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ABSTRACT

Despite significant progress in cardiovascular
pharmacotherapy and interventional strategies,
cardiovascular disease (CVD), in particular ischaemic
heart disease, remains the leading cause of morbidity
and mortality among women in the UK and worldwide.
Women are underdiagnosed, undertreated and under-
represented in clinical trials directed at management
strategies for CVD, making their results less applicable
to this subset. Women have additional sex-specific

risk factors that put them at higher risk of future
cardiovascular events. Psychosocial risk factors,
socioeconomic deprivation and environmental factors
have an augmented impact on women'’s cardiovascular
health, highlighting the need for a holistic approach

to care that considers risk factors specifically related

to female biology alongside the traditional risk factors.
Importantly, in the UK, even in the context of a
National Health Service, there exist significant regional
variations in age-standardised mortality rates among
patients with CVD. Given most CVDs are preventable,
concerted efforts are necessary to address the unmet
needs and ensure parity of care for women with CVD.
The present consensus document, put together by the
British Cardiovascular Society (BCS)'s affiliated societies,
specifically portrays the current status on the sex-
related differences in the diagnosis and treatment of
each of the major CVD areas and proposes strategies
to overcome the barriers in accessing diagnoses and
treatments among women. This document aims at raising
awareness of the scale of the current problem and hopes
to stimulate a multifaceted approach to address sex
disparities and enable future comprehensive sex- and
gender-based research through collaboration across
different affiliated societies within the BCS.

INTRODUCTION

Globally, cardiovascular disease (CVD) is the
leading cause of death in women." However, the
misconception that it is a ‘man’s disease’ under-
lines that CVD in women has contributed to its
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under-recognition and undertreatment.”> Over
3.6 million women in the UK are currently affected
by ischaemic heart disease, which kills one in 14
women.> Approximately 30% of the total 81765
myocardial infarctions (MI) registered in the UK
between 2022 and 2023 occurred in women.
A discrepancy between women and men in the
proportion of patients admitted with higher-
risk ST-segment elevation myocardial infarction
(STEMI) not receiving reperfusion treatment has
been reported, and this phenomenon occurs more
frequently in older women. The possible reasons
might include delayed access to the emergency care
compared with men secondary to lack of aware-
ness, underestimated risk and social barriers. In
addition, a lower proportion of women admitted
with lower-risk non-ST segment elevation myocar-
dial infarction (NSTEMI) receive angiography
within 72 hours compared with men.* In addition,
women are under-represented in cardiovascular
clinical research, meaning that many treatments
are mainly investigated in men and then applied to
women, with the expectation that sex-based differ-
ences in physiology and pharmacokinetics will
have little impact.® Even where prognostic cardio-
vascular therapies are well established, women are
frequently under-referred for treatment which leads
to poorer outcomes (figure 1).°

This consensus document put together by repre-
sentatives from each of the leading UK cardiovas-
cular affiliated societies including the Primary Care
Cardiovascular Society, nursing and patient affiliated
societies, outlines the key sex-specific differences
across the CVD spectrum and the recommenda-
tions for addressing cardiovascular health inequali-
ties among women in the UK (figure 2). The terms
sex and gender are closely related to each other, and
they are often identified as the same erroneously.
According to the WHO, sex refers to the biological
characteristics that define humans as female or male
such as chromosomes, hormones and reproductive
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Sex-related differences in CV adaptation to and consequences of HVD
with different remodelling of cardiac chambers

Tricuspid regurgitation more common in women

Smaller parameters of LV cavity

Less likely to be referred for diagnostic
assessment

Lower use of GDMT

Worse clinical outcomes in ACS
Non-obstructive CAD more frequent

Lack of adequate support for women with SCAD
Barriers to CPRPs (lack of time, work/family
commitments)
Reluctance to revisit the hospital setting after a
cardiac event
Lack of awareness on the impact of lifestyle
. 5,
changes upon CV risk 2, b€
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DISORDERS

Smaller chest cavities and breast tissue affecting diagnostic accuracy
CAC conferring 4 mortality risk in women than men

High-risk plaques increasing MACE risk compared to men

/" likely to receive a false negative diagnosis and unexplained chest
pain due to MVA

Figure 1

Women present older, with {, ischaemic causes, 1 comorbidities
J ICD/CRT implantation rate for primary prevention of SCD

\ referral to advanced HF therapies (VAD and transplant)

Late referral for transcatheter mitral repair

Pregnancy complications associated with 4 risk of DCM/HCM

X-linked disorders associated with a milder
phenotype in women leading to delayed/ missed
diagnosis

Mosaicism due to X chromosome inactivation
causing different phenotypes

Variations in post-translational protein function

1 cumulative prevalence of ACHD in females
compared to males

> milder ACHD subtypes in females

Lack of sex-specific prevention/disease
identification/prognosis definition/therapeutic
strategies

Inequalities in access to specialist Paediatric/
Transition/ACHD support/education/ care

Biological factors (pharmacokinetics,
biochemical/hormonal differences)
(9, Clinical and socioeconomical factors (delayed diagnosis)
Cardiotoxic profile of cancer therapies (anthracyclines,
HER2 inhibitors, radiotherapy)

/ risk of acquired LQT / susceptibility to drug-induced TdP

4 diagnostic delays, { catheter ablation/device therapy

J rhythm control whilst 4 risk of HF in a rate control strategy

Multifactorial thrombotic risk involving hormonal, endocrine, lifestyle/social factors

Main factors contributing to sex differences across different subareas of cardiovascular disease. ACHD, adult congenital heart defects;

ACS, acute coronary syndrome; CAC, coronary artery calcium; CAD, coronary artery disease; CPRPs, cardiovascular prevention and rehabilitation
programmes; CRT, cardiac resynchronisation therapy; CV, cardiovascular; DCM, dilated cardiomyopathy; GDMT, guideline-directed medical therapy;
HCM, hypertrophic cardiomyopathy; HER2, human epidermal growth factor receptor 2; HF, heart failure; HVD, heart valve disease; ICD, implantable
cardiac defibrillator; LQT, long QT; LV, left ventricular; MACE, major adverse cardiovascular events; MVA, microvascular angina; SCAD, spontaneous
coronary artery dissection; SCD, sudden cardiac death; TdP, torsades de pointes; VAD, ventricular assist device.

