
Introduction

Atrial fibrillation (AF) is the most common type of 
cardiac arrhythmia, occurring in over 1 percent of 

the population .1 The prevalence increases with 
age, to about 10 percent in the 80+ age group. 2As 
the proportion of elderly people in the population 
is expected to increase, the number of AF patients 
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Abstract

Aim: Atrial fibrillation (AF) is the most common type of cardiac arrhythmia. People with AF have a sig-
nificantly increased risk of thromboembolic events, including stroke, and the main treatment is there-
fore aimed at preventing thromboembolic events via anticoagulation with warfarin or acetylsalicylic 
acid. However, the development of new anticoagulation treatments has prompted a need to know the 
current cost of AF-related thromboembolic events, for future cost-effectiveness comparisons with the 
existing treatments. In this study, we estimated the cost of thromboembolic events and their prevention 
among Swedish AF patients in 2010.

Methods: The relevant costs were identified, quantified, and valued. The complications included were 
ischaemic and haemorrhagic stroke, gastrointestinal bleeding, and other types of major bleeding caused 
by AF. Treatments intended to lower the risk of ischaemic stroke were also included. A societal perspec-
tive was used, including productivity loss due to morbidity. Patients with a CHADS2 score of 1 or higher 
were included.

Results: Among the 9 340 682 inhabitants of Sweden, there are 118 000 patients with AF and at least one 
more risk factor for stroke, comprising 1.26% of the population. Of these patients, 43.3% are treated with 
warfarin, 28.3% use acetylsalicylic acid, and 28.3% are assumed to have no anticoagulation treatment. 
The cost of AF-related complications and its prevention in Sweden was estimated at €437 million for 
2010, corresponding to €3 712 per AF patient per year. The highest cost was caused by stroke, and the 
second highest by the cost of monitoring the warfarin treatment. As the prevalence of AF is expected to 
increase in the future, AF-related costs are also expected to rise.

Conclusion: Thromboembolic events cause high costs. New, easily-administered treatments that could 
reduce the risk of stroke have the potential to be cost-effective.
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is also expected to increase in the long term.

Patients with AF often suffer a decreased quality 
of life ,3-5 and AF also increases the risk of throm-
boembolic events such as ischaemic stroke. The 
treatment of AF often varies for different patients 
and types of AF. Most AF treatments, however are 
given in combination with anticoagulation treat-
ment to prevent thromboembolic events .6 The 
most commonly used anticoagulation treatment 
today is warfarin (Waran®), which is very effec-
tive in preventing stroke. This treatment requires 
accurate dosing and careful monitoring, to reduce 
the risk of stroke without greatly increasing the 
risk of bleeding. Too high a dose carries a risk of 
serious complications in the form of bleeding, in-
cluding intracranial haemorrhagic stroke, while 
too low a dose will fail to protect against throm-
boembolic events. Hence, the dose is regularly 
controlled and adjusted, either at a particular an-
ticoagulation clinic or in primary care.

An alternative to warfarin is treatment with ace-
tylsalicylic acid (ASA). ASA prolongs bleeding 
time, and therefore provides some protection 
against thrombosis, but also slightly increases the 
risk of bleeding. ASA is, however, not as effective 
as warfarin in preventing thromboembolic events. 
7 The Swedish National Board of Health and Wel-
fare recommends that ASA should not be used 
unless warfarin is contraindicated. 6 However, 
less than 50 per cent of all AF patients in Sweden 
receive warfarin treatment today, 8 and many pa-
tients are without any anticoagulation treatment. 
In the near future, new anticoagulation treatments 
will challenge the established treatments. There is 
therefore a need to know the current cost of AF-
related complications, so that cost-effectiveness 
comparisons can be performed when the new 
treatments are available.

The risk of ischaemic stroke in an AF patient 
depends on several factors including age, sex, 
previous complications, hypertension, and 
diabetes. 7 Patients can therefore be classified 
according to their risk for stroke. The most 
commonly used risk classification system is 
CHADS2, which rates the patient on a scale 
from 0 to 6, relating to the risk based on pre-
defined risk factors. 9 In CHADS2, incidence 

of chronic heart failure, hypertension, an age 
over 75 years, and diabetes each generate 1 
point, while previous stroke or transient isch-
aemic attack generates 2 points.

