EDITORIAL

Even When the Heart Stops, the Sex
Differences Remain

C

ardiovascular disease remains the
leading cause of death in women,1
but mechanisms of sex-related differences that affect many facets of cardiovascular disease remain underrecognized
and poorly understood. Men historically
have been disproportionately represented in
clinical studies, and consequently, guidelines
have been built on data that are predominantly applicable to men.1 There has
recently been an increasing commitment to
better understand sex-related differences
that affect the epidemiology, presentation,
diagnosis, treatment, and outcomes of cardiovascular disease.1
Mortality rates after out-of-hospital cardiac
arrest (OHCA) remain high, with 9% of those
with emergency medical servicesetreated
OHCA surviving to hospital discharge in the
United States.2 Prior studies have consistently
reported that women experiencing OHCA are
older, more likely to have an unwitnessed
OHCA, and less likely to have a shockable
rhythm at presentation.1-4 Several studies have
also reported lower rates of bystander cardiopulmonary resuscitation for women,1,3,4
largely because of hesitancy to expose a
woman’s chest in public. Interestingly, despite
these unfavorable associations for women with
OHCA, studies evaluating sex-related differences in survival after OHCA have reported
conﬂicting results.3,4 In addition, it remains
unclear what the relative contributions of
biologic mechanisms and differences in health
care delivery are to mortality, both immediately and after OHCA.
In this issue, Dafaalla et al5 further
explore sex-related differences in OHCA
outcomes in the setting of acute myocardial
infarction (AMI). Data were collected from
the Myocardial Ischaemia National Audit
Project (MINAP), resulting in a large retrospective cohort of 16,278 adult patients
within the United Kingdom, including 3710

(22.7%) women, admitted with OHCA secondary to AMI during a 7-year time frame
(2010 to 2017). The authors found that
compared with men, women were older and
more likely to be White. Cardiogenic shock
was more common and the time from the
emergency call to hospital arrival was longer
for women. Women additionally were less
likely to be seen by a cardiologist and less
likely to receive guideline-directed medical
therapies. In-hospital mortality was higher in
women compared with men, which
remained signiﬁcant after multivariable
adjustment. Similarly, even after adjustment,
women were noted to have lower odds of
receiving coronary angiography and revascularization, driven by lower use of coronary
artery bypass graft surgery. The strengths of
this study arise from the authors’ ability to
study a large sample of patients from a rich,
reputable database. The authors were able to
detect sex-related differences in outcomes
after OHCA after adjustments for patient
characteristics, clinical presentations, and inhospital management. The implications of
the presented results need to be discussed in
the context of the current state of knowledge
of sex-related differences in cardiovascular
disease and OHCA.
Prior studies have reported mixed results
for sex-related differences in mortality outcomes after OHCA.6-8 The ﬁrst systematic
review and meta-analysis evaluating the role
of patient sex in OHCA outcomes included
13 observational studies. This study found
that women had increased odds of survival
to hospital discharge or 1 month after the
event compared with men, which remained
true after multiple sensitivity analyses,
including limiting analysis to studies of
OHCA of cardiac origin only.6 However,
there was no analysis of in-hospital
interventions.
Studies
that
followed
argued otherwise. Lei et al7 analyzed data
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from 33 studies looking at a primary
outcome of survival from OHCA to hospital
discharge. They found that survival to hospital discharge was signiﬁcantly lower for
women than for men. This study additionally indicated that women generally received
fewer interventions after OHCA, such as
percutaneous coronary intervention, coronary angiography, and targeted temperature
management. The authors postulated that
these differences in medical care during patient hospitalization may explain why they
saw no signiﬁcant sex difference in survival
at hospital admission but lower survival for
women at hospital discharge.7 In another
systematic review and meta-analysis of 14
observational studies of patients with
OHCA, Parikh et al8 also found that female
sex was associated with signiﬁcantly higher
in-hospital or 30-day all-cause mortality after
OHCA. With respect to sex-related differences in the management of acute coronary
syndrome, women are less likely to receive
guideline-directed medical therapy, coronary
angiography, and timely reperfusion.9
The study by Dafaalla et al has several
strengths and not only conﬁrms previous
observations but also extends our knowledge
and understanding of sex differences in
outcomes after OHCA secondary to AMI.
First, it provides population-based data
conﬁrming that in-hospital mortality was
higher for women with OHCA secondary to
AMI compared with men. Second, the authors performed an analysis of in-hospital
interventions and addressed sex-based differences in receiving state-of-the-art treatment between the sexes that may result in
worse outcomes in women. Notably, and
similar to prior studies, Dafaalla et al found a
tendency toward a less aggressive approach
in women hospitalized with OHCA secondary to AMI: women were less likely to be
seen by a cardiologist or to receive evidencebased medical therapies and had lower odds
of receiving coronary angiography and
revascularization.5 Third, the authors found
that there was a trend toward improvement
in the use of coronary angiography and
percutaneous coronary intervention in
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women during the study period. Fourth,
they propose strategies aimed at minimizing
treatment bias and improving communication between female patients and physicians
to close the gap.
In addition to the potential inﬂuence of
differences in health care delivery, many
questions remain as to whether sex-related
differences in mortality outcomes after
OHCA could be biologic in nature as well.
Multiple ﬁndings in the study by Dafaalla
et al suggest that women with OHCA have
more signiﬁcant effects of long-standing
hypertension, including an increased prevalence of baseline chronic kidney disease and
strokes, both of which could also suggest
less well controlled hypertension. Together
with advanced age, these ﬁndings suggest
that women with OHCA may have more
signiﬁcant left ventricular hypertrophy as a
potential substrate for fatal arrhythmias.
Compared with their male counterparts who
historically have more coronary artery disease, this leads to a different cause of sudden
cardiac death, which could explain some of
the differences seen. Regardless of the acute
cause, the concept that women have a
unique substrate for sudden cardiac death
could also relate to hormonal differences in
rhythm conduction. It is well recognized, for
instance, that hormones affect conduction at
the cellular level, particularly ventricular
repolarization (QTc interval), through
modiﬁcation of potassium channels.10 This
also raises the question of other differences
in care after OHCA in the use of implantable
cardioverter-deﬁbrillators and overall longterm outcomes.
In summary, there are increased efforts
to improve our understanding of sexdependent risks in the care of women with
heart disease. The study of Dafaalla et al
signiﬁcantly contributes to the current understanding of sex-related differences in the
outcomes and management of OHCA secondary to AMI. To optimize the health care
delivery for women with cardiovascular disease, a concentrated effort to improve current approaches and minimizing biases is
needed and should include policymakers,
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educational programs, participation of professional societies, and media campaigns. Future
research similarly should address the biology
of sex differences and effects of sex-speciﬁc risk
factors (eg, pregnancy and pregnancy complications, menopause, and hormone therapy,
among others). Finally, it remains unclear
whether sex differences persist and affect longterm outcomes after hospital discharge from
OHCA. These focused efforts may minimize
the negative impact of female sex on surviving
AMI presenting with OHCA.
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