METHODIST

DeBAKEY

CARDIOVASCULAR JOURNAL

Sex Disparities in
Cardiovascular Disease REVIEW

MADELINE K. MAHOWALD, MD ® HousTON

KHADEEJA ESMAIL, MD ® Meth(diSt

DEBAKEY HEART &
FATIMA M. EZZEDDINE, MD ® VASCULAR CENTER

CALVIN CHOI, MD
HANNA MIESZCZANSKA, MD
GLADYS VELARDE, MD ®

*Author affiliations can be found in the back matter of this article

ABSTRACT CORRESPONDING AUTHOR:
Gladys P. Velarde, MD, FACC,

Cardiovascular disease is the leading cause of death in women. It remains underdiagnosed, FAHA

undertreated, and portends worse outcomes in women than men. Disparities exist in University of Florida College of

every stage of science, from bench research to the editorial board of major journals and Medicine, Jacksonville, Florida,

in every cardiovascular subspecialty. This review summarizes differences in cardiovascular us

risk factors and disparities in management and outcomes of ischemic heart disease, gladys.velarde@jax.ufl.edu

heart failure, aortic stenosis, and atrial fibrillation. It also provides an overview of female

representation as participants and leaders of clinical trials, editorial boards, and academic

institutions. Strategies to overcome these disparities are proposed with examples of KEYWORDS:

successful programs. women’s cardiovascular
health; healthcare disparities;
cardiovascular risk factors;
ischemic heart disease;
treatment gaps; representation
in cardiovascular research

TO CITE THIS ARTICLE:
Mahowald MK, Esmail

K, Ezzeddine FM, Choi C,
Mieszczanska H, Velarde G. Sex
Disparities in Cardiovascular
Disease. Methodist DeBakey
Cardiovascl.2024;20(2):107-119.
doi: 10.14797/mdcvj.1328


mailto:gladys.velarde@jax.ufl.edu
https://doi.org/10.14797/mdcvj.1328
https://orcid.org/0000-0003-1685-6690
https://orcid.org/0000-0002-3932-4817
https://orcid.org/0000-0002-6204-4557
https://orcid.org/0000-0003-0778-4330

Mahowald et al. Methodist DeBakey Cardiovasc J doi: 10.14797/mdcvj.1328 108

INTRODUCTION

Recent strides in wunderstanding the features of
cardiovascular disease (CVD) that uniquely or primarily
affect women have led to the growth and formalization
of the cardio-obstetrics and cardio-oncology fields. This
progress reflects the dedicated efforts of providers,
scientists, and advocates toimprove the care and outcomes
of women. Despite decades of recognition, treatment and
outcomes, inequalities persist across all disease stages and
various cardiovascular subspecialties. Acknowledging the
complex interplay between biological (“sex”) and societal
(“gender”) factors in CVD and the interchangeable use of
these termsin studies, our focus remains on the cumulative
effects of individual patient factors, healthcare system
factors, public health knowledge gaps, and the limited
inclusion of women in research guiding management. This
review aims to enumerate these disparities, explore their
multifactorial nature, and present examples of successful
interventions.

RISK FACTORS

CVD is the leading cause of mortality in women globally,
with sex-specific differences in the relative risk from
traditional and unique risk factors. This section explores
these disparities, emphasizing sex-specific and emerging
factors in CVD risk alongside the recognition, management,
and outcomes within the context of race (Table 1).
Managing these risk factors remains the cornerstone of
CVD prevention.

TRADITIONAL AND NOVEL CARDIOVASCULAR
DETERMINANTS OF RISK: THE ROLE OF SEX,
GENDER, AND SOCIOECONOMIC STATUS

The landscape of CVD risk is multifaceted, with sex, gender,
race, and socioeconomic status all playing significant roles.

Traditional Risk Factors
Cigarette smoking poses a higher relative risk for CVD
in women due to metabolic and hormonal differences,

RISK FACTOR

INCREASES RISK IN MEN/
WOMEN

DISPARITIES IN RECOGNITION,
MANAGEMENT, AND OUTCOMES

INFLUENCE OF RACE

Traditional

Hypertension Women (post-menopause) Women less likely to have hypertension ~ More prevalent and severe in Black
recognized and treated; less BP control ~ women; higher risk of complications

Obesity Both, higher in women More stigmatized in women; women Black women have the highest rates;
respond differently to weight-loss disparity less pronounced in men
interventions

Diabetes Higher relative risk in women Women less likely to achieve care Higher incidences in racial minorities;

goals; higher CV event risk

differences in severity of complications

Cigarette smoking

Higher relative risk in women

Harder time quitting for women; more
severe CV consequences

Variations in smoking prevalence and
cessation rates by race and gender

Dyslipidemia

More atherogenic patternsin
women from infancy to early
adulthood and middle to old age

Lipid abnormalities less aggressively
treated in women

Racial differences in lipid profiles; Black
women have higher HDL but also
triglycerides

Nontraditional

Autoimmune

More prevalent in women,

Women with autoimmune conditions

Black women at greater risk due to

conditions increasing CVD risk may not receive equal CVD risk immunologic and socioeconomic
assessment disparities
Prediabetes/ Impacts both, higher CVD risk in More severe cardiovascular outcomes Higher prevalence and impact in

metabolic syndrome

women

in women

Hispanic and Black women

Cancer treatments

Unique challenges for women
with breast cancer and men
with prostate cancer

Cardiovascular impact more
pronounced in women; increased risk
of cardiomyopathy post-anthracycline
therapy

Black women at higher CVD risk due to
aggressive cancer types and treatment
access

Race differences

Higher rates of hypertension
and earlier onset of CVD in Black
patients

Higher prevalence of hypertension
among Black patients; women
compounded by delayed diagnosis

Socioeconomic status, healthcare
access, and cultural barriers contribute
to disparities

Table 1 Disparities in cardiovascular risk factors by sex and race. BP: blood pressure; CV: cardiovascular; HDL: high-density lipoprotein; CVD:

cardiovascular disease
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and cessation rates are influenced by race and gender,
with African American and Hispanic populations often
experiencing lower cessation rates.?

Women face a greater threat from metabolic syndrome,
particularly in Hispanic and African American communities
where patterns of fat distribution and insulin resistance
intensify cardiovascular risks.”> Women with diabetes face
greater heart disease risks than men, with additional
challenges in achieving care goals and a notable disparity in
educational resources, especially among racial minorities.”
Obesity similarly impacts CVD outcomes in both women
and men. The stigmatization and prevalence of obesity
varies across genders and races, with Black women having
notably higher rates than White or Hispanic women.>¢

Hypertension typically develops later in women and
is less controlled; it disproportionately impacts Black
women, with a high global prevalence and increased risk of
complications such as stroke and heart failure.”

Lastly, compared with men, women typically have
a more atherogenic lipid profile from infancy to early
adulthood and again post-middle age, but a more favorable
profile during premenopause (ages 20 to 50).° The impact
of female reproductive stages on lipid profiles and CVD
risk remains unclear. Additionally, dyslipidemia in women,
influenced by racial disparities, is often undertreated,
complicating risk management.®

Novel Determinants of Cardiovascular Risk

Autoimmune conditions such as lupus and rheumatoid
arthritis are more prevalent in women, especially Black
women, heightening their CVD risk due to both their

medical conditions and socioeconomic challenges that
limit healthcare access.*®

In the realm of cardio-oncology, breast cancer
treatment, particularly radiation and chemotherapy, is
a primary contributor to elevated CVD risk. This risk is
especially pronounced in women, who face a heightened
susceptibility. Furthermore, Black women encounter added
challenges due to more aggressive cancer types and
treatment barriers, underscoring the need for equitable
health care.®"

Mental health conditions such as anxiety and depression,
which are more common in women, contribute to
increased CVD risk.® Gender disparities in recognizing and
treating these conditions result in poorer cardiovascular
outcomes, particularly for Black women, who often receive
inadequate mental health care.®

Finally, women are more likely than men to identify
expense as a barrier to seeking medical attention.*?