The aim of this study was to calculate the 
societal cost of thromboembolic events and 
their prevention among Swedish AF patients 
in 2010. The costs and consequences of using 
self-testing equipment to monitor warfarin 
were not included, as this is not common in 
Sweden today. 10

Material and Methods

This study can be classified as a cost-of-illness 
study. The cost calculation included hospitaliza-
tions, primary health care, anticoagulation treat-
ment including monitoring costs, and costs of 
complications (direct and indirect). The compli-
cations included were ischaemic and haemor-
rhagic stroke, gastrointestinal (GI) bleeding, other 
types of severe bleeding, and minor bleeding. The 
analysis was undertaken from a societal perspec-
tive, including productivity loss due to morbidity. 
The unit costs for AF patients were calculated on 
the basis of the county of Östergötland (popula-
tion 420 000 inhabitants) and then aggregated to 
a national level. The treatment of AF patients in 
Östergötland was assumed to be representative 
of the rest of Sweden. Costs that would occur in 
the future were discounted at 3 percent annually.

Prevalence

At the end of 2009, the population in Sweden was 
9 340 682. 11 A recent study using the Swedish na-
tional register found that 100 557 individuals were 
diagnosed with either primary or secondary AF.. 
12 However, as some individuals with AF are not 
diagnosed, this figure is not complete. Accord-
ing to a study of AF in England and Wales, the 
prevalence was 1.24 per cent of the total popula-
tion (1.21 for men and 1.27 for women). 1 The same 
study showed that the incidence of AF increased 
between 1994 and 1998. Several other studies 
have shown similar prevalence. 13, 2, 14 Applying 
the prevalence data from England and Wales 
to the age and gender structure of the Swedish 
population, we estimated the number of patients 
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with AF in Sweden to be 135 278 (see Table 1).

The fact that different patients have different 
background risks of stroke also had to be taken 
into account in the calculations. One study has 
analyzed the distribution of patients with AF 
in different CHADS2 scores, 15 using a popula-
tion of 51 807 patients in the UK who were diag-
nosed by general practitioners. The results are 
presented in [Table 2], together with estimates of 
what the corresponding results would be in Swe-
den. Our calculations included only patients with 
CHADS2 = 1 or higher, giving an estimate of 117 
827 for the prevalence in Sweden. These patients 
are assumed to be equally distributed between 
the three CHADS2 -score groups 1, 2 and 3-6. 

Anticoagulation Treatment

Patients with AF can be divided into three treat-
ment groups depending on their anticoagulation 
treatment: warfarin, ASA, or no anticoagulation. 
In Sweden, 43.3 percent of patients with AF are 
treated with warfarin, 8 around 28% with ASA, and 
again around 28% with no anticoagulation treat-
ment. Warfarin treatment can be further divided 
into three groups: well-controlled (international
normalised ratio [INR] within therapeutic range 
more than 70% of the time), non-controlled 
(INR within therapeutic range less than 70% of 
the time), and new (warfarin-naïve) patients.

The percentage of patients monitored at the anti-
coagulation clinics rather than in primary care var-
ies greatly between different regions in Sweden. 
In this study, however, it was assumed that the 
county of Östergötland, with 90 percent of patients 
monitored at the anticoagulation clinics, represent-
ed an acceptable estimate for the rest of Sweden.

The percentage of test results lying in the thera-
peutic range is between 76 and 78 percent in all 
of the anticoagulation clinics in Östergötland. As 
both the national average and the average from 
the Swedish centres in the recent RE-LY trial have 
77 percent of tests within therapeutic range, 16,8 the 
clinics in Östergötland are representative in this 
matter. The average number of samples per pa-
tient per year at Linköping anticoagulation clinic 
(the largest hospital within Östergötland) is 16.94. 
New patients have been removed from these sta-

tistics, and it is estimated that it takes about five 
tests to stabilize a new patient; we therefore as-
sumed a figure of 21.94 for the average number 
of samples during the first year for new patients. 
In a non-published study, the number of tests in 
primary care in Östergötland was found to be 
13.7 in 2005. No data were given for new patients, 
but in the present paper, we estimated the num-
ber of new samples in primary care to be 18.71

A study has shown that the proportion of 
INR within therapeutic range is similar be-
tween the anticoagulation clinics and prima-
ry care in Östergötland .17 In that study, all 
INR tests during a specific week in 2004 from 
both anticoagulation clinics (470 samples) and 
primary care (517 samples) were analyzed.

Costs

All costs were calculated in Swedish kronor (SEK) 
and adjusted to the 2009 values by using the con-
sumer price index. The costs are presented in Eu-
ros (€), using an exchange rate of €1 = SEK9.50.

