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Aims Atrial fibrillation (AF) patients frequently require active rhythm control therapy to maintain sinus rhythm and reduce symp
tom burden. Our study assessed whether antiarrhythmic therapies (AATs) are used disproportionately between men and 
women after new-onset AF.

Methods 
and results

The nationwide Finnish anticoagulation in AF registry-based linkage study covers all patients with new-onset AF in Finland 
during 2007–2018. Study outcomes included initiation of AATs in the form of antiarrhythmic drugs (AADs), cardioversion, 
or catheter ablation. The study population constituted of 229 565 patients (50% females). Women were older than men 
(76.6 ± 11.8 vs. 68.9 ± 13.4 years) and had higher prevalence of hypertension or hyperthyroidism, but lower prevalence 
of vascular disease, diabetes, renal disease, and cardiomyopathies than men. Overall, 17.6% of women and 25.1% of men 
were treated with any AAT. Women were treated with AADs more often than men in all age groups [adjusted subdistribu
tion hazard ratio (aSHR) 1.223, 95% confidence interval (CI) 1.187–1.261]. Cardioversions were also performed less often 
on women than on men aged <65 years (aSHR 0.722, 95% CI 0.695–0.749), more often in patients ≥ 75 years (aSHR 1.166, 
95% CI 1.108–1.227), while no difference between the sexes existed in patients aged 65–74 years. Ablations were per
formed less often in women aged <65 years (aSHR 0.908, 95% CI 0.826–0.998) and ≥75 years (aSHR 0.521, 95% CI 
0.354–0.766), whereas there was no difference in patients aged 65–74 years.

Conclusion Women used more AAD than men in all age groups but underwent fewer cardioversion and ablation procedures when aged 
<65 years.
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Sex- and age-specific differences in the use of antiarrhythmic therapies
among atrial fibrillation patients: a nationwide co hort study

229 565 patients with incident AF in Finland 2007–2018 (ablation cohort 2011–2018: 164 055)
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What’s new?

• In this nationwide cohort including patients from all levels of care, 
the crude cumulative incidence of any antiarrhythmic therapies 
was lower in females than in men: 17.6% vs. 25.1% partly explained 
by their older age at initial atrial fibrillation diagnosis.

• Among patients aged <65 years, the crude cumulative incidence of 
any antiarrhythmic therapies was lower in women than in men 
(36.1% vs. 40.3%) as women underwent less often cardioversion 
and ablation procedures despite having more frequent use of antiar
rhythmic drugs (mainly flecainide).

• Women had higher likelihood of receiving antiarrhythmic drugs also 
among patients aged 65–74 years whereas no difference was found 
in the utilization of cardioversion or ablation in comparison to men 
in this age group.

• Among elderly patients (≥75 years), antiarrhythmic drugs and cardi
oversion were used more often in women than men, whereas abla
tions, mostly for typical atrial flutter, were performed more often on 
men than on women.

Introduction
Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia 
in adults and is associated with severe complications such as stroke, 

heart failure, premature death, and reduced quality of life.1 Atrial fibril
lation has a significant social and economic impact as its lifetime risk 
is 33% in Europeans aged 55 years.2,3 Ageing, obesity, and other 
comorbidities (hypertension, heart failure, coronary artery disease, 
valvular heart disease, etc.) contribute to the steadily increasing AF in
cidence.1,4,5 As a result, AF prevalence has increased by 33% during the 
last 20 years and currently constituting over 37 million cases world
wide.6 During the 21st century, AF prevalence in Finland has been re
ported to be as high as 5.2% of the adult population.7,8

Men tend to have their first AF at a younger age than women, and the 
age-adjusted incidence of AF is 1.5–2.0 times higher in men than in wo
men, especially in North America and Europe.7,9–11 Asymptomatic AF 
is more common among men irrespective of age,12 while women often 
manifest higher mean heart rates during AF, experience more symp
toms, and lower quality of life.9,13–19 Rhythm control with antiarrhyth
mic therapies (AATs) is indicated to control symptoms in selected AF 
patients, and early rhythm control therapy has been associated with a 
lower risk of adverse cardiovascular outcomes.20 However, lesser like
lihood of AAT utilization has been reported among women, despite 
being more symptomatic and at a higher risk of developing heart 
failure.16,19,21,22

