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Abstract Background Geographical mapping of variations in the treatment and outcomes of a
disease is a valuable tool for identifying inequity. We examined international and intrana-
tional variations in initiating oral anticoagulation (OAC) therapy and clinical outcomes
among patients with atrial fibrillation (AF) in Nordic countries. We also tracked real-world
trends in initiating OAC and the clinical outcomes.
Methods We conducted a registry-basedmultinational cohort study of OAC-naive patients
with an incident hospital diagnosis of AF in Denmark (N¼61,345), Sweden (N¼ 124,120),
and Finland (N¼ 59,855) and a CHA2DS2-VASc score of �1 in men and �2 in women
between 2012 and 2017. Initiation of OAC therapy was defined as dispensing at least one
prescription between 90 days before and 90 days after the AF diagnosis. Clinical outcomes
included ischemic stroke, intracerebral hemorrhage, intracranial bleeding, other major
bleeding, and all-cause mortality.
Results The proportion of patients initiating OAC therapy ranged from 67.7% (95% CI:
67.5–68.0) in Sweden to 69.6% (95% CI: 69.2–70.0) in Finland, with intranational variation.
The 1-year risk of stroke varied from 1.9% (95% CI: 1.8–2.0) in Sweden and Finland to 2.3%
(95% CI: 2.2–2.4) in Denmark, with intranational variation. The initiation of OAC therapy
increased with a preference for direct oral anticoagulants over warfarin. The risk of ischemic
stroke decreased with no increase in intracranial and intracerebral bleeding.
Conclusion We documented inter- and intranational variation in initiating OAC therapy
and clinical outcomes across Nordic countries. Adherence to structured care of patients
with AF could reduce future variation.

received
October 18, 2022
accepted after revision
April 19, 2023
accepted manuscript online
April 25, 2023

DOI https://doi.org/
10.1055/a-2080-6171.
ISSN 2512-9465.

© 2023. The Author(s).
This is an open access article published by Thieme under the terms of the

Creative Commons Attribution License, permitting unrestricted use,

distribution, and reproduction so long as the original work is properly cited.

(https://creativecommons.org/licenses/by/4.0/)

Georg Thieme Verlag KG, Rüdigerstraße 14, 70469 Stuttgart,
Germany

THIEME

Original Article e133

Accepted Manuscript online: 2023-04-25   Article published online: 2023-06-06

https://orcid.org/0000-0001-9215-9796
https://orcid.org/0000-0001-5169-2965
https://orcid.org/0000-0002-2787-0271
mailto:larfrost@rm.dk
https://doi.org/10.1055/a-2080-6171
https://doi.org/10.1055/a-2080-6171


Introduction

The lifetime risk of atrial fibrillation (AF) is one in three,1 and
AF is a well-recognized risk factor for heart failure, stroke,
peripheral arterial thromboembolism, dementia, and death.
Oral anticoagulation (OAC) has been considered the state of
the art for the prevention of stroke and peripheral throm-
boembolism in patientswith AF formore than three decades.

In 2012, in Europe, direct oral anticoagulants (DOACs)
started to be marketed. This new drug class complemented
warfarin as an OAC treatment to prevent stroke and systemic
embolism in patients with AF. A systematic meta-analysis of
DOACs versus warfarin documented the superiority of DOACs
over warfarin, with a 19% (relative risk: 0.81, 95% confidence
interval [CI] 0.73–0.91; p<0.0001) reduced risk of stroke or
systemic embolic events, mainly driven by a reduction in
hemorrhagic stroke (0.49, 0.38–0.64; p<0.0001). DOACs also
reduced all-cause mortality (0.90, 0.85–0.95; p¼0.0003) and
intracranial hemorrhage (0.48, 0.39–0.59; p<0.0001.2