organs, while gender refers to the socially constructed roles
comprehensive of norms and behaviours associated, as well as
relationships.” The main purpose of this document is to advance
the access to diagnosis and treatment among women suffering
from CVD with provision of disease-specific action points to
be implemented by all affiliated societies, mostly referring to a
sex-based approach since the pathophysiological differences in
CVD are driven by biological sex and the associated reproduc-
tive organs/hormones (tables 1-3). However, we recognise that
a gender-based perspective would be helpful to explore and call
attention to acquired risk factors secondary to personal choices,
hormonal fluctuation and social/physical relationships. Gender
is a wider concept which can vary across different cultures and
over time. We hope this document will help improve the care of
women with CVD worldwide.

TRADITIONAL CARDIOVASCULAR RISK FACTORS IN WOMEN
The leading modifiable cardiovascular risk factors such as hyper-
tension, smoking, diabetes, obesity and dyslipidaemia together
account for approximately 50% of preventable cardiovascular
deaths. Hypertension (30% and 38%) and smoking (36% and
17%) alone account for most of these deaths in both men and
women, respectively. Data from the 2012-2017 Health Survey
for England showled that significantly more women have no
‘traditional’ cardiovascular risk factors compared with men
(36% vs 29%), although the difference is blunted in the older
age group and in the most deprived areas of England. The prev-
alence of hypertension was lower in women than men (24% vs
27%), with a similar trend in smoking (15% vs 199%), diabetes

(6% vs 9%) and dyslipidaemia (48% vs 52%). However, obesity
was more common in women (30% vs 28%) who were less
likely to be treated for dyslipidaemia and to achieve thera-
peutic targets. Control of hypertension and diabetes was similar
between sexes.® Systolic blood pressure (BP) was lower in women
than men until the age of 60 when it equalises.” Oestrogens
have a major role in BP regulation in premenopausal women,
modulating non-genomic pathways as well as expression of
vasoconstrictors. Given that the diagnosis of hypertension relies
on crossing a sex-independent threshold (=140/90 mmHg), this
may explain the lower prevalence of hypertension in younger
women. '’

Conversely, smoking is more deleterious in younger women
than men, with a 25% greater excess risk of coronary artery
disease (CAD)."" Diabetes is also a significantly more potent risk
factor for CVD in women, with a 50% higher relative risk for
fatal CAD associated with diabetes in women.'? Possible hypoth-
eses explaining this difference include a higher body mass index,
systemic inflammation and worse glycaemic control at the time
of diabetes diagnosis in women compared with men.'® Similarly,
the Framingham study showed that the excess risk of CVD from
obesity was significantly higher in women than in men.'* These
data suggest that the cardiovascular burden, based on the inci-
dence of risk factors, should be interpreted within a sex-specific
context." In addition, an important difference in cardiovascular
risk factor susceptibility across races has been acknowledged.
Behavioural, environmental and social factors affect cardiovas-
cular health and risk in women.'®
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INFLUENCES ON WOMEN’S HEART HEALTH

MAKE HER VOICE COUNT

1) TRADITIONAL CV RISK FACTORS
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HEALTH POLICIES
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CONSENSUS DOCUMENTS

* WOMEN CADIOTHORACIC SURGEONS

Figure 2  Factors influencing women'’s heart health and strategies to overcome sex disparities in cardiovascular care. CV, cardiovascular; CVDs,
cardiovascular diseases; MDT, multidisciplinary team; NHS, National Health Service.

WOMEN-SPECIFIC RISK FACTORS

Beyond sex differences in conventional cardiovascular risk
factors, women-specific risk factors are also important across the
lifespan. Sex differences in the hormonal milieu are important
underpinning factors. Studies of atherosclerotic CVD indicate
differing genetic and epigenetic factors influencing vascular
biology in women."” The menopause is the most striking example
of how hormonal fluctuation impacts on cardiovascular health.
Several mechanisms linking oestrogen deficiency and CAD
have been proposed, including alteration in fat distribution and
heightened BP. Postmenopausal women are also more susceptible
to coronary vasomotor disorders due to a higher prevalence of
systemic inflammation.

The lower oestrogen levels after menopause also increase the
susceptibility to Takotsubo cardiomyopathy in women, consti-
tuting 90% of patients presenting with this condition, and around
809 are older than 50 years. The considerable preponderance
of postmenopausal women is indicative of a hormonal influence.
Oestrogens can attenuate catecholamine-mediated vasoconstric-
tion and decrease the sympathetic response to mental stress in
perimenopausal women.'® Early and late menarche are associ-
ated with an increased long-term risk of cardiovascular events, as
are infertility and polycystic ovarian syndrome."” The combined
contraceptive pill, and to a lesser extent depot medroxy-
progesterone, also increase the relative risk of cardiovascular
events and should be avoided in women at high baseline risk
of atherothrombotic events. This is influenced by baseline risk
and the timing of therapy, among many other factors requiring
personalised risk-benefit evaluation. Women with hypertension
are therefore encouraged to use progesterone-only alterna-
tives.?’ Post hoc analyses suggest hormone therapy may confer
cardiovascular benefits in women commencing hormone therapy
within 10 years of menopause at the age of 50-59 years.*! >

Factors during pregnancy, such as pre-eclampsia, gestational
diabetes mellitus and peripartum cardiomyopathy, are also asso-
ciated with wide-ranging cardiovascular risk'” and these have
both immediate and long-term health implications. Among preg-
nant women, spontaneous coronary artery dissection (SCAD) is
responsible for the majority of MI cases. Nonetheless, the scarce
enrolment of pregnant women in clinical trials calls for greater
representation of this specific subset to better guide the optimal
management of women with acute coronary syndrome (ACS).*”