Our study explored whether the utilization of AAT or any of its mo
dalities [antiarrhythmic drugs (AADs), cardioversion, and catheter abla
tion] differs between men and women among different age groups 
(<65, 65–74, and ≥75 years) in Finland.
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Methods
Study cohort and data acquisition
This study was conducted within the Finnish anticoagulation in atrial fibril
lation (FinACAF) study (ClinicalTrials identifier: NCT04645537; ENCePP 
identifier: EUPAS29845), a nationwide retrospective registry-based data 
linkage study of AF patients in Finland.7 Patients were identified from three 
national healthcare registers to cover all new patients with AF in Finland 
(hospitalizations and outpatient visits: HILMO; primary health care: 
AvoHILMO; and National Reimbursement Register upheld by Social 
Insurance Institute: KELA). Income data were obtained from the Finnish na
tional Tax Register and data on the highest achieved educational level and 
mortality from Statistics Finland.

The inclusion criterion for the FinACAF register was an International 
Classification of Diseases, Tenth Revision (ICD-10) diagnosis code I48 
(including AF and atrial flutter), recorded in any of the registers during 
2004–2018. The exclusion criteria were age under 20 years at the time 
of first AF diagnosis (new-onset AF) and permanent migration abroad be
fore 1 January 2019. This substudy focused on patients with new-onset 
AF, and therefore, patients with a recorded AF diagnosis or any oral anti
coagulant purchase during 2004–2006 or within a year before the first 
AF diagnosis were excluded. Procedure-specific codes for ablation of AF 
and atrial (typical and atypical) flutter were introduced in Finland in 2010, 
and therefore, analyses of ablation of these arrhythmias were restricted 
to patients entering the cohort during 2011–2018 (ablation cohort). 
Figure 1 demonstrates patient selection and distribution.

Study protocol and outcomes
Follow-up began on the date of first recorded AF diagnosis during 2007– 
2018 and continued until death, 31 December 2018, or an outcome event, 
whichever occurred first. The outcomes of interest in the present study 
were the utilization of any AAT including all rhythm control modalities: 
AADs (Classes I and III), cardioversion, or AF catheter ablation (NSCP 
codes TFP44–46). Outcomes were considered to occur on the first date 
of fulfilled AAD prescription or recorded procedure code. Anatomical 
therapeutic chemical codes were used for identifying AAD prescriptions 
and Nordic classification of surgical procedures for catheter ablation and 
cardioversion procedures from different registries (see Supplementary 
material online, Tables S1–S3).

Study ethics
Personal identity codes are given to every resident in Finland, and they are 
used in all official registers, which allows reliable deterministic record linkage 
between different registers. The research group received individualized, but 
unidentifiable data including pseudonymized patient’s identification num
bers. No patients were contacted at any phase of the study, and therefore, 
informed consent was waived. The study protocol was approved by the 
ethics committee of the Medical Faculty of Helsinki University, Helsinki, 
Finland (nr. 15/2017), and research permission was granted by the 
Helsinki University Hospital, Helsinki, Finland (HUS/46/2018). 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). The study adheres to the principles of the Declaration of 
Helsinki as revised in 2013.

Statistical analyses
The normality assumption of continuous variables was assessed visually and 
with the Kolmogorov–Smirnov test of normality. Continuous data are pre
sented as mean and standard deviation (SD) or median interquartile range 
(IQR) and categorical variables as absolute number and percentage.

Poisson regression analyses were conducted to determine the incidence 
rate ratios (IRRs) for the AAT groups. Additionally, Fine–Gray subdistribu
tion hazards competing risks analyses were performed to estimate the ef
fect of sex on the cumulative incidence of AAT initiation considering 
all-cause mortality as a competing event. The Poisson and Fine–Gray mod
els were performed in the entire cohort and separately in three distinct 
age categories (<65 years, 65–74 years, and ≥75 years), and adjustments 
were made for the following baseline covariates: age, sex, hypertension, 

congestive heart failure, diabetes, prior stroke or TIA, coronary artery 
disease, dementia, abnormal renal function, abnormal liver function, 
hyperthyroidism, cancer, alcohol abuse, psychiatric disease, valvular dis
ease, cardiomyopathy, conduction disease, pulmonary disease, sleep ap
noea, education level, income level, and the year of cohort entry.