Asystematic reviewandmeta-analysisofworldwidetrends
of AOC use among patients with AF from 2010 to 2018
documented that the proportion of OAC users worldwide
almost doubled following the introduction ofDOACs, although
one out of four patients eligible for OAC was not anticoagu-
lated.3 Previous studies have also documented an increasing
uptake ofOACs in the pre-DOACera.4,5The increaseduptake of
OACs prompted by the introduction of DOACs has been
associatedwith a decrease in the risk of stroke among patients
with AF.4–13 This evolution of increasing usage of OACs and
decreasing risk of stroke has been reported in several coun-
tries, including the United States,4 Denmark,5 England,10

Sweden,6 Germany,7 Korea,8 Italy,9 and Japan.11

Denmark, Sweden, and Finland have national administrative
registries holding information about hospitalizations, medical
treatment, and mortality, which provide unique opportunities
for examining international and intranational variations in the
initiation of OAC in the entire population of patients with a
hospital diagnosis of AF. In this study on patients with incident
AF, we report on international and intranational variations in
theuseandpreferencesofOACsandclinical outcomes: ischemic
stroke, intracerebral hemorrhage, intracranial bleeding, other
major bleeding, and all-cause mortality. We also report real-
world trends in the initiation of OACs and clinical outcomes.

Methods

Setting
The populations of Denmark (5.8million), Sweden (10.0million),
and Finland (5.5million) sum up to 21.3million inhabitants. The
health care systems in these countries have many similarities,
including tax-paid health care, with only a very small amount of
userpaymentsper visit formedicalcare inSwedenandFinland(�
25€per visitandamaximumof130€per year inSweden,and40€
per visit andamaximumof690€per year inFinland) andnone in
Denmark. In these countries, there is a partial reimbursement of
consumer costs of medical treatment. All three countries have
complete and updated information on citizens’ vital and emigra-
tion status, and all maintain registries with information on

hospitalizations and pharmacy-dispensed medication. A unique
civil registration number allocated to each individual enables
linkage among the nationwide registries within each country.

Data Sources
Nationwide patient registries were used and cross-linked
with nationwide prescribed drug registries and civil regis-
tration systems. National patient registries were established
in 1977 in Denmark, 1987 in Sweden, and 1967 in Finland,
and they contain prospectively registered data on hospital
inpatients and outpatients. The data include individual-level
information on dates of admission and discharge, surgical
procedures performed, and one primary and multiple sec-
ondary diagnoses per discharge. The coding of diagnoses
followed the International Classification of Diseases, 10th
edition (ICD-10). The nationwide prescription registries
were established in 1995 in Denmark, 2005 in Sweden,
and 1994 in Finland, and they contain individual-level data
on all dispensed prescriptions. The coding follows the Ana-
tomical Therapeutic Chemical (ATC) Classification System.
The civil registration systems contain individual-level infor-
mation on sex, date of birth, migration status and dates, and
vital status and date of death.

Design and Study Populations
We conducted country-specific nationwide cohort studies.
Thebaselinewas on the dayofdiagnosis of AF, and the follow-
up period was up to and including 2018 in Denmark and
Finland and up to and including 2017 in Sweden.

We included all patients aged �40 and <90 years with a
first-time diagnosis of AF reported from a hospital ward or a
hospital outpatient clinic to the respective national patient
registries. The inclusionperiodwas between January 1, 2012,
and December 31, 2017, in Denmark and Finland and Janu-
ary 1, 2012, and December 31, 2016, in Sweden. A diagnosis
of AF (primary or secondary diagnosis, including in-hospital
outpatient clinics) was identified using the ICD-10 code I48.
The date of diagnosis was on the discharge day for inpatients
or the day of first contact for outpatients.

The exclusion criteria were:

• Patients whose first-time diagnosis of AF was valvular AF
(AF with mitral stenosis or mechanical prosthetic heart
valves;►Supplementary Table S1, available online only).14

• Patients with less than 5 years of a complete look-back
history in the national registries.

• Male patients with a modified CHA2DS2-VASc score of 0
and female patients with a modified CHA2DS2-VASc score
of 1 (definition given in ►Supplementary Table S2, avail-
able online only).

• Patients with civil registration status classified as inactive
or disappeared in all or part of the study period.

