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Background:Vitamin K antagonists, warfarin in particular, have been themainstay of anticoagulation therapy, but their
use has declined in many countries since direct oral anticoagulants (DOACs) have entered the market.
Objective: To examine utilization trends of oral anticoagulants (OACs) in Finland considering the reimbursement of
DOACs and changes to national treatment guidelines for the treatment of atrial fibrillation (AF).
Methods: Both public, aggregated data on reimbursed OAC dispensations and individual-level data on electronic dis-
pensations during 2014–2022 were applied. Data on electronic dispensations during 2015–2016 were used to study
OAC initiations. Data on entitlements to reimbursement for DOACs came from public data.
Results: In 2014, there were almost 20,000 DOAC users, rising to 214,000 in 2022. The number of warfarin users de-
clined since 2015 from over 181,000 to around 59,000 users in 2022, DOACs exceeding warfarin in the number of
users in 2019. The total DOAC costs were higher than warfarin costs each year. Rivaroxaban was the most widely
used DOAC during 2014–2018, and apixaban during 2019–2022. In 2015, there were more warfarin (56.7%) than
DOAC (43.3%) initiators, but the result was opposite for 2016 (warfarin 39.4%, DOACs 60.6%). The number of indi-
viduals entitled to reimbursement for DOACs has increased steadily, and in 2022, therewere over 196,000 individuals
entitled to this reimbursement due to AF.
Conclusions: The uptake of DOACs in Finland appears to have been gradual and slower than in many other countries.
During the 2010s, the treatment guidelines for AF were more cautious in recommending DOACs than the European
guidelines. The use of DOACs increased as their reimbursement became less restrictive.
1. Introduction

Oral anticoagulants (OACs) are used in the treatment and prevention of
thromboses. Common indications include atrial fibrillation (AF), pulmo-
nary embolism (PE), deep vein thrombosis (DVT), and valvular heart dis-
eases. Vitamin K antagonists (VKAs), warfarin in particular, have been the
mainstay of anticoagulation therapy, but direct OACs (DOACs) offer an al-
ternative in many indications.1 DOACs on the market include dabigatran,
rivaroxaban, apixaban, and edoxaban. Another DOAC, betrixaban, is ap-
proved in the United States for the prevention of venous thromboembolism
(VTE) in hospitalized patients but has been withdrawn from the market for
business reasons.1,2 DOACs provide many advantages compared to VKAs,
such asfixed dosing and no need formonitoring leading to potential savings
in patients' time, travel, and monitoring costs.3 DOACs have been shown to
be at least as effective and safer than warfarin in non-valvular AF.4–7 In the
European guidelines for the treatment of AF in 2012, DOACs were recom-
mended to be considered instead of a VKA in the prevention of
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thromboembolism.8 Since the 2016 guidelines, DOACs have been preferred
over VKAs.9,10

The adoption of DOACs has varied across and within countries. For ex-
ample, in Denmark, the uptake of DOACs was rapid between 2008 and
2016.11 In Norway, over 50% of new OAC users started treatment with a
DOAC in 201312 whereas in the Valencia region in Spain, where DOACs
were recommended as a second line treatment and required prior authori-
zation, initiation with DOACs accounted only for 25% of all OAC initia-
tions at the end of 2013.13 In 2015, around 16% of all OAC prescriptions
in England were for DOACs with variation between regions14 while in
Norway there were already more prevalent users of DOACs than
warfarin.12

Treatment guidelines and reimbursement decisions affect adoption of
newmedicines. In Australia, the use and initiation of DOACs increased rap-
idly after them being listed for AF in the Pharmaceutical Benefits Scheme
during 2013.15 Similarly, increase in DOAC prescriptions was seen in
many Canadian provinces after approval for reimbursement in VTE
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Table 1
Data applied in the study.

Study question Study data

Prevalence of OAC use Warfarin: aggregated FPR data on reimbursed
purchases (2014–2022)
DOACs: individual-level data on electronic
dispensations from Kanta (2014–2016), aggregated
FPR data on reimbursed purchases (2017–2022)

Incidence of OAC use Individual-level data on electronic dispensations
from Kanta (2014–2016), individual-level data on
reimbursed purchases from the FPR (2014–2016)

Entitlements to restricted
reimbursement for DOACs

Aggregated data from Kela (2014–2022)

DOAC: direct oral anticoagulant; FPR: the Finnish Prescription Register; OAC: oral
anticoagulant.
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prevention since 2009 and in AF since 2011.16 A Swedish study showed
that the initiation of DOACs for AF was affected by regional recommenda-
tions, reimbursement decisions (2011–2013 for AF), and treatment
guidelines.17 Furthermore, previous research in Finland on different thera-
peutic areas has shown that the reimbursement status of medicines
influences prevalence and initiation of their use.18,19

Prescribing of DOACs instead of VKAs has been reported to have high
budget impact in several countries following different reimbursement poli-
cies. In England, DOACs accounted for 16% of dispensed OACs and 85%
of the total costs of OACs of over £190 million in 2015.14 In 2019, 62%
of dispended OACs were DOACs that accounted for 98% of the total costs
of OACs of over £537 million (6.4% of all prescription medicine costs).
The annual expenditure of the Pharmaceutical Benefits Scheme on OACs
in Australia increased from AUS$25.1 million in the year prior to DOACs
being listed for AF to AUS$203.3million in 2015/16.15 In Canada, the pub-
licly funded expenditure on OACs increased 23–390% since approval of
DOACs for reimbursement in AF in less than 4 years depending on the strin-
gency of the providence's reimbursement mechanism.20 Across whole
Canada, the expenditure on DOACs was CAN$180 million (accounting for
88% of OAC costs) in 2014/15.