The UK Biobank prospective study explored long-term
outcomes of gestational diabetes mellitus in over 220 000 women
(1225 with self-reported gestational diabetes) followed up from
their first delivery until October 2021. Among parous women,
those who developed gestational diabetes had a significantly
greater risk of premature all-cause mortality, including CVD
death, compared with women with no history of gestational
diabetes. Similarly, the risk of incident total and non-fatal CVD
and common cardiovascular risk factors (diabetes, hypertension
and dyslipidaemia) was significantly greater in women with a
history of gestational diabetes compared with those without.**

Historically, adding sex-specific factors to cardiovascular risk
models using established cardiovascular risk factors has led to
little or no significant improvement in the prediction of cardio-
vascular events.”> A more recent update of the QRISK calculator
for CVD has identified pre-eclampsia and postnatal depression
as novel female sex-specific risk factors, highlighting the impor-
tance of developing sex-specific risk stratification models.*®

CORONARY ARTERY DISEASE IN WOMEN

Although the contemporary precision medicine-based approach
allows for better characterisation of CVD, management of CAD
in women remains suboptimal. Women presenting with obstruc-
tive CAD are older and have more comorbidities than men with

Tayal U, et al. Heart 2024;0:1-13. doi:10.1136/heartjnl-2024-324625
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Table 1  Actionable points on disease conditions contributing to CVD

Disease condition

Actionable points

= Raise awareness of the suboptimal control of some of the traditional CV risk factors in
women to proactively identify any untreated risk factor in the early stage.

= Promote awareness campaigns among premenopausal women to proactively seek
support to address modifiable CV risk factors.

= Raise awareness among public and clinicians about the link between female-specific risk
factors and CVD.

= Determine how to integrate reproductive life course events into personalised CV care to
improve risk prediction for women.

= Investigation of specific subsets such as pregnant, pre- or post-menopausal women
through dedicated study protocols in collaboration with other specialties such as obstetrics
and/or gynaecologists.

= Increase awareness among public and clinicians that CAD is the leading cause of
mortality for women.

= Avoid delays in access to care in the setting of ACS.

= Provide a complete diagnostic work-up in case of non-obstructive coronary arteries
(MINOCA, ANOCA, INOCA which occur more frequently in women) to investigate the
underlying mechanism and direct medical therapy.

= Proactively enrol female patients with CAD in research studies and undertake women-
only studies.

= Raise awareness among clinicians and patients of the sex differences in valve and
ventricular parameters in the context of valvular heart disease.

= Proactively enrol female patients in heart valve disease research studies.

= Ensure women have timely access to investigations including echocardiography and
valve interventions.

= |dentify and address barriers to appropriate referral for valve interventions.

= Device-specific considerations to ensure appropriate intervention to reduce prosthesis
mismatch and complications in women.

= Raise awareness that women with HFrEF are less likely to receive GDMT, referral for ICD,
CRTD and heart transplant compared with men.

= Ensure women receive GDMT and access to device therapy.

= Undertake research to identify optimal dosing of GDMT for women.

= Ensure representation of women in HF research studies.

= ldentify sex-specific thresholds for diagnosis of DCM and HCM.

= Conduct detailed research to address modifiable sex differences in outcomes for ICCs in
women.

= Ensure equitable access to specialist cardiac care, genetic testing and family screening.
= Define and ensure training in ICCs which include understanding sex differences and
disparities in 1CCs.

= Address workforce challenges in ICCs.

= Prioritisation of research in this area leading to future sex-specific interventions,
treatment and care models.

= Audited sex-specific outcome data in ACHD.

= Harmonisation and standardisation of exposure to and training in ACHD Cardiology and
Cardiac Obstetrics/Maternal medicine which include understanding sex differences and
disparities in ACHD.

= Address the workforce challenges in ACHD to optimise sex-specific personalised
prevention, disease identification, prognosis definition and individualised therapeutic
strategies.

= Despite the primarily female demographic of postural orthostatic tachycardia syndrome
and dysautonomia syndromes, the evidence base is poor and requires significant research
and collaborative efforts.

= Further investment in addressing inequalities of arrhythmia management in women
requires a multifaceted approach, including promoting sex- and gender-based analysis in
research and expanding the use of quality improvement programme.

ACHD, adult congenital heart defects; ACS, acute coronary syndrome; ANOCA, angina with non-obstructive coronary arteries; CAD, coronary artery disease; CRTD, cardiac
resynchronisation therapy with defibrillator; CV, cardiovascular; CVD, cardiovascular disease; DCM, dilated cardiomyopathy; GDMT, guideline-directed medical therapy; HCM,
hypertrophic cardiomyopathy; HF, heart failure; HFrEF, heart failure with reduced ejection fraction; ICCs, inherited cardiac conditions; ICD, implantable cardiac defibrillator; INOCA,
ischaemia with non-obstructive coronary arteries; MINOCA, myocardial infarction with non-obstructive coronary arteries.

the same condition, and are less likely to be referred for diag-
nostic assessment in both the acute and chronic setting,”” despite
reporting a higher angina burden.”® A link between ageing
and sex differences in atherosclerotic plaque composition has
been confirmed. A large optimal coherence tomography study
including patients stratified by age (<58, 58-68 and >68 years)
showed that women are characterised by less pronounced and

severe CAD than men, but the sex difference was less evident
in the oldest group.” Similarly, the PROSPECT study showed
that sex differences in the plaque extent and composition were
detected in patients aged <65 years but not in older patients,
mainly explained by accelerated atherosclerosis progression in
older women compared with older men.*® In premenopausal
women, oestrogens protect vascular structures and stabilise the
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Table 2 Actionable points on healthcare services with a potential role in primary and secondary prevention of CVD in women

Disease condition

Actionable points

= An individualised multidisciplinary approach to the management of women receiving
cancer treatment, with a focus on screening, monitoring and early detection of cardiac
toxicity, and also on the inclusion of traditional modifiable CV risk factors into the risk
assessment and optimisation of pre-treatment, to improve survival and quality of life.
= Address the under-representation of women in clinical trials of novel cancer
immunotherapy treatments.

