
Rev Port Cardiol. 2015;34(1):1---11

Revista Portuguesa de

Cardiologia
Portuguese Journal of Cardiology

www.revportcardiol.org

ORIGINAL ARTICLE

Burden of disease and cost of illness of atrial

fibrillation in Portugal�

Miguel Gouveia a,∗, João Costab,c,d, Joana Alarcãob,c, Margarida Augustob,
Daniel Caldeirab,e, Luís Pinheirob,f, António Vaz Carneirob, Margarida Borgesb,c

a Católica Lisbon School of Business and Economics, Universidade Católica Portuguesa, Lisboa, Portugal
b Centro de Estudos de Medicina Baseada na Evidência, Faculdade de Medicina da Universidade de Lisboa, Lisboa, Portugal
c Laboratório de Farmacologia Clínica e Terapêutica, Faculdade de Medicina da Universidade de Lisboa, Lisboa, Portugal
d Unidade de Farmacologia Clínica, Instituto de Medicina Molecular, Lisboa, Portugal
e Serviço de Cardiologia, Hospital Garcia de Orta, Almada, Portugal
f Serviço de Medicina Interna, Hospital Lisboa Norte EPE, Lisboa, Portugal

Received 20 August 2014; accepted 25 August 2014

Available online 22 January 2015

KEYWORDS
Atrial fibrillation;
Cerebrovascular
disease;
Cost of illness;
Burden of disease;
Disability-adjusted
life years

Abstract

Introduction and Objectives: Atrial fibrillation is the most prevalent sustained arrhythmia. This

paper estimates the burden and cost of illness attributable to atrial fibrillation in Portugal based

on demographic and health statistics.

Methods: Mortality data by cause of death came from the European Detailed Mortality Database

of the World Health Organization (WHO). Hospital data were taken from the Portuguese

diagnosis-related groups database. The burden of disease was measured using DALYs (disability-

adjusted life years), a metric adopted by the WHO. Costs studied included resource use and

lost productivity. The burden and cost of illness are those attributable to atrial fibrillation and

its main complication, ischemic stroke.

Results: In Portugal, 4070 deaths were attributable to atrial fibrillation in 2010, corresponding

to 3.8% of all deaths. In total, the burden of disease attributable to atrial fibrillation was

estimated at 23 084 DALYs: 10 521 resulting from premature deaths (1.7% of the total DALYs

due to death in 2010 in Portugal), and 12 563 resulting from disability. The total estimated

direct costs attributable to atrial fibrillation at 2013 prices were D 115 million: D 34 million for

inpatient care and D 81 million for outpatient care. Indirect costs resulting from lost production

due to disability were estimated at D 25 million.

� Please cite this article as: Gouveia M, Costa J, Alarcão J, Augusto M, Caldeira D, Pinheiro L, et al. Carga e custo da fibrilhação auricular
em Portugal. Rev Port Cardiol. 2014. http://dx.doi.org/10.1016/j.repc.2014.08.005

∗ Corresponding author.
E-mail address: mig@ucp.pt (M. Gouveia).

2174-2049/© 2014 Sociedade Portuguesa de Cardiologia. Published by Elsevier España, S.L.U. All rights reserved.

dx.doi.org/10.1016/j.repce.2014.08.006
http://www.revportcardiol.org
http://crossmark.crossref.org/dialog/?doi=10.1016/j.repce.2014.08.006&domain=pdf
http://dx.doi.org/10.1016/j.repc.2014.08.005
mailto:mig@ucp.pt


2 M. Gouveia et al.

Conclusions: Atrial fibrillation has an important social impact in Portugal due to its associated

mortality and morbidity, and was responsible in 2013 for a total cost of D 140 million, about

0.08% of gross domestic product.

© 2014 Sociedade Portuguesa de Cardiologia. Published by Elsevier España, S.L.U. All rights

reserved.
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Carga e custo da fibrilhação auricular em Portugal

Resumo

Introdução e objetivos: A fibrilhação auricular é a disritmia persistente mais prevalente. Pre-

tendemos estimar a carga e custos da doença atribuíveis à fibrilhação auricular em Portugal

com base nas estatísticas demográficas e de saúde.

Métodos: Utilizou-se informação sobre mortalidade por causa da OMS-Europa. Dados hospi-

talares foram provenientes da base de dados dos GDH. A carga da doença foi medida pelos

DALY (disability-adjusted life years) ou anos de vida perdidos ajustados por incapacidade, uma

métrica adotada pela Organização Mundial de Saúde. Os custos incluíram os consumos de recur-

sos e as perdas de produtividade. A carga e os custos da doença estimados são os atribuíveis à

fibrilhação auricular e à sua principal complicação, o acidente vascular cerebral isquémico.

