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Introduction

Sex and gender are 2 of the most impor-
tant characteristics of individuals. We are born
with a biological sex that determines our in-
ternal and external phenotype, and we identi-
fy with a gender that influences our behavior
and interaction with the environment.

Health and disease, as inherent condi-
tions of each person, are also influenced by
sex and gender. Biological sex determines
anatomical and structural differences—not
only related to genital organs and breast de-
velopment, but also to weight, height, body
fat distribution, skin thickness, the size and
shape of some organs, and the caliber of ar-
teries and veins. It also implies histological
differences, variations in receptor presence
and expression, and hormonal differences
that, in turn, influence metabolism."3 All these
differences affect the prevalence and expres-
sion of diseases, their progression, prognosis,
therapeutic response, and side effects.””

Similarly, gender-related aspects—such as
specific risk behaviors, occupational factors,
health perception, self-care, and interaction
with the healthcare system—affect disease
risk, early diagnosis, adherence, therapeutic
response, and prognosis.’ &1

Atrial fibrillation (AF) is no exception to
the influence of sex and gender. An increas-
ing number of studies support the importance
of this influence. However, most studies do
not distinguish between sex and gender or
consider nonbinary categories. Therefore, in
this article we will primarily use the terms
woman/man, assuming that women represent
the female sex and men the male sex, while
acknowledging that a precise analysis of sex
influence and gender bias in AF (and in medi-
cine in general) requires addressing the diver-
sity of genders in society and their interac-
tions with other characteristics, such as age,
ethnicity, or socioeconomic factors.'

Despite growing awareness of the impor-
tance of considering sex and gender in AF,
the sex—gender perspective in AF research re-
mains insufficient. Globally, only about one-
third of patients enrolled in clinical trials are
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women, representing an underrepresentation
of more than 12% vs their prevalence in the
general population. Moreover, only one-
fourth of studies report results disaggregated
by sex, and not all include statistical testing
for sex interaction.”™ Moreover, information
regarding the interaction of sex and gender
with other factors (age, socioeconomic level,
ethnicity) is practically nonexistent.™

This lack of scientific evidence results in a
lack of sex-specific recommendations. While
clinical practice guidelines have become in-
creasingly sensitive to sex and gender per-
spectives—with specific sections addressing
AF in women'>"*—evidence remains insuffi-
cient to make distinct recommendations for
each sex. Except for anticoagulation, all rec-
ommendations remain general. This lack of
sex-specific guidance, compounded by limit-
ed professional training in this area, translates
into insufficient consideration of sex and gen-
der in AF management and treatment, lead-
ing to less personalized medicine and subop-
timal clinical practice.

This review summarizes current knowl-
edge on the importance of considering sex
and gender in AF to provide an initial over-
view of their relevance and to optimize health
outcomes.

Electrophysiologic and anatomic
differences

Men and women differ in cardiac electro-
physiologic properties due to variations in
substrate related to the effects of sex hor-
mones on cellular development, differences in
autonomic function, and the impact of circu-
lating sex hormones after puberty. Estrogens,
progesterone, and testosterone affect the
synthesis and function of ion channel pro-
teins. These variations influence the refractory
period, conduction velocity, action potential,
and arrhythmia vulnerability. Generally, wom-
en exhibit a higher heart rate than men, a
narrower QRS interval, and a longer QT inter-
val—especially after puberty. In AF specifical-
ly, men tend to have larger atria and greater
atrial contractility, predisposing them to ar-
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rhythmia, while women often have more non—pulmonary
vein triggers, which may have therapeutic implications."”

AF incidence rate differs between men and women.
Men have a higher incidence rate until the 6" decade of life,
after which it equalizes; consequently, due to women'’s
longer life expectancy, overall prevalence is similar."#®2" Ad-
ditionally, AF onset occurs at an older age in women. The
precise causes of sex-based differences in AF incidence rate
are unclear and likely multifactorial. One explanation is the
protective effect of estrogens, which could account for the
lower incidence rate in premenopausal women. Other expla-
nations include men’s larger atrial size and the differing influ-
ence of other AF-related risk factors by sex.!%!