• Patients redeeming a prescription for anOAConday -91 or
prior to the day of the AF diagnosis (►Supplementary

Fig. S1, available online only).
• Patients with a history of ischemic stroke, defined as a

diagnosis on or before the baseline date (see also
►Supplementary Table S3, available online only).
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Ascertainment of Regions
Information on residential regions/countieswas identified in
the national civil registration systems. Denmark has 5
regions, Sweden has 21 counties, and Finland has 5 universi-
ty hospital regions.

OAC Initiation
We defined initiation of OAC therapy as filling at least one
prescription for OAC therapy between 90 days before and
90 days after baseline. In a sensitivity analysis, we increased
this time window for initiating OAC therapy to 180 days
before and 90 days after baseline. In another sensitivity
analysis, we restricted the analysis to patients with a prima-
ry diagnosis of AF and used the time window for initiating
OAC therapy from 90 days before to 90 days after the AF
diagnosis. The national prescription registries were used to
identify the OAC therapy using Anatomical Therapeutic
Chemical classification (ATC) codes (►Supplementary

Table S4, available online only).

Clinical Outcomes and Mortality
We computed the risk of ischemic stroke, intracerebral
hemorrhage, intracranial bleeding, other major bleed-
ing, and all-cause mortality through 1 year after base-
line. The diagnoses were identified as inpatient and
outpatient contacts from the national patient registries
using ICD-10 (►Supplementary Table S3, available online
only). We considered both primary and secondary
diagnoses.

Covariates
Covariate informationwas retrieved at baseline and included
the following comorbidities: abnormal liver function, abnor-
mal renal function, alcohol-related disease, bleeding,
congestive heart failure, diabetes, hypertension, thrombo-
embolism, stroke, and vascular disease. The national patient
registries provided information on diagnoses using ICD-10.
ICD-10 was implemented in Denmark in 1994, in Sweden in
1997, and in Finland in 1996. For the history of AF and
comorbidities, we used a maximal look-back period in
ICD-10. For some conditions, we also used information on
medication to define conditions using the prescription reg-
istries (►Supplementary Table S2, available online only). We
only considered medication redeemed in a window of 1 year
before baseline.

We computed a modified CHA2DS2-VASc score and a
modified HAS-BLED score for each patient. Because informa-
tion on the international normalized ratio (INR) was unavail-
able, the HAS-BLED was “modified.” ►Supplementary

Table S2 (available online only) shows the definition of the
modified CHA2DS2-VASc score, and ►Supplementary

Table S5 (available online only) shows the definition of the
modified HAS-BLED score.

Concomitantmedicationatbaseline encompassedantiplate-
let drugs, NSAIDs (nonsteroidal anti-inflammatory drugs), and
statins. Medication was identified from the national prescrip-
tion registries using ATC codes (►Supplementary Table S6,
available online only).

Statistical Analyses
The data were distributed so that each nation kept their own
dataset. We applied a common distributed data model and
detailed analysis plan to ensure that all variables were
defined in the same way across the countries and shared a
syntax for the analyses.

We estimated the period prevalence of OAC initiators as the
number of initiators divided by the number of patients with AF.
To estimate a relative measure of initiation by region, we used
Poisson regression. Adjustments followedModel 1 andModel 2
as specified in ►Supplementary Table S7 (available online
only). We used the Aalen-Johansen estimator with death as a
competing event to compute the 1-year cumulative incidence
(95% CI) of the clinical outcomes for the entire nation and by
region.Wecomputedthepseudo-observationsforeachoutcome
in generalized linear models to estimate the relative risks and
compare the risk for each of the clinical outcomes across
regions.15–17 Adjustments followed Model 1 and Model 2 as
specified in ►Supplementary Table S7 (available online only).
We used the Kaplan—Meier estimator to compute the cumula-
tivemortality (95% CI) 1 year after baseline for the entire nation
and by region. We computed the pseudo-observations for
mortality in generalized linear models to estimate the relative
risk and compare the risk across regions. Nation-specific esti-
mates of initiation, clinical outcomes, and mortality were com-
paredacrosscountriesbasedon95%CIs.No formal statistical test
was applied.We examined the temporal trends in the outcomes
by computing the cause-specific hazard ratios and associated
Wald tests for the calendar year as a continuous variable using
Cox regressionmodels. In the analyses of the outcomes after AF,
the follow-up ended at the date of the specified outcome,
emigration, death, or the endof follow-up,whichever camefirst.

