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Abstract
Aims: To investigate sex-specific temporal trends in the initiation of oral antico-
agulant (OAC) therapy among patients diagnosed with atrial fibrillation (AF) in 
Finland between 2007 and 2018.
Methods: The registry-linkage Finnish AntiCoagulation in Atrial Fibrillation 
(FinACAF) Study included all patients with incident AF in Finland from 2007 to 
2018. The primary outcome was the initiation of any OAC therapy.
Results: We identified 229,565 patients with new-onset AF (50.0% women; mean 
age 72.7 years). The initiation of OAC therapy increased continuously during the 
observation period. While women were more likely to receive OAC therapy over-
all, after adjusting for age, stroke risk factors and other confounding factors, fe-
male sex was associated with a marginally lower initiation of OACs (unadjusted 
and adjusted hazard ratios comparing women to men: 1.08 (1.07–1.10) and 0.97 
(0.96–0.98), respectively). Importantly, the gender disparities in OAC use attenu-
ated and reached parity by the end of the observation period. Furthermore, when 
only patients eligible for OAC therapy according to the contemporary guidelines 
were included in the analyses, the gender inequalities in OAC initiation appeared 
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1   |   INTRODUCTION

Atrial fibrillation (AF) is the most common cardiac ar-
rhythmia, affecting up to 5.2% of the adult population.1 
It represents a major cause of ischemic stroke and is in 
addition associated with dementia, hospitalizations and 
higher mortality.2,3 Fortunately, oral anticoagulant (OAC) 
therapy can effectively mitigate the risk of stroke and 
death in patients with AF at risk of stroke. Despite the 
well-established benefits of OAC therapy, its underuse 
in patients with AF is common, and profound disparities 
in stroke prevention have been reported among patient 
groups defined by characteristics such as age, race, socio-
economic status and mental health conditions.4–12

A higher risk of ischemic stroke in women compared 
to men was evident in the early OAC trials and has been 
later confirmed in observational studies.13,14 Therefore, 
in 2010, female sex was incorporated into the CHA2DS2-
VASc stroke risk score, which was subsequently adopted 
to the guidelines on AF management and became widely 
used in clinical practice.15–17 Thereafter, a growing body 
of evidence elucidated that female sex functions more as 
a risk modifier rather than as an independent risk factor, 
resulting in updates to the guidelines on OAC therapy 
in 2016, recommending OAC therapy for women with 
CHA2DS2-VASc score ≥3 instead of ≥2.18–20

Sex-related disparities have been reported in the man-
agement and prognosis of several medical conditions.21–24 
Likewise, there are reports of lower use of OAC therapy 
among women compared to men in patients with AF.4 
While the use of stroke prevention in patients with AF 
has increased substantially during the past two decades, 
there is a paucity of information on sex-specific temporal 
trends in the use of OAC therapy, and how the incorpora-
tion of female sex in the stroke risk scores and the updates 
in the guidelines have translated into clinical practice of 
stroke prevention in men and women.25 Therefore, we 
conducted a nationwide cohort study covering all patients 
with incident AF in Finland to explore the developments 

in the initiation of OAC therapy among men and women 
between 2007 and 2018.

2   |   METHODS

2.1  |  Study population

The Finnish AntiCoagulation in Atrial Fibrillation 
(FinACAF) Study (ClinicalTrials Identifier: NCT04645537; 
ENCePP Identifier: EUPAS29845) is a nationwide ret-
rospective cohort study that includes all patients docu-
mented with AF in Finland from 2004 to 2018.26 Patients 
were identified using all available national healthcare reg-
isters, including hospitalizations and outpatient specialist 
visits (HILMO), primary healthcare (AvoHILMO), and 
the National Reimbursement Register maintained by the 
Social Insurance Institute (KELA). The cohort inclusion 
criterion was an International Classification of Diseases, 
Tenth Revision (ICD-10) diagnosis code of I48, encom-
passing AF and atrial flutter, collectively referred to as 
AF, recorded between 2004 and 2018. Exclusion criteria 
encompassed permanent emigration abroad before 31 
December 2018, and age below 20 years at AF diagnosis. 
The present sub-study was conducted within a cohort of 
patients with incident AF from 2007 to 2018, established in 
previous studies of the FinACAF cohort.25,27,28 Follow-up 
started from the initial AF diagnosis and continued until 
the initiation of OAC therapy, death or 31 December 2018, 
whichever came first.