Female-Specific Risk Factors

Key female-specific risk factors for CVD are deeply
interconnected across the reproductive lifespan of women
(Figure 1). Early menarche, occurring before the age of 12,
is linked to an elevated risk of CVD, metabolic syndrome,
and diabetes, whereas a delay in onset translates to
a substantial reduction in mortality and lower rates of
ischemic heart disease and stroke.'>'* Similarly, early
menopause, especially before the age of 45, stands as
a notable risk factor independently associated with a
higher incidence of coronary heart disease, stroke, and
heart failure.’>** The mechanism driving this association

of age)

Young age Reproductive years Menopause
Early Early PCOS PCOS Infertility Pregnancy Parity (number Adverse Early menopause
menarche menarche impact and ART loss of live births) pregnancy (<45 years of age)
(<12years impact outcomes

e

Linked to Elevated risk = Heighten Increased  Contributesto  Recurrent losses Both lowandhigh  Criticalin Associated with higher
metabolic of ischemic risk of likelihood increased CVD contribute to numbers of live predicting future incidence of coronary
syndrome, heart disease = metabolic of risk, linked to higher risk of births associated = CVD risk, women heart disease, stroke,
diabetes, and stroke syndrome, coronary analmost20% coronary heart with negative with preeclampsia  and heart failure
and higher type 2 artery increased risk  diseaseand cardiovascular facea 2-4 times
CVD risk diabetes, calcifica- of heart failure  stroke, recurrent  outcomes higher risk
hyper- tionand stillbirths linked
tension, CVD to increased risk
dyslipid- events of heart failure
emia
1 1 I 1 I I 1 I ]
v v v ' v v + + '

Figure 1 Key female-specific risk factors for cardiovascular disease across a woman’s reproductive lifespan. PCOS: polycystic ovary syndrome;

ART: assisted reproductive technology; CVD: cardiovascular disease
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is thought to be related to the deficiency in protective
endogenous hormones. However, it is important to note,
based on previous randomized controlled trials (RCTs) and
accumulated data, that hormone replacement therapy is
currently not recommmended for primary or secondary CVD
prevention for women of any age.

Polycystic ovary syndrome impacts 5% to 13% of
women, heightening the risk of metabolic syndrome, type
2 diabetes, hypertension, and dyslipidemia, and is also
associated with a greater likelihood of coronary artery
calcification and an increased risk of nearly 30% for CVD
events.” Infertility and the use of assisted reproductive
technology further contribute to the increased risk of
CVD, with infertility itself being linked to an almost 20%
heightened risk of heart failure.*®

The role of spontaneous pregnancy loss is significant,
with recurrent losses especially contributing to a higher
risk of coronary heart disease and stroke, and recurrent
stillbirths specifically linked to an increased risk of heart
failure.”™>'” The number of live births a woman has, known
as parity, also presents a complex relationship with CVD risk,
with both low and high numbers of live births associated
with negative cardiovascular outcomes.'*®

Adverse pregnancy outcomes, including hypertensive
disorders of pregnancy and gestational diabetes, are
critical in predicting future CVD risk, with women who have
had preeclampsia facing a risk 2- to 4-times higher, a risk
that remains elevated long after pregnancy.'**

In summary, understanding sex differences in CVD
risk factors, especially in the context of race and social
determinants, is vital for tailoring strategies to the unique
needs of women of diverse racial groups. This approach is
essential for achieving equitable cardiovascular health.

ISCHEMIC HEART DISEASE

Ischemic heart disease in women is underreported and
underrecognized.”’ Despite tremendous improvements in
outcomes from ischemic heart disease with contemporary
management, gaps remain in the quality of care provided
to women and in their outcomes. Distinct anatomy,
pathophysiology, and disease pattern are likely contributing
factors. However, differences in management of male
and female patients in the clinic, emergency department,
catheterization lab, cardiac intensive care unit, and hospital
wards consistently shortchange women.

Acute Coronary Syndromes

The high prevalence, well-established management, and
presence of national databases make acute coronary
syndromes (ACS) the focus of much research into sex-
based disparities in care and outcomes. Biology, patient
knowledge, and provider expectations and experience all
contribute to disparities (Table 2).

Myths persist about women and “atypical” symptoms
of chest pain. In fact, at the time of presentation, women
and men diagnosed with acute myocardial infarction
(MI) are equally likely to report chest pain.”’ However,
women, particularly young women, are more likely to
endorse additional symptoms, which may complicate
the clinical picture.??> Women are also more likely to
attribute symptoms to alternative causes, including
stress, or to perceive that their providers do not suspect
cardiac etiology.”! Particularly in ST-elevation MI (STEMI),
women are more likely to delay seeking medical care
after symptom onset.?>?* This patient-level delay can be
catastrophic; since total ischemic time is a strong predictor
of infarct size and clinical outcome, prompt and accurate

Patient factors

Delay in seeking care

Smaller diameter coronary and peripheral arteries
Underappreciated nontraditional risk factors

Later age and more comorbidities at the time of event
Longer hospital stays

Higher risk of complications, including access site bleeding

Provider factors

Longer door-to-balloon time: delay in getting EKG, delay in seeing provider

Less likely to undergo coronary angiography
Less likely to receive optimal medical therapy

Less likely to receive ideal surgical techniques in CABG, including use of arterial grafts

Less likely to be treated with mechanical circulatory support devices

System factors

Male-specific reference lab values

Table 2 Factors contributing to worse outcomes in women with acute coronary syndromes. CABG: coronary artery bypass grafting; EKG:

electrocardiogram
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diagnosis is of paramount importance.”” Despite the
similarity in presenting complaints, women wait longer to
have electrocardiograms and to be seen by emergency
providers.”>?® Several, but not all, studies additionally
report delay in door-to-balloon time, a STEMI metric that
is publicly available and sometimes used as a surrogate for
usuccess'nzz,zs,ze,y

Women are more likely to present with non-STEMI than
with STEML.?® Some studies report higher rates of plaque
erosion rather than rupture in women with ACS. However,
others have not found a significant difference in plaque
composition and inciting event.?>*° Regardless of category
of ACS, women are less likely to undergo angiography
than men, although they receive the same benefit of
primary percutaneous coronary intervention (PCI).***? In
fact, Glaser et al. report that women derive equal benefit
as men with an early invasive strategy, and that benefit is
further enhanced in women with elevated troponin levels.*
Women are also less likely to receive optimal medical
therapy for MI and for secondary prevention.?’**

MI with nonobstructive coronary arteries (MINOCA)
is a disease process that is more common in women
and has more variation in management. Patients with
MINOCA are less likely to receive guideline-directed
medical therapy (GDMT) than those with obstructive
disease.’* Although evidence of benefit is less robust,
an observational study showed benefit of statin use
and renin-angiotensin-aldosterone system inhibition
in this understudied population.>® This ambiguity is
acknowledged by guidelines, and studies are ongoing to
clarify this dilemma.

Due to a multitude of factors, including delays in
presentation and intervention, older age, and higher burden
of comorbidities, women with ACS consistently show worse
in-hospital outcomes than men, including a higher risk of

heart failure, cardiogenic shock, and stroke.?®**** Survival
in young women compared with young men is particularly
poor irrespective of type of ACS and despite a larger
proportion of MINOCA patients, which tend to have a better
overall prognosis.*

Chronic Coronary Syndromes

Symptom burden and anatomic differences are also
present in chronic coronary syndromes. Women may have
less extensive disease but greater anginal symptoms.*
Their coronary arteries are smaller in diameter even when
correcting for body surface area, yet intravascular imaging
cut-offs for disease severity do not account for differencesin
body size or sex.’”® When undergoing elective angiogram
and PCI, women are more likely to have complications,
including access site bleeding and death.”® Women are
also more likely than men to be diagnosed with ischemia,
nonobstructive coronary arteries, and microvascular
dysfunction, which incurs symptoms and an increased risk
of future major adverse cardiac events, including death, MI,
stroke, and hospitalizations for heart failure.*

Coronary Artery Bypass Grafting

Multiple studies of coronary artery bypass grafting show
worse outcomes for women than men both in acute and
chronic coronary syndrome settings, including mortality,
length of stay, and complications.?**® Indeed, female
sex is included as a variable in the validated EuroScore
and Society of Thoracic Surgeons score when calculating
surgical risk.“2%2 Women are 14% to 22% less likely to
undergo revascularization with optimal surgical technique
according to updated guidelines, including anastomosis
of the left internal mammary to the left anterior
descending artery, multiarterial grafting, and complete
revascularization.*

Patient Factors

Improve public health messaging around risk and symptoms

Provider Factors

Rely on validated scoring systems such as HEART, GRACE, and TIMI to risk stratify and guide management

Radial first approach for interventions

Recognize comorbidities that heighten risk of cardiovascular disease, such as rheumatologic disease, radiation to the chest, and factors related

to pregnancy/fertility and its complications

Standardize documentation to ensure optimal medical therapy at the time of discharge

System Factors

Utilize sex-specific reference lab values, consider sex-specific end points and analyses in study designs
Develop criteria for assessing valvular disease severity that is specific to sex or indexed to body surface area

Increase representation of women in clinical trials

Identify and address barriers to women’s participation in clinical trials, such as childcare, transportation, financial constraints, language barriers
Increase presence of women in academic cardiology settings and journal editorial boards