Resultados: Em Portugal, no ano 2010, podem atribuir-se à fibrilhação auricular 4070 mortes

correspondendo a 3,8% do total das mortes ocorridas. A carga da doença atribuível à fibrilhação

auricular foi estimada em 23.084 DALY: 10.521 decorrentes das mortes prematuras (1,7% dos

DALY por morte em Portugal em 2010) e 12 563 devidos à incapacidade gerada pela morbilidade.

O total estimado de custos diretos para o sistema de saúde a preços de 2013 atribuíveis à

fibrilhação auricular foi de 115 MD (milhões de euros): 34 MD em internamento e 81 MD em

ambulatório. Os custos indiretos gerados pela produção perdida devidos à incapacidade causada

pela doença foram estimados em 25 MD .

Conclusões: A fibrilhação auricular tem um importante impacto social em Portugal devido à

mortalidade e morbilidade geradas, podendo-se-lhe atribuir em 2013 um custo total de 140

MD , cerca de 0,08% do produto interno bruto.

© 2014 Sociedade Portuguesa de Cardiologia. Publicado por Elsevier España, S.L.U. Todos os

direitos reservados.

List of abbreviations

AF atrial fibrillation
DALY disability-adjusted life year
DRG diagnosis-related group
ICD 9-CM International Classification of Diseases,

Ninth Edition, Clinical Modification
MI myocardial infarction
NHS national health service
PAF population attributable fraction
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WHO World Health Organization

Introduction

Atrial fibrillation (AF) is the most common sustained arrhyth-
mia. It was estimated in 2010 that 33.5 million individuals
worldwide,1 and nearly nine million individuals in the

European Union (EU),2 had AF; the number in the EU is
predicted to double to nearly 18 million by 2060. AF is
associated with advanced age, male gender and various
comorbidities including hypertension, heart failure, valve
disease and coronary artery disease.3---7

AF can be silent, only being diagnosed when a complica-
tion develops.8,9 The main complication is systemic throm-
boembolism leading to stroke; AF patients are at 3---5 times
higher risk of ischemic stroke, and more severe stroke.7,10---14

It is estimated that 14% of AF patients in Portugal have suf-
fered stroke. AF is thus an important cause of mortality and
morbidity in itself and due to the associated risk of ischemic
stroke.15

Against this background, it is important to assess the
economic impact and burden and cost of illness of AF in
Portugal, which is the aim of the present study.

The purpose of studies on cost of illness is to measure
the impact of a disease or risk factor in terms of use of
economic resources and reduction in economic activity due
to associated disability. Studies on burden and cost of illness
are not strictly speaking economic evaluations, since they
do not address specific interventions or compare alternative
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interventions; rather, they seek to paint an accurate picture
of a particular health problem and its magnitude.

Despite the importance of such studies, few have been
carried out in Portugal.16,17 In particular, there has been no
study of the burden and cost of AF, but the limited infor-
mation at the international level18,19 suggests that the costs
involved are high.

Epidemiology of atrial fibrillation: incidence and
prevalence

Estimates of the incidence and prevalence of AF vary consid-
erably between different sources, depending on population
characteristics and diagnostic criteria.20 Furthermore, since
AF can be asymptomatic, the reported incidence and preva-
lence may be underestimated.20,21

Incidence

The incidence of AF in the main European and American
studies ranges between 0.1/1000 person/years in women
aged 20---54 years and 40/1000 person/years in men aged
≥80 years and 69/1000 person/years for individuals aged
≥90 years.

Incidence increases progressively with age5; from age 50
onward it doubles for each decade.20 It is also higher in males
in all age-groups (men are 1.5 times more likely to develop
AF),22 although some authors report that this difference is
smaller in older age-groups.20 A population-based cohort in
the USA shows that the incidence is increasing.23

In the absence of studies estimating AF incidence in
Portugal, the best source is the Rotterdam study,6,24 a
prospective European study that analyzes the relevant age-
groups; it has accordingly been used to calculate the burden
of disease in the present study.

Prevalence

The main source of information on the prevalence of AF in
Portugal is the FAMA study,5 a cross-sectional study of a rep-
resentative sample of the Portuguese population aged 40
and over that included 10 477 individuals, 55% female, with a
median age of 58 years. The estimated prevalence was 2.5%
(95% confidence interval: 2.2%---2.8%), increasing with age
(significantly higher in individuals aged 70 and over) but with
no significant differences between the sexes or geographical
regions.

Only 1.6% of the FAMA study population said they had
been diagnosed with AF. Regarding previous clinical events,
there were significant differences between the general pop-
ulation and individuals with AF in terms of history of stroke
and myocardial infarction (MI) (stroke: 5% vs. 14%, p<0.001;
MI: 3% vs. 10%, respectively; p<0.001).