The management of AF evolved considerably during 
our study period. The European Society of Cardiology 
(ESC) published guidelines revising the recommendations 
on OAC therapy at the end of August in both 2010 and in 
2016.17,18 To account for these changes, and to conduct a 
focused examination of potential disparities in the real-
world adoption of clinical practice guidelines, we selected 
a subset of patients who were recommended to receive 
OAC therapy across the study period, considering the 

minimal. Implementation of direct OACs for stroke prevention was slightly 
slower among women.
Conclusion: This nationwide retrospective cohort study covering all patients 
with incident AF in Finland from 2007 to 2018 observed that although female sex 
was initially associated with a lower initiation of OAC therapy, the sex-related 
disparities resolved over the course of the study period.
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guidelines effective from 1 September in 2010 and 2016. 
In other words, we considered OAC therapy to be recom-
mended for patients with baseline CHADS2 score ≥2 until 
1 September 2010, followed by CHA2DS2-VASc score ≥2 
until 1 September 2016, and thereafter, CHA2DS2-VASc 
score ≥2 for men and CHA2DS2-VASc score ≥3 for women.

Data on baseline comorbidities were obtained from 
the aforementioned healthcare registers. The process 
of cohort construction is summarized in Figure  S1, and 
the definitions of baseline comorbidities are presented in 
Table S1.

2.2  |  Initiation of OAC

The primary outcome was the initiation of OAC therapy, 
which was considered to occur on the date of the first ful-
filled OAC (warfarin, apixaban, dabigatran, edoxaban or 
rivaroxaban) prescription after the cohort entry. The data 
on fulfilled prescriptions were obtained from nationwide 
data covering all pharmacy purchases.

2.3  |  Study ethics

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

2.4  |  Statistical analyses

We calculated unadjusted and adjusted hazard ratios 
(HRs) with 95% confidence intervals for the initiation of 
OAC therapy in the overall cohort, as well as in the subset 
of OAC eligible patients, with the cause-specific Cox haz-
ards regression with all-cause death treated as a compet-
ing event. The visual assessment of the log-negative log 
survival curves indicated that the proportional hazards as-
sumption was met. Adjusted HRs were computed in two 
consecutive models, with the Model 1 including calendar 
year of AF diagnosis and factors of the CHA2DS2-VASc 

score (age as a categorical variable in 10-year intervals, hy-
pertension, diabetes, heart failure, prior ischemic stroke 
or transient ischemic attack and vascular disease). The 
Model 2 included additionally the following variables: 
prior bleeding, alcohol use disorder, renal failure, liver cir-
rhosis or failure, cancer, dementia, psychiatric disorders 
and income level (divided into tertiles). Furthermore, we 
generated Kaplan–Meier curves to depict the cumulative 
incidence of OAC initiation.

Subsequently, the regression was fitted with an inter-
action term between the year of AF diagnosis and sex to 
assess whether the association of sex and OAC initiation 
changes according to the cohort entry year. As a significant 
interaction was observed, annual unadjusted and adjusted 
HRs were computed in the overall cohort, as well as in 
the subset of patients eligible for OAC therapy according 
to the contemporary guidelines. The adjusted analyses for 
annual HRs included the variables of the abovementioned 
Model 2. Additionally, we assessed the proportion of men 
and women initiating OAC therapy within the first year 
after AF diagnosis (patients diagnosed with AF in 2018 
were excluded in this analysis, since they had less than 
1 year of follow-up).

Moreover, unadjusted and adjusted odds ratios for initi-
ating OAC therapy with direct oral anticoagulant (DOAC) 
were computed using binary logistic regression, including 
only patients who initiated OAC therapy during the fol-
low-up period. The adjusted analyses in the binary logistic 
regression included the same variables as the abovemen-
tioned Model 2 with Cox regression. Baseline variables 
were compared using the Chi-squared test and Student's 
t-test. Statistical analyses were conducted using IBM SPSS 
Statistics software version 28.0 (SPSS, Inc.) and R version 
4.0.5 (R Core Team, Vienna, Austria; https://www.R-proje​
ct.org).