= Need for registries monitoring cardiac toxicity in general and specifically in women.
= ldentify cardioprotective strategies for women undergoing cancer treatment with
anthracyclines.

= Need to flexibly deliver individualised CPRPs which can overcome barriers and
enhance participation.

= More flexible rehabilitation such as home/virtual/hybrid individual and group-based
rehabilitation options.

= To enhance participation and outcomes there needs to be continued focus, from both a
clinical and research perspective, on better meeting the needs of women within CPRPs.

= Consider sex stratified population level recommendations for cardiovascular imaging.
= Increase clinician awareness about the strengths and limitations of each diagnostic
modality in women with proven or suspected CVD.

= A new paradigm is needed, a contractual data driven enabler to ensure that primary
and secondary prevention of CVD has a unique focus on women'’s health, and that
colleagues recognise this area of medicine as core work.

= Given the workforce pressures, the workplace and citizens themselves should be part
of the solution, empowered to understand the value and purpose of focusing on CVD
prevention.

= The digital age should be harnessed in the NHS to ‘automate what can be automated"
in order to reduce workforce burden and enhance patients’ experience.

= To accelerate change, national contracts are required, ICBs being held to account

as systems rather than siloed providers, to make women’s CVD health an ‘everyone’s
responsibility’ approach.

= National adoption of technology is also required rather than ICBs being left to procure
at a local level, taking valuable time and energy.

CPRPs, cardiovascular prevention and rehabilitation programmes; CV, cardiovascular; CVD, cardiovascular disease; ICBs, integrated care boards.

fibrous cap inhibiting oxidised low-density lipoproteins which
activate metalloprotease expression in macrophages. However,
oestrogen is also associated with hyaluronan deposition and
CD44 expression, common in plaque erosion, which represents

the dominant pathophysiologic mechanism in young women
with ACS.”!

The use of guideline-directed medical therapy remains lower
in women, who are less likely to attain adequate BR, low density

Table 3 Actionable points on patients and nursing perspectives to help clinicians in the decision-making approach to CVD in women

Disease condition

CV, cardiovascular; CVD, cardiovascular disease.

Actionable points

= Nurses serve as staunch advocates for women in several CV domains including
promoting awareness, delivering personalised care, rectifying disparities, fostering

shared decision-making, advocating for policy reforms and contributing to research and
educational endeavours.

= Leverage influence to highlight and address sex biases in healthcare and work towards
reducing disparities and enhancing access to care and outcomes for women with CVD.

= Call for a holistic woman-centred approach to heart care that listens to and
incorporates women's experiences and insights.

= A collaborative campaign involving stakeholders from various sectors, including the
media, to raise awareness about the importance of CV health for women.

= Disseminated information should be consistent, evidence-based and tailored to the
unique needs of women, ensuring accessibility, inclusivity and cultural sensitivity.

= Highlight heart conditions that predominantly or exclusively affect women.

= Any initiative focusing on women'’s heart health should prioritise improving the
communication skills of healthcare professionals to understand and appropriately respond
to women's experiences.

= Co-designed training programmes should be developed for healthcare professionals

to become more attuned to women'’s specific needs, including the nuances of women'’s
cardiac symptoms.

= Women should be empowered to openly discuss their symptoms and worries.

= Ensure women are not only heard but also accurately assessed and treated in a timely
manner.

= Every woman should feel that her heart matters too, feeling respected and understood.

Tayal U, et al. Heart 2024;0:1-13. doi:10.1136/heartjnl-2024-324625
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lipoproteins and glycated haemoglobin targets.”® Women with
MI and obstructive CAD have significantly higher in-hospital
and 12-month mortality compared with men, and this can be
ascribed to their different risk profile.”* ** The significantly
worse outcomes in women with ACS compared with men persist
even after risk adjustment for age and comorbidities, especially
in patients with STEML** In the era of primary percutaneous
coronary intervention, women with MI continue to present
with cardiogenic shock more frequently than men.*>* However,
referral for percutaneous coronary intervention in this setting is
still lower in women than in men.*’

Despite international guidelines advocating parity in the
management of patients with ACS regardless of sex, women are
under-represented in clinical trials investigating interventional
treatment strategies and are less likely to receive evidence-based
therapies such as coronary angiography and revascularisa-
tion.”* ** Compared with men, women develop more compli-
cations following NSTEMI.?” *® Sex-specific risk factors are not
accounted for in contemporary risk scores for patients presenting
with ACS.* *° Women are at greater risk of bleeding complica-
tions following ACS and revascularisation compared with men,*®
largely due to differences in age and comorbidities that predis-
pose to bleeding.*’ Women with non-ST elevation ACS are more
likely to present with comorbidities that are more strongly associ-
ated with mortality compared with men, including hypertension,
smoking, diabetes and frailty.’® * Therefore, a paradigm shift
in the diagnosis and management of CAD in women is needed
(table 1). There also needs to be a greater focus on women
with angina/ischaemia and non-obstructive coronary arteries
(ANOCA/INOCA), which occurs more frequently in women
than in men. The prevalence of ANOCA/INOCA is estimated to
increase with the widespread use of non-invasive imaging. This
subset is less likely to have traditional risk factors, and novel risk
factors such as pro-inflammatory markers seem to be involved.
Psychosocial stress and the sympathetic nervous system may play
a crucial role. A recent study has demonstrated the utility of
exercise treadmill testing as a rule-in investigation to confirm
coronary microvascular dysfunction in patients with ANOCA/
INOCA in a timely and cost-effective manner.*” However,
invasive coronary vasomotor function testing represents the
only diagnostic tool able to systematically investigate all patho-
physiological mechanisms underlying ANOCA, guiding the
choice of the subsequent patient-tailored medical treatment.** **
Myocardial infarction with non-obstructive coronary arteries
(MINOCA) represents a heterogeneous group of conditions that
disproportionately affect women, including SCAD, coronary
artery spasm and coronary microvascular dysfunction.® *¢

