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Aims

Methods and
results

Keywords

Guidelines on the management of atrial fibrillation (AF) have evolved significantly during the past two decades, but
the concurrent developments in real-life management and prognosis of AF are unknown. We assessed trends in the
treatment and outcomes of patients with incident AF between 2007 and 2017.

The registry-based nationwide FInACAF (Finnish AntiCoagulation in Atrial Fibrillation) cohort covers all patients with AF
in Finland from all levels of care. We determined the proportion of patients who were treated with oral anticoagulants
(OAG:s) or rhythm control therapies, experienced an ischaemic stroke or bleeding event requiring hospitalization, or
died within 1-year follow-up after AF diagnosis. We identified 206 909 patients (mean age 72.6 years) with incident AF.
During the study period, use of OACs increased from 43.6 to 76.3%, and the increase was most evident in patients with
at least moderate stroke risk. One-year mortality decreased from 13.3 to 10.6%, and the ischaemic stroke rate from
5.3 to 2.2%. The prognosis especially improved in patients over 75 years of age. Concurrently, a small increase in major
bleeding events was observed. Use of catheter ablation increased continuously over the study period, but use of other
rhythm-control therapies decreased after 2013.

Stroke prevention with OACs in patients with incident AF improved considerably from 2007 to 2017 in Finland. This
development was accompanied by decreasing 1-year mortality and the reduction of the ischaemic stroke rate by more
than half, particularly among elderly patients, whereas there was only slight increase in severe bleeding events.
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Introduction

Atrial fibrillation (AF) is the most common sustained arrhythmia,
with an overall prevalence as high as 4.1% in Finland."2 Due to its
rising incidence, AF imposes an increasing burden on the population
and healthcare systems, largely driven by the long-term disability and
mortality associated with ischaemic strokes.>* Stroke prevention
with oral anticoagulants (OACs), either with vitamin K antagonists
(VKAs) or direct oral anticoagulants (DOAC:s), is the cornerstone of
contemporary treatment of AF. Additionally, a variety of rhythm- and
rate-control therapies are often needed to relieve symptoms related
to AF?

During the past two decades, active research has led to major
developments in stroke-risk stratification and treatment modalities for

AF, which have been rapidly included in clinical practice guidelines.
There is, however, limited information regarding the extent to which
the increased knowledge and guideline changes have been integrated
into the real-life management of AF and whether the developments in
guidelines have been accompanied by improved outcomes. Therefore,
to assess these treatment and outcome trends, we conducted a
nationwide descriptive cohort study covering all AF patients from
2007 to 2017 in Finland.

Methods

Study population
The Finnish  AntiCoagulation in  Atrial  Fibrillation
Study (ClinicalTrials Identifier: NCTO04645537; ENCePP

(FinACAF)
Identifier:
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Table |

Baseline characteristics of patients with incident atrial fibrillation

Year of diagnosis 2007 2008 2009 2010 2011

16503 16526 16222 16259 18806 19228 19787 19799 20053 21599 22127

Number of patients
Demographics

Mean age, years 716 717 718 718 724
Female sex 50.7 506 510 511 50.1
Comorbidities
Diabetes 155 168 176 187 192
Dyslipidaemia 333 368 406 419 454
Heart failure 16.7 17.7 18.6 191 17.6
Hypertension 655 681 692 710 729
Any vascular disease 258 263 279 268 272
Prior ischaemic stroke 5.0 6.2 74 8.8 10.2
Prior myocardial infarction 7.2 77 8.1 8.1 79
Prior bleeding 6.8 7.7 8.6 9.8 9.7
Abnormal liver function 0.3 04 0.4 0.5 0.5
Abnormal renal function 19 2.5 2.7 3.0 33
Alcohol use disorder 19 2.1 2.6 33 3.6
Dementia 38 4.0 4.5 4.6 4.8
Risk scores
Mean CHA,;DS,-VASc score 3.1 32 33 3.3 33