No previous studies exist on the adoption of DOACs in Finland. In 2021,
2 DOACs were among the 10 most sold medications (according to whole-
sale prices) in Finland.21 However, there is no information on how the
use of DOACs and VKAs has evolved after DOACs entering the market.
Therefore, the aim was to study the trends in prevalence and incidence of
OAC use in Finland considering changes in the reimbursement status of
DOACs and treatment guidelines for the treatment of AF.

2. Methods

2.1. Study context

In Finland, health care is primarily publicly funded, and all Finnish res-
idents are covered by the national health insurance.22 There are 3 reim-
bursement categories for outpatient prescription medicines: the basic rate
(40% since 2016), lower special rate (65% since 2016), or higher special
(100%) rate.21 Medicines in the special reimbursement categories are es-
sential and meant for the treatment of severe and chronic diseases. In the
100% reimbursement category, medicines have also a corrective or substi-
tutive effect. Pharmaceutical companies apply for reimbursability from the
Pharmaceuticals Pricing Board that decides on the inclusion of medicines
into the reimbursement system, reimbursable medicines' wholesale prices,
and reimbursement categories.

Generally, Finnish residents receive reimbursement on all medicines be-
longing to the basic reimbursement category after an annual deductible of
50 euros (introduced in 2016).21 However, the Pharmaceuticals Pricing
Board may limit the reimbursement of a new medicine to certain indica-
tions. Patients are then required to obtain an entitlement to reimbursement
granted by the Social Insurance Institution (Kela) or in some cases, to have
an additional note on the prescription. Special reimbursements always re-
quire an entitlement fromKela. To obtain an entitlement to reimbursement,
patients need a medical certificate from their treating physician. Granted
entitlements are recorded in Kela's database.

In Finland, information on prescription medicine dispensations from
community pharmacies are stored in 2 different national registers. Dispen-
sations of reimbursed prescription medicines have been recorded into the
Finnish Prescription Register (FPR) since 1994.23 Electronic prescribing
was introduced in 2010, and after a stepwise extension, becamemandatory
in all healthcare settings in 2017.24,25 Electronic prescriptions and
dispensations are stored in the Prescription Centre in the Kanta database
(hereafter referred to as Kanta) regardless of medicines' reimbursement
status.26

The availability of different OACs, their reimbursement status, and
the national clinical practice guidelines on AF are presented in the
supplementary materials (Supplementary Material S1, Supplementary
Fig. S2, Supplementary Table S3).
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2.2. Study design and setting

National trends in OAC use were studied during 2014–2022. The
study was based on all OAC purchases from Finnish community pharma-
cies. Prevalence of warfarin use was studied only with data from
the FPR because warfarin purchases and users were better captured
through reimbursed purchases than electronic dispensations during
2012–2016.26

According to the Finnish ethical instructions for research,27 this study
did not require ethical approval. The National Institute of Health and
Welfare granted permission to use data on electronic prescriptions and dis-
pensations (THL/47/5.05.00/2016). Only public or de-identified datawere
used, and no patients were contacted.

2.3. Data collection

OACs were identified in registers with the Anatomical Therapeutic
Chemical (ATC) codes. The ATC codes included B01AA03 (warfarin),
B01AE07 (dabigatran), B01AF01 (rivaroxaban), B01AF02 (apixaban),
and B01AF03 (edoxaban). Information from both public, aggregated data
from the FPR (provided by Kela's statistical database, Kelasto)28 and
individual-level data from Kanta were combined (Table 1). The aggregated
data retrieved from the FPR included only reimbursed purchases (number
of purchases, number of patients, total costs). From Kanta data, all elec-
tronic DOAC dispensations during 2014–2016 that were not cancelled
(i.e., were valid) were determined along with identification of corrections
made by Dec 31, 2016.

2.4. Data analysis

The data was analysed with descriptive statistics using Microsoft®
Excel® for Microsoft 365 MSO (Microsoft Corporation, Redmond, WA,
USA). For both databases (FPR and Kanta), individuals whowere dispensed
an OAC at least once during a calendar year were defined as users. Annual
numbers of users and total costs during 2014–2022 were calculated from
aggregated FPR data or from Kanta (Table 1).

New users of OACs were determined during 2015–2016. First, the first
dispensation of any OAC was determined for each individual in 2015 and
2016. Data on previous OAC purchases were retrieved both from Kanta
and the FPR. Initiators were defined as individuals without any OAC
purchases in the previous 365 days before the first dispensation
(i.e., initiation date). If individuals were dispensed at least 2 different
OACs on the initiation date, they were excluded.

For entitlements to reimbursement for DOACs, annual numbers of
patients who were entitled to restricted reimbursement because of AF or
DVT/PE during each year were determined.