In addition to the age-stratified analyses, we also assessed the presence of 
interaction between sex and age in the use of AATs. In these analyses, age 
was treated as a categorical variable: under 40 years, in 5-year intervals from 
40 to 90, and 90 or more (or up to 80 and then 80 or more in analyses on 
catheter ablation, as no procedures were performed in patients over 
90 years of age). The interaction analyses were performed using Poisson 
regression, fitted with the abovementioned adjusting variables.

Statistical analyses were performed with the IBM SPSS Statistics software 
(version 27.0, SPSS, Inc., Chicago, Illinois) and R (version 4.0.5, https://www. 
R-project.org).

Results
Altogether, 229 565 patients with new-onset AF during 2007–2018 were 
identified. Patients’ mean age at the time of cohort entry was 72.7 (±13.2) 
years, and 50% (114 823) of them were women (Table 1). Women were 
significantly older than men (76.6 ± 11.8 vs. 68.9 ± 13.4 years, P < 0.001). 
Hypertension and hyperthyroidism were more common among women, 
whereas men presented more frequently with diabetes, coronary artery 
disease, history of myocardial infarction, vascular diseases, cardiomyop
athies, abnormal renal function, and alcohol abuse (Table 1). The median 
CHA2DS2-VA and HAS-BLED scores did not differ between the sexes.

Use of rhythm control therapies in the 
whole cohort
Among the entire cohort, the crude cumulative incidences of any AAT 
(17.6% vs. 25.1%) including AADs (8.1% vs. 9.8%), cardioversion (12.7% 
vs. 19.6%), and ablation (1.4% vs. 2.8%) therapies were lower in women 
compared to men (Table 2 and Figure 2). After adjustment for con
founding factors, female sex remained associated with lesser likelihood 
of any AAT use [adjusted subdistribution hazard ratio (aSHR) 0.934, 
95% confidence interval (CI) 0.916–0.953], particularly cardioversion 
(aSHR 0.852, 95% CI 0.833–0.871), and AF ablation (aSHR 0.899, 
95% CI 0.831–0.972), whereas women were more likely to be treated 
with AAD (mainly flecainide) (aSHR 1.223, 95% CI 1.187–1.261) (Tables 
2 and Table 3). Among women, Class Ic drugs and among men Class III 
drugs were the most often used AADs (Table 4). Antiarrhythmic drug 
was initiated or catheter ablation performed within 1 year of the AF 
diagnosis for 7.6% of women and 9.5% of men (P < 0.001). The median 
time from AF diagnosis to ablation was longer in women compared to 
men (1.50, IQR 0.65–3.04, vs. 1.19, IQR 0.53–2.71, years, P < 0.001). 
Atrial fibrillation and typical atrial flutter ablations were the most com
mon types of ablations performed both in women (71.9 and 38.1%) and 
men (64.1 and 48.2%) (Table 4).

Use of rhythm control therapies in 
different age groups
Patients aged <65 years
Among the working age patients (<65 years), the crude cumulative inci
dences of any AAT (36.1% vs. 40.3%), cardioversion (23.8% vs. 31.2%), 
and ablation (6.2% vs. 7.0%) were lower, and the cumulative incidence 
of AAD therapy (20.5% vs. 17.6%) was higher in women compared to 
men (Table 2 and Figure 2). Women received more often Class Ic drugs, 
i.e. flecainide (15.9% vs. 11.1%), but less often Class III drug amiodarone 
(4.5% vs. 6.1%). Female sex remained associated with lesser likelihood of 
use of any AAT (aSHR 0.839, 95% CI 0.813–0.866), cardioversion (aSHR 
0.722, 95% CI 0.695–0.749), and ablation therapies (aSHR 0.908, 95% CI 
0.826–0.998) and higher likelihood to receive AADs (aSHR 1.151, 95% 
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CI 1.102–1.203) after adjustment for confounding factors in both the 
Poisson and the Fine–Gray models (Tables 2 and 3).

Patients aged 65–74 years
In patients aged 65–74 years, the crude cumulative incidences of any 
AAT (27.9% vs. 26.1%) or ablation (1.7% vs. 1.8%) did not differ be
tween the sexes, whereas incidence of AAD therapy (12.8% vs. 8.7%) 
was higher in women compared to men and cardioversion (20.4% vs. 
21.0%) lower (Table 2 and Figure 2). After adjusting for baseline charac
teristics, female sex remained associated with a higher likelihood of 
receiving any AAT in the Fine–Gray model (aSHR 1.084, 95% CI 
1.051–1.118) and higher likelihood of receiving AADs in both the 
Poisson and the Fine–Gray models (aSHR 1.584, 95% CI 1.508– 
1.663), whereas no difference was found in the utilization of cardiover
sion or ablation (Tables 2 and 3) in comparison to men.