For all statistical analyses, we used Stata version 16.1,
StataCorp LLC in Denmark; R version 4.1.1 in Sweden; and
IBMSPSS Statistics version 27 for descriptive statistics and Stata
version 17, StataCorp LLC, for statistical analyses in Finland.

Ethics
In Denmark, registry-based studies do not require ethics
approval. In Sweden, the study was approved by the Regional
Ethical Review Board in Stockholm (dnr: 3510/2019). Only
aggregated anonymous data were exported. In Finland, no
patient consent is needed according to Finnish legislation. This
study was approved by the Ethics Committee of the Medical
Faculty of Helsinki University, Helsinki, Finland, and research
permission was granted by the Helsinki University Hospital.

Results

Study Population Characteristics
Our study cohorts included 61,345 patients with incident AF
in Denmark, 124,120 in Sweden, and 59,855 in Finlandwith a
modified CHA2DS2-VASc score �1 in men and �2 in women
and no history of stroke over the study inclusion period from
2012 to 2017. A flowchart of the study cohorts is shown in
►Supplementary Table S8.

The national study cohorts are characterized in ►Table 1.
The median age was 73 to 75 years. The proportion of men
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Table 1 Baseline characteristics of patients with atrial fibrillation in Denmark, Sweden, and Finland

Characteristics Denmark
n¼ 61,345

Sweden
n¼ 124,120

Finland
n¼ 59,855

Men, % (n) 55.4 (33,989) 55.3 (68,627) 49.5 (29,599)

Age, median (IQR), year 73 (66–80) 75 (69–82) 74 (67–81)

Baseline year, % (n)

2012 16.8 (10,293) 16.9 (20,926) 16.7 (10,009)

2013 17.2 (10,565) 17.0 (21,149) 17.2 (10,299)

2014 16.6 (10,211) 16.6 (20,607) 17.0 (10,147)

2015 16.8 (10,316) 16.6 (20,544) 15.9 (9,500)

2016 16.5 (10,111) 16.6 (20,545) 16.9 (10,133)

2017 16.1 (9,849) 16.4 (20,349) 16.3 (9,767)

History of comorbidity

Abnormal liver function 2.0 (1,198) 2.0 (2,466) 1.3 (791)

Abnormal renal function 6.0 (3,653) 6.0 (7,440) 2.4 (1,434)

Alcohol-related disease 4.0 (2,444) 6.3 (7,875) 3.1 (1,834)

Bleeding 12.3 (7,531) 13.6 (16,837) 7.9 (4,744)

Congestive heart failure 13.7 (8,401) 13.7 (17,046) 5.4 (3,217)

Diabetes mellitus 24.0 (14,749) 19.8 (24,586) 21.3 (12,755)

Hypertension 94.8 (58,162) 70.0 (86,832) 62.6 (37,445)

Thromboembolism 4.2 (2,564) 5.1 (6,327) 4.2 (2,491)

Ischemic stroke 0.0 (0) 0.0 (0) 0.0 (0)

Systemic embolism 0.7 (401) 0.9 (1,139) 0.4 (228)

Transient ischemic attack 3.5 (2,175) 4.2 (5,246) 3.8 (2,274)

Vascular disease 17.0 (10,433) 18.9 (23,401) 20.4 (12,187)

Acute myocardial infarction 9.7 (5,981) 12.2 (15,149) 6.8 (4,053)

Coronary procedure 10.4 (6,410) 11.4 (14,189) 16.3 (9,752)