The study is reported according to the STROBE guidelines.29



Fig. 1.Users and total costs of oral anticoagulants in Finland. Users and costs ofwarfarinwere identified from the Finnish Prescription Register (FPR). Users and costs of direct
oral anticoagulants (DOACs) were identified from Kanta during 2014–2016 and from the FPR during 2017–2022.
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3. Results

The number of users of DOACs increased from almost 20,000 in 2014
to around 214,000 in 2022 (Fig. 1). Conversely, the number of warfarin
users declined from over 181,000 in 2015 to around 59,000 users in
2022. Although there were less DOAC users than warfarin users until
2019, the total DOAC costs exceeded warfarin costs each year. In 2022,
the total costs of DOACs were over 171 million euros while the maximum
annual total costs of warfarin were 7 million euros in 2016. The total
number of OAC users identified from the data increased from about
200,000 in 2014 to around 273,000 in 2022. During the same period,
the total costs of OACs rose from 14 million euros to over 174 million
euros.

Considering each OAC separately, the number of warfarin users was ob-
served to exceed the number of users of any specific DOAC during the study
period until 2021 when apixaban was the most used OAC (Fig. 2A). Of sep-
arate DOACs, rivaroxaban had the highest number of users during
2014–2018, but during 2019–2022, apixaban was the most widely used
DOAC. Apixaban was the most frequently dispensed DOAC already in
2018 (Fig. 2B). The use of dabigatran seems to have remained the same
or declined slightly since 2019 while the use of all other DOACs has in-
creased. Of DOAC users, 85.0% received lower special reimbursement
due to AF in 2022. The corresponding figure for 2018 was 80.2%. During
both years, users of rivaroxaban were the least likely to receive lower spe-
cial reimbursement (71.4% in 2018 and 78.2% in 2022) which is in accor-
dance with users of rivaroxaban receiving reimbursement due to DVT/PE
most often (10.7% in 2022). In 2022, 57.1% of warfarin and 61.2% of
DOAC users were aged 75 years or older. In this age group, 20.5% used
warfarin and 44.4% apixaban, while the corresponding figures in 2019
were 44.4% and 26.5%, respectively.

In 2015 and 2016, 42,344 and 44,873 new users of OACs were identi-
fied, respectively (Fig. 3). In addition, there were 12 new users in 2015
and 8 new users in 2016 who were dispensed 2 different OACs on the initi-
ation date. In 2015, there were more warfarin (56.7%) than DOAC (43.3%)
initiators, but the result was opposite for 2016 (39.4% vs. 60.6%, respec-
tively). Among DOACs, users initiated most often with rivaroxaban both
in 2015 (70.3%) and 2016 (62.1%). During both years, the mean age
of warfarin initiators was higher than that of the patients initiating
with DOACs (72.7 vs. 65.5 years in 2015, 73.2 vs. 67.3 years in 2016,
respectively).

The number of individuals entitled to limited reimbursement for DOACs
has increased steadily (Fig. 4). Entitlements based on AF (196,000 individ-
uals in 2022), compared to DVT/PE, are much more common. In 2022,
for rivaroxaban, around 300 people were also entitled to special
3

reimbursement due to coronary artery disease and around 550 people
to basic reimbursement due to coronary artery disease or peripheral
arterial disease.

4. Discussion

According to this register-based study in Finland, the number of warfa-
rin users started to decline since 2015; however, there were still more war-
farin than DOAC users until 2019. In the same year, apixaban became the
most widely used DOAC, overtaking rivaroxaban. Initiation with warfarin
was more common in 2015, but in 2016 the number of DOAC initiators
exceeded the number of warfarin initiators. Despite the smaller number
of users during 2014–2018, the total costs of DOACs were higher than the
total costs of warfarin each year, reaching 171 million euros in 2022.

The uptake of DOACs in Finland seems slower than in other Nordic
countries. In Norway, over half of new OAC users initiated with DOACs al-
ready in 201312 and more Danish patients with AF initiated OAC treatment
with DOACs than with warfarin in the same year.30 Initiating with DOACs
became more likely among patients with AF in the Stockholm region,
Sweden, in 2014.17 When looking at the prevalence of OAC use in
Norway, the number of DOAC users exceeded the number of warfarin
users in 2015.12

Also, outside the Nordic countries, DOAC use increased quickly inmany
countries. Patients with AF initiated OAC treatment with DOACs more
often than with VKAs in France already by the end of 201231 and in a
large US health plan in the third quarter of 2013.32 Among patients initiat-
ing OAC treatment in Australia, the proportion of warfarin initiators was
below 50% in September 2013.15 In Canada, the overall use of warfarin
started to decline since February 2011 and warfarin dispensations ac-
counted for 67% of all OAC dispensations in June 2014 with the respecting
number being 99% in 2010.16

There are also countries where the use of DOACs can be said to have in-
creased gradually as in Finland. In England, despite of a quick increase in
initiation of DOACs, DOACs accounted for 56% of first OAC prescriptions
in 2015.33 According to another study from England, warfarin use has
declined, similarly to the now reported study, since 2015 and DOACs ac-
counted for around 16% of all OAC prescriptions in 2015 but around
62% in 2019.14 Among patients with AF in the Netherlands, DOACs
exceeded warfarin as the first OAC during 2016.34 In Czechia, warfarin
accounted for around 66%of OACutilization in 2017with its utilization re-
maining relatively stable35 which indicates an even slower uptake than in
Finland.