Methods

Burden of disease

Burden of disease is estimated by means of disability-
adjusted life years (DALYs), a measure of the years of health
lost due to disease or premature death. It includes two time-
based indicators: years of life lost, the difference between

age at death and standard life expectancy for that age; and
years lost due to disability.25 Disability is assigned a severity
weight between 0 (no disability; perfect health) and 1 (total
disability or death). These weights were originally defined by
expert panels at the World Health Organization (WHO), and
were re-estimated for the Global Burden of Disease Study
2010 through a large-scale empirical investigation.27 The
formula used is:

DALY =

a+L∫

a

DCxe−ˇxe−r(x−a)dx

where:

a --- age of onset,
L --- duration of disability or time lost due to premature
mortality,
D --- disability weight (between 0 and 1),
C --- age-weighting correction constant (0.04),
e --- expectation of life,
x --- age (ranging between a and a+L),
� --- parameter from the age-weighting function (0.1658),
and
r --- discount rate (3%).

The discount rate used in this calculation is 3%, and the
calculation includes different weighting for different age-
groups, with the middle age-group (20---50 years), the years
when people tend to be raising children, being assigned
greater weight.25

As there is no direct evidence available on the duration
of diseases, information which is needed to calculate DALYs,
we used the DisMod II model developed by Barendregt et al.
for the WHO.26 This exploits the causal relations between
the variables that describe a disease process by age-group
and gender: incidence, prevalence, remission, case fatality,
mortality, relative risk (RR) for mortality, and duration.

The model was calibrated using data from the Portuguese
Institute of Statistics on the resident population and mortal-
ity in Portugal for 2010, as well as the findings of the FAMA
study (on AF prevalence) and the Rotterdam Study (on AF
incidence). The remission rate of AF was assumed to be zero.

In order to calculate DALYs due to disability, the degree
of disability attributable to a given health problem must be
specified. The weighting factors used to characterize the
relevant conditions in this study were those published in the
Global Burden of Disease Study 2010.27

Ideally, studies of burden of disease should refer to a spe-
cific year, but the heterogeneity of the information sources
and the changes that the Portuguese national health service
(NHS) has undergone in recent years mean that in practice
it is more informative to use the most recent data available
for each of the areas under study. Accordingly, the calcula-
tions were based on population and mortality statistics from
the WHO for 2010, hospital data from 2011 and official NHS
prices for 2013. The resulting figures are thus as up-to-date
as possible.
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Cost of illness

The first step in the analysis was to identify the conditions
that are related to AF as well as the disease itself. The
main complications of AF are heart failure and ischemic
stroke, the latter being the most serious.28,29 The relation
between AF and stroke is unequivocal: patients with AF have
an age-adjusted risk that is five-fold higher than the general
population, and stroke in AF patients is more likely to lead to
severe disability.30 With regard to intracranial hemorrhage,
the risk is similar to that of the general population, but it is
higher in AF patients under anticoagulant therapy.30,31

The conditions considered in the analysis were AF and
ischemic stroke, identified by the International Classifica-
tion of Diseases, Ninth Edition, Clinical Modification (ICD
9-CM) codes 427.31 (Atrial fibrillation), 427.32 (Atrial flut-
ter), 433 (Occlusion and stenosis of precerebral arteries
[with cerebral infarction]) and 434 (Occlusion of cerebral
arteries [with cerebral infarction]).

The second step was to establish the quantitative relation
between AF and stroke by estimating the fraction of the cost
and burden of stroke that statistically is due to AF, using the
epidemiological concepts of RR and population attributable
fraction (PAF). RR in this case is the ratio between the risk
of suffering stroke in a population with AF and the risk in a
population without AF. The values for RR used in this study,
taken from Kannel et al.,32 based on data from the Framing-
ham Study and recently updated by Ball et al.,7 were 4.0
(50---59 years), 2.6 (60---69 years), 3.3 (70---79 years) and 4.5
(80---89 years).

According to Lin et al.,11 also based on the Framingham
Study, mortality following stroke was significantly higher if
the stroke was AF-related (25% vs. 14%; RR: 1.79). On the
basis of this information and the RRs presented above, the
RR for death due to stroke was estimated for a population
with AF in comparison with a population without AF: 7.2
(50---59 years), 4.7 (60---69 years), 5.9 (70---79 years) and 8.1
(80---89 years).

The PAF is the proportion of cases that would not occur
in a population if the risk factor were eliminated and can be
calculated by the equation33:

PAF =
P(RR − 1)

P(RR − 1) + 1

where:

PAF --- population attributable fraction,
P --- prevalence of AF, and
RR --- relative risk of patients with AF suffering stroke.

On the basis of the estimates of AF prevalence in Por-
tugal and the RRs presented above, the fractions of stroke
and death from stroke attributable to AF were calculated
(Table 1). For example, in men aged over 80, the preva-
lence of AF is 7.4% and the RR of stroke is 4.5, and so the
proportion of the burden of disability and costs of stroke
(the PAF) attributable to AF is 20.57%.