Peripheral artery disease 4.3 (2,630) 3.9 (4,862) 4.1 (2,441)

Concomitant medicationa

Antiplatelet drugs 41.3 (25,362) 52.7 (65,418) 7.3 (4,385)

NSAID 40.8 (25,004) 18.2 (22,534) 26.5 (15,849)

Statins 54.1 (33,218) 35.2 (43,734) 40.6 (24,319)

Modified CHA2DS2-VASc,
b mean� SD 1.9 (0.7) 3.0 (1.3) 3.0 (1.3)

Modified CHA2DS2-VASc,
b % (n)

1 30.0 (18,428) 12.1 (14,995) 13.7 (8,227)

2 45.6 (27,947) 24.1 (29,927) 25.2 (15,078)

�3 24.4 (14,970) 63.8 (79,198) 61.1 (36,550)

Modified HAS-BLED,c mean� SD 1.4 (0.9) 2.4 (1.0) 1.6 (0.7)

Modified HAS-BLED,c % (n)

0 15.1 (9,235) 0.6 (729) 1.2 (741)

1 40.6 (24,888) 19.9 (24,743) 29.9 (17,854)

2 33.1 (20,322) 32.4 (40,169) 45.3 (27,125)

�3 11.2 (6,900) 47.1 (58,479) 23.6 (14,135)

Abbreviations: IQR, interquartile range; NSAID, nonsteroidal anti-inflammatory drug; OAC, oral anticoagulation; SD, standard deviation; VKA,
vitamin K antagonists.
aConcomitant medical therapy within 1 year before baseline.
bModified CHA2DS2-VASc score included information about medication to define congestive heart failure, hypertension, and diabetes. Information
about procedure code was included to define coronary heart disease.

cModified HAS-BLED score without labile international normalized ratio.
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was 55% in Denmark and Sweden and 50% in Finland. We
noted variations among the countries in the proportion of
comorbidities and concomitant medication, notably a higher
prevalence of a history of myocardial infarction in Sweden, a
higher prevalence of hypertension in Denmark, and a higher
use of antiplatelet medication in Denmark and Sweden
before AF was diagnosed (►Table 1).

OAC Initiation
The proportions of patients initiating OACs were 67.9%
(67.5–68.3) in Denmark, 67.7% (95% CI: 67.5–68.0) in
Sweden, and 69.6% (69.2–70.0) in Finland (►Table 2). An
expanded timewindow for the initiation of�180 days toþ90
days increased the proportion of initiators slightly to 68.9
(68.5–69.2) in Denmark, 68.7 (68.5–69.0) in Sweden, and
71.1 (70.7–71.4) in Finland. Restriction to patients having a
primary diagnosis of AF increased the initiation rates to 75.0
(74.7–75.4) in Denmark and 78.7 (78.4–79.0) in Sweden
(data about primary vs. secondary diagnoses of AF were
not accessible in Finland due to a previous data management
decision).

National maps of the initiation of OAC by administrative
regions demonstrated substantial variation within coun-
tries, with the most pronounced variation in the initiation
of OAC observed in Denmark, ranging from 61 to 77%
(►Fig. 1, ►Supplementary Tables S9 and S10, available
online only). The overall proportion of patients initiating
OAC therapy increased from 56.3 (55.3–57.2) to 77.8 (77.0–
78.6) in Denmark and from 54.4 (53.7–55.1) to 78.1 (77.6–
78.7) in Sweden, whereas the proportion increased from
59.3 (58.3–60.4) to 70.2 (69.2–71.2) in 2017 in Finland
(►Fig. 2, ►Supplementary Table S11, available online
only). The transitions from the use of warfarin to DOACs
occurred more quickly in Denmark and Sweden than in

Finland (►Fig. 2). At the end of the study inclusion period in
2017, in Denmark 10.7% of patients were initiated on
warfarin, and in Sweden, 7.4% were initiated on warfarin,
whereas 23.8% of the patients were initiated on warfarin in
Finland (►Fig. 2, ►Supplementary Table S12, available
online only).