There are probably several reasons for the reported differences be-
tween countries' uptake of DOACs. The uptake may have been affected



Fig. 2.Users (A) and dispensations (B) of oral anticoagulants during 2014–2022. Data onwarfarinwere identified from the Finnish Prescription Register (FPR). Data on direct
oral anticoagulants (DOACs) during 2014–2016 were identified from Kanta and during 2017–2022 from the FPR.

Fig. 3. Initiators of oral anticoagulants in 2015 and 2016 based on electronic
dispensations from Kanta. Edoxaban is not shown in the figure due to its low
number of initiators but is calculated to the total number in 2016.
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by local guidelines, policies, clinical practices, and reimbursement rules.
The effect of reimbursement on the use of DOACs has been reported previ-
ously in many countries. In South Korea, DOACs became reimbursable in
AF in January 2013 with a requirement of an opinion letter from the pre-
scribing physician stating that warfarin is not suitable for the patient.36

This change affected the use of DOACs only marginally, the volume of
DOAC prescriptions being around 100 prescriptions per month in the
study data. However, when the requirement of the letter was removed in
July 2013, the prescription volume increased immediately to 400 prescrip-
tions per month and continued growing afterwards. After DOACs becom-
ing reimbursable in AF, the rate of warfarin dispensations started to
decrease in Australia by around 1800 dispensations per month even
though the use of all OACs started to increase with a rate of around
2300 dispensations per month with DOACs explaining the difference.15

In Canada, the market shares of rivaroxaban and apixaban started to in-
crease after them becoming reimbursable.16 In addition, the use of
DOACs has varied in Canada with the use increasing more in provinces
with less stringent reimbursement mechanism.20 Previous studies from
the US and Denmark have also reported that patients' lower socioeconomic
status is associated with lower probability of receiving a DOAC.32,37–39

All these previous studies show that cost is an important factor in access
to DOACs.



Fig. 4. Number of people entitled to restricted reimbursement for direct oral anticoagulants based on atrial fibrillation or long-term treatment or prevention of deep vein
thrombosis (DVT) and/or pulmonary embolism (PE).
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Other factors have also been reported to affect the use of DOACs.
Publication of the European guidelines for the treatment of AF in 2012
was associated with an increase in the initiation of DOACs in the
Stockholm region.17 In addition, changes in the regional recommendations
were associatedwith the choice between different DOACs in AF. In Canada,
rivaroxaban was the first DOAC to receive authorities' recommendation for
VTE prevention aftermajor orthopaedic surgery, leading to it gaining a sub-
stantial portion of the market share in this indication.16 In addition to
changes in the use of DOACs around times of changes in their reimburse-
ment, the use of DOACs temporarily decreased after security warnings is-
sued by health authorities in France.31 However, even though French
health authorities did not recommend DOACs as initial OAC treatments in
AF, the uptake of DOACs was quick.

In Finland, the quality of warfarin treatment, measured as time in ther-
apeutic range, has been considered good compared to many non-Nordic
countries40–42 and this may have attenuated clinicians' drive to change on-
going warfarin treatment or start new patients with DOACs. Unlike warfa-
rin, DOACs had no specific reversal agent at the time of their launch;
reversal agents for DOACs (idarucizumab and andexanet alfa) became
available during the latter half of 2010s43 which may have also hindered
the uptake of DOACs. The reimbursement status and criteria for DOACs
and the Current Care Guidelines for AF changedmany times in Finland dur-
ing the study period. According to the data, the largest increase in the num-
ber of DOAC users (around +250%) occurred in 2018 when there was no
update in the Current Care Guidelines, but DOACs became reimbursable
at the lower special rate. Unfortunately, no definite conclusions can be
drawn based on this notion as the data included only reimbursed purchases
in 2017 and 2018. The real increase in the number of users may not have
been so drastic due to the possibility that patients who purchased DOACs
without reimbursement in 2017 received entitlement to reimbursement
in 2018. However, a previous study where physicians reported on how pa-
tients' views onmedicine co-payment influence the choice of an OAC44 sup-
ports the notion of a larger role of reimbursement than of treatment
guidelines in the use of DOACs in Finland. In addition, the use of DOACs
exceeded the use of warfarin in 2019 although DOACs were preferred
over warfarin for new users (i.e., not only for short-term treatment) not
until the latest update of the treatment guidelines for AF in 2021.

Overall, the Finnish approach to DOACs seems more cautious than in
many other countries. The Current CareGuideline for AF has recommended
a patient-specific choice between warfarin and DOACs since the introduc-
tion of DOACs in the guidelines in 2012. In 2015, the guidelines recom-
mended DOACs as the primary choice for short-term treatment. As the
primary choice for new OAC treatment, DOACs were recommended in
the 2021 update. This is in contrast to the European guidelines that recom-
mended DOACs to be considered for most patients with AF in 20128 and
have preferred DOACs over VKAs already since 2016.9,10
5