Direct costs attributable to atrial fibrillation

As well as the burden of disease, AF is also responsible for
costs to society and to the NHS, considered as direct costs
attributable to atrial fibrillation, which in this study are
divided between inpatient and outpatient care.
Costs of inpatient care. The centrally managed database
of diagnosis-related groups (DRGs) of the Portuguese NHS for
2011 was used to estimate resource use for inpatient care,
including other interventions covered by the DRGs such as
outpatient surgery and day hospital sessions arising from AF
and associated conditions.

Hospitalizations were identified on the basis of a primary
diagnosis of AF or of ischemic stroke in accordance with the
ICD 9-CM.

The unit costs used in the analysis were taken from Order
in Council 163/2013, which defines the prices associated
with DRGs and other health interventions. The costs of AF-
and stroke-related admissions were calculated by summing
the product of the number of patients in each DRG and the
price of the corresponding DRG.
Costs of outpatient care. Outpatient costs include direct
medical costs (consultations, emergencies, diagnostic and
therapeutic interventions, drugs, physiotherapy sessions,
etc.), and direct non-medical costs (urgent and non-urgent
patient transportation and institutionalization).

It is considerably more difficult to estimate outpatient
costs than inpatient costs with any precision, since there is
no equivalent database on which to calculate the relevant
resource use. Resource use was estimated on the basis of
the literature and on the findings of a panel of experts from
various medical specialties convened to define resource use
in patients with AF and ischemic stroke.

Most of the resources identified were for AF patients
both with and without ischemic stroke, and so simply adding
them together would result in double counting. To avoid this
error, the numbers of patients in each of these two groups
were calculated by applying the PAF to the population with
ischemic stroke (columns 6 and 7 in Table 1). The patterns of
resource use for the two groups were thus determined sep-
arately and then multiplied by the corresponding number of
patients.

In calculating outpatient resource use, it is important to
consider only patients with diagnosed AF. According to the
FAMA study,5 36% of cases of AF in patients aged 40 and
over are undiagnosed, and so calculation of the outpatient
resource use was based on the prevalence of diagnosed AF.
However, to appreciate the wider picture, it should be borne
in mind that the prevalence of diagnosed AF in Portugal is
increasing, as in other European countries, probably due to
aging populations and better diagnosis.30

Indirect costs of atrial fibrillation

In calculating the indirect costs of AF, only costs associ-
ated with lost production due to the disease were included
(excluding losses due to premature death).

The first step in the calculation was to estimate how
AF affects employment in different age-groups and by gen-
der. The employment rates for the general population were
based on data from the Portuguese Institute of Statistics for
the second half of 2013. The daily monetary value corre-
sponding to loss of production was calculated using a human
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Table 1 Fraction of stroke and death from stroke attributable to atrial fibrillation.

Age-groups

(years)

RR of

stroke

RR of death

from stroke

Prevalence

of AF

Fraction of stroke

attributable to AF (%)

Fraction of death from

stroke attributable to AF (%)

Male Female Male Female Male Female

40---49 4.0a 7.2a 0.1 0.2 0.30 0.60 0.62 1.22

50---59 4.0 7.2 1.7 0.4 4.85 1.19 9.54 2.42

60---69 2.6 4.7 1.6 1.6 2.50 2.50 5.56 5.56

70---79 3.3 5.9 8.2 5.5 15.87 11.23 28.83 21.37

80+ 4.5 8.1 7.4 11.9 20.57 29.40 34.44 45.80

AF: atrial fibrillation; RR: relative risk.
a The same RR was assumed for the 40---49 year age-group as for the 50---59 year age-group.
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Figure 1 Mortality attributable to atrial fibrillation by age-

group and gender. AF: atrial fibrillation.

capital approach, on the basis of average daily labor costs,
including employers’ contributions to social insurance.34 To
calculate the total costs at 2012 prices of lost productivity,
the mean daily labor costs for 2012 were estimated on the
basis of data for 2009 (the last year for which official figures
are available from the Ministry of Labor and Social Security)
and the mean annual increases in earnings between 2009 and
2012 from the Office for Strategy and Planning of the same
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Figure 2 Disability-adjusted life years due to death

attributable to atrial fibrillation by age-group and gender. AF:
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Figure 3 Disability-adjusted life years due to disability

attributable to atrial fibrillation by age-group and gender.

Ministry. Since the aim was to calculate the cost of produc-
tivity lost per day due to AF, the average annual labor costs
were divided by 230 working days, resulting in an estimate of
D 96.53 in 2012 for the age-groups under consideration, and
the total indirect costs attributable to AF were estimated on
this basis. Since earnings remained stable between 2012 and
2013, this figure was considered appropriate to represent
indirect costs in 2013.

Total indirect costs

The absenteeism due to ischemic stroke attributable to AF
must be taken into account as well as that of AF itself. Cal-
culation of the indirect costs of stroke directly attributable
to AF requires use of the PAF (Table 1). Absenteeism related
to AF and ischemic stroke may have different reasons but
given the nature of AF, it is only ischemic stroke that leads to
prolonged absence from work due to physiotherapy sessions
and/or other reasons.