HEART VALVE DISEASE IN WOMEN

Heart valve disease equally affects men and women,*” however,
there are sex-related differences in epidemiology, physiopa-
thology and clinical presentation.” Women are more often
affected by mitral valve disease of degenerative or rheumatic
cause,”” while men are more often affected by aortic valve
disease, with bicuspid aortic valve disease being 3—4 times more
frequent in men.* Furthermore, women who have a bicuspid
aortic valve are more likely to develop aortic stenosis, while
men are more likely to develop aortic regurgitation.”’ In the
case of acquired degenerative calcific aortic stenosis, women
have slower haemodynamic progression of the valve disease
than men.”® Across the UK, transcatheter aortic valve implanta-
tion (TAVI) is currently provided by 35 NHS centres and eight
private hospitals. In 2022/2023, women constituted 43% of all

TAVI patients with a median age of 82 years whereas the median
age of male patients was 81 years.’! There are sex-related differ-
ences in cardiovascular adaptation to and consequences of heart
valve disease, with different remodelling of cardiac chambers in
women and men.*” ** 32 For example, in calcific aortic stenosis,
women are more likely to have preserved left ventricular (LV)
ejection fraction and concentric LV hypertrophy, with conse-
quently smaller LV cavity size and higher filling pressures.’’
Consequently, women are more likely to develop paradoxical
low-flow aortic stenosis and heart failure with preserved ejection
fraction (HFpEF). In chronic severe aortic regurgitation, women
develop less dilatation of the left ventricle and experience more
hospitalisation for HF, urgent aortic valve replacement or death
with lower LV indexed volumes.’*

The smaller average size of the female heart can affect the
clarity of heart valve disease assessment.’> This is because
smaller ventricles generate lower stroke volumes producing less
pronounced physiological signals. However, the noise associated
with cardiac imaging is generally independent of chamber size.
Accordingly, a less favourable signal to noise ratio is present
when evaluating heart valve disease in women and consequent
decision making is rendered less clearcut. This issue, combined
with the typically male heart-derived reference ranges, results in
an inherent bias against timely intervention in women.

The aetiological progression of heart valve disease also differs
in women compared with men. An important example of this is
that aortic stenosis in women follows a more fibro-calcific than
calcific pattern.”® This means that an equivalent level of valve
dysfunction in women is often associated with a less dramatic
anatomical appearance of valve morphology. Last, pregnancy
may contribute to an acceleration of valve dysfunction.* In
particular, tricuspid regurgitation is more common in women
than men, potentially relating to the failure of the tricuspid
annulus to fully regress back to normal size following exposure
to the physiological stress of pregnancy.

Most landmark studies underpinning guideline recommen-
dations enrolled predominantly men, causing sex disparity in
the diagnosis of heart valve disease severity and in the timing of
intervention (table 1).*’ For example, parameters of LV cavity
size used for timing of intervention are smaller in women.
Indexing dimensions and volumes for body surface area only
partially resolve the disparity, because the LV response to valve
disease differs.*” 32 Women are less likely to be referred for heart
valve intervention, despite similar mortality.*’ ** 32 More so, late
referral of women due to extrapolation from indications from
men-dominated cohorts results in worse outcomes.*’

HEART FAILURE (HF) IN WOMEN

The lifetime risk of HF is similar in women and men, but the
prevalence of HFpEF is more common in women than men and
increases with age.’* Women present at a later age, have less
ischaemic aetiology and more comorbidities including hyperten-
sion, atrial fibrillation and obesity.”> More fundamentally, the
normal ejection fraction range is higher in women and the risk
of CVD remains increased up to an ejection fraction of 60-65%
compared with 50-55% in men. Such physiological differences
are not taken into account in guideline recommendations.’®
Women are less likely to receive evidence-based treatment for
heart failure with reduced ejection fraction (HFrEF)*” and
may require lower doses of guideline-drected medical therapy
to achieve optimal clinical effectiveness.”® However, the sex-
specific subgroup analysis is limited due to under-representation
in HF clinical trials.*”
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Sex-specific differences in treatment effectiveness exist for
HFpEF. A prespecified subgroup analysis of the PARAGON-HF
trial showed a greater reduction in the risk of HF rehospitalisa-
tion in women than in men with HF with an ejection fraction
>45% treated with sacubitril-valsartan.®® Similarly, a greater
effect of spironolactone in reducing all-cause mortality in women
with HFpEF was shown by a post hoc analysis of the TOPCAT
trial.®! The implantation rate of an implantable cardiac defibril-
lator for primary prevention of sudden cardiac death is lower
in women®® and may not incur the same survival benefit as for
men.®’ Lower implant rates are also seen for cardiac resynchro-
nisation therapy,® even though there is evidence for increased
benefit for women.®* Women are less likely to be referred for
advanced HF therapies such as ventricular assist device and
transplant,® and are referred late for transcatheter mitral repair
with worse outcomes.®®

Women are more likely to present acutely with HFpEF than
HFrEF, at an older age and less likely to be admitted to cardi-
ology and receive an echocardiogram. Acute HF registries show
lower rates of revascularisation, device therapy and direct
current cardioversion in women compared with men.®” More-
over, self-care—pivotal in HF management—is hindered due to
societal roles, economic factors and limited attendance in reha-
bilitation programmes, impacting women’s ability to prioritise
personal health and engage in self-care practices (table 1).°®

INHERITED CARDIAC CONDITIONS IN WOMEN

Inherited cardiac conditions (ICCs) comprise a heterogeneous
group of genetically determined disorders including cardiomy-
opathies, ion channel disorders, aortopathies, mitochondrial
diseases and some neuromuscular conditions. The causes for
sex-related differences include:

Inheritance patterns: X-linked and matrilineal diseases are
sex-specific ICCs. X-linked disorders such as Fabry and Danon
disease are associated with a milder phenotype in women which
can lead to delayed or missed diagnoses.”” 7 Variants in the
dystrophin gene cause severe Duchenne and Becker muscular
dystrophy in men but not women.”*

Mosaicism: Somatic (more common) or germline (rare) mosa-
icism occurs when different cell lines exist within an individual
due to X chromosome inactivation, causing a wide range of
phenotypes in women affecting diagnostic accuracy.