AF-related risk factors and comorbidities also differ.
Overall, women are older, more often have valvular heart
disease, hyperthyroidism, hypertension, and heart failure
with preserved ejection fraction, and generally exhibit
more comorbidities. In contrast, men more frequently pres-
ent ischemic heart disease, heart failure with reduced ejec-
tion fraction, chronic obstructive pulmonary disease, higher
body mass index, and postoperative AF."#2

Regarding AF-related factors, numerous studies in the
past 2 decades have shown that high-intensity exercise in-
creases the risk of developing AF; however, most of these
studies included only or mostly men.?-2¢ In women, high-in-
tensity exercise generally confers a protective effect vs AF
development.?*" Recently, some studies have suggested
that elite athletic activity may also increase AF risk in wom-
en, though the relative risk is lower than in men.*? These
sex differences likely reflect distinct patterns of atrial re-
modeling induced by intense physical activity.**** Under-
standing these differences is crucial, as they may justify
distinct exercise recommendations by sex.

Women tend to be more symptomatic than men. They
more frequently report palpitations and usually present
with higher heart rates. They also report nonspecific symp-
toms such as dizziness, dyspnea, or fatigue more often.®
This greater symptom burden is associated with poorer
quality of life in women,?#73% although men exhibit greater
exercise intolerance.?

Women also tend to delay seeking emergency care
and present with longer symptom duration. Combined with
nonspecific or anxiety-related initial symptoms, this delay
often results in later diagnosis.>*4

In the prognosis of AF, there are also notable sex-re-
lated differences. Women with AF have a higher risk of is-
chemic stroke than men.3¢4-4¢ Although some studies indi-
cate that female sex alone is not an independent risk
factor, its association with other factors markedly increases
the risk.*> Moreover, in women, AF-associated strokes are
characterized by greater severity, morbidity, and mortality
vs men*“® with a higher proportion of large-vessel
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strokes.* Following cardioversion, stroke risk also remains
higher in women, regardless of whether cardioversion is
electrical, pharmacologic, or spontaneous.*”*® Similarly,
vascular dementia is more frequent and carries a higher
risk of progression in women than in men with AR

Conversely, women have a lower risk of bleeding—
both major and intracranial—than men do.*®

Overall, all-cause and cardiovascular mortality are
higher in women with AF,*2525% particularly in developing
countries,® though some studies report higher early mor-
tality in men.3¢% Evidence regarding heart failure is mixed:
most studies show that female sex is associated with high-
er risk, particularly for heart failure with preserved ejection
fraction,***3 though some report higher incidence in men.®

These prognostic differences are not fully explained.
While women'’s older age and greater comorbidity may
play a role, these factors do not fully account for the high-
er adjusted morbidity and mortality. Other proposed expla-
nations include lower atrial contractility and greater atrial
fibrosis in women—associated with higher stroke and mor-
tality risk”***’—as well as suboptimal treatment, which
may explain both the higher thromboembolic and lower
hemorrhagic risks.

Anticoagulant therapy

Some studies suggest that women may derive greater
benefit from anticoagulant therapy than men do. In sever-
al, anticoagulation was associated with increased efficacy
and lower mortality,*>*® particularly among older women,®
whereas in others, the benefit stemmed primarily from en-
hanced safety, with a lower risk of bleeding.”” However,
most of these studies were not specifically designed to
evaluate sex-based differences, and their results should
therefore be interpreted with caution. The mechanisms be-
hind this potentially greater safety and efficacy profile in
women remain unclear.

On the other hand, women appear to benefit more
from direct oral anticoagulants (DOACs) vs vitamin K an-
tagonists (VKAs), particularly due to improved safety—low-
er rates of major and intracranial bleeding—except in the
case of rivaroxaban.##%¢ A plausible explanation, though
not the only one, is that women treated with VKAs spend
less time within the therapeutic range,**® which may lead
to poorer outcomes compared with DOACs.

Rate vs rhythm control

Few studies report outcomes stratified by sex or gen-
der, and the available data are inconsistent. In one of the
first pivotal trials, AFFIRM, which showed no difference be-
tween rate and rhythm control strategies, no sex-related
differences in outcomes were observed.® In the more re-
cent EAST-AFNET 4 trial, which demonstrated the benefit
of early rhythm control, no interaction by sex was identi-
fied either.” However, in the RACE trial—whose overall re-
sults were similar to AFFIRM—sex-based differences
emerged: while men showed no differences between the 2
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strategies, women randomized to rhythm control had signif-
icantly higher mortality, heart failure, thromboembolic com-
plications, and adverse drug reactions vs those under rate
control.®® Similarly, an observational study of 139,767 wom-
en and 135,850 men aged = 75 years found a higher inci-
dence rate of heart failure among women treated with
rhythm control, though no sex-related differences in stroke
or bleeding risk were observed.®

Antiarrhythmic drugs

Overall, women generally experience greater drug-re-
lated toxicity due to higher systemic drug concentrations,
as they have a lower volume of distribution (less body wa-
ter), higher fat mass, greater accumulation of lipophilic
drugs, slower hepatic metabolism, and reduced glomerular
filtration rate.3*