The cost of warfarin is generated both by the med-
ication itself and by the monitoring that is needed 
for it to be effective. The price of warfarin is €11.4 
for 100 tablets of 2.5 mg. 18 Given a use of 4 mg dai-
ly, the annual cost was estimated at €66. The cost 
of visiting a doctor once a year was also included; 
according to the price list in the Southeast region-
al hospital, this is €188. 19 Warfarin monitoring can 
take place either at the anticoagulation clinic or in 
primary care, causing different costs. According 
to the price list for medical laboratory centres in 
Östergötland in 2010, the cost per sample in an
anticoagulation clinic is €20.6 .20 This value is in
line with the average values estimated in a study 
of the cost of monitoring the anticoagulation clin-
ics in Sweden .21 The patients’ travel costs to get
to the clinic have been estimated at €5 per oc-
casion. 22 The productivity loss (indirect costs) 
arising from the patient’s being unable to work 
during the monitoring is estimated at €2.9. 22

The cost per visit for warfarin treatment in pri-
mary care is estimated at €61 ,23including a higher 
cost in 10 percent of the cases due to samples taken 
in the patients’ homes. In addition to these costs, 
we assumed that the patients’ travel expenses 
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and productivity losses are equivalent to those 
arising from the visit to the anticoagulation clinic. 

The cost of ASA treatment in the calculation was 
set at the price of the medication and one annual 
medical examination. The pharmaceutical Trom-
byl® costs €6.4 for 100 tablets of 160 mg each 
.18With an average daily dose of 160 mg, this cor-
responds to an annual cost of €23. The cost of a 
medical consultation has been estimated at €188. 19

Ghatnekar et al. ,24 who studied the cost of stroke 
in Sweden in 2004, used an incidence based ap-
proach in which direct costs amounted to €62 197 
and indirect costs to €15 145 in 2009 values. This 
estimate includes admission costs, re-stroke ad-
mission costs, outpatient costs, and costs for social 
services. These values were used for the cost calcu-
lations of both ischaemic and haemorrhagic stroke 
in this study. A study from the UK found that the 
average acute care costs one year after stroke come 
to €7 666, and that the cost of stroke for patients 
with a history of AF is higher than for patients with 
no AF history .25 It is therefore likely that stroke 
patients with AF are more costly than the average 
cost of stroke used in the calculation in this study. 

Existing data on the cost of bleeding is poor, part-
ly due to the difficulty of defining major and mi-
nor bleeding. A study based on registry data esti-
mated the average cost of serious bleeding at €2 
773, 26 while a study from Canada estimated the 
cost of GI bleeding at €3 303 ,27 based on the cost 
of hospitalization and outpatient care [28]. On the 
basis of these costs, for the purposes of our analy-
sis we estimated the cost of minor bleeding at €32.

Risk of Complications                               

Patients with AF who are not receiving anticoagu-
lation treatment have an annual risk of stroke of 
about 6 percent. 7 When patients are divided into 
different risk groups by CHADS2 score, the an-
nual risk of stroke varies from 1 percent to 18 per-
cent or higher.29,9,30,6,31,32Treatment with ASA has 
been shown to reduce the risk of thromboembolic 
events by 19 percent compared with no treatment, 
but it also slightly increases the risk of bleeding. 
29,7,33,6 The risk of thromboembolic events with ASA 
or no treatment used in the present calculation 
was based largely on the scientific basis under-
lying the Swedish National Board of Health and 

Welfare’s guidelines for the treatment of AF. 6 The 
risks of warfarin-related complications were taken 
from the recent RE-LY trial, which compared the 
new anticoagulation drug dabigatran with warfa-
rin .16 As dabigatran is not yet used in patients with 
AF, its associated costs were not considered here. 
The warfarin-related risk of haemorrhagic stroke 
was taken from the intracranial bleeding estimates 
in the RE-LY study. One sub-study from RE-LY 
presented the risks of complications divided by the 
background risk of stroke according to CHADS2. 34 
The annual absolute risks of complications arising 
with different anticoagulation treatments are pre-
sented in [Table 3].

Another subgroup analysis from the RE-LY trial 
studied the risks for complications divided by the 
different study centres’ average INR level.35Centres 
were divided into quartiles according to their mean 
time in therapeutic range (TTR). The quartile with 
the maximum TTR had more than 72.6 percent of 
the INR within therapeutic range. In our calcula-
tion, we assumed that this corresponds to well-
controlled warfarin patients. The second-worst 
quartile was used for non-controlled warfarin 
patients; here, TTR ranged between 57.1 percent 
and 65.5 percent. The reason for using this method 
was that Sweden has a higher rate of INR within 
therapeutic range than the mean in the RE-LY 
trial. Risks for stroke and major bleeding divided 
by well-controlled and non-controlled warfarin 
therapy are presented in [Table 4]. A weighting of 
well-controlled and non-controlled warfarin was 
used for warfarin-naïve patients, in line with the 
proportion of warfarin patients in Östergötland (77 
percent). 