Phenotypic expression: Variations in post-translational protein
function between men and women can explain differences in
phenotypic expression. For example, ion channel expression in
the right ventricular outflow tract explains the higher prevalence
of Brugada syndrome in men than women.”” The prevalence of
dilated cardiomyopathy (DCM) and those requiring transplanta-
tion for DCM is higher in men than women.” Additionally, men
have a higher penetrance of truncating titin variants, present at a
younger age, exhibit worse systolic dysfunction and higher rates
of atrial fibrillation.”* Outcomes in women with hypertrophic
cardiomyopathy (HCM) are worse than in men, with a later age
at diagnosis, worse symptoms, different haemodynamics (greater
degree of obstructive physiology and mitral regurgitation, higher
E/E’ ratio and pulmonary artery systolic pressure), worse exer-
cise performance and greater all-cause mortality.”* 7

Risk of sudden death: Biological sex is an important predictor
of risk in several conditions and has been incorporated into
established risk algorithms—for example, long QT syndrome.””
Women with Lamin A/C gene (LMNA)-associated cardiomyop-
athy also have a 45% lower risk of life-threatening arrhythmias
than men.”®

Pregnancy in women with ICCs appears to be associated with
worse outcomes. Peripartum cardiomyopathy develops towards
the end of pregnancy or in the months following delivery.”” It
shares a genetic predisposition similar to DCM.* Pregnancy
complications, including hypertensive disorders, are also asso-
ciated with a greater risk of developing DCM and HCM.%!
The interplay of environmental, societal discrepancies, socio-
economic factors, healthcare system biases and disparities in
access to care lead to inequitable obstacles in accessing special-
ised cardiac care, genetic testing and familial screening which is
particularly relevant for ICCs.

ADULT CONGENITAL HEART DEFECTS IN WOMEN

Congenital heart defects represent the most frequent human
birth defects, occurring in almost 1% of all live newborns.**
Sex differences in the worldwide prevalence of adult congenital
heart disease (ACHD) are recognised. The cumulative prevalence
of congenital heart disease is considerably higher in females,
with a greater risk for males to be born with severe subtypes
and for females with milder subtypes.®® Despite no difference
in mortality, significant sex differences in morbidity have been
reported such as an increased risk of pulmonary hypertension
for women but a lower risk of infective endocarditis, aortic
complications and implantable cardiac defibrillator implantation
compared with men.®* The aetiology of the different distribution
of congenital heart disease among sexes is still under investiga-
tion and a deeper understanding of how sex influences the risk
of congenital heart disease is warranted.®® Due to advances in
fetal diagnosis, intervention, surgery and care in congenital heart
disease, there are more adults surviving with congenital heart
disease than children. Furthermore, the increase in moderate to
complex disease with advancing age and acquired comorbidities
describes the shifting landscape of the epidemiology of congen-
ital heart disease. Sex differences and disparities in clinical need,
evidence-based care and outcomes are as yet unknown and
should be a priority for research.

Understanding the effects of sex on the prevalence of congenital
heart disease has a key role in defining personalised prevention,
disease identification, prognosis definition and individualised
therapeutic strategies.®® Yet there is a paucity of research in this
area, leading to inequity, disparities in care and the potential for
poorer outcomes. Since the outcomes significantly improved,
there is a need to move towards facilitating well-being for indi-
viduals with ACHD. Living with ACHD carries several lifestyle
implications. However, counselling and support for a fulfilling
sexual life or women planning pregnancy are often overlooked,
and they should be prioritised in young women suffering from a
complex lifelong cardiac condition.®® Variability in standardised
training and dire workforce challenges in congenital heart
disease, and a lack of understanding of sex differences, further
compound these issues. The most pressing actionable strategies
to address sex differences in congenital heart disease epidemi-
ology, prognosis, treatment, intervention outcomes and sequelae
are summarised in table 1.

HEART RHYTHM DISORDERS IN WOMEN

Sex differences in electrocardiography include women having
marginally narrower QRS complexes and a slower base-
line heart rate. Premenopausal adult women have longer QT
intervals corrected for heart rate (QTc) than men of the same
age, with consistent findings that the QTc difference between
premenopausal women and men of similar age diminishes with
increasing heart rate.’® Consequently, women are at greater

Tayal U, et al. Heart 2024;0:1-13. doi:10.1136/heartjnl-2024-324625

7



Consensus statement

risk of developing acquired long QT and are more susceptible
to drug-induced torsades de pointes (specifically class T and
I anti-arrhythmic drug therapy, prolonging ventricular repo-
larisation).®® Sex differences are also observed in arrhythmia
symptom severity, with women having fewer clinical symptoms
and later onset than men.’” This is further compounded with
women being less likely to receive appropriate treatment for
arrhythmias including catheter ablation, more likely to expe-
rience diagnostic delays, and lower utilisation rates of device
therapy.®

Atrial fibrillation is the most common arrhythmia and is
expected to become more prevalent in the coming decades.®
However, there are important sex disparities in manage-
ment. Women are less likely to receive treatment for rhythm
control while having a greater risk of HF in a rate control
strategy.”’ Despite female sex being included in the stroke risk
CHA2DS2-VASc score, women are less likely to receive oral
anticoagulation.®” Increased thrombotic risk in women is poorly
researched; however, it is likely to be multifactorial, involving
hormonal changes post menopause, structural, endocrine and
lifestyle/social factors.®® Randomised studies show that women
benefit from anticoagulant treatment and that their bleeding
risk is similar to men. Women should therefore receive equiv-
alent treatment to men. Women are not represented equally in
the large randomised studies and sex-related information in
most arrhythmia studies is incomplete (table 1).” Recommen-
dations regarding knowledge gaps to address sex disparities in
arrhythmia are summarised in online supplemental tables S1
and S2.