Mean modified HAS-BLED score 2.0 2.1 22 2.3 23

2012 2013 2014 2015 2016 2017 Correlation P-value

<0.001

726 725 729 732 735 738 <0.001
50.0 497 504 500 493 493 <0.001
21.0 219 228 242 250 254 <0.001
477 491 510 524 532 552 <0.001
176 176 178 172 166 162 <0.001
744 749 758 771 775 786 <0.001
286 281 289 286 283 292 <0.001
112 114 119 121 120 121 <0.001
8.6 8.5 9.2 9.0 9.3 9.8 <0.001
104 106 114 119 127 128 <0.001
0.5 0.5 0.5 0.5 0.6 0.7 <0.001
38 39 4.4 4.8 4.8 53 <0.001
38 4.4 4.5 4.7 4.9 4.8 <0.001
5.0 5.1 54 57 54 6.2 <0.001
33 34 34 35 3.6 3.6 <0.001
24 2.5 25 2.6 2.7 2.7 <0.001

Values denote % unless otherwise specified. CHA; DS;-VASc, congestive heart failure, hypertension, age > 75 years, diabetes, history of stroke or TIA, vascular disease, age
65-74 years, sex category (female); modified HAS-BLED score, hypertension, abnormal renal or liver function, prior stroke, bleeding history, age > 65 years, alcohol abuse,

concomitant antiplatelet/NSAIDs (no labile INR, max score 8).

EUPAS29845) is a nationwide retrospective cohort study that includes
all patients with a recorded AF diagnosis in Finland from 2004 to
2018.° Patients were identified using all the available national healthcare
registers (hospitalizations and outpatient specialist visits: HILMO; primary
healthcare: AvoHILMO; and National Reimbursement Register upheld by
Social Insurance Institute: KELA). The inclusion criterion for the cohort
was an International Classification of Diseases, Tenth Revision (ICD-10)
diagnosis code of 148 (including atrial fibrillation and atrial flutter, together
referred to as AF) recorded between 2004 and 2018 and a cohort entry
on the date of the first recorded AF diagnosis. The exclusion criteria
were permanent emigration abroad before 31 December 2018 and
age <20 years at AF diagnosis. Follow-up continued until death or 31
December 2018, whichever occurred first. The current sub-study was
conducted within a cohort of patients with incident AF between 2007
and 2018, which was established in previous studies of the FInACAF
cohort.'%"" For this cohort, to include only patients with newly diagnosed
AF, a washout period was applied by excluding those with a recorded AF
diagnosis from 2004 to 2006. Additionally, to ensure capturing the true
initiation of OAC therapy and the exclusion of patients with prior AF,
those with a filled OAC prescription from 2004 to 2006 or within a year
prior to the first AF diagnosis were excluded. Patients entering the cohort
during 2018 had <1 year of follow-up and were therefore discarded
from the analyses. In the analyses of the use of catheter ablation, patients
entering the cohort before the introduction of AF specific ablation codes
in 2010 were excluded. The patient collection process is summarized
in Supplementary material online, Figure S1, and the codes used for the
baseline comorbidities are summarized in Supplementary material online,
Table S1.

Treatment and outcome measures

Treatments and outcomes were measured as the proportion of patients
with events of interest within the first year after AF diagnosis. VWe mea-

sured the proportion of patients initiated on OAC (warfarin, apixaban,
dabigatran, edoxaban, or rivaroxaban) therapy. Additionally, we calculated
the share of DOAC initiations of all OAC initiations each year. As an
indicator of the pursuit of rhythm-control strategy, we measured the share
of patients receiving any antiarrhythmic therapy (AAT) within the first
year of follow-up, including recorded cardioversions [Nordic Classification
of Surgical Procedure (NCSP) codes: TPF20, WVAS50, WX904], catheter
ablations (NCSP codes: TPF44, TPF45, TPF46), and filled AAD prescrip-
tions (ATC code CO1B antiarrhythmics class | and lll, plus ATC code
CO07AA07 sotalol). Thereafter, we separately analysed the proportions of
patients with filled AAD prescriptions, as well as those who underwent
cardioversion or catheter ablation procedures.

Similarly, as outcome events of interest, we determined the rates of
death and ischaemic strokes, as well as gastrointestinal, intracranial, or
any severe bleeding within 1 year of follow-up after the AF diagnosis date
separately for each cohort entry year. In patients without prior events of
interest, the event was considered to occur on the first recorded diagnosis
code. In patients with prior events of interest, the event was considered to
occur in the case of a new hospitalization with the event code as the main
diagnosis when the event occurred at least 90 days after the prior event,
which had occurred before cohort entry. Only outcome diagnoses from
the aforementioned HILMO hospital register were included to ensure that
the event of interest was truly major and clinically relevant (Supplementary
material online, Table S7). Dates of death were retrieved from the National
Death Register.