Formalize mentorship programs in academia and research settings

Table 3 Strategies for eliminating disparities in cardiovascular health.
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Strategies to Ensure Equal Care
Although outcomes remain undeniably worse for women,
examples exist of successful interventions to narrow the
sex gap (Table 3). For example, at one busy quaternary care
hospital, the implementation of a 4-facet STEMI protocol
that addressed rapid catheterization lab activation and
patient transfer, standardized medication administration,
and promotion of radial access led to a dramatic decline
in the gaps in care between men and women.?” Scoring
systems such as the HEART, TIMI, and GRACE scores
do not include sex or gender as variables and can
provide more objective assessments of risk.“*“> Likewise,
standardizing documentation reduced sex disparities in
statin prescriptions at discharge in a population of vascular
surgery patients.*®

Finally, recognizing the biologic differences between
men and women may help tailor our approach to
determining risk. Sex-specific troponin values should be
implemented, and the presence of large plaque burden or
high-risk features on computed tomography may be more
predictive of adverse events in women than men.*78

HEART FAILURE
Heart failure affects an estimated 2.6 million women in
the United States, and there are known multifactorial
differences in epidemiology, management, response to
treatment, and survival.”” Despite the high prevalence,
consistent data reveal the suboptimal diagnosis,
management, and therapies in women for both heart
failure with reduced ejection fraction (HFrEF) and preserved
ejection fraction (HFpEF). Patients with HFpEF are more
often female and older compared to those with HFrEF, and
this accounts for at least half the cases of heart failure in
women.*°

Women are greatly underrepresented in heart failure
clinical trials, on average representing 20% to 25% of
the cohort. Therefore, the data for current treatment
options are based on primarily male-derived data.”* One
recent exception is the PARAGON HF trial (Prospective
comparison of angiotensin receptor neprilysin inhibitor
with angiotensin receptor blocker global outcomes in heart
failure and preserved left ventricular ejection fraction).
This trial recruited more women than in prior trials, and
sex was a prespecified subgroup. The trial showed that
combination sacubitril/valsartan, compared with valsartan,
reduced the likelihood of cardiovascular death and total
hospitalizations for heart failure by 27% in women but
had no effect in men.>* Some reasons for these differences
may be the regulation of the constitutive nitric oxide
synthases, microvascular inflammation, or dose-response
relationships, all of which need further investigation.”* In
patients with HFrEF, treatment with sacubitril/valsartan

is more effective at reducing death and admission to
the hospital for heart failure compared with angiotensin
converting enzyme inhibitors (ACEIs) and angiotensin
receptor blockers (ARBs); this is similar among men and
women with systolic dysfunction.®

Similarly, clinical trials researching HFrEF are
predominantly male, limiting application of data
to women. One such example is with GDMT doses.
Important gender differences in pharmacokinetics and
pharmacodynamics lead to different responses to GDMT.>!
Pharmacologic studies have shown the maximum plasma
concentrations of several ACEIs, ARBs, and beta blockers
can be up to 2.5 times higher in women than men
despite similar dose administration.”**>> These findings
suggest that no additional benefit may be gained from
the target doses currently recommended, and there is a
need for gender-based dose targets in HFrEF.”! Another
example where disparities exist is with regards to gaps in
knowledge in peripartum cardiomyopathy and takotsubo
cardiomyopathy, which primarily affect women.

Device Therapy
Women are less likely to receive implantable cardioverter-
defibrillatorscompared withmen; one proposed explanation
is less counseling from cardiologists.”® Additionally,
women’s underrepresentation in RCTs for primary and
secondary preventionimplantable cardioverter-defibrillator
therapy results in these trials being underpowered to assess
outcomes in women. Moreover, women are less likely to
receive cardiac resynchronization therapy (CRT), despite
evidence indicating a higher magnitude of benefit from CRT
in women compared to men.>®>” Women typically have a
shorter mean QRS duration than men. When left bundle
branch block develops, the relative increase in QRS and
the associated electrical and mechanical dyssynchrony
are more pronounced. Furthermore, women are more
likely to experience nonischemic etiologies of heart failure,
often with lower scar burden, which correlates with more
favorable outcomes after CRT implantation.®

The use of mechanical support devices is becoming
more prevalent in the heart failure population.®® However,
these devices are underutilized in women, and mortality
is higher in women after implantation.”® The trends are
similar with regard to left ventricular assist devices, with
women representing approximately 22% of patients
receiving devices in 2016.%°

Women comprise about 25% of orthotopic heart
transplant recipients. Two main reasons for this
underrepresentation are selection and referral bias.®
Women often receive referrals at later disease stages,
which diminish their suitability for transplant. However,
when they are referred, they are younger with fewer
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comorbidities compared to men, and their survival does
not differ from men.?*%? Additional challenges for women
include lack of insurance, absence of caregivers, poor
health literacy, and depression.®’

Overcoming sex and gender disparities in heart failure
careis critical to provide equitable treatment to the millions
of women affected by this condition.

ATRIAL FIBRILLATION

Women have lower rates of atrial fibrillation (AF) compared
with men, although this may be in part explained by lower
detection rates.> When women develop AF, they are more
likely to have symptomatic AF, heart failure, stroke, and
death compared to men.*® The influence of hormones,
patterns of fibrosis, and divergent management strategies
may cause some of the apparent differences.

Data on sex differences in atrial electrical and structural
remodeling are limited but suggest less shortening in
atrial effective refractory period in premenopausal women
compared with men and postmenopausal women.®® From
a structural perspective, female sex has been shown to
be a risk factor for atrial fibrosis in patients with AF, which
may be the cause of more nonpulmonary vein triggers in
women.®’

In the EURObservational Research Programme-
Atrial Fibrillation (EORP-AF) pilot registry, women with
symptomatic AF were more likely to be managed with rate
control strategies compared to men and were less likely to
be treated with catheter ablation.®

Women have longer QT intervals at baseline compared
to men, which may limit their ability to tolerate
antiarrhythmic drugs, particularly class III antiarrhythmic
agents. Pregnancy adds another layer of complexity to the
management of AF due to the potential teratogenic effects
of antiarrhythmic drugs. The 2020 European Society of
Cardiology recommends rhythm control in pregnant
patients with AF, either via electrical cardioversion or
antiarrhythmic drug therapy such as ibutilide or flecainide.®®

Regarding safety and efficacy of catheter ablation,
several studies assessed differences in outcomes based on
sex, and results have been divergent. While some studies
showed similar safety and efficacy outcomes in both
sexes, others showed decreased efficacy and higher risk of
adverse events in women.®®’° The difference in outcomes
was thought to be due to higher rates of persistent AF,
nonpulmonary vein triggers, and late referral to ablation.

Female sex is an independent risk factor for stroke in
patients with AF. When treated with warfarin for stroke
prevention in AF, women have a significantly increased
residual risk of stroke or systemic embolism compared
with men.”* On the other hand, when treated with direct
oral anticoagulants, rates of stroke and systemic embolism

are similar between men and women.”” With regard to left
atrial appendage closure, PROTECT-AF and PREVAIL trials
showed similar complication rates between men and
women.”>7*

AORTIC STENOSIS

Despite a similar prevalence of severe aortic stenosis
(AS), baseline characteristics, and risk profile, women are
disproportionately less likely to be referred for aortic valve
replacement and are referred at later disease stages.”>’°
The cause of the differential treatment of AS between
men and women is multifactorial and encompasses
patient, healthcare provider, and healthcare system
factors.

At the patient level, pathophysiology and clinical
presentation differ between sexes. For example, women
tend to have more aortic valve fibrosis than calcification
and have different processes of compensatory ventricular
remodeling.”” Paradoxical low-flow/low-gradient AS is
more prevalent in women than men, which may partially
account for the underestimation of aortic valve stenosis
severity and consequent delays in diagnosis and referral for
aortic valve replacement.”” These delays likely contribute to
worse outcomes in women after aortic valve replacement
than in men.

At the healthcare system level, sex-specific references
and treatment thresholds have not been established. That
is, sex-specific reference values for AS have been proposed,
but these have not been formally accepted or translated
into changes in the treatment threshold. As such, women
are treated at more advanced stages of disease than
men.”® Despite this delay and a higher risk of procedural
complications, women have shown better mortality
following transcatheter aortic valve replacement.”

A concerted effort at every stage of AS management is
required to improve outcomes and mitigate sex-specific
disparities. Development of sex-specific reference values,
validation in large cohorts, and adaptation and translation
of these findings into changes in treatment threshold may
be beneficial. Furthermore, public health awareness and
educational efforts are required to address misinformation
and systemic bias. Artificial intelligence and screening tools
could help level the playing field.®

TRIAL INCLUSION

Sex and gender disparities in cardiovascular trial inclusion
have been a longstanding concern in the medical
community, attracting increased attention in recent years.
Despite ongoing efforts to enhance the representation
of women in clinical trials, there remains insufficient
participation of older patients, women, and individuals
from racial minority groups in cardiovascular research.
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Basic cell research lays the foundation for
understanding  diseases, including  cardiovascular
conditions. Historically, many studies have focused on
male cells or animals, neglecting sex differences. This
oversight in sex-specific research can result in gaps
in our understanding and disparities in treatment
outcomes.®* Such underrepresentation limits insights
into the development and progression of cardiovascular
diseases in women and how treatments may affect them
differently than in men.