CARDIO-ONCOLOGY IN WOMEN

Over the past few decades there has been remarkable improve-
ment in cancer survival owing to advances in screening, diag-
nosis and efficacy of therapeutics. Nevertheless, there has been,
paradoxically, an increase in the relative threat of cardiovas-
cular problems, whether through patients surviving cancer
long enough to acquire CVD or the treatment itself adversely
affecting the heart. To address these issues, cardio-oncology
has emerged as a new interdisciplinary subspecialty. There is
emerging, although limited, evidence of disparities in cardio-
oncology outcomes in women compared with men. These may
relate to biological factors (such as pharmacokinetics, biochem-
ical and hormonal differences, and pregnancy), clinical factors
(such as delayed diagnosis) and socioeconomic factors (such as
access to screening).

Breast cancer is by far the most common cancer in women in
the UK’! and the cardiotoxic profile of many cancer therapies is
well established. Anthracyclines remain a cornerstone of treat-
ment in breast cancer, and they are associated with a substantial
cardiotoxic profile. The emergence of targeted immunotherapy
has revolutionised cancer treatment, bringing with it an even
higher incidence of adverse cardiovascular consequences, even
though the mechanisms and severity are generally less injurious
than for anthracyclines.”* Trial evidence suggests an increased
risk of cancer treatment-related toxicity in women, especially
with immunotherapy.”® Radiotherapy, especially localised to the
chest, can lead to fibrosis, significantly increasing cardiovascular
morbidity and mortality.

Despite burgeoning interest in the field and the development
of cardio-oncology guidelines, including risk scores to identify
women with vulnerability in this regard, there is a paucity of
evidence regarding optimal cardioprotective strategies to reduce
the impact of cardiotoxic therapies (table 2).”*%°

CARDIOVASCULAR REHABILITATION IN WOMEN
There is a robust evidence base demonstrating the benefits of
cardiovascular disease prevention and rehabilitation programmes
(CPRPs) for those with CVD.”! Specifically, CPRPs reduce
hospital admissions and cardiovascular mortality in those with
CAD, and reduce hospital admissions and improve quality of
life in those with HE.”* One notable gap is in relation to SCAD.
This predominantly female population cannot routinely access
rehabilitation and often lacks adequate support.”®

For women, barriers to accessing CPRPs may be personal,
logistical or related to programme characteristics.”” Women
often cite lack of time as a barrier due to the complex interac-
tion of their work and family commitments. Travel/transport/
parking and financial costs are also often implicated.”” Women
report reluctance and anxiety around revisiting the hospital
setting following a cardiac event, and research has found they
lack awareness on the impact of lifestyle changes on cardiovas-
cular risk.”” They are more likely to lack social support and may
seek this from a CPRP yet can find a traditional group-based
rehabilitation class format unappealing, particularly where there
is a high proportion of male attendees (table 2).”

NON-INVASIVE CARDIOVASCULAR INVESTIGATIONS IN
WOMEN

Echocardiography

The acquisition of accurate echocardiographic data depends on
three key factors: (1) echocardiographer skills; (2) body habitus
and mobility to maximise acoustic access; (3) pre-test awareness
to inform a rigorous search for relevant findings. The variables
influencing these key factors are accentuated in women. Echocar-
diography necessitates exposing the top half of a patient and this
can impact the effort made to seek out the best images, partic-
ularly in the apical window. In addition, maximising acquired
Doppler gradients requires the best acoustic window and angle.
This is even more important in women since their chest cavities
are smaller and the margin for error is therefore narrower.

The British Society of Echocardiography minimum dataset
outlines the essential echocardiographic data to be achieved
for every echo,”® but this does not describe the second part of
the process of acquiring echo data which is based on a pre-test
assessment made by the echocardiographer about the pathology
for which they need to search. Echocardiography is a content
dynamic test. One size does not fit every patient. We must
acknowledge the impact of the patient’s biological sex on pre-
test pathological awareness and the influence this may have on
identifying relevant information.

Cardiovascular magnetic resonance (CMR)

CMR imaging does not involve ionising radiation and may be
undertaken with or without contrast media. lonising radiation
exposure enhances the lifetime risk of cancer, and this is a partic-
ular concern for younger individuals. CMR involves objective
measures of cardiac dimensions, function and pathology. Access
to advanced cardiovascular imaging varies by postcode, being
much more widely available in London and academic medical
centres in England than in regional centres, especially in Scotland,
Wiales and Northern Ireland.”” There are no data to confirm that
access to advanced imaging differentiates by sex, but as women
are recognised as an underserved group, they may be dispro-
portionately affected. When options are available for diagnostic
tests, patient-specific factors should be considered. Women may
have preferences on the type of test, such as avoiding invasive
coronary angiography (in preference for non-invasive computed
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tomography (CT)), or ionising radiation exposure, or multiple
visits.

Women are more likely to experience microvascular angina
due to small vessel disease.** Microvascular angina is likely to
be associated with impaired myocardial perfusion (at rest and/or
during stress), therefore stress testing (by exercise, CMR, echo-
cardiography, nuclear) is likely to be abnormal, despite a normal
angiogram. For these reasons, men are more likely to receive a
true positive diagnosis and women are more likely to receive
a false negative diagnosis when following current guidance for
investigation of chest pain.'® Therefore, women are more likely
to have unexplained chest pain,'’! potentially leading to dispar-
ities in healthcare. Appropriate use of CMR and other non-
invasive modalities may mitigate this.