Patients aged ≥75 years
Among elderly patients (aged ≥75 years), the crude cumulative inci
dences of any AAT (8.5% vs. 9.3%) did not significantly differ between 
women and men. The crude cumulative incidences of AAD therapy 
(2.9% vs. 3.1%) and cardioversion (6.5% vs. 6.9%) were higher in women 
compared to men whereas ablation (0.1% vs. 0.2%) was lower (Table 2
and Figure 2). Ablation therapy was rare in this age group and mainly per
formed due to typical atrial flutter (Table 4). In multivariable analyses, 
female sex was associated with higher likelihood of receiving any AAT 
(aSHR 1.141, 95% CI 1.091–1.192), AAD (aSHR 1.192, 95% CI 1.104– 
1.287) and cardioversion (aSHR 1.166, 95% CI 1.108–1.227) and lesser 

likelihood of receiving ablation (aSHR 0.521, 95% CI 0.354–0.766) after 
adjusting for confounding factors (Tables 2 and 3).

Interaction analyses
A significant interaction between age and sex was observed in the use 
of all AAT modalities (P < 0.001 for all; Figure 3). The results of the 
interaction analyses were largely consistent with the abovementioned 
analyses with age stratified in three categories, though some additional 
granularity was noted. Any AAT was used less frequently in women 
compared to men under the age of 65 years and in patients over 90 
years of age. Antiarrhythmic drugs were used more often in women 
than in men in the age range from 55 to 80, whereas among the young
est and oldest patients, women were less likely to be treated with 
AADs. For cardioversions, female sex was associated with a lower in
cidence of procedures in patients under the age of 70, as well as in those 
over 90 years of age. Finally, female sex was associated with a lower in
cidence of catheter ablations in the youngest patients under the age of 
40 and in the oldest patients over 75 years of age, but not in other age 
categories.

Use of rate control therapies
Women were treated more often with rate control drugs (beta- 
blockers, non-dihydropyridine calcium channel blockers, and digitalis) 
(P < 0.001) than men (Table 5). Pacemaker implantations and atrioven
tricular nodal ablations were more frequent among women in compari
son to men (P < 0.001).

ICD-10 diagnosis code I48 in any of the
used registries 1.1.2004–31.12.2018
(n = 411 387)

FinACAF incidence cohort 2007–2018
(n = 229 565)

Excluded (n = 181 822)

(1) < 20 years old (n = 586)

(2) Permanent migration abroad before 1.1.2019 (n = 703)

(3) Cohort entry before 1.1.2007 (n = 105 385)

(4) Warfarin use during 1.1.2004–31.12.2006 (n = 97 559)

(5) Any OAC use 365 before cohort entry (n = 100 998)

Ablation cohort 2011–2018 
n = 164 055)

Age < 65
M = 38 359 W = 16 641

Age ³ 75
M = 39 131 W = 68 081

Age 65–74
M = 37 252 W = 30 101

Age < 65
M = 25 279 W = 10 962

Age ³ 75
M = 29 145 W = 48 213

Age 65–74
M = 28 106 W = 22 350

Figure 1 Flow chart of patient inclusion, exclusion, and distribution into different age groups.
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Table 1 Baseline characteristics

All patients <65 years 65–74 years ≥75 years

Men Women Men Women Men Women Men Women
n = 114 742 n = 114 823 n = 38 359 n = 16 641 n = 37 252 n = 30 101 n = 39 131 n = 68 081

Age, mean (SD) 68.90 (13.44) 76.57 (11.79) 53.86 (9.38) 55.73 (8.70) 70.01 (3.11) 70.54 (3.08) 82.59 (4.93) 84.33 (5.41)

Hypertension 77 966 (67.9) 92 288 (80.4) 20 940 (54.6) 10 773 (64.7) 27 156 (72.9) 23 689 (78.7) 29 870 (76.3) 57 826 (84.9)

Diabetes 25 783 (22.5) 23 764 (20.7) 5842 (15.2) 2275 (13.7) 9948 (26.7) 6322 (21.0) 9993 (25.5) 15 167 (22.3)

Coronary artery disease 27 276 (23.8) 24 406 (21.3) 4178 (10.9) 1100 (6.6) 9100 (24.4) 4286 (14.2) 13 998 (35.8) 19 020 (27.9)