Study ethics

The study protocol was approved by the Ethics Committee of the Medical
Faculty of Helsinki University, Helsinki, Finland (nr. 15/2017), and granted
research permission from the Helsinki University Hospital (HUS/46/2018).
Respective permissions were obtained from the Finnish register hold-
ers (KELA 138/522/2018; THL 2101/5.05.00/2018; Population Register
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Centre VRK/1291/2019-3; Statistics Finland TK-53-1713-18/u1281; and
Tax Register VH/874/07.01.03/2019). Patients’ identification numbers
were pseudonymized, and the research group received individualized but
unidentifiable data. Informed consent was waived due to the retrospective
registry nature of the study. The study conforms to the Declaration of
Helsinki as revised in 2013.

Statistical analysis

A linear-by-linear x? test was used to assess the correlation between year
of AF diagnosis and categorical variables, and the Spearman’s correlation
test was used to analyse continuous variables. The presence of linear tem-
poral trends in the treatment and outcome measures was assessed first,
visually and, subsequently, statistically by computing risk ratios for each
cohort entry year using the Poisson regression. Additionally, we calculated
adjusted risk ratios by fitting the Poisson regression with a CHA; DS,-VASc
score, including congestive heart failure, hypertension, age > 75 years,
diabetes, history of stroke or transient ischaemic attack, vascular disease,
age 65-74 years, and sex category. Thereafter, we further adjusted the
mortality analyses with prior ischaemic stroke during follow-up to assess
the impact of possible changes in the rate of ischaemic stroke on all-cause
mortality. Statistical analyses were performed with the IBM SPSS Statistics
software (Version 27.0, SPSS, Inc., Armonk, NY).

Results

Patient characteristics

We identified 206 909 patients [50.1% female; mean age 72.6 (SD
13.3) years] with incident AF from 2007 to 2017. The annual number
of patients with a new AF diagnosis, as well as the mean age of
patients and the overall prevalence of comorbidities at the time of
AF diagnosis increased steadily during the study decade. Likewise,
continuous increases were observed in both the mean HAS-BLED
and CHA;DS,-VASc scores (Table 1).

Treatments

The initiation of OAC therapy increased progressively over the ob-
servation period (Figure 1, Table 2, Supplementary material online,
Tables S2 and S3). The increase in OAC use was targeted at patients
with a moderate or high risk of stroke and reached an initiation
rate of 80% in high-risk patients in 2017 (Supplementary material
online, Figure S2). One third of low-risk patients used OAC during
the entire study period, but 1 quarter of these low-risk patients filled
only 1 OAC prescription (Supplementary material online, Figure S3).
A rapid increase in the share of DOACs as the initial anticoagulant
was observed from 2015 onward (Figure 1).

Nonlinear temporal trends were observed in the use of rhythm-
control therapies. The use of any AAT increased until 2013, but
thereafter; AAT use showed a decreasing trend (Table 2, Supplemen-
tary material online, Tables S2 and S3, Supplementary material online,
Figure S4). This change was driven mainly by the more infrequent
use of cardioversions, especially among patients over 65 years of
age (Supplementary material online, Figure S5). A decreasing trend in
the use of AADs was observed during the entire study period while
the proportion of patients undergoing catheter ablation during the
first year of AF increased steadily after 2010 (Table 2, Supplementary
materials online, Tables S2 and S3, Supplementary material online,
Figure S4).

Outcomes

Decreasing trends were observed for mortality and the occurrence
of ischaemic stroke within the year after AF diagnosis in both the ad-
justed and adjusted analyses (Table 2, Supplementary material online,
Tables S2 and $3, Figure 2). The decreases in mortality and ischaemic
stroke rates were most evident among patients aged over 75 years

Share of DOACs as the initial anticoagulant
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Initiation of oral anticoagulation (OAC) within 1-year follow-up after atrial fibrillation diagnosis (left panel) and the share of direct oral anticoagulation (DOAC) as the initial anticoagulant

Figure I.