3   |   RESULTS

We identified 229,565 patients with new-onset AF 
(50.0% women; mean age 72.7 years; mean follow-up 
time 1.4 years). When compared to men, women were 
older, had a higher risk of stroke, lower income and less 
frequently history of alcohol abuse or bleeding events 
(Table  1). According to the contemporary guidelines 
on AF management, the proportion of patients recom-
mended to receive OAC therapy was consistently higher 
in women across the study period. The proportion of OAC 
eligible patients increased considerably after the 2010 ESC 
guidelines for both men and women, with the proportion 
in women reaching as high as 96.2% in 2015, followed by 
a decrease in women after the 2016 ESC guideline to the 
level of 87.1% (Figure 1).
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The crude proportion of patients initiating OACs 
within the first year after AF diagnosis increased contin-
uously during the observation period in both men and 
women (2007–2017: from 44.4% to 74.6% in men and from 
42.9% to 78.1% in women). In the overall cohort, among 
patients under 65 years at the diagnosis of AF, women 
were less likely than men to start OAC therapy within the 
first year after AF diagnosis throughout the observation 
period. Among patients aged 65–74 years, women were 
marginally less likely to initiate OACs compared to men 
until 2012, and thereafter, women exhibited a higher like-
lihood of OAC initiation. Among patients aged 75 years 

or more, the crude gender disparities in OAC initiation 
within 1-year follow-up were minimal (Figure S2). Among 
the subset of patients eligible for OAC therapy, women 
were initially less likely to start OACs, but the disparities 
attenuated over the course of the study period (Figure 2). 
Women were also slightly less likely to initiate OAC ther-
apy with DOAC throughout the study period both in the 
unadjusted and adjusted analyses (adjusted odds ratio 
with 95% confidence interval 0.96 [0.93–0.99]; Figure S3, 
Table S2).

During the whole observation period, in the overall 
cohort, women were more likely to receive OAC therapy 

Women Men

n = 114,823 n = 114,747 p-value

Mean age, years 76.6 (11.8) 68.9 (13.4) <0.001

Income quartiles <0.001

First (lowest) 46.0 22.1

Second 33.2 31.8

Third (highest) 20.7 46.1

Comorbidities

Any vascular disease 27.0 29.1 <0.001

Diabetes 20.7 22.5 <0.001

Dyslipidemia 49.1 46.5 <0.001

Heart failure 19.3 15.4 <0.001

Hypertension 80.4 67.9 <0.001

Prior IS or TIA 16.8 14.0 <0.001

Abnormal liver function 0.4 0.6 <0.001

Abnormal renal function 3.6 4.4 <0.001

Alcohol use disorder 1.6 6.3 <0.001

Cancer 22.1 19.1 <0.001

Dementia 6.7 3.6 <0.001

Prior bleeding 9.1 12.3 <0.001

Psychiatric disorder 13.4 13.6 0.05

Risk scores

Mean modified HAS-BLED 
score

2.6 (0.9) 2.4 (1.1) <0.001

Mean CHA2DS2-VASc score 4.2 (1.6) 2.6 (1.8) <0.001

Stroke risk categories <0.001

Low stroke risk 4.3 12.4

Moderate stroke risk 10.7 17.7

High stroke risk 85.0 70.0

Note: Values denote proportions (%) or mean (standard deviation). Abbreviations: CHA2DS2-VASc score, 
congestive heart failure (1 point), hypertension (1 point), age ≥ 75 years (2 points), diabetes (1 point), 
history of stroke or TIA (2 points), vascular disease (1 point), age 65–74 years (1 point), sex category 
(female) (1 point); IS, ischemic stroke; modified HAS-BLED score, hypertension (1 point), abnormal renal 
or liver function (1 point each), prior stroke (1 point), bleeding history (1 point), age > 65 years (1 point), 
alcohol abuse (1 point), concomitant antiplatelet/NSAIDs (1 point) (no labile INR, max score 8); TIA, 
transient ischemic attack. Stroke risk categories based on CHA2DS2-VASc score: low 0 in men and 0–1 in 
women; moderate 1 in men and 2 in women; high >1 in men and >2 in women.

T A B L E  1   Baseline characteristics of 
the study cohort.
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when compared to men (Table 2 and Figure S4). However, 
after adjusting for age and stroke risk factors (Model 1), 
this association resolved completely, and after further ad-
justing for confounding factors (Model 2), female sex was 
associated with a slightly lower rate of OAC initiation. 
These adjusted associations were similar in the subset of 

patients eligible for OAC therapy, but in this patient group 
female sex was associated with a lower OAC initiation rate 
also before adjustments (Table 2).