Other vascular disease 6417 (5.6) 5244 (4.6) 739 (1.9) 201 (1.2) 2281 (6.1) 1002 (3.3) 3397 (8.7) 4041 (5.9)

Any vascular disease 33 382 (29.1) 30 971 (27.0) 5462 (14.2) 1634 (9.8) 11 291 (30.3) 5953 (19.8) 16 629 (42.5) 23 384 (34.3)

History of myocardial 
infarction

11 053 (9.6) 8964 (7.8) 1998 (5.2) 442 (2.7) 3647 (9.8) 1605 (5.3) 5408 (13.8) 6917 (10.2)

Cardiomyopathy 2796 (2.4) 1187 (1.0) 1344 (3.5) 331 (2.0) 930 (2.5) 414 (1.4) 522 (1.3) 442 (0.6)

Hyperlipidaemia 53 331 (46.5) 56 321 (49.1) 12 080 (31.5) 4720 (28.4) 19 907 (53.4) 15 894 (52.8) 21 344 (54.5) 35 707 (52.4)

Congestive heart failure 17 718 (15.4) 22 199 (19.3) 3457 (9.0) 1091 (6.6) 5125 (13.8) 3294 (10.9) 9136 (23.3) 17 814 (26.2)

Previous ischaemic stroke 

or TIA

16 108 (14.0) 19 267 (16.8) 2446 (6.4) 1198 (7.2) 5378 (14.4) 4175 (13.9) 8284 (21.2) 13 894 (20.4)

Abnormal renal function 5029 (4.4) 4102 (3.6) 846 (2.2) 297 (1.8) 1487 (4.0) 768 (2.6) 2696 (6.9) 3037 (4.5)

Abnormal liver function 693 (0.6) 467 (0.4) 264 (0.7) 107 (0.6) 304 (0.8) 176 (0.6) 125 (0.3) 184 (0.3)

Dementia 4142 (3.6) 7642 (6.7) 106 (0.3) 51 (0.3) 529 (1.4) 488 (1.6) 3507 (9.0) 7103 (10.4)

Alcohol abuse 7641 (6.7) 1917 (1.7) 3857 (10.1) 674 (4.1) 2663 (7.1) 741 (2.5) 1121 (2.9) 502 (0.7)

Bleeding history 14 097 (12.3) 10 442 (9.1) 2658 (6.9) 844 (5.1) 4576 (12.3) 2267 (7.5) 6863 (17.5) 7331 (10.8)

Hyperthyroidism 475 (0.4) 1693 (1.5) 162 (0.4) 326 (2.0) 139 (0.4) 444 (1.5) 174 (0.4) 923 (1.4)

Cancer 21 893 (19.1) 25 359 (22.1) 2227 (5.8) 1915 (11.5) 6894 (18.5) 6032 (20.0) 12 772 (32.6) 17 412 (25.6)

Psychiatric disease 15 658 (13.6) 15 345 (13.4) 6655 (17.3) 3133 (18.8) 4919 (13.2) 4045 (13.4) 4084 (10.4) 8167 (12.0)

Pulmonary disease 20 858 (18.2) 22 774 (19.8) 5589 (14.6) 3563 (21.4) 7300 (19.6) 6750 (22.4) 7969 (20.4) 12 461 (18.3)

Sleep apnoea 6337 (5.5) 2347 (2.0) 2617 (6.8) 629 (3.8) 2619 (7.0) 1021 (3.4) 1101 (2.8) 697 (1.0)

Valvular disease 7409 (6.5) 8470 (7.4) 1577 (4.1) 672 (4.0) 2310 (6.2) 1789 (5.9) 3522 (9.0) 6009 (8.8)

Conduction disease 6135 (5.3) 6402 (5.6) 917 (2.4) 580 (3.5) 1753 (4.7) 1248 (4.1) 3465 (8.9) 4574 (6.7)

Pacemaker 3763 (3.3) 3137 (2.7) 555 (1.4) 313 (1.9) 1136 (3.0) 597 (2.0) 2072 (5.3) 2227 (3.3)

CHA2DS2-VASc score, 

median [IQR]

3 [1–4] 4 [3–5] 1 [0–2] 2 [1–2] 3 [2–4] 3 [3–4] 4 [3–5] 5 [4–6]