(right panel), with 95% confidence intervals.
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Mortality

Proportion of patients with events (%9

Ischemic stroke

Proportion of patients with events (39
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Year of AF diagnosis
Error bars: 95% C1

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
Year of AF diagnosis
Error bars: 95% C1

Figure 2. Mortality (left panel) and ischaemic stroke (right panel) within 1-year follow-up after atrial fibrillation diagnosis, with 95% confidence

intervals.
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Gastrointestinal bleeding
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Error bars: 95% CI

Intracranial bleeding
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Error bars: 95% CI
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Figure 3. Bleeding events within 1-year follow-up after atrial fibrillation diagnosis, with 95% confidence intervals.

(Supplementary material online, Figure $6). On the other hand, a small
concomitant increase in the rate of any bleeding events was observed
during the study period but not in the rates of gastrointestinal bleeding
and intracranial bleeding (Table 2, Supplementary material online,
Tables S2 and S3, and Figure 3).

Discussion

This nationwide study documented major temporal changes in the
treatment and outcomes of patients with incident AF in Finland from
2007 to 2017. Stroke prevention with OACs increased continuously
during the study period, and the rapid adoption of DOACs as the
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initial anticoagulant was observed from 2015 onward. The increase in
OAC use was accompanied by considerable reductions in mortality
and ischaemic stroke rates, as well as a marginal increase in bleeding
events.

To the best of our knowledge, this is the first study describing
temporal trends in AF treatments and outcomes in a nationwide study
sample covering all patients with AF from all levels of care.” Previous
studies on this topic may have been prone to selection and informa-
tion biases due to the selected patient populations and the inclusion
of only hospital-level data.'>'* Moreover, patients treated solely in
primary care are typically older high-risk individuals, and the lack of
primary-care data may significantly compromise the general interpre-
tation of these findings. Importantly, the observation period in most
previous studies did not cover the DOAC era.'>' Therefore, the
findings of the current study substantially increase our understanding
of the real-life implementation of the clinical practice guidelines and
concomitant changes in the prognosis for AF on a nationwide level.

The underuse of OAC therapy was common in the beginning of
our study period, which is in agreement with reports from the early
2000s, when less than half of high-risk patients were using OACs.'?"®
After the introduction of the CHADS,; score into the AHA/ACC/ESC
Guidelines in 2006, a continuous increase in OAC coverage was
observed, in concordance with trends from several other countries.?
After the introduction of the CHA,DS,-VASc score into the 2010
ESC Guidelines to broaden the use of anticoagulation, especially in
the age 65-75 age group, the increase in OAC use accelerated and
became concentrated in patients with a moderate or high risk of
ischaemic stroke, and up to 80% of high-risk patients were using OAC
in 2017. These findings show that the guideline recommendations
for OAC therapy were implemented into clinical practice relatively
quickly, especially when considering that patients treated solely in
primary care were also included in our study. The observed OAC
coverage in 2017 seems favourable when compared with a systematic
review of stroke prevention in AF cases reporting that only 50-70%
of patients at a high stroke risk were treated with OACs during
the same time period.”> DOACs were favoured over VKA in the
2012 ESC guidelines, and thus, the emergence of DOACs into the
mainstream of stroke prevention in Finland seems somewhat late and
was hastened only after a number of decisions raising reimbursement
rates for DOACs in patients with AF from 2013 to 2015 in Finland.6
One alarming observation was that almost 30% of low-risk patients
received OACs, with no decreasing trend over time, although missing
information on existing stroke risk factors in our data may have
contributed to this figure. This finding is, however, in accordance
with a previous report from the early 2000s showing that the futile
use of OAC was common, especially in middle-aged men with AF.'®
Nevertheless, 1 quarter of these low-risk OAC initiators filled only
1 prescription, likely due to cardioversion or another temporary
indication for anticoagulation.