Antiarrhythmic agents are no exception.” Because the
QT interval is physiologically longer in women, any QT-pro-
longing drug carries a higher risk of proarrhythmia.’®”"

Specifically, the risk of torsades de pointes due to so-
talol use is higher in women.”? This risk is also increased in
women treated with amiodarone, although overall it is lower
than that associated with sotalol.”® Regarding amiodarone, a
higher rate of pacemaker implantation has also been report-
ed in women.”® Conversely, digoxin use has been linked to
an increased risk of mortality in women with heart failure.”
Beta-blockers are generally well tolerated; however, there
are exceptions—plasma metoprolol levels can be up to 40%
higher in women than in men at equivalent doses, resulting
in a greater incidence of adverse effects.*

Nonpharmacologic interventions

Women generally have worse outcomes than men af-
ter AF ablation, though data across studies are inconsist-
ent. They experience higher complication rates, both pro-
cedural and cardiovascular.”>”” The reasons for this are not
fully understood. Women'’s atria are smaller, with thinner
walls and narrower vessels, potentially increasing the risk of
complications when using instruments primarily designed
for men.

Several studies also report higher recurrence rates af-
ter ablation in women,’¢7® and similar findings have been
observed after electrical cardioversion.”

Pregnancy, inherently linked to female sex, is associat-
ed with AF in approximately 60 per 100,000 pregnancies.
Although the prevalence is low, incidence is rising due to
increasing maternal age and improved survival of women
with congenital heart disease. However, pregnant women
are typically excluded from clinical trials, resulting in limit-
ed evidence to guide management.’>1®

In general, rhythm control is preferred over rate con-
trol. Electrical cardioversion is considered safe for both
mother and fetus® and is the recommended therapy. In
hemodynamically stable patients without structural heart
disease, pharmacologic cardioversion with procainamide or
flecainide may also be used.”'*# Nevertheless, due to po-
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tential teratogenicity, pharmacologic therapy should be re-
served as a second-line option, particularly within the first
trimester. Some studies report favorable outcomes with
catheter ablation from the second trimester onward, sug-
gesting it may be a reasonable alternative to long-term
potentially teratogenic drug therapy.’#

Anticoagulation is recommended for pregnant women
at high thrombotic risk.2" Pregnancy per se increases
thromboembolic risk. VKAs may be used after the first tri-
mester, while low-molecular-weight heparin (LMWH) should
be monitored via anti-factor Xa levels. DOACs are con-
traindicated during pregnancy due to insufficient evidence
on safety and efficacy.’e®°

Treatment in women tends to be more conservative
than in men, even after adjusting for confounders. Despite
being more symptomatic, women are less likely to undergo
rhythm control interventions. When rhythm control is at-
tempted, it is more frequently achieved pharmacologically,
with fewer electrical cardioversions and pulmonary vein ab-
lations performed.5270828% Conversely, women more fre-
quently undergo AV node ablation with pacemaker implan-
tation and receive rate-control drugs more often.3¢7°
Women are prescribed fewer beta-blockers and more di-
goxin, despite its higher adverse event risk in this popula-
tion_M,24,36

They are also less likely to receive anticoagulation—
even when risk is equivalent—and are prescribed DOACs
less often.®2¢8#4 These disparities lack a scientific basis.

Clinical differences in outcomes across the various
therapeutic options are insufficient to explain the sex and
gender biasobserved in the treatment of AF, as the studies
demonstrating this bias are adjusted for confounding fac-
tors. Furthermore, regarding anticoagulant therapy, women
appear to derive even greater benefit—particularly from
DOACs. Possible explanations for this bias may include ra-
cial disparities, differences in access to care, patient prefer-
ences, or unmeasured clinical characteristics; however, un-
justified biases likely play a significant role.

The differences described above are not merely de-
scriptive—they have clinical implications that influence di-
agnosis, treatment, and prognosis. Key questions arise: Are
we providing the most appropriate treatment for each pa-
tient? Are dosing regimens optimal? Are we practicing eg-
uitable medicine? Are we truly individualizing care?

In the emergency department, these questions are es-
pecially relevant, as critical decisions—such as rhythm vs
rate control and anticoagulation—are often made solely by
emergency physicians, given the high proportion of AF pa-
tients discharged directly from the ED.

We cannot ignore such consistent and logical evi-
dence. Optimal management of patients with AF requires
individualized consideration of sex and gender across re-
search, education, and clinical practice—and this responsi-
bility lies in our hands.
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