This study is not without limits. Firstly, the data covered only reim-
bursed DOAC purchases since 2017 and, therefore, the real use of DOACs
may have been higher than shown in the study. However, the reimburse-
ment of DOACs became less restrictive in 2017, leading the FPR likely to
cover DOAC purchases better than in the previous years. Secondly, patients
receiving only paper prescriptions for OACs are missing from the applied
data on DOACs during 2014–2016 and on OAC initiation during
2015–2016. Therefore, it is possible that 2016 is not the year DOACs over-
took warfarin in OAC initiations. In 2015, however, over 90% of prescrip-
tions dispensed in Finnish pharmacies were electronic45 suggesting that
most of OAC dispensations were covered by the data. Thirdly, no statistical
analyses were conducted, such as interrupted time series analysis, to study
the effect of changes in the reimbursement of DOACs and in the guidelines
for the treatment of AF on the use of OACs. The changes were so frequent
that the effect of a single change would have been difficult to discern.
Fourthly, the data did not include information on the indications of OAC
treatment which prevented studying the possible variations in the use of
OACs by indication. Indications recorded in the electronic OAC prescrip-
tions written in 2016 have been previously examined and information on
indication was omitted from every third DOAC prescription and from 2/3
of warfarin prescriptions.26 Based on entitlements to reimbursement and
the reimbursed purchases from 2019 to 2022, the most common indication
for DOACs was AF. Because no entitlement was required for the reimburse-
ment of warfarin, comparison betweenwarfarin and DOACs by indications,
unfortunately, was not possible.

5. Conclusion

Adoption of newpharmacotherapies for common diseases is a challenge
for the medical community and the reimbursement system. The Finnish ex-
perience from DOACs show that their use seems to have increased as their
reimbursement has become less restrictive, indicating the importance of
co-payment in their uptake. Despite the several updates of the Finnish treat-
ment guidelines, the reimbursement status and criteria of DOACs seem to
have had a greater effect on their use than treatment guidelines and, there-
fore, have steered the use of DOACs. Overall, the uptake of DOACs appears
to have been gradual and slower in Finland than in many other countries.

Funding statement

This work was supported by the Social Insurance Institution of Finland
(24/26/2015). The funder had no role in the design and conduct of the
study, analysis and interpretation of the data nor in the decision to submit
the manuscript for publication. EA received funding also from the Finnish
Cultural Foundation and MJK from the Hospital District of Southwest
Finland.



E. Aarnio et al. Exploratory Research in Clinical and Social Pharmacy 10 (2023) 100284
CRediT authorship contribution statement

EmmaAarnio: Conceptualization, Formal analysis, Investigation, Writ-
ing – original draft, Visualization, Funding acquisition. Risto Huupponen:
Writing – review & editing, Funding acquisition. Janne Martikainen: Re-
sources, Writing – review & editing.Maarit J. Korhonen: Conceptualiza-
tion, Writing – review & editing, Supervision, Funding acquisition.

Declaration of Competing Interest

The authors declare the following financial interests/personal relation-
ships which may be considered as potential competing interests:

EmmaAarnio reports a relationshipwithMerck&Co that includes: con-
sulting or advisory and speaking and lecture fees; a relationship with UCB
Pharma that includes: speaking and lecture fees; a relationship with Alk-
Abello Nordic that includes: speaking and lecture fees. Janne Martikainen
reports a relationship with ESiOR Oy that includes: equity or stocks. Maarit
J Korhonen reports a relationship with Oriola Finland Oy that includes:
consulting or advisory. Risto Huupponen is the past chairman of the Expert
Panel ofMeds 75+-database (drug treatment in older subjects) and amem-
ber of the Expert Panel for classification of high-risk medicines, both at the
Finnish Medicines Agency.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.rcsop.2023.100284.

References

1. Chan N, Sobieraj-Teague M, Eikelboom JW. Direct oral anticoagulants: evidence and un-
resolved issues. Lancet 2020;396:1767–1776. https://doi.org/10.1016/S0140-6736(20)
32439-9.

2. United States Food and Drug Administration. N208383-000 Bevyxxa PREA Response
(10-9-20). Accessed March 1, 2023. https://www.fda.gov/media/143144/download,
2020.

3. Leminen A, Pyykönen M, Tynkkynen J, Tykkyläinen M, Laatikainen T. Modeling pa-
tients’ time, travel, and monitoring costs in anticoagulation management: societal sav-
ings achievable with the shift from warfarin to direct oral anticoagulants. BMC Health
Serv Res 2019;19:901. https://doi.org/10.1186/S12913-019-4711-Z.

4. Connolly SJ, Ezekowitz MD, Yusuf S, et al. Dabigatran versus warfarin in patients with
atrial fibrillation. N Engl J Med 2009;361:1139–1151. https://doi.org/10.1056/
NEJMoa0905561.

5. Patel MR, Mahaffey KW, Garg J, et al. Rivaroxaban versus warfarin in nonvalvular
atrial fibrillation. N Engl J Med 2011;365:883–891. https://doi.org/10.1056/
NEJMoa1009638.

6. Granger CB, Alexander JH, McMurray JJV, et al. Apixaban versus warfarin in patients
with atrial fibrillation. N Engl J Med 2011;365:981–992. https://doi.org/10.1056/
NEJMoa1107039.

7. Giugliano RP, Ruff CT, Braunwald E, et al. Edoxaban versus warfarin in patients with
atrial fibrillation. N Engl J Med 2013;369:2093–2104. https://doi.org/10.1056/
NEJMoa1310907.

8. Camm A, Lip G, De Caterina R, et al. 2012 focused update of the ESC guidelines for the
management of atrial fibrillation. An update of the 2010 ESC guidelines for the manage-
ment of atrial fibrillation. Developed with the special contribution of the European heart
rhythm association. Eur Heart J 2012;33:2719–2747. https://doi.org/10.1093/
eurheartj/ehs253.