The overall use of rhythm-control therapies reached its peak in
2013, with a decreasing trend thereafter. This trend was largely driven
by the decreasing use of cardioversion in elderly patients. Varying
trends regarding the utilisation of the rhythm-control strategy have
also been described in earlier studies assessing patterns in AF treat-
ment."”~"% In the early 2000s, the AFFIRM and RACE trials observed
no outcome benefits from rhythm control as compared with the
rate-control strategy, and subsequently, decreasing trends regarding
the use of cardioversion were reported.m'm21 Thereafter, in 2010,
European Society of Cardiology guidelines recommended rate control
as the initial approach in elderly AF patients with minor symptoms,
particularly in the presence of comorbidities that would hamper the
success of the rhythm-control strategy.® This approach was also
endorsed by the national guidelines on AF management published in
2011.22 Indeed, the decreasing use of AATs in patients older than
65 years of age after 2013 is likely due to the implementation of
these guidelines in the aging patient population, with an increasing

prevalence of comorbidities. On the other hand, we observed a
clear increase in the use of catheter ablation during the first year
after AF diagnosis, which is in concordance with trends in other
countries and reflects the mounting evidence regarding the efficacy
of the procedure, as well as technological advances and increasing
availability, during the study period.”-8123 Although the proportion
of patients receiving rhythm control therapies decreased toward the
end of our study period, due to the increasing number of patients
with incident AF, the number of treated patients remained unchanged,
indicating that the healthcare resources used for the maintenance of
sinus rhythm have not meaningfully changed during the last years of
our observation period (Supplementary material online, Table S2).

The prognosis for patients with AF seems to have improved dra-
matically in Finland during the study period. Indeed, notwithstanding
the rising age and baseline risk scores of the patients with newly
diagnosed AF, their 1-year mortality decreased by 20%, and their
ischaemic stroke risk was more than halved. The improvements in
prognosis were most profound among elderly patients, that is, those
over 75 years of age. These findings are likely, at least in part, explained
by the increased use of OAC therapy among the high-risk patients.
The decline in the mortality risk estimates attenuated, but remained
clearly significant, after controlling for ischaemic stroke events dur-
ing follow-up, indicating that the decrease in the all-cause mortality
is partly, but not entirely, mediated by the reduction in ischaemic
stroke rate (Supplementary material online, Table S3). Moreover, the
treatment of other cardiovascular comorbidities in patients with AF
has most likely improved concurrently. Furthermore, improvements in
diagnostics may have led to earlier detection of AF, allowing for earlier
initiation of stroke prevention and other interventions endorsed by
the clinical practice guidelines.* The findings regarding an improved
prognosis for AF patients are in line with the previous literature.?>~28
Interestingly, since the rapid adoption of DOACs in 2015, the risk of
ischaemic stroke has remained static. Importantly, despite rising bleed-
ing risk scores and the higher use of OAC therapy, only a marginal
increase in bleeding events was observed, with no significant increase
in intracranial bleeds, suggesting a clear net benefit for increased OAC
utilisation.

The most important limitations of our study are related to its
retrospective registry-based study design. Thus, our results represent
temporal associations, not necessarily causal relationships between
patient characteristics, treatments, and outcomes. Additionally, since
the ICD-10 codes specifying AF subtypes were implemented into
clinical practice in Finland only after our observation period, we
were unable to distinguish patients with different AF subtypes or
atrial flutter in our study cohort?’ This limits especially the in-
terpretation of the trends in the use of rhythm control therapies.
Moreover, information bias may be present due to unmeasured
or inappropriately recorded data, although the healthcare registries
used are well-validated and have relatively high diagnostic accuracy,
especially regarding cardiovascular diseases.’*" Increasing trends re-
garding baseline comorbidities may be partly related to developments
in diagnostics, as well as differences in the available timespan of
the medical records prior to AF diagnosis. A major strength of
our study is the complete nationwide study sample covering all
patients diagnosed with AF in Finland from all levels of care. The
used Finnish national healthcare registers are mandatory and, there-
fore, provide virtually complete data on healthcare visits and filled
prescriptions.

In conclusion, this retrospective cohort study documented that
the utilisation of OAC therapy in patients with newly diagnosed
AF has improved considerably between 2007 and 2017 in Finland.
This development in stroke prevention has been accompanied by an
improved prognosis in terms of decreasing 1-year mortality and is-
chaemic stroke rates, especially among elderly patients. Furthermore,
the increase in OAC use seems not to have resulted in a meaningful
increase in adverse bleeding events.
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