Underrepresentation  impacts  trials  in  most
subspecialties of cardiology. The recent systematic review
of 139 clinical trials with 51,527 participants by Reddy
et al. found that over the past 2 decades, women and
individuals in racial and ethnic minorities have remained
underrepresented in North American valvular heart disease
clinical trials, and there have been no significant increases
in the representation of older patients, women, and racial
and ethnic minority groups over time.®? A recent systematic
review by Morgan et al. highlighted that heart failure trials
consistently have upper age limits and exclude women of
childbearing age and those with multiple morbidities.®

Using publicly available US Food and Drug Administration
(FDA) reviews of trials in support of 36 cardiovascular
medications from 2005 to 2015, Scott et al. found large
variations in participation of women (range, 22% to 81%;
mean per trial, 46%). Women were well represented in
trials of drugs for hypertension and atrial fibrillation and
underrepresented in trials of heart failure, coronary artery
disease, and acute coronary syndromes.8*£>

A review by Matthews et al. identified several factors
affecting womens’ participation in cardiovascular research.
Barriers to participation included lack of information
and understanding of the research, the women’s lack
of awareness of CVD as a significant risk, trial-related
procedures, the perceived health status of the participant,
and patient-specific factors including travel, caregiving
responsibility of women, childcare availability, and cost.®

Regulatory agencies and medical organizations have
taken steps to promote the inclusion of women in clinical
research. For instance, the FDA released guidelines in 2014
encouraging the inclusion of more women in clinical trials.

Enhancing women’s participation in cardiovascular
clinical trials is key to understanding sex and gender
differences in disease and treatment. This requires raising
awareness among researchers and clinicians, educating
about gender-specific risks, and mandating womens
inclusion in trials with sex-specific end points. Overcoming
barriers such as childcare and financial constraints is also
crucial. These efforts will lead to a more comprehensive
understanding of CVD for all genders.

)

LEADERSHIP, MENTORSHIP,
AUTHORSHIP, AND ACADEMIA

Cardiology is among the specialties in which women are
most underrepresented (21.5% of general cardiology
fellows and 12.6% of cardiologists in practice).®” This
discrepancy extends to academic cardiology, where
women account for less than 30% of clinical faculty and
less than 20% of senior or leadership positions.®#°

Clinical trials change practice in cardiology, and leading
them requires research training, mentorship, sponsorship,
and networking. A systematic review by Whitelaw et al.
demonstrated that among 403 heart failure RCTs published
in high-impact medical journals between 2000 and 2019,
women comprised only 15.6%, 12.9%, and 11.4% of lead,
senior, and corresponding authors, respectively. Among a
total of 4,346 authors in any authorship position in these
RCTs, 19.6% were women.?® Women'’s inclusion as authors
in major scientific journals increased slightly over recent
decades, with some studies showing a narrowing of the
gap in first and senior authorship.”***

Women are significantly underrepresented on editorial
boards and as editors-in-chief compared to men, with
women accounting for only 1 in 5 editors-in-chief of
leading medical journals.*»?> Several factors contribute
to these disparities. Historically, the field of cardiology
and cardiovascular research has been male dominated.
Mentorship is crucial for career development, and the
absence of female mentors in senior positions can also
hinder the career advancement of female researchers. In
fact, papers with women as senior authors were more
likely to have women mentees as first authors and to
have more diverse research teams.”* Formal, structured
mentorship programs can successfully address these
disadvantages; other male-dominated  specialties
such as neurosurgery and orthopedics offer successful
roadmaps.®&9?

Implementing blind peer review processes, providing
mentorship and networking opportunities for female
researchers, advocating for family-friendly policies, and
raising awareness about unconscious biases are essential
strategies to improve opportunities for women.

CONCLUSION

Disparities in women’s cardiovascular health exist in
every subspecialty and are multifactorial. A multifaceted
approach must encompass inclusion at every level,
including patients, providers, researchers, academicians,
public health, and system improvements.
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KEY POINTS

* Nontraditional and female-specific risk factors for
cardiovascular disease should be incorporated into
patient risk stratification and efforts at prevention.

* Women have worse outcomes than men following
acute coronary syndrome, which is likely due to
patient-specific factors (older age, more comorbidities
at the time of presentation) as well as clinical decision
making (less likely to undergo coronary angiography,
less likely to be treated with appropriate medical
therapy).

* Women constitute more than half of the heart failure
population but are less likely to be treated with device
therapy or undergo heart transplant.

* Formal, structured mentorship programs can combat
the underrepresentation of women in academic
cardiology, holding leadership positions, on editorial
boards, and contributing to scientific research.

COMPETING INTERESTS

The authors have no competing interests to declare.

AUTHOR AFFILIATIONS

Madeline K. Mahowald, MD “* orcid.org/0000-0003-1685-6690
University of Florida College of Medicine, Jacksonville, Florida, US

Khadeeja Esmail, MD " orcid.org/0000-0002-3932-4817
University of Florida College of Medicine, Jacksonville, Florida, US

Fatima M. Ezzeddine, MD "/ orcid.org/0000-0002-6204-4557
Mayo Clinic, Rochester, Minnesota, US

Calvin Choi, MD

University of Florida College of Medicine, Jacksonville, Florida, US
Hanna Mieszczanska, MD

University of Rochester, Rochester, New York, US

Gladys Velarde, MD " orcid.org/0000-0003-0778-4330

University of Florida College of Medicine, Jacksonville, Florida, US

REFERENCES

1. Prescott E, Hippe M, Schnohr P, Hein HO, Vestbo J.
Smoking and risk of myocardial infarction in women
and men: longitudinal population study. BMJ. 1998 Apr
4;316(7137):1043-7. doi: 10.1136/bm|.316.7137.1043

2. Trinidad DR, Pérez-Stable EJ, Emery SL, White MM, Grana
RA, Messer KS. Intermittent and light daily smoking across
racial/ethnic groups in the United States. Nicotine Tob Res.
2009 Feb;11(2):203-10. doi: 10.1093/ntr/ntn018

10.

11.

12.

13.

115

Mottillo S, Filion KB, Genest J, et al. The metabolic
syndrome and cardiovascular risk: a systematic review and
meta-analysis. J Am Coll Cardiol. 2010 Sep 28;56(14):1113-
32.doi: 10.1016/j.jacc.2010.05.034

Peters SA, Huxley RR, Woodward M. Diabetes as risk factor
for incident coronary heart disease in women compared with
men: a systematic review and meta-analysis of 64 cohorts
including 858,507 individuals and 28,203 coronary events.
Diabetologia. 2014 Aug;57(8):1542-51. doi: 10.1007/s00125-
014-3260-6

Bliiher M. Obesity: global epidemiology and pathogenesis.
Nat Rev Endocrinol. 2019 May;15(5):288-298. doi: 10.1038/
s41574-019-0176-8

Hales CM, Carroll MD, Fryar CD, Ogden CL. Prevalence of
obesity among adults and youth: United States, 2015-2016.
NCHS Data Brief. 2017 Oct:(288):1-8. PMID: 29155689
Wenger NK, Arnold A, Bairey Merz CN, et al. Hypertension
across a woman’s life cycle. J Am Coll Cardiol. 2018 Apr
24;71(16):1797-1813. doi: 10.1016/j.jacc.2018.02.033
Mehta L, Velarde G, Lewey J, et al. American Heart
Association Cardiovascular Disease and Stroke in Women
and Underrepresented Populations Committee of the
Council on Clinical Cardiology; Council on Cardiovascular
and Stroke Nursing; Council on Hypertension; Council

on Lifelong Congenital Heart Disease and Heart Health

in the Young; Council on Lifestyle and Cardiometabolic
Health; Council on Peripheral Vascular Disease; and Stroke
Council. Cardiovascular Disease Risk Factors in Women: The
Impact of Race and Ethnicity: A Scientific Statement from
the American Heart Association. Circulation. 2023 May
9;147(19):1471-1487. doi: 10.1161/CIR.0000000000001139
Holven KB, van Lennep JR. Sex differences in lipids: a life
course approach. Atherosclerosis. 2023 Nov;384:117270.
doi: 10.1016/j.atherosclerosis.2023.117270

Shoenfeld Y, Gerli R, Doria A, et al. Accelerated
atherosclerosis in autoimmune rheumatic diseases.
Circulation. 2005 Nov 22;112(21):3337-47. doi: 10.1161/
CIRCULATIONAHA.104.507996

Ohman RE, Yang EH, Abel ML. Inequity in Cardio-Oncology:
Identifying Disparities in Cardiotoxicity and Links to Cardiac
and Cancer Outcomes. J Am Heart Assoc. 2021 Dec
21;10(24):e023852. doi: 10.1161/JAHA.121.023852