Use of Antiplatelet Drugs
The use of antiplatelet drugs decreased substantially over the
study period in all countries, from 40.3% (39.3–41.2) in
Denmark and 47.6% (46.9–48.3) in Sweden to 20.1% (19.3–
20.9) in Denmark and 26.1% (25.5–26.7) in Sweden
(►Supplementary Table S13, available online only). Data
are not shown for Finland, because acetylsalicylic acid is
very seldom on prescription in Finland.

Ischemic Stroke
The cumulative incidence (95% CI) of ischemic stroke at
1 year after baseline was highest in Denmark: 2.3% (2.2–
2.4) versus 1.9% (1.8–2.0) in both Sweden and Finland
(►Table 3). In Denmark, the risk of ischemic stroke varied
considerably between regions, from 1.7% (1.4–2.0) in the
North Denmark region to 2.6% (2.4–3.0) in the capital and
2.7% (2.4–3.0) in the Zealand regions (►Supplementary

Table S14). In Sweden and Finland, the risk of ischemic
stroke varied among regions but with overlapping CIs
(►Supplementary Tables S15 and S16).

Other Outcomes
The risk of intracerebral hemorrhage did not vary among
nations, with a 1-year cumulative incidence of 0.3 to 0.4%
(►Table 3). Intracranial bleeding was observedmore often in
Sweden at 0.7% (0.6–0.7) compared with slightly lower
bleeding rates of 0.5% (0.4–0.5) in Denmark and Finland.
Other major bleeding events were most frequently observed
in Denmark. The total mortality was high in all countries,
ranging from 8.0 to 11.7% (►Table 3). This high mortality
corresponded to the study populations consisting of patients
with a median age of 73 to 75 years with multiple
comorbidities.

Secular Trend in Outcomes
The cumulative incidence of ischemic stroke within 1 year
after baseline decreased significantly during the study peri-
od in all nations: in Denmark, from 2.8% (2.4–3.1) to 2.2%

Table 3 Cumulative incidences of the outcomes in patients with atrial fibrillation in Denmark, Sweden, and Finland

Ischemic stroke Intracerebral
hemorrhage

Intracranial
bleeding

Other major
bleeding

Total mortality

Percentage (95% CI)

Denmark 2.3 (2.2–2.4) 0.4 (0.3–0.4) 0.5 (0.4–0.5) 5.4 (5.2–5.6) 11.7 (11.4–12.0)

Sweden 1.9 (1.8–2.0) 0.4 (0.4–0.5) 0.7 (0.6–0.7) 3.3 (3.2–3.4) 10.3 (10.2–10.5)

Finland 1.9 (1.8–2.0) 0.3 (0.3–0.4) 0.5 (0.4–0.5) 3.6 (3.5–3.8) 8.0 (7.7–8.2)

Note: Cumulative incidence of clinical outcomes 1 year after the diagnosis of atrial fibrillation, with death considered a competing event except for
total mortality.

Table 2 Proportion of patients with atrial fibrillation initiating
oral anticoagulation (OAC) in Denmark, Sweden, and Finland

OAC initiation
Percentage (95% CI)

Denmark 67.9 (67.5–68.3)

Sweden 67.7 (67.5–68.0)

Finland 69.6 (69.2–70.0)
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(1.9–2.5); in Sweden, from 2.4% (2.2–2.6) to 1.5% (1.3–1.7);
and in Finland, from 2.4% (2.1–2.7) to 1.5% (1.2–1.7)
(►Fig. 3, ►Table 4). This corresponds to an absolute real-
world reduction in first-year ischemic stroke risk after AF
being diagnosed of 0.6 to 0.9 percentage points and a relative
risk reduction of ischemic stroke of 21 to 38%, in parallelwith
a more frequent use of OAC. The risk of intracerebral and
intracranial bleeding did not change throughout the study
period.

Other major bleeds were most frequently seen in
Denmark, and a small increase in other major bleeds was
observed in Finland (►Fig. 3, ►Table 4).