9. Kirchhof P, Benussi S, Kotecha D, et al. 2016 ESC guidelines for the management of atrial
fibrillation developed in collaboration with EACTS. Eur Heart J 2016;37:2893–2962.
https://doi.org/10.1093/eurheartj/ehw210.

10. Hindricks G, Potpara T, Dagres N, et al. 2020 ESC guidelines for the diagnosis and man-
agement of atrial fibrillation developed in collaboration with the European Association
for Cardio-Thoracic Surgery (EACTS). Eur Heart J 2021;42:373–498. https://doi.org/
10.1093/eurheartj/ehaa612.

11. Haastrup SB, Hellfritzsch M, Rasmussen L, Pottegård A, Grove EL. Use of non-vitamin K
antagonist oral anticoagulants 2008–2016: a Danish nationwide cohort study. Basic Clin
Pharmacol Toxicol 2018;123:452–463. https://doi.org/10.1111/bcpt.13024.

12. Urbaniak AM, Strøm BO, Krontveit R, Svanqvist KH. Prescription patterns of non-vitamin
K oral anticoagulants across indications and factors associated with their increased pre-
scribing in atrial fibrillation between 2012–2015: a study from the Norwegian prescrip-
tion database. Drugs Aging 2017;34:635–645. https://doi.org/10.1007/s40266-017-
0476-4.

13. Rodríguez-Bernal CL, Hurtado I, García-Sempere A, Peiró S, Sanfélix-Gimeno G. Oral an-
ticoagulants initiation in patients with atrial fibrillation: real-world data from a
population-based cohort. Front Pharmacol 2017;8:63. https://doi.org/10.3389/fphar.
2017.00063.
6

14. Afzal S, Zaidi STR, Merchant HA, Babar ZUD, Hasan SS. Prescribing trends of oral antico-
agulants in England over the last decade: a focus on new and old drugs and adverse
events reporting. J Thromb Thrombolysis 2021;52:646–653. https://doi.org/10.1007/
s11239-021-02416-4.

15. Morgan A, Joshy G, Schaffer A, et al. Rapid and substantial increases in anticoagulant use
and expenditure in Australia following the introduction of new types of oral anticoagu-
lants. PloS One 2018;13, e0208824. https://doi.org/10.1371/journal.pone.0208824.

16. Weitz JI, Semchuk W, Turpie AGG, et al. Trends in prescribing oral anticoagulants in
Canada, 2008-2014. Clin Ther 2015;37:2506–2514.e4: https://doi.org/10.1016/j.clint
hera.2015.09.008.e4.

17. Komen J, Forslund T, Hjemdahl P, Andersen M, Wettermark B. Effects of policy interven-
tions on the introduction of novel oral anticoagulants in Stockholm: an interrupted time
series analysis. Br J Clin Pharmacol 2017;83:642–652. https://doi.org/10.1111/bcp.
13150.

18. Martikainen JE, Häkkinen U, Enlund H. Adoption of new antiglaucoma drugs in Finland:
impact of changes in copayment. Clin Ther 2007;29:2468–2476. https://doi.org/10.
1016/j.clinthera.2007.11.013.

19. Martikainen JE, Saastamoinen LK, Korhonen MJ, Enlund H, Helin-Salmivaara A. Impact
of restricted reimbursement on the use of statins in Finland: a register-based study. Med
Care 2010;48:761–766. https://doi.org/10.1097/MLR.0b013e3181e41bcb.

20. Gao L, TadrousM, Knowles S, et al. Prior authorization and Canadian public utilization of
direct-acting oral anticoagulants. Health Policy 2017;13:68–78. https://doi.org/10.
12927/hcpol.2017.25321.

21. Finnish Medicines Agency Fimea and Social Insurance Institution. Finnish Statistics on
Medicines 2021. https://urn.fi/URN:NBN:fi-fe2022121672024 2022.Accessed February
21, 2023.

22. Keskimäki I, Tynkkynen LK, Reissell E, et al. Finland: health system review. Health Syst
Transit 2019;21:1-166.

23. Furu K, Wettermark B, Andersen M, Martikainen JE, Almarsdottir AB, Sørensen HT. The
Nordic countries as a cohort for pharmacoepidemiological research. Basic Clin
Pharmacol Toxicol 2010;106:86–94. https://doi.org/10.1111/j.1742-7843.2009.
00494.x.

24. The Act on Electronic Prescriptions 61/2007 [in Finnish]. 2023.
25. Jormanainen V. Large-scale implementation and adoption of the Finnish national Kanta

services in 2010–2017: a prospective, longitudinal, indicator-based study. Finn J eHealth
eWelfare 2018;10:381–395. https://doi.org/10.23996/FJHW.74511.

26. Aarnio E, Huupponen R, Martikainen JE, Korhonen MJ. First insight to the Finnish na-
tionwide electronic prescription database as a data source for pharmacoepidemiology re-
search. Res Social Adm Pharm 2020;16:553–559. https://doi.org/10.1016/j.sapharm.
2019.06.012.

27. Finnish National Board on Research Integrity TENK. The ethical principles of research
with human participants and ethical review in the human sciences in Finland. Finnish
National Board on Research Integrity TENK Guidelines 2019. https://tenk.fi/sites/de
fault/files/2021-01/Ethical_review_in_human_sciences_2020.pdf, 2019.