Results

Among the 9 340 682 inhabitants of Sweden, we 
estimated that there are 117 827 patients with AF 
and at least one more risk factor of stroke, compris-
ing 1.26% of the population. Of the patients, 43.3% 
are treated with warfarin, 28.3% use acetylsalicylic 
acid, and 28.3% are assumed to have no anticoagula-
tion treatment. The largest cost was incurred in the 
patients not given anticoagulation with warfarin, 
as these patients have a higher risk of stroke. The 
lowest cost per patient was incurred by those with 
well-controlled warfarin therapy (see Figure 1).
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in Poland (€1 010) and highest in Italy (€3 225). Le 
Heuzey et al. 38 found that the two highest costs as-
sociated with AF were hospital admissions (52%) 
and pharmaceuticals (23%); these results are also 
in line with those found in this study. All studies 
have concluded that the cost for AF will increase 
significantly in the future, due to the increasing 
prevalence of AF.

We used a societal perspective in calculating the 
costs. This includes all costs and effects that occur 
in the society, whether for the patient (or relatives 
providing informal care), hospital (county), so-
cial services (municipality), or productivity loss-
es (state). However, there are some costs that we 
were not able to include. Informal care provided 
by relatives to the patient is not included due to 
lack of data. Furthermore, the relatives of a pa-
tient with AF are often also affected in terms of de-
creased quality of life due for example to worries, 
and these costs (or loss of quality of life) are not 
included either in our calculations. 

This cost calculation cannot be used to help deci-
sion-makers prioritize in this field, as it only es-
timates the costs and does not evaluate different 
treatments. The purpose of this type of analysis is 
rather to show the economic burden of AF and its 
consequences. However, this analysis can be used 
as a basis for future cost-effectiveness analyses. 
Several new anticoagulation treatments are ex-
pected to be available within the near future, and 
this calculation can be used in future comparative 
studies of different anticoagulation treatments. 
These new treatments do not need monitoring or 
patient-specific adjustments, which may reduce 
the total costs. On the other hand, the prices of 
the treatments are expected to be higher than for 
warfarin making the total influences on the costs 
unpredictable. Most important for the costs is 
however the treatments’ effectiveness in prevent-
ing stroke, as stroke is the main cost driver. Dabi-
gatran (Pradaxa®) is the first of the new upcoming 
anticoagulation treatments, and once the price of 
dabigatran is known its cost-effectiveness can be 
analysed.

Conclusions 

Thromboembolic events and its prevention cause 
high costs in the society, and stroke is the main 
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The total cost of thromboembolic events and 
their prevention among AF patients in Swe-
den was estimated at €437 million for 2010 
(see Table 5), corresponding to €3 712 per 
AF patient per year. The highest cost was 
caused by stroke, and the second highest
by the cost of monitoring the warfarin treatment.

Discussion

In this study, we estimated the costs of thrombo-
embolic events and their prevention among AF 
patients in Sweden. The total societal cost was es-
timated at €437 million per year. Even though our 
calculation did not include AF treatments such as 
antiarrhythmic drugs or ablation, we believe that 
thromboembolic events and their prevention con-
stitute the major costs related to AF. Most of the 
data used for the calculation of the costs are con-
firmed by published studies, but some presump-
tions have been made which can be seen as a limi-
tation to the quality of the study. For example, the 
exact prevalence of AF patients in Sweden is not 
known and the TTR among patients monitored in 
primary care is not verified. All these presump-
tions are presented in the material and methods 
section. 

A recent Swedish study 12 estimated the total cost 
of AF in Sweden to be about SEK6.6 billion (€708 
million), which is higher than the total presented 
in our study. The main reason for this is probably 
that the other study used a top-down approach 
including all medical costs faced by patients with 
AF. However, this will probably be an overesti-
mate since many patients with AF also have oth-
er cardiovascular diseases, and shares of these 
costs could be traced to diseases other than AF. 
Another reason for the differing totals is that our 
study did not include any treatment of the AF. 
Another study has estimated the AF related cost 
per AF patient in Sweden to €4 866 and in Ger-
many to €3 891 .36 Another study, which included 
the costs of social services and productivity loss, 
estimated the costs directly related to AF in the 
UK at £1 307 million .14 Translated to Sweden, this 
corresponds to a total cost of approximately €380 
million, which is roughly in line with the cost esti-
mates in the present article. Another study, which 
estimated the per-patient cost of AF in five Euro-
pean countries, 37 found that the cost was lowest 



cost driver. New and easily-administered treat-
ments that could reduce the risk of stroke have a 
potential to be cost-effective.
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