A significant interaction between AF diagnosis year 
and sex was observed (p < 0.001). In the overall cohort, the 
annual unadjusted hazard of OAC initiation was higher 

F I G U R E  1   Trends in the proportion of patients eligible for OAC therapy according to the contemporary guidelines (CHADS2 score ≥2 
until 1 September 2010, followed by CHA2DS2-VASc score ≥2 until 1 September 2016, and thereafter CHA2DS2-VASc score ≥2 for men and 
CHA2DS2-VASc score ≥3 for women).

F I G U R E  2   Trends in the initiation of OAC therapy within 1-year follow-up from AF diagnosis among patients eligible for OAC therapy 
according to the contemporary guidelines.
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in women compared to men throughout the observation 
period, peaking in 2015. However, the adjusted HRs for 
women were lower until 2012, showing a marginal in-
crease above that of men in 2015 and subsequently return-
ing to a level comparable to men in the end of the study 
period (Figure 3). In the subset of patients eligible for OAC 
therapy according to the contemporary ESC guidelines, 
the unadjusted hazard of OAC initiation was lower in 
women compared to men until 2014 and thereafter com-
parable with men. After adjusting for confounding factors, 
female sex was associated with a lower OAC initiation rate 
only from 2010 to 2013, while displaying otherwise a com-
parable hazard to men (Figure 4).

4   |   DISCUSSION

This nationwide retrospective cohort study investigated 
sex-related disparities in the initiation of OAC therapy 
among patients diagnosed with AF in Finland between 

2007 and 2018. While women were overall slightly more 
likely to receive OAC therapy, this seemed to be driven 
by their higher age and stroke risk. In the adjusted anal-
yses covering the whole study period, female sex was 
associated with a marginally lower initiation of OAC 
therapy. However, the gender disparities appeared to be 
more pronounced in the first half of the study period, 
eventually reaching parity during the observation pe-
riod. Additionally, we observed that the broad adoption 
of DOACs for stroke prevention was slightly slower in 
women than in men.

To the best of our knowledge, this is the first study to 
investigate sex-specific temporal trends in the utilization 
of OAC therapy within a nationwide study sample en-
compassing all patients with AF from all levels of care.26 
Prior research in this area may have been susceptible to 
selection and information biases stemming from limited 
patient populations and reliance on only hospital-level 
data.4,29–31 Indeed, patients treated solely in primary care 
are typically older high-risk individuals, and the lack of 

T A B L E  2   Initiation of OAC therapy in men and women during the overall study period.

Events
Patient years 
(1000 years)

Incidence (per 
patient year) Unadjusted HR

Adjusted HR 
(Model 1)

Adjusted HR 
(Model 2)

Overall cohort

Men 79,743 177 0.45 (0.45–0.45) (Reference) (Reference) (Reference)

Women 82,112 144 0.57 (0.56–0.57) 1.08 (1.07–1.10) 1.00 (0.99–1.01) 0.97 (0.96–0.98)

Patients eligible for OAC therapy

Men 55,895 62 0.90 (0.89–0.91) (Reference) (Reference) (Reference)

Women 72,040 93 0.78 (0.77–0.78) 0.94 (0.93–0.95) 1.00 (0.99–1.01) 0.97 (0.96–0.98)

Abbreviation: HR, hazard ratio.
Note: 95% confidence intervals in parenthesis. HRs estimated by cause-specific hazards with all-cause death as competing event. Model 1 adjusted for calendar 
year of AF diagnosis, age, hypertension, diabetes, heart failure, prior ischemic stroke or transient ischemic attack and vascular disease and Model 2 additionally 
for prior bleeding, alcohol use disorder, renal failure, liver cirrhosis or failure, cancer, dementia, psychiatric disorders and income level (divided into tertiles).

F I G U R E  3   Unadjusted (left panel) and adjusted (right panel) hazard ratios with 95% confidence intervals of OAC initiation comparing 
women to men (red line as reference) according to the year of AF diagnosis in the overall cohort.
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primary-care data may significantly compromise the gen-
eral interpretation of previous findings. Thus, the present 
study's findings substantially enhance our understanding 
of the real-life implementation of clinical practice guide-
lines regarding OAC utilization in men and women with 
AF on a nationwide level.