Jain V, Al Rifai M, Turpin R, et al. Evaluation of Factors
Underlying Sex-Based Disparities in Cardiovascular Care

in Adults With Self-Reported Premature Atherosclerotic
Cardiovascular Disease. JAMA Cardiol. 2022 Mar 1;7(3):341-
345. doi: 10.1001/jamacardio.2021.5430

Zhu F, Qi H, Bos M, Boersma E, Kavousi M. Female
Reproductive Factors and Risk of New-Onset Heart

Failure: Findings From UK Biobank. JACC Heart Fail. 2023
Sep;11(9):1203-1212. doi: 10.1016/j.jchf.2023.02.019


https://orcid.org/0000-0003-1685-6690
https://orcid.org/0000-0003-1685-6690
https://orcid.org/0000-0002-3932-4817
https://orcid.org/0000-0002-3932-4817
https://orcid.org/0000-0002-6204-4557
https://orcid.org/0000-0002-6204-4557
https://orcid.org/0000-0003-0778-4330
https://orcid.org/0000-0003-0778-4330
https://doi.org/10.1136/bmj.316.7137.1043
https://doi.org/10.1093/ntr/ntn018
https://doi.org/10.1016/j.jacc.2010.05.034
https://doi.org/10.1007/s00125-014-3260-6
https://doi.org/10.1007/s00125-014-3260-6
https://doi.org/10.1038/s41574-019-0176-8
https://doi.org/10.1038/s41574-019-0176-8
https://doi.org/10.1016/j.jacc.2018.02.033
https://doi.org/10.1161/CIR.0000000000001139
https://doi.org/10.1016/j.atherosclerosis.2023.117270
https://doi.org/10.1161/CIRCULATIONAHA.104.507996
https://doi.org/10.1161/CIRCULATIONAHA.104.507996
https://doi.org/10.1161/JAHA.121.023852
https://doi.org/10.1001/jamacardio.2021.5430
https://doi.org/10.1016/j.jchf.2023.02.019

Mahowald et al. Methodist DeBakey Cardiovasc J doi: 10.14797/mdcvj.1328

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

O’Kelly AC, Michos ED, Shufelt CL, et al. Pregnancy and
reproductive risk factors for cardiovascular disease in
women. Circ Res. 2022 Feb 18;130(4):652-672. doi: 10.1161/
CIRCRESAHA.121.319895

Guan C, Zahid S, Minhas AS, et al. Polycystic ovary
syndrome: a “risk-enhancing” factor for cardiovascular
disease. Fertil Steril. 2022 May;117(5):924-935. doi:
10.1016/j.fertnstert.2022.03.009

Lau ES, Wang D, Roberts M, et al. Infertility and risk of
heart failure in the Women’s Health Initiative. J Am Coll
Cardiol. 2022 Apr 26;79(16):1594-1603. doi: 10.1016/j.
jacc.2022.02.020

Wang Y-X, Minguez-Alarcén L, Gaskins AJ, et al. Pregnancy
loss and risk of cardiovascular disease: the Nurses’ Health
Study II. Eur Heart J. 2022 Jan 25;43(3):190-199. doi:
10.1093/eurheartj/ehab737

Li W, Ruan W, Lu Z, Wang D. Parity and risk of maternal
cardiovascular disease: a dose-response meta-analysis of
cohort studies. Eur J Prev Cardiol. 2019 Apr;26(6):592-602.
doi: 10.1177/2047487318818265

Grandi SM, Filion KB, Yoon S, et al. Cardiovascular
Disease-Related Morbidity and Mortality in Women

With a History of Pregnancy Complications. Circulation.
2019 Feb 19;139(8):1069-1079. doi: 10.1161/
CIRCULATIONAHA.118.036748

Vogel B, Acevedo M, Appelman Y, et al. The Lancet women
and cardiovascular disease Commission: reducing the global
burden by 2030. Lancet. 2021 Jun 19;397(10292):2385-
2438. doi: 10.1016/50140-6736(21)00684-X

Lichtman JH, Leifheit EC, Safdar B, et al. Sex Differences

in the Presentation and Perception of Symptoms

Among Young Patients With Myocardial Infarction:
Evidence from the VIRGO Study (Variation in Recovery:

Role of Gender on Outcomes of Young AMI Patients).
Circulation. 2018 Feb 20;137(8):781-790. doi: 10.1161/
CIRCULATIONAHA.117.031650

Murphy AC, Yudi MB, Farouque O, et al. Impact of gender
and door-to-balloon times on long-term mortality in
patients presenting with ST-elevation myocardial infarction.
Am J Cardiol. 2019 Sep 15;124(6):833-841. doi: 10.1016/j.
amjcard.2019.06.008

Stehli J, Martin C, Brennan A, Dinh DT, Lefkovits J,

Zaman S. Sex differences persist in time to presentation,
revascularization, and mortality in myocardial infarction
treated with percutaneous coronary intervention. J Am
Heart Assoc. 2019 May 21;8(10):e012161. doi: 10.1161/
JAHA.119.012161

Solhpour A, Chang KW, Arain SA, et al. Ischemic timeis a
better predictor than door-to-balloon time for mortality and
infarct size in ST-elevation myocardial infarction. Catheter
Cardiovasc Interv. 2016 Jun;87(7):1194-200. doi: 10.1002/
ccd.26230

25.

26.

27.

28.

29.

30.

31.

32.

33.

34,

35.

116

Yiadom MYA, Gong W, Patterson BW, et al. Fallacy of
Median Door-to-ECG Time: Hidden Opportunities for STEMI
Screening Improvement. J Am Heart Assoc. 2022 May
3;11(9):e024067. doi: 10.1161/JAHA.121.024067

Banco D, Chang J, Talmor N, et al. Sex and race differences
in the evaluation and treatment of young adults presenting
to the emergency department with chest pain. J Am

Heart Assoc. 2022 May 17;11(10):e024199. doi: 10.1161/
JAHA.121.024199

Huded CP, Johnson M, Kravitz K, et al. 4-step protocol for
disparities in STEMI care and outcomes in women. J Am
Coll Cardiol. 2018 May 15;71(19):2122-32. doi: 10.1016/].
jacc.2018.02.039

Potts J, Sirker A, Martinez SC, et al. Persistent sex
disparities in clinical outcomes with percutaneous coronary
intervention: insights from 6.6 million PCI procedures in the
United States. PLoS One. 2018 Sep 4;13(9):e0203325. doi:
10.1371/journal.pone.0203325

Seegers LM, Araki M, Nakajima A, et al. Sex differences

in culprit plaque characteristics among different age
groups in patients with acute coronary syndromes. Circ
Cardiovasc Interv. 2022 Jun;15(6):e011612. doi: 10.1161/
CIRCINTERVENTIONS.121.011612

Guagliumi G, Capodanno D, Saia F, et al. Mechanisms

of atherothrombosis and vascular response to primary
percutaneous coronary intervention in women versus men
with acute myocardial infarction: results of the OCTAVIA
study. JACC Cardiovasc Interv. 2014 Sep;7(9):958-68. doi:
10.1016/j.jcin.2014.05.011

Mahowald MK, Alqahtani F, Alkhouli M. Comparison

of Outcomes of Coronary Revascularization for

Acute Myocardial Infarction in Men Versus Women.

Am J Cardiol. 2020 Oct 1;132:1-7. doi: 10.1016/].
amjcard.2020.07.014

Hao Y, Liu J, Liu J, et al. Sex differences in in-hospital
management and outcomes of patients with acute coronary
syndrome. Circulation. 2019 Apr 9;139(15):1776-1785. doi:
10.1161/CIRCULATIONAHA.118.037655

Glaser R, Herrmann HC, Murphy SA, et al. Benefit of an
early invasive management strategy in women with acute
coronary syndromes. JAMA. 2002 Dec 25;288(24):3124-9.
doi: 10.1001/jama.288.24.3124

Smilowitz NR, Mahajan AM, Roe MT, et al. Mortality of
myocardial infarction by sex, age, and obstructive coronary
artery disease status in the ACTION Registry-GWTG

(Acute Coronary Treatment and Intervention Outcomes
Network Registry-Get With the Guidelines). Circ Cardiov
Qual Outcomes. 2017 Dec;10(12):e003443. doi: 10.1161/
CIRCOUTCOMES.116.003443