CHA2DS2-VA score, 

median [IQR]

3 [1–4] 3 [2–4] 1 [0–2] 1 [1–1] 3 [2–4] 2 [2–3] 4 [3–5] 4 [3–5]

Modified HAS-BLED scorea 2 [1–2] 2 [2–3] 1 [0–1] 1 [0–1] 2 [2–3] 2 [2–2] 2]2–3] 2 [2–3]

Education level

Primary school 65 411 (57.0) 78 659 (68.5) 12 775 (33.3) 4712 (28.3) 21 052 (56.5) 16 769 (55.7) 31 584 (80.7) 57 178 (84.0)

Upper secondary school 27 018 (23.5) 21 158 (18.4) 15 223 (39.7) 6559 (39.4) 8308 (22.3) 7797 (25.9) 3487 (8.9) 6802 (10.0)

Higher education 22 313 (19.4) 15 006 (13.1) 10 361 (27.0) 5370 (32.3) 7892 (21.2) 5535 (18.4) 4060 (10.4) 4104 (6.0)

Income, quintiles

1st 14 711 (12.8) 34 294 (29.9) 2153 (5.6) 1345 (8.1) 4007 (10.8) 6122 (20.3) 8551 (21.9) 26 827 (39.4)

2nd 15 680 (13.7) 24 915 (21.7) 2690 (7.0) 1483 (8.97) 4939 (13.3) 6190 (20.6) 8051 (20.6) 17 242 (25.3)

3rd 23 351 (20.4) 24 368 (21.2) 4775 (12.4) 2875 (17.3) 8632 (23.2) 7849 (26.1) 9944 (25.4) 13 644 (20.0)

4th 26 634 (23.2) 19 726 (17.2) 10 920 (28.5) 6838 (41.1) 8949 (24.0) 6237 (20.7) 6765 (17.3) 6651 (9.8)

5th 34 366 (30.0) 11 520 (10.0) 17 821 (46.5) 4100 (24.6) 10 725 (28.8) 3703 (12.3) 5820 (14.9) 3717 (5.5)

Beta-blockersb 50 925 (44.4) 62 006 (54.0) 13 026 (34.0) 6934 (41.7) 17 861 (47.9) 15 898 (52.8) 20 038 (51.2) 39 174 (57.5)
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Discussion
Our nationwide cohort study revealed that rhythm control appears to 
be less intensive among women compared to men in AF patients under 
65 years of age. In this age group, overall AATs, as well as ablation and 
cardioversion, were less frequently utilized in women, whereas they 
were treated more frequently with AADs (mainly flecainide).

The age-stratified analyses of the current study provided important 
new information on possible sex disparities in the real-life management 
of AF. Our findings signal clinically meaningful sex inequality in symptom 
control—a relevant part of ESC 2020 AF guideline recommendation of 
Atrial fibrillation Better Care (ABC) holistic treatment (‘A’ anticoagula
tion/stroke avoidance, ‘B’ symptom control, and ‘C’ cardiovascular and 
comorbidity optimization) of AF.1 Notably, it appeared that the rhythm 
control strategy was overall less often chosen in women, particularly 
among those under 65 years of age. Moreover, when rhythm control 
strategy was pursued, women were more often treated with AADs 
and less often with catheter ablation, which is unfortunate as catheter 
ablation has been shown to be more effective than AADs in reducing 
overall AF burden, as well as AF-related symptoms and hospitaliza
tions.16,23 In contrast with the current finding of lower AAT use among 
women, a prior study within the FinACAF cohort did not find meaning
ful sex disparities in the use of anticoagulation.24

The higher utilization of especially Class Ic drugs and lower use of 
amiodarone in women are most likely due to the lower prevalence 
of ischaemic and structural heart diseases in women compared to 
men.2 However, women are known to have a higher risk of side effects 
and even life-threatening ventricular arrhythmias with AADs.15,25

Unfortunately, we do not have data on adverse events related to 
AATs. Previously reported higher rate of complications after AF abla
tion in women can be mostly explained by the older age and comorbid
ity burden at the time of ablation rather than sex itself.17,26–28

Furthermore, the incidence of major procedural complications is very 
low in both men and women.