Discussion

In this multinational cohort study of OAC-naive patientswith
incident AF, we found substantial variations in OAC initiation
and the 1-year risk of ischemic strokes across and within
Denmark, Finland, and Sweden. Within-nation variation was
most pronounced in Denmark. Furthermore, our data docu-
mented differences in the speed of transition of OAC prefer-
ences from warfarin to DOACs.

Variations in OAC use among four international regions,
North America, Europe, Asia, and Latin America, has recently
been reported.18 Reasons for geographical variations in the
use of OACs have been suggested to stem from variations in
local AF guidelines, variations in health care systems, or
socioeconomic factors.18

In Denmark, there was no regulatory preference for
DOACs over vitamin K antagonist (VKA) during the first
few years after the introduction of DOACs, but since 2016,
DOACs have been preferred over VKA by regulatory authori-
ties in Denmark. In Finland, a slower transition from VKA to

DOACs can be explained by a lower reimbursement rate for
DOACs from 2013 to 2015.19

The 1-year risk of ischemic stroke decreased in all coun-
tries over the study period, whereas the intracerebral bleed-
ing risk remained unchanged. A correlation between a higher
uptake of OACs and a reduced risk of stroke has also been
reported in England,10 Germany,7 Sweden,6 and Italy.9 The
finding of a non-increase in the risk of intracerebral and
intracranial bleeds despite a higher user rate of OAC can be
explained by a lower use of antiplatelet drugs in combination
with a lower risk of intracerebral and intracranial bleeds
associated with the use of DOACs compared with warfarin.2

We observed a gradual increase in the use of OACs by
patients with AF. The explanation for this phenomenon is
highly complex. It may include approval by the EMA of
dabigatran and rivaroxaban for the prevention of ischemic
stroke and systemic embolism in AF in 2011, apixaban in
2012, and edoxaban in 2015 in combinationwith the gradual
evolution and implementation of ESC AF guidelines and a
decreasing reluctance among clinicians to use OACs.

At the end of our study period in 2017, 78% of patients
with AF and CHA2DS2-VASc scores �1 in men and �2 in
women initiated OAC therapy, predominantly DOACs. This is
consistent with a recent systematic review and meta-analy-
sis of worldwide trends in OAC use among patients with AF
from 2010 to 2018.3

Comprehensive management of patients with AF adher-
ing to the “Atrial Fibrillation Better Care” pathway has
demonstrated promising results by lowering the risk of all-
cause death, cardiovascular death, and major bleeding.20 A
global implementation and delivery of structured care of
patientswith AF can also reduce variations in treatments and
outcomes.

Fig. 1 National maps of geographical variation in initiating oral anticoagulation in patients with atrial fibrillation in Denmark, Sweden, and
Finland.
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Strengths and Limitations

The novelty of the present study derives from the presenta-
tion of data on both OAC use and a range of clinical outcomes,
including ischemic stroke and specified bleeding outcomes,
in multiple nationwide population-based cohorts with ac-
curate follow-up information. Our results must be inter-
preted bearing in mind the limitations of this study,
mainly the challenges inherent to the retrospective study
design and the use of administrative data. Thus, our findings
represent associations and not necessarily causality. More-
over, information bias may be present due to inaccurately
recorded data in the health care registries.

It can be challenging to determine whether an ischemic
stroke is a recurrent stroke based on information retrieved

from administrative registries because a stroke patient can
be transferred between hospital departments and hospitals,
and each contact will be assigned a stroke diagnosis. There-
fore, we excluded patientswith a history of stroke to increase
the validity of our study. A diagnosis of ischemic stroke
reported to Scandinavian patient registries has a moderate
to high positive predictive value.21–23 The positive predictive
value of a diagnosis of a transient ischemic attack recorded in
administrative registries has a low-to-moderate positive
predictive value24 and was therefore not included in our
study. Differences in coding practice across countries may
exist. We had no information on whether the patients used
the prescribed medicine. We adjusted for several relevant
covariates but could not rule out residual confounding from
unmeasured variables, including disease severity,

Fig. 2 Temporal development of initiating oral anticoagulation in patients with atrial fibrillation (left panel) and temporal development of
preferred oral anticoagulant (right panel) in patients with atrial fibrillation in Denmark, Sweden, and Finland.
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Fig. 3 Temporal development of clinical outcomes. Annual cumulative incidences (%) of the outcomes in patients with atrial fibrillation for
Denmark, Sweden, and Finland, with death considered a competing event.