28. The Social Insurance Institution of Finland.. Statistical Database Kelasto. https://www.t
ietotarjotin.fi/tilastodata/2051231/tilastotietokanta-kelasto 2023.Accessed February
21, 2023.

29. Pocock SJ, Vandenbroucke JP. Strengthening the reporting of observational studies in ep-
idemiology (STROBE) statement: guidelines for reporting observational studies. BMJ
2007;305:806. https://doi.org/10.1136/bmj.39335.541782.AD.

30. Olesen JB, Sørensen R, Hansen ML, et al. Non-vitamin K antagonist oral anticoagulation
agents in anticoagulant naïve atrial fibrillation patients: Danish nationwide descriptive
data 2011-2013. Europace 2014;17:187–193. https://doi.org/10.1093/europace/
euu225.

31. Huiart L, Ferdynus C, Renoux C, et al. Trends in initiation of direct oral anticoagulant
therapies for atrial fibrillation in a national population-based cross-sectional study in
the French health insurance databases. BMJ Open 2018;8, e018180. https://doi.org/
10.1136/bmjopen-2017-018180.

32. Zhu J, Alexander GC, Nazarian S, Segal JB, Wu AW. Trends and variation in oral antico-
agulant choice in patients with atrial fibrillation, 2010–2017. Pharmacotherapy 2018;38:
907–920. https://doi.org/10.1002/phar.2158.

33. Loo SY, Dell’Aniello S, Huiart L, Renoux C. Trends in the prescription of novel oral anti-
coagulants in UK primary care. Br J Clin Pharmacol 2017;83:2096–2106. https://doi.
org/10.1111/bcp.13299.

34. van den Heuvel JM, Hövels AM, Büller HR, Mantel-Teeuwisse AK, de Boer A, Maitland-
van der Zee AH. NOACs replace VKA as preferred oral anticoagulant among new patients:
a drug utilization study in 560 pharmacies in the Netherlands. Thromb J 2018;16:7.
https://doi.org/10.1186/s12959-017-0156-y.

35. Maly J, Dvorackova S, Zimcikova E, et al. Patterns in anticoagulant utilization in the
Czech Republic during 2007–2017. J Thromb Thrombolysis 2019;47:305–311. https://
doi.org/10.1007/s11239-019-01806-z.

36. Son KB. The speed of adoption of new drugs and prescription volume after the amend-
ments in reimbursement coverage: the case of non-vitamin K antagonist oral anticoagu-
lants in South Korea. BMC Public Health 2020;20:797. https://doi.org/10.1186/
s12889-020-08929-6.

37. Lunde ED, Joensen AM, Fonager K, et al. Socioeconomic inequality in oral anticoagula-
tion therapy initiation in patients with atrial fibrillation with high risk of stroke: a
register-based observational study. BMJ Open 2021;11, e048839. https://doi.org/10.
1136/bmjopen-2021-048839.

38. Nathan AS, Geng Z, Dayoub EJ, et al. Racial, ethnic, and socioeconomic inequities in the
prescription of direct oral anticoagulants in patients with venous thromboembolism in
the United States. Circ Cardiovasc Qual Outcomes 2019;12, e005600. https://doi.org/
10.1161/CIRCOUTCOMES.119.005600.

39. Desai NR, Krumme AA, Schneeweiss S, et al. Patterns of initiation of oral anticoagulants
in patients with atrial fibrillation – quality and cost implications. Am J Med 2014;127:
1075-1082.e1. https://doi.org/10.1016/j.amjmed.2014.05.013.