In total, ablation (for AF or atrial flutter) was performed only in 2.1% 
of the patients in the ablation cohort, but the ablations were performed 
relatively early in both men and women as approximately 65% of the 
ablations were performed within 2 years after the initial AF diagnosis. 
Rhythm control therapy with AADs or ablation was initiated less often 
within 1 year of the AF diagnosis in women than in men. This may have 
adverse prognostic implications, as early initiation of rhythm control 
therapy for AF in the recent EAST-AFNET 4 study was associated 
with lower risk of cardiovascular death, stroke, and cardiac hospitaliza
tions.20 In the subgroup analysis of the study, the benefit was at least 
comparable for women and those in the oldest tertile and especially 

pronounced in those with a high CHA2DS2-VASc score. Furthermore, 
AXAFA-AFNET 5 study showed similar short-term beneficial trends re
garding efficacy, safety, and quality of life after AF ablation for both wo
men and men.29 Women have been reported to experience more often 
AF recurrence in long-term follow-up, but they have also been older with 
more comorbidities than men.28,30 Further studies are needed to analyse 
whether reported sex differences in AF recurrence are partly explained 
by the longer delays seen in women before initiation of rhythm control 
therapies.

In the present study, 50% of the patients were women, but they 
were significantly older than men, and only 30% of patients under 65 
years were women. Evident sex difference in the age-adjusted AF inci
dence and prevalence reflects to women’s under-representation in ran
domized clinical AF trials.31,32 In addition to smaller body size and fewer 
traditional AF risk factors compared to middle-aged men, oestrogen 
plays a protective role against AF before menopause in women.4,33

Indeed, AF incidence increases rapidly in men after 50 years, whereas 
in women, this occurs approximately 10 years later.2 Additionally, adi
pokine levels which may contribute to AF perpetuation have been re
ported to be higher in women (at least in postmenopausal women).34

The recommendations between rhythm vs. rate control strategies 
were based on patient’s clinical features, symptoms, and patient prefer
ences during our study period.1,35 In general, women tend to be more 
symptomatic during AF, but they report also more atypical symptoms 
such as fatigue and dyspnoea, whereas men report more often palpita
tions and effort intolerance.36,37 In permanent AF, the lower quality of 
life in women may be due to higher age and comorbidity burden in 
comparison to men.18 Atypical symptoms in women, however, may 
predispose to failure in recognizing AF as the cause of symptoms and 
lead to rate control instead of rhythm control strategy. On the other 
hand, even with typical AF symptoms, women have been reported to 
be treated less often with rhythm control therapies compared to 
men.26,27,38 Evaluation of sex differences is clinically relevant mostly 
in patients younger than 75 years, since in older patients, rate control 
is often the most appropriate treatment strategy for both women 
and men.

Strengths and limitations
The most important strengths of our study include the large cohort 
size, comparison of three age groups, and the use of comprehensive na
tionwide healthcare registers covering uniquely all levels of care, as well 
as information of medication, socio-economic background, and income.

Our main study limitations are inherent to real-world retrospective 
register studies, such as lack of some clinical data, i.e. severity of AF 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 1 Continued  

All patients <65 years 65–74 years ≥75 years

Men Women Men Women Men Women Men Women
n = 114 742 n = 114 823 n = 38 359 n = 16 641 n = 37 252 n = 30 101 n = 39 131 n = 68 081

Non-dihydropyridine 
calcium channel 

blockersb

1334 (1.2) 2280 (2.0) 264 (0.7) 250 (1.5) 444 (1.2) 564 (1.9) 626 (1.6) 1466 (2.2)

Values are presented as absolute number (%), mean (SD), or median [IQR]. 
CHA2DS2-VASc, congestive heart failure, hypertension, age at least 75 years, diabetes, history of ischaemic stroke or transient ischaemic attack, vascular disease, age 65–74 years, sex 
category (female); HAS-BLED, hypertension, abnormal renal or liver function, prior stroke, bleeding history, labile INR, elderly, alcohol abuse or drugs predisposing to bleeding; INR, 
international normalized ratio; IQR, interquartile range; SD, standard deviation; TIA, transient ischaemic attack. 
aModified HAS-BLED score without labile INR. 
bMedication use during preceding year from index date.
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symptoms and recurrency, body mass index, left ventricular ejection frac
tion, and left atrial dimensions, which all are weighed when treatment op
tions (rhythm vs. rate control therapy) are chosen according to clinical 
practice guidelines. Additionally, data on adverse effects of AATs as 
well as the recurrence of AF were not included in the FinACAF register. 
Our relatively long study period (11 years) enabled some minor changes 
in patient selection and treatment options that may have been reflected 
in results despite relatively unchanged rhythm management guidelines. 
We treated death as a competing risk in our analyses, but we 

acknowledge that there may be other competing risks, such as inci
dence of heart failure, myocardial infarction, and bleeding events, which 
may limit the use of certain AATs, that were not accounted for.