Lindahl B, Baron T, Erlinge D, et al. Medical therapy for
secondary prevention and long-term outcome in patients
with myocardial infarction with nonobstructive coronary


https://doi.org/10.1161/CIRCRESAHA.121.319895
https://doi.org/10.1161/CIRCRESAHA.121.319895
https://doi.org/10.1016/j.fertnstert.2022.03.009
https://doi.org/10.1016/j.jacc.2022.02.020
https://doi.org/10.1016/j.jacc.2022.02.020
https://doi.org/10.1093/eurheartj/ehab737
https://doi.org/10.1177/2047487318818265
https://doi.org/10.1161/CIRCULATIONAHA.118.036748
https://doi.org/10.1161/CIRCULATIONAHA.118.036748
https://doi.org/10.1016/S0140-6736(21)00684-X
https://doi.org/10.1161/CIRCULATIONAHA.117.031650
https://doi.org/10.1161/CIRCULATIONAHA.117.031650
https://doi.org/10.1016/j.amjcard.2019.06.008
https://doi.org/10.1016/j.amjcard.2019.06.008
https://doi.org/10.1161/JAHA.119.012161
https://doi.org/10.1161/JAHA.119.012161
https://doi.org/10.1002/ccd.26230
https://doi.org/10.1002/ccd.26230
https://doi.org/10.1161/JAHA.121.024067
https://doi.org/10.1161/JAHA.121.024199
https://doi.org/10.1161/JAHA.121.024199
https://doi.org/10.1016/j.jacc.2018.02.039
https://doi.org/10.1016/j.jacc.2018.02.039
https://doi.org/10.1371/journal.pone.0203325
https://doi.org/10.1161/CIRCINTERVENTIONS.121.011612
https://doi.org/10.1161/CIRCINTERVENTIONS.121.011612
https://doi.org/10.1016/j.jcin.2014.05.011
https://doi.org/10.1016/j.amjcard.2020.07.014
https://doi.org/10.1016/j.amjcard.2020.07.014
https://doi.org/10.1161/CIRCULATIONAHA.118.037655
https://doi.org/10.1001/jama.288.24.3124
https://doi.org/10.1161/CIRCOUTCOMES.116.003443
https://doi.org/10.1161/CIRCOUTCOMES.116.003443

Mahowald et al. Methodist DeBakey Cardiovasc J doi: 10.14797/mdcvj.1328

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

artery disease. Circulation. 2017 Apr 18;135(16):1481-1489.
doi: 10.1161/CIRCULATIONAHA.116.026336

Reynolds HR, Shaw LJ, Min JK, et al. Association of sex with
severity of coronary artery disease, ischemia, and symptom
burden in patients with moderate or severe ischemia:
secondary analysis of the ISCHEMIA randomized clinical
trial. JAMA Cardiol. 2020 Jul 1;5(7):773-786. doi: 10.1001/
jamacardio.2020.0822

Lansky AJ, Ng VG, Maehara A, et al. Gender and the extent
of coronary atherosclerosis, plaque composition, and clinical
outcomes in acute coronary syndromes. JACC Cardiovasc
Imaging. 2012 Mar;5(3 Suppl):S62-72. doi: 10.1016/j.
jcmg.2012.02.003

Kim SG, Apple S, Mintz GS, et al. The importance of gender
on coronary artery size: In-vivo assessment by intravascular
ultrasound. Clin Cardiol. 2004 May;27(5):291-4. doi: 10.1002/
clc.4960270511

Herscovici R, Sedlak T, Wei J, Pepine CJ, Handberg E, Bairey
Merz CN. Ischemia and no obstructive coronary artery
disease (INOCA): what is the risk? J Am Heart Assoc. 2018
Sep 4;7(17):e008868. doi: 10.1161/JAHA.118.008868
Jawitz OK, Lawton JS, Thibault D, et al. Sex Differences

in Coronary Artery Bypass Grafting Techniques: A Society

of Thoracic Surgeons Database Analysis. Ann Thorac

Surg. 2022 Jun;113(6):1979-1988. doi: 10.1016/j.
athoracsur.2021.06.039

Roques F, Nashef S, Michel P, et al. Risk factors and
outcome in European cardiac surgery: analysis of the
EuroSCORE multinational database of 19030 patients. Eur J
Cardiothorac Surg. 1999 Jun;15(6):816-22; discussion 822-3.
doi: 10.1016/s1010-7940(99)00106-2

Shahian DM, Jacobs JP, Badhwar V, et al. The Society of
Thoracic Surgeons 2018 Adult Cardiac Surgery Risk Models:
Part 1—Background, Design Considerations, and Model
Development. Ann thorac Surg. 2018 May;105(5):1411-1418.
doi: 10.1016/j.athoracsur.2018.03.002

Antman EM, Cohen M, Bernink PJ, et al. The TIMI risk score
for unstable angina/non-ST elevation MI: a method for
prognostication and therapeutic decision making. JAMA.
2000 Aug 16;284(7):835-42. doi: 10.1001/jama.284.7.835
Six A, Backus B, Kelder J. Chest pain in the emergency room:
value of the HEART score. Neth Heart J. 2008 Jun;16(6):191-
6. doi: 10.1007/BF03086144

Fox KA, Dabbous OH, Goldberg RJ, et al. Prediction of risk
of death and myocardial infarction in the six months after
presentation with acute coronary syndrome: prospective
multinational observational study (GRACE). BMJ. 2006 Nov
25;333(7578):1091. doi: 10.1136/bmj.38985.646481.55
Sanders KM, Nacario JH, Smith EJ, et al. Structured
discharge documentation reduces sex-based disparities in
statin prescription in vascular surgery patients. J Vasc Surg.
2023 May;77(5):1504-1511. doi: 10.1016/}.jvs.2023.01.179

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

de Bakker M, Anand A, Shipley M, et al. Sex Differences

in Cardiac Troponin Trajectories Over the Life Course.
Circulation. 2023 Jun 13;147(24):1798-1808. doi: 10.1161/
CIRCULATIONAHA.123.064386

Shaw LJ, Min JK, Nasir K, et al. Sex differences in calcified
plaque and long-term cardiovascular mortality: observations
from the CAC Consortium. Eur Heart J. 2018 Nov
1;39(41):3727-3735. doi: 10.1093/eurheartj/ehy534
DeFilippis EM, Beale A, Martyn T, et al. Heart failure
subtypes and cardiomyopathies in women. Circ

Res. 2022 Feb 18;130(4):436-54. doi: 10.1161/
CIRCRESAHA.121.319900

Bozkurt B, Khalaf S. Heart Failure in Women. Methodist
Debakey Cardiovasc J. 2017;13(4):216-23. doi: 10.14797/
mdcj-13-4-216

Lam CSP, Arnott C, Beale AL, et al. Sex differences in heart
failure. Eur Heart J. 2019;40(47):3859-68c¢. doi: 10.1093/
eurheartj/ehz835

Sohani ZN, Behlouli H, de Moura CS, Abrahamowicz M,
Pilote L. Sex Differences in the Effectiveness of Angiotensin-
Converting Enzyme Inhibitors, Angiotensin II Receptor
Blockers, and Sacubitril-Valsartan for the Treatment of Heart
Failure. J Am Heart Assoc. 2023 Jul 18;12(14):e028865. doi:
10.1161/JAHA.122.028865

Eugene AR. Gender based Dosing of Metoprolol in the Elderly
using Population Pharmacokinetic Modeling and Simulations.
Int J Clin Pharmacol Toxicol. 2016 May;5(3):209-15. doi:
10.19070/2167-910X-1600035

Israili ZH. Clinical pharmacokinetics of angiotensin II (AT1)
receptor blockers in hypertension. J Hum Hypertens. 2000
Apr;14 Suppl 1:573-86. doi: 10.1038/sj.jhh.1000991

Soldin OP, Mattison DR. Sex differences in pharmacokinetics
and pharmacodynamics. Clin Pharmacokinet.
2009;48(3):143-57. doi: 10.2165/00003088-200948030-
00001

Lund LH, Braunschweig F, Benson L, Stdhlberg M,
Dahlstrom U, Linde C. Association between demographic,
organizational, clinical, and socio-economic characteristics
and underutilization of cardiac resynchronization therapy:
results from the Swedish Heart Failure Registry. Eur J Heart
Fail. 2017;19(10):1270-9. doi: 10.1002/ejhf.781

Leyva F, Qiu T, Zegard A, et al. Sex-Specific Differences

in Survival and Heart Failure Hospitalization After Cardiac
Resynchronization Therapy With or Without Defibrillation. J
Am Heart Assoc. 2019 Nov 19;8(22):e013485. doi: 10.1161/
jaha.119.013485

Amuthan R, Curtis AB. Sex-Specific Considerations

in Drug and Device Therapy of Cardiac Arrhythmias:

JACC Focus Seminar 6/7. J Am Coll Cardiol. 2022 Apr
19;79(15):1519-29. doi: 10.1016/j.jacc.2021.11.066
Bhardwaj A, Kumar S, Park JK, et al. Gender Inequality

in Use of Percutaneous Mechanical Circulatory Support in


https://doi.org/10.1161/CIRCULATIONAHA.116.026336
https://doi.org/10.1001/jamacardio.2020.0822
https://doi.org/10.1001/jamacardio.2020.0822
https://doi.org/10.1016/j.jcmg.2012.02.003
https://doi.org/10.1016/j.jcmg.2012.02.003
https://doi.org/10.1002/clc.4960270511
https://doi.org/10.1002/clc.4960270511
https://doi.org/10.1161/JAHA.118.008868
https://doi.org/10.1016/j.athoracsur.2021.06.039
https://doi.org/10.1016/j.athoracsur.2021.06.039
https://doi.org/10.1016/S1010-7940(99)00106-2
https://doi.org/10.1016/j.athoracsur.2018.03.002
https://doi.org/10.1001/jama.284.7.835
https://doi.org/10.1007/BF03086144
https://doi.org/10.1136/bmj.38985.646481.55
https://doi.org/10.1016/j.jvs.2023.01.179
https://doi.org/10.1161/CIRCULATIONAHA.123.064386
https://doi.org/10.1161/CIRCULATIONAHA.123.064386
https://doi.org/10.1093/eurheartj/ehy534
https://doi.org/10.1161/CIRCRESAHA.121.319900
https://doi.org/10.1161/CIRCRESAHA.121.319900
https://doi.org/10.14797/mdcj-13-4-216
https://doi.org/10.14797/mdcj-13-4-216
https://doi.org/10.1093/eurheartj/ehz835
https://doi.org/10.1093/eurheartj/ehz835
https://doi.org/10.1161/JAHA.122.028865
https://doi.org/10.19070/2167-910X-1600035
https://doi.org/10.1038/sj.jhh.1000991
https://doi.org/10.2165/00003088-200948030-00001
https://doi.org/10.2165/00003088-200948030-00001
https://doi.org/10.1002/ejhf.781
https://doi.org/10.1161/JAHA.119.013485
https://doi.org/10.1161/JAHA.119.013485
https://doi.org/10.1016/j.jacc.2021.11.066

Mahowald et al. Methodist DeBakey Cardiovasc J doi: 10.14797/mdcvj.1328

60.

61.

62.

63.

64.

65.

66.

67.

68.

Patients With Cardiogenic Shock-Call For Action. J Am Coll
Cardiol. 2023 Mar;81(8_Supplement):725. doi: 10.1016/
S0735-1097(23)01169-5

Joshi AA, Lerman JB, Sajja AP, et al. Sex-based differences
in left ventricular assist device utilization: insights from

the nationwide inpatient sample 2004 to 2016. Circ

Heart Fail. 2019 Sep;12(9):e006082. doi: 10.1161/
CIRCHEARTFAILURE.119.006082

Moayedi Y, Fan CPS, Cherikh WS, et al. Survival outcomes
after heart transplantation: does recipient sex matter?

Circ Heart Fail. 2019 Oct;12(10):e006218. doi: 10.1161/
CIRCHEARTFAILURE.119.006218

Oliveros E, Saldarriaga Giraldo CI, Hall J, et al. Addressing
Barriers for Women with Advanced Heart Failure. Curr Cardiol
Rep. 2023 Oct;25(10):1257-1267. doi: 10.1007/s11886-023-
01946-y

Mou L, Norby FL, Chen LY, et al. Lifetime risk of atrial
fibrillation by race and socioeconomic status: ARIC study
(Atherosclerosis Risk in Communities). Circ Arrhythm
Electrophysiol. 2018 Jul;11(7):e006350. doi: 10.1161/
CIRCEP.118.006350

Lip GY, Laroche C, Boriani G, et al. Sex-related differences in
presentation, treatment, and outcome of patients with atrial
fibrillation in Europe: a report from the Euro Observational
Research Programme Pilot survey on Atrial Fibrillation.
Europace. 2015 Jan;17(1):24-31. doi: 10.1093/europace/
euul55

Emdin CA, Wong CX, Hsiao AJ, et al. Atrial fibrillation as

risk factor for cardiovascular disease and death in women
compared with men: systematic review and meta-analysis
of cohort studies. BMJ. 2016 Jan 19;352:h7013. doi: 10.1136/
bmj.h7013

Tse HF, Oral H, Pelosi F, Knight BP, Strickberger SA, Morady
F. Effect of gender on atrial electrophysiologic changes
induced by rapid atrial pacing and elevation of atrial
pressure. J Cardiovasc Electrophysiol. 2001 Sep;12(9):986-9.
doi: 10.1046/).1540-8167.2001.00986.x

Cochet H, Mouries A, Nivet H, et al. Age, atrial fibrillation,
and structural heart disease are the main determinants of
left atrial fibrosis detected by delayed-enhanced magnetic
resonance imaging in a general cardiology population. J
Cardiovasc Electrophysiol. 2015 May;26(5):484-92. doi:
10.1111/jce.12651

Hindricks G, Potpara T, Dagres N, et al. 2020 ESC Guidelines
for the diagnosis and management of atrial fibrillation
developed in collaboration with the European Association
for Cardio-Thoracic Surgery (EACTS) The Task Force for

the diagnosis and management of atrial fibrillation of

the European Society of Cardiology (ESC) Developed with
the special contribution of the European Heart Rhythm
Association (EHRA) of the ESC. Eur Heart J. 2021 Feb
1;42(5):373-498. doi: 10.1093/eurheartj/ehaa612

69.

70.

71.

72.

73.

74.

75.

76.

77.

78.

79.

80.

118

Patel D, Mohanty P, Di Biase L, et al. Outcomes and
complications of catheter ablation for atrial fibrillation in
females. Heart Rhythm. 2010;7(2):167-72. doi: 10.1016/j.
hrthm.2009.10.025

Volgman AS, Benjamin EJ, Curtis AB, et al. Women

and atrial fibrillation. J Cardiovasc Electrophysiol. 2021
Oct;32(10):2793-2807. doi: 10.1111/jce. 14838

Sullivan RM, Zhang J, Zamba G, Lip GY, Olshansky

B. Relation of gender-specific risk of ischemic stroke

in patients with atrial fibrillation to differences in

warfarin anticoagulation control (from AFFIRM). Am J
Cardiol. 2012 Dec 15;110(12):1799-802. doi: 10.1016/].
amjcard.2012.08.014

Pancholy SB, Sharma PS, Pancholy DS, Patel TM, Callans
DJ, Marchlinski FE. Meta-analysis of gender differences

in residual stroke risk and major bleeding in patients with
nonvalvular atrial fibrillation treated with oral anticoagulants.
Am J Cardiol. 2014 Feb 1;113(3):485-90. doi: 10.1016/j.
amjcard.2013.10.035

Holmes DR, Kar S, Price MJ, et al. Prospective randomized
evaluation of the Watchman Left Atrial Appendage Closure
device in patients with atrial fibrillation versus long-term
warfarin therapy: the PREVAIL trial. J Am Coll Cardiol. 2014
Jul 8;64(1):1-12. doi: 10.1016/j.jacc.2014.04.029

Reddy VY, Doshi SK, Kar S, et al. 5-Year Outcomes After Left
Atrial Appendage Closure: From the PREVAIL and PROTECT AF
Trials. J Am Coll Cardiol. 2017 Dec 19;70(24):2964-2975. doi:
10.1016/j.jacc.2017.10.021

Prosperi-Porta G, Nguyen V, Willner N, et al. Association
of age and sex with use of transcatheter aortic valve
replacement in France. J Am Coll Cardiol. 2023 Nov
14;82(20):1889-1902. doi: 10.1016/j.jacc.2023.08.044
Bienjonetti-Boudreau D, Fleury M-A, Voisine M, et al.
Impact of sex on the management and outcome of aortic
stenosis patients. Eur Heart J. 2021 Jul 15;42(27):2683-2691.
doi: 10.1093/eurheartj/ehab242

Iribarren AC, AlBadri A, Wei J, et al. Sex differences in
aortic stenosis: Identification of knowledge gaps for sex-
specific personalized medicine. Am Heart J Plus. 2022
Sep;21:100197. doi: 10.1016/j.ahjo.2022.100197

Martin J, Coffey S, Whalley GA. Sex disparity in
cardiovascular disease outcomes: do our current
echocardiographic reference ranges measure up?