Results

Burden of disease

Disability-adjusted life years due to death

The first step in quantifying the burden of disease aris-
ing from mortality attributable to AF is to calculate the
number of deaths and DALYs due to diseases associated
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Figure 4 Total disability-adjusted life years attributable to

atrial fibrillation by age-group and gender.
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Table 2 Costs of inpatient care attributable to atrial fibrillation.

Disease No. of episodes Total cost (D ) PAF (%) Attributable cost (D )

Inpatient DRGs

AF 6339 17 569 100 100 17 569 100

Ischemic stroke 20 903 113 310 028 14 15 523 595

Outpatient DRGs

AF 259 1 410 227 100 1 410 227

Ischemic stroke 4 6409 14 878

Subtotal

AF 6598 18 979 327 100 18 979 327

Ischemic stroke 20 907 113 316 437 14 15 524 473

Total 34 503 800

AF: atrial fibrillation; DRG: diagnosis-related group; PAF: population attributable fraction.

with AF. Data on mortality from AF and stroke in Portugal
were taken from the WHO’s European Detailed Mortality
Database (http://data.euro.who.int/dmdb/). Most deaths
from stroke in this database are not specified as ischemic or
hemorrhagic, so on the basis of the DRGs and the opinions of
the expert panel, we estimated that 30% in women and 40%
in men are hemorrhagic, and that in 2010 there were 813
deaths from AF (303 men and 510 women) and 9316 deaths
from ischemic stroke.

On the basis of these data and the standard life
expectancy by gender and age-group, DALYs due to death
were calculated. We estimate that in 2010 33 753 DALYs were
lost from deaths due to AF and stroke. Applying the PAF pre-
sented in Table 1 to the figures for mortality and DALYs from
death due to stroke, the burden of stroke attributable to
AF in Portugal in 2010 is estimated at 4070 deaths (3.8% of
all deaths) and 10 521 DALYs due to death (1.7% of all DALYs
from premature death). Figure 1 shows the distribution of
deaths for men and for women by age-group.

Figure 2 shows the distribution of DALYs due to death
attributable to atrial fibrillation by age-group and gender.
Stroke was responsible for the majority of life years lost
due to premature death attributable to AF in both sexes.

It can also be seen in Figure 2 that the distribution of
burden of disease at more advanced ages differs markedly
between men and women, mainly due to differences in the
number of men and women in older age-groups. Thus, there
are more DALYs due to death attributable to AF per 100 000
population in men up to the age of 79 (437 vs. 304 for
women), but this pattern is reversed over the age of 80 (928
for men vs. 1446 for women).

Disability-adjusted life years due to disability

The severity weight for disability due to AF is 0.145. For
stroke, two representative cases --- moderately severe stroke
with long-term sequelae (weight 0.076) and moderately
severe stroke with long-term sequelae and cognitive deficit
(weight 0.312) --- were considered and the mean of the two
(0.194) was adopted for this study.

It is estimated that 14% of AF patients in Portugal have
suffered stroke. Calculation of the severity weight in these
patients entails adding to the mean weight for AF (0.145)
a part of the corresponding disability weight for stroke.
The mean RR of stroke for the population with AF is 3.71.
The proportion of stroke attributable to AF is (RR-1)/RR,
hence the fraction of strokes in AF patients attributable
to AF itself is 73.05%. Considering that 14% of AF patients
have suffered stroke, the mean disability weight of AF is
(0.145+0.14*0.7305*(0.194−0.145))=0.15. On this basis, AF
caused a loss of 12 563 DALYs due to disability in 2010, over
5000 for men and over 7000 for women (Figure 3).

Adding DALYs due to premature death and due to disabil-
ity gives a total burden of disease attributable to AF of 23 084
DALYs (Figure 4), of which DALYs due to disability account
for around 54%.

Cost of illness

Direct costs

Costs of inpatient care. The DRG database was used to
identify 6598 episodes with a primary diagnosis of AF
and 20 907 with a primary diagnosis of ischemic stroke,

Table 3 Outpatient costs attributable to atrial fibrillation.

No. of patients Total cost (D )

Incidence-mortality Prevalence-

(incidence-mortality)

Year of diagnosis Patients diagnosed in

previous years

Total

AF 10 960 72 160 7 140 340 37 229 346 44 369 687

Stroke 2171 16 097 15 185 149 21 431 089 36 616 238

Total 22 325 489 58 660 435 80 985 925

AF: atrial fibrillation.

http://data.euro.who.int/dmdb/
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Table 4 Indirect costs attributable to atrial fibrillation.