Table 4 Temporal development of clinical outcomes in patients with atrial fibrillation in Denmark, Sweden, and Finland

Year of diagnosis Ischemic stroke Intracerebral
hemorrhage

Intracranial
bleeding

Other major
bleeding

All-cause mortality

Cumulative incidence 1 y after incident atrial fibrillation

Denmark

2012 2.8 (2.4–3.1) 0.4 (0.3–0.6) 0.5 (0.4–0.7) 5.6 (5.1–6.0) 12.1 (11.5–12.7)

2013 2.5 (2.2–2.8) 0.3 (0.2–0.5) 0.5 (0.4–0.6) 5.2 (4.8–5.6) 11.7 (11.1–12.3)

2014 2.3 (2.0–2.6) 0.3 (0.2–0.4) 0.4 (0.3–0.5) 5.4 (5.0–5.9) 11.7 (11.1–12.3)

2015 2.2 (1.9–2.5) 0.3 (0.2–0.5) 0.4 (0.3–0.5) 5.6 (5.1–6.0) 11.4 (10.8–12.1)

2016 2.1 (1.8–2.3) 0.4 (0.3–0.6) 0.5 (0.4–0.7) 5.4 (5.0–5.9) 11.8 (11.1–12.4)

2017 2.2 (1.9–2.5) 0.4 (0.3–0.6) 0.5 (0.4–0.7) 5.4 (4.9–5.8) 11.5 (10.9–12.2)

p-Value for trend < 0.001 0.30 0.36 0.18 0.12

Sweden

2012 2.4 (2.2–2.6) 0.5 (0.4–0.6) 0.7 (0.6–0.9) 3.2 (2.9–3.4) 11.0 (10.6–11.5)

2013 2.2 (2.1–2.4) 0.5 (0.4–0.6) 0.8 (0.7–1.0) 3.1 (2.8–3.3) 10.6 (10.2–11.1)

2014 1.9 (1.7–2.1) 0.4 (0.3–0.5) 0.6 (0.5–0.7) 3.5 (3.2–3.7) 9.9 (9.5–10.3)

2015 1.7 (1.5–1.9) 0.4 (0.4–0.5) 0.8 (0.7–0.9) 3.3 (3.0–3.5) 10.4 (9.9–10.8)

2016 1.5 (1.3–1.7) 0.2 (0.1–0.3) 0.5 (0.4–0.6) 3.4 (3.1–3.6) 10.0 (9.6–10.5)

2017 1.5 (1.3–1.7) 0.4 (0.3–0.5) 0.7 (0.6–0.8) 3.3 (3.1–3.6) 10.1 (9.7–10.5)

p-Value for trend < 0.001 0.01 0.02 0.18 < 0.001
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socioeconomic factors, and patient preferences. The organi-
zation and structure of the health care systems in the Nordic
countries are similar and characterized by free access to tax-
financed hospital care, but the results may not be generaliz-
able to other health care systems.

Conclusion

We documented variations in transition rates of preferences
for DOACs over warfarin, increasing proportions of patients
initiating OAC, geographical variations in the proportion of
patients initiating OAC, and variations in clinical outcomes
among patients with AF in Denmark, Sweden, and Finland.
The secular risk of ischemic stroke decreased in all coun-
tries. International and intraregional variations in the initi-
ation of OAC therapy, as well as in clinical outcomes, were
observed despite comparable health care systems. Global
implementation of structured care of patients with AF could
reduce future variations in the treatment and outcomes
of AF.
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