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Gender differences and daily variation in atrial fibrillation risk factor
profiles: Considerations for risk factor management
Atrial fibrillation (AF) is the most common sustained arrhyth-
mia and is associated with significant morbidity, increased risk of
stroke, reduced quality of life, and increased mortality [1–4]. Sev-
eral studies suggest, that there are significant gender differences
in clinical presentation of AF, utilization of AF therapy and clinical
management of AF and outcomes [5]. On top of a higher AF-associ-
ated stroke risk, women have higher rates of dementia over time
than men [6]. Additionally, in women, AF is associated with more
severe or non-traditional symptoms and worse prognosis which
negatively affects health-related quality of life measures [7].
Despite these gender-differences in AF symptoms and stroke risk,
the AF progression rate, its mechanisms and impact on outcomes
in AF in women versus men is unclear. Progression from paroxys-
mal to persistent or permanent AF may occur in 1–15% of the
general AF population annually depending on definition of pro-
gression. Additionally, the rate of AF progression is dependent on
the presence of specific risk factors [8], the number of concomitant
risk factors [9] or certain combinations of risk factors, where indi-
vidual risk factors may act as disease modifiers. Young-onset AF
may represent a scenario, where AF is mainly maintained by con-
comitant or underlying risk factors rather than by increased age-
ing. Women are underrepresented in major AF trials, and
therefore it remains unclear whether there are risk factors that
specifically affect AF progression in women with young-onset AF.

In this Issue of the IJC Heart & Vasculature, Marcos et al. [10]
investigated gender-differences in clinical AF risk factor profiles,
AF progression rates and cardiovascular outcomes between sexes
in a prospective cohort study including 497 patients with young-
onset AF <60 years of age, a quarter of whom were women. Most
conventional risk factors, including age, hypertension, heart failure
and diabetes mellitus, were not different between sexes at base-
line. However, there were a few gender-specific differences in risk
factor profile: men were taller, more often presented with coronary
artery disease, had a longer PR interval and higher left ventricular
mass index, while women reported more often familial AF and
were more likely obese. During a median follow-up of 7 years, AF
progression was seen in 12% and there was no significant differ-
ence in AF progression in men compared to women. Despite these
gender-specific differences in the AF risk factor profile, the abso-
lute number of comorbidities and the mean age was comparable
in men and women. This suggests, that not one individual risk fac-
tor, but more likely the absolute number of concomitant risk
factors is more relevant for AF progression in young-onset AF
patients and may explain the similar AF progression in this cohort
of young-onset AF patients. It is also of interest that in this cohort

women presented more often with familial AF, suggesting that
genetics may make a larger contribution to AF-risk in women than
in men (see Fig. 1).

Interestingly, the Kaplan-Meier curve suggests a trend towards
a higher AF progression rate in women over time. Although the
number of women was low at this time point, factors such as gen-
der-differences in the development of new AF risk factors over
time, in the treatment strategy of risk factors or in the responses
to antiarrhythmic treatment may contribute to this late divergence
at 3 years follow-up. An alternative explanation is that risk factors
determine AF progression in young-onset AF, while intrinsic gen-
der-specific risk factor independent mechanisms become more rel-
evant when AF patients get older. A study of over 8.3 million
participants reported higher prevalence and incidence of AF with
increasing age, with disproportionate rates between men and
women, peaking beyond 80 years of age [11]. Possibly, a follow-
up study reporting on gender-differences in AF progression beyond
the 7 years reported in the study by Marcos et al. may still unmask
gender-specific AF progression differences in this or larger popula-
tions with increasing age.

There is no question that risk factor management represents an
important pillar of AF management. Different groups, including the
authors themselves, have demonstrated that comprehensive man-
agement of concomitant risk factors helps to maintain sinus
rhythm [12–16]. Although a lot of effort has been invested to
develop comprehensive programs for aggressive and combined
risk factor management, it remains questionable, whether our cur-
rent approaches for the assessment of modifiable risk factors are
sufficient to detect all potential targets for risk factor management
in our patients.