Consultations Exams Hospitalization

and convalescence

Year of

diagnosis

Patients diagnosed

in previous years

Year of

diagnosis

Patients diagnosed

in previous years

Year of

diagnosis

No. of working days lost 2.17 1.66 1.68 1.3 6.5

Cost per patient (D ) 52 40 40 31 60

Total annual indirect costs (D ) 571 335 2 876 961 436 026 2 227 050 661 444

Total (D ) 6 772 816

AF: atrial fibrillation.

corresponding to 31 and 23 different DRGs, respectively.
Table 2 summarizes the total costs of inpatient care
attributable to AF. The PAF of ischemic stroke used in the
cost analysis is a population-weighted mean of the PAFs in
Table 2. The total cost of inpatient care (including out-
patient DRGs) attributable to AF is D 34 503 800. The data
shown in Table 2 reveal that the cost of hospitalization for
AF itself accounts for 55% of all costs attributable to AF, with
ischemic stroke accounting for the remainder.
Costs of outpatient care. Based on the resource use
estimated by the expert panel and on unit costs, the out-
patient costs attributable to AF and ischemic stroke were

calculated for the year of the diagnosis or event and fol-
lowing years (Table 3). The total cost of outpatient care
attributable to AF is around D 22 million in the year of
the diagnosis or event and D 59 million for patients diag-
nosed in previous years. The outpatient cost attributable
to AF accounts for 45.2% of the total costs attributable to
AF.

The total direct costs attributable to AF are D 115.5 mil-
lion, made up of D 34.5 million for inpatient care (Table 2)
and D 81 million for outpatient care (Table 3). Ischemic
stroke is responsible for 45% of all direct costs attributable
to AF.

Table 5 Indirect costs of ischemic stroke.

Percentage of patients No. of patients Scenario Months of

absenteeism

Costs per patient (D )

Consultations

and exams

Physiotherapy

sessions

Year of diagnosis

13.08 270 No further care required

after stay in stroke unit

0 94 0

11.79 244 Unable to return to work

following discharge

12 0 5518

52.01 1075 Six months of

physiotherapy following

discharge

6 47 2759

22.29 461 12 months of

physiotherapy following

discharge

9 23 4139

0.11 2 Only admitted for

rehabilitation

1.5 82 690

0.36 7 Stay in convalescent unit

following stay in stroke

unit (mean 44 days)

1.47 82 674

0.36 7 Stay in medium-term

rehabilitation unit

following discharge

(mean 92 days)

3.1 70 1410

Diagnosed in previous years

11.76 1905 No return to work 12 0 5518

23.47 1268a Chronic rehabilitation

for three months

1.57 49 720

64.77 13 028 Able to return to work 0 56 0

a It is assumed that only a third of patients undergo chronic rehabilitation.
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Indirect costs

Indirect costs of atrial fibrillation without stroke. When
estimating the indirect costs of AF without stroke it was
assumed that the disease’s impact is only in terms of absen-
teeism, without early retirement.

Table 4 shows the estimates of number of working days
lost per year for each disease due to consultations, exams,
hospitalizations and convalescence. Length of hospital stay
was estimated on the basis of DRGs. It was assumed that
convalescence time for AF was equal to length of hospitaliza-
tion. The employment rate of AF patients (low given the fact
that many are past retirement age) was taken into account
when calculating mean costs.

The costs of consultations and exams for patients in the
first year of diagnosis were calculated by multiplying the
mean costs in the first year by the number of patients in
the first year of diagnosis (incidence), while the costs for
patients diagnosed in previous years were obtained by multi-
plying the mean costs in subsequent years by the prevalence
(minus incidence). Finally, the total indirect costs arising
from hospitalizations due to AF were calculated by mul-
tiplying the indirect costs of days spent in hospital and
convalescing by the number of admissions. Adding these
estimates together, we arrive at a total indirect cost of AF
without stroke of D 6.77 million.
Indirect costs of atrial fibrillation with stroke. Estimating
the indirect costs of AF with stroke is more complicated,
since there are different subgroups of patients depending
on the consequences of the stroke and the need for reha-
bilitation after the event. The findings of the expert panel
were used to identify possible scenarios following stroke and
the proportion of patients in each scenario, each of which
involves different levels of absenteeism resulting from phys-
iotherapy sessions and differences in ability to return to
work. Table 5 summarizes the possible scenarios, the num-
ber of patients in each scenario, and the indirect costs per
patient with AF and ischemic stroke for the population ini-
tially employed.

According to the expert panel, 12% of patients who suf-
fer stroke attributable to AF are unable to return to work,
52% need six months of physiotherapy after hospitalization
and 22% need 12 months, leading to absenteeism of six and
nine months, respectively, assuming that after six months of
physiotherapy the patient loses half a working day for each
physiotherapy session for the following six months.

The expert panel also calculated that only 0.83% of
patients with stroke attributable to AF are unable to work
for a period of less than three months. As for those with
AF-related stroke AF in previous years, 12% have still not
returned to work, while 23% are absent from work for the
equivalent of one and a half months a year.