https://doi.org/10.1016/j.rcsop.2023.100284
https://doi.org/10.1016/j.rcsop.2023.100284
https://doi.org/10.1016/S0140-6736(20)32439-9
https://doi.org/10.1016/S0140-6736(20)32439-9
https://www.fda.gov/media/143144/download
https://doi.org/10.1186/S12913-019-4711-Z
https://doi.org/10.1056/NEJMoa0905561
https://doi.org/10.1056/NEJMoa0905561
https://doi.org/10.1056/NEJMoa1009638
https://doi.org/10.1056/NEJMoa1009638
https://doi.org/10.1056/NEJMoa1107039
https://doi.org/10.1056/NEJMoa1107039
https://doi.org/10.1056/NEJMoa1310907
https://doi.org/10.1056/NEJMoa1310907
https://doi.org/10.1093/eurheartj/ehs253
https://doi.org/10.1093/eurheartj/ehs253
https://doi.org/10.1093/eurheartj/ehw210
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1111/bcpt.13024
https://doi.org/10.1007/s40266-017-0476-4
https://doi.org/10.1007/s40266-017-0476-4
https://doi.org/10.3389/fphar.2017.00063
https://doi.org/10.3389/fphar.2017.00063
https://doi.org/10.1007/s11239-021-02416-4
https://doi.org/10.1007/s11239-021-02416-4
https://doi.org/10.1371/journal.pone.0208824
https://doi.org/10.1016/j.clinthera.2015.09.008
https://doi.org/10.1016/j.clinthera.2015.09.008
https://doi.org/10.1111/bcp.13150
https://doi.org/10.1111/bcp.13150
https://doi.org/10.1016/j.clinthera.2007.11.013
https://doi.org/10.1016/j.clinthera.2007.11.013
https://doi.org/10.1097/MLR.0b013e3181e41bcb
https://doi.org/10.12927/hcpol.2017.25321
https://doi.org/10.12927/hcpol.2017.25321
https://urn.fi/URN:NBN:fi-fe2022121672024;
http://refhub.elsevier.com/S2667-2766(23)00065-3/rf0110
http://refhub.elsevier.com/S2667-2766(23)00065-3/rf0110
https://doi.org/10.1111/j.1742-7843.2009.00494.x
https://doi.org/10.1111/j.1742-7843.2009.00494.x
http://refhub.elsevier.com/S2667-2766(23)00065-3/rf0120
https://doi.org/10.23996/FJHW.74511
https://doi.org/10.1016/j.sapharm.2019.06.012
https://doi.org/10.1016/j.sapharm.2019.06.012
https://tenk.fi/sites/default/files/2021-01/Ethical_review_in_human_sciences_2020.pdf
https://tenk.fi/sites/default/files/2021-01/Ethical_review_in_human_sciences_2020.pdf
https://www.tietotarjotin.fi/tilastodata/2051231/tilastotietokanta-kelasto
https://www.tietotarjotin.fi/tilastodata/2051231/tilastotietokanta-kelasto
https://doi.org/10.1136/bmj.39335.541782.AD
https://doi.org/10.1093/europace/euu225
https://doi.org/10.1093/europace/euu225
https://doi.org/10.1136/bmjopen-2017-018180
https://doi.org/10.1136/bmjopen-2017-018180
https://doi.org/10.1002/phar.2158
https://doi.org/10.1111/bcp.13299
https://doi.org/10.1111/bcp.13299
https://doi.org/10.1186/s12959-017-0156-y
https://doi.org/10.1007/s11239-019-01806-z
https://doi.org/10.1007/s11239-019-01806-z
https://doi.org/10.1186/s12889-020-08929-6
https://doi.org/10.1186/s12889-020-08929-6
https://doi.org/10.1136/bmjopen-2021-048839
https://doi.org/10.1136/bmjopen-2021-048839
https://doi.org/10.1161/CIRCOUTCOMES.119.005600
https://doi.org/10.1161/CIRCOUTCOMES.119.005600
https://doi.org/10.1016/j.amjmed.2014.05.013


E. Aarnio et al. Exploratory Research in Clinical and Social Pharmacy 10 (2023) 100284
40. Hallinen T, Soini EJ, Asseburg C, Kuosmanen P, Laakkonen A.Warfarin treatment among
Finnish patients with atrial fibrillation: retrospective registry study based on primary
healthcare data. BMJ Open 2014;4:4071. https://doi.org/10.1136/bmjopen-2013-
004071.

41. Wallentin L, Yusuf S, Ezekowitz MD, et al. Efficacy and safety of dabigatran compared
with warfarin at different levels of international normalised ratio control for stroke pre-
vention in atrial fibrillation: an analysis of the RE-LY trial. Lancet 2010;376:975–983.
https://doi.org/10.1016/S0140-6736(10)61194-4.

42. Wallentin L, Lopes RD, Hanna M, et al. Efficacy and safety of apixaban compared with
warfarin at different levels of predicted international normalized ratio control for stroke
prevention in atrial fibrillation. Circulation 2013;127:2166–2176. https://doi.org/10.
1161/CIRCULATIONAHA.112.142158.
7

43. Kuramatsu JB, Sembill JA, Huttner HB. Reversal of oral anticoagulation in patients with
acute intracerebral hemorrhage. Crit Care 2019;23:206. https://doi.org/10.1186/
S13054-019-2492-8.

44. Aarnio E, Huupponen R, Hämeen-Anttila K, Merikoski M, Puhakka J, Korhonen MJ.
Physicians’ views on patient participation in choice of oral anticoagulants in atrial
fibrillation—a qualitative study. Basic Clin Pharmacol Toxicol 2019;124:416–422.
https://doi.org/10.1111/bcpt.13145.

45. Lämsä E, Timonen J, Mäntyselkä P, Ahonen R. Pharmacy customers’ experiences with the
national online service for viewing electronic prescriptions in Finland. Int J Med Inform
2017;97:221–228. https://doi.org/10.1016/j.ijmedinf.2016.10.014.

https://doi.org/10.1136/bmjopen-2013-004071
https://doi.org/10.1136/bmjopen-2013-004071
https://doi.org/10.1016/S0140-6736(10)61194-4
https://doi.org/10.1161/CIRCULATIONAHA.112.142158
https://doi.org/10.1161/CIRCULATIONAHA.112.142158
https://doi.org/10.1186/S13054-019-2492-8
https://doi.org/10.1186/S13054-019-2492-8
https://doi.org/10.1111/bcpt.13145
https://doi.org/10.1016/j.ijmedinf.2016.10.014

	Reimbursement and use of oral anticoagulants during 2014–2022 -� A register-�based study
	1. Introduction
	2. Methods
	2.1. Study context
	2.2. Study design and setting
	2.3. Data collection
	2.4. Data analysis

	3. Results
	4. Discussion
	5. Conclusion
	Funding statement
	CRediT authorship contribution statement
	Declaration of Competing Interest
	Appendix A. Supplementary data
	References