According to current clinical practice, Marcos et al. assessed
established risk factors in a structured way at the timepoint, when
AF patients present the first time in the AF Clinic [10]. However, in
addition to the established risk factors, emerging risk factors such
as sleep apnea [17], chronic obstructive pulmonary disease or gas-
trointestinal reflux [18] were not assessed in this study. Sleep
apnea with a treatment indication is present in 30–60% of all
patients with AF [19]. Importantly, patients with AF and sleep
apnea do not report typical sleep apnea symptoms such as daytime
sleepiness [19]. Therefore, sleep apnea remains to be undiagnosed
and untreated in the majority of cases, if questionnaires to assess
daytime sleepiness are used as prescreening tools. Additionally,
risk factors may be in a subclinical state, which will be missed
by standard non-longitudinal approaches. Subclinical risk factors
including prehypertension [20] or exercise-induced hypertension
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should be considered as precursors which often progress to a clin-
ical manifestation. As several AF risk factors may show a high day-
to-day variability (e.g. sleep apnea [21,22]) or may just occur dur-
ing specific conditions (e.g. exercise induced hypertension) clini-
cally relevant risk factors will be missed, if just one assessment
is performed or the evaluation is just undertaken under resting
conditions. This day-to-day variability in risk factors may be more
pronounced in younger women than in older women after meno-
pause or in men, because of the hormonal changes during the men-
strual cycles. Even in AF-patients without overt risk factors, the
inter-visit variability of metabolic parameters showed a close asso-
ciation with the risk of AF [23]. All of these factors justify a more
structured and importantly longitudinal risk factor assessment to
capture the dynamic nature of AF risk factors [24]. Repeated longi-
tudinal assessment of established and emerging risk factors may
be important in young-onset AF patients, particularly if no risk fac-
tor can be identified to explain the presence of AF. AF is a rare
disease in the young and should be always considered as a mani-
festation of clinical or sub-clinical risk factors or as the presenta-
tion of an underlying (atrial) cardiomyopathy [25]. Excluding
conventional AF risk factors at one timepoint should not result in
the diagnosis of ‘lone AF’, which remains a diagnosis of repeated
exclusions of risk factors.

It is important to note that, as with many AF studies, the current
study also had an under-representation of women with only 25% of
the cohort being female. A further limitation of the study by Mar-
cos et al. [10] is that a time-to-event analysis was performed for AF
progression to permanent AF only. Without structured rhythm
monitoring during follow-up, the authors were unable to report
on progression from paroxysmal to persistent AF. Further, the pro-
gression to permanent AF may not be an exact time-point given
that the decision to not pursue rhythm control, and therefore gain-
ing the ‘permanent AF’ label, is one that can be dynamic and differs
from one patient to another, and from one healthcare provider to
another. Additionally, the authors did not report on any reverse
progression, i.e. reversal from permanent to less persistent or

paroxysmal AF. Recent studies showed that with weight-loss and
risk factor management, it is possible to halt or even reverse the
progression of AF [26]. Focusing on AF progression and ignoring
the possibility of AF regression in a dynamic arrhythmia such as
AF may have introduced some bias.

Marcos et al. are to be congratulated on their effort to perform a
unique analysis of gender-specific differences in AF-progression.
They illustrate that the number of concomitant risk factors, rather
than one individual risk factor, determines AF progression in
patients with young-onset AF and that a few gender-specific differ-
ences in risk factor profile exist. New emerging (often non-cardio-
vascular) AF risk factors increase the number of potential targets
for combined AF risk factor management within a multidisci-
plinary and integrated care model. In addition to documentation
of AF progression by continuous rhythm monitoring, also longitu-
dinal assessment of concomitant conditions might be useful to
monitor risk factor progression or daily risk factor variations in
AF patients. Finally, further studies are required to identify how
to assess risk factors longitudinally and whether gender differ-
ences in risk factor profiles require consideration in clinical prac-
tice when it comes to personalized AF risk factor management.
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