The estimates in Table 6 show that the indirect costs of
ischemic stroke attributable to AF amount to almost D 20
million. Thus, considering all aspects of the indirect costs
of ischemic stroke, the total indirect costs attributable to
AF are calculated to be D 25 million.

Discussion

AF is the most common sustained arrhythmia in Portugal.
According to the FAMA study, its prevalence in 2009 was 2.5%
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in the population aged 40 and over and more than 10% in
those aged 80 and over; only 60% of cases were diagnosed.
As in other countries, the prevalence of AF in Portugal is
increasing, probably due to aging populations and better
diagnosis. As an example of this trend, there were 4678
admissions with a primary diagnosis of AF in NHS hospitals
in Portugal in 2008, while the corresponding figure for 2012
was 6765, an increase of 45%.

The main purpose of this study is to provide an esti-
mate of the burden of disease in terms of DALYs and costs
to society. The results are a clear statement of the seri-
ousness of AF in Portugal. Stroke is highly disabling and
frequently results in early retirement; as well as the costs
involved, the burden of AF reflects the fact that stroke in
AF patients is particularly lethal and, for those who survive,
disabling.

For methodological reasons, the figures presented in this
study underestimate the cost and burden of the disease,
since they do not consider bleeding episodes, including
intracranial hemorrhage, a major complication of the anti-
coagulant therapy used as prophylaxis against stroke in AF
patients.

Conclusions

This analysis shows that 4070 deaths can be attributed to AF
in 2010 in Portugal, corresponding to 3.8% of all deaths, and
that the total burden of disease attributable to AF is 23 084
DALYs. The overall cost of illness is estimated at D 140.7
million, around 0.08% of Portugal’s gross domestic product.
These figures confirm the importance of AF, but at the same
time they make it clear that this is an area in which signifi-
cant health gains can be made.

Ethical disclosures

Protection of human and animal subjects. The authors
declare that no experiments were performed on humans or
animals for this study.

Confidentiality of data. The authors declare that no patient
data appear in this article.

Right to privacy and informed consent. The authors
declare that no patient data appear in this article.

Conflicts of interest

The authors have no conflicts of interest to declare.

Funding

This study received funding from Bristol-Myers Squibb Far-
macêutica Portuguesa, SA and Laboratórios Pfizer Lda
through an unrestricted grant to the Research & Develop-
ment Association of Lisbon University School of Medicine
(AIDFM). Bristol-Myers Squibb and Pfizer were not involved
in any stage of the project.

References

1. Chugh SS, Havrnoeller R, Narayanan K, et al. Worldwide epi-
demiology of atrial fibrillation: a Global Burden of Disease 2010
Study. Circulation. 2014;129:837---47.

2. Krijthe BP, Kunst A, Benjamim E, et al. Projections on the
number of individuals with atrial fibrillation in the Euro-
pean Union, from 2000 to 2060. Eur Heart J. 2013;34:
2746---51.

3. Nieuwlaat R, Capucci A, Camm AJ, et al. Atrial fibrillation
management: a prospective survey in ESC member countries:
the Euro Heart Survey on Atrial Fibrillation. Eur Heart J.
2005;26:2422---34.

4. Nabauer M, Gerth A, Limbourg T, et al. The Registry of
the German Competence NETwork on Atrial Fibrillation:
patient characteristics and initial management. Europace.
2009;11:423---34.

5. Bonhorst D, Mendes M, Adragão P, et al. Prevalence of atrial
fibrillation in the Portuguese population aged 40 and over: the
FAMA study. Rev Port Cardiol. 2010;29:331---50.

6. Bonhorst D, Mendes M, de Sousa J, et al. Epidemiology of atrial
fibrillation. Rev Port Cardiol. 2010;29:1207---17.

7. Ball J, Carrington M, McMurray J, et al. Atrial fibrillation: profile
and burden of an evolving epidemic in the 21st century. Int J
Cardiol. 2013;5:1807---24.

8. Lip GY, Golding DJ, Nazir M, et al. A survey of atrial fibrilla-
tion in general practice: the West Birmingham Atrial Fibrillation
Project. Br J Gen Pract. 1997;47:285---9.

9. Naccarelli GV, Varker H, Lin J, et al. Increasing prevalence of
atrial fibrillation and flutter in the United States. Am J Cardiol.
2009;104:1534---9.

10. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an inde-
pendent risk factor for stroke: the Framingham Study. Stroke.
1991;22:983---8.

11. Lin HJ, Wolf PA, Kelly-Hayes M, et al. Stroke severity in
atrial fibrillation: The Framingham Study. Stroke. 1996;27:
1760---4.

12. Jorgensen HS, Nakayama H, Reith J, et al. Acute stroke
with atrial fibrillation. The Copenhagen Stroke Study. Stroke.
1996;27:1765---9.

13. Wolf PA, Mitchell JB, Baker CS, et al. Impact of atrial fibrilla-
tion on mortality, stroke, and medical costs. Arch Intern Med.
1998;158:229---34.

14. Dulli DA, Stanko H, Levine RL. Atrial fibrillation is associ-
ated with severe acute ischemic stroke. Neuroepidemiology.
2003;22:118---23.

15. Murray CJL, Lopez AD. Mortality by cause for eight regions
of the world: Global Burden of Disease Study. Lancet.
1997;349:1269---76.

16. Gouveia M, Borges M, Costa J, et al. Custos da doença
atribuíveis à hipercolesterolemia em Portugal. Rer Port Cardiol.
2004;23:1037---54.

17. Gouveia M, Borges M, Costa J, et al. Carga da doença
atribuível à hipercolesterolemia em Portugal. Rer Port Cardiol.
2004;23:255---70.

18. Kim M, Stephen J, Chu B, et al. Estimation of total incre-
mental health care costs in patients with atrial fibrillation in
the United States. Circ Cardiovasc Qual Outcomes. 2011;4:
313---20.

19. Wolowacz SE, Samuel M, Brennan VK, et al. The cost of illness of
atrial fibrillation: a systematic review of the recent literature.
Europace. 2011;13:1375---85.

20. Ryder KM, Benjamin EJ. Epidemiology and signifi-
cance of atrial fibrillation. Am J Cardiol. 1999;84:
131R---8R.

21. Heeringa J. Epidemiology of atrial fibrillation in the general
population. Doctoral Thesis; 2009.



Burden of disease and cost of illness of atrial fibrillation in Portugal 11

22. Benjamin EJ, Levy D, Vaziri SM, et al. Independent risk factors
for atrial fibrillation in a population-based cohort. The Framing-
ham Heart Study. JAMA. 1994;271:840---4.

23. Miyasaka Y, Barnes ME, Gersh BJ, et al. Secular trends in inci-
dence of atrial fibrillation in Olmsted County, Minnesota, 1980
to 2000, and implications on the projections of future preva-
lence. Circulation. 2006;114:119---25. Epub 2006 Jul 3. Erratum
in: Circulation. 2006. 114:e498.

24. Heeringa J, van der Kuip DA, Hofman A, et al. Prevalence,
incidence and lifetime risk of atrial fibrillation: the Rotterdam
study. Eur Heart J. 2006;27:949---53.

25. Murray C. Quantifying the burden of disease: the technical
basis for disability-adjusted life years. Bull World Health Organ.
1994;7:429---45.

26. Barendregt JJ. DisMod II version 1.01. Global Programme on
Evidence for Health Policy; 2001.

27. Salomon JA, Vos T, Hogan DR, et al. Common values in assessing
health outcomes from disease and injury: disability weights
measurement study for the Global Burden of Disease Study
2010. Lancet. 2012;380:2129---43.

28. Ericson L, Bergfeldt L, Björholt I. Atrial fibrillation: the
cost of illness in Sweden. Eur J Health Econ. 2011;12:
479---87.

29. Bajpai A, Savelieva I, Camm AJ. Epidemiology and economic
burden of atrial fibrillation. US Cardiol. 2007;4:14---7.

30. Zoni-Berisso M, Lercari F, Carazza T, et al. Epidemiology
of atrial fibrillation: European perspective. Clin Epidemiol.
2014;6:213---20.

31. Friberg L, Hammar N, Rosenqvist M. Stroke in paroxysmal atrial
fibrillation: report from the Stockholm Cohort of Atrial Fibrilla-
tion. Eur Heart J. 2010;31:967---75.

32. Kannel WB, Wolf PA, Benjamin EJ, et al. Prevalence, incidence,
prognosis, and predisposing conditions for atrial fibrillation:
population-based estimates. Am J Cardiol. 1998;82:2N---9N.

33. Rockhill B, Newman B, Weinberg C. Use and misuse of population
attributable fractions. Am J Pub Health. 1998;88:15---9.

34. Becker G, Human Capital. A Theoretical and Empirical Analysis
with Special Reference to Education. New York: Columbia Univ.
Press; 1975.


	Burden of disease and cost of illness of atrial fibrillation in Portugal
	Introduction
	Epidemiology of atrial fibrillation: incidence and prevalence
	Incidence
	Prevalence


	Methods
	Burden of disease
	Cost of illness
	Direct costs attributable to atrial fibrillation
	Costs of inpatient care
	Costs of outpatient care

	Indirect costs of atrial fibrillation
	Total indirect costs


	Results
	Burden of disease
	Disability-adjusted life years due to death
	Disability-adjusted life years due to disability

	Cost of illness
	Direct costs
	Costs of inpatient care
	Costs of outpatient care

	Indirect costs
	Indirect costs of atrial fibrillation without stroke
	Indirect costs of atrial fibrillation with stroke



	Discussion
	Conclusions
	Ethical disclosures
	Protection of human and animal subjects
	Confidentiality of data
	Right to privacy and informed consent

	Conflicts of interest
	Funding
	References


