euro Heart Survey, combined with data from the Nether-
lands Healthcare Insurance Board [11, 40]. Costs for the
125,232 patients using rate-control agents in the Nether-
lands in 2009 were € 11,330,579, based on the costs of the
most frequently administered medicinal products. In addi-
tion to that, costs for 50,314 sotalol users were € 826,979
and costs for 27,502 amiodarone users were € 2,511,237 in
2009. The use of other antiarrhythmics, including flecainide
and propafenone, amounted to € 2,565,907 in 2009. In
total, annual pharmacological treatment costs totalled €
17,234,702 in the Netherlands in 2009 [11].

In addition, AF patients contribute to a significant part of
the healthcare resource use especially because of hospital
admissions. Ringborg et al. calculated that patients with AF
in the Netherlands annually generate an average cost of
€798 (34%) for the relatively few number of hospital
interventions such as coronary artery bypass grafting,
catheter ablation, and pacemaker implantation; and €834
(36%) for inpatient care (share of total annual costs per
patient). Here, it should be noted that these interventions
are also related to comorbidity in AF patients.

In addition, €160 (7%) was annually spent on diagnostic
procedures such as transthoracic echocardiography, chest
X-rays, Holter monitoring, thyroid function tests, exercise
tests and transoesophageal echocardiography [11]. Conse-
quently, the total costs for hospitalisations and in-hospital
procedures for all AF patients in the Netherlands add up to
€456,356,340.

The higher risk for cardiovascular morbidity causes a
significant economic burden not only due to hospitalisation,

but also due to loss of work. Although the majority of patients
with AF are older than 65 and have stopped working, the costs
of productivity losses are still considerable. Ringborg et al.
calculated that Netherlands AF patients incurred an annual
mean cost of €391. These costs were the highest of all costs
due to work loss of all the countries in the study by Ringborg
[11]. Of note these costs were averaged over all patients,
whereas indirect costs are only incurred by the employed
population. Thus, the average indirect costs per employed
patients are even higher.

Conclusion

This paper has described the clinical and economic burden
of AF in the Netherlands. AF is a seriously debilitating
disease with a high risk of mortality and cardiovascular
events such as stroke. The severity of the disease is
growing further, and the prognosis worsens with increasing
age. In addition, the number of patients with AF in the
Netherlands is considerable, and this number is likely to
increase as a result of an ageing population.

The total costs of AF in the Netherlands are estimated to
be € 583 million in 2009, which would account for 1.3%
of the Netherlands healthcare expenditure. The majority of
these costs are incurred for hospitalisations and in-hospital
procedures, while drug therapy only accounts for 3.7% of
these costs. The total costs are likely to be an underestima-
tion of the true costs of AF in the Netherlands. Many
patients have concomitant cardiovascular diseases that
result in a further increase in the costs of the management
of these patients. Moreover, costs will increase with age as
a result of the higher prevalence and increasing risk for
cardiovascular events that occur with older age. Consonant
with the increasing prevalence of AF, this will result in an
increasing economic burden of AF in the near future.
Consequently, better medicinal treatment of the risk factors
for AF, AF itself, or of stroke in patients with AF, will lead
to a minor increase in the costs of treatment, but at the same
time to a significant reduction in serious events and related
hospitalisations, which carry the bulk of the costs for
patients with AF.
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