Heart, Lung Circ. 2021 Jan;30(1):e1-e5. doi: 10.1016/j.
hlc.2020.10.004

Chandrasekhar J, Dangas G, Yu J, et al. Sex-based
differences in outcomes with transcatheter aortic valve
therapy: TVT registry from 2011 to 2014. J Am Coll

Cardiol. 2016 Dec 27;68(25):2733-2744. doi: 10.1016/j.
jacc.2016.10.041

Chugh Y, Mahowald MK, Robert J, Bradley SM, Gossl

M. Identifying and Addressing Gaps in the Care of


https://doi.org/10.1016/S0735-1097(23)01169-5
https://doi.org/10.1016/S0735-1097(23)01169-5
https://doi.org/10.1161/CIRCHEARTFAILURE.119.006082
https://doi.org/10.1161/CIRCHEARTFAILURE.119.006082
https://doi.org/10.1161/CIRCHEARTFAILURE.119.006218
https://doi.org/10.1161/CIRCHEARTFAILURE.119.006218
https://doi.org/10.1007/s11886-023-01946-y
https://doi.org/10.1007/s11886-023-01946-y
https://doi.org/10.1161/CIRCEP.118.006350
https://doi.org/10.1161/CIRCEP.118.006350
https://doi.org/10.1093/europace/euu155
https://doi.org/10.1093/europace/euu155
https://doi.org/10.1136/bmj.h7013
https://doi.org/10.1136/bmj.h7013
https://doi.org/10.1046/j.1540-8167.2001.00986.x
https://doi.org/10.1111/jce.12651
https://doi.org/10.1093/eurheartj/ehaa612
https://doi.org/10.1016/j.hrthm.2009.10.025
https://doi.org/10.1016/j.hrthm.2009.10.025
https://doi.org/10.1111/jce.14838
https://doi.org/10.1016/j.amjcard.2012.08.014
https://doi.org/10.1016/j.amjcard.2012.08.014
https://doi.org/10.1016/j.amjcard.2013.10.035
https://doi.org/10.1016/j.amjcard.2013.10.035
https://doi.org/10.1016/j.jacc.2014.04.029
https://doi.org/10.1016/j.jacc.2017.10.021
https://doi.org/10.1016/j.jacc.2023.08.044
https://doi.org/10.1093/eurheartj/ehab242
https://doi.org/10.1016/j.ahjo.2022.100197
https://doi.org/10.1016/j.hlc.2020.10.004
https://doi.org/10.1016/j.hlc.2020.10.004
https://doi.org/10.1016/j.jacc.2016.10.041
https://doi.org/10.1016/j.jacc.2016.10.041

Mahowald et al. Methodist DeBakey Cardiovasc J doi: 10.14797/mdcvj.1328 119

Patients With Severe Valve Disease. Circ Cardiovas Qual and Leadership. Methodist Debakey Cardiovasc J. 2019 Jan-
Outcomes. 2022 Dec;15(12):e009209. doi: 10.1161/ Mar;15(1):e1-e2. doi: 10.14797/mdcj-15-1-el
CIRCOUTCOMES.122.009209 89. Blumenthal DM, Olenski AR, Yeh RW, et al. Sex Differences

81. Beery AK, Zucker 1. Sex bias in neuroscience and biomedical in Faculty Rank Among Academic Cardiologists in the United
research. Neurosci Biobehav Rev. 2011 Jan;35(3):565-72. doi: States. Circulation. 2017 Feb 7;135(6):506-517. doi: 10.1161/
10.1016/j.neubiorev.2010.07.002 circulationaha.116.023520

82. Reddy KP, Faggioni M, Eberly LA, et al. Enrollment of Older 90. Whitelaw S, Thabane L, Mamas MA, et al. Characteristics
Patients, Women, and Racial and Ethnic Minority Individuals of Heart Failure Trials Associated With Under-
in Valvular Heart Disease Clinical Trials: A Systematic Review. Representation of Women as Lead Authors. J Am Coll
JAMA Cardiol. 2023 Sep 1;8(9):871-878. doi: 10.1001/ Cardiol. 2020 Oct 27;76(17):1919-1930. doi: 10.1016/].
jamacardio.2023.2098 jacc.2020.08.062

83. Morgan H, Sinha A, Mcentegart M, Hardman SM, Perera 91. Blumer V, Zhbannikov 1Y, Douglas PS. Contributions of
D. Evaluation of the causes of sex disparity in heart failure Women to Cardiovascular Science Over Two Decades:
trials. Heart. 2022 Sep 12;108(19):1547-1552. doi: 10.1136/ Authorship, Leadership, and Mentorship. J Am Heart Assoc.
heartjnl-2021-320696 2023 Maq;12(5):e026828. doi: 10.1161/jaha.122.026828

84. Scott PE, Unger EF, Jenkins MR, et al. Participation 92. Asghar M, Usman MS, Aibani R, et al. Sex Differences in
of women in clinical trials supporting FDA approval Authorship of Academic Cardiology Literature Over the Last
of cardiovascular drugs. J Am Coll Cardiol. 2018 May 2 Decades. J Am Coll Cardiol. 2018 Aug 7;72(6):681-685. doi:
8;71(18):1960-1969. doi: 10.1016/j.jacc.2018.02.070 10.1016/j.jacc.2018.05.047

85. Gong IY, Tan NS, Ali SH, et al. Temporal trends of women 93. Mehran R, Kumar A, Bansal A, Shariff M, Gulati
enrollment in major cardiovascular randomized clinical M, Kalra A. Gender and Disparity in First Authorship
trials. Can J Cardiol. 2019 May;35(5):653-660. doi: 10.1016/]. in Cardiology Randomized Clinical Trials. JAMA Netw
€jca.2019.01.010 Open. 2021 Mar 1;4(3):e211043. doi: 10.1001/

86. Matthews S, Cook S, Clayton T, Murray S, Wynne R, Sanders jamanetworkopen.2021.1043
J. Factors Affecting Women’s Participation in Cardiovascular 94. Pinho-Gomes AC, Vassallo A, Thompson K, Womersley
Research: A Scoping Review. Eur J Cardiovasc Nurs. 2023 May K, Norton R, Woodward M. Representation of Women
18:zvad048. doi: 10.1093/eurjcn/zvad048 Among Editors in Chief of Leading Medical Journals. JAMA

87. Mehta LS, Fisher K, Rzeszut AK, et al. Current Demographic Netw Open. 2021 Sep 1;4(9):€2123026. doi: 10.1001/
Status of Cardiologists in the United States. JAMA jamanetworkopen.2021.23026
Cardiol. 2019 Oct 1;4(10):1029-1033. doi: 10.1001/ 95. Balasubramanian S, Saberi S, Yu S, Duvernoy CS, Day SM,
jamacardio.2019.3247 Agarwal PP. Women Representation Among Cardiology

88. Shahid M. Addressing the Underrepresentation of Women Journal Editorial Boards. Circulation. 2020 Feb 18;141(7):603-
in Cardiology through Tangible Opportunities for Mentorship 605. doi: 10.1161/circulationaha.119.042909

TO CITE THIS ARTICLE:
Mahowald MK, Esmail K, Ezzeddine FM, Choi C, Mieszczanska H, Velarde G. Sex Disparities in Cardiovascular Disease. Methodist DeBakey
Cardiovasc J. 2024;20(2):107-119. doi: 10.14797/mdcvj.1328

Submitted: 19 December 2023 Accepted: 30 January 2024 Published: 14 March 2024

COPYRIGHT:

© 2024 The Author(s). This is an open-access article distributed under the terms of the Attribution-NonCommercial 4.0 International
(CC BY-NC 4.0), which permits unrestricted use, distribution, and reproduction in any noncommercial medium, provided the original
author and source are credited. See https://creativecommons.org/licenses/by-nc/4.0/.

Methodist DeBakey Cardiovascular Journal is a peer-reviewed open access journal published by Houston Methodist DeBakey Heart &
Vascular Center.

»»OUSTD-Nt . t
DEBAKEY HEART &
VASCULAR CENTER


https://doi.org/10.14797/mdcvj.1328
https://creativecommons.org/licenses/by-nc/4.0/
https://doi.org/10.1161/CIRCOUTCOMES.122.009209
https://doi.org/10.1161/CIRCOUTCOMES.122.009209
https://doi.org/10.1016/j.neubiorev.2010.07.002
https://doi.org/10.1001/jamacardio.2023.2098
https://doi.org/10.1001/jamacardio.2023.2098
https://doi.org/10.1136/heartjnl-2021-320696
https://doi.org/10.1136/heartjnl-2021-320696
https://doi.org/10.1016/j.jacc.2018.02.070
https://doi.org/10.1016/j.cjca.2019.01.010
https://doi.org/10.1016/j.cjca.2019.01.010
https://doi.org/10.1093/eurjcn/zvad048
https://doi.org/10.1001/jamacardio.2019.3247
https://doi.org/10.1001/jamacardio.2019.3247
https://doi.org/10.14797/mdcj-15-1-e1
https://doi.org/10.1161/CIRCULATIONAHA.116.023520
https://doi.org/10.1161/CIRCULATIONAHA.116.023520
https://doi.org/10.1016/j.jacc.2020.08.062
https://doi.org/10.1016/j.jacc.2020.08.062
https://doi.org/10.1161/JAHA.122.026828
https://doi.org/10.1016/j.jacc.2018.05.047
https://doi.org/10.1001/jamanetworkopen.2021.1043
https://doi.org/10.1001/jamanetworkopen.2021.1043
https://doi.org/10.1001/jamanetworkopen.2021.23026
https://doi.org/10.1001/jamanetworkopen.2021.23026
https://doi.org/10.1161/CIRCULATIONAHA.119.042909