Reflecting the progressively revised recommendations 
for stroke prevention in the clinical practice guidelines, 
the proportion of patients eligible for OAC therapy in-
creased considerably during the study period, especially 
among women and this was accompanied by a substan-
tial increase in OAC therapy initiation in both men and 
women.17,18 During the early stages of the study period, 
despite the more stringent indications for anticoagulation, 
underutilization of OAC therapy was prevalent, particu-
larly in women. This finding is consistent with previous 
reports from other countries indicating lower OAC utili-
zation in women compared to men.29–32 Notably, we ob-
served that by the end of the observation period, there was 
no longer an association between female sex and lower 
utilization of OACs, indicating the resolution of sex-
related disparities in stroke prevention during our study 
period. This trend may at least in parts reflect the imple-
mentation of the CHA2DS2-VASc score, which includes 
female sex as one of the risk factors.17 Furthermore, the 
increasing awareness of gender disparities in health more 
broadly may have also played a role in the observed de-
cline in the disparities in the use of OAC therapy.24 A sim-
ilar resolution of sex-related disparities in the utilization 
of OAC therapy, as observed in our study, has not been 
reported elsewhere. Furthermore, although we observed 
that the adoption of DOACs into the mainstream of OAC 
therapy was slightly slower among women, meaningful 
gender disparities in the overall use of OAC therapy were 
no longer seen in the DOAC era.

The adjusted sex-related disparities in OAC use at the 
beginning of the study period were more evident when all 
patients with incident AF were included in the analyses, 
as compared to the analyses covering only the patients el-
igible for anticoagulation according to the contemporary 
guidelines (Figures 3 and 4). Thus, although it seems ret-
rospectively that stroke prevention was inferior in women 
compared to men during the early stages of the study 
period, there actually appears to have been only small 
gender inequality in the implementation of the clinical 
practice guidelines of the time. Indeed, in the subset of 
OAC eligible patients, signals of gender inequality were 
observed only from 2010 to 2013, possibly reflecting the 
rise in the proportion of women recommended to receive 
OACs and a slow implementation of the 2010 guidelines. 
Additionally, the initially lower OAC use in women eligi-
ble for OAC therapy appears to be largely explained by fac-
tors other than sex, as gender disparities was not observed 
during the first years of the study period in the adjusted 
analyses.

A particular strength of the current study is the cov-
erage of all patients diagnosed with AF from all levels 
of care in Finland, enabling a uniquely comprehensive 
view of real-life treatment patterns on a nationwide 
level. Nevertheless, the limitations of our study need 
to be acknowledged, the most important of which are 
the challenges inherent in register-based retrospective 
cohort studies. Thus, information bias may be present 
in the used administrative data due to inaccurate re-
cording. Furthermore, while the data we used included 
comprehensive information on claimed prescriptions, 
encompassing all OAC purchases nationwide, we did not 
have information on whether the patients actually took 
the purchased medications. We also lacked information 
on the specific subtypes of AF, including atrial flutter, 

F I G U R E  4   Unadjusted (left panel) and adjusted (right panel) hazard ratios with 95% confidence intervals of OAC initiation comparing 
women to men (red line as reference) according to the year of AF diagnosis including only patients recommended to receive OAC therapy 
according to the contemporary guidelines.
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but the subtype does not meaningfully affect the need 
of OAC therapy. Additionally, we lacked data on the 
actual patient-level reasons for withholding OAC ther-
apy. Moreover, the adjusted analyses did not incorporate 
variables related to pregnancy status or gynaecological 
bleedings. Finally, although the linked registry data al-
lowed us to adjust the regressions for a vast number of 
potentially influencing factors, the possibility of resid-
ual confounding by other unmeasured factors cannot be 
excluded.

In conclusion, this nationwide cohort study encom-
passing all patients with incident AF in Finland from 
2007 to 2018 found that although female sex was initially 
associated with a slightly lower initiation of OAC therapy, 
the sex-related disparities resolved over the course of the 
study period. Furthermore, when considering the progres-
sive updates in the recommendations for OAC therapy in 
patients with AF throughout the study period, there seems 
to have been only small gender inequality in the real-life 
implementation of the clinical practice guidelines.
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