Computed tomography coronary angiography (CTCA)

CTCA is an effective modality to investigate stable chest pain,
and its use in women as a first-line investigation when compared
with functional testing has been shown to result in fewer down-
stream diagnostic tests along with reduced costs.'”* The strength
of CTCA lies in its high sensitivity and negative predictive value.
The presence of coronary artery calcium confers an increased
mortality risk in women compared with men.'” While CTCA
provides accurate diagnostic information by identifying obstruc-
tive CAD, it can also guide commencement of preventative
therapy. CTCA allows assessment of plaque composition and
identification of high-risk features such as positive remodelling,
low attenuation, spotty calcifications and napkin ring sign. The
presence of high-risk plaques has been shown to increase the
risk of major adverse cardiovascular events in women compared
with men.'*

CT may have a role in assessing for SCAD in proximal and
mid coronary vessels. However, the appearances of dissection
flaps and intramural haematoma may be challenging to diagnose
on a CT scan, particularly when it involves the distal vessels. CT
also provides accurate annulus measurements as well as assess-
ment for peripheral access for TAVI patients.'” The radiation
dose to breast tissue needs to be borne in mind. The availability
of multidetector CT scans and adjusting scan protocols with
ECG modulation can reduce the radiation burden.

Nuclear imaging

Single-photon emission computed tomography (SPECT) myocar-
dial imaging is a widely available imaging modality for investi-
gation of chest pain. The lower LV volume in women and the
presence of breast tissue affects the diagnostic accuracy.'® Addi-
tional tools such as CT-based attenuation correction, upright and
prone scanning should be used to mitigate the effects of breast
tissue. Radiation burden also needs to be considered. Positron
emission tomography (PET) myocardial perfusion imaging
(MPI) has a higher accuracy than SPECT and is associated with
lower radiation disease.'” Studies have shown that the tracer
Flurpiridaz F1-18 is useful in the evaluation of CAD, particu-
larly in women.'”” 18F-Sodium fluoride PET MPI can be used
to assess microcalcification in the coronary arteries and also has
a role in assessing plaque progression.'® Fluorodeoxyglucose
(FDG) PET imaging plays a role in the diagnostic and prognostic
evaluation of sarcoidosis and myocarditis.'® '°

PRIMARY CARE MANAGEMENT OF CVD IN WOMEN

Given that the demand on the NHS far exceeds the supply of
healthcare professionals, enabling the system to focus on value-
based medicine across the whole patient pathway (what we call

‘unified value’) and a greater focus on prevention are both essen-
tial. Furthermore, enabling all care professionals to focus on the
risk of CVD in women through culture change, education, data
and contracts is the key to raising its priority, ensuring the NHS
delivers care where needed most.

Importantly, care professionals have a lower perception of
CVD risk in women. A study based on primary care has shown
that women at high risk of or with established CVD are less
likely to be prescribed CVD medication.'" The longer-term risks
related to the development of diabetes or hypertension during
pregnancy are well established, yet the evidence suggests that
women experiencing such complications in pregnancy are not
routinely followed up.''? There is no doubt that women’s CVD
health should be made a priority, but it requires the political will
to ignite and enable change (table 2, online supplemental table
$3).

NURSING PERSPECTIVE ON THE MANAGEMENT OF CVD IN
WOMEN

Uniquely placed to provide holistic support along the entire
health pathway, nurses play a crucial role in addressing the
distinctive challenges associated with CVD in women. Nurses
have responsibility for providing individualised care for women,
taking into account women’s unique physiological and psycho-
social factors."”® Nurses are advocates for women, challenging
considerable power dynamics to help women navigate complex
treatment plans. As the largest workforce within the NHS and
working closely with patients, nurses are in a position to under-
take regular risk assessment and screening for CVD in women.
Nurses need to recognise that women may present with different
symptoms or risk factors compared with men and ensure that
diagnostic tools and screening guidelines are sensitive to these
differences. Nurses also have an important role in providing
patient education to enable effective self-care.®® By empowering
women with context-specific empathetic knowledge gained from
real-world experiences, nurses enable women to make informed
decisions about their health and seek timely medical assistance if
required. It is critical that nurses collaborate with the multidisci-
plinary team, such as exercise physiologists and physiotherapists,
to design and deliver personalised care programmes for women.
Nurses have a lot to contribute to research efforts aimed at
advancing our understanding of CVD in women and improving
outcomes through evidence-based practice.'™ They can ensure
cardiovascular teams stay updated on the latest research find-
ings, clinical guidelines and best practices in women’s cardiovas-
cular care.

PATIENT PERSPECTIVE ON THE MANAGEMENT OF CVD IN
WOMEN

The misconception that heart disease seems to only affect men
urgently needs correcting. Myths and unconscious biases within
clinical practices and societal perceptions further obscure the
reality that heart disease does not discriminate by sex.

The importance of screening for cervical and breast cancer
among women is already well understood; however, the aware-
ness surrounding the significance of CVD lags significantly
behind. Women do not always have a positive experience of
cardiology care. Many report feeling they are not listened to,
with their symptoms attributed to non-cardiac causes.'™ It
is common for women to be mistakenly reassured that their
heart is fine, only to be later diagnosed with CVD. Women may
need to be persistent and make repeated visits to medical staff
before their heart symptoms are recognised. This issue calls for a
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HOW TO CREATE WOMEN’S HEART FRIENDLY CARE
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Figure 3 How to create women’s heart friendly care. BCCA, British Congenital Cardiac Association; BCIS, British Cardiovascular Intervention Society;
BCOS, British Cardio-Oncology Society; BCS, British Cardiovascular Society; BHF, British Heart Foundation; BP, blood pressure; CVD, cardiovascular
disease; GPs, general practitioners; NHS, National Health Service; RCN, Royal College of Nursing; UK, United Kingdom; UKMCS, UK Maternal

Cardiology Society.

holistic woman-centred approach to heart care that incorporates
patients’ experiences and insights (see figure 3 and table 3).

CONCLUSION

Despite significant progress in the management of CVD, it
remains UK’s number one killer for women. Unfortunately,
women are underdiagnosed, undertreated and under-represented
in all CVD areas. This consensus outlines actionable points
provided by each of the affiliated societies to address the sex
disparities in everyday care of patients in all settings, aiming at
saving many women from losing their lives unnecessarily from
preventable conditions in the UK and also worldwide.
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