Further prospective studies are needed to analyse whether the dif
ferences found in the utilization of AATs correlate with patient charac
teristics such as comorbidities, body mass index, and AF recurrence 
rate and AF symptoms. Otherwise, the sex differences found in this 
study, especially in patients aged under 65 years, are not justified as 
these differences may entail reduced quality of life and a higher risk 
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Figure 2 Antiarrhythmic therapies in three age groups: working age < 65 years, 65–74 years, and in the elderly ≥ 75 years. AAT, antiarrhythmic 
therapy; AAD, antiarrhythmic drugs; CV, cardioversion; Abl, ablation.
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of major outcomes in women than in men. Importantly, both the 2020 
published ABC holistic pathway recommendation and accumulating 
knowledge of prognostic effect of early initiation of rhythm control 

therapies after our study period will possibly lead to diminished sex dif
ferences in use of AATs even if atypical AF symptoms in women are not 
fully recognized.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 4 Rhythm control therapies

All patients <65 years 65–74 years ≥75 years

Male Female Male Female Male Female Male Female

Any ablation 2341 (2.8) 1101 (1.4) 1773 (7.0) 676 (6.2) 500 (1.8) 377 (1.7) 68 (0.2) 48 (0.1)

Typical atrial flutter ablation (TFP44) 1128 (1.4) 419 (0.5) 733 (2.9) 219 (2.0) 330 (1.2) 157 (0.7) 65 (0.2) 43 (0.1)

Atypical atrial flutter ablation (TFP45) 76 (0.1) 58 (0.1) 52 (0.2) 30 (0.3) 22 (0.1) 25 (0.1) 2 (0.0) 3 (0.0)

Atrial fibrillation ablation (TFP46) 1501 (1.8) 792 (1.0) 1292 (5.1) 538 (4.9) 206 (0.7) 248 (1.1) 3 (0.0) 6 (0.0)

Class Ia 108 (0.1) 78 (0.1) 46 (0.1) 21 (0.1) 36 (0.1) 28 (0.1) 26 (0.1) 29 (0.0)

Quinidine 49 (0.0) 19 (0.0) 13 (0.0) 4 (0.0) 18 (0.0) 4 (0.0) 18 (0.0) 11 (0.0)

Disopyramide 59 (0.1) 59 (0.1) 33 (0.1) 17 (0.1) 18 (0.0) 24 (0.1) 8 (0.0) 18 (0.0)

Class Ic 5872 (5.1) 5735 (5.0) 4258 (11.1) 2648 (15.9) 1375 (3.7) 2443 (8.1) 239 (0.6) 644 (0.9)

Flecainide 5825 (5.1) 5702 (5.0) 4241 (11.1) 2640 (15.9) 1357 (3.6) 2434 (8.1) 227 (0.6) 628 (0.9)

Propafenone 87 (0.1) 72 (0.1) 46 (0.1) 27 (0.2) 27 (0.1) 26 (0.1) 14 (0.0) 19 (0.0)

Class III 6273 (5.5) 4419 (3.8) 3248 (8.5) 1207 (7.3) 2050 (5.5) 1782 (5.9) 975 (2.5) 1430 (2.1)

Amiodarone 4504 (3.9) 2971 (2.6) 2352 (6.1) 754 (4.5) 1440 (3.9) 1162 (3.9) 712 (1.8) 1055 (1.5)

Dronedarone 813 (0.7) 799 (0.7) 504 (1.3) 286 (1.7) 259 (0.7) 372 (1.2) 50 (0.1) 141 (0.2)

Sotalol 1413 (1.2) 1011 (0.9) 695 (1.8) 308 (1.9) 500 (1.3) 402 (1.3) 236 (0.6) 301 (0.4)
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Figure 3 Adjusted incidence ratios and 95% confidence intervals of any AAT (A), AAD (B), cardioversion (C ), and ablation (D) comparing women 
with men (broken line).
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Conclusions
Our nationwide cohort study demonstrated that women aged under 
65 years were less likely to receive AAT than men, whereas in all age 
groups, the utilization of AADs was higher in